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you 
can 
depend 
upon 

Specialists in the design and construction of all 

types of electron tubes for civilian and military 

applications...and recognized as one of the 

oldest, largest and finest organizations in the 

whole world. 

Our Newest Plant 
Hicksville, New York 

With laboratory and production facilities tha, 

are second to none, we draw a wealth of experi 

ence from extensive development files compilec 

by our engineering staff and their predecessor 
since 1896. 

May we serve you? 

AMPEREX ELECTRONIC CORP. 
•-.••••44 1111 1 

25 WASHINGTON STREET, BROOKLYN 1, N. Y. 

In Canada and Newfoundland: Canadian Radio & Mfg,(0. 

11-19 Brentcliffe Road, Leaside, Toronto, Ontario, Canada 

Coble. ' AMPRONICS-

A 



Come Again! 
March 3-6 starts the 

big rush, once again to the 

1952 IRE Convention and Radio 

1._12ADIO ENGINEERING *;-1 SH O W lZ 

Engineering Show at Grand Central Palace 

and the Waldorf-Astoria  Hotel, in 

New York City. Here in  four great 

days you will hear  3t9 the latest technical 

information  on ilL all phases of radio 

from radar to television  guided missiles to 

instrumentation. Send in your hotel reserva-

tion "4"  if you do not choose to sleep in 

the  park! Be sure 

for the ladies program for 
r 

and make 

Banquet, 

to sign up 

your wife, 

reservations for the 

President's Luncheon, 

and Cocktail Party. 'Forty Years—Sets the 

Pace" (IRE 1912-1952) for the biggest of all 

Conventions and Shows. 347 Exhibits on four floors 
FORTY  YEARS 
1012  1952 

cp 

Come Again! 

IRE National Convention — March 3-6, 1952 

ladle Enginearing Show 

at the Palace. 

date, March 

Remember the 

3-6, New York. 

The Radio Engineering Show of 

The Institute of Radio Engineers 
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FLUOROFLEX.T® gives you "Teflon" with 
optimum chemical, electrical, thermal and phys-
ical properties, in rod, sheet, and machined parts 

You can't do better than Teflon for severe applications involving 
corrosive chemicals, solvents and heat. And for Teflon, you won't 
do better than availing yourself of Fluoroflex-T. 

Here is Teflon produced under rigid control, in new equipment 
expressly designed by Resistoflex to bring out utmost inertness 
and stability in this material. You get Teflon with maximum 
tensile strength, "plastic memory," flexibility. Sheets are flat — 
easier to handle. Rods are uniform — machine properly. Parts are 
free from internal strains, cracks or porosity. 

Fluoroflex-T withstands —90°F to +500°F continuous service. 
Chemically, it's essentially inert. It is non-adhesive and has little 
friction. Electrically, it is virtually the perfect insulator for ultra 
high frequencies. 

We'll gladly consult with you on your application. Fluoroflex-T 
rods are available from 1/4 " to 2" diameter; sheets 21" x 21" in 
1/16" to 11/2 " thicknesses; machined parts to specification. 
RESISTOFLEX CORPORATION, Belleville 9, N. J. 

® Reg. trade mark of Resistoflex Corp. for products manufactured from fluorocarbon resins. 
• Du Pont's trade mark for its tetrafluoroethylene resin. 

• • 

ouroal—xeQu2i.—"„TLA-1.4 
rifteou'lwc 4q' RESISTOFLEX 

CORPORATION 

Belleville 9, New Jersey 

Meetings 
with 

Exhibits 
• As a service both to Mein. 
hers and the industry, we will 
..ndeavor to record in this col-
umn each month those meetings 
of IRE, its sections and profes-
sional groups, and some closely 
related groups which include 
exhibits. 

A 

IRE National Convention & 
Radio Engineering Show 

March 3-6, 1952 
Waldorf-Astoria Hotel and 
Grand Central Palace 
New York City 

Spring Technical Conference 
on Television 
April 19, 1952 

Cincinnati Engineering Society 
Building, Cincinnati, Ohio 

Adv. & Exhibits: Wynne W. Gulden 
3272 Dayton Avenue 
Cincinnati 11, Ohio 

NEREM, Saturday, May 10, 1952 
Copley Plaza Hotel, Boston, Mass. 

New England Radio 
Engineering Meeting 

Gen. Chairman: Alfred J. Pote 
71 West Squantum St. 
N. Quincy, Mass. 

a 
National Conference on 
Airborne Electronics 
May 12, 13 & 14, 1952 

Hotel Biltmore, Dayton, Ohio 
Exhibits: Paul D. Hauser 

1430 Gascho Drive, Dayton 3 

4th Southwestern IRE Conference 
May 16, 17, 1952 

Rice Hotel, Houston, Texas 
Exhibits: Gerald L. K. Miller 

1622 W. Alabama 
Houston 6, Texas 

Radio Parts Show 
Chicago 

May 19-24, 1952 

A 

Western Electronic Show and 
IRE Regional Convention 
August 27, 28 & 29, 1952 
Municipal Auditorium 
Exhibits: Heckert Parker 
215 American Avenue 
Long Beach, Calif. 

National Electronic Conference 
Sept. 29, 30, Oct. 1, 1952 

Hotel Sherman, Chicago, Ill. 
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Over and beyond JAN spec-

ifications, Sprague has devel-
oped many new ways to reduce 

size and weight and to improve the 
high-temperature performance of capacitors and 
other electronic components. In effect, these are 

"Super-JAN" components—fully approved via JAN 
deviations to equipment manufacturers and widely 

used in critical military applications. At the right are 
four examples of units that Sprague can supply where 
equipment engineering progress calls for components 

that exceed JAN requirements. 

SPRIJGUE 
PAPER DIELECTRIC CAPACITORS 

JOINT ARMY-NAVY SPECIFICATION 

4'44tc 

JAN 
(MIL) 

... JUST OFF PRESS comes 

this Sprague Catalog 21 with complete 

details on paper dielectric capacitors 

designed to meet Joint Army-Navy 

Specification JAN-C-25. Comprehensive data 

on sizes, characteristics, ratings, performance 

and other factors makes the new catalog in-

valuable to users of JAN paper capacitor 

and SUPERJAN 

types. Copies are available on letter-_ 

head request. 

SPRAGUE SUB MINIATURE 

PAPER CAPACITORS 

Hermetically-sealed, metal-
encased and far smaller than 
equivalent JAN styles. Available 
in types for 85° C. and 125° C. 
operation. Sprague Bulletin 213-Et 
gives full technical data. 

COMPARISON —TYPICAL SUPER-JAN VERSUS JAN UNITS 

Metal- Cosed Tubular Paper Capacitor, Both Leads Insulated from Case 

Capacitance (Mfd , ± 10 %) 

Sprague Type, 
196P47492S1 

Nearest JAN-C-25 Equivalent' 
CP25AlEC504K 

047 050 
Voltage, DC W  200  200 
Insulation Resistance, at 25°C  30,000 M 0*  6000 M 0 

at 85•C  700*  600 M a 
at 125°C  20' 

Capacitance Change (%) 
From 25°C to —55•C  —4•   

Operating Ambient (°C) Man  +125•   
Minimum  —55 

•• 

—15 
+85 
—55 

Dielectric Test  Twice Rated Volts for 2 Min.  Twice Rated Volts for I Min. 
Life Test: at 85°C  250 hrs., 1.5 X rated DCWV...250 hrs., 1.5 .3.1, rated DCWV 
life Test: at 125*C  250 hrs., 1.4 X rated DCWV•   
Moisture Resistance  Hermetically Sealed  Hermetically Sealed 
Length 1  9/16'  2-1 /8 
Diameter  9/16•  3/4 
Volion• (Cu. In  )' 0  39°  .94 

• Ahead of and Beyond JAN •• Above Temperature Ufa of JAN-C-25 

PIONEERS IN 

ELECTRIC AND ELECTRONIC DEVELOPMENT 

SPRAGUE  ELE CT RI C  CO M P A N Y  • NO R T H  AD A MS,  M A S S A C H USE TTS 



The controlling quartz cry,tal vi-

brates in vacuum at 100,000 cycles 

per second. The standard is powered 
by storage batteries, with steam 

turbo-generator standing by, just in 
case of emergency. 

Each crystal is enclosed in a cylindrical oven which holds the 
crystal temperature to within 1/100 of a degree. 

At the A. T. & T. building at 195 Broadway, New York, 
passersby set watches by the world's most accurate public 
clock which is controlled by the master standard. 

4. Front of the new frequency-time standard at Bell Telephone Laboratories. In the rear there are 600 
electron tubes and 25,000 soldered connections. Room temperature is maintained within two degrees. 

A vibrating crystal 

keeps master time 
Ever since Galileo watched a lamp 
swinging in the Cathedral of Pisa three 
centuries ago, steady vibration has pro-
vided the practical measure of time. In 
the i 920S Bell Laboratories physicists 
proved that the quartz crystal oscilla-
tors they had developed to control 
electrical vibration frequency in your 
telephone system could pace out time 
more accurately than ever before. 
The Laboratories' latest master stand-

ard keeps an electric current vibrating 
at a frequency that varies only one part 
in a billion, keeping time to one ten-
thousandth second a day. 

Through secondary standards, a 
master oscillator governs the carrier 

frequencies of the Bell System's ship-
' to-shore, overseas and mobile radio-
telephone services, the coaxial and 
.-Waylio- Me/ay systems which transmit 
hundreds of simultaneous conversa-
tions, or television. In the northeastern 
states, it keeps electric clocks on time 
through check signals supplied to elec-
tric light and power companies. 

• 
The new standard also provides an 

independent reference for time meas-
urements made by the U. S. Naval 
Observatory and the National Bureau 
of Standards. Thus, world science bene-
fits from a Laboratories development 
originally aimed at producing more and 
better telephone service. 

BELL TELEPHONE LABORATORIES 

Improving telephone service for America provides careers 

for creative men in scientific and technical fields. 



When you are faced with specifications that place 
impossible requirements on dynamotors or small 
DC motors, according to World War II stand-
ards, take advantage of recently developed 
improvements in high temperature and high 
altitude techniques by simply outlining your 
requirements to Bendix. Model units exactly 
meeting your performance specifications will be 
developed and tested for pre-production use— 
production units will then follow in accordance 
with your manufacturing schedule. 

DYNA MOTORS 

Regular • Multiple output • Special purpose 

DC MOTORS 

1/100 hp -1/2 hp • Continuous and Intermittent Duty 

DC Servos and special motors 

SPECIALIZED 
DYNAMOTORS AND 
Du IRV 

RED  BA N K  DI VISI O N  OF  BE N DI X  AVI ATI O N  CORP OR ATI O N 

RED  BANK,  NE W  JERSEY 

Export Sales: Bendix International Division, 72 Fifth Avenue, New York 11, N.Y. 

Write for this colorful and informative book 
—it's free. You'll find it loaded with facts 
and figures out all types of dynamotorc 

.44A 

e/70,/ 
A VI •T IO N  CO R P O R ATI O N 
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FREE CATALOG 
Write for illustrated liter-

ature giving complete 

description, mechanical 

details,installationphotos, 
and other important 

in  on the 

new Truscon "G•W" 

GuyedRadioTowers. 

UNIFORM CROSS SECTION 

GUYED RADIO TOWER 

HERE again is another example of Truscon leadership 
in antenna design—another example of skill gained by 

nearly a half-century of experience in the fabrication of 
structural steel products. 
Truscon Type"G- W" Radio Towers are of particular interest 
to the buyer who is desirous of obtaining the utmost in 
antenna quality and strength at a cost representing only a 
nominal premium above the cost of secondary types of con-
struction. These guyed towers are available in shop-welded 
unit lengths for tower heights up to 528 feet, and include 
these features: 
TRIANGULAR—because this design resists distortion with greater 
efficiency than any other form and is so recognized by the 
engineering profession. 
UNIFORM IN CROSS SECTION—because radio engineers proclaim 
this feature a distinct asset in broadcasting. 

STRONG—because these towers and all component 
parts are designed to resist a minimum wind 
load of 30 lbs. per square foot which is accepted 
as a design adequate for most geographical 
areas not subject to frequent cyclone visitation. 

Typical central 
pier arrange-
ment for non-
insulated tower. 
Othe arrange-
mentsarepossi-
ble to meet spe-
cific conditions. 

Base insulated 
central pier 
showing"Most-
Base"or"Pivot" 
type base in-
sulator with 
Spark-Gap. 

The Type "G- W" guyed tower 
can be adapted to a number of 
services. When base and guy in-
sulated, it is an ideal antenna 
tower. It can also simultaneously 
support one or more cables or 
co-axial transmission lines hav-
ing 31/8" aggregate diameter and 
one or more whip-type UHF 
antennas or a side-mounted FM 
antenna, with some applications 
requiring nominal height 
reduction. 
Although the Type "G- W" tower 
is rated to resist 30 pound per 
square foot minimum wind pres-
sure, under certain conditions, 
such as an AM radiator not sup-
porting superstructure for other 
services, it may be capable of 
safely resisting 40 or more 
pounds per square foot of wind 
pressure. 
When non-insulated, the Type 

tower is suitable for a 
number of services, such as an 
FM or UHF Antenna Support 
for Railroads; Public Utilities; 
Industry; Municipal, County, 
and State Police; and Communi-
cations Networks. 

TRUSCON 
SELF-SUPPORTING 

AND UNIFORM TOWERS 
CROSS SECTION GUYED 

TRUSCON COPPER MESH GROUND SCREEN 

TRUSCON STEEL COMPANY 
YOUNGSTO WN 1, OHIO 

SubtIchory of Repabl, Steel Corporation 

PROCEEDINGS OF THE I.R.E.  January, 1952 



LEADING TV MANUFACTURERS REPORT 

G.Es ELECTROSTATIC-FOCUS TUBES 
GIVE THE 90/54tee FOCUS OF ALL! 

-111111111 %iiiiig f 

Comparative tests proved General Electric tubes 
far superior in needle-sharp distinctness! 

FOUR large builders of TV receivers ran 
their own detailed tests of new G-E 

zero-focus types against other makes of 
electrostatic tubes. In every case, General 
Electric tubes gave pictures with greater 
sharpness and definition over the entire view-
ing area! 

• Improved gun design, precision manu-
facture, share the credit for this G-E con-
tribution to a TV industry that continues 
to move ahead despite metal shortages and 
a heavy defense load. 

GENERAL 

• Saving precious cobalt, nickel, and cop-
per—needing no receiver focus control, 
which means simpler TV operation— 
General Electric's new zero-focus tubes 
have this third big advantage: they pro-
duce outstandingly clear, vivid pictures! 

• Five types in popular sizes are listed 
above. Wire or write for complete facts 
about the tubes in which you are interested 
as TV designer or manufacturer! Electron-
ics Division, General Electric Company, 
Schenectady 5, New York. 

ELECTRIC 

17RP4/17HP4 

17VP4 

20HP4-A 

21LP4 

21LP4-A 



47MingKu Alaptieedk 

W E-WOUND eaets 
RANGE OF MATERIALS 
Depending upon the specific 

properties required by the applica-
tion, Arnold Tape-Wound Cores 
are available made of DELTAMAX 
. . . 4,79 MO-PERMALLOY  . . 
SUPERMALLOY . . . MUMETAL 
... 4750 ELECTRICAL METAL... 
or SELECTRON (grain-oriented 
silicon steel). 

RANGE OF SIZES 

Practically any size Tape-Wound 
Core can be supplied, from a frac-
tion of a gram to several hundred 
pounds in weight. Toroidal cores 
are available in fifteen standard 
sizes with protective nylon cases. 
Special sizes of toroidal cores—and 
all cut cores, square or rectangular 

cores —are  manufactured to meet 
your individual requirements. 

RANGE OF TYPES 

In each of the magnetic materials 
named, Arnold Tape- Wound Cores 
are produced in  the following 
standard tape thicknesses:  .012", 
.008", .004", .002", .001", .0005", 
or .00025", as required. 

Appeieartioxi 

MAG NETIC AMPLIFIERS 

PULSE TRA NSF OR MERS 

CURRE NT TRANSF OR MERS 

WIDE-BAND TRANSF OR MERS 

N O N-LI NEAR RETARD COILS 

PEAKI N G STRIPS... REACT ORS. 

w 8 0 3063 

THE ARNOLD ENGINEERING COMPANY , 
SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 

General Office & Plant: Marengo, Illinois 

8A 

Iliewom m•Ir 
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IN QUALITY PRODUCTS EVERY WHERE • 

GUARDIAN C 

.  .k 

41 1111 4  

;  •••• 

••••  - 

.4 ,  lit-  Artrof 
„:11Cdoil 
,  4 

• • 

As real as rockets, guided missiles and supersonic jets are the Guardian 

Controls that set them off and direct their flight. Guardian relays— 

stepping switches—contactor units—solenoids—multi-contact switches 

are the basic components of communications, bombing and firing equip-

ment, of control stick switches, control wheels and myriad Guardian 

developments for the military. Certain basic Guardian control com-

ponents are still available for peacetime products. Write. 

AN-3320-1 D.C. 

. 
AN-3324-1 D.C.  Series 595 D.C.  Series 610 A.C.-615 D.C. 

Get Guardian's New HER METICALLY SEALED RELAY CATALOG Now' 

Series 345 D.C. Relay 
Hermetically Sealed or 
with Open-Type Mounting 

A.N. Connector Plug 
Hermetic Seal Container 

GUARDIAN  ELECTRIC 
1628-A W. WALNUT  STREET  CHICAGO  12, ILLINOIS 

r 4114(  Of  RIllie;  ;favim: AMI RIC A h  Im pl) :1 14 ( 

Series 695 D.C. 

PROCEEDINGS OF TIIE IRE.  January, 1952 



for Accurate, Dependable Electrical Measure ments 

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

C•111111 W11 
CRITICAL' 

4I[ 

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

ELECTRIC CO MPANY 

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

41. 
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Now in MASS PRODUCTION... 

PYRAMID ULTRA-C O MPACT 

metallized 
paper capacitors 

PYRAMID Series M CAPACITORS use a specially-

prepared metallized paper, providing all-important savings 

in size and weight.... Pyramid now produces 

large quantities of these capacitors in a wide variety of 

cardboard or hermetically sealed metal containers. 

Your letterhead inquiries are invited 

4 PYRAMID ELECTRIC COMPANY • 1445 HUDSON BLVD., North Bergen, N. J. 



LITT ON IN D U STRI ES NE WS 

LITTON 4150 MAGNETRON 

SNAP-ON OPERATION, LONG SHELF LIFE 

WITH LITTON X BAND MAGNETRONS 

11vo high-quality pulse magnetrons 
in the 9345 to 9405 mc,/sec range 
are now being manufactured by 
Litton Industries. Designated 4J50 
and 4J52, these magnetrons require 
no aging or seasoning. Special de-
sign and processing have resulted in 
tubes with long shelf life and snap-on 
operation to full power immediately 
after completion of the cathode 
warm-up period. 

These tubes offer either high or me-
dium power outputs. Litton 4J50 is 
a high-power magnetron providing 
225 kw minimum peak at .001 duty. 
4J52 is a medium power magnetron 
offering 65 kw minimum peak at 
.001 duty. Both operate at or beyond 
ratings. 

MOLECULAR LUBRICANT 

PRODUCTS 

Litton Molecular Lubricant "C" has 
a vapor pressure of approximately 
10-7 mm. Hg. at room temperature. 
In the presence of ionization it will 

W rite for price and delivery information. 

2970 

12A 

give an indicated pressure of 10-6 
mm. Hg. Its principal use is in vapor 
pumps and as a lubricant for bear-
ing operation in vacuum. 

Great care has been exercised in its 
refinement, and the product has a 
very narrow boiling range. The color 
and fluorescence are inherent to thp 
material. 

This oil has excellent lubricating 
qualities at temperatures below 
100° C. and is suitable for use with 
anti-friction bearings operating 
within dynamic vacuum systems. 

Data subject to change without notice. 

LITTON INDUSTRIES 
SAN CARLOS, CALIF ORNIA, U.S. A. 

OH. VAPOR VACUUM PUMPS 

The Litton Oil Vipor Vac uum 
Pumps are of all-steel construction 
which obviates the possibility of 
glass breakage and substantially in-
creases the length of service of the 
equipment. 

Boiler and charcoal 
baffles are easily de-
mountable for clean-
ing purposes. Litton 
pumps feature re-
placeable external 
heaters, special cool-
ing coils and demount-
able baffles. These 
pumps can be obtained 
in various combina-
tions with high vac-
uum valve, with char-
coal baffle for straight-
through operation or side opening. 

The Litton pump with charcoal 
baffle (straight-through operation) 
has an ultimate vacuum of 5 x 10-8 
mm. of mercury. The speed (meas-
ured at 10-5 mm. of mercury) is 75 
to 100 liters. 

NEW LITTON PLANT ADDITION 
Litton Industries has added a new 
building to its plant at San Carlos, 
California. 40,000 square feet of 
space is now used for research, man-
ufacturing and general offices. The 
new building is windowless con-
crete-and-glass-block construction, 
completely air conditioned. The in-
terior is light engineered for opti-
mum working conditions. 

DESIGNERS AND MANUFACTURERS of' 

Glasswork ing Lathes and Accessories. 
Vertical SealingMachines,BurnerEquip-
ment, Precision Spotwelders, Oil Vapor 
Vacuum Pumps, Glass Baking Ovens, 
Vacuum Tubes and Tube Components, 
Magnetrons, High Vacuum Molube Oil, 
Microwave Equipment. 

PROCEEDINGS OF THE I.R.E.  January, 1952 



Video Switcher 

Only OneSource 
gives you 

Volkle Duly TO 
When you invest in GPI. TV studio equipment, you're 

buying field equipment as well. Every GPL unit provides 
unparalleled flexibility, light weight, easy handling, precise 

control. Let GPL engineer your station, from camera to anten-
na. Have The Industry's Leading Line—in quality, in design. 

Camera Unit 
Precision-built, lightweight, 
fast-handling. Push-button 
turret,  remote iris control, 
remote focus and range se-
lection. Easiest to service. 

'  ..411111. 

. • 
I.. 

.11. et  4 

Camera Control Unit 
Touch-identified  controls. 
fli, 2" monitor tube. Split or 
single headphone intercom 
system. CRO views horizon-
tal,  vertical,  and vertical 
sync block. Iris control. 

Camera Power Unit Synchronizing Generator 
Rugged, dependable, com-
pact. Matched to other units 
in GPL chain. Standard re-
lay panels swing out for 
maintenance. 

Affords maximum circuit re-
liability without operator 
adjustment. Binary counters 
and delay lines, stable 
master oscillator. Built-in 
power supply. 

Co mplete TV Station Installations from Camera to Antenna 

1 
1••_°.. e• 

Full studio flexibility an - 
where. Control can view 
preview, fade, dissolve, etc: 
Views any of 5 inputs, 2 
remotes, outgoing line. Twin 
fade levers. 

WRITE 
WIRE 

OR PHONE 
FOR DETAILS 

3-2 Projector 
Portable sync unit. No need 
for special phasing facili-
ties. Projects rear-screen or 
direct in."  Ideal for r•-
mote origination of film. Re-
lieves load on Telecine. 

0 

0 

Jd 

itti 0 A 1‘ TV Camera Chains • TV Film Chains • TV Field and Studio Equipment  Theatre TV Equipment 

Highest quality 16-mm pro-
jector designed specifically 
for TV. Delivers 100 foot-
candles to tube. Sharp, 
steady pictures from 4000. 
foot film magazine. 

Professional TV Projedor Remote Control Box 
Provides revolutionary re-
mote control of cam•ra 
focus, lens change, pan, tilt. 
Styled to match other com-
ponents in the GPL TV line. 

General Precision Laboratory 
I N  C O  R P O R  A  T E D 

PLEASANTVILLE NE W YORK 
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Better performance... lower cost 
- 

• 7 

Transmitter performance goes up —costs go down . .. the inevitable result of 

specifying Eimac tetrodes to fill key sockets. Costs will stay down because the serv-

ice life of these time-proved tubes is long, replacement costs are low, and the cir-
cuit simplicity they allow keeps power bills down. 

Eimac tetrodes are made for a wide range of power from 65 wafts plate dissi-

pation to 20,000 watts dissipation. They are unexcelled for amplifier, oscillator, and 

modulator service. All are backed by the experience and know-how of America's 
foremost transmitting tube manufacturer. 

Take the advice of countless users and equipment manufacturers who consistent-

ly not only recommend but rely on . . . Eimac tetrodes for unvarying performance, 

exceptional service life, and compatibility to modern circuit techniques. 

Write For The Free Eimac Quick Reference Tube Catalog 

EITEL- McCULLOUGH,  INC. 

San  Bruno,  California 
E.port Agent:. fraz3r S H  Clay St., San Francisco, California 

302 
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buy SPEER 

when you buy RESISTORS 

... for consistent resistance values 

Ccimplete your circuits with R. F. 

coils...chokes...tubular and disc 

capacitors... high voltage con-

densers...capristors by 

JEFFERS ELECTRONICS, INC 

DU BOIS, PA 

Another Speer Carbon Co. Subsidiary 

ST  MARYS, PENNSYLVANIA 

e 7570 
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International 

eee Ork 

TYPE W-HS-SE RIES 

60 Milliamperes DC 

In  Phenolic Tube with stud 
mounting at each end. Circuit. 
Half-Wove. Overall length varies 
to 14", depending on DC Out-
put Voltage rating. For many 

applications for heavier duty 
and inverse peak suppressor 
circuits. 

PARTIAL LISTING 
W-HS SERIES 

DC Output  Rectifier 
Voltage  Part No 

20  W1HS 
60  W3HS 
100  W5HS 
400  W2OHS 
800  W40115 
1500  W75HS 
2500  W125HS 
3500  WI75HS 
4500  W225HS 
6000  W300HS 
Over 500 other types 

- 
Hermetically sealed 

Cartridge Type Rectifiers 

Type W248HS 
4960 Volts DC Output 
60 ma. Overall 
length, 13" 

Over 3,000,000 various types produced and in service 

during the past 4 years. Designed and built to meet Government 

Specifications. Manufactured for temperatures up to 100° C ambient 

—100% humidity. A recent month's production included Rectifiers to supply 

40 microamperes, 1 volt and Rectifiers with a capacity of 140,000 

amperes, 14 volts. Owned and managed by Engineers who are specialists 

in the design and manufacture of Selenium Rectifiers. Submit your 

problems for analysis and we will be glad to offer our recommendations. 

Power Rectifiers — 
Ratings to 250 KW 

High Voltage Rectifiers 
—Cartridge Type 

Miniature Rectifiers — 
from 65 to 1,000 ma. 

GENERAL OFFICES: 
1521 E. Grand Ave. 
El Segundo, Calif. 
Phone El Segundo 1890 

CHICAGO BRANCH OFFICE: 
205 W. Wacker Dr. 
Franklin 2-3889 

16 \ 
PI MCFIFOINGS OF TI1E I.R.E. January, 1952 



SUBMINIATURE 
TUBES 

.1111111 411 61_  

lere are more RAYTHEON SUBMINIATURES 

in world-wide use than all other makes combined 



For Tubes You Can Trust To Meet 

Your Requirements And More 

Sfteceiie, 
LIABLE 

SUBMINIATURE TUBES 

These new Raytheon Reliable Subminiature 
tubes resulting from five years of continuous 

production of their prototypes are designed 

to meet the stringent requirements of vital 

military equipments. In addition to the rigid 

ratings for shock, fatigue, centrifugal accelera-

tion, 5000 hour life, and heater cycle life, par-

ticular attention has been paid in the design 

and manufacture of these tubes to permit 200°C 

ambient temperature operation and lower 

noise output ratings as indicated under each 

type. 

For complete mechanical and 

electrical data on these new 

RAYTHEON types, ask for the new Raytheon 

RELIABLE Subminiature Tube Catalog I. 

RECEIVING TUBE DIVISION  • NEWT 

Reliable Sobminiature and Miniature Tubes • Germanium Diodes and Transistors 

Radiac Tubes • Receiving and Picture Tubes • Microwave Tubes 

CK6148 
R. F. Pentode 
Ef = 6.3V. If = 200 mA. 
Noise output 50 mV. max. 
Eb= 200 V. max. 
Ec2= 150 V. max. 

CK6149 
Medium Mu Triode 
Ef = 6.3V. If =200 mA 
Noise output 25 mV. max. 
Eb = 275 V. max. 

CK6150 
R. F. Pentode— Mixer 
Ef =6.3V. If = 200 mA 
Noise output 100 mV. max. 
Eb = 200 V. max. 
Ec2 = 155 V. max. 

CK6151 
High Mu Triode 
Ef = 6.3V. If = 200 mA 
Noise output 25 mV. max. 
Eb = 275 V. max. 

CK6152 
Low Mu Triode 
Ef = 6.3V. If = 200 mA 
Noise output 25 mV. max. 
Eb = 250 V. max. 

RAYTHEON Atti 



•• FOR .096" HOLE, ORDER F261 

COIRA 
by 

GENERAL CERAMICS 
Ferramscs are soft magnetic 

materials featuring: 

HIGH PERMEABILITY 
HIGH VOLUME RESISTIVITY 

HIGH EFFICIENCY 

LIGHT WEIGHT 

ELIMINATE LAMINATIONS 

M O W_ 

0 F F ER R  A M I C M A T E R I A L 

TY P E  A  B  C  D  E  G  H  I  J 

PROPERTY  UNIT  34  90  159  216  174  254  419  141  472 

Initial permeability  -  15  95  220  410  750  410  850  600  330 
at 1 mc/sec 

Maximum permeability  -  97  183  710  1030  1710  3300  4300  1010  750 

saturation flux density  Gauss  840  1900  3800  3100  3800  3200  3400  1540  2900 

Residual magnetism  Gauss  615  830  2700  1320  1950  1050  1470  660  1600 

Coercive force  Oersted  3.7  3.0  2.1  1.0  0.65  0.25  0.18  0.40  .80 

Temperature coefficient  e/o/ ct.  0.65  0.04  0.4  0.3  0.25  1.3  0.66  0.3  0.22 
of initial permeabirtv 

Curie point  0 C.  280  260  330  165  160  160  150  70  180 

Volume resistivity  Ohm-cm  1 x109 2x105 2x103 3x107 4x10 5 1.5x108 1 x104 2x105 - 

at  1 mc/sec  -  -  .00016  .00007  .00005  .00008  .00008  .00030  .0003  .000055  
Loss Factor: 

at  S mc/sec  -  .0004  .0011  .0008  .0012  .002  .00075  .00155  .005  - 
at 10 mc/sec  -  .0005  -  -  -  -  .0017  .00275  -  - 

F21 1** F210• F188 F187 F108 F109 

-  .093 TO .250 
I  • 

- 

.156 

812 - 

.500 - 

• FOR .1 4 5" HOLE, ORDER F260 

CERAMICS AND STEATITE  CORP. 
GE NE R AL  OFFI CE S  and  PL A N T  KE ASBE Y,  NE W  JERSEY 

AKERS OF STEATITE, TITANATES, ZIRCON PORCELAIN, FERRAMICS, LIGHT DUTY REFRACTORIES, CHEMICAL STONEWARE, IMPERVIOUS GRAPHITE 
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Leading the Quality Field for more than 25 Years 

Ktnvon 
TRANSFORMERS 
for all ARMY NAVY specifications 

use KENYON TRANSFORMERS for 
RADAR  • BROADCAST  • SPECIAL MACHINERY 

JAN APPLICATIONS • ATOMIC ENERGY 

EQUIPMENT • AUTOMATIC CONTROLS 

EXPERIMENTAL  WORK 

Write for details 

built for durability 

• engineered for 

trouble-free operation 

• designed for standard 

and special applications 

KENYON TRANSFORMER CO., Inc. 
840 BARRY STREET • NEW YORK 59, N. Y. 

PROCEEDINGS 01; THE I.R.E. 



The new RCA WV-87A q14,  VoltOhmyst* 
WI 2 5°  

Sold Complete —with the 

following Probes and Cables 

• Direct Prob• and Coble 
• DC Probe 
• Ohms Cable and Probe 
•  Currant Cable (Rod) 
•  Current Cable (Block) 
• Ground (Case) Cable 

Accessory Probes Available 
on Separate Order 

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

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

Measures ... (Full-scale ranges) 

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

PEAK-TO-PEAK VOLTAGE: 0 to 4, 14, 42, 140, 420, 1400, 4200 volts 

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

RESISTANCE 0 to 1000 megohms in seven overlapping ranges 

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

FEATURING an 812" meter. the new WV-87A 
Master VoltOhmyst is really the master of every 
testing application. Its peak-to-peak scales are 
particularly useful for telev ision, radar, and other 
types of pulse work. 
The WV-87A measures dc voltages accurately 

in high-impedance circuits, even with ac present. 
It also reads rms values of sine waves and the 
peak-to-peak values of complex waves or recur-
rent pulses, even in the presence of dc. 
Like all RCA VoltOhmysts, the WV-87A fea-

tures ±1 % multiplier and shunt resistors, a -1- 2% 
meter movement, high-input resistance, zero-cen-
ter scale adjustment for discriminator alignment, 
dc polarity-reversing switch, and a sturdy metal 
case for good rf shielding. 
On direct-current measurements, extremely low-

meter resistance gives an average voltage drop of 
only 0.3 volt for full-scale readings on all ranges. 
Nine overlapping ranges provide dc readings from 
10 microamperes to 15 amperes. 
An outstanding feature is its usefulness as a 

television signal tracer ... made possible by its 
high ac input resistance, wide frequency range, 
and direct reading of peak-to-peak voltages. 
The RCA WV-87A Master VoltOhmyst has the 

accuracy and stability for laboratory work. Its 
large, easy-to-read meter also makes it especially 
desirable as a permanently mounted instrument 
in the factory and repair shop. 
For complete information on the WV-87A, see 

your RCA Test Equipment Distributor or write 
RCA, Commercial Engineering, Section AX47, 
Harrison, New Jersey.  • Reg. LI. S. l'aL O . 

Get complete details today from your RCA Test Equipment Distributor. 

RA DIO CORPORATIO N of A MERICA 
TEST EQUIPMENT  HARRISON. N. J. 

PROCEEDINGS OF 7 IIE I.R.E.  funuary, 1952 ;')!, 



Designed for Application 

Mu Metal Shields 

The James Millen Mfg. Co. Inc. has for many 

years specialized in the production of magnetic 

metal cathode ray tube shields for the entire 
electronics industry, supplying magnetic metal 

shields to manufacturing companies, labora-

tories and research organizations. Stock shields 

are immediately available for all of the more 

popular sizes and ty pes of cathode ray tubes as 

well as bezels for 2", 3" and 5" size tubes. 

Many production problems, however, make de-

sirable special shields designed in conjunction 

with the specialized requirement of the basic 

apparatus. Herewith, are illustrated a number 

of such custom built shields. Our custom ,design 

and fabrication department is at the service of 

our customers for the development and manu-

facture of magnetic metal shields of either nie-

oloi or mumetal for such specialized applications. 

20k 
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Illustrations ripproxirrurtely actual size. 

Temperature Compensating DISK Capacitors 
Capacity range from 475 mild on the DI-6 N1400 material down to .3 nimf on the DI-1 size with 
tolerances of ± 5% or greater. Conservatively rated for working voltage at 500 volts DC and flash 
tested at 1500 volts DC. Insulation resistance at 100 volts is well over 10,000 megohms. Electrodes 
are fired directly to the low loss dielectric and are coated with a non-hydroscopic phenolic for protec-
tion against moisture and high humidities. Conform to RTMA Class 1 ceramic capacitors. 

Extended Temperature Compensating DISK Capacitors 
Produced from a recently developed group of extended coefficient ceramics, this type of Hi-C1 Disk 
permits a much wider temperature compensating range than was possible on the formerly available 
-normal linear temperature coefficient ceramics. Specifically developed for applications requiring a 
very large gradient of capacity versus temperature. These new 141-Q Disks exhibit relatively higher 
dielectric constants permitting capacities in the range intermediate between the high K and linear or 
normal group of ceramics. The Q (a minimum of 250 at 1 megacycle) is somewhat lower than the Class 
1 ceramics. It has, therefore, not been classified by RTMA as Class 1. However, characteristics are 

superior to by-pass Class 2 ceramics. 

—ALE-wrertnwirrxrxt-rruirs-
* O M 

Type 

IN THESE 111111 .1..  

Lead Width Thickness Diameter 

DI 1 5/16" Max. 3/16" ± 1/16" 5/32' Max. 

DI-2 3/8"  Max 1/4" + 1/16" 5/32" Max. 

DI-3 7/16 Max. 1/4" 4-1 0 ° 5/32" Max. 

DI-4 19/32" Max. 1/4" + 1‘8: 5/32" Max. 

DI-5 11/16" Max. 3/8" + 1/8" 5/32" Max. 

DI-6 3/4"  Max. 3/8" + 1/8" 5/32" Max. 

HI I Ay CC 

Companion Lines to the Popular 
Hi-Q By-pass DISK Capacitors 

The widely used HI-12 By-pass Disks are fixed ceramic 
dielectric capacitors which meet RTMA Class 2 specifica-
tions. They are available in the complete capacity range 
of from .3 mmf to 30,000 nimf. Standard tolerances of 5% 
thru 20% where applicable can be furnished. 

Write for Engineering Bulletin Giving 
Details of all 111-Q DISK Capacitors 

"'I', ,,,  I.. ibirl. Ift•gistcrtql, I'. S. Patent Office 

Eeezaezai React-al/tee 
OLEAN, N.Y. 

SALES OFFICES: New York, Philadelphia,  PLANTS: Olean, N.Y., Franklinville. N.Y. 

eov. 

PROCEEDINGS OP TIIE I.R.E. 

Detroit, Chicago, Los Angeles 

1,Anuory. 1"2 

Jessup, Pa., Myrtle Beach, S. C. 
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Space Savers 
for Mobile Uses 

Here's a control that saves 

both space and weight—yet handles plenty of 

wattage for television receivers as well as for most 

mobile and aircraft radio uses. 

You can get Stackpole LR controls with or without 

SP-ST or DP-ST line switches and in dual con-

centric arrangements. The wattage rating is con-

servative and these sturdy little units have pro% ed 

their dependability on dozens of jobs formerly 

handled by materially larger controls. 

Data bulletin covering the complete line of Stack. 

pole controls on request. 

Electronic Components Division 

STACKPOLE CARBON COMPANY 
St. Marys, Pa. 

STACKPOLE 
FIXED AND VARIABLE CARBON RESISTORS  • IRON CORES  • CERAMAG& 

NON-METALLIC CORES  • MOLDED COIL FORMS  • MOLDED CAPACITORS 

INEXPENSIVE LINE AND SLIDE SWITCHES 

22A 

News—New Products 
These manufacturers have Invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

Air Line Lubricator 
To provide automatic lubrication for 

tools using 10-60 cfm, Keller Tool Co., 
Grand Haven, Mich., announces a re-
cently developed Air Line Lubricator in 
two sizes, the larger of which is illustrated 
here. 

14' 

KELLER 
TOOLS 

K 
AIR 01  
LURRItAgi 

No  ef: 

KELLER TOOL COW.  
miaf% 

With this new larger size, where a 
minimum of 10 cfm is used by one tool and 
a maximum of 60 cfm by all tools taking 
air through the lubricator, lubrication of 
one or more tools is accomplished auto-
matically 
A transparent Plexene bowl, designed 

to hold 6 ounces of light oil, provides oil 
feed through a porous bronze wick. When 
used with a 35 cfm tool, the bowl holds 
enough oil for 8 to 10 weeks of lubrication 
under normal usage. No regulation of the 
oil flow is necessary. 
Each tool, the manufacturer states, 

will receive the proper amount of lubricant. 
The quantity of oil dispensed into the air 
stream is dependent upon the amount of 
air passing the wick. Several tools operat-
ing from one lubricator will automatically 
draw more oil than just a single toal. Under 
normal conditions, pressure drop through 
the lubricator will not exceed 1 lb per 
square inch. 
Installation of new Air Line Lubricator 

is made by screwing the device into a 
i-inch air line ahead of the tool to be lubri-
cated. A removable hex nut with holding 
chain permits refilling. 

(Continued on page 744) 

This issue of PROCEEDINGS OF 
THE I.R.E. carries a summary of the ad-
vertising survey of preferences of members 
of the Institute. Many have been following 
the monthly findings as they were deter-
mined. The final analysis should be of in-
terest to all persons engaged in writing 
and composing advertising promotion. 
The final monthly survey, based on the 
September issue, appeared in the Decem-
ber issue. 

(Continued on gage 1064) 
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WRITE FOR THIS CATALOG OF STOCK MAGNETS 
FOR YOUR EXPERIMENTAL NEEDS 
Here's a handy reference, chock full of detailed 
- permanent magnet information. If you are de-
signing new products, or wish to improve present 
ones, this catalog will be of great value! 

16% GREATER ENERGY 
And, remember, all INDIANA permanent magnets 

described are available in INDIANA HYFLUX Al-

nico V—the permanent magnet material that offers 

an energy product averaging 5'2 million BH max 

or more, with 514 million guaranteed! 

Even though INDIANA HYFLUX Alnico V offers 
16% greater energy product than regular Alnico V, 

it costs not a penny more! 

INDIANA is the only manufacturer furnishing all 

commercial grades of permanent magnet alloys. 

You have a choice of cast, sintered, formed or 

ductile materials. 

INDIANA 
PERMANENT 

MAGNETS 

INDIANA engineers, with more than 30,000 

successful permanent magnet applications to 

their credit, will be happy to help you with 

every permanent magnet problem. 

Write—or phone—INDIANA today! 
Ask for Catalog No. 11G-2 

THE INDIANA STEEL PRODUCTS COMPANY 
VA L PAR AIS O, INDI A N A  • • • Sales Otfices Coast to Coast 

. SP E CI A LI S T S IN  "P A C K A G E D EN E R G Y"  SI N C E  19 0 9 
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evoktionary NM' 
[k R CT/F/E / 

G-E Research Advances  rinciple of Area 
Rectification . .. Usage with Large Currents 

eptionally Low Losses Now Possible 

an You Use These Outstanding Features? 

• gher Output Voltage—  vo ts morett+ in typi-

cal TV power supply due to rectification efficiency 

up to 98% 

Longer life—Moisture and fume resistant.. 

sealed units 

Lower Forward Resistance—Approx. 3.5 ohms for-

ward resistance at 350 ma 

Higher Current Capacity-400 ma average dc 

current 

Higher Peak Inverse Voltage-400 volts 

Higher Back Resistance—approx. I megohm at 35 

Smaller Size—smaller than comparably rated dry 

tifiers of other types 

• These rectifiers are now in pilot pro-

duction. To purchase sample quantities, 

call the G-E Electronics Division Tube 

Dept. office near you or wire us: Com-

mercial and Government Equipment 

Dept., Electronics Park, Syracuse, N. Y. 

6), 
Description and Maximum Ratings 

Type G-10 

Ambient Temperature 

RMS Input Voltage (Max.)  130  130  130 Volts 
RMS Current (Max.)  1.2  1.2  .2 Amps 
D-C Output Current (Max.)  400  350  50 Ma 
D-C Surge Current (Max.)  25  20  2.5 Amps 
Peak Forward Current (Max.)  3  3  .5 Amps 
Peak Inverse Voltage (Max.)  400  400  400 Volts 
Full Load Voltage Drop 
(Max.)  1.5  1.4  1.3 Volts 

Operating Frequency (Max.)  50  50  50 Kc 

Single Rectifier Types  G-1 OA G-108  G-1 0C 

RMS Input Voltage (Max.) 25 *C 
40' C 

RMS Current (Max.)  25 *C 
40 *C 

D-C Output Current (Max.) 25 *C 
40 *C 

D-C Surge Current (Max.) 25 *C 
40'C 

Peak Forward Current  25 °C 
(Max.)  40'C 

Peak Inverse Voltage  2.5 *C 
(Max.)  40 *C 

Full Load Voltage Drop  2.5 *C 
(Max.)  40*C 

Operating Frequency  25'C 
(Max.)  40 *C 

40 C  55'C  65 C 

• A newly printed bulletin on the 

G-10 Germanium Power Rectifier 

will be sent to you on request. 

General Electric Company, Sec-

tion "2 2, Electronics Park, Syra-

cuse, New York. 

re/NI/m/ 7( w? etv, het Nee lit 

GENERAL 

32 
32 
.6 
5 

200 
150 
10 
8 

1.5 
1.2 
100 
100 
.8 
.7 
50 
50 

50 
50 
.6 
.5 

200 
150 
10 
8 
1.5 
1.2 
150 
150 
.8 
.7 
50 
50 

RE M! 

65 Volts 
65 Volts 
.6 Amps 
.5 Amps 

200 Ma 
150 Ma 
10 Amps 
8 Amps 
1.5 Amps 
1.2 Amps 
200 Volts 
200 Volts 
.8 Volts 
.7 Volts 
50 Kc 
50 Kc 



Where mechanical precision 
means electrical accuracy 

There's more to a precision potentionii ter than 
accurate windings. In order that the required 
high electrical tolerances be held, it is absolutely 
essential that such parts as the shaft, mounting 
plate, and housing be designed and built for 
highest mechanical accuracy. 
At Fairchild, we've concentrated on building 

The example below is but one case of how this extra 

precision equipment of all kinds for more than 
thirty years. Our engineers and craftsmen eat, 
drink, and sleep precision. Since our first poten-
tiometer was produced, we've made it a practice 
to carefully control every phase of manufacture 
by building in our own plant every part that af-
fects accuracy. 

mechanical precision assures highest electrical accuracy. 

CRUCIAL PRECISION IN A RADAR CONTROL ASSEMBLY The gears on 
this radar control assembly were precision cut to eliminate backlash and 
binding, but the care that went into their manufacture could have been 
completely nullified if the potentiometer coupled to them was not mechani-
cally precise. In this case, overall accuracy is assured by using a Fairchild 
precision unit. 
Like all Fairchild potentiometers, this one has a shaft that is centerless 

ground from stainless steel to a tolerance of +.0000, —.0005 inch. Its radial 
shaft play is held to .0015 inch F.I.R. or better and concentricity of shaft to 
pilot bushing is .0025 inch F.I.R. or better, depending on type. Shaft to 
mounting-plate squareness is held to .001 inch per inch. 

1.111 

The windings of all Fairchild potentiometers 
are custom-made on special Fairchild-designed 
machines. Guaranteed functional tolerances are 
±-0.5r,; for linear windings, -±-.1.0r;, for non-
linear windings—even better in some cases. 

A CO MPLETE LINE EXPERTLY DESIGNED AND BUILT TO INDIVIDUAL SPECIFICATIONS 

26A  °meter Sample Laboratory is set up explicitly to fill 
quick delivery is assured. Write today, giving com-
plete details to Fairchild Camera and Instrument 
Corboration. 88.06 Van Wyck Boulevard, Jamaica 
1, N. Y. Dept. 140-20H1. 

such needs. Where sample orders are requested, 

yours by merely dropping us a line. Our Potenti-

PROMPT ATTENTION TO SAMPLE ORDERS. Prompt, ex-
pert attention to special potentiometer problems is 

PRECIS/ON 
)11PC4/11P 

POTENTIO METERS 
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New. CBS-HYTRON 
12B4 
qew 9-pin miniature; high-perve-
Ince, low-mu triode with 6/12-volt 
water for parallel or series con-
lection. 12B4 is designed specifi-
:ally for vertical amplifiers with 
imited primary B supply voltages. 
Delivers adequate vertical sweep 
Dower in proper circuit to sweep 
any 70* rectangular picture tube. 
Characteristics of 12B4 are similar 
to those of 6W6GT, but 12B4 . . . 
for same input . . . supplies sub-
atantially more sweep power. 
12B4, because of special design 
and processing, is also virtually 
free from grid emission. 

New CBS-HYTRON 
12BY7   

New 9-pin miniature; very-high-
transconductance pentode ampli-
fier. As video amplifier in high-
quality receivers, gives extended 
gray scale. In low-cost receivers, 
12BY7 provides adequate voltage 
amplification for wide-band video 
amplifiers with primary B voltages 
as low as 135 volts. 
Within its power capabilities, 
12BY7 gives gains equal to those 
of 6AG7. High ratio of transcon-
ductance to interelectrode capaci-
tances makes 12BY7 useful as 
video 'i-f or pulse amplifier for 
'radar. High grid-to-screen trans-
conductance suits 12BY7 (within 
its power handling capabilities) 
for class C harmonic oscillators. 

Which of these 
CBS-HYTRON ORIGINALS 
can you use? 

••••• 

New CBS -HYTRON 
SY3WGT 
New "ruggedized," full-
wave filamentary -type 
rectifier with electrical 
characteristics equiva-
lent to those of 5Y3GT 
. . . but 5Y3WGT is 
specially designed for 
equipment subject to 
}ugh impact and shock. 

New CBS-HYTRON 
12A4 
New high -perveance, 
medium-mu, 9-pin min-
iature triode for use as 
vertical amplifier, class 
C oscillator, or low-
distortion audio output 
amplifier in push pull. 

Write for Complete Data Today 4. 

MAIN OFFICE. SALEM, MASSACHUSETTS 

New CBS-HYTRON 
12BZ7 

New high-mu, 9-pin 
miniature dual triode 
for  high-gain  audio 
applifiers, gating 
circuits, synch separa-
tors and amplifiers. 

HYTRON RADIO & ELECTRONICS CO. 
Salem, Massachusetts 

Please rush me full specifications for the new CBS-Hytron types 
I have checked: 

12B4  12BY7  5Y3WGT   

Name 

Street 

12A4   12BZ7 

(please print) 

City and State   
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NU MONt 

my— cathode-ray 
tubes 

The line of Du Mont cathode-ray tubes is 
carefully engineered to provide the broadest 
possible coverage of the entire range of stand-
ard applications. In some instances, however, 
the requirements of highly specialized appli-
cations are beyond the capabilities of RTMA 
Registered cathode-ray tube types. For such 
cases, Du Mont SPECIAL CATHODE-RAY 
TUBES offer the answer. Typical examples 
of these special tubes are shown below. 

TYPE K1101P — 5-inch flat-faced tube designed for ultra-
high-speed oscillogrophy. Will provide spot writing speeds 
as high as 1000 in./ sec. Overall maximum accelerating 
potential of 37,000 volts, with good deflection sensitivity. 

TYPE K1065P — 3-inch flat-faced tube with high deflection 
sensitivity. Deflection-electrode connections through neck 
enable high-frequency applications. 

If you have a problem beyond the range of 
RTMA Registered cathode-ray tube types, 
the facilities of Du Mont, the skill of the 
most experienced designers of cathode-ray 
tubes in the industry, are at your disposal for 
consultation. 

TYPE K1080P — 7-inch magnetically focused and deflected 
tube operating at accelerating potentials up to 30,000 volts, 
providing high light output with excellent resolution. Face-
plate manufactured to conform to uniform standard of cur-
vature and thickness. 

TYPE K1052P — 7-inch tube containing 5 wholly independent 
electron-gun and deflection-electrode structures in a single 
envelope. Auxilliary ring-socket for easy connection to all 
deflection electrodes. 

- 
_The  above tubes are representative of the Du Mont 

line of SPECIAL CATHODE-RAY TUBES. For 
detailed information on these, and other Du Mont 
SPECIAL TUBES, write to Department G at the 
ddrees below._ _ 

TUBE DEVELOPMENT LABORATORY, ALLEN B. DU MONT LABORATORIES INC., 100 MAIN AVENUE, CLIFTON, N. J. 
28A 
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Collins 51V Glide Slope Receiver 

The design of the Collins 51V-1 receiver, 
now on the assembly line, is based on "Glide 
Slope Receiver Characteristics" issued by Aero-

nautical Radio, Inc. 

This receiver, together with the Collins 51R 
navigation equipment, will fulfill ILS receiving 
requirements for commercial and private as well 

as military aircraft. 

The 51V is designed for reception of 90/150 
cps tone modulated glide slope signals on all 
ten present and ten planned channels in the 
UHF range of 329-335 megacycles. It utilizes 
crystals identical with those employed in R-89B 
receivers and is electrically and mechanically 

interchangeable with modified ten channel 
R-89B's, greatly simplifying installation in pres-

ent aircraft. 

The 51V receiver control circuits are integrat-
ed with the standardized R/theta channeling 
system, with channel selection provided by a 
Collins type 314U remote control unit. 

Choice may be had of a dynamotor for 12 or 
24 volt d-c operation or an a-c power unit for 
operation from 115 volt 400 cycle supply. 

If you are not thoroughly acquainted with 
this new glide slope receiver from previous con-
tact or correspondence, write us for the 51V il-
lustrated descriptive bulletin. 

FOR PROGRESS IN INSTRUMENT LANDING SYSTE MS, IT'S ... 

[  COLLINS RADIO CO MPANY, Cedar Rapids, 

11  W  42nd St  NE W YORK 18  1937 Irving Blvd 

Iowa 

DALLAS 2 2700 W. Olive Ave., BURBANK 
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G A & F Carbonyl Iron Powders are unique 

... This new book is unique ... Here is the 

most comprehensive treatment ever given 

to the characteristics and applications of 

Carbonyl Iron Powders. (The 3-page bibli-

ography alone is a valuable addition to 

your reference library.) 

This book was written for the manufacturer 

or engineer who wants a maximum of facts 

with a minimum of verbiage. 80% of the 

Ii 
Ii 

, 

4* • 

••••  -." **V  P 
••••,.  •o 

Aire 

story is told with photomicrographs, dia-
grams, performance charts and tables. 

Established applications are fully covered; 

new applications are suggested. Ask your 
core maker, your coil winder, your indus-

trial designer, how G A & F Carbonyl Iron 

Powders can improve the performance and 

reduce the cost of the equipment you man-
ufacture. Write us — without obligation — 

for your copy of this new book. Kindly 

address your inquiry to Dept. 14. 

ANT AR A. CHE MICALS 
DIVISI ON  OF 

GE NERAL DYESTUFF CORP ORATI O N 
4 3 5  HU DS O N  STREET • NE W  YORK  14,  N. Y. 

Iron Powders... 
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TYPICAL ICAS* OPERATING CONDITIONS 

Class C Telegraphy and FM Telephony 

Heater Voltage 

Heater Current 

DC Plate Voltage 

DC Grid-No. 2 Voltage 

DC Grid-No. 1 Voltage 

DC Plate Current 

Power Output (Approx.) 

6.3 volts 

1.25 amps 

Below 60 Mc. At 175 Mc. 

600  750  400 volts 

180  160  200 volts 

—85  —85  —54 volts 

150  120  150 ma 

69  69  35 watts 

'Intermittent Commercial and Amateur Service. 

 R C4 r 40e..- • . the RCA-6I46 
New beam power tube for VHF transmitters 

Specifically designed for VHF transmitter 
applications, the new RCA-6146 features low 
cost, small size, unusual ruggedness, and high 
power sensitivity. It can deliver an output of 
35 watts at 175 Mc under ICAS conditions, 
with a plate voltage of 400V, and a plate 
current of 150 ma. Adequate driving power 
can be obtained from a 5763, 2E26, or an-
other 6146, depending upon the circuit de-
sign requirements. 

The RCA-6146 employs a rugged button-
stem construction with short internal leads, 
and an octal base with short metal sleeve 
which shields the input to the tube so com-
pletely that no other external shielding is re-

32a 

quired. Input and output circuits are well 
separated by bringing the plate lead out at 
the top of the bulb. Base pin connections 
permit three connections to the cathode, to 
provide good rf grounding. 

For complete technical data on the RCA. 
6146 and RCA-6159, write RCA, Commer-
cial Engineering, Section 47AR, Harrison, 
N. J., or your nearest RCA field office. 

FIELD OFFICES: (East) Humboldt 5-3900, 415 S. 
5th St., Harrison. N. J. Midwest) Whitehall 
4-2900, 589 E. Illinois St.. Chicago. Ill. (West) 
Madison 9-3671, 420 S. San Pedro St., Los 
Angeles, Calif 

The RCA 61,59, identical 
with the 6146 except for 
its heater rating of 26.5 
volts, 0.3 amperes, is de-
signed for VHF service in 
aircraft application. 

The Fountainhead of Modern 
Tube Development is RCA 

RADIO CORPORATION of A MERICA 
EL EC T R O N T U B ES 

H A R RI S O N, N. J. 
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Donald B. Sinclair 
PRESIDENT, 1952 

Donald B. Sinclair, who resides at C'rescent 
Road, Concord, Mass., was born in Winnipeg, 
Manitoba, Canada, on May 23,1910. He was edu-
cated at the University of Manitoba, in 1926-
1929, and then transferred to the Massachusetts 
Institute of Technology, where he received the 
degree of S.B. in 1931, the S.M. in 1932, and the 
Sc.D. in 1935. 

Dr. Sinclair has been associated with the Bell 
Telephone Laboratories and the New York Tele-
phone Company in New York, and with the West-
ern Electric Company at Hawthorne. In 1927 he 
was associated with the Western Canada Airways 
as a radio operator. 
He joined the General Radio engineering staff 

in 1936, becoming the assistant chief engineer in 
1944. In 1950 he was appointed to the position of 
chief engineer in that company. His work has 

been mainly on the general development and de-
sign of high-frequency measuring instruments for 
which he received the IRE Fellow Award in 1943. 
During World War II, Dr. Sinclair worked in 

the Countermeasures Division agd Guided Missiles 
Division of NDRC, receiving the President's 
Certificate of Merit for outstanding services.. 
Dr. Sinclair has been a member of the Board of 

the Institute of Radio Engineers since 1945, and 
has been active on a number of its committees 
such as: Antennas, Awards, Executive, Papers, 
Planning, Radio Transmitters, and Television. In 
1945-1946, he was the Institute Representative 
on the Radio Technical Planning Board, and in 
1949-1950 he was the IRE Treasurer. Dr. Sinclair 
is a Fellow of the American Institute of Electrical 
Engineers, a member of the American Association 
for the Advancement of Science, and Sigma Xi 

IL 
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Guided Missiles  —A New Field for the 
Radio Engineer 

SIMON RAMO 

During recent decades, it has become evident that communications and electronic engineers contribute substantially to 
the public welfare in peacetime, and also that they are an indispensable factor in the national defense and a strong bulwark 

for their country in wartime. 
In the following guest editorial by a Fellow of the Institute, who is the Director of Operations of the Hughes Aircraft 

Company, there is presented an analytical study of the technical problems facing the designer of guided missiles, and the 
extent to which the solutions draw upon civilian communications techniques and on the field of advanced mechanical engineer-

ing. — The Editor. 

Anticipating a continuation, if not a worsening, of the 
present world situation, it may be expected that the 
bulk of the electronics industry will soon be devoted to 
military needs. An even larger fraction of the electronics 
profession, and therefore of the membership of the IRE 
will be needed for the development, design, and produc-
tion of new and complex devices and systems for mili-
tary use. Among the new fields for the radio engineer, 
one which is second to none in its demands upon the 
technical staff and in its probable ultimate effect on the 
broad development of electronics, is the guided-missile 
field. In view of its coming importance to the IRE mem-
bership, a short description of the nature of this new en-
gineering field appears in order at this time. 
To the pure scientist, a guided missile may be said to 

represent nothing new, since most of what has been done 
and probably will be done during the next decade re-
quires no basic discoveries. However, to the engineer 
and applied physicist, radical advances are possible by 
utilizing essentially the existing body of fundamental 
knowledge. In this sense, guided-missile engineering rep-
resents the reduction to practice of highly novel ideas in 
which intimate knowledge of a number of different engi-
neering fields is combined to develop one consistent sys-
tem. Other more specific factors which characterize 
guided-missile engineering are found in the following: 
(a) Reliability and ruggedness; ability to withstand 

shock, vibration, wide temperature fluctuations, and 
humidity—the requirement here is often higher by sev-
eral orders of magnitude in guided-missile engineering 
than in the general electronic engineering field. 
(b) In basic theory of operation and design, the over-

all system considerations are complex. Ordinary infor-
mation theory, for example, as applied to a relatively 
simple voice-communication system may already be re-
garded properly as a difficult, theoretical, frontier field; 
but in guided-missile engineering, added to the ordinary 
information-theory aspects, are the matters of stability 
and precision, often on a nonstationary or changing-
noise base. In addition to a communication link, com-
plex as that might be, there are computing and servo 
systems, and couplings to aerodynamics, target condi-
tions, and to intricate observation devices. 
(c) The precision aspect of guided-missile engineering 

is worth a special comment. Small effects usually ig-
nored in most electronic devices are often all important 
in the electronics package of a guided missile. Also im-

portant is the fact that guided-missile systems usually 
require a highly co-ordinated design consisting equally 
of precision electronic circuits and precision mechanical 
components. This kind of mechanical engineering, the 
precision instrument kind, is actually more often the 
bottleneck in the engineering of a missile than the elec-
tronics. Because the electronics physicists and engineers 
are more accustomed _to dealing with feedback, system 
considerations, noise, and the physics of the problem in 
general, a conjunction of the talents of the electronics 
expert and the unusual mechanical engineer must be ef-
fected. In this joining, considerable weight falls on the 
electronics partner who must be a broad engineer in 
fields other than his specialty. If nothing else, the guided 
missile may once and for all bring a firm understanding 
of the mechanical engineering aspects of electronic 
equipment to the electronics engineer (who has so often 
in the past lacked a true appreciation of the importance 
of that associated field). 
(d) In general, in the guided-missile field, it is found 

that all of the engineering techniques, whether they are 
in electronics, mechanics, aerodynamics, or metallurgy, 
are being forced simultaneously well beyond the current 
state of the art. In the design of a new line of devices it 
is not often that for each and every component thereof, 
the designer is called upon to make an important ad-
vance. That kind of development can be handled only 
by unusually broad and able physicists and engineers. 
(e) As always, when a new and complex set of elec-

tronic applications is investigated, new electron tubes 
need to be invented and are invented. Generally, elec-
tronics will benefit as new and important applications 
for these new tubes then follow in nonmissile fields. 
It is often said that during a period of military pre-

paredness great advances are made in applied science. 
This statement is sometimes only a hope and a rationali-
zation in an attempt to find something good about wars. 
In the case of guided-missile development, this is more 
than a rationalization, at least from the standpoint of 
electronics science. In the field of synthetic electronic 
intelligence lies an enormous potential aid to mankind. 
It has been predicted that some day more such elec-
tronic devices will be manufactured to aid business, in-
dustry, and transportation than television sets for enter-
tainment. If so, the guided missile, developed through 
military necessity, will be credited with playing a lead-
ing role in bringing about this result. 
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Robert H. Marriott 
1879-1951 

Robert H. Marriott, a founder and the first President of The 
Institute of Radio Engineers, died on October 31, at his home in 
Brooklyn, New York. 
Known to his associates for his vigor, vision, and co-operative-

ness, tenacity of purpose, and broad knowledge, he was widely 
regarded as one of the leading contributors to the advancement of 
radio communication and to the growth and success of The Insti-
tute of Radio Engineers. 
Mr. Marriott's pioneering efforts to form a radio engineering 

society materialized in 1909 with the founding of the Wireless 
Institute. He served as its President until 1912 when, through the 
efforts of Alfred N. Goldsmith, John V. L. Hogan, and himself, 
the Wireless Institute merged with the Society of Wireless 
Telegraph Engineers to form The Institute of Radio Engineers. 
He became the first IRE President in 1912, and served as Vice-
President in 1913 and on the Board of Directors in 1914-1916, 
1920-1922, and 1926-1932. IMr. Marriott was instrumental in 
forming the Seattle Section of the IRE, and became the first 
Chairman of that Section in 1915-1919. 
Born on February 19, 1879 at Richwood, Ohio, Mr. Marriott 

started his radio experimental work in 1897, at the Ohio State 
University, where he graduated with the Bachelor of Science de-
gree in 1901. He was the first man to put into use in America the 
telephone and detector method of radio reception. a system that 
was a forerunner of the vacuum tube. He completed the first 
Pacific Coast commercial broadcasting station operative be-
tween Avalon, Catalina Island, and the California mainland. Mr. 

Marriott did experimental work for a number of early radio con-
cerns, was a radio aide of the U. S. Navy in 1915-1925, and was a 
consulting engineer of the Federal Radio Commission in 1928-
1929. He continued in private practice as a consultant until his 
retirement in 1943. Mr. Marriott was responsible for a number of 
patents and was the author of many papers and articles on radio 
which included a series of articles in the New York Herald Tribune 
in 1927 and 1928. 
Mr. Marriott became a Fellow of the IRE in 1915 and a Life 

Member in 1949. He was a Fellow of the American Institute of 
Electrical Engineers, and an Honorary Member of the Radio 
Club of America, and of the Veterans Wireless Operators Asso-
ciation. 
Mr. Marriott's last illness prevented the formal presentation 

to him of an engrossed testimonial volume, signed by all of the 
members of the IRE Board of Directors, attesting to its full 
recognition and deep appreciation of the great worth of his work 
in the foundation, administration, and upbuilding of The Institute 
of Radio Engineers. 
The Board at its meeting on November 7, 1951, adopted a 

resolution on the death of Robert H Marriott which contained 
the following excerpt from that testimonial volume: 
His foresight in discerning the need for a society of radio engi-

neers was a powerful stimulus to the foundation of the Institute. 
His unselfish, skilled, and unlimited devotion to the conduct of 

the activities of the Institute in its earlier years contributed sub-
stantially to the creation of the firm foundation upon which the 
Institute has grown. 
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After the Freeze* 
W. R. G. BAKERt, FELLOW, IRE 

By authorization of the Board of Directors, there is Included in these PROCZEDINGS from time to time • limited 
number of papers dealing with the industrial and merchandising aspects of the communications and electronics field. 
It is thought that these papers will he instructive, enlightening, and helpful to the membership-

Included in this series is the following analytic (and pleasantly informal) study of present-day commercial trends 
in the television-manufacturing and television-broadcasting fields. It was made available by its author, who is a past 
president ol the Institute. its present treasurer, and chairman of its Professional Groups Committee, as well as vice-
president of the General Electric Company. —Ths Editor. 

W HEN  the  subject  "After  the 
Freeze," was selected I had in mind 
the freeze on construction of new 

television stations which will have been in 
effect three years at the close of this past 
September. Actually, the electronics indus-
try has been confronted with two freezes. 
From last May up to the present it has 

• experienced what might be called a freeze on 
consumer buying. The relation between the 
consumer freeze and the FCC freeze is not 
only important, but in fact may indicate 
what can be expected after the FCC freeze 
has thawed out. 
The television industry has blamed 

many of its ills upon the construction freeze 
to the extent that many persons look upon 
the lit ling of this freeze as the palliative, if 
nut the cure-all, of all the ills of the in-
dustry. 
First, let us take a short look at what 

did happen during the three years of the 
freeze. As more and more of the 107 tele-
vision transmissions now operating in the 
United States went on the air, some 92 set 
man ufact urea's began manufacturing tele-
vision receivers as fast as they could, and 
set dealers in the broadcast areas were beset 
by more customers than they could accommo-
date. 
But then, from May of 1951, this sup-

posedly never-ending stream of set custom-
ers began to dry up, and this last summer, 
almost disappeared entirely. This was the 
consumer freeze. 
At this point we have a rather strange 

situation. The television-set owner has no 
privacy. Opinion researchers and survey 
experts have dissected him, examined him, 
analyzed, him, reported on him. They 
know how many hours he watches television 
each week, what he eats for breakfast, how 
he parts his hair, and, if he has hair. They 
know how many packages of cigarettes he 
smokes each week, how old his children 
are, whether he uses cream in his coffee, and 
a thousand other things about him. Knowing 
all of these things about the TV owner, it 
would be more normal to expect that some-
one would be able to answer the question as 
to why the prospective TV owner stopped 
buying TV sets, and perhaps more im-
portant, how to get him started buying TV 
sets again? 

• Decimal classification: R383. Original manu-
script received by the Institute. September 12. 1951. 
This paper waS taken from a speech given by Dr. 
W . It. G. Baker before the National Electronic Dis-
tributors Association at Cleveland. Ohio on Septem-
ber 10. 1951. 
I General Electric Co.. Syracuse. N.Y. 

It would be interesting to examine some 
of the figures about the owners of television 
sets. Here is what one study says about the 
average set owner: he makes $644 a year 
more than the man who doesn't own a tele-
vision receiver. He bought nearly 75 per 
cent of the new cars sold in the past six 
months. He buys more beer and orange 
juice, uses more hair tonic anti shampoos, 
has more children, and spends two and 
a quarter hours a day watching television 
programs. 
But, no one seemed to know why more 

television sets weren't being purchased in 
the areas where television reception existed. 
Let us take a look at the major effect of 

the construction freeze and then at the con-
sumer freeze. 
First we must recognize one fundamental 

marketing principle. When a market has 
changed from a sellers to a buyers market. 
there are generally only three correctives: 
The market can be broadened to bring in 
new consumers who will buy at the then 
existing price levels; the market can be 
deepened, which means that at new and 
lower price levels customers can be brought 
in who either could not afford or who just 
would not buy at the prior price levels; or 
the selling campaign may be stepped up. 
The last alternative is very difficult if the 
market is under the influence of political, 
economic, or technological factors peculiar to 
a particular set of conditions. 
Certainly the construction freeze very 

effectively prevented the broadening of the 
market for television receivers. This meant 
that at the existing price levels a certain per-
centage of the public would buy. The rate at 
which they would buy could be and was in-
fluenced by certain factors which were prob-
ably nonrecurring. When this phenomenon 
began to taper off, the industry began to talk 
about saturation and other fairly plausible 
reasons for the beginning of the consumer 
freeze. 
Let us try to examine the factors bearing 

on the consumer freeze. 
The initial surge of television-receiver 

sales need not be explored since the reasons 
are well known. 
If the curves showing the sale of con-

sumer hard goods for the period 1950-1951, 
to date are examined it will be noted that 
starting with January, 1950 the volume 
trend was distinctly upward. A small peak 
occurred in March, 1950 when a decrease 
took place which was indicative of the 
normal cyclical trend of this business. In 
July, 1950 there occurred a major peak in 
sales volume. From this first major peak 

the volume tapered off until. in February, 
1951, a second major peak developed. Since 
this February 1951 peak, volume has ta-
pered off until, in July, 1951, the volume had 
receded to the January, 1950 level. 
It is interesting to note that the sales 

trends for soft goods show the same varia-
tion characteristics as hard goods, except 
that the peaks were smaller than for hard 
goods. Incidentally, the soft goods sales 
curve started an upward trend in July, 1951. 
What these curves say is that the recent 

subnormal buying of consumer hard goods 
is a compensating action for the panic spend-
ing of the summer of 1950 and of last winter. 
In the case of soft goods the upturn in 

July of this year presumably indicates that 
the compensating action has run its course. 
What about consumer hard goods and, 

in particular, television receivers? Has the 
consumer overbuying been compensated? 
We should examine this question in more 

detail. For example, what were the CalISCII 
for the overbuying, what was the play of the 
corrective or compensating actions, and 
what are the possibilities for a distinct up-
trend in that section of the hard goods repre-
sented by television receivers? 
With respect to television receivers, the 

sales trend during the summer of 1950 and 
last winter was to a considerable extent in-
fluenced by 

I. The acceptance by the public of tele-
vision as a major form of entertain-
ment, information, and education. 

2. The Korean war. 
3. Purchasing in anticipation of taxes. 
4. The threat of production restrictions 
due to the shortage of material. 

Perhaps no one of these factors were 
controlling in all phases of the uptrend, but 
taken collectively the result was the estab-
lishment of two major and one minor buy-
ing swings. 
What stopped buying? Certainly no one 

specific thing. In all probability a combina-
tion of the following factors: 

1. The inability of the market to broaden 
due to the construction freeze re-
sulted in the saturation of the buying 
levels which were open to buy at the 
then existing price levels. 

2. The failure of any "shot in the arm" 
to compensate for the normal cyclical 
sales trend in television receivers. 
By this I mean the normal decline in 
sales due to warm weather, daylight 
saving, and the relatively unattrac-
tive summer programs. 

1 1 , 1 I 
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3. The impact of credit restrictions, the 
increase in taxes of all types, and the 
upward trend in cost of living was be-
ginning to be felt by the consumer. 

4. To some extent the color controversy 
and the talk about uhf. 

5. Perhaps the consumer began to be-
lieve that rollbacks would become a 
reality. 

6. The definite and continued trend in 
the increase in savings which started 
early in 1951. 

This brings us to the very important 
question of whether the over-buying has 
been compensated, and if so what were the 
correctives, that is, why do we think the 
compensating action has been completed? 
In our opinion the compensating actions 

are 

1. The market  has been  deepened 
through reduction in list prices; hence 
new consumer buying levels have 
been opened up. 

2. The recent authorized increase in 
power of present television trans-
mitters. 

3. Reduction in credit restrictions and 
the fact that savings are available for 
the purchase of goods. 

4. Unless there is another major contro-
versy on color and uhf, it is believed 
that the consumer has discounted 
these technological questions. 

5. The return of high-grade programs. 
6. The resolution, at least in part, re-
garding sports programs. 

7. The opening of the transcontinental 
relay, making possible (a) the addi-
tion of perhaps 6,000,000 families to 
network service and (b) the great 
potentiality for new and outstanding 
programs and events (such as the 
signing of the treaty with Japan). 

Perhaps some of us have forgotten the 
traditional sales cycle of the radio-receiver 
business. Television receivers should have 
the same cyclical characteristics. During the 
past two years these cyclical trends have 
been masked by factors which are probably 
not of a recurring nature. 
So far, the real threat of material short-

ages has not been mentioned. From the view-
point of the consumer these shortages never 
materialized. But with steel cut to 58 per 
cent, copper to 54 per cent, aluminum to 46 
per cent, and with nickel a major unknown 
factor, the ingenuity of our industry will be 
really put to work to compensate for these 
cutbacks. 
From the viewpoint of the consumer, I 

think they will have to be shown real phys-
ical shortages of merchandise before they can 
be again stampeded into a buying splurge. 
Is the consumer freeze over? My answer 

is that it is well on the way to thawing out 
provided the industry recognizes that selling 
and not order-taking is the real order of the 
day. 
Now, let us examine the freeze on the 

construction of television stations. When 
this freeze thaws out, will there be another 
gold rush? 
It is about time we look at some of the 

facts, and then perhaps decide on what the 

end of the freeze can and cannot do for the 
electronics industry. 
These facts can be divided into four 

major classifications: (I) economic, (2) 
political, (3) production, and (4) scientific. 
Let us take them up one by one. 
First, what are the economic facts con-

cerning early 1952 when, according to the 
chairman of the Federal Communications 
Commission, the freeze will be lifted? We 
shall still be in the middle of an expanding 
economy, with our national gross product 
reaching a new high of some 310 or more bil-
lion dollars a year, due in part to the heavy 
federal military expenditures, to the govern-
ment's deficit spending and to a dropping, 
but still fairly adequate, supply of con-
summer products, and a high level of dis-
posable income. 
Secondly, the political fact that concerns 

us most is that we are, and barring an all-out 
war, that we will be living, in 1952, in a 
garrison state, a controlled economy, with 
definite limitations on the amount of civilian 
production and with controls on profits, 
wages, and prices. 
And that leads us to the third classifica-

tion—production. If the present pattern of 
mobilization is followed, there will not be 
available for television manufacture enough 
critical materials for industry to produce 
more than five million sets in 1952. It may 
even be four million or less if proposed re-
strictions on critical materials are adhered 
to rigidly. It might even be fewer sets if 
nickel is unavailable for receiving tubes. It 
takes a long time for many of the military 
contracts to build up to any volume, and 
that is particularly true for complicated 
military electronic equipment requiring a 
large amount of engineering. The major 
drain on the supply of critical basic materials 
may fall most heavily in 1952 and in early 
1953. 
The last of the four classifications which 

we must consider before we make any pre-
dictions as to the future of television after 
the spring thaw is the scientific; in other 
words, the state of the advancement of 
television. Improved black-and-white re-
ceivers for uhf as well as vhf will be avail-
able. Picture tube sizes are still increasing. 
No compatible color receiver of an all-elec-
tronic type will have been developed to the 
point that it will be in quantity production 
by the time the freeze is unfrozen. 
These are the basic facts, the principal 

factors affecting the growth of television 
within the United States once the artificial 
restrictions of the freeze are lifted. Some 
are limiting factors, others will work for 
more rapid expansion. 
According to the allocation plan set 

forth by the Federal Communications Com-
mission, there could be at some indefinite 
time in the future, approximately 2,000 
TV transmitters established in some 1,400 
cities. At the present time there are approxi-
mately 440 applications pending, many of 
these from cities which do not have televi-
sion stations at present, and many of which 
are not within broadcast reception areas. 
For example, some of these cities that 

are presently without a transmitter are 
Mobile, Alabama; Tucson, Arizona; Sacra-
mento, California; Denver, Colorado; Au-
gusta, Georgia; Peoria, Illinois; Ft. Wayne, 

Indiana;  Des  Moines, Iowa; Wichita, 
Kansas; Shreveport, Louisiana; Portland, 
Maine; Flint, Michigan; Akron, Ohio; Allen-
town, Pennsylvania; Columbia, South Caro-
lina; to name a few. 
When the thawing comes, how soon 

will transmitters go on the air in these cities? 
Some of the areas they will cover are now 
receiving television signals from adjoining 
areas. Present coverage ranges from Allen-
town, Pennsylvania, which is already 47 
per cent saturated with TV receivers, to 
Denver, Colorado, where there are none. 
In other words, how soon will these areas 

become gold mines, and to what extent? 
There is one rule of thumb that can be 
used, but that would only indicate prob-
abilities. If a city is a good market area; if 
it is on the coaxial cable, or relay network, 
or within one microwave link of the cable; 
if it has only one applicant for permission to 
construct and operate the station, then, ac-
cording to our market research experts, it 
has a pretty good chance of getting on the 
air in the next two years. If any one of these 
items is missing, it may be five years. 
If five years is a little too long in your 

way of thinking, let's take a look at what we 
probably will have two years after the end 
of the freeze. 
There are now 107 vhf stations operat-

ing. At the end of two years we can expect 
to see 141 more vhf stations on the air for 
a total of 248 vhf transmitters. There are 
now no uhf stations operating, with the ex-
ception of some experimental transmitters 
like our own at Electronics Park. At the end 
of two years after the freeze is lifted, we 
can expect a minimum of 36 uhf stations to 
be on the air. 
At the end of five years I think we can 

look forward to a minimum of 343 vhf sta-
tions and 166 uhf stations or more than 500 
stations in the United States. This doesn't 
agree with many predictions ranging as high 
as 1,500 transmitters in five years, and 
admittedly the estimates are conservative. 
If materials, including construction materi-
als, should be in free supply, then these esti-
mates could be quite low. 
It has been said that any area large 

enough to support a daily newspaper can 
support a television station. The proposed 
allocation plan would place several trans-
mitters in areas that have only one news-
paper. 
In cities not within any receptioh area 

today, and where establishing a station pro-
vides a new service to the community, the 
building up of the audience in the area will, 
of course, follow the pattern established in 
other cities. The audience build-up may be 
sharper and quicker because people nation-
wide are pretty much "preconditioned" to 
the advantages of television. 
These forecasts may be considered to 

be pessimistic by some. On the contrary, 
they are realistic, not based alone on what 
industry members think can be produced, 
as many surveys are. Perhaps the other 
side of the picture may be a little happier. 
We also believe there will be 44.5 million 
wired homes in 1955, or 14 per cent more 
than in 1950. We believe that by the end of 
1955, nearly 80 per cent of these homes, or 
approximately 35 and one half million 
families, will be within range of a television 
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station. And, there is a possibility that nine 
out of ten of these 35.5 million families will 
own at least one television receiver. 
In addition, obsolescence will be operat-

ing, occasioned by technological and other 
factors. For example, there are now in use 
about 5,000,000 sets of the 10- and 12-inch-
variety. They are ripe for replacement. 
What does all this mean to the dis-

tributors? The best figures available indi-
cate electronic parts and components dis-
tributors did a gross business, not including 
net sales, of approximately 320 million dol-
lars in 1950. In 1951, this will juthp to 475 
million dollars. But by 1955, distributors' 
gross business on an annual basis is expected 
to be in the neighborhood of one billion 
dollars, or more than triple the 1950 figure. 
This discussion should not be closed 

without some mention of industrial elec-
tronics. It is hard to look at the electronics 
picture without being blinded by the re-
flected glare of television. Manufacturers see 
the untapped market for receivers. Dis-
tributors consider the untapped market for 
components and parts. Advertisers think of 
the tremendous impact upon the public. 
Educators see television as the instrument 
for raising the intellectual level of the en-
tire country. Propagandists see TV as the 
most effective instrument ever devised for 
influencing the lives and opinions of the 
masses. 
Television may be many things to many 

people, in addition to being the most daz-
zling development of present-day electronic 
science. But when some historian of science, 
a few centuries from now, weighs the various 
developments in the light of their contribu-

tions to the advancement of human society, 
television may have had the greatest im-
pact, yet industrial electronics may far 
outshadow TV in its effect upon the standard 
of living and way of life. 
I would like to quote two brief state-

ments. The first is from an article by Harold 
G. Moulton, president of the Brookings 
Institute. He said, "without continuing 
and progressive increases in productive effi-
ciency we cannot hope to realize our basic 
national objectives—military security, rela-
tively stable prices, greater social security, 
and higher standards of living." 
The second quotation is from an article 

on Economic Affairs written by Lawrence 
Fertig for the New York World-Telegram 
and Sun. "First of all," he says, "it is im-
portant to note what is the cause of mount-
ing production for each man-hour of work. 
Basically, of course, it is more high-speed 
tools of production—the man with the bull-
dozer produces more than the man with the 
shovel. During the past fifty years invest-
ment in tools per worker increased about 
$2,000 to approximately $12,000 and, as a 
result, real wages have increased more than 
threefold. But more machines and increased 
horsepower are only part of the story. Im-
portant also are new technical developments, 
greater skill in management and more effi-
cient plant operation. Then, too, there is 
the great increase in working capital which 
permits corporations to carry the large inven-
tories necessary for efficient production and 
the free flow of materials in finished goods." 
What have these quotations to do with 

television? Little perhaps with television, 
but a great deal with electronics. If we are 

to advance not only our standard of living 
but the general level of our civilization we 
must maintain continuing and progressive 
increases in productive efficiency. 
This is not a one-man job, nor is suc-

cess dependent upon any one factor. Cer-
tainly many things can be done to increase 
our national productivity, and neither more 
efficient management nor better labor-
management relations are at the bottom of 
the list. But the most important is the 
continual strengthening of the arm of the 
worker by creating machines that place 
more and more horsepower at his com-
mand and that perform the repetitive tasks 
of manufacturing, assembling, and inspec-
tion. This electronics can do through the 
magic of its ability to perform amazingly 
co-ordinated feats of control, analysis, and 
memory. 
There is no freeze on human ability, 

even though there does seem, at some times 
and in certain circles, a freeze on our willing-
ness to apply that ability intelligently. 
Frozen human resources can be thawed by 
applying the warmth of understanding, and 
of intelligence, to the problems we face in 
our daily lives. 
Unless we can match the advances we 

are making in electronics with an equal 
advance in the human sciences we are not 
making real progress. Contributions to bet-
ter living, health, and comfort can be stolen 
away through human greed, moral laxity, 
and intolerance. Against these thieves of the 
fruits of human endeavor we must wage an 
unceasing battle, whether it be at home, in 
business, in government, or in international 
affairs. 
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INTRODUCTION 

A
MONG THE VARIOUS GOALS set out for the 
communications engineer, surely one of the most 
eagerly sought since the discovery of electronic 

amplification has been faithful reproduction, after the 
amplification process, of the input signal. Electronic de-
vices are notoriously nonlinear, and nonlinearity has 
been the constant enemy of faithful reproduction. The 
two most potent weapons so far developed to combat 
nonlinearity in power amplifiers have been push-pull 
operation and negative feedback.' Push-pull operation, 

I H. S. Black, "Stabilized feedback amplifiers,' Bell Sys. Tech. 
Jour., vol. 13, pp. 1-18; January, 1934. 
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by making the input-output relation symmetrical about 
the operating point, eliminates harmonics and combina-
tion frequencies produced by even-order distortion. 
Feedback improves faithfulness of reproduction by 
feeding a portion of the output wave back to the in-
put in such a manner as to reduce the effects of nonlin-
earity. 

