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THE OPERATI 
Induction hardening of 17" five.blade 

lawn mower reel assemblies at REO 
MOTORS INC., Lansing, Michigan. 
Discarded method: 15 per hour. New 

method: one a minute or 300% gain 

in production. Problems of scale for-

mation and warpage, formerly costly 

and unpredictable, now negligible. 

Additional savings in other depart-

ments such as complete assembly of 

blades, spiders and shaft up to fin-

ished grind. 

qu ency 
Mo del "1070 THIER-MONIC high fre   induction 

generator with on ou tput of 1070 BTU's per minu te or ap• ycles per 

proximately 20 KW at a frequency of 375poo c   

second. A tw o-posi  N 
tion  automatic work table,with simple work. All equip.  

press-the-button control, speeds the 
trent designed and manufactured by  INDUCTIO 
HEATING CORPORATION. NEVI YORK 3. N. Y. 

Induction heating may be the answer to your 

hardening, brazing, melting, forging and an-

nealing problems. In induction heating as in all 

Industrial, communication, rectification, electro-

medical, special purpose and experimental 

Four Amperes TYPE STSA Reefi• 
ers: Mercury Vapor, High Voltage. 
An original Amperex contribution 
Particularly  noted for reliability 
and long life. Peak inverse volt• 
age, rating, 15,000; Plat* cut• 
rent rating, 1.5 Amps. 

Two Amperes TYPE 892 Oscilla-
tors: three-electrode,  water-cooled 
external copper anode; standard for 
generation of HF power. Anode 
dissipation  conservatively  rated 
or 10 KW. 

equipment, AMPEREX TUBES are vital for perfor-

mance, long life and economy. As tube special-

ists concerned with all electronic developments 

Amperex engineers are in a position to give 

detached counsel and information. 

Write Amperex Application Engineering Department 

ECTROOIC  CO 
75 WASHINGTON STIEFT, 111100KIYN I. N Y CAllfS  ACAS 

In Canada sod NewtosinsPensli 1110GFIS MAJISTIC UNITED. 677 flee Sr..., We,, yoro ,  76 
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PRESENTS THE ENTIRELY NEW 

•UNEQUALLED ADF PERFORMANCE  •REDUCED AIR D AG  •REDUCED WEIGHT'  •REDUCED SIZE 

• IMPROVED ELECTRICAL TUNING  • EFFECTIVE NOISE-LIMITER 

" Complete single ADF 
installation 42 1/2  pounds 

I FLEXIBLE INSTALLATION 

• 01, 
Newest product of Bendix Flight Engineering— the NA-2 ADF Syttem --developed by the same 

engineers who designed the world-famous MN-31 and NA-1 A M Systems—meets aviation's in-
creasing need for improved long-range perforMance, reduced air drag and weight with increased 
flexibility of installation. Elimination of loop and antenna transmission lines and use of a complete, 
miniature RF tuning unit adjacent to the miniature„ tuned loop and sense antenna results in 
greatly improved sensitivity over other ADF systems. 

The NA-2 System is particularly well-adapted to large aircraft installations due to circuit 
arrangements permitting grouping of the loop, sense antenna and miniature RF. unit 100. feet or 
farther from the MN-75A 1F-AF unit, which contains the i.f., audio, power and automatic loop 
control circuits. Remote control may be located at any desired distance from associated equipment. 
be Bendix electrical tuning system provides smooth, finger-tip control without the .undesirable 

"back lash" characteristic of mechanical remote tuning; 
_  systems nor the "overshooting" of earlier electrical 

M N-70A  tuning systems employing "left-right" switches or 
MI NIATURE RF U NIT rheostats. Hermetic sealing of the loop and other com-

ponents assures long life and trouble-free.operation wit 
a minimum of maintenance. 

M N-07A A ATE N NA 

ENCL OSE D IN M N-34 A 

H O USI N G WIT H  Lo o p 

PA N-SEIA 

IN DI CAT OR 

ID uAL A DF1 

IA N-74 A 

RE M OTE C O NTR OL 

M N- BBA 

IN DI CAT OR 

'DI N GLE A DE) 

M N.7 SA 

ir-AF U NIT A N D M R-74 CA 

M O U NTI N G PA GE 

STANDARD FOR THE AVIATION INDUSTRY 

OBENDIX RADI011 
BENDIX RADIO DIVISION 
BENDIX AVIATION CORPORATI ON 

BALTI MORE 4, MARYLAND AVIATION  CORPORATION 
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is team is 

1915 

The ocean, long a barrier to spoken com-
munications, was conquered when 
Bell System engineers designed, 
built, and operated the transmit-
ter which first sent the human 
voice across the Atlantic 

and Pacific. 

1916 
A Western Electric transmitter was used 
in one of the pioneer ship-to-shore 
radiotelephone experiments. Thir-
teen years later the first regular 
commercial service was estab-
lished with Western Elec-

tric equipment. 

1917 
With the _first airborne transmitter, 
Western Electric demonstrated two-
way radiotelephone between a plane 
in flight and the ground. From 
this earliest experiment came 
commercial airline equip-

ment in 1930. 

1920 
Western Electric radio became a part 
of the nation's telephone system when 
it was used to connect Catalina 
Island to the mainland. Seven 
years later, the Bell System 
offered commercial radio-
telephone service to 

Europe. 

1922 
Western Electric manufactured and 
installed the first "high power" 
(500 Watt) commercial broad-
cast transmitter— for the 
Detroit News Station 

W WJ. 

1930 
Transmitter designed by Bell Labora-
tories first used for one-way contact 
withpolicecars.Police used Western 
Electric fixed station transmitters 
as early as 1922, and two-way 

mobile equipment 
from 1935. 

From the basic developments pic-
tured at the left, the team of Bell 
Laboratories and Western Electric 
continued to set the pace with the 
best in transmitting equipment. 
Among the later advances pioneered 
by this team were: 

1928. The first 50 kw commercial broadcast 
transmitter, built by Western Electric, in-
stalled at WLW, Cincinnati, Ohio, 

193S. A 50 kw Western Electric AM trans-
mitter installed at WOR was the first to 
incorporate the Bell Laboratories-designed 
stabilized feedback circuit, since accepted 
as a broadcasting standard. 

1937. The first single sideband transmitter 
was introduced for long distancespoint-to-
point communications. The world-wide mil-
itary communications network used in the 
war came directly from this development. 

1938. Flying tests of the first VHF aircraft 
transmitter showed relatively static-free 
communication at all times. Modifications 
of the original Bell Laboratories design 
were used for basic Army-Navy aircraft 
radiotelephony in World War II. 

1940. The first Synchronized FM transmitter 
installed at WOR enabled broadcasters to 
put top-quality FM programs on the air and 
keep them on their assigned frequency. 

1941. First FM transmitter to use grounded 
plate amplifier circuit was Western Electric 
10 kw installed at WOR. 

1941. Twelve talking channels adjacent to 
each other, available for the first time on 
a single radio frequency band, used to 
connect telephone lines on either side 
of Chesapeake Bay. Envelope feedback 
developed by Bell Telephone Laboratories 
and applied to the carrier technique in 
radio telephony made this possible. 

QUALITY COUNTS-
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The experience gained during the war, when the 
Bell Laboratories-Western Electric team was the 
largest supplier of communications equipment, 
added greatly to the skill and knowledge acquired 
through 30 years of transmitter development. 
This background, plus unequalled research and 

manufacturing facilities, prov ides assurance that there 
arc no finer transmitters than those designed by 
Bell Telephone Laboratories and built by Western 
Electric—whether for AM or FM broadcasting, 
point-to-point radiotelephony, or any type of com-
munication or mobile service. 

1943. The ARC-1, a crystal con-
trolled ten frequency transceiver, 
used by the Navy's fighter planes 
during the war, has been accepted 
as standard VHF equipment by U.S. 
airlines. Provides nine plane-to-
ground frequencies and one plane-
to-plane frequency. 

1947.  The Western Electric 238. 
type mobile radiotelephone system 
is providing dependable Bell Sys-
tem service between vehicles and 
any wire telephone in a growing 
number of cities and along trunk 
highways. 

1947. The new TRANSVIEW design 
FM transmitter, being produced in 
1, 3 and 10 kw units, for the first 
time provides the operator with 
an unobstructed view of all tubes 
while in operation. Incor-
porates Bell Laboratories-
developed synchronized 
frequency control. 

BELL TELEPH ONE LABORATORIES 
World's largest organization devoted exclusively to research 
and development in all phases of electrical communications. 

Western Electric 
Manufacturing, unit of the Bell .% stem and the nation's largest 

producer of communications equipment. 
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Mounted in a 19-in, relay rack as illustrated 

above, two Eimac 3X2500A3 triodes are regularly 

pushing more than 10 kw of useful output power into 

a water-cooled load in the Eimac testing department. 

As measured, 12,500 watts is being delivered at 110 

mc. The tubes are operating class C in a grounded-

grid circuit, which requires no neutralizing and gives 

an apparent overall efficiency of 90 per cent. Circuit 

losses are reduced to a minimum by the use of low 

plate voltage. The 3X2500A3's deliver 12.5 kw at 

only 3500 plate volts. 

So compact are the 3X2500A3 triodes (see inset 

closeup) that the entire final amplifier and driver can 

be housed in the equivalent space of two five-foot 

racks. The driver section, as shown at the right, pro-

vides 3 kw of driving power with four of Eimac's new 

4X500A tetrodes in a push-pull parallel circuit. The 

low plate-voltage requirements of the 3X2500A3 also 

permit use of a common power supply for driver 

and amplifier. 

-imou- •  I • Am mor- . 
• Experimental 12 1/2 kw 110 mc amplifier, above, 

and detail of Eimac 3X2500A3 triodes in final stage. 

Combination plate lines and air ducts simplify cooling. 

Simple compact transmitter design is now 

made possible in the higher power brackets of 

the new f-m band. The Eimac 3X2500A3 offers 

a number of design advantages such as low 

driving power, low plate voltage, functional 

electrode terminations, and tool-less installation 

and removal. Write for full particulars. 

(lift-McCULLOUGH, INC.,1363J San Mateo Ave., San Irmo, Calif. 
ExportAgisnes: Frazor end Hansen. 301 Cloy Street. Son Francisco 11. Calif.. U.S.A. 
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Besides the ability of a pair to produce 

12 1/2 kw of useful power output at 110 

mc, the Eimac 3X2500A3 fills the bill for: 

INDUSTRIAL HEATING ... High power output at low 
plate voltage combines process speed and efficiency with 

safety to personnel. Low voltage is an additional advan-

tage in tough industrial surroundings involving dust, dirt 

and moisture. 

AUDIO AMPLIFICATION... Low plate resistance of the 

Eimac 3X2500A3 gives it excellent qualifications for use 

as a class-B modulator tube. 

SUPERSONICS...Low voltage and high power with 

small driving power requirements combine to make an 

efficient and economical tube for application to low-

frequency work as well as operation in the vhf region. 
This makes it just the tube for high-power applications in 

the supersonic frequencies. 

FILAMENT... Thoriated tungsten for high electron emis-

sion at low temperature and long useful life. 

Outstanding features of the Eimac 3X2500A3 triode include: 

GRID... One hundred per cent useful grid area, with no 

interfering support structure. Grid wires specially 
treated by exclusive Eimac process exhibit suppressed 

primary emission for precise control and stability and con-

trolled secondary emission for low driving requirements. 

THE COUNTERSIGN OF DEPENDABILITY 

IN ANY E ECTRONI C. EQUIP ME NT 

EITEL- McCULLOUGH, INC. 
1363.1 San Mateo Ave., San Bruno, California 

• St., Su franca. 11. CaMona, I. S. L 1 PROCEEDINGS OF THE I.R.E.  March, 1947 

EIMAC 
3X2500A3 
TRIODE 

ANODE ... External type with vertical-finned cooler of a 

size which facilitates combination of plate lines and air 

ducts, at the same time providing ample cooling without 

the need for either high air pressures or inconveniently 
large volumes of air. Sufficient cooling of the entire tube 

can be conveniently performed with only one blower. Low 

plate voltage gives high circuit efficiency, reduces power 

supply costs, minimizes operating failures by arc-over, and 

increases safety. 

LEADS ... Heavy cylindrical leads have low inductance 
and high current capacity. They make shielding easy and 

work well with coaxial lines. Tubes can be inserted and 

removed without tools. 

GET FULL INFORMATION... Write for complete 
application data on the Eimac 3X2500A3 triode. 

SA 



9.4 
Meissner Coils, long the accepted standmd for engineers 

who insist on high quality performance, are designed to 

meet your most exacting requirements. Precision-made, 

these superior components are backed by a 24 year 

reputation for quality and uniformity in manufacture. 

A complete line, including Air Core Plastic I. Fs, Iron Core 

Plastic I. Fs and standard I. Fs. Send for free catalog. 

;4ciaitaae Soot/ 

(  WRITE FOR FULL 
INFORMATION 
immom mik 

-u 
The new Hazeltine Combination AM-IF and FM-IF Single Unit Coils. The 

answer to space and production problems in the design of AM-FM receivers. 

EL E C T R O N I C  DI S T R I B U T O R  A N D 
IN D U S T R I A L  S A L E S  D E P A R T M E N T 

MAGUIRE INDUSTRIES INC. 
936 N. MICHI GAN AVE N UE  • CHICAG O 11, ILLI N OIS 
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AB OR AT ORY  IN STR U ME NTS  FOR  SPEE D  AN D  AC C U R A C Y 

R. M.S. VOLTS 

.4  .6 

0 
x.t) 

D IBELS  MW. 600 0 

-hp- 400A VACUUM TUBE 
VOLTMETER 

Precise, Swift Measurements 
between .005 and 300 volts, 
10 cps to 1 mc. 

There's an almost limitless number 
of uses for this practical, wide-band 
-bp- voltmeter in today's laboratory, 
plant, production line, electrical or 
electronic installation. Power or car-
rier circuit voltages,capacity,hum and 
output level, amplifier gain, network 
response, audio to video voltages— 
this -13p- model 400A quickly and 
accurately measures them all. The 
simple panel control gives you in-
stantaneous choice of 9 direct reading 
voltage and decibel ranges. Each 
decibel range is related to the next 
by a 10 db interval. 

For greatest precision in voltage 
measurement, this -hp- 400A volt-
meter has an open, easily-read linear 
scale. Because of generous overlap 
between ranges, it is always possible 
to make readings well up on the scale, 
thus minimizing meter frictional 

MAXIMUM ACCURACY ON 

THIS -hp- LINEAR SCALE 

errors. Tedious switching during a 
series of measurements can always 
be eliminated by selection of the 
proper range. The linear scale meter 
is exceptionally rugged, and will 
maintain its high degree of accuracy 
over a long period of time, despite 
hard knocks in the field. 

The overall accuracy of the -hp-
400A voltmeter is within 3% to 100 
kc; 5% to 1 mc. Variations caused by 
changing line voltage or aging tubes 
affect readings less than 3%. Input 
impedance of 1 megohm enhances 
exactness of measurement because 
circuits under test are not disturbed. 
And overloads 100 times normal do 
not appreciably affect performance of 
this light, compact instrument. 
Write or wire today for further 

details. Immediate shipment can be 
made from stock. 

HE WLETT-PACKARD CO MPANY 
1358D  PA GE  MILL  RO AD  • PAL O  ALT O,  CALIF OR NI A 

Export Agents: Frazar and Hansen, 301 Clay Street, San Francisco 11, California, U.S. A. 

Power Supplies • Frequency Standards • Amplifiers • Electronic Tachometers • Noise and Distortion Analyzers • Audio Signal Generators • Attenuators 

Frequency Meters • UHF Signal Generators • Square Wave Generators • Audio Frequency Oscillators • Wave Analyzers • Vacuum Tube Voltmeters 
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R .4 S. sot ry 
6 

MODEL  400 A 

These -hp- Representatives 
Are at Your Service 

CHICAGO 6, ILLINOIS 

Alfred Crossley 
549 W. Randolph Street 
State 7444 

DENVER 10, COLORADO 

Ronald G. Bowen 
1886 South Humboldt Street 
Spruce 9368 

HIGH POINT, NORTH CAROLINA 

Bivins & Caldwell 
134 West Commerce Street 
High Point 3672 

HOLLY WOOD 46, CALIFORNIA 

Norman B. Neely Enterprises 
7422 Melrose Avenue 
Whitney 1147 

NE W YORK 7, NE W YORK 

Burlingame Associates Ltd. 
II Park Place 
Worth 2-2171 

TORONTO 1, CANADA 

Atlas Radio Corp. Ltd. 
560 King Street West 
Waverley 4761 
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FREQUENCY MULTIPLIER 

CRYSTAL OSCILLATOR 

SINGLE PHASE SHIFTER 

AUDIO 

AUDIO 

INPUT 

PHASE 

SHIFT 

MODULATION 

RAYTHEON FM 
IS BETTER... 

It Ways 
&reelhance  elf2chonie4 

BECAUSE IT: 

1. Features direct crystal control 

2. Gives the most desirable electrical characteristics 

3. Contains fewest circuits, fewest tubes 

4. Has the simplest circuits 

5. Is easiest to tune and maintain 

6. Has inherently the lowest distortion level 

AND ELI MINATES ALL: 

7. High orders of multiplication 

8. Complex circuits 

9. Expensive special purpose tubes 

10. Discriminator frequency control circuits 

11. Pulse counting circuits for frequency control 
12. Motor frequency stabilizing devices 

See your consulting engineer and write for fully illustrated 
booklet giving complete technical data and information. 
Write today to: 

RAYTHE O N  M ANUFACTURI N G  CO MPA N Y 



Introduces another 
entirely NE W and improved PHONOGRAPH 
CARTRIDGE...the Model "QT." 

THIS 'QUIET TALK" CARTRIDGE IS DESIGNED ESPECIALLY 
FOR HOME USE AND IS EQUIPPED WITH A REPLACEABLE 
NEEDLE OF THE MOST ADVANCED TYPE. 

THE improved design of this needle, al-
lowing appreciably more vertical compli-

ance than has heretofore been possible, 

results in a VAST REDUCTION in the amount 

of surface noise which is ordinarily radi-

ated directly from the needle. Pleasing 

reproduction and the absence of acoustic 

noise, together with low order of distor-

tion, make the "QT- Cartridge ideally 

suited for home use. 

Precious 
Metal 
Tip 

Jewel 
Tip 

TYPE "Ca  AVAILABLE 

IN TWO MODELS 
Model "QT-M" is sup-

plied with precious metal-
tipped stylus; Model "QT-
J"  with  sapphire-tipped 
(Jewel)  stylus.  Both 
models  are  identical  in 
every other respect. 

SPECIAL "QT" LITERATURE AVAILABLE 
UPON REQUEST 

Simple Method Devised for the 

Removal and Insertion of Needles 

Needles in the "QT" Cartridge may be re-

moved quickly by placing knife blade beneath 

needle and prying gently upward. Replace-

ments are made by inserting shank of needle 

in socket and pressing down gently. 

4.Avisfi jis, CORPORATION 
CONNEA UT  0410 

'q * C  (1,1C, •No 'C OD  101C,  •••• 

Asiatic Ctystal Devices MnnulactuieJ 
unclog Brush Development Co patents 

PROCEEDINGS 0. 11lE I.H.E.  March, 2911 



The Rauland V/SI TRON 10FP4/R6025 

... the NEW Picture Tube with 
Unprecedented Brilliance 

• 

lJkfl O  
itecttl-e  

aNvi 
vivt— ce vort  *21, 

ce '0% 
• e;4' NI• 

'N. 

-. r -4.. 

N E W! 
ALU MINIZED 

REFLECTOR SC  

Doubles the Brilliance 
Highlight: 7S foot lamberts (avge. ) 

Contrast  Range: Over 100 to 1 

No /on Spot—No Cathode Clow 

Specifications of the Rauland Visitron 10FP4/R6025 

Heater Voltage 6.3 A.C. or D.C. 

Focusing Method Electromagnetic 

Deflection Electromagnetic 

Deflection Angle 50 Degrees 

Screen 
Phosphor P4 
Aluminized Reflector 

Bulb Diameter (Max.) 103/s" at screen end 

Length 173/8" +_ 3/i" 

Base Small Shell Duodecal 7 Pin 

Anode Terminal Cavity 

Anode•Volts (Max.) 13,000 

Anode Volts (Operating) 9,000 

External Coating (Optional): 500 mmf. 

RADIO • RADAR • SOUND • 

10A 

10FP4 

AVERAGE CHARACTERISTICS 
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90 
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LI 50 
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1. 30 

20 

10 

Et 
ANODE 
GRID 
RASTER 

• 6 

No 

OW 

3 vOLTS 
VOLTS 
2.250 
SIZE 
FOCUSED 

• 9000 
VOLTS 

I 

i 
1---

1 

I 

.--..-- 

/.. 

_I__1_11_1_1_
1__I__i__ 
GRID

 DRIVE • 
CUTOFF, 

VOLTAGE I 

- 

-U. U. 

•0  50 
GRID DRIVE - VOLTS 

800 

700 ;0. 

600 
2 

500 

400 0 

300 

200 

100 

• WRITE FOR INTERESTING BULLETIN . 

- COMMUNICATIONS • TELEVISION] 

Electroneering is our business 

THE  RAULA N D  CORP OR ATI O N  •  CHIC A G O  41,  ILLI N OIS 
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BIG TUBES MAKE LITTLE ONES 
That's right. Big power tubes help build little receiving tubes. Secret of the 
electronic tube is its ability to pass a controlled stream of electrons through a 
vacuum. During the intricate exhaust process. electronic ,induction heating assists 
in creating that vacuum. 
The induction heater (small illustration) is a 750-kilocycle. 6-tube. 10-kilowatt 
power oscillator whose tank coil is coupled to the exhaust coils. Four of these 
coils poised over Hytron 12SA7GT sealed-in mounts are caught by the camera a 
split second before the exhaust machine automatically positions them around 
the mounts. 
High frequency current in the coils quickly heats red hot by induction the inter-
nal metal parts of the mounts. Gas driven off is sucked through the exhaust tube 
of each mount by the vacuum pumps. Heater leads riding in the two circular 
tracks supply filament power to activate each cathode. Also by induction heating. 
"getters" are flashed to absorb residual gasses. Fingers of gas flame finally melt 
and seal off the exhaust tubes. 
An intricate machine—assisted by electronics itself— performs the ticklish ex-
haust job easily, speedily. Again know-how supplants the element of human error 
with the infallibility of the machine. Machine-paced, a sequence of finely-controlled 
precision operations gives you Hytron tubes of typically uniform quality. 

SPECIALISTS IN RADIO RECEIVING TUBES SINCE 1921 

I M011.0 I MO EIL ECNIIL OV NCS CO RP 

Howe you rece.ved your 
copy of the new. cornpre-
hensiwe Hytron m.n.ature 
Tube Reference Guide; If 
not wr.te for .1 today. 

M A I N  O F F I C E  S A L E M ,  M A S S A C H U S E T T S 

PROCEEDINGS OF THE I A 1 la 
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• 
The full Revere facilities, including the 
Revere Technical Advisory Service, are 

made available to you through the 
Offices listed here. 
In addition Revere Distributors in all 

parts of the country are eager to serve 

you. 

REPERE 
COPPER AND BRASS INCORPORATED 

Founded by Paul Revere in 1801 

230 Park Avenue, New York 17, New York 

Mills: Baltimore, Md.; Chicago, III.; Detroit, Mich.; New 
Bedford, Mass.; Rome, N.Y.—Sales Offices in PrincipalCities, 

Distributors Everywhere. 

DIVISION OFFICES AND MILLS 

BALTIMORE DIVISION 

P. 0. Box 2075 
1301 Wicomico Street 
Baltimore 3, Md. 
Phone: Gilmor 0222 
Teletype: BA 164 

MICHIGAN DIVISION 
5851 West Jefferson Avenue 
Detroit 9, Mich. 
Phone: Vinewood 1-7350 
Teletype: DE 237 

ROME DIVISION 
Rome, New York 
Phone: Rome 2000 
Teletype: ROME N Y 447 

MAGNESIUM-ALUMINUM DIVISION 
P. 0. Box 2075 
1301 Wicomico Street 
Baltimore 3, Md. 
Phone: Gilmor 0222 
Teletype: BA 164 

DALLAS DIVISION 
2200 No. Natchez Avenue 
Chicago 35, III. 

Phone: Merrimac 2600 
Teletype: CO 957 

NE W BEDFORD DIVISION 
24 North Front Street 
New Bedford, Mass. 
Phone: New Bedford 8-5601 

Teletype: NB 87 

CHICAGO MANUFACTURING 

DIVISION 
2200 Na. Natchez Avenue 

Chicago 35, III. 
Phone: Merrimac 2600 
Teletype: CG 957 

ROME MANUFACTURING 
COMPANY DIVISION 

Rome, New York 
Phone: Rome 2800 
Teletype: ROME N Y 449 

AT YOUR SERVICE 
DISTRICT SALES OFFICES 

At above Mill Points and in the following cities 

ATLANTA 3, GA. 
Rhodes-Haverty Bldg. 
Phone: Main 2142 
Teletype: AT 96 

BOSTON 10, MASS. 
140 Federal Street 
Phone: Hubbard 7190 

BUFFALO 7, N. Y. 
1807 Elmwood Avenue 
Phone: Delaware 7616 

CINCINNATI 2, OHIO 
Carew Tower 
Phone: Main 0130 
Teletype: Cl 171 

CLEVELAND 15, OHIO 
Midland Bldg. 
Phone: Cherry 3930 
Teletype: CV 572 

DALLAS 1, TEXAS 
Tower Petroleum Bldg. 
Phone: Central 8681 
Teletype: DL 88 

DAYTON 2, OHIO 
Mutual Home Bldg. 
Phones: Hemlock 3271 & 8921 
Teletype: DY 107 

GRAND RAPIDS 2, MICH. 
Keeler Building 
Phone: Grand Rapids 9-3301 
Teletype: OR 376 

HARTFORD 3, CONN. 
410 Asylum Street 
Phone: Hartford 7-8174 
Teletype: HF 87 

HOUSTON 2, TEXAS 
Mellie Esperson Bldg. 
Phone: Fairfax 7932 

INDIANAPOLIS 4, IND. 
Circle Tower 
Phone: Riley 1322 

LOS ANGELES 15, CALIF. 
714 W. Olympic Blvd. 
Phone: Richmond 9314 

MILWAUKEE 2, WIS. 
626 E. Wisconsin Avenue 
Phone: Marquette 1440 
Teletype: MI 292 

MINNEAPOLIS 2, MINN. 
Metropolitan Bldg. 
Phone: Atlantic 3285 

NEW YORK 17, N. Y. 
New York Central Bldg. 
75 East 45th Street 
Phone: MUrray Hill 9-6800 
Teletype: NY 1-1222 

PHILADELPHIA 3, PA. 
Sixteen Sixteen Walnut St. Bldg. 
Phone: Pennypacker 5-6133 
Teletype: PH 206 

PITTSBURGH 19, PA. 
Gulf Bldg. 
Phone: Court 4342 
Teletype: PG 572 

PROVIDENCE 3, R. I. 
Industrial Trust Bldg. 
Phone: Gaspee 8110 

ST. LOUIS 8, MO. 
3908 Olive Street 
Phone: Newsteod 0300 
Teletype: SL 191 

SAN FRANCISCO 4, CALIF. 
Russ Bldg. 
Phone: Sutter 0282 

SEATTLE 1, WASH. 
1331 Third Avenue 
Phone: Main 8372 

10-1-46 
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When a little 
means a lot 

Whenever and where% er space is at a premium ... I 
in shavers, hearing aids, pocket radios, guided! 

missiles and other radio, electrical or electrinic 
devices ... you can use one or more of thise four 

miniature products IRC makes-b y-1 
e-million. 

For complete information, inclu ng dimensions, 
ratings,. materials, constructien, tolerances, write 

for 'comprehensive catilog bulletins, stating 
products' in which you are interested. 

I 
I 
I 
I 
I 
I 
I 
i 
t 
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S 
T 
R 
A 
T 
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MPM Resistors 

1 , watt for UHF. Resistance film permanently 
bonded to solid ceramic rod. Length 
only 916". Diameter '16". Available 
resistance values 30 ohms to LO megohms. 

Composition volume or tone control. 

Its 131"6" diameter and 1z2" overall 
depth include knob and bushing. 

INTERNATIONAL11 
401 N. BROAD STREET4 

IN CANADA INTERNATIONAL S& 

A 

A 

BTR Resistors 

watt —insulated composition. Length 
% only ". Diameter 332". Resistance 

range 470 ohms to 22 megohms 
(higher on special orders). 

TYPE SH Fingertip Switch 

Similar to TYPE H Control (left) in appearance. 
"is" diameter. OFF and 3 operating positions. 

tv̀ANCE COMPANY 
VI,IA 8, PENNSYLVANIA 

MP  LTD, TORONTO, LICENSEE 

Copyright, 1947, International Resistance Company 

PROCLEDIAG.s 191i 13A 



THE HIGIFVOLTIGE COUPLING CAPACITOR 
iorlivapirdi4  /at.ovaisla 

r4d0t95,6kops 

HAVE YOU A COUPLING 

CAPACITOR APPLICATION? 

In furtherance of their extensive 
coupling capacitor research, Sprague 
engineers will welcome the oppor-
tunity to discuss other applications 
where high-voltage units of this 
general type may prove useful. 

Thanks to the development of the Sprague 
High -Voltage Coupling Capacitor, one line 
—the power line—can now provide both 
power and telephone services in rural areas 
on the Rural Electrification Authority 
System. 

When the entire rural catrier current tele-
phone program was stymied and about to 
be junked for want of a safe, low cost 
means of coupling telephones to a 7200 
volt distribution line, Sprague came through. 

The Sprague coupling capacitor is a safe, 
low cost, hermetically-sealed, corona-free 
coupling unit only one-tenth the size and 
weight of other capacitor types formerly 
considered for this purpose. It is glass 
enclosed and completely weather proof. 

Although operated on 7200 volt distri-
bution circuits in this case, Sprague High-
Voltage Coupling Capacitors will withstand 
ten 11/2 x 40 microsecond test impulses 
of 95 Ky. 

This .002 mfd. capacitor is conservatively 
rated at 8700 volts, 60 cycle AC. 

SPRAGUE ELECTRIC COMPANY 
NORTH ADA MS  MASSACHUSETTS 

I. 

e h' K  4r 

Ii  i-
SPRAGUi 
PI ONEERS OF ELECTRIC AND 

ELECTR ONIC PR OGRESS 

14A 
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Specify These Federal Air Cooled Triodes 
3,000 and 10,000 Watts per pair at 88 to 108 Megacycles 

LEADING FM STATIONS all over the country report that these 

Federal triodes are not only living up to —but far exceeding— 

their exacting specifications, in day-after-day performance on 

the job. 

To us at Federal, such service records are no surprise. Be-
cause long before these tubes were announced, they were sub-
jected to the most rigorous and exhaustive development tests at 

the factory — for dependability, permanence of characteristics, 

overload capacity and long life. And in production, every tube is 
checked and double checked all along the line, from raw mate-

rials to finished product, to assure the utmost perfection of every 

detail. For complete information, write today to Dept. K537. 