A combination of the two systems has been found, 
generally, to produce an amplifier of the highest per-
formance. Various difficulties, however, have plagued 
designers, and over the years continuous development 
has been carried on to overcome them. One of the most 
serious problems has been the tendency of even the best 
amplifiers to develop increasing distortion at the highest 
frequencies. This increase in distortion has been caused, 
in many cases, by phase shift which reduces the ef-
fectiveness of the negative feedback. General improve-
ments in frequency characteristic and in phase-shift 
compensation have been found effective in reducing 
trouble from this source to manageable proportions. 

Another serious source of trouble in high-efficiency 
amplifiers has been emphasized recently. This trouble 
arises from imperfections of the output transformer nec-
essary to couple the high-impedance balanced output of 
a push-pull amplifier to a low-impedance single-ended 
load. The most important imperfection has been found 
to be insufficient coupling between the two halves of 
the primary in the plate circuit of the push-pull tubes. 
At the higher audio frequencies, leakage reactance aris-
ing from lack of complete coupling between these wind-
ings introduces distortion that may be thought of as 
switching transients, particularly in class-B operation .2 
In order to eliminate these transients, considerable ef-
fort has gone into methods of improving the coupling 
coefficient between the primary halves. 

An ingenious solution has been worked out by Mc-
Intosh and Gow.3 They use a bifilarly wound primary 
and a circuit that overcomes the problem of capacitance 
between windings by combined excitation of the pri-
mary halves from cathode and plate feed. Through the 
use of this specialized transformer, one can obtain ex-
tremely high coupling coefficients and concomitant low 
distortion at high frequencies. 
Another solution, outlined in this paper, consists of 

entirely eliminating primary-to-primary leakage react-
ance by using the same primary for both tubes, there-
by obtaining the equivalent of unity coupling. Other 
advantages accrue from the circuit to be described, not 
the least of which is the fact that no special components 
are required, the output transformer becoming basically 
a device for impedance matching and requiring no spe-
cial characteristics other than adequate frequency char-
acteristic and power handling capacity. 

A. Pen-Tung Sah, "Quasi transients in class-B audio-frequency 
push-pull amplifiers," PROC. I.R.E., vol. 24, pp. 1522-1541; Novem-
ber, 1936. 

F. H. McIntosh and G. J. Cow, "Description and analysis of 
a new 50-watt amplifier circuit," Audio Eng., vol. 33, pp. 9-11; De-
cember, 1949. 

THE OUTPUT SYSTEM 

The basic plan of the output system is shown in Fig. 1, 
where two triode-amplifier stages are shown. The lower 
one is a simple amplifier supplying a resistance load 
in the plate circuit, and the upper one is similar except 

INPUT  

Fig. 1—Circuit to il ustrate principle of operation of the push-pull 
output system. The grids are driven out of phase, and the ac 
load currents add while the dc load currents subtract. 

that the load and the dc plate supply have been inter-
changed. It is important to notice that this amplifier is 
not a cathode follower, since the ac grid voltage is ap-
plied between the grid and cathode. If the two tubes are 
identical in characteristics and the supply voltages and 
loads are the same, the dc plate currents in the two 
loads will be identical. Then, if the connections shown 
by the dotted lines are made, the two currents will can-
cel because they are in opposite directions. When equal 
ac signals are applied to the two circuits, the ac com-
ponents in the loads are equal. These two components 
would also cancel, when the connections are made, if 
the grid driving voltages were in phase. But, with op-
positely phased voltages on the grids, the ac plate cur-
rents add in theload so that the tubes are in series for 
the dc plate supply and in parallel for ac signals.' How-
ever, this first circuit has the serious disadvantage of 
requiring a driving transformer with its associated ex-
pense and difficulties in maintaining proper balance at 
high frequencies. 

PHASE-INVERTER DRIVER 
• 

In order to avoid a driving transformer, it is necessary 
to devise a phase-inverter stage that will supply the 
voltages in the correct phase and at the proper elec-
trodes. One such phase inverter is shown in Fig. 2. 
This driver stage receives its plate-supply voltage from 
the midpoint of the two series-connected output stages. 
It has equal resistors in the plate and the cathode. Then 
a change in its plate current, produced by a signal on 
the grid, will result in equal voltages being developed 
across these resistors. The voltage in the cathode cir-
cuit is developed between the cathode and grid of the 
lower tube, and an equal and oppositely phased voltage 
is developed between the cathode and grid of the upper 

4 In connection with this circuit, we should like to note that when 
this paper was in preparation, our attention was called to the work of 
R. E. Rawlins, presented before the Los Angeles section of the IRE on 
December 19, 1944. 
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tube. It is important to notice that this upper grid is 
not dt iven with respect to ground. If it were, the upper 
tube would act as a cathode follower, and the balance 

r of the two tubes would be destroyed. 
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Fig. 2—Method of driving output stage by a phase inverter. Each 
of the output tubes is driven from grid to cathode. 

This driver is shown direct-coupled to the ouput 
stages. This direct coupling is frequently desirable, even 
though it is not essential except for a dc amplifier. The 
dc voltage drop across the resistor in the driver plate 
develops a negative bias for the upper output tube. The 
voltage drop in the lower resistor is in the wrong direc-
tion for supplying negative bias. In the circuit shown, 
the proper bias is obtained by the voltage drop in the 
cathode resistor of the lower output tube, which sup-
plies a voltage equal to twice the bias required for a 

single tube. 

DRIVING VOICE COIL DIRECTLY 

The amplifier circuit shown here uses no transformers 
at the output or between stages for class-A or class-
AB operation of push-pull triodes. By using some of the 
newer low-impedance tubes, the optimum output load 
resistance can be made quite low because the tubes 
drive the load in parallel. As an extreme example, the 
use of the two halves of a single type 6AS7-G would 
lead to an optimum load impedance of about 280 ohms. 
While this value is still far from the usual 8- or 16-ohm 
impedance of a loudspeaker voice coil, voice coils can 
be built with appreciably higher impedances so that 
they can be driven directly without a matching trans-
former. To a first approximation, the voice-coil imped-
ance can be increased without affecting the loudspeaker 
efficiency. As a practical matter, the limit of increase is 
determined by the smallest aluminum or copper wire 
that can be handled in a production set up and the 
maximum allowable mass for the voice coil. 
For example, one particular standard 12-inch dynamic 

loudspeaker uses number 33 wire for its 3.2-ohm voice 
coil. One of these has been rewound for 100 ohms with 
number 40 wire, and its efficiency is within 1/2 db of the 
standard one. Another of these has been rewound for 
500 ohms with number 44 wire.' While this latter wire 
is too small in diameter to be readily handled in produc-
tion, the number 40 wire is entirely reasonable. 

5 We are indebted to Dr. Harry F. Olson of the RCA Laboratories, 
Princeton, New Jersey, for the information on this standard, 12-
inch loudspealrPr and the higher impedance versions. 
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The loudspeaker cited does not have an unusually 
heavy voice coil, and therefore it seems reasonable that 
the voice coils of moderate-size to large loudspeakers 
can be wound to the level required in order to dispense 
with a matching transformer. Furthermore, it is entirely 
possible that a suitable ring-armature drive' for small 
speakers can be developed. Then there should be no 
difficulty in winding this type for an impedance of al-
most any desired level. 
In order to determine to what extent one should go 

to eliminate coupling transformers, it is useful to re-
view some of their characteristics. Audio power trans-
formers are generally expensive, heavy, and bulky. They 
usually limit the low-frequency capabilities of an ampli-
fier by increasing the distortion and reducing the output 
at low frequencies. Furthermore, because the output 
transformers are only moderately efficient, they absorb 
an appreciable fraction of the available power. These 
disadvantages are sufficiently important that consider-
able effort toward eliminating coupling transformers is 

justified. 

CIRCUIT 1.IMITATIONS AND REQUIREMENTS 

Two characteristics of the circuit of Fig. 2 limit its 
range of operation. One is the inherent negative feed-
back, and the other is the effect of capacitance from the 
plate of the driver stage to ground. Since the plate volt-
age of the driver tube is taken from the output, the out-
put voltage is fed back to this stage. This feedback is 
negative, and it can be considered useful for reducing 
distortion. However, when it is desired to avoid the 
associated loss in gain, the feedback can be minimized 
by using a pentode driver. 
The impedance level at the plate of the driver stage 

is, in effect, multiplied by the gain of the output stage. 
That is, the frequency characteristic of the drive for the 
upper tube is determined by the RC combination of the 
total capacitance from the plate to ground and the 
plate resistor multiplied in value by one more than the 
gain of the output stage. For the audio-frequency range, 
the resulting drop in output can be kept very small. But, 
if an attempt is made to use an amplifier of this type 
over the video range, this effect will be serious. 
The load is shown in Fig. 2 connected in a balanced 

fashion to the output stages to make it easier to see the 
principle of operation. Actually, it is usually more use-
ful to have one end of the load grounded to the negative 
side of the plate supply and to feed the other end from 
the midpoint through a series blocking capacitor. 
When the output tubes are to be operated over the 

wide ranges required for full output in class-A131 opera-
tion, these circuits must be designed, just as any other, 
to meet the requirements of that operation. For exam-
ple, the circuit should be arranged to provide constant 
bias for the output tubes even with large plate-current 
swings. Another ret,uirement is that adequate driving 
voltage must be available from the phase inverter. In 

• E. E. Mott and R. C. Miner, "The ring armature telephone re-
ceiver,' Bell Sys. rock Jour., vol. 30, pp. 110-140; January, 1951. 
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the simple connection of Fig. 2, the plate voltage for the 
driver is only one-half the total plate voltage, and the 
resulting output from the phase inverter is usually in-
adequate for class-AB' operation. By using a resistance-
capacitance coupling for the driver and by taking 
advantage of the bias supply as added plate voltage 
for the driver, this output can be increased. A pentode 
driver stage is also a suitable alternative in some cases. 
When an output matching transformer is used, the 
available plate swing from the driver can also be in-
creased by a connection of a form shown later in Fig. 3. 

PHASE- if. !E RTC R I GuTPUT 
DRIVER  STAGE 

0-) 

INPUT 

a-

C 

 0 
c-

Fig. 3—Method of supplying proper screen voltages for beam-power 
tubes. The dc screen currents flow through the two windings in 
the opposite sense so that there is no net dc flux from the screen 
currents. 

There additional current is supplied to the phase-in-
verter stage by the resistor connected from the one 
transformer primary to the plate of the phase inverter. 
One objection that might be raised to the basic series 

circuit is that the required plate voltage for the output 

OUTPUT 
STIGE 

Fig. 4—Method of using the load matching transformer to put the 
output tubes in parallel for the dc supply. 

stage is twice normal. The development of the high-
voltage selenium rectifier, with voltage-doubler circuits, 
has made this point less objectionable at the present 
time. Another factor is the development of the low-
impedance or high-perveance tubes for television use. 
Their use in this circuit permits the production of rela-
tively high powers with moderate total plate voltage. 
If a transformer is to be used in the output as a match-

ing device, it is possible to set up the single-ended out-
put circuit with normal plate voltage in several ways. 
One method is shown in Fig. 4. Here the plate currents 
of the two tubes flow through the two halves of the 
primary winding, and the two halves are connected in 
parallel for signal currents by the by-pass capacitors. It 
is important to notice here that the driving voltages for 
the two output tubes are again developed between cath-

ode and grid in each case. The capacitor in the cathode-
to-plate connection must be large enough to avoid a 
degenerative effect in the cathode circuit. 

AMPLIFIERS USING BEANI-POWER TUBES 

These amplifiers show triodes in the output stages. 
But many designers of audio amplifiers are interested in 
using beam-power tubes with their possibilities of high 
gain and high efficiency. It is obvious that the proper 
connections for the screen voltages can readily be made 
in the circuit of Fig. 4, but the connections for the basic 
series circuit are not so simple. 
The main problem in using these beam tubes is in 

the method of supplying the proper voltage for the 
screen of the upper tube. The dc voltage of the screen is 
normally near that of the plate, and the screen should 
be at cathode potential for the signal voltage. If the 
screen of the upper tube is supplied through a dropping 
resistor from the plate supply, then the by-pass to the 
cathode puts the dropping resistor in parallel with the 
load, and some signal power is lost. In some cases this 
loss in power can be made small. In other applications, 
the voltage for the upper screen can be fed through the 
load so that no signal power is lost. 
Since loudspeakers with high-impedance voice coils 

are not available at present, an output transformer is 
still needed for driving a speaker. How this transformer 
can be used for suppl) ing the screen voltages is shown 
in Fig. 3. The primary is in two sections. One section is 
connected from the plate supply to the upper screen, 
which is by-passed to its cathode at the midpoint where 
the plate and cathode of the two output tubes are con-
nected together. The other section is connected from 
the screen of the lower tube, which is by-passed to 
ground, to the midpoint. The dc screen currents flow 
through the windings in the opposite sense, so that 
there is no net dc flux from the screen currents in the 
windings. 
By following the transformer connections, it can be 

seen that the two sections of the primary are connected 
in parallel, for signal voltages, by the by-pass capacitors. 
Because of this parallel connection, the two halves of a 
standard push-pull transformer can be used to obtain 
the required impedance level for this single-ended cir-
cuit. Furthermore, because these windings are con-
nected in parallel by capacitors, the circuit does not 
depend on close magnetic coupling between the two 
sections of the primary. This point is important, since in 
class-AB operation the usual push-pull connection does 
have serious switching transients unless the coupling 
between the two halves of the primary is very good. 
In order to verify this point experimentally, the circuit 
shown was set up, using a type 6AK6 pentode to drive 
a pair of type 6L6 beam-power tubes. The operation 
was with fixed bias as shown, class ABI, and with no 
feedback. An output of 50 watts was obtained with a 
plate efficiency of 59 per cent. The output waveform was 
independent of the magnetic coupling between the 
halves of the primary. To illustrate this independence, 
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Fig. 5 shows a photograph of some pertinent waveforms. 
For tnis case, two separate chokes were used in place of 
the transformer so that the magnetic coupling was es-
sentially zero. The operating frequency shown here is 20 
kc, and the power level is 50 watts. The upper trace is 
the output voltage and the lower trace is the cathode 
current in the lower tube. It is clear that current is 
flowing in each tube for only slightly longer than one-
half cycle, and there is no sign of a switching transient. 
Thus the general behavior of the circuit is verified. 
This output of 50 watts was obtained within the plate 

dissipation ratings of the Type 6L6 of 38 watts for two 
tubes. But the screen ratings were exceeded to obtain 
this output with class-AB, operation. However, this 
output can be obtained within the ICAS ratings of the 
type 1614, the transmitting version of the type 6L6. 
Using two type 1614's with two cascaded stages of 
type 6AK6's in this circuit and with negative feedback, 
we have obtained at 1 kc less than 0.1 per cent har-
monic distortion for all output levels up to 50 watts. To 
obtain this low level of distortion, careful adjustment of 
operating conditions and feedback of 25 to 30 db are 
necessary, and the method of obtaining stable operation 
with this feedback will now be discussed. 

11 

driver, there is little danger of low-frequency motor-
boating NN ith feedback. Furthermore, since the feedback 
does not have to be taken from the secondary of the 
output transformer, there is less danger than usual of 

Fig. 5—Upper trace is the wave form of the output voltage for the 
circuit of Fig. 4, and the lower trace is the cathode current in the 
lower tube. Both traces were obtained at a 50-watt power level 
and at 20 kc. 

USE OF NEGATIVE FEEDBACK 

One method for applying negative feedback to an 
amplifier of this type is shown in Fig. 6. Since the out-
put is single ended, the feedback can be made directly 
from the midpoint of the output stage to a preceding 
single-ended stage. In the three-stage amplifier shown, 
the feedback is applied to the cathode of the first stage. 
Because of the direct coupling of the phase-inverter 

INPUT 

0  • 

FIRST 
STAGE 

PNASE- WERTER 
OftwER 

1 
1 

1 
1 

OUTPuT 
STAGE 

B-
0 

Fig. 6—Circuit to illustrate one method of applying feedback. The 
feedback is taken from the junction of the two output tubes to 
the cathode of the first stage. 

high-frequency oscillations. Or, expressed differently, 
greater amounts of negative feedback can be used, when 
applied as shown, with stable operation, than can be 
used with feedback from the secondary of the usual 

output transformer. 
The usual feedback from the secondary tends to cor-

rect for the drop in response at the high-frequency end 
by the feedback system. This feedback forces the out-
put system to operate at higher levels than normal at 
high frequencies to produce the uniform output desired. 
Unless the transformer is very good, with feedback from 
the secondary, the result may be high distortion at high 
frequencies. This distortion is usually exhibited as inter-
modulation of high-frequency signals, and serious dis-
tortion of this type is more easily avoided with feedback 

from the primary as shown here. 
The feedback shown in this circuit puts the secondary 

of the transformer outside the feedback loop. Then cor-
rective networks can be used, if necessary, at the 
secondary without introducing serious phase shift in 

the feedback loop. 

CONCLUSION 

The circuits shown here should be useful in many ap-
plications. The series circuit using the phase-inverter 
driver has the advantage of requiring no coupling trans-
formers for obtaining push-pull operation. The circuits 
have other advantages, principally for amplifiers that 
must have very low distortion. In addition, the develop-
ments described should serve to show possible new lines 
of approach for improving audio reproduction. These 
further developments might include high-impedance 
loudspeakers, loudspeakers of different fundamental de-
sign, low-impedance twin output tubes with 117-volt 
heaters, and the elimination or simplification of output 

transformers. 
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The Binac* 
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SENIOR MEMBER, ERE, J. R. WEINERt, ASSOCIATE, IRE, AND L. D. WILSONt, MEMBER, IRE 

Summary—The Binac was the first high-speed electronic digital 
computer of its type to be completed. It consists of a main computing 
section, input-output equipment, and a mercury delay-line memory of 
512-word capacity. Although designed for a specific purpose, the 
Binac is well adapted to any type of general mathematical computa-
tion. 
While the number of tubes is comparatively large, the Binac is a 

combination of a few basic circuits. Extensive use is made of crystal 
diodes in switching or gating circuits. These circuits fall into three 
basic classifications: function tables or diode matrices, used for con-
verting coded groups of signals such as instructions into correspond-
ing but differently coded groups of signals to operate switching cir-
cuits; switching gates, which control the flow of information in ac-
cordance with signals received from function tables or similar 
sources; and reshaping gates, which, as their name implies, reshape 
signals that have become distorted in electric delay lines or other 
circuits. The use of reshaping gates, together with suitable shaping 
networks, makes possible the use of a "pulse envelope" or "non-
return-to-zero" system of representing information, thus effectively 
doubling the bandwidth of circuits. 
Crystal gates are used with electric delay lines to form a serial 

binary adder. A one-word register is formed by combining an electric 
delay line with appropriate reshaping gates, input and output gates, 
and amplifiers, all connected to form a closed loop. Insertion of the 
adder in the loop results in an accumulator. By temporarily inserting 
or removing a one-pulse delay in the loop, information can be made 
to precess, which is equivalent to multiplication by positive or nega-
tive powers of two. 
Input data are supplied to the memory from a keyboard or mag-

netic tape through the use of a synchronizer which reconciles the 
randomly timed input signals with the accurately timed internal 
memory. The same synchronizer is also used for transferring data 
from the memory to magnetic tape, or to paper by means of an electric 
typewriter. 
Extensive tests have demonstrated the usefulness of the Binac 

in the solution of mathematical problems. Some striking results 
have been obtained in connection with the solution of Poisson's 
equation for various boundary conditions. An example is given of the 
coding for a square-root routine (see Table I). 

I. INTRODUCTION 

HE BINAC, first computer of its type to be 
completed successfully in the United States and 
successor, historically, to the electronic numerical 

integrator and computer (ENIAC), is a high-speed, 
automatic digital computer, operating in serial fashion 
on numbers expressed in binary form. The digits occur 
at a repetition rate of four million per second, consider-
ably faster than any computer yet built. Thus, it may 
truly be called "high speed." The computer is automatic 
in the sense that, properly instructed, it will perform a 
complicated series of computations by itself. This is in 
contrast to a desk calculator, for instance, which assists 

* Decimal classification: 621.375.2. Original manuscript received 
by the Institute. December 15, 1950; revised manuscript received 
July 16, 1951. 

Eckert-Mauchly Computer Corp., Division of Remington 
Rand, Inc., 3747 Ridge Ave., Philadelphia 32, Pa. 

Formerly with the Eckert-Mauchly Computer Corp. Now with 
the Electronic Computer Corp., 265 Butler St., Brooklyn 16, N. Y. 

the human operator by performing individual elemen-
tary operations, but must be separately manipulated for 
each such operation. 
The major instructions which the Binac can follow 

are the four basic arithmetic operations, instructions 
involving the moving of data from one storage register 
to another, and the so-called "conditional and uncondi-
tional transfers of control" which contribute largely to 
the automaton characteristic of the computer. Nor-
mally, the Binac follows instructions in their originally 
given sequence. A transfer of control instruction, how-
ever, may tell the computer to proceed tG another in-
struction that does not follow sequentially (i.e., either 

TABLE I 

SQUARE-ROOT ROUTINE FOR BINAC 

000  25000 
U024 

001 to  023 inclusive 
024  A (001) 

025 

026 

027 

030 

031 

032 

033 

034 

035 

036 

037 

040 

041 

042 

043 

044 

045 

046 
047 
050 
051 
052 
053 
054 
055 
056 
057 
754 

01000 
755 to 777, inclusive 

23000 

C 055 

A 057 

S 055 

A 055 

A 055 

S 054 

A 056 

25000 

A 056 

A 024 

C 024 

A 053 

S 051 

A 047 

A 050 

25000 

40000 
A 001 
A 056 
A 056 
00001 
00000 
00002 

25000 

H057 

A 046 

25000 

D 055 

23000 

C 056 

5.056 

T 036 

C 055 

U027 

C(755) 

A 052 

A 0361 

H036 J 
T 024 

C 0241 

C 036 

U754 
00000 
H057 
C 755 
A 000 
00000 
00001 
00000 

Skip 
Transfer to 024 to start computation 
p's (radicands) 

p to storage register 057 
Shift right (divide by 2) 
Z,=1/2 (p+1) 
Z, to storage register 055; clear A 
Skip 
p to A 
A/Z, 
p/Zi—Zi 
Shift right (divide by 2) 
1/2 (p/Z.+Z.)=Z.-I- 1 
2,-1-1 to storage register 056 
2, to A 
Z,—Z,+1 
2,—Z,+1 —2-14  
Test sign of Z.— Z,-1-1 —2-'4 
Z.+1 to A 
2,+1 to 2; 
Skip 
Start next iteration 
2,1-1=  

to output 
Instruction in 074 to A for modification 
Modify to pick up next p in series 
Modified instruction back to 024 

Modification of instruction in 036 

Subtract 051 from 036 
Test 

Reset 024 to original value 

Reset 036 to original value 

Skip 
Transfer control to 754 to stop process 
1/2 
Original setting of 024 
Original setting of 036 
Test word 
2-11  
2-4 ' 
2-14  
Storage register for Zi 
Storage register for Z.+I 
Storage register for µ 
Skip 
Stop 
Storage for computed roots 



.! 1052  Auerbach, Eckert, Shaw, Weiner and Wilson: The Binac  13 

an instruction that occurred previously in the sequence, 
or one that lies somewhere ahead). An instruction which 
ins ists that this be done, unconditionally, is known as 
an 'unconditional transfer." On the other hand, there 
may be a "conditional transfer" of control, whereupon 
if an equality condition is met, and only if it is met, 
will the computer deviate from the original sequence of 

instructions. 
By virtue of the first transfer possibility, the Binac is 

capable of circling around (i.e., repeating a sequence of 
instructions or calculations). By virtue of its ability to 
transfer control conditionally, it can decide when a par-
ticular calculation is complete, and proceed to a new set 
of instructions. In this manner, b. means of a "I wilt-in" 
logic and power of decision, the Binac will perform a 

computation automatically. 
The memory is the Binac component which stores the 

sequence of instructions as well as the numerical data 
that constitute the raw material of a given calculation, 
and also stores intermediate results and final data. As 
distinct from this, there is the computer proper, which, 

utilizing the instructions called from the memory, op-
erates upon the numerical data. The device initially 
used to insert both data and instructions into the 

memory, as well as to inform the operator of the results 
of a calculation by printing them in visible form, is 

known as the "converter." 
The Binac actually consists of one converter, or 

input-output unit, two computing units, and two 
memories. The memories are filled with identical pro-
grams (instructions and data), and the two units are 
run together and checked against each other. Any differ-
ence (which of course indicates an error) between in-
formation being handled by the duplicate units stops 
operation immediately. The existence within one com-
puter of identical parallel units greatly simplifies the 
problem of finding the source of error, and also serves 
as an almost perfect checking device on the operation of 
the computer because of the extreme improbability of 
identical faults being present simultaneously in both 

units. (This has been proved true in practice. lany self-
checking problems were run through the Binac, and 

identical faults never appeared.) 
Although built to solve a specific problem, the Binac 

contains all the necessary elements for solving a great 
variety of problems. This will be treated further in 

Section IV of this paper. 

the representation of information by the use of relays, 
flip-flops, binary counters, and other circuits having 
only two stable states. To this list may be added vacu-
um tubes, in general, which are either fully conducting 
or completely cut off. This, of course, reduces the prob-
lem of amplitude discrimination to an absolute mini-
mum. A "one" is then represented in the computer by 
the presence of a pulse at some instant, the setting of a 
flip-flop or counter to the "one" position, or possibly 

by the energizing of a relay. 

II. SYSTEM CONSIDERATIONS 

.4. Representation of Information 

1. Electrical Representation of Numerical Data 

As mentioned earlier in the paper, the Binac utilizes 
the binary system of notation rather than the more 

familiar decimal system. One advantage of the binary 
system is its use of only two states: 0, 1;  —; on, off; 
and so on. This system is particularly well adapted to 

2. Word Structure 

A "word" is the basic unit for both instructions (or 
orders) and numerical quantities. Words are repre-
sented in the Binac as groups of pulses that occur at a 
basic repetition rate of four million per second. The 
pulse width is, therefore, one quarter of a µsec. A word 
consists of 42 pulse positions; the time required for its 
transmission (10.5 µsec) is known as a minor cycle. 
Thirty-one pulse positions contain information; the 
others, referred to collectively as the "space between 
words" (although they should be considered a part of 
the word), previde time for switching between the sig-
nificant part of one word and that of the next. 
For convenient reference, the pulse positions of a 

word are numbered from p0 to p41, inclusive. Positions 

p0 to p6, inclusive, are always unfilled. 
The digits of a number, as shown in Fig. 1, are labeled 

p7 to p36, inclusive. The p7 digit is least significant, 
and represents the binary quantity 2-". The p36 digit 

.0  2 

14110 * YOST I MO/ KANT Olen 
eiefICANT 041, SO    

FIRST INSTRUCTION SECOND  INSTRUCTION 

4  4  S  '0  I2 

42 

. a 
o z 
▪ o 
I 

4  4  4  20  22  24  24  24  30  32  34  34  34  40  20 

• 
30 BINARY D,G,TS 

Fig. I— Wont structure. 

r 3, 

• r21 6 r36 Not uSED 
IN INSTRUCTIONS 

is most significant. and represents 2-', or i; similarly, 
the p35 pulse represents  and so on. The least sig-
nificant digit occurs first in time so that Fig. 1 indicates 
a number as it would appear on an oscilloscope, which 

is contrary to the usual positional notation used in 
mathematics. The p37 pulse indicates the sign of the 
number. Presence of a pulse in that position indicates 
that the number is negative; conversely, its absence 
indicates that the number is positive. The p41 pulse is 
referred to as a "gain control pulse." It has no numer-
ical significance, existing only to stabilize the gain of 
the memory circuits (see Section 111 C4). Thus, nothing 
of significance exists between p37 and p7, and this area 
is the "space between words' referred to above. 

4 
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Negative numbers exist in the Binac as complements 
with respect to two; in this connection, the p37 position 
may be considered as corresponding to 2°. It follows, 
then, that negative numbers will have a 1 in the p37 
position. To represent — f, the sum (2 — i) or 11 would 
be formed. The 1 exists to the left of the binary point 
and corresponds to a p37 ; is simply  plus  (i.e., a p35 
and a p34). Thus, — f could be written as 1.011. 
The structure of instructions is shown in Fig. 1. Two 

general classes of instructions exist. There are those 
which involve transferring a word to or from the 
memory, and those which do not. The instruction itself 
may be specified by, at most, 5 binary digits. If the 
instruction involves a memory transfer, a memory posi-
tion is associated with it. Since the memory holds 512 or 
2° words (in positions 0 to 511), 9 pulse positions are re-
quired to specify that memory position. Thus, a single 
instruction may consist of 14 pulse positions. On the 
other hand, if the instruction does not involve the 
memory, it will consist of, at most, 5 pulses, the other 9 
positions being unfilled. The Binac uses only twenty of 
the possible thirty-two instructions that could be 
formed from the 5 digits available, and these combina-
tions were chosen so as to minimize the number of 
pulses in the order group. 
An instruction, then, is completely specified by, at 

most, a 14-pulse group. On the other hand, 31 pulse 
positions are available in a word. For this reason, in-
structions are paired, controls being arranged to execute 
the first and then the second instruction in the order in 
which they are typed. 
Since instructions are stored in the memory together 

with numbers, the necessary gain control pulse must 
also be included in the pH position. Since only 14 
digits, at most, specify an instruction, they are sep-
arated slightly, with the first instruction occurring from 
p22 to p35, inclusive, the second from p7 to p2o, in-
clusive. 

3. Basic Computer Cycle 

Starting with the existence of two instructions within 
one word, it follows directly that one step of the com-
puter cycle must be the execution of the first instruc-
tion and the following cycle the execution of the second 
instruction. These cycles are referred to as 7 and b. On 
the other hand, since the instructions which have been 
stored in the memory are executed sequentially by the 
Binac, there are the further requirements: (a) that the 
pairs of instructions be called from the memory; and 
(b) that a count be kept, the numerical position in the 
sequence to be increased by one for each computer cycle. 
Thus, on the alpha (a) cycle, the numerical position 

of the pair of instructions to be selected from the memory 
is determined. On beta (fl), the selected word is called 
from the memory, while the number in the memory-
position counter or "control counter" increases by one. 
At the end of 13, the first instruction in the word sets up 

the controls which permit its execution. On gamma (7), 
this first instruction is executed, while the second in-
struction of the pair is set up at the end of 7. On delta 
(6), this second instruction is executed, the next number 
in the sequence being set up at the end of ôin prepara-
tion for the execution of the next alpha cycle. 
This process may be modified when an instruction 

calls for an executed "transfer of control," conditional 
or unconditional. Its effect is to change the number in 
the memory sequence to the memory position indicated 
by the transfer instruction. From that point on, how-
ever, the instructions will again be taken from the 
memory sequentially, unless again interrupted by 
another transfer of control instruction. The over-all 
effect of this ability to "transfer control" is to add 
greater flexibility to the Binac, as already discussed. 

B. Arithmetic Processes' 

1. Addition and Subtraction 

The basic operation of binary addition utilizes the 
following rather simple rules: 

Addends  Sum  Carry 

0 and 0 0  0 
0 and 1 1  0 
1 and 1 0  1 

In the Binac adder, the carry is fed back as an additional 
adder input; thus the rule is modified as follows: 

Addends 

0, 0, and 0 
0, 0, and 1 
0, 1, and 1 
1, 1, and 1 

Sum 

0 
1 

1 

Carry 

0 
0 
1 
1 

As previously stated, negative numbers are repre-
sented as complements with respect to 2. To form the 
complement of a number, it suffices to replace its 
zeros by ones, and its ones by zeros, and to add a 
unit in the least significant positi6n. (This is dem-
onstrated in the appendix.) 
The Binac must, of course, be capable of adding both 

positive and negative numbers (the latter in comple-
ment form) whose absolute value lies in the range be-
tween 0 and 1. If digits that may carry beyond the sign 
position are disregarded, both positive and negative 
numbers can be treated in the same manner. The ac-
cumulator is designed to do precisely this, carries be-
yond the sign digit being eliminated at the delete gate 
in the accumulator (A). For proof of the validity of this 
process. ke the appendix. 

2. Multiplication 

Any multiplication is basically a series of additions 
separated by shifts. Multiplication in the binary system 

' R. F. Shaw, "Arithmetic operations in a binary computer," Rev. 
Sci. Instr., vol. 21, pp. 687-693; August, 1950. 



1952  Auerbach, Eckert, Shaw, Weiner and Wilson: The Binac 15 

is somewhat simplified by the fact that the multiplier 
digit can be only 0 or 1. Thus, additions and shifts al-
ternate. The basic multiplication process then consists 
of examining successively the digits of the multiplier, 
starting with the least significant; of adding the multi-
plicand into the partial product if the digit is one; and 
of adding 0 if the digit is zero. After each such addition 
but the last (corresponding to the sign digit), the multi-
plicand must be added into a position more significant 
by one digit. This can be done by shifting the multi-
plicand left or the partial product right. Actually, the 
latter course is taken. 
Since the accumulator capacity is limited to one word, 

this implies that of the 60 digits which would result from 
the multiplication of two 30-digit binary numbers, 30 
digits are lost. Again, the delete gate serves the function 
of removing these 30 least significant digits. 
Since the computer must be capable of forming cor-

rect products regardless of sign, the multiplication 
process must be generalized to include the cases where 
one or both factors are in complement form. It can be 
shown that two relatively simple correction steps will 

accomplish this; if either factor is negative, the comple-
ment of the other must be added to the result. For 
reasons which will become clear later (see discussion of 
arithmetic circuits, Section III B 4 a), the multiplier is 
lost during the building up of the product. The correc-
tion for a negative multiplicand is, therefore, made 
piecemeal as the product is built up, while the correction 
for a negative multiplier is made by adding the comple-

ment of the multiplicand to the product. 

3. Division 

To perform a division, the Binac utilizes a variation 
of the familiar nonrestoring method, which can be 
shown to be valid regardless of the signs of the operands. 
The method basically consists of comparing the p37 
(sign) digit of the divisor with that of the remainder 
(which is the dividend in the case of the first compari-
son). If these digits are alike, a 1 is placed in the 
quotient register and the divisor is subtracted from the 
left-shifted remainder. If they are not alike, a 0 is put 
in the quotient and the divisor is added to the left-
shifted remainder. This procedure is then repeated. 
The consequence of this scheme is to build up a 

quotient of the form 

ing a unit in the most significant, or sign, position since 
p37 acts as —1 in the Binac. This, incidentally, is 
equivalent to reversing the sign of the pseudo-quotient. 
As in the other arithmetic processes, any carry beyond 

the sign position is deleted. 

4. Round-off Procedure 

The procedure adopted for round-off consists of 
"stuffing" a unit into the least significant (or 2-a°) posi-
tion. That is, this digit is always made 1 by superposi-
tion beyond the adder so that no carries can occur. 
This method has the advantage of not requiring the 

retention of the (n+ 1)st digit, which is necessary in 
some round-off schemes. It yields approximately the 
same bias as the retention method and no carries. In 
multiplicafion, it can be carried out concurrently with 
the correction step required where the multiplicand is 
negative. In division, it coincides with part of the gen-
eral correction required to transform the pseudo-
quotient into a true quotient. 

C. Generalized Block Diagram of the Binac 

Sufficient iatroductory material has been given so 
that a simplified block diagram of the Binac (Fig. 2) can 
be presented at this point. The arithmetic units proper 

E 2' Pk, 

where pk is the quotient digit (0 or 1) and k represents its 
significance; n, of course, is 30. It can be demonstrated 
that the true quotient differs from this expression re-
ferred to as the "pseudo-quotient" by the amount 
(2- ̂— 1). Thus, the procedure in division resolves into 
performing 30 steps as described and making the re-

quired correction. 2- ̂is then 2-", or a digit in the least 
significant position. (-1) can be added by simply add-
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MEMORY 
TS TO REGISTERS I 

CONTROL CIRCUITS 
L To REGISTERS 

ITS 
MEMORY SWITCH 
M  R 

LT.0 TO REGISTERS 
Fig. 2—Simplified block diagram of the Binac. 

(by which is meant the blocks most directly involved in 
addition, multiplication, and the like) are the A, R, and 
L registers. The A, denoting accumulator, contains an 
adder, and is used to compute and hold sums, differ-
ences, products in multiplication (M), and the dividend 
(subsequently the remainder) in division (D). The R 
register holds the multiplier on Al and a "pseudo-quo-
tient" on D. (The pseudo-quotient is the quotient pre-
ceding a final correction step, the correction being 
made in A.) The L register contains the multiplicand 
on M and the divisor on D. The memory (My) is also 
shown, and it is from this unit that the numbers oper-
ated on by the arithmetic registers are taken. 
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Although the memory has been treated as a single 
unit thus far, it actually consists of 16 separate "tanks," 
or channels, each channel capable of holding 32 words. 
A "memory switch" is used to select a desired position 
in the memory; it consists of two parts—a "channel 
selector" to select one of the 16 channels, and a "time 
selector" to select one of the 32 words in that channel. 
The problem of selecting the next word in the memory 

in a sequence of instructions is handled by the control 
counter, previously referred to as a memory position 
counter. Instructions ,taken from the memory are con-
verted into form suitable for controlling other circuits 
by means of the control register, the instruction 
register, the memory switch registers 1 and 2, and 
the memory switch tank selector, the program counter, 
a comparator, and the time selector counter. Also in-
volved are the clock, the cycling unit, the cycle counter, 
and the high-speed bus amplifier. 
The clock generates basic timing pulses at a 4-mc/s 

rate. The clock frequency is set by a temperature-
controlled crystal, the entire computer depending on 
the accuracy of the clock. The cycling unit is essentially 
a frequency divider, generating pulses at word fre-
quency, that is, every 10.5 µsecs. These pulses occur at 
various points in the word. Thus, the cycling unit 
generates p7's, p37's, and the like; these are used as 
required throughout the computer. 
The cycle counter is a two-stage binary counter whose 

four possible states are used to indicate whether the 
machine is on alpha, beta, gamma, or delta. It is as-
sumed that a number indicating a particular memory 
position exists in the control counter. On alpha, this 
number, indicating the memory position of the next pair 
of instructions to be called from the memory, is trans-
ferred from the control counter to the control register 
and then to memory switch registers 1 and 2. As has 
been already indicated, this number will contain, at 
most, 9 digits or pulse positions. Combinations of the 
first 4 digits are sufficient to specify the tank called for 
(since there are only 16 tanks), and combinations of the 
last 5 digits specify the position within the tank, or 
time (there being 32 times or positions). 
The transfer from control counter to control register 

is made by way of a bus or signal trunk, hereafter re-
ferred to as the "high-speed bus," which includes an 
amplifier (high-speed bus amplifier). Indeed, all trans-
fers to and from the memory as well as interregister 
transfers proceed by this path. The existence of such a 
single transfer path simplifies the design of the Binac 
considerably. Furthermore, it provides an ideal point 
at which to check the operation of the two halves of the 
Binac. Comparison circuits, not shown in the block 
diagram, are connected to the outputs of the two high-
speed bus amplifiers. As has been indicated, any 
differences between the pulse groups passing this point 
stop the computer immediately. 
Continuing now with the problem of selecting a word 

from the memory, the contents of the control counter 

have been transferred through the control register to 
the memory switch registers 1 and 2. The latter consist 
simply of 4 and 5 "flip-flop" circuits, respectively. The 
first 4 digits of the number transferred then set up 
memory switch register 1. The term "set up" here 
means that a diode matrix or function table (the tank 
selector) is activated by memory switch register 1, with 
the consequence that an output, corresponding to the 
chosen tank, is selected. The second group of 5 digits 
sets up memory switch register 2. This similarly de-
livers an output to the comparator, the output corre-
sponding to the position or time in the tank. With these 
steps completed, the alpha cycle is finished, the com-
puter then entering into the beta cycle. This is done 
through the operation of the control circuits upon 
the cycle counter. 
The beta cycle consists mainly of waiting for the 

selected time to arrive. The time finally selected is 
determined by the coincidence of the time selector 
counter and memory switch register 2. The former is a 
5-stage continuously running binary counter whose 32 
possible states correspond to the 32 words in each tank. 
Meanwhile, memory switch register 1 also has been 
delivering its output to the tank selector. Thus, the 
proper tank and time within that tank are chosen, and 
the output gate of the chosen tank opens, permitting 
the word to emerge from the memory. The word then 
passes through the high-speed bus amplifier. It feeds 
back through an "input gate" to the same memory 
position, and proceeds through the control register, 
setting up the instruction register and memory switch 
registers 1 and 2, this time in preparation for the gamma 
cycle. (The word is still retained in the control register, 
however, this being necessary for the execution of the 
delta cycle.) The beta cycle is now complete, the 
selected word having been taken from the memory. 
Referring now to Fig. 1, it may be pointed out 

that the most significant part of the instruction pair 
(between p35 and p22) is first used. It is this portion of 
the word, then, that controls the gamma cycle. Like 
memory switch registers 1 and 2, the instruction register 
consists simply of 5 flip-flop circuits, there being one 
flip-flop for each digit of the instruction. The entire' set 
of flip-flops, 14 in all, is sometimes referred to as the 
"static register." 
On gamma, then, the instruction register sets up in a 

manner corresponding to the instruction itself. The 
function table is activated, and it selects, in turn, the 
various control signals required to execute the order. 
The control signals go to the registers involved in carry-
ing out the instruction (see Fig. 2). One such signal is 
necessarily an "instruction-ending" signal, which goes 
to the main control unit. This signal indicates that all 
the required steps have been performed in executing 
the given instruction. The control then cycles the cycle 
counter from gamma to delta, initiating the next com-
puter cycle. 
It will be recalled that, at the conclusion of beta, the 
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word selected from the memory was retained in the 
control register, the first instruction of the pair being 
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Fig. 3—Pulse former and reshaper (PFR). 

executed on gamma. On delta, the second .instruction 
of the pair is executed in exactly the same way that the 
gamma step was performed. The function table again 

delivers an instruction-ending signal so that the next 
alpha cycle is initiated. The basic computer cycle is 
thus complete. It should be noted that only on -y and 
45 proper can the contents of the memory be modified. 
One type of "memory instruction" simply reads out the 
contents of a memory location, and it is retained there 
by being fed back through the input gate. Another type, 
however, inhibits this path, permitting new data to 

enter that location. 
In the course of this discussion of the block diagram, 

all of the basic units, except the program counter, the 
synchronizing register, and the converter, have been 
dealt with briefly. The program counter is important 
only during multiplication and division. Its function, as 
will be seen in greater detail later, is to control the four 
basic steps of M and the three steps of D. The con-
verter and synchronizing register are used to bring 
original data and instructions into the memory and to 
remove results of a computation from the memory. To-
gether they serve as the input-output mechanism of the 
Binac. It may be noted that both a typewriter and a 
magnetic tape are available as original sources of data 
as well as devices by which the contents of the memory 

may be recorded. 

III. ENGINEERING DESIGN 

A. Basic Circuits 

1. Clock Gate and PF 

The purpose of the timing pulse gate, or "clock gate," 
and pulse-forming network used at numerous points in 
the computer is to reshape signals which have de-
generated in respect to rise time and signal-to-noise 
ratio as a result of passing through delay lines and other 

circuits. The signal to be reshaped is timed (by inserting 
a small compensating delay, if necessary) so that the 
timing pulses at the clock gate fall in the center of the 
pulse-envelope pulses; this adjustment assures maxi-
mum gating tolerances. The output of the clock gate 
will be a signal having a timing pulse wherever there 
was a pulse-envelope pulse in the original signal. These 
pulses are amplified by the following tube, whose plate 
load is a Guillemin line. The latter is adjusted to con-
vert each timing pulse into a flat-topped pulse having a 
half-amplitude width of approximately 0.25 µsec; the 
output of the network is, therefore, a pulse-envelope 
signal equivalent to the original input signal but with 
improved rise time and signal-to-noise ratio. Since the 
leading edge of an output signal corresponds to a timing 
pulse which was, in turn, centered with respect to the 
input signal, it follows that the network introduces a 
time delay of approximately half a pulse time. A cathode 
follower, to minimize capacitive loading of the network, 
completes the reshaping circuit. The entire circuit of 
Fig. 3 is represented by a block labeled "pulse former 
and reshaper" on the block diagrams. 

2. Gates and Buffers 

The gates used for switching purposes in the Binac 
are, in general, crystal diode gates designed to handle 
negative signals and to use the circuit in Fig. 4 (a). 
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In many cases it is necessary to supply signals to a 
point from various sources without having the latter 
react on each other. A "buffer" circuit of this sort, 
responsive to negative pulses, is shown in Fig. 4(b). 
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3. Flip-flops, Counters 

The flip-flops used in the Binac for memory and 
switching purposes are, in many cases, essentially 
similar to those used in the EN I AC.' They require 
little comment, except to note that the static-register 
flip-flops (see Fig. 5 at left) use multigrid tubes, permit-
ting the use of separate grids for internal coupling and 
for triggering or clearing. 
Multistage binary counters are used in several places, 

but these also require little comment as they differ only 
slightly from those previously described in the litera-
ture.' A circuit of one of these, the cycle counter, is 
shown in Fig. 6. 

4. Distributor 

The distributor circuit, together with a group of flip-
flops which constitute a static register, provides the 
means for converting information consisting of pulse 
patterns circulating in a delay line into patterns of 
steady (dc) signals more suitable for performing switch-
ing operations. A typical distributor stage is shown in 
Fig. 5. 

Positive pulse-envelope signals are fed to an electric 
delay line through a pulse former and line driver. The 
line is tapped at points one pulse time apart. Therefore, 
at some particular instant the entire pattern of pulses 
(or unfilled pulse positions, as the case may be) will exist 
in such a position along the line that the voltage at each 
tap will be relatively positive or negative, according to 
whether the corresponding pulse position in the pattern 

2 A. W. Burks, "Electronic computing circuits of the E.N.I.A.C.," 
PROC. I.R.E., vol. 35, pp. 756-767; August, 1947. 

3 Staff of Engineering Research Associates, "High-Speed Com-
puting Devices," McGraw-Hill Book Co., New York, N. Y.; 1950. 
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contains a one or a zero. If the first grids of all the dis-
tribtitor gates are now simultaneously pulsed, those 
corresponding to ones will give output signals to set 
their respective flip-flops; others, receiving no signal 
from their respective line taps, will produce no outputs 
and will leave their flip-flops in the cleared position. As a 
result of the application of the set-up pulse to the gates, 
therefore, the pulse pattern is converted into a corre-
sponding set of dc voltages. These are ordinarily ampli-
fied and applied to function tables although in the case 
of the time selector (see Section III B 3) they are applied 
to comparator gates directly (that is, without amplifica-

tion). 

5. Asynchronous to Synchronous Devices 

Any transfer of information into the computer from 
the outside, whether it be numerical or program in-
formation from magnetic tape or keyboard, or simply 
the signal to start computing, must be timed to enter 
the machine in synchronism with the basic pulse rate 
of the computer and also at the correct time with re-
spect to the information circulating in the delay-line 

registers and memory. 

-90 -90 

Fig. 7—Single pulse device (start circuit). 

The start circuit, shown in Fig. 7, is an example of 
the method used to go from the asynchronous to the 
synchronous system. 

6. Shift Circuits 

It is necessary in multiplication and division to shift 
the data in a one-word register to the right or left, re-
spectively. In a timed-pulse system this is equivalent to 
causing the pulse pattern to lag behind or advance 
ahead of its previous position relative to the minor 
cycle. A lag of one-pulse time can be produced by in-
troducing an extra one pulse delay for a period of 
one minor cycle, while a lead can be produced by 
shortening the loop by a corresponding amount for the 
same period of time. A register capable of producing 
one-digit shifts in either direction, therefore, has a 
circuit like that shown in Fig. 8. 
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7. Half Adder and Adder 

In block form, a half adder may be represented as at 
(a) in Fig. 9 and a full or binary adder as at (b). A 
combination of two half adders may also be used to form 
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Fig. 9—Block diagram of half adder (a) and full adder (b). 
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an adder, but it is somewhat more economical to use the 
form shown. The corresponding schematics of the half 
adder and adder are shown in Figs. 10(a) and 10(b), 
respectively. 
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Fig. 10—Schematic diagram of half adder (a) and adder (b). 

The properties required of a half adder were sum-
marized in Section II B (1). Thus, in Fig. 9(a), if one 
input is present, it is buffed into G2, and appears on the 
sum line since no carry is present to inhibit this gate. 
If both inputs are present, the carry pulse from GI in-
hibits G2. Thus, the carry line is operated while no sum 
appears. The half adder can be used as a complementer 
(reversing zeros and ones) if, for the duration of the 
word to be complemented (which enters one input), 
the other input is continuously one. The output is then 
taken 'off the sum line. As can be readily seen, for a 
zero in the word entering, a 1 appears as the sum out-
put; and for a one entering, a zero appears as the sum 

output. 

B. System Considerations 

1. Synthesis of a One-Word Register 

In dealing with numbers or words, it is clear that the 
first requirement is a means by which the numbers may 
be held while manipulating them. This is done in the 
Binac by means of one-word registers. The general prin-
ciple used is that of a recirculation loop and regeneration 
and retiming gate. The loop itself must contain a delay 
element that, together with the remainder of the loop, is 
sufficiently long to permit the word to exist within it. 
Since words are temporal sequences of pulses that ap-
pear within a 42-pulse or 10.5-sec interval, the re-
circulation loop is made the same length. Any dura-
tion other than 10.5 µsec, or an exact multiple of 10.5 
µsec, would result in the word precessing around the 
register, a fact which is employed in designing shift 
circuits, as previously described. Fig. 11 represents in 
block form a one-word register. D38 is the major delay 
element. The delay found in the complete loop, plus 
D38, of course; must equal 10.5 µsec. 
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Fig. 11—Control register (CR), a typical one-word register. 

To maintain this delay exactly and, also, to maintain 
the word in usable form is manifestly impossible using 
D38 alone. In the first place, the one-word delay element 
(which in the Binac is a lumped constant electric delay 
line using some mutual coupling between sections) is 
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(a) 

subject to temperature drift. Even with temperature 
control of the lines, over a period of several hours pre-
cession of the word would be unavoidable. In the second 
place, the delay line both attenuates and distorts the 
signals. Thus, after a few circulations, the information 
would have deteriorated in both amplitude and shape 
to the point of unusability. 
To eliminate the amplitude loss, the gain around the 

loop must be made to equal unity. Any other value 
11Mills loss of the information—either because it de-
teriorates into random noise when the gain is less than 
1, or builds up into unusable oscillation when the gain 
is greater than I. The maintenance of unity gain must 
then be accomplished by m iding precisely the required 
energy to the circuit by means of amplifiers and associ-
ated circuits external to P38. These elements are repre-
sented by the pulse 101 111('r and reshaper  R ). 
Were achieving unity gain the only consideration, 

the block pulse former and reshaper could assume quite 
a variety of forms (e.g., amplifiers with swings limited 
on both sides). The deterioration of wave shape could 
be avoided by a variety of reshaping circuits. However, 
these alone would mu prevent precession of the word; 
retiming as well as amplification .ind reshaping must be 
provided. The pulse former .old reshaper is a clock gate 
and pulse former of the t pe previously described. The 

thiling pulses are generated by a highly accurate "clock" 
whose frequency deviation is less than 20 parts per 
million. Since timing pulses are common to the entire 
computer, the effect of making timing pulses one of the 
gate inputs is to keep the signals in synchronism with 
those in other parts of the computer. The signal, in short, 
may be somewhat out of step at the input to the gate, 
but will be precisely ill synchronism with the basic 

clock at the output. 
In this paper a buffer circuit will be denoted by the 

symbol shown in Fig. l2 a). A gate will be denoted by 
the symbol of Fig. 12kb), with either the letter G or a 

gate number in the square. 

3 

2 

1 
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Fig. 12—Block-diagram symbol:: (a) buffer; (b) gate; (c) gate 
with inhibitory input. 

Further extending the gate symbology, an inhibitory 
input to a gate will be denoted by a circle (see input 
No. 1 of Fig. 12(c) ). Signal (2) normally passes through 
G, but when (1) is present, it inhibits the passage of (2). 
Actually, there is no real difference between the inhibit-
ing gate and the normal gate. It is still an "and" cir-
cuit. The symbol indicates that when signal (2) and 
the lack of signal (1) exist simultaneously, an output is 

produced. 
It is possible to combine gates and buffers to serve 

as a means of getting information into the one-word 
register. The inputs to the gate G201 are the desired 
information and a control signal (201), which is ap-
plied when it is desired to put the information into the 
register. The original information appears at the output 
of G201, and is read in through the buffer, whereupon the 
control signal (201) is removed. Thereafter, it continues 
along the recirculation loop, meets the second buffer, 
hut continues around again through D38, the path 
through the original buffer being closed. The informa-

tion is thus trapped in the register. 
To take information out of the register, a similar de-

vice is used. Signal (200) must now be applied when in-
formation is to be read out of the register. In the case 
of reading out, if it is desired at the same time to retain 
the information, the pulse former and reshaper circuit 
must include an amplifier capable of driving both the 
output gate and the next stage of the normal recircula-

tion path. 
Actually, the above is still an incomplete description 

of a one-word register since an essential timing detail 
has not yet been considered. All information moves 
between registers by way of the high-speed bus ampli-
fier. The high-speed bus amplifier circuits have finite 
delays since they are required to reshape and retime. 
Thus, information coming out of the high-speed bus 
aniplifier will lag behind the information coming in. It 
follows from this that were information to be trans-
ferred from one register to another without compensat-
ing for this delay it would be displaced correspondingly 
in the transfer process. For this reason a delay D. 
equal to that of the high-speed bus amplifier system is 
placed between the input and output gates. Outgoing 
information is then read out at a point in time earlier 
than that at which information is read in. Thus, after 
reading from some Register I to an identical Register 
II, at corresponding points in these registers identical 
pulse patterns are observed that are not displaced in 
time relative to each other. Mathematically, this means 
that the significance of the digits has not been changed 
—the sign pulse, for example is still retained in the sign 
position. Since the over-all loop delay must still be one 
minor cycle, D is correspondingly shorter by the amount 
D,. or D38±D,-i-circuit delay =I minor cycle. 
Other possibilities remain. Thus, it is ordinarily neces-

sary to erase the old information in the register when 
new information is entered. In this case an inhibitory 
gate, G202, would be put in series with the recirculation 
loop. In the case considered, then, signals (201) and 
(205) operate together. The information into G202 is 
lost and information arriving at G201 is gated into the 
loop. If, simultaneously, G200 is operated, the original 
information would be read out. This, therefore, cannot 
be done if the information arriving at G201 is coming 
from another register since the two signals would be 
superimposed on the high-speed bus. In the case of the 
memory, signals corresponding to (201), (200). and 
(205) are all operated together in order that the tube 
driving G200 and G202 may never have to drive both 
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simultaneously; thus, when reading out of the memory, 
the high-speed bus amplifier forms part of the recircula-
tion path. In this case, the one-word register receiving 
the signals from the memory has only gates correspond-
ing to G201 and G205 operated. When reading into the 
memory, a gate between the memory output and the 
high-speed bus amplifier is inhibited in order to clear out 
the previous contents of the memory. 
A variety of circuits are used to operate gates and 

buffers, drive the delay lines, and do other jobs. These, 
and in particular the delay Dc, make necessary another 
retiming operation. A typical register will, therefore, 
have more than one pulse former and reshaper. The main 
delay line D may be tapped to provide output signals 
shifted in time with respect to the usual reference point 
(which, in the Binac, is the clock gate of the high-speed 
bus amplifier). 

2. Clock and Cycling Unit 

The timing pulses used at the clock gates are positive 
pulses of approximately 28-volts amplitude and 0.06-
µsec duration at a 4-mc per second repetition rate. They 
are generated by a crystal oscillator using a type 807 
tube and employing a temperature controlled 4-mc 
quartz crystal. The oscillator output is coupled to the 
grid of a Class C amplifier, also using a type 807 tube. 
The plate current pulses are coupled through a pulse 
transformer to a load consisting of the parallel inputs 
of eight resistance-terminated 93-ohm coaxial cables 
which carry the signals to all parts of the computer. 
The cycling unit (Fig. 13) has several features which 

differ from those of the sample register just discussed. 
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Fig. 13—Clock and cycling unit. 

The only input to the register is a single pulse introduced 
by operation of the cycling-unit start button. Depress-
ing the start button causes one of the clock pulses to 
trigger a flip-flop whose output is differentiated and 
shaped by means of a line-pulse former to produce an 
accurately timed signal input pulse for the loop. This 
pulse continues to circulate until interrupted by opera-
tion of the cycling-unit clear switch. 

To obtain control pulses at various times during the 
minor cycle, signals are taken from taps along the 
cycling unit delay line. These signals are, in most cases, 
used to gate timing pulses which are fed into pulse 
formers, followed by amplifiers as shown. In two cases, 
the error gate and the delete gate, signals of several 
digits duration, are needed. For these signals, two taps 
on the register line are used, the two timing pulses 
gated being used to set and reset a flip-flop. The 
signal from the flip-flop plate provides the desired 
gating signal. For those cases where the timing of the 
desired signal is less critical, the output of the register 
delay-line tap was used without gating of a timing pulse. 
An example of such a signal is the p0 signal used for 
oscilloscope synchronization during test and main-
tenance operations. 

3. Control Circuits 

The basic operation cycle of the Binac was outlined 
in Section II A 3. A two-stage binary counter, the cycle 
counter (see Fig. 17), controls the four basic cycles; its 
decoded outputs are used to excite lines in the encoding 
function table which actuate the gates necessary for the 
required operations. 
The control register has already been mentioned as 

an example of a one-word register. Its purpose is to 
hold the second instruction of a pair until the first has 
been completed; although it would be possible to return 
to the memory to bring out the second instruction di-
rectly into the static register, as is done with the first, 
the necessity for setting up the memory location of the 
instruction in the static register and the latency delay 
make this a time-consuming operation. Therefore, on 
the 0 cycle the pair of instructions is brought into the 
control register, and the first instruction set up in the 
static register after passing through G204; meanwhile, 
the entire word continues to circulate in the control 
register until cleared out at the time the next pair of 
instructions is brought in. 

Pairs of instructions are ordinarily taken from the 
memory in numerical order; to accomplish this, a. one-
word register, the control counter, containing a unit 
adder (see Fig. 9(c)), is used to keep a record of the loca-
tion from which the next pair of instructions is to be 
taken. As the word is read out of the specified location 
on the 0 cycle, a unit is added to the number in the con-
trol counter so that on the next 3 cycle the pair of in-
structions in the next memory location will be read out. 
Instructions from the control register are converted into 
static form by means of a distributor and static register. 
For convenience in testing, push buttons are pro-

vided for setting up manually any desired combination 
in the static register flip-flops. Another push button can 
clear all flip-flops, while a different button can clear 
only the nine representing the memory location. All 14 
flip-flops are cleared automatically by the ending pulse, 
which occurs at the completion of every instruction. 
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Of the 14 binary digits in an instruction, 9 are neces-
sar  to specify the memory location with which the 
instruction is concerned, leaving only 5 for the instruc-
tion proper. Since the number of gates employed by 
various instructions is much larger than 5, it is impossi-
ble to have a one-to-one correspondence between in-
struction digits and gates. The instruction must first 
be decoded into one of the 32 possible combinations 
represented by the 5 pulses (actually, not all the 32 
combinations are used); this signal can then be used to 
operate the proper combination of gates. Electrical 
function tables are used for the decoding and encoding. 
Fig. 14(a) shows the decoding table, each dot repre-
senting a crystal diode. The output lines, which in turn 
form the inputs of the encoding table, are labeled at 
the top with their numerical equivalents, expressed in 
octal form, and at the bottom with alphabetic symbols, 
which are used for convenience in programming. Thus, 
for example, the instruction calling for addition is actu-
ally typed into the computer as the combination 05 
followed by the memory location of the addend; in 
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Fig. 14—Function tables: (a) decoding; (b) encoding. 

programming, however, it is more convenient to desig-
nate this operation by A, subtraction (15) by S, divi-

sion (03) by D, and so on. 
Fig. 14(b) shows the encoding table which converts 

each output signal from the table of Fig. 14(a) into a 
combination of gate signals. Again, each dot represents 
a crystal diode; when an input wire is excited by being 
made relatively more positive, it pulls up any output 
lines to which it is connected, turning on the normally 
off gate driver tubes connected to those outputs. 
The function table is so extensive that its wiring 

capacitances, and those of its output circuits, result in 
time constants considerably longer than the space be-
tween words. It can be shown that in a computer of the 
Binac type, where the latency time of the memory has 
an important bearing on the over-all speed, it is more 

economical to allow a full minor cycle for switching 
operations between instructions than to increase the 
space between words, and consequently the length of 
the minor cycle. A so-called "time-out" period is, there-
fore, introduced at the beginning of each operation 
requiring a change in the function-table signals. Some 
type of fast switching circuit, capable of operating in 
the space between words, is still needed to prevent gat-
ing of parts of words during the time the function-table 
signals are changing; but the "time-out" principle per-
mits the burden of fast switching to be shifted from the 
numerous function-table signals to a single flip-flop 
which can furnish inhibitory signals to any gates which 

require them. 
This "time-out" flip-flop (see Fig. 17) is set by the 

same p0 pulse which clears the static register in prepara-
tion for setting up a new instruction. It is also set by 
certain pulses into the program counter, as described 
later. Since "time out" is normally required for only one 
minor cycle, the "time-out" flip-flop resets itself by 
gating the next p0 pulse into its reset input. 
Selection of one of 16 tanks in the memory is ac-

complished by means of a small function table which 
decodes the four most significant digits of the memory 
location specified in an instruction set up in the static 

register. 
The 5 remaining binary digits in the memory location 

number specify one of the 32 words stored in the tank. 
Fig. 15 shows the time-selector circuit which selects 
the desired word. A 5-stage binary counter, the time-
selector counter is driven by p0 pulses from the cycling 
unit. Since this is a scale-of-32 counter driven by minor 
cycle pulses, there will always be a one-to-one cor-
respondence between the reading of the counter and 
the word appearing at the gates of the memory tank. 
Thus, if the time-selector counter, by comparison with 
the memory location set up in the static register, is 
used to control the storing of a given word in the mem-
ory, it will always be possible to extract that same word 
by setting up the same number in the static register 
and comparing it with the time-selector counter to con-
trol the operation of the output gate of the memory. 
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4. Arithmetic Equipment 

Section II B discussed the general arithmetic 
processes. Multiplication and division involved a series 
of repetitive additions (or subtractions) and shifts, 
followed by required corrections. In analyzing these 
operations, it is convenient to divide multiplication into 
four steps (designated M1, M2, M3, and M4) and divi-
sion into three (DI, D2, and D3). The steps of multipli-
cation are discussed individually with reference to the 
block diagram, Fig. 16. 

•••••• MOO 
0. 

a. Multiplication: The M(m) instruction, together 
with another order, is transferred from the memory on 
the 13 cycle. It sets up in the IR on •yro or Oro, depending 
on whether it is the first or second order in the order 
pair. The multiplicand is assumed to be stored in the 
L register as a result of some previous operation. 
The program counter (PC) is used to subdivide M 

and D into their individual steps (see Fig. 17, the follow-
ing page). It is a 6-stage (scale of 64) binary counter 
with its own decoding function table. "The outputs of 
this table are connected into the main function table in 
such a way that when the M line, for example, is excited 
by SR, PC will determine whether M1 , M3, or M4 is 
excited. Since M2 lasts for 30 cycles, it is more econom-
ical to allow a flip-flop (FF4) to take over the control-
ling function rather than to decode all 30 combinations 
of PC and buff them together. With this arrangement, 
FF4 is set at the end of Ml, and it is then only necessary 
to decode PC's output on the 29th of the 30 repetitive 
steps to get a reset signal for FF4. A similar procedure 
is used on D2. 
It will be noted that position 1 of PC corresponds to 

the binary combination 111111 (decimal 63). By clear-
ing PC to this state rather than to 000000, carry-overs 
are not produced by the clearing operation, and a nar-
rower clear pulse (a gated po) can be used. Thus, M1 
corresponds to PC 63, and M2 starts on PCO and ends 
on PC29; M3 and M4 correspond to PC30 and PC31, 
respectively. 

The MI step is used to select the multiplier and trans-
fer it from the memory to the R register. The product is 
to be built up in A. At this point, then, it is convenient 
to clear both A and R. Clearing of A and R takes place 
on the first minor cycle following -yro or OTo, as the 
case may be. M1 selects FT signals 109A and 109B, 
which inhibit G102 in A and G115 in R, respectively, 
when the machine goes off time out. FT signal 311 is 
also selected to cause reading out from the memory of 
the word selected by the memory location part of the 
multiplication instruction. Since FT signal 118 is ac-
tivated on Ml, the multiplier enters R through G118. 
G214 is also energized on M1 during the TS period. 
Thus, the same po that resets FFrs  passes through G214 
to set FF4 and FFro, and step PC to PCO. This puts a 
TO between 2/1 and the M2 step to follow. FF4 is used 

• 

Fig. 16--Arithmetic circuits (A, R, and L registers). 
.1) 
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to control the next 30 minor cycles of M2. During M2, 
PC must keep track of the operation by counting, 
which it now can do by way of G213 (which permits 
PO's to pass, under the control of FF4, as soon as the 
TO inhibition is removed). 
With the multiplicand and multiplier in L and R, 

respectively, the 30 repetitive steps are begun. In ac-
cordance with the mathematical requirements dis-
cussed in Section II B, the digits of the multiplier are 
examined, starting with the least significant. For a 
zero, only the sign digit of the multiplicand is trans-
ferred to A; for a 1, the multiplicand, without its sign, is 
transferred to A. A right shift in both A and R follows 
each transfer, permitting examination of the next multi-
plier digit and proper positioning for the next addition 
of the multiplicand. At the conclusion of 30 steps, PC 

is in position 29. The PC29 signal excites G219, which 
gates a p0 to reset FF4 and set FFro, conclude the M2 
cycle, and initiate the TO before M3. 
Examination of the block diagram shows that on M2 

the FT signals 103A, 103B, 106, 109A, 109B, 124A, and 
124B are activated. These, in turn, activate G103A and 
G103B (opening the right shift paths in A and R); 
G106 (permitting the transfer into A); G109A, and 
G109B (which inhibit the normal recirculation paths in 
A and R); and G124A and G124B (permitting read out 
of the multiplicand from L under the control of FF2 
and p37). FF2 is set only if the p7 digit in R is a 1, in 
which case G124A operates, the p37 which may be in L 
being inhibited. Reset pulses are fed to FF2 every 
minor cycle, but the tap on the R line is so adjusted that 
FF2 is immediately set again if a pulse is present in the 
p7 position. If FF2 remains reset (i.e., if the R digit is 
0), G124B is operated and only the p37 or sign is added 

into A. 
On M3, a correction is made if the multiplier is nega-

tive. In this case, the multiplicand is subtracted from 
the uncorrected product in A. Note that the M3 line 
produces FT signals 103A, 103B, 106, 108A, 108B, 109A, 
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109B, 126, and 219; 108B operates G108B, activating 
the complementer. Thus, the correction term from L 
has its ones replaced by zeros and its zeros by ones. In 
conjunction with this operation, 108A simultaneously 
operates G108A, which adds in the p7 required to com-
plete the subtraction of the multiplicand. The multi-
plicand itself leaves L via G126. The remaining gates 
operate as described before. Note that G126 is under 
the control of FF2. Thus, only if R is negative (its sign 
digit has finally been shifted into the p7 position and 
can, therefore, control FF2) does G120 pass a signal 
which sets FF2 and permits G126 to open. G219 sets 
FFro and steps PC, permitting the M4 step to be 

initiated. 
The M4 cycle is used to correct the partial product if 

the multiplicand is negative. A partial correction has 
already been made in this case during M2 since for 
multiplier digits equal to 0 the negative sign of the 
multiplicand (if present) was added into the partial 
product via transfers through G124B. The remaining 
step then is to add in a p7 and p37 to A. Simultaneously, 
it is convenient to round off the partial product by 
stuffing in a p7, as described in Section II B 4. 
The M4 line activates FT signals 107, 114, and 206, 

these signals in turn operating gates 107, 114, and 206. 
G107 operates under the additional control of FF3. 
This, in turn, is set through G122, which receives its 
input from a tap on the line of L in such a position as to 
sense there the presence of a p37. Thus, the p7 and p37 

correction in A is made only if the multiplicand is 
negative. G114 performs the round-off operation by 
superimposing a p7 on the partial product in A. With 
the completion of the round-off step, the final product 
is now held in A. Since G206 is operated, an ending pulse 
is passed which sets FFro, clears the static register, 
and advances CY to the next cycle (6 if M(m) were per-
formed on 7, and a if it were performed on 5). At the 
conclusion of the M operation, then, the final product 
is in A, the multiplicand is still in L, but by reason of 
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the continuous right shift in R, the multiplier has been 
cleared out. 
b. Miscellaneous Operations: Although the Binac or-

dinarily obtains instructions from successive memory 
locations, as controlled by the control counter, it is 
frequently necessary to depart from the normal se-
quence and obtain a pair of instructions from a location 
specified in a "transfer of control instruction." This is 
accomplished by reading the contents of the control 
register into the control counter. If the transfer instruc-
tion is placed in the right-hand position of the word, its 
memory position falls into the same place in the control 
counter as the number which was being built up there. 
On the next a step, the new location can be read back 
into the control register and the static register, and 
the desired pair of instructions brought out of the mem-
ory on (3. Furthermore, the new number remains in the 
control counter, having a unit added to it on each 
step, and thus a new sequence of operations is started, 
continuing until another transfer of control instruction 
again changes the number in the control counter. 
The transfer can be unconditional (the Um instruc-

tion), replacing the number in the control counter, as 
described above, or it may be made conditional on 
some situation in the computer (the Tm instruction). 
The conditional transfer allows the choice of two courses 
of computation to be made, dependent on the result of 
a previous computation. The sign of the quantity in A 
was chosen as the determining factor in the Tm instruc-
tion. If the quantity in A is positive, the sign sensing 
flip-flop prevents the reading of the new number from 
the control register into the control counter, and per-
mits the original contents of CC to remain; but if the 
quantity in A is negative, the operation is the same as 
that of a Urn instruction. 
Several instructions transfer data from one register 

to another; these include Cm, Fm, Hm, Km, and Lm 
(see Appendix E). The skip is generally used to fill in 
the left-hand position ahead of a T or U instruction 
where the last preceding instruction does not fall in this 
position. The break-point instruction can be inserted 
at strategic points in a program; it causes the computer 
to stop at each of these points if the break-point switch 
is set—an aid in checking new programs. With the 
break-point switch set to "continuous," break-point 
instructions are treated as skips. The stop instruction, as 
its names implies, stops computation by setting FF5, 
which in turn blocks G216 and prevents FFT0 from be-
ing reset. 
For testing and maintenance, and for checking new 

programs, it is essential to be able to cause the computer 
to perform a single operation and stop, continuing with 
the next operation only after manual operation of a 
start button. The "time-out" feature furnishes a con-
venient means for achieving this. Since all significant 
gating operations, including, in particular, the gating of 
the ending pulse, are inhibited during "time out," in-
terrupted operation can be achieved by inhibiting the 

automatic resetting of the time-out. flip-flop (through 
G216) and by providing a circuit which produces a 
single po pulse to reset the flip-flop when the start 
button is pushed. A "stop" flip-flop (FF5) is used to 
inhibit G216, and is set by the same pulse which sets 
the time-out flip-flop. But this occurs only if an opera-
tion control switch is set to "one operation," if a stop 
instruction is encountered, or if a break-point instruc-
tion with the break-point switch is set to "break" posi-
tion. The start button is used to reset the stop flip-flop. 
The discussion up to this point has referred to the 

Binac as if it were a single computer. Actually, the 
entire computer, with the exception of the input-output 
converter, is duplicated. The two computers are started 
in synchronism, and computations proceed in parallel, 
with a half adder in each computer making a continuous 
comparison of signals on the high-speed buses. Any 
discrepancy will produce a signal at the "sum" outputs 
of the half-adders; these signals are used to set the stop 
flip-flops of both computers. An additional check is 
provided by a gate circuit supplied by a cycling unit 
signal which corresponds to the space between words; 
if any signals in these pulse positions appear on the high-
speed bus, the gate produces an output which sets the 
stop flip-flop. 

5. Input-Output Equipment 

Since the Binac is designed for mathematical opera-
tions in which a relatively small amount of input data 
forms the basis of extensive computations, which, in turn, 
produce a relatively small volume of output data, very 
simple input and output facilities are sufficient. These 
consist of a keyboard, a printer, a manually controlled 
magnetic-tape reading and recording device, and a con-
verter for transferring data between the Binac memory 
and the other units. 

The keyboard has eight keys representing the octal 
digits 0 to 7, inclusive; numbers (including instructions, 
which are in numerical form as previously described) 
typed on the keyboard are recorded by the printer as 
they are typed, forming a visible record for checking. 
A word is not transferred to the memory until its last 
character is typed, giving the operator an opportunity 
to proofread. If it is necessary to retype a word before 
transferring to the memory, an erase key clears it out. 
It is also possible to print out the contents of the mem-
ory. 
A one-word synchronizing register forms the link 

between the converter and the main Binac memory. 
In typing in from the keyboard, each key stroke pro-
duces a signal corresponding to three binary digits; 
this signal sets up the corresponding combination in a 
group of three flip-flops. A transfer pulse, generated by a 
pulse circulating in another one-word line having a 
shifter network, transfers the signal from the flip-flops 
to the synchronizing register. Each successive group of 
three pulses is inserted in its proper place in the word 
because the pulse in the timing register, which generates 
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the transfer pulse, is shifted three pulse times after 
each transfer. When the word in the synchronizing 
register is completed (by typing its last octal digit), 
it is transferred to the main memory; the control coun-
ter controls the transfers to consecutive memory loca-

tions. 
The above procedure is reversed when printing the 

contents of the memory; in this case words from consec-
utive locations are transferred to the synchronizing 
register, and from there are transferred one octal digit 
at a time to flip-flops which control the printer magnets. 
The printer is an electric typewriter whose keyboard 

has been removed. It has been fitted with solenoid actu-
ators for the characters 0 to 7, inclusive. An automatic 
carriage return is provided to operate after an integral 
number of words; once the "emptying" operation is 
initiated, the entire contents of the memory are printed 

out automatically. 
Because most problems require a considerable 

amount of data (instructions and initial or boundary 
values) in the memory, the typing operation can be-
come laborious. An accident, such as power failure, 
can destroy an hour's work in a moment; furthermore, 
it is frequently found that numerous computer runs of 
a particular problem require the same input data, with 
only very minor modifications which can be easily 
made after a standardized routine has been entered in 
the memory. For these reasons it is customary, after 
typing in a set of data, to record the latter on tape. The 
process is similar to that of printing out the contents.of 
the memory, except that the recording heads on the 
tape equipment are connected in place of the printer 
magnets. The data so recorded can then be read back 
into the memory at any time, again using the converter, 
but setting up the synchronizing flip-flops with signals 
from the head amplifiers rather than from the keyboard. 

6. Memory 
The Binac memory is of the mercury delay-line type, 

and was described in a previous article.' It consists of 
sixteen channels, each storing 32 words. An additional 
channel is used for the temperature-control circuit. A 
memory-channel recirculation circuit is quite similar 
to an electric delay-line register, with the line amplifier 
replaced by a wide-band amplifier and detector, and 
the line driver operating directly out of the clock gate 
without the use of a pulse former (since the mercury 
delay line and following amplifier broaden the pulses 

into a pulse-envelope signal). 

IV. APPLICATIONS 

The Binac is suitable, within the limitations imposed 
by the size of its memory and the nature of its input and 
output operations, for the solution of a wide variety of 

4 1. L. Auerbach, J. P. Eckert, Jr., R. F. Shaw, and C. B. Shep-
pard, "Mercury delay-line memory using a pulse rate of several 
megacycles," PROC. I.R.E., vol. 37, pp. 855-861; August, 1949. 

mathematical problems. These must, of course, first be 
reduced to suitable form for solution by numerical 
methods. Solutions of Poisson's equation in two dimen-
sions for various boundary shapes and load conditions 
were obtained during the testing period, and results 
indicated that the Binac can effect a very substantial 
saving in time for the solution of such problems as 
compared to solutions by hand computation using desk-

type calculators. 
The program in Table I, showing the computation 

of the square roots of a series of 20 numbers, is presented 
here to illustrate the method of coding problems for the 
Binac. All numbers are expressed in octal form. The 
first column shows the memory location in which each 
pair of instructions is stored; the next two contain, 
respectively, the first and second instructions in the 
word. A brief description of the operation appears in 
the fourth column. Before typing the program into the 
computer, the letters in columns 2 and 3 are replaced 
by numerical equivalents (05 =A, 04 = C, and so on). 
After clearing the memory and clearing the control 
counter to zero, the program is typed in, after which the 
control counter is again cleared to zero. Computation is 
now started, and will stop automatically when the 20 
roots have been computed. At this time the control 
counter will read 754. The computer can then be 
switched to "empty" so that it will start printing with 
memory location 755, the first root. Printing will con-
tinue until all 20 roots have been printed, after which 

the operation stops. 
In the program shown, 000 contains a skip followed 

by an unconditional transfer to the first instruction in 
024. The parentheses around 001 indicate that this 
portion of the instruction is modified in the course of 
computation. The Newton-Raphson method of com-
puting roots is used here. 

= 1/2(i.i/Zi  Zi), 

where the Zi are successive approximations and At is the 
radicand. Zo is taken as 1. In line 024, µ is brought in; 
Z1 is computed in lines 025 to 026. Lines 027 to 031 
constitute the iterated process. In lines 032 to 033 the 
new apprekimation is compared with the previous one; 
if the difference is not sufficiently small, Zi+1 is sub-
stituted for Zi, and another iteration is performed. If 
the difference is small enough, however, the latest Zi is 
placed in one of the registers 755 to 777, inclusive, to be 
printed later. 
Having computed the root of the first At, the computer 

must obtain the next µ.; it does this by modifying the 
first instruction in 024, adding 1 to its memory location. 
The second instruction of 036 must be similarly modi-
fied so that the next computed root will be placed in a 
different register for printing. These modifications are 

made in lines 037 to 041. 

J. J. Bartik, "Scuare-Root Routine," Computational Analysis 
Laboratory, Eckert-Mauchly Computer Corp., Division Remington 
Rand, Inc., Philadelphia, Pa. 
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Since it is necessary to know when all 20 roots have 
been computed, a test is made in line 042. When the 
last modification of 036 takes place, an overflow occurs, 
changing C777 to A000 (the A has no significance here; 
actually C777 =04777, which on addition of 1 becomes 
05000, which happens to be A000). Thus, subtraction 
of A 056A 000 will cause a sign reversal on each itera-
tion, except the last, and the absence of the sign re-
versal on the last one causes the T to be ineffective. 
Lines 043-044 are a "patch-up" routine to restore 024 
and 036 to their original settings; line 045 contains a 
transfer of control to 754, where a stop instruction is 
placed. By putting the stop in 754 rather than in 045, 
the control counter is left with the proper setting, and 
the results, which are stored in locations starting with 
755, may be printed. 
While the foregoing example is a relatively simple rou-

tine, it illustrates several of the principles of program-
ming. In particular, it shows the manner in which 
instructions are modified (by adding constants to their 
memory locations) and the use of tests (employing con-
ditional transfer instructions) to determine whether an 
iterative process has been completed. It is of interest 
to point out that, although there are 20 lines of coding 
(excluding constants, storage registers, and the like), 
only 5 (025-031) are concerned with the actual compu-
tation. This is characteristic of computers of the class 
to which the Binac belongs. 
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APPENDIX A 

PROOF OF RULE FOR COMPLEMENTING 

To form the complement of any m-digit number n 
(2 >n  with respect to 2, replace all zeros of n by 
ones, and all ones by zeros; then add a unit in the ex-
treme right-hand position. 

• 
Let n =Eai2i and let the number ni formed by re-

versing zeros and ones in n be 2; b,2i. Now, for any 
given i, if a, = 0, bi=l; if ai =1, b,=0. It then follows 
that for any i, cti-Fbi= 1, and, therefore, n±n1= Z(ai 
-Ft);)2i =1.111 • • • . Adding 2-", n+n1-1-2-'̂ = 10.0, and, 
therefore, (since 10.0 is the binary equivalent of 2) 
le+ 2-m is the complement of n with respect to 2. 
If the convention is now adopted that numbers lying 

in the range 1 >n 0 are positive, it follows that nega-
tive numbers in the range 0 n —1, if represented by 
the complements of their absolute values with respect 
to 2, must lie in the range 2>n  1. They will, therefore, 
always have a 1 in the position to the left of the binary 
point (i.e., in the p37 position). The notation used can, 
therefore, represent numbers in the range 1>n —1. 

It also follows that the complementing method is re-
versible as, of course, it must be if it is to be of any 

value. 

APPENDIX B 

ADDITION OF COMPLEMENTS 

In the following discussion it is assumed that all 
original numbers are within range of the computer (i.e. 
1 >n  —1) and negative numbers are represented by 
their complements, as previously described. A simple 
binary addition should then give the correct result re-
gardless of whether one or both addends may be nega-
tive. 
If ni is positive and n2 negative, the quantities added 

will be Inil and 2—j n21. Their sum will then be 

2+ I ni I — I nil. Now 1 Intl — I n2I I must be less than 1 
since I nil and 1 nil are each less than 1; therefore, if 
I nil — I n2I is positive, the p37 position must contain a 
zero. The 2 would normally occupy the p38 position, 
but it is deleted by the delete gate so that the actual 
result is Inil — 1 n21, which is correct. If In, — I n21 is 
negative, it can be written —1 1 nil — 1 n21 1 , and the re-
sult of the addition is 2 — 1 InI1 — 1 nil 1, which is the 
complement of 1 nil — n2I; again this is correct since 
negative results should be expressed in complement 
form. 
If ni and n2 are both negative, they will be repre-

sented by 2 — I nil and 2 — I n21, respectively, and the 
sum will be 4— l21'1 —1 n21. Since all pulses beyond p37 
are deleted, it follows (since 2 = p38) that. the addition 
of 2p to any number where p is any positive integer 
greater than zero, leaves the number unchanged. There-
fore, as far as the computer is concerned, 4 — I nil — I n2 
=2—  Ind — 1n21. Since 2 — nil — I n2I = 2 — I ni I +1n21, 
the result of the .addition is the complement of the sum 
of n1 and n2, and is therefore correct. 
It should be noted that if the addition of two positive 

numbers causes a carry-over into the sign (p37) posi-
tion this implies that the sum exceeded 1, and is there-
fore outside the range of the computer; such a result 
must be distinguished from the negative number, which 
it superficially resembles. Similarly, the addition of two 
negative numbers must be considered improper if the 
result does not contain a 1 in the p37 position. 