DATA—TYPE 7C26 

Frequency, 88-108 Megacycles 
(Max. Output up to 150 Mc) 

Maximum 
plate dissipation  1000 watts 

Filament voltage    9.0 volts 
Filament current  28.0 amp 
Amplification factor  22 
Mutual conductance 

20,000 Umhos 

Cooling air requirements at 
maximum dissipation .. 75 cfm 

DATA—TYPE 7C27 

Frequency, 88-108 Megacycles 
(Max. Output up to 110 Mc) 

Maximum 
plate dissipation . ... 3000 watts 

Filament voltage.   16.0 volts 
Filament current  29.0 amp 
Amplification factor   27 
Mutual conductance 

20,000 Umhos 
Cooling air requirements at 
maximum dissipation  175 cfm 

Federal 7'elephofte and Radio Corporatioll 
In Canaden—fed•ral Electric Manufacturing Company, Ltd. Montreck 

Export DIstrliskrtors: —Internationol Standard Electric Corp. 67 Broad St., N. Y.Ct 

'Newark 1, 
New Jersey 

PROCEEDINGS OF 1HE I.R.E.  March, 1947 



... BETTER UNIFORMITY CHARACTERISTICS, GREATER MECHANICAL STRENGTH 

• Licensed under G-E polentz 

H ere is new help on permanent magnet problems —from one 
of the largest, oldest and most widely experienced producers 
of molded and sintered components in the industry. 

Stackpole *Alnico ll offers notable economy in the pro-
duction of units up to two ounces. Odd shapes are a specialty. 
Engineering recommendations based on your requirements 
gladly submitted. 

STACKPOLE CARBON COMPANY, ST. MARYS, PA. 

BRUSHES and CONTACTS (all carbon, graphite, meta; and composition types) — IRON CORES —RARE 

METAL CONTACTS —RHEOSTAT PLATES AND DISCS —CHEMICAL CARBONS — WELDING AND BRAZING 
CARBONS — MOLDED PUMP and FLUID DRIVE SEALS  CARBON RHEOSTAT PILES —COIL FORMS, etc., etc. 

le 
PROCEEDINGS OF THE  March, 



CUSTOM MADE TECHNICAL CERAMICS 

Prompt deliveries of Metalized AlSiMag Ceramics are 

currently available due to completion of expanded fa-

cilities for this work. 
Metalized AlSiMag Ceramics create a mechanically 

strong join because the metal is fired to the ceramic. 
According to your requirements, silver, gold or platinum 

is used. Where desirable, copper or silver plating is 

added to build up metal to the optimum thickness for 

the individual application. 

For bonding metal to ceramics . . . or ceramics to ceramics Sectional view shows method of hermetically seol. 
Shal'cross precision resistors using AlSiMog 

metalized cores and AlSiMog metalized shells. 

Metalized AlSiMag Ceramics can be soft solder sealed 

to other metalized AlSiMag Ceramics or to any metal 

which can be easily wet. Hermetic seals with a hign 

degree of permanence are readily accomplished. 
American Lava Corporation engineers will he glad to 

cooperate in developing the ceramic and the metalizing 

specifications which are best suited to your requirement. 

AMERICAN LAVA CORPORATION 
C H A T T A N O O G A  5,  TE N N E S S E E 
4 St h  YE A R  OF  CE R A MI C  LE A D E R S HI P 

SMES OFFICES Si LOUIS, Mo, 1173 Washington A. , 7•I Garheld 4959 • NE WARK, N 1, 671 Brood SI, E•I Motrh•11 2 8159 

CAMBRIDGE, Nan, 39 9 Statile Si, T•1 Kirkland 4498 • CHICAGO, 9 S Clinton SI, 1•1  C•111.1 1721  • SAN IRANCISCO, 
763 Second Si, NI Douglas 2464 • LOS ANGElES, 374 N Son Pedro SI, Tel Mutual 9076 • PHIIADELPHIA, 7649 N Brood Sle••1 
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UHF Crystal Galvanometer 
For direct voltage measurements in the 

ultra-high-frequency range, the General 
Radio Company, 275 Massachusetts Ave., 
Cambridge 39, Malis., announces Type 
1802-A Crystal Galvanometer. This new 
voltmeter is similar in principle of opera-
tion to the peak-reading type of vacuum-
tube voltmeter, consisting of a rectifier 
and a direct-current amplifier, but uses 
a standard type of crystal rectifier in the 
probe, in place of the conventional 
thermionic diode. 

The range of the instrument is 0.1 to 1 
volt, and decade multipliers to fit the 
prpbe are supplied for factors of 10 and 
100. The accuracy of indication is ±5%, 
subject to frequency correction, for which 
curves are furnished. The frequency range 
for direct voltage measurements is from 10 
to 1000 megacycles, while as a simple volt-
age indicator, the instrument will operate 
up to about 3000 megacycles. 

High Current Capacitors 
Small, three-terminal network filter 

capacitors, capable of continuous use at 
currents up to 100 amperes with line volt-
ages up to 250 volts alternating-current, 
have been released for general use by 
Solar Manufacturing Corp., 285 Madison 
Ave., New York 17, N. Y. These ca-
pacitors, originally developed for wartime 
applications in attenuating radio inter-
ference from motors, generators and other 
electric equipment used by the Armed 
Forces, are available in values up to 0.75 
microfarads. 

18A 

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

Plastic Capacitor 

Just announced is a new small-sized 
capacitor designed for top-chassis mount-
ing. It measures 21' high with a diameter 
of 11". American Condenser Co., 4410 N. 
Ravenswood Ave., Chicago 40, Ill., the 
manufacturer of this unit, which is self-
insulated because of its plastic case, states 
that it will withstand high temperatures 
and has a wide climatic range. 

Vacuum Leak Detector 
A portable leak detector, which can lo-

cate and measure leaks in vacuum and 
pressure systems as minute as 0.00000001 
cc/second, is now being manufactured by 
the Consolidated Engineering Corpora-
tion, 620 N. Lake Ave., Pasadena, Calif. 
Based upon the mass-spectrometer prin-
ciple, this instrument electronically sepa-
rates and indicates helium molecules. In-
troduction of helium into suspected areas 
will give an almost immediate indication 
on the visual meter or audio alarm system 
whenever any leakage is present. 

Selection of sensitivity over six different 
ranges can be had for measuring almost 
any rate of leakage. The size of the leak can 
also be determined with the audio system 
when using a helium probe at a distance 
from the instrument. The pitch of the leak-
age warning-signal changes roughly in pro-
portion to the leak size. 

Circuit Test Meter 

A new electronic test instrument cap-
able of measuring a wide range of voltage, 
current and resistance values is being 
manufactured by Sylvania Electric Prod-
ucts Inc., 500 Fifth Ave., New York 18, 
N. Y. Designed particularly for accurate 
measurement of electrical conditions in 
circuit components operating with power, 
audio and radio frequencies up to 300 
megacycles, this Model 134, "Polymeter," 
incorporates an unusually compact vac-
uum tube probe employing a "proximity-
fuse tube," Type 1247. 

Ohm's Law Calculator 

A new pocket-size Ohm's Law Calcula-
tor, incorporating a number of new 
features, has just been announced by, 
Ohmite Manufacturing Co., 4937 Flournoy 
St., Chicago 44, III. 

The new calculator provides a simple 
and handy means of solving resistance 
calculations. With one setting of the slide 
it gives the answer to any Ohm's Law 
problem. It will also solve parallel-resist-
ance and  series-capacitance problems, 
and will multiply, divide, and find squares 
and square roots. On the reverse side is 
printed the Resistor Color Code. 

(Continued on page 48A) 
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DE MORNAY • BUDD 
STANDARD TEST EQUIPMENT 

For Precision Measurements 

The complete line of De Mornay • Budd standard 

test equipment covers the frequency range from 
4,000 mcs. to 27,000 mcs. It provides all R. F. 
waveguide units necessary for delicate, precision 
test work requiring extremely high accuracy in 
attenuation measurements, impedance measure-
ments, impedance matching, calibration of di-
rectional couplers, VSWR frequency measure-
ments, etc. 
To eliminate guesswork, each item of this 

De Mornay•Budd test equipment is individually 

The three test 

Tube Mount 

Flop Attenuator 

Frequency Meter 

Calibrated Attenuate? 

Tee 

Stub Tuner 

in the Microwave Field 

tested and, where necessary, calibrated, and 
each piece is tagged with its electrical character-
istics. All test equipment is supplied with inner 
and outer surfaces gold plated unless otherwise 

specified. 

NOTE: Write for complete catalog of 
De Mornay•Budd Standard Components 
and Standard Bench Test Equipment. Be 
sure to have a copy in your reference 
files. Write for it today. 

set-ups illustrated above include: 

Stands  etc 

Tunable Dummy Load 

Standing Wave Detector 

Type "N" Standing Wave Detector 

Directional Coupler 

High Power Dummy Load 

Cut-OfF Att•nuator 

DE MORNAY 
BUDD 

EQUIPMENT 
FOR 

97', OF ALL 
RADAR SETS 

DE MORNAy • BUDD  INC., 475 GRAND CONCOURSE, NE W YORK 51, NE W YORK. CABLE ADDRFSS "DE MBUD," N. Y. 
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LSYLVANIA NEWS 
CIRCUIT ENGINEERING EDITION 

1116: 
MAR.  Prepared by SYI.VANIA ELECTRIC PRODUCTS INC., Emporium, Pa.  19 IT 

NEW SYLVANIA TECHNICAL MANUAL AVAILABLE NOW 
FULL OF ESSENTIAL RADIO TUBE DATA 

Handy Volume Describes Over 450 Tubes— 
Contains Valuable Information for Circuit Designers 

The bigger, better-than-ever new 
Sylvania Technical Manual is avail-
able now. 

The large number of tube types 
listed (old and new) —over 450—has 
been made available as a result of 
extensive and careful study of radio 
tube characteristics and applications. 

IMPORTANT 
INFORMATION 

Contents of this descriptive manual 
include: Fundamental Properties of 
Vacuum Tubes; Characteristic 
Curves; General Tube and - Circuit 
Information; Resistance Coupled 
Amplifier Data—and many more— 
all of great interest to circuit design: 
ers and equipment manufacturers. 

AVAILABLE 
NOW 

We urge you to get a copy right 
away—because we know you'll find 
this volume chock-full of invalu-
able information. 

Available from your Sylvania Tube Distributor or directly from Radio Tube Division, Emporium, Pa. 

SYLVANIAArE,LECTRIC 
MAKERS OF RADIO TUBES; CATHODE RAY TUBES; ELECTRONIC DE VICES;  FLUORESCENT  LAMPS.  FIXTURES. WIRING DEVICES: ELECTRIC LIGHT BULBS  1 
20A 
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reasons why 

111,1 SELENIUM RECTIFIERS ARE 

RAPIDLY BECOMING STANDARD 

IN INDUSTRY FOR ALL \RECTIFIER APPLICATIONS ........ 

2 Adoptability to all types of circuits and 

loads 

3 Unlimited ifs—nol moving parts 

4 Immunity to atmospheric changes. 

5 Nigh efficiency per unit weight. 

6 From 1 volt to 50,000 volts rms 

7 From 10 micro-amperes to 10,000 amperes. 

8 Economical —simple to install—no mainte-

nance cost. 

Hermetically sealed units available. 

The Modern Solution for all Rectifier 

applications. Selenium Rectifiers are 

ENGINEERED FOR ENGINEERS. Selenium 

Corporation of America meets exacting 

specifications of modern electronic devel-

opments. Manufacturers of a broad line of 

Selenium Power and Instrument Rectifiers, 

Self generating Photo-Electric cells and 

allied scientific products. Selenium Corpo-

ration of America's engineering experience 

can be called upon for the development 

and production of special rectifiers for any 

application. 

• 
• 

a *Si. 

1 G,4 

SELENIUM CORPORATION OF AMERICA 
Affiliate of i rCKERS Incorporated 

1719 WEST PICO BOULEVARD  • LOS ANGELES 15, CALIFORNIA 

• 
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Blow Hot 
or Cold. 

"111111111111/k 

• • 

Magnesium Copper Sulphide, Rectifiers 

Output Stays Constant in Any Weather! 

Check These Features 

Self-healing rectifying film 

Durable all-metal construction 
Small size, light weight 
No moving parts to wear out 
Resists harmful atmospheric 
conditions 

Output unaffected by 
temperatures 

Maximum overload range 
Constant output during 
rectifier life 

Low cost of operation 

Let the thermometer go up or down! One sure thing about 
Mallory magnesium copper sulphide rectifiers is that you can 
depend on them in any kind of climate. 

Output is constant even when temperatures reach as low as 40 
.degrees below zero. Conversely, thousands of Mallory rectifiers 
are in use that operate effectively at 265 degrees Fahrenheit. 

Mallory rectifiers need no warm-up period. They perform instan-
taneously in all kinds of weather. Dust and corrosion are sealed 
out, too—as are all other harmful atmospheric conditions. 

Just a few of many reasons why Mallory magnesium copper. 
sulphide rectifiers are toughest of their kind—why they outsell 
all other types of dry disc rectifiers for low-voltage, high current 
applications. See your Mallory distributor or write direct for 
Catalogs. 

,--'_!MCSR's ARE THE WORLD'S TOUGHEST RECTIFIERS 

MALLORY 
P. R. M ALL ORY IL C Q Inc. 

RECTIFIERS 
MAGNESIUM  COPPER  SULPHIDE  R ECTIFI ER S— 
STATIONARY AND PORTABLE D. C.  POWER  SUPPLIES — 
BATTERY CHARGERS AND  AVIATION  RECTOSTARTERS* 

sitectostarter is the registered 
trademark of P. R. Mallory 
& Co, Inc., for rectifiers for 
use in starting internal com-
bustion engines. 

2.2\ 
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The famous Model 80 Even Speed Alli-
ance Phonomotor operating on 110 or 
200 volts is made for 40, 50 or 60 

cycles, 16 watts input, 78 RPM. It has no 
gears —runs at an even speed —has a 
smooth, quiet, positive friction-rim drive. 
Amply proportioned bearings with large 

oil reservoirs assure long life. A slip-type 
fan gives cool operation —avoids any 

possible injury. 

The Alliance Model K Phonomotor, a 25 
cycle companion to the Model 80, oper-
ates on 110 volts, 25 cycles at 12 watt 

input. Motor and idler plate on Alliance 

phonomotors are all shock mounted to 
the cabinet mounting plate, to minimize 

vibration. 

COMPS111100 

Wassce 
Drive your products to m arket  

—use Alliance Motors to drive  vital  com ponent  

parts. Big advantages for the Allia nce Powr  - Pakt  

line are compactness, light we ight,  versatile  perform-

ance  characteristics, and mass production at  low  cost.  

Alliance Powr-Pakt Motors are ra ted from  less  than  

1/400th h. p. on up to 1/20 th h. p. The y'll su pply  just  

the right amount of power at strate gic points  to  impart  

au toma tic action, instant control and grea ter  usefulness  

for your products and processes. 

WHEN YOU DESIGN  KEEP 1 11 1 0111111 C e 

MOTORS IN MIND 

AL LI A N C E  M A N U F A C T U RI N G 

PRoCEED1NGS OF THE IRE. March, 1947 
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Accuracy to the Microsecond  I 
NEW AND IMPROVED 

DU MONT TYPE 248 
CAT H O D E- R A Y 

OSCILL O GR AP H 

IMPROVEMENTS 

• Beam blanking over a range of 30 cps 
to 5 mc by automatically applying 
approximately 100 volts potential to 

the grid of the cathode-ray tube. 

• Sweep linearity within approximately 

10% over the entire range from 15 
cps to 150 kc, and on driven sweep. 

• These special improvements, plus-the 
already established features of the 
Du Mont Type 248, assure you of 
the continuing perfection which 
makes possible the slogan . . . Accu-
racy to the Microsecond—Improved! 

‘Isci•  tNe 
__.----- .... 

•14;ae 'Pals  cpkea‘ (10 tot \ 

. 4. 0 101.• 605 10 05 vthks k°1  • ' \ Vo \C) It'c'sks acce‘e.71 7,010,ase 'INI°e 

, 

\\,,I
V,42 :sect'e\l,k‘e1SPI 
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e01.3kNo  (vIca lkikele  

• 5 

OVsellakv°  

\4471: % , l 
3e 

::: : :::stcc e  vcsilccA ae51141‘  ' 

• (4,0 :: — : 
5: k.,074_______eects,41 

-------

C ALLEN B. DU MONT LABORATORIES. INC. 

WITH NEW TIME BASE 
GE NER AT OR AND 

BEA M BLANKIN G 

CIRCUITS 

SPECIAL NOTE: This instrument is also avail-
able as Type 248-A which utilizes the Type 5RP 
multiband high-voltage cathode-ray tube in 
lieu of the Type 5JP normally supplied. The re-
quired high voltage is supplied by the Type 
263-A 10 KV power supply. 
Present owners of Du Mont Type 248 may, 

have their instruments modified into Type 248-A 
design if they so desire. This modification 
makes possible the photography and visual 
observation of single transients which ha -e 
extremely high writing rates and which were 
hitherto invisible. 
Write for literature. 

00 MONT ZWN 
ALLEN B. Du MONT LABORATORIES, INC.,.PASSAIC, NE W JERSEY • CABLE ADDRESS: ALBEEDU, PASSAIC, N. J., U. S. A. 

4A-Tritt  • 

24A 
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The UTC engineering department is available for consultation on your design problem 

It is significant that, on the whole, difficult transformer jobs 

find their way to UTC. A few recent illustrations of accom-

plishment through engineering ingenuity are shown below. 

This transformer was designed for laboratory apparatus requir-
ing a frequency range previously unheard of ... flat within 2 

DB 2 cycles to 20,000 cycles, this unit handles 25 watts output. 

A manufacturer had the problem of changing his equipment from 400 
cycle to 60 cycle power supply, but discovered that 60 cycle transform-
ers are twice as large. UTC developed a unit, hermetically sealed, that 

fit his existing chassis, eliminating the need for a complete rebuilding 

of the equipment. 

Narrow band filters are a common requirement for multiple channel tele-
control purposes. To effect a maximum number of channels in the audio 

range, filters made by UTC employ toroid high 0 coils of unique struc-

ture. A typical special filter with 1500 cycle pass band is down 40DB at 

1400 and 1600 cycles. 

Low power 115 volt appliances such as electric razors, fluorescent desk 

lamps, etc. are sometimes required to operate on 220 volts. For simplicity 
of installation in the application of one manufacturer, a 15 watt plug-in 
unit was developed incorporating both plug and receptacle. 

150 VARICK STREET NE W YORK 13, N. Y 

• • K 16 N.Y.  CABLES: "ARLAB" ik A 



intigitn owididlit-t4c-Tuk,s 

IN sew Ulf 

PEPIN 
Actul till 

"Joe, I see that TUNG-SOL 
have brought out their new Am-
plifier Pentode, the 6B J6, in min-
iature. It's an all purpose radio or 
intermediate amplifier with re-
mote cut-off control characteris-
tic. It's rugged and reliable... far 
beyond that you would expect in 
a 6.3 volt, 150 milliampere heater. 

"The Economy of heater power 
can be very useful in a lot of ways. 
For instance, you can replace the 
12BA6 i. f. amplifier in a five tube 
AC , DC receiver with one 6B J6 
and then you can use another to 
get the advantages of an input r. f. 
amplifier. And performance . . . 
the 3850 umhos transconductance 
of the 6B J6 gives more gain than 
you ordinarily need in either a 
tuned or un-tuned amplifier. Now 
let's look ahead. The 6B J6 
can very well be the solu-

tion to AC/DC operation in FM 
receivers. It not only permits 
more tubes in a series operated 
heater string, its merit factor at 
the higher  frequencies stands 
comparison with that of other 
popular-priced tubes. Thorough 
internal shielding, total imput 
and output capacitances of less 
than 10 uuf, extremely low grid-
plate coupling capacitance, and 
the inherent low lead inductance 
of the miniature structure all re-
sult in extremely stable gain to 
well above 100 MC. With AVC, 
an un-bypassed cathode resist-
ance of 82 ohms provides ade-

quate stability of input imped-
ance. 

"The 6B J6 is a 'natural', too, for 
mobile and aircraft communica-
tions. The heater consumption is 
less than one watt per tube. This 
is important wherever the power 
source is a storage battery. In a 
multi-tube receiver or in the low 
power stages of a transmitter, 
power saving of about one watt 
per tube can be a deciding factor 
especially when you don't have 
to offer apologies as to perform-
ance. 

"Joe, you should get in touch 
with a TUNG - SOL engineer 
when you are planning your new 
line. They will keep your secrets 
and give you the best possible 
advice about circuits and tell you 
what miniatures to use." 

TUNG-SOL 
4 1 /riff / 

ELECTR O N  TUBES 

T U N G- S O L  LA M P  W O R K S,  IN C.,  NE W A R K  1,  NE W  JE R S E Y 
Sales Offices: Atlanta  Chicago • Dallas • Deriver • Detroit • Los Angeles • New York 
Also Manufacturers of Miniature Incandescent Lamps, All•Class Sealed Beam Headlight Lamps and Current Interrnittors 
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YOU'VE GOT THE RIGHT NU MBER 

When you contact KARP for sheet 
metal fabrication, you have the right 
connection. You're in touch with high-
est quality custom craftsmanship — at 
prices comparable with stock items. 
You're doing business with an 

organization with 22 years experience 
in specially fabricated sheet metal 
cabinets, chassis, housings, racks and 
enclosures for manufacturers of elec-
tronic, radio and electrical apparatus. 
You're getting the benefit of a valu-

able amount of "know-how" in engi-
neering and design . . . suggestions to 
help you keep your assemblies a step 
ahead in streamlined styling and long 
service life. You have at your disposal 
a large accumulation of dies and tools 
which may cut your costs considerably. 
Give us a call on your next job. And 

if you can't call, write. 

Any Metal • Any Gauge • Any Size 

Any Finish • Any Quantity 

Ka r p METAL PRODUCTS CO., INC. 
  ref ix)/rn Vut fri eyrt  ghee/ ,/lIeltd • • • 

117 - 30th STREET, BROOKLYN 32, NE W YORK 
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The NC-173 is the wholly new product of months of post-war research, 

prompted by war-time advances in radio technique. 

The new "Double Diode - noise limiter and the new AVC system are 

effective on both phone and CW. The voltage-regulated oscillator cir-

cuits are extremely stable. The frequency range includes the 6-meter 

amateur band. (0.54 to 31 and 48 to 56 MC.) 

The NC-173 offers all the features you expect in a fine receiver. A 

glance at the illustration below will suggest the versatility of its adjust-

ments and the handiness of its controls, but only a trial will prove its 

thoroughbred qualities. Study the advanced design of its 13-tube cir-

cuit, appraise its modern styling and challenge its performance with 

the toughest conditions that crowded amateur bands can offer. 

Here is a receiver a man can be proud to own. See it at your dealer's 

within the next 30 days. 

Malden, Mass. 
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Assiwk-
MOT E 'EVEREADY" SCOOP 

A 30-VOLT 
118. BATTERY! 
Designed for: photoflash devices (gas-dis-

charge type); radioactivity measurement 

devices; multiplier-type photocells; small, 

lightweight insulation testers; and many 
other low-drain, high-voltage applications. 

SPECIFICATIONS 

Again "Eveready" demonstrates its leadership in dry bat-

teries by creating a powerhouse of 300 volts no larger than 

two king-size cigarette packs! This miniature high-voltage 
dry battery is unique. It makes "portable" photoflash and 

similar devices really portable. It opens up untapped possi-

bilities for designing more compact, more salable equipment 

for all low-drain high-voltage applications. 

Secret of this new battery is the famous flat-cell construction 
found exclusively in "Eveready" "Mini-Max" batteries ... a 

revolutionary "Eveready" battery development that packs 

unheard-of power into small space. And this special construc-

tion means far longer life for the battery. 

E V E R A D Y 
KS 

MINI MAX 

VOLTA GE 

Size: L-2 11116", W-2 11132", II 
(overall) -3 15116". Weight: 1 lb. 
Voltage: 300. Flush mounted pin 

jack terminals. Batteries can be used 
in series for even higher voltages. 

FOR CO MPLETE DETAILS 
of this new "Eveready" triumph, 
write for Battery Engineering 

Bulletin No. 4. Engineers at 
National Carbon Company, Inc., 
will be glad to assist you in the 

design of devices to take advan-
tage of the light weight and com-
pactness of this powerful battery. 

NATI ONAL CARBON CO MPANY, INC. 

30 EAST 42nd STREET, NE W YORK 17, N. Y. 

Unit of Union Carts:do and Carbon Corporation 

7 in rogistrrod war marks  rroady•'  Onl• Max -

distinguish groducts of National Carlton Company, Inc. 
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ANNOUNCIN 
Centralab's Revolutionary Nev 
First Commercial Application of 

4 

, .... 
;•71' 

1 

PLATE 
Coo piing Cap.  G RID  
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Plate 
load 
Resistor 

J- PlotePf. 
139 Pass Cap 

T C2 

-Plate Supply 

&rid 
"Resistor 
R2 

SO EFFICIENT . . . SO COMPLETE! 

Here is the schematic diagram of Cen-
tralab's"Coublate". Note: four soldered 
connections instead of the usual eight 
or nine! 

FRONT 

A 

BACK \ \ \\ 

4 

NO W SEE HO W 

4THIS REPLACES THIS O 

CI —Coupling Capacitor, .01 
I I Li  is standard. 

C2- Plate R.F. By-Pass Ca-
pacitor, 250 mmf. ± 20% is 

standard. 

RI—Plate Load Resistor, 250,-
000 Ohms :6-- 20% 1/5 watt 
is standard. 

R2— Grid Resistor, 500,000 
Ohms ± 20% 1/5 watt is 
standard. 

Other Valuer Available 
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!THE "COUPLATE" 
Interstage Coupling Plate . . . 
ihe Printed Electronic Circuit! 

New Multi-Unit "Couplate" Saves up to Five Soldered 

Connections • • • Increases Labor Efficiency 50% . . . 

Assures Fast, Precision Wiring on Interstage Couplings! 

A
REVOLUTIONARY as the Multi-Pur-

pose Tube—that's what electronic en-

gineers are saying about Centralab's new 

Coup/ate. First commercial application of the 

printed electronic circuit, the Couplate marks 

the beginning of a new and greater era in 

electronic design and engineering! 

Now available to manufacturers for the 

first time—Centralab's new Coup/ate is a com-

plete interstage coupling circuit which com-

bines into one compact unit. the plate load 

resistor, the grid resistor, the plate by-pass 

capacitor and the coupling capacitor. 

Think of what that means to you in terms 

of time and labor savings in the production 

of electronic equipment! Only four soldered 

connections are now required by the Coup/ate 

'instead of the usual eight or nine. That alone 

gives you: 1) increased employee productiv-

ity, 2) automatic decrease in the percentage 

of wiring errors, 3) important space-saving, 

4) lower cost, more compact, more depend-

able finished equipment than you've ever been 

able to design and build before! 

Integral Ceramic Construction: Each Cou-

p/ate is an integral assembly of -Hi-Kap" 

capacitors and resistors closely bonded to a 

steatite ceramic plate and mutually connected 

by means of metallic silver paths -printed- on 

the base plate. All leads are always the same 

length, each plate is an exact duplicate of the 

original or -master-. 

Future applications of this "printed" circuit 

principle are almost unlimited. For all the 

facts on how the Coup/ate can simplify your 

production — and cut your costs, write today 

for Bulletin 943! 

LOOK TO CENTRALAB IN 1947! 
First in component research that means lower costs for the electronic 
industry. Before you place your order, get in touch with Centralab! 

DIVISI O N OF GLOBE-U NI O N INC., MIL WAUKEE, WIS. 



FEATURE NE W DESIGNS -

IMPROVED PERFORMANCE 

These new RCA cathode-ray tubes comprise a line of popular 
screen sizes, and incorporate advanced design features that 
set new performance standards for tubes of their size. They 
offer designers of oscillograph equipment the following im-
portant advantages: 

I. Higher deflection sensitivity. 
2. Sharper focus both at center and at edges, when beam current 
is varied over wide range. 

3. Higher contrast screens. 
4. Zero first-anode-current gun permits use of low-current voltage-
divider and smaller filter capacitor. 

5. Separate base-pin connection to every deflecting electrode, 
heater, and cathode permits operation with balanced deflection 
and with separate connections to heater and cathode. 

6. Balanced deflecting-electrode input capacitances minimize 
cross-talk and dispense with necessity of neutralizing. 

7. 3JP7 has an extra anode providing maximum screen brightness 
with minimum sacrifice of deflection sensitivity. 

a. 5U-series and 31031 may be used interchangeably with the 
same power pack and deflection voltages. 

The PI, P7, and P11 screens of the new cathode-ray tubes 
differ in their spectral-energy emission and persistence char-
acteristics. The PI phosphor is especially useful for general 
oscillographic work requiring high brightness and medium 
persistence. The P7 phosphor is a cascade-type of particular 
interest for radar and similar applications requiring long 
persistence of the order of several seconds. The P11 phos-
phor is excellent for photographic work and has sufficiently 
short persistence to permit its use in moving-film recording 
at all but the very brightest speeds. 

RCA Tube Application Engineers will be pleased to consult 
with you on the application of these or other RCA tube types. 
If you desire this service, or complete technical data on the 
cathode-ray tubes described, write RCA, Commercial Engi-
neering, Section R-52C, Harrison, N.J. 
ehlokIllortemled 

.11666witaul 
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George T. Royden 
Board of Directors, 1946 

George Taylor Royden was born at an army post, 
Fort Clark, in Texas on June 20, 1895. As a boy he 
experimented with electrical devices and constructed 
several amateur wireless telegraph sets during the 
from 1909 to 1917. He attended Stanford University, 
receiving the B.A. degree in 1917 and the degree of Engi-
neer in 1924. 
While employed by the Federal Telegraph Company 

at Palo Alto, California, in 1916, he assisted with the 
design of arc transmitters having ratings from 2 to 1000 
kilowatts for the Shipping Board and the Navy. 
From 1919 until 1925, he worked for the Navy 

in the radio laboratory at Mare Island Navy Yard 
with occasional trips to Navy radio stations in San 
Diego, Hawaii, and Alaska. His assignments included 
the development of the frequency-measurement tech-
nique described in the PROCEEDINGS OF THE I.R.E. for 
April, 1927. 
In 1925, he returned to the Federal Telegraph Com-

pany to develop, in the research laboratory of Dr. F. A. 
Kolster, a radio receiver for operation on alternating 
current and suitable for reception of broadcast stations. 
When the Mackay Radio and Telegraph Company 

was organized in 1927 to operate Federal's network of 
radiotelegraph stations serving the principal cities on 
the Pacific Coast, Mr. Royden became division engineer 

with offices at San Francisco. He constructed new 
stations to serve Honolulu and Seattle and installed 
additional equipment in the stations serving Los 
Angeles, Portland, and San Francisco. 
In 1936 he returned to the Federal Telegraph Com-

pany in Newark, N. J. There he was concerned with 
the engineering development of some radio transmitters 
for export, several radio-range equipments and a low-
frequency telegraph equipment. 
In 1946 he transferred to the engineering department 

of the Mackay Radio and Telegraph Company. A con-
siderable number of patents have been applied-for in 
his name. Those issued are in the fields of radio re-
ceivers, direction finders, antennas, modulators, and 
quartz-crystal-controlled oscillators. 
Mr. Royden joined the Institute of Radio Engineers 

as an Associate in 1919, was transferred to Member in 
1927, and elected a Fellow in 1933. He was chairman 
of the San Francisco Section for the 1933-1934 term. He 
saw service on the following I.R.E. committees: Ad-
missions 1941 to date, being chairman from 1943 to 
date; Awards, 1946; Constitution and Laws, 1944; New 
York Program, 1938-1942; Sections, 1941-1945; and 
the 1946 Winter Technical Meeting. He is a Member of 
the American Institute of Electrical Engineers and 
Sigma Xi. 
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It is well known that the benefit gained by a group of engineers from a paper 
presented before them depends not only on the correctness, clarity, and utility 
of its contents, but also to a considerable extent on its mode of presentation. 
There is accordingly presented, as a helpful guide to the authors of papers and 
to those planning technical meetings, the following guest editorial by Mr. A. C. 
Downes, editorial vice-president of the Society of Motion Picture Engineers, 
1941-1946.—The Editor 

Proper Presentation of Papers Before 
Technical Meetings 

ARTHUR C. DOWNES 

4 

3 

It is the purpose of this little editorial to point out the great increase in interest which can 
be created in any paper by a good presentation to a technical meeting. 
Looking back over the many conventions the writer has attended, the papers which are most 

vividly remembered as those which were presented as though the author were talking to a few 
friends. 
It is true that not every one can present a subject apparently without any notes but proper 

preparation of an abbreviated version of a paper and notes will enable anyone to give a "good 

show." 
It is of course necessary first to write a good paper, and authors will be wise to consult the 

very fine article by W. L. Everitt which appeared in the PROCEEDINGS for July, 1946. Too many 
technical papers are poorly written; this detracts from their value much more than many 
authors realize. 
Most people seem to think that after a paper is written all that is necessary in presenting the 

subject in a technical meeting is to read the paper word for word, in a soporific monotone, with 
an occasional interruption to point to some figures or curves on a screen. 
It seems probable that the programs of all the technical society conventions for the next few 

years will be crowded with good material and a presentation such as described above in most 
cases is boring to a majority of the audience. 
Such a presentation ignores the fact that in most audiences only a minority of the attendants 

will be sufficiently interested in any given subject to listen to a dull reading of the whole paper, 
but everyone would be interested in an abbreviated version giving the more important facts. 
The presentation of a well-prepared abbreviated version will not in any degree detract 
from the value to those in the audience more familiar with the general subject of the paper, 
since they can study it in detail on publication,,and will hold the interest of the entire audience. 
If authors will follow this suggestion they will be very much surprised at the greater interest 

which will be shown when they will talk about their subject rather than read it. 
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A High-Intensity Source of Long-
Wavelength X Rays* 

T. H. ROGERSt 

It is the policy of The Institute of Radio Engineers to publish in its PRO-
CEEDINGS papers dealing with subject matter in the communications and 
electronic field, and also in allied fields. Wherever theories, techniques, equip-
ment, and applications in such allied fields appear likely to prove useful to 
communications and electronic engineers, the Institute will accordingly en-
deavor to make the corresponding material available to its members. The 
following paper, aside from its intrinsic interest and importance, may well 
prove helpful to tube engineers and others among the I.R.E. membership. 