APPENDIX C 

ILLUSTRATIVE EXAMPLE OF MULTIPLICATION 
I. 0.110X0.101=0.01111 (3/4X5/8=15/32) 

A  R Explanation 

0.101  LSD in R is found to be 1. 
0.101  L is added to A . 
0.010 A and R are shifted; LSD of R 

is O. 
0.001  There is no addition, but another 

shift; LSD of R is 1 again. 
0.001  L is added to A. A and R are 

shifted; LSD of R (originally 
0.000 sign) is 0. No correction is 

needed, and the process is 
complete. 

Note: Digits to the right of 0.011 are actually deleted in the Blase. 

0.000 
0.000+0.110=0.110 
0.0110 

0.00110 

0.0011+0.110=0.1111 
• 

0.01111 
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2. 1.0i0x1.0i1-0.0titi ( 3,A X -5/8..15/32) 
A  R  Explanation 

1 0.000 0.010  1.011  LSD of R is I. 
1.011  Add L (without sign) to .4. 

0. 0.001  0.101  Shift A .ind 1?; 1.5D again I. 
II 0.001 +0.010- 0.011  0.101  Add I. again and shift. 
1 0.0011  0.010 LSD of R now 0. 
I 1.0011  0.010  Add only the sign digit of 1. and 

shift. 
1 0.10011  0.001  LSD of R (formerly sign) is 1. 
1 0.10011 +0.110..1.01011 Add - L (0.110) to .4 : sign of L is also I. 
! 1 .01011 +1 .001 -0.01111 Add 1.001 to A to get final result. 

APPENDIX D 

INSTRUCTION CODE 

In the following list, m is a 3-digit octal number 
representing a memory location, (in) means "contents 

of en." 

.4m 
Cm 
Dm 
Fm: 

• Jim 
Km: 

Add (m) to (A), result in .4. 
Transfer (.4) to m and clear .4. 
Divide (.4) by (L), quotient in .4. 
Add (L) to (.4), result in .4. 
Transfer (A) to is %%idiom clearing .1. 
Clear L; transfer (A) to L and clear A. 

Mm  Multiply (L) by (m), product (rounded off) in A. 
Sm  Subtract (m) from (A), result in A. 
Tm  Transfer control to m (i.e., replace the number in the control 

counter by the number 'm ) if sign of (A) is negative. 
Um  Transfer control to in unconditionally. 
01m:  Stop computation, leavinF computer on 'time out.' 
22m t Shift (A)" one binary digit to left, i.e., multiply (A) by 2. 
23m:  Shift (A) one binary digit to right, i.e., divide (A) by 2 with-

out rounding off. 
24m:  Stop computation if "break point" switch is set; otherwise 

proceed to next instruction. 
25m:  Proceed to next instruction (skip). 

In these instructions m is not significant, and 000 is customarily 

used. 
•• The shift instructions also operate on R. but this is not signifi-

cant except when the shift forms a part of the multiplication or di-

vision process. 
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Logical Description of Sonic Digital-Computer 
Adders and Counters* 

11.\1101. .1. GRAY, JR.t, ASSOCIATE, IRE 

Summary-A number of adding and counting circuits which have 

a high degree of reliability are presented. Most of them have been 
used in a digital computer. A high-speed binary counter is described 

which can be cycled either forwards or backwards. 

I s TRont•crtoN 

W
HEN THE ENIAC' was nearing completion, it 
became apparent that a reconsideration of the 

logic would make possible a much smaller and 
more flexible digital computer. In the course of a de-
velopment program for such a machine, a large nuniber 
of computer circuits and techniques were conceived, 
many of which found their way into the EDVAC.2- ' A 
few of these circuits are described below. They are 
adding and counting circuits which, with one exception, 

• Decimal classification: 621.375.2. Original manuscript received 
by the Institute, December 4, 1950; revised manuscript received, 
April 24, 1951. 

t Moore School of Electrical Engineering, University of Pennsyl-

vania, Philadelphia, Pa. 
' ENIAC: Electronic Numerical Integrator and Computer, de-

signed and constructed by the University of Pennsylvania, Moore 
School of Electrical Engineering, for the Ordnance Department, De-
partment of the Army, under Contract No. W-670-ORD-4926. 

I EDVAC: Electronic Discrete Variable Computer, designed and 
constructed by the University of Pennsylvania, Moore School of 
Electrical Engineering, for the Ordnance Department, Department 
of the Army, under Contract No. W36-034-ORD-7593 . 
' G. W. Patterson, R. L. Snyder, L. P. Tabor, and I. Travis, "The 

EDVAC -A Preliminary Report on Logic and Design," University 
of Pennsylvania, Moore School of Electrical Engineering, Research 
Division Report 48-2; February 16, 1948. 

4 EDVAC Staff, "A Functional Description of the EDVAC," 
vols. I, II, University of Pennsylvania, Moore School of Electrical 
Engineering, Research Division Report 50-9; November 1, 1949. 

do not use Eccles-Jordan-type trigger circuits. The one 
circuit which uses an Eccles-Jordan-type trigger circuit 
does so in an unconventional manner. 

REPRESENTATION OF INFORMATION " 

In the EDVAC there are two types of information, 
numbers, and orders. The orders tell the EDVAC what 
to do with the numbers. These two types of information 
can be represented by 'words." A word consists of 44 
binary digits,' where the binary digit "I" is represented 
by a voltage pulse and the binary digit "0" is repre-
sented by the absence of a pulse. For example, a string 
of forty-four "1"'s would be represented by a temporal 
array of pulses about 0.3 microsecond wide (standard 
width) and spaced one microsecond apart. Since the 
numerical value assigned to a pulse or a "no pulse" or 
blank depends on its position in time, a time reference 
is provided by a crystal-controlled timing unit called the 
"Timer," which divides machine time into periodically 
recurring intervals of 48 microseconds duration called 
"minor cycles." Each minor cycle is further divided into 
48 equally spaced-in-time positions called pulse posi-
tions, 44 of which can be occupied by the pulses or 

6 H. E. Buchanan and L. C. Emmons, "A Brief Course in Ad-
vanced Algebra," Houghton Mifflin Co., Boston, Mass., pp. 169-
179; 1937. This book contains a lucid explanation of number bases, 
conversion from one base to another, and so on. 

4 R. M. Goodman, "A digital computer timing unit" (completed 
manuscript to be submitted for publication in the near future). 
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X 

y 1- x 

PULSE POSITION • 

  1 

z 

Z  I- (1-x) (1-y) 

  y 

  y 

"I + 

1(1-y) 

POLARITIES SHOWN IN FLIP-
FLOP SYMBOL ARE THOSE 
TWAT EXIST WHEN THE FLIP-
FLOP IS IN THE RESET 
CONDITION. 

i 4. 2 

El 
•-•• 101 -

RESET  SET RESET •-• 

TIME 

SET 

Fig. 1—Standard symbols for block diagrams. 

blanks of a word. The computing circuits of the EDVAC 
should know the algebraic sign of a number as soon as 
possible. Consequently, the sign pulse occupies the 
earliest pulse position of a word. Since the addition and 
subtraction processes begin with the least significant 
digits and carries are propagated to the more significant 
digits, the circuits to be described require that the least 
significant digits of the word occupy the earliest pulse 
positions after the sign.' 

7 In the EDVAC, numbers. are represented by their absolute 
magnitudes and the algebraic sign. It is believed that the EDVAC 
was once unique in this respect. In the ENIAC, for example, negative 
numbers are represented by their complements (with respect to 1010) 
and the sign. 

SE T 

POSITIVE AND 
CRYSTAL COMBINATION 

POSITIVE OR 
CRYSTAL COMBINATION 

'OFF  TUBE 

ON  TUBE 

DELAY LINE WHOSE DELAY 
IS .D. MICROSECONDS 

POSITIVE "AND" 
CRYSTAL COMBINATION 
WITH INHIBITOR LINE 

FLIP -FLOP 

STANDARD SYMBOLS FOR BLOCK DIAGRAMS4 

A device as complex as the EDVAC (3,563 tubes) 
would present a formidable task in design, or to one 
trying to understand its functions, if the circuit sche-
matics were the only graphical aids available. For this 
reason it is simpler to refer to block or logical diagrams 
using symbols such as those in Fig. 1. The first column 
of Fig. 1 shows the symbols for circuit components 
which perform certain fundamental operations. Under 
each symbol there is an equation, obtained from 
Boolean algebra,8 which provides essentially the same 

° A form of Boolean algebra known as the propositional (or state-
ment) calculus is appropriate here. Numerous notations have been 
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information as shown in the second column of Fig. 1. 
The v2 riables in these equations obey all the laws of 
ordinary algebra, but take on only the values zero and 
.one, from which it follows that X2 = X and that (1 —x)2 

HALF A D DE R- S U BT RACTE R 

The half adder-subtracter performs the operations of 
addition and subtraction of binary digits. The rules of 
binary addition and subtraction are shown in Table I. 
The symbols in, s, u, c, and b are defined on Fig. 2. A 
simplified block diagram of a half adder-subtracter is 
shown in Fig. 2, and is built up from the standard sym-
bols in Fig. 1. The CI' (Clock Pulses) are pulses of 
standard width with a repetition frequency of one mc 
and are one of the outputs of the Timer. They are used 
here to "clock," that is, to retime and reshape, and can be 
represented by "1" in our equations. Application of the 
Boolean algebra to Fig. 2 shows that 

C = ms 

u = in s — 2ms 

b = s(1 — ins)  s(1 — m). 

41S  ——...0 OR  b 

Fig. 2—Half adder-subtracter and its symbol.  

Substitution of the appropriate values of in and  s in the  
above equations shows that they present the same in-

formation as contained in Table I. This demonstrates  
that the half adder-subtracter actually does  the  opera-
tion of adding or subtracting the digits  re presented  by  
the pulses in corresponding pulse positions.  However,  
the half adder-subtractor cannot be used  alone  to  per -

(1) 

(2) 

(3) 

u (UNITS) 

b (BORROW 

c (CARRY) 

used, e.g., George Boole, "The Mathematical Analysis of Logic," 
MacMillan, Barclay, and MacMillan, Cambridge; 1847. George Bell, 
London; 1847. Philosophical Library reprint, New York; 1948. 
Claude E. Shannon, "A symbolic analysis of relay and switching 

circuits," Trans. A IEE, vol. 57, 713-723; 1938. 
Harvard Computation Laboratory Progress Reports 1-5, "In-

vestigations for Design of Digital Calculating Machinery;" May 10, 
I948—August 10, 1949. Alfred Tarski, "Introduction to Logic," Oxford University Press; 

1941. 
W. V. Quine, "Mathematical Logic," (Ed. 2), Harvard Uni-

versity Press, Cambridge, Mass.; 1947. 
A markedly different approach to the algebra of computing de-

vices and numerous other systems has been developed by the author's 
colleague Professor George W. Patterson. No  description has been 
published as yet, but an outline appears in G. W. Patterson's, "Logi-
cal Syntax and Transformation Rules," University of Pennsylvania, 
Moore School of Electrical Engineering, Research Division Report 
50-8; October 10, 1949, 

TABLE I 

in $ u c b 

0 0 0 0 0 

0 1 1 0 1 

1 0 1 0 0' 

1 1 0 1 

form the operations of adding and subtracting words, 
but two of them can be connected as in Fig. 3 to per-
form these operations. The EDVAC computers are built 
around such an adder-subtracter. The half adder-sub-
tracter has also been used for other purposes, e.g., to 

test for equality of two words. One way of doing this is 
to perform a subtraction and see whether or not the 
answer is zero. However, the same function can be per-
formed by the half adder-subtracter. Two words are 
equal if the information in all corresponding pulse posi-
tions is the same. Equation (2) says that if m and s are 
always the same, u is always zero. The EDVAC has two 

b OR c 

\ (SUM OR 
DIFFERENCE) 

b OR c 

Fig. 3—Binary adder or subtracter. 

identical computers, and half adder-subtracters are 
used to compare words continuously at corresponding 
points in the two computers. If a disagreement is noted, 

the output of the half adder-subtracter detecting the 
disagreement is used to notify the operator. 
The half adder-subtractor can also be used for com-

plementing digits. Suppose a CF is applied to m. After 
substitution of 1 form in (2), u =1 — s. Thus, ifs is 1, u is 
zero, and vice versa. However, it should be pointed out 
that if the half adder-subtracter were replaced by an 
off tube or an on tube, the digits of s would not be com-
plemented, even though this form of Boolean algebra 

implies that they are. 

Fig. 4—Computer round-off adder. 

C O MP UT E R R O U N D-O FF A DDE R 

The half adder-subtracter as shown in Fig. 4 is being 
used to add one to a word (which may be a number 
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represented as an absolute value) entering at m. This 
circuit has been used in the EDVAC to perform round-
off. It is instructive to consider an example. The pulse 
P occurs at the same time as the first pulse position of 
the word at in. Using subscripts to identify the variables 
for different pulse positions, 

Pi = 1 if = 1 

Pi = 0 if i  1 

in; = si = 0 if i is less than 1. 

Now from (2) 

and 

But 

Therefore, 

and 

= mi si — 2misi 

ci = ms  i for all i. 

si = Pi + ci_1 — Pici-i. 

si = 1 if i equals 1, 

Si = Ci-i =  > 1. 

Consider the word at in to be 111011; 

tni = 1, 

Then 

M2 = 1,  = 0, M4 =  1, M6 = 1, Mg = 1. 

= 1,  S2 =  1,  53 =  1,  S4 = 0, 55 = 0,  Si = 0 

and 

U1 = 0,  U2 =  0,  U3 = 1,  U4 = 1, U5 = 1,  Ug = 1. 

Therefore the word at u is 111100, which is 111011 
plus 1. 

AN OPERATION COUNTER 

A counter contains a ,device to remember a total and 
an adder to add one to the total when it is desired to do 
so. Thus, if the above adder which adds one to a word 

E • 0.3 AS. 

Fig. 5—Operation counter. 

is made to remember the word by connecting its u out-
put through a suitable delay to its m input, it becomes a 
counter. The mechanism of adding one to a word, such 
as in the example above, can be phrased in another way: 
A one is replaced by a zero beginning with the least sig-

nificant digit; when the first zero is reached, it is re-
placed by a one; the remaining digits are not disturbed. 
Fig. 5 shows a counter using this principle. It has per-
formed in the EDVAC at least a million operations 
without failure. 

A BINARY COUNTER 

The half adder-subtracter can be used to make a 
single stage binary counter which is shown in Fig. 6. It 
has two stable states, one of them being the state in 
which there is no pulse in the one microsecond memory 
loop and which is called the "zero" state and the other 

Fig. 6—Binary counter. 

being the state in which there is a pulse in this loop (the 
"one" state). It will be shown below that the counter 
will remain in a given state until a pulse is applied at s, 
at which time it will change to the other state. When it 
returns to the "zero" state, a pulse is emitted at c; 
when it goes to the "one" state, a pulse is emitted at b. 
Using subscripts referring to the clock-pulse times on 
the Boolean variables, from (1), (2), and (3) it follows 
that 

But 

Now if 

then 

ci = mai 

iii = in,  Si —  2misi 

bi = si(1 — mai). 

tni4.1 = ui for all i. 

si = 0 for all i, 

c; = 0, U, = Mi = 

Thus, if mi is zero for any i, in, is zero for all i; and if in, 
is one for any i, mi is one for all i showing the existence 
of two stable states. Now if the counter is in the "zero" 
state, mi =O. 
Then 

ci = 0,  u, = si = 

If s is pulsed at time j, 

si = 1, (si = 0 for i j). 

Then 

Cj = 0, Uj = 1, 

bi = Si. 

mi+1 = 1, bi = 1, 

and the counter is in the "one" state at time j+1. Now 
if the counter is in the "one" state, then 
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=I - n.+1,  h, = s.(1 - .50; 

and if s is pulsed at time j, sj = 1 (s, = 0 for ipj). Then 

= 1, u, 0, nti+, = 0,  bi = 0, 

and the counter is in the "zero" state at time j+1. 
Now if the c output is connected to the s input of 

another single-stage binary counter of this type, and 
the c output of this second stage is connected to the s 
input of a third stage, and so on, there results a multi-
stage binary counter w huh can be triggered at the clock-
pulse frequency and at any submultiple of it. On the 
other hand, if the h output is connected to the s input 
of a second stage and so forth, there results a very un-
usual type of multistage binary cou nter Which cycles  

backwards; that is, CVery ti me it is pulsed, one is sub-
tracted from its contents. The two last possibilities are 

illustrated in Fig. 7. 

---1  1- -1  1- H 

oa JR b c  b 
To OTHER 

STACKS W N fl 

111.L C OUTPUTS MK USED. COUMTCR CTCALS FORVoUND 
F au. b OoT•uTS •Rt  C.O.LP4TtR crcits atavism 

Fig. 7 N1 Altistage binary counter. 

Seymour II. Cohn, author of the paper, "Determina-
tion of Aperture Parameters by Flectrol tic-Tank 
Ikleasurements," which appeared on pages 1416-1421 
of the November, 1051 issue of the Proceedings of the 

CONCLUSION 

Circuits using the principles of operation of the half 
adder-subtracter can be used for many of the adding 
and counting operations performed in a digital com-
puter. All of the circuits described have been tested and 
put into operation in the EDVAC except for the single-
stage binary counter and its descendants which are to 
be used in another computer under development.' These 
circuits have been reduced to their simplest logical 
terms in order to clarify the presentation. Vacuum-tube 
pulse amplifiers, additional delay lines required for 
proper timing and inhibiting, and similar paraphernalia 

have been omitted. 
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CORRECTION 

IRE., has brought to the attention of the editors 
errors in Table 1 of that paper. The corrected table 

appears in its entirety. 

TABLE 1 

Values of HIP 

- - 0. l 
Sr 

0.15  0.2 0.25  0.3 0.35  0.5 0.75  1.0 

Rectangle 
Rounded slot 
CTOSS 
Rosette 
Dumbbell* 
H-shape 

0.0645 
0.0610 
0.0611 
0.1028 
0.0610 
0.1358 

0.0780  0.0006 
0.0711  0.0801 
0.0728  0.0832 
0.1172  0.1282 
0.0675  0.0757 
0.1426  0.1442 

0.0930 
0.1368 
0.0848 
0.1418 

0.1139  0.1575 
0.0944  0.1222 

0.1093 
0.1414 
0 092 0.1012  0.1208 

0.1222 

0.2096 
0.1455 

0.2590 
0.1667 
0.1667 
0.1667 
0.1667 

• Width of bar =0.11. 

a. 



34 PROCEEDINGS OF THE I.R.E. January 

Reduction of Interference in FM Receiver by 
Feedback Across the Limiter* 

R. M . WILMOTTEt, FELLO W, IRE 

Summary—Described in this paper is the theory of a feedback 
circuit around a limiter of an FM receiver, which has the effect of 
reducing the interference caused by an undesired signal of nearly 
equal intensity to the desired signal. 

THEORY OF OPERATION 

W HEN two FM signals, covering the same fre-
quency band, or at least having overlapping 
frequency bands but different amplitudes, are 

passed through a limiter, the radio-frequency output 
comprises principally the stronger signal with an 
amount of distortion dependent on a number of factors 
which include the ratio of the intensities of the two 
signals. If this signal output is fed back at some point 
of the system on the input side of the limiter, its effect 
will therefore be quite different from the well-known 
effects of applying feedback in an AM amplifier. 
It was found that a suitable feedback across a 

limiter has the capability of reducing the amount of 
distort;on in the output of the limiter, or alternatively, 
of permitting the ratio of the desired to the interfering 
signal to be decreased. Signals as close to each other as 
1 or 2 db have been substantially separated. The ex-
planation of this result is as follows: 
A typical vector diagram is shown in Fig. 1. In this 

diagram OA is the stronger of the two FM signals. AB 
is the vector for the weaker. If OA is represented as 
stationary, then the vector AB rotates at a frequency 
equal to the difference in frequency between the two 
FM signals. If this corresponds to q radians per second, 
then 

q = dO/dt.  (1) 

The signal which is fed back from an ideal limiter is 
constant in amplitude. It is represented in Fig. 1 by 
the vector C'0, the point C' lying on the circumference 
of a circle of radius x and center 0. This vector referred 
to as X' must terminate on the circumference of a 
circle because its amplitude is constant. The input to 
the limiter is the resultant R' of the vectors a, b, and X', 
and is therefore represented by C'B. The output of the 
limiter is in phase with R'. 
The feedback vector X' is related to the input vector 

to the limiter R' solely by the characteristics of the feed-
back circuit. If this phase difference is zero, the vector 
diagram is COABC, with CB (representing R) in line 
with CO (representing X). If the phase of R' lags an 
angle a behind X', the vector diagram is C'OABC', x 
becoming X' and R' making an angle a with X'. 

• Decimal classification: R361.111. Original manuscript received 
by the Institute, September 15, 1950; revised manuscript received 
May 21, 1950. 
t 1469 Church St., N. W., Washington 5, D. C. 

On and 0. are the angles that R' and X' make with 
the vector for the larger of the two signals represented 
by OA. The angle between the vector OB and OA is 

Fig. 1—Vector diagram of feedback operation. 

ck. Either R' or X' may be applied to the discriminator 
as the designer may decide, although X' is preferred. 
OR or ckx, as the case may be, is the phase shift of the 

input of the discriminator relative to that of the de-
sired signal. The differential of that phase shift with 
respect to time is therefore the distortion produced by 
the interfering signal when the amplitude variations 
are eliminated by the limiter. 
Taking the more general case of R' and X' being out 

of phase by an angle a, it can readily be shown, if a is 
made unity that 

1 dckR 

q dl 

and 

1 do z 

q dl 

da 
b cos (0 — OR) — x cos a — 

do 

cos OR b cos (0 — OR) 

da 
b cos (0 — (m) — [cos 15E-i- b cos (0— 00+ x cos a] — 

d0 

(2) 

(3) cos (AR 6 cos (0 — OR) 
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If the vector diagram repeats itself every revolution 
of the vector b as it must do when a steady state has 
been reached, then 

2r  dcb r 2' doR 
—dt d° = and = 0.  (4) 

o  

This means that if the whole of dOR/di or chIsz/d1 is ac-
cepted by the discriminator circuit the average distor-
tion due to the presence of the weaker FM signal b is 
zero over each complete rotation of the vector AB. In 
practice, when the weaker signal b is nearly equal to the 
strong signal a, dik/ di will reach higher peaks than 
chisi/dt. It is therefore preferable to apply the vector X' 
rather than the vector R' to the discriminator. 
If the discriminator can accept the whole of .4./dt 

without appreciable distortion or cutting off, then the 
audio output will be substantially free from distortion 
from the weaker signal b. With perfect operation the 
remaining distortion would then be due only to the dis-
tortion occurring within a single revolution of the 
vector A B, and will therefore comprise only harmonics 
of the beat frequency. There may also be a distortion 
due to the initial stage before a steady state is reached. 
Since the amplitudes are relatively small with the feed-
back circuit and the frequencies are frequently beyond 
the acceptance of our senses, this remaining distortion 
will in general be small, and certainly much reduced as 
compared with the distortion obtained without the 

feedback circuit. 

Fig. 2—Relation of phase of weaker signal to resultant of input 
to system, with and without feedback. 

A typical curve of the relationship between 4) and 0 
is shown in Fig. 2. During the period A to B, 4) varies 
relatively slowly. This corresponds to the point B in 
Fig. 1 moving from position Bb around the greater part 
of the circle to position B4. But as B moves from B4 to 
Bb through the smaller arc, the change of 41 is much more 

rapid, as shown by the steep part BC of the curve. The 
steepness of this part increases rapidly as the ratio of the 
intensity approaches unity. In fact, the maximum gradi-
ent increases in proportion to al (a — b). 
If a feedback circuit is inserted around the limiter 

and that circuit contains a band-pass filter wide enough 
to carry the intelligence contained in Signal A, but not 
much more, the circuit will follow the changes in the 
phase (t• quite closely over the portion AB while 4) is 
changing only slowly; but when 4) changes rapidly dur-
ing the portion BC, it may not be able to do so. Instead 
it will follow a value, shown by a dotted curve, which 
corresponds to O. instead of 0. 
This means that the angle a between R' and X' 

changes in value while the value of cfs changes rapidly. 
The change in that value is represented by the differ-
ence between the dotted line and the solid line in Fig. 2. 

5 

s 

-5 

- 7 

• 

.. 1.77.. t T.Irrrx.71 

-9 
340 -ISO 0 ISO  360 

Fig. 3—Rate of change of phase, a ith and without feedback. 

The important feature of this feedback system is that 
the vector X' cannot contain frequencies or large values 
of dO/dt that fall outside of the band-pass of the filter 
of the feedback circuit. Therefore, the phase angle 0, 
cannot change very rapidly, even during those short 
periods that 4) changes rapidly as it does around the 
condition 0=r and particularly when the ratio of the 
signal vectors (b/a) is nearly equal to unity. Fig. 3 
shows the curve for the variation of ckA/d1 with 0 when 
the ratio of b/a is 0.9. The tremendous spike that is pro-
duced near 0=r cannot be carried without distortion by 
a normal discriminator, for the spike corresponds to 
frequencies far beyond the linear portion of the dis-
criminator characteristics. Distortion will therefore oc-
cur in an ordinary circuit since it is only if the full spike 
is carried that condition (4) will hold. Arguimbau' has 

L. B. Arguimbau and J. Granlund, Ekctronics, vol. 22, pp. 101-
103; December, 1949. 
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proven this practically by using very wide-band dis-
criminator characteristics. 
If, however, an inverse feedback circuit is used with 

a limited frequency response and if the voltage cor-
responding to the vector X' is applied to the discrim-
inator, condition (4) still holds when a steady state has 
been reached. The frequency limitation of the filter has 
the effect of blunting the spike and at the same time 
spreading it out. The filter circuit is designed to reduce 
the amplitude of the transient inherent in the spike and 
to attenuate its effect as rapidly as possible. 
A block diagt am of the circuit is shown in Fig. 4, on 

which the corresponding vector of Fig. 1 is indicated 
at each point of the circuit. 
It is believed that this circuit may prove particularly 

useful when dealing with wide-band transmission. 

Fig. 4—Block diagram of circuit. 
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Quartz-Crystal Measurement at 10 to 180 Megacycles* 
E. A. GERBERt, ASSOCIATE, IRE 

Summary—A method is described for measuring the equivalent 
parameters of both the main and spurious modes of very high-fre-
quency crystal units. The crystal is placed between the plate and 
cathode of an amplifier tube, and the voltage developed across it is 
recorded as a function of frequency. The series resistance R. can be 
obtained by comparing the resulting voltage peaks with the voltage 
developed across a pure capacitive load. The series capacitance C. is 
measured by recording the resonance curve with the crystal unit in 
circuit, and then recording a second resonance curve when the 
capacitance across the crystal unit has been increased by a known 
amount. The frequency difference between the two curves gives a 
measure for C.. Correction functions are derived for evaluating the 
recorded data for crystal units having high R. and low reactance of 
the static capacitance Co. 

I. INTRODUCTION 

AS VAN DYKE' has shown, the electrical behavior 
of a piezoelectric crystal can be described by 

. its equivalent circuit, consisting of the series 
connection of an inductance L,, capacitance C., and re-
sistance R. in parallel with the static capacitance Co. 
This circuit corresponds to the main resonance fre-
quency of the crystal. At very high frequencies, the 
frequency spectrum of a crystal is rather complicated. 
It shows, besides the main resonance frequency, a 
multitude of other resonance frequencies which would 
be represented by similar networks more or less coupled 
together, as well as to the network representing the 
main response. 
The most important task in producing crystals for 

very high frequencies is to eliminate, or at least to reduce, 

' Decimal classification: R214.211. Original manuscript received 
by the Institute, June 8, 1950; revised manuscript received May 10, 
1951. 
f Signal Corps Engineering Laboratories, Fort Monmouth, N. J. 
1 K. S. Van Dyke, "The electric network equivalent of a piezo-

electric resonator," Phys. Rev., vol. 25, p. 895; 1925. 

the spurious responses. To be able to perform this task, 
measuring equipment is necessary which not only sur-
veys the crystal spectrum but allows simultaneous meas-
urements of the equivalent parameters of the main and 
spurious responses. 
This paper discusses such equipment, and gives a 

brief description of a unit developed and built at the 
Signal Corps Engineering Laboratories for the 10-mc 
to 180-mc frequency range. 

II. PRINCIPLES OF OPERATION 

A. Measurement' of the Series Resistance R, 

Because voltages, if not too small, may be measured 
without great difficulties even at high frequencies, an 
antiresonance arrangement is used, as shown in Fig. 1. 
The crystal is placed between the plate and cathode of 
an amplifier tube, and the voltage ep is measured. As the 
frequency of the signal generator is changed, the re-
cording of the plate voltage ep will appear as in Fig. 6. 

Fig. 1—Principal circuit diagram of the unit 

If the resistance RI and the reactance of CI are both 
larger than the series resistance R. at the operating fre-

I 
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quency (Orr of the crystal, as is usually the case, then 
the antiresonance impedance of the crystal unit is very 
close to the "performance index"2 

PI = (co9COR.)-1 . (1) 

RI may include the plate resistance of the tube and the 
input resistance of the receiver, and C1 may include all 
capacitances of the circuit and the static capacity Co 
of the crystal. By measuring e„ and Cg, it is possible to 
obtain PI if R1 and the transconductance of the tube 

are known.* 
To avoid determining the transductance. however, it 

is preferable to compare the antiresonance peak of the 
plate voltage e„, with the plate voltage e„, away from 
any resonance point (see Fig. 6). The latter voltage is 
developed across a pure capacitive load because the 
internal resistance RI of the circuit is very much larger 
than the reactance of the capacitance C1. We then have 

Cr, = wc2i i 

e,„ RI) 

The capacitance is now called C2 because it may in gen-
eral be different from the capacitance CI. To make e„ 
large, C2 should be made small, such as by removing the 
crystal unit from its socket; then C2  is the circuit 
capacitance as seen from the crystal socket. From (2), 

PI and R. may be obtained. 

Ep 

C L 

Q L 

(2) 

Measurement at 10 to ISO Megacycles 

the dial of a tunable condenser in parallel with the crys-
tal unit. In this case, the formula for the amplification is 

C.. 1 

Fig. 2—Method for measuring internal resistance Rt. 

For determining R1 the following method is satisfac-
tory. The crystal unit is replaced by one of several coils 
chosen so as to obtain for one given frequency at least 
three different readings, corresponding to resonance, on 

C. W Harrison, "The measurement of the perform ince index of 
quartz plates," Bell Sys. Tech Jour., vol 24, pp 217-252: April, 
1945. 
R. A. Heising, "Quartz Crystals for Electrical Circuits," D. Van 

Nostrand Co., New York, N. Y, pp. 458-492; 1915. 
3 This method for measuring R. of high-frequency crystals was 

first used by H. Heinzmann in his unpublished dissertation, Jena, 
Germany, 1938. 

g.—  = —  —  • 

ep Q t  R, 

QL is the quality factor of the coil measured in a 
bridge or in a Q-meter at the frequency co/21r, and CL 
is the capacitance which resonates with the coil at the 
same frequency. If we plot coCL/QL for the different 
values of CL/QL against lie, (g., and e, are constant), 
we obtain a straight line (see Fig. 2) whose intersection 
with the abscissa gives 1R1. This measurement needs 
to be done at different frequencies to obtain values of 

R1 over the frequency range. 

B. Frequency Calibration on Recording Tape 

For determining the distance between the resonance 
frequencies of a crystal, it is necessary to have a fre-
quency calibration of the recording. That is easily done 
by amplitude modulating the signal generator by means 
of a known audio frequency. The distance between one 
sideband and the main response furnishes a frequency 
mark which can be used for the calibration of the whole 
recording, provided that the generator sweep is linear. 

C. Measurement of the Quality Factor Q and Series 

Capacitance C. 

The quality factor Q=1/coC.R. and, therewith, C. 
may be measured by determining the width 6,6) of the 
resonance curve between two points whose ordinates are 
1/N/2 times the value of the maximum ordinate. The 
magnitude of Q is that of the ratio co/Acd. The quality 
factor is effectively that of the crystal unit if 

Ri>>(0)9COR.)-1 . 
In many cases, however, the resonance curves are too 

narrow for obtaining an exact measurement of Q. The 
following method, which does not require that the value 
of R. be known, is preferable in these cases for the 
measurement of C,. The resonance curve of the crystal 
unit is recorded; CI is then increased by AC1, making the 
resulting antiresonance frequency of the circuit, includ-
ing the crystal unit, lower than the first antiresonance 
frequency. This resonance curve is then recorded. The 
frequency difference (w--uh)/27r=LIco/27r, between the 
two curves taken from the recording, is a measure of the 

value of C, according to the equation 

Aco CI 
Ca =  2 —  —  (C1 -I- AC1)• 

w AC1 

37 

(3) 

(4) 

III. CORRECTION FUNCTIONS 

For the validity of (2) and (4), the same restrictions 
are in force as for (1). If these conditions are not ful-

filled, i.e., if 
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does not hold true, more complicated expressions must 
replace the above-mentioned equations. In order to 
make the above method applicable to high frequencies 
where 1/coCi is small, correction functions have been 
derived by means of conformal representation which 
give the correct results when incorporated into (2) and 
(4). 

e, 
= - 

e, 

W C2 

 (1 + 
(.02C12R, —R,  

AG) Cl 
C. = 2 —  (C1 + AC1)( 1 ./.3)• 

0.) AC1 

(5) 

proximately 10 per cent for a value of k as large as 
V0.1. That means, for instance, that in the case of a 
100-mc crystal with a CI of 15 /44 we must apply cor-
rections if R. is expected to be larger than 35 ohms. If 
R1 still remains larger than R. (see Section IV c), the 
correction is simple because (7) or (8) gives us the fol-
lowing: 

(())  3 

(1-1-li)/(w2C12R,±1/Ri) is none other than the absolute 
peak value of the total impedance, I W,j, as measured. 
Therefore, we have for R. 

1 (1 + 11 1\ 
R. =   

co2C I W I Rii• 

•2 

.2 

• 15 

(7) 

R1 can be included in the correction function fl to give 
another correction function12. 

1  I +12 
R, - 

u2c12 wm I 

fi,12, and f3 are functions of the relations: k= R.coCi and 
A = R./ Ri. Their exact derivation is given in the ap-
pendix.fi and f3are plotted in Figs. 3 and 4 as a function 

100 
• • - a  — L) 

..8 . (.0 3 cf !w  R, a 

3 

- -•.- (2 
0 1  I II " I  _i_ u_i  I I I  

2  3  4 a coot  " 13 01 3  4 5 4 7 4 50,  i 4 4  6 75 51 

Fig. 3—Correction functionfi for the purpose of correc ting  the resu l 

R. 1 for the series resistance R if ' }>>R• is not fulfilled. RI is /coCI  
not included in the correction function. 

A= 

K. WC,R s 

(8) 

of k2 for different values of A. In Fig. 4 the curves also 
are plotted for three different values of CigiCi. Looking 
at Fig. 3, we see that the error in measuring R. is ap-

•20 

• 5 

0 

ce '-2,,b4cc,.•ac,)18-,ii +4) , , 

Rs 
1  i I  • A. Fr 

T K .W C, Rs AC, —  

' -r.•0.5 
AC. 

r..) 

, 

. y-060 0.001 

\.._ A.0.01 ' 
IV 

. . ., 5 
0001 

R. = 
1 1 

0.)2C12 I IV„, I 1 - 1/(w2C12 

I  I  4  • • 40i 

I I' m 12) (9) 

001 01 

Fig. 4—Correction function 1.1 for the purpose of correcting the 
result for the series capAcitance C,. 

IV. DESCRIPTION OF THE CIRCUIT 

As mentioned in Section III, Ri and 1/coCi should be 
large in comparison with the series resistance R, of the 
crystal in order to have the advantage of a very simple 
evaluation of the recordings. The following provisions 
were made for this purpose: 

a. To achieve a high plate resistance, even at higher 
frequencies, the acorn tube type 956 was chosen. This 
tube has a satisfactory value of transconductance and a 
small grid-plate capacitance. It is important to keep the 
latter as small as possible for the Miller effect can change 
the rf grid voltage during measurement to a great ex-
tent. 

b. A 100,000-ohm Ohmite "brown-devil" wire wound 
resistor was selected as the plate-coupling resistor. Its 
resistive value, as a function of frequency, is shown in 
Fig. 5. In order to have the proper value of dc voltage, 
a supply voltage of 500 volts was chosen. 

c. To keep the input resistance of the rectifier high, 
and its input capacity low, the diode tube type 9005 
with a high load resistor was selected. This resistor con-
sists of the input resistance of the dc amplifier. Since 
the 715-A General Radio dc amplifier has a large input 
capacity, a resistance network has to be used between 
the diode and dc amplifier to minimize the influence of 
the input capacity on the crystal circuit. 
d. Regarding the above requirements, it was possible to 

keep the circuit capacity C2 (less the static capacity CO 
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Fig. 5—Resistance of the plate coupling resistor Rc, internal resist-
ance RI, and maximum value of PI to be expected as a function 
- of frequency. 

of the crystal) down to 11 µµf , and the internal resist-

ance R1 larger than 50,000 ohms in the whole frequency 

range (see Fig. 5). R1 was measured by using the method 

described in Section II A. For comparison, the maxi-

mum PI to be expected is also plotted in Fig. 5. 
e. The principle of the measuring circuit is shown by 

the diagram of Fig. 1. A General Radio uhf Signal 

Generator, Type No. 804-B, is used as the source of 

driving voltage. A small two-plate tunable motor-driven 

capacitor is placed in parallel with the tuning capacitor. 

The measuring unit itself consists of the following: a 

normal tuned uhf amplifier with a very broad resonance 

curve, the crystal stage with the diode for measuring 

ep, an attenuation network for selecting the proper 
measuring range, the General Radio dc amplifier, Type 

No. 715-A, and an Esterline-Angus 5-ma recorder. 

The residual current of the 9005 diode is compensated 

by another such diode; this was necessary because, when 

the measuring range is changed, the residual current 

alters the zero deflections. A constant-resistance at-

tenuation network which is matched to the two diodes 

is used for selecting the correct measuring range. It is 

placed between the output of the diodes and the input 

of the dc amplifier. Thus, the output voltage of the 

diode can be divided by the factors, 2, 6, and 12. To-

gether with the different measuring ranges of the dc 

amplifier a range of from 0.1 to 20 volts rf can be ob-

tained. 
V. EXAMPLES 

Fig. 6 shows the recordings of the responses of three 

different polished AT-cut-crystal units. The following 

Table I gives the results for main and spurious modes 

calculated from the recordings with the aid of (5) 

TABLE I 

Frequency 
(mc) 

Co Aid CI= Co+ C2 

AC1 
(pof) 

R. 
(ohms) 

C. 
(oof) 

Q (from reso- 
'lance curve) 

Q (calculated  
from R. and Co) 

80,000 
32.18 4.4 15.4 9.0 7.7 0.0080 75,000 

(fundamental) 

30.20  28.5 
(3rd harmonic) 

39.5 

Spurious  

22.5 

modes  

14.0 
87.1 
.1 

0.0024 
0.00415 
0.0040 

167,000 
185,000 
150,000 

157,000 
180,000  
160,000 

31,000 
157.7 6.5 19.5 19.75 35 0.00093 

(from Q) 
(5th harmonic) Spurious 60 mode 

„   
80131 
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ogg /SO On Ve _  _ 
.  . 

,  -r 
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Fig. 6—Recordings of three crystals to illustrate the measuring method. The lines parallel to the frequency scale give the voltages e,2 
across a pure capacitive load. The peaks marked e,,„, are the main modes, and the peaks marked en, are the spurious modes. The 
unmarked peaks in the recordings A and B are not spurious modes but resonance curves repeated with a larger parallel capacitance 

for measuring C. (see Section II C). 
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and (6). The quality factor Q is first determined from 
the width of the resonance curve, and then it is cal-
culated independently from R. and C.. 

VI. APPENDIX: CALCULATION OF THE CORRECTION 
FUNCTIONS 

Following Harrison,' conformal representation is felt 
to be a very convenient tool for circuit analysis involv-
ing crystals. The basis for this analysis is the equation 
of the linear fractional transformation, 

=  + 1:1Z 
W   

+ (5Z 
(10) 

It can represent any impedance whose frequency of 
operation is controlled by a crystal. The terms a, It 7, 
and 6 are complex constants, and Z represents a com-
plex variable whose value is a quadratic function of 
frequency. To obtain a linear relationship between Z 

C. = 

or, if we include R1 in the error function 

1    1 ( 01+2  4 A) 2+ 0-1-1 

I W "' I w2c,2R, [1+ A 2(1+ (ALFA)/ k2) 

1 
  [1+ f2(A, k)]. 
w2C12R. 

(15) 

For the purpose of finding an exact expression for C. 
(see (6)) we calculate the detuning, x, corresponding 
to the maximum impedance, by transforming the maxi-
mum impedance point W„, into the Z-plane. Performing 
this operation yields 

1 C. 
x = — — 1(1 + 2.4) + 1(1 + 11) 2 +  442 / " J. (16) 

2 CI 

If CI is enlarged by the factor a = 1 -FACl/C1, we have 

1 C. 
X2 = — —  1(1 + 2A) + 1 (1 + 2.4 )2 ± 4a 2k211121. (17) 

2 aCi 

Subtracting (17) from (16), using the subscript 1 for 
(16), and solving for C. finally yields 

4k2 
— x2)(C1 AC1) —  2 {(1 + 2A) [( — + 1)(1 + 4/1 +   

AC1 AC1 (1+ 2A)2 

and a frequency dependent x, not the frequency itself, 
but the detuning, 

W 2 

X = -  1 
2 W. 

is introduced into the equation for the impedance W of 
the crystal unit plus RI. Thus, we have the following for 
the different symbols of (10): 

a = R.;  0 = 1/wCi;  -y = 1 + A + jk; 

13 = A/k +j;  Z = jxClIC.• (12) 

1/wCi is assumed to be constant in the small frequency 
range under consideration. 
W, the impedance variable, is a circle in the W-plane 

(see Fig. 7). Wm=R-FjX is the maximum impedance 
to be sought. Its absolute value amounts to 

I W m . (a2  ny/2  p . (13) 

Inserting into (13) the expressions for the center co-
ordinates a and n, and for the radius p whose calculation 
is omitted, we obtain the following for W.,: 

Cl ti  V i 4k2u2 \-1 

46,C1 (1 + 2.1) 2/ _I( • 
(18) 

Xi - X2 may be approximated by 2,6,w/ca., Au) being the 
frequency difference between the two impedance max-
ima. Then we have the following for C,: 

4W Ci 
C. = 2 -- (C1 + AC1) —  [1 +13(A, k)].  (19) 

WI 

Fig. 7—Circle diagram for a crystal with a parallel resistance 1 /40Ci 
is assumed to he constant; distance circle ordinate is exaggerated; 
W. is the maximum impedance. 

1  N/(1  + 4k2 + 1  VI 

.(,)2C12/?, + 1/Rif1 + ( 2(1 + A2/(k2+ A)) 1 Li 

1 
 [1+ MA, k).1; (14) 
w2C12R,+ 1/R1 
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An Experimental High-Transconductance Tube 
Using Space-Charge Deflection 

of the Electron Beam* 
J. T. WALLNIARKt, ASSOCIATE, IRE 

Summary—In the past, electron tubes have been built using 
either current density control or deflection control; the tube to be 

described uses a new principle combining both of these methods of 
operation, with control by a conventional grid. This grid controls the 
space charge in the usual manner, and the space charge produces a 

displacement of the electron beam from its space-charge-free path. 
By means of a fixed intercepting edge, this in turn can be converted 
into additional current variation at an anode. An analysis of this new 
principle has been made and demonstrates the possibility of an in-
crease in both transconductance and the transconductance-to-plate-

current ratio of the tube. 
Experimental tubes of the orbital-beam type, utilizing this princi-

ple, have been built in nine-pin miniature envelopes. In the output 
structure, that portion of the beam which passes an intercepting edge 
enters a single-stage secondary-emission dynode and collector sys-
tem. Transconductances of 25,000 micromhos have been obtained 
with only 3 ma output current. These values, particularly the trans-

conductance-to-current ratio, are many times better than those ob-
tained from an ordinary grid-controlled tube, and no increase in ca-
pacitances is involved. The measured equivalent noise resistance is 
about 900 ohms, and the gain-bandwidth product is 320 mc. 
Because of its mode of operation, the tube requires stable voltages 
and good mechanical alignment Howevei, neither of these require-

ments appears to be severe, and the high transconductance with low 
current and small capacitance should make this type of tube quite 

valuable for broad-band amplifier applications. 

I. INTRODUCTION 

S
INCE World War II broad-band amplification has 
become  increasingly important because of the 
growth of applications, such as navigational sys-

tems, radar. pulse communication, television, and so 
forth. This has led to some serious problems, caused by 
the shortcomings of present-day tubes. To meet the 
requirements for higher gain per stage and broader 

bandwidths, tubes are needed with high transconduct-
ance combined with small input and output capaci-
tances. The figure of merit for an amplifying stage,' 
gain times bandwidth, requires that the tube have high 
transconductance-to-capacitance ratio. At the same 
time, it is always desirable to reduce tube noise so as 
to handle extremely small signals efficiently, and this 
additional requirement has also been more stringent 

since World War II. 

• Decimal clissification: R339. Original manuscript received by 
the Institute, January 2, 1951; revised manuscript received, May 
16, 1951. Presented, National IRE Convention, New York, N. Y., 

March 8, 1150. 
t Formerly, Fellow of American-Scandinavian Foundation at 

RCA Laboratories Division, Radio Corporation of America, Prince-
ton, N. J.; now, Royal Institute of Technology, Stockholm, Sweden. 

' G. E Valley and H Wallrnan, "Vacuum Tube Amplifiers," 
McGraw-Hill Book Co., New York, N.Y.; 1948 (especially chapters 
IV and the following). 

The transconductance-to-capacitance ratio for a tri-
ode or screen-grid tube is, to a first approximation, 

proportional to 17.112 /d, where V. is the anode (or 
screen-grid) potential and d is the cathode-to-control-
grid distance.' Modern close-spaced tubes, however, are 
frequently operated under conditions where the space. 
charge laws are modified by considerable "island forma-
tion"' on the cathode and, in that case, the exponent for 
V. is increased. For a given anode voltage, nevertheless, 
the transconductance-to-capacitance ratio can be im-
proved only by reducing d. Practical economic con-
siderations put a limit to d of the order of 0.004 inch 
=0.1 mm, as in the 6AK5,4 although tubes have been 
built with still smaller d.' (Western Electric type 416A, 

d = 0.0006 inch := 0.015 min). 
One approach to the problem of constructing tubes 

ith still higher transconductance-to-capacitance ratios 
has been the addition of one or more stages of second-
ary-electron multiplication to a grid-controlled tube." 
In this manner, the transconductance is increased in 
proportion to the multiplication factor, while the 
capacitance remains substantially the same. Until re-
cently,' this has led to several difficulties because the 
tubes required were more complicated and the change 
of secondary-emitting surface during life sometimes 
introduced a drift in the characteristics. Considerable 
improvement has now been made, and one may now 
consider, with less trepidation. the use of an electron 
multiplier. I lowever, the introduction of the secondary-
emission multiplier does not improve the signal-to-noise 
ratio. On the contrary, additional noise is caused bv 
the multiplier section, and the signal-to-noise ratio is, 
therefore, slightly inferior to that of the grid-controlled 
tube, prior to introduction of the multiplier. Further-
more, the bleeder for the secondary-emitting electrode 
has to have a rather low ohmic resistance in order to 

H. Rothe and W. Kleen, "Grundlagen und Kennlinien der 
Elektronenrohren," Leipzig, 1943 (especially chapters XVIII:3 and 
XXXVI:3). 
' See chapter NXI:1 of footnote reference 2. 
' G. T. Ford, "Characteristics of vacuum tubes for radar inter-

mediate frequency amplifiers," Bell Sys. Tech. Jour., vol. 25, p. 38.5; 
July, 1946. 

J. A. Morton, 'A microwave triode for radio relay," Bell Lab. 
Rec., p. 166; May, 1949. 

B. J. Thompson, 'Voltage controlled multipliers," PRoc. I RE., 
vol. 29, pp. 583-587; November, 1941. 

7 H. H \\'agner and \V. R. Ferris, "The orbital-beam secondary-
electron multiplier for u-h-f amplification," PRoc. IRE.. vol. 20. pp. 
598-602; November, 1941. 
' C. W. Mueller, "Receiving tubes employing secondary electron 

emitting surfaces exposed to the evaporation from oxide cathodes," 
PROC. IRE.. vol. 38, pp. 159-164; February, 1950. 
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keep the voltage sufficiently stable; consequently, it 
has a large power consumption. 

In the previous use of an electron multiplier with grid 
control, it is also soon found that limitations are en-
countered because of the low ratio of transconductance 
to current that can be achieved. This low ratio, at the 
same time, also contributes to the noise since the noise 
output is often related to the current. Within the past 
few years, it has been shown90 ° that a high transcon-
ductance-to-current ratio and a low noise can be 
achieved by use of .beam-deflection control. Straight-
forward beam deflection principles, however, require 
unusual tube-manufacturing techniques, and beam-
deflection tubes have not yet been commercially pro-
duced. Even more complex beam-deflection methods 
have been devised" which also allow a high transcon-
ductance-to-current ratio, but these lead to fairly 
complicated structures and practicable tubes utilizing 
such ideas have not yet been made. 
The following article describes a new principle for an 

amplifier tube which combines the advantages of both 
the control-grid type of tube and the deflection type of 
tube and, at the same time, is well suited for use with 
an electron multiplier. The new method, therefore, 
leads to high transconductance-to-capacitance ratios 
and excellent signal-to-noise ratio performance and uses 
a structure adaptable to mass-production techniques. 
The new solution uses an electron beam whose current 
(and hence its space charge) is controlled by a con-
ventional grid. The controlled space charge, in turn, 
produces a displacement of the beam from its space-
charge-free path. By means of a fixed intercepting edge, 
the beam displacement is converted into additional cur-
rent variation at the anode. Thus, the ordinary trans-
conductance of the control grid remains operative and 
an additional transconductance occurs because of the 
deflection by the space charge. For this reason the new 
principle has been called "space-charge beam deflec-
tion." 
For those who are not interested in the mathematical 

details, the essential facts are concentrated in the next 
two sections. 

II. THE PRINCIPLE OF OPERATION 

Let us assume a parallel-plane arrangement, as in 
Fig. 1. From the plane A, which has a positive potential, 
electrons are projected towards the other plane R, which 
has a potential low enough to reflect the electrons back 
to A. If the current density is so low that the space 
charge can be neglected, the electron path describes a 
parabola and the electrons return to A after having 

• G. R. Kilgore, "Beam deflection control for amplifier tubes," 
RCA Rev., vol. 8, pp. 480-505; September, 1947. 

1c' E. W. Herold and C. W Mueller, "Beam deflection mixer 
tubes for u-h-f," Electronics, vol. 22, pp. 76-80; May, 1949. 
" J. L. H. Jonker and A. J. W. M. VanOverbeek, "Control of a 

beam of electrons by an intercepting electron beam," Nature (Lon-
don), vol. 164, pp. 276-277; August 13, 1949. 

traveled a distance xt parallel to the emitting plane. 
On the other hand, if the current is increased, the 

space charge causes a distortion of the electric field be-

REFLECTING PLANE  R 
0 

Yl 

tiro 
ffr 1... ...xo EMITTING PLANE 

xr 
 xi( 

\CASE 11 

+ V YO 

Fig. 1—Electron paths in the parallel-plane cane. 

tween A and R from the space-charge-free condition. A 
consequence of this is a corresponding distortion of the 
electron path; the electrons will return to A after having 
traveled a distance xn, which is a function of the space-
charge conditions. 
This is analogous to the well-known increase in transit 

time in diodes with increasing space charge. Thus the 
increase in transit time allows the electrons to travel a 
longer distance. 
Fig. 2 gives a simple technical realization of the prin-

ciple described. Here a conventional tetrode structure, 
consisting of a cathode, a control grid, and a screen grid, 
sends a beam of electrons towards a reflecting plane. 

..•  •  .• • • • 

• 
• 

Fig. 2—Principle for practical application. 

After reflection, the beam is collected by two electrodes, 
an intercepting electrode, and an anode. An increase of 
the beam current causes the beam path to shift, in the 
manner just described, so that a larger fraction Of the 
beam is collected by the anode. A positive signal on the 
grid, therefore, causes the anode current to increase, 
both because the over-all current increases and because 
the anode fraction of the beam increases. 

III. AN EXPERIMENTAL TUBE 

Figs. 3 and 4 show the design of a practical tube to 
utilize this effect. The tube uses a combination of space-
charge beam deflection and secondary-electron multipli-
cation; this has several advantages. The input structure 
consists of a flat, indirectly heated oxide cathode, sur-
rounded by the usual control and screen grids. The out-
put structure consists of an intercepting electrode that 
also protects the anode from primary electrons. Those 
electrons not intercepted pass on to a secondary-emit-
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ting electrode (dynode), and after multiplication, the 
secondary electrons are taken up by the anode. Be-
tween the input and output there is, for experimental 
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ANODE , A 

ELECTRON 
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OUTER 
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INTERACTION 
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Fig. 3—Experimental tube utilizing space-charge beam deflection. 

purposes, an inner focusing electrode with which the 
focus of the beam and the main electric field can be 
somewhat influenced. The reflector has the shape of a 
cylinder surrounding the other electrodes. The over-all 
diameter of the internal tube structure is of an inch, 
and the tube is mounted in a 9-pin miniature envelope 

with a T-61 bulb, as shown in Fig. 4. 

Fig. 4—Photo of the tube of Fig. 3 

The tube is, in some respects, similar to a multiplier 
type of tube known as the orbital-beam tube,7 and it 
can be actually operated as such by a suitable choice of 
dimensions and voltages so that all the primary elec-
trons hit the dynode. In that case, of course, the per-
formance is that of a grid-controlled multiplier, only. 
The space-charge beam-deflection tube presented here 

is not necessarily the best possible design for manufac-
ture or use in circuits. Its construction was based on 
certain available parts with which the effect could con-
veniently be studied. However, the values, obtained 
from the measurements and given in Table I, are be-
lieved to be representative of what can be obtained in 

a practical tube. 
The transconductance is 25 ma/v (25,000 micromhos) 

at an anode current of only 3 ma. The corresponding 
beam current is 2.8 ma, of which 1.7 ma are intercepted, 
and the remainder, multiplied by the secondary emis-
sion factor b = 2.7, constitutes the anode current. The 
improvement in transconductance is clear from a com-
parison of 25 ma/v with 15 ma/v, which could have 
been obtained under equal conditions in an ordinary 
multiplier (beam current 2.8 ma, 6=2.7, transconduct-
ance-to-current ratio of input structure =2). 
Along with the gain in transconductance comes the 

saving in current requirements, which leads to some 
secondary advantages. One is that the internal anode 
resistance can be made higher; another is a reduced 
current to the dynode, with improved life as a conse-
quence. 
Two more main advantages that will be described 

further in a later article are the low equivalent noise 
resistance, and some novel stabilizing circuits made 
possible by the low currents. The equivalent noise re-
sistance is measured to be of the order of 900 ohms. The 
input capacity of the tube is 8.5 µid, and the output 

capacity is 3.0 µO. 
The main disadvantages of the tube, at present, 

seem to be the sensitivity to voltage changes, intrinsic 
in all tubes with high transconductance-to-current 
ratios,6 and the requirements of good mechanical align-
ment. Neither of these is believed to be severe. 

See footnote 6, p. 41. 

TABLE I 

COMPARISON OF HIGH-G. TUBES 

Tube Type  Description 

6AC7 
6AG5 
OAKS 
WE404A 

TV amp pentode 
ItF amp pentwle 
RI; amp petitwle 
Close grid pentode 
Space charge 
Beam deflection 

Transconduct-  Plate 
ance  Current 
(;„, 

microtnhos  Ma 

Ratio 
G„, 

I. 
Micron:hos 

Milliampere 

9,000 
5,000 
5,000 
12,500 

25,000 

10 900 
7 700 
8  700 
13  1,000 

3 8,000 

Equiv. Noise 
Res. 

ohms 

Wide Wide  Narrow 
Band  Band Band 

Sig./Noise  Fig. M Fig. M 
1 6.  G. 

2irCi„R„,,  2.,Cr  (GO" 
megacycles  megacycles  (pmho)" 

700 
1,600 
1,700 
560 

900 

16  68 200 
12 72  300 
17  90 450 
30 150  400 

20 320  1,300 
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IV. QUALITATIVE ANALYSIS OF THE 
TRANSCONDUCTANCE 

Let us consider a tube such as that in Fig. 3. Because 
of the symmetry we need examine only one half. Let us 
assume an electron beam of current I', whose transcon-
ductance is  where the prime refers to the primary 
(input) section of the tube. When the beam reaches the 
output section, part of it is intercepted by II and only 
the fraction a is allowed to pass (see Fig. 2). There it is 
multiplied by the secondary-emission multiplication 
factor 6. Thus, the asiode current is 

= I'aS.  (1) 

In calculating the transconductance, g„„ it has to be 
considered that a and I' are dependent upon V.. If the 
secondary-emission factor 5 is assumed to be a con-
stant, differentiation gives the over-all transconduct-
ance 

gm — 
dI, dl' da 
  =   + I'S I 

dV, dV,  dV, 

aa dl' 
= abg„,'  I'S — 

ar dV, 
da 

= abb.' ± I'S —  
ar 

(2) 

(3) 

From (3) we find that the transconductance, g.„ dif-
fers from the conventional value 6g,„' by the factor a 
and the appearance of an additional second term. Here 
term 1 represents the normal transconductance obtain-
able with an ordinary multiplier ( = 6g„.'), slightly modi-
fied, and term 2 represents a component resulting from 
a shift of the terminal point of the path, as described in 
Fig. 1. 

V. QUANTITATIVE CALCULATION OF THE 
TRANSCONDUCTANCE 

Space charge, in calculations as well as in model tests, 
presents, in general, serious difficulties in a detailed 
analysis. In one-dimensional problems, however, it is 
possible to obtain exact solutions, and this has been 
done for a case, as described in Fig. 1. Calculations of 
somewhat the same nature have also been reported.12- '4 
The results of the present calculations have been ap-
plied, with some approximations, to a simple tube struc-
ture, and expressions have been derived for transcon-
ductance and transconductance-to-current ratio. The 
expressions are further approximated to fit the tube 
structure of Fig. 3, and calculated values are compared 
with measurements. 

" H. F. Ivey, 'Cathode field in diodes under partial space-charge 
conditions," Phys. Rev., vol. 76, pp. 554-558; August IS, 1949 
" R. Cockburn, "The variation of voltage-distribution and transit 

time with current in the planar diode," Proc. Phys. Soc. (London), 
vol. 47, pp. 810-817; 1035. 
" G. Jaffe and J. E. Lilienfeld, "Theory of the high vacuum dis-

charge," Ann, der Phys., vol. 63, pp. 145-174; 1920. 

A. Exact Solution of the Parallel-Plane Case 

Assume two infinite planes A and R, parallel and 
separated by a distance yl (Fig. 1). 
Assume that the plane A emits an evenly distributed, 

homogeneous flow of electrons towards I? with a velocity 
Vo and with an arbitrary angle of ejection. 
Assume the potential of R to be such that the elec-

trons just graze the plane and return to A. 
Let x —y be a coordinate system with the x axis in the 

plane A and the y axis perpendicular to it. Furthermore, 
let the initial electron velocity be parallel to the x-y 
plane. Then the velocity Vo can be resolved into the 
components V,0 and V„0. 
The electron path may be calculated under different 

space-charge conditions. The electron paths and transit 
time can be found from the equations 

d'x 
—  = 0 
de 

d'y 
—  = — — • E, 
(112 In 

(4) 

where E is the electric field. 
1. Electron path when the space charge is negligible. 

When the space charge is negligible, the field is a con-
stant so that 

E = 
Vy0 

Y1 

From this is derived the usual solution, 

x /1 / — V .0 • 1 
2e 

=  

• 
C V vo 12 I/2e 

y = — —  — Vuo• 1, 
tn yi 2 m 

which is the equation of a parabola. The transit time, 
i.e., the time it takes for an electron to go the distance 
xi in Fig. 1, is, for this case of "negligible space charge," 

ti = 
4y1 

/2e 
4/ —  V,40 

2. Electron path in the presence of space charge. For 
the electron path in the presence of space charge E is no 
longer a constant, but varies with S. E can be computed 
from Poisson's equation, which since V is assumed to 
vary only in the direction of y, has the form 

d2V 
= 

dy2 Ec: (5) 

where p is the space charge and E0 the dielectric con-
stant ( = 8.85. 10-" farad/meter). 

The current in the direction of y is zero at all points 
as the outgoing electrons at every point of an infinite 
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plane are replaced by the same number returning. In 
order to get a relation between p and i, we consider the 
outgoing electrons, only. As the path is symmetrical 

7 with respect to the point of reflection, the returning 
part of the path is a mirror image of the outgoing part. 
Neglecting the returning part means that the space 
charge is cut in half. This is, however, a close approx-
imation to the practical case, as shown later. Thus, 

p - 

VP ,1/ 

where i is the current density of outgoing electrons in 
the direction of y. Combining (5) and (6) and integrat-

ing, we have 

(6) 

dr 
- = E =  
dy 

where 

K = - 
4 

77= 
i'e 

to 1,/ --
r ftl 

(7) 

and Eo= the electric field strength at R. 
As E is not known at the boundaries, but is a function 

of i, E0 cannot be computed directly. However, the po-
tentials at the boundaries have fixed values, which 
should give the constants. Further integration leads, 
however, to complicated calculations, and will be con-

sidered under part 3, of Section A. 
In the above expression V is still an unknown function 

of t. To find V the following expression is used: 

dV  #51. dy dy 

di by di di 

Substituting 

we have 

( E = •VK  T  Eo2 

dv  /2e 

= dt  in 

(111 /2e    
- —  = 4/ — VN/ KW -17 Eo2 • 
di v m 

Integration with the boundary condition 

= 0 

1V = V.o 

gives 

with 

•/  KiN/7 + Er' = E.  (9) 

Where E. represents the electric field strength at A, 

E = E. - 

Now (4) can be solved, yielding 

€0   = - WIC  E02 VK  Egt]  (8) 

Y= -e- (E. !I - -") -F4/2 Vol 
m  2  eo 6  m 

(10) 

By comparison with Part 1 of Section A it is found 
that the space charge changes the path from a second-
degree to a third-degree curve and the electrons describe 
a more extended arc, as shown by the dashed curve of 
Fig. 1. Equation (10) is only valid for the rising part of 
the arc. The falling part is a mirror image of the rising 

part. 
The transit time in this case can be calculated from 

(8)-

€0 
— (E. - E0) • 

3. Calculations of E. and Eo. In the foregoing section, 
E. and Eo are functions of I. To determine these, it is 
necessary, as mentioned earlier, to carry the integration 
of (4) one step further. Equation (7) can be integrated 

after substituting Z for N/KiVVA-E02. 
This yields 

4 Z' 
— - E012 - y  const. 

IC20 3 

and 
31i2i2 

(2E01 - KiN/1')%/IiiVr E02 =  (y  C1). 
4 

Eo and CI can be computed from the boundary condi-

tions 

y = 0 

lv = V.0 

= 

V = 0. 

We introduce the relative values of E0 and i to give 

simpler expressions 

170 
= 0 ---

yi 

16 170 312  
q • —  • —  

9 Kyil 
m  • 

u here the coefficients are chosen so that Eo varies from 

I. fro 
—  tO  (0  1), and i varies from 0 to  (0 g  i). 
v, 
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The latter represents the current density increasing from  4. Comparison of the distance x in cases I and 2. As the 
zero to the space-charge-limited value (virtual cath-  velocity in the x direction is constant, the distance x is 
ode). Then elimination of C1 gives proportional to the transit time in the two cases. We 

then get the relative value F as the ratio Wit. 27 27 
nt _ n _  0.3  „.2 = 

16  16 

r  27 

= -2-11± - (a2  cr8) ] • 

For different values of 7/, a takes the values shown in 
Table II and Fig. 5. The corresponding values of i are 

T ABLE II 

0 

0.1 

0.2 

0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1 

1 
0.985 
0.943 
0.879 
0.797 
0.698 
0.584 
0.456 
0.316 
0.164 
0 

1.333 
1.327 
1.310 
1.286 
1.255 
1.221 
1.182 
1.141 
1.096 
1.049 
1 

.500 

.402 

.325 

.261 

.208 

.162 

.122 

.086 

.055 

.026 

1.5 

1.0 

.0 .2  .4  .6 

RELATIVE CURRENT 

2 

8  o 

DENSITY. M 

Fig. 5 —Relative electric-field strength at R (o) and at A (sc), and rela-
tive traveled distance (F) as function of current density (n). F is 
also relative transit ti me. 

i = 1.166.10-6 •  V""  [1 ± 1/1 — —27  (0-2 — cr3)]. 
yi2 4 

Ea can be computed in a similar manner. By eliminat-
ing n between (9) and (11) and putting 

E0 =  --v—V°  

V " 
Ea = K —  

the following equation is obtained 

16 
K4 -- K2 (204 -I-  _F 

which gives the solution 

16  64 
— a3 — a.2 = 0, 
3  9 

8  27 
K + —9 [1 ± 1 /1 — --4- (a= —  

Table II and Fig. 5 give K as a function of ?I. 

2e 

xif 
p = 

  • xt 1  4iyi 

To simplify this expression, we introduce the relative 
values as before. Then we obtain 

2 
F=   

CI K 

As a and K are known, we can calculate F for different 
values of n. 
As can be seen from Table II and Fig. 5, the distance 

x increases 50 per cent when the current density is in-
creased from zero until a virtual cathode is formed near 
the reflection plate. This increase is independent of the 
initial angle. F is also the change in transit time in a 
diode under partial space-charge conditions. 

B. Exact Solution of a Beam-Type Tube Structure 

In a practical application one has to consider a finite 
emitting area and an output structure, to convert the 
changes in electron path to changes in current. This 
leads to a beam-type structure, as shown in Fig. 2. 
Assume two parallel equipotential planes A and R, 

infinite in a direction perpendicular to the plane of the 
paper. Assume part of the plane A emitting a homogene-
ous, parallel beam of electrons, which is reflected in the 
plane R and returns to A and is divided between two 
other parts of A, here called the "intercepting electrode" 
and the "anode." 
Then 

I, i= a • 77 • /max ', 

where a= the fraction of I' that reaches the anode, 
/..'=maximum beam current before a virtual cath-

ode forms at R 

Assume 

Differentiation gives 

Now 

! max i 

1  a = f(n) 
= const. 
= f (V g) 

dri  (5a  dn 

= a • I..' • —  n • hum' • —  
dV,  a,7 dV, 

• 

= = the transconductance of the input 
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1 

section 

ba 
gm =  («  n•—). 

Sn 

With the symbols of Fig. 2 we have 

ba = x  b — L. 

Differentiation gives 

ba 1 ox  xi OF  xir OF 
= = = 

on  b On  b  bF On 

gm  113:11 OF\ . 
= gm' (a +   

OF  

The condition for a gain in transconductance is 

/Ix!! OF 
a ±   > 1. 

bF  Or) 

(12) 

C. Approximate Solution for a Practical Tube 

From the two solutions derived above, it is now pos-
sible to calculate approximately the transconductance 
of a practical tube. Suppose that the dimensions XII and 
yi are not too large, compared to b. Suppose that the 
dimensions perpendicular to the paper (i.e., the length 
of the cathode) are not too small compared to b. 
Then one can, as a first approximation, substitute 

the values for OF/an, F and n from the above solution 

into the expression (12). 

GRID-CONTROLLED 

INPUT  STRUCTURE 

Fig. 6—Simple experimental tube. 

OUTPUT 
ANODE 

INTERCEPTING 
ELECTRODE 

However, in the area where the space-charge action is 
strongest, i.e., near the turning point of the electrons, 
the field can be approximated by a parallel-plane field. 
Then an equivalent voltage V6 can be determined, giv-
ing the same field strength in a parallel-plane arrange-
ment of similar dimensions. This equivalent voltage is 
then used for the determination of SF/15n, F, and n. 

Furthermore, in an approximate analysis, the results 
obtained can be applied to a tube structure such as 
Fig. 6. In the course of discovering, studying, and under-
standing the effect of space-charge beam deflection, 
however, most of the measurements have been carried 
out on a tube structure such as that in Fig. 3. A sup-
porting factor for this choice was the extraordinary per-

formance of this tube. 
Fig. 7 shows an electric-field plot made on this tube 

structure and obtained from measurements in an 
electrolytic tank. As the tube contains a secondary 
emitter, the output voltages are rather high. In order 
to avoid excessive island formation on the cathode and 
heat dissipation in the grid, the screen-grid voltage, on 

the other hand, should not be chosen too high. 

IOV.  OV  +200V.  0 

+  + 
100 450 
V.  V. 

350 
V. 

Fig. 7—Experimentally determined electric-field plot 
and electron paths. 

Fig. 7 also shows some electron paths plotted from 
measurements on a rubber model. As the rubber model 
does not show the influence of space charge, all the 
paths end on the intercepting electrode. In the actual 
tube, the beam shifts over and part of the beam reaches 
the dynode anode. 
Let us, for practical purposes, substitute x for 

where x is the distance from the center of the cathode to 

the intercepting edge. 
With a secondary emitter in the tube, the expression 

for the transconductance changes to 

xn oF 
gm = g„,' • a• (a + —•--) • 

bF on 

Here 0 is the secondary-emission factor as measured 

in the tube 

= 
1, -11,1 

D. Correlation with Measurements 

Table III gives some values from measurements on 
three tubes under the same conditions. The transcon-
ductance for 1-ma anode current had the average value 

TABLE III 

No. 204 
205 
226 

a a 

0.20 
0.08 
0.11 

4.0 
4.5 
4.5 

3.3 
3.2 
4.0 

g„, for 
la= 1 ma 

10.0 
7.2 
10.1 

Average  0.13 4.3 3.5 9.1 

9.1 ma/v (9,100 µmhos). A calculation on the same tube 
gives 11.3 ma/v (11,300 µmhos). This good correlation is 
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probably incidental, as the simplifications made should 
be expected to cause larger errors. The method of com-
puting, however, seems to be a valuable tool for further 
work on the tube and the accuracy should, with reason-
able care, be sufficient for engineering work. 

VI. CONCLUSION 

A new principle for the control of current in electron 
tubes has been presented. An analysis of the principle 
and the results from experimental tubes demonstrate 
that a high transconductance can be obtained at low 
current. This should be very useful in broad-band-
amplification applications. 
Work on calculation of noise, maximum performance, 

and the design of stabilizing circuits will be presented 
in a forthcoming paper. 
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High-Frequency Characteristics of Resistance-
Coupled Triode Amplifiers* 

JAMES W . SAUBERt, MEMBER, IRE 

Summary—This paper describes a semi-graphical method of cal-
culating the steady-state high-frequency response of cascaded 
resistance-coupled triode amplifiers. Full allowance is made for the 
effects of interelectrode capacitances. 

CONSI DER a stage of resistance-coupled triode 
amplification serving as an intermediate link in a 
chain of similar but not necessarily identical 

amplifiers, as shown in Fig. 1. Circuit components 
which contribute only to the degrading of the low-
frequency response are omitted, as are power supply 
considerations. Primed quantities refer to the succeed-
ing stage. 

Fig. 

Over the so-called middle audio-frequency range, 

— gm 
Amid = 

Ko (1) 

• Decimal classification: R363.211. OriOnal manuscript received 
by the Institute, January 26, 1951; revised manuscript received 
May 11, 1951. This paper is an extract from a thesis submitted in 
partial fulfillment of the requirements for the degree of M.S. in E.E. 
at the University of Tennessee. 

Ballantine Laboratories, Inc., Boonton, N. J. 

where 

Ko= kp-F K + K pl. (2) 

At higher frequencies the input admittance of the 
succeeding stage, 

= — coC „1A ' sin 0' 

C„'A' cos 0'), (3) 

together with the other shunt capacities, determine the 
response. Grouping all the fixed capacities together as 

(4) 

(5) 

= C95 + Co, + Co; + 

the high-frequency amplification is 

A = 
Ko — coC,A sin 0' + jw(C0 C up' A' cos 0') 

Select the reference frequency 

Ko 
fa=   (6) 

271-00 

Then the normalized high-frequency response be-
comes 

A 

± I [— bA' sin 0' + j(1  bA' cos 0')] 
fo 

where 

Amid ' (7) 

brm 
COD 

Co 
(8) 
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The form of (7) is important, for by selecting the fre-
quency ratio as the independent variable and bA' and 
0' as independent parameters, the equation may be 
plotted as a set of universal normalized response curves 
for both magnitude and phase shift. The range of bA' 
is typically 0 to 20. The parameter 0' is divided into 
quadrants. The fourth quadrant, for which 0' is nega-
tive, corresponds to resistance-capacitance loading on 
the succeeding stage, and it is expected that the curves 
for this quadrant, Figs. 2 and 3, will be most useful. 

Fig. 2  Nlagnitude, fourth quadrant. 

Fig. 3—.4/almta Phase angle, fourth quadrant. 

However, first and even third quadrant values of 0' are 
obtainable, depending upon the final stage loading, and 
curves for these quadrants are included as Figs. 4 

through 7. 
Obviously, the final stage (of any plate output type 

with shunt loading) must be analyzed first, and the 
analysis proceeds toward the first stage. For each inter-
mediate stage the specification of bA' and 0' at each 
of several frequencies determines a series of points, 
which may be connected by a smooth curve. The ab-
solute amplification depends on the scale factors, and 
the total amplification of the multistage amplifier re-
quires the product of the magnitude responses and the 
sum of the phase shifts, with as many phase reversals 
as there are stages. A tabular method of analysis is 

recommended. 
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Fig. 4- -A  Magnitude, first quadrant. 
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Fig. &—A/A..4 Magnitude, third quadrant. 
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Measurements of the Parameters Involved in the 
Theory of Radio Scattering in the Troposphere* 

C. M. CRAINt, MEMBER, IRE, AND J. R. GERHARDTt 
Summary—Booker and Gordon' have recently proposed a theory 

of radio scattering in the troposphere. Using atmospheric inhomo-
geneities in refractive index, the scattered power was shown to be a 
function of the intensity and scale of the existing turbulent varia-
tions. Lacking experimental data on the nature of the refractive 
index variations which may be present in the atmosphere, they pre-
dicted the magnitude of refractive index changes on the basis of 
limited temperature fluctuation measurements. Measurements have 
been made of refractive index and associated temperature fluctua-
tions by the Electrical Engineering Research Laboratory of The 
University of Texas since 1948 with a somewhat detailed study 
being made from 10 inches to 50 feet above the ground since De-
cember, 1949. This paper includes a brief discussion of the recording 
refractometer and recording thermometer used for these studies, a 
meteorological analysis of the problem, and tracings of the refrac-
tive index and temperature fluctuations for several various condi-
tions of the lower atmosphere. 

INTRODUCTION 

I F .CENT contributors to these pages' have ap-
plied the theory of scattering in a turbulent 
medium proposed by Peckeris to scattering of 

radio waves in the troposphere. The atmosphere is 
pictured as a turbulent medium in which random 
fluctuations of refractive index An occur in distances of 
a few centimeters to a few meters, depending on the 
stability of the atmosphere. The scale of turbulence 1 is 
considered to be the distance at which the cross corre-
lation between two sets of simultaneous refractive index 
fluctuations falls to 1/e of the value obtained at zero 
separation. 

Scattering theory was used to explain the fact that, 
in experiments made in the Caribbean Sea in 1945, the 
field strength decreased more slowly with distance for 
9-cm wavelength radiation than could be explained by 
any existing theory. 
Measurements made at the Electrical Engineering 

Research Laboratory of The University of Texas have 
also been in agreement with the scattering theory.' 
Studies made with directive antennas on the signal 

Decimal classification: R113.308. Original manuscript received 
by the Institute, November 24, 1950; revised manuscript received, 
April 4, 1951. 
The research reported in this document is being made poss ible 

through support extended The Electrical Engineering Research Labo-
ratory, The University of Texas by the Office of Naval Research 
under contract N5ori-136 P. 0. I. 
t Electrical Engineering Research Laboratory, The University of 

Texas, Austin, Texas. 
H. G. Booker and W. E. Gordon: "A theory of radio scattering 

in the troposphere," PROC. I.R.E., vol. 38, pp. 401-412; April, 1950. 
2 A. W. Straiton, D. F. Metcalf, and C. W. Tolbert, "Scatter ing  of 

iradio frequency energy," to appear  n PROC. I.R.E. 

received from FM stations 72 to 183 miles distant have 
indicated that more signal was arriving from higher 
elevations above the horizon than could be explained 
except by the scattering theory. 
In order to measure the quantities An and 1, a re-

cording refractometer has been used. As this instrument 
has been described elsewhere,' only a brief explanation 
will be added here. 

INSTRUMENTATION 

The refractometer uses two Pound stabilized oscilla-
tors and the beat frequency principle.' The frequency 
of these oscillators is controlled on a short-time basis 
(at least one minute) to a factor of the order of one part 
in 107 by the resonant frequency of associated cavity 
resonators. The beat frequency of the two oscillators is 
adjusted to 10.7 mc and applied to an amplifier and 
discriminator and finally to a zero-centered recording 
milliammeter. One cavity is sealed off; therefore, 
changes in the refractive index of the medium in the 
other cavity result in a deviation of the difference fre-
quency from 10.7, and hence a proportional deflection 
from midscale of the milliammeter in the appropriate 
direction. A series of concentric circles drilled in the end 
plates of one of the cavity resonators has removed 24 
per cent of the end plate area. A "blower" has been 
coupled to the cavity by means of a flexible piece of 
rubber hose so that air may be pulled through the cav-
ity. The rate of flow has been such that a volume of air 
equal to that of the cavity is pulled through the cavity 
in 1/30 of a second. The actual flushing time of the 
cavity is obviously slightly longer. It may be easily 
shown that as long as the air speed is greater than about 
3 miles per hour, the blower has negligible effect on the 
refractive index pattern of the medium being sampled 
by the cavity. During the measurements the cavity is 
always placed so that the end opposite the blower faces 
into the wind. 
The temperature fluctuations were obtained using a 

bead-type thermistor of 0.5-second time constant in 
still air. The thermistor was used as one arm of a 
Wheatstone bridge. The bridge fed a differential type 
two-stage dc amplifier with the recording milliammeter 
being connected between plates in the second stage. 

' C. M. Crain, "Apparatus for recording rapid fluctuations in the 
index of refraction of the atmosphere," Rev. Sci. Instr., vol. 21, pp. 
456-457; May, 1950. 
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THE INDEX OF REFRACTION AT MICRO WAVE 

FREQUENCIES AS A FUNCTION OF 

M ETEOROLOGICAL VARIABLES 

Based on measurements made' at 3.2 cm for both dry 
air and water vapor, the index of refraction of atmos-

pheric air is given approximately by 

77.5 
N (n — 1)106 = [ + 4860e 1T 

(1) 

where n is the refractive index, T the temperature in 
degrees Kelvin, p the total atmospheric pressure in 
millibars, and e the partial pressure of water vapor in 
millibars. Since it has been shown6 that the magnitude 
of the changes of air pressure are negligible under nor-
mal atmospheric conditions, (1) can be rewritten to 
obtain values of the changes or fluctuations of N for 

mean summer conditions. Thus 

AN = 4.2e — 1.4 T.  (2) 

GENERAL COMMENTS ON ATMOSPHERIC 

TURBULENCE 

It must first of all be recognized that turbulence re-
sults both from the frictional forces generated as result 
of surface drag and wind shear—mechanical turbulence 
—and the buoyancy forces derived from heat received 
at the earth's surface by solar radiation—thermal tur-
bulence. During daytime heating the two forces act 
together in producing the resultant turbulent fluctua-
tions, but during night hours the two forces are gen-
erally opposed and turbulence only results for a given 
degree of thermal stability if the wind shear exceeds 
certain critical values. In a typical model of turbulence, 
then, eddies set up as a result of mechanical or, thermal 
forces produce the observed fluctuations at a point 
through mixing processes. Since, in general, horizontal 
gradients in the atmosphere are small, the observed 
fluctuations are primarily a result of vertical mixing in 
which air at a given height with average properties 
characteristic of the layer at that height is moved to 
another height with correspondingly different average 
properties. If we now recognize that in any turbulent 
process, a transfer of air properties occurs in the di-
rection of the vertical gradient of this property, it is 
possible to correlate the magnitude of the observed 
fluctuations at a point with the magnitude of the cor-
responding vertical gradient. Thus, the larger the nega-
tive vertical gradients of temperature, the larger will 
be the observed fluctuations of air temperature. In 
general, then, as the vertical gradients of atmospheric 
properties are most apt to have their maximum values 
at or near the surface, it should be anticipated that the 

C. M. Crain, "Dielectric constants of several gases at a wave 
length of 3.2 centimeters," Phys. Rev., vol. 74, pp. 691-693; Sep-
tember, 1948. 

1 R. D. M. Clark, "Atmospheric micro-oscillations," Jour. Meteor-
ology, vol. 7, pp. 70-75; February, 1950. 

fluctuations of an air property near the surface should 
also in general reveal a decrease in intensity with 

height. 
Very little is known concerning the variation of the 

scale of turbulence with height or meteorological con-
ditions. It would seem probable, however, that atmos-
pheric situations conducive to large values of the ampli-
tude of fluctuations would also give rise to fluctuations 
of higher frequencies, although no conclusions can be 
made from the preliminary measurements to be pre-
sented here. Very long period fluctuations—of the order 
of 30 seconds or greater—are not believed caused by 
turbulence, but by large scale convective phenomena 
and by changes in local circulation patterns. 

PRESENTATION AND DISCUSSION OF DATA 

The primary purpose of these observations lies in 
obtaining preliminary measures of the scale and in-
tensity of turbulence through direct measurement of 
the variation of the index of refraction within the first 
50 feet above the surface. In addition, the simultaneous 
measurement of air temperature variations shows that 
while the turbulent fluctuations of temperature, mois-
ture, or refractive index are essentially random, the 
instantaneous correlation between any two of the 
above fluctuation patterns has a magnitude which is 
generally significantly greater than zero. Under these 
conditions, there can be little doubt as to the essential 
similarity of the turbulent transfer processes near the 
surface for the different air properties involved. 

SIMULTANEOUS OBSERVATIONS OF TEMPERATURE 

AND INDEX OF REFRACTION 

A. The Effect of Turbulence Under Thermal Instability 
with Small Negative Humidity Gradients 

The most frequently observed fluctuation pattern is 
that in which there is a significant positive correlation 
between index of refraction and air temperature varia-
tions. In this case, as in previously published examples,' 
having noted from (2) that temperature and index-of-
refraction changes are negatively correlated, the deduc-
tions can be made that moisture fluctuations must be 
primarily responsible for the index-of-refraction varia-
tions, and that temperature and moisture fluctuations 
are also positively correlated. Under these conditions, 
the vertical gradients of temperature and air moisture 
must have the same sign, and as is normal under day-
time heating with a moist or vegetation-covered sur-
face, both gradients are negative. Thus, rising warm air 
also carries aloft air of greater moisture content and 
cooler descending air is dryer. For an example of this 

• C. M. Crain and J. R. Gerhardt, "Some preliminary studies of 
the rapid variations in the index-of-refraction of atmospheric air at 
microwave frequencies," Bull. of Amer. Meteorological Soc., vol. 31, 
pp. 330-335; November, 1950. 
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type of observation, reference should be made to Fig. 1 
•which shows the simultaneous recordings of index-of-
refraction and air temperature made over a 90-second 
interval at two feet above the ground on July 6, 1950, 
at the grounds of the Off-Campus Research Center, The 
University of Texas. The mean air temperature and 
moisture at this level were 34.6°C and 25.4 mbs, re-
spectively, with an average wind of 7 to 8 mph from 

P  OK<S5-
.KAP-tiT 

EUI1TION  IICREASE  TEMPiRNrURE 
17.62  •  _ 

_ 

Fig. 1—Simultaneous recordings of changes in refractive index and 
air temperature at two feet above a relatively dry vegetation-
covered surface under conditions of thermal instability. 

the south. The peak-positive value of the cross cor-
relation between the two traces is 0.62. With peak index-
of-refraction variations between 8 and 9 N units and 
corresponding temperature changes of the order of 
3.5°C, maximum moisture changes must have been of 
the order of 3 mbs. 

B. The Effect of Turbulence under Thermal Instability 
with Essentially Zero Humidity Gradients 

Although the positive correlation between index-of-
refraction and air temperature is that most commonly 
observed, negative correlations are not unusual. It is 
apparent, under these conditions, that the effect of the 
temperature fluctuations on the resulting index-of-
refraction variations is much larger than that of air 
moisture content fluctuations. Such conditions arise in 
dry air in which the possible changes in moisture are 
small or over surfaces which are not actively evaporat-
ing moisture into the air. In the latter case, then, with 
normal thermal turbulence, vertical mixing of the air 
produces an essentially zero vertical gradient of mois-
ture. Fig. 2, for instance, illustrates a simultaneous 
recording of temperature and index-of-refraction taken 
on the afternoon of August 2, 1950, during a period of 
unobstructed sunshine. The equipment was located 10 
inches above the surface in the center of a large asphalt-
covered parking area where the air had an unobstructed 
flow of more than 100 yards over the asphalt before 
reaching the measuring elements. Surface wind was 6 
mph from the SSE. The cross-correlation between the 
two traces has a peak value of —0.63. Maximum values 

of index-of-refraction and air temperature changes were 
about 4.5 N units and 2.0-3.0°C. Under these condi-
tions, values of Ae are restricted to a few tenths of a milli-
bar or less. In an extension of the above, it is seen from 
(2) that under conditions in which the vertical gradient 
of temperature in °C per unit height is approximately 
three times that of air moisture content in millibars 
per unit height, and is of the same sign, the normal 

Fig. 2—Simultaneous recordings of changes in refractive index and 
air temperature at 10 inches above an asphalt surface under con-
ditions of thermal instability. 

positive correlation of temperature and moisture fluctu-
ations will give rise to an essentially constant index-of-
refraction recording. Under these conditions it is cer-
tainly obvious that estimates of AN cannot be made 
solely from measurements of T. 

Fig. 3—Simultaneous recordings of changes in refractive index and 
air temperature at three feet above a damp desert type surface 
under conditions of neutral thermal stability. 

C. The Effect of Turbulence Under Neutral Thermal 
Stability with Large Negative Humidity Gradients 

An even more unusual pattern is demonstrated in 
Fig. 3 for a set of data taken over a desert-type surface 
at Seminole, Texas. Although the air was fairly dry 
(mean air moisture of 14 mbs), a light rain a few minutes 
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earlier had produced a damp surface. With clouds ob-
scuring the sun, the turbulence was essentially of the 

r frictional variety. Under these conditions, the tempera-
ture lapse rate would be essentially adiabatic—giving 
rise to little if any temperature fluctuations—while with 
large values of the vertical gradient of air moisture 
near the surface as a result of evaporation into dry ftir 
from a moist surface, large values both of Ae and AN 
should be expected. Note instantaneous values of AN 
in excess of 7 to 8 N units in the order of 1 second. Cor-
responding values of AT were all less thnn a few tenths 
of a degree. Although the visual correlation between 
these two sets of data is low, it appears to be negative. 

D. The Effect of Turbulence Under Thermal Stability 
with Small Negative Humidity Gradients 

Only a few measurements have been made to date 
under nighttime conditions where the normal gradi-
ents of temperature and moisture would be such as to 
produce fluctuations of AT and Ae which would be 
negatively correlated. Under these conditions, i.e., a 
thermally stable vertical temperature gradient and a 
negative vertical gradient of moisture, AT and Ae would 
act together rather than in opposition in forming re-
sultant values of N. Such a set of data is illustrated in 
Fig. 4, where simultaneous traces of air temperature and 
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temperature. The effect of a reduction in thermal tur-
bulence as a result of a cloud covering the sun is also 
well marked on the figure, and nearly constant values of 
AN and ST are observed for periods up to 15 seconds. 
Another effect of increasing height in the fluctuation 
patterns is normally a real loss in the correlation be-
tween any two parameters. While the loss of correlation 
is not too evident in Fig. 5, such has nearly always been 
the case in corresponding sets of data. 

Fig. 4—Simultaneous recordings of changes in refractive index and 
air temperature at 3 feet above a dry desert-type surface under 
conditions of thermal stability. 

refractive index were taken a few minutes after sunset 
over the desert-type soil at Seminole, Texas. The peak 
negative cross-correlation coefficient here was 0.80 with 
maximum variations of index of refraction and tem-
perature of about 2 N units and 0.4°C, respectively. 
Computed values of Ae vary from 0.4 to 0.5 millibars. 

E. The Effect of Increase in Height Above the Surface 

A representative example of the effect of height on 
the observed turbulent fluctuations of N and T is given 
in Fig. 5. These measurements, taken at 32 feet above 
the ground, should be compared with those illustrated 
in Fig. 3 taken a few minutes earlier at two feet above 
the ground. Note the decrease in maximum amplitude 
and frequency of both index of refraction and air 

Fig. 5—Simultaneous recordings of changes in refractive index and 
air temperature at 32 feet above a relatively dry vegetation-
covered surface under conditions of thermal instability. 

DETERMINATION OF AVERAGE VALUES OF THE 
INTENSITY AND SCALE OF TURBULENCE 

As is apparent from examining the recordings ob-
tained from index-of-refraction fluctuations, an evalua-
tion of the intensity An and scale 1 of turbulence must 
be of a statistical nature. Several methods are available 
for averaging these quantities. An autocorrelation analy-
sis appears to be one of the most suitable methods of 
attack, and analysis of data on this basis is now being 
made at the Electrical Engineering Research Labora-
tory. There are, however, several difficulties involved in 
this system, among which are the effects of the length 
of sample on the derived autocorrelation function, and 
further study will be necessary before definite results 

can be published. 
An auxiliary method of obtaining measures of An 

and 1 has, therefore, been used in this paper. This 
method, admittedly giving only rough approximations, 
involves the counting of all peaks and troughs and the 
determination of the total distance D of lateral pen 
travel over a certain time interval of the actual re-
cording of index of refraction. If S changes in slope 
sign occur over a recording time At for a mean value a 
of wind speed, then 

and 
1 D 

106 (in)  — 
2 S 
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In applying this method to the data, changes of the 
order of 0.1 N unit or less were not considered. It should 
again be noted that this system gives only approximate 
average peak as compared to mean-square values and 
the effect of variations in period of the fluctuations on 
An and 1 have been ignored. The values in Table I, 
taken only from the recordings presented here, are, how-
ever, among the first to be reported and are believed sig-
nificant as to order of magnitude of An and 1 near the 
surface. An extension of these observations will be made 
soon to permit observations to 300 feet above the sur-
face, and it is hoped eventually to be able to sample the 
entire height of the troposphere through the use of air-
craft or dirigibles. Simultaneous measurements of two 
or more refractometers or thermistors will be taken to 

compare scales of turbulence computed from auto- and 
cross-correlation techniques. 

TABLE I 
AVERAGE VALUES OF An AND / FROM INDEX-OF-REFRACTION 

FLUCTUATIONS 

Recording  Height 

Av.  Time  No. 
Wind  Inter-  Changes (An)10° Feet/  val,  Slope 
Seconds Seconds  Sign 

Fig. 1 
Fig. 2 
Fig. 3 
Fig. 4 
Fig. 5 
(Sunshine) 

Fig. 5 
(Cloudy) 

2 Feet 
10 Inches 
3 Feet 
3 Feet 
32 Feet 

10 
8 
10 
7 
10 

Feet 

60 
60 
60 
60 
30 

98 
91 
92 
51 
26 

0.9 
0.7 
1.0 
0.2 
1.0 

6 
6 
7 
8 
12 

32 Feet 10 30 20 0.2  15 

Volume Integration of Scattered 

rrHE GENERAL EQUATION for radio 
.11- scattering developed by Booker and 
Gordon' is extended to a volume in-

tegral equation,' which gives the total 
scattered power density per unit cped at a 
receiver point relative to the power radiated 
per unit solid angle by an isotropic source. 
The equation is expressed in terms of two 

power components, CI and C2. The two com-
ponents are at right angles to each other and 
normal to the direction of propagation. The 
CI component is in the plane containing the 
transmitter and receiver and the point at 
which scattering occurs. The C2 component 
is normal to the plane containing Ct. The 
sum of the components is the power radi-
ated per unit solid angle at the transmitter. 
The equation is derived for these condi-

tions: (a) Straight line propagation over a 
spherical earth; (b) Scattered power re-
ceived by direct radiation from primary 
scattering of rays above the radio horizon at 
the transmitter; (c) Negligible loss of energy 
in the transmitted ray due to scattering;' 
(d) Scattering centers (blobs) are evenly 
distributed, of uniform size, and with the 
same average magnitude of index changes. 

• Decimal classification: R113.242. Original manu-
script received by the Institute. October 25, 1950; 
abstract received. May 14. 1951. Prepared under 
the Office of Naval Research Contract M5ori-
136, T. 0. I. 
f Electrical Engineering Research Laboratory 

University of Texas. Austin. Tex. 
1 H. G. Booker and W . E. Gordon. "A theory of 

radio scattering in the troposphere." PROC. 
vol. .38, pp 401-412; April, 1950. 
I A. H. LaGrone. "Volume integration of scattered 

radio waves," Electrical Engineering Research Labo-
ratory, The University of Texas. report no. 45; 1950. 

A. H. LaGrone. W. H. Benson, Jr., and A. W . 
Straiton, 'Attenuation of radio signals caused by 
scattering," Jour. Appl. Phys.. vol. 22, pp. 672-674; 
May. 1951 * 

ALFRED H. LAGRONEI 

The total scattered power density per 
unit cped the receiver point is then P. where 

-01 
P = I 1T5  (el X) 

'a-a ,,,J8--.12 sin' X 

[ CI cos'  (a  + p)  C2]  dad peiti (1) 

(At/e)2(2r1/A)3 sin' X 

[1 { (4r//X) sin (a ± p) 12 
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Fig. 1—Scattering geometry. 

D = Distance from transmitter to receiver 
in same units used for A. Fig. 1. 

fi =Angle made by plane containing the 
point of scattering and a vertical 
plane through the transmitter and re-
ceiver. 

a .= Elevation angle of scattering volume 
relative to line TR, Fig. 1, as meas-
ured at the receiver. 

p=Elevation angle of scattering volume 
relative to line TR, Fig. I, as meas-
ured at the transmitter. 

Radio Waves* 

a„, = Value of a when scattered ray grazes 
the receiver horizon, Fig. 1. a„, varies 
with i3 and D as shown in the litera-
ture.' 

p„, = Value of p when transmitted ray 
grazes the transmitter horizon, Fig. 1. 
p„, varies with /3 and D as shown in the 
literature.' 

Other symbols, not identified in the text, 
are identified in the literature.' 
In setting up the integral expression for 

P, certain relations were found which con-
siderably simplified the derivation.' They 
were as follows: 

(1) The ray concept of the power radi-
ated in an elementary solid angle 
permits considering the ray as a line 
of equal power. 

(2) The increment of power, intercepted 
by a receiver scanning a given ray 
divided by the square of the distance 
from the intercepted portion of the 
ray to the receiver, is constant. 

(3) The number of rays at a given eleva-
tion angle, p, is directly proportional 
to the perpendicular distance from 
the receiver to the rays. 

(4) Any given polarization of the trans-
mitted signal can be resolved into the 
components described earlier, and the 
scattered power received expressed 
as the sum of the power received 
from the two components. 

Numerical application of Equation (I) in 
connection with the literature' shows, for 
the conditions assumed, that maximum 
scattered power intensity occurs in the di-
rection of the transmitter and at the receiver 
horizon. 
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A General Theory for Frequency Discriminators 
Containing Null Networks* 

joii\ L. STEWARTf, ASSOCIATE, IRE 

Summary —The characteristics of the ring demodulator and of null 

networks have suggested a generalized approach to the design of 

discriminators containing null networks. In the past, discriminators 

using null networks have been designed about various types of 
demodulators in which a carrier signal is necessary, the design funda-

mental being that the phase difference between the signal and carrier 
voltages applied to the demodulator should change by IRO degrees 
at the null frequency and be a multiple of pi radians immediately 
above and below the null frequency. However, since the phase 

difference has not been an even number of pi radians as the fre-
quency departs from the null region, the output of the discriminator 
becomes sensitive to the amplitudes of both the signal and carrier 

voltages. The generalized theory presented in this paper permits the 

design of discriminators containing null networks where, neglecting 
second-order effects, coupling capacitors, and the like, the phase 
difference is maintained a multiple of pi radians at all frequencies. 

The result is an inherently wide-band discriminator which can be 

constructed largely from unbalanced networks and which can be 
accurately calibrated. It is further possible to design discriminators of 

arbitrary sensitivities to the point where, neglecting noise, the dis-
criminator behaves more as a frequency switch. The mechanization 

of the theory involves phase-equalizing networks in both the signal 

and carrier input systems to the demodulator. The general theory is 

concerned with admissible network functions consistent with the 

desire to maintain phase differences at a multiple of pi radians. One 

specific example is given. 

1. CHARACTERISTICS OF THE RING DEMODULATOR 

example of a null network is the Wien bridge; however, 
there are many circuits, both balanced and unbalanced, 
that can be classified as null networks.' The unbalanced 

networks will be of most concern here. 
It is useful to define a null network as one whose 

transfer function, when plotted on the complex fre-
quency plane, has at least one pair of conjugate zeros 
on or near the real frequency axis. In this paper, it 
will be assumed that these zeros lie exactly on the real 

frequency axis. 
It immediately follows, therefore, that at resonance 

(the null frequency) the amplitude of the transfer 
function becomes zero and the phase changes by 180 

degrees. 

r  iii.E OPERI.V1:11NIG,t;lil.1111:).“1.11',ERh ere l' ICS of Ithe 

1 linearity, zero reactance, and sinusoidal signal 

and carrier voltages of the same frequency) are as fol-

lows: 
Mien the phase angle between the signal and carrier 

voltages is a multiple of pi radians and the ratio of the 
magnitudes of the carrier voltage to the signal voltage 
is at least two, the output will be proportional to only 

the signal voltage amplitude. 
If the phase difference is not quite a multiple of pi 

radians, the output will be somewhat sensitive to the 
amplitude of the carrier voltage. This effect is propor-
tional to the sine of the phase angle and inversely 

proportional to the ratio of the amplitudes, and can 

usually be made negligible. 

II. CHARACTERISTICS OF NULL NETWORKS 

Another type of circuit that will be used in the general 
class of discriminators is the null network. The classic 

• Decimal classitic:ttion: 1061.217XR143. Original manuscript 
received by the Institute, December 4, 1950; revised manuscript 

received May 7, 1951. This paper presents the results of research carried out at the Jet 
Propulsion Laboratory of the California Institute of Technology, 
under Contract DA-04-495-Ord-18, sponsored by the Department of 

the Army, Ordnance Corps. 
i Stanford Vniversitv, Stanford, Calif. 
1 V. Hughes, E. L. MacNich.d, D. Sayre, and F. C. Williams, 

"Waveforms," Radiation Laboratory Series, McGraw-Hill Book Co., 
Inc., New York, N. Y., vol. 19, pp. 40)--413; 1949. 

GENERAL Ttmokv 

Consider tilt block diagram shown in Fig. 1. If the 
two networks are designed so that over the frequency 

range of interest 

F.:41  E./.31 ,  —  = "  (1) 

then, assuming the ideal ring demodulator, the dc out-
put E. will be directly proportional to E. only. If dis-
sipation and unbalance in the ring demodulator is 

neglected, 

0.636E„, (2) 

where  is the peak value of E. and the factor 0.636 
relates the peak to the average value of E,. 

5 .G P•04. 

PIE T WORN 
E. t 

-1 tOthosiiZta 
NE T WO MI t 

RING 
DemoouLAToR 

T 

Fig. 1—General-system block diagram. 

A little thought will show that if (1) is satisfied and 
if E. shows a null-network behavior at some frequency 
coo, the output. E., will display the well-known discrim-
inator characteristic about a center frequency of coo, 
assuming that the quasi steady-state method of an-

alysis holds as usual.' 
Hence the requirements on the two networks are 

specified. Note that the relative phase between F. and 

' G. R. Harris, "Bridged reactance-resistance networks," PROC. 
I.R.E., vol. 37, pp. 882-887; August, 1949. 
' J. R. Carson and T. C. Fry, "Variable electric circuit theory with 

applications to the theory of frequency modulation," Bell Sys. Tech. 
Jour., vol. 16, p. 513; 1937. 
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E. is all that is important, absolute phase angles (with 
respect to the source) being of only minor interest. 
If the plots of the transfer functions of the signal and 

carrier networks on the complex frequency plane are 
identical, the relative phase will of course be zero. 
However, if they are identical except for the presence of 
a conjugate pair of zeros exactly on the real frequency 
axis, it can be seen that the relative phase angle will be 
either zero or 180 degrees. Continuing in this manner, 
three conditions can be deduced that the two networks 
must obey in order to obtain the desired end result.' 
Condition I: E, and E, will be in phase or in phase 

opposition at all frequencies only if the plots of the 
transfer functions of the signal and carrier networks on 
the complex frequency plane are identical. There are 
two exception, however: (1) The difference in the num-
ber of singular points (poles or zeros) at the origin of 
the plots of the signal and carrier networks must be 
an even number. (2) Any number of conjugate singu-
larities may be present in either network if these 
singularities are purely imaginary. 
Condition 2: If the first condition is satisfied and if 

the gain through the two networks is adjusted so that 
over the range of frequencies of interest E.  1E,, then 
the output E, will be directly proportional to only E.. 
Condition 3: If the first two conditions are satisfied 

and if a particular pair of conjugate zeros exists on the 
real frequency axis of the plot of the signal network at 
jwo, but does not appear on the plot of the carrier net-
work at the same point or may not appear at all, the 
entire system will be a discriminator whose center fre-
quency is at wo. 
The third condition, with the first two as necessary, 

is sufficient to permit the design of any discriminator 
covered by the theory of this paper. 

IV. METHODS FOR OBTAINING NETWORKS 

The desired over-all discriminator transfer function 
can be obtained by means of two different methods or 
any combination thereof. 
The first method is that of adding in the carrier sys-

tem networks that give poles and zeros of the same 
type and at the same points as those appearing in the 
signal network. This method may be called "carrier 
equalization." 

The second method is that of adding, in the signal 
network, networks designed to produce singularities of 
the opposite types but at the same points as those ap-
pearing in the same signal network in order to cancel 
undesirable poles or zeros. This method may be called 
"signal equalization." 
It is also clear that any properly isolated filter ampli-

fier, with any transfer function whatsoever, may be 
added in cascade with either the signal or carrier stages 
without violating the three conditions only if, for each 

4 The inference to vectors given by a collection of poles and zeros 
on the complex frequency plane is highly useful here in visualizing 
the phase functions. 

stage added in one network, an identical stage is added 
to the other network. 

V. EXAMPLE —A LOW-FREQUENCY DISCRIMINATOR 

The example shown in Fig. 2 neglects loading on the 
twin-T null network and stray capacitances; hence, the 
equations are valid only at low frequencies. The twin-T 
was chosen as its transfer function is simple when the T 
is not loaded, the function being given by 

ecout 

ejw 

G2 
p2 = 

2C2 

(  3 + G)(  3 — G \ 
P +   P +   

2  C  2  C 

, (3) 

where the values in Fig. 2 are adjusted to give zeros on 
the real frequency axis so that the null frequency can be 
tuned, using a three-gang variable resistot where the 
three gangs are identical. 

NETWORK PARAMETERS  • 4- C.  

R, /L, • 4 too 

Rz/1, , 0 255 wo • • vaCu . C,00ES 

Fig. 2—A low-frequency discriminator. 

Fig. 2 shows that pure signal equalization is used, 
there being no carrier network. As such, the two re-
sistance-inductance series circuits caw be made to cancel 
the two poles given by the twin-T. When cancellation 
occurs, the over-all discriminator transfer function can 
be written as 

=  _ w2) jGdGrGe,  
(4) 

where subscripts 1 and 2 refer to the first and second 
interstages, respectively, and where Gi is the over-all 
gain, G d  is the gain of the triode demodulator driver, 
G, is the transfer gain of the ring demodulator, g„, is 
the vacuum-tube transconductance, and G. is the gain 
of any further stages (not shown in Fig. 2) added in 
cascade with the signal-equalization networks. It is 
assumed that G. is purely real. 
It can be seen from (4) that the sensitivity of the 

discriminator can be increased to the noise level, 2 volts 
dc per cycle at 1,500 cycles being readily obtainable 
using the circuit of Fig. 2. 
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I. 

As an alternate to the circuit of Fig. 2, a discrim-
inator was built utilizing pure carrier equalization. As 
such, a carrier network in  two poles on the 
negative imaginary frequency axis of the complex plane 
at the same points as those introduced by the twin-T 

i is needed. Such a circuit can be constructed from a 
two-section resistance-capacitance ladder-type filter. 
Then. only purely real gain %%ill exist in the signal net-
work in cascade with the null network. 
A note can be added regarding the tuning of the null 

network. A three-gang variable capacitor makes a good 
tuning arrangement, but is impractical at the lower fre-
quencies if ‘‘ide tuning excursions are desired. If re-
sistance tuning is used in a resistance-capacitance null 

network, the null frequency will be inversely propor-
tional to resistance. Quite acceptable resistance-in-
ductance null networks at low frequencies can be built, 
in which case the null frequency is directly proportional 

to resistance. 
For small tuning excursions only the null network 

need be tuned. Imperfect cancellation of the effects of 
the roots of the null network on the negative real axis 
will result, but the effect will be small. For wide tuning 
excursions, the equalizing networks should also be ad-
justed, but the tracking need not be excessively close 
as the relative phase error at the inputs to the ring de-

modulator will usually be small. 

Input Admittance Cluracteristics of a 
Tuned Coupled Circuit* 

Roy A. NlA WI 1N,t /11 \1111:12, IRE, AND R. D. TEASDALE4 

Summary—A steady-state analysis is given of an important 
double-tuned coupled circuit to determine the input admittance when 
the primary Q is high and the secondary Q is low. Particular empha-
sis is placed on the phase variation of the admittance with frequency. 
Dimensionless curves of magnitude and phase illustrate the effect of 

I. INTRoDUCTIoN 

T
, UNE!) COUPLED ciRct -ITS are widely used 

in amplifier, filter, and oscillator applications. 
  They have been in  fr(iin several p ,ints 
of view by Aiken,' Dishal, Chang.' and others.' -1°  In 
almost every case, however, interest has centered upon 
the transfer functions, particularly when the secondary 
Q is high." In contrast, this paper is concerned with a 

• Decimal classification: R142 1. Original manuscript received 
by the Institute. November 30,1950; rriised manuscript received, 
May 22,1951. 
t Research Engineer, State Engineering Experiment Station, 

Georgia Institute of Tet-hnoi,„..v, :No mt., 
School of Electrical Engineering, Georgia Institute of Tech-

nology, Atlanta, Ga. 
C B. Aiken. Two mesh tuned coupled-circuit filters," Pa0C. 

1.R E., vol 23, pp. 230-272; February. 1917. 
M. Dishal, "Exact design and analysis of double- and triple-

tuned hand-pass amplifiers," PROC. I.R.E., vol. 35, pp. 606-626; 
June, 1947. 
' S. H. Chang, "Parabolic loci for two tuned coupled circuits,' 

PROC. 1.R E., viol 36. pp 1384-1388; November, 1948 
4 A. E. Harrison and N. W Nlather, "Graphical analysis of 

tuned coupled circuits," PROC. IRE.. vol. 37, pp. 1016-1020; Sep-
tember, 1949 ' V C Rideout, "A note on a parallel-tuned transformer design," 
Bell Sys. Tech. Jour., vol 27, pp 96-108; January, 1948. 
• F. L. Smith, "Raditaron Designers Handbook." Amalgamated 

Wireless Valve Company. Ltd , Sydney, Australia; 1940. 
' E S. Purrington, "Single and coupled-circuit systems," Pa0C. 

IRE., vol 18, pp 983-1016; June, 19.10. 
' J. E. Maynard. "Universal performance curves for tuned 

transformers," Electronics. vol 10, pp. 15-18; February, 1937. 
' N I. Korman, "Coupled resonant circuits for transmitters," 

Pane. 1.R.E., vol. 31, pp 28-32; January, 1943. 
t° N. W Mather. "An analysis of triple-tuned coupled circuits," 

PROC. I.R.E., vol. 38, pp. 813-822; July, 1950. 

Id}:MBER, IRE 

varying the coefficient of coupling and the secondary Q. Mathemati-
cal expressions are obtained for the points where the phase passes 
through zero, and are used in • discussion of bandwidth. The effect 
of detuning is also considered. 

study of input admittance, particularly when the sec-

ondary Q is low. 
This investigation provides information useful in 

solving two oscillator problems of current interest: 
(a) to synchronize an oscillator with a very small signal 
to secure performance equivalent to that of a high-gain 
limiter amplifier for frequency-modulated signals:"•"•" 

and (b) to produce a high-frequency crystal-controlled 
oscillator circuit to operate over a wide frequency range 
(60 4- 10 mc), the operating frequency to be selected 
merely by inserting a suitable crystal. 
A requirement common to both these problems is that 

the magnitude of the input admittance should remain 
relatively constant, and the phase deviation small, over 
a wide frequency range. Typically, it is desirable to de-
sign a coupled circuit whose total phase deviation will 
be less than a specified amount over the widest practical 
frequency range. With certain restrictions it is possible 
to adjust the coupling coefficient and the secondary Q 
of the circuit of Fig. 1 to obtain the desired results. 
Practical coupled circuits for these applications are char-
acterized by low values of secondary Q (below 10) and 
relatively high values of k (about 0.3). 

U G. L. Beers. 'A frequency-dividing locked-in oscilLItor fre-
quency-modulation receiver,' PROC. 1.R.E., vol. 22, pp. 730-737; 
December, 1944. 

11 \V. E. Bradley, "Single-stage fm detector,' Electronics, vol. 
19, pp. 88-91; October, 1946. 
u C. W. Carnahan and H P. Halmus, "Synchmnized oscillators 

as fm-receiver limiters," Electronics, vol. 17, pp. 108-111; August, 
1944. 
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The notation used is shown in Fig. 1 and Table I. 

Fig. 1—Parallel form of tuned couplcd circuit. 

TABLE I 

NOTATION 

k= MR/LIL2 Coupling coefficient. 
6.4= INLICI Resonant frequency of primary alone. 
w2=1/N/L2C2 Resonant frequency of secondary alone. 
wii= Resonant frequency when wi=w2. 

co/w2 Ratio of actual frequency to resonant frequency of 
secondary. 

y=co/coi Ratio of actual frequency to resonant frequency of 
primary. 
x/y= (014)2 Detuning parameter. 

QI=R1/woLl Primary Q. 
Q2 = R2/ WOL2 Secondary Q. 
m = —k2 Useful dimensionless factor. 
YA= IA/ EA=GA±jBA Input admittance at section AA. 
Y =I/E=G-FjB= Input admittance of complete network. 
tan-' B/G= Phase angle of Y. 

xi, x2, x3= Roots of o(x)=0 in ascending order. 
AX13 = --xl root separation; a value related to bandwidth. 
Ao= Bandwidth and associated total phase deviation. 

Q2e = Critical G. 
k= Critical k. 

II. THE ADMITTANCE EQUATION 

The input admittance Y for the circuit of Fig. 1 may 
be determined by a straightforward application of 
Kirchhoff's Laws. If dimensionless qualities from Table 
I are introduced, this input admittance can be written 
in normalized form, as follows: 

situation for G>>20 as well. With G fixed at 20, (1) 
then represents a double family of curves. With Q2 fixed, 
the parameter k defines one family; with k fixed, the 
parameter Q2 defines a second family. 
Attempts to obtain detailed information as to the 

shape of the admittance and phase curves solely from 
examination of (1) proved futile. Therefore, the study 
was continued on a numerical basis. 
With G=20, as discussed above, Q2 was chosen as 5 

on the basis of laboratory experience. With the Q values 
thus specified, preliminary computations indicated that 
values of k near 0.3 would produce a phase curve which 
deviated from zero by approximately + 20 degrees 
throughout the entire bandwidth. This particular value 
was chosen as representative of a good oscillator design 
because most crystals will function satisfactorily within 
this 20-degree limit. 

III. COMPUTED CURVES 

The results of the computations with G =20 through-
out have been plotted. Figs. 2 and 3 show the variation 
of the magnitude and phase of the input admittance for 
k constant and Q2 variable. Fig. 4 shows the variation of 
phase for Q2 constant and k variable. Since Q2 may be 
changed rather easily by varying R2 and since k is 
more difficult to measure than Q2, the curves of Figs. 
2 and 3 appear to be of more practical interest than that 
of Fig. 4. 
The magnitude of YwoLi versus x for constant k 

(Fig. 2) exhibits the familiar double hump, typical of 
an overcoupled circuit. These curves possess no exact 
symmetry. While they become somewhat more sym-
metrical in the region of the peak as Q2 increases, the 
magnitude increases so much that the added symmetry 
is of minor importance. Actually, it is desirable to keep 
Q2 at or below 5 to hold the peak value sufficiently low. 
The problem of keeping the phase deviation small over 

j  

Q2 XM  1 
1 + X2M  [Q2X(1 — X2M)  +  Q2 (x —x ) 

Qi(1 — x2m)  ] 

Q2(1 — X2M)  J.X M 

In obtaining (1), use was made of the restriction 
=co2=wo. The detuning case for which col (.4)2 is treated 

later in Section VI. 

Although (1) is concisely written, it is unwieldly be-
cause of the many variables. Examination of (1) shows 
that before the input admittance can be plotted against 
x, three parameters must be specified, i.e., G, Q2, and 
m (or k). In many practical circuits the primary and 
secondary admittance levels are such that a relatively 
large value of G is required to obtain matching. In the 
present case, in particular, interest centers on high 
values of G (above 20) and low values of Q2 (below 10). 
For this range of values of Q2, the nature of the terms 
in (1) is such that the input admittance will change only 
slightly for values of G above 20. Thus, for practical 
purposes (1) with G=20 adequately represents the 

(1) 

a wide range of x places more exacting restrictions on 
(22. The phase curves of Fig. 3 show the transition from 
the shorted secondary condition (Q2=0) through the 
complete range of Q2 to the open secondary case 
(Q2= 00). The shorted secondary condition gives the 
exact phase curve for the primary circuit alone and is in 
agreement with well-known theory. As Q2 increases, the 
curves cross the 4)=0 line once below Q2‘. (the critical 
secondary Q) and three times above Q2,. For the k and 
G of Fig. 3, Q2c= 2.63. As shown later, the crossing at 
x=1.07 remains fixed at 1/V1—k° or 1/ Vm for all val-
ues of G and Q2. There is a slight tendency toward sym-
metry for Q2 above 10. Values of Q2 somewhat larger 
than 122., yield curves which satisfy the specified + 20-
degree phase deviation requirements for crystal oscil-
lators; however, for Q2 = 5 the phase curve exceeds this 
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Fig. 2-Variation of the input admittance with secondary Q. 
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Fig. 3-Variation of the phase angle of the input 
admittance with secondary Q. 

curves cross three times. As k approaches unity, both 
the extreme right and center crossings move off an in-
definite distance to the right. 

-/ 

limit by 5 degrees on the low-frequency side. 
A magnitude curve of YohLi for constant Q2 will also 

exhibit a double hump. Although these curves resemble 

those of Fig. 2, increasing k does not improve symmetry 
in the region of interest. As k is increased, the peak 
near x=1 shifts continually toward the right. As in Fig. 
2, the changes in magnitude near the region of interest 

become larger as k increases. 
The phase variation, as k is changed (Fig. 4), is of 

greater interest. As k increases, the left-hand intercept 
x, of the phase curves approaches the value x=0.707, as 
shown for the k =1 curve. For values of k near 0.3 the 
symmetry of the phase curves remains reasonably good. 
These curves show the transition from the condition of 
no coupling to that of maximum coupling. For the Qs 
and Q2 of Fig. 4 the critical k is 0.19. Below critical k 
the curves cross the 4)=0 line only once; above k„ the 
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IV. ZERO-PHASE INTERCEPTS 

An examination of the 4=0 intercepts is suggested 
by the behavior of the phase characteristics near x=1. 
A mathematical expression for 4)(x) may be obtained by 
expressing 4 from (1) in terms of the numerator phase 
angle ON  and the denominator phase angle BD, i.e. 
4)(x) =ON(x)-0D(x). Algebraic manipulations then yield 

(x2rn. - 1) [(22mx4 (m - 2Q2) x2 Q22 1  
4)(x) = tan-'   (2) 

xQ2  xQ22(1  x2m)  12m2—  -  xmQ2 
Q1  QL 

Inspection of the factors of (2) shows that g5(x) vanishes 

for 

x = 1/N/m (3) 

and for 

x = Dim _  ± \Alin& _ 1/2Q22)2 _ i/m 1112. (4) 

Only the positive value of the outer radical is considered, 
for x=co/wo cannot be negative. Since x cannot be com-
plex, (4) requires the condition that 

(1/m - 1/2Q22)2 - 1/m 0. (5) 

The positive root given by (3) is independent of both 
Qi and Q2. The roots given by (4) are independent of 
The real positive roots of ct,(x) =0 are, in ascending 

order, 

= [iint _ 1/2Q2: .v(1ttn _ 1/2Q22): _ iim 1112 

= 1/Ort 
xs = [1/m - 1/2Q,'  .01/m - 1/2Q22)2 - 1/m11/2 . 

(6) 

(7) 

(8) 
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The position of these roots is shown in Fig. 5. If condi-
tion (5) is not satisfied, x1 and xi become complex and 
have no meaning. Thus, from (5), the equality 

(1/m — 1/2Q22)2 — 1/m = 0  (9) 

defines a boundary or "critical" condition for which 
xi=x3. Equation (9) has two variables, k and Q2, and 
may be readily solved for either one in terms of the 
other. For the constant k characteristic of Fig. 3, (9) 
may be solved to yield the critical value of Q2. 
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Values of AO and .6.x for k constant are read from Fig. 
3, for Q2 constant from Fig. 4. The resulting values are 
plotted in Figs. 6 and 7. These curves should be of con-
siderable help in the selection of circuit parameters. The 
variation of Airt, in both cases is quite linear over the 
initial portion of the curves. 
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Fig. 5—Definition of the total phase deviation and bandwidth. 

For the constant Q characteristic of Fig. 4, (9) may be 
solved to yield the critical value of k. 

/4= [1— Q24( 0 ± 2/Q22 _1)21112. (11) 

As Q2—)Q2, or as k-4k,, xi--x3; this critical condition 
represents the maximum value for x1 and the minimum 
value for x3. 

Figs. 3 and 5 show that the separation of the roots, 
A x13, is closely associated with the bandwidth, Ax. Ma-
nipulation of (6), (8), and (10) yields a simple expression 
for ban for the constant k case. 

Axia = [1/Qu i _ 1/(2211/2. (12) 

Since A x13 is always less than Ax, (12) provides a pes-
simistic approximation of the exact bandwidth [Ix. This 
simple approximation proves useful in adjusting circuit 
parameters to obtain a desired bandwidth when k is 
known and when Q2 may be adjusted by loading. 

V. BANDWIDTU 

The phase characteristics and the oscillator problem 
are closely related. Accordingly, the bandwidth Ax and 
the total phase deviation ,a0 are defined (Fig. 5). 
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Fig. 6—Variation of total phase deviation and 
bandwidth with secondary Q. 
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VI. EFFECT OF DETUNING 

Figs. 3 and 4 show that the phase deviations about 
41=0 are not symmetrical when col =w2. In practice such 
symmetry is often desirable and may be obtained by a 
slight detuning. Accordingly, the situation when col 
has been investigated. The input admittance can be re-
written conveniently in component form, 

y = 1/R, + G..1 + Auk', +  (13) 

where GA and B A are the conductance and susceptance 
as seen from section AA. Then introduction of a detun-
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ing parameter p =x/y =oh/a)2 and substitution into (13) 
yields, after normalization, 

YohLi = 1/Q1 + pGAw2L)  j(x/P  pBAco2L1). (14) 

In (14) x is still the dependent variable, but the admit-
tance, Y, is now normalized to ohLI, a constant only 
slightly different from :42/4, provided p remains ap-
proximately 1. 
Fig. 8 shows phase curves calculated from (14) for 

slight detuning. As p increases, the entire p =1 curve 
rotates about the origin in a clockwise direction; as p 
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Fig. 8—Variation of the phase angle of the input 
admittance with the detuning parameter p. 
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decreases, the curve rotates in the opposite direction. 
For the particular case of Fig. 8 the p = 1.025 curve 
exhibits excellent symmetry, about 4)=0. The slight de-
tuning required to obtain p= 1.025 is best accomplished 
by varying CI. Although p depends upon both oh and oh, 
varying C2 does not give a direct correction because C2 

acts on the primary by way of the coupling of L1 and 
L2. To obtain a clockwise rotation, oh must be increased 
over oh so that CI must be decreased. 
An increase in p also gives a clockwise rotation to the 

magnitude curves, YohLi versus x; the effect is small 
compared to the effect on the phase curves of Fig. 8. 

VII. CONCLUSIONS 

The analysis and curves presented herein show that 
the circuit of Fig. 1 may be used to obtain desirable in-
put admittance characteristics. Specifically, small phase 
deviation and wide bandwidths may be achieved by 
using high values of Q1, low values of Q2, and intermedi-
ate values of k. Thus values of k and Q2 may be chosen 
to obtain •either a specified phase deviation z4) or a 
specified bandwidth Ax. Use of the specific numerical 
curves should result in a considerable saving of time to 
the designer. Furthermore, (1) and (14) are general rela-
tions which permit computation of similar curves for 
any application requiring the circuit of Fig. 1. 
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Nullification of Space-Charge Effects in a Converging 
Electron Beam by a Magnetic Field* 

M. E. HINESt, MEMBER, IRE 

Sununary—This paper presents the conditions necessary for main-
taining a uniformly converging conical electron beam in the presence 
of space charge. It is an extension of the Brillouin focusing condition 
to conical flow, requiring a converging rather than a uniform magnetic 
field. In this type of electron flow, the diverging effects of space 

I. INTRODUCTION 

HERE IS A NEED for electron guns and focusing 
methods to produce high-intensity electron beams 
of small diameter. In conventional electron guns 

of the Pierce type' the beam leaves the gun focused 

Decimal Classification: R138.1. Original manuscript received 
by the Institute, February 9, 1951; revised manuscript received May 
21, 1951. 
t Bell Telephone Laboratories, Murray Hill Laboratory, Murray 

Hill, N. J. 
' J. R. Pierce, "Theory and Design of Electron Beams," D. Van 

Nostrand and Co., Inc., New York, N. Y., pp. 35-37, 152-155, and 
Chapt. X; 1949. 

charge are balanced against magnetic reaction forces for reasonably 
small cone angles of convergence. Though the balance of forces is 

exact only for infinitesimal angles, it is reasonably accurate for cones 
of half-angle as great as 10 degrees. The minimum beam size will be 
limited only by the effects of thermal velocities, by gun aberrations, 
and by the magnetic field obtainable. 

toward a point; however, space-charge repulsion pre-
vents the beam from converging sharply, and instead it 
spreads outward again without achieving a true cross-

over. 
This paper presents a solution of the equations of 

motion for a uniformly converging conical electron 
beam in which the space-charge repulsion forces are 
nullified by means of a suitably shaped magnetic field 
The minimum beam diameter will be limited only by 
the magnetic field obtainable, by thermal electron 
velocities, and by focusing aberrations of the gun. The 
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analysis given applies accurately only for cases of 
relatively small angles of convergence in which the cone 
half-angle is on the order of 0 to 10 degrees. The results 
reported here are theoretical and without experimental 
verification. 
This conical-beam case is an extension of the uniform 

diameter-beam case treated by Brillouin,2 Pierce,' and 
Samuel.' In that case, a beam of electrons travels along 
a uniform magnetic field. Each electron spirals about the 
axis at a uniform angular velocity and constant radius 
from the axis of the beam. The space-charge repulsion 
forces and the centrifugal forces of rotation are exactly 
cancelled by the magnetic reaction between the longi-
tudinal magnetic field and the rotational velocity of the 
electrons. 
In the conical-beam case described here similar can-

cellations occur. The beam spirals about the axis with 
an angular velocity inversely proportional to the beam 
diameter. The magnetic field converges so that it is also 
inversely proportional to the beam diameter, and the 
beam converges uniformly in this field with the beam 
assuming the shape of a cone. The two types of flow are 
shown in Fig. 1. 

ELECTRON PATH 

e'N  

UNIFORM MAGNETIC FIELD 

(a) 

UNIT VECTORS, P-r, Fe; 13; 

AXIS 

ELECTRON PATH 

ORIGIN 

Br 
MAGNETIC FIELD LINES 

CONVERGE TOWARD ORIGIN 
Bi SUCH THAT Br 

(b) 

Fig. 1—(a) Uniform diameter beam flow of Brillouin. (b) Coni-
cal beam flow in a paraboloidal magnetic field. 

II. MATHEMATICAL ANALYSIS 

Spherical polar co-ordinates will be used to describe 
the electron paths and the electric and magnetic fields. 
The orientation of the co-ordinates is shown in Fig. 1(b), 
and mks practical units will be used. Some of the sym-
bols are defined in the following: 

3 L. Brillouin, "A theorem of Larmor and its importance for elec-
trons in magnetic fields," Phys. Rev., vol. 67, pp. 260-266; 1945. 

3 A. L. Samuel, "On the theory of axially symmetric electron 
beams in an axially symmetric magnetic field," PROC. I.R.E., vol. 11, 
pp. 1252-1258; November, 1949. 

q= charge density expressed in coulombs per unit 
solid angle per meter along the radius 

p= charge density in coulombs per cubic meter 
n =charge to mass ratio of the electron 1.76 X10" 
coulombs per kg 

e =dielectric constant of vacuum  1/36r X10-9 
farads per meter 

I =beam current in amperes 
Vo = axial potential in volts 
V=space potential in volts 
B =magnetic flux density in webers/m2 (1 weber/m2 

= 104 gausses). 

The "dot" notation signifies total time derivatives t, 
indicating dr /di, and f, indicating d2r / di2, and so on. 
The method of solution is indirect in that an assumed 

set of conditions is shown to satisfy the equations of 
motion for small angles of convergence. The first as-
sumptions are that the radial velocity is constant and 
independent of 0 and that there are no motions in the 0 
direction. A magnetic-field configuration, which roughly 
corresponds to the Brillouin condition at each point in 
the beam, is chosen. Such a field is described by the 
following equations: 

B1 
Br = 

B1 
Be = — -- tan — 

2 

Bo = 0, 

where B, is the magnitude of the radial component of 
the field at unity radius. This field has zero divergence 
and zero curl, and is physically realizable with appro-
priate boundary .conditions. All magnetic equipotentials 
are paraboloids of revolution with a common focus at 
the origin. 

It is also assumed that the cathode is shielded from 
the magnetic field and that all fields are axially sym-
metric. From Busch's theorem 4 we can deduce the angu-
lar velocity ek for electrons at any point in the space. 
For this case the theorem specifies that 

ncl" 
= 
27I-r2 sin' 0 

where (I) is the total magnetic flux in the positive r di-
rection which passes through a surface bounded by con-
stant r and 0. For the magnetic field chosen, 

0 
= 4n-rBi sin2-

2 

and  
nB, 

2r cos2 — 
2 

(4) 

A treatment of Busch's theorem is given by Pierce, Reference 2. 
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Our assumed velocity field is further specified by a 
constant r velocity and zero 0 velocity, as summarized 
below. 

t = — V2nVo, 

6 = 0. 

(5) 

(6) 

If we also assume a uniform radial-current density 
over the cone, we can find the electrostatic field con-
figuration due to space charge. For a conical conducting 
boundary the field within the beam is given by 

Er = 0, (7) 

q 0 
E. = — tan — 

er  2 

= 0,  (9) 

where q is the charge density expressed in coulombs per 
unit solid angle per unit radius. The total current carried 
within a cone bounded by an angle IP is 

I = 4.71-q\/27/Vo sin' — amperes. 
2 

(8) 

outer electrons in a wide-angle beam. Equation (14) 
specifies the magnetic field required for the proper bal-
ance of forces in the 0 direction for any degree of space 
charge. In terms of current within a bounding angle 
this expression becomes 

I =  2. 07E71 312 B 1217 0112 sin' — 
2 

= 5.81 X 106 Bi2v01/2 sin2 — amperes. 
2 

(15) 

III. ENERGY AND VELOCITY CONSIDERATIONS 

The electrostatic potential in the beam is a function 
of the angle 0 only. For small 0 we may use the approxi-

mation that 

q0 
E —  (0 small), 

2er 

which gives 

(10)  q02 
V  V 0 — —  (0 small). 

4e 

We now have a set of assumed conditions specifying the 
velocity distribution and the static fields. That these 
conditions satisfy the equations of electron motion re-
mains to be demonstrated. These equations are 

- r02  — (r sin2 0)(1)2 

= — n [E,  r6 B4, — r sin 043/30], (11) 

2t0  r0 — (r sin 0 cos 0)4)2 

= — [E.  r sin 00, — t B .1, (12) 

(2 sin 0)i.rj, + (2r cos 0)4  (r sin 0)43 

= — n [E.  t Be — r0 Bd.  (13) 

Substitution of the assumed values for the velocities, 
fields, and accelerations into these equations yields exact 
identities for (11) and (13). With another substitution 

q= 

(12) yields 

,72/312 tan — 
2 cos 0 

2r 

2 

neBi2 

2 

—772B12 tan — 
2 

2r 

(14) 

(12) 

This approaches an identity for small 0, where the ex-
pression in the brackets may be considered equal to 1. It 
is very nearly an identity even for 0 as large as 10 de-
grees where the ratio of cosines is 0.992. This discrep-
ancy represents an unbalance of forces in the 0 direction, 
which is practically negligible for reasonably small 0 
on the order of 0 to 10 degrees. This means that the as-
sumed velocity distribution is not quite correct for the 

(16) 

If the electrons were emitted from a cathode at zero 
potential, their kinetic energies must correspond to the 
space potential V, as expressed by the equation 

r202 j2 (r sin 04))2 = 2nV. 

Substitution from (4), (5), (6), (14) and (16) yields 

sin2 0n2B12 031202\ , 
2n170 277(170 

8 ) 
4 cos' —e 

2 

which approaches an identity for small 0. 

IV. BOUNDARY CONDITIONS 

For the electrostatic field we have postulated a cone-
shaped conducting shell surrounding the beam. For 
such a boundary the electrostatic fields will be oriented 
as shown in Fig. 2(b), following page. 
The magnetic-field configuration is also shown in Fig. 

2(a). Both equipotentials and flux lines conform to the 
surfaces of paraboloids of revolution, which have a 
common focus with the electron stream. There should 
be no difficulty in simulating the required field with 
large-sized paraboloidal pole pieces. 
This type of electron flow must originate from a 

cathode which is shielded from the magnetic field, 
otherwise the required angular velocity cannot be ob-
tained. The transition zone between the field-free region 
and region of prescribed field may have important ef-
fects on establishment of proper velocity distribution. 
Fig. 3 shows an arrangement which may be capable of 

producing this type of flow. A conventional Piercel type 
of point-focused gun is enclosed by a magnetic shield 
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(b) 
Fig. 2—(a) Paraboloidal magnetic field required for conical flow. 
(b) Electrostatic field from space charge for the case of a conical 
conducting boundary. 

so arranged that the beam is injected through an aper-
ture into the region of paraboloidal field. Upon passing 
through the aperture, the local transverse components 

REGION OF CONICAL 
BEAM FLOW 

MAGNETIC MAGNETIC 
SHIELD POLE PIECES 

Fig. 3—Configuration of electrodes and magnetic-pole pieces for 
producing conical flow (not drawn to scale). 

of field will give the beam a twist of exactly the right 
amount, as specified by Busch's theorem. If the mag-
netic field were to build up suddenly in a very short 
length, then the only effect of the transition region 
would be that of providing beam rotation. Actually, the 
zone must have a finite length so that there will be some 
change in the angle of convergence. This effect can be 
minimized by making the aperture as small as possible 
without intercepting portions of the beam. Low current 
density will also help in this regard. Within the transi-
tion. zone the beam will tend to spread because the 
space-charge forces are not completely balanced out. 
The amount of spread within this zone will be less than 
that which would be caused by the space-charge forces 
alone. It should, be noted that the anode aperture in 
the Pierce gun causes beam spreading also because of 
local electrostatic fields at the aperture. It has been 
assumed in the above that this effect has already been 
taken into account. 

CORRECTION 

XV. E. Mathews, author of the paper, "Traveling-
Wave Amplification by Means of Coupled Transmission 
Lines," which appeared on pages 1044-1051 of the Sep-
tember, 1951 issue of the PROCEEDINGS OF THE I.R.E., 
has brought the following corrections to the attention 
to the editors: 

On page 1044, in the second column and 32nd line, 
it should read ‘41.72 instead of ir-V . 
On page 1048, the symbol /A should be inserted to the 

left of the equal sign in equation (47). 
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Traveling- Wave Tube Noise Figure* 
D. A. WATKINSt, ASSOCIATE, IRE 

Summary—The reduction of shot noise by space charge at high 
frequencies in a parallel-plar.e diode was predicted by Rack., Neg-
lecting space charge and circuit loss, Pierce, has employed Rack's 
method in estimating the noise figure of the traveling-wave tube. In 
the present paper, use is made of the Hahn-Ramom space-charge 
waves together with Pierce's theory to show that the noise convec-
tion current has maxima and minima along the stream. Cutler and 
Quates have described an experiment in which these space-charge 
waves of noise were observed experimentally. The present analysis 
shows that there is an optimum location of the traveling-wave tube 
circuit entrance with respect to the space-charge waves for minimum 
noise figure. The magnitude of this minimum and the optimum 
position are presented graphically as functions of space charge and 
circuit loss. It is then shown that passing the electron stream through 
a short nonresonant gap which suddenly accelerates the electrons 
causes a further reduction in the tube noise figure if the gap is placed 
at one of the noise-convection current minima between the electron 
gun and the circuit entrance. It is also possible to use two properly 
placed voltage jumps for noise-figure reduction. An experimental 
tube of the latter type is described which verifies the theory. The 
data obtained from this tube agree reasonably well with the theoreti-

cal predictions. 

INTRODUCTION 

p
IERCE2 has esti mated the noise figure of the 

traveling-wave amplifier by using the method 

which Rack' applied to the parallel-plane diode. 

Rack's method uses the Llewellyn-Peterson' equations 

to calculate the noise voltage of a space-charge limited 

parallel-plane diode at high frequencies. This calcula-

tion involves replacing the actual multivalued velocity 

at the potential mini mu m by a single-valued velocity 

having the same mean-square fluctuations. That such a 

procedure leads to usable results at high frequencies is 

somewhat surprising, but an experiment reported by 

Cutler and Quates and other experi ments carried out 

by the author at Stanford University show that the 

theory predicts observed data at frequencies as high as 

• Decimal classification: R339.2. Original manuscript received by 
the Institute, February 14, 1951; revised manuscript received, July 

25, 1951. This paper is based on a dissertation submitted by the author to 
Stanford University. Reference is made to this dissertation for com-

plete details. 
t Electron-Tube Laboratory, Hughes Aircraft Co., Culver City, 

Calif. 
A. J. Rack, "Effect of space charge and transit time on the shot 

noise in diodes," Bell Sys. Tech. Jour., vol. 17, pp. 592-619; October, 

1938. 
7 J. R. Pierce, "Traveling-Wave Tubes," D. Van Nostrand Co., 

Inc., New York, N. V.; 1950. 
W . C. Hahn, "Small signal theory of velocity-modulated electron 

beams," Gen. Ekc. Rev., vol. 42, pp. 258-270; June, 1939. 
4 S. Ramo, "The electronic-wave theory of velocity-modulation 

tubes," PROC. I.R.E., vol. 27, pp. 757-763; December, 1939. 
5 C. C. Cutler and C. F. Quate, "Experimental verification of 

space charge and transit time reduction of noise in electron beams," 
Phys. Rev., vol. 80, pp. 875-878; December 15, 1950. 
• F. B. Llewellyn and 1. C. Peterson, "Vacuum-tube networks," 

PROC. I.R.E., vol. 32, pp. 144-166; March, 1944. 

3,000 to 4,000 mc. It is the purpose of the present paper 

to show the effect of space charge and circuit loss 

upon the traveling-wave tube noise figure calculated by 

this method, and to describe some new methods by 

which low figures in traveling-wave tubes may be ob-

tained. 

NOISE SPACE-CHARGE WAVES 

Consider a traveling-wave tube consisting of a Pierce 

electron gun" followed by a region containing various 

electrodes whose configuration is as yet unspecified, fol-

lowed in turn by the traveling-wave circuit. Just preced-

ing the circuit, a short drift region operated at the circuit 

dc voltage is assu med to exist. The following symbols in 

mks units will be used. 
a = radius of a hollow cylindrical drift tube. 
b= Pierce's traveling-wave tube electron-speed pa-

rameter.' 
b= radius of a solid cylindrical beam in Fig. 6, only. 

d= Pierce's loss parameter.' 
af = frequency interval or bandwidth. 

—1)1/2. 

m = electronic mass. 
q=ac rms convection current (with various sub-

scripts defined in the text). 

t = time coordinate. 
u= dc beam velocity (with various subscripts de-

fined in the text). 

v = ac rms velocity (with various subscripts defined 

in the text). 
v„, = maximum ac rms velocity of a space-charge wave. 

x„ = real part of S. n=1, 2, 3. 
y„ = imaginary part of b. n = 1, 2, 3. 

z = axial coordinate. 

C= Pierce's gain parameter.' 

F= noise figure. 
/D =dc beam current density. 

/o= dc beam current. 

K = Boltzmann's constant. 
Q= Pierce's space-charge parameter.' 
T= circuit temperature. 
Te= cathode temperature. 
V= dc beam voltage (with various subscripts defined 

in the text). 

19.= electronic wave number =oiluo. 
b = effective plasma wave number = wq/uo. 
o = Pierce's unknown incremental propagation con-

stant' in (7) and (8), only. 

7 J. R. Pierce, "Theory and Design of Electron Beams," D. Van 
Nostrand Co., Inc., New York, N. Y., Chap. X; 1949. 
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5,.= Pierce's incremental propagation constants' 
n=1, 2, 3. 

eo= dielectric constant of vacuum. 
--- electronic charge-to-mass ratio. 
0 =gun transit angle. 
4.) =distance measured in a drift region in space-
charge radians. 

w =radian frequency of interest. 
w9= radian plasma frequency in a beam of infinite 

cross-section. 
w„, = radian effective plasma frequency in a beam of 

finite cross section. 

Following the method of Pierce,' but including the 
space-charge term which he omits, the noise figure of 
the traveling-wave amplifier with high gain can be 
written 

Io uoC 
F = 1 +  221C KTLXf 1(32+ 63)v —  (526o — 4QC)9 • (1) 

:go 

The g and v are the noise convection current and velocity 
in the electron beam at the circuit entrance. The nota-
tion is the same as Pierce's,' with the exception that the 
ac quantities are root-mean-square rather than peak. 
It is now postulated that the noise convection current 

and velocity can be represented in the drift region pre-
ceding the circuit entrance by a space-charge standing 
wave" as follows: 

2 

V = v„, cos az exp j(wl — wz/uo) 

coro (2) 
q = — JVm  sin 5z exp j(wt — wz/u0). 

woo 

Such a representation will be valid as long as the 
ac convection current and ac velocity at the entrance to 
drift region are 90 degrees out of phase in time. Such a 
relationship exists at the electron-gun anode and will be 
preserved through the intervening region as long as the 
stream does not pass through resonant gaps or near 
wave-carrying circuits. If the 90-degree relationship is 
destroyed, perfect standing waves, as given by (2), will 
not be set up in the drift region, and a slightly more 
complicated representation must be employed. 
If the ac convection current and velocity in (1) are 

replaced by those given by (2), the result is 

F = 1 + 
is V ns 2 

2nCK Thf 
(62 +  (53) cos 

— (62(53 — 4QC)  1  sin bz 
(4Q(')"2 

The quantity, r, is now defined by 

v„,2 

r =-- — 

2 

(3) 

(4) 

where ya2 is the spectrum of the mean-square fluctuation 

Footnote Reference 2, Chaps. IX and X. 

in the average velocity of the electron stream at the 
space-charge potential minimum in the electron gun. 
This quantity is given by Rack' as follows: 

KT, 
va2 = (4 — 7)?? —  Af. 

ro 

The values taken on by r will depend upon the opera-
tions performed on the beam between the electron gun 
and the circuit drift region. Using (4) and (5) in the 
noise-figure expression (3) leads to 

T. r 
F = 1  4(4 — 7) — — (33 ± (53) cos bz 

T C 

The quantity 

(5) 

1 II 

— 0253 — 4QC)  sin 5z . (6) 
(4QC)' 12 

1 
(52 ± 60 cos bz — (5263 — 4QC)  sin 5z 

(4QC)"2 12 
is a function of the position of the circuit entrance along 
the space-charge wave given by bz, of the incremental 
propagation constants, 62 and 63, and of the degree of 
space charge given by QC. The incremental propagation 
constants are, in turn, functions of electron speed, cir-
cuit loss, and QC. They are the three solutions of Equa-
tion (7.14) of footnote reference 2, which contains a 
typographical error and is correctly written in Pierce's 
notation as follows: 

Writing 

1 
52 =   

4QC. 
(— b jd  jo) 

= x j y 

and equating the real and imaginary parts of (7) leads 
to the following simultaneous equations whose three 
solutions are the incremental attenuation and phase 
constants of the three forward waves. 

y3+ by' — y(3 x2+2dx-F4QC) — 4QCb — bx2— 1=0 

x3-1-dx2— x(424- 2by —4QC)A-- 4QCd — dy2 = 0. 

The solution to (9), which has a positive value of x, is 
labeled x1 and yi. These are the incremental attenua-
tion and phase constants for the increasing wave. Equa-
tion (9) has been solved numerically for various values 
of QC and d under the condition that b has the value 
for which x1 is a maximum. This means physically that 
the circuit dc voltage is adjusted for maximum rate-of-
increase of the increasing wave for each value of space 
charge and loss. Most traveling-wave tubes are oper-
ated under this condition. With this restriction, we 
define 

f(QC, d, (5z) = (53 + 63) cos bz 

(9) 
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— (6253 — 4QC) 
(4QC)" 

1 
sin Sz 

2  minimum for large values of QC; but since values of QC 
(10)  above unity are extremely difficult to obtain, this does 

not seem a practical method of reducing noise figure. 
Considered as a function of Sz, f(QC, d, bz) has the 

1* form of a constant plus a sinusoid repeating every 
I space-charge half wavelength. This is shown in Fig. 1. 

••••/  1.4c• - CI•••• 

Voe.e.•••• th 

Fig. I—The traveling-wave tube noise figure is found to e a periodic 
function of the position of the circuit entrance Along the electron 
stream. Here is shown the form of fQC. d, iSsi as a tuixtion of iSs 
The noise figure is proportional to this function. 

It has maximum and minimum values which are func-
tions of QC and d. Because the coefficients of the 
trigonometric functions are complex, f(QC, d, bz) has no 
zeros for real bz. The position of a minimum along sis 
is also a function of QC and d. A plot of the minimum 

• 6 .̀ 

0 

6 

• • 0 

Fig. 3—The ratio of the worst noise figure to the best noise figure of a 
given traveling-wave tube with its circuit entrance beginning at 
the worst and the best positions, respectively, is shown here as a 
function of space-charge and loss. The ratio of the maximum to 
minimum value of the noise-fiirure function versus QC is given 
for three values of d. This ratio was verified experimentally at 
QC 0.46 and d.0.37 with a sliding helix tube. 

The ratio of the maximum to the minimum value of 
f(QC, d, 45z) is given in Fig. 3 versus QC for various 
values of d. This set of curves measures the increase in 
the noise figure resulting from starting the circuit at 

cc 
Fig. 2—If the circuit entrance is placed at one of the optimum po-
sitions along the electron stream, the noise figure will be a mini-
mum and (QC. d, Es) will have its minimum value. This minimum 
value is a function of QC, the space-charge parameter, and d, the 
circuit loss parameter. Its value is shown versus QC for three 
values of d. 

value of the function is given in Fig. 2 versus QC for 
several values of d. The curves suggest that best noise 
figures are obtained with low values of the loss param-
eter d. At 3,000 mc., values of d as low as 0.12 have 
been obtained for a C of 0.02 with copper-coated helices. 
There appears to be considerable reduction of the, 

.4 .4 .2 i•O 

OC 

Fig. 4—The optimum position of a traveling-wave tube circuit en-
trance with respect to the space-charge standing waves of noise 
in an electron stream is a function of space-charge and circuit 
loss. Shown here is the location of the optimum position in space-
charge wave degrees versus QC for three values of d. 

the worst position along the stream. For example, at 
QC = 0.1 and d = 0.25, the ratio is 7, which is an increase 
in noise figure of 8.5 db over that obtained at the 

optimum position. 
Fig. 4 shows where the circuit entrance should be 

placed so that the minimum value of the function is 
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obtained. This position is measured in space-charge 
wave degrees from the point of maximum noise velocity. 
There is another optimum position located every 180 
degrees of space-charge wavelength along the drift 
tube. 

EVALUATION OF r 

The value of r in (6) must be calculated for each con-
figuration used between the electron gun and the circuit 
drift region. Of the infinite number of possibilities, 
only those configurations will be considered here which 
define a constant or suddenly discontinuous dc poten-
tial along the axis of the beam. This restriction is ap-
plied because such configurations can be handled easily 
mathematically. The constant potential regions, or 
drift regions, will support space-charge waves, and the 
discontinuities between them can be handled by simple 
kinematics. 

11 
1 D  -9-4 M, 

Region 

Anode 

  Cathode 

Electron (teem 

\- - Drift Region 

- Anode 

Cathode 

Electron Beam 

cd 

(a) 

- C',cult 

- Drift 
Region 

- -- Short Sop 

— Circuit 

(b) 

Fig. 5—The noise figure of traveling-wave tubes is proportional to a 
parameter r, which depends upon the operations performed upon 
the electron stream between the electron gun and the circuit drift 
region. Shown are two of the configurations which are analyzed. 
The second arrangement is the single dc velocity jump tube which 
has resulted in considerable noise-figure improvement. The first 
is the traveling-wave tube analyzed by Pierce. 

Consider, first, the configuration analyzed by Pierce,' 
as shown schematically in Fig. 5(a). Here the anode is 
followed by the circuit drift region at the same dc 
potential. The application of the Llewellyn equations6 
to the electron gun yields, for the noise quantities at the 
gun anode (b-plane), 

Jo 
qb = — — Ov„ 

Ica  (11) 

Vb = — 

Taking these as the initial conditions for the excitation 
of a set of the space-charge standing waves given by 

(2) and dropping the exp j(cd—coz/u0) leads to 

— v. = v„, cos bz 

1.0 
10 —  Vo = 

Uo 

/0 
— v„,/ — sin bz. 
coo uo 

(12) 

These may be solved for (v„,/v.)2, which is the defini-
tion of r. This leads to 

r = 1 +  cf- 2. (13) 

The effective plasma frequency w, is related to the in-
finite beam plasma frequency cop by a reduction factor 
which is less than unity. This reduction factor is a 
function of frequency, beam radius, and beam velocity. 
The value of the reduction factor is plotted in Fig. 6 

o 

6 

feta 

a 26 

2  3 

8, b 

• 

Fig 6—Space-charge waves in drifting electron streams behave dif-
ferently in beams of finite diame,er from those in beams of in-
finite cross section. The effect of the finiteness of the beam can be 
described in terms of a reduction factor which is a function of 
beam radius b, drift tube radius a, frequency w, and dc beam ve-
locity uo. Here fre=o)/uo. The reduction factor is written as the 
ratio of an effective plasma frequency wo and an actual plasma 
frequency 0.)„, where wp  (o/D/ouo)1/2. 

for various values of drift-tube radiuka and beam radius 
b. The curves of Fig. 6 were calculated by assuming 
values of a/b and (3.1) and finding the solution to the 
transcendental matching equation (Equation (25) of 
footnote reference 4) by numerical means. Physically, 
wo/uo is the effective debunching wave number of the 
velocity-modulation theory, while cup/uo is the debunch-
ing wave number which would exist if the stream were 
of infinite cross section with the same dc current 
density and dc velocity. The infinite beam plasma fre-
quency co, is given by 

711. 

eouo / 

Equation (13) may then be written 

r = 1 + 
njpoo wo 2 

• 
fouor.o2 kw ) , 

(14) 

(15) A 
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For a space-charge limited diode, 

Since uo= 

(:)2= 26.  

r = 2( — 
'("p 

for this configuration. The noise figure becomes 

T, 
F = 1 + -1(4 — 7) 

0.,A 2 

1 ± 2 k7cp) 

(16) 

(17) 

f (QC, d, 6z). (18) 

This is equivalent to the result obtained by Pierce2 for 
QC= (0),/co„)=d= 0. 
The second electrode arrangement to be considered 

. is that shown in Fig. 5(b). Following the gun anode, 
there is a drift tube at the anode voltage, followed in 
turn by a drift tube at the circuit voltage. Between 
them is a short, nonresonant gap. In the first drift tube, 
there will be a space-charge wave given by 

V1 = v  cos 4)1 

co 10 
qi = — jvmi —  —  sin 

coo ui 

(19) 

and in the second drift tube, a space-charge wave given 

by 

v2 = v,n2 cos (62 

(A.) /0 (20) 
q2 = — jvm2 —  — sin 02. 

U2 

The subscripts 1 and 2 distinguish between quantities in 
the first and second drift regions, and the 15z used in (2) 
has been replaced by 01 and 4)2, respectively. At the gap 
cd the ac quantities will be related by 

qd = qc 

vd = (ui/u2)v, 

from simple kinematics.9 
Inserting (18) and (19) into (20) leads to 

0,  Jo.  CO JO 
—  JV m2  sin 4,2 =  —  sin ch 

Cg2  U2  W ql  Ul 

Vera COS 4)2 =  (1i1/142) V ml cos  4)1. 

(21) 

(22) 

These are two equations relating vm2 to v„,i and relating 

(62 to 01. These relationships are 

9 Application of the Llewellyn equations to a short gap leads to 
identical results. The only restriction seems to be that the gap length 
must be short compared with a space-charge quarter wavelength at 
the lower of the two drift voltages. 

Vm2 )2 V1 V2 )112( W422/WP2 )2 sin ' 

— =  —  cos2 ± — 
v,,,2 V2 \WelitOpl 

tan 4)2 = 

V2V/4( 

Wq2 

(1,p2 

('q1 

COpl 

1 tan C.  (23) 

If the first drift tube is of such length that the gap cd 
occurs at an ac velocity maximum (44 =0), 

( 11.'2 )2 VI 

V.11) V2 

with this restriction 

(24) 

r = [1 + 2 eluin.  (25) 
W O  V2 

The noise figure becomes 

F= 1+4(4 — ir) 
T, 

[1+2(221 2 ]Vi 
(L) p 1 

CV2 
f(QC , d, 6z).  (26) 

This is interesting because it suggests a method of 
materially reducing the noise figure of a traveling-wave 
amplifier by using a low anode voltage and a high cir-
cuit voltage with a dc-velocity jump properly placed 

between them. 

C  d V2 

LdFiret Drift 
Region 

- Cathode 

Short Gaps 

Circuit 

f 

• 

• Sec Ond - -Circuit 
Drift OM, 
Region  Region 

Fig. 7—The noise-reducing configuration shown is the double-ve-
locity jump type. Here the beam is first decelerated and then ac-
celerated so as to reduce the noise content of the electron stream 
before it is allowed to enter the traveling-wave tube circuit. 

Another configuration is that shown schematically in 
Fig. 7. Here it is intended that the anode drift tube be 
operated at a fairly high voltage, the next drift tube at 
a low voltage, and the circuit drift tube at a high 
voltage. The first velocity jump cd is placed at a noise 
current maximum (4)i=90°), and the second jump ef 
at a noise velocity maximum (4)2=0°). For this case 
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r =[1 + 2 ( —641)  ] (V2 112 — 
W ig 1  171) 

Wq2 

p 2 

(.7)el 

2 

V2 

Vs 

(27) 

Cap' 

The advantage of this scheme over the preceding one 
is that it is possible to obtain low noise figures without 
having to use a low anode voltage and a high circuit 
voltage. In addition, it has more flexibility because of 
the possibility of adjusting V2 without changing any 
of the other parameters. The mechanism of this noise 
reduction is essentially the reverse of the mechanism 
employed for signal amplification in the space-charge 
wave amplifier described earlier.1° 

EXPERIMENTAL TUBES 

The predicted variation of the noise figure as a func-
tion of the position of the circuit entrance has been 
verified at 3,000 mc in a tube with a sliding helix. The 
calculated ratio of maximum to minimum was 1.9 
read from Fig. 3. The measured value was very nearly 
2. The calculated space-charge wavelength agreed with 
the measured length within about 12 per cent. The 
location of a minimum was within 6 per. cent in space-
charge wavelengths of that predicted by the theory. 

0 volts 

0 Volts 

\\ .340  Yolls 
, 7  '4 ,-. n— • r'30 wo,,S 

:   .._''.,--12.1_13.2.1A1 1 =111. 
" 

0.0  010 

- -- 2 25 - -..I  00 4- j —  340  J 

36 60 ,3 Per Inc. 
00 ,8 4,re 
0 405 I 0 

'0 50 Long 

Fig. 8—Tube No. 112. Beam current 0.60 ma. Dimensions in inches. 
These are the important dimensions and operating conditions of 
an experimental low-noise tube for which the theoretical and ex-
perimental noise figures are compared. This tube employed the 
spiral-type rf input and the double-velocity jump noise-reduction 
configuration. 

Using the noise-reducing principles described here, 
a number of low noise amplifiers have been built for 
3,000 mc. One of the most interesting is the tube shown 
in Fig. 8. This tube is of the double jump type shown 
schematically in Fig. 7. The variation of the noise figure 
as a function of the voltage V2 is shown in Fig. 9. The 
theoretical curve was calculated, using (6) and (23) 
and Figs. 2, 3, 4, and 6. A cathode temperature of 1,020-
degree K and a circuit temperature of 290-degree K 
were used in the calculation. The discrepancy in the 
location of corresponding maxima and minima could be 
corrected by assuming a smaller beam diameter for the 

10 L. M. Field, P. K. Tien, and D. A. Watkins, 'Amplification by 
acceleration and deceleration of a single-velocity stream," PROC. 
I. R.E., vol. 39, p. 194; February, 1951. 

calculated curve. This tube did not give a particularly 
low noise figure because of the unavoidable length of the 
distance from the second jump to the circuit entrance 
occupied by the spiral match. Another tube, using 
similar noise-reducing electrodes but having an antenna 
and short cylinder for input matching, had a similar be-
havior, but gave a noise figure of 11 db with a gain of 
18 db at 3,000 mc. Tubes employing the configuration 
of Fig. 5(b) gave noise figures of 10 db. 

30 

I0   _a_ 

0 ,00 200  300  400 500  500  700  800 

V,  In Volts 

Fig. 9—For the tube of Fig. 8 it is possible to calculate the noise 
figure as a function of the dc voltage applied to the second drift 
space using the curves and equations given in the text. This is 
shown as the solid line. The broken line is the measured noise 
figure as a function of that voltage. In calculating the theoretical 
curve, it was necessary to assume a value of beam diameter ,This 
was taken as 0.057 inch. If the beam diameter were assigned a 
somewhat smaller value, the minima and maxima of the theo-
retical curve would be shifted to the right and would correspond 
more closely to those of the experimental curve. Thus, the fact 
that one curve has a maximum where the other has a minimum is I 
not significant, but the agreement in the form of the curves shows 
that the theory has validity. 

CONCLUSION 

Pierce's estimate of the noise figure, when extended 
to include the effects of space-charge and loss, has been 
found to be reasonably accurate in predicting noise 
figures of experimental tubes. The schemes for reducing 
stream noise content have proved successful in practical 
tubes and suggest a general approach to the problem 
of noise reduction in beam-type amplifiers. 
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A Broadside Dielectric Antenna* 
GEORGE E. NIUELLERt, SENIOR MEMBER, IRE 

Summary—An antenna is described which makes use of the prop-
erties of a nonuniform dielectric transmission line to produce a 
broadside directive pattern. A simple array theory is developed 
which serves to predict the major features of the radiation patterns, 
thus providing the means for the engineering design of such an-
tennas. 

I. INTRODUCTION 

A
DIELECTRIC transmission line may be made to 
act as a broadside antenna by permitting only 
those components of the energy to be radiated 

which are in phase with some reference voltage. This is 
analogous to the "loaded wire" antenna' of longer wave-
lengths. In the broadside dielectric antenna, the prop-
. erties of dielectric waveguides are utilized to confine the 
out-of-phase energy to the transmission line while en-
hancing and controlling the radiation of the in-phase 
energy. One form of the antenna2 is shown in Fig. 1. It 
is a nonuniform dielectric transmission line consisting of 
disks of high dielectric constant supported on a poly-

styrene rod. 

D.elecir ,c 
Rod - - 

Dielectric .1 
Dish 

Antenna 
Support 

It- Metal Wove 
GJ,de 

1E1' 

Fig. 1—Broadside dielectric antenna. 

The operation of this antenna is most easily explained 
by analogy with the radiation patterns obtained from 
arrays of isotropic radiators. Essentially, this amounts 
to replacing the actual antenna with an array of iso-

• Decimal classification: R329. Original manuscript received by 
the Institute, October 6, 1950; revised manuscript received, April 23, 
1951. The work described in this paper was begun at the Bell Telephone 
Laboratories in 1943, and has been carried on sporadically over the 
intervening years. Most of the results quoted here were obtained in 
the past year as the result of work conducted in the Department of 
Electrical Engineering, The Ohio State University Research Founda-
tion, under Contract W 36-039 sc38168, with The Signal Corps Engi-
neering Laboratories, Fort Monmouth, N. J. 
t The Ohio State University, Columbus, Ohio. 
J. E. Stratton, "Electromagnetic Theory," McGraw-Hill Book 

Co., Inc., New York, N. Y.; 1941. 
* G. C. Southworth, Patent 12,206,923; 1947. 

tropic radiators, the amplitude and phase distribution 
being determined qualitatively from the known proper-
ties of dielectric transmission lines. 

II. DIELECTRIC TRANSMISSION LINES " 

The properties of the uniform dielectric waveguide 
may be summarized as follows: (1) The phase velocity 
is a function of the dielectric constant and of the rod di-
ameter. The phase velocity of the dominant mode (which 
corresponds to the TEn mode in a cylindrical metal 

guide) varies between the velocity of light in free space 
when the effective rod diameter (DNA) is small, and the 
velocity of light in a medium of the same dielectric con-
stant when the rod is large. (2) The guided energy is 
divided between the dielectric and the surrounding 
medium. The energy outside the guide increases as the 
effective diameter decreases, and vice versa. These rela-
tions are illustrated in Figs. 2 and 3.6 
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Fig. 2—Ratio of power inside Wi to power outside W. for a 
cylindrical dielectric wire. 
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Fig. 3—Normalized phase velocity for a 
cylindrical dielectric wile. 
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s D. Hondros and P. Debye, mElektromagnetische Wellen an 
dielektrischen Drahten," Ann. der. Phys., vol. 32, pp. 465-476; 1910. 

G. C. Southworth, °Hyperfrequency wave guides—general con-
siderations," Bell Sys. Tech. Jour., vol. 15, pp. 284-309; 1936. 

6 S. Schelkunoff, "Electromagnetic Waves," D. Van Nostrand and 
Co., Inc., New York, N. Y.; 1943. 

6 These figures are taken from G. E. Mueller and W. A. Tyrrell, 
"Polyrod antennas," Bell Sys. Tech. Jour., vol. 26, pp. 837-851; 1947. 
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It is noteworthy that, except for those waves having 
circular symmetry, the guided waves are hybrid; that is, 
they have longitudinal components of both E and H. 
Also, for the dominant mode, there is no cutoff fre-
quency; theoretically, a direct current will be guided by 
the dielectric. However, the amount of energy within 
the dielectric falls off very rapidly as the rod becomes 
less than a half-wavelength in effective diameter. 
The above relations are true for guides of uniform 

cross section, in which case there is no radiation. But 
at a discontinuity, such as in one of the disks in Fig. 1, 
only part of the energy continues along the guide, and 
this at a velocity determined by the effective diameter 
of the new transmission line. A second part is reflected 
and travels back to the source, and a third part is radi-
ated. At each successive discontinuity, this same divi-
sion of energy takes place until all the energy has been 
radiated. This phenomenon is too complicated for exact 
analysis at present, but qualitative conclusions may be 
drawn. In the nonuniform transmission line, the amount 
of energy radiated because of a discontinuity should be 
proportional to the energy outside of the dielectric. In 
addition, it will depend on the magnitude of the dis-
continuity. 

Thus, by proper selection of the effective diameters of 
the rod and disk and of the length of path in each, it is 
possible to control to a large extent the amplitude and 
phase of the radiated energy. 

III. BROADSIDE ANTENNA ARRAY THEORY 

Consider a linear array of equiamplitude isotropic 

Fig. 4—The broadside array and its co-ordinates. 

radiators which are spaced uniformly along the z axis 
as in Fig. 4. The radiation pattern is given by7.8 

R
sin nr(a cos 0 b) 

—   
n sin r(a cos 0 b) 

wherein R(0) is the relative field strength, E(0)/E0 

7 G. C. Southworth, "Factors affecting the gain of directive an-
tennas," PROC. I.R.E., vol. 18, pp. 1502-1536; September, 1930. 

8 R. N. Foster, "Directive diagrams of antenna arrays," Bell 
Sys. Tech. Jour., vol. 5, p. 292; 1926. 

(1) 

E,(0) = electric field at radius r 
Eo =maximum field strength at radius r 
0 =as shown in Fig. 4 
n= the number of radiating elements 
aX = the spacing between radiators 
27rb= the phase shift between adjacent radiators in 

radians. 

In order to take account of the directive properties of 
the individual radiators, this must be multiplied by a 
factor expressing their directivities. 
The gain' of the uniformly excited broadside array is 

g = 4p  (2) 

in which p is the effective length of the antenna in wave-
lengths. 
The width of the major lobe is given by 

00 — 
P 

as may readily be calculated from (1). The constant B 
depends on the energy distribution and on the defini-
tion of beam width. For width in degrees between half-
power points, B is about 55 degrees. 
For antennas more than a few wavelengths long, a 

universal curve may be drawn, giving the directional 
pattern of the major lobe and first minor lobe of the 
broadside antenna in terms of the angle 0/p. This is an, 
approximation amounting to the replacement of sin x 
by x near x=0. It should be noted that in this region 
the angle of maximum radiation in radians is given by 

0„, — — — 
2  a 

and is independent of the length of the array. This 
universal broadside directivity curve is plotted in Fig. 5. 

(3) 
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Fig. 5—Universal directive pattern for broadside antennas. 

It is well known that the effect of tapering the ampli-
tude of the radiators along an array, so that the ends 
radiate less energy than the center, is to broaden the 
major lobe and reduce the amplitude of the minor 
lobes. A non-uniform variation in the phase shift be-
tween adjacent elements along an array has much the 
same effect on the radiation pattern, as is evident from 
purely physical considerations. 

0 

for b z 0 

en, 90' 

(4) 

See page 347 of footnote reference 5. 
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IV. THE BROADSIDE DIELECTRIC ANTENNA 

The operation of the broadside dielectric antenna may 
be explained on the basis of an analogy with array 
'theory. The justification for this analogy is the correla-
tion of the radiation patterns predicted with those ob-
tained experimentally. This approach provides no 
knowledge of the fields in the vicinity of the dielectric, 
nor of their behavior in the nonuniform guide. This could 
be obtained only by solving Maxwell's equations sub-
ject to the boundary conditions imposed by the guide. 
However, it does provide the basis for design when 
coupled with certain empirically derived constants for 
f the nonuniform dielectric transmission line. 

The loaded dielectric transmission line of Fig. 1 acts 
as a broadside antenna since the energy is radiated from 
the sections of polystyrene rod between the disks while 
the out-of-phase energy traveling through the disks is 
constrained, because of the high dielectric constant and 
larger diameter, to stay within the disks. Then, when 
the disks and the radiating sections are each a half-
guide wavelength long, the energy radiated from every 
section is in phase, the condition for broadside radiation. 
It should be noted that there are many physical ar-
rangements which can suppress the out-of-phase radia-
tion and lead to broadside antennas. For instance, metal 
sleeves, alternate sections of dielectric of the same diam-
eter but differing dielectric constant, and so on, suggest 
themselves. The disks used here were chosen because of 
, their convenience and flexibility. 

(a) 
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(b) 
Fig. 6—The radiation from a broadside dielectric antenna. 