—The Editor 

Summary—Earlier reports on investigations of bactericidal effects 
and photochemical effects of X rays indicate a need for much higher 
intensity of radiation for such investigations. This paper discusses 
the design of an X-ray tube which combines high input energy, the 
X-ray transparency of beryllium, and close proximity to the target 
to make available radiation intensities of several million roentgens 
per minute. An experimental tube which makes such intensities 

available over a 180-degree solid angle is described. Methods of 
application to bactericidal and X-ray photochemical research are 

suggested. 

INTRODUCTION 

SURVEY of the 50-year history of the develop-
ment of the X-ray art reveals that during most 
of that period the principal advances were made 

in the field of medicine, with applications in two broad 
categories, namely, diagnosis and therapy. However, 
at the present time an important proportion of the 
X-ray apparatus in existence is devoted to industrial 
applications. 
In comparing industrial and medical applications of 

X rays, it becomes apparent that by far the greater 
proportion of industrial applications are "diagnostic" 
in nature; that is, the discovery of certain information 
about the internal structure of the material being ir-
radiated is the object of the operation. In many cases, 
differential absorption, detected by film, fluorescent 
screen, or ionization device, is utilized to reveal the 
desired information just as in the case of medical .diag-
nosis. In other cases, the diffraction of the rays into 
definite patterns, recorded by similar means, provides 
the information. In both types of cases, the application 
is one in which the X-ray beam is acted upon by the 
material involved, and the modifications in the beam 
are utilized to accomplish the objective. Applications in 
which the converse effect is utilized, that is, the pro-
duction of changes in the material by the action of the 
radiation, as is done in the case of X-ray therapy in the 
medical field, are strikingly few in the industrial field. 
In view of the penetrating power and energy of X rays, 

• Decimal classification: 621.327.7. Original manuscript received 
by the Institute, April 16, 1946; revised manuscript received, Sep-
tember 17, 1946. 
t Machlett Laboratories, Incorporated, Springdale, Connecticut. 

one is prompted to inquire into the reasons for this lack 
of development of industrial processes utilizing the 
power of X rays to modify materials. 
Possible applications in this catetory which immedi-

ately suggest themselves are bactericidal (for steriliza-
tion of food products, etc.), and photochemical. A 
great number of experiments" on bactericidal properties 
of X rays have been made which show logarithmic death 
rates for very large doses. The dosages required for 
complete sterilization are so large as to seem to pre-
clude utilization of the method on an industrial basis. 
The photochemical reactions produced by X rays 

have received little study up to this time. Clark* 
enumerates those few cases of such chemical action 
which have been discovered by various workers. With 
the well-known exception of the action on silver halides 
in the photographic emulsion, all such reactions have 
occurred in extremely minute quantities, and have 
pointed to the need for much greater intensities of 
radiation for worth-while experimentation .6 
Hence, it seems evident that the sparseness of in-

vestigations into the field of industrial "therapy" has 
not been due to a lack of interest but to physical limita-
tions on the intensity of radiation obtainable from 
available sources of X radiation. The obvious possi-
bilities for further investigation into this field, provided 
a greatly intensified X ray source could be made avail-
able, have led to an investigation of the possibility of 
the development of such a source as described below. 

FACTORS AFFECTING X-RAY OUTPUT 

The principal factors which affect the intensity of 
the X-ray beam issuing from an X-ray tube are: (I) 
target material; (2) anode voltage; (3) anode current; 

G. T. Lyon, letters to the London Lancet, January 29, 1896, and 
February 17, 1896 

3 G. L. Clark, "Applied X-rays," third edition, pp. 199-200, 
McGraw-Hill Book Co., New York, N. Y.; 1940. 

3 R. W. G. Wycoff, "The killing of certain bacteria by X-rays," 
Jour. Exp. Med., vol. 52, pp. 435-446; September, 1930. 

G. L. Clark, "Applied X-rays," third edition, pp. 185-197, 
McGraw-Hill Book Co., New York, N. Y.; 1940. 

6 W. Stenstrom and I. Vigness, "Some effects of radiation on oil," 
Amer. Jour. Roent., vol. 40, pp. 427-433; September, 1938. 
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4) absorption by intervening material; and (5) distance 
rom focal spot to point of utilization. 
The manner in which intensity of the emitted radia-
.ion varies with the first three factors is given by the 
'ormula :6 

X-ray energy   
k— Z V, 

cathode-ray energy 

where 
k= an experimentally determined constant 
Z =atomic number of target material 
V= anode voltage. 

Tungsten is the target material usually chosen when 
intensity is the determining factor because of its rela-
tively high atomic number and its thermal and mechan-
ical properties which permit the highest value of 
cathode-ray energy of any material. For a constant 
.amount of cathode-ray energy, the X-ray intensity is 
proportional to the anode voltage. The practical limit 
on voltage in a tube designed for such.applications will 
be determined by many considerations, including com-
plexity of apparatus, desired wavelength characteristics, 
etc., which are to be discussed in more detail in this 
paper. The maximum voltage range considered in this 
paper is below the value of 70 kilovolts, in which range 
absorption of the radiation is largely by photoelectron 
production, on which the photochemical effect depends. 
The intensity is, of course, proportional to the anode 
current, all other factors remaining unchanged, and 
. the design of a tube for high intensity radiation should 
provide for the use of as high a value of anode current 
as possible. 
The effect of the factor of "inherent filtration" of 

the tube, that is, the absorption of a portion of the 
X-ray energy by the material composing the tube wall at 
the point of egress, on the issuing beam is next to be 
considered. In order to evaluate this effect thoroughly, 
it is necessary first to consider the wave length distribu-
tion of the energy in the beam. The X radiation con-
sists of a continuous spectrum of wavelengths extending 
from the minimum wavelength defined by the relation 
X0= (12.354/176) where Vo is the anode voltage, rising 
rapidly to a maximum intensity value at a point near 
7. =3/2 Xo, then gradually decreasing in intensity with 
increasing wavelength. Superposed on this continuous 
spectrum are the characteristic lines of the target ma-
terial if the anode voltage is sufficient to excite the char-
acteristic radiation. These lines, being very narrow, con-
tribute little to the total energy and for the purpose of 
this discussion may be disregarded. The general form 
of the energy-wavelength distribution is illustrated by 
the familiar curves published by Ulrey7 (Fig. 1), based 

A. H. Compton end S. K. Allison, "X-Rays in Theory and Ex-
periment," second edition, pp. 89-90, D. Van Nostrand, New York, 
N. Y.; 1935. 

1 C. T. Ulrey, "An experimental investigation of the energy in 
the continuous X-ray spectra of certain elements," Phys. Rev., vol. 
II, pp. 401-410; May, 1918. 

on intensity measurements of radiation given off by a 
tungsten target tube, 'after separation into various 
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Fig. 1—Intensity versus wavelength relationship of X radiation from 
tungsten target, after filtration through glass tube wall, measured 
by ionization effect; wavelength separation by calcite crystal 
spectrometer. 
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wavelength components by means of a calcite crystal 
spectrometer. However, these curves do not accurately 
represent the true energy-wavelength relationships of 
the radiation emitted by the target, for reasons which 
will be apparent from the following discussions. 
Inasmuch as the different wavelength components are 

absorbed to different extents, the inherent filtration of 
the tube will not only reduce the total energy in the 
X-ray beam as emitted by the target, but also change 
the energy-wavelength distribution. In the design of a 
tube for maximum photochemical effect, it is necessary 
to consider the wavelength of the radiation as well as 
its total intensity, since the photochemical effect de-
pends on the amount of ionization produced, which in 
turn depends on the amount of energy absorbed in the 
material treated. The proportion of the total energy 
absorbed is very definitely dependent on the wave-
length. In this connection it should be pointed out 
that the usual measure of X-ray intensity, the roentgen,' 
is based not on the actual energy in the beam but on its 
power to ionize air. Hence, in consideration of in-
tensities, it will in many cases be pertinent to the 

I The roentgen is defined as the quantity of X radiation such that 
the associated corpuscular emission per 0.001293 gram of air prod-
ucts, in air, ions carrying I electrostatic unit of quantity of electricity 
of either sign. 
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problem at hand to convert energy relationships into 
terms of roentgens. 
In order to ascertain the effect of any given inherent 

filter on the radiation output of a tube, it is necessary to 
know the energy-wavelength distribution of the radia-
tion, as it originates at the target, before any filtration 
whatever has taken place. This distribution can be 
computed by means . of the formula, derived from 
Kramer's law9-" 
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portional to the mass absorption coefficient of air at 
that wavelength. This coefficient for any given wave-
length can be computed from the published'2 values for 
oxygen and nitrogen. The energy distribution of Fig. 2 
can be converted into an intensity-wavelength rela-
tionship in which the intensity is in terms of ionizing 
power, by applying this coefficient to the energy value 
corresponding to each wavelength (see Table I, column 
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Fig. 2-Calculated energy versus wavelength distribution of X radia-
tion at 50 kilovolts unfiltered. 

Ix co V2(V0 - V)dX 

where Vo is the anode voltage, and  is the voltage cor-
responding to the wavelength X in the relation 
V=12.354/X, V being in kilovolts and X in Angstrom 
units. Such a computation has been made for anode 
voltage of 50 kilovolts (see Table I, column 3), and the 
resulting distribution is plotted in Fig. 2. 

Fig. 3-Calculated intensity versus wavelength distribution of X 
radiation at 50 kilovolts, intensity expressed in terms of ionizing 
power: A. filtered by 1-millimeter beryllium; B. filtered by 1-milli-
meter aluminum; C. filtered by 1 millimeter Pyrex glass. 

5). It is, of course, understood that this ionizing power 
refers to air, and is proportional to the intensity in 
terms of roentgens per unit of time. The ionizing power 
for other substances would be proportional to their re-
spective mass absorption coefficients. 
The values calculated thus far have taken into ac-

TABLE I 

1  2  3  4  5  6  7 
V  1"( Vo- V)  pip air  3 X4  p(Be)  I(Be) 

8  9  10  11 
p(A1)  1(Al) m(PG)  i(PG) 

0.2475  50.0  00000 
0.417  29.6  17322  0.358  6201  0.340  5999 
0.631  19.5  11597  0.796  9200  0.469  8770 
0.880  14.0  7056  1.95  13740  0.782  12490 
1.00  12.35  5742  2.76  15849  1.012  14330 
1.235  10.0  4000  5.12  20452  1.748  17139 
1.539  8.0  2688  9.68  26000  2.944  19400 
1.93  6.39  1781  18.65  33200  5.612  18940 
2.50  4.9  1083  39.53  42800  12.21  12626 
3.03  4.0  736  73.9  54300  21.5  6353.1 
3.59  3.4  539  123.1  66300  33.8  2254.2 
4.15  2.9  396  162.5  64300  51.8  360 
4.36  2.8  370  187.8  69400  60.8  163 
5.17  2.38  269  306.14  82300  101.0  3.7 
5.39  2.28  248  350.6  86900  114.0  1.0 
6.97  1.77  151  723.1  109200  276.0  00000 

The distribution calculated in this manner is the 
actual energy distribution and not the distribution with 
reference to ionizing power, as discussed above. The 
ionizing power at any given wavelength is proportional 
to the amount of energy absorbed in air, which is pro-

' H. A. Kramers, "On the theory of X-ray absorption and of the 
continuous X-ray spectrum," Phil. Mag., vol. xlvi, pp. 836-871; 
November, 1923. 
" L. Silberstein, "Synthesis of X-ray filtration curves from 

Kramers* emission law," Phil. Mag., vol. xix, pp. 1042-1054; May, 
1935. 
" G. W. S. Kaye and W. Binks, "The emission and transmission 

of X and gamma radiation," Brit. Jour. Rad., vol. xiii, pp. 193-212; 
June, 1940. 

3.16  4713  1.95  5030 
10.1  3376  5.56  5276.2 
26.3  989  14.4  3255.0 
38.1  355  20.8  1974.8 
71.0  16  37.8  466.3 
132.0  00  72.0  19.5 

135.2  0.03 
278.0  000 

count no inherent filtration whatever. Tubes are com-
monly built with an envelope of Pyrex glass, and a 50-
kilovolt tube of this kind, designed for good mechanical 
and electrical ruggedness, would present a thickness in 
the order of 1 millimeter to the passage of the X-ray 
beam. Another possibility for the window would be 
aluminum. Undoubtedly, however, the least-absorbing 
window material that could be employed would be 
beryllium, provided a sufficiently large window could 

" "Handbook of Chemistry and Physics," 28th edition, pp. 1925, 
Chemical Rubber Publishing Co., Cleveland, Ohio; January, 1944. 
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be constructed of this rather hard-to-fabricate material. 
The process of rolling thin, vacuum-tight sheets of 
substantially pure beryllium described by Claussen and 
Skehan" does make possible such windows in a thick-
ness of 1 millimeter or less.'4 
In order to make a comparison among Pyrex glass, 

aluminum, and beryllium as window materials, from 
the standpoint of reduction in intensity of the radiation 
output, the reduced intensity after filtration by a 
thickness of 1 millimeter of each of these materials is 
calculated for each incremental value of X (see Table I, 
columns 7, 9, and 11). This calculation is made by 
applying the formula /=/0e-ox to the values previously 
obtained for the unfiltered condition, At being the linear 
absorption coefficient for each material, respectively, at 
each value of X. 
These intensity-wavelength distributions are plotted 

in Fig. 3. By integrating the area under each of the three 
curves, the total intensity for each kind of window is 
obtained. The comparative figures, in percentages, are: 

Beryllium 
Pyrex glass 
Aluminum 

100.0 per cent 
7.9 per cent 
4.9 per cent 

These figures indicate that the use of beryllium for 
the window becomes a major factor in the design of our 
high-intensity X-ray source. 
Referring back to our listing of the factors affecting 

the intensity of the X-ray beam, we find that the dis-
tance from the focal spot, or point of generation, to the 
point of utilization is, of course, a very important factor, 
since the intensity varies inversely as the square of this 
distance. A tube design which permits the material to be 
treated to be placed as near as possible to the focal spot 
thus provides maximum intensity, other factors being 
equal. This end can be most readily achieved likewise by 
employing beryllium as the window material, for it is a 
relatively good electrical and heat conductor, permit-
ting the window to be positioned very close to the focal 
spot without becoming overheated or electrically 
charged, and is mechanically strong and resistant to 
chemical action, so that a wide variety of materials 
may be brought directly adjacent to it without danger 
of mechanical injury or corrosion. 

DESIGN OF TUBE FOR HIGH OUTPUT 

Beryllium-window tubes have been described hereto-
fore." in which the low absorption factor and the 
proximity to the focal spot have been utilized to pro-
vide a maximum intensity of characteristic radiation 
from a special target material for X-ray diffraction 

" G. E. Claussen and J. W. Skehan, "Malleable beryllium," 
Metals and Alloys, vol. 15, pp. 599-603; April, 1942. 
" Tubes with low-absorption windows of Lindeman glass, 

aluminum foil, glass "bubbles," even cellophane, have been built, but 
such windows are very small and of such fragility as to be imprac-
tical for industrial applications as contemplated. 
" R. R. Machlett, "An improved X-ray tube for diffraction 

analysis," Jour. Appl. Phys., vol. 13, pp. 398-401; June, 1942. 
" Z. J. Atlee, 'Beryllium windows," Gen. Elec. Rev., vol. 46, pp. 

233-236; April, 1943. 

work, for example. These tubes have been provided with 
very small-diameter windows, admitting only a narrow 
pencil of radiation, which is entirely suitable for dif-
fraction analysis. For photochemical experiments or 
processes, however, it is desirable to irradiate as large 
an area as possible, so as to increase the volume of reac-
tion accomplished. The Machlett AEG-50 tube, orig-
inally designed for low-voltage radiography, provides, in 
addition to the beryllium window and a distance of 
only 2 centimeters from focal spot to window, a cone of 
radiation including a 40-degree solid angle, which repre-
sents a covered area more than ten times that covered 
by the 12-degree cone issuing from the diffraction tubes 
mentioned above. A tube of this type, shown schemat-
ically in Fig. 4, was employed for the purpose of making 
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Fig. 4-Schematic view (in section) of beryllium-window tube with 
40-degree solid-angle X-ray beam. 

quantitative determinations of the intensity of the 
radiation issuing therefrom. Results of these de-
terminations are given in Table II. 
The values given in Table II are based on measure-

ments made by Braestrup," employing the type of ioni-
zation chamber described by Taylor and Stoneburner" 
for the measurement of low-voltage X-ray intensities. 
The tube was operated with a constant-potential anode 

TABLE II 
MEASUREMENTS OF X-RAY OUTPUT INTENSITY FROM RO-so TUBE 

Kilo-
volts 
(C.P.) 

Distance 
from 
Target 

Added Filter 
Roent gens  Percent  tem per minute trans-  millimeters 
per mliii.  mission  Al 
ampere 

SO  10 centimeters 
SO  10 centimeters 
50  10 centimeters 
50  10 centimeters 
SO  10 centimeters 
SO  10 centimeters 
50  10 centimeters 
SO  10 centimeters 
SO  10 centimeters 
SO  10 centimeters 
SO  10 centimeters 

0 
0.05 millimeter Al 
0.1 millimeter Al 
0.5 millimeter Al 
1.0 millimeter Al 
2.0 millimeter Al 
3.0 millimeter Al 
5.0 millimeter Al 
0.5 millimeter Be 
1.0 millimeter Be 
2.0 millimeter Be 

1555 
903 
605 
104 
53 
25.7 
16.1 
7.2 

50  2 centimeters  0  46,600 

100 
58 
39 
6.7 
3.4 
1.65 
1.03 
0.46 
71.0 
52.0 
32.5 

0.07 
0.09 
0.11 
0.55 
0.94 
1.50 
1.71 

voltage of 50 kilovolts and both anode and filament 
voltages were carefully stabilized throughout the meas-
urements. The measurements were made at a distance 
of 10 centimeters from the target; the intensity at the 
outer surface of the window, 2 centimeters from the 
focal spot, was obtained by applying the inverse-square 

" C. B. Braestrup, New York City, unpublished private com-
munication to the author. 
Is L. S. Taylor and C. F. Stoneburner, "The measurement of low 

voltage X-ray intensities," Bur. Stand. Jour. Res. (RI' 505), vol. 9, 
pp. 769-780; December, 1932. 



240 PROCEEDINGS OF THE I.R.E. March 

laws and a correction factor to compensate for absorp-
tion in the intervening air space. A tube current of 2 
milliamperes was used; values in the table are expressed 
in terms of roentgens per minute per milliampere. 
These measurements indicate an intensity of 2,330,000 

roentgens per minute at a distance of 2 centimeters 
from the center of the focal spot, when the tube is 
operated at 50 kilovolts, and 50 milliamperes, which 
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Fig. 5—Schematic view (in section) of beryllium-window tube with 
180-degree-angle X-ray beam. 

values constitute normal continuous ratings for this tube 
when provided with a 5.0-millimeter focal spot. This 
number of roentgens per minute is several hundred times 
as great as the intensities employed in photochemical 
or stei ilization experiments previously reported. 
As suggested above, it is not only the intensity that 

determines the amount of material which can be altered 
photochemically, but also the total area over which 
such intensity is effective. The area covered at any given 

0 

• 

• 

(b) 

(c)  (d) 
Fig. 6—Diagrams of focusing obtained with domed window tube at 
various positions of the windows with reference to the anode. (Ac-
tual pin-hole focalgrams compared with schematic diagrams of 
electron trajectories.) (a) Maximum spacing produces "ring" focus. 
(b) Somewhat closer spacing produces circular focus of large size. 
(c) Spacing adjusted to produce minimum-size focus. (d) Still 
closer spacing again results in a "ring" focus. 

distance is approximately proportional to the square of 
the solid angle included by the cone of radiation. At 
anode voltages in the order of 50 kilovolts or less, the 
radiation issues from the target with substantially uni-
form intensity throughout the 180-degree solid angle 
subtended by the target face. In the case of beryllium-

window tubes described heretofore, the cone of radiation 
has been limited to a very much smaller extent by the 
size of the window. More than one such window has 
been provided in some tubes, but even then only a small 
fraction of the total radiation has been utilized. 
The desire to make the entire 180-degree solid angle 

of radiation available for such applications has led to the 
invention of a new type of X-ray tube, employing an 
entirely new principle of focusing the electron stream on 
the target, so that the cathode structure is entirely out-

Fig. 7—Photograph of experimental tube with domed window per-
mitting 180-degree solid-angle X-ray beam. 

side the hemisphere subtended by the target face and 
thus does not eclipse any part of the radiation generated. 
The structure of this tube is shown diagramatically in 
Fig. 5. The window is in the form of a generally hemi-
spherical dome into which the anode protrudes with the 
target face parallel to the base of the hemisphere. The 
cathode consists of an incandescent filament of annular 
form surrounding the anode, and located within the 

FLUID INLET 

FLUID OUTLET --

TARGET 

T uRBuLENCE 
PRODUCING VANES 

ANNULAR FLAMENT 
DOMED BERYLLIUM 

WINDOW  A  A 

secrsornr-1-

Fig. 8—Arrangement for uniform X-ray treatment of fluids, applied 
to cone-window tube. 

dome in a plane below the plane of the target face so 
that it does not cast a shadow in the hemisphere of 
radiation. The dome is at cathode potential, and the 
resultant electric field in the space between dome and 
anode is such that the electrons from the filament 
describe trajectories which terminate on the face of the 
target, approximately as indicated in Fig. 6. Such a 

 Ii 
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dome can be formed of the malleable beryllium re-
ferred to above.1: 
Such a tube has been constructed experimentally at 

: Machlett Laboratories, in which a dome 2 inches in 
) diameter was employed. The cathode and dome were 
operated at ground potential; the anode, being at high 
positive potential, was cooled by water circulating 
through a long column of insulating plastic tubing. 
The tube was operated at a maximum load of 100 
milliamperes at 60 kilovolts. On the basis of the in-
tensity measurements made on the AEG-50 tube de-
scribed above, it is estimated that the intensity would 
• be approximately 5 million roentgens per minute, over 
an area of approximately 25 square centimeters. 
This experimental tube (pictured in Fig. 7) was made 

with the position of the dome adjustable with respect 
to the target, by means of being mounted on a metal 
bellows. The effects of various positions on the focusing 
of electrons on the target are shown by the pinhole 
photographs of the focal spots reproduced in Fig. 6. 
The diagrams adjacent to each focalgram show the 
probable electron trajectories in each case. 
In a tube of this sort, the window is not subject to 

electron bombardment, by either primary or secondary 
electrons, since it is at cathode potential. Hence, the 
problem of cooling the window does not arise as in the 
case of a window at anode potential, which receives 
considerable bombardment by secondary electrons if 
located near the focal spot. 
In the processing of materials by X-ray treatment 

with such tubes, an arrangement to permit continuous 
processing at any required rate would, of course, be 
desirable. For materials which are in gaseous or fluid 
form, or can be reduced to such a form, the dome-
shaped window lends itself readily to an arrangement 
in which the fluid is fed in through a pipe to the center 
of the window and then caused to spread uniformly over 
the dome in a film of controllable thickness by a hemi-
spherical baffle conforming to the contour of the window 
with the required spacing therefrom. The treated ma-
terial returns through an outer pipe concentric with the 
incoming one. The optimum thickness of film would 
depend on the coefficient of absorption of the material 
and the necessary degree of uniformity of treatment of 
the entire body of the material. The layer of the film 
adjacent to the window would receive more intense 
treatment than layers farther away, due to absorption 
by the first layer. A greater degree of uniformity 
throughout with thicker films can be obtained if the 
flow of the material is accompanied by a turbulence 
which causes the material to become thoroughly inter-
mixed during its passage through the treatment field. 
An arrangement such as that illustrated by Fig. 8 can 
be utilized to produce such turbulence. 
In conclusion, it is hoped that the availability of these 

sources of X radiation of utilizable ionizing power several 
hundred times more intense than those heretofore avail-
able will lead to more thorough investigations into this 
promising field of physical, chemical, and biological 
research. 

The Maximum Efficiency of Reflex-
Klystron Oscillators* 

ERNEST G. LINDERt, ASSOCIATE, I.R.E. AND ROBERT L. SPROULL* 

Summary—The theory of reflex-klystron oscillators is given in 
detail. It includes a discussion of relations in a loaded oscillator. 
It is shown that maximum efficiency for small amplitudes is given by 

no . 0.169 Wil/G A, 

where Itf is the coefficient of modulation of the gap, i, is the effec-
tive current, G, is the shunt conductance of the unloaded resonator, 
and V. is the beam voltage. Possibilities of increasing efficiency are 
considered, including effects of grid transmission on effective cur-
rent and on space charge, and effects of multiple electron transits. 

T
HE THEORY presented in this paper is based 
mainly on the previous investigation of D. L. 
Webster,' but it embodies considerable modifica-

tion and extension of his original treatment. The work 
was done several years ago but could not previously be 

• Decimal classification: R355.912.3. Original manuscript received 
by the Institute, April 5, 1946; revised manuscript received, August 
21, 1946. 
t RCA Laboratories Division, Radio Corporation of America, 

Princeton, N. J. 
1 D. L. Webster, 'Cathode-ray bunching," Jour. Appl. Phys., 

vol. 10, pp. 501-508; July, 1939. 

made public because of wartime secrecy restrictions. 
The theory is a small-amplitude one, that is, the oscil-
latory voltage is assumed small in comparison with the 
steady voltages. This assumption is most applicable in 
the case of short wavelengths, such as below 10 centi-
meters, since there the efficiencies are seldom greater 

than a few per cent. 

I. ENERGY RELATIONS 

The essential phenomenon in bunching in klystrons is 
that an electron beam, initially uniform with respect to 
velocity and charge distribution, is velocity modulated; 
so that, after an interval during which the beam travels 
in a drift space, the charge distribution in the beam is 
no longer uniform, and hence the beam contains com-
ponents of alternating current. 
The expression for this current is 

40 

i2 = —  [1 + 2 E J„(nr) cos n (.012 — 



240 PROCEEDINGS OF THE I.R.E. March 

• 

laws and a correction factor to compensate for absorp-
tion in the intervening air space. A tube current of 2 
milliamperes was used; values in the table are expressed 
in terms of roentgens per minute per milliampere. 
These measurements indicate an intensity of 2,330,000 

roentgens per minute at a distance of 2 centimeters 
from the center of the focal spot, when the tube is 
operated at 50 kilovolts, and 50 milliamperes, which 
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Fig. 5—Schematic view (in section) of beryllium-window tube with 
180-degree-angle X-ray beam. 

values constitute normal continuous ratings for this tube 
when provided with a 5.0-millimeter focal spot. This 
number of roentgens per minute is several hundred times 
as great as the intensities employed in photochemical 
or sterilization experiments previously reported. 
As suggested above, it is not only the intensity that 

determines the amount of material which can be altered 
photochemically, but also the total area over which 
such intensity is effective. The area covered at any given 

• 

(10 

(c)  (d) 
Fig. 6—Diagrams of focusing obtained with domed window tube at 
various positions of the windows with reference to the anode. (Ac-
tual pin-hole focalgrams compared with schematic diagrams of 
electron trajectories.) (a) Maximum spacing produces "ring* focus. 
(b) Somewhat closer spacing produces circular focus of large size. 
(c) Spacing adjusted to produce minimum-size focus. (d) Still 
closer spacing again results in a "ring" focus. 

distance is approximately proportional to the square of 
the solid angle included by the cone of radiation. At 
anode voltages in the order of 50 kilovolts or less, the 
radiation issues from the target with substantially uni-
form intensity throughout the 180-degree solid angle 
subtended by the target face. In the case of beryllium-

window tubes described heretofore, the cone of radiation 
has been limited to a very much smaller extent by the 
size of the window. More than one such window has 
been provided in some tubes, but even then only a small 
fraction of the total radiation has been utilized. 
The desire to make the entire 180-degree solid angle 

of radiation available for such applications has led to the 
invention of a new type of X-ray tube, employing an 
entirely new principle of focusing the electron stream on 
the target, so that the cathode structure is entirely out-

Fig. 7—Photograph of experimental tube with domed window per-
mitting 180-degree solid-angle X-ray beam. 

side the hemisphere subtended by the target face and 
thus does not eclipse any part of the radiation generated. 
The structure of this tube is shown diagramatically in 
Fig. 5. The window is in the form of a generally hemi-
spherical dome into which the anode protrudes with the 
target face parallel to the base of the hemisphere. The 
cathode consists of an incandescent filament of annular 
form surrounding the anode, and located within the 
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Fig. 8—Arrangement for uniform X-ray treatment of fluids, applied 
to cone-window tube. 

dome in a plane below the plane of the target face so 
that it does not cast a shadow in the hemisphere of 
radiation. The dome is at cathode potential, and the 
resultant electric field in the space between dome and 
anode is such that the electrons from the filament 
describe trajectories which terminate on the face of the 
target, approximately as indicated in Fig. 6. Such a 



dome can be formed of the malleable beryllium re-1 
i ferred to above." 

Such a tube has been constructed experimentally at 
I Machlett Laboratories, in which a dome 2 inches in 
diameter was employed. The cathode and dome were 
operated at ground potential; the anode, being at high 
positive potential, was cooled by water circulating 
through a long column of insulating plastic tubing. 
The tube was operated at a maximum load of 100 
milliamperes at 60 kilovolts. On the basis of the in-
tensity measurements made on the AEG-50 tube de-
scribed above, it is estimated that the intensity would 
• be approximately 5 million roentgens per minute, over 
an area of approximately 25 square centimeters. 
This experimental tube (pictured in Fig. 7) was made 

with the position of the dome adjustable with respect 
to the target, by means of being mounted on a metal 
bellows. The effects of various positions on the focusing 

. of electrons on the target are shown by the pinhole 
photographs of the focal spots reproduced in Fig. • 6. 
The diagrams adjacent to each focalgram show the 
probable electron trajectories in each case. 
In a tube of this sort, the window is not subject to 

electron bombardment, by either primary or secondary 
electrons, since it is at cathode potential. Hence, the 
problem of cooling the window does not arise as in the 
case of a window at anode potential, which receives 
considerable bombardment by secondary electrons if 
located near the focal spot. 
In the processing of materials by X-ray treatment 
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with such tubes, an arrangement to permit continuous 
processing at any required rate would, of course, be 
desirable. For materials which are in gaseous or fluid 
form, or can be reduced to such a form, the dome-
shaped window lends itself readily to an arrangement 
in which the fluid is fed in through a pipe to the center 
of the window and then caused to spread uniformly over 
the dome in a film of controllable thickness by a hemi-
spherical baffle conforming to the contour of the window 
with the required spacing therefrom. The treated ma-
terial returns through an outer pipe concentric with the 
incoming one. The optimum thickness of film would 
depend on the coefficient of absorption of the material 
and the necessary degree of uniformity of treatment of 
the entire body of the material. The layer of the film 
adjacent to the window would receive more intense 
treatment than layers farther away, due to absorption 
by the first layer. A greater degree of uniformity 
throughout with thicker films can be obtained if the 
flow of the material is accompanied by a turbulence 
which causes the material to become thoroughly inter-
mixed during its passage through the treatment field. 
An arrangement such as that illustrated by Fig. 8 can 
be utilized to produce such turbulence. 
In conclusion, it is hoped that the availability of these 

sources of X radiation of utilizable ionizing power several 
hundred times more intense than those heretofore avail-
able will lead to more thorough investigations into this 
promising field of physical, chemical, and biological 
research. 

The Maximum Efficiency of Reflex-
Klystron Oscillators* 

ERNEST G. LINDERt, ASSOCIATE, I.R.E. AND ROBERT L. SPROULL* 

Summary—The theory of reflex-klystron oscillators is given in 
detail. It includes a discussion of relations in a loaded oscillator. 
It is shown that maximum efficiency for small amplitudes is given by 

no= O. 169MI ii / G. Vo, 

where M is the coefficient of modulation of the gap, il is the effec-
tive current, G. is the shunt conductance of the unloaded resonator, 
and yo is the beam voltage. Possibilities of increasing efficiency are 
considered, including effects of grid transmission on effective cur-
rent and on space charge, and effects of multiple electron transits. 

T
HE THEORY presented in this paper is based 
mainly on the previous investigation of D. L. 
Webster,' but it embodies considerable modifica-

tion and extension of his original treatment. The work 
was done several years ago but could not previously be 

• Decimal classification: R355.912.3. Original manuscript received 
by the Institute. April 5, 1946; revised manuscript received. August 
21, 1946. 
f RCA Laboratories Division, Radio Corporation of America, 

Princeton, N. J. 
I D. L. Webster, "Cathode-ray bunching," Jour. Appl. Phys. ' 

vol. 10, pp. 501-508; July, 1939. 

made public because of wartime secrecy restrictions. 
The theory is a small-amplitude one, that is, the oscil-
latory voltage is assumed small in comparison with the 
steady voltages. This assumption is most applicable in 
the case of short wavelengths, such as below 10 centi-
meters, since there the efficiencies are seldom greater 

than a few per cent. 

I. ENERGY RELATIONS 

The essential phenomenon in bunching in klystrons is 
that an electron beam, initially uniform with respect to 
velocity and charge distribution, is velocity modulated; 
so that, after an interval during which the beam travels 
in a drift space, the charge distribution in the beam is 
no longer uniform, and hence the beam contains com-
ponents of alternating current. 
The expression for this current is 

eo 

is =  [1 +  2E Jn(nr) cos n(ad2 — 0 —  (1) 
2 
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The term containing the fundamental frequency co is 

=  2i1.11(r) cos ( 012  0 — (2) 
2 

Here i, is the value of the current during the first pas-
sage of the beam through the gap at time 11, and i2 is 
its value during the second passage at time 12. J„(nr) 
is the Bessell function of order n. The quantity r is called 
the bunching parameter and is given by r =0MV,„/2V0, 
where 0 is the transit angle of the bunch centers between 
the first and second transits, M is the coefficient of 
modulation of the gap, V. is the amplitude of the oscil-
latory voltage, and Vo is the beam voltage. 
These expressions were originally derived by D. L. 

Webster' for the case of the two-cavity, single-transit 
klystron. It can be shown' that they are unaltered for 
the reflex case, except for a change of sign due to the 
reversal of the current. 
In the present treatment the phase angle 7/2 also is 

introduced to represent a phase shift inherent in the 
bunching process. This occurs since bunches form about 
those electrons traversing the gap when the voltage is 
zero and changing from accelerating to decelerating.' 
Thus the current maxima (bunch centers) are formed 
out of phase by angle of 7/2 with respect to the volt-
age maxima. The gap voltage corresponding to the cur-
rent given.by (2) is 

. V = V. COS 0,1 21 

and the total phase angle between current and voltage 
is therefore 0-F(7/2). 
From (1) it is seen that the current resulting from the 

bunching process contains components of direct current, 
and alternating currents of the fundamental frequency 
and all harmonics. To obtain an expression for the power 
derivable from such a beam, consider its passage across 
a gap or between grids across which there is the voltage 
cos (oh. The energy absorbed from the beam during 

one cycle will then be given by the integral of the prod-
uct of the instantaneous current and the effective volt-
age which acts upon the beam during its passage. Thus 
the energy is 

f  2r/oc  

W' = —  i2M V. cos cot2dt.  (3) 
0 

In this integration, all terms will vanish except the one 
containing the frequency co. 
Hence, 

21r/w 

= 2i1MV„,Ji(r) f  cos (42 — 0 — —) cos 0.42dt 
2 

2r 
= — iiMV.Ji(r) cos (0 ± 
co  2 

2 E. L. Gintzon, and A. E. Harrison, "Reflex-klystron oscillators," 
PROC. I.R.E., vol. 34, pp. 97-113; March, 1946. 

3 For discussions of the bunching process see also D. M. Tombs, 
"Velocity-modulated beams," Wireless Eng., vol. 17, pp. 55-60; 
February, 1940; and L. J. Black and P. L. Morton, "Current and 
power in velocity-modulated tubes," PROC. I.R.E., vol. 32, pp. 477-
482; August, 1944. 

Thus the energy absorbed per second, or the power, will 

be 
CO  /  7 \ 

W  =  cos  + —2)*  (4)  
27 

This is a maximum for 

0  — = 2mr 
2 

or 

0 = 2r(m — i) 

where m is any positive integer. Each integer corre-
sponds to a mode of oscillation. 
These values of 0 giving maximum power correspond 

to the passage of the bunch center through the grids 
when the field has its maximum retarding effect. It is 
convenient to use the angle. a 

7  0 27(m  i),  (5) 

which indicates the departure from the power maximum 
or from a mode center. In terms of this 

and 
i = — 2i1.11(r) cos (cel2 — 7), 

IV = iiMV „Ji(r) cos 7. 

(6) 

(7) 

The voltage between the grids may now be de-
termined by considering that, if the shunt resistance 
between them is R, then 

V„,2 = 2RP, 

or from (7), putting cos 7=1 to get the amplitude, 

V.' = 2RiiMV„,Ji(r), or 

= 2RiiMJI(r). (8) 

The factor M which occurs above, and which will be 
frequently used also in what follows, may be defined by 
the expression 

M  = V„, (effective.), 

V„, 
An equivalent definition is 

M —   
eV„, 

where P is the actual maximum energy lost by an elec-
tron in traversing the gap. It would be equal to unity 
only in the case of an ideal gridded gap and zero transit 
time. It is a function of the variation of the field 'across 
the gap, but here it will be computed only for the case of 
parallel plane grids of sufficiently fine mesh so that the 
field may be considered uniform in intensity and normal 
to the grids at all points. The voltage across the gap is 
then given by V. cos (col2+7). 
The energy transferred to an electron traversing the 

gap is 

P = fFds, r 
where r is the transit time, F the force, and s the posi-
tion co-ordinate. 
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Therefore, 
ds 

P = e  E— dt2 
0  dt2 

= e fI V.  ds — cos (cot2 + 7) — di2, 
o d  at2 

where E is the field and d the gap spacing. 
Because of the assumption of small field, i.e., V.<<V0, 

the velocity ds/d2 may be taken as constant and equal 
to vo, the entrance velocity. Thus, 

evoV„, 
P =  =  7 c os (4)12  •y)dt2 

P 1 f= —  cos (cot2 7)dt2 
eV.  o 

Therefore, 

1 
= — [sin (cor  •y) — sin 7] 

COT 

2  (car + 27) 
= —  cos   sin 

2  2 

2  wr — cos (cor ± 27)   sin — • 
eV.  cor  2  2 

The maximum value of this gives M, and evidently oc-

curs when 

cor ± 27 

2 
Hence 

('Jr 

= 2nr, or  = 2n7r — — • 
2 

2  car 
M = —  sin — • 

CrJ7  2 
(9) 

II. EFFICIENCY OF A LOADED OSCILLATOR 

The power given by (7) represents the total amount 
available from the beam. However, this cannot all be 
exploited in a useful load, except for the hypothetical 
case in which the oscillator circuit, e.g., cavity resonator, 
is totally loss-free, so that it has infinite shunt resistance. 
In general, the power in the load may be determined 
as follows. The loaded resonator circuit is represented 
by a lumped-constant circuit in which the capacitance 
and inductance of the cavity, denoted by C and L, are 
in parallel. These are shunted by the unloaded shunt 
resistance' Rc, and also by the resistance of the load as 
reflected across the resonator gap, denoted by RL. 
Hence the total shunt resistance R of the circuit or 

the gap due to both the load and the cavity losses is 
given by 

1  1  1 = 
R  Rc  RL 

In the following, resistances and conductances will be 
used interchangeably to facilitate simplification of equa-

tion writing. 
The power dissipated in the load is 

WL = IGL17.2, 

and that dissipated in the cavity is 

lVc = 

By use of (10), (11) may be written 

GLV.2 V m2 

W L =  2  =  2 (G — Gc), 

and by use of (8) 

WL  =  .  _1  GV. vmji(oM V./2V°)  . (14) 
c 

Vol  Vo  2si 

In this expression the first term represents the contribu-
tion due to the total energy delivered by the beam to 
the oscillating circuit. The second term represents the 
effect of the losses in the cavity. 
From (14) the condition for the start of oscillation 

may be simply derived, since it corresponds to n=0. 

Thus 

or in terms of the respective conductances 

G = Gc 4-GL.  (10) 

4 For methods of measuring Rc see R. L. Sproull and E. G. 
Linder, "Resonant-cavity measurements," PROC. I.R.E., vol. 34, 
pp. 305-312; May, 1946. 

(12) 

(13) 

GcV.2 
MV.J2(03/1V„,/2V0) =   

21:1 

But since the amplitude of oscillation is infinitesimal 
at the inception of oscillation, the Bessell function may 
be replaced by an approximation valid for small argu-

ments. Thus 

and 

or 

031V„, 
.12(0MV.I2V0) =   

4170 

O M 2 V m 2  G c 17. 2 

41,0  2i1 

0312i2 
13 =   = 1.  (15) 

2GcVo 

This defines 13 and gives the lowest value for which 
oscillations may occur. The value f3= 1 corresponds to 
no loading of the cavity, i.e., GL =O. This is evident 
from (14), since the two right-hand terms represent the 
total power generated and the power dissipated in the 
cavity, respectively. If these are equal, then no power 
can be supplied to a useful load. The starting condition 
for a loaded cavity will require fl> 1, its actual value 
depending upon the value of GL. 
To derive the conditions for maximum efficiency, 

consider that with a given oscillator for which Vo, 
Gc, and i1 are fixed, the efficiency may be varied 

by changing 0 and V.. The drift angle 0 may be varied 
by altering the reflector voltage V R. The quantity V. 
is affected by varying the load resistance. Hence, to 
find the maximum efficiency obtainable from a given 
tube, it is necessary to maximize with respect to both of 
these two independent variables 0 and V„,. Take first, 
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an MV,,, (om v„,\m   
= 0, 

ao  vo  2v.  2v0 

tomv„,  
k 21/0 ) — JAr) = 0,  (16) 

To = 1.84, and Ji(ro) = 0.582.  (17) 

This condition makes Ji(r) a maximum, and hence 
means that the bunching is such that the alternating 
component of frequency co of the beam has its greatest 
value. 
Now maximize with respect to V„„ i.e., 

an = 1 rm  v "if  (W V. om 
av„,  v. L  2170 ) 2 Vo 

i.e., 

or 

or 

or, since 

MJi   
(OMV.\  GeV.] 

  = 0 
21,0 ) 

GcV„, 
ill'(r)  Ji(r) = 

Mii 

Ji'(ro) = 0, 

GcV„, 
Ji(ro) =   (18) 

Mit 

Since, from the theory of Bessell functions, 

r./Ar)  Ji(r) = rJo(r),  (19) 

this condition may be written, 

2Gc Vo  1 

gm2ii  0 

Since, with a given tube, V. is a function of the loading, 
(20) is the condition for optimum loading. That this 
condition represents a maximum, and not a minimum 
or a point of inflection, may be shown by investigating 
the usual conditions involving second-order derivatives. 
It should be noted that (18) holds only when n is 
maximized with respect to both 0 and V., whereas (20) 
requires only maximization with respect to V. and 
hence is valid for all values of r. 
The meaning in terms of load conductance of the 

maximization with respect to V. may be seen from the 
following. The general expression for the voltage across 
the cavity is given by (8). Apply to this the condition 
for maximum efficiency (18). This gives 

from which 

or 

Jo(r) = 

2jiMG Vm 
=   

GM 

G = 2Gc. 

GL = G . 

(20) 

(21) 

This indicates that equal amounts of power are dis-
sipated in the oscillator resonator and in the load. 
It is now possible to derive an expression for the maxi-

mum efficiency with respect to both 0 and V.. Let the 

two conditions for maxima, (16) and (20), be solved 
simultaneously, giving 

1 
Jo(1.84) = — 

13o 
or 

fto = 3.17. 

Then the maximum efficiency for a given tube is ob-
tained by rewriting (14), 

(22) 

m2ii [ r r2 

n =   Ji(r) —  (23) 
GcV  13  2i32 

and introducing the above optimum values of r and /3. 
This yields 

or 

m2ii [re Ji(ro) ro2 
7/0 =   

GcVo #o  21302]' 

m2ii 
no = 0.169 —  

GcVo 
(24) 

This is valid only if M V „, <<4 Vo, since this was assumed 
in the derivation of (1); also, if MV„,> Vo, some elec-
trons will be reversed between the grids. Such reversal 
introduces conditions not covered by the present theory 
and which moreover clearly would result in a decrease in 
efficiency. 
It is instructive to apply the above small-signal 

theory to the region where MV„, approaches the limit-
ing value, 4 Vo, since, although it is inaccurate there, it 
nevertheless gives some idea of the ultimate values to 
be expected for the efficiency. 
If it is assumed that the conditions are always such 

as to give maximum bunching, i.e., (16) is always satis-
fied, then (14) may be written 

1 GcV,„2 = — 
Vo [0  2i1 1 .58M V  (25) 

which expresses efficiency in terms of the amplitude 
A set of curves of efficiency versus MV„„ for the fol-

lowing conditions 

Vo = 300 volts 

M = 1/ 0 

= 0.01 ampere 

= 150 volts 

is given in Fig. 1 for values of Rc from 5000 to co ohms. 
These curves are all terminated at the line MV„, = 150, 
since beyond that point electrons will be reversed by 
the alternating field. 

The efficiencies given by (24) correspond to the 
maxima of curves such as a, b, c, and d, and also to e, 
the maximum of which occurs just at MV,,,  150. How-

ever, for curves such as f, (24) does not apply since its 
maximum occurs in the forbidden region MV„,>150. 
The correct maximum efficiency in this case is given by 
the intersection of the curve with the line MV„,= 150, 
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and may be computed from (25). Hence, on this basis, 
the maximum attainable efficiency for reflex tubes is 29 
per cent, corresponding to curve g for MV„,= 150. It is 
of interest to compare this with the case of single-
transit tubes. Here the restriction on MV„,is  Vo• 
In this case it is seen from (25) that an ultimate effi-
ciency of 58 per cent might be attained. 

30 

as 

20 

10 

CURVE 
0. 

9 

a 

5000 
10.000 
15,000 
25.000 
51,724 
100,000 

0 0 

PS  SO  75  100  125  150 
M Vyn  

Fig. 1—Efficiency in per cent 77 versus effective oscillatory voltage 
MV,, for various values of unloaded cavity shunt resistance R. 

However, in most actual cases where the efficiency is 
of the order of a few per cent, MV„, is always much 
less than its limiting value of V0/2, and the typical 
curve resembles that of case a, Fig. 1. In all such cases 
(24) gives the correct maximum efficiency. 
To get an expression for V„„ under conditions for 

maximum 77, rewrite (14) and substitute from (18). 

This yields 

770 
M V. 

[Ji(ro) 
Vo 

MV, Ji(ro) 

Vo  2 

GcV„,1 

2MiJ 

M V„, 
= 0.29 —  (26) 

Vo 

there does not seem to be much of a possibility of greatly 
increasing no by attaining more favorable values of M, 
Gc, or Vo. In general, these factors are not independent, 
and changes which improve one frequently result in a 
compensating change in the others. Consider the case 
where the resonator is a simple cylindrical cavity, of 
height d and radius a, in which d<<a. Then 

Since this expression and (23) must be equivalent they 
may be equaied and solved for V„,. Thus,  ' 

V.0 = 0.58MRcii.  (27) 

This formula, like those from which it is derived, is 
valid only for MV„,<<I Vo. 

III. POSSIBILITY OF INCREASING THE EFFICIENCY 

In the expression for maximum efficiency, 

3,12it 
no = •169 —  y 

GC VO 

Gc — 
aO 

189d2 

where 0 is the skin thickness. M may be expressed in 
terms of Vo and d by making use of (9) in conjunction 
with the formula for transit angle. 

fd 
OJT =  1.07 • 10-7 

V VO 

and that for wavelength, 

X = 2.61a. 

These relations give 

M 2 5.77.106 cor 
 sin2— • 

GcVo  Jo  2 

Therefore, for a fixed frequency, it is evident that the 
above quantity depends upon the sine term only, and 
is greatest when its argument is r/2, i.e., when the 
transit angle is a- radians. Hence, so long as arr , = 7r, 
variations of M, Gc, and Vo do not affect the efficiency, 
and no further increase of efficiency in this particular 
case is obtained by varying these quantities. 
1 Since the efficiency is directly proportional to 
and the power to i52, possibilities of increasing the cur-
rent are of importance. It is of significance that ii is 
the effective current and not the cathode emission 
current which will be denoted by 4. The former is ob-
tained from the latter by subtracting losses principally 

to the grids and aperture edges. 
The losses to the grids may be expressed in terms of 

the grid transmission coefficient a, which is taken as 
the ratio of ()lien area to total area over the grid surface. 
This is a somewhat idealized definition since it assumes 
no component of lateral velocity to be introduced by 
the grid wires, and assumes that the shadows cast by 
previous grids do not affect the transmission coefficient. 

The area ratio may be shown to be 

_ 

where 1 is the distance between wire centers, and b is 
the wire diameter. 
If the beam passes through one grid, the transmitted 

current will be 

For two grids it is 

_ b)2 

= al.. 



246  PROCEEDINGS OF THE I.R.E. March 

and for u grids 

ii = wale. 

it = auie.  (28) 

For passage through u grids of transmission 
grids of transmission a2, the resulting current is 

it = alucte'ie. 

It is obvious that ii can be increased by increasing a 
and decreasing u. The transmission a can be increased 
by using finer wire and larger spacings. But the fine-
ness of the wire is limited by its temperature rise, and 
the largeness of the spacing is limited by its effect on M. 
Large spacings permit fringing electric fields and de-
crease M. The number u of grids depends upon the 
design of the beam electron-optical system. It is usually 
either two or three in reflex tubes, but the beam passes 
through some of the grids more than once. 
Another important consideration that determines 4 is 

is that of multiple transits of electrons through the 
resonator. In the above theory only two transits are 
considered, first the modulating transit, and second the 
driving transit which occurs after the electrons have 
been bunched in the reflection space. Obviously there 
must be additional transits, since the cathode will act 
as a reflector. However, because of debunching and 
improper phasing these additional transits contribute 
little one way or the other to the oscillations of the 
resonator except in special cases. Nevertheless, they 
may contribute substantially to the space charge and 
thus decrease the cathode current 4 so that in some 
cases the beam current may be limited by space charge 
rather than by grid temperature. 
The magnitude of this effect may be evaluated by 

considering a simple structure consisting of a plane 
cathode, grid, and reflector, with the cathode and re-
flector at zero potential and the grid positive. Let the 
grid have a coefficient of transmission a. Then for every 
N electrons emitted from the cathode, a fraction Na2 
will return after one round trip. At the start of the 
second trip, the fraction Na2 will be joined by a new 
group of N electrons, making a total of (1 -I-a2)N. After 
q round trips the number will be  . 

(1  a 4  cog) N. 

and u' 

After equilibrium has been reached, i.e., q= 00 , this 
becomes N/(1 —a2), which is the sum of this infinite 
series. Hence, if electrons are emitted from the cathode 
at a rate of N per second, the number moving through 
the space will be N/(1 —a2). Or, if the emission current 
is is, the space current i, will be 

is 
4 =   1 a2 (29) 

—   

Thus space-charge limitation would occur with a 
cathode emission current 1 — a2 times that given by 

the Child-Langmuir law. If there are u grids, the factor 
becomes 1 —a2u. 
Thus it is evident that there are two distinct grid 

transmission effects: (1) losses to the grids which de-
crease the effective current, and (2) transmission by the 
grids which allows multiple transits, resulting in greater 
space charge and consequent decrease in cathode emis-
sion. These effects are opposed to each other; large a 
increases (2) while small a increases (1). Hence there 
is an optimum a. 
This is clarified by reference to Fig. 2. A structure 

having three grids is shown: a is an accelerating grid, 
whereas b and c are radio-frequency grids. The effec-
tive current driving the oscillator is it, which is the cur-
rent remaining after four grid transits. The remaining 
transits are assumed to contribute only to space charge. 
The sum of currents due to till transits, regardless of 
direction of flow, gives the space current 4. 
For the usual reflex-tube case with u grids, i is given 

by 

ii =  

Then, from (29), 

ii = a u-1-1(1  a  2 u) 4 . 

Here 4 is a constant determined by the Child-Langmuir 
law. By differentiating with respect to a, and equating 
to zero, the maximum for a is found to be 

( 

u  1\1 

3u ± 11 2u 
ao = 

Hence, if 

and if 

u = 2, ao = 0.810,  it = 0.304, 

u = 3,  ao = 0.858,  i =,0.294. 

0 
0 

0 
0 
0 

0 

0 

0 
0 
0 

0  0 

a  b  c 

Fig. 2—Schemata electron paths in a triple-grid reflex oscillator, 
showing the effective current i1 and the built-up space current i• 
due to multiple transits, between cathode K and reflector R. 

These results represent a case in which the beam elec-
trons continue to oscillate until all are captured by the 
grids. If there is any divergence of the beam so that elec-
trons are captured elsewhere, corrections to the above 

4 

(30) 

1 
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are required. In some tubes all electrons are collected 
after two transits by an electrode which does not permit 
them again to approach the cathode after having once 
left it. Then space-charge effects are reduced to a mini-
mum, and the grids may be designed for higher trans-
mission limited only by considerations of heat dissipa-
tion and effect on M. Also it should be noted that ii 

can be increased by increasing 1,, as for example by 
diminishing the spacing from the cathode to the firts 
grid. Here again heat dissipation is a limiting factor. 
The above maximization of a would usually be most 
useful in making best use of an i, already at its highest 

value. 
REFLECTOR 

o  0 

o  0 

1 
2 

VR 

Fig. 3—Schematic diagrams of reflex klystron utilizing 
three electron transits. 

During the third transit, i.e., transit c, it will be 

Wj = i2MV../i(r2) cos 72. 

This assumes that the bunch shape is affected by the 
second transit only to the extent that r changes between 
the second and third transits. The fact that various elec-
trons in the bunch are subjected to different action of 
the radio-frequency field and the bunch thus distorted 
is ignored. The deceleration of the bunch as a whole 
during transit b also is neglected, and the bunch there-
fore is assumed to be reflected at the cathode surface 
between transits two and three. Both of the above 
assumptions are justified on the basis of a small-signal 

theory. 
Thus the total will be 

W = W1 + W 2 = M i7m(i1J1(r1) cos 71 +  i2.11(r2) cos 72) 

= 

Introducing this in (13) yields 

V„,2 
WL — (G — Gc) 

2 

= MV.Eiai(n) cos 71 ± i2.11(r2) cos 72] 

• Therefore, 

Cf V„,01\ GcV,o2 1 

Vo 
= —[MV„,.11   

2170 )  2i1 

a2MV,,,Ji 

Another method of increasing efficiency lies in the 
possibility of utilizing electron transits after the second 
one. As has just been pointed out, multiple transits 
usually occur, but they are usually ineffective because 
of debunching and improper phasing. However, it is 
possible to design a tube so that the third transit will 
cause a considerable increase in efficiency. This is 
especially true in the case of low-amplitude (i.e., 
V,•<<Vo) oscillators, since the velocity spread in the 
beam is small, and when once bunched the electrons 
stay sufficiently bunched long enough to permit a third 
transit with considerable effectiveness. 
Referring to Fig. 3, we see that the power developed 

by the beam during the second transit, i.e., transit b, 
will be, according to (7), 

W 1 itAfV„,J1(r1) cos 71. 

GcV„, 2 

(mv„,o,y1 
\ 2170 1J' 

2 

(31) 

where the cosine factors have been given their maximum 
value of unity. This maximum value may be attained 
by varying the two voltages V0 and VR by small 
amounts. It is of interest that this exhausts the available 
parameters which can be adjusted for maximizing the 
phase angles 71 and 72. In attempting to utilize still 
more transits this maximization would not be possible. 
These expressions are now similar to those for the 

double-transit case except for the addition of an extra 
term which represents the contribution of the third 
transit. The factor 02 which occurs in this added term is 
similar to 01 which has been discussed above and repre-
sents the transit angle of the bunch center from the 
first to the third transit, that is, it is equal to 01 plus the 

added angle caused by 12. 

As before, to maximize (31) with respect to the 
loading, the derivative of n with respect to V„, is 
equated to zero. This yields 

Jo  (M2Vv.,00 + a 2 !_2_ Jo /M V„,02\  1 

O  \ 2v. ) 0 

From the tube geometry and operating voltages, the 
quantities 01, 02, oti and fi are known. Thus V,,, may be 

determined from (32) and then n from (31). 

(32) 
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As a specific example a case has been computed' for 
the following numerical values: 

= 5.8910" cycles per second (X = 3.2 centimeters) 

M = 0.64 

a = 0.81 

Vo = 300 volts 

ii = 0.010 ampere 

Rc = 5000 ohms. 

The results are plotted in Fig. 4, where contour lines 
for n are plotted against ii and 12. For a complete picture 
the factors cos -yi and cos -y2, which were dropped to 
obtain (31), must now be considered. These are seen 
to be rapidly varying functions, compared to n, when 
hand 12 are varied, since it may be shown that  changes 
by 27r radians for a change in 1 of only 0.274 millimeter. 

1, (mmv.) 

4—Constant-efficiency contours (in per cent) versus drift 
distance in the reflector space lb and in the cathode space Is, for 
a triple-transit reflex-klystron oscillator. 

Thus the surface of Fig. 4, may be considered as an 
envelope of an array of individual maxima spaced 0.274 
millimeter along each axial direction. Any value there 

s The writers are indebted to Mrs. L. A. Hartig for valuable 
assistance in making these computations. 

March 

plotted hence can be approached closely, if not actually 
realized. 
For the above numerical case, but with only the usual 

two transits through the resonator, the maximum effi-
ciency as computed from (24) is 1.16 per cent, whereas 
for three transits it is 3.16 per cent, an increase of 2.7 
times. Somewhat greater values than this might theo-
retically be realized, since the figures for Re and 
used above are conservatively low. 
However, in practice, it is doubtful that increases as 

great as this could be obtained for several reasons. In 
the first place, the problem of the electron optics has 
been disregarded. It has been assumed that the beam 
was ideally collimated. Actually, this condition would be 
difficult to realize. With the increased path length, con-
trol of the beam becomes more difficult. There would 
likely be more divergence and 'consequent loss of current 
to the aperture edges. 
Closely associated with the beam control is the shape 

of the grids, since this is a primary factor in determin-
ing the shape of the electron wave fronts which form in 
the beam due to bunching. For a homogeneous, per-
fectly collimated beam, and with flat grids, flat wave 
fronts will form. The reflecting field should then be such 
as to return flat wave fronts to the grids. However, 
with curved grids, curved wave fronts are formed and 
the reflecting field must then be such as to return wave 
fronts having the same curvature as that of the grids. 
Otherwise all parts of the wave front or bunch will not 
pass through the grids at the optimum phase. With 
two driving transits this problem becomes considerably 
more difficult, since the wave front shape must conform 
to the grid shape on both transits. On the first driving 
transit the shape of the reflector can be varied to pro-
duce the correct wave front shape, but on the second 
driving transit the cathode acts as the reflector, and it 
probably would be difficult to shape it so as to fulfill 
simultaneously its function both as cathode and re-
flector. A possible solution is to use parallel plane grids 
with a closely spaced parallel plane cathode. The con-
struction of grids which will remain flat when raised to 
the usual high operating temperatures is a considerable 
problem that has not yet been solved, but this does not 
seem to be a difficulty which could not be overcome in a 
practical fashion. 

The question of space charge must also be considered. 
It is highly desirable to operate with space-charge-
limited current for the sake of stability. However, with 
a cathode closely spaced to the first grid, as it must be 
to act efficiently as a reflector, space-charge limitation 
may not always be obtained. In designing a multiple-
transit tube this factor should be considered, and the 
cathode-grid spacing should be chosen to give space-
charge limitation, if possible. 
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Electronic Collisional Frequency in 
the Upper Atmosphere* 

E. F. GEORGEt 

Summary—The collisional frequency of free electrons with neu-
tral air molecules and atoms in the earth's atmosphere is calculated 
on the basis of contemporary ideas concerning temperature, pres-
sure, composition, and dissociation of atmospheric gases. Expres-
sions are developed for these calculations. 
Since contemporary ideas on the state of the upper atmosphere 

are markedly different from those held ten years ago, this new de-
termination of collisional frequency yields values different from 

those found earlier. 
Two sets of values are worked out, one for night and the other 

for day conditions. It is believed that these two cases represent 
maximum and minimum values. The effective molecular diameter is 

discussed. 
It is pointed out that more exact knowledge of the collisional fre-

quency in the ionospheric regions is important in connection with 

theories of radio wave propagation. 