A three-dimensional radiation pattern of a typical 
broadside antenna is sketched in Fig. 6. Note that the 
electric field in the xz plane is parallel to the array axis, 

while that in the yz plane is perpendicular thereto. This 
field pattern is one that would be produced by an array 
of crossed electric and magnetic dipoles which are per-
pendicular to the axis of the array and are fed in phase. 
In all cases discussed in this section, the antennas have 
been excited with the TEn mode from a dielectric-filled 
metal guide which has been abruptly terminated, the 
dielectric continuing on as the radiator. In Fig. 6(b) 
an attempt has been made to show the behavior of the 
electric field as it leaves the dielectric disks and is radi-
ated. The radiation pattern in the plane perpendicular 
to the array axis will be, therefore, similar to that ob-
tained from a clover-leaf antenna, but the polarization 
will vary in this plane from horizontal at 4.= 0, to an 
angle of 45 degrees at 4)=45 degrees, to vertical at 
4.= 90 degrees, and so on. 
The earliest experiments were made on disk antennas 

such as that of Fig. 1. These and all later experiments 
were made at 1.25 cm. A typical set of patterns obtained 
for a number of different disk separations is shown in 
Fig. 7. In this and succeeding patterns, dimensions are 
given in terms of free-space wavelength. The patterns 
are definitely broadside, and the direction of the major 
lobe varies with disk spacing as the theory predicts; but 
the minor lobes are larger and the major lobes are 
ragged. Much of the distortion seems to be due to inter-
bead reflections. 

1 • \/2 
L • X/4 

Fig. 7—Radiation patterns of 5 X/4 diameter dielectric disks 
X/4 thick for various disk spacings. 

A very considerable improvement in the radiation 
pattern is achieved by tapering the disk diameter as in 
Fig. 8. The effect of this tapering is to reduce the dis-

Fig. 8—Tapered disk antenna. 

continuity to the wave traveling on the dielectric wire, 
and thus to decrease the radiation from those sections 
near the feed. In this way, a more uniform distribution 
of radiated energy is achieved. Although the reduction 
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in disk diameter does increase the energy outside the 
disks, Fig. 2 shows this energy to be small even for the 
smallest disks, and thus to a first approximation, the ra-
diation from the disk may be neglected. 
A set of patterns for various disk spacings is shown in 

Fig. 9 for radiation in the yz plane. An approximate 
pattern for the radiation perpendicular to the array 
axis (the xy plane) is also shown. Although there are 
actually seven disks, there are only six radiating ele-
ments; the first disk serves mainly as a matching trans-
former to launch the wave onto the dielectric transmis-
sion line. 
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Fig. 9—Radiation pattern of six-element 
broadside dielectric antenna. 

The patterns shown in Figs. 9, 10, and 11 were made 
using a rotating mount and an automatic recorder.'° 
In general, the minor lobe amplitude is only 6 to 9 db 
down for the short antennas and 10 to 15 db down for 
the longer antennas. By careful selection of disks, it is 
possible to reduce these amplitudes considerably for a 
given spacing, usually at the cost of higher minor lobes 
for other spacings. This is illustrated by the polar pat-
terns of the 18-element antenna shown in Fig. 10. 
Superposed on the experimental curves are points ob-

is Automatic pattern measuring apparatus developed by the An-
tenna Laboratory, The Ohio State University, was used for all meas-
urements. 

tamed by substituting the proper values of a and b into 
(3) and (4), or taken from the universal directive curve 
of Fig. 5. The agreement of angle and width at the half-
power points is quite good, but the location of the nulls 
and the amplitude of the minor lobes are off. 
The patterns in Fig. 11 are the radiation patterns for 

an 18-element array. As expected, the major lobes are 
narrower. The calculated points show continued agree-
ment of experiment with the simple theory. Thus the 
directivity is proportional to the array length, at least 

1.0   
Curve  I, J.  Is 

o  .750 .690 .630 

0.8  .500.44k .380 

S C .380.250 .25k 

E *pi,. froOf Fit 5 
gj0.41--

60  60 100 
Degrees off 4..1 6 4•90.1 

140 

Fig. 11—Radiation patterns for broadside dielectric antennas 
of 18 elements. Patterns for E. with  

over the range from 3 to 18 wavelengths. The limit of 
this proportionality is not at present known, but it is 
dependent on the dielectric losses. 
Figs. 9, 10, and 11 show that broadside dielectric an-

tennas of reasonable directivity can be constructed, that 
it is possible to vary the angle of the major lobe with 
respect to the array axis by changing the spacing be-
tween disks, and that surprisingly good predictions of 
shape and form of radiation pattern can be made. 

V. DESIGN OF BROADSIDE DIELECTRIC ANTENNAS 

The qualitative prediction of the direction and beam 
width of the radiation by (1) may be made the basis for 
the engineering design of these antennas. For this it is 

Fig. 10—Polar directive patterns of the I8-element broadside dielectric antenna of Fig. 11. 
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necessary to know the approximate phase velocity in 
the dielectric sections and the approximate energy dis-
tribution. The phase velocity fixes the value of b in (1) 
and may be determined from the properties of dielectric 
transmission lines. The disks, which were made of a 
mixture of lead chloride and polysytrene, have a dielec-
tric constant of 8. The effective dielectric constant of 
the section of dielectric waveguide made up of the disk 
and its supporting polystyrene rod must, therefore, lie 
between eTod =2.6 and Edio, =8. A value of 5, the average 
of the refractive indices, correlates well with experiment 
when the rod is about X/2 in diameter. These values, 
in a uniform transmission line, would give a guide wave-
length 0.45 times the free-space wavelength X in the 
loaded section of the antenna, and 0.93 X in the radiating 
section. For the uniform line, over half of the energy 
would be outside the guide in the radiating sections, 
while only a small fraction would be outside the guide 
in the disk sections. While these values are little more 
than educated guesses, they may be used as a first ap-
proximation in calculating the field patterns. 
Equation (1) may be improved by taking account of 

the directive patterns of the radiating sections, which 

are given by 

R = 
sin 7(1 cos 0 — m) 

r(1 cos 0 — m) 

where IX is the length of the segment. 2rm is the phase 
shift along the segment in radians. This equation is the 
same as that for an end-fire dielectric antenna. It arises 
because the radiating sections have an appreciable 

length. 
The directive pattern of a disk antenna should be ap-

proximately given by the product of (1) and (5) or 

R = sin nr(a cos 0  b)  sin w(1 cos 0 — m) I (6) 
ir sin ir(a cos 0  b)  cost) — m) 

(5) 

amount of increase required is readily determined from 
Fig. 3, remembering that the phase shift per section of 
the array should be constant. This tapered spacing is 
shown in Fig. 11. The effect of other than optimum 
spacing is to broaden the major lobe and to reduce the 
amplitude of the minor lobes. Thus, it is similar to taper-
ing the amplitude of the radiation along the array. 
The effects of a change in disk diameter are found 

primarily in the minor lobe structure, as might be ex-
pected. The largest effects are observed in changing the 
first few disks, while the end disks have little effect. 
Appropriate diameters for the disks have been deter-
mined empirically. The diameters used are noted on the 

figures. 
The interrelation between the disk diameter and the 

magnitude of the radiated energy is clearly shown in 
Figs. 9 and 11. In the six-element array of Fig. 9, the 
diameter of the disks increases rapidly as the distance 
from the feed increases. This is necessary in order that 
the major part of the energy be radiated by the time the 
wave reaches the end of the antenna. On the other hand, 
in the 18-element array, quite small disks are used near 
the feed and the increase in diameter is very slow. In 
this way, the energy radiated per unit length of antenna 
is reduced, and a relatively uniform distribution along 
the entire antenna is obtained. 
Finally, it may be of interest to mention two other 

forms for these antennas. In the first, the polystyrene 
supporting rod is replaced by one of pure rubber. By 
stretching this rod, a continuous variation in disk spac-
ing is obtained, with a corresponding continuous varia-
tion in the angle of radiation. In the second, the energy 
is fed in the center of the antenna, producing a center-
fed array with about twice the maximum length of the 
end-fed antenna, and the possibility of some minor lobe 

cancellation. 
Brief experiments indicate that these forms of the 

antenna operate as the foregoing theory predicts. 

wherein the various quantities are as shown in Fig. 1. 
The patterns calculated from this assume equal energy 
radiation from all sections of the array. 
On examining experimentally the effect of varying 

the thickness of the disks, it was found that the 0.25-X 
thick disks have smaller minor lobes than either the 
thinner or thicker disks. In particular, there is a large 
(3 or 4 db down) end-fire lobe with the thin disks, due 
to a net radiated component from the traveling wave 
in the dielectric wire. This is to be contrasted with the 
standing wave which produces the broadside pattern, 
and these two may be regarded as two separate modes 
radiated independently of each other. 
In these antennas the disks are all of the same thick-

ness; and for the shorter antennas the spacing between 
disks is uniform. For the 12- and 18-element arrays, the 
disks near the feed were smaller in diameter and the 
phase velocity was higher. Consequently, it was neces-
sary either to increase the spacing between disks near 
the feed, or to increase the thickness of the disks. The 

VI. CONCLUSIONS 

The dielectric antenna using loading disks has been 
demonstrated to be a practical broadside radiator for 
lengths from three to 18 wavelengths and longer. The 
major characteristics of its radiation pattern may be 
predicted from a simple array theory, which, in turn, 
permits the engineering design of such antennas. 
The work detailed herein does not represent a com-

pleted development of such antennas for practical ap-
plications. It shows only that antennas of this general 

design are feasible. 
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Correlation of the Faraday and Kerr Magneto-Optical 
Effects in Transmission-Line Terms* 

C. H. LUHRSt, MEMBER, IRE 

Summary—The subject effects follow immediately from the as-
sumption of the inequality of the two sets of Maxwell's material 
constants, one set for right-handed circularly polarized waves and 
and the other for left-handed circularly polarized waves. The Fara-
day magneto-optical effect is derived from phase considerations, and 
the Kerr magneto-optical effect is derived from impedance considera-
tions. 

I. INTRODUCTION 

T T IS OUR purpose here to establish explicitly direct 
relation of the subject effects, and to predict the 
co-existence of related effects in quantitative terms. 

The discovery' by Michael Faraday in 1845 of the 
rotation of the plane of polarization of light while 
propagating through various substances in the presence 
of a longitudinal magnetic field was followed rather 
closely by the discovery by Kerr' of the rotation of the 
plane of polarization of light upon reflection from the 
surface of a magnet. 
The basic connection between the two phenomena 

was soon realized by Fitzgerald and set down by him 
in very clear fashion in a paper' published in 1876. 
Others' have, after the date of Fitzgerald's deduc-

tions, accepted various Kerr magneto-optical effect ex-
planations, either directly stating or implying the nec-
essity of, assuming a mechanism of reflection in the 
process of which light partially enters the medium, suf-
fering direct Faraday rotation all the while, i.e., during 
the period of "partial entrance." 

II. THE BASIC ASSUMPTIONS 

A study of the literature suggests that the following 
list of statements can be taken without reserve as a 
starting point in the development of a useful and cor-
rect theory. 
1. The statement of the Faraday magneto-optical ef-

fect. 
2. The statement of the Kerr magneto-optical effect. 
3. Explanation, of the Faraday effect in terms of the 

difference between the velocities of left-handed circu-
larly polarized waves (lhcpw) and right-handed cir-

• Decimal classification: 535X538. Original manuscript received 
by the Institute, November 22, 1950; revised manuscript received, 
April 25, 1951. 
t 979 Grace Terrace, Teaneck, N. J. 
1 M. Faraday, "Experimental Researches," London University; 

London, England, vol. 3, pp. 1-26; 1855. 
j. Kerr, "On rotation of the plane of polarization by reflection 

from the pole of a magnet," ?ha. Mag., 5th ser., vol. 3, pp. 321-343; 
May, 1877. Also, "On reflection of polarized light from the equatorial 
surface of a magnet," Phil. Mag., 5th ser., pp. 161-177; March, 1878. 
$ G. F. Fitzgerald, "On the rotation of the plane of polarization of 

light by reflection from the pole of a magnet," Proc. Roy. Soc. A, 
vol. 25, pp. 447-450; December, 1876. 

4 A. Kundt, "On the electromaretic rotation of the plane of 
polarization of light by means of iron, cobalt, and nickel," Phil. 
Meg., Ser. 5, vol. 18, pp. 308-327; October, 1884. 

cularly polarized waves (rhcpw)." 
4. Fitzgerald's philosophy.' 
5. The fact that, in view of statements 1-4, a 

greater reduction to fundamentals can be achieved by 
accepting the implication of the inequality of the two 
sets of Maxwell's material constants. 

(a) 

and 

(b) 

where 

ez, =complex permittivity for left-handed circularly 
polarized waves (lhcpw) 

eR =complex permittivity for right-handed circularly 
polarized waves (rhcpw) 

liz,=complex permeability for lhcpw 
An= complex permeability for rhcpw. 

III. DERIVATION OF THE BASIC FORMULAS 

Looking in the direction of propagation, the division 
of electromagnetic waves into two types, A. lhcpw 
and B. rhcpw, is very basic, and the respective voltage 
of propagation are 

EL =  

ER = Elle—an'e- 1(wt-010), 

where 

w = angular frequency 2rf 
t= time 
a =attenuation constant 
fl= phase constant 
z =distance along direction of propagation. 
Subscripts L and R, where appearing, refer to lef t-

handed and right-handed values for the corresponding 
circularly polarized waves. 
The total voltage 

CL, 

eR, AR, 

Er = EL + ER, (3) 

the terms of the right-handed member of which can, of 

5 A. J. Fresnel, "Collected Papers," Henri de Senavmont, Paris, 
France, vol. I, p. 743; 1823. 

5 A. Righi, "Sulla velocita della luce neo corpi trasparenti mag-
netizzati," Nuov. Cim., vol. 3, pp. 212-234; November, 1878. 

7 H. Becquerel, "Sur la propagation megale de la lumiere polarisee 
circulairement, dans les corps sournis I l'action du magnetisme, sui-
vant le sens de l'aimantation et le sens des vibrations lumineuses," 
Compl. Rend., vol. 88, pp. 334-336; February, 1879. Also "Sur une 
interpretation applicable au phenomene de Faraday et au phenomene 
de Zeeman," Comp!. Rend., vol. 125, pp. 679-685; November, 1897. 
• D. B. Brace, "The observation of the resolution of light into its 

circular components in the Faraday effect," Phil. Meg., 6th ser., 
vol. 1, pp. 4-475; April, 1901. 
• J. Mills, "On the velocity of light in a magnetic field," Phys. 

Rev., vol. 18, pp. 64-69; February, 1901. 
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course, be expanded and regrouped at any time. Thus, 
first, for simplicity, writing (3) as 

ET =  [ei(c0 1- 81.z)  e—j(ca—Pas)1 , (4) 

implying that loss is neglected and that EL' = ER', EL' 
± ER' =-E 1 

ET = E' cos (cot — B Lz)  E' cos (cot — BRz) 

E'j sin (wt — B Lz) — j E' sin (wt — BRz) 

= E'2 cos (cot  + 2 ) 
2 

Z  cos   Z), (5) 

E'j cos (cot — 13L  +1311  z) sin C R ;   
2 

in which the first term is Ez and the second term is E. 
of ET, the angle of which with respect to the x axis, 

• (Fig. 1) is 85= OR —13L/2, the angle of rotation dis-
covered by Michael Faraday. 

Fig. 1—Co-ordination. 

Now consider other aspects of propagation in a sys-
tem such as that of Fig. 2. In this, M represents a slab 
of material possessing an impedance for lhcpw ZL 
RLA-jXL and an impedance for rhcpw ZR=Ra-l-iXR 

- residing in what will be here taken as an ordinary 

C. 

DIRECTION OF 

PROPAGATION, j 

Z, • R.-1-d. X, 

A 

Fig. 2—Slab of material of impedances Zr, and Zs 
residing in medium of impedance Zt. 

medium, such as vacua characterized by a single im-
pedance ZI=R1-1-jX1. The complex impedances are 
determined by the complex dielectric constants and 
complex permeabilities and by the geometry of the guid-

ing surfaces, if any. 
Then, for waves given by forms (3) and (4), incident 

at the first boundary AC, the reflection coefficients are 

ZL — Zi 
rL = I rL I /4,z; — 

ZL 

(RL — RI)  .i(XL — Xi)  

(RL + R1)  j(XL ± X1) 

rig = I ra I /OR' = 
Zit —  Z1 

(6) 

(RR — RI)  j(XR — X1)  

(RR + Ri) .i(XR  X1) 

• — RLX1 
175/: ---- tan-1 2 

OR' = tan-1 2 • 

R L2 — R12 + XL' — 

• XR  R R X1 

X12 

R R 2  R 12 +  X R 2  X 12 

Likewise, the transmission coefficients are 

2ZL 
IL = I IL I   =   

ZL + Z1 

RL jXL 
— 2 

(RL R1)  j(XL  X1) 

2ZR 
In = /RI /OR" =   

Zit +  Z1 

Rn  jXn 

= 2 
(RR + RI)  j(XR  X1) 

RIXL — RLXI 
cAL'' = tan-1   

RL(RL RI)  XL(XL  X1) 

RIXR — RR X 
OR" = tan-1   (10B) 

RR(RR  R1) XR(XR + X1) 

Now, the reflected voltages ER and EL corresponding 
to the incident voltages ER and EL are, making use of 
the above relations, 

EL = E' cos (cot ± 01 z  L') 

77 

(7) 

(8) 

(9) 

(10) 

ER = E' cos (wt  01 z On') 

Ex = 2E' cos (cot + 131z ± 

= 2E' cos (WI ± 131 z 

(10A) 

(12) 

(13) 

(AL ± OR)  —  cos   (14) 
2  2 

± OR) sin 41)L — tR (15) 
2  2 

and the angle of the compounded vector ET, where 

Er =EL-FER, is 

51 = i(OL' — OW),  (16) 

Kerr's angle of rotation of polarization by reflection 
from a magnetized surface. 
Likewise, continuing, the transmitted voltages in the 

medium M of Fig. 2 are, using E" in place of E' in 
recognition of the change in amplitude which has oc-

curred at the boundary, 

,EL = cos (cot + ibL"  Oa) — j sin (cat  OL" ± Pa) (17) 

ER = cos (cot + On" ± Po) — j sin (cot ± Oa"  PRz) (18) 

(19) 

(20) 
• = cos (wt On") + cos (0.4 
▪ = sin (wt  Oil') — sin (cot + OR"), 

where "z" is omitted for phase considerations at the 
boundary, and the angle of the compounded vector 
Er, where LT =EL+ER, is 

62 = Wk."  (21) 
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we an also predict rotations of polarization upon in-
cidence at, and transmission through, the second bound-
ary A'C '(Fig. 2). In like fashion, these "exit Kerr 
angles," 62 and 64, can be shown to be the negative of the 
corresponding "entrance Kerr angles" 61 and 62. In 
short, 

61 = — (53 = 1/2(0L' — Oa') 

82 = — (54 = I/2(k" — OR") 

85 = 1/2(3fi OL) • z. 

IV.. CONCLUSION 

Summarizing, this treatment establishes 
1. A quantitative description of the Kerr magneto-

optical effect. 

(22) 

(23) 

(24) 

2. The existence of five angles of rotation of polar-
ization in the complete passage of electromagnetic radi-
ation through a magneto optically active material: 

61, upon reflection from the first interface 
(52, upon transmission across the first interface 
63, upon reflection from the second interface 

64, upon transmission across the second interface 
64, during propagation in the active medium 
65 and 61 being, respectively, the angles of Faraday 

and Kerr. 

3. The dependence of 61, 62, 63, and 64 upon the mate-
rial constants of the media immediately adjacent to 
the entering and exit surfaces of the active material. 

A Method for Calculating the Current Distribution 
of Tschebyscheii Arrays* 

DOMENICK BARBIEREt 

Summary—Dolph has derived an optimum current distribution for 
equispaced broadside arrays based upon the properties of the 
Tschebyscheff polynomials.' Design curves are given for arrays of 8, 

12, 16, 20, and 24 elements. The equations to be computed are bulky, 
however, so that the numerical calculations become cumbersome for 

arrays of more than 24 elements. In this paper, the equations of 
Dolph's method are considerably simplified by algebraic means with 
no loss in exactness. The final current expressions are given in a 
closed, exact form. It is also shown that the expressions for the cur-
rent elements may be easily tabulated. A table for a 24-element 
array is constructed as an example which may readily be extended 
to arrays of any number of elements. 

DISCUSSION 

)' \ BRIEF REVIEW of Dolph's derivation will first 
be given. It is shown that the "Tschebyscheff 
current distribution" may be calculated after 

either the side-lobe level or the position of the first null 
is specified. The "Tschebyscheff pattern" resulting from 
this current distribution is optimum in the sense that 
(a) if the side-lobe level is specified, the beamwidth of 
the resultant pattern can be proved a minimum, or 
(b) if the beamwidth is specified, the side-lobe level will 
be a minimum. A detailed calculation of the pattern is 
unnecessary since the character of the pattern, in par-
ticular the side-lobe and null positions, is completely 
specified from the well-known properties of the Tscheby-
scheff polynomials. In a later paper, Riblet2 extended 
Dolph's method to remove some of its limitations. . 

' Decimal classification: R325.11 X R242. Original manuscript re-. 
ceived by the institute, July 24, 1950; revised manuscript received, 
April 30, 1951. 
t Formerly, the Glenn L. Martin Company, Baltimore, Md.; 

now, Radiation Laboratory, Johns Hopkins University, Baltimore, 
Md. 

1 C. L. Dolph, "A current distribution which optimizes the rela-
tionship between beam-width and side-lobe level," Flux. I.R.E., vol. 
34, pp. 335-348; June, 1946. 

2 H. J. Riblet and C. L. Dolph, Discussion on "A current distri-
bution for broadside arrays which optimizes the relationship be-
tween beam-width and side-lobe level," PROC. I.R.E., vol. 35, pp. 
489-492; May, 1947, 

It is well known that the radiation pattern of a 
linear equispaced broadside symmetric array of point 
sources is proportional to 

E2.„_,(0)  = CO,  [2k — 1 prrd\ 
2 k 

E2N(0) I =  Z Ik COS [k ( 221d- ) 

k-O X 

where (1) and (1') apply to an even number (2N) and 
an odd number (2N+1) of elements, respectively. The 
variable 0 denotes the angle between the direction of the 
field to the distant point P and the normal to the ar-
ray, d is the element spacing, and I k represents the cur-
rent in the kth element from the center of the array. The 
above equations are valid only if all the currents are in 
phase along the array. An extension of the method for 
out of phase currents is given by Riblet.2 
The odd and even cases were developed simultane-

ously by Dolph. However, the equations for both cases 
are fundamentally similar, differing essentially in the 
matter of superscripts and subscripts. In the section of 
this paper reviewing Dolph's material, therefore, the 
even case only will be discussed. 
Introduction of the new variable 

rd sin 0 u = 

simplifies (1) to 

F2N-1(14) =  fk cos (2k — 1)u, 
k-1 

(2) 

where, henceforth, only the absolute values of all pattern 
expressions will be considered so that the absolute value 
signs may be omitted. 

A term of the form cos nu may be expanded into a 
polynomial in powers of cos u whenever n is an integer. 
More exactly, it can be verified that 
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where 

1k-I 

.12q-11 

2k-1  2q-1 
cos (2k — 1)ti = E A2,,_,x , 

o k-q p V2k — 1\ 

kp - k  q) ( 2p ) 
( PS  PS I. 

x = cos u and  
m) m!(11 — In)! 

When (3) is substituted into (2) and the summation 
signs rearranged, the pattern equation, F2,v_i(u), takes 
the polynomial form 
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where lx1 6.1. Equations (8), representing the Tscheby-
scheff polynomial limited to the region within ± zo, and 
(4), representing the antenna pattern, are now in the 
same form. Corresponding coefficients may be equated 
and solved for the currents. Thus 

2k-1  IN-1 24-1 E = Ale-igo  ; q = 1, 2, • • • , N, 
k•ti 

whence 

(3) 

N  N 
2k-1 24-1 

G2N-1(  = E E 
k.• 

(4) 

where x is restricted to Ixl =1 cos u I 5 1. 
It will now be shown that with suitable values of the 

currents ([0 the antenna pattern described by the poly-
. nomial (4) may be made to coincide with the pattern of 

an appropriate Tschebyscheff polynomial, which in turn 
possesses all of the previously mentioned optimum 
properties. The nonnormalized Tschebyscheff polyno-

mials are defined by 

T(z) = cos (n arccos z); I z 1, (5) 

where n is an integer. Clearly, the maxima and nulls of 

(5) are given by 
k7r 

I T(z) I = 1 for z = cos —  ; k = 0, 1, 2, • • • , n (6) 

T(z) = 0 for z = cos (2k — 1) —  ; 

k = 1, 2, • • • , n. 

T(z) is also of the form cos nyt), where 0=arc-
cos z and n is an integer. Therefore, it may be converted 
into a polynomial in powers of cos ck =cos (arccos z) =z. 
Expansion of T2 _1(z) using (3) yields 

T2s-i(z) = cos [(2.V — 1) arccos zl 

2N-1 2q-1 EA2g_, z 
g-i 

JO = 
1 2N-1 24-1 

  it 20-1 ZO 
24-1  " 

A 2q-

- E A. AI Ils-1 
/ V  24-1} • 

(9) 

(10) 

If the /'s are computed from (10), the resultant field 
pattern given by (4) will agree with the Tschebyscheff 
pattern shown in (8). The side-lobes and nulls of the 
antenna pattern will coincide with the maxima and 
minima of the Tschebyscheff pattern given by (6) and 
will occur in the region zoxl 51. In the region 1 5 I zox I 
Szo, the Tschebyscheff polynomial rises very steeply. 
This portion will represent the main lobes whose shape 
may be deduced from the polynomial form of T.(zox). 
It was proven rigorously by Dolph that the Tscheby-
scheff pattern yields a minimum beamwidth when the 
side-lobe levels are known and a minimum side-lobe 
level when the beamwidth is specified. 
The adjustable parameter co may be calculated when 

either the side-lobe level or the beamwidth (position of 
the first null) is given. In the first case, so must satisfy 
the equation T2,v_i(zo) =r, where r/1 is the specified 
main-beam to side-lobe ratio. Since r >1, zo must be 
evaluated from the polynomial form of TiN _1(zo). How-
ever, Dolph2 derived a simpler formula for computing 
co from still another form of the Tschebyscheff poly-

nomial. The final result is 

zo=4{(r-F vir2-1)" (2N-I)+(r—N/r2- 1)1/0.v-t> 1. 

From (6), the nulls of TIN ...1(zor) are at 

I2k — 1  ir \ 

k 2  2N — 

(7)  whence 

Forms (5) and (7) of the Tschebyscheff polynomial 
are equivalent. Whenever T(z) is expressed in the 
finite polynomial form (7), the limits of z may be ex-
tended to + op. In the region I zI 5_1 forms (5) and (7) 
yield the same results, with (5) simpler for computa-
tional purposes. However, for IzI  1, the polynomial 
form only is valid. Equations (7) and (4) are similar in 
form, except that while IxI = 'cos ul 51 in (4), the 
limits of z above are ± co. Nevertheless, the two poly-
nomials may be made to correspond exactly by restrict-
ing the variable in (7) to z_.zo, where zc is an arbitrary 
parameter, and setting x =cos u=z/zo. 
Equation (7) may now be written 

2N-1 24-1 2q-1 

T2N-1(Z0X) = E A 2,2-1Zo  X (8) 

50x10 — cos 
2(2N -- 1) 

defines the position of the first null. When 0, is specified 
as the angular position of the first null, zo may be de-

duced from the relations 

(11) 
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It is evident that the numerical work involved in cal-
culating the current distribution from (10) and so from 
(11) can become extremely tedious as the number of 
elements increases. In the discussion that follows, a sim-
ple method of computing the /'s is derived whereby the 
currents will be given immediately in simple terms of 
so. Also, a very rapid method for computing so will be 
given. 
We may equate (2) to (8) so that 

2N-1 2q-1  20-1 E I k cos (2k — 1)u =  A 2g-i 20 (cos u) (12) 
k•nl  q•••••1 • N 2N 2q E I k cos (2ku) E A 2,2 ZO (cos 14) 2q ,  (12') 

4.0 

where the odd case has been reintroduced. The left sides 
of the above equations may be treated as parts of a 
Fourier series. Thus, if both sides of (12) and (12') are 
multiplied by cos (2k —1)u and cos (2k)u, respectively, 
and integrated from 0 to 2r, there remains only 

2r 
rik  = E A22: -11z20o-1 

o-i 
cos2q-'14 cos (2k — 1)udu  (13) 

2w 
k = E 2N 29 A2qz0 .1: cos2g u cos (2ku)du. 

o-0 

The integrals above are of the form 

10 
2r 

COS"' x cos nxdx, 

(13') 

where m and n are arbitrary integers. Using formulas 
360 and 267 of Pierce's tables, it can be seen that 

10 
2r 

COS m  x cos tixdx 

+ 

= 2r {(  on  \ t kon  m — 1 \ 
m  ot i  n — 21 

(no — n  1)(on — n — 

m — n + 2 m — n 
, (14) 

with the restriction that m 2 n and on —n be even. When 
n> on or m —n is odd, the integral is equal to zero. Set-
ting m=2q-1, n = 2k —1 for (12) and m =2q, n =2k for 
(12') yields for the currents 

2N-1 2q-1  2q— 1 \  2q — 2 \ 
/k= E A25-1z0  c21 

0•.k I. 2q+ 2k — 2) k2q-i- 2k — 4) 

(2g-2k-F1\t2q-2k-1\ 

k2q-2k+2) k 2q-2k ) (4)} (15) 

2q  2g-1 
{  \ 2N 2q 

ik =  E A2qZ0  2   
2g-1-2k k2g-F2k 

cg-2k — 1\  (4) }  (15') 12g-2k-1-1\ 

k2q-2k—F2) 2q-2k J 

where m n(qkk). 
If the numerator of the bracketed expression in 

(15)  is multiplied by  (2q-2k)(2g— 2k —2) • • • 2 

(q— k) !2g-k, it then becomes equal to 2(2q— I)! Thus, 
the numerator in question may be written as (2q— 1)! 
(q— k)!2 9-14-1. The denominator of this expression may 
be written as 1/ (q+k —1)!2 0 ". The substitution of the 
above into (15) and the application of a similar ma-
nipulation to the bracketed expression of (15') yields 

2.V-1 2q -I (2q — 1)! 
lk = EA 2q-1 ZO 

q-k  (q — k)!(g  k — 1)!225-2  

2N 2q (2q)! 
I k = E A2, zo 
.—k (q — k)!(q  k)!22q-' 

where (16) is for an even number (2N) elements and 
(16') for an odd number (2N+1) elements. 
Further simplification is still possible by incorporat-

ing the A's, or Tschebyscheff coefficients (see (7)), into 
the factorial expression. The Tschebyscheff polynomial 
is actually a particular form of Gauss's hypergeometric 
series and may be written3 

T(x) = 22"-1{xn — 1!22 ocn-2+  (n)(n — 3) 2!24 x n-4 

(n)(n — 4)(n — 5) 
!2°  x n-6  (17) 
3   

With some manipulation, it can be seen that T(x) may 
also be written in the alternate form 

T „(x) = E (_ 1) (n—  m)/ 222n--1 

.1 

n — on 
oi(m 2 1)! 

— on) 

2 

,  (18) 

where m =n, n-2; n —4 • • • 0, or 1. By comparing (18) 
with (7), the Tschebyscheff coefficients become 

2N-1 N-q 2N-2  (2N — 1)(g  N — 2)! 
A2g2  =  (-1) 2  

(N — g)!(2g — 1)!22N-2 0 

(2N)(q  N — 1)! 

(N — g)!(2q)! 22N-20  

Introducing the results (19) and (19') into (16) and 
(16') yields finally 

2N  N-q 2N-1 
A20 = (-1)  2 

k= E (-1)N—Qz02-1 (2N —1)(q+N —2)! 

(q—  k —1)!(N — q)! 

Lk= lir (-1) N- qz02.   (20') 
(2N)(q+N 

41.  (q— k)!(q+ k)!(N — g)! 

where (20) and (20') apply to 2N and 2N+1 element 
arrays, respectively. 
Equations (20) and (20') are most readily solved by 

s H. Margenau and G. Murphy, "Mathematics of Physics and 
Chemistry," Van Nostrand and Co., Inc., New York, N. Y., p. 74; 
1943. This equation is given incorrectly in the earlier editions of the 
book. 

(19) 

(19') 

(20) 
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constructing a table of coefficients wherein the /k's form 
the rows and the zo's the columns. See Table I for 24 
elements. The 24-element case was solved by Dolph, 
and is introduced here as a check on the new method 
• of attack. The results agree perfectly with those of 
Dolph, and yet were obtained with only a few hours 
of computation. The table shows that once the upper 
left-hand corner is constructed by substituting for q, N, 
and k the remainder of the table may be readily ex-
tended from sequence considerations. 
The tables also lend themselves to quick checks for 

errors. The sums across the rows, which are actually 
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the current values for zo = 1, should equal zero for all 
the currents except the final one, IN. Thus, for the even 

case, 

E rk(zo) cos (2k — 1)u = T2N _1(zox). 
k-1 

But, when zo =1, T2m _1(zox) =cos [(2N — 1) arccos x] 
=cos (2N-1)u. Thus, /k = 0, except for k=N where 
/Ay =1. Also, the sum down each column should equal 
the coefficient of the corresponding term of the Tscheby-
scheff polynomial. When x =cos u=1, cos (2k —1)u =1 
for all k so that Erk(z.) = T2N-1(zo) from the above. 

TABLE I 
CURRENT DISTRIBUTION FOR A 24-ELEMENT ARRAY YIELDING A TSCHEBISHEFF PATTERN 

q=12(±z023) q=11(—zo")q-10(i-so'9) q=9(—zoi7)1 q-8(4-50") q=7(—zou) 

1, 

1, 

(23)22! 

1211110! 

1352078 

(23)22! 

1311010! 

1144066 

(23)211 

1111011! 

8112468 

q-6(+zon) 

(23)20! 

101912! 

21246940 

(23)19! 

9!8!3! 

31870410 

(23)21! 

121911! 

6760390 

(23)20! 

111812! 

17383860 

(23)19! 

101713! 

25496328 

(23)18! 

81714! 

30193020 

(23)18! 

91614! 

23483460 

(23)22! 

141910! 

817190 

(23)21! 

131811! 

4680270 

(23)20! 

121712! 

11589240 

(23)19! 

1116131 

16224936 

(23)181 

101514! 

14090076 

14 

(23)22! 

1518101 

490314 

(23)21! 

141711! 

2674440 

(23)20! 

131612! 

6240360 

(23)19! 

121513! 

8112468 

(23)18! 

1114141 

6404580 

Jo 
(23)22! 

161710! 

245157 

1; 

17 

(23)22! 

171610! 

100947 

(23)211 

151611! 

1248072 

(23)20! 

141512! 

2674440 

(23)191 

131413! 

3120180 

(23)18! 

121314! 

2134860 

(23)21! 

161511! 

468027 

(23)22! 

181510! 

33649 

(23)21! 

-1-71411! 

137655 

(23)20! 

151412! 

891480 

(23)19! 

141313! 

891480 

(23)18! 

1312141 

492660 

(23)17! 

716151 

18786768 

(23)17! 

815151 

14090076 

(23)171 

914151 

7827820 

(23)17!  

101315! 

3131128 

(23)20! 

1613121 

222870 

(23)19! 

151213! 

178296 

(23)181 

141114! 

70380 

(23)16! 

615161 

7735728 

(23)16! 

714161 

5525520 

(23)161 

81316! 

2762760 

(23)16! 

91216! 

920920 

(23)171 

1112151 

853944 

(23)17! 

121115! 

142324 

(23)171 

1310151 

10948 

(23)161 

1011161 

184184 

q-5(-509) q-4(-1407) 

(23)15!  (23)14! 

51417! 41318! 

2072070  345345 

(23)15! 

613171 

1381380 

(23)45! 

712171 

592020 

q=3(—so6) 

(23)13! 

312191 

32890 

q=2(-1-se) q-1(-40) 

(23)12! (23)111 

2111101  110111! 

1518  23 

(23)14! 

51218! 

207207 

(23)14! 

611181 

69069 

(23)15! 

811171 

148005 

(23)14! 

710181 

9867 

(23)13! 

41119! 

16445 

(23)13! 

51019! 

3289 

(23)12! 

310110! 

506 

(23)15! 

910171 

16445 

(23)16! 

111016! 

16744 

la 
(23)221 

191410! 

8855 

(23)21! 

181311! 

30590 

ho 

(23)221 

2013101 

1771 

(23)21! 

191211! 

4830 

(23)20! 

171212! 

39330 

(23)19! 

161113! 

22287 

(23)20! 

181112! 

4370 

(23)191 

1710131 

1311 

(23)18! 

1510141 

4692 

(23)221 

211210! 

253 

(23)21! 

201111! 

483 

(23)20! 

1910121 

230 

Ill 
(23)22! 

2211101 

23 

(23)21! 

2110111 

23 

Ill 
(23)22! 

231010! 

1 

(2N-1)(q+N-2)1 
ik = E (-1)N-4420-1   

(q14-1)1(q—k)1(N—q)1 

N=12 

Sum across a row = 0 except for In 

Sum down a column= corresponding Tschebysheff coefficient 

Note: When q is odd, the column is negative. 

T(zo) 4194304  24117248 60293120  85917696  76873728  44843008  17145856 4209920 631488 52624 2024 23 
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The currents are now given as a function of the 
parameter, zo. zo may be calculated from T2_1(zo) =r 
using (11). However, it will now be shown that zo may 
be computed from a much simpler formula. Heretofore, 
T(z) was given by cos (n arccos z) in the region 
121 5-1, and it was noted that T„(z) could not exceed 
1 there. When the limits of z were extended to ± co , the 
polynomial form or the closed form (11) had to be em-
ployed, particularly  when  solving  the  equation 
Tw _i(zo) =r for r>1. However, it is possible to modify 
the simple cosine form of T(z) so that it will apply to 
the region I zl  1. • 
From (5), TM(Z) =cos (n arccos z) =r, but here r > 1. 

For the cosine of an argument to exceed one, the argu-
ment must be imaginary. Therefore, let cos inu= r and 
iu =arccos z. The above is equivalent to setting cosh 
nu = r and u =arccosh z. Thus, for values of I zl  1, 
T(z) may be written Tn(z) =cosh (n arccosh z). The 
equation cosh [(2N— 1) arccosh zo] =r is simply solved 
for zo to give 

(arccosh 
zo = cosh   

2N — 1 
(21) 

whence zo may readily be obtained from the mathe-
matical tables. 
As further proof of the above, it will be shown that 

the form cosh (n arccosh z) leads to the same polynomial 
in z as does cos (n arccos z). Whence it can be concluded 
that the cosh formula represents the Tschebyscheff poly-
nomial, but in a different region. It was noted above that 
cos nO may be expanded into a polynomial in x =cos 0. 
This fact may be derived from (cos n0 +i sin nO) 
= (cos 0+ i sin 0)". Expanding the terms on the right 
and equating real and imaginary terms yields 

where 

If sin2,9 

cos nO = cos" — ) cos " 0 sin2 
2 

cos"-4 0 sin' 0 • • • , (22) 
4 

n  n! 

k  k!(n — k)! 

is replaced by (1 — cos20), it is apparent that 

cos nO will emerge as a polynomial in powers of cos 0. 
The expansion of cosh nO may be effected in a some-

what similar manner. Since cosh nO-Fsinh n0 =e" 
= (e) = (cosh O-Fsinh 0)" and cosh nO — sinh ne = e- 0̂ 
= (e-°)" = (cosh 0 —sinh 0)", we may solve for cosh nO 
and expand so that 

n 
cosh n0 = cosh"' + 2 cosh"-2 0 sinh2 0 

n 
cos"-' 0 sinh' 0 • • • . (23) 

4 

If sinh2 0 is replaced by — (1 —cosh2 0), (23) will have 
exactly the same coefficients as (22). 
As an afterthought, it may be of interest to note that 

the above might be more simply established by reason-
ing that if cos n0 =P(cos 0) where P denotes some 
polynomial one may also write cos in0=P(cos 10) 
whence cosh nO = P (cosh 0). 
It is now established that cosh nO leads to exactly the 

same polynomial in powers of cosh 0 as does cos nO in 
powers of cos 0. From this it follows that cosh (n arccosh z) 
may be expanded into a polynomial in cosh (arccosh z) 
=z and will yield the same Tschebyscheff polynomial 
as the expansion of cos (n arccos z). Thus, the two 
formulas represent the same polynomial, except that the 
cosine form is applicable in the region z 151 and the 
cosh formula is applicable in the region z 1. The com-
plete Tschebyscheff polynomial may now be written 

T(z) = cos (n arccos z); z 1 

T(z) = cosh (n arccosh z);  z 1. 

As a check, the equation T23(zo) =r for the 24-element 
case was solved for several values of r by formulas (11) 
and (21). The zo:s resulting from the two methods were 
exactly the same. 

(24) 
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CORRECTION 

N. W. Mather, author of the paper, "An Analysis of 
Triple-Tuned Coupled Circuits," which appeared on 
pages 813-822 of the July, 1950 issue of the PROCEED-
INGS OF THE I.R.E., has brought the following error to 
the attention of the editors: 
The contour values given in Fig. 8 are incorrect. The 

values indicated should all be halved and should agree 
with the tabulation in Table I. 
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, Directional Antenna Arrays of Elements Circularly 
Disposed About a Cylindrical Reflector* 

ROGER F. HARRINGTONt, STUDENT, IRE, AND WILBUR R. LEPAGEL SENIOR MEMBER, IRE 

• 

Summary—The general solution for the field pattern of a circular 
array is adapted to include the effect of a concentric reflecting 
cylinder. Two solutions are presented, one giving the field as a 
Fourier series, and the other as an infinite series of Bessel functions. 
The results are general, being applicable to any array dimensions and 
for arbitrary distribution of excitation. The solution is idealized to the 
extent of assuming a continuous current sheet, rather than discrete 
elements, and an infinitely long cylindrical reflector. 

INTRODUCTION 

A
NT EN NA ARRAN'S having circular symmetry 
are useful in applications requiring a directional 
pattern with electrical control of the beam direc-

tion. Equations for the field pat terns of circularly dis-
posed elements without a reflector have been developed.' 
The present paper is an extension to include the effect 
of a concentric reflecting cylinder. General equations are 
given which are valid for either vertical or horizontal 
polarization, and the case for vertical polarization is de-
veloped in some detail. The vertical direction is parallel 
to the z axis of Fig. 1. The array is considered in a trans-
mitting condition, and the effect of the reflector is intro-
duced by ascribing a field pattern to each mathematical 
element of current. This pattern is a function of the 
curvature of the reflector, the separation between the 
element and the reflector, and the polarization. 
Practical application of the analysis is limited to 

those cases for which a continuous distribution of cur-
rent can be substituted for a system of discrete ele-
ments. This is not a serious limitation, because it can be 
shown that the actual field pattern has undesirable 
side lobes, when the element spacing is so great that the 
continuous current distribution is not a good approxima-
tion. The maximum allowable spacing between elements 
depends somewhat on the current distribution. If the 
distribution is uniform, it can be shown that the maxi-
mum allowable element spacing is about a half wave-
length. If the distribution is not uniform, a closer spac-
ing must be used, the closeness depending on the varia-

tion of the current. 
Two forms of the general solution are presented. One 

is a Fourier series in ck, and the other is a series of Bessel 
functions of cts with trigonometric multipliers. In both 
cases 0 appears in the coefficients. The Fourier series 
solution is useful when the array is small, and the Bessel 

• Decimal classification: R325.11. Original manuscript received 
by the Institute, October 6, 1950; revised manuscript received, May 
10, 1951. 
t Formerly, Syracuse University, Syracuse, N. Y.; now, Ohio 

State University, Columbus, Ohio. 
Syracuse University, Syracuse, N. Y. 
. R. LePage, C. S. Roys, and S. Seely, 'Radiation from circu-

lar current sheets," PROC. I.R.E., vol. 38, p. 1069; September, 1950. 

function solution is preferable for large arrays. All dis-
tances are given in radian-length measure (2 0. times 

the actual length). 

VSIN • COSOI-

CURRENT CIRCLE 
REFLECTOR CIRCLE 

-co 
‘7004.1  

, 

Fig. —Geometry of array with circular symmetry. 

FOURIER SERIES SOLUTION 

Let X.(4) —a, 0) be the field pattern of a current ele-
ment at angular position a, with the center of the array 
used as the datum for phase-angle measurement.' The 

current distribution is represented by the complex func-
tion 7(a). Its amplitude is measured in amperes per 
radian length. The total field at a distant point is pro-

portional to 

E(0, 0) = f 1r N M, —  a, 0 7( a) d a. (1) 

The multiplying factor 1/r is chosen for convenience. 
Each of the functions of the integrand is expressible as a 

Fourier series; 

L(0 — a, 0) = E (2) 

7(a) = E rkeika. 
k-•—•3 

(3) 

Symmetry dictates that Re is an even function of 4)—ot, 
and for most practical situations 7 will be an even func-
tion of a. These conditions ensure that C_„=C„, and 

A substitution of (2) and (3) into (1), followed 

by integration, gives 
OD 

E(cts, 0) = 8 E EZ.(0)C„ cos n4),  (4) 
n-o 

A bar above a symbol implies that it is a complex quantity. 
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where e. is Neuman's number. This is the most general 
form of the solution. 
Suppose the current distribution is 

7(a) = T ( a) e— ja2rSill eo COS a. (5) 

This is a convenient form for the current because it is 
approximately the beam-cophasal excitation if A is real, 
as may be seen by referring to the section on single-
element patterns. The function A(a) can be expressed as 
the Fourier series 

Z(a) = E D pei1,01. (6) 

The usual formulas for determining the coefficients 
of (3) are applied to the combination of (5) and (6), with 
the added condition that Z(a) is symmetrical about the 
point a = 0. Manipulation yields 

The B coefficients are all real, and B,=B. because R 
is an even function and real. 
When (5), (6), (8), and (9) are combined and sub-

stituted into (1), the result is 

where 

T-:(4), 0) = 3 E iviiv+onmei(-14-nouvo,f), 
v 

= h/sin2 0 + sin2 00 — 2 sin 00 sin 0 cos 4,, (11) 

sin 0 sin 
A = tan-'   

sin 0 cos  — sin 00 
(12) 

The details of this development are given in the lit-
erature.' 
In the surface 0=00, the formulas forf and A reduce to: 

.1.= sin 00 sin (012) and A = (4)-Hr)/2; allowing (10) to 
become 

W(d), 0o) = E j° E D„Bno.) cos (1) [ r 4.  2n + v 
  41)]J (0, sin 00 sin — . 

2  2 2 y-o ft —CO 

-C„ = —1 ej-8(T0,,,  (r- sin 00),  (7) 

in which J. is the Bessel function of the first kind. 
Equation (7) may be incorporated into (4) to give a 

solution in terms of properties of A (a), rather than 
7(a). This is convenient for the approximate beam-
cophasal case, in which case A(a) is real. 

BESSEL-TRIGONOMETRIC SOLUTION 

Another form for the general solution is obtained by 
writing 

(13) 

Equations (4) and (10) are alternate expressions for 
the field pattern. A comparison of their relative usabil-
ity is dependent upon the following discussion of the 
single-element patterns. 

SINGLE-ELEMENT PATTERNS FOR VERTICAL , 
POLARIZATION 

Expressions for the field patterns of a current element 
near a conducting cylinder are given in a paper by 
Carter.' For a short element parallel to the cylinder it 
is found that 

.1„(.. sin 0) Y„(— sin 0) — J.(— sin 0) Y. (-6L sin 0)-
2  2  2  2 

C.(o) =  sin 0 

J.(— sin 0) — jY„(— sin 0 2 2  

or 

Wc(cb — a, 0) = R(4) — a,  (8) 

In the section on single-element patterns it is shown that 

or 
E(4, — a, 0) = — sin 0 cos (4) — a) 

2 

to a good approximation. The amplitude function is 
written as the Fourier series 

CC 

R(4) — a, 0) = E B.(0)ein(0-0. (9) 

(14) 

where Y. is the nth-order Bessel function of the second 
kind. This is applicable for all 0 if the cylinder is in-
finitely long; otherwise it should be used with caution 
when 0 deviates appreciably from 90°. 
For arrays of large diameter, it may be permissible 

to use an approximate single-element pattern obtained 
by replacing the cylinder by an infinite plane, tangent 
to the cylinder at the point nearest the element. Using 
the center of the array for the phase datum, the pattern 
of a short element parallel to the z axis is 

P. S. Carter, "Antenna arrays around cylinders," PROC. I.R.E., 
vol. 31, p. 671; December, 1943. 
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I. 

sin 0 sin [1 sin 0 cos (4) — 

= 

where 1 is the element-reflector separation. The function 
sin [I sin 0 cos (0—a)] is a standard form for which the 
Fourier series may be written directly.' The series thus 
obtained represents (15), only if I4) — al  r/2, but it 
can be converted to a series which is valid for the entire 
range of 10—al , by applying the integral expressions 
for the Fourier coefficients. The results are: 

sin 0 
2 J„(1 sin 0),  Pt odd, 

(16) 
2 sin 0 ," 

i"  J,(1 sin 0), n even. 
7r (s— n)(s+ n) 

a—odd 

For any R., function for which the phase-angle part 
is the same as in (15), the G coefficients can be expressed 
in terms of the B coefficients, or vice versa. In similarity 
with the development of (7) it is found that 

and 

= 

B, = 

1 ,_°_', 
--  erf(13,-. _,  

- E 
2 

sin 0),  (17) 
2 

(a, — sin o).  (18) 
2 

(15) 

N d and Nb. If N„, is the larger of Na and Nb, there will be 
N.—N, values of v for which n has the maximum range 
(2N.+1). Therefore, letting P be the number of terms 

in (10), 

P  1+ 2 + • • • + (2N. + 1) + — N.)(2N.-1- 1) 

= (2N. + 1)(N. + 1). (19) 

COMPARISON OF THE SOLUTIONS FOR VERTICAL 
POLARIZATION 

It is instructive to compare the two solutions in the 
light of their applicability for computation. The Fourier 
series form is perhaps the simpler, because each term is 
simply a trigonometric function of 0. However, the pref-
erence depends to a great extent on the array diameter. 
First consider (10), finding an estimate of the neces-

sary range of v. In practical cases A and R are slowly 
varying functions, and so their series will converge 
rather rapidly. Let I D„1 and B. be negligible for 
n> Nd and Nb, respectively. Fig. 2 illustrates how an 
estimate of the range of v can be obtained. An upper 
bound of a coefficient in (10) is proportional to the 
area of the product of the two distribution functions. 
From the diagram, it can be seen that this area is 

negligible when v > (Nd+ Nb). 
For each value of v the number of terms due to the 

summation over n is the amount of overlap of the two 
distribution graphs. As v becomes smaller the range of 
n increases up to 2N.+1, where N. is the smaller of 

G. N. Watson, "Theory of Besse! Functions," Second ed., Cam-
bridge University Press, Cambridge, Mass., p. 22; 1945. 

DIST RIBUT ION OF 

; -7b 

0; 

V VP 

RANOE OF 

11 FOR FIXED v 

AREA PROPORTIONAL 
TO UPPER BOUND OF 
COEFFICIENT OF A, 

IN E0,(10) 

Fig. 2—Diagram for estimating the number of terms in equation (10). 

The convergence of (4) depends on the convergences 
of the series for 7 and L. Estimates of these rates of 
convergence can be obtained by using (5) and (15) as 
typical examples. Each can be broken up into the prod-
uct of a series for the magnitude function, which has 
already been considered, and the series for the exponen-
tial part. For simplicity, consider the case 0=00=90°. 
The exponential part is the same for both functions and 
is expressible by a known series,' the kth coefficient be-

ing J0(15,/2). 
An estimate of the number of significant terms is ob-

tained by recalling that ../k(x) becomes quite negligible 
when k is greater than x+4. Therefore, in each case the 
series for the exponential factor contains approximately 

(O/2)+4 terms. 
The above series is multiplied by the series for either 
or R which have, respectively, Na and Nb significant 

terms. The approximate numbers of terms in the series 
for 7 and R. are then (Or/2) +4+ N d and (O/2)+4+ Nb, 

respectively. The smaller of these is the required esti-
mate of the number of significant terms in (4). Thus, 

or 
number of terms in (4) — -I- 4 + N,.  (20) 

2 

When N.+4 is small compared with 0,12, the number 
of terms is approximately proportional to the array 
diameter. For very small diameters N. may be a func-
tion of 8„ but this possibility may be omitted in this 

approximate analysis. 
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From (19) and (20), it is possible to see that (4) may 
be preferable for small arrays, while (10) may be prefer-
able for large arrays. If N.= N,,,= N, the transition oc-
curs when 

6, = 4N' + 4N - 6.  (21) 

For practical cases N may be rather small, perhaps as 
low as 3. This value of N gives 6,= 42 (approximately 7 
wavelengths diameter) as the largest array for which it 
would be profitable to use (4). 

BEAMWIDTH FOR VERTICAL POLARIZATION 

Beamwidth is not very sensitive to minor details of 
variation of the R and A functions. Therefore, a reason-
able estimate of beamwidth may be obtained by assum-
ing convenient typical forms for R and 71. A simple re-
sult is obtained by taking 

, r 
cos (4) — a), 0:5_14)-«1 5 —, 

2 
R(ct, — a, 0o) = 

r , 
0,  

2 

cos a, 

A (a) = 

0, — <1a1 5 7. 
2 

nearly the same and therefore, omitting multiplying fac-
tors, the equation of the main lobe is approximately 

EN), Bo) = Jo(b, sin 00 sin —4)) 
2 

(i) 
± .12 (  — b, sin 00 sin  , 2  (25) 

if the array is large enough to make the width of the 
beam less than 40°. From a tabulation of Bessel func-
tions, it is found that the half power point occurs when 
0, sin 00 sin 0/2 =1.61, so that 

1.61 
beamwidth  4 sin-1   

0, sin Oo 
(26) 

VERTICAL PATTERNS FOR VERTICAL POLARIZATION 

Equations (4) and (10) provide vertical pattern in-
(22)  formation, if either R or  is known as a function of O. 

However, if (15) is used as an approximation for Re, it 
is preferable to go directly to (1) for the vertical pattern 
of the beam. If the element excitation is restricted to 
the range I al .•71-/2, each term of the integrand reduces 

(23)  to a Bessel function, when the integration is performed. 
The result is 

Equation (22) is a fair approximation for the normalized 
magnitude function of (15), when the element-to-re-
flector spacing is less than a quarter wavelength. Equa-
tion (23) is a reasonable tapering of the excitation to-
ward the sides. For this case routine manipulations give 
the field function 

E(0,  = 

o ar 
— sin OE eijk-r k {.1 + 1) sin 0 - — sin 00] 
2 k-0 2  2 

Jk[( 1,- - 1) sin 0 - 201 sin 001}. 
2  2 

(27) 

72  2 
E(0, 00) = (1 --I- — cos 4) + — cos 20 + • • • ) Jo (S, sin .00 sin ---C6 

8  9  2 ) 

+E7r2 4  4 . -I- — cos 4) - — cos 34) ± • • - ) /2 (Sr sin 00 sin 
8 3  45 

2   -I- (--- - 2 — cos 24. + • • • )J4 (Or sin 00 sin -4. ) 
9 15  2 

4 4 
▪  - — cos 30 + • • • ) J6 (0,. sin 06 sin —4'). 

45 45  2 

A multiplying factor is omitted from (24). 
For consideration of beamwidth, ch can be restricted 

to the main lobe, allowing a much simpler expression to 
be used. For the main lobe, the range of is such that 
6. sin 00 sin 0/2 <2.40. Reference to tabulated values 
of Bessel functions shows that the Jg and Jg terms may 
be dropped for this restricted range. Furthermore, in 
the range of 101 up to 20° the coefficient of Jo varies 
less than 5 per cent, and the coefficient of J2 varies less 
than 2 per cent. When 41=0, these two coefficients are 

(24) 

It is to be emphasized that this is not a reliable ap-
proximation when the axial length of the reflecting cyl-
inder is small, or when the diameter is small. 
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Summary—The application of the Lorentz theory of dispersion 
to some problems in the theory of the propagation of radio waves 
incident obliquely on a plane ionosphere is considered. The true 
height of reflection, ray path, reflection coefficient, range in the 
ionosphere, and group path in the ionosphere are studied without 
introducing the effect of the earth. For both a plane- and curved-
earth geometry, the following quantities are determined: ground 
range, group path, reflection coefficient as a function of the ground 

range, and the maximum usable frequency. 
The following restrictions apply to the material presented: 0) 

all limitations on the Chapman distribution hold; (2) the earth's 
magnetic field is neglected; (3) the angular operating frequency is 
assumed to be greater than the collisional frequency wherever ap-
preciable absorption occurs; (4) the absorption per vacuum wave-

length is assumed to be small; and (5) ray theory is used. 

INTRODUCTION 

A
PREVIOUS PAPER' considered the effect of the 
I.orentz polarization term on the verticalrinci-
dence absorption of a radio wave in a deviating 

ionosphere layer. The purpose of the present work is to 
extend this treatment to the case of waves incident ob-
liquely on a plane ionosphere. The material in the pres-
ent instance, as well as the vertical-incidence paper, is 
based on approximations given by flacke.2 
Hacke determined a double-parabola approximation 

to the well-known Chapman distribution' of electron 
density as a function of . height, as well as a single-

parabola approximation to the height variation of the 
product of electron density times the collision frequency. 
These approximations were used by Hacke to compute 
the true and group heights of reflection, as well as the 
reflection coefficient, at vertical incidence using the 
Sellmeyer theory of dispersion. Hacke and tielso4 later 
extended this treatment to the case of waves incident 
obliquely on a plane ionosphere, obtaining the true and 
apparent heights of reflection, the ray paths, the reflec-
tion coefficient, and the range in the ionosphere, all using 

the Sellmeyer theory of dispersion. 

PROCEEDINGS OF THE I.R.E. 

Radio- Wave Propagation at Oblique Incidence 
Including the Lorentz Polarization Term* 

JOHN M. KELSOf 

It is the purpose of this paper to consider the above 
quantities, using the Lorentz theory of dispersion. In 
addition, we consider analytically the ground range, the 
reflection coefficient as a function of ground range, and 
the group path assuming the earth to be first plane and 
then curved. The maximum-usable-frequency factor is 
studied graphically for both types of geometry of the 

earth. 
A number of restrictions must be considered in the 

application of the material given here: (1) since the ap-
proximations are based on the Chapman distribution,' 
all of the limitations on the use of that distribution ap-
ply; (2) the earth's magnetic field is neglected; (3) the 
angular operating frequency is assumed to be very much 
greater than the collisional frequency where appreciable 
absorption takes place; (4) the absorption per vacuum 
wavelength is.assumed to be small; and (5) ray theory is 
used. These restrictions should hold fairly well for the 
ordinary ray in quasi-transverse propagation via the 
E layer, for frequencies above about one megacycle. 
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SUMMARY OF INTRODUCTORY WORK 

Chapman' showed that the electron density as a func-

tion of height in a Chapman region is given by 

N  N.Ch(x),  (1) 

where 

Ch(x) = exp i(1 — x — exp 1 — 

(2) 

in which 

N= the electron density 
.V.= the maximum value of the electron density in the 

layer 
H= the scale height of the atmosphere in the region 

where the ionization is produced 
h.„= the height at which N is a maximum when x =0 
h = the height at which the ionization is being con-

sidered 
X = the sun's angular distance from the zenith. 

Hacke2 approximated (2) by two parabolas shown in 
Fig. 1: Pi(x), used for the region contained between the 
level of  maximum ionization and the  height, 
x1= —1.3170, of the lower inflection point of (2); and 
P2(x), used for the region between this latter level and 
the level x2= —2.7811. The quantity x2 is the value of x 
for which the second parabola, P2(x), becomes zero. 
Thus, 2:2 defines the term 'bottom of the layer" as used 
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in the remaining parts of this work. The region xi <x <0 
where Pi(x) is used is called the "upper region"; and the 
region x2 <x <x1 where P2(x) is used is called the "lower 
region." The two approximations are 

x2 

XI <  X < 

T2 

132(x) = A2(x — OC2) 21 x2 < x < xi,  (4) 

where T=1.848 and A =0.4792 are parameters ad-
justed to fit (2). 

(3) 

Fig. 1—Ratio of ion density and its product with co lision frequency 
to the values at x=0 as functions of height in scale units below 
point of maximum ion density. Solid curves, Chapman distribu-
tions; dashed curves, parabolic approximations. 

It is sometimes useful, when working in the lower re-
gion, to change from the co-ordinate x to the co-ordinate 
y, given by 

y = x — x2 = 2.7811 + x.  (5) 

Making this substitution, we may rewrite (4) as 

P2(y) = A2y2,  0 < y < 1.4641, (4a) 

where yi = 1.4641, y2=0. In they co-ordinates, the sub-
scripts are used for the same function as the correspond-
ing subscripts in the x co-ordinate system. 
The product Ch(x)e-z (proportional to the product of 

electron density times the collisional frequency, v) is ap-
proximated by the parabola 

P3(x) = ao  aix  a2x2,  x3 < x < 0,  (6) 

where ao= 0.7055, al= —2.382, and a2= —1.1696 are 
parameters used in the curve fitting, and xo= —2.299 is 
the negative root of P3(x) = 0. When the y co-ordinate 
system is used, this becomes 

Po(y) = bo + by + b2y2, 

yo = 0.4821 < y < 2.7811;  (6a) 

with bo= —1.7162, bi =4.1236, and b2= —1.1696. 
For values of x <x3, the parabola P3(x) is negative, 

and thus the product of electron density times col-

lisional frequency is meaningless in our approximation 
for such values of x. Consequently, integrations of quan-
tities containing Po(x) will have as a lower limit the 
value x =x8, rather than x =x2, the latter value repre-
senting the bottom of the layer. As a result of this, the 
theory will show some possible reflections for which the 
absorption is given as zero. This anomaly occurs, how-
ever, only for values of the frequency such that the 
angular frequency of the signal is no longer greater than 
the E-region collisional frequency, and hence, for which 
the present theory is not valid. 
The ratios N/ N„,= Ch(x) and Nv/(N„,v„,)= Ch(x)e-z 

(where v. is the value of the collisional frequency, v, at 
the level x=0) are plotted as functions of x in Fig. 1. 
The parabolic approximations Pi(x), P2(x), and Po(x) 
are indicated on the same figure as dashed curves. 
When the Lorentz theory of dispersion is used and 

the previously noted restrictions are applied to the 
Appleton-Hartree dispersion equation,5•6 the expression 
for the index of refraction is' 

2   
1 -  C h( X)/ R 2 

ih =  
1 +  i Ch( x) / R 2 

and the absorption coefficient is given as 

3  1C„,Ch(x)e-z 
k= 

2 pR2[1  iCh(x)/R212 
• - 

(7) 

(8) 

where 

= the index of refraction 

k =the absorption coefficient per unit path length 
R= the ratio of the operating frequency to the verti-

cal incidence critical frequency 
K„,=v„,/2c. 

QUANTITIES INVOLVING THE IONOSPHERE ONLY 

As a first step, we consider some quantities which de-
pend only on the ionosphere, and not on the earth. In 
two later sections we will then introduce the geometry 
of the earth, first as a plane parallel to the ionosphere, 
and then as a sphere. The quantities which depend on 
the ionosphere only are the true height of reflection, ray 
path, reflection coefficient, group path, and the range, 
all in the ionosphere. Fig. 2 shows a diagram of the ray 
trajectory in the plane ionosphere, and serves to define 
the symbols used. 

A. True Height of Reflection 

As is well known, the condition for reflection at 
oblique incidence in a plane ionosphere is given by 

ti2(xo) = sin' 60, (9) 

where z(x0) is the index of refraction at the point xo, at 
which the wave is reflected and 00 is the angle of inci-

E. V. Appleton, "Wireless studies of the ionosphere," Jour. IEE 
(London), vol. 71, pp. 642-650; October, 1932. 

D. R. Hartree, "The propagation of electromagnetic waves in a 
stratified medium," Proc. Comb. Phil. Soc., vol. 25, pp. 97-120; Jan-
uary, 1929. 
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dence of the signal on the ionosphere. Writing 1.42 from In the Sellmeyer case, the quantity xo can be expressed 
(7) and approximating Ch(x) by Pi(x) and P2(x) in  as a function of the single variable, R cos 0. However, 
their appropriate regions, we get  as can be seen from (10), in the Lorentz case we must 

• R cos 00 / 1  give values to R and 00 separately. Thus, in Fig. 3 we 
xo = X2 ±   X2 < X0 < xi  plot xo for both the Lorentz and Sellmeyer theories as a 

A it 1 ± I sin' Oo ' function of R for the parametric values of the angle of 
(10)  incidence 00=10°, 20°, 30°, 40°, 50°. In Fig. 4 we plot, 

R' cos 00 

X0 =  —  1/ 1  1 ±  -} sin' Oo ' xi < xo < 0.  for  both  theories,  xo  as  a function  of 00 with the values of 
the parameter R=1, 2, 3, 4, 5. In both figures the Sell-
meyer results are shown dotted. 
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Fig. 2—Diagram illustrating ray path of radio wave 
through plane ionosphere. 

Hacke and Kelso4 have shown that the corresponding 
expressions obtained by use of the Sellmeyer dispersion 

theory are 

—a 

R cos On 
xo  X2 +    

A 

X2 <  Xo <  Xi 

xo = — T-V1 — R2 cos' On, x1 < xo < O. 

I 
- 1 
i 

1 

1 

11 1 L y_ j _1 / t—. — 
/. 

.....--- 
- 

1 

man maim" to ortall. 

4 . 
fasoffs. mowers 

.. I. •• t 
• 

Fig. 3—True height of reflection xo as a function of the ratio R of 
wave frequency to vertical incidence critical frequency, with the 
angle of incidence Oo as a parameter. 
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Fig. 4—True height of reflection xo as a function of the 
angle of incidence 00 with R as a parameter. 

B. Ray Path 

In this section we calculate the actual trajectory of 
the ray through the ionosphere. At a point P, the index 
of refraction is related by Snell's law to the angle that 
the ray makes with the vertical at P,0, and to the angle 
of incidence on the ionosphere as 

sin 00 

sin 0 
= 

From this equation, 

dz  sin 00 
— =- tan 0 —    
dx  N412 —  sin' 00 

(12) 

where dz is the horizontal displacement and dx is the 
vertical displacement, both in scale units. If we substi-
tute for /22 from (7), we obtain 

R2 ± iCh(x) 
dz -= sin Oodx V  • (13) 

R2 cos' 00 — (1 +  sin' 00)Ch(x) 

We again replace Ch(x) by the parabolic approxima-
tions Pi(x) and P2(x). We then must treat three cases: 
(i) behavior in the upper region, xi<x <0, when the 

ray penetrates to that region; 
(ii) behavior in the lower region, x2<x <xi, when the 

ray is reflected in the upper region; 
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(iii) behavior in the lower region, x2<x <xi, when the 
ray is reflected in that region. 
In Case (i), the approximation Pi(x) is used in place 

of Ch(x), and dz becomes 

dz= 
sin Bodx (T2 + 2T2R2) — x2 V  

V2+sin2 Bo PR' cos 00— (1+1 sin' 00) 

(1+1 sin' IQ 

Integrating from x1 to x, 

+x2 

2R2 sin 00 
Z1 —    [RC k) —  kW', 

k-V2  sin2 eo 

where E(0, k) and F(0, k) are elliptic integrals, and 

k = a/Va2 b2 

= cos-2 (x/a), 6,1 = cos-1 (x0,1/a) 

a2 = T2(1 + 2R2) 

b2 
T2R2 cos2 Bo — T2(1 + 1 sin2  

= 
(1 +  sin2 00) 

We now make the transformation given by 

Z2(x) = Z(x2) — Z(x), 

in order to place the origin of the horizontal co-ordinates 
directly below the point of reflection. Then 

TV1 + 2R2 sin Oo  
Zi(x) =    [F(0, k) — E(0, k)]".  (14) 

kV2 + sin2 00 

In Cases (ii) and (iii), where we wish to determine the 
paths in the lower region, x2<x <xi, we use the parabola 
P2(y) in place of Ch(x), and obtain 

sin Body  2(122/A 2) ± y2 
dz —   

V2 + sin% i R2 cos2 Oo 
y2 

A2(1 + 1 sin 02) 

Integrating from 0 to y, 

where 

V a2 +  /32 sin 00 *12 

  [F(0, IC)]  , 
V2 ± sin2 02  • 

= cos-i 

K = VP2Aa2 + 02 ) 

a2 = 2R2/A 2 

192 = 1( R2/A 2) COS2 001/(1 + 

(x — 

Z2(y) =   [E(0,  
A/2 + sin2 00 

-V2 R sin Bo 

k,•/2  sin2 00 
  [F(O,  k) — E(0, k)1 '# ', (15) 

0 

where 

=  Cos-1 ( X " —   X219 ) 

In Case (iii), when reflection occurs in the lower re-
gion, we again wish to make the reflection point the 
origin of the horizontal co-ordinates. Making the trans-
formation, 

we get 

Zo(y) = Z(yo) —  

Va2 + #2 sin 02 
Z3(Y)    [E(0, K)1 °0° ,  (16) 

V2 + sin2 00 

where a, #, K, and (b are defined above. 
Fig. 5 shows two ray paths, both for R=2.0, one for 

00=59° 9' 16" and the other for 00= 73° 11' 0", which 
give reflection in the upper region at a height of 2.5 
scale units from the bottom of the layer, and reflection 
in the lower region at 1.0 scale units from the bottom 
of the layer, respectively. 
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Fig. 5—Ray paths in a plane ionosphere with R and Oa 
as parameters. Lorentz theory of dispersion. 

C. Reflection Coefficient 

The reflection coefficient p gives the ratio of the re-
flected intensity to the incident intensity, and is defined 

sin' 02).  by the equation 

In Case (ii), when reflection occurs in the upper re-
gion, we transform to the co-ordinates Z2 (y), defined by 

Z2(y) = Z(xi) — Z(Y), 

and obtain 

p = exp (— 2 f kds), (17) 

where ds is the differential of path length, k is the ab-
sorption coefficient defined in (8), and the integral is to 
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be taken from the bottom of the layer to the reflection  Integrating, we get, 

point. Now 
in  - HK„,  bo 2b1 cos 00 cos  

ds = 11‘,/dx2+ dz',   E(1,P, k) 
A L R  A 

and, using the expression for dz given with the discus-
sion of ray paths, we obtain 

Hpdx 
ds - 

- sin' 00 

Obtaining k from (8), the natural logarithm of the reflec-

tion coefficient, In p, becomes 

Ch(x)e-idx 
In p = — 1211K,,R2 f   (18) 

[2R2 + ch(x)12,042  _ sin' 00 

Again we have three cases to consider. These are de-
fined in the same manner as in the ray path calculations. 
In Case (i), the wave is reflected in the upper region, 

and the quantity Ch(x) is approximated by Pl(x), while 
the quantity Ch(xle's is approximated by P3(x). 'Writ-
ing A' from (7) and making these substitutions, 

Then, 

N/72 II K,„ R2 T' rio 
In p = 

‘/1 +  sin' 00 

In Pi 

where 

-\ 72-4 b2R 
  (F(0, k) - E(0, k))] ,  (20) 
Al los 

1 
k = cos 00 

[ 
1 A yo,1,3 

1,3 = sin-I — sin tan'  . 
Lk N/2 R 

When the reflection occurs in the upper region, the 

complete reflection coefficient is given by 

In p = in Pt + In p:. (21) 

In Case (iii), where the reflection occurs in the lower 
region, we obtain the same result as in Case (ii), except 

(ao  aix  aox2)dx 

PR2 cos' 00 - T2(1 ±  sin2 00) VI T2(2/0 1) - x2I3 x'} 
I +  sin' 00 

N r8- HK,,,Ta0V1 sin2  0° [F(0,1/ k) -  1/k) 
N/210 + 1 N/1  -tallnkt;  l hoi 

▪ N/S 11K„,T'a iN/1  sin' 00 [ taim 

▪ 11  K.T3a2N/(210  1)(1 -I- 4 sin' 00) [ {1 310  IF(0, 1/k) 
(2R2 -I- 1)(1 +  sin' 00) 

- E(", 1/k) 
- 1/0 sin' ,,G140) 

tan 1,1, 

(19) 

where that the integration is taken from y3 to yo instead of 
from y3 to y. Making this change in (20), In /33 becomes 

= sin-' k sin[cos-1 ) 
a 

= a'/(a2+02) 

a =  T2(2122 + 1) 

IT2R2 cos" 00 - T2(1 -I-  sin' 001/(1 -I-  sin' 00). 

In Case (ii) we consider the behavior of the wave in 
the lower region when reflection occurs in the upper re-
gion. We introduce the co-ordinate y = 2.7811 +x, and 

approximate Ch(x) by P2(y), and Ch(x)e-s by Pa(y). 

Then in p2 becomes 

In /22 = - N/Ti 1.1K,./0 

tvz b. 2b1 cos 00 cos  
In p3 -    k) 

A L R  A 

Rb2 it 
  (F , k) - E(‘G , k))] . (22) 
A'  #8 

In Fig. 6 (p. 92) the quantity ( -In p)/(HK,,,) is plot-
ted as a function of 00 for values of the parameter R = 1, 2, 

ry,  00+ bly  boyndy  

Jirs 12.122 A2y2} sl /22 cos' 0o - (1 + 4 sin2 00)A2Y1 • 
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Fig. 6—( —In p)/(HK.) as a function of angle of incidence 00 with 
R as a parameter. Plane ionosphere; Lorentz theory of dispersion. 

2H r 
P1 =    

+ sine 00 ;, 

meyer theory, is a special case of the more general equa-
tions relating phase path P, and group path P', 

P' = ± R(dP/dR) (23) 

P = f S.  (24) 

Substituting the Lorentz form of (24) into (23), we do not 
obtain the simplified form used for the Sellmeyer theory. 
Instead, it is necessary to determine the phase path P, 
and then to compute P' from (23). 
In calculating the phase path, we consider, as usual, 

the three cases defined in the ray path calculations, and 
denote the values of P and P' by appropriate numerical 
subscripts. 
In Case (i), we wish the phase path in the upper region 

when reflection occurs there. We approximate Ch(x) by 
the parabola Pi(x), and then PI becomes 

[T2(Re — 1) -I- x2]dx 

(2R2 cose 00 — 2 — sine 00) + x2 } 
Te(2R2 1) — xe) {Te 

2 + sin= 00 

3, 4, 5. The comparison of this result with the Sellmeyer 
result given by Hacke and Kelso' will be made when the 
effect of the earth has been included in the calcula-
tions by plotting (—In p)/K„, as a function of the ground 
range for the two dispersion theories. 

D. Group Palk in the Ionosphere 

In computing the group path at vertical incidence 
using the Lorentz theory,' it was noted that this could 
not be done in as simple a manner as in the Sellmeyer 
case. At oblique incidence, this difficulty is even more 
apparent, for the theorem of Breit and Tuve does not 
apply when the Lorentz dispersion theory is used. Con-
sequently, it is not sufficient to get the group path from 
the sides of the isosceles triangle formed by the exten-
sion of the path from the ground to the ionosphere. 
Furthermore, the relation P'= fdsh.t, used in the Sell-

- 2I1T 
—    _ {(2R2 — 1)[F(¢), + 
V2 -I- sine 00V2R2 1 

cos2 Bo 2T2R2 {(x12  c2)    (b2  xi 2) 
(2 + sine 00) 

(b2  c2). Vb2  x ly x1 2 

(1 — R2)ke sin 4), cos 4)1 
(2/0 + 1)(1 _ k2)vi  _ k2 sin2  ' < 

Integrating, 

P1 = 
— 2IIT(R2 — 1) 

  [F(4),  V2 + sine 00 k) 1/2V2R2 + 1 

2HTV2R2 1 
 _ [E(q), k)1 
v'2  sine 00 

where 

k2 = 6R2/(2R2 1)(2  sine 00) 

= sin--1 V(be — x12)/(62  C2) 

b2 =  T 2(2 R2 ±  1) 

c2 = — Te(2R2 cose 00 — 2 — sin= 00/(2 + SjU2 0o)• 

We now differentiate (25) with respect to R, remem-
bering that both cki and k are functions of R, and sub-
stitute the results into (23). Then Pi' is given by 

(25) 

{(8R' 8R2 + 2)  (R2 — 1)/(1 — K2)} 
  [E(4), kW/2 

(2R2 + 1) 

(3R2 — (2R2 -I- 1) ke sine 4)1\ 

k v1 - k2 sine 01 

xo < O. 

G. Breit, and M. Tuve, "A test of the existence of the conduct-
ing layers," Phys. Rev., vol. 28, pp. 554-573; September, 1926. 

(26) 

(27) 

In Case (ii) and (iii), we wish the phase path in the 
lower region, where Ch(x) is to be replaced by the para-
bola P2(y). Then 
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P2.3 
+ 4 sin' 00 10  2 R2 R 2/A 2 COS2 00 

+  y 2    

A 2 1 ± 4 sin' 00 Y2 

r1.0 (R2/A2 y2)dy 

!Making several changes of variable, the above equation where 
reduces to 

P2.3 = HR -J d43 A  0 — k2 sin' 

RH fool.° 
-  - —  cos2 00 

- 3 V 3 A 

where 

k2 = 1/3 cos' OD 

sin' odo 
 , (28) 
(1 — k2 sin' 0)31' 

sin-1 (   00.1  sin [tan-1 A  Y°.1  = 
cos 00 -VTR • 

(29) 

The two integrals in (28) are standard elliptic integral 
combinations whose values are given in terms of elliptic 
integrals of the first and second kind in combination 
with ordinary trigonometric and algebraic functions. 
For the purpose of obtaining P' by use of (23), it is 
simpler to retain these in their integral form. 
, We now wish to evaluate P' using the relation in (23). 
In Case (iii), which we discuss before Case (ii), (ko 

and k are functions of 00 only, so that the integrals are 
independent of R. Carrying out the differentiation, and 

using (23), 

1): = 2  T F(00, k) 
t/ 2 RH 
i  

4 J 2 RH  cos' 00 

1/ 3 A (3 — cos2 00) [F(4)0 ' k) 

F(cbo, k) — E(400, k)  sin (Po cos d)o 

le2 -V1 — k2 sin' (1,0] 

X2 < xo < xi. (30) 

In Case (ii), the quantity y61 is a function of R, and so 
the differentiation of (28) must include the derivative 
of cfil with respect to R. After considerable manipulation, 
we obtain P21. 

Ayi 
11,1 = tan-1   

R 

and k and (th are defined in (29). 
In order to obtain the complete group path when the 

wave is reflected in the upper region, we must add the 

results of (27) and (31). 
Numerical results will be given for the group path 

when the geometry of the earth is considered in the fol-
lowing sections. 
A simple comparison of these oblique-incidence re-

sults shows that the theorem of Breit and Tuve' does 
not apply here. (It is not meant to imply that anyone 
has suggested that this theorem should apply; the orgi-
inal derivation of the theorem was made on the basis 
of the Sellmeyer theory of dispersion and a plane iono-

sphere.) 

EFFECT OF A PLANE EARTH 

We now consider the effect of the earth's geometry by 
first assuming the earth to be plane and parallel to the 
plane ionosphere used above. The ionosphere is taken 
to be a distance ho above the earth. The quantity ho is 
measured in kilometers, and is called "the height of the 
bottom of the layer." 

A. Ground Range 

The ground range is obtained by letting y =y2 in the 
expressions for the ray path in (15) and (16). Twice this 
quantity, then, gives the range in the ionosphere. To 
this quantity we add the range along the ground cor-
responding to the portion of the path from the ground 
to the ionosphere, i.e., we add 2 ho tan 00. Thus, the 
range D is given by 

2HVa2 sin eo 
D =   [E(0, k)] 01 

N/2  sin' 00  4,2 

2 \/-2. HR sin 00 
  [F , k) — E(C  h 

+ A k-V2 -I- sin' Bo 

4 cos' 00 F(01, k) — E(01, k) sin 02 cos 4ip21 . I —I R—H [2F(ck, k)  {F(4), k) 
k2 N/1 — k2 sin' 4,if 3 A  (3 — cos' 00) 

— 4/3 cos 4/1 tan c 1  2 cos' Bo sin' (In 

3 V1 — k' 44  3 (1 —  sin " 2 00 
COS 00 [1 +  tan  tki] sin th 

cos2 00 

xo < x < xi < xo < 0, (31) 



94 PROCEEDINGS OF THE I.R.E. January 

▪ 2ho tan 00, < xo < 0; 

2E/1/4 2 131 sin Bo  
D   [E(4), K)] .. 

V2 -I- sin' 0o 

▪ 2ho tan 00, x2 < xo < 

where a, #, K, k, IA and cb have been defined in the sec-
tion on ray paths. 

The ground range D in kilometers is plotted as a func-
tion of the angle of incidence 00 in Fig. 7 for R= 1, 2, 3, 
4, 5. In this, and all of the succeeding calculations, it is 
assumed that the scale height H is 10 km, and that the 
height of the bottom of the layer ho has the value 90 km. 
These are reasonable values for the E layer under 
"normal" conditions. 
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Fig. 7—Ground range D as a function of the angle of incidence 00 
with R as a parameter. Lorentz theory of dispersion; plane-
ionosphere and plane-earth geometry. H=10 km, ho=90 km. 

In a similar manner, the ground range has been ob-
tained from the range in the ionosphere as given by 
Hacke and Kelso.' for the Sellmeyer theory. Fig. 8 shows 
curves for this case corresponding to those for the 
Lorentz case in Fig. 7. 

B. Group Path 

The group path in the ionosphere itself has been given 
in (27), (30), and (31). To this we must add twice the 
distance from the transmitter to the point of incidence 
on the layer, given by 2 ho/cos 00. For the Sellmeyer 
dispersion theory, the theorem of Breit and Tuve' gives 
P' = D/sin 00. A curve of P' versus R for the Lorentz 
theory and for a ground range of 1,500 km is given in 
Fig. 9, along with a dotted curve for the same case 
using the Sellmeyer theory of dispersion. 
The Lorentz curve is not as complete as the Sellmeyer 

curve, in that the upper part of the curve is very short. 

This does not mean that the curve does not go off to 
infinity at the critical frequency as in the Sellmeyer 
case, but rather that it was not possible to perform the 
numerical calculations in this region. When the reflec-
tion height approaches the level of maximum ionization,  ' 
it becomes necessary to evaluate the elliptic integral 
F(0, k) for 0=90° and sin—' k between 89° and 90°. 
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Fig. 8—Ground range D as a function of the angle of incidence 00. 
Sellmeyer theory of dispersion; plane-earth and plane-ionosphere. 
4=10 km, ho=90 km. 

The best table of elliptic integrals available for this 
works does not permit the evaluation of such values, 
for it would be necessary to interpolate between 5.43490 
and infinity. This loss of a portion of the curve is not 
sufficiently serious to warrant a special effort to evaluate 
the elliptic integral beyond this interval since the 
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1,500 km. H=10 km, h,=90 km. 

L. Potin, "Tormules et Tables Numeriques," Gauthier-Villars 
et Cie. Paris, France; 1925. 



1 1952  Kelso: Propagation 

attenuation is very high for such waves and this part 
of the curve is not ordinarily observed experimentally. 

I. C. Reflection Coefficient as a Function of Ground Range 

If we assume that the scale height H has the value 
: 10 km and that the height of the bottom of the layer he 
I has the value 90 km, we may use the curves of ground 
range as a function of the angle of incidence in Fig. 7, 
and the curves of ( —In p)/(17K.1 as a function of the 
angle of incidence in Fig. 6 to plot in Fig. 10 the quan-
tity (—In p)/K„, as a function of ground range for 
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Fig. 10—( —In p)l(K..) as a function of ground range D with R as a 
p.krameter. Plane-ionosphere, plane-earth. H —10 km, ho 90 km. 

R=1, 2. 3, 4, 5. Corresponding curves for the Sell-
meyer theory are shown dotted. These latter curves were 
obtained  from  Fig. 8, and from the curve' of 
(—R In pl."(//TK„,) as a function of R cos Oo in Fig. 11. 
One must be quite careful in attempting to make com-

parisons on the basis of Fig. 10. It should be noted that 
the scale height and height of the bottom of the layer 
have the same values for the two theories. In using the 
ordinary' method for the determination of these two 
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Fig. 11—Absorption as a function of R C OS 00. The quantity 
as (—R In p)I(HTIC..). Sellmeyer theory of dispersion. 

E. V. Appleton and W. J. G. Beynon, 'The application of 
ionospheric data to radio-communication problems: Part 1,* Proc. 
Phys. Soc. (London), vol. 52, pp. 518-533; July, 1940. 
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quantities, the same experimental results would lead to 
different calculated values for H and ls,) according to 
which dispersion theory was used for the calculations. 
Thus, using Fig. 10 for a comparison of the Lorentz 
versus the Sellmeyer theory of dispersion would be 
equivalent to assuming that h0 and H had been de-
termined by some means independent of the two dis-

persion theories. 

D. Maximum Usable Frequency 

Observing the curves of range as a function of the 
angle of incidence in Figs. 7 and 8, it is seen that, for 
each value of R>l, there is some range D„ such that 
for D <D. there is no angle of incidence for which the 
signal has the range D. This value D. is called the "skip 
distance" for a given R. Conversely, the value of R, 
written Rm.t, is called the "maximum-usable-frequency" 
factor for the given range. The maximum usable fre-
quency f„,„i = R.„I times the vertical incidence critical 
frequency is the greatest frequency that can be used for 
transmission over the given range. 
Appleton and Beynon' determined the position of this 

minimum for the single-parabola approximation and the 
Sellmeyer theory of dispersion by differentiating the ex-
pression for range with respect to the angle of incidence. 
Beynon" extended this to the inclusion of the Lorentz 
polarization term, but still with the single-parabola ap-
proximation. When this procedure is applied to the 
double-parabola approximation with the Sellmeyer dis-
persion theory, one obtains for the angle of incidence at 
which this minimum occurs 

where 

vw + 2h., 
= cos-i II' — P 

W = Q  211PR"xi/Vxii — 

p = [4(x2 — x2)1 

A  R' j 

— 2HR'T in /  
so 

xi Vxil — x02} 

Q = 2//(xi — xt)/N/1 — A2(xi —  

R' = R cos 00. 

A glance at the expression for the ground range using 
the Lorentz theory of dispersion in (32) shows that this 
method of solution would be extremely complicated in 
the present case, if, indeed, it would be possible at all. 
Consequently, the information given here for the Rena 
as a function of range has been obtained graphically 
from the range versus angle of incidence curves in Fig. 7. 
The quantity Rm.( is plotted as a function of the 

ground range in Fig. 12. On this figure, the notation 
used is: PI-PE indicates plane ionosphere and plane 
earth; PI-CE indicates plane ionosphere and curved 

" W. J. G. Beynon, Òblique radio transmission in the ionosphere 
and the Lorentz polarization term,'' Proc. Phys. Soc. (London), vol. 
59, pp. 97-107; January, 1947. 
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earth. The corresponding Sellmeyer results are shown 
dotted. It is seen that the differences between the two 
dispersion theories become quite appreciable at long 
ranges, and Beynon" has reported that measurements of 
the maximum usable frequency at a range of 700 km 
have confirmed the applicability of the Sellmeyer theory 
of dispersion on the basis of the single-parabola ap-
proximation. 
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Fig. 12— Maximum-usable-frequency factor R.., as a function of the 
ground range D. For plane-ionosphere and plane- and curved-
earth geometries. H= 10 km, ho = 90 km. 

EFFECT OF A CURVED EARTH 

We now repeat the work of the previous section, but 
assume that the earth is spherical and such that the 
ionosphere is at the same height ho, as in the previous 
section; however the height is to be measured as a radial 
distance along a line from the center of the earth to 
the point of wave reflection. The geometry used is shown 
in Fig. 13. 

VOYECRA Or LAYER 

Fig. I3—Diagram showing ray trajectory of a plane-ionosphere 
and curved-earth geometry. 

A. Ground Range 

In Fig. 13, HZ00 is the half range in the ionosphere, 
and is obtained from (15) and (16) by letting y=0. 

r. is the angle intercepted at the center of the earth by 
radial lines to the point of incidence and to the reflec-
tion point. If Ro is the radius of the earth and ho the dis-
tance from the ground to the ionosphere immediately be-
low the reflection point, then = tan-' [HZ./(Ro-Fho)J. 
If P I is the range along the curved earth corresponding 
to HZ„„ then p, =Ror„„ where is in radians. From 
the figure, it is seen that the angle  =00-1-1-„„ and Q is 
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Fig. 14 —Ground range D, as a function of the angle of incidence go 
with R as a parameter. Lorentz theory of d spersion; plane-
ionosphere and curved-earth geometry. H=10 km, 14=90 km. 

the radial distance from the point of incidence to the 
ground. Smith" has shown that the ground range cor-
responding to the part of the path from the ground to 
the ionosphere can be approximated by 

IDA = Ro cot V, — Ro-Vcot2 — 2Q/R0. (34) 

Now OA =HZ„,/sin ri,„ and Q= OA —Ro, so that all the 
quantities in the expression for IDA have been de-
termined. The total ground range of the signal is then 
given by 

D = Dr ± DA* (35) 

The quantity D is plotted as a function of 00, for 
R=1, 2, 3, 4, 5 in Fig. 14, assuming 110=90 km and 
H=10 km. The corresponding result for the Sellmeyer 
theory of dispersion is shown in Fig. 15 (following page). 

B. Group Path 

If the theorem of Breit and Tuve' applied in the 
present case, the group path would be given by the 
length of the sides of an isosceles triangle formed by 
the transmitter, the apparent point of reflection, and 

" N. Smith, "The relation of radio sky-wave transmission to 
ionosphere measurements," PROC. I.R.E., vol. 27, pp. 332-348; May, 
1939. 



1952  Kelso: Propagation at Oblique Incidence 97 

the receiver. Simple geometry gives this quantity as 

2/4 sin (1/3/R0)/sin 00. 

From this result, we subtract the length of this path in 
the ionosphere itself, and add the group path in the 
ionosphere as given by (27), (30), and (31). 
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Fig. 15 —Ground range D as a function of angle of incidence 00 with 
R as a parameter. For the Sellmeyer theory of dispersion, and 
plane-ionosphere and curved-earth geometry. H=10 km and 
ho=90 km. 

Using the procedure outlined above, a curve of P' as 
a function of R is plotted in Fig. 16 for a range of 1,500 
km. The corresponding curve for the Sellmeyer theory 

is shown dotted. 

Fig. 16—Group path P' as a function of the ratio R of wave fre-
quency to vertical incidence critical frequency, for a ground range, 
D =1,500 km. Plane-ionosphere, curved-earth. H.= 10 km, ho= 90 
km. 

C. Reflection Coefficient as a Function of Ground Range 

Using the range versus angle of incidence curves in 
Fig. 14 and the curves of ( —In p)/(HK) from Fig. 6, 
we obtain the curves in Fig. 17 giving ( —In p)/K,,, as a 
function of the ground range for R=1, 2, 3, 4, 5, for a 
curved earth and plane-ionosphere geometry and the 

Lorentz theory of dispersion. The corresponding curves 
for the Sellmeyer theory are shown dotted. In both cases 
H=10 km and Ito= 90 km, so that the remarks made in 
the plane earth case regarding the comparisons of the 
results for the two dispersion theories apply here 

equally well. 
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Fig. 17—( —In p)/(K.) as a function of ground range D with R 
as a parameter. Plane-ionosphere, curved-earth. H=-10 km, 
ho = 90 km. - 

D. Maximum Usable Frequency 

In this case, the same objections as in the plane iono-
sphere case are raised against an attempt to obtain an 
analytic solution for the maximum usable frequency. 
Thus, for both the Lorentz and Sellmeyer theories of 
dispersion, the results for Rmo versus range are obtained 
from the range versus angle of incidence curves in the 
manner discussed previously. These results are shown 
in Fig. 12 along with the plane earth curves. 

CONCLUSIONS 

The application of the Lorentz theory of dispersion 
to some problems in the theory of the propagation of 
radio waves incident obliquely on a plane ionosphere has 
been considered. The true height of reflection, ray paths, 
reflection coefficient, range in the ionosphere, and group 
path in the ionosphere are considered without including 
the earth. For both a plane and a curved earth the fol-
lowing quantities are studied; ground range, group 
path, reflection coefficient as a function of ground 
range, and maximum usable frequency. All of this work 
is done under the restrictions noted in the introduction. 
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of servomechanisms and antennas. Since 
August, 1950, he has been engaged in elec-
tronic research and design at the Radiation 
Laboratory of Johns Hopkins University, 
Baltimore, Md. He is a member of Sigma 
Xi and the American Physical Society. 

D. BARBIERE 

Cullen M. Crain (S'42—M'49) was born 
at Goodnight, Texas, in 1920. He received 
the B.S. degree in electrical engineering 

from the University 
of Texas in 1942. 
After a year with the 
Philco  Radio and 
Television Corpora-
tion in Philadelphia, 
Pa., he returned to 
the  University  of 
Texas as an instruc-
tor in the electrical 
engineering depart-
ment. 
From 1944 to 1946 

Mr. Crain was on ac-
tive duty in the United States Naval Re-
serve, attached to the Bureau of Ordnance, 
where he worked in the mine program, 
and to the office of Research and Inventions, 
where he worked on the development of 
radar bombing trainers. 
Since 1946 Mr. Crain has been asso-

ciated with the University of Texas, where 
he received the M.S. degree in electrical 
engineering in 1947. He is at present an as-
sistant professor in the electrical engineering 
department, and a radio engineer with the 
electrical engineering research laboratory. 
Mr. Crain is a member of Tau Beta Pi, 

Eta Kappa Nu, and-Sigma Xi. 

C. M. CRAIN 

J. P. Eckert, Jr. (S'41—A'47) was born on 
April 9, 1919, in Philadelphia, Pa. In 1937 
he entered the Moore School of Electrical 

Engineering of the 
University of Penn-
sylvania. He received 
the B.S. degree in 
electrical engineering 
in 1941, and the fol-
lowing year taught 
engineering, science, 
and management de-
fense training at the 
Moore School. 
_ In  June,  1943 

Mr. Eckert received 
the M.S. degree in 

electrical engineering from  the Moore 
School, after which time he became chief 
engineer for the ENIAC project. In 1945 
Mr. Eckert was concerned with the design 
and construction of the EDVAC, the suc-
cessor to the ENIAC. In the summer of 1946 
he taught a course on electronic computing 
devices at the Moore School. 
The following fall Mr. Eckert and Dr. 

John W. Mauchly formed a partnership, 
known as the Electronic Control Co., for 
the purpose of designing and building large-
scale, all-electronic, high-speed digital com-
puting devices. This partnership was in-
corporated in December, 1947 as the Eckert-
Mauchly Computer Corp. As chief engineer, 
Mr. Eckert was responsible for the design 
and construction of the Binac, an all-
electronic computer, and the Univac, a 
large-scale electronic digital computer de-
signed to handle both numeric and alpha-

J. P. ECKERT, jlt. 

AL 
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betic data. He now holds the position of 
vice president and director of engineering. 
On October 19, 1949, Nit-. Eckert and 

Dr. Mauchly were awarded the Howard N. 
Potts Medal by the Franklin Institute. 

Eduard A. Gerber (A'50) was born in 
Fuerth, Bavaria, Germany, on April 3, 1907. 
He received the Dip!. Phys. degree in 1930, 

and the Dr. Ing. de-
gree in 1934, both 
from  the  Munich 
Technical University. 
In 1935 he joined the 
scientific staff of the 
Carl  Zeiss  Works, 
Jena, Germany, and 
was in charge of the 

 research  and  de-
velopment work on 
piezoelectric crystals. 
Before  he  arrived 
in this country, he 

was one of the co-authors of the volumes on 
"Physics of Solids," of the FIAT Review of 
German Science, published by the Military 
Government for Germany. 
Dr. Gerber is now a consultant of the 

Signal Corps Engineering Laboratories, Fort 
Monmouth, N. J. He is a member of the IRE 
Committee on Piezoelectric Crystals. 

E. A. GERBER 

J. R. Gerhardt was born in Omaha, Neb., 
on April 29, 1918. He received the B.S. 
in engineering science in 1940 from the 

Illinois Institute of 
Technology.  Enter-
ing the Air Force in 
1941, he was gradu-
ated from the New 
York University me-
teorology course for 
weather officers in 
1943.  Following a 
period of special train-
ing in radio and radar 
propagation, he was 

J. R. GERHARDT  engaged for several 
years on special Air 

Force projects involving the forecasting 
and analysis of the meteorological param-
eters affecting radar propagation. Assign-
ments were with the Radiation Laboratory, 
MIT, the AAF Board at Orlando, Fla., 
and with the OCSiG0 on their radio relay 
projects in California and Florida. 
Since 1946, Mr. Gerhardt has been asso-

ciated with the electrical engineering re-
search laboratory of the University of 
Texas, formerly as chief meteorologist and 
currently as assistant director. This labora-
tory is engaged in research in the field of 
radio wave propagation and micrometeor-
ology. He is a member of Phi Lambda 
Upsilon, Sigma Xi, The American Meteoro-
logical Society, The American Geophysical 
Union, and the New York Academy of 
Sciences. 

R. F. HARRINGTON 

H. J. GRAY, JR. 

Harry J. Gray, Jr., (S'45—A'46) was born 
in St. Louis, Mo., on June 24, 1924. He 
entered Lehigh University in 1941, and 

after two years was 
ordered to the Uni-
versity of Pennsyl-
vania  under  the 
Navy V-12 program, 
where he received the 
degree of B.S. in 
electrical engineering 
in 1944. After com-
missioning as an en-
sign, he studied Navy 
radio and radar at 
Bowdoin College and 
the  Massachusetts 

Institute of Technology, later serving in the 
Pacific until 1946. He received the M.S. de-
gree in 1947 from the University of Penn-
sylvania, where he has been engaged since 
1947  in teaching electromagnetic field 
theory, further work on digital computers, 
and graduate study in electrical engineering. 
Mr. Gray is a member of Tau Beta Pj, 

Eta Kappa Nu, and is an associate of 
Sigma Xi. 

Roger F. Harrington was born in Buffalo, 
New York, on December 24, 1925. He re-
ceived the B.E.E. degree in 1948, and the 

M.E.E. in 1950, both 
from Syracuse Uni-
versity. 
From  1945  to 

1946 he served as an 
instructor  at  the 
Naval  Radio  Ma-
terial  School,  at 
Dearborne,  Michi-
gan. From 1948 to 
1950 Mr. Harrington 
was employed as an 
instructor and  re-
search assistant at 

Syracuse University. While at Syracuse, he 
worked under contract with the Watson 
Laboratories, AAF, investigating the prop-
erties of radio direction finding systems. 
At present, Mr. Harrington is serving as 

a research fellow in the electrical engineering 
department at Ohio State University, 
Columbus, Ohio, while studying for his 
Ph.D. degree. 
Mr. Harrington is a member of Tau 

Beta Pi, and the Society of Sigma Xi. 

M. E. Hines (S'46—A'47—M'50) was born 
on November 30, 1918, in Bellingham, 
Wash. He attended the California Institute 
of Technology, where he received the B.S. 
degree in applied physics in 1940 and 
where, as a member of the Air Force 
Weather Service, he received the B.S. de-
gree in meteorology in 1941. After World 
War II he returned to the Institute and 

JOHN M. KELSO 

M. E. HINES 

received the M.S. degree in electrical engi-
neering in 1946. 
At the California Institute of Technology 

Mr. Hines worked 
on the determination 
of the dielectric con-
stants of gases at 
microwave frequen-
cies. Since 1946 he 
has been engaged in 
the development of 
traveling-wave tubes 
and close-spaced tri-
odes for use as micro-
wave amplifiers at 
the Bell Telephone 
Laboratories in Mur-

ray Hill, N. J. 
Mr. Hines is a member of the IRE sub-

committee on small high-vacuum tubes and 
the task group on traveling-wave tubes. 

Craig C. Johnson was born in San 
Marcos, Texas, on February 27, 1924. He 
entered the University of Texas in 1941 

and  graduated  in 
1948 with a B.S. de-
gree in mechanical 
engineering, in the 
interim ha,,ing spent 
three years,  1943 
through 1945, as an 
Air Force pilot. 
After graduation 

Mr. Johnson joined 
the Defense Research 
Laboratory at the 

CRAIG C. JOHNSON  University of Texas 
as a research engineer 

engaged in guided missile work for the 
United States Navy. Since June, 1951 he has 
been employed as a research engineer at the 
North American Aerophysics Laboratory in 
Downey, Calif. 
While at college Mr. Johnson was a 

student member of the American Society of 
Mechanical Engineers. He is a member of 
Phi Eta Sigma, Pi Tau Sigma, and Tau 
Beta Pi. In 1947 he was awarded a Westing-
house Achievement Scholarship. 

John M. Kelso was born in Punx-
sutawney, Pa., on March 12, 1922. He re-
ceived the A.B. degree in physics from 

Gettysburg  College 
' in 1943, and the M.S. 
degree  from  the 
Pennsylvania  State 
College  in  1945. 
In 1949 he received 
the  Ph.D.  degree 
from the latter insti-
tution, having done a 
thesis on ionospheric 
radio propagation. 
From  1943  to 

1948 Dr. Kelso was 
associated with the 

physics department at the Pennsylvania 
State College. Two years of this time were 
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spent in teaching physics, and the remainder 
were spent with the Wind Tunnel Labora-
tory and the Electromagnetic Propagation 
Laboratory. 
Since 1948 Dr. Kelso has been employed 

by the Radio Propagation Laboratory of 
the Pennsylvania State College, where he 
now holds the rank of assistant professor of 
engineering research. He is a member of the 
American  Physical Society, Sigma  Xi, 
Sigma Pi Sigma, and Pi Mu Epsilon. 

Wilbur R. LePage (SM'46) was born in 
Kearney, New Jersey, on November 16, 
1911. He received the E.E. degree at Cornell 

University,  Ithaca, 
New York, in 1933, 
and the M.S. degree 
at Cornell in 1941. 
He was a teacher in 
electrical  engineer-
ing at the University 
of Rochester from 
1933 to 1938. Mr. 
LePage also taught 
one term at Cornell 
in 1941. 
Mr.  LePage 

worked in the ad-
vanced development division of RCA for 
part of 1941, and in 1942 went to the radia-
tion laboratory of Johns Hopkins Univer-
sity, where he participated in the proximity 
fuse program during the war. While with 
RCA, Mr. LePage did part-time teaching 
for John's Hopkins University and for Pur-
due University. 
In 1946 Mr. LePage went to the Strom-

berg Carlson Company as a senior research 
engineer. Since 1947 he has been at Syracuse 
University, Syracuse, N. Y., where he is now 
professor of electrical engineering. Mr. Le-
Page has also been doing antenna research 
for the Air Forces. 

WILBUR R. LEPAGE 

C. H. Luhrs (A'45-M'50) was born at 
West New York, N. J., on January 3, 1912. 
He studied at the Cooper Union Night 

School of Engineer-
ing, in New York 
City, and the Poly-
technic Institute of 
Brooklyn. 
Mr. Luhrs has 

served  successively 
as student assistant 
at the Bell Telephone 
Laboratories,  Inc., 
junior observer at the 
National Geophysi-

C. H. LUHRS cal Company, assist-
ant project engineer 

at the Sperry Gyroscope Company, staff 
member of the General Precision Labora-
tory, and is presently engaged in the devel-
opment and production of high-frequency 
electrical components at the C. H. Luhrs 
and Company, in Hackensack, N. J. 

Roy A. Martin (S'45-A'46-M'49) was 
born in Coffee County, Tenn., on March 8, 
1920. He received the B.S. degree in 1942 

and the M.S. degree 
in 1951, both in elec-
trical  engineering, 
from the Georgia In-
stitute of Technol-
ogy. 
Mr. Martin en-

tered  the  armed 
forces in 1942 and 
served two years as 
station  commander 
and technical officer 

ROY A. M ARTIN  at various radar sta-
tions in Ecuador and 

the Republic of Panama. Upon return to the 
United States he was in charge of Radar 
Countermeasures training, first at the Air-
craft Warning Unit Training Center, Drew 
Field, Florida, and later at the Western Sig-
nal Aviation Unit Training Center, Camp 
Pinedale, California. While at Camp Pine-
dale he also served as RCM liaison officer to 
Hdg. 4th AF and the 1 lth Naval District. 
In 1946, Mr. Martin joined the applied 

engineering group of the Western Union 
Telegraph Company as a radio engineer and 
worked for a short time on microwave relay 
systems. In the same year he became a mem-
ber of the research faculty at the Georgia 
Institute of Technology, where he has 
worked on problems such as microwave 
propagation, electronic-control applications, 
electro static separation, and dielectric 
heating. 
At present Mr. Martin is engaged in the 

development of precision-frequency meas-
uring and standardization equipment. 

George E. Mueller (S'39-A'42-SM'46) 
was born in St. Louis, Mo., on July 16, 1918. 
He received the B.S. degree in electrical en-

gineering from the 
Missouri School of 
Mines and  Metal-
lurgy in 1939, the 
M.S. degree in engi-
neering from Purdue 
University in 1940, 
and the Ph.D. de-
gree in physics from 
the Ohio State Uni-
versity in 1951. From 
1940 through 1946 he 

GEORGE E. MUELLER was a member of the 
technical staff of the 

Bell Telephone Laboratories, engaged in 
television and radio research. Since 1946 
Dr. Mueller has been an assistant professor 
in the Electrical Engineering Department at 
the Ohio State University. 
Dr. Mueller is a member of the American 

Physical Society, Tau Beta Pi, Sigma Xi, 
Eta Kappa Nu, and Sigma Pi Sigma. 

Arnold P. G. Peterson (S'34-A'38-
SN1'46) was born in De Kalb, Illinois, on 
August 7, 1914. He received the Bachelor 

ROBERT F. SHAW 

of  Engineering  degree  from the Uni-
versity of Toledo in 1934, and the degrees 
of S.M. in 1937, and Sc.D. in 1941, from 

the Massachusetts 
Institute of Tech-
nology. 
From 1936  to 

1940 he was a Re-
search Assistant in 
the Electrical Engi-
neering Department 
of MIT, working on 
ultra-high-frequency 
oscillators and meas-
urements on a co-
operative program 
with  the General 

Radio Company. Since 1940 he has been an 
engineer at the General Radio Company, 
working on the development of electronic 
measuring instruments and associated ap-
paratus. 
Dr. Peterson is a member of Sigma Xi, 

the Acoustical Society of America, the 
American Physical Society, the American 
Association for the Advancement of Science, 
the American Institute of Electrical Engi-
neers, and the American Geophysical Union. 

A. P. G. PETERSON 

James W. Sauber (M'51) was born in 
Youngstown, Ohio, on May 7, 1925. He at-
tended Allegheny College and Lehigh Uni-

versity, and received 
the B.S. degree in 
1946. For the follow-
ing year he was em-
ployed as a test engi-
neer by the General 
Electric  Company. 
From 1947 to 1951 
he was an instructor 
and assistant profes-
sor in electrical engi-
neering at the Uni-
versity of Tennessee, 
and  simultaneously 

took graduate studies for which the M.S. 
degree was received in 1950. 
Mr. Sauber is now on the staff of Ballan-

tine Laboratories, Inc., Boonton, N. J. He is 
a member of Phi Beta Kappa, Tau Beta Pi, 
and Eta Kappa Nu. 

JAMES W . SAUBER 

Robert F. Shaw (S'35-A'43-M'45-SN1'47) 
was born at Warsaw, Ohio, on July 10, 
1915. He received the A.B. degree in physics 

from Princeton Uni-
versity in 1937, after 
which he did gradu-
ate work in electrical 
engineering at  the 
Moore School of the 
University of Penn-
sylvania. 
Mr. Shaw taught 

radio theory for the 
U. S. Navy in 1942 
and 1943, and in the 
latter year he re-
turned to the Moore 

School as a researt h engineer connected with 
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the development of the ENIAC (electronic 
numerical integrator and computer). He re-
mained there until completion of the proj-
ect, and carried out preliminary logical 
design work on the EDVAC (electronic 
discrete variable computer). 
In 1946 Mr. Shaw joined the staff of the 

Electronic Computer Project at the Insti-
tute for Advanced Study, and later that 
year became a member of the staff of the 
Electronic Control Co., now known as the 
Eckert-Mauchly Computer Corp., where his 
work was concerned mainly with logical de-
sign of computers and associated equip-
ment. Since July, 1951 he has been engaged 
in similar work with the Electronic Com-
puter Corp. 
Mr. Shaw is a member of the American 

Mathematical Society, the American Asso-
ciation for the Advancement of Science, the 
Association for Computing Machinery, the 
Franklin Institute, and Sigma Xi. 

Donald B. Sinclair (J'30—A'33—M'38— 
SM'43—F'44) was born at W innipeg, Mani-
toba, Canada, on May 23, 1910. He at-

tended the Univer-
sity of Manitoba from 
1926 to 1929, later 
transferring to the 
Massachusetts Insti-
tute of Technology, 
where he received the 
S.B. degree in 1931, 
the S.M. in 1932, and 
the Sc.D. in 1935. 
Dr. Sinclair was 

a research assistant 
at MIT from 1932 
to 1935, and a re-

search associate from 1935 to 1936, working 
mainly on high-frequency measurements. In 
1936 he joined the staff of the General 
Radio Company as an engineer. There he 
worked chiefly on the general development 
and design of measuring instruments, with 
emphasis on  high-frequency  measuring 
equipment. He was appointed assistant chief 
engineer of the General Radio Company in 
1944, and chief engineer in 1949. 
Dr. Sinclair is a fellow of the American 

institute of Electrical Engineers, a member 
of Sigma Xi, and a member of the American 
Association for the Advancement of Science. 

John L. Stewart (S'48—A'50) was born in 
Pasadena, Calif., on April 19, 1925. lie re-
ceived the B.S. and M.S.degrees in electrical 

engineering  from 
Stanford University 
in 1948 and 1949, re-
spectively.  From 
1943  to  1945  he 
served as a combat 
aerial navigator in 
the U. S. 8th Air 
Force. 
From  1949  to 

1951  Mr.  Stewart 
was employed by the 
California  Institute 
of Technology Jet 

J. T. WALLMARK 

Propulsion Laboratory as a research engi-
neer, doing research and development work 
on radar, analog computers, and other 
equipment. During the summer of 1951, he 
worked in system analysis, Hughes Aircraft 
Co., Culver City, Calif., and is now doing 
graduate work at Stanford University. 
Mr. Stewart is a member of Tau Beta Pi 

and Sigma Xi. 

Robert D. Teasdale (S'44—A'46--M'49) 
was born in Mt. Lebanon, Pa., in 1924. 
From 1942 to 1944 he served in the U. S. 

Army. He received 
the B.S. degree in 
electrical engineering 
from Carnegie Insti-
tute of Technology, 
where  he  was  a 
George  Westing-
house scholar. He re-
ceived the M.S. de-
gree in 1947 and the 
Ph.D. degree in 1949, 
both in electrical en-
gineering, from the 
Illinois Institute of 

Technology. He has recently earned the 
LL.B. degree at night school. 
In 1947 and 1948 Dr. Teasdale was a 

Gerard Swope fellow, and in 1948 and 1949 
he held an RCA Fellowship in Electronics. 
During 1945 Dr. Teasdale was on a 

training program with the Westinghouse 
Electric Corporation in East Pittsburgh, 
Baltimore, and Bloomfield. In 1947 he 
worked briefly with the High-Frequency Di-
vision of the Engineering Consulting Labo-
ratories of the General Electric Company in 
Schenectady, N. Y. He has done some part-
time work for the Engineering Experiment 
Station of Georgia. 
At present Dr. Teasdale is an associate 

professor of electrical engineering at the 
Georgia Institute of Technology, where he 
specializes in transient circuit analysis and 
electromagnetic theory. 
Dr. Teasdale is a member of the Ameri-

can Institute of Electrical Engineers, Tau 
Beta Pi, Eta Kappa Nu, and Sigma Xi, and 
is a registered professional engineer in elec-
trical engineering. 

R. D. TEASDALE 

J. Torkel Wallmark (A'48) was born in 
Stockholm, Sweden, on June 4, 1919. He 
received Civilingenjorsexamen in electrical 

engineering at the 
Royal Institute of 
Technology in Stock-
holm, in 1944; and 
Teknologic Licentia-
texamen in 1947. 
From  1944  to 

1945 he worked as 
a tube designer with 
the A.B. Standard 
Radiofabrik, and from 
1945 to 1947, he was 
with the Royal Insti-
tute of Technology, 

JAMES R. WEINER 

in Stockholm, Sweden, as a research engi-
neer. In 1947 Mr. Wallmark was granted a 
fellowship by the American Scandinavian 
Foundation and spent a year with the RCA 
Laboratories, Princeton, N. J. At present, 
Mr. Wallmark is back at the Royal Institute 
of Technology in Sweden. 

• 

Dean A. Watkins (A'47—M'48—S'49— 
A'51) was born in Omaha, Neb., on October 
23, 1922. He specialized in electrical engi-

neering, receiving the 
B.S.  degree  from 
Iowa State College in 
1944, the M.S. degree 
from California Insti-
tute of Technology in 
1947, and the Ph.D. 
degree from Stanford 
University in 1951. 
He was a Gerard 
Swope Fellow from 
1950 to 1951 at the 
latter institution. 
In World War II, 

Dr. Watkins served in the Army Engineers 
in the European and Pacific theaters. He 
was employed by the Collins Radio Com-
pany from 1947 to 1948 and at the Los 
Alamos Scientific Laboratory from 1948 to 
1949. He is now engaged in microwave-tube 
research in the Electron Tube Laboratory of 
the Hughes Aircraft Company. 
Dr. Watkins is a member of the Ameri-

can Physical Society, Sigma Xi, Tau Beta 
Pi, and Eta Kappa Nu. 

DEAN A. WATKINS 

James R. Weiner (S'41—A'47) was born 
in Chicago, Ill., on February 3, 1920. He 
received the B.S. degree in engineering 

physics from the Uni-
versity of Illinois. 
He  did  graduate 
work at the Poly-
technic Institute of 
Brooklyn, from which 
he received the M.S. 
degree in electrical 
engineering in 1946, 
and has done further 
graduate  work  at 
Harvard and M.I.T. 
From  1942  to 

1945 Mr. Weiner was 
employed by the RCA Manufacturing Co. 
and RCA Laboratories as a research engi-
neer, in which capacity he worked on a 
variety of projects, including optical sys-
tems, secrecy systems, communications 
equipment, and television equipment. 
In 1945 Mr. Weiner was employed by 

the Columbia Broadcasting System as a 
group leader in charge of test equipment in 
the television laboratories. From this time 
until the end of World War II. he worked 
on radar countermeasures and radar relay 
systems. He was then made assistant group 
leader in charge of television studio equip-
ment, and was concerned with the develop-
ment and test of high-definition color-tele-
vision equipment. 
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Mr. Weiner became affiliated with the 
Raytheon Manufacturing Co. in 1946. His 
work was concerned with the design of 
guidance and control equipment for missiles. 
Shortly after being placed in charge of the 
systems analysis group, he was asked to 
form and supei vise a digital computer 
equipment section. He has been active in 
this field since that time. 
Since 1948 Mr. Weiner has been em-

ployesl by the Eckert-Mauchly Computer 
Corp. He joined the company as general 
consultant, and shortly thereafter was given 
the position of chief electronic engineer. He 
has recently been named chief engineer, 
and as such is responsible for all phases of 
engineering work. 
Mr. Weiner served as chairman of the 

IRE Technical Committee on Electronic 
Computers. He has served on other IRE 
committees, and is presently a member of 
the Circuits Committee, the Electronic 
Computers Committee, and the Papers 
Review Committee. Mr. Weiner is also a 
member of Sigma Xi, Tau Beta Pi, Sigma 
Tau, and various professional societies. 

Raymond M. Wilmotte was born in 
Paris, France, on August 13, 1901. He took 
first class honors in Mechanical Science (En-
gineering) at Cambridge University, Eng-
land, in 1920 when he received the M.A. 
degree. 
Until 1929 he was engaged at the Na-

tional Physical Laboratory in research on 
radio measurements, direction finding, wave 

propagation, and theory and design of an-
tennas. 
In 1929 Mr. Wilmotte came to the 

United States and 
worked until 1931 at 
Boonton  Aircraft 
Corporation on re-
search and develop-
ment  on  aircraft 
equipment, including 
antennas and blind 
landing system. He 
opened a consulting 
practice in 1931 on 
being requested by 
Commander Craven 
to solve the prob-

lem of a client of his, Station WFLA, which 
interfered with Station WTM J. This led 
him to design, install, and test the first di-
rectional antenna used for this purpose. 
He has appeared in patent cases and be-
fore the Federal Communications Com-
mission. During the war he carried out 
design and development contracts for the 
Signal Corps, the Navy, and NDRC. At the 
request of the latter he established a small 
manufacturing facility for specialized pro-
duction where one of the projects was the 
modification of radar units to meet the 
Japanese Kamikaze menace For this work 
he was awarded the Bureau of Ordnance 
Development Award. 
Mr. Wilmotte invented the antifading 

broadcast antenna recently used in Ger-
many. Recently he has demonstrated the 
possibility of receiving a weak FM signal 
in the presence of a strong one in the same 
frequency band. He was one of the original 
members of the "Ad Hoc" Committee of the 
Federal Communications Commission. 

R. M. WiLmorrE 

Louis D. Wilson (M'46) was born in 
Philadelphia, Pa., on December 17, 1917. 
In 1941 he received the B.A. degree and 

in 1942 the M.A. 
degree, both in phys-
ics from Temple Uni-
versity. 
From  1942  to 

1944 Mr. Wilson was 
a teaching fellow in 
physics at the Massa-
chusetts Institute of 
Technology.  From 
1944  to  1945  he 
joined  the  M.I.T. 
staff as an instructor 
in electrical engineer-

ing. He became a research engineer at the 
Massachusetts Institute  of Technology 
Servomechanisms Laboratory in 1945, where 
he remained until 1947. During this period 
of his career he worked on the electrical de-
sign of the Whirl-wind computer, and was in 
charge of the development of arithmetic 
circuits. 
From 1947 to the present, Mr. Wilson 

has been employed by the Eckert-Mauchly 
Computer Corp., during which time he has 
worked on the logical design of the Binac 
computer, on the circuit design for the 
Binac and Univac computers, and also on 
the development of special input-output de-
vices for use with the Univac computer 
system. Recently he was named Project 
Engineer responsible for development of 
input-output devices. 

Louis D. WILSON 
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Note  on  "Correlation  Functions 

and Power Spectra in Variable Net-

works"' 

In his recent article' Zadeh introduced a 
method for handling the linear variable net-
work through the concept of the correlation 
function of the network system function. By 
a small extension of Zadeh's work a simple 
theorem may be obtained for the correlation 
function of a system function in which the 
variables are separable. For such a linear 
time-varying network it is shown below that 
the correlation function of the system func-
tion is the product of two correlation func-
tions, one being the correlation function of 
the time-dependent portion of the system 
function and the other being the correlation 
function of the frequency-dependent portion 
of the system function. The utility of this 
extension lies in its application to problems 
of gating and clamping. 
Lida+ defines the correlation function 

ip(r; col of the system function /Ajw; 1) of 
a stationary variable network by 

f T 

ytif  11111 —  11(jw;1)11(—jw;t+r)dt r • 
-nuw;  tgl(--;‘,; 1+r). 

Let the v“riables ill the system function be 
separable; then 

Hu.; 

and 

= - jw)  ±7) 

flUf..))12(  T(t)  + r-) 

" I n( Mi lr(i)T(1 
Now I itlitel Is is the correlation function 

of the system function of a fixed network, a 
relation established by Zadeh in the article 
(Equation 28). In the case of the network 
for which the variables of the system func-
tion are separable, it is the correlation func-
tion of the nontime-varying portion of the 
system function. "Dins we may write 

I 11(jaf)  = Oe(w)• 

The term T(t)T(t+r) is simply the cor-
relation function of the time-varying portion 
of the system function, and may be written 

T(S)T(  = iti(*)• 

Consequently,  the complete correlation 
function of the network system function is 

thi(r; co) = ihi(w)stra(7)• 

In other words, if the variables in the system 
function are separable, the variables are also 
separable in the correlation function of the 
system function, the latter correlation func-
tion being the product of the correlation 
function of the time-dependent portion of 
the system function and the frequency-de-
pendent portion of the system function. 
In addition to its utility in problems of 

• Received by the institute. August 14, 1951. 
1 L. A. Zadeh. 'Correlation junctions and power 

spectra in variable network!' PROC. I.R.E.. vol. 38. 
pp. 1342-1345; November. 1950. 

an on-off nature, the above theorem may 
have application to other classes of prob-
lems. It would seem, therefore, that the de-
termination of the types of networks in 
which the variables are separable would 
prove a worthwhile study. 

BERNARD D. STEINBERG 
Research Division 
Philo) Corp. 
Philadelphia, Pa. 

General Input-Output Relations 

for Linear Networks" 

The analysis and synthesis of signal 
transmission systems is usually carried out 
in the frequency domain by using the La-
place or Fourier transformation technique 
This involves the resolution of signals into 
exponential components by means of the 
basic relation 

u(s) - -  f e'U(s)ds,  (1) 
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where u(S) is a signal, rilbrj represents the 
component signals, U(s) is the Laplace 
transform of u(i), and C is the Bromwich-
Wagner contour. 
A more general technique, which is 

briefly outlined below, is based on the resolu-
tion of signals into a set of 'elementary" or 
component signals k(t; X) of some suitable 
type by means of the relation 

k(1; X)U(X)dX,  (2) 
e 

where X plays the same role as $ in (1); 
U(x) is called the spectral function of u(1) 
relative to k(t; X); and C is a contour in the 
X-plane (generally a straight line parallel to 
either the imaginary or real axis). It is 
assumed that the kernel k(t; x) has an in-
verse k-l(x; I) such that 

k(t; x)k-1 (X; t')dX  6(1 — 1'), (3) 

where 6(1--5') is a unit impulse function. In 
terms of k-'(X; 5), the spectral function U(X) 
may be written 

U(X) = f lt-1 (X; t)u(t)clt. (4) 

Suppose that u(1) is the input to a linear 
network N (fixed or variable) and v(I) 
is the response of N (at rest) to u(5). 
Let K(t; X) be the response of N to k(i; )), 
both regarded as functions of time involving 
X as a parameter. The function K(t; X) will 
be called a characteristic function of N 
since it provides a complete characteriza-
tion of the relation between the input and 
output of N. It will be observed that such 
descriptive functions as the impulsive re-
sponse, unit-step response, and system func-
tion are special cases of K(1; X) correspond-
ing, respectively, to the unit impulse, unit 
step, and exponential types of component 
sign als. 

• Received by the Institute. July 17. 1951. 

In terms of K(t; X), the response of N 
to a specified input u(i) is given by 

t(f) f K(s; X)U(X)dX.  (5) 

The familiar relation 

r(I) = W(S, E)u(E)d, (X  E),  (6) 

where 1F(1, E) is the impulsive response of 
N, as well as the relation 

1 f 
(S; I)U(s)e"ds,(X-•s), (7) 

2irj 

where H(s;1)is the system function and U(s) 
is the Laplace transform of u(1), are special 
cases of (5). It will be noted that in (7) the 
component signals are of the form e"/2irj 
and the corresponding characteristic func-
tion is H(s; t)ed124. 
A very important concept which hereto-

fore has been used chiefly in connection with 
fixed networks is that of an ideal filter. 
Such a filter may be defined as a network N 
which passes without distortion (or delay) 
all component signals in which the parameter 
x belongs to a set A on C and rejects all 
those in which X (on C) does not belong to 
A. It is readily found that the impulsive re-
sponse of an ideal filter is given by 

f)  k(t; X)k-1 (X; E)dX, (8) 
A 

where the integral is taken over the set A. 
In general, W(1, E) is not physically realiz-
able, but one can approximate to 11/1-13, f), 
where $ is a sufficiently large constant, by a 
physical filter. 
In geometrical terms, the operation per-

formed by an ideal filter corresponds to an 
oblique projection of the signal space Z (in 
which u(f) is a vector) on a linear subspace 
of Z. Since projection is an idempotent 
operation, and vice-versa, one can alterna-
tively define an ideal filter in the following 
manner: A linear filter N is an ideal filter if it 
is idempotent, that is, if it is equivalent to a 
tandem combination of two Pert, each of 
which is identical with N. Ideal filters, linear 
and nonlinear, play an important role in a 
generalized theory of filtration of signals.1-1.3 
The general approach outlined here may 

be called the "X-domain" approach since the 
role of X is the same as that of frequency in 
the case of the frequency domain approach. 
It should be remarked that some of the 
relations given above are commonly em-
ployed in quantum mechanics, although in a 
somewhat different form and for different 
purposes. 

L. A ZADEH 
Department of Electrical Engi:icering 

Columbia University 
New York 27, N. Y. 

1 L. A. Zadeh. 'Theory of filtering of signal= in a 
k domain. lluil. ,4 mgr. Mids. Soc. vol. 57, p. 278: 
July, 1951. Presented New York Meeting of the 
American Mathematical E.-wiety. April 27. 1951. 

1 L. A. Zadeh, '.‘ general theory of linear signal 
transmission systems' (to be published in Jour. 
Fronk, Zest.) 

L. A. Zadeh and K. S. Miller. 'Generalized ideal 
filters' (to be published in Jour. A ppl. Phys.) 
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TECHNICAL COMMITTEE NOTES 

The Standards Committee, under the 
Chairmanship of A. G. Jensen, met on No-
vember 8, 1951. Chairman Jensen reviewed 
the discussion of the Administrative Com-
mittee meeting held prior to the main com-
mittee meeting. The Pulse Definitions, pre-
pared by the Pulse and Task Group, under 
the Chairmanship of C. J. Hirsch, were ap-
proved for submission to the IRE Executive 
Committee. The Standards Committee ap-
proved the change in the title of the Com-
mittee on Electron Tubes and Solid State 
Devices to the Committee on Electron De-
vices. This change will also be submitted to 
the IRE Executive Committee for ap-
proval. At the October II, meeting of the 
Standards Committee it was agreed that re-
vised scopes of all the Technical Committees 
should be submitted to the Standards Com-
mittee, so that they might be brought into 
uniform style and approved collectively. 
Under the Chairmanship of J. L. DaIke, 

the Industrial Electronics Committee meet-
ing was held on September 27, 1951. The 
scope of this committee was discussed with 
relationship to the work of other committees, 
particularly the Committee on Measure-
ments and Instrumentation. Co-ordination 
of these two committees is being considered. 
The Committee of Radio Transmitters 

met on October 11, 1951, Chairman M. R. 
Briggs presiding. The activities of the vari-
ous Subcommittees were discussed with de-
tailed reports given by the chairmen of the 
subcommittees. 
On October 5, 1951, the Facsimile Com-

mittee met under the Chairmanship of R. J. 
Wise. Material prepared for the Annual 
Review committee was turned over to J. H. 
Hackenberg who is the representative for 
this committee. The Facsimile Committee is 
planning to review the definitions and test 
standards. The committee discussed inclu-
sion of pseudofacsimile in the definitions, the 
methods of measuring numerous facsimile 
characteristics, the acceptable limits for the 
various characteristics, and whether per-
formance standards should be recommended. 
A need for standardization in the field of 

video recording was discussed at the Video 
Techniques Committee meeting, held on 
October 4, 1951, under the chairmanship of 
W. J. Poch. A. J. Baracket, Chairman of 
Subcommittee 23.3, reported that the work 
in progress in this subcommittee included 
the measurement of geometric distortion, 
pickup tube interlacing, transfer character-
istics, the rate of change of frequency of 
synchronizing signals, and the measurement 
of dc insertion systems. A report of the work 
in progress in Subcommittee 23.4 was given 
by Chairman J. L. Jones; the most impor-
tant phase being the measurement of fre-
quency and transfer response. 
At a meeting of the Modulation Systems 

Committee, held on October 26, 1951, under 
the Chairmanship of W. G. Tuner, the com-
mittee decided to submit a change in its title 
and scope to the IRE Executive Committee 
for their approval. 
The Navigation Aids Committee met on 

.October 29, 1951, under the Chairmanship 

PROGRAM COMM1 1 EE Nil m it } 

Pictured above is the program committee for the meeting on land mobile commilna.itions sponsored 
by the IRE Professional Group on Vehicular Communications, held in Chicago. on October 25-26, 1951. 
(from left to right) Bert Zarky, W. J. Weisz. J. M. Clark, Elmer V. Carlson K. V. Glentzer, R. V. Dondan-
ville, and E. S. Goebel. 

of P. C. Sandretto, who reported to the 
Committee on the status of the subcommit-
tees. Chairman Sandretto stated that there 
are two active subcommittees, 12.2, "Stand-
ards of Direction-Finder Measurements," 
and 12.3, "Measurement for Navigation, 
Systems," which was organized under the 
Chairmanship of Harry Davis. The Sub-
committee on Direction-Finder Measure-
ment is now working on its final report 
which will be sent to the main committee 
for consideration. Chairman Sandretto said 
that as soon as work has been completed on 
the definitions now under review, the com-
mittee would be prepared to review the re-
port of Subcommittee 12.2. 

PROFESSIONAL GROUP NOTES 

On November 7, 1951, the IRE Board of 
Directors approved an amendment to the 
IRE Bylaw, 70-F, which now states that all 
members of the IRE, are eligible for mem-
bership in the IRE Professional Groups, in-
cluding Student Members. This new ruling 
is effective immediately. 
The IRE Professional Groups on Broad-

cast and Television Receivers, Broadcast 
Transmission Systems, and Instrumenta-
tion have recently voted for assessments to 
cover costs of printing publications. Assess-
ment notices will go forward to the entire 
membership of each of these groups. 
Two papers selected by the IRE Profes-

sional Group on Airborne Electronics for 
publication as monographs are, "Systems 
Consideration in Aircraft Antennas Design," 

by J. V. N. Granger, and, "The Electrical 
Characteristics of Shaker Systems Used for 
Vibration Testing of Equipment," by R. C. 
Lewis and D. J. Fritch. This Group is also 
planning to hold a membership drive during 
the IAS National Convention which is being 
held the last week in January, 1952. 
The IRE Professional Group on Circuit 

Theory Papers Committee held a meeting on 
November 9, 1951, to discuss plans for a 
Transistor Circuitry Symposium to be held 
during the 1952 IRE National Convention. 
The Administrative Committee of the 

IRE Professional Group on Electronic Com-
puters held a meeting during the IRE-AIEE 
Computer Conference in Philadelphia, on 
December 10, 11, and 12, 1951. 
The IRE-A IEE Conference on Induction 

and Dielectric Heating, in February, 1952, is 
to be co-sponsored by the IRE Professional 
Group on Industrial Electronics. 
The IRE Professional Group on Radio 

Telemetry and Remote Control is planning a 
special technical conference on Telemetering 
for the latter part of May or early June, 
1952. The conference will be held in co-
operation with the AIEE. 
Under the Chairmanship of Winslow 

Palmer, the program committee of the IRE 
Professional Group on Information Theory 
held a meeting on November 14 and 27. 
Plans were discussed at the time for a meet-
ing on Information Theory to be held in 
1952, tentatively decided on as a three or 
four day session in September. Mischa 
Schwartz has been appointed to represent 
the Group on the Technical Program Corn-
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mittee for the 1952 IRE National Conven-
tion and will make plans for a Symposium 
on Information Theory to be held during the 
Convention. 
Canvassing of the IRE Sections through-

out the country is being carried out by the 
IRE Professional Group on Audio with the 
aim of increasing the activity of the Group 
on a Section level. To date, approximately 
40 replies have been received and work is 
proceeding to establish Group Chapters 
where interest has been evidenced. At the 
National Electronics Conference in Chicago, 
the Group co-operated in presenting a pro-
gram of four papers in a technical session on 
Audio. The papers were received with much 
interest. Plans are under way to include re-
views of books pertinent to the Audio field in 
future issues of the Audio Group NEWS-

' LETTER. 

NOTICE TO PROCEEDINGS 
AUTHORS AND READERS 

The volume of material submitted 
for consideration for publication in the 
PROCEEDINGS OF THE I.R.E. has, 
in recent years, exceeded the avail-
able space. As a result, it has been 
found necessary in the past to reject 
in some cases lengthy descriptive or 
mathematical papers of some value. 
In the future, in order that this 

material might be made available to 
interested readers, the manuscripts of 
such papers will be deposited (with 
the author's consent) with the Ameri-
can  Documentation  Institute  in 
Washington, D. C. Abstracts of these 
papers will then be published in 
the PROCEEDINGS, accompanied in 
each case by a footnote advising 
readers of the availability, identifica-
tion means, and cost of microfilm or 
photocopies of the full-length papers. 

AEC FELLOWSHIPS OPEN 

The Oak Ridge Institute of Nuclear 
Studies is now receiving applications for 
Atomic Energy Commission Graduate Fel-
lowships for specialized training in radio-
logical physics for the 1952-1953 school 

year. 
The fellowships are awarded at either the 

University of Rochester, in co-operation 
with Brookhaven National Laboratory, or 
the Vanderbilt University, in co-operation 
with the Oak Ridge National Laboratory. 
The final three months of the fellowships 
will be spent at the national laboratory. 
Applicants must hold an undergraduate 

degree, preferably with a major in physics, 
chemistry, or engineering, and a minor in 
mathematics, biophysics, or similar fields. 
Fellows must be citizens of the United 
States and must receive security clearance 
in accordance with existing laws. 

PROFESSIONAL GROUP BANQUET 

Among those seated at the head table of the ban. 
quet given by the IRE Professional Group on Vehicu-
lar Communications. in Chicago. were (from left to 
right). Mr. and Mrs. G. M. Brown, New York Central 
Railway; E. M. Webster. FCC Commissioner; and 
Austin Bailey. Group Chairman. 

The annual basic stipend is $1,500, with 
an additional allowance for dependents 
making a maximum stipend of $2,500. Uni-
versity tuition and fees will be paid by the 
Oak Ridge Institute of Nuclear Studies. 
Application blanks and further informa-

tion may be obtained from the heads of 
science and engineering departments of col-
leges and universities or from the University 
Relations Division, Oak Ridge Institute of 
Nuclear Studies, P.O. Box 117, Oak Ridge, 
Tenn. Applications must be in the hands of 
the Oak Ridge Institute by March 1, 1952. 

ETA KAPPA Nu AWARD ANNOUNCED 

Eta Kappa Nu will present its annual 
Outstanding Young Electrical Engineer 
Award at a dinner to be held on January 21, 
1952, at the Henry Hudson Hotel, New 
York, N. Y. 
Winner of the award is Louis G. Gitzen-

danner, General Electric Co., Schenectady, 
N. Y. Honorable mention went to Burton R. 
Lester (S'41-A'43-M'47), General Electric 
Co., Syracuse, N. Y., and Robert L. Trent 
(M'45), Bell Telephone Laboratories, Mur-
ray Hill, N. J. 

FORTESCUE FELLOWSHIPS OFFERED 

Funds have been made available for one 
or more Charles LeGeyt Fortescue fellow-
ships for 1952-1953. The awards are made 
to postgraduate students in the field of elec-
trical engineering who have received their 
baccalaureate degree from a duly recognized 
technical school in the United States or 
Canada. The awards range from $10(X) to 
$151)(1 per annum depending upon the deci-
sions of the committee in charge. Applica-
tion forms can be obtained from the deans or 
chairmen of the department of electrical 
engineering of the various  engineering 
schools. Additional copies of the application 
forms can be procured from H. H. Henline, 
Secretary of the AIEE, 33 West 39 Street, 
New York, N. Y. Applications must be re-
ceived not later than February 15, 1952. 

Calendar of 

COMING EVENTS 

IAS-IRE-ION-RTCA Conference on 
Electronics in Aviation, IAS 20th 
National Convention, Astor Hotel, 
New York, N. Y., January 28-31 

1952 IRE National Convention, Wal-
dorf-Astoria Hotel and Grand 
Central Palace, New York, N. Y., 
March 3-6 

Radio Component Show, London, 
England, April 7-9 

Radio and Television Show, Man-
chester, England, April 23-May 3 

IRE Cincinnati Section Spring Tech-
nical Conference, Cincinnati Engi-
neering Societies Building, Cin-
cinnati, Ohio, April 19 

IEE Television Convention, London, 
England, April 28-May 3 

IRE-AIEE-RTMA  Symposium  on 
Progress in Quality Electronic 
Components, Washington, D. C., 
May 5-7 

IRE New England Radio Engineering 
Meeting, Copley Plaza Hotel, 
Boston, Mass., May 10 

IRE National Conference on Airborne 
Electronics, Hotel Biltmore Day-
ton, Ohio, May 12-14 

4th Southwestern IRE Conference 
and Radio Engineering Show, 
Rice Hotel, Houston, Tex., May 
16-17 

Radio Parts and Electronic Equip-
ment Show, Conrad Hilton Hotel, 
Chicago, Ill., May 19-22 

1952 IRE Western Convention, Mu-
nicipal Auditorium, Long Beach, 
Calif., August 27-29 

National Electronics Conference, Chi-
cago, Ill., September 29-October 1 

IRE-RTMA Radio Fall Meeting, 
Syracuse, N. Y., October 27-29 

INDIA RADIO AND ELECTRONICS 
EXHIBITION POSTPONED 

The International Radio and Electronics 
Exhibition, formerly scheduled for Febru-
ary 9-29, 1952, in Bombay, India, has been 
postponed until November 9-29, 1952. The 
exhibition will be sponsored by the Radio 
and Electronics Society of India, an organ-
ization recently formed by the All India 
Radio Merchant's Association, whose aim is 
to create and promote popular interest in 
the science and application of radio .ind 
electronics. 
Postponement of the exhibition was 

caused by the failure of the monsoon in 
India and a drastic cut in the water and 
electricity supply. Previously scheduled 
plans will be carried out for the November 
date. 
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SUMMARIES OF TECHNICAL PAPERS 

1. CURRENT STATUS OF RE-
SEARCH AND DEVELOPMENT 

ON TRAVELING-WAVE 
TUBES 

J. R. PIERCE 
(Bell Telephone Laboratories, 

Murray Hill, N. J.) 

Considerable advances have been made 
in the understanding of the behavior of 
traveling-wave tubes, and especially with 
regard to the focusing, of electron streams, 
the generation of noise, and the behavior at 
high levels. Experimental work shows that 
it is possible to obtain almost complete 
transmission of a beam of electrons through 
the tube, that noise figures of better than 
10 db can be attained, and that efficiencies 
higher than 25 per cent can be attained. 

2. SOME CHARACTERISTICS OF 
TROPOSPHERIC SCATTERING 

A. H. LAGRONE 

(University of Texas, Austin, Texas) 

Three problems are considered which are 
important in determining the effect of scat-
tering on distance radio fields. 
The first problem is the attenuation of 

radio signals caused by scattering. The total 
power scattered per unit macroscopic ele-
ment of volume relative to the power in-
cident on the volume is determined. The 
second problem is a volume integration to 
determine the total scattered signal reaching 
a receiver point. An equation is developed 
in terms of the propagation parameters 
which will give this total signal. The third 
problem is that of cross polarization in the 
scattered wave. Equations are developed for 
determining the scattered signal received on 
dipoles oriented at right angles to each other. 

3. THE WORLD CHAIN OF 
SOLAR RADIO OBSERVATORIES 

A. H. SHAPLEY 

(Central Radio Propagation Laboratory, 
Washington, D. C.) 

A program for continuous radio observa-
tion of the sun is emerging under the en-
couragement of the URSI and the Inter-
national Astronomical Union. As techniques 
improve and observing schedules become 
longer, it will be possible to measure more 
nearly continuously the hour-to-hour varia-
tions in solar radiation at about 200 and 
about 3,000 inc. The observations from ten 
stations are compared and combined for se-
lected periods in the spring of 1951 to illus-
trate the potential utility of a world chain 
of solar radio observatories. 

• Co-sponsored by the IRE Professional Group on 
Antennas and Propagation and the USA National 
Committee of URSI. 

4. CURRENT STATUS OF TRANS-
ISTOR RESEARCH AND 

DEVELOPMENT 

J. A. MORTON 

(Bell Telephone Laboratories, 
Murray Hill, N. J.) 

A discussion of the limitations of trans-
istors as an electronic circuit element is 
given. The following was discussed: 
(1) The reproducibility of units was poor 

—units intended to be alike were not inter-
changeable in circuits. (2) The reliability was 
poor—in an uncomfortably large fraction of 
units made, the characteristics changed sud-
denly and inexplicably. (3) The "design-
ability" was poor—it was difficult to make 
devices to the wide range of desirable char-
acteristics needed in modern communica-
tions functions. 
The paper describes the progress which 

has been made in reducing these limitations 
and extending the range of performance and 
usefulness of transistors in communications 
systems. 

5. VALIDITY OF THE SUBSTI-
TUTION PRINCIPLE IN BOL-
OMETER PO WER MEAS-

UREMENTS 

MAX SUCHER AND H. J. CARLIN 
(Microwave Research Institute, 

Brooklyn, N. Y..) 

The accuracy of bolometric techniques 
for high-frequency power measurements de-
pends chiefly on the validity of substituting 
low frequency for rf power. Under certain 
conditions this substitution technique intro-' 
duces large errors. This paper demonstrates 
that very thin Wollaston wire bolometers, 
mounted in air, are free of this type of error 
even when the rf power distribution along 
the wire is extremely nonuniform. It is con-
cluded that bolometers whose thermal losses 
are essentially convective may safely be 
used as absolute microwave power meters. 

6. USE OF SAMPLING THEOREMS 
IN MEETING ANTENNA 

SPECIFICATIONS 

W. L. NIURDOCK 

(General Electric Company, 
Syracuse, N. Y.) 

It is known that the transient response 
to the step function of a filter with cut off a 
is determined by its values at times spaced 
7-/a apart. Mathematically, this means that 
if a function (F(w)) vanishes outside a finite 
region (I col <a), then its Fourier transform 
is determined by its values at a sequence of 
points (Z=Zo+Kr/a). It is shown that 
this idea may be applied to double Fourier 
transforms and to Bessel transforms. These 
two cases are used to impose far-field speci-
fications on a rectangular or round-antenna 
aperture by setting the value of the far 

January 

111 

field at a set of points thereby determining 
the far field and the aperture illumination so 
that the specifications are satisfied. 

7. MEASUREMENT AND DEVELOP-
MENT OF HIGH FREQUENCY 

RESISTORS 

C. WELLARD AND S. R. PARKER 

(International Resistance Company, 
Philadelphia, Pa.) 

In order to measure the high-frequency 
properties of resistors, special equipment has 
been developed. This equipment permits the 
measurement of the parallel resistance and 
capacitance of resistors from 300 ohms to 
one megohm in the frequency range from 2 
to 400 megacycles per second. The heart of 
the equipment is a coaxial cavity tuned to 
the frequency of interest. The measuring 
technique essentially consists of noting the 
change in the tuning and the Q of the cavity 
with and without the unknown resistor con-
nected. 
A good resistor at high frequencies should 

have low-shunt capacity, a high percentage 
of Rac/Rdc, and be able to dissipate the 
required power. 

8. MICROWAVE BRIDGE FOR 
RECORDING OF A TIME-VARY-
ING COMPLEX PROPAGATION 

CONSTANT 

D. L. FYE AND H. H. GRIMM 
(Naval Research Laboratory, 

Washington, D. C.) 

A system is proposed employing a bal-
anced null detector, which solves the prob-
lem encountered in continuous time record-
ing of complex propagation characteristics. 
The direct application of this system is re-
stricted to microwaves traveling through a 
medium whose physical state is varying 
slowly with time. 
Employment of the two-path instantane-

ously recording bridge requires the measure-
ment of an initial maximum and minimum, 
and the knowledge of the change in this 
maximum and minimum when the unknown 
propagation path is disturbed by a change 
in the medium or the insertion of a new 
medium in a portion of the unknown propa-
gation path. The vector equations of the 
system and their solution are presented. 

9. THE ROLE OF PARTIAL RE-
FLECTIONS IN TROPOSPHERIC 
PROPAGATION BEYOND THE 

HORIZON 

JOSEPH FEINSTEIN 
(Central Radio Propagation Laboratory, 

Washington, D. C.) 

The continuous partial reflections, which 
must occur as a consequence of the gradient 
of refractive index present in the atmosphere, 
are evaluated on a hybrid-ray and wave 

1 
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theory. It is found that the inhomogeneity 
associated with the standard atmosphere is 
sufficient to account for the anomalous field 
strengths found far beyond the horizon. The 
wave length, distance, and angular depend-
ences associated with this reflected energy 
are examined and compared with observa-
tion. The extent to which the approximate 
methods employed may be justified on a 
rigorous wave basis is indicated. The mathe-
matics of the conventional-mode treatment 
is examined with a view toward ascertaining 
the reason for its neglect of this field con-
tribution. 

10. INTERNAL REFLECTION IN 
THE TROPOSPHERE AND 

PROPAGATION BEYOND THE 
HORIZON 

T. J. CARROLL 

(Central Radio Propagation Laboratory, 
Washington, D. C.) 

Bremmer has emphasized that the W KB 
• approximation neglects the continuous re-

flections which must in principle be present 
when electromagnetic waves are propagated 
through a stratified medium. It appears that 
the  unexpectedly  high  observed  field 
strengths from high power vhf and micro-
wave transmitters can be explained by "in-
ternal reflection" from the troposphere with 
a standard linear decrease of index-of-re-
fraction with height. Beyond the horizon, 
the ratio of the internally reflected field to 
the free-spc.ce field turns out to be propor-
tional to Xi/ID-we I dr: /dh , where D is the 
distance between horizon points. X the wave-
length, and I dn/dhl, the vertical index 
gradient. The numerical results appear con-
sistent with certain observations both at 

microwave and at vhf frequencies. 

11. FIELD STRENGTHS RECORDED 
ON ADJACENT FM CHANNELS 
AT 93 MEGACYCLES OVER DIS-
TANCES FROM 40 TO 159 MILES 

G. S. WICKIZER AND A. M. BRAAVEN 

(Radio Corporation of America, 
Riverhead, L. I., N. Y.) 

Field strengths of KF2XCC (Alpine, 
N. J.) and WBZ-FM, (Boston, Mass.) have 
been recorded for more than a year at two 
locations on Long Island. Statistical analysis 
of data for the evening hours reveals a broad 
seasonal trend toward higher intensities in 
the summer, with larger overall variation 
on the longer transmission paths. Based on 
analysis of one summer month, refraction 
effects appeared to vary independently in 
the two directions. The ratio of field 
strength between the near and distant trans-
mitters, analyzed with respect to time, was 
found to approach a normal probability dis-
tribution at Riverhead, N. J., and a Ray-
leigh distribution at Hauppauge, N. J. 

12. THE EFFECT OF UNIFORM 
LAYERS ON THE PROPAGATION 

OF RADIO WAVES 

L. J. ANDERSON AND J. B. SMYTH 
(Navy Electronics Laboratory, 

San Diego, Calif.) 

This study utilizes field strength data at 
52, 100, and 550 mc., taken on an over-

water nonoptical path 90 miles long. It is 
shown that the best correlations of field 
strength with layer height are obtained when 
uniform layers are used. For layer heights 
below 1,500 feet, fields calculated assuming 
reflection from smooth layers show good 
agreement with experiment. It appears that 
small undulations of higher layers affect the 
550-mc fields more than the lower frequen-
cies. Calculations assuming a sinusoidal un-
dulation are in good agreement with ob-
servations. 

13. REFRACTION OF RADIO WAVES 
IN ARBITRARY ATMOSPHERE-

RAYTRACING PICTURE 

M. S. WONG 

(Wright-Patterson Air Force Base, 
Dayton, Ohio) 

A development following Hartree, etc., is 
carried out of raytracing using a REAC 
differential analyzer. Ray families, are ob-
tained for an atmosphere with a single ft-
profile (index-of-refraction versus altitude 
curve), and for an atmosphere with three 
n-profiles over the region of interest. The 
n-profiles used were measured up to a 10,000-
foot altitude. The variation in radio-field 
strength, with separation between airplanes 
as measured in a recent air-to-air propaga-
tion flight, is correlated with a variation of 
ray density based on index-of-refraction 
data, taken during the flight. 

14. THE DIELECTRIC PROPERTIES OF 
ICE AND SNOW AT 3.2 CENTIMETERS 
AS RELATED TO THE REFLECTION 
COEFFICIENT OF SNOW-COVERED 

SURFACES 

\%T A. CUMMING 

(National Research Council, 
Ottawa, Canada) 

A study has been made of the reflecting 
properties of snow- and ice-covered surfaces 
at a wavelength of 3.2 centimeters. 
Using waveguide techniques. curves have 

been obtained of snow permittivity as a 
function of density, and snow and ice loss 
tangent as functions of temperature, density, 
and crystalline structure. The permittivity 
of ice was found to be 3.15. 
The loss tangent of ice, found to vary 

considerably with temperature, has a value 
of 27 X 10-4 at 0°C, and a value of 6x10-' 
at —20°C. 
The reflection coefficients, measured on 

an outdoor range, were found to be depend-
ent on snow temperature, and the effects of 
multiple reflections were not as great as had 
been anticipated. 

15. THE NRL FIFTY-FOOT 
MICROWAVE TELESCOPE 

F. T. HADDOCK 

(Naval Research Laboratory, 
Washington, D. C.) 

Construction has been completed on the 
fifty-foot diameter solid paraboloidal re-
flector useful at wavelengths from a few 
meters to a centimeter. The attainable an-
tenna gain is over a million. The reflector is 
mounted on alt-azimuth axes. An electro-
mechanical axis converter makes it possible 
to automatically track in celestial co-ordi-

nates. It is planned, to use the reflector at 
wavelengths of 0.85, 3.15, and 9.4 cm for 
the measurement of extraterrestrial radia-
tion, and at 3cm for moon radar experiments. 
The methods of evaluating the antenna per-
formance by measuring the shape of the sur-
face, gain, beam pattern, and the feed pat-
tern, are discussed. 

16. RADIATION FROM HYPERFINE 
LEVELS OF INTERSTELLAR 

HYDROGEN 

H. I. EWEN AND E. M. PURCELL 
(Harvard University, Cambridge, Mass.) 

The hyperfine transition in the ground 
state of atomic hydrogen (v11 = 1420.405 
mc/sec) has been detected in galactic radia-
tion. Measurements were made at a declina-
tion of —5° with a calculated antenna beam 
width of approximately 12° between half 
power points. The line as measured in the 
vicinity of the galactic center appears in 
emission with a temperature difference of 
40° ± 5°C with respect to the radiation field, 
and with a width of approximately 80 kc. 
The line shows a doppler shift which is in 
reasonable agreement with the earth's orbi-
tal motion and the motion of the solar sys-
tem. Evidence that the source is extended is 
provided by the variation of doppler shift 
during the time of observation. 

17. SOLAR BURSTS AND CO-
HERENT ELECTRON MOTIONS 

R. E. WILLIAlisos; 

(David Dunlap Observatory and Cornell 
University Radio Astronomy Project, 

Ithaca, N. Y.) 

The motions of electrons near a sheet of 
protons are considered as a possible cause of 
solar bursts. If the polarizing force is sud-
denly removed, restoring forces will initiate 
coherent electron oscillations at the plasma 
frequency. For conditions in the sun's outer 
atmosphere, it is found that diffusion and 
collision damping are negligible. Electro-
magnetic forces will destroy large-scale co-
herence, so that the motion is broken up into 
a large number of cells, each internally co-
herent, but of random phase. Radiation 
damping is very great; the total energy of 
the electrons will be dissipated in one cycle. 
It is found that (a) an area 104 km s will 

suffice for the energy observed in a large 
burst, and (b) a strong frequency depend-
ence in the observed direction is predicted. 

18. SPACE CHARGE WAVE AMPLI-
FICATION IN PLASMAS OF 
NONUNIFORM DENSITY 

H. K. SEN 

(Central Radio Propagation Laboratory, 
Washington, D. C.) 

Space-charge wave amplification in inter-
acting beams of moving electrons has been 
observed under laboratory conditions. The 
necessity of a sharp density gradient for 
amplification by multi-stream charge inter-
action is examined. 
An exponential density gradient has been 

assumed, and an expression derived for the 
corresponding dispersion equation. Applica-
tion of the dispersion equation to a static 
plasma of nonuniform density shows that 
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amplification is possible only for wave-
propagation in the direction of decreasing 
density. A numerical evaluation shows that 
for the density gradient at the borders of 
prominence material, amplification as high 
as 109 could be reached in a centimetric 
path. The analysis indicates that sharp 
gradients are not necessary for wave ampli-
fication by interacting beams. 

19. MOVING PROMINENCES 
AND SOLAR NOISE 

H. K. SEN 

(Central Radio Propagation Laboratory, 
Washington, D. C.) 

A more detailed examination of Ryle's 
controversy about solar radio noise is made. 
The dispersion equation as a function of the 
velocity of the prominence and the tempera-
tures and densities of the prominence and 
the corona, is derived. For the conditions met 
with in the solar atmosphere, the prominence 
has to move at least as fast as the thermal 
motion of the coronal electrons (6,700 
km). Fairly large amplifications are avail-
able under these circumstances. This velocity 
is much greater than that of prominence 
material (500 km). 

20. SOLAR NOISE STORMS 
AND PLASMA OSCILLATIONS 

H. K. SEN 

(Central Radio Propagation Laboratory, 
Washington, D. C.) 

The plasma oscillations in a system of 
electrons gyrating round a static magnetic 
field is discussed. The analysis does not indi-
cate gaps in the frequency spectrum at 
multiples of the gyrofrequency. It shows 
the instability of oscillations in frequency 
bands round multiples of the gyrofrequency. 
A numerical application to spot magnetic 
fields at coronal distances indicates sufficient 
amplification to make plausible the theory 
of the origin of solar "noise storms" in 
plasma oscillations of electrons gyrating 
round the magnetic field of sunspots. 
To explain the phenomenon of "noise 

storms" Landav's operational method is 
considered. 

21. THE ROLE OF PLASMA 
OSCILLATIONS IN SOLAR 
RADIO NOISE BURSTS 

J. FEINSTEIN 

(Central Radio Propagation Laboratory, 
Washington, D. C.) 

The interaction of moving charged 
streams gives rise to bands of amplification 
which lie in the radio frequency region for 
the charge densities present in the solar 
corona. It has been demonstrated that wave 
growth remains possible in the presence of 
thermal velocities greater than the injected 
beam velocity; the frequency band over 
which amplification may occur becomes 
quite narrow under these circumstances. It 
is shown that the rapid growth rates associ-
ated with the longitudinal modes give rise 
to a coupling with the transverse modes asso-
ciated with a radiation field. An approximate 
treatment of this coupling, based on con-

sideration of the growing plasma wave as an 
excited antenna, indicates that large energy 
conversions are possible. 

22. ON THE QUESTION OF THE 
MAGNITUDE OF THE LUNAR 
VARIATION IN RADIO FIELD 

STRENGTH 

T. N. GAUTIER, M. B. HARRINGTON, 
AND R. W. KNECHT 

(Central Radio Propagation Laboratory, 
Washington, D. C.) 

Eight years of continuous recordings of 
the field strength of station WLW, and nine 
years of recordings of station W8XAL, both 
located near Cincinnati, Ohio, were exam-
ined for a lunar variation. The recordings 
were made at Washington, D. C., approxi-
mately 600 kilometers away. The transmit-
ted frequencies were 700 and 6,080 kilo-
cycles per second, respectively. Night-time 
values of hourly median field strength were 
used for WLW. Midday values were used for 
W8XAL. In neither case was the amplitude 
of the lunar semidiurnal harmonic greater 
than the probable error of 0.3 db. 

23. RADIO WAVE PROPAGATION 
OVER LONG DISTANCES 

AT 100 KC 

R. H. WOODWARD AND OSCAR GOLDBERG 
(Rome Air Development Center, 

Rome, N. Y.) 

A description of the program on long 
distance propagation at 100 kc sponsored 
by the Rome Air Development Center, 
is given. The work consists mainly of: 
(a) Determination of the presence or ab-

sence of a useful signal at various dis-
tances from a transmitting point at a 
specified received bandwidth. 

(b) Determination of the characteristics 
of the received signal and its com-
ponents at the various distances. 

24. THE LO WER E AND D REGIONS 
OF THE IONOSPHERE AS DE-
DUCED FROM LONG WAVE 

MEASUREMENTS' 

J. J. GIBBONS, H. J. NEARHOOF, R. J. 
NERTNEY, AND A. H. WAYNICK 

(Pennsylvania State College, 
State College, Pa.) 

A diurnal and seasonal model represent-
ing the E and D regions of the ionosphere 
above State College, Pennsylvania is pre-
sented 
Approximately 150 kc wave solutions 

including coupling are obtained for this 
model. It is shown that the effect of the 
coupling is to cause a wave traversing a 
coupling region to excite a new wave propa-
gated in the direction of propagation of the 
incident wave and also a back-scattered 
wave propagated in the reverse direction. 
The back-scattered wave will appear as a 
reflected wave originating in the coupling 

The research reported in this paper has been 
sponsored by the Geophysical Research Divirion of 
the Air Force Cambridge Research Center under Con-
tract AFI9(122)-44. 

region. The forward-scattered wave due to 
the downgoing wave from the upper "reflec-
tion" level also must be considered in cal-
culating the polarization of ionospherically 
reflected waves. The experimental results to 
be expected from this model are compared in 
detail with our 150 kc polarization, absorp-
tion, and height results. The predicted ex-
perimental results are compared qualita-
tively with the actual experimental results 
at several other frequencies. 

25. THE EFFECT OF SPORADIC 
E ON TELEVISION RECEPTION 

E. K. SMITH 
(Central Radio Propagation Laboratory, 

Washington, D. C.) 

A study of 456 reports of high- and low-
band television reception greater than 200 
miles shows both ionosphere and tropo-
sphere propagation. The distribution of re-
ports with distance indicates that those with 
transmission paths between 200 and 500 
miles  are tropospherically  propagated, 
whereas those between 500 and 1,500 miles 
are propagated by single-hop reflection from 
the sporadic E region of the ionosphere. 

26. THE FEBRUARY, 1952 ECLIPSE 
OF THE SUN 

J. P. HAGEN, AND F. T. HADDOCK 
(Naval Research Laboratory, 

Washington, D. C.) 

W. 0. ROBERTS 
(High Altitude Observatory, Climax, Colo.) 

The Naval Research Laboratory is at-
tempting to clarify the problem of the tem-
perature gradients in the atmosphere of the 
sun. Radio and optical studies give diver-
gent results; the radio data indicate a rela-
tively cool chromosphere with a steep gradi-
ent to a hot corona, the optical data, on the 
other hand, give evidence of material being 
at temperatures of about 30,000° Kelvin 
deep in the chromosphere. Simultaneous ob-
servations of the eclipse at 8.5 mm, 10 cm, 
and at optical wavelengths, are to be made. A 
description of the radio and optical equip-
ment is given. 

27. RADIO MEASUREMENTS PLANNED 
FOR THE NEXT TOTAL SOLAR 

ECLIPSE 

F. T. HADDOCK AND J. P. HAGEN 
(Naval Research Laboratory, 

Washington, D. C.) 

On February 25, 1952, the sun will be 
totally eclipsed by the moon for three min-
ures. NRL is planning an expedition to 
Khartoum, Anglo-Egyptian Sudan, to deter-
mine the distribution of radio emission over 
the solar disk. Radio emission measurements 
will be made at 0.85 and 9.4 cm wavelength. 
The antenna and radiometer systems will be 
described. The expected variations of re-
ceived energy during the eclipse on the basis 
of several models of the undisturbed solar 
atmosphere, and the effect of localized 
sources of enhanced radiation generally 
associated with sunspots, will be discussed. 



28. RADIO ASTRONOMY AT 
CORNELL UNIVERSITY 

C. R. BURROWS 
(Cornell University, Ithaca, N. Y.) 

Cornell University and the Office of 
Naval Research have been jointly sponsor-
ing research work in the field of Radio 
Astronomy being conducted at Ithaca, New 
York, since November, 1946. Cornell Uni-
versity, under the sponsorship of the Re-
search and Development Command of the 
\ ir Force, has established a Radio Astron-
my Observatory at Sacramento Peak near 
Almogordo, New Mexico. 
Solar observations are being made on 

frequencies of 50, 200, 1,420, and 3,200 
inc. Galactic observations have been con-
fined to measurements on 200 mc. The 
solar measurements made at Sacramento 
Peak are being co-ordinated with optical 
measurements being made concurrently by 
Harvard University. 

29. OBSERVATION OF ACTIVE 
REGIONS OF THE SUN BY 
RADIO INTERFEROMETER 
AND SPECTROHELIOGRAPH 

H. W. DODSON 
( cMath-H ulbert Observatory, 

Ann Arbor, M ich .) 

LIEF OWREN 

(Cornell University, Ithaca, N. Y.) 

Simultaneous 200 mc radio interferom-
eter and radio-telescope observations at 
the Radio Astronomy Observatory, of 
Cornell University, during upper transit of 
the sun make possible determination of the 
region of the sun's disk where bursts and 
enhanced base level originate. The equip-
ment and measurement procedures are de-
scribed. 
The positions of the source of the 200 

mc radio emissions determined for 13 
cases have been compared with optical ob-
servations recorded or compiled at the 
N1cMath-Hulbert Observatory of the Uni-
versity of Michigan. The positions agree 
with active regions on the sun. In two cases 
the regions included flares associated with 
radio outbursts. 

30. AN APPLICATION AT 50 MC 
OF A THEORY OF RADIO 
FREQUENCY RADIATION 
FROM THE QUIET SUN 

R. E. WILLIAMSON 
(David Dunlap Observatory) 

E. E. REINHART 
(Cornell University, Ithaca, N. Y.) 

The corona of the quiet sun is repre-
sented as a magnetic-field-free, constant 
temperature, spherically symmetric region 
of fully ionized hydrogen gas, whose electron 
density varies according to the formula of 
Baumbach, as corrected by Van de Hulst 
and Allen. The ray theory of the propagation 
of radio-frequency radiation through such a 
solar atmosphere is then examined critically, 
and the appropriate equations and methods 
of calculation are developed to compute the 
ray trajectories of those rays which can 
reach the earth, and also the values of opac-
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ity along them. It is concluded that at 50 mc: 
(I) The effects of varying index of refraction 
cannot be negelected. (2) Radiation from the 
quiet sun arises wholly from the corona. 
(3) There is no limb brightening. 

31. SOLAR RADIATION AT A 
WAVELENTGH OF 3.15 CM 

F. T. HADDOCK 

(Naval Research Laboratory, 
Washington, D. C.) 

Spot measurements of solar radiation at 
3.15 cm wavelength on 285 days during 
1947-1949, continuous recordings during 163 
days in 1950, and for several months in 1951, 
are discussed. The variation of this solar 
radiation is compared with other evidences 
of solar activity. Only a few outbursts of 
emission were noted during 1947-1949, be-
cause of the small amount of observing 
time. Since January, 1950, a few dozen 
bursts have been recorded. Several of these 
were greater than ten times the intensity of 
the quiet sun value. The occurrence and 
structure of bursts are compared with bursts 
at other frequencies, solar flares, etc. 

32. OUTBURSTS OF SOLAR 
RADIATION OBSERVED AT 8.5 

M M WAVELENGTH 

J. P. HAGEN AND N. HEPBURN 

(Naval Research Laboratory, 
Washington, D. C.) 

Bursts of solar radiation at 8.5 mm wave-
length have recently been observed. The first 
observation was on May 8, 1951, at the time 
of a solar flare observed on the limb of the 
sun. Subsequent observations confirm the 
existence of the bursts and reveal informa-
tion concerning the character of the bursts at 
8 mm as contrasted with bursts observed at 
nearly the same time at longer wavelengths. 

33. A NEW TECHNIQUE IN RADAR 
RECEIVER PERFORMANCE 

MEASUREMENT 

J. H. VOGELMAN 

(Rome Air Development Center, 
Rome, N. Y.) 

A microwave impulse generator, which 
produces a uniform output amplitude from 
the very-low frequencies to above 30 kmc, 
has been developed for radar receiver test-
ing. This impulse generator is essentially 
an open-circuited air-dielectric transmission 
line which is charged to a given potential and 
then discharged into a finite impedance. 
The output of this impulse generator when 
fed through a receiver can be precisely de-
termined as a function of the charging 
voltage in terms of decibels above theoretical 
noise. Three basic methods of measurement 
will be provided, one utilizing the A scope 
presentation of the radar system, and the 
other two utilizing meter indicators. 

34. A SLOPE METHOD OF MEAS-
URING PULSE-NOISE SPECTRA 

J. R. BURNETT, G. R. COOPER, AND 
R. H. GEORGE 

(Purdue University, Lafayette, Ind.) 

The slope of the response of the measure-
ment equipment to a step function is the 
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basis of a method for measuring frequency 
spectra of pulse-type noise generators. 
The measuring equipment is a frequency 

selective system such as is used in band-
width measurements of frequency spectra. 
It is shown that the frequency spectrum at 
the selective frequency of the measuring 
equipment is given by the product of the 
height of the noise response times the sig-
nal generator output, all divided by the 
product of the charging voltage times the 
maximum slope of the step function re-
sponse. A means of obtaining the necessary 
step function is given. Experimental results 
are shown which substantiate the theory. 

35. STUDIES OF NOISE FROM 
MICROWAVE OSCILLATORS 

WINSTON GOTTSCHALK 

(Raytheon Manufacturing Company, 
Waltham, Mass.) 

As a first problem in a comprehensive 
program of noise study, the characteristics of 
a magnetron oscillator are investigated theo-
retically. A companion program is also out-
lined dealing with the basic requirements 
and design of apparatus needed in the ex-
perimental portions of the program. A pre-
liminary discussion of certain fundamental 
aspects of noise is included from the point of 
view of the modern theory of random 
processes. Models of a microwave generator, 
based on experimental observations, are 
being constructed and investigated. A re-
view of the experimental studies is included 
along with a critical discussion of the more 
difficult experimental and theoretical fea-
tures of the program. 

36. HIGH- Q MEASURMENTS IN 
THE 1000-MEGACYCLE RANGE 

A. HORVATH 

(Federal Telecommunications Laboratories, 
Nutley, N. J.) 

The problem of measuring the unloaded 
Q of various cavities is one that requires sev-
eral precautions quite often neglected when 
only one or two answers are required over 
rather long intervals. If the unloaded Q is 
high, the errors in measurements may be as 
large as plus or minus 50 per cent from the 
true value. In this paper, several procedures 
are given from which an appropriate choice 
may be made, depending on the Q to be 
measured. The errors in results appear to be 
in the order of plus or minus 4 per cent. 