I
N ANY investigation of the propagation of radio 

waves through the ionosphere, the frequency of col-

lisions between free electrons and molecules or 

atoms plays an important role. Collisions of this kind 

result in the absorption of energy from the electromag-

netic waves. The refractive index of the ionosphere is 

influenced also by friction, as shown by the general dis-

persion equation. Friction, in turn, depends upon the 

collisional frequency. In view of the importance of the 

subject, therefore, and in view of the fact that no com-

puted values of the collisional frequency exist which are 

not based more or less upon discarded ideas as to the 

conditions prevailing in the ionosphere, it seemed worth 

while to undertake the following investigation. 

In this paper the collisional frequency is computed 

from the following formula' 

f = nD2 
2m 

(1) 

where f is the collisional frequency, n the number of 
molecules per cubic centimeter, D the molecular diame-
ter in centimeters, K Boltzmann's constant, T the tem-
perature in degrees Kelvin, and m the mass in grams of 

the electron. Assuming this formula to be correct, it 

would not be difficult (though quite tedious) to compute 

the collisional frequency if the quantities n, D, and T 
were known. Such, however, is far from being the case. 

The value of n, for instance, depends upon the tempera-

ture and pressure. The pressure, in turn, depends upon 

the temperature, the relative distribution of the com-

ponents of the atmosphere, and of the dissociation of the 

oxygen and nitrogen molecules into atoms. All these fac-

• Decimal classification: R113.502. Original manuscript received 
by the Institute, June 10, 1946. 
t Department of Physics, University of Alaska, College, Alaska. 
A. Hund, 'Phenomena in High-Frequency Systems," McGraw-

liill Book Co., Inc., New York, N. Y., 1936; p. 385. 

tors are unknown, and the results obtained must neces-

sarily depend upon the assumptions which are made re-

garding these quantities. 

Various authorities in this field have assumed tem-

peratures in the upper regions of the atmosphere which 

vary all the way from 200 to 3000 degrees Kelvin. An 

increase in temperature causes the air to expand upward, 

thus decreasing the concentration in the lower regions 

and increasing it in the upper regions. 
All estimates of the temperature in the ionosphere are 

based on theoretical considerations or upon indirect evi-

dence. Some general methods of estimating the tempera-

ture are: 
(a) computations from the amount of the sun's radi-

ant energy known or believed to be absorbed in 

the atmosphere; 

(b) sound ranging; 

(c) spectroscopy. 
According to Hulbert2 the temperature in the region 

between 160 and 300 kilometers rises 50 degrees Kelvin 

per hour during daylight. Wulf and Deming' favor a 

temperature of about 700 degrees Kelvin in the region 

above 100 kilometers. This conclusion is based on the 

assumed absorption of the sun's energy by nitrogen. 

In this paper, an attempt has been made to distin-

guish between conditions during the daytime and at 

night. The temperature at night is assumed to be 220 

degrees Kelvin from an altitude of 10 to 400 kilometers. 

This is in line with the conclusions reached by Vegard 

and Tonsberg4 from a study of the Tromso spectro-

grams. They find the night temperature to be about 

225 degrees Kelvin. During the day the temperature is 

assumed to range from 220 degrees Kelvin at 50 kilo-

meters to 1000 degrees Kelvin at 400 kilometers. The 

temperatures assumed at the various elevations are 

shown in Fig. 1 and in column 2 of Tables I and II. 

In regard to the distribution of the various compo-

nents of the atmosphere, Hulburt2 assumes complete 

mixing (and therefore the same relative concentrations 

as at sea level) to an elevation of 150 kilometers. In this 

paper, complete mixing has been assumed to a height 

of 90 kilometers, above which a gravitational separa-

tion is supposed to exist. This assumption has made 

it necessary to compute the pressures and molecular 

I E. 0. I fulbert, "Physics of the Earth, VIII, Terrestrial Magne-
tism and Electricity," McGraw-Hill Book Co., New York, N. Y., 
1939; pp. 492-500. 
s 0. R. Wulf and L. S. Deming, Terr. Meg. and Atmos. Elec., 

September, 1938; pp. 283-297. 
4 L. Vegard and E. Tonsberg, "Results of auroral spectrograms 

obtained at Tromso observatory during the winters 1941-1942 and 
1942-1943," Geolysiske Publikasjoner, vol. 16, Utgitt Av Det Norske 
Videnskaps-Akademi 1 Oslo, Sweden, pp. 1-10. 
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concentrations above 90 kilometers for each component 
separately. The concentration at great elevations de-
pends quite markedly upon the height at which gravita-
tional separation begins. 

190  

400  

tea  
N/SN 

.0 
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Fig. 1- Assumed relation between temperature and elevation. From 
sea level to 50 kilometers the same temperatures are assumed for 
day and night. 

The molecular density in the upper atmosphere de-
pends to a very great extent upon dissociation, or the 
separation of the diatomic molecules into atoms. Wulf 
and Demings assume complete dissociation of oxygen 
above 100 kilometers, and the dissociation of nitrogen 
at higher levels to some unknown extent. In this paper 
it is assumed that partial dissociation of oxygen begins 
at about 90 kilometers, and partial dissociation of nitro-
gen at about 160 kilometers. The percentage dissociation 
of these elements at the various elevations is shown in 
columns 4 and 5 of Tables I and II. 
Another factor whose value is uncertain within wide 

limits is the molecular diameter. Since, according to (1), 
the collisional frequency varies as the square of this fac-
tor, it is easily seen that precise results are difficult to 
obtain. It might be pertinent to inquire at this point 
what is meant by the diameter of a molecule as the term 
is used in this connection. In other words, how close 
must an electron come to the center of a molecule for a 
"collision" to occur; that is, how close must it come in 
order to be appreciably deflected one way or the other? 
Both Hund' and Hulburt2 suggest a diameter of 3 X10-8  

centimeters. A careful check of Hund's results appears 
to indicate, however, that in his computations of the 
collisional frequency he actually employed a value of 
the molecular diameter of about 7 X10-8  centimeter. 
In the present paper, the rather shaky assumption has 
been made that an electron suffers a deflection when it 
comes within a distance D of the center of the molecule. 
The actual diameter of the molecule is taken as 3.5(10-8 ) 

centimeters and the effective diameter as 7.0(10-8 ) centi-
meter. This would appear to be, in effect, what Hund 
actually did. Fortunately, whatever variations there 

may be in the assumed values of the molecular diameter, 
the result, in so far as the collisional frequency is con-
cerned, is not cumulative. In this respect it differs mark-
edly from the other factors above. A comparatively 
small change in any one of them accumulates in such a 
way that the result at an altitude of 400 kilometers, 
amounts to several orders of magnitude. 
The atmospheric pressure at the various elevations 

was computed from 

p - - p oe 

e-MpliCjòdzIT 

Po 

(2) 

(3) 

where p is the pressure at the elevation z, pi, the pressure 
at sea level, M the average mass in grams of the mole-
cule, and g the acceleration due to gravity.5 
In computing pressures the step-by-step method was 

used. The first step extends from sea level to a height of 
10 kilometers, the second from 10 to 20 kilometers, • • • 
the last from 350 to 400 kilometers. (See Table I.) 

-FABLE I-A 

8 0%  N% 

00  N N Oxygen Nitrogen Argon Helium 

0 287 
10 220 
20 220 
40 220 
50 220 
60  240 
80 300 
90  330 
100  360 
120  404 
140  448 
160  492 
180  536 
200  580 
220  624 
250  690 
280  756 
300  800 
350  900 
400 1000 

980 
977 
974 
968 
965 
962 
957 
954  5 
952  7 
946  7 
940  7 
934  7 
930  7 
923 
917  8 
909  8 
900  8 
804  9 
879  9 
864  9 

2 
3 
4 
6 
6 
7 

8 

%  2.14X10' 
5.49 X 10, 
1.17 X104 
5.40X10' 
1.17 X101 
2.71 X10, 
2.25 X10, 
7.80X 10-1 
3.51 X10-1 
1.01 X10-1 
3.33 XIV, 
1.23 X10-1 
5.13 X 10-, 
2.31 X10-, 
1.14 X10-, 
4.34 X10-1 
1.89 X 10-, 
1.13 X 10-, 
3.76 X 10-, 
1.45 X10-, 

7.93 X 101 
2.04 X 101 
4.36 X 10. 
2.01 X107 
4.35 X101 
1.01 X10, 
8.39 X 10, 
2.91 X 10° 
1.15 X 10, 
2. 15 X 10-1 
4.82 X 10-, 
I. 26X 10-, 
3.93 X 10-1 
1.44 X10-1 
5.97 X10-, 
2.08 X10-, 
8.59 X10-, 
4.98X10' 
1.59 X 10-4 
5.82 X40-4 

9.53 X101 
2.48X10, 
5.25 X10, 
2.41 X101 
5.23 X10, 
1. 21 X10, 
1.01 X 10-1 
3.50 X10-, 
9.26X10-' 
8.46 X10-, 
1.00X10-4 
1.47 X10-, 
2.57 X10-, 
5.20 X10-, 
1.19 X10-1 
1.60 X10-, 
2.63 X10-, 

4.06 X10, 
1.04 X10° 
2.23 X10-1 
1.03 X10-, 
2.23X10-3 
5.17 X10-1 
4.29 X10-, 
1.49X10' 
1.30X10-, 
1.03 X10-1 
8.30 X10-, 
6.85 X 10-, 
5.75 X50-I 
4.90X 10-, 
4.23 X 10-, 
.3.46 X 10-, 
2.89 X 10-, 
2.59 X 10-, 
2.01 X10-, 
1.61 X10-, 

TABLE 11-B 

Kilo-  Oxygen 
meters  Particles 

PO 

Nitrogen 
Particles 

is 
Argon Helium 

Coll onal. 
Total  Frequency 

0 5.43 X10" 
10 1.83 X101, 
20 3.88X10" 
40  1.79 X1014 
SO 3.87 X1011 
60 8.25 X10" 
80 5.48X10" 
90  1.73 X10" 
100  7.13X10" 
120  1.83 XIO" 
140  5.43 X1077 
160  1.82 XIV 
180  7.00X10" 
200  2.91 X10" 
220  1.33X107, 
250  4.59X10' 
280  1.83X10' 
300  1.04 X10, 
350  3.05X10, 
400  1.06X10, 

2.02 X101, 
6.79 X 10" 
1.45 X101, 
6.65 X10" 
1.44 X10" 
3.06X10" 
2.04 X10" 
6.45 X10" 
2.32 X10" 
3.88X10" 
7.85 X1011 
1.85)009 
5.36 X10" 
1.81 X107. 
6.98X10' 
2.20X10' 
8.40 X101 
4.55 X10, 
1.29 X101 
4.25 X107 

2.43 X 1017 
8.25)(10" 
1.74 X 10" 
8.01 X10" 
1.73 X10" 
3.67 X10" 
2.46 X 101, 
7.767<10" 
1.88 X10" 
1.53X10" 
1.63X 10, 
2.18 XI01 
3.50)(107 
6.55X10, 
1.39)(10, 
1.70 X101 
2.54 X10. 

1.03 X10" 
3.46 X 10" 
7.34 X 10" 
3.42 X10" 
7.41 X10" 
1.57 X 1010 
1.04 X10, 
3.30 X10, 
2.64 X 10, 
1.86)(10, 
1.35 X10, 
1.02 X10, 
7.84 X10' 
6.17 X107 
4.94 X-I' 
3.66 X01" 
2.79 X10" 
2.37 X107 
1.637(107 
1.18 X107 

2.58)(10" 
8.70 X10" 
1.85 X10" 
8.53 X101, 
1.85 X 10" 
3.93 X 10" 
2.61 X10" 
8.25 Xq011 
3.067(10" 
5.72 X1012 
1.33 X1012 
3.68 X 10" 
1.24 X1011 
4.73X10'• 
2.04X 101, 
6.83 X10, 
2.69X10' 
1.52 X 10, 
4.51 X 10, 
1.60X10, 

1.04 X1017 
3.08X10" 
6.54 X10" 
3.01 X10, 
6.54 X 101 
1.45 X 10, 
1.08X107 
3.58 X 10, 
1.38 X 10, 
2.74X10' 
6.72 X104 
I.95X104 
6.86 X101 
2.71 X101 
1.21X101 
4.28X103 
1.76 X10, 
1.02 X10, 
3.22 X 101 
1.21 X101 

Consider, for instance, the ninth step: from 100 to 
120 kilometers. Since the change in g is small, the 

5 B. Haurwitz, "Ifynamic Meteorology," McGraw-Hill Book 
Co., New York, N. Y.; 1941, p. 11. 
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average value (g = 952+946/2 =949) is used. For this 
particular step we let z' =z -100; i.e., z' =0 when z =100    
kilometers and z' = 20 when z =120 kilometers. The 
value of T, then, for any elevation between 100 and 120  e• • 111 

0%  N% 

O  0 Of-  N Ns 

kilometers, is  Kti2 I+CA -  r , 

(404 - 360)z' 
T = 360 +  = 360 + 2.2z'. 

20 

Equation (2) then becomes 

P = Poe-(949m)ircir(demo+2.2e). (4) 

Equation (4) is integrated to find p at 120 kilometers. 
The rate at which the pressure changes with the ele-

vation is given by 

dp 
- = - nMg 
dz 

OT 

dp = -  g(dz) 

But 

p = nKT 

Differentiating (7) we get 

dp = KTdn  Kndt 

Substituting (8) in (6) we obtain 

KTdn  Kndt = - nMgdz 

or 

(5)6 

TABLE H-A 

Oxygen  Nitrogen  Argon Helium 

O  287  980 
10  220  977 
20  220  974 
40  220  968 
50  220  965 
60  220  962 
80  220  957 
90  220  954  2 
100  220  952  .3 
120  220  946  3 
140  220  940  3 
160  220  934  3 
180  220  930  4 
200  220  923  4 
220  220  917  4 
250  220  909  4 
280  220  900  4 
300  220  894  4 
350  220  879  5 
400  220  864  5 

%  2.14X113, 7.93X10, 9.53X10, 4.06X10, 
5.49X10, 2.04X10'  2.48X10'  I.04 X10 
1.17 X104 4.36X10'  5.25X10'  2.23X10' 
5.40X102 2.01 X102 2.41 X101 i.osxura 
1.17 X102 4.35 X102 5.23 X10°  2.23X10' 
2.56 X 101 9.57 X101 1.15)002 4.90X10-2 
1.25 X102 4.65 X 102 5.60X10-1 1.49 X10-2 
2.78 X 10-1 l.03 X10  1.24X10'  5.30X10' 
6.45X10'  2.40X10-1 1.55 X10-2 4.30X10-2 
3.83X10'  1.31 X10-2 2.44X10'  2.84X10' 
2.52 X10-4 7.32 XI0-2 3.94X10 7 1.88 X10-2  
1.68X10'  4.16X10°  6.53X11'  1.25X10° 
1.14X10'  2.57X10'  1.11 X10-12  8.30X10-1 
8.50X10-2  1.62 X 10-2 1.93 X10-12  5.54X10 7 
6.48X10'  1.11 X10-2  3.44X10'° 3.70X10-1 
1.40X10-12  2.07X10 "  2.03X10' 
3.53X10 " 4.01 X10-12  1.12 X10-2 
3.10X10-12  2.95 X10-12  7.59X10° 
7.83 XI0-12  5.54X10 "  2.88X10' 
2.57 X10-12  1.16X10-'.  1.11 X10-2  

TABLE II-B 

(6)  I L-  Oxygenmeters - 

(7) 

(8) 

(9) 

dn  dT  Mg 
-  -  - - dz.  (10) 
n  T  KT 

Integrating (10) we get 

Mg iz dz 
In n + ln T = -  -  In no + In To (11) 

K  T 

or 

i or 

is 

In  
in [- - 

no To 

Mg fidz 

K J0 T 

n T  g  . 
-no -To = antilog of (  f --) = e-uoucj;diir 

- M  z dz 

K  0 T 

To 
n = no _ e-moix.ga‘tr. 

T 

(12) 

(13) 

(14) 

If we now substitute (3) in (14) we get 

To p 
n = no -  •  (15) 

T Po 

$G. P. Harnwell and J. J. Livingood, "Experimental Atomic 
Physics," first edition, McGraw-Hill Book Co., New York, N. Y., 
1933; pp. 86-88. 

Nitrogen  Argo▪ n 
Total per Cu. C°11isi°nal  Helium Frequency 
bic centimeter 

0  5.43X10"  2.02X10"  2.43 X 1012 1.03 X 1012 2.58X10°'  1.04X10" 
10  1.83X10,, 6.79X101, 8.25X10l, 3.46X1Ou  8.70X101, 3.08X1011 
20  3.88X10°7 1.45 X1012 1.74X10'°  7.34X10"  I . 85 X1012 6.56X10'° 
40  1.79)(10"  6.65X10°'  8.01 X1014 3.42X10"  8.53X10"  3.02X10' 
50  3.87X10"  1.44X10"  1.73X10'4 7.41 X1012 1.85  1012 6.55X10° 
60  8.50 X I014 3.17X10"  3.81 X1Ou  1.62)(1012 4.06)0012 1.43 X102 
80  4.14X10"  1.54X1014 1.86X1012 7.90X10, 1.98X10l, 7 .00X 10, 
90  9.22X100 3.44X1012 4.13X10"  1.76X10'  4.39 )00"  I. 56 X102 
100  2.147(10"  7.97X10"  5.137(10'"  1.43X10'  1.02 X I012 3.60X10' 
120  1.27 X1011 4.36 XIOn  8.09X10'  9.44X10, 5.65X1011 1.99X10' 
140  8.37X10, 2.43X101° 1.31X10, 6.25X10, 3.27X101, 1.16X10, 
160  5.59X10, 1.38X10, 2.17 X102 4.13 X 107 I.98X102 7.00X101 
180  3.78X10'  8.53X10'  3.687(10'  2.76 X 102 1.51 XI02 5.347(10° 
200  2.82X10'  5.37 X102 6.40X10'  1.84X10'  2.66X10'  9.43X10' 
220  2.15)(101 3.77X10'  1.14 X100 1.23X10'  1.29X10'  4.55X10' 
250  4.65X10'  6.88X10'  6.767(10'  6.77 XIO•  2.40X10-1 
280  1.17 X102 1.33X10'  3.74 X102 3.74X102 1.32X10" 
300  1.03X10'  9.80X102 2.52 X 102 2.52X10'  8.93X101 
350  2.60X10'  I. 84 XI0-2 9.54X10'  9.54)(102 3.39X10' 
400  8.55X10-2 3.84X10-'  3.69X10'  3.69X10'  1.36X10' 

After the pressures (Fig. 2) were computed from (2), 
the molecular concentrations (Fig. 3) were obtained 
from (15) and then the collisional frequency (Fig. 4) 
from (1). 
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Fig. 2-The logarithm of atmospheric pressure, in dynes per square 
centimeter, plotted against the elevation in kilometers. 

It might be worth while to point out here that, in 
view of (15), Hulburt's equation n=no e-(moilicr) is 
without foundation, and that values of the molecular 
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concentration computed by his formula are necessarily 
wrong. 
On the basis of assumptions that appear to be con-

sistent with recent developments in the theory of the 

Fig. 3—The logarithm of the mo ecular concentration 
plotted against the elevation in kilometers. 

ionosphere, two sets of collisional frequencies have been 
computed. These extend from sea level to an altitude 
of 400 kilometers. One set, shown in Table I, is for con-

ditions which are supposed to exist during daylight 
hours. The other, shown in Table II, is for night. 
The author expresses his gratitude to S. L. Seaton, 

physicist-in-charge of the College Observatory, Car-
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Fig. 4—The logarithm of the co lisional frequency plotted 
against the elevation in kilometers. 

negie Institution of Washington, for suggesting the 
problem and for encouragement and helpful criticism 
throughout. 

Noise Spectrum of Crystal Rectifiers* 
P. H. MILLER, Jr. t 

Summary—Studies of the noise spectrum of crystal rectifiers 
were made over a frequency range of 50 cycles to I megacycle. The 
circuits used in the analysis are described. It was found throughout 
the range that, regardless of the type of power applied to the crystal, 
the noise temperature varies inversely with the frequency. The noise 
in the audio range is always large; a noise temperature ratio of 101 
is not uncommon. A mechanism responsible for the observed noise 
has not yet been suggested. 

INTRODUCTION 

THE MECHANISMS responsible for extra noise in 
crystal rectifiers are at present little understood. 
Extra noise is the difference between the noise ac-

tually observed and the noise to be expected from diode 
(shot) and Johnson noise in the rectifying barrier and 
spreading resistance. Extra noise in production crystals 
at 30 megacycles is not large, but at audio frequencies it 

• Decimal classification: R362.1. Original manuscript received by 
the Institute, March 14, 1946; revised manuscript received May 17, 
1946; second revision received July 22, 1946. Presented 1945 Winter 
Technical Meeting, New York, N.Y., January 25, 1946. This work 
was done in part under Contract No. OEMsr-388 with the Trustees 
of the University of Pennsylvania under the auspices of the Office 
of Scientific Research and Development which assumes no responsi-
bility for the accuracy of the statements contained herein. 
t Randal Morgan Laboratory of Physics, University of Penn-

sylvania, Philadelphia 4, Pennsylvania. 

may be many orders of magnitude larger. Rough 
whisker tips' and imperfectly soldered back contacts 
have been blamed as sources of ex,tra noise. Etch' and 
tapping have been found to influence noise, but the tem-
perature effect has been found to be small.* 
Several papers" have been written to elucidate noise 

and several mechanisms have been proposed to explain 
extra noise. The experiments herein described examined 
the characteristics of this noise under various conditions 
to ascertain if the predictions of various proposed 

A. H. White and W. G. Pfann, "Correlation of noise with 
geometry point contact in silicon rectifiers," Bell Laboratories 
Memorandum, 42-120-96; August 24, 1942. 

2 A. W. Lawson and W. E. Stephens, "Effect of etch on crystal 
rectifiers," University of Pennsylvania, National Defense Research 
Council Division 14, no. 126; March 10, 1943. 

3 A. W. Lawson, P. H. Miller, and W. E. Stephens, "Noise in 
silicon rectifiers at low temperatures," University of Pennsylvania, 
National Defense Research Council, Division 14, no. 189; October I, 
1943. 

4 V. Weisskopf, "The theory of noise in crystal rectifiers," Na-
tional Defense Research Council, Massachusetts Institute of Tech-
nology, no. 133; May 12, 1943. 

L. I. Schiff, "Noise in crystal rectifiers," University of Pennsyl-
vania, National Defense Research Council, Division 14, no. 126; 
March 10, 1943. 

• C. J. Christensen and G. L. Pearson, "Spontaneous resistance 
fluctuations in carbon microphones and other granular resistances," 
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mechanisms agreed with experiments. In these experi-
ments the extra noise in different frequency ranges from 
50 cycles to 1 megacycle was investigated in a variety 

of applications. 

APPARATUS 

The block diagrams of the three schemes used in the 
analysis of the frequency spectrum are shown in Fig. 1. 
In all cases an input circuit, preamplifier, selective am-
plifier, and output meter were connected in series. 

PRE AMPL 
SELECTIVE - SQUARE LAW 
AMPLIFIER  DETECTOR 

For Frequencies 50 cycle to 16 I<C 

OSCILLATOR 

11 
!INPUT =  PRE AMP  MIXER 

INPUT 

NC 10IX 
=  Communication 

receiver 

For Frequencies 15 ICC. to 300 K.C. 

 (PRE AMP 
SR22 

Communication 
receiver 

SQUARE LAW 
DETECTOR 

SQUARE LAW 
DETECTOR 

For Frequencies  0.1 N.C. Is 1 N.C. 

Fig. 1—Block diagrams of apparatus for investigation of 
frequency dependence of noise. 

The noise temperature t of a crystal is defined as the 
ratio of the output noise power of an amplifier which is 
completely noiseless (grid resistance at zero tempera-
ture), with the crystal rectifier across the input, to that 
of the same amplifier with a passive circuit element of 
the equivalent resistance (and reactance) of the crystal 
rectifier at room temperature. The output power with 
the crystal is V &A° V,2 Gdv where V,2 is the square of 
the voltage on the grid of the amplifier which is a result 
of crystal noise, G the voltage gain squared of the ampli-
fier, and R1, the output load resistance of the amplifier. 
The contributions of the grid resistor to the output 

noise is always negligible, since the noise voltage gen-
erated by the crystal rectifier with power applied under 
our conditions of measurement is much larger. For the 
input circuit shown in Fig. 2, the output noise power 

Re • 300 a 

30a 

  T. pH 4 I 
Pre _ Om 

Fig. 2—Input circuit for applying bias to 
crystal rectifiers. 

with the passive resistor replacing the crystal rectifier 
would be 

4kT R11,2 ad  

J • (R  Ro)'  P 

where R is the resistance of the passive resistor and R, 
is the grid resistance which is assumed noiseless. This 
assumption is permissible since the above quantity is 
not experimentally measured but is merely an aid in ex-
pressing the problem. Thus 

1 = 

to 

.10 vg2Gd, (R + 14)2 D 

4kTRR,2 f "  Gels, 4 kTRR,2 

(R + 1202 o 

r 
j 0 Gdv 

where D is the square of the output voltage as measured 
by a square-law detector. If V, is a function of fre-
quency, it is clear that the noise temperature will be 
sensitive to the frequency-response characteristic of the 
amplifier. There is always present at the output a back-
ground consisting of tube noise and discrete frequency 
pickup which must be subtracted from the observed 

output. 
The value of the integral f;Gdy can be established in 

two ways. The first is to measure the over-all gain of the 
preamplifier and selective amplifier point by point and 
graphically integrate the curve. An alternate method is 
to replace the crystal with a diode noise source whose 
dynamic resistance is large compared with R,. The out-
put voltage-squared deflection produced by the shot ef-
fect is 

00 

Do = 2eIR,2 f Gdy 

where e is the electronic charge and I the diode current. 
The diode current is made large enough so that the con-
tribution of the grid resistor to the noise can be neg-
lected in comparison with that of the shot noise. The 
values of frGdy found in these two manners were found 
to agree within 25 per cent. Since absolute values for the 
noise temperatures were not desired, no further refine-
ment in experimental technique was thought worth-
while. 
In the audio-frequency range the use of a diode is 

open to question, for in most diodes the noise depends in 
an exponential manner on the current rather than in a 
linear manner. The cause of this extra noise is presuma-
bly "flicker" effect. 
A square-law output meter must be used when relia-

ble estimates of noise temperatures are to be made. 
There are two fundamental difficulties in using a diode 
rectifier in the output circuit. The allowance for back-
ground is very uncertain. For instance, there is no sim-
ple formula for the average value of the positive part of 
the sum of two sinusoidal voltages of different ampli-
tudes and frequency, and, furthermore, most diode cir-
cuits take a complicated average. If the ratio of ampli-
tudes is large, then only the larger amplitude contributes 
to the average value. When the noise is comparable with 
or smaller than the background, only a very qualitative 
indication of the amount of noise can be obtained. When 
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square-law detection is employed the increase in deflec-
tion is a measure of the average of the square or the ap-
plied voltage, regardless of the nature of the applied 
voltage or background. 
The second difficulty encountered in using a diode is 

that the relationship between the average value of the 
positive part of the noise voltage and the average value 
of the square of the noise voltage is not known except 
for some special noise sources. The error made by taking 
the square of the average to be the same as the average 
of the square is not believed to be more than 50 per cent. 
An electronic square-law detector using a 6V6 biased 

to —22 volts was developed. The circuit diagram is 
shown in Fig. 3. This device was sufficiently accurate 
and at the same time more rugged than the sensitive ele-
ment of a bolometer, thermister, or thermocouple. 

141911 r1.1,10,1CO vtle wn. ,..40411 
vollni110,, O. *0 roira 

OUTPUT 

Fig. 3. Square-law'detector for measurement of noise 
voltage squared. 

The input circuit when direct-current bias is applied is 
shown in Fig. 2. The 300-ohm resistance in series with 
the bias acts as the grid resistor. This value was chosen 
because it is typical of that found in 30-megacycle inter-
mediate-frequency amplifiers. In calculating the noise 
temperatures it was arbitrarily assumed that the resist-
ance of the crystal was also 300 ohms. This is not true at 
all if direct-current bias in the back direction is applied. 
However, the noise temperature so obtained is a meas-
ure of the amount of noise power delivered to the output 
circuit and this is the important quantity in any appli-
cation. A crystal rectifier with large true noise tempera-
ture may present only a small noise voltage to the grid, 
since the noise generator may have an internal resistance 
which is very large in comparison with the grid resist-
ance. 
In the audio range the preamplifier is battery operated 

to avoid 60-cycle pickup. The selective amplifier is of the 
Twin T type. Actually, too narrow a bandwidth is a dis-
advantage, since for a bandwidth of iv the beat fre-
quency between different components in the transmit-
ted band have periods larger than 1 giv, and these fluc-
tuations may be troublesome and difficult to average. In 
the present form with 10 per cent tolerance components 
in the filter the J:Gdv is different for each band and 
must be evaluated experimentally. 

The apparatus used in the frequency range of 15 to 
400 kilocycles is indicated in Fig. 1. The preamplifier has 
a maximum voltage gain of about 104 and is flat up to 1 
megacycle. The amplified noise voltage is fed into the 
mixer circuit, which consists of a mixer crystal, espe-
cially selected for negligible harmonics, and a 7-mega-
cycle crystal-controlled local oscillator. A noise fre-
quency v from the input circuit mixed with the local 
oscillator to give 7 + v megacycles. If the communications 
receiver (NC101X )is tuned to 7+v megacycles, then all 
the noise in the range v —Av/2 to v+Av/2 will be meas-
ured on the output meter where Av is the bandwidth of 
the amplifier. 
For frequencies higher than 100 kilocycles, frequency 

conversion is unnecessary and the output of the pream-
plifier can be coupled directly to a communication re-
ceiver and output meter.  ' 

RESULTS 

The major part of the studies was concerned with the 
behavior of noise as a function of the direct-current bias, 
but a limited number of experiments on the characteris-
tics of the noise with the application of microwave 
power were carried out. 
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Fig. 4—Noise voltage squared in silicon-crystal rectifiers as a func-
tion of reverse current. Frequency range centered about 2400 
cycles. A temperature t produces at the input terminals a noise 
voltage squared per cycle bandwidth of 4 X10-21 1. 

At all frequencies between 50 cycles and 1 megacycle, 
the extra noise was found to be approximately propor-
tional to the square of the current, provided the resist-
ance of the crystal rectifier was large in comparison with 
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the 300-ohm grid resistance. Typical results are shown 
in Fig. 4. Noise of the shot type varies linearly with cur-
rent. A fluctuating resistance at the contact between the 
metal and semiconductor would produce noise with the 

observed dependence upon current. 
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Fig. 6—Noise temperature of silicon-crystal rectifiers as a function of 
frequency. A temperature I produces at the input terminals a 
noise voltage squared per cycle bandwidth of 4 X10-14. 

The noise temperature of the crystal rectifiers was 
found to vary inversely with frequency in the range be-
tween 50 cycles and 1 megacycle. Typical experimental 
results for silicon-crystal rectifiers in different frequency 
ranges are shown in Figs. 5 and 6. For the frequency 
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range from 50 to 10,000 cycles the mean slope of log 
temperature versus log frequency plots for ten different 
crystals with direct-current bias was —1.01, with the ex-
treme values being —1.11 and —0.92. These results are 
typical of the manner in which the inverse-frequency 
behavior was followed. Measurements were also made on 
germanium-crystal rectifiers with both mechanical and 
welded contacts. The noise generated was of the same 
order of magnitude and exhibited the same frequency 
characteristics. In the welded units the platinum 
whisker formed an alloy at the germanium surface, so it 
is not likely that mechanical movement is responsible 

for the noise. 
Some measurements were made on the noise gene-

rated when the silicon-crystal rectifier was cooled to 
liquid-air temperature and direct-current bias applied. 
It was found that the order of magnitude of the noise 
power was not changed. Only a limited number of exper-
iments were conducted because stability of contact was 
difficult to maintain under such large temperature 
changes. These results indicate that if the mechanism 
responsible for the noise depends on thermal activation 
the energy required is less than 0.01 volt. 

Fig. 7—Self-contained apparatus for measuring audio noise. 

Attempts were made to study the variation in audio 
noise with variations in the preparation and assembly of 
the silicon surface and metal whisker and, while large 
variations in the noise were observed, no classification 
of the results can be made because the influence of ex-
traneous factors was larger than that of those which 
were controlled. 
Since the noise voltage in the audio range is large and 

can be easily measured, the correlations between this 
noise and that generated at 30 megacycles when the 
crystal is used as a crystal mixer was investigated. For 
this purpose the audio noise tester with a band pass 
from 1 to 15 kilocycles shown in Fig. 7 was constructed. 
The output could be measured with either an external 
square-law detector or, when only empirical information 
is desired, with a built-in copper-oxide rectifier and 
meter. The sensitivity is such that a grid voltage of 
2 X10-6 volt doubles the background. 
To simulate radio-frequency conditions the poten-

tiometer is adjusted to give ±0.4 volt, open-circuited. 
This results in a bias voltage in the reverse direction of 
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nearly 0.4 volt and in the forward direction of about 0.2 
volt. These values were found to be typical of the aver-
age noise behavior in the forward and reverse directions. 
In making the correlation the noise-voltage reading in 
the reverse direction was divided by two, since when 
radio-frequency power is applied the impedance pre-
sented to an audio-current pulse is the intermediate-
frequency load resistance in parallel with the inter-
mediate-frequency impedance of the crystal. In con-
trast, an audio-current pulse with direct-current bias in 
the reverse direction develops a voltage across about 
twice this impedance, since only the load resistance is 
present. The correlation was found to be comparatively 
insensitive to the exact values chosen for bias voltage. 
Fig. 8 shows the correlation between 30-megacycle 

noise temperature and the number obtained from the 
audio noise tester. The numbers are proportional to the 
audio noise voltage. Twenty commercial mixer crystals 
of a single manufacturer were measured before and after 
mistreatment by successive applications of 75- and 150-
volt pulses in a 50-ohm concentric line having a time 
constant of the order of 10-8  second. From the experi-
mental results it appears that the intermediate-fre-
quency noise temperature can be predicted from the 

Fig. 8—Correlation between audio noise voltage generated by direct-
current power and 30-megacycle noise power (expressed as tem-
perature ratio) generated by microwave power applied to the 
crystal rectifier. Twenty 1N21 units were mistreated by the ap-
plications of power in a Torrey line and remeasured. The ordi-
nates represent the sum in arbitrary units of the noise voltage gen-
erated in the circuit of Fig. 2 by the application of 0.4 volt in 
the forward direction plus one half of that generated by the ap-
plications of 0.4 volt in the reverse direction. 230-1 represents the 
noise temperature minus unity of the crystal rectifiers at an inter-
mediate frequency of 30 megacycles when employed in a micro-
wave mixer under typical operating conditions. 

audio measurement to about 25 per cent. The same sort 
of correlation was obtained for other crystal types and 
manufacturers, but somewhat different constants apply. 
If crystal rectifiers are to be used in continuous-wave 

systems their audio noise will limit their performance. 
The production crystals of several manufacturers were 
investigated to see if reasonable numbers of • crystals 
with low audio noise could be selected. Some yield 
curves are shown in Fig. 9. Approximately 5 per cent of 

production crystals have a noise temperature less than 
1000 at 1 kilocycle. As the audio noise varies roughly as 
the square of the rectified current, an improvement in 
the signal-to-noise ratio of about 25 appears possible by 
reducing the local oscillator power. 
There is as yet no hint of a mechanism which will give 

the observed frequency law. Any model will require re-
laxation times larger than one fiftieth of a second. The 
motion of individul molecules forming absorbed gas lay-
ers or mechanical changes at the contact which are a re-
sult of lattice vibrations will have relaxation times 
shorter than 10-6 second. No one has yet invented a 
suitable mechanism. Studies of surface characteristics 
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Fig. 9—Yield of low audio noise crystal rectifiers from various pro-
duction lines. The abscissas are proportional to the audio noise 
voleage (see Fig. 9) and the ordinates represent the percentage of 
crystal rectifiers having an audio noise voltage between 0-5, 
5-10, 10-15, 15-20 units, etc. The units not shown generate 
noise voltages to the right of the wavy vertical line. The nonlinear' 
scale at the bottom gives the noise temperature at 1000 cycles. 

have been made in a rectilinear electron microscope in 
which variation in field emission from the point of a sili-
con needle can be studied. The pattern formed on the 
fluorescent screen consisted of small spots which were 
continually moving around. The time constant of their , 
motion was of the order of one-tenth second, and this 
suggests there may be a relation between this phenome-
non and the generation of noise pulses. The relationship 
between the spots and work function of the surface is 
not clear, inasmuch as local geometrical condition of the 
surface exerts a strong influence on the field emission. 
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Some Considerations Governing Noise Measurements 
on Crystal Mixers* 

SHEPARD ROBERTS t) MEMBER 

Summary—The general principles of analysis and measurement 
of noise in radio receivers are discussed starting with basic defini-
tions and following with a derivation of the fundamental equations for 
noise and noise figures of single and cascaded networks. A treat-
ment of the noise generated in a crystal rectifier, when used as the 
first detector in a superheterodyne receiver, is given in which the 
"noise temperature" of the crystal is defined and the contribution by 
virtue of this noise temperature to the over-all noise figure of the 
receiver is indicated. The problem of designing a noise-measuring 
set is treated in sufficient detail to show how the noise temperature 
of a crystal rectifier can be measured independently of its other 

properties. 

I. INTRODUCTION 

RE
CEIVERS employing the superheterodyne cir-
cuit with a crystal rectifier as first detector, or 
mixer, are widely used in the microwave fre-

quency range. The signal input and the power from a 
local oscillator of slightly different frequency are mixed 
in the crystal rectifier. The resultant beat or intermedi-
ate frequency is but a small fraction, usually one per 
cent or less, of the high-frequency signal, which may be 
thousands of megacycles. The intermediate frequency 
is therefore low enough to be amplified by more or less 
conventional vacuum-tube amplifier circuits. 
It is clear that the crystal mixer, because it comes first 

in the receiver, has a major effect on the noise factor,' or 
over-all noise figure. It is also unfortunate but true that 
crystal rectifiers of widely different quality are, or can 
be, manufactured by similar processes. Therefore it is 
necessary to consider carefully what tests should be per-
formed in order to select crystals of superior quality 
.only. The tests have to be simple enough to be made by 
unskilled personnel on every crystal unit, and yet rigor-
ous enough to prevent acceptance of any inferior units. 
The most obvious and simple test that can be made on 

a crystal rectifier is the determination of its static volt-
ampere characteristic, or its forward and inverse re-
sistances. However, attempts to rely on these character-
istics in factory testing have ended in failure, because a 
crystal does not necessarily rectify as well at microwave 

. frequencies as it does at lower frequencies. It has been 
found necessary to make tests at or near the signal fre-
quency to prevent acceptance of inferior units. On the 
other hand, if a crystal unit is known originally to have 
passed radio-frequency tests at the factory, then the 
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received by the Institute, March 6, 1946; revised manuscript re-
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' D. 0. North, "The absolute sensitivity of radio receivers," RCA 
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static measurements can be and are used successfully 
to determine when the unit is burned out in service. It is 
not within the scope of this paper to describe measure-
ments of this type. 
One of the radio-frequency tests which needs to be 

made is the determination of the gain or efficiency with 
which the crystal converts power from signal frequency 
to intermediate frequency. "Gain" is a general term ap-
plicable to any linear device; an amplifier, for example. 
A precise definition of gain will be given later. In the 
case of crystal converters the power gain is almost al-
ways less than unity, often being in the range  to I, so 
that it is more realistic to speak of the "conversion loss" 
of the crystal, loss being the reciprocal of gain. Instead 
of expressing loss as a direct power ratio one may alter-
natively give the loss in decibels, which is ten times the 
logarithm of this ratio. 
The crystal mixer is a linear device in that the radio-

frequency signal input and intermediate-frequency out-
put are linearly related even though they are at different 
frequencies. This linear relation between the input and 
output currents and voltages is expressible in a set of 
simultaneous linear equations in exactly the same form 
as is done for any linear network. From these equations 
one can predict how the impedance measured at the in-
termediate frequency should depend on the signal-fre-
quency impedance to which the crystal is connected, 
or vice versa. Knowledge of the existence of these linear 
equations is a great help in formulating methods of 
measuring the conversion loss of the crystal. This gen-
eral problem of the application of linear network theory 
in conversion-loss measurements has been discussed in 
detail by Peterson and Llewellyn.' 
In addition to making a test of conversion loss, one 

needs to check the noise-generating ability of each 
crystal. This may be regarded a radio-frequency test in 
that the high-frequency local oscillator power is applied 
to the crystal, and furthermore, the noise-power output 
depends, among other things, upon the radio-frequency 

tuning. 
In the following sections considerable attention will 

be given to the general principles of the analysis and 
measurement of noise in receivers, starting with basic 
definitions and continuing with the derivation of equa-
tions for noise and noise figures of single and cascaded 
networks. This analysis follows very closely, but with 
significant modifications, the methods of H. T. Friis.3 A 

2 L. C. Peterson and F. B. Llewellyn, "The performance and 
measurement of mixers in terms of linear-network theory." PROC. 
I.R.E., vol. 33, pp. 458-476; July, 1945. 

H. T. Friis, "Noise figures of radio receivers," PROC. I.R.E., vol. 
32, pp. 419-422; July, 1944. 
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discussion of noise in crystal rectifiers is given in which 
the "noise temperature" is defined and the contribution 
of crystal noise to the over-all noise figure of the receiver 
is indicated. The general problem of designing a noise-
measuring set is treated in sufficient detail to show how 
the noise temperature of a crystal rectifier can be meas-
ured independently of its other properties. 

II. GENERAL THEORY OF NOISE 
MEASUREMENTS 

I. Available Power 

The term "available power" will be used frequently in 
the analysis of gain and noise. This term is used in ref-
erence to a signal generator or any other device that can 
be represented according to Thevenin's theorem as a 
constant-voltage source e,, in series with an impedance 
R,-FjX.. An antenna or the output of a low-level ampli-
fier stage may be taken as examples. The available 
power is, just as the name implies, the maximum power 
that can be delivered to a load if the load impedance is 
suitably adjusted. The optimum load impedance is evi-
dently R.—jX., and the available power is then 
e92/41?.. If e0 is the voltage corresponding to the desired 
signal and S. is the available signal power, then 

S. = e.2/4R..  (1) 

2. Gain of a Linear Amplifier 

Linear amplification is an important function of the 
input stages of any radio receiver. In a superheterodyne 
receiver the input stages may combine the functions of 
amplification and frequency conversion. The input stages 
of a superheterodyne receiver are nevertheless linear in 

GENERATOR AMPLIFIER  LOAD 

Ri4IX. so Om  OirPuT 

11/pul POWER (AVAILABLE) 

OuTPLIT ROwER % ACTUAL) 

GAIN  (ACTUAL/ G• Sol % 

Fig. 1— Circuit showing how input and output power are 
determined. 

that the output is proportional to the input even 
though it may be at a different frequency. We are pri-
marily interested in the amplification of signal and noise 
power, and shall therefore use the term "linear ampli-
fier" in a general sense to mean any circuit that ampli-
fies an electrical signal in such a manner that the output 
is proportional to the input, whether or not the output 
has the same carrier frequency. 
The power gain G of an amplifier is by definition the 

ratio of output to input signal power. In applying this 
definition the amplifier is assumed to operate between a 
generator and a load, each having a specified impedance. 
This is shown in Fig. 1. The input power which will be 

considered is that available from the signal generator. 
One may argue that all of the available power can be 
utilized with suitable impedance-matching networks 
between the generator and the amplifier, and that if this 
is done the maximum gain will be reached and there will 
be no distinction between available and actual power. 
However, as will be shown later, one generally strives 
for minimum noise figure rather than maximum gain, so 
that the above method of operation is usually not the 
best. The available power is of primary significance be-
cause it characterizes the generator and is unaffected by 
the usual impedance-matching networks. On the other 
hand, the output power So is that actually delivered to 
the load from the amplifier. The reason for considering 
actual power at this point rather than available power is 
that an output meter measures actual power and it is 
intended to express the result 4 of the theory in terms of 
measurable quantities. The ratio of actual output power 
to available input power is called "actual" gain to dis-
tinguish it from "available" gain, which will be defined 
later. 
From the above definition it is seen that the actual 

gain of an amplifier depends not only on the amplifier it-
self but also on the impedances of the generator and load 
to which it is connected. At first glance this may seem 
surprising, but on second thought it should not appear 
at all unreasonable that an amplifier should be rated 
with reference to the circuits with which it actually has 
to operate. 

3. Gain of Networks in Cascade 

For a more detailed analysis it may be desirable to di-
vide the amplifier into sections, or separate four-ter-
minal networks connected in tandem. From the discus-
sion leading up to the definition of actual gain of an am-
plifier it should be clear that, at a junction of two sec-
tions, one should consider the available power from the 
first section rather than the actual •power delivered to 
the second. Accordingly, the gain of any section of the 
amplifier, except the last one, may be defined as the ratio 
of the available power output to the available power at 
its input terminals. This is called "available" gain. The 
available gain is seen to depend on the impedance of the 
preceding section but not on the load impedance pro-
vided by the following section. The gain to be specified 
for the last section is "actual" gain, which has already 
been defined. The actual gain of the entire amplifier is 
thus equal to the product of the gains of its separate 
sections. 

4. Noise Originating in the Signal Generator 

It is customary to use a standard-signal generator con 
nected in place of the antenna for testing the per-
formance of a receiver. To make noise measurements one 
should consider the noise generating characteristics of 
such a generator as well as its signal-generating charac-
teristics. The noise generated in the output attenuator 
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, of a signal generator is for all practical purposes the 
t same as that which would be generated by thermal agi-
tation in any equivalent resistor. The mean-square noise 
voltage, in a narrow frequency band df, developed 
across a resistor R, on open circuit as a result of thermal 
agitation alone is given by the well-known thermal-agi-
tation-noise formula 

= 4kTR,df  (2) 

where 
k= Boltzmann's constant = 1.38 X10-25  joule per 

degree Kelvin 
T =absolute temperature, Kelvin. 

Inasmuch as the noise voltage depends on the tem-
perature of the resistor, it is evident that one must spec-
ify a standard temperature if the test conditions are to 
be uniform. It is convenient to specify a temperature 
To of 290 degrees Kelvin, both because this is often a 
reasonable approximation to the ambient temperature 
at which measurements are made and because, for this 
value of temperature, one obtains the following simple 

result 

kTo/e = V. = 1/40 volt,  (3) 

where 
e = electronic charge =1.60 X10-1° coulomb. 

The available noise power from a resistor at tempera-
ture To in a frequency band df is equal to the mean-
square noise voltage divided by 4/29. 

dN. = kTodf.  •  (4) 

This equation shows the important fact that noise 
power is independent of the resistance of the signal 
generator. For this reason it is possible to use an analysis 
based on the comparison between signal and noise 
power without any explicit consideration of impedance. 
To be sure, specific impedances are implied in the defini-
tions of gain and other quantities, but these impedances 
do not appear in the calculations. 

5. Noise Figure 

If dNo is the noise output (actual) in a narrow fre-
quency band df which includes the frequency of the out-
put signal So, and if dN9 is the noise input (available) in 
a frequency band of the same width df, but including 
the frequency of the input signal Sg, one finds that the 
ratio dNo/So is greater than dIsIgIS, by a factor F, 
called the noise figure of the amplifier. 

dNo  dN. 
 = F   
So  S. 

or, remembering that So/S. =G, 

dNo = FGkTodf.  (6) 

This definition takes account of the possibility that 
S. and So may have different carrier frequencies. 

Roberts: Noise Measurements on Crystal Mixers  259 

A complication arises in the case of "image-fre-
quency" response of a superheterodyne receiver, for 
which there may be more than one possible input signal 
frequency that will give the same output frequency. 
This can be an important matter in a microwave re-
ceiver because the signal and image frequencies are rela-
tively close together. However, an analysis that takes 
account of image-frequency response will not be at-
tempted in this paper. For simplicity, we shall assume 
that there is only one possible input frequency cor-
responding to a given output frequency, and vice versa. 
It turns out that the noise figure of a receiver can ac-
tually be improved by suppressing image response but 

this is a separate problem.' 
An alternate expression for noise output is 

dNo = dNo'  dNo"  (7) 

where dNo' represents Johnson noise which originates 
in the generator and dNo" represents noise which origi-
nates in the amplifier. From the definition of gain we 

have 

(5) 

Then from (6) 

or 

dNo1 = GkTodf. 

F = dNoldNoi, 

1  dNo" 
F = 1 +    • 

GkTo  df 

In this way the noise figure is determined by the spuri-
ous noise which originates in the amplifier itself. This 
formula also indicates that if a different standard had 
been chosen for To, the resulting value of F minus one 
would have been inversely proportional to this tempera-

ture. 

6. Integrated Noise Output and Noise Figure 

The noise output dNo and noise figure F resemble the 
gain G in that they are variables depending on the output 
frequency5 and, in general, on the impedances of the 
generator and load. An exception to this rule is that, in 
the case of a high-gain amplifier, the dependence of noise 
figure on the load impedance may be so small as to be 
quite negligible. The total noise output is obtained by 
integrating (6) with respect to output frequency. 

No = k To f FGdf.  (11) 

There is no question about the convergence of (11) be-
cause it represents actual power in a physical system. 
Similarly, that part of the output noise power that 

originates in the generator.can be found by integrating 

(8). 
4 D. 0. North, Discussion on "Noise figures of radio receivers," by 

H. T. Friis, PROC. I.R.E., vol. 33, pp. 125-126; February, 1945. 
I This interpretation was proposed by the author in Radiation 

Laboratory Report 61-11, January 30, 1943, listed as report no. 
P1312126 by the Office of Technical Services, Department of com-
merce. 
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No' = kTo f Gdf.  (12) 

In a manner quite analogous to (9) one can define the 
integrated noise figure F' as the ratio of No to N01, or 

No  fFGdf 
F' = — = —  (13) 

No'  fGdf 

If the bandwidth B of the amplifier is defined in the 
following manner 

B = —1 f Gdf, (14) 

where Gm.: is the maximum of the gain versus frequency 
characteristic, then (13) reduces to 

No 
F' 

kToPG... 
(15) 

This gives F' in terms of measurable quantities and 
agrees with the definition of noise figure by Friis. 

7. Noise Diode Theory 

Now suppose that the signal generator is not actually 
at the temperature To but at some other temperature 
equal to ta times To, where to is a dimensionless quantity 
which may be either greater or less than unity. That 
part of the noise output which originates in the ampli-
fier is unaffected by the value of ta and is thus equal to 
dNo". The total integrated noise output may be ex-
pressed in a form analogous to (7). 

No„ = Non' + No",  (16) 

where 

Then 

No„' = kTo f 

No" = No — No' = kTo f (F — 1)Gdf. 

Non = kTo f (F — 1 + to)Gdf. 

The noise-power output of the generator can be 
changed by changing its physical temperature or, 
artificially, by passing current through it from an 
emission-saturated diode.' Such a generator has an ef-
fective or "noise" temperature greater than its physical 
temperature. To show this, we shall consider that the 
signal generator resistance is R, with a physical tempera-

° The use of diodes for measuring receiver noise figures and crys-
tal noise was demonstrated by E. J. Schremp in December, 1942. For 
earlier noise measurements with diodes see D. 0. North, "Fluctua-
tions in space-charge-limited currents at moderately high frequencies; 
Part II—Diodes and negative-grid triodes (continued)," RCA Rev., 
vol. 5, pp. 106-124; July, 1940. 

ture To and N% ith a current I from an emission limited 
diode passing through it. 
The mean-square noise current from the diode in a 

frequency band df is given in theory by the Schottky 
formula: 

dri = 2eldf,  (18) 

and the mean-square voltage across the resistor is 

de2= (4ktoToR,  2EIR,2)df.  (19) 

The available noise power is the mean-square voltage 
divided by 4R0. This is 

dN,   2kTb 
elRe) 
  df 

IR, 
= kTo(t,, ± --)df = kTbdf. 

2V, 

The last equality is taken as a definition of Tb, which 
is called the noise temperature of the generator. The 
value of Tb may be normalized by dividing by To and 
the resulting dimensionless ratio is called the noise tem-
perature ratio, designated by the symbol tb. The noise 
temperature ratio of the resistor with diode current is 

IR, 
tb = to — = to + 20/Ra. 

2V, 

If the noise output from the amplifier is Nob when the 
diode current is turned on and No„ when it is turned off, 
we have, from (17), assuming constant to and tb, 

No'b — No.  
= kTo f Gdf.  (22) 

lb — ta 

Solving (17) for f FGdf and substituting in (13), we have 

or 

F' _ 
(1 —  f Gdf+ No. 

kro-

f Gdf 

No.   = 1 — 1„  (to— ta) 
NOb  N0a 

(17)  F' = 1 — 1„-F 201R,  NO 
(24) 

Nob — 

If the current I is adjusted so that Nob is twice No., 
and if to may be taken equal to unity, then (24) reduces 
to 

(20) 

(21) 

(23) 

F' = 201R,.  (25) 

Equations (23) and (24) provide a method of measur-
ing noise figure without determining bandwidth or gain, 
and without restricting the physical temperature of the 
genertor. For example, a noise generator whose re-
sistance R, is adjusted to equal that of the signal source 
is connected in place of the latter. Some device capa-
ble of indicating the relative noise output power is 
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connected to the output of the receiver. First, with the 
diode plate voltage turned off, the output power No. 
1 is observed. Then the plate voltage is turned on, the 
1 filament current is adjusted to a convenient value, and 
a noise output Nob is observed with a plate current I 
t flowing in the diode. The noise figure can be found by 
substituting these values into (24). Inasmuch as only the 
. ratio of No, to Nob — No. appears, it is not necessary to 
r measure the absolute values of No. or Nob but only their 
. ratio. The only other requitement is that the noise tem-
perature of the generator be uniform and predictable 
over the frequency band of the amplifier. This means 
that the resistance R, in (24) should be constant over 
this band of frequency and that the diode should be 
connected to this resistance in such a way as to minimize 
lead impedances. When these conditions are met, the 
diode method of noise-figure measurements has ad-
, vantages over the method indicated in (15) with re-
, spect to accuracy, simplicity, and economy. 

Various other schemes, based principally on (25), 
have been devised for using the noise diode in making 
noise-figure measurements. Some of these require an ac-
curate power-output meter. Other methods relax on the 
accuracy of the output meter but require an accurate 3-
decibel attenuator. Still others require merely a variable 
uncalibrated attenuator or volume control with any sort 
of output meter. These schemes will not be treated in 

detail here. 
The noise diode is, therefore, a very useful device for 

absolute measurements of effective noise figure of an 
• amplifier at frequencies up to about 300 megacycles. 
Above this frequency the lead impedances of existing 
tubes become large enough so that an accurate ab-
solute calibration is difficult. Diodes and other kinds of 
noise generators are nevertheless useful for measurement 
at the higher frequencies when an absolute calibration is Inot required. 
Even at lower frequencies the noise output of the 

diode may not be given accurately by (18) unless the 
plate current is entirely temperature-limited, in which 
case the current is nearly independent of the plate 
voltage. In this respect diodes with tungsten cathodes 
are generally superior to those with oxide-coated 

cathodes. 

8. Noise in Cascaded Networks 

The next step in the analysis of noise in a linear ampli-
fier is to treat the amplifier as a cascade of sections, or 
four-terminal networks, in exactly the same manner as 
was done for the analysis of gain. An amplifier with two 
sections, taken as an illustration, is shown in Fig. 2. The 
available noise and signal power from the output of the 
first section are dNI and SI, respectively. The available 
input power to the first section and the actual output 
power from the second section are designated by the 
same notation as heretofore. The gain G1 of the first sec-
tion, the gain G2 of the second section, and the over-all 
gain G are given as follows: 

Si  SO  SO 
G1 =  ;  G2 =  ;  G = GIG = —n •  (26) 

SQ S1 a g 

The noise output dNo may be resolved in two com-
ponents dN2" and dN2', originating respectively in the 
second section and in circuits preceding this section. 
From the definition of gain we have 

dN2' = G2d NI.  (27) 

Then 

GENER 

ATOR 

dN2" = dNo — G2dN i.  (28) 

SECT iON 5 

AN, 

SECT ON 

so 2 

Sg. Si, dNg AND dN. ARE AVAILABLE 

SIGNAL AND NOISE POWER 

L GAO 

So AND dNo ARE ACTUAL POWER. 

Fig. 2—Circuit showing division of amplifier into 
two sections. 

The noise figure of the second section may be expressed 
in terms of the noise originating in that section as indi-

cated by (10). 

1  ( dArg 

F2 7-- 1 

G2kTo  df 

dAT 
— G2 —Tf -).  (29) 

Making use of (6) we obtain 

dNo 
= FG1G2kTo 

df 

dN 
= FiGikTo 

df 

Then 

F2 = 1 + FG1 — 

Or, if F2 is given and one wants to determine 

all noise figure, 

(30) 

(31) 

the over-

F 2 — 

Fl  (32) 

Substituting this value of F in (13) gives 

F' = fG2(FIGI + F2 — 1)df 33 
P iG2df  ( ) 

If the second section has a narrow pass band relative 
to the first section, then F1 and GI may be assumed con-
stant over the significant part of the range of integration 
and (33) reduces to 

F' = Fi 
F2' — 1 

(34) 
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Equation (34) should not be confused with (32). The 
similarity in form should not obscure the fact that the 
integrated noise figures in (34) have an entirely different 
interpretation from the frequency-dependent noise fig-
ures in (32). Furthermore, the derivation of (34) indi-
cates that this equation is not generally valid. It fails 
when the bandwidth of the first section is comparable to 
or less than that of.the rest of the amplifier, in which 
case the correct noise figure can only be obtained by 
performing the integrations indicated in (33). 
Solving (34) for F1 gives 

F1 = F' 
GI 

Ft' — 1 
(35) 

This expresses F1 in terms of measurable quantities 
and provides a method of determining the noise figure of 
the first section of the amplifier. An integrated noise 
figure for any section but the last can not be obtained, 
because the integral indicated in (11) does not converge 
if applied to available power instead of actual power. 

I II. CRYSTAL NOISE AND ITS MEASUREMENT 

I. Sources of Noise 

The sources of noise in crystal rectifiers are not com-
pletely understood. It is fairly well established, how-
ever, that noise can originate in a crystal in a manner 
very similar to shot noise in a thermionic diode. But in 
some cases the noise originating in the crystal greatly 
exceeds that which can be accounted for by shot noise. 
The primary purpose of testing the noise of each crystal 
unit in the factory is to eliminate these noisy units. 
The local oscillator also generates noise at the signal 

frequency, thereby contributing to the noise output of 
the crystal. This source of noise cannot be blamed on 
the crystal, but has to be considered in the design of a 
testing apparatus or in the design of a microwave re-
ceiver. Several schemes have been devised for suppress-
ing noise from this source, a filter commonly being used 
in the crystal-testing apparatus. 
Regardless of its origin, the noise output of a crystal 

depends to a great extent on the nature of the circuit in 
which the crystal is incorporated. The dependence of 
noise on the circuit parameters has not been studied in 
detail, nor is it within the scope of this paper to do so. 
Instead, we shall show how the noise power can be 
measured, once the operating conditions have been 
specified. 

2. Noise-Temperature Ratio of a Crystal 

The noise-temperature ratio of the crystal, designated 
by the symbol tr, is defined as the ratio of the available 
noise-power output at the intermediate frequency to 
that from a resistor at the standard temperature To. 
Then, if the crystal mixer is to be the first section in an 
amplifier, the noise-power output dl‘li is 

(M I = tATodf.  (36) 

The value of 4 is, as a rule, greater than unity, al-
though it is not inconceivable that it might be less. The 
noise temperature ratio of good crystals, of types used 
as mixers in microwave receivers, is usually quite low, 
say in the range 1.0 to 2.0. The noise-temperature ratio is 
alternatively called output-noise ratio. 
Equation (6) gives the noise output of an amplifier in 

terms of its gain and noise figure. The noise output of 
the first section bears the same relation to the gain and 
noise figure of that section, and a comparison between 
(6) and (36) yields 4 in terms of the gain and noise figure 
of the crystal. 

4 = F1G1.  (37) 

Equation (34) may be rewritten showing how the 
over-all noise figure of the receiver depends on the noise 
temperature of the crystal. 

F2' ±  le —  1 
F' =   

G1 
(38) 

Equations (34) and (38) indicate that by itself the 
gain G1 (or loss 1/G1), is not sufficient to determine how 
a given crystal unit will contribute to the over-all noise 
figure of a receiver. Neither is the noise figure F1, nor the 
noise temperature ratio  Two of these quantities are 
needed and for this reason the tests customarily made on 
crystal rectifiers include separate measurements of gain 
(or loss) and noise temperature. 

3. General Aspects of Crystal Noise Measurements 

If either a crystal or an artificially noisy resistor is 
connected to the input of an amplifier, the noise-power 
output is that given by (17), in which the values of F and 
G are those of the amplifier, and in which the appro-
priate value of noise temperature role), either le or 4, is 
substituted for t. The noise-power output of the ampli-
fier depends as much on the impedance of the crystal as 
on its noise temperature, inasmuch as Fand G are varia-
bles themselves depending on this impedance. The. 
diode generator is a noise source whose impedance can 
be adjusted by exchanging resistors and whose noise 
temperature can be varied by controlling the cathode 
emission current. Its noise temperature ratio is given by 
(21) and thus it can be used to calibrate the amplifier, 
thereby determining how the noise-power output does 
depend on both the noise temperature and impedance of 
the crystal. 

It is often desired to determine the noise temperature 
of the crystal by a single measurement independently of 
its impedance. This can be done if the amplifier is de-
signed so that the output is not affected by differences 
in the conductance of the crystal, because the differ-
ences in susceptance of different crystal units measured 
at the intermediate frequency are much smaller than the 
differences in conductance. A careful analysis of the in-
put circuit indicates that such a design is possible. 
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4. Analysis of Input Circuit 

' The analysis of noise in an amplifier will be given pri-
marily from the point of view of the design of an ampli-
fier suitable for noise measurements of crystals. There-
fore, we shall start with the simplest possible amplifier, 
namely one with negligible feedback, or induced grid 
noise,' and shall discuss the design of the desired input 
circuit for such an amplifier. It will be inferred that simi-
lar circuits can be made to work with amplifiers that do 
have feedback and induced grid noise. Experimentally, 
this has been found to be true. 
Consider a multistage amplifier without feedback or 

induced grid noise and let the grid and cathode of the 
first tube be the input terminals. The noise-power out-
put of this amplifier can be represented as the sum of 
two components, one proportional to the mean-square 
noise voltage at the input terminals and the other con-
stant and equal to the noise-power output when the in-
put is short-circuited. This representation is possible be-
cause, under the assumed conditions, the noise voltage 
at the grid and the noise generated elsewhere in the am-
plifier are statistically independent. 
It will further be assumed that the amplifier has an in-

put conductance g2. This conductance may take the 
form of a physical resistor or of residual circuit losses or 
both. The noise output may then be expressed as fol-

lows: 

dNo = u(g21-e-ii + vkTodf), (39) 

where u and v are arbitrary functions of frequency and 
42 is the mean square input noise voltage. 
Now assume that the amplifier input is connected to 

an admittance gi+jbi having a noise-temperature ratio 
tc. The noise-temperature ratio of the conductance g2 is 
taken to be 12. In this case the mean-square input noise 
voltage dei2 can be determined with reference to Fig. 3. 