37. ON THE PRESENTATION OF 
MICROWAVE CIRCUITS BY 

LUMPED ELEMENTS 

GEORG GOUBAU 

(Signal Corps Engineering Laboratories, 
Fort Monmouth, N. J.) 

Microwave circuits are usually repre-
sented by equivalent circuits of lumped ele-
ments in order to make them accessible to 
the familiar network analysis. The values of 
the lumped elements representing a cavity, 
depend on the type of equivalent circuit 
used. Those equivalent circuits are prefer-
able in which the values of the lumped ele-
ments depend only on the dimensions of the 
part of the microwave circuit which they 
represent, and not on the ensemble. 
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The fundamentals of this theory are out-
lined, and tables of the quantities in the cor-
responding lumped circuit representation of 
cavities, waveguides, and coupling elements 
are presented. 

38. THE EFFECT OF LAMINAR 
FLOW ON THE DURATION OF 

METEOR ECHOES 

T. N. GAUTIER 
(Central Radio Propagation Laboratory, 

Washington, D. C.) 

An analysis is made of the effect of sim-
ple laminar flow acting together with diffu-
sion upon the duration of radar echoes from 
meteoric ionization. Under appropriate con-
ditions laminar flow may increase the dura-
tion by as much as a factor of four. Varia-
tions of flow gradient with altitude might 
produce "stratified" echoes such as have 
been observed. The dependence of duration 
upon the square of the radio wavelength 
predicted by ordinary diffusion theory is 
modified if laminar flow is considered. 

39. THE POLARIZATION CHAR-
ACTERISTICS OF METEORIC 

ECHOES 

A. MANNING AND M. E. VAN VALKENBERG 

(Stanford University, Stanford, Calif.) 

The relative amplitudes of the two char-
acteristic waves at a frequency of 23.1 
mc returned from meteoric ionization col-
umns, is studied by means of an experi-
ment involving the use of helical transmit-
ting and receiving antennas. Circular polar-
ization is generated at the sender. 
The long-duration fading meteors com-

monly retain the linear polarized behavior 
for much of their duration, while the rapidly 
decaying echoes quickly demonstrate cir-
cularity. The polarization behavior suggests 
the existence of greater ionization densities 
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than usually assumed, and does not appear 
to be explainable in terms of previously ex-
isting theories. 

40. METEORIC ECHO MEASURE-
MENT OF IONOSPHERIC DRIFT 

AND TURBULENCE 

L. A. MANNING AND A. M. PETERSON 

(Stanford University, Stanford, Calif.) 

The Doppler frequency shift imparted to 
a wave which is returned from a fully formed 
meteoric ionization column is a measure of 
the velocity component of the trail in the 
direction towards the observer. Statistical 
considerations show that the accuracy ob-
tained in determining average drift velocity 
ordinarily corresponds to an error of about 
420/(number of meteors) 1/2 kilometers per 
hour. Study of Doppler shift versus meteoric 
elevation angle can be used to determine the 
root-mean-square horizontal and vertical 
components of turbulent velocity. The 
method suggests means for finding the de-
tailed structure of the wind at heights from 
80 to 120 kilometers. Evidence pointing to 
the existence of a complex stratified region 
is presented. 

41. SYSTEMATIC IONO-
SPHERIC WINDS 

REYNOLD GREENSTONE 

(Central Radio Propagation Laboratory, 
Washington, D. C.) 

A study of fading patterns of radio waves 
reflected by the ionosphere has led to the 
determination of horizontal drifts in the 
ionosphere. Equipment has been operated at 
2.3 mc at the National Bureau of Standards 
since March, 1949. The wind direction ex-
hibits diurnal characteristics which change 
with the seasons. Apparent wind speeds may 
range up to 300 m/sec, but are predomi-
nantly in the range from 50 to 100 m/sec. 

Marked changes in the character of the 
winds are associated with the transition 
from E-F-region reflections. Good agree-
ment is found between wind directions and 
speeds observed at Washington, D. C., and 
those observed at Cambridge, England. 

42. EXPERIMENTAL DETERMINA-
TION OF RATES OF DECAY OF 
METEORIC ECHOES AS FUNC-
TIONS OF WAVE FREQUENCY 

AND HEIGHT 

V. C. PINE() 
(Central Radio Propagation Laboratory, 

Washington, D. C.) 

Radar-type reflections from  ionized 
meteor trails are used to determine the rates 
of decay of meteoric echoes as functions of 
wave frequency and height. Experimental 
data showing the relative rates of decay 
observed at 27 mc, 41 mc, and 54 mc, and 
the rate of decay at 27 mc as a function of 
height, are presented. The possibility of de-
termining diffusion coefficients from these 
data is discussed. 

43. TECHNIQUES IN METEOR 
IONIZATION STUDIES AT 

23 MEGACYCLES 

0. G. V1LLARD, JR., AND A. M. PETERSON 
(Stanford University, Stanford, Calif.) 

Experimental measurement of the time 
variation of phase, amplitude, and polariza-
tion of 23.1-megacycle meteor echoes is com-
pared with the reported results of workers 
using other frequencies:Pulse-Doppler ap-
paratus used in making these measurements 
is described, and sample records shown. 
Direction and height-finding equipment 
needed for wind measurements are dis-
cussed, together with ancillary circuitry 
such as Doppler frequency multipliers and 
vector displays. 

Walter J. Seeley (A'22-SM'46), Pro-
fessor and Head of the Electrical Engineer-
ing Department of Duke University, was 
recently appoined chairman of the student 
development committee of the Engineer's 
Council for Professional Development on 
which he also represents the AIEE. The 
committee is charged with co-ordinating and 
administering those relations between en-
gineering schools, engineering societies, and 
industry which will promote the professional 
development of student engineers. As re-
search and development director for the 
college of engineering at Duke University, 
he will have charge of co-ordinating research 
activities within the college and with other 
organizations. 
Professor Seeley was born on November 

30, 1894, in HazeIton, Pa. He studied elec-

trical engineering at the Brooklyn Poly-
technic Institute where he received the E.E. 
degree in 1917. In 1924 he received the M.S. 
degree from the University of Pennsylvania. 
He was appointed to the faculty of the Uni-
versity of Pennsylvania in 1920, specializing 
in measurements and vacuum tubes, and 
later joined the staff of Duke University. 
Professor Seeley has been active as the 

IRE Representative at Duke University in 
1942-1948, and 1949-1951. He has also 
served on the IRE Education Committee. 

• 

Harrison Johnston (A'51) has been ap-
pointed manager of the product engineer-
ing division of the Ampex Electric Corpora-
tion in Red Wood City, Calif. Prior to 
this appointment Mr. Johnston was as-

sociated with the General Electric Cor-
poration for 12 years where he became 

that company's sales 
manager of the lab-
oratory products sec-
tion, and later trans-
ferred to their San 
Francisco office. 
A native of Mis-

souri,  Mr.  John-
ston graduated from 
Princeton University 
in 1939 with the 
B.S.E. degree. He 
has won recognition 
for his lectures and 

writings on special electrical and electronic 
apparatus. Mr. Johnston is a member of the 
American Institute of Electrical Engineers. 

HARRISON JOHNSTON 
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ANLEV F. PATTEN 

IRE People 

Rear-Admiral Stanley F. Patten, (N1'50-
\ 1'50) U.S.N. (Ret.), has been elected Vice-
President of the Allen 13. Du Mont Labora-

tories, Inc., it was 
announced  recently 
by Dr. Allen B. Du 
Mont, President. Ad-
miral Patten has been 
with the Du Mont 
organization as as-
sistant to the presi-
dent since July, 1947. 
Ile also has been the 
director of mobili-
zation planning for 
the government de-
partment of the Du 

\l ont 1.aboratories. 
Admiral Patten, a native of New York, 
as born in May, 1896. After completing a 
• airse at the Marconi School of Instruction, 
!le became a radio operator with the Mar-
, oni Radio Telegraph Company in 1914, 
ind in 1915, he was a radio electrician at 
Ile New York State Nautical Schoolship at 
c‘% port. Admiral Patten served in the 
Mos' States Navy from 1917-1947, as a 
officer, specializing in electronics and 

„mominications. In 1925-1927, he completed 
post-graduate work at the United States 
Naval Academy and Yale University. Dur-
ing World War I, he served in the North 
\tlantic and European waters, and during 
World War II, he served as assistant head 
of the Radio Division, Bureau of Ships, 
from 1940-1943. In May, 1943 he was 
ordered to command the U.S.S. Rocky 
Mount, which served as flagship for the 
amphibious forces in the Pacific during the 
Marshall and Mariannas Islands invasions. 
Ile participated in the Kwajalein, Sai-

pan, and Leyte Gulf campaigns, retiring 
from active duty with the Navy in January, 
1947. His last assignment before retirement 
was that of District Communications officer 
of the 13th Naval District at Seattle, Wash. 

Alexander A. Kiriloff (M'50) has re-
cently been appointed research engineer 
in charge of research and development 

of microwaves, vhf, 
and electronic test 
equipment, at  the 
Sherron  Electronic 
Company, Brooklyn, 
N. Y. 
Born in Tomsk, 

Russia, Mr. Kiriloff 
emigrated to France 
in 1922. He studied 
at the Ecole Supe-
rieure  d'Electricite, 

A. A. KIRILOFF  Radio  Section,  in 
Paris, and received 

the radio engineer degree in 1926. For 25 
years he worked in several French compa-
nies in the interests of microwaves, vhf, and 

BERNARD HECHT 

electronics, and in 1936 he was invited to the 
United States as consulting research en-
gineer by the V. S. Johnson Laboratories 
in Chicago, where he remained for 3 years. 
During 1947-1949, Mr. Kiriloff was a pro. 
lessor at the French Polytechnical Indus-
trial Institute, returning to this country in 
1949. 
Mr. Kiriloff holds several patents on 

radio and electronic devices and is the 
author of several radio electronic books and 
articles in French technical and scientific 
periodicals. Ile is a member of the Societe 
Francaise des Radioelectriciens and the 
Societe Franciise de Physique. 

F. T. Budelman (A'41) has been named 
president of the newly formed Budelman 
Radio Corporation at Stamford, Conn. 

Previously, Mr. Bu-
delman was associ-
ated for many years 
with the I.ink Radio 
Corporation in which 
he  was  active  in 
the development of 
FM coin  ica t ion 
equipment for land-
mobile services and 
for important mili-
tary  applications 
such as multi-chin-

F. T. BUDELMAN  nel radio relay sys-
tems. 

A native of Newark, N. J., Mr. Budd-
man studied electrical engineering at Cornell 
University where he received the E.E. de-
gree in 1931. Mr. Budelman is also a member 
of the American Institute of Electrical 
Engineers. 

Bernard Hecht (M'45) has been ap-
pointed general manager of the Starrett 
Television Corporation, New York, N. Y., 

it was recently an-
nounced. He will d 
reel and co-ordina• 
all phases of manac, 
ment of that concern, 
ith special emphasis 
on quality control 
for government oper-
ations. 
Mr.  Hecht  re-

ceived his B.E.E. de-
gree from the School 
of Technology, City 
College of New York, 

and later received the M.S. degree from the 
University of Pennsylvania. At the out-
break of \Vorld War II, he was a civilian 
officer in charge of radio inspection for the 
Signal Corps, and in 1943 he was selected to 
represent the U. S. Army-Navy Specifica-
tion Program for electronic components, 
embracing the standardization of tubes, re-

sistors, capacitors, and transformers. Serving 
in the army, Mr. Ilecht was relieved of his 
military status when he was assigned to aid 
in the reconversion to peacetime production 
of the plant operation of the International 
Resistance Company in Philadelphia. 
Mr. Hecht is the vice-chairman of the 

IRE Professional group on Quality Control, 
and a senior founder member of the Ameri-
can Society for Quality Control. 

4 

Maurice Harp (A'49) has joined the 
engineering staff of the Lenkurt Electric 
Company, San Carlos, Calif. His function 

will be that of appli-
cations engineer for 
the development of 
FM and single-side• 
band  space-carrier 
equipment. 
A native of Cali-

fornia, Mr. Harp has 
been the chief engi-
neer of the Globe 
Wireless  Company, 
and a flight radio of-
ficer with Pan Ameri-
can Airways. During 

the war he was with the Army's Trans-
Pacific Communications System. Prior to his 
present appointment, Mr. Harp was chief 
engineer in the Heintz and Kaufman Equip-
ment Division of the Robert Dollar Com-
pany. lie is radio amateur, W6KJG. 

MAURICE HARP 

A. V. Platter (A'40), an engineer 
of the International Business Ma-
chines Corporation, died recently in 
Poughkeepsie, N. Y. His death was 
the result of his service in the Armed 
Forces of World War II. 
Mr. Platter, a native of Altus, 

Okla., was born on November 10, 
1920, and received the B.E.E. degree 
.it the Lawrence Institute of Tech-
nology in June, 1941. He also studied 
electronics and  advanced  mathe-
matics at the University of Maryland. 
He joined the IBM Corporation in 
Detroit, Mich., and in 1947 he be-
came a technical engineer in the elec-
tron and tube development and pro-
duction section of IBM in Pough-
keepsie. From 1943-1946, Mr. Platter 
served with the United States Navy 
in the Development and Underwater 
Ordnance and V-T Fuze Ptogiam, at 
the Naval Ordnance Laboratory, 
Washington, D. C. 
Mr. Platter was the Secretary-

Treasurer of the IRE Mid-Hudson 
Subsection, and was active in the 
formation of this Subsection. 
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Books 

Electric Transmission Lines by Hugh 
Hildreth Skilling 

Published (1931) by McGraw-Hill Book Company, 
Inc.. 330 West 42 Street. New York IS. N. Y. 414 pages 
+8-page index +14-page appendix +gill pages. 172 
figures. 9 X6. $6.50. 
Hugh Hildreth Sir/Bing is Professor of Electrical 

Engineering at Stanford University. Stanford, Calif. 

This new volume, the outgrowth of a 
plan of presentation developed through ten 
years of teaching, is an excellent and thor-
oughly up-to-date textbook written es-
pecially for undergraduate students of 
electrical and electronic engineering. Free 
from inconsistencies and unnecessary repe-
titions of subject matter, and, with its in-
formation reasonably complete, the book is 
ideally suited to home study. Although it is 
elementary and not intended to train spe-
cialists, its unified treatment of theory and 
application, which is sufficient to the extent 
needed by electrical engineers, should appeal 
to practicing engineers. 
It is assumed that the reader is familiar 

with ordinary circuit theory involving 
lumped constants and that he has a knowl-
edge of differential and integral calculus. The 
book can be read consecutively, but later 
chapters are sufficiently independent of cer-
tain preceding chapters so that they may be 
read separately. The first eight chapters pre-
sent the theory of circuits with distributed 
constants; the next five chapters apply this 
theory successively to telephone lines, filters, 
power lines, radio-frequency lines, and wave-
guides. The last chapter treats transient-
traveling waves. 
The first five chapters cover basic theory, 

and are essential for all that follows. Chap-
ters 6 and 7 deal with line constants, namely, 
inductance, capacitance, resistance, (includ-
ing a treatment of skin effect), and insulation 
loss. Chapter 8 on artificial line concepts is 
essential to chapters 9 and 11 on telephone 
and power lines. Chapter 10 on filters is pre-
ferably preceded by Chapter 9. A table of 
collected formulas of transmission lines, 
which is on the inside of the front cover, is 
convenient, as is the table on the relations of 
trigonometric and hyperbolic functions 
found on the inside of the back cover. 

H. S. Black 
Bell Telephone Laboratories 

Murray Hill. N. J. 

Communication Networks and Lines by 
Walter J. Cramer 

Published (1951) by Harper & Brothers Publish-
ers. 49 East 33 Street. New York 33, N. V. 329 pages 
+5-page index +19-page appendix +x pages. 9/ X6. 
86.00. 

The author is Professor of Communication Engi-
neering. Head of the Department of Electrical En-
gineering. University of Maine, Orono. Me. 

The publisher's jacket of this book says, 
"This is a comprehensive and unusually 
thorough mathematical treatment of its 
subject." Indeed it is this, but almost to the 

point where it has made virtue a fault. The 
book is actually a collection of detailed de-
sign formulas with instructions on how to 
use them. One will also find here the de-
tailed circuit equations for an anti-side tone 
telephone subset. However, one will not find 
a proof of the Superposition Theorem. (One 
is referred, therefore, to Guilleman.) 
This is useful for those who want a 

handy reference on the design of wave filters 
for given attenuation (although very little 
attention is given to phase characterist ics), 
or transmission lines of the standard tele-
phone types. The jacket also states, "De-
signed as a basic text for the communica-
tions option," and this reviewer questions as 
to how much time can be found in a crowded 
curriculum for one to spend so much time 
with this phase. 
The book is useful for those having suf-

ficient interest in this narrow field, and ac-
cepting the general thesis that such a text 
as this is needed, then it can be said that 
the job is very well done. The exposition is 
clear, the various designs are well illustrated 
by many practical examples, the book is well 
ordered, and remarkably free from typo-
graphical errors. 

KNOX MCILWAIN 
Hazeltine Electronics Corp. 
58-25 Little Neck Pkwy. 

Little Neck. N. Y 

Guide to Broadcasting Stations, Sixth Edi-
tion 

Published (1951) by Dorset House. Stamford 
Street, London. S.E.1, Eng. 94 pages. 51,X41. Price, 
2s. Od. Postage 24. 

Despite the efforts of international bodies 
and representations from individual govern-
ments, the congestion in the long-wave-
medium-wave broadcasting bands in Europe 
is eased but very little. There are nearly 200 
stations working on unauthorized frequen-
cies. Operating details of these stations and 
of the 350 or more authorized transmitters 
are included in this book, together with de-
tails of over 1400 short-wave broadcasting 
stations operating in 117 countries. The sta-
tions are listed both geographically and in 
order of frequency, and the data have been 
checked against the frequency measure-
ments made at the B.B.C. receiving station 
at Tatsfield. 
The list giving operating details of nearly 

50 vhf broadcasting stations in Europe gives 
some indication of the growth of this form of 
broadcasting since the publication of the 
last edition which listed eleven. Details of 
14 European television transmitters and a 
number of consol and standard frequency 
stations are also included. 
The contents include: Long- and medi-

um-wave European stations, with frequen-
cies, wavelengths, and powers; A geographi-
cal list of long- and medium-wave European 

stations, with frequencies; Short-wave sta-
tions of the world, with frequencies, wave-
lengths, powers, and call signs; A geographi-
cal list of short-wave stations, with frequen-
cies; European television stations; Consol 
and standard frequency stations; Meter-
wave European stations; British amateur 
transmitting frequencies international allo-
cation of call signs; Standard time; and 
Wavelength  and  frequency conversion, 
formulas and tables. 

Magnetic Materials by F. Brailsford 
Published (1951) by John Wiley & Sons, Inc., 441) 

Fourth Avenue. New 'York 16. N. Y. 150 pages 
+6-page index +ix pages. 86 figures. 4i X61. 81.50. 
F. Brailsford is with the Research Department, 

Metropolitan-Vickers  Electrical  Company  Ltd., 
Manchester. Eng. 

This pocket-size monograph has been 
prepared with the objective of giving the 
advanced student, the research worker, and 
those concerned with the technological ap-
plications of magnetic materials, a compre-
hensive outline of the present state of 
knowledge on magnetic materials. With a 
rather elementary introduction, chapters 
follow on ferromagnetism, properties and 
theory of single crystals, factors affecting 
magnetic properties, iron and silicon-iron 
alloys, nickel-iron and other alloys, and 
permanent magnet materials. References to 
original works are given with each chapter. 
The subject of ferromagnetism and mag-

netic materials has grown important in the 
light of the recent research and engineering 
requirements, although too complex for ade-
quate treatment in general text books for 
electrical and electronic engineers, metal-
lurgists, and physicists, who should have at 
least a basic understanding of the problems 
involved and the present state of the de-
velopment. The reviewers agree that the 
author has given a most interesting and 
lucid account of the theory of ferromagnet-
ism and of the factors affecting magnetic 
properties, particularly with regard to sili-
con-iron and nickel-iron alloys. It seems un-
fortunate, however, that, since this is a 
second edition of a 1948 printing, the 
author did not expand the text slightly and 
include topics of such theoretical and tech-
nical importance as fine powder permanent 
magnets, grain-oriented nickel-iron, and 
ferrite materials, all of which are conspicu-
ously absent in the text as well as in the 
literature references. 
Beyond the criticisms mentioned, the re-

viewers consider the book an interesting 
addition to the library of anyone concerned 
with the subject, and to those who may like 
to carry pocket-size, spare time literature. 

HAROLD A. ZAHL 
El3F.RHARD BOTH 

Signal Corps Engineering Laboratories 
Fort Monmouth, N. J. 
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ACOUSTICS AND AUDIO FREQUENCIES 

534.321.0  2885 
Heavy-Duty Quartz Ultrasonic Generator 
II. II. Rust. (Nalurwiss., vol. 38, pp. 235-

:;6; May, 1951.) Quarts plates, with electrodes 
,nsisting of grids of parallel thin copper wires, 
',ere found to stand up to heavy duty better 
t ,an types with metal-plate electrodes. 

534.321.0  2886 
Research and Analysis relating to Ultrason-

ics in Everyday Life—P. Cliavasse and R. Leh-
ni.inn. (A nos. TV/commun., vol. 6, pp. 98-101; 
‘;,ril, 1051.) Difficulties in the analysis of sonic 
.,113 ultrasonic vibrations are discussed, and 
t lie heterodyne frequency analyzer noted in 936 
of 1050 (Pimonov) is briefly described. Exam-
ples of the occurrence of ultrasonic vibrations in 
nature and in industry are given. 

534.41.087.252  2887 

V. GMauvsriecaalu . Stroboscopes and Strobographs (A nn.  VOL 6, 1313. 

117-121; May, 1951.) Description of the prin-
ciple and uses of stroboscopes designed for test-
ing musical instruments and for analyzing 
sounds. A series of endless ribbons, graduated to 
correspond, respectively, with the notes of the 
musical scale, are driven at fixed frequency by 
a drum, and illuminated by a neon lamp con-
trolled by the output from a microphone. In the 
recording type of instrument, a transparent 
stroboscopic plate is fixed in front of a con-
stant-speed film. 

534.613  2888 
Radiation Pressure in Acoustics—J. Mer-

cier. (Comp. Rend. Acad. Sc., (Paris), vol. 232, 
pp. 2181-2183; June 11, 1951.) Radiation pres-
sure is evaluated in general terms by consider-
ing the propagation of energy along the wave. 
It is found to be given by the time rate of 
change of quantity of movement, which is equal 

The Annual Index to these Abstracts and References, covering those published 
in the PROC. I.R.E. from February, 1050, through January. 1051, may be obtained 
for 2s.8d. postage included from the Wireless Engineer. Dorset House, Stamford 
St., London S.E., England. This index includes • list of the journals abstracted 
together with the addresses of their publishers. 

to the density of energy ot the waves in con-
tact with the obstacle. 

534.75  2880 
The Cerebral Mechanisms of the Binaural 

Functions. Summation and Lateral Location — 
II. Pieron. (A wt. rettroninsun., vol. 6, pp. 102-
109; April, 1951.) Criticism of a paper by 
Fletcher (2398 of 1938). Oversimplification of 
theory Is alleged, lending to results directly con-
tradicting accepted physiological fact* of bi-
naural hearing. Fletcher's loudness curve is re-
garded as Invalid. 

534.84  2890 
Sound Reproduction In Halls and Open 

Spaces—F. Bergtold. (Ferariseldelech. Z., vol. 4, 
pp. 112-116; March, 1951.) General discussion 
of the arrangement of loudspeakers to give 
pleasing reproduction, taking Into account size 
and shape of the hall, attenuation of higher fre-
quencies, distortion and noise at the sound 
source, and reverberation. The methods of 
beamed and diffuse sound projection are com-
pared from both technical and economic view-
points. 

534.86: 534.322.1  2801 
The Effect of Sound Intensity Level on 

Judgment of 'Tonal Range' and 'Volume Level' 
—S E. Stunts. (Audio ENZ., VOL 35, pp. 17-19, 
26; June, 1951.) A discussion of factors affect-
ing the conclusions drawn from listener prefer-
ence tests. 

621.3.018.78t  2892 
The Influence of High-Order Products in 

Nonlinear Distortion—D. E. L. Shorter. (Elec-
tronic Eat., (London), vol. 22, pp. 152-153; 
April, 1950.) Subjective assessments of non-
linear distortion in a transmitting system are 
compared with the objective results obtained 
by using the rms total harmonic distortion fig-
ures, and with those obtained by taking special 
account of high order harmonics. The influence 
of high order harmonics on reproduction is out 
of proportion to their energy content, and some 
system of weighting is advocated. 

621.3.018.78t  2893 
The Influence of High-Order Products in 

Nonlinear Distortion —M. V. Callendar: D. 
E. L. Shorter. (Electronic Eng., vol. 22, p. 443; 
October, 1950.) Comment on 2892 above, and 
author's reply. 

621.3.018.78t  2894 
The Influence of High-Order Products on 

Nonlinear Distortion —D. B. Corbyn: D. E. L. 
Shorter. (Electronic Eng., vol. 23, p. 35; Janu-
ary, 1951.) Further comment on 2892 above. 
and author's reply. 

621.395.62: 621.317.3  2895 
Objective Measurements on Telephone 

Earpieces—H. Meister. (Tech. 31(U. Jannis. 

1 

Telegr.-Teleph. Very., vol. 29, pp. 220-222; 
June, 1951. In German and French.) Methods 
adopted by the Swiss telephone authority for 
measuring frequency response and volume char-
acteristics, are discussed briefly (see also 2896 
below). Good agreement was found between the 
results of these objective tests and those ob-
tained by subjective methods used earlier. 

621.395.62:621.317.79  2806 
Apparatus for Testing Telephone Earpieces 
Kallen  ( rei h. Atilt. It',wt.'s.  Teletr.-

Teleph. Vow., vol. 29, pp. 222-228; June 1, 1951. 
In German and French.) Detailed description 
of the apparatus referred to in 2895 above. The 
frequency of the testing voltage is varied loga-
rithmically from 4 kc to 400 cps in i second. The 
output from the earpiece is picked up by an 
artificial ear consisting of a capacitor micro-
phone with a pressure chamber whoa: acoustic 
impedance corresponds to that of the ear. The 
amplified voltage from this is rectified, and the 
output, varying as the square root of the input, 
ls examined by means of an integrating circuit 
and voltmeter, or displayed on a cm screen. 

621.305.623.7  2897 
Cabinets for High-Quality Direct Radiator 

Loudspeakers--H. F. Olson. (Radio and Telev. 
Next, vol. 45, pp. 53-56, ... 86; May, 1951.) 
An experimental examination of the various 
factors a hich influence the performance of a 
loudspeaker mounted in a completely dosed 
cabinet. 

621.305.623.7  2898 
The Fidelity of Transient Reproduction by 

Loudspeakers—J. C. Hentsch. (Tech. Mitt. 
5th:eels. Teleer.-Teleph. Very., vol. 29, pp. 201-
211; June 1, 1951. In French.) The response of 
the human ear to transient sounds, and the ef-
fect of binaural hearing are discussed. A method 
of obtaining and analyzing the mean frequency-
response curve of a loudspeaker, allowing for 
subjective effects, is outlined. This curve suf-
fices to determine the quality of reproduction 
of transients. Oscillographic examination of the 
actual deformations caused by the reproducer 
is not a reliable means. A method for eliminat-
ing loudspeaker interference effects is described. 

621.395.623.7  2899 
Explosion- Proof Loudspeaker—S. J. White. 

(Tete-Tech., vol. 10, pp. 46-47, 86; May, 1951.) 
The driver unit is enclosed in a cast housing at-
tached to the horn structure, and between them 
is a barrier with an effective porosity wt,: -h is a 
function of air particle velocity. Sudden :nter-
nal or external blast is resisted, but norm. au-
dio transmission is permitted. 

621.395.625.3  2900 
Broadcast Tape Speed Control —D. R. An-

drews. (Electronics, vol. 24, pp. 120-123; July, 
1951.) To ensure that the duration of a half 
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hour program played back from a magnetic 
tape record Is constant to within 1 second, tim-
ing marks are printed on the back of the tape 
and scanned by a photoelectric arrangement to 
provide a reference signal. 

621.395.625.3:778.5  2901 
Special Techniques in Magnetic Recording 

for Motion Picture Production—G. Lewin. 
(Jour. Soc. Mot. Pie. Ise Telev. Eng., vol. 56, pp. 
653-663; June, 1951.) 

621.396.645.029,3:621.385.3/.4  2902 
A Comparison of Triodes and Beam-Tet-

rodes as Power Output Valves in Audio Ampli-
fiers —Bruckmann, Carey, and Fuller. (See 
2959.) 

681.85  2903 
Recording Styli, the Burnishing Facet, and 

a Process for Resharpening—C. F. Strandberg. 
(Elec. Eng., vol. 70, pp. 447-450; May, 1951.) 
A method of resharpening sapphire, stellite, 
and steel styli without regrinding, involves im-
mersion In a NaOH cleansing solution. 

534.84  2904 
Die wissenschaftlichen Grundlagen der 

Raumakustik:  Band  3—Wellentheoretische 
Raumakustik  [Book  Review)—L.  Cremer. 
Publishers: S. Hirzel Verlag, Leipzig, Germany, 
1950, 355 pp., 21.50 DM. (Z. Ver. Dtsch. Ing., 
vol. 93, p. 623; June 21, 1951.) Written primar-
ily for physicists, this volume deals with the 
systematic development and investigation of 
sound-absorbing arrangements by means of 
wave theory. 

ANTENNAS AND TRANSMISSION 
LINES 

621.315.21:621.395.97  2905 
Cables for Sound Distribution —R. C. Mild-

ner. (Elec. Radio Trading, vol. 23, pp. 77-81; 
May, 1951.) A practical review, primarily for 
the installation engineer, of the types of cable 
available, and the factors to be considered in 
designing and installing a distribution system. 

621.316.683  2906 
High-Frequency Connectors —H. Nitsche. 

(Ferntneldelech. Z., vol. 4, pp. 97-102; March, 
1951.) An account of the design and charac-
teristics of "Dezifix"-type connectors developed 
for coaxial cable coupling at frequencies up to 
3 kmc. The two halves of the connector are 
identical, and are secured by a square-threaded 
cap. 

621.392  2907 
A Variable-Length Radio-Frequency Trans-

mission-Line Section —K. R. McAlister. (Jour. 
Sci. Instr., vol. 28, pp. 142-143; May, 1951.) 
Description of a coaxial line lengthener having 
constant characteristic impedance (50 ohms) 
throughout its length. It is not frequency 
selective, and its reflection coefficient is I> 5 
per cent. 

621.392+621.315.2121.018.44  2908 
Reduction of Skin-Effect Losses by the 

Use of Laminated Conductors—A. M. Clogston 
(Paoc. I.R.E., vol. 39, pp. 767-782; July, 1951. 
Bell Sys. Tech. Jour., vol. 30, pp. 491-529; 
July, 1951.) Skin-effect losses can be reduced 
in transmission lines by using conductors 
composed of insulated laminations, and adjust-
ing the velocity of wave transmission. Theory 
for such laminated lines is presented for the 
case of planar systems with infinitesimally thin 
laminae, and with laminae of finite thickness. 
A transmission line completely filled with 
laminated material is considered. An analysis 
is given of the modes of transmission in a 
laminated line, and of the problem of termi-
nating such a line. 

621.392.22:517.512.2  2909 
Fourier Transforms in the Theory of 

Inhomogeneous Transmission Lines—F. Bo-

linder. (Kungl. Tekn. 116gsk. Handl. (Stock-
holm), no. 48, 84 pp.; 1951. In English.) In 
comparison with other theoretical methods, the 
Fourier-integral method appears to give the 
best approximate solution for inhomogeneous 
lines. The analogy with antenna and pulse 
theories, and the method applied to various 
types of nonuniform lines with constant or 
varying propagation velocity, are discussed. A 
fundamental law governing the problem of 
"broad banding" is indicated. See also 562 of 
April. 

621.392.26t  2910 
Metal  Waveguides  with  Parallelogram 

Cross-Section—R.  Malvano. (Nuovo Cim., 
vol. 6, pp. 265-273; July 2, 1949.) Formulas 
are derived for the TM and TE modes. Possible 
applications of this waveguide are indicated. 

621.392.26t: 538.61  2911 
Magneto-optics of an Electron Gas with 

Guided Microwaves—L. Goldstein, M. Lam-
pert, and J. Henry. (Phys. Rev., vol. 82, pp. 
956-957; June 15, 1951.) Frequencies between 
4.6 and 5.5 kmc were used with a circular 
guide in an axial magnetic field, the plasma 
from a pulsed dc gas discharge being used as 
the dielectric. Large angles of rotation of the 
electric field were observed, and resonance 
occurred near the gyromagnetic frequency. The 
results are explained in terms of the decomposi-
tion of the "linear" wave into "anomalous" 
and "normal" circularly polarized waves. 

621.392.26t : 621.392.52  2912 
Corrugated-Waveguide Band-Pass Filters 

—J. C. Greene. (Electronics, vol. 24, pp. 117-
119; July, 1951.) Design principles and experi-
mental results are presented. The high-pass 
properties of a waveguide are combined with 
the low-pass properties of a corrugated sur-
face inserted into the waveguide, giving a 
sharp transition between pass and attenuation 
bands. A single corrugated element replaces 
several elements used in conventional designs. 

621.392.26 t : 621.396.6.002.2  2913 
Microwave Components: Precision Casting 

vs Electroforming—A. A. Feldmann. (Materi-
als Er Methods, vol. 34, pp. 70-72; July, 1951.) 
Description of methods used in the manufac-
ture of waveguide elements. 

621.392.5  2914 
Delay Lines—J. Moline. (Radio Franc., 

nos. 3 and 4, pp. 16-19 and 5-8; March and 
April, 1951.) Phenomena of propagation in 
transmission lines are explained, and the con-
struction and various uses of artificial delay 
lines are described. 

621.392.54  2915 
Long-Line Attenuation Equalization—K. 

M. Garven. (Commun. Rev., vol. 2, pp. 53-62; 
June, 1950.) A convenient formula is worked 
out for the insertion loss of a network, the 
conventional interaction term being avoided. 
The general formula for the over-all insertion 
loss of a succession of four-terminal networks 
connected in tandem, is derived and applied to 
consideration of equalization requirements in 
a long line. 

621.396.67  2916 
Practical Calculation of Modern Broadcast 

Transmitting Aerials in the Medium Wave-
Band—K. Fischer. (Electrotech. u.  Maschi-
nenb., vol. 68, pp. 153-157 and 183-187; 
March 15, and April 1, 1951.) Discussion of 
(a) graphical determination of impedance and 
mutual coupling of antenna elements; (b) the 
influence of a capacitive roof on a mast radi-
ator; (c) the method of calculating the radiation 
diagram of vertical arrays, and means of obtain-
ing a directional characteristic. Supplementary 
to paper noted in 38 of 1950. 

621.396.67:517.6  2917 
Method of calculating Integrals of the Form 

*cos k 

Ica ,* f   0 0+00 
sin pX (A. G. Soule-

Nan and J. Peltier. (Comp!. Rend. Acad. Sci., 
(Paris) vol. 232, pp. 2076-2078; June 4, 1951). 
The integrals discussed occur in calculations 
of the current distribution in antennas. 

621.396.67:621.397.6  2918 
Engineering a Super-gain TV Antenna— 

M. E. Hiehle. (TV Eng. vol. 2, pp. 16-18, 28; 
May, 1951.) Omnidirectional antennas with 
power gains  10 relative to a dipole, and 
radiating almost entirely in the horizontal 
plane, raise special problems in respect of 
reception close to the antenna and the effect 
of tower sway. Methods of overcoming these 
effects and of filling up "holes" in the coverage 
area are outlined. 

621.396.67: 621.397.6  2919 
Practical Considerations in the Use of 

Television  Super-turnstile  and  Super-gain 
Antennas —II. E. Caring. (RCA Rev., vol. 
12, pp. 159-176; June, 1951.) Some general 
considerations concerning vertical directivity, 
horizontal polar diagram, bandwidth, and the 
use of common antennas for sound and vision 
transmission, are presented. The Empire State 
antenna system, in which four "super-gain" 
antennas connected to separate television 
transmitters in the building below are stacked 
vertically on one mast, is discussed in detail. 

621.396.67.029.64  2920 
Horizontally Polarized Omnidirectional An-

tenna—C.  Brasse,  Jr.,  and  R.  Thomas. 
(Electronics, vol. 24, pp. 86-87; July, 1951.) 
Three cophased horizontal loops mounted on a 
rigid coaxial line are used to provide a radiation 
pattern with an azimuth ratio <3db in the 
10-cm band. The array is enclosed in a hollow 
plexiglas ball for pressurizing. The vertical 
pattern has half-power points at 450, givingra 
gain over a half-wave dipole of 2db. 

621.396.677  2921 
Dielectric Aerials with Shaped Radiation 

Patterns —D. G. Kiely. (Wireless Eng., vol. 28, 
pp. 177-178; June, 1951.) An empirical tech-
nique is described for designing a solid-dielectric 
radiator for operation at a wavelength of 3.2 
cm with a beam width of 240° to 6-db points. 
The method is applicable to antennas with 
other patterns. 

621.396.677  2922 
Slot  Antenna  Developments —D.  R. 

Rhodes.  (Radio and  Telev.  News,  Radio 
Electronic Eng. Suppl. vol. 16, pp. 3A-5A, 31A, 
and 7-9, .. 30; May and June, 1951.) A 
comprehensive, nonmathematical discussion, 
with a bibliography of 13 items. 

621.396.677 2923 
The Effects of Anisotropy in a 223Three-

Dimensional Array of Conducting Disks— 
G. Estrin. (Pftoc. I.R.E., vol. 39, pp. 821-
826; July, 1951.) The microwave delay-lens 
medium considered has both magnetic and 
electric anisotropy. To determine .its refrac-
tive properties for obliquely incident waves, 
the field equations are subjected to a trans-
formation making them applicable to a mag-
netically isotropic medium. The classical solu-
tions from optics are then available. An inverse 
transformation is applied to give the "ray 
velocity surfaces" in the original medium. 

621.396.677  2924 
Microwave Lenses —K. S. Kelleher: J. 

Brown and S. S. D. Jones. (Electronic Eng. 
vol. 23, pp. 236-237; June, 1951.) Discussion 
on 36 of February. 

621.392  2925 
Transmission Lines and Filter Networks 

[Book Revievd—J. Karakash. Publishers: Mac-
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millan, New York, N. Y, 1950, 413 pp., $6.00 
(Elearonics, vol. 24, pp. 152, 278; April, 1951.) 
Elementary theory applicable from  audio 
frequencies to the microwave range. 

CIRCUITS AND CIRCUIT ELE MENTS 

621.3.011.2  2926 
Impedance and the Laplace Transform — 

'.. E. Ward. (Wireless Eng., vol. 28, pp. 192-
194; June,  1951.) An examination of the 
meaning of the term "impedance" in the pres-
ence of transients, using the Argand diagram to 
,implify the presentation. The transient and 
steady-state responses of a linear system 
:iitially at rest, are determined as special cases 
,t the general theory. 

621.3.015.7  2927 
Sinusoid-Pulse and Pulse-Sinusoid Trans-

formations —J. Moline. (Radio Franc., no. 2, 
;,p. 9-12; February, 1951.) The subject is 
It-cussed in general terms, and various circuit 

',•cliniques are described for deriving wave-
'.',rms of the one type from the other. 

621.314.2  2928 
Transformation Ratio and Leakage Distri-

bution in Transformers with more than two 
Windings —P. Wittich. (Electrotech. u. Maschi-
r, nb., vol. 68, pp. 157-159; March 15, 1951.) 
Expressions are derived for the value of the 
turns ratio corresponding to equal distribution 
of leakage loss in terms of the no-load character-
:sties of the individual windings. 

'21.314.2  2929 
The Design and Performance of Double-

Tuned Transformers in Tandem: An Applies-
.1 on of Landon's Theorem —R. G. Kitchenn. 
Jour.  Brit.  IRE,  vol.  11,  pp.  227-232; 
June, 1951.) Theory is given for a simple type 
of band-pass filter in which the insertion loss 
In the pass band and that in the attenuated 
and are less than the values obtained using 
wo similar double-tuned transformers isolated 
Ly a tube, for the same bandwidth. The per-
formance of an eight-channel filter unit is 
described. 

621.314.2  2930 
Multi- Winding  Transformers —R.  Will-

1,eim. (Elec. Times, vol. 119, pp. 991-994; 
June 14, 1951.) The equivalent circuit of a 
multi-winding transformer is reduced to a T-
type filter. The main application is to power 
transformers. 

621.314.2+621.318.421.003.1  2931 
Minimum-Cost Transformers and Chokes: 

Part 2—Various Alternative Solutions: the 
Economic  Life  of a Transformer —H.  C. 
Hamaker and T. Hehenkamp. (Philips Res. 
Rep., vol. 6, pp. 105-134; April, 1951.) Con-
tinuation of 1853 of September, dealing with 
two further classes of designs, viz., (a) those 
giving minimum cost, and (b) those giving 
minimum losses, for prescribed values of the 
power and of the product of peak magnetic-
flux density and effective current strength. 
The three classes of designs are compared. The 
problem is considered of designing a transformer 
such that its cost, plus the cost of the electrical 
energy dissipated as heat during its life, is a 
minimum. 

621.314.3t  2932 
Response of Saturable Reactor with Re-

sistive Load —H. F. Storm. (Elec. Eng., vol. 
70, p. 442; May, 1951.) Digest of a paper 
presented  at  the  AIEE  Winter  General 
Meeting in New York, January, 1951, and to 
be published in Trans. Amer. I.E.E., vol. 70; 
1951. The analysis considers a reactor with a 
core material having a rectangular magnetiza-
tion curve, operating in the proportional region. 
The variation of the load current with change 
of control voltage, supply voltage, and load 
resistance, is exponential with a single time 
constant. 

621.317.35:517.512  2933 
Decomposition of a Signal Into Components 

in Cost —J. Ville. (Cables & Trans. (Paris), 
vol. 5, pp. 126-135; April, 1951.) A mathe-
matical analysis showing how a signal including 
only components of frequencies lower than a 
given value f, can be resolved into a series of 
elementary signals expressed in terms of cog, 
all having the same frequency f, but having 
different amplitudes and time origin. The time 
interval between two successive half-maximum 
tubes of each elementary signal is equal to  
and the time separation between the peaks of 
two successive component signals is also equal 

to if. 

621.318.4(083.74)  2934 
Standardized  Magnetic  Circuits of the 

French P.T.T. Administration —P. Andrieux. 
(Cables & Trans. (Paris), vol. 5, pp. 101-109; 
April, 1951.) A review of standards and specifi-
cations relating to inductors. Dimensions of 
magnetic circuits and properties of materials 
used are summarized in tables. The perform-
ance of various types is described, with 

illustrative graphs. 

621.318.572  2935 
Modern Designs of Electronic Switches — 

H. Boucke and H. Lennartz. (Radio Mentor, 
vol. 17, pp. 129-133; March, 1951.) Circuit 
diagrams and descriptions are given of switch-
ing circuits for multiplex transmission on a 
single channel, and for displaying a number of 
phenomena on a cro. Methods include the.. 
phase-shift,  multiple-frequency,  and  step-
voltage techniques. A diode circuit for switch-
ing the AM signal on a carrier, and its applica-
tion in the determination of voltage distribu-
tion along an uhf transmission line, are out-

lined. 

621.318.572  2936 
Speed-Controlled Switch —H. W. Kretsch 

and F. J. Walker. (Electronics, vol. 24, pp. 
112-113; July, 1951.) The output of a standard 
ac tachometer operates through a frequency-
sensitive circuit to actuate the switch when a 
predetermined speed is attained. 

621.318.572  2937 
A Three State Flip-Flop —K. C. Johnson, 

A. D. Booth, and J. Ringrose. (Electronic Eng., 
vol. 23, p. 237; June, 1951.) Discussion on 

2367 of November. 

621.319.4(083.74)  2938 
The Stability of Mica Standards of Capaci-

tance —G. H. Rayner and L. H. Ford. (Jour. 
Sci. Instr., vol. 28, pp. 168-171; June, 1951.) 
"The stability of the National Physical Labora-
tory substandard mica capacitors since their 
manufacture in 1932 is described, with special 
attention to the period of 1944-1950." 

621.392  2939 
The Theory of Biconjugate Networks — 

L. J. Cutrona. (Psoc. IR E., vol. 39, pp. 827-
832; July, 1951.) The properties of such net-
works are: (a) of the six possible transfer 
impedances only three are independent, one 
being infinite; (b) the magnitudes of the reflec-
tion coefficients at each resistance are equal; 
(c) the phase angles of the transfer impedances 
are not independent, but must satisfy certain 
relations. One form of waveguide network, the 
7)%5/2 hybrid circle, is analyzed in detail, and 
the driving-point and transfer impedances are 
computed and plotted. 

621.392  2940 
Synthesis of Passive RC Networks with 

Gains  Greater  than  Unity —II.  Epstein. 
(Psoe. IR E., vol. 39, pp. 833-835; July, 
1951.) Known methods of synthesis are used 
for designing three-terminal networks having 
unity voltage gain at zero frequency, and vol-
tage gain greater than unity over a prescribed 
frequency band. Two examples illustrate the 
method. 

621.392:512.831  2941 
The Formation of Positive Definite Matrices 

— M. Parodi. (Compt. Rend. Acad. Sci. (Paris), 
vol. 232, pp. 2390-2392; June 25, 1951.) A new 
method is presented for determining the upper 
limit for small variations to which the elements 
of a matrix may be subjected in order that the 
matrix shall remain positive definite. The 
method is useful for determining the upper 
limit to the real parts of the roots of the equa-
tions for the natural frequencies of a network. 

621.392:517.544.2  2942 
Estimation of Probable Error in the Solu-

tion of a Finite-Difference Equation Approxi-
mating  Dirichlet's Problem  for  Laplace's 
Equation  in  Electrical  Networks —M.  P. 
Shura-Bura. (Compt. Rend. Acad. Sci. URSS, 
vol. 78, pp. 21-24; May 1, 1951. In Russian.) 

621.392.5  2943 
A Note on a Bridged-T Network —P. G. 

Sulzer. (Pnoe. I.R.E., vol. 39, pp. 819-821; 
July, 1951.) A bridged-T network described by 
Honnell (2368 of 1940) for measurement of rf 
resistance is analyzed and shown to be suitable 
for use as frequency-determining element of a 
resistance-tuned oscillator. 

621.392.5:621.3.015.3  2944 
Solution of Transients in Active Four-

Terminal  Networks —H.  Epstein.  (Jour. 

Frank. Inst., vol. 251, pp. 607-616; June, 1951.) 
The advantages of using matrix and operational 
methods together for the solution of this 
problem are illustrated by applying the method 
to the example of a grounded-grid amplifier 
followed by a cathode follower with a pulse 

input. 

621.392.5:621.396.611.3  2945 
Resonant Circuits coupled by a Passive 

Four-Pole that may violate the Reciprocity 
Relation —B. D. H. Tellegen and E. Klauss. 
(Philips Res. Rep., vol. 6, pp. 86-95; April, 
1951.) A theoretical treatment having particu-
lar reference to the use of coupled tuned cir-
cuits as interstage networks in amplifiers. The 
circuit  conditions  for  maximum  transfer 
between input current and output voltage, for 
a given shape of resonance curve, are consid-
ered. These conditions do not coincide with 
those applying to circuits coupled by a passive 
quadripole satisfying the reciprocity relation. 

621.392.52  2946 
Filter  Design  Simplified —B.  Sheffield. 

(Audio Eng. vol. 35, pp. 26, .. 58; May, 1951.) 
The method previously outlined (2127 of 
October) is extended to the design of band-
pass and band-stop filters and filter-type divid-

ing networks. 

621.396.6  2947 
Component Miniaturization Techniques — 

R. G. Peters. (TV Eng., vol. 2, pp. 12-13, 29; 
June, 1951.) A summary of the properties of 
materials used in miniature capacitors and 

resistors. 

621.396.6.002.2  2948 
Mechanized Production and Unitized Con-

struction —R. G. Peters. (TV Eng., vol. 2, 
pp. 18-20; April, 1951.) General discussion of 
techniques  developed  for  increasing  and 
cheapening production of electronic equipment. 

621.396.6.002.2  2949 
Auto-Sembly of Miniature Military Equip-

ment —S. F. Danko and S. J. Lanzalotti. 
(Electronics, vol. 24, pp. 94-98; July, 1951.) 
Wiring is printed on an insulating base most 
conveniently by the etching of copper-faced 
laminates. Holes are punched to take com-
ponent leads, and all joints are made simul-

taneously using the one-shot solder-dip tech-
nique. 

621.396.6.002.2  2950 
Production Planning speeds Military Or-
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ders —J. D. F. (Electronics, vol. 24, pp. 82-85; 
July, 1951.) Mass production methods, prac-
tised by a U.S. manufacturer of electronic 
equipment, are described. Special attention is 
focused on the organization of the wiring. 

621.396.611.1  2951 
Mathieu's Nonlinear Oscillator —N. Minor-

sky. (Comp:. Rend. Acad. Sci. (Paris), vol. 232, 
pp. 2179-2180; June 11, 1951.) By applying the 
calculus of perturbations to Mathieu's non-
linear  differential  equation  of  the  form 
1.-1- [1  e(A — Cx9cos 211x.. 0, it is shown that, 
to a first approximation, a stable periodic solu-
tion exists if A and C have the same sign. 

621.396.611.21  2952 
Piezoelectric Crystals in Fie:Ural Vibration 

— H. Keller. (Wireless Eng., vol. 28, pp. 179-
186; June, 1951.) "The values of the equivalent 
circuit elements of several flexural vibrating 
piezoelectric crystals, slabs, double-T-shaped 
plates, and double strips, are calculated from 
the effective stiffness and mass, and the elec-
tromechanical coupling." 

621.396.611.4  2953 
On the Theory of Electromagnetic Waves in 

Resonant Cavities —H. B. G. Casimir. (Philips 
Res. Rep., vol. 6, pp. 162-182; June, 1951.) 
The formal analogy between the modes of 
oscillation of a cavity, the modes of oscillation 
of a network, and the oscillation of a simple LC 
circuit is emphasized. Perturbation theory is 
used to investigate a number of examples, 
including the determination of the hf proper-
ties of magnetic materials, and the coupling 
of cavities by a hole in a partition. The zero-
point energy or empty space is discussed. 

621.396.611.4  2954 
A Resonator for Metre and Decimetre 

Waves —M. Magat and M. Bruma. (Compt. 
Rend. Acad. Sci. (Paris), vol. 232, pp. 2413-
2415; June 25, 1951.) A piston-type resonator 
has a tube of dielectric introduced between the 
inner and outer metal cylinders to provide a 
capacitance in parallel with that due to the 
plane ends. The arrangement permits tuning 
without instability. 

621.396.615  2955 
RC Tuned Oscillators —P. Kundu. (Jour. 

Brit. IRE, vol. 11, pp. 233-241; June, 1951.) 
A frequency-selective feedback network is 
used to obtain sinusoidal oscillations of good 
waveform, with frequencies from a few cycles 
to a few megacycles. The loop gain is not 
affected by frequency, and the frequency can 
be controlled by varying a single element of the 
network. The same system can also be used 
as a selective amplifier or as a rejection filter, 
by controlling the amount of reaction in the 
regenerative loop. 

621.396.645  2956 
Relations between Amplitudes of Har-

monics and Intermodulation Frequencies in 
the Output from a Non-linear Amplifier or 
Mixer —M. V. Callendar and S. Matthews. 
(Electronic Eng., vol. 23, pp. 230-232; June, 
1951.) The output from an amplifier (or mixer) 
is calculated for an input of two superposed 
sine waves of different frequencies, for an 
assumed  nonlinear  amplifier  characteristic 
free from discontinuities. The coefficients of all 
the terms in the output are tabulated. 

621.396.645:621.385.3:546.289  2957 
Some Circuit Properties and Applications of 

n-p-n Transistors —R. L. Wallace, Jr., and 
W. J. Pietenpol. (Paoc. IRE., vol. 39, pp. 
753-767; July, 1951. Bell Sys. Tech. Jour., 
vol. 30, pp. 530-563; July, 1951.) Preliminary 
studies of circuit performance show that the 
n-p-n transistor is a stable, high-gain, quiet 
amplifier of practical interest. The perform-
ance of a few early experimental units is 
analyzed; details are given of the physical 

appearance and construction, static charac-
teristics, and variation of properties with 
operating point. General considerations and 
formulas are presented for the grounded-base 
stage, the grounded-emitter amplifier, and the 
grounded-collector stage. Collector cutoff in 
these stages, frequency response, and noise, 
are examined. 

621.396.645:621.385.3:546.289  2958 
Application of Germanium Triodes for the 

Amplification of Low- and Medium-Frequency 
Currents —H. Salow. (Fernmeldetech. Z., vol. 4, 
pp. 103-106; March, 1951.) The value of power 
gain obtainable in a transistor circuit is de-
rived from the impedance matrix of the 
quadripole represented by the resistance char-
acteristics of the crystal, which are determined 
experimentally. Some performance figures for 
an experimental if amplifier are given. 

621.396.645.029.3:621.385.3/.4  2959 
A Comparison of  Triodes and  Beam-

Tetrodes as Power Output Valves in Audio 
Amplifiers —I).  Bruckmann, W.  S.  Carey, 
and D. J. Fuller. (Trans. S. AP. Inst. Elec. 
Eng., vol. 42, pp. 65-66; February, 1951.) 
Further discussion of paper noted in 1123 of 
June. 

621.396.822  2960 
Limiting the Noise Spectrum in Oscillatory 

Circuits — W. Boer. (Ann. Phys. (Lpz.), vol. 8, 
pp. 87-92; July 31, 1950.) Continuation of an 
investigation by Feldtkeller (1714 of 1937). The 
noise in an oscillatory circuit is calculated as a 
function of the bandwidth of a succeeding 
amplifier. Noise voltage decreases with in-
creasing circuit damping, and increases with 
increasing relative bandwidth. Operation with 
least possible input damping is not necessarily 
advantageous in every case. The optimum 
ratio of C to L is discussed for special cases. 

621.392  2961 
Transmission Lines and Filter Networks 

[Book Reviewl —Karakash. (See 2925.) 

GENERAL PHYSICS 

534.23+538.566  2962 
Kirchhoff's Formula, its Vector Analogue, 

and Other Field Equivalence Theorems — 
S. A. Schelkunoff. (Commun. Pure Appl. Math., 
vol. 4, pp. 43-59; June, 1951.) A detailed 
physical and mathematical discussion of the 
problem of calculating the fields associated with 
acoustic or electromagnetic horn radiators. 
Four field-equivalence theorems are proved for 
each case. The relations between these theorems 
and Kirchhoff's formula and its vector analogue 
are discussed. Permissible and nonpermissible 
methods of approximation are distinguished. 
The method of successive approximation can-
not be applied to calculations based on Kirch-
hoff's formula, all the approximate forms being 
exactly identical. The conditions under which 
Kirchhoff's formula is consistent with Max-
well's equations are examined. 

5a4.26+535.42+ 534.24+535.312  2963 
Diffraction and Reflection of Pulses by 

Wedges and Corners —J. B. Keller and A. 
Blank. (Commun. Pure Appl. Math., vol. 4, 
pp. 75-94; June, 1951.) Exact explicit solutions 
3f the equations for two- and three-dimensional 
diffraction of pulses by wedges and corners, 
are obtained by using Busemann's conical-
flow method and Luneberg's results on the 
propagation of discontinuities. The solutions 
for waves with arbitrary dependence of ampli-
tude on time may be found by using Duhamel's 
theorem. 
535.214.6+538.6  2964 

Photophoresis,  Magnetophotophoresis, 
Magneto-Chemical  Effect —J.  v.  Harlem. 
(Physikalische Blittler, vol. 7, no. 3, pp. 110-
113; 1951.) Review of investigations of these 
effects, particularly those made by Ehrenhaft, 
and their interpretation. 

535.338.32  2965 
A Study of Nuclear and Electronic Magnetic 

Resonance - K. K. Darrow. (Elec. Eng., vol. 
70, pp. 401 404; May, 1(151.) Survey of the his-
tory of the discovery and measurement of mag-
netic resonance in solids, liquids, and gases. A 
simple out  of t he t heory of the phenomenon 
is given, and its importance in the study of 
nuclear magnetic moments, crystal structure, 
and relaxation times, is mentioned. A practical 
application is the measurement of magnetic 
field strengths. 

535.42: 538.56  2966 
Diffraction of Electromagnetic Waves by a 

Plane Wire Grating —J. Slimoys. (Jour. Opt. 
Soc. Amer., vol. 41, pp. 324-328; May, 1951.) 
"The problem of diffraction by a finite grating 
consisting of perfectly conducting wires of 
arbitrary cross section, i4 formulated in terms 
of characteristic plane waves corresponding to 
the various order spectra defined in optics. 
Scattering matrix elements are expressed as 
stationary functionals of current distribution 
on the grating wires, for the incident wave 
falling at right angles to the grating elements, 
and polarized either parallel or perpendicular 
to them. These are evaluated for t he thin %%ire 
grating and parallel polarization." 

537.122:537.217  2967 
The  Electrical  Flywheel  and  Electron 

Inertia-  Selenyi. (Z. Phys., vol. 130, pp. 
124-128; Slay 28, 1951.) 

537.226.1  2968 
The Dielectric Properties of Various Solid 

Crystalline Proteins, Amino Acids and Pep-
tides--S. T. Bayley. (Trans. Faraday Soc., 
vol. 47, pp. 509-517; May, 1951.) Details are 
given of experimental methods for determining 
the dielectric properties of organic powders 
at frequencies ranging from 300 to 4X10' cps, 
over the temperature range —100° to 0°C. 

537.226.1  2969 
The  Dielectric  Properties  of  Adsorbed 

Water Layers on Inorganic Crystals —S. T. 
Bayley  Tian‘. Faraday .Soc., vol. 47, pp. 518-
522;  May,  1951.)  Adsorbed  water causes 
peaks at about —30°C in the variation with 
temperature of the dielectric constant and 
power factor of a number of inorganic crystal 
powders. 

537.311.5:517.311.5  2970 
The Discharge of a Series of Equal Con-

densers having Arbitrary Resistances con-
nected in Parallel —II.  Bremmer. (Philips 
Res. Rep., vol. 6, pp. 81-85; April, 1951.) 
The flow of current through a ballistic gal-
vanometer, through which the capacitors are 
discharged, is calculated by means of the opera-
tional calculus. The discussion is relevant to 
van Geel and Scholte's work on the electrical 
properties of A1203 layers (see 3022 below). 

537.523.5  2971 
A Technique for Arc Initiation —II. Ldels. 

(Brit. Jour. Appl. Phys., vol. 2, pp. 171 174; 
June, 1951.) Discussion of a method in which 
fixed electrodes and an auxiliary spark dis-
charge are used. 

537.525:621.385.13  2972 
Rapid Determination of Gas Discharge 

Constants from Probe Data —L. Maker and 
W. NI. Webster. (RCA Rev., vol. 12, pp. 191-
210; Tune, 1951) A series of nomograms :or 
determination of plasma density, wall potential, 
etc. An pnalysis of the space-charge conditions 
is appended. 

537.525.4  2973 
Influence of Cathode Surface Layers on 

Minimum Sparking Potential of Air and Hydro-
gen —F. L. Jones and D. E. Davies. (I-roc. 
Phys. Soc., vol. 64, pp. 397-404; May I, 1951.) 



1052  Abstracts and References  119 

' 537.525.6:538.56  2974 
Current Fluctuations in the Direct-Current 1 Gas Discharge Plasma —P. Parzen and L. 

Goldstein. (Phys. Rev., vol. 82, pp. 724-726; 
June 1, 1951.) The noise power from the gas 
discharge plasma, which is ascribed to the 
electron current fluctuations due to collisions 
with atoms or ions, is recognized to be the 
sum of two parts. One is determined by the 
thermal velocities (characterized by the elec-

! run temperature) and the other by the average 
:irect current. 

537.525.6: 538.561537.122  2975 
A Collective Description of Electron Inter-

actions:  Part  1.—Magnetic  Interactions — 
D. Bohm and D. Pines. (Phys. Rev., vol. 82, 
pp. 625-634; June I, 1951.) The "collective" 
description of the behavior of electrons in a 
plasma is developed for presenting the long-
: ange correlations in electron positions brought 
!bout by their mutual interaction.  "The 
ransition from  the usual single  particle 
:escription to the collective description of the 
lectron motion in terms of organized oscilla-
tions, is obtained by a suitable canonical 
t ransformation.  The complete hamiltonian 
for a collection of charges interacting with the 
:ransverse electromagnetic field, is re-expressed 
( 3 a sum of three terms. One involves the col-
.ective field co-ordinates, and expresses the 
legree of excitation of organized oscillations. 
1 he others represent the kinetic energy of the 
lectrons and the residual particle interaction, 
iliC h  is not describable in terms of the or-
ganized oscillations, and corresponds to a 
,ereened interparticle force of short range. 
Both a classical and a quantum-mechanical 
treatment are given, and the criteria for the 
validity of the collective description are 
discussed." 

537.71  2976 
Fundamental and Derived Magnitudes — 

R. W. Pohl. (Naturwiss., vol. 38, pp. 247-
248; June, 1951.) A short discussion the 
object of which is to clear up existing confusion 
concerning the definitions of physical magni-
tudes. 

538.221  2977 
Antiferromagnetism —R. Street. (Sci. Progr. 

vol. 39, pp. 258-281; April, 1951.) The behavior. 
of ferrimagnetic and antiferromagnetic ma-
terials is discussed, and an account is given 
of recent research. 

538.311:621.318.423: 513.647.1  2978 
General Expression for the Electromagnetic 

Field of a Helix —E. Roubine. (Compt. Rend 
Acad. Sci. (Paris), vol. 232, pp. 2297-2298; 
June 18, 1951.) Expressions previously derived 
2691 of December) are applied to the case of 
an infinitely thin wire considered as the limit, 
when the width tends to zero, of an infinitely 
thin helically wound ribbon. 

538.566:537.562  2979 
Derivation of the Dispersion Equation for 

Alfven's Magneto-hydrodynamic Waves from 
Bailey's Electromagneto-ionic Theory —J. W. 
Dungey. (Nature (London), vol. 167, pp. 
1029-1030; June 23, 1951.) An analysis is 
presented which relates the work of Alf yen 
(2777 of 1950) and his collaborators to that of 
Bailey (2785 of 1949). As well as giving the 
dispersion of the waves, Bailey's theory may 
be useful for studying turbulence in an ionized 
gas in a magnetic field by means of Fourier 
components. 

538.61:621.392.26f  2980 
Magneto-optics of an Electron Gas with 

Guided Microwaves —Goldstein, Lampert, and 
Heney. (See 2911). 

537/.538  2981 
Electricit6  (Book Reviewi—Y.  Rocard. 

Publishers: Masson and Cie., Paris, France, 

1800 Fr. (paper), 2200 Fr. (bound). (Engineer-
ing (London), vol. 171, p. 585; May 18, 1951.) 
A treatise based on a course of lectures given 
at the Sorbonne in 1941-1942, but including 
later material, e.g., double-stream amplifier 
tubes, up to 1949. A chapter on the transmis-
sion of radio waves is included. 

539  2982 
Theory  of  Electrons  [Book  Review) — 

L. Rosenfeld. Publishers: North-Holland Pub-
lishing Co., Amsterdam, Netherlands, 1951, 
120 pp.,  7.50  florins.  ( Nature  (London), 
vol. 167, p. 1044; June 30, 1951.) A discus-
sion of the fundamental principles relating the 
macroscopic electrical and magnetic properties 
of matter to the behavior of individual atoms 
and molecules. 

GEOPHYSICAL AND EXTRATERRES-
TRIAL PHENOMENA 

523.72:550.38  2983 
Correlation of Geomagnetic Activity with 

(passage of) Centres of Solar Activity dis-
tinguished according to their Radio Properties 
—J. F. Denisse, J. L. Steinberg, and S. Zisler. 
(Compt. Rend. Acad. Sci. (Paris), vol. 232, pp. 
2290-2292; June 18, 1951.) Based on observa-
tions recorded at Meudon since 1948, on a fre-
quency of 158 me, centers of solar activity 
are classed as radio-emissive or otherwise 
according to an index depending both on the 
mean level of radio intensity and on the extent 
of fluctuations. Graphs of mean-intensity/time 
for the two types are compared with graphs. 
of magnetic-intensity/time. A peak of mag-
netic intensity occurs at one to two days after 
the radio peak corresponding to the passage 
of the radio-emissive center across the sun's 
central meridian, whereas a trough of magnetic 
intensity occurs two to three days after the 
passage of the nonradio-emissive center. 

523.72:621.396.822  2984 
A Study on the Solar Noise at 3300 Me/s — 

M. Oda and T. Takakura. (Jour. Phys. Soc. 
(Japan), vol. 6, p. 202; May/June, 1951.) A 
preliminary note. Observations from April to 
October, 1950, indicate that intensity of noise 
is approximately proportional to the whole-
disk sunspot number. The apparent period of 
fluctuation averages about 20 minutes, and is 
independent of the intensity. Also, the mean 
fluctuation of the intensity is approximately 
proportional to the square root of the intensity. 
These conclusions are briefly discussed. 

523.72:621.396.822  2985 
The F-Radiation of the Sun -0. Burkard. 

(Ada Phys. austriaca, vol. 1, pp. 98-102; 
May, 1947.) Use is made of the critical fre-
quencies of the ionosphere F3 layer to calculate 
the magnitude of a parameter, which is a meas-
ure of the particular component of the solar 
radiation producing the ionization of the Ft 
layer. The mean monthly values of this radi-
ation at Kochel (near Munich) over the period 
1940-1944 are given. There is a 97 per cent 
correlation between these figures derived from 
ionosphere observations, and the optically 
estimated character figures for the Ca-flocculi. 

523.72:621.396.822  2986 
Source Points of Radio Noise Bursts asso-

ciated with Solar Flares—M. A. Ellison. 
(Nature (London,) vol.  167, pp. 941-942; 
June 9, 1951.) It has been shown that the 
solar sources of enhanced radio noise at meter 
wavelengths observed at times of intense solar 
flares, may travel some hundreds of thousand 
kirometers outwards from the photosphere in a 
period of a few minutes. Visible disturbances 
have been found to move in a similar way, 
suggesting that the visible and radio phenomena 
are closely related. 

523.72:621.396.822  2987 
Distribution of Radiation across the Solar 

Disk at a Frequency of 81.5 Mc/s —K. E. 

Machin. ( Nature (London), vol. 167, pp. 889-
891; June 2, 1951.) The distribution was 
measured by studying the variations in the 
received noise as the sun crossed the inter-
ference pattern of several coupled, widely-
spaced antenna systems. A technique was 
developed which allowed for the fluctuating 
noise from sunspots. Results are compared 
with values predicted according to Smerd's 
theory (344 of March). 

523.745:550.385  2988 
Geomagnetic Effects of Solar Flares— 

D. H. McIntosh. (Nature (London), vol. 167, 
p. 985; June 16, 1951.) Observations at Lerwick 
and Eskdalemuir of the vertical component of 
the earth's magnetic field during flares, are 
interpreted as indicating substantial differences 
between the space distribution of the iono-
spheric currents producing the geomagnetic 
effects of flares and those producing the normal 
daily magnetic variations. See also 1910 of 
1950 (Newton). 

523.841.2:538.12  2989 
Cosmic Radiation and Cosmic Magnetic 

Fields: Part 2—Origin of Cosmic Magnetic 
Fields —L. Biermann and A. Schluter. (Phys. 
Rev., vol. 82, pp. 863-868; June 15, 1951.) 
The equations governing the behavior of a 
wholly or partly ionized gas moving in the 
presence of a magnetic field are given. Modifica-
tions are necessary when the conducting me-
dium is turbulent. The results are considered 
in relation to the fields in our galaxy. Part 1: 
2990 below. 

523.854:621.396.8221+537.591  2990 
Cosmic Radiation and Cosmic Magnetic 

Fields: Part 1—Origin and Propagation of 
Cosmic Rays  in our Galaxy —A. Unsold. 
(Phys. Rev., vol. 82, pp. 857-863; June 15, 
1951.) The rf radiation of the galaxy is shown to 
be analogous not to the "quiet," but to the 
"disturbed" radiation from the sun, which is 
probably produced by plasma oscillations. It 
originates in stars for which the relation 
between rf radiation and cosmic rays is 
similar to that observed for the sun by Forbush 
and Ehmert. The propagation of cosmic radi-
ation in the galaxy is discussed in relation to 
the observed directional isotropy of cosmic 
rays. Other theories of cosmic rays are dis-
cussed critically. Part 2:2989 above. 

537.591  2991 
Variations and Origin of Cosmic Radiation 

—A. Dauvillier. (Cahiers de Phys., nos. 35/36, 
78 pp.; January/March, 1951.) Study of peri-
odic variations based on past observations, and 
a discussion of explanatory theories. 

537.591:551.594.5  2992 
Correlation of Auroras with Increased 

Cosmic Ray Intensities (November 19, 1949) — 
N. C. Gerson. (Nature (London), vol. 167, pp. 
894-895; June 2, 1951.) A summary of the 
visual,  cosmic-ray, and  radio  phenomena 
observed during a solar disturbance. It is 
concluded that the cosmic-ray particles were 
charged, and that the auroras may have been 
caused by charged particles of lower energy. 

550.385+551.594.5  2993 
The Theory of  Magnetic Storms and 

Auroras —H. Alfvf.n: D. F. Martyn. (Nature, 
(London,) vol. 167, pp. 984-985; June 16, 1951.) 
Critical comment on 1374 of July, and author's 
reply. 

550.385+ 551.594.5 : 621.396.11  2994 
Aurora and  Magnetic  Storms —R.  K. 

Moore. (QST, vol. 35, pp. 14-19, 110; June, 
1951.) Discussion of the nature of ionospheric 
disturbances and their effects on radio com-
munication. 

551.510.535  2995 
Formation of Ionized Layers: Effect of 

Temperature —P. Lejay and D. Lepechinsky. 
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(Comp:. Rend. Acad. Sci. (Paris), vol. 232, pp. 
2058-2061; June 4, 1951.) Chapman's theory 
of photo-ionization of a gas of density decreas-
ing  exponentially  with  increasing  height, 
assumes a constant temperature. A simple 
analysis shows that when the mean tempera-
ture rises, the level of the maximum ionization 
layer also rises, while the maximum ionization 
intensity /0 decreases. Families of curves 
showing the variation of relative height with 
1/Jo are given for three different values of 
mean temperature. For a given height and 
zenithal angle, the ionization intensity is very 
sensitive to temperature variation. The thick-
ness of the ionized layer increases with temper-
ature rise. Variations of the characteristics of 
the F layer with season and with time of day, 
predicted from the foregoing results, are in 
agreement with observations.  The theory 
affords an explanation of the ionization in-
tensity minimum observed around midday, 
particularly in summer. 

551.510.535  2996 
The Ionosphere during the Partial Eclipe 

of the Sun on 28th April 1949 —D. Stranz. 
(Z. Natur  vol. 5a, pp. 172-173; March, 1950.) 
Observations made at Gothenburg, Lindaa, 
and Tromso are reported. Increases of the 
hourly F-layer critical frequencies, as compared 
with the median monthly values, were ob-
served at all three stations, the deviation at 
Gothenburg amounting to 4 mc at the maxi-
mum phase of the eclipse. Possible physical 
explanations are discussed briefly. The increase 
in charge density may be due to lowering of 
the temperature. 

551.510.535  2997 
Anomalous  Ionospheric  Soundings  ob-

served during the Voyage of the 'Commandant 
Charcot' to Adelie Land —M. Barre and K. 
Rawer. (Rev. Sci. (Paris), vol. 88, pp. 147-
154; July/September, 1950.) An account of 
observations taken between Hobart and Adelie 
Land, from December 20,1949, to February 20, 
1950. In general, ionospheric conditions were 
quiet throughout the period, except for a vio-
lent ionospheric storm in the first week of 
February, and sudden short disturbances of 
the Mogel-Dellinger type. Soundings were 
made with standard gear of the Service de 
Prevision lonospherique Militaire. Anomalous 
results are classified under eight heads, refer-
ring to the form of the curves obtained by 
reflection in the normal layers, the occurrence 
of E. layers of various characteristics, and 
other effects. They were observed mainly 
during quiet periods, tending to disappear dur-
ing periods of high absorption. They disap-
peared completely during the storm of Febru-
ary 1 to 6, 1950. They appear to result from the 
heterogeneity and turbulence of the ionosphere 
in the Antarctic, caused by the incidence of 
corpuscular radiation. But so-called "vertical" 
soundings are unreliable in the vicinity of the 
magnetic pole, particularly in the case of the 
ordinary ray, and there is as yet no completely 
satisfactory explanation. See also  112 of 
February. 

551.510.535  2998 
Abnormal  E-Region  Ionization—N.  C. 

Gerson. (Gonad. Jour. Phys., vol. 29, pp. 251-
261; May, 1951.) The movement and extent 
of sporadic-E clouds over North America 
were determined by oblique-incidence radio 
observations. On June 13, 1949, two E. 
centers were observed. The first developed 
rapidly until it included an area of over 101 km'. 
The second was much smaller. The velocity of 
the center of mass of the first area was about 
SE 100 km per hour, and of the second, SSE 
270 km per hour. Drift velocities in the iono-
sphere obtained by other investigators are of 
about this order of magnitude. 

551.510.535+551.51:523.7  2999 
Geophysical and Meteorological Changes in 

the Period January-April 1949— W. J. G. 
Beynon and G. M. Brown. (Nature (London), 
vol.  167, pp. 1012-1014; June 23, 1951.) 
Abnormally great cyclical variations in the 
ground pressure and E- and F-region ionization 
densities over southern England were found 
during the period January to April, 1949. 
These were closely connected with solar and 
magnetic activity. A summary of similar 
phenomena reported elsewhere is included. 

551.510.535: 621.396.11  3000 
Approximate Expressions for the Refrac-

tive Index of an Ionized Medium Acted upon 
by the Earth's Magnetic Field —Argence. 
(See 3094.) 

551.578.11  3001 
A Balloon-Borne Instrument for Tele-

metering  Raindrop-Size  Distribution  and 
Rainwater Content of Cloud —B. F. Cooper. 
(Aust. Jour. App!. Sc., vol. 2, pp. 43-55; 
March, 1951.) Each drop impinges on a micro-
phone, and the resulting impulse modulates a 
transmitter. The amplitudes of the impulses 
are analyzed and the distribution of drop 
size determined. Total rainwater content is 
measured simultaneously in a similar system 
by catching drops in a funnel before they reach 
the microphone. This ensures that small drops 
which do not produce an impulse, are taken 
into account. Experimental soundings are 
described. 

LOCATION AND AIDS TO NAVIGATION 

621.396.9  3002 
Resolution in Radar Systems—J. Freed-

man (Paoc. I.R.E., vol. 39, pp. 813-818; July, 
1951.) The resolution is shown to be related to 
antenna beam width, and hence to size of 
aperture. The limitations on the improvement 
of resolution are presented from two aspects; 
firstly, from considerations associated with at-
tempts to build a super-gain antenna; and 
secondly, from considerations of filter equaliza-
tion techniques. In practice, no appreciable 
improvement is obtainable with either.of these 
methods. 

621.396.9:523.5  3003 
A Radio Echo Apparatus for the Delineation 

of Meteor Radiants—A. Aspinall, J. A. Clegg, 
and G. S. Hawkins. (Phil. Mag., vol. 42, pp. 
504-514; May, 1951.) A description of ap-
paratus for the continuous recording of 72-mc 
radio echoes from meteor ionization, using 
Yagi arrays directed on two bearings differing 
50°. Returned pulses are displayed on an in-
tensity-modulated trace, calibrated in echo 
range. From the times of observation of maxi-
mum ranges on the two antenna systems, the 
co-ordinates of active meteor radiants may be 
obtained. Typical results obtained on the 
Geminid showers of 1949 and 1950 are illus-
trated. An examination is made of the accuracy 
and resolving power of the equipment, and 
radiants are classified according to their echo 
properties. 

621.396.9:621.396.621  3004 
A Simple Logarithmic Receiver—Croney. 

(See 3096.) 

621.396.933  3005 
Air Navigational Aids—B. Clarke. (Wire-

less World, vol. 57, pp. 329-331; August, 1951.) 
A brief survey of the systems in current use. 
Those mentioned are (a) long-range: loran 
and consol; (b) medium-range: American radio 
range (300-400 kc), Gee, Decca, and V.O.R.; 
(c) local: British S.B.A. and American S.C.S-51 
landing beam systems, G.C.A. (or P.A.R.) and 
S.R.E; (d) miscellaneous: mf beacons, cloud 
and collision-warning radar, altimeters, and 
D.M.E. 

621.396.933  3006 
Experimental Results of Continuous-Wave 

Navigation Systems—F. S. Howell. (Paoc. 

I.R.E., vol. 39, p. 841; July, 1951.) Operational 
tests on Raydist equipment showed that re-
radiation and two-path transmission effects 
might cause erroneous position measurements 
in a system depending on cw phase-angle 
measurements. Two simple precautions against 
such errors are recommended. 

621.396.933  3007 
Prevention of Echo Interference in Double-

Pulse Coded Interrogator-Responder Systems 
— R. S. Styles. (Aust. Jour. A m. Sci,, vol. 2, 
pp. 26-42; March, 1951). A method of echo 
suppression is proposed based on an instan-
taneous agc system having a recovery time-
constant of 30 as. This effectively suppresses 
the echoes following the main pulses, while 
passing the pulses themselves. Tests made near 
Sydney with prototype equipment are de-
scribed. 

621.396.933  3008 
Ultrasonics in the Loran Trainer—P. D. 

Stahl. (Audio Eng., vol. 35, pp. 13-14, 53, 
and 14-16; May and June, 1951.) A device is 
described for the classroom training of naviga-
tors. An outline is given of the actual loran 
system operating at about 2 inc. To scale down 
a large ground area, an ultrasonic frequency 
of 175 kc is used in the model, the transmitting 
stations being represented by oil-damped crys-
tal transducers. Details of the transmitter 
channel, including the method of simulating 
sky-wave splitting, are given. 

621.396.933  3009 
Air Safety Measures at the Intercontinental 

Airport of Zilrich-Kloten—A. Fischer. (Tech. 
Mitt. schweiz. Telegr.-TelephVerw., vol. 29, pp. 
86-92; March 1, 1951. In German.) An account 
of the approach and I.L.S. facilities available. 

621.396.933:621.96.621.089.6  3010 
A New Method of Testing the Mark V 

Decca Navigator Receiver in High Noise 
Levels —liev, itt. (See 3062.) 

621.396.9  3011 
Principles and Practice of Radar (Book Re-

vievd—H. E. l'enrose and R. S. H. Boulding. 
Publishers: Newnes, London, England, 3rd 
edn, 1950, 708 pp., 42s. (Electronic Eng., vol. 
23, p. 241; June, 1951.) "In order to make the 
third edition as up-to-date as possible, the 
authors have fully considered microwaves and 
the particular problems met with at these 
wavelengths." 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

533.583:621.385.1  3012 
Efficiency and  Mechanism  of Barium 

Getters at Low Pressures—S. Wagener. (Brit. 
Jour. App!. Phys., vol. 2, pp. 132-138; May, 
1951.) The gettering rates of Ba getters for 
0, N, H, CO, CO2, and water vapor are meas-
ured in the pressure range 5 X 10-8 ; to 5X10-° 
mm Hg. Values for the decay in gettering rate 
during use of the getter are given. The gettering 
effect at these low pressures is almost entirely 
the result of the take-up of atoms or metastable 
molecules produced by the impact of electrons 
on the stable gas molecules, ions playing a 
negligibly small part. The influence of the posi-
tion of the getter is investigated. 

537.311.33  3013 
Rectifying Effect in Thin, Asymmetri-

cally Illuminated Semiconductor Layers—G. 
Wlerick. (comp. Rend. Acad. Sci. (Paris), vol. 
232, pp. 2199-2201; June 11, 1951.) Amir-
khanoff investigated asymmetrical condution in 
semiconductors in the vicinity of electrodes, 
which was due to geometrical, chemical, and 
thermal causes (2601 of 1946). The present 
work is a study of conduction in a semiconduc-
tor/metal two-contact system, with one contact 
illuminated and the other unilluminated. The 
semiconductor is a thin layer of CdS on a glass 



11952 Abstracts and References  121 

j base, and the contacts are gold. The asym-
; metrical illumination is found to reduce the 
thickness of the semiconductor/metal barrier 
1 while increasing the contact difference of po-
tential. An internal barrier arises at the 
L boundary of the illuminated area. This, to-
settler with the contacts, causes the rectifica-
: tion. 

; 537.311.33  3014 
The Parameters of Simple Excess Semi-

conductors—P. T. Landsberg, R. W. Mackay, 
; and A. D. McRonald. (Proc. Phys. Soc., vol. 64, 
r pp. 476-480; May 1, 1951.) Curves are given 
, for the concentration of conduction electrons, 
the reduced Fermi level, and the concentration 
of available impurity-bound electrons, as func-
tions of absolute temperature. 

537.311.33  3015 
The Combination of Resistivities in Semi-

conductors—V. A. Johnson and K. Lark-
Horovitz. (Phys. Rev., vol. 82, pp. 977-978; 
June 15, 1951.) Confirms Jones's analysis (1357 
of July) of the resistivity and Hall coefficient 
of a semiconductor in which scattering is due to 
both lattice ions and impurity ions. Experi-
mental evidence suggests that other types of 
scattering may also be significant. 

5,7.311.3  3016 
Temperature Dependence of the Energy 

Gap in Semiconductors—H. Y. Fan. (Phys. 
Rev., vol. 82, pp. 900-905; June 15, 1951.) Lat-
tice vibrations in semiconductors are assumed 
to produce a shift of the energy levels, resulting 
in variation of the energy gap with temperature. 
The quantitative results predicted according to 
the theory are compared with those given 
by earlier theories. 

538.221  3017 
Coercive Field of Ferro-Nickel Powders: 

Influence of Compression and Heat Treat-
ment—L. Well. (Jour. Phys. Radium, vol. 12, 
pp. 520-526; April, 1951.) Experimental study 
of the variation of the coercive field at tem-
peratures between +300° and —193°C as a 
function  of  the  agglomeration  structure. 
Without heat treatment, the field conforms to 
Neel's theory (3151 of 1947). After heat treat-
ment, the value of the field decreases as the 
measurement temperature is increased. This is 
ascribed to displacement of the Bloch walls 
formed by certain grains in contact. 

538.221  3018 
The  Saturation Magneto-Resistance of 

Ferromagnetic Alloys—R. Parker. (Proc. Phys. 
Soc., vol. 64, pp. 447-452; May 1, 1951.) It is 
suggested that the magnetoresistance coeffi-
cient of a ferromagnetic alloy is composed of 
two terms, one associated with the tempera-
ture-dependent, the other with the tempera-
ture-independent contribution to the electrical 
resistivity. An equation based on this hypothe-

• sis is in good agreement with the experimental 
results for silicon-iron alloys. The validity of 

• the equation for other alloys is discussed. 