Fig. 3—Simplified circuit for determining input 
noise voltage. 

The noise-current generators it and i2 in Fig. 3 are given 
as follows: 

Then 

di = 4k Totcgidf,t 

= 4kTot2g2dif. 

ca? + di? 4kTo(tcg, + 142) 
re? = 

1,112 (gi  g2)2 bi2 

(40) 

df.  (41) 

(42) dNo = uk To [(4:2+(jeg gio+2 +12gb2)12  vi 

The integrated noise-power output is then 

No = kTo f ceu r 4g2(iegi  12g2)   + vldf.  (43) 
o L(g, + g2)2 + b12 

The integration may be simplified if the bandwidth of 
the amplifier is gmall compared to that of the input cir-
cuit. In this case b1, as well as gi, g2, 1, and 12, may be as-
sumed to be constant over the range of integration. 

Then 

Putting (41) in (39) gives 

7 D. 0. North and W. R. Ferris, "Fluctuations induced in vac-
uum-tube grids at high frequencies," PROC. I.R.E., vol. 29, pp. 49-50; 
February, 1941. 

No = kTor  4g2("i  12g2)   f utif + f uvdd.  (44) 
1-(81 + g2)2 + b12 

This can be expressed in simpler form if we define U and 
V so that 

Then 

U = kr° f udf;  UV = kTo f urodf.  (45) 

r 4g2(tdi  12g2)  No = u  v].  (46) 
L(gi + g2)2 + b22 

This equation shows specifically how the output noise 
depends on the admittance gi+jbi as implied in (17). 
In a crystal-testing apparatus it may be desirable to 

connect a nondissipative coupling network between the 
crystal and the input to the amplifier. In this case the 
impedance gi+jbl will take the general form shown in 
Fig. 4. 

0.• Pg., 

P. • sip.,  P. • zp. 

Fig. 4-- Input coupling circuit. 

The most probable or standard value of crystal con-
ductance is designated g., and all the elements in the 
circuit are normalized with respect to g.. The factors of 
proportionality are p, x, y, and z as indicated in Fig. 4. 
From analysis of this circuit we obtain the following 

values for gi and 61. 

•  p y2 

gl  g.   
P2 + (x + y)2 

[xy(x + y) + p2y + P2 + (x + y)2 

(47) 

(48) 

The derivative of (46) with respect to p may be put in 
the following form: 
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dp  agi dp  ab  dp 
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(49)  No = U [  4p  — 12) + 2/2 + V]. 
(P + 1)2 

In order to make the noise output insensitive to differ-
ences in conductance one may choose values for x, y, and 
z such that this derivative is zero for all values of t, when 
the crystal conductance equals g., or p = 1. 
Because only the square of b1 appears in (46), the 

noise output is an even function of b1 and if bi = 0, then 
m ob'. O. Setting (48) equal to zero, we have 

+ xY(x + y)  z  (50) 
1 + (x + 

By differentiating (47) one obtains 

dgi  y2[(x  y)2  p2]  y2[( x  y)2  1] 

dp  [p=  (x + y)1 2 — [1 + (x + y)12 

This is zero when 

(51) 

x  y = ± 1.  (52) 

Therefore, by choosing x, y, and z so as to satisfy (50) 
and (52), one can make both parts of the derivative indi-
cated by equation (49) equal to zero. The values of x, 
y, and z can also be chosen so as to satisfy a third condi-
tion; namely, that gi = ng, when p = 1. In this case (47) 
becomes 

y 2 

n =   
1 ±  + yr 

(53) 

By simplifying and solving equations (50), (52), and 
(53) and assuming all possible combinations of plus and 
minus signs, one obtains the following four solutions: 

x = +  — 1; y = — O n; z = +  — n, (54a) 

x = +  + 1; y = — O n; z = + V271, + n, (54b) 

x = — -On + 1; y = +v' ; z = —  + n, (54c) 

x = — N/N — 1; y = + -‘,/27i; z = — ‘1272 — n. (54d) 

The networks represented by (54a) and (54b) are 
analogous in some respects to transmission lines of and 
wavelength, respectively. Solutions (54c) and (54d) 

are negatives of the first two, obtained by reversing the 
sign of all susceptances. 
If (54b) is selected as an example, and if the values of 

x, y, and z are substituted in (47) and (48), the result is 

2p  p 2 _ 1 

gi = ng. p 2 ±  1  b1 =  ng,   p2 +  1  (55) 

If one lets g2= mng, and substitutes these values in (46), 
one obtains 

No = U 
r4m(p2 + 1)[2pt. + ns(P2 + 1)12]  

L [2P + ni(P2 1)]2 (1)2 — 1)2 

If the crystal admittance is matched to the amplifier, 
i.e., if gi= gs when p =1, then m =1 and (56) reduces to 

(56) 

IMarch  

(57) 

, 

The noise output given by (57) is plotted as a function 
of p for different values of t, in Fig. 5. In this figure the 

U  • uo.)4-21 

I,• 
(ASSUMED) 

1 1 1 1 1  1 . 1 

2.0  P 

Fig. 5—Output noise power as given by equation (57). 

value 12= 1 is assumed. The noise output is completely 
independent of the conductance, pg., of the crystal for 
only one value of 1„ namely 1, = to. For other values of t, 
the fraction 4p/(p+1)2 has to be considered. This frac-
tion has the value unity when p =1 and is almost unity 
in a relatively wide range of p. For example, if p =I or 
2, the ratio is just 8/9. Therefore, if p is assumed to be 
within this range, it is a fair approximation to set the 
fraction involving p equal to unity and (57) becomes 

No -L='. U(t, ± to ± V).  (58) 

Inasmuch as U, to, and V are constants, (58) indicates 
that the output meter can be directly calibrated with re-
spect to noise temperature of the crystal independently 
of the crystal conductance. This calibration is made by 
connecting in place of the crystal the noise-diode gene-
rator with a resistance R. equal to 1/g. and determinink 
the output reading for different values of to as given by 
(21). This method is equally accurate for any sort of 
output meter, regardless of whether it indicates some-
thing proportional to output power or to any arbitrary 
function of power. 

As a check on the adjustment of the input-coupling 
circuit one can also make similar calibrations using dif-
ferent values of R., say, R, =1 /pg., where p is greater or 
less than unity. When the data so obtained are plotted 
in a manner similar to Fig. 5, the resulting curves 
should be symmetrical about the line p=i, assuming 
that a logarithmic scale is chosen for p. If the curves are 
not symmetrical, the values of b., b., and b, have not 
been correctly adjusted. The final adjustment of these 
reactances is made by a trial-and-error method until the 
resulting curves are symmetrical about p =1. 
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We have shown that in principle it is possible to de-
; sign a measuring circuit such that the noise-power out-
put is unaffected by small differences in crystal con-
: ductance. But we have assumed the use of an amplifier 
9 without feedback or induced grid noise. In practice both 
these effects are encountered; therefore, the design 
which has been derived is not strictly appropriate. How-
ever, it has been demonstrated experimentally that the 
trial-and-error method of tuning the coupling network 
does work successfully even when feedback and induced 
grid noise are present. Noise-measuring sets based on 
this circuit and using the diode for calibration are widely 
used for factory testing of crystal-rectifier units suitable 
for microwave mixers. 
In the circuit which we have considered, the noise out-

put still depends to a certain extent on the susceptance 

1 

of the crystal but, as previously pointed out, the differ-
ences in the susceptance are not as great as the differ-
ences in conductance. Feedback in the intermediate-
frequency amplifier has been used with success to reduce 
the variations of output noise resulting from suscep-
tance differences while retaining the other desirable 
features, but an analysis of this problem will not be given 

here. 
In writing this paper the author has made free use of 

both published and unpublished work of a number of 
individuals in the Radiation Laboratory and in other 
laboratories. The earliest work on crystal measurements 
(as distinguished from measurements of the complete 
receiver) at the Radiation Laboratory was done by 
W. M. Breazeale, who had a prominent part in for-
mulating some of the basic techniques. 

Graphical Analysis of Cathode-Biased 
Degenerative Amplifiers* 
WILLIAM. A. HUBERt, MEMBER, I.R.E. 

Summary—A method of graphical analysis by which it is possible 

to predict the performance of cathode-follower and plate-resistance-

loaded, cathode-degenerative triode amplifiers is given. The method 
is based on data supplied by the average plate characteristic curves. 

Several numerical examples are given illustrating various points of 
the text. It is shown that the graphical method may be advan-
tageously used in design problems requiring the selection of the cor-

rect cathode resistor for a given signal input and bias condition. 

INTRODUCTION 

AFTER design theory has been applied to a re-
sistance-loaded, cathode-degenerative triode am-
plifier and the circuit constants determined, it is 

generally desirable to analyze the circuit design. For this 
purpose graphical analysis can be used to an advantage 
because it is possible to determine the static operating 
potentials and the dynamic signal swings by reference to 
the plate characteristic curves. It is the purpose of this 
paper to describe a graphical method of analysis based 
on data supplied by the average plate characteristic 
curves for predicting the performance of resistance-
loaded, cathode-degenerative triode amplifiers. 

CATHODE-FOLLOWER AMPLIFIER 

The cathode-follower amplifier has been treated in the 
literature" on various occasions, so it is assumed that 

• Decimal classification: R363.23. Original manuscript received 
by the Institute April 8, 1946; revised manuscript received, August 
23, 1946. 
t Signal Corps Engineering Laboratories, Bradley Beach, N. J. 
1 A. Preisman, "Some notes on video-amplifier design," RCA 

Rog pp. 430-432; April, 1938. 

the reader is familiar with its operation and purpose 
Fig. 1 shows the basic cathode-follower circuit. The in-

Fig. 1—Cathode-follower amplifier. 

put voltage e. is fed to the control grid and the output 
voltage ek is taken off the cathode. The total output load 
is assumed to be resistive and is represented in Fig. 1 as 
R . The input voltage equals 

e, = e,  ek.  (I) 

If voltages e, and ek of (1) are plotted as functions of 
plate current on the plate characteristic curves, the solu-
tion of (1) over the current range recorded on the plate 
characteristics can be obtained directly from these 
curves. To construct the required curves for the solution 
of (1) when the effects of circuit reactances and electron 
transit time are not considered, the following data 

2 C. E. Lockhart, "The cathode follower," Electronic Eng. 
(London), pp. 287-293, December, 1942; pp. 375-382; February, 
1943; pp. 21-24; June, 1943; pp. 145-147; September, 1943. 
s D. L. Shapiro, "The graphical design of cathode-output ampli-

fiers," PROC. I.R.E., vol. 32, pp. 263-268; May, 1944. 
4 Kurt Schlesinger, "Cathode-follower circuits," PROC. I.R.E., 

vol. 33, pp. 843-855; December, 1945. 
s Sidney Moskowitz, "Cathode followers and low-impedance plate 

loaded amplifiers," Communications, vol. 25, pp. 51; March, 1945. 
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should be known: (1) type of tube to be used; (2) circuit 
connections; (3) plate voltage Eb applied to the tube; 
and (4) ohmic value of the cathode load resistor Rh. 
A procedure for constructing the required curves, 

which are identified in Fig. 2 as curves 1, 2, and 3, is 
tabulated below. 
Curve 1: The load line is a straight line constructed by 

joining point ek=Ek• on the voltage axis with point 
i„=Eb/Rk on the current axis. 
Curve 2: The dynamic plate-current line is a plot of 

plate current i, versus grid voltage —e. The values of 
plate current plotted are those corresponding to the in-
tersection of load line, curve 1, and the —E9 family of 
curves. The current scale used is that of the plate char-
acteristics, while any convenient grid-voltage —e, scale 
can be chosen for abscissa; the only requirement is that 
zero grid voltage must correspond to zero plate voltage. 
Curve 3: The cathode load line is a linear plot of plate 

current i 9 versus output voltage ek and is constructed by 
drawing a straight line from the origin through any 
point on the characteristics satisfying the relationship 
ip=ek/Rk. The current scale used is that of the plate 
characteristics, while the voltage scale is the same as 
that chosen for the grid voltage —e„ except for a change 
in sign. 
Before illustrating the application of (1) to Fig. 2, it 

will be convenient to express the instantaneous total 
voltages as each consisting of a quiescent voltage on 
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Fig. 2—Graphical calculation with zero applied bias. 

which the signal voltage is superimposed. The instanta-
neous total voltages between the various elements are as 
follows: 

Between grid and ground 

(e. = E + Ae.). 

Between grid and cathode 

(e, = E. ± keg). 

Between cathode and ground 

(ek = Ek ± Aeb). 

(2) 

(3) 

(4) 

Substituting (2), (3), and (4) in (1), we obtain 

E,  = (E. ±  + (Eh ±  (5) 

The first step in the application of (5) to Fig. 2 is to 
determine the quiescent voltage of the grid and cathode 
by assuming the signal voltages equal to zero. For this 
condition (5) reduces to 

E. = E. + Ek.  (6) 

In general there are three values of E, in (6) which are of 
interest. They are E=0, E= negative value, and E. 
=positive value. When Ec= 0 the operation of the stage 
is referred to as the zero applied bias condition, in which 
case (6) reduces to 

— E, = Ek.  (7) 

Referring to Fig. 2 it will be seen that (7) is satisfied for 
a plate-current and bias-N;oltage condition corresponding 
to the intersection of curves 2 and 3. A line drawn per-
pendicular to the voltage axis through the intersection 
point of curves 2 and 3 is referred to as the quiescent bias 
line when E, = 0. Signal voltages + Ae, and +Aek are de-
termined by reference to the quiescent bias line and 
curves 2 and 3. The instantaneous value of grid voltage 
+Ae9 is measured between the quiescent bias line and 
curve 2, the instantaneous value of output voltage 
±Aek is measured between the quiescent bias line and 
curve 3, and the instantaneous value of input voltage 
±Ae. is measured between curves 2 and 3 and is equal 
to 

+ Ae, = + Ae, + Aek.  (8) 

Values of input voltage above the intersection point of 
curves 2 and 3 are positive, i.e., 

Ae. =-  Aek  (9) 

while values of input voltage below the intersection of 
curves 2 and 3 are negative, i.e., 

— Ac, = — Aeg — Aek.  (10) 

An example of the calculated performance of a cathode-
follower amplifier operated with zero applied bias is 
given in the Appendix, example 1. 
If a negative bias voltage —E. is applied to the grid of 

the tube shown in Fig. 1 it will alter its quiecsent bias 
voltage. To account for this quiescent bias change in the 
graphical analysis diagram, it will be necessary to alter 
the position of the quiescent bias line shown in Fig. 2. 
Referring to (6) it can be seen that if the applied bias 
voltage ± E, is not equal to zero, quiescent grid voltage 
—E, can never equal quiescent cathode voltage Ek, 
therefore, it will be necessary to construct two quiescent 
bias lines for analytical purposes when dealing with an 
applied bias condition. An illustration of this type of 
graphical construction is shown in Fig. 3. It will be 
noted that the quiescent cathode-voltage and quiescent 
grid-voltage lines are positioned on the voltage axis so 
as to effect a voltage scale separation equal to the ap-
plied grid-bias voltage — E,. The value of the applied 
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grid bias —Et. is measured between curves 2 and 3 below 
the intersection point. An example of the calculated 
performance of a cathode-follower amplifier operated 
with negative applied bias is given in the Appendix, ex-
ample 2. 
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Fig. 3—Graphical calculation with a negative applied bias. 

If a positive bias voltage E, is applied to the grid of 
the tube shown in Fig. 1, it will alter the position of the 
quiescent voltage line. Referring to Fig. 4, the quiescent 
cathode-voltage and quiescent grid-voltage lines are po-
sitioned on the voltage axis so as to effect a voltage 
scale separation equal to the applied grid-bias voltage 
E, which for this condition is measured between curves 
2 and 3 above their intersection point. An example of the 
calculated performance of a cathode-follower amplifier 
operated with positive applied bias is given in the Ap-
pendix, example 3. 
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Fig. 4—Graphical calculation with a positive applied bias. 

If it is found desirable to alter the quiescent grid bias, 
and other considerations do not dictate the ohmic value 
of the cathode resistor, it is convenient to alter the bias 
by the proper selection of this resistor. A numerical ex-
ample illustrating the selection of the required cathode 
resistor to obtain a given bias is given in the Appendix, 
example 4. 
If it is desired to decrease the bias on a cathode fol-

lower by returning the grid to a tap on the cathode re-
sistor, the position of the tap to obtain this bias can be 
determined as illustrated in the Appendix, example 5. 

GRAPHICAL ANALYSIS OF PLATE- RESISTANCE-LOADED, 

CATHODE- DEGENERATIVE TRIODE AMPLIFIER 

To predict the performance of a plate-resistance-
loaded, cathode-degenerative triode amplifier, as shown 
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in Fig. 5, by graphical analysis when the effects of cir-
cuit reactances and electron transit time are not consid-
ered, the following data should be known: (1) type of 
tube to be used; (2) circuitconnections; (3) plate voltage 
Ea applied to the tube; (4) ohmic value of the plate load 
resistor RL; and (5) ohmic value of the cathode load 
resistor Rk. 

•'• 

•••12•8. 

!co. 

Fig. 5—Resistance-loaded amplifier. 

To proceed with the graphical analysis of the plate-
resistance-loaded, cathode-degenerative triode amplifier 
it is necessary to draw four curves on the plate character-
istics, which are identified in Fig. 6 as curves 1, 2,3, and4. 
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Fig. 6—Graphical calculation of a resistance-loaded amplifier. 

Curve 1: The load line is a straight line constructed by 
joining point ea=Ea on the voltage axis with point 
ip=Eb/RL +Rk on the current axis. 
Curve 2: The dynamic plate current line is plotted by 

following the procedure illustrated for curve No. 2 un-
der the cathode follower amplifier. 
Curve 3: The cathode load line is plotted by following 

the procedure illustrated for curve No. 3 under the cath-
ode follower amplifier. 
Curve 4: The plate load line is a straight line con-

structed by joining point ea= Eb on the voltage axis with 
point i„=Eb/RL on the current axis. 
The four curves listed above are similar to those used 

for determining the performance of the cathode-follower 
amplifier, with the exception that the effect of the plate 
load resistor must now be accounted for when construct-
ing load-line curve 1 illustrated in Fig. 6. Data is ob-
tained from the constructed curves in much the same 
way as indicated for the cathode-follower amplifier. 
Plate output voltage data is obtained by projecting the 
plate-current data to the plate load-line curve 4. The 
plate output voltage equals 
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(11) eo = E0 ±tieo 

where E0 equals the quiescent plate voltage and 
±bie. equals the change in plate voltage due to an 
impressed signal voltage +tie, on the grid of the tube. 
An example of the calculated performance of a plate-
resistance-loaded, cathode-degenerative triode amplifier 
is given in the Appendix, example 6. 
Graphical analysis can be conveniently used for the 

purpose of selecting the correct value of cathode resistor 
for a resistance-loaded amplifier when it is required that 
the self bias developed by this degenerative resistance 
have a given value with respect to the positive peak-in-
put voltage. A numerical example illustrating this form 
of bias selection is given in the Appendix, example 7. 

APPENDIX 

Example I: If circuit constants are as shown in Fig. 1, 
then to determine the quiescent bias and corresponding 
output signal for a given input signal with zero applied 
bias, construct curves 1, 2, and 3 on the plate character-
istic curves as shown in Fig. 2. The following data can be 
read directly from the curves of Fig. 2. As indicated by 
(7) the quiescent grid-bias voltage is read corresponding 
to the intersection of curves 2 and 3 when E=0; there-
fore E,= —24 volts. The output voltage equals 

Aek =  90 volts 

— tick = — 24 volts 

+ tieb =  114 volts. 

The maximum allowable peak-to-peak voltage swing 
when E, = 0 can be determined by substituting data ob-
tained from Fig. 2 in (9) and (10) and adding the peak 
values to obtain the peak-to-peak result. 

= Ae9 + bieb = 24 + 90 = 114 volts 

—  = —  — tab = — 16 — 24 = — -10 volts 

+ e, = 154 volts. 

From the above data it is possible to calculate the volt-
age gain for a given input voltage swing. 

tieb  114 volts 
Voltage gain —     — 0.74. 

+ tie,  154 volts 

(9) 

(10) 

Example 2: If it is desired to alter the value of the 
quiescent grid bias used in example 1 from —24 volts to 
an assumed value of —30 volts, construct curves 1, 2, 
and 3 on the plate characteristic curves, as shown in Fig. 
3. The quiescent grid-voltage line is drawn through 
curve 2 at point Ea= —30 volts. Through corresponding 
current point and curve 3 draw the quiescent cathode-
voltage line. The following data can be read directly 
from Fig. 3. 

E. =  Ek =  30 -I- 9 = — 21 volts  (6) 

Aleb = 105 volts 

—  = — 9 volts 

• = Ae„  tiek = 30  105 = 135 volts  (9) 

— tie. = —  — tick = — 10 — 9 = — 19 volts.  (10) 

Example 3: If it is desired to alter the value of the 
quiescent grid bias used in example 1 from —24 volts to 
an assumed value of —15 volts, construct curves 1, 2, 
and 3 on the plate characteristic curves as shown in Fig. 
4. The quiescent grid-voltage line is drawn through 
curve 2 at point Ea= —15 volts. Through the cor-
responding current point and curve 3, draw the quies-
cent cathode-voltage line. The following data can be 
read directly from Fig. 4. 

E. =  Ek =  15 -I- 51 = 36 volts  (6) 

Aeb = 63 volts 

— Aeb = — 51 volts 

• = tie„  tiek = 15  63 = 78 volts  (9) 

— Ae, =  — Aek = — 25 — 51 = — 76 volts. (10) 

Example 4: The method of obtaining a given quies-
cent grid bias by selection of the correct ohmic value of 
the cathode resistor is illustrated with the aid of Fig. 2. 
If the plate voltage Eb = 250 volts and the desired 
quiescent grid voltage  = —24 volts, then substituting 
these values in the following equation results in 

eb = Ek +  = 250 — 24 = 226 volts.  (12) 

From point eb=226 volts on the voltage axis draw a 
perpendicular line through grid curve Ea' = —24 volts. 
Corresponding to this intersection point of curve Ea' 
= —24 volts and the constructed perpendicular line, 
read I,' = 16 milliamperes on the current axis. Substi-
tuting these values in the following equation results in 
the selection of the following value for the cathode re-
sistor: 

E,'  — 24 
Rk = — =  1500 ohms.  (13). 

/„'  0.016 

If it is desired to graphically analyze this cathode-fol-
lower circuit, construct curve 1 by drawing a straight 
line from point Ek= 250 volts on the voltage axis to the 
grid-voltage curve Ea =0. The slope of curve 1 should 
be such that it passes through the intersection point of 
grid-voltage curve Ea' = —24 volts and the previously 
constructed perpendicular line. From data obtained 
from curve 1, curves 2 and 3 can be constructed. 
Example 5: The positive bias required in exampte 3 

can be obtained from an external supply or by connect-
ing the grid return to a tap on the cathode resistor. The 
position of the tap can be determined with the aid of Fig. 
4. At a point on curve 2 corresponding to the desired 
bias Ea= —15 volts,  read corresponding current 
/„" =34 milliamperes. This results in the following 
value of resistance between cathode and tap. 
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E,  — 15 
R h as - - am  08  440 ohms.  (14) 

I,"  0.034 

Example 6: From the circuit data given in Fig. 5 the 
performance characteristics of the plate-resistance-
loaded, cathode-degenerative triode amplifier can be 
determined by constructing curves 1, 2, 3, and 4 on the 
i plate characteristic curves as shown in Fig. 6. In this 1example the grid swing is assumed to be sinusoidal and  
equal to 16 volts peak to peak. It is desired to determine 
1 the output voltage corresponding to three input voltage 
points on the sine wave, namely Ae, = 0, Ae.= 8 volts, 
I and —A e.= —8 volts. The following data was obtained 
i from Fig. 6 at the above-named input signal points. 

Zero signal condition: Ae,= 0; E.= —5 volts; E = 5 
-. volts; F0 =1 40 volts. 

Input signal at maxi mum: Ae. = 8 volts;  
= E.+ Aet, = —5+4.5 = —0.5 volts; e,„,„= Ek-f-Ae,= 5 

; +3.5 = 8.5 volts; eemi. = Eo—Aeo= 140-75 =65 volts. 
Input signal at minimum: —Ae,= —8 volts; e,„0„ 

=J —.e„ = —5 -5 = —10 volts; eb,„ i„ = Eh —Aeb = 5 — 3 
.= 2 volts; eo„.„. = Eo+Aeo =140+65 =205 volts. 
Output signal equals: ±Aeo =75+65 =140 volts. 
Voltage gain equals: +Aeo/ + Ae, =140/16 =8.75. 
Example 7: The requirement is to determine the cor-

! rect value of cathode resistance for a resistance-loaded 
amplifier when it is required that the self bias developed 
i by this degenerative resistor have a given value with 
I respect to the positive peak input voltage. Circuit con-
stants for this problem are given in Fig. 5, except that Ithe value of the cathode resistor is unknown, and is to 
be determined for a grid swing which is assumed to be 
sinusoidal and equal to 16 volts peak to peak. Inasmuch 

as the value of the cathode resistor is unknown it is not 
possible to construct the load line by the method given 
under curve 1, but it can be constructed by the following 
procedure, which makes reference to Fig. 6. 
Step 1: Draw plate load-line curve 4 by connecting 

with a straight-line point eb=Eb= 250 volts on the volt-
age axis and point i=Eb/RL =250/47,000 =5.3 milli-
amperes on the current axis. 
Step 2: Draw a line parallel to the voltage axis be-

tween the current axis and curve 4 whose magnitude is 
equal to the positive peak input-signal voltage plus a 
safety factor. In the example under consideration a con-
venient value is 9 volts. The voltage scale used is that 

of the plate voltage ei. 
Step 3: Draw load-line curve 1 by connecting with a 

straight-line point (Eb= 250 volts) on the voltage axis 
and the intercept point of the line constructed in step 2 
and the current axis. The current at this point on the 

axis is equal to 

(curve 1 intercept) = El/RL + Rh.  (15) 

Therefore, the load plus cathode resistor equals 

(RL  Rh)  E,/i, (curve 1 intercept) = 250/5.1 

= 49,200 ohms. 

The cathode resistor equals 

Rai = 49,200 — 47,000 = 2200 ohms. 

If it is required that other points on the input-voltage 
curve be determined, construct curves 2 and 3 and pro-
ceed as outlined in appendix, example 6. 

Correction 

Joseph M. Pettit has drawn to the attention of the 
editors the following corrections to the paper, "The 
Compensated-Loop Direction Finder," by F. E. Ter-
man and J. M. Pettit, which appeared on pages 307-
318 of the May, 1945, issue of the PROCEEDINGS OF THE 
I.R.E. 
1. On page 307, the term in the right-hand column, 

line 13, should read: (2ra cos a)/X (radians) 
2. Equation (1) should read: 

IE1 — E = 2E1 sin i((2wa cos a)/X). 

3. Equation (2) should read: 

IE1 — EI = 2Ei(Ta cos a)/X. 

4. On page 309, equation (6) should read: 

.V/C1 — sint 9 — cos0 
nichm —    • 

— sin2 0 + cos 0 

5. Lines 13 and 14, right-hand column, should read 
X = wavelength, centimeters 
c= 3 X10" 

6. Equation (7) should read: 

horizontally polarized: EH(1 —  

7. On page 310, equation (8) should read: 

eb, — eb, = (E. sin 0)(bN)(1  r.e-i(7.4-00 ) 

-j2 sin ((wa cos a sin 0)/X). 

8. Equation (9) should read: 

eat — e., = (E. cos 0 cos a)(aN)(1  rye—i(?.-4-00 ) 

-j2 sin ((rb cos 0)/X). 

9. On page 311, equation (11) should read: 

—  = (EH sin a)(aN)(1  raci(7H+0) ) 

-j2 sin i((2wb cos  
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An Approximate Theory of Eddy-Current Loss in 
Transformer Cores Excited by Sine Wave 

or by Random Noise* 
DAVID MIDDLETONt, MEMBER, I.R.E. 

Summary—An approximate theory is developed for the eddy-cur-
rent loss in transformer cores excited by high-frequency (megacycle) 
sine waves and by broad-band (video) random noise. The boundary 
conditions are established, subject to which the field equations 
governing the distribution of the electric and magnetic fields in 
thin rectangular laminae are solved, and from which in turn are de-
termined the skin depth do and mean eddy-current loss W for cur-
rent and voltage-fed transformers. The voltage-fed case is con-
sidered in greater detail, as it is the more general analytically and 
the more common in practice. From it the constant-current or current-
fed case is readily derived. Curves and formulas are given showing 
the variation of 50 and W with frequency and lamination thickness 
for a sine wave and for a uniform band of noise (f, —fl) cycles wide. 
Among the results it is found that the skin depth decreases, as one 
would expect physically, with increasing lamination thickness, fie-
quency, core conductivity, and effective permeability. The mean 
eddy-current loss in the constant-voltage transformer diminishes 
with increasing frequency or spectral width, because of skin effect, 
and increases with the thickness of the laminae. For voltage-fed 
transformers •W varies approximately as the inverse square root of 
the bandwidth. On the other hand, W in the constant-current cases 
is found to vary about as (bandwidthp2). A sbort discussion of the 
advantages and limitations of the theory, of the approximations made, 
and of some of the considerations involved in reducing eddy-current 
loss is included. 

I. INTRODUCTION 

GENERALLY, the principal problem in the design 
of transformers is to achieve a given perform-
ance with as little power loss as possible. The 

losses that do occur are chiefly of three kinds: (a), loss 
in the windings, or "copper" losses; (b), losses due to 
hysteresis effects; and (c) loss due to eddy currents 
flowing in the core. The first, depending on skin and 
proximity effects, as well as on the easily-measured 
quantities of wirer size and conductivity, and the second, 
largely a function of the operating conditions and the 
magnetic behavior of the core, are both difficult to 
measure and to predict theoretically. We shall not at-
tempt to deal with either (a) or (b) here. The third 
kind of loss arises from the currents induced in the core 
because of the failure of the applied magnetic field to 
penetrate the core material uniformly. Although (a) 
may be obtained with only moderate accuracy and (b) 
but approximately with the help of the Steinmetz 

• Decimal classification: R382.1. Original manuscript received by 
the Institute, February 28, 1946; revised manuscript received, June 
4, 1946. 
t Harvard University, Cambridge, Massachusetts. This work was 

done at the Radio Research Laboratory under Contract No. OEM-sr-
411 in connection with Harvard University and the Office of Scientific 
Research and Development, which assumes no responsibility for the 
accuracy of the statements contained herein. 

formula, a knowledge of the eddy-current losses and of 
their dependence on the various parameters, such as 
permeability, conductivity, frequency, lamination thick-
ness, etc., is helpful in putting the transformer design 
on a somewhat more predictable basis. Accordingly, the 
purpose of this paper is to develop at least an approxi-
mate theory for these losses qnd for such auxiliary quan-
tities of interest as the skin depth associated with the 
induced currents. 
Specifically we are concerned with current- and volt-

age-fed' transformers, of a rectangular cross section, 
when a high-frequency sine wave (megacycle) or broad-
band noise (in the video-range), is the primary current 
or voltage. Voltage-fed transformers are of principal 
interest here, although current-fed cores are also con-
sidered briefly. For sinusoidal excitation the treatment 
of the latter is already classic, but for the former appar-
ently little has been done. The results for random-noise 
excitation in either case are believed to be new. This 
work was originally undertaken to supplement the ex-
periments of Cobine, Curry, Gallagher, and Ruthberg,2 
but the analysis is equally applicable to general noise 
problems, and may be of use in the case of television 
signals, which are broadband and to a first approxima-
tion exhibit the characteristics of random noise. 
Our problem, then, requires first the distribution of 

the magnetic field in the core of a transformer when a 
sine wave or random noise is applied across the primary 
terminals. The core is formed of a large number of 
laminations consisting of thin metal sheets, each in-
sulated from the other by a very thin dielectric layer, 
assumed negligibly thick in the present analysis.' In a 
region containing no sources or sinks, Maxwell's equa-
tions take the form (in rationalized meter-kilogram-sec-
ond units) 

By current-fed or "constant" current, we mean that the source 
has an infinite, or very large impedance relative to that of the 
transformer, and that the root-mean-square current flowing in the 
windings is maintained independent of frequency. On the other hand, 
voltage-fed, or "constant"-voltage transformers, are those for which 
the source has negligible relative impedance and a root-mean-
square voltage output which is similarly maintained independent of 
frequency. 