538.221  3019 
Investigation of Magnetic Properties of 

! Well Ordered Alloys of the Co/Mn System — 
, F. Gal'perin. (comp:. Rend. Acad. Sci. (URSS), 
, vol. 77, pp. 1011-1014; April 21, 1951. In Rue-

, sian.) 

538.652: [546.74: 548.55  3020 
A Phenomenological Derivation of the First-

and  Second-Order  Magnetostriction  and 
Morphic Effects for a Nickel Crystal— W. P. 
Mason. (Phys. Rev., vol. 82, pp. 715-723; 
June 1, 1951.) Report of a phenomenological 
investigation of the stress, strain, and magnetic 
relations for single Ni crystals, undertaken to 
account for experimental results obtained by 
McSkimin (2844 of 1950) showing that the 
saturation elastic constants of a single Ni 
crystal vary with direction of magnetization. 

546.289:539.23  3021 
The Electrical Properties of Thin Ger-

manium Layers —J. M. Dunoyer. (Jour. Phys. 
Radium, vol. 12, pp. 602-606; May, 1951.) 
Layers about la thick, obtained by evaporation 
in vacuo, were of two kinds: (a) amorphous 
layers having resistances of the order of a 
megohm at ambient temperature, and (b) crys-
talline layers of resistance not greater than a 
few tens of ohms. In both cases, rectified power 
is very small. Type (a) is obtained with the 
support at a temperature <270°C during de-
position, type (b) above about 370°C. Com-
posite layers consisting of an amorphous layer 
superimposed on a crystalline one gave greater 
rectified power, but results varied very widely 
from one sample to another. 

546.623-31:621.3.011.4/.5:621.319.45  3022 
Capacitance and Dielectric Losses of a 

Layer of Oxide deposited on Aluminum by 
Anodic Oxidation— W. C. van Geel and J. W. A. 
Scholte. (Philips Res. Rep., vol. 6, pp. 54-74; 
February, 1951. In French.) Based on bridge 
measurements at frequencies up to 30 kc of 
the capacitance and dielectric loss, and on bal-
listic measurements of capacitance, a circuit 
equivalent for the structure of an oxide layer 
on Al is proposed. This consists of a number of 
parallel-RC circuits in series, the capacitances 
having the same value in each element, while 
the resistances increase steadily through the 
layer. An explanation in terms of an electro-
chemical process is advanced. 

548.0:537  3023" 
Dielectric Properties of Sodium and Po-

tassium Niobates —B. T. Matthias and J. P. 
Remeika. (Phys. Rev., vol. 82, pp. 727-729; 
June 1, 1951.) Both substances are ferroelec-
tric. The temperatures at which they undergo 
crystallographic changes, and the correspond-
ing changes in dielectric constant and loss 
tangent, are reported.  Dielectric-hysteresis 
loops, and values of saturation polarization for 
KNbOa at points in • the temperature range 
220°C to 472°C, are given. 

548.0:549.514.51  3024 
Growth of Large Quartz Crystals—C. S. 

Brown, R. C. Kell, L. A. Thomas, N. Wooster, 
and W. A. Wooster. (Nature (London), vol. 
167, pp. 940-941; June 9, 1951.) Details are 
given of an experimental temperature-gradient 
process. Values of some physical properties of 
the synthesized crystals were compared with 
those for natural Brazilian crystals. No dif-
ference was observed. 

620.193.82  3025 
Effect of Fungus Growth on the Tensile 

Strength of Pressure-Sensitive Electrical In-
sulating Tapes —S.  Berk and  L.  Teitell. 
(ASTM Bull., no. 174, pp. 67-71; May, 1951.) 

621.314.63  3026 
Application of the Image-Force Model to 

the Theory of Contact Rectification and of 
Rectifier Breakdown —E. Billig. (Proc. Roy. 
Soc. A, vol. 207, pp. 156-181; June 22, 1951.) 
The basic assumptions of the current-diffusion 
theory of rectification are examined. A curved 
potential barrier at the rectifying junction is 
assumed to explain the behavior with high in-
verse voltages. The theory is applied to the 
case of the Sc plate rectifier, and is shown to 
give results in good agreement with experi-
ment. Useful rectifying junctions can only be 
made up from materials combining a reason-
ably high barrier with a fairly low electronic 
conductivity of the semiconductor. 

621.315.615.011.5  3027 
The Dielectric Dispersion of Dioxan-Water 

Mixtures—J. B. Hasted, G. H. Haggis, and P. 
Hutton. (Trans. Faraday Soc., vol. 47, pp. 577-
580; June, 1951.) Measurements are reported 
of the properties of dioxan-water mixtures, up 
to 45 per cent dioxan, at wavelengths of 9.22 

and 1.26 cm. The single relaxation time of 
water is raised from 0.83 to 1.43X10-11  second 
when 45 per cent dioxan is added, while the 
static dielectric constant falls linearly, giving 
a molar decrement of —7.7. Energy of activa-
tion of relaxation is 20 per cent lower than 
that of pure water. 

621.359.3  3028 
Applying  Coatings  by  Electrophoresis — 

S. A. Troelstra. (Philips Tech. Rev., vol. 12, 
pp. 293-303; April, 1951.) The mechanism of 
electrophoresis (transportation by an electric 
field of a particle in a colloidal solution or in 
suspension) is explained and analyzed. The 
process differs from electroplating in that in-
sulating substances can be deposited. Stability 
of suspensions, formation of double layers, and 
theoretical rate of buildup are analyzed, and 
the effect of added electrolyte and pitting due 
to liberated gases are considered. The coating 
on the electrode resembles sediment deposited 
by gravity. The process is used in the manu-
facture of tube filaments and cathodes. 

621.793.1  3029 
Evaporation in Vacuo by Direct Bombard-

ment using an Electron Gun—J. Brochard, P. 
Giacomo, P. Jacquinot, and S. Roizen. (Jour. 
Phys. Radium, vol. 12, p. 632; May, 1951.) 
The method avoids attack on the support by 
the substance to be evaporated. A slight modi-
fication enables nonconducting substances, 
e.g., silicon and refractory oxides, to be treated. 

621.924  3030 
Making Small Spheres —W. L. Bond. (Rev. 

Sci. Instr., vol. 22, p. 344-345; May, 1951.) 
A "spinning" method is described, which is 
capable of producing in a few minutes, spheres 
of diameter 0.100 to 0.004 inch, of Ge, EDT, 
nickel ferrite, etc. 

666.1:621.317.374  3031 
Some Experiments and Theories on the 

Power Factor of Glasses as a Function of 
their Composition: Part 2—I. M. Stevels. 
(Philips Res. Rep., vol. 6, pp. 34-53; February, 
1951.) Presentation and discussion of informa-
tion about the structure of glass, obtained 
from  dielectric-constant  and  power-factor 
measurements of glasses with graded composi-
tions, at a frequency of 1.5 mc. Part I: 3075 of 
1950. 

666.1.037:539.319  3032 
A Theory of Stresses in Glass Butt Seals — 

H. Rawson. (Brit. Jour. App!. Phys., vol. 2, 
pp. 151-156; June, 1951.) A series of equations 
are derived for the calculation of stresses be-
tween materials of different expansion coeffi-
cients in butt-type and graded seals. Stress de-
terminations made by the photoelastic method 
are in good agreement with theoretical values. 

669.245:621.385.032.216  3033 
Nickel Alloys for Oxide-Coated Cathodes — 

A. M. Bounds and T. H. Briggs. (Paoc. I.R.E., 
vol. 39, pp. 788-799; July, 1951.) The metal-
lurgy of Ni and the methods of manufacturing 
cathodes are reviewed. Four tube parameters 
are defined, viz., rate of free Ba evolution, rate 
of activation, rate of sublimation, and inter-
face impedance. The influence of the Ni-alloy 
composition of these parameters is examined. 
Suggestions are made for developing cathode 
materials to meet the severer demands likely to 
be imposed in future. 

MATHEMATICS 

517.37: 538.566  3034 
Extension of Weyl's Integral for Harmonic 

Spherical Waves to Arbitrary Wave Shapes — 
H. PorkskY. (Commun. Pure App!. Math., 
vol. 4, pp. 33-42; June, 1951.) Analysis 
relevant to the propagation of radio %%ayes 
generated by a dipole near a flat earth is pre-
sented. 
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517.5644  3035 
Vector Wave Fundlons--E. D. Spence and 

C. P. Wells. (Commun. Pure Appl. Math., vol. 
4, pp. 95-104; June, 1951.) A discussion of the 
problem of finding spheroidal solutions of the 
vector wave equation. The solutions cannot be 
orthogonal, and hence it appears preferable to 
use the orthogonal set of scalar solutions. This 
also involves serious difficulties. The boundary 
conditions for spheroidal cavities and radiators 
are complex, since the TE and TM modes do 
not separate as in the spherical or cylindrical 
cases. Solutions are only practicable in the case 
of azimuthal symmetry, I.e., for circularly 
symmetrical fields. Other methods of dealing 
with the problem are discussed briefly. 

517.93  3036 
Note on Levinson's Existence Theorem for 

Forced Periodic Solutions of a Second Order 
Differential  Equation—C.  E.  Langenhop. 
(Jour. Math. Phys., vol. 30, pp. 36-39; April, 
1951.) Comment on paper noted in 2069 of 
1944. 

681.142 : 621.3  3037 
Applications of a Mechanical Differential 

Analyzer to Electrical Engineering —E. Jans-
sen and D. Lebell. (Elec. Eng., vol. 70, pp. 432-
435; May, 1951.) The basic components of a 
differential analyzer and their mathematical 
functions are discussed, and application to 
magnetic amplifiers, pulse transformers, and 
particle trajectories in accelerators is de-
scribed. 

501  3038 
Mathematical Engineering Analysis [Book 

Review ER. Oldenburger. Publishers: Macmil-
lan, New York, N. Y., 1950, 414 pp., $6.00. 
(Paoc. I.R.E., vol. 39, p. 849; July, 1951.) "A 
large portion of the field of mathematical 
physics is covered... ." 

517.942.82:621.3  3039 
Laplace Transformation Theory and Engi-

neering Applications [Book Review[—W. Tyr-
rell. Publishers: Prentice-Hall, New York, 
N. Y., 1950, 230 pp., $3.75. (Jour. Frank. Inst., 
vol. 251, p. 555; May, 1951.) A presentation 
in a form "readily useful to the average engi-
neer." Applications dealt with include partial 
differential equations, difference equations, and 
closed-loop systems. 

MEASUREMENTS AND TEST GEAR 

538.3:532.5  3040 
Further Development of Fluid Mappers — 

A. D. Moore. (Elec. Eng., vol. 70, pp. 396-401; 
May, 1951.) Essential text of paper published 
in Trans. Amer. I EE, vol. 69, part II, pp. 
1615-1624; 1950. The development of various 
types of field simulators (see 154 of 1950) is 
described, and their limitations are discussed. 

621.317 -1-621.317.083.7[:621.39.001.11  3041 
An 'Informational' Theory of Measure-

ment and Telemetry —J. Loeb. (Ann. Tele-
commun., vol. 6, pp. 90-97; April, 1951.) The 
features of similarity between telecommunica-
tion systems and measurement systems are 
recognized, and the latter are examined in the 
light of Shannon's information theory. The 
quantity of information actually obtained con-
cerning the physical dimension measured, 
governed by a known probability law, is com-
pared with the potentialities of the apparatus 
used, and definitions of matching and efficiency 
are established. Various aspects and applica-
tions of the theory are discussed, in particular 
its use in assessing the fitness of equipment to 
perform its designed function. 

621.317.3  3042 
A Method of Measurement of Reactance 

and Impedance with the Double Voltage Di-
vider—W. Weinitschke. (Fernmeldetech. Z., 
vol. 4, pp. 117-121; March, 1951.) Zinke's 
method (1075 of 1948) is modified to eliminate 
the need of standard reactors. 

621.317.3:621.396.822  3043 
Direct-Reading Noise-Factor Measuring 

System —R. W. Peter (RCA Rev., vol. 12, pp. 
269-281; June, 1951.) The concept of noise 
factor of a receiver and methods for its meas-
urement are discussed. A direct-reading ar-
rangement for the centimeter-wave band is 
described in which a pulse gas-discharge-tube 
source is used in conjunction with a cro display 
of rectified receiver output. AGC is provided 
to hold the receiver output constant; the out-
put with the noise source off then becomes a 
measure of noise factor. 

621.317.313  3044 
Works  Instruments  for  Measurement 

of High-Frequency Current —H. Weclisung. 
(Elektrotech. Z., vol. 72, pp. 255-257; May 1, 
1951.) The widespread use of hf techniques in 
Industry necessitates provision of robust hf 
measuring instruments. Thermocouple types 
for currents of 0.5 to 6 A, and current-trans-
former types for higher values of current, are 
described. 

621.317.335.3f  3045 
R.F. Dielectric Standards—( Tech. Bull. 

Nat. Bur. Stand., vol. 35, pp. 77-78; June, 
1951.) A short account of the measurement 
service provided by the National Bureau of 
Standards on dielectric materials in the fre-
quency range 10 kc to 600 mc. Bridge or 
resonance methods are used; at frequencies 
above  100 mc, cavity-type resonators are 
particularly suitable. For frequencies below 
50 mc, a circuit has been developed including 
a stable linear negative resistance to balance 
out the resistance of the rest of the system, and 
thus provide a high value of Q (up to 109. 

621.317.335.3.029.631-:621.315.615  3046 
A Method of determining the Dielectric 

Constant and Dielectric Loss of Liquids in 
the Decimetre Waveband —O. Huber ( Natur-
wiss., vol. 38, pp. 281-282; June, 1951.) When 
measurements are made at frequencies over 
200 mc using a coaxial-line probe method, 
the maxima and minima exhibited by the volt-
age and current curves may be rather flat. 
This drawback is removed by making use not 
only of the wavelength reduction due to the 
introduction of the test substance into the line, 
but also of the capacitive impedance variation 
at high-voltage points along the line. The 
probe is kept fixed, while the liquid level is 
varied. 

621.317.335.3.029.64t:546.217  3047 
The Permittivity of Air at a Wavelength of 

Ten Centimeters—J. V.  Hughes and W. 
Lavrench. (Psoc. I.R.E., vol. 39, p. 839; July, 
1951.) Experimental results confirming those 
found by Phillips (2827 of 1950) are reported. 
An outline is given of the method used. 

621.317.336.029.64  3048 
Inductive Probe for Microwave Measure-

ment Lines and Proximity-Field-Strength Me-
ters —F. Tischer. (Kungl. tekn. Hogsk. Handl., 
(Stockholm), no. 45, 18 pp.; 1951. In German, 
with English summary.) The performance of a 
slotted-line standing-wave detector can be 
improved by using an inductive probe in the 
form of a wire loop. The loop must be sym-
metrical with respect to a plane perpendicular 
to the axis of the slotted line. If it is a pure 
inductance, its dimensions do not affect the 
results. If it contains a capacitive element, 
the dimensions of the loop should be small 
compared with the wavelength. To compensate 
for the capacitive element, part of the loop is 
screened by a short curl of wire attached to one 
side and at the end of the probe. The theory 
of this type of probe is developed, and results 
of measurements are presented. See also 3093 
of 1950. 

621.317.351:621.396.621.54  3049 
Indicator and  Measurement  Apparatus 

with Frequency-Sweep Oscillator or Generator 

— W. ICroebel (Fernmeldetech. Z., vol. 4, pp. 
70-76 and 106-111; February and March, 
1951.) Relations derived from an experimental 
and theoretical study of optimum super-
heterodyne-receiver IF bandwidth, connecting 
this with intermediate frequency, required fre-
quency band, and local-oscillator (wobbulator) 
frequencies, are applied in the design of hf 
spectrometers. Methods of effecting the local 
frequency variation and applications of the 
instruments are discussed. See also 406 of 1950. 

621.317.361.029.3  3050 
A Method for Precision Measurement of 

Frequency In the A.F. Range —J. C. Hentach. 
(Tech.  Mitt.  schweis.  Telegr.-TelephVerw., 
vol. 29, pp. 121-126; April I, 1951. In French 
and German.) The signal under test is applied 
to the vertical deflection plates of a cro oper-
ated with a sawtooth timebase synchronized 
with a standard frequency. A number b of 
separate waveforms appear simultaneously on 
the screen. A table is provided from which the 
signal frequency can be found as a fraction of 
the standard frequency, using the observed 
value of b. 

621.317.723 : 621.385  3051 
Electrometer Valve Balanced Circuits with 

Special Reference to the Ferranti BM4A —H. 
A. Hughes. (Electronic Eng. vol. 23, pp. 217-
221; June, 1951.) A review with particular 
reference to the Barth and Caldwell circuits, 
which are analyzed. The electrometer tube 
characteristics impose restrictions on the value 
of supply voltage necessary to balance the 
circuit. 

621.317.725  3052 
Square-Law Rectifier Voltmeter—T. Rod-

dam. (Wireless World, vol. 57, pp. 316-319; 
August, 1951.) Development of a bridge circuit 
giving a satisfactory square-law response over 
an input range of 0.1 to 3 v, and comprising 
a combination of resistors and Ge-crystal recti-
fiers. 

621.317.737t  3053 
Dielectric Measurements with Two Magic 

Tees on Shorted Wave Guides —H. G. Beljers 
and W. J. van de Lindt. (Philips Res. Rep., 
vol. 6, pp. 96-104; April, 1951.) Using a "magic 
Tee" as a bridge, a dielectric measurement can 
be ,carried out with greater accuracy than by 
the conventional method with a standing-wave 
detector. Some details of the construction of 
the apparatus and the method of measurement 
are given. 

621.317.755  3054 
Millimicrosecond Oscillography —Y. P. Yu, 

H. E. Kallmann, and P. S. Christaldi. (Elec-
tronics, vol. 24, pp. 106-1)1; July, 1951.) 
Equipment for viewing and recording pulses 
as short as 0.5 mils is described. Distributed 
amplifiers are used, with gains as great as 5,000 
developing an undistorted output of 130 v. 
To avoid jitter, vacuum rather than gas-filled 
tubes are used for the sweep generators, which 
have speeds up to 400 inchesh4s, with de-
parture from linearity >5 per cent. See also 
Proc. Nat. Electronics Conference, (Chicago). 
vol. 6, pp. 360-372; 1950. 

621.317.755 : 621.385.832  3055 
A Storage Oscilloscope —L. E. Flory, J. E. 

Dilley, W. S. Pike, and R. W. Smith. (RCA 
Rev., vol. 12, pp. 220-229; June, 1951.) An 
instrument for the observation of transients 
without use of photography. Transients are 
written on the screen of a Graphechon storage 
tube whose sweep time may be as low as 0.15 jus, 
and the signal obtained by reading at slow 
speed is used to produce a visible image on a 
cathode ray tube. 

621.317.757  3056 
A Spectrometer for Radiotelegraphy —A. 

Tchernicheff. (Ann. Telecommun., vol. 6, pp. 
110-116; April, 1951.) A heterodyne wave 
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,nalyzer for determining to within 1 per cent 
the component frequencies of radiotelegraph 
-• coals emitted at a rate of 2 50 bauds. A 
,aartz-controlled frequency of 170 kc is passed 

frequency changer giving an output at 70 
"  ±3 kc. This is applied to a quarts filter 
a-ing a pats band of 12 cps, permitting the 
..oltition of spectral components 'paced not 
than 25 cps This is followed by a constant-

apralance attenuator and a resireancr-coupled 
dback amplifier, feeding the measurement 
,de through a high-pass filter cutting off at 
kc A generator for producing pulses of con-
!Lilac shape is described. Various results ob-
aired ;ire illustrated. 

21.317.763  3057 
Compagnie Industrial'. des Tilephonss 

I Wave Analyser -J. Selz and A de Leudeville. 
Trans. (Paris), vol. 5, pp. 110-118; 

pill,  1951.)  The  Jai  20 heterodyne-type 
nalyzer, covering the range 1 to 100 kc. Out-
at la proportional to the logarithm of the in-
lit voltage for values of the latter ranging 
ram 1 to 10,000 ay or from 10 to 100,000 pv, 
,rtespontling to a variation in level of 80 alti. 
I T (-gurney control is by • variable capacitor 
ich may be driven by an electric motor, 

acr mating automatic recording of outputifre-

4..eitcy curves. 

621.317.772  3058 
Measuring Vector Relationships -V. P. a' u. 

Lieciromics, vol. 24, pp. 124-127; July, 1951.) 
I .tuipment is described by means of which 
.niaginary and real components of an unknown 
‘altage are indicated directly in terms of a 
:decencr voltage, over a frequency range 8 
, os to 500 inc. Phase differences between two 
voltages can also be measured. 

621.317.704  3059 
A Bolometer with Short Time-Lag -M. 

Crerny, W. Kofink, and W. Lippert. (Ares. 
Phys., (1,ps.), vol. 8. pp. 65-86; July 31, 1950 
\mount of the development of bolometers corn-
iirising a very thin layer of Bi evaporated onto a 
celluloid film. 

621.385.2:621.396.822  3060 
Methods to Extend the Frequency Range 

of Untuned Diode Noise Generators -1i. John. 
'on. (RCA Rey., vol. 12, pp. 251-237; June, 
1951.) The use of an inductance in series ttitli 
the load resistance of the diode noise generator, 
by compensating for the effects of diode ca-
pacitance at high frequencies, substantially 
doubles the usable frequency range. An addi-
tional twofold extension is made possible by 
the use of a symmetrical diode arrangement as 
balanced generator. 

021.306.615.17  3061 
Square- Wave Generator using Gated-Beam 

Tube —L. E. Garner, Jr. (Elearowits, vol. 24, 
pp. 128-129; July, 1951.) A generator operat-
ing at discrete repetition rates between 50 and 
500,000 pulses per second comprises an anode-
coupled symmetrical multivibrator (12AU7), 
followed by a gated-beam clipper (6BN6), 
wide-band amplifier, and cathode follower. 
The rise-time at 500 kc is <0.07 Na. 

621.396.621.089.6:621.396.933  3062 
A New Method of Testing the Mark V 

Decca Navigator Receiver in High Noise Levels 
—F. J. Heaitt.( Trans. S. Afr. Inst. Elec. Ent., 
vol. 42, pp. 111-125; March, 1951.) Measure-
ments were made to evaluate the serviceability 
of the equipment at various atmospheric noise 
levels and aircraft speeds. Aircraft motion and 
lane-identification were simulated by special 
circuits. The observations of lane slip and of 
failure of lane-identification were compared 
with noise figures recorded simultaneously. 
The required signal-to-noise ratios for effective 
working were assessed, the importance of air-
craft speed and direction being emphasized. 
Using available noise data, the numbers of 

days of unserviceability per annum under 
various comlitions are tabulated 

621.306.645  3063 
A New, Instantaneously Logarithmic Wide-

Band Amplifier G. Epprecht. (Tech.  Milt. 
schwas.  Telegr.-Tileph Verse, vol.  29, pp. 
161-167; May 1, 1951. In German.) In prin-
ciple, the logarithmic characteristic is obtained 
by the use of nonlinear circuit elements, not 
by gain control. An approximation is produced 
by a suitable arrangement of linear elements. 
Special circuits are described for overcoming 
the drawbacks of diode insensitivity at low 
input levels, and amplifier saturation with I.trge 
Inputs. The degree of approximation to a truly 
logarithmic law is calculated, and the influ-
ence of the various parameters is discussed. A 
prototype  amplifier  is  described,  giving 
logarithmic response over the frequency range 
0 5 lc to 2 5 nic. 

621.317.083.7  3064 
Registrierinstruments (Recording Instru-

ments) (Book Review)  A. Palm. Publishers: 
Springer,  Berlin/GOttingen/Ileidelberg, Ger-
many,  1950, 220 pp., 19 50 DM. (Nasse-
r-arc, vol. 38, p. 239; May, 1951.) Gives valu-
able information about the principles of con-
struction and the field of application of record-
ing instruments, considering mainly those with 
typical and interesting feature*, and those in 
common use. 

621.3173'.7  3065 
Radio Laboratory Handbook (Book Re-

view) --M. G. Scroggie. Publishers: little and 
Sons, London, England, 5th edn, 1050, 430 pp., 
1Ss. (Electronic Eng., vol. 23, p. 241; June, 
1951.) 'The fifth edition has been revised and 
new material added, in particular, the more 
recent developments In tube oscillator design.' 

621.317.725  3066 
Vacuum-Tube Voltmeters [Book Review) 

J. F. Rider: Publishers: J. F. Rider, New York, 
N. V., 2nd rain, 422 pp., $4.50. ti..:e.trootics. 
vol. 24, pp. 254, 256; July,  1951.) This 
second edition brings the first (1941) edition 
up to dnte.... It is difficult to think of a single 
aspect of this particular instrument that has 

been neglected.' 

OTHER APPLICATIONS OF RADIO 
AND ELFCTRONICS 

536.53:537.312.6 621.315.502t  .3067 
The Design of Thermistor Thermometers 

with Linear Calibration-- W. R. Ileakley. (Jose. 
Sc.. Inste., vol. 23, pp. 176-179; June, 1951 

537.312.6 621.315.5921  3068 
Thertnistors as used in Ultrasonic Inter-

ferometry  LIndstram. (Reseaech, (I onion', 
vol. 4, pp. 238-239; May, 1951.) The high sen-
sitivity of the thermistor as a power-indicating 
device makes it possible to work at low ultra-
sonic intensities while using rugged measuring 
devices. 

537.533  3069 
The  Generation  of  Intense  Electron 

Flashes — W. Schatls. (Z. Nasnef., vol. 5a, pp. 
132-136; March, 1950.) A capacitor and spark 
gap are connected in series across the anode-
cathode path of an evacuated tube. When the 
capacitor discharges, electrons are pulled out of 
the cold cathode through the cylindrical 
anode, and pass out through a Lenard window. 
The electron flashes thus produced can be ap-
plied in the same way as X-ray flashes. Mean 
current strengths of sonic amperes and dura-
tions <10-7 seconds have been obtained. 

551.501.9  3070 
An Air-Launched Automatic Weather Sta-

tion —(Tech. Bull.  Bide. Sioni., vol. 35, 
pp. 61-63; May, 1951.) This unit falls by 
parachute to the ground, where its antenna is 
erected by explosive charges. Separate mechan-

isms responsive to pressure, temperature, and 
humidity, cause variations in associated re-
sistors which govern the pulse rate ol a radio 
transmitter in the unit. 

620.179.16  3071 
Practical Testing of Materials by Ultrasonic 

Means -II krautkramer and J. N.rautkramer. 
(Z. Vii. Duch. bog , vol. 93, pp. 349-362; May 
1, 1951.) Brief review of modern methods, de-
scription of • German pultetype  equipment, 

anti practical details of its operation in detect-
ing flaws in castings, forging*, welds, etc. 

620.170.16  3072 
Improvements in the Design of Ultrasonic 

Lamination  Detection  Equipment —H.  R. 
Clayton and R. S. Voung. (Jour. Sc.. /mar., 
vol. 28, pp. 129-132; May, 1951.) To reduce 
standing-wave effects in the ultrasonic ex-
amination of Al blanks and sheet, the trans-
mitting crystal is energised over a wide band 
of frequencies. Defective areas of diameter 
<j inch have been detected, and the contour, 
of • lamination can be traced with satisfactory 
accuracy. 

621.317.087.5  3073 
Recording of Very-High-Speed Phenomena 

—J. Grainer. ( Tech. Mod (Parisi, vol. 43, pp. 
213-221; April, 1931.) Electronic methods for 
recording phenomena of duration <1 ins are 

described. 

621.317335_31:547  3074 
Th. Construction of • Hadrian Oscillator 

and its Application to Organic Analysis - II. 
A. Sack and B. Sack. (foam  Rich. Centre 
NW. Redo. Sci., vol. 3, pp. 32.5-331; 1950, 
1951.) The liquid specimen to be analysed is 
contained in a quarts test tube forming the 
dielectric of a capacitor which determines the 
wavelength of the vhf oscillator. The grid 
current of the oscillator provides a measure of 
the electrical constants of the specimen by 
comparison with the results obtained with 

known specimens. 

621.317.755.087.4  1075 
The Electrical Recording of Diagrams with 

• Calibrated System of Coordinstrao—B. G. 
Dammers, P. D. van der Krulap, and A. G. W. 
Chien.. (Philips Tech. Rer • vol. 12, pp. 283-
292; April, 1951.) Description of apparatus for 
displaying families of curve*, such as tube 
characteristics, on a cro, together with the 
relevant co-ordinate system. The vertical ref-
erence lines, the test function, and the hori-
zontal reference lines, are traced in sequence at 
an overall repetition frequency of 25 per second. 

621-318.572 535-33  3076 
Suppression of Certain Parts in Spark 

Spectra by Electronic Time Switching —II. M. 
Crosswhite, D. W. Steinhart., and G.  IL 

Dicke. (Jour. Opt. so,. Armee., vol. 41, pp. 299-
302; May.  1951.) Description of a device 
which renders a photocell sensitive only at 
desired intervals of a spark cycle. Use of the 
arrangement for spectrochemical analysis is 

discussed. 

621-365.54 t  3077 
Induction Heating Installation for Motor-

Car Components —(3fach meva. (London), vol. 
79, pp. 69-71; July 12, 1951.) An 8-kw equip-
ment uith automatic controls for hardening or 
annealing small metal parts is described. 

621.365.54t  3078 
A High-Temperature Vacuum Induction 

Furnace —H. T. Smyth, It. H. aleinken, and 
L. G. Wisnyi. (Jame. Amer. Ceram. Soc., vol. 
34, pp. 161-163; May, 1951.) Heat is de-
veloped by induction in an ato or Ta tube. 
Power is supplied from an hf tube generator of 
10 kw. The apparatus was developed for meas-
uring  physical  properties at  temperatures 
>2,000°C. 
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621.38.001.8: 539.17  3079 
Practical Aspects of Radioactivity Instru-

ments: Part 1--Construction —W. C. Elmore, 
H. Kallman, and C. E. Mandeville. (Nucle-
onics, vol. 8, pp. S3-S12; June, 1951.) Tech-
nique of wiring, selection of components, and 
mechanical construction of electronic equip-
ment is discussed. G-M tubes, photomulti-
pliers, and ionization chambers are considered 
particularly. 

621.383.001.8: 535.61-15: 778.37  3080 
Use of Image Phototube as a High-Speed 

Camera Shutter—A. W. Hogan. (Jour. Soc. 
Mot. Pie. t5r Telev. Eng., vol. 56, pp. 635-641; 
June, 1951.) See 2250 of October. 

• 
621.385.833  3081 
Calculation of Electronoptical Image Forma-

tion for Three Typical Powerful Magnetic 
Lenses; Relation with the Usual Lens Equa-
tion —W. Glaser and F. Lenz. (Ann. Phys., 
(Lpz.), vol. 9, pp. 19-28; March 15, 1951.) 

621.385.833  3082 
The General Properties of Low-Power Elec-

tron Lenses. A First Approximation—F. Ber-
tein. (Jour. Phys. Radium, vol. 12, pp. 595-
601; May, 1951.) Analysis is given for elec-
trostatic lenses, space charge being neglected. 
The average convergence has a uniform value 
over the whole aperture and depends, for elec-
trons of given energy, only on the original field. 
The focal length is determined for the cases of 
an infinite slit, a cylindrically symmetrical lens, 
and an elliptic aperture. Magnetic lenses are 
analyzed by the same method. 

621.385.833  3083 
Apparatus for Electron-Optical Demonstra-

tions—C. Fert. (Compt. Rend. Acad. Sci., 
(Paris), vol. 232, pp. 2085-2087; June 4, 1951.) 
A simple, multi-purpose, cathode ray tube ap-
paratus is described, permitting demonstra-
tion to an audience of fundamental experiments 
such as the formation of images, the deflection 
of electrons, etc. 

621.387.4t  3084 
Temperature Effect in Counters and Radio 

Valves—A. Daudin and J. Daudin. (Jour. Phys. 
Radium, vol. 12, p. 564; April, 1951.) A cur-
rent of cool air circulating around a 6J5 tube 
operating below its rated voltage in a cosmic-
ray counter circuit, caused a reduction of 70 
per cent in recorded coincidences. 

621.387.424t  3085 
Geiger-Muller Photo-Counter with Ferro-

Nickel  Cathode  for  Ultraviolet  Rays —J. 
Labeyrie. (Jour. Phys. Radium, vol. 12, pp. 
569-570; April, 1951.) Description of the de-
sign and performance of a stable counter 
highly sensitive to ultraviolet radiation of 
wavelengths between 2,000 and 3,000 A. 

621.387.4641' 3086 
Delayed Coincidence Circuit for Scintilla-

tion Counters—A. Lundry. (Rev. Sc!. Instr., 
vol. 22, pp. 324-327; May ,1951.) Pulses from 
the photomultipliers used as detectors are 
amplified in distributed amplifiers and applied 
to a Ge-diode-bridge coincidence circuit. 

621.387.464t  3087 
Nuclear Scintillation Counters —J. B. Birks. 

(Jour. Brit. IRE, vol. 11, pp. 209-220; dis-
cussion, pp. 221-223; June, 1951.) Physical 
processes affecting the design of these counters 
are discussed, with particular reference to the 
choice of suitable phosphors and photomulti-
pliers. Advantages of scintillation counters 
over conventional gas-ionization counters are 
illustrated. 

PROPAGATION OF WAVES 

538.566  3088 
The W.K.B. Approximation as the First 

Term  of a Geometric-Optical  Series—H. 

Bremmer. (Commun. Pure App!. Math., vol. 
4, pp. 105-115; June, 1951.) The propagation 
of waves in an inhomogeneous medium is an-
alyzed in a manner which stresses the effects of 
successive scattering reflections in the medium. 
The W.K.B. approximation is then seen to 
be the first term of an infinite series, and to 
correspond to an analysis of primary scatter-
ing only. Simple relations between the higher-
order terms are obtained, and the limitations 
of the W.K.B. approximation discussed. The 
resultant reflection coefficient of an inhomo-
geneous medium is calculated for a single case. 

538.566  3089 
Remarks concerning Wave Propagation in 

Stratified Media—S. A. Schelkunoff. (Commun. 
Pure App!. Math., vol. 4, pp. 117-128; June, 
1951.) The reflection coefficients for a strati-
fied medium are considered physically and 
mathematically. The dependence of the coeffi-
cient on layer thickness and shape is discussed 
fully. Factors causing variations of the reflec-
tion coefficient with frequency are examined. 
For a wave incident on an inhomogeneous 
layer, no meaning can be attached to the term 
"reflection coefficient." Propagation is con-
trolled by the higher-order derivatives of the 
variation of reflection parameters with distance 
in the layer, e.g., an Epstein layer gives a 
particular variation of reflection coefficient 
with thickness not found for other types of 
layer. 

621.396.11  3090 
Polarization of the Z-Trace —J. E. Hogarth. 

(Nature, (London), vol. 167, p. 943; June 9, 
1951.) An experiment carried out at Fort 
Chimo (58.1°N, 68.3°W) on September 30, 
1950, showed the polarization of the Z trace 
(third critical frequency) to be ordinary. This 
is compatible with the theory that the Z trace 
is the longitudinal ordinary reflection, made 
possible at off-longitudinal directions by the 
effect of collision [see 1471 of July (Scott)). 

621.396.11  3091 
Measurements of the Direction of Arrival of 

Short Radio Waves Reflected at the Iono-
sphere —E. N. Bramley and W. Rosa. (Proc. 
Roy. Soc. A, vol. 207, pp. 251-267; June 22, 
1951.) Report of observations made mainly on 
first-order F-layer reflections in normal day-
time conditions, both over an oblique path cor-
responding to a range of 700 km, and at nearly 
vertical incidence. A phase-comparison method 
was used, with pulse signals, over the frequency 
range 4 to 15 mc. A typical echo shows both 
rapid (second-to-second) fluctuations in direc-
tion, and slow changes having a quasi-period 
of up to more than 30 minutes, indicating the 
occurrence of large-scale random tilts in the 
ionosphere of an rms magnitude about 1.5 to 2°, 
and extending horizontally over at least some 
tens of kilometers. 

621.396.11:535  3092 
Remarks on the Optics of Radio Waves-

0. Halpern. (Phys. Rev., vol. 82, pp. 971-972; 
June 15, 1951.) Optical theory is extended to 
show that any metallic layer is a good reflector 
for radio waves as long as the rf conductivity is 
not too different from the dc value. 

621.396 .11:1550.385+551.594.5 3093 
Aurora  and  Magnetic  Storms—R.  K. 

Moore. (QST, vol. 35, pp. 14-19, 110; June, 
1951.) Discussion of the nature of ionospheric 
disturbances and their effects on radio com-
munication. 

621.396.11 : 551.510.535  3094 
Approximate Expressions for the Refractive 

Index of an Ionized Medium acted upon by 
the Earth's Magnetic Field—E. Argence. 
(Comp:. Rend. Acad. Sc!., (Paris), vol. 232, 
pp. 2080-2082; June 4, 1951.) Approximate 
formulas are derived based on Poeverlein's 
graphical determination of the paths of em 

waves refracted by the Ionosphere (718 and 
2875 of 1950) and taking the earth's magnetic 
field into account. 

621.396.11.029.62/.63  3095 
Coverage on 45 to 450 Mcs —K. Bulling. 

ton. (FM-TV, vol. 11, pp. 21-24, 36; May, 
1951.) See 1496 of 1950. 

RECEPTION 

621.396.621:621.396.9  3096 
A Simple Logarithmic Receiver —J. Croney. 

(PRoc. I.R.E., vol. 39, pp. 807-813; July, 1951.) 
A description is given of a successive-detection 
logarithmic amplifier and of a simplified circuit 
producing either logarithmic or linear ampli-
fication by operation of a single switch. A 
method of calculating the shape of the out-
put/input curve is described, the measured 
curves for three logarithmic receivers of this 
simplified type are shown, and the relevant 
circuit values specified. The advantages of the 
logarithmic receiver for radar work are indi-
cated. 

621.396.621.029.51/.53  3097 
A Subminiature Low-Frequency Radio Re-

ceiver —( Tech. Bull. Nat. Bur. Stand., vol. 35, 
pp. 68-70; May, 1951.) Description of a radio 
range receiver tunable from 190 to 550 kc, and 
using printed circuits in seven subassemblies, 
details of which are given. The entire unit is 
hermetically sealed. 

621.396.622:621.396.822  3098 
The Rectification and Observation of Sig-

nals in the presence of Noise—R. E. Burgess. 
(Phil. Mag., vol. 42, pp. 475-503; May, 1951.) 
The  rectification of random  narrow-band 
noise in the presence of a cw or modulated 
signal is analyzed. The detector considered is of 
the type providing a rectified voltage which is 
a function of the instantaneous amplitude of 
the input wave. The smoothing present in the , 
detector circuit is such that the Id com-
ponents of the applied wave are removed, but 
the If variations of its envelope are faithfully 
transmitted. The mean (or dc) component of 
the rectified voltage and its rms fluctuation 
about that mean (or If noise output) are calcu-
lated as a function of the input signal-to-noise 
ratio, and particular attention is paid to linear 
and square-law detectors. The output sig-
nal-to-noise ratio for an AM signal input, and 
for the audible-beat reception of a cw signal, 
are calculated. The spectrum of the If noise 
output from a detector supplied with random 
noise is closely similar for linear and square-law 
detectors. The discrimination of a weak signal 
in noise is not critically dependent upon the law 
of the detector, and in parti alar the difference 
for a linear and a square-law detector is 
negligible. The effect of receiver bandwidth, 
meter time-constant, and integration time, in 
improving the discernment of a weak signal, 
is considered. 

621.396.397).82  3099 
Standards on Radio Receivers: Open Field 

Method of Measurement of Spurious Radia-
tion from Frequency Modulation and Televi-
sion Broadcast Receivers, 1951 —(PRoc. I. R. E. , 
vol. 39, pp. 803-806; July, 1951.) Reprints of 
this Standard, 51 IRE 17 SI, may be pur-
chased while available from the Institute of 
Radio Engineers, 1 East 79 Street, New York 
21, N. Y., at $0.50 per copy. 

621.396.82:621.396.41  3100 
Interference In Multi-Channel Circuits— 

L. Lewin (Elec. Comma,,., (London), vol. 28, 
pp. 142-155; June, 1951.) Reprint of 986 of 
May. 

621.396.822  3101 
The Effect of Circuit Losses on Noise Fac-

tor—D. McDonnell. (Jour. Brit. IRE, vol. 
11, pp. 224-226; June, 1951.) The optimum 
input conditions for minimum noise factor in a 
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neutralized triode input stage are considered, 
and theoretically derived curves are given of 
the variations in noise factors with input circuit 

losses. 

621.396.823 3102 
Corona Problems on 400-kV Lines: Part 2— 

Radio Interference from Corona Effect on 
Conductors—N. B. Bogdanova and A. M. 
Lifshits. (Bull. Acad. Sci. (URSS), no. 4, pp. 
497-505; April, I95L In Russian.) 

621.396.828:354.42/.44  3103 
The High-Frequency Statutes (in Ger-

many1—H. Pressler. (Fernmeldetech. Z., vol. 4, 
pp. 123-129; March, 1951.) Report and dis-
cussion on present regulations governing the 
use of hf equipment. 

621.396.621 3104 
Receiver Circuitry and Operation [Book 

Review1—A. A. Ghirardi and J. R. Johnson. 
Publishers: Rinehart Books Inc., New York, 
N. Y., 1951, 669 pp., $6.00. (Electronics, vol. 24, 
pp. 258, 260; July, 1951.) "Here is basic cover-

! age of the circuits most often encountered in 
modern television, AM radio, and FM radio 

I receivers, written for the technician and stu-
r dent who seeks to bring his education up to 
chte." 

STATIONS AND COMMUNICATION 
SYSTEMS 

: 621.39.001.11 3105 
A Note on Autocorrelation and Entropy -

1'. Elias. (Paoc. I.R.E., vol. 39, p. 839; July, 
1951.) A simple relation between the informa-
tion content per symbol of a message and its 
auto-correlation function is presented. 

621.39.001.11:621.317.35 3106 
Random Signals with Limited Spectra — 

J. Oswald. (Cables & Trans. (Paris), vol. 5, pp. 
158-177; April, 1951.) A theoretical study 
emphasizing the principal mathematical prop-
erties of such signals and showing how these 
define the nature of the signals. The theory is 
applied to the particular cases of single-side-
band modulation multiplex time-division and 
pulse-code systems. See also 210 of February. 

621.394.3  3107 
Tape Relay—S. A. Westwood. (Proc. IRE 

(Australia), vol. 12, pp. 131-141; May, 1951.) 
Describes modern practice in the automatic 
handling of material at the transmitting and 
receiving stations of a printing telegraph sys-
tem. Relevant radio technique is discussed 
briefly. 

621.396.41 3108 
Four/Two-Channel Time-Division Multi-

plex Telegraph System for Long-Distance 
Radio Circuits—W. C. Peterman and A. Mine. 
(Elec. Commun. (London), vol. 28, pp. 127-
141; June, 1951.) Description, with circuit 
diagrams, of equipment and operation of a fre-
quency-shift system. 

621.396.61/.62  3109 
Miniature Walkie-Talkie —( Wireless World, 

vol. 57, pp. 323-324; August, 1951.) Descrip-
tion of Pye equipment type PTC 120, operat-
ing on two spot frequencies (crystal-controlled) 
in the band 60 to 100 mc. Dimensions are 
9i inchesX61 inchesX3I inches, and weight is 
81 pounds complete. Only six tubes plus Ge 
r ystal and quartz crystals are used. The trans-
mitter rf power output is 0.1 w. 

621.396.61/.62 3110 
A Civil Defense Portable—E. P. Tilton. 

(QST, vol. 35, pp. 35-38,..120; May, 1951.) A 
transmitter-receiver for operation on 50 mc, 
comprising a transmitter having a single-tube 
rf section with an audio pentode as modulator, 
and a simple superregenerative receiver with 
one audio stage. It is operated by three bat-
teries, 1.4-v, 90-v, and 6-v, and weighs 4 
pounds. 

621.396.619.16 3111 
Pulse Generation and Shaping at Micro-

wave Frequencies —W. A. Klute. (Bell Lab. 
Rec., vol. 29, pp. 216-220; May, 1951.) A sys-
tem for the generation of pulses of the on-or-off 
type, suitable for pcm, at a repetition frequency 
of 18.432 mc and in four adjacent bands with 
30-mc spacing. The carrier frequency is about 
4 kmc. A method of pulse generation, based on 
the variation with beam voltage of the gain 
of a traveling-wave tube, is used. 

621.396.664  3112 
A New Television Studio Audio Console— 

R. W. Byloff. (RCA Rev., vol. 12, pp. 211-219; 
June, 1951.) Features of the apparatus, which 
is designed for compactness and flexibility in 
operation, include twelve-channel mixing, re-
movable vision-monitoring unit, etc. 

621.396.67:621.396.65  3113 
Application of Polarity Diplexing to Micro-

wave Relay Systems —C. A. Rosencrans. (TV 
Eng., vol. 2, pp. 14, 27; June, 1951.) A practical 
diplexing system uses horizontal and vertical 
polarization, respectively, for two signals trans-
mitted along the same path. A small frequency 
shift is introduced to minimize depolarization 
interference. 

621.396.712  3114 
Broadcast Station Construction Practices— 

Q. G. Cumeralto. (Tele-Tech, vol. 10, pp. 
34-36, 89; June, 1951.) A very general survey 
of factors to be considered in siting and design,. 
ing a radio station. 

621.396.73:621.396.11.029.64  3115 
Mobile Equipment for the Study of Centi-

metre-Wave Propagation—J.  Maillard,  J. 
Voge, and P. Chavance. (Ann. Uncommon., 
vol. 6, pp. 131-144; May, 1951.) Propagation 
theory is applied in the design of the equip-
ment, in respect of transmitter power, receiver 
noise factor, and bandwidth. Chief features of 
the apparatus are the afc system and the 
transmission of information regarding the in-
stantaneous level of the emitted signal. This is 
achieved by modulating the frequency of the 
radiated signal to a depth corresponding to the 
power transmitted. The pulse detector circuit 
receiving this information also feeds a cro for 
examination of pulse shape. A "peak detector" 
circuit records the level of the received pulse. 
The transmission-level recording channel may 
be modified for simultaneous reception of two 
transmissions on different close frequencies. 

621.396.931  3116 
Radiotelephony for Communication with 

Vehicles—P.  Han'. ( Tech.  Mitt.  schweiz. 
Telegr.-TelephVerw., vol. 29, pp. 168-177; 
May I, 1951. In German.) Description of FM 
equipment at the fixed station and in the 
subscriber's vehicle in the system operating in 
ZUrich. Calling from the normal telephone 
network is fully automatic. Subscription rate is 
18 Swiss francs per month, plus the cost of the 
mobile equipment. Unattended relay stations 
extend the range beyond 25 km for police 
services, etc. See also 2350 of 1950 (ICappeler). 

621.396.931 3117 
Crowded-Band Mobile Equipment —H. H. 

Davide and T. J. Foster. (Electronics, vol. 24, 
pp. 102-105; July, 1951.) A transmitter-re-
ceiver system for the 148-174-mc band is de-
scribed. The receiver uses triple-tuned IF trans-
formers to reduce adjacent-channel interfer-
ence, and controlled rf gain to reduce inter-
modulation interference. Results of field tests 
are given. 

621.396.97 3118 
The Development of Broadcasting in the 

Union of South Africa —H. 0. Collett. (Trans. 
S. Aft% Inst. Elec. Eng., vol. 42, pp. 175-187; 
May, 1951.) An historical survey of the service. 
Developments in transmitters, studios, manu-

facturing facilities, and the use of recording are 
traced. Probable future developments include 
the linking of the transmitters by telephone 
lines. 

SUBSIDIARY APPARATUS 

621.314.63  3119 
Developments in Metal Rectifiers —G. E. B. 

White. (Elec. Times, vol. 119, pp. 901-904; 
May 31, 1951.) Review of characteristics of 
copper-oxide and selenium rectifiers manu-
factured by the Westinghouse Brake and 
Signal Co. Ltd. 

621.352/.353  3120 
Modern Batteries and Their Use in Tele-

communications  (Miniature  Batteries) —J. 
Pernik. (Ann. Uncommon., vol. 6, pp. 122-
126; May, 1951.) Discussion of experimental 
developments in the design and manufacture 
of light-weight cells. The replacement of Zn 
by Mg, and the use of methylamine electro-
lytes in the Leclanche-type cell are consid-
ered.  Construction  and  characteristics of 
mercuric oxide- and silver-chloride cells are 
reviewed. 

621.352  3121 
Developments in Dry Batteries and Associ-

ated Electronic Equipment—P. H. Adams. 
(Proc. IRE (Australia), vol. 12, pp. 167-
178; June, 1951.) Developments in dry batteries 
are described, and the design of receivers, 
hearing aids, photoflash equipment, and radio-
sonde equipment is examined in relation to 
battery requirements. 

TELEVISION AND PHOTOTELEGRAPHY 

621.396/.3971.82  3122 
Standards on Radio Receivers: Open Field 

Method of Measurement of Spurious Radiation 
from Frequency Modulation and Television 
Broadcast Receivers, 1951—(See 3099.) 

621.397  3123 
Picture Telegraphy by Wire —V. Castell. 

(Tech. Mitt. schweiz.  Telegr.-Teleph Verw., 
vol. 29, pp. 236-239; June 1, 1951. In Ger-
man.) Description of the terminal apparatus in 
Zurich for black-and-white phototelegraphy. 
The picture is scanned in 684 lines across a 
13 cm X 8 cm frame at 7,850 pulses per second. 
The motor driving the revolving drum is tun-
ing-fork controlled. Synchronization is by tone 
wheel and stroboscope. 

621.397.26  3124 
A Diversity Receiving System for Radio 

Frequency Carrier Shift Radiophoto Signals— 
J. B. Atwood. (RCA Rev., vol. 12, pp. 177-190; 
June, 1951.) As compared with the FM sub-
carrier system, the radio-frequency carrier 
shift (ries) system shows improvement in 
signal-to-noise ratio, and reduction of interfer-
ence due to the narrower bandwidth which can 
be used in the receiver. Further definite im-
provement was obtained with rfcs using the 
space diversity system described. The diversity 
receiving arrangement, used with two single 
eideband receivers, also effected an improve-
ment in reception by the FM-subcarrier system. 

621.397.26  3125 
Strato-vision in  Swiss Territory?— W. 

Kuentz. (Tech. Mitt. .vPweiz. Telegr.-Teleph-
Verw., vol. 29, pp. 126-131; April 1, 1951.) 
In French and German.) Mapsof Swiss districts 
are reproduced showing the areas in which 
television reception should be possible from 
an airborne transmitter 10 km above Berne. 

621.397.26  3126 
Television-Link Sound Diplexer —L. 

Staschover and H. G. Miller. (Elec. Commun., 
vol. 28, pp. 108-109; June, 1951.) A 5-mc sub-
carrier, modulated in frequency by the sound 
program, is combined with the video frequen-
cies (bandwidth 4.5 mc) and then passed to 
the link transmitter. The sound frequencies in 



126 PROCEEDINGS OF THE I.R.E. January 

the demodulated output from the link receiver 
are separated from the vision frequencies by a 
filter, amplified, limited, and demodulated in a 
balanced discriminator. The final af output is 
18 db above 1 mw into balanced or unbalanced 
impedances of 50, 150, and 600 ohms. 

621.397.26: 621.396.615.142.2 : 621.396.621.53 
3127 

Application of the Klystron Mixer to Fre-
quency Changing in Television Relays —V. 
Learned. (Ann. Telicommun., vol. 6, pp. 127-
130; May, 1951.) French version of 256 of 
February. 

621.397.26 : 621.397.81  3128 
Polycasting —R.  M.  Wilmot te.  (Paoc. 

1.R.E., vol. 39, pp. 740-752; July, 1951.) A 
theoretical study is made of the service obtain-
able in the vhf and uhf bands by broadcasting 
a program from a number of low-powered sta-
tions instead of from a single high-powered 
one to cover a continuous area. Estimates of 
service, evaluated statistically and taking into 
account ghosts and signal intensity required to 
overcome noise, are given together with a 
tentative allocation of stations in two typical 
areas of the United States. 

621.397.5  3129 
Experimental Television Transmissions in 

North-West Germany —W. Neste!. (Elektro-
tech. Z., vol. 72, pp. 346-348; June 1, 1951.) 
The development of television in Germany is 
surveyed, and a short explanation of the prin-
ciples of television transmission are given. The 
advantages and disadvantages of the three 
different line standards are discussed, and the 
reasons for choosing the 625-line system indi-
cated. The preparations for public transmis-
sions are described. 

621.397.5 : 535.62  3130 
The Present Status of Color Television — 

(Proc. IRE (Australia), vol. 12, pp. 109-
115 and 141-150; April and May, 1951.) 
Reprint. See 249 of February. 

621.397.5:535.62  3131 
Spectrum Utilization in Color Television — 

R. B. Dome (Gen. Elec. Rev., vol. 54, pp. 18-
22; June, 1951.) Comparison of various time-
and frequency-division multiplexing techniques 
from the point of view of securing the most 
efficient use of available transmission channels. 

621.397.5 : 535.88: 791  3132 
A Comprehensive Proposal for a Closed-

Loop Theater Television System —R. L. Gar-
man and R. W. Lee (Jour. Soc. Mot. Pic. & 
Telev. Eng., vol. 56, pp. 473-483; discussion, 
pp. 483-486; May, 1951.) The system described 
permits selection of programs at will from its 
own studio or from outside sources. To obtain 
picture quality comparable with that of the 
commercial cinema, it is proposed to adopt a 
standard of 675 lines double interlaced at a 
frame frequency of 24 per second. 

621.397.5(083.74)  3133 
The C.C.I.R. 625-Line Television Stand-

ards—H. Laett. (Tech. Mitt. schweis. Telegr.-
TelephVerw., vol. 29, pp. 81-86 and 132-136; 
March 1, and April 1, 1951. In German and 
French.) Full text and explanatory comment. 

621.3974  3134 
Automatic TV SOnc Lock—L. M. Leeds. 

(Electronics, vol. 24, pp. 99-101; July, 1951.) 
See also 2294 of October (Roe). 

621.397.6:1778.5+621.395.625.6  3135 
New Video Recording Camera —F. N. 

Gillette and R. A. White. (Jour. Soc. Mot. 
Pic. & Telev. Eng., vol. 56, pp. 672-679; June, 
1951.) The problem of television recording is 
discussed, and a camera using 16-mm film and 
recording both vision and sound, is described. 
The film is ready for projection within 60 
seconds of the television reception. 

261.397.61  3136 
Continuous Film Scanner for TV—D. G. F. 

(Electronics, vol. 24, pp. 114-116; July, 1951.) 
Equipment under development at the Bell 
Telephone Laboratories is described. A mirror-
drum projector Is used, with two electronic 
servo-controls to compensate for jitter and 
flicker. The arrangement permits flying-spot 
scanning of a 24-frames per second film at 60 
fields per second. 

621.397.611.2  3137 
On the Mechanism of High-Velocity Target 

Stabilization and the Mode of Operation of 
Television-Camera  Tubes  of  the  Image-
Iconoscope Type—P. Schagen. (Philips Res. 
Rep., vol. 6, pp. 135-153; April, 1951.) Hy-
potheses are advanced, and from them equa-
tions are derived, for the variation of target-
element potential with time, and for the signal 
voltage. The theory indicates that improve-
ment of picture quality should result from 
increase of secondary-emission coefficient and 
capacitance of target. This is confirmed by 
experiments. 

621.397.62  3138 
The  Cosine  Deflection Yoke —J.  Pell. 

(TV Eng., vol. 2, pp. 10-11, 27; June, 1951.) 
A uniform deflecting field producing no dis-
tortion of the cathode ray tube spot, is ob-
tained by using a coil wound so that the 
number of turns varies as the cosine of the 
angle between the deflection direction and the 
radius to the particular point of the winding. 
Residual barrel, or pincushion distortion due to 
geometrical factors, can be corrected by means 
of small permanent magnets. 

621.397.62  3139 
High-Efficiency Horizontal-Deflection Sys-

tem and High-Voltage Supply—J.  Henry. 
(Radio franc., no. 2, pp. 1-8; February, 1951.) 
Efficiency of generation of  the sawtooth 
scanning voltage, and of high-voltage supply 
in television reception, is improved by the use 
of a line autotransformer, with ferroncube 
core, and of regeneration. See also .3674 of 
1947 and 1783 of 1950 (Schade). 

621.397.62  3140 
40 Faults Occurring in Television—( Telev. 

Franc., no. 69, pp. 19-26; April, 1951.) A chart 
listing the major faults likely to occur in a 
television receiver, illustrated by diagrams of 
the display produced. 

621.397.62:535.88  3141 
High-Definition Projection Receiver—R. 

Gondry. (Television, no. 13, pp. 105-110; 
May, 1951.) Full constructional details are 
given of a receiver using the "Telecran" optical 
system, permitting variation of the distance 
between objective and screen from 40 cm to 
250 cm, with picture size varying from 19.5 X26 
cm to 90X 120 cm. 

621.397.62 : 621.396.822  3142 
Expediting TV Receiver Noise Calculations 

— D. A. Miller and E. A. Slusser. (TV Eng., 
vol. 2, pp. 12, 13, 35; April, 1951.) Abacs are 
presented for calculation of thermal noise, 
equivalent noise input, etc. 

621.397.7  3143 
Kirk O'Shotts Television Transmitting 

Station —Engineer (London), vol. 191, p. 863; 
June 29, 1951; Engineering (London), vol. 171, 
p. 793; June 29, 1951. Some details are given 
of the high-power station under construction 
near Glasgow, on a site 900 feet above sea level. 
The vision transmitter is to have a power out-
put of 50 kw, with an operating frequency of 
56.75 mc. The frequency of the sound transmit-
ter will be 53.25 mc. 

621.397.828  3144 
Suppression of Harmonics in Radio Trans-

mitters —G.  T.  Royden.  (Elec.  Commun., 
(London), vol. 28, pp. 112-120; June, 1951.) 
A II-network filter in the transmitter out-
put circuit, with screening of the transmitter 

and its supply leads, should give sufficient 
general suppression for a transmitter in an 
isolated position. For greater suppression, a 
double-I1  network with a common  shunt 
capacitance should be used. Particular har-
monics may be attenuated by simple single 
filters or by quarter-wavelength open-ended 
stubs connected directly to the transmitter 
output terminals. 

TRANSMISSION 

621.316.726.078.3:621.396.615  3145 
A Simple Crystal Discriminator for F.M. 

Oscillator Stabilization —J.  Ruston. (Paoc. 
I.R.E., vol. 39, pp. 783-788; July, 1951.) 
Detailed description of a single-crystal dis-
criminator designed for use in a television 
sound transmitter. 

621.396.615.142.2:621.396.621.53:621.397.26 
3146 

Application of the Klystron Mixer to Fre-
quency Changing in Television Relays —V. 
Learned. (Ann. Tilicommun., vol. 6, pp. 127-
130; May, 1951.) French version of 256 of 
February. 

621.396.619.2  3147 
Transistor Frequency Modulator Circuit— 

L. L. Koros and R. F. Schwartz. (Electronics, 
vol. 24, pp. 130-132, 134; July, 1951.) Design 
and circuit details are given and performance 
tests reported. The simplicity and power 
economy consequent on the use of the transistor 
are stressed. The wide variation of internal 
collector impedance on application of audio 
voltages to the emitter is used to vary the 
resonance frequency of the tank circuit in a 
conventional oscillator. Modulation charac-
teristics and distortion are shown in graphs. 

621.397.828  3148 
Suppression of Harmonics in Radio Trans-

mitters —Royden (See 3144). 

TUBES AND THERMIONICS 
535.215.4  3149 

Photoconductivity in the Elements —T. S. 
Moss. (Proc. Phys. Soc., vol. 64, pp. 590-591; 
June I, 1951.) The photoconducting elements 
are nonmetallic and have a refractive index > 
2. They are: Te, I', I, As, B, Se (red), S, C 
(diamond), Si, and Ge. The activation energies 
determined from photoconductivity measure-
ments agree closely with those from resistance/ 
temperature measurements. Refractive index 
is related to the photoconductive threshold 
wavelength. For Ge, Si, and diamond, a quan-
titative relation holds, namely En 4=constant 
(E is activation energy, n is refractive index). 
See also 1273 of June. 

537.533.8  3150 
Secondary Electron Emission from Ni, Mo, 

MgO  and  Glass—G.  Blankenfeld.  (Ann. 
Phys. (Lpz.), vol. 9, pp. 48-56; March 15, 
1951.) The variation with temperature of the 
secondary emission of Ni, Mo, MgO, and glass 
is investigated, by an experimental method 
briefly described, for various values of primary 
energy. For Ni and Mo, the temperature 
variation is zero; for glass, it is very small. For 
MgO, the secondary emission decreases as 
temperature rises. The results are discussed in 
the light of Hackenberg's theory (see Ann. 
Phys., (Lpz.), vol. 6, no. 2, p. 404; 1948). 

537.581  3151 
Electron Emission from Metal Surfaces as 

an After Effect of Mechanical Working, or 
Glow Discharge —O. Hanel, F. G. Houter-
mans, and K. Seegar. (Z. Phys., vol. 130, 
pp. 109-123; May 28, 1951.) 

537.583  3152 
The Origin of Bombardment-Enhanced 

Thermionic Emission —J. B. Johnson. (Phys. 
Rev., vol. 83, pp. 49-53; July 1, 1951.) "Meas-
urements on bombardment-enhanced thermi-
ionic emission from oxide cathodes show that 
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,) the effect IS not related to normal fading 
, d tecovery of thermionic emission; (II) the 
-,ated electrons have energies in the t h. tiled 
nge rather than in the secondary range. Cal-
ions indicate that the electron bom bard-
it releases more than enough internal pee-
, Lake to account for the effect as increased 
mionic emission. A more comprehensive 
oty is needed for captaining a liv the oh-

effeet is not even larger." 

a21.314.63  3153 
Height of the Potential Barrier in Contact 

Rectifiers and Its Change with Temperature — 
Billie and M. S. Ridout. ( Narigre (London), 
it. 167, pp. 1023-1029; June 2.1, 1951.) Pre-
aninary investigations on Ge, Si, and Sr 
ectifier cells, and on Se photocells, are reported. 
tirrent was measured with voltages from 0.2 
a 50 my applied in both the forward and re-
-eraie directions, and the temperature depend. 
-ace of the xero-voltage resistance was ob-
erved. Deviation of the results from the values 
cis-en by the theoretical expression, relating 

; :ero-voltnge resistance to barrier height, is 
ascribed to a lowering of the latter at tempera-

, t ures below 300•K. 

• 621.383:546.280 3134 
Germanium  Trigger  Photocells---F.  A. 

atald. (Elec. Eau, vol. 70, pp. 518 520; June, 
1051.1 1951 AIFF. Winter General Meeting 
;alter. The occurrence of i.type and -type 
a a- in the same crystal can give rise to trigger 
.a-tion upon excitation by infra-red radiation. 
1 he operating mechanism of the composite 
,antact is explained. When used in on-off de-
, acre, the on current is high enough to dry-cloy 
.1seful povirr in low resistances 

621.3/13.27f  3155 
The Time Dependence of the Sensitivity 

of Photomultiplier Tubes —M. Ilillert. (Brit 
.70ar.  f. 1+1. Phys , vol 2, pp. 164-167; June, 
1951.) An experimental investigation of fatigue 
:Ind recovery effects in photomultipliera under 
typical operating conditions, particularly the 
change of re mit ivit y following a sudden change 
in illumination. An empirical form111.1 IA de-
rived to express this effect, which is traced to 
phenomena occurring at the dyncales rather 
than at the photocathode. An electrical model 
representing their behavior is outlined. 

621.383.4:546.816.221  3156 
The Characteristics of Long Period Photo-

Effects in Lead Sulphide---R. P. Chasmar anal 
A. F. Gibson. (Proc. Phys. Soc., vol. 64, pp. 
595-602; July 1, 1951.) A photoconductive ef-
fect haying a decay time of several hours has 
been observed in specially prepared layers of 
lead sulphide when maintained at low tem-
peratures. These effects are characteristic of 
layers that have been treated in a certain man-
ner with sulphur or with oxygen. No first. 
order differences are found between the prop-
ert lea of the layers containing 0 and those con-
taining S. A physical explanation of the effect is 
advanced. 

621.383.4: 546.816.221  3157 
The Sensitivity and Response  Time of 

Lead Sulphide Photoconductive Cells —A. F. 
, Gibson. (Proc. Phys. Soc.. vol. 64, pp. 603-
615; July 1, 1951.) Measurements a-ere made 
with a view to establishing a theoretical model 
for photoconductors of this type. Variations 
of response time and sensitivity with tempera-
ture, background illumination, applied elec-
tric field, and other parameters, were investi-
gated. The results give qualitative support to 
a theory postulating the existence of space-
charge barriers at intercrystalline contacts, 
the height of these barriers being reduced on 
illumination. 

621383.42  3158 
Investigation of the Influence of Photo-

current and External Resistance on the Spec-
tral  Sensitivity of Selenium Photocells —I. 

Wolf. (Ann. Phys. (1.ps.), vol. 8, pp 3G-40; 
July 31, 1950.) Two methods are discussed for 
measuring spectral sensitivity, via., (a) using 
an illuminating source with uniform energy 
spectrum, and (b)  with  the photocurrent 
maintained constant. The spectral sensitivity 
varies in the former case with the intensity of 
the illumination; in the latter case, with the 
value of the photocurrent, and in both cases 
with the value of the external resistance con-
nected. A physical explanation is advanced. 

621.384.5:621.316.722  3159 
Variations in Extinction Voltages of Glow. 

Discharge Voltage-Regulator Tubes—F. A. 
Benson. (Joao.. Sri. Jima,., vol. 28, p. 186; 
June, 1951.) •The extinction voltages of • 
large number of tubes covering fifteen different 
types have been recorded. The effect of life 
on extinction voltage has also been deter-
mined. 

621.384.5:621.396.662  3160 
The  Development  of  Tuning-Indicator 

Valves for Broadcast Receivers -F. al alea-h 
fEta•lio Mentor, vol. 17, pia. 124-129; March, 
1951.) Review 01 development leading to the 
design of the E fit 71, a small loktabliase magic-
eye tube giving a single aide-angle shadow 
sector. The cathode is offset from the axis of 
the tube, and the beam deflection is produced 
by a rod nearly parallel to the cathode, together 
with a symmetrically placed pair of auxiliary 
angle-plate electrodes held at target potential. 

621.385  3161. 
New  Vacuum  Tube  Materials—A.  P. 

!lease and F. II. Fehr. ( Telt• Tech, vol. 10, pp. 
30,32 and 33-35; June and July,  last.) 
Procewing steps applied to terratex, a mica 
substitute, to render it suitable for use in 
tubes, are described, and properties of the 
material are compared with those of natural 
micas. Developments In the use of Al-clad Fe 
as a substitute for Ni Ate also reported. 

621.385 621.307.62  3162 
Characteristics of the New Transcontinen-

tal Series of Television Valves  J. Nialane. 
(Emit,' franc., nos. 2 anal 4, pp. 16 and 22 24; 
February and April, 1951.) Details of a set of 
nine tubes for use in television receivers. 

621.385• 681.142  3163 
Systematization of Tube Surveillance in 

Large Scale Computers—II. W. Spence. 
2-  , vol. 70, pp 605 608; July, 1951) 1951 
A WE Winter General Meeting paper. When 
tailure occult' in the ENIAC AC computer, all 
tubes in the faulty circuit are replaced; the old 
tubes are tested, and results are logged on a 
card index. Results of the analysis of the data 
are presented, showing the average life of the 
various t ypes. Details of the methods of testing 
anal of the functions of the tubes in the circuits 
are given. 

621.385.012.  3164 
Electron Tube Ratings at Very High Alti-

tudes —R. J. Bibbero. (Tele-Tech, vol. 10, pp. 
42 44; May, 1951.) A discussion of the effects 
of altitude on envelope temperature, and the 
extent to which anode dissipation must be 
derated to prevent excessive heating and reduc-
tion of tube life. Measurements are described, 
and typical graphs included for specific tube 
types. 

621.385.029.64+621.396.622.6  3165 
Valves and Crystals for Ultra-high Fre-

quencies —(Radio franc., no. 4, pp.  14-18; 
April, 1951.) Productions of the Com pa gnie 
Frangaise Thomson-Houston are described, 
with  their  working  characteristics.  These 
include: the magnetron RII M 1232, giving a 
pulsed output of the order of 40 kw at 3 cm 
wavelength; the reflex klystron RHK 6332, 
for the same band; and Si-crystal mixers and 
detectors for the 3-cm and 10-cm bands. 

621.385.029.64  3166 
Electron  Beams  and  Electro-magnetic 

Waves —R. Warnecke, 0. DIShler, and W. 
Kleen. (Wireless Eng., vol. 28, pp. 167-176; 
June, 1951.) A generalised theory of interac-
tion, restricted to the case of small signals and 
applicable to the behavior of an electron 
beam in the drift space of a velocity-modulated 
tube, to the traveling-wave tube, including its 
operation at high current density, and to the 
properties of the electron-wave tube. Comport-
eon is made with the theories of other workers. 

621.385.020.64:537.533.72  3167 
Space-Charge Effects in H. F. Modulated 

Electron Streams —J. Labile. (Ana.  Phys., 
(Lpir.), vol. 9, pp. 6-18; March, IS, 1951.) 
Dynamic space-charge effects, which arise in 
an initially neutral plasma as • result of the 
inability of the heavy ions to oscillate at high 
frequencies, have an adverse influence on the 
Phase focusing of a beam. Static (I e., time-
invariable) electronic space charge, on the 
other hand, Is advantageous in that it increases 
transit time. A differential equation for the 
electron velocity is developed in which the 
coefficients are independent of position for 
vanishingly SITIAll values of static space charge. 
Starting from this !Katie condition, a solution 
is derived in terms of • disturbing parameter 
defined by the ratio of the space charge to the 
electronic charge. The closer the condition of • 
pure  electron  stroam  is approached,  the 
smaller is the defocusing action of the dy-
namic space-charge effect compared with the 
static. 

621-38.5.032.216  3168 
Life of Valves with Oxide-Coated Cathodes 

— C. C. Eaglesfield. (Elec. Cossisems. (London), 
vol. 28, pp. 95-102, June, 1951.) Tube-emission 
characteristics  deteriorate  because  of  the 
formation of • resistive barrier between the 
cat hode con and the oxide coating. This gradu-
ally builds up to a nOtTnallard resistance value 
of about 40 Oa and then stays constant. The 
possibility of reducing the effects of this resist-
ance by suitable circuit design is discussed 
brirth 

621.385.032.216:546.841 3  3169 
Thoria as • Cathode Emitter — W. E. Dan-

forth. (lone. Frank. last ,vol. 251. pp. 515-520; 
May, 1951.) The characteristics which render 
Iberia in some cases more suitable as a cathode 
material than Ba/Sr oxides, are examined. 
Pulsed emission currents up to 4 a/cm* at 
1,600•C and 15 a:cral at 1,800•C, can be 
obtained. The decay of emission with time is 
much slower than with Ba/Sr oxides, the time 
constants being of the order of 0.1 second. 
The maximum dc emission. Le., the equilibrium 
emission after decay, is between 1 and 5 a/cm*. 
In pulsed applications, the life of a thoria-
coated cathode is determined by its evapora-
tion rate. At 1,800•C the coating disappears at 
the rate of about 1 mil thickness in 300 hours. 

621385.15.012.6:537.525.92  3170 
High-Speed  Ten  Volt  Effect —R.  M. 

Matheson and L. S. Nergaard. (RCA Res., 
vol. 12, pp. 258-268; June, 1951.) The 1/V 
curve for diodes with oxide-coated cathodes has 
been observed to depart from the Langmuir 
frower law for anode voltages greater than 
10 v. Experiments indicate that the departure 
is due to secondary emission of electrons from 
a layer of BaO formed on the anode. 

621.385.2  3171 
Potential and Gradient Distributions it 

Parallel Plane Diodes at Currents below Space-
Charge-Limited  Values — W.  M.  Brubaker. 
(Phys. Rev., vol. 83, pp. 268-270; July 15, 
1951.) Solutions for the equations of electron 
motion in a plane diode, taking space charge 
into account, are derived in terms of four di-
mensionless parameters related, respectively, to 
current density, potential, distance from cath-
ode, and potential gradient at cathode. For 
one particular distance, the gradient is inde-
pendent of the current density. 
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621.385.2  3172 
Determination of the Point Representing 

the Saturation of a Diode on an Experimental 
log ./...f( VF) Curve —H.  Bonifas. (C'omPl. 
Rend. Acad. Sci. (Paris), vol. 232, pp. 2082-
2084; June 4, 1951.) Quantum-theory considera-
tions are applied to an examination of the field 
conditions at the surface of a thermionic 
cathode, assuming a Maxwellian distribution 
of emission velocities, and a formula is derived 
relating the anode and cathode fields (A and 
Ho, respectively) and the current (I). At 
saturation current, the resultant field at the 
cathode surface is zero, log I passing through a 
maximum or an inflection point with horizon-
tal tangent. Confirmatory experiments have 
been made with cathodes of various types, and 
a "universal" value of the order of 10 kv/cm 
is found for Ho, while the "radius of action of 
the surface atom" is estimated at 3.8X 10-11 cm. 

621.385.2  3173 
Microwave Diode Conductance in the Expo-

nential  Region  of  the  Characteristic —G. 
Diemer. (Philips Res. Rep., vol. 6, pp. 211-223; 
June, 1951.) A transit-time theory is developed, 
assuming a linear retarding field and ignoring 
electron interaction. For diodes with close 
anode-cathode spacing, the value of the conduc-
tance over the exponential part of the charac-
teristic, for anode voltages between -2v and 
-1v, may considerably exceed the total-
emission conductance even in the microwave 
band. Application of the theory to earlier 
measurements on closely spaced diodes reduces 
the existing discrepancy between theoretical 
and experimental results. 

621.385.2  3174 
Space-Charge Distribution, Characteristic 

and Current Fluctuations in "Double Diodes" 
— R. FOrth. (Proc. Phys. Soc., vol. 64, pp. 404-
412; May 1, 1951.) "The distribution of space 
charge and potential in thermionic tubes with 
two hot electrodes ("double diodes") is derived 
by the method of statistical mechanics for 
plane parallel electrodes, first for tubes in true 
thermodynamic equilibrium, and then, ap-
proximately, for tubes with applied external 
voltage or with electrodes at slightly different 
temperatures. The dependence of current on 
voltage in the first case (characteristic), and 
on temperature difference in the second case, 
is calculated. Finally, a general expression for 
the current fluctuations ("noise") in double 
diodes is given and discussed. The application 
of this formula to other types of conductors is 
also indicated." 

621.385.2.01:621.396.822  3175 
Theory and Experiments on Electrical 

Fluctuations and Damping of Double-Cathode 
Valves—K. S. Knot and G. Diemer. (Philips 
Res. Rep., vol. 6, p. 14; February, 1951.) Cor-
rection to papers abstracted in 791 of 1950 
and 507 of March. 

621.385.3: 537.212  3176 
The Penetration Factor and the Potential 

Field of a Planar Triode—P. H. J. A. Kleijnen. 
(Philips Res. Rep., vol. 6, pp. 15-33; February, 
1951.) A calculation of the penetration factor 
is given which is valid for all values of grid-
wire diameter and anode-grid spacing. This 
calculation being too complicated for general 
practical use, the numerical evaluation is given 
for a large number of electrode configurations. 
The results are compared with those obtained 
from previously derived formulas. 

621.385.3:546.289  3177 
p-n Junction Transistors —W. Shockley, 

M. Sparks, and G. K. Teal. (Phys. Rev., vol. 
83, pp. 151-162; July 1, 1951.) "The effects of 
diffusion of electrons through a thin P-type 
layer of germanium have been studied in speci-
mens consisting of two n-type regions with the 
p-type region interposed. It is found that po-
tentials applied to one n-type region are trans-
mitted by diffusing electrons through the p-
type layer, although the latter is grounded 
through an ohmic contact. When one of the 
p-n junctions is biased to saturation, power 

gain can be obtained through the device. Used 
as "n-p-a transistors" these units will operate 
on currents as low as 10 pa and voltages as 
low as 0.1 v, have power gains of 50 db, and 
noise figures of about 10 db at 1,000 cps. Their 
current voltage characteristics are in good 
agreement with the diffusion theory." 

621.385.3.029.63  3178 
A 1.5 kW 500-Mc/6 Grounded-Grid Triode 

—C. E. Fay, D. A. S. Hale, and R. J. Kircher. 
(Paoc. I.R.E., vol. 39, pp. 800-803; July, 1951.) 
The triode described is of planar design, 
operated at an anode voltage of 3kv, and water-
cooled. Copper is used as the grid material to 
reduce its thermionic emission. The apparent 
efficiency at 500 mc, with an output of 1.5 
kw, Is 55 per cent, and the power gain is 6.5. 

621.385.5.011.2  3179 
The Internal Resistance of a Pentode — 

J. L. H. Jonker. (Philips Res. Rep., vol. 6, 
pp. 1-13; February, 1951.) Analysis of Rt, 
defined as  VSO/. with the grid potentials 
fixed. For output pentodes, the electrostatic 
influence of the anode potential on the cathode 
current produces the main contribution. In hf 
pentodes, the most important effect is that of 
the electrons collected by the screen grid 
after being reflected by either the suppressor 
grid or the anode. Comparison of the theoretical 
and measured values of Ri for EF6, EFS°, 
EL3, EL50, and AF7 tubes shows rough agree-
ment. The possible reasons for discrepancy are 
discussed. 

621.385.832  3180 
Switch and Storage Tubes —L S. Allard 

and R. T. Hill. (Wireless Eng., vol. 28, pp. 
187-191; June, 1951.) Brief descriptions are 
given of a number of tubes, including an indi-
cation of the type of service for which they are 
suitable, methods of construction, and per-
formance. Precautions necessary to eliminate 
spurious signals in the case of storage tubes 
with fluorescent screens are discussed. 

621.385.832:621.3.087  3181 
The  Recording  Storage  Tube —R.  C. 

Hergenrother and B. C. Gardner. (Paoc. 
I.R.E., vol. 39, p. 806; July, 1951.) Correction 
to paper noted in 2942 of 1950. 

621.385.832:621.397.6  3182 
Graphechon Writing Characteristics—A. H. 

Benner and L. M. Seeberger. (RCA Rev., vol. 
12, pp. 230-250; June, 1951.) The results of an 
experimental  investigation  are  presented. 
Graphs are given for calculating the perform-
ance of graphechons as storage devices for 
radar ppi displays. By integrating successive 
radar pulses, improvement of signal-to-noise 
ratio can be obtained. 

621.385.832:621.397.621.2  3183 
Improved Electron-Gun Ion Traps—C. S. 

Szegho and T. S. Noskowicz. (Tele-Tech, vol. 
10, pp. 45-47; June, 1951.) The design is based 
on parallel displacement of the anode axis 
from the cathode-grid axis. Negative ions and 
electrons are equally deflected by the electro-
static field caused  by this displacement. 
Subsequent magnetic deflection separates the 
ions from the electrons, the latter being guided 
through a small aperture in the anode. The 
design ensures good spot roundness. Correct 
axial displacement in assembly is facilitated 
by using a fluorescent coating on the outside 
of the anode. 

621.396.615.141.2  3184 
Low-Voltage Tunable X-Band Magnetron 

Development—G. A. Espersen and B. Arfin. 

(Tele-Tech., vol. 10, pp. 50-51, 84 and 30-31, 
70; June and July, 1951.) Description of the 
Type PAX3 magnetron. The tuning range is 
9.300 to 9.320 kmc, peak power output is 50w 
minimum, weight <2.5 pounds. Frequency la 
stable to within ± 3 mc over a temperature 
range of 80°C. 

621.396.615.141.2  3185 
The Magnetron in the Cut-Off State; 

Transition from Cylindrical to Planar Case— 
J. L. Delcroix. (Compl. Rend. Acad. Sc., 
(Paris), vol. 232, pp. 2298-2300; June 18, 1951.) 
The planar magnetron has been treated else-
where as the limiting case of the cylindrical 
magnetron when the radii of cutoff surface 
(b) and cathode (a) tend to equality, but this 
holds only if a tends simultaneously to co. 
A critical value of b/a exists for which the BrIl-
louin and bidromic states become Identical. 
The distribution of the space charge for the 
bidromic case with Pia nearly equal to the 
critical value is discussed, and a correct method 
for effecting the transition from the cylindrical 
to the planar case is presented. 

621.396.615.141.2  3186 
An Experimental Investigation of the Elec-

tron Orbits in a Magnetron —R. Svensson. 
(Pnoc. I.R.E., vol. 39, p. 838; July, 1951.) 
An experimental tube for investigating non-
oscillating magnetrons is described. Photo-
graphs of the traces observed on a fluorescent 
screen are consistent with electron orbits of 
cycloidal character. Modifications for use with 
an oscillating magnetron are suggested. 

621.396.615.142.2:537.291:537.525.92  3187 
The Influence of Space Charge on the Phase 

Focusing of Electron Beams —F. Borgnis: 
J. Labus. (Z. Naturf, vol. 5a, pp. 175-176; 
March, 1950.) Comment on paper noted in 
3568 of 1948 (Labus) and author's reply. 

MISCELLANEOUS 
014.5:05 Electronics  3188 

Electronics Cumulative Index, 1930-1939 + 
(Electronics, Annual Buyers' Guide Issue, vol. 
24, pp. CI-C36; June, 1951.) Alphabetical sub-
ject and author indexes are given for all arti-
cles in Electronics during the first ten years of 
publication. It is planned to publish similar 
indexes for the period 1940 to 1949 in the 1952 
Buyers' Guide Issue. 

05/3.7  3189 
Alphabetical Listings of All Components, 

Complete Units and Allied Products used in 
Electronic Equipment for All Purposes —(Elec-
tronics, Annual Buyers' Guide Issue, vol. 24. 
pp. DI-D168; June, 1951.) Lists are given of 
the products of more than 2,500 American 
manufacturers. A trade-narus index and a list 
of distributors are also included. 

621.3  3190 
Electricity at the 35th Swiss Industries 

Fair at Basle —(Bull. schweiz. elektrotech. Vet., 
vol. 42, pp. 162-198; March 24, 1951.) Illus-
trated review of equipment shown, including 
power units, regulators, meters, etc. 

621.396.029.6  3191 
Grundlagen  der  Hochstfrequenztechnik 

(Principles of Very-High-Frequency Engineer-
ing) [Book Reviewl —F. W. Gundlach. Pub-
lishers:  Springer  Verlag,  Berlin/Gottingen 
/Heidelberg, and J. F. Bergmann, Munchen, 
Germany, 1950, 499 pp., 48 DM. (Z. Vet. 
Dtsch. Inc., vol. 93, p. 456; June 1, 1951.) A 
comprehensive work of the greatest value 
for engineers and others. Knowledge of the 
theory of electrodynamics is assumed. 
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