2 Cobine, Curry, Gallagher, and Ruthberg, "Video Transformers 
for Noise Voltage," Harvard Radio Rese_arch Laboratory Report 
OEMsr-411-244, October 30, 1945. (This report is available for 
inspection at the Office of War Archives, Littauer Center, Harvard 
University and contains some information on uses of noise voltages 
and currents in transformers as well as technical details concerning 
the design and operation of such apparatus. Copies of the above 
report are also expected to be available on request from the United 
States Department of Commerce.) 

3 An attempt partially to account for lamination thickness is 
made in Section II; see the discussion following equation 10. 
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/ 

v X E + OB/at. = 01,  v. B = 01 (1) 

v X H — arvat = crE = J, vD = 01  (2) 

where D=tE and the medium supports no fixed dis-
tribution of charge, since the conductivity a exceeds 
zero. Here E and Hare the familiar field vectors, J is 
the volume density of current (ampere/meter2), and the 
medium is homogeneous and isotropic, so that the ratio 
DIE is constant. For good conductors the conduction 
current is extremely large compared to the displacement 
current provided cricoe>>1 where co =271 is the angular 
frequency of the current, or of its lowest spectral com-
ponent. Equation (2) may then be modified to give 

V XH  aE,  v•E= O.  (3) 

Now, for ferromagnetic materials, of which trans-
former cores are generally made, the flux density B is a 
nonlinear, multivalued function of the field strength H. 
The simultaneous solution of (1) and (2), even for the 
simplest geometrics, presents formidable mathematical 
difficulties." To reduce the problem to one within the 
power of our analysis we must make the usual and im-
portant assumption that B and Hare proportional. This 
further implies that hysteresis and eddy-current loss are 
independent effects. It is also clear that a reduction of 
the nonlinear problem to one that is linear precludes any 
information concerning hysteresis losses. 
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(a)  (b) 

Fig. 1(a)—Variational B-H loop, (b) Effective permeability as a 
function of frequency. 

We approximate the physical problem in terms of a 
linear model by selecting an adjusted, or "effective" 
value p of µ so that B-.L- µell. For sine waves we define 
µ„ as the slope of the major axis of the variational B—H 
loop, which is nearly elliptical for small variations, as 
shown in Figs. 1(a) and 2. Fig. 1(a) applies equally 
well when there is no direct-current H field; the loop is 

W. Cauer, Arch. fur Elektrolech., vol. 15, pp. 310; 1925 solves the 
nonlinear, current-fed problem for sine waves of small amplitudes. 
The author is indebted to Dr. R. W. Hickman for this reference. 

6 V. E. Legg, "Magnetic measurements at low-flux densities using 
the alternating-current bridge," Bell Sys. Tech. Jour., vol. 15, pp. 
39-62; January, 1936. 

then merely shifted to a similar position about the 
origin. Analytically this is equivalent to the relation 
i". A.' tan-1 Bo/H. A similar definition applies for random 
noise, where now the loop is filled in, in the manner of 
Fig. 3. The lower frequencies are the ones chiefly re-
sponsible for the loop envelope. When the applied field 
is large, the variational B-H loops are only roughly 
elliptical, but the above procedure may still be used. 
Figs. 1(b) and 2 for sinusoidal excitation, obtained ex-
perimentally from the data of footnote 2, illustrate the 
change in µ. with frequency for zero direct-current H 

fields. 
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Fig. 2—Variational B-H loops, for sinusoidal excitation at different 
frequencies (0.002-inch Hypersil). (,) H in oersteds, B in gauss. 

Because of the many other parameters whose effects 
we wish to examine, and because of the general lack of 
data, we assume in most of our calculations that A. re-
mains independent of frequency. For sinusoidal excita-
tion it is a simple matter to take the varying µ.(fo) into 
account, once data of the kind shown in Figs. 1(b) and 2 
are available. Sample curves based on Figs. (lb) and 2, 
and illustrating the modification in skin depth and eddy-
current loss, are shown in the appropriate figures follow-
ing. For any particular calculation, and this holds also 
for noise excitation, the results are quite applicable, 
always provided the proper value of p. is chosen. In 
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the case of noise the value of µ1 selected in the manner 
described above is a "lumped" value, based on the com-
posite effects of all components in the disturbance, and 

P.425 
(0.5.1121 

'3.25.90) 
0. = 360 

11.458 
10.25.67 

n-b 

Fig. 3 — Variational B-H loops for a fixed bandwidth of random 
noise. (,) II in oersteds, B in gauss. Exciting current, 1-66 milli-
amperes root-mean-square  11-20 milliamperes root-mean-
square: peak-to-peak voltage, 1-307; 11-72. N=30, A =0.605 
centimeter', L=8.85 centimeters. 

in our simplified theory depends only on the upper and 
lower spectral limits f2 and b. Unfortunately, here, even 
the limited data corresponding to Figs. 1(b) and 2 are 
not at present available. Such evidence as there is, how-
ever, seems to indicate that  is some function off, and 
12, where the low-frequency components at, and in the 
spectral vicinity of, fi are of primary importance. 
The field equations (1) and (3) take the form 

= 1.1.419H/at and v2E =- 1.403E/at,  (4) 

which are examples of the familiar diffusion equation. 
Let us consider a sample lamination, illustrated in Fig. 

March 

4. By definition, the metal slab is insulated over all 
bounding surfaces. An important consequence of this 
is that no current flows into or out of the slab. (We recall 

Fig. 4— Sa mple laminae, showing distribution of E and H fields. 

that displacement currents Jai. =aD/at, although in 
general different from zero, have been neglected be-
cause a>>we; for sufficiently high frequencies, well above 
those considered in this paper, the displacement cur-
rents must be considered, with a consequent modifica-
tion of (5).) If I,. is the current flowing into, or out of, 
the walls, we then have 

= ff nds = f f Ends = 0,  (5) 
walls  walls 

where n is a unit vector normal to the surface of the par-
ticular wall in question. We require the lamination 
thickness 2a to be small compared to the length /0 and 
width b, so that the effects of the ends and edges are 
negligible. The fields may be considered uniform in the 
yz plane, varying only in the x direction. In effect, we 
have an infinite slab, with n= +i. Equation (5) indi-
cates that there can be no x-component of the E field, 
and if the impressed II field consists of but one compo-
nent, the E field will likewise, by virtue of (3). Taking 
H=jII,„(x,i) gives from (4) 

0214  
  (x, 
Ox' 

011,„ 
it ea 

di 

a2E,  aE, 
(x, 0 =  (x, I), 

ax2 at 

(6) 
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and from (3) it follows that 

1 OB. 
E, = —a 8x (7) 

determining E, once Hv has been found. Similar for-
mulas may be deduced for other geometries under the 
above conditions, a very common one in experimental 
practice being the toroid.. 

II. BOUNDARY CONDITIONS AND THE SOLUTION OF 
THE DIFFERENTIAL EQUATION 

The boundary conditions at the surface of the laminae' 
are determined from the method of exciting the field in 
the metal. The transformer core is (ideally) wrapped 
with a large number of turns of wire, consisting of sepa-
rate primary and secondary circuits. If Vol(t) and 1702(t) 
are the applied voltages and Rol and R02 are the resist-
ances, including any loads, of the primary and secondary 
respectively, the circuit equations become 

V01(i) — Li —  M  = I iRoi; 
d11 
dt  dI2 

dt 

dI2 dI1 
1702(t) — (L2 — M 

dt 

with Li and L2 self-inductances and M the mutual in-
ductance between primary and secondary circuits. We 
neglect the effects of capacitance, and we assume that 
the leakage flux is negligible in comparison with the 
total flux. This will be the case for even a moderate air 
gap between windings or between windings and the core, 
since the flux is predominantly confined to the high-
permeability regions of the metal. The principal effect, 
which again ignores capacitive phenomena, is to reduce 
the current because of the increase in length of wire in 
each turn, i.e., because of the increased resistance of the 
windings. 
The quantities within the parentheses of (8) represent 

the induced voltage in the primary and secondary. These 
are 

and 

= 12 R0 2 

ITi dI2) 
= — (1-1- — + 

=-Niff 8B  — ndSi, 
at 

d 12  (II1) 
V 4„(1)2 = — (L2 — + M — 

dt  dt 

(8) 

(9) 

aB 
= — N2 f f  (10) 

8, at 

where S1 and S2 are the cross sections of the windings, 

• N. W. McLachlan, "Besse! Functions for Engineers," Oxford 
University Press, New York, N. Y., 1941; p. 142. 

and N1 and N2 are the total number of primary and 
secondary turns. Since there is little leakage, for all 
practical purposes .31=S2=As, with A =2abq, and q the 
number of laminations. We have introduced the "stack-
ing" factor s, defined as the ratio of the thickness of the 
core metal alone to the total thickness, including the 
interlaminar insulation. Numerically s lies in the range 
0.8 <s <1.0 in most cases. Equation (9) is easily evalu-
ated with the help of (6) to give 

2Nibqs au, 
(v.), —   

a  ax 
2N2bqs OH 

(v.)2—   ax 
• 

r...• a 

[Note that N2 does not appear explicitly in the first 
equation of (11), nor does N1 in the second, as we might 
expect at first glance from (9) and (10), because of the 
presence of the mutual term M(Ni, N2). They are, how-
ever, contained in 8//y/axl  
If 1 is the mean length of the magnetic circuit, and the 

cross section of the core is essentially uniform, the net 
magnetic field at the boundaries x= +a, ±2a, ± • • • 
+qa is 

H„(a,  = [N111(1) + N212(1)]/1.  (12) 

Solving (8) for I and /2 with the help of (9) and (10) 
allows us to write this as 

1 
v(a,  = — (NiVoi(O/Roi  N2Vo2(0/Ro0 

NiVin(01/1Roi  N2Vin(02/1R02, (12a) 

which may be expressed in the more compact form 

aB, 
H.(a,t) = Ho(a,  — Po ax  

aa.• a 

(13) 

where Ho(a, t) is formally identified as the applied field, 
independent of any inductive or capacitive effects in the 
transformer circuit, and —/308Hy/axl  as the induced 
field. Comparison of (12a) and (13) shows that, for the 
applied field, 

Ho(a,  = 1‘111701(1)/ Roil + N2V02(i)/Ro2/,  (14a) 

and for the induced field 

where 

Po = 

814 
Hi„(a,  = — go 

a x 

2bqas (N12 N2 = As _  _  _. 
cral \Rol + Ro)  aal (N 12 N2) 

R _  01 + R02) 

= 1 (L1 ± LI) 

ameakRol  R02/ 

from the expression for self-inductance, in this in-
stance L = (A s)1VV AWL Observe from (.15) that 130atio is 

(14b) 

(15) 
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independent of a, µ„, and a, provided the over-all cross 
section of the core is unaltered. 
The exciting magnetic field is impressed on the pair 

of faces x= ±a, • • •, +qa, so that H.(a,t)= —Hy(—a,t) 
etc., and thus, because of (7), the electric field is anti-
symmetric. 
We may then use 

art, 
ax 

= o (16) 

as one boundary'condition, while (13) is the other. 
We seek first the steady-state solution when the pri-

mary voltage consists of but one frequency, and the 
applied secondary voltage V 2(i) is zero, a usual condi-
tion in practice. The extension to the case of random 
noise will follow (see Section IV). 
The solution of (6), where now 

H 0(a, 1) = Hoeimo,  coo = 27.10; 

Ho N iVoi/  i =  (17) 

and where Vol is the peak amplitude of the sine wave, is 

Ti,(x,  = (A 0-72  1307z)eiw", 

. y  ( i d o i, . 0 ) 1 1 2  =  ( 1  +  0(womeo ./2)1/2. 

We may eliminate the constants A1 and B1 with the help 
of the boundary conditions (13) and (16), obtaining 
finally 

(18) 

Hoe's' cosh (1+ i)aox 

cosh (1+ Oaoa-l-ftoao(l+i) sinh (1+ i)aoa 

ao  (w000/2)111,  — a 5 x 5 a.  (19) 

Either the real or the imaginary part of H. yields the 
distribution of the H field, depending on whether we 
choose He(a, t) = Ho cos coot or Ho sin coot. Note also that 
(19) is analytically equivalent to the distribution of tem-
perature in an infinite slab of width 2a from each side 
of which there is radiation into a medium whose tem-
perature varies harmonically with time. 
The complex-current distribution obtained from (7) 

and (19) is 

t) = cr E,(x, t) 

11 oao(1-1-  sinh (1+ i)aox e+i"01 
(20) 

cosh (1+ i)aoa-l-flo(l+ i)ao sinh (1+ i)aoa 

The usual solution7•••• assumes a net field at the 
boundary whose amplitude is maintained independent 
of frequency. Physically this corresponds to the "con-
stant"-current, or current-fed, source, rather than to 
the "constant"-voltage source considered above. Then 

7 J. J. Thompson, Electrician, vol. 28, p. 599; 1891. 
I M. Latour, "Note on losses in sheet iron at radio frequencies," 

PROC. I.R.E., vol. 7, pp. 61-70; February, 1919. 
6 C. Dannatt, Jour. I.E.E. (London), vol. 79, p. 667; 1936. 

the boundary condition (13) is modified to 1-1,(a, 1) 
=Ho'eiwoi, and the solutions corresponding to (19) and 

(20) are 

11.(x, t) = 110'e'wol 
cosh (1 + i)aox 

cosh (1  i)aoa 

sinh (1  Oaox 
t) = Hoieiwoiao(1 +    (21) 

cosh (1  i)aoa 

Observe that (21) may be obtained from (19) and (20) 
on setting 130= 0. 
A quantity giving some indication of the uniformity 

or nonuniformity of the magnetic field and, hence, of 
the effective H-field penetration is the skin depth 
ao -a —xo (where xo is measured from the center of the 
lamina). Our definition of bp differs somewhat from the 
more usual one in that it is the depth at which the eddy-
current losses, due to the induced currents, are a frac-
tion C of their total value, instead of being the depth 
at which the amplitude I J1 of the (volume) current 
density is (1 — C) of its value at the surface. Analytically 
8o may be determined from 

1 — 1 1 dydz f 2—so --a-to  J- Vdr 

ffdydZ f  J • E* dx = C,  0 < C < 1, (22) 

where C has some value between zero and unity, and (*) 
denotes the complex conjugate. It is clear that the value 
of 150 depends on our choice of C. 
Of principal interest is the mean power loss per unit 

volume W arising from eddy currents. With the help 
of (6) we have 

or 

=1 rffV J 
= 1 a 

2cra J 0 

di' 

all.12 
dr, 

ax 

1  T 

= -20.1 a fo dt fa o 
aH, 
Ox 

(23a) 

2 
d x, watts/meter'. (23b) 

with V[=(As)1] the volume of the magnetic circuit. 
Equation (23a) applies for a sinusoidal voltage of the 
form Voitiwo and (23b) is used when there is a noise 
voltage, Vo(0 =E.(a„—ib„)eiw.' in the primary circuit. 
The bar indicates the statistical average over the ran-
dom variables a„ and b. 

Still another quantity that is sometimes considered 
in the study of the skin-effect problem involving fer-
romagnetic materials is the apparent permeability 1.1o, 
discussed, for example, in footnote 8. However, the defi-
nition of this quantity appears to have been made only 
for sine-wave excitation in current-fed WO =0) cases. We 



can show that is. takes the same values under voltage-
fed (j3> O) conditions, but because it is lengthy and 
difficult to extend the definition in the instance of noise 
excitation, and because me, itself is not essential to our 

analysis, we have omitted it in this paper. 

III. SINUSOIDAL EXCITATION 

; (a) Skin depth. 

If we introduce the definition 

Xo  2a0a = (2cootieaa2)12,  (24) 
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sinh X0(1-60/a)— sin X0(1 ,50/ a) 
1—C=   O<C<1. (28) 

sinh X0— sin Xo 

and write 

A(Xo) = [1 ± (2a/ 130) sin X0/X0 2a2/0eXol cosh Xo 

— [1 + 2a sinh Xo/i3oXo — 2a2/#02X02] cos Xo, (25) 

we obtain from (20) 

icosh (Xox/ a) — cos (Xox/ a)} 
' J• r = (H0212)     . (26) 

(float) 2 A(X0) 

Here the following relations have proved useful: 

sinh (1+ i)z/2 sinh (1— i)z/2= (cosh z — cos z)/2,  (27a) 

a20'  Ni Voi \ 2 j 1 
W —   

0306)2 k2"2/411) Axo 

NiVoi 
W=  00,02 2,,2R0,/) xo El +2a sin Xo/PoX0-1- 2a 2/00 2x02]_ cos  X0[1/cos h Xo — 2a2/0o2X02+ 2a tanh X0//30X01I 

We observe that SO/a is independent of #0.  When 

)o<0.1, we find that 

6o/a = 1 — (1 — C)/3 = 0.535 if C = 0.90, (29a) 

and the skin depth S0 is proportional to the lamination 
thickness. However, when X0 is large, say 10 or greater. 

we have 

So/ a= — [log (1 —C)]/Xo 6 O. 230, C=0.90, Xo> 10, (29b) 

and S0 is seen to be independent of a by virtue of (24). 
This agrees with what we would expect physically, 
namely that, as X0 becomes larger, the eddy currents 
are crowded progressively nearer the surface, with a 
consequent bunching of flux in that region. Figs. 5 and 6 
show the variation of So/a and S0 with lamination thick-

ness and frequency. 

(b) Eddy-Current Loss. 

From (20) and (23a) we obtain the mean eddy-current 
loss per unit volume 

sinh X0 — sin Xo} 

A(Xo) 
watts/meter3.  (30) 

When X0 is large we have a simpler result, namely, 

NiVoi ) 2 
) 

  a  
2wols e 

a  1/2 
1 

0300 )2 ( 21 / 2R0 

[tanh X0—sin Xo/cosh Xol 

cosh (1+ i)z/2 cosh (1— i)z/2= (cosh z-Fcos z)/2.  (27b) 

When the result (26) is inserted into (22), the relative 

skin depth bola is determined from 

1,1  .0 

Fig. 5—Skin depth, sinusoidal and random noise excitation; XI is 
held constant while ki varies in the case of noise. 

LAMINATICO TNICIENt•• 
.97 , 

•  , 
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(31) 

(32) 

Fig. 6—Skin depth, sinusoidal excitation, for various lamination 
thicknesses. The dotted curves apply for p• as a function of 
frequency. 
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(goac-) 2 21/2Roil 3 1 + (Poamorwo) 2 

' Polo  102, Xo < 0.10.  (33) 

From this we observe that the losses at constant total 
width are proportional to the square of the lamination 
thickness, and to the first power of the conductivity a, 
when we recall from (15) that (Mu) is independent of 
a, u., a. In this region the losses also increase with fre-
quency, leveling out when (00aµ,a)2>>1. These results 
are in qualitative agreement with the simpler theories.'° 
The second interval II obtains when X0> 0.10, 

flo/a  102, and from (30) we have accordingly" 

Wn —  020  NiVoi j 1 rsinh Xo—sin Xl} 
  • 

(Poaar \2112 R011/ ( XoLcosh Xo— cos Xo J) 

102, Xo > 0.1.  (34) 

We see that when Xo exceeds 0.10 the losses cease to be 
proportional to the square of the lamination thickness, 
but vary in a fashion which becomes more nearly linear. 
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provided $o/a >40, Xo > 5.3. Now in many practical cases 
130/a,-,402, or larger. Then (30) may be split into two 
parts, each of which is applicable for a range of Xo. In 
region I, when xe«i, say X0S0.10, we have 

(NV 01 )2 1  0Eloaµ r.awo  .  

3. 

atallaff-CYttal 1.1.:2 4.2.2tramt  1,1.1234111//  , 

0 -0 • # 7 1 
, •  t.• r• • 
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Fig. 7—Mean eddy-current loss per unit volume as a function of 
lamination thickness for voltage-fed transformers and sinusoidal 
excitation. 

Similarly, the dependence of the losses on conductivity 
changes from a linear to a square-root relation, while an 
increase in frequency ultimately results in vanishingly 

Electrical Engineering Staff, Massachusetts Institute of Tech-
nology, "Magnetic Circuits and Transformers," John Wiley and 
Sons, New York, N. Y., 1943; chap. 5, sec. 2. 

At first glance (34) appears to be valid only in the range 
0.1 <ko<5.3 (with about 1 per cent error at 4=5.3), and with 
fie/a large compared to unity. However, we note from (31) that when 
)tok 5.3, cosh X. is equal to or greater than 102, and tanh 
so that the denominators of (30), (31), and (34) are numerically al-
most identical although different analytically. Equation (34) may 
then be used with negligible error in place of the more general 
results (30). But if 190/a is much less than 40 the simpler form, (34), 
ceases to be adequate, and (30) must serve. 

March 

small losses. This occurs because there is a considerable 
increase in the effective resistance of the laminations 
arising from the very incomplete penetration of the 
magnetic field and consequent small skin depth. Fig. 7 
illustrates the variation of the mean power loss per unit 
volume as a function of lamination thickness, whereas 
Fig. 8 shows the loss as it depends on frequency. Ob-
serve from Fig. 8 that there is a frequency for which the 
losses are a maximum, in the neighborhood of 0.10 mega-
cycle or below; this frequency may be quite low for the 
thicker laminations. 

l 

• 

2 • • ~ 12 

Fig. 8—The same as Fig. 7, where now frequency is the 
independent variable. 

For constant-current transformers (flo =0) the expres-
sion of the eddy-current loss takes the more familiar 
and simpler form 

X0 tsinh X0 — sin X0 
IF = (H012/2)   watts/meter', (35) 

2a2a \cosh )1/40 ± cos X0 

cf. (5), footnote 9. Here Ho"/2 = [1%/12712-1-N22722]/12 
=constant. Fig. 9 indicates the frequency-dependent 
nature of W for various thicknesses of lamination. In 
this instance W is seen to decrease with increasing a and 
to increase with increasing frequency, beyond certain 
values of a and h. We may offer as a partial explanation 
of the phenomenon the fact that, since the primary and 
secondary currents are maintained constant in magni-
tude, the net field, Ho' =Happlied—Hindueed (vide (12) 
through (14)), must also remain fixed. However, an 
increasing frequency leads to greater applied magnetic 
fields (and applied voltages) and consequently to larger 
induced fields, whose spatial distribution becomes pro-
gressively less uniform. The result is larger currents in-
duced in the core, and greater eddy-current losses. On 
the other hand, for thicker laminations, which also yield 
very nonlinear H-field distributions, the net fields are 
established with smaller applied voltages. This means 
smaller induced fields and currents, so that the losses 
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decrease. The above two effects oppose each other in 
varying degrees, as can be seen from Fig. 9. 

IV. RANDOM NOISE EXCITATION (VOLTAGE-FED 
TRANSFORMERS; o > 0) 

A random noise voltage, here the potential applied 
across the primary terminals, may be represented by12-14 

V0,(1) =  E(a. — 

where the quantities a. and bn 
subject to a normal, or Gaussian, 

ib.)eiwnt,  (36) 

are random variables, 
distribution law; N is a 

N1 
!Mx,  = —  

tt l 

nok ; 5.k,_ 1 ; n=k. The first relation in (37) 
states that a. and b. are independent; the second, that 
their mean value is zero; and the third gives the value of 
the mean square. Here W(f0)Af is the mean-square volt-
age in the frequency interval Af =1/T. We may write 

this as 

an2  W (fn)I f = an 2  T iF;  wn  =  22rn/T = 2rfa. (38) 

In the steady state the sinusoidal solution (19) may be 
used for each component f. Accordingly, with the help 
of (36), the complex H field is 

(a. — ib.)eiw" cosh (1 + i)a.x 

cosh (1 + Oa.° + /30a.(1 + i) sinh (1 ± i)cf.a 

number much greater than unity. The random variables 
a, and b5 obey the following conditions: 

aabk = 0;  a. = b. = 0; 
(37) 

anak = b.bk = Cfn)Onk/T = W(f),V655. 

Hy(x, 02= H, 12/2 

\ 2 

=  R011 

a n  =  ( 6 ) . /.4 4 2 ) 1 /2 (39) 

with an analogous expression for J.(x,t) based on (20). 
Now the significant form of solution here is the mean-
square or root-mean-square value. We find, then, for H,2: 

(an2+b.2)/2 cosh (1+i)anx cosh (1— i)a.x 
 4 (40 ) 

[cosh (1+ Oana-l-fioan(1-1- i) sinh (1+0«.a] [cosh (1— Ocena+Poan(1— i) sinh (1— i)a„a j 

since the cross terms vanish by virtue of (37). If we allow 
N and n to become infinite in such a way that f,,=nfi=f 
00, (corresponding to the infinite time average), and 
that Af(=1/T) hence becomes the infinitesimal df, the 
sum in (40) may be replaced by an integral to give 

( NI )2/  cos (Xx/a) + cos (Xx/a) 
 W(f)df, 
2(f30/2a) 2X2A(X) 

Fig. 9—Mean eddy-current loss for current-fed transformers, 
excited by sine wave or by random noise. 

The bars indicate that an ensemble average is taken,'s 
and here ank is the usual Kronecker delta, such that 

12 S. 0. Rice, 'Mathematical analysis of random noise," Bell 
Sys. Tech. Jour, vol. 23, p. 282; 1944; vol. 24, P. 46; 1945 . 
u M. C. Wang and G. E. Uhlenbeck, "On the theory of the 

brownian motion 11," Rev. Mod. Phys., vol. 17, p. 323 , 1945 . 
" D. Middleton, "Calculation of the Effect of Rectification and 

Clipping on Spectra of the Output of the 6D4, 884, and 2D21 Noise 
Sources," Harvard Radio Research Laboratory Report No. OEMsr 
411-90, June 23, 1944. See footnote 2, concerning availability of 
copies. Also, D. Middleton, 'The response of biased saturated linear 
and quadratic rectifiers to random noise," Jour. A pp!. Phys., vol. 17 , 
pp. 7'78-801; October, 1946. 

H.2 — 
0 

x =  (2041.0 .a 2)1/2, (41) 

with the aid of (2713) and (37). In (41), W(f) is the mean-
square input voltage spectrum, in volts squared per unit 
band-width, and X is a variable analogous to Xo; A(X) is 
given by (25) when X is substituted for )to. We note that 

X = 2aa = (26.41,aa2)112 , 

f = X2/42ra2µ0r,  df = XdX/22ra2µ,a. 
(42) 

From (36) it is evident that 

V 012 =  E (a7-+ 67)72 iJ  W(f)df.  (43) 
0 

We shall find it helpful to represent the mean-square 
applied voltage by 

" Vol2 = Wo f w(f)df = gWo;  g f  w(f)df;  (44) 

Wo is the maximum spectral density in (volts'/fre-
quency), and w(f) gives the functional dependence of 
spectral shape on frequency, with maximum value unity. 
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The relation (44) enables us to express our results on a 
comparative basis with those obtained for sinusoidal ex-
citation, provided we set (V012).0in= ( Voi2/2) sins  wave. 

Equation (41) becomes finally 

a2a (N12 V in2)[ 1 

(floaa)2 Roin2 2144 f o 

The first integral is obtained by graphical means; see 
Fig. 12. The second integral, however, can be evaluated 
in closed form for all (positive) values of Xq and X2 with 

the help of the relations 

[cosh (Xx/a) + cos (Xx/a)Fiv(X2/47ra2µ,a)dri 

Xii(X)  J • 
(45) 

Starting with (20) and applying the above analysis, we  (1  i) coth (1 — i)X/2  (1 — i) coth (1  OX/2 

obtain in a similar fashion  = 2(sinh X — sin X), (cosh X — cos X),  (51) 

a  (N12 V012\1-  1  r- [cosh (Xx/ a) — 
—    
(goacr)!  R01212 )L 2wm J/, 

cos (Xx/a) jw(X2/41-01.4ecr)dX] . 

A(X) 
(46 ) 

Finally, we have the following general results for the and 
skin depth 30, cf. (22) 

1 — C = f  [sinh X(1 — 60/a) — sin X(1 — 6o/ 01wdX/ A(X)  f  [sinh X — sin 

and of chief interest, the mean eddy-current loss per 
unit volume 

1 

(13oacr)2 R01212 )[2rµcaa2g 
=   [sinh X — sin x1wdx/(x)j watts :meter'. 

Xj2vJX/A(X), 0 < C < 1,  (47) 

(cosh X —cos X) 
f (1+i)coth(1=1--i) —x dX=+ilog   

2  2 

+2 tan—' (tan X/2/ tanh X/2) -T- 47rn 

-FG,n = 0, 1, 2, • • • ,  (52) 

a'a (N 12 V 012 

It is possible to simplify the quantity A(X) defined by 
(25) if we observe that when X is less than about 0.10, 
A()) may be written 

A(X)  X-2 1 4a2/13o2 + 4a/ So + a/6o2)  I • (49a) 

In many practical cases go/a  102; then (49a) reduces to 

p(X) dr. X-2 (4a2/1302 (49b) 

On the other hand, when X exceeds 0.10, and 130/a is 
large compared with unity, we may write with less than 
a per cent of error: 

A(X) i& cosh X — cos X, 

from the same argument as that justifying (34). 
In this paper we are specifically interested in random 

noise having a uniform mean-square current or voltage 
spectrum, extending from  to h. From (44) it is clear 
that now g=f2—fi, and further, that tv is unity. 

(a) Skin Depth 

Here, as before, we take C=0.90, and when XI ex-
ceeds 0.10, (47) assumes the following form for a uni-
form band of noise: 

(48) 

with G an additive constant. We have finally 

r sinh X — sin X 
dX = 21tan--' [tan X2/2/tanh X2/2 j 

J,„ cosh X — cos X 
— tan—' [tan Xi/2/tanh X1/2 .11 X2 > X1 0.  (53) 

Again, when X2 <0.1 we observe froin (49b), (50), and 
(53) that So/a is the same as for the case of the sine wave, 
cf. (29a). But for X1 large, say 10 or greater, we have 

(1.  C) (X2  XI)  f  e-6°Ila d X 

= (a/ 60)Ie—Yola —  (54) 

A rough calculation for the case X2 = 13, X1-= 10 gives 
So/a-T-1-- 0.20, showing that the skin depth decreases, as 
previously observed, when X is increased, because of the 
failure of the H field to penetrate the laminations. As 
Fig. 5 indicates, it is the high-frequency components 
that most affect So. This we would expect because the 
crowding of flux and eddy currents near the surface is 
more pronounced for such frequencies. Equation (54) 
shows further that for large values of Xi and X2, 60 is 
independent of lamination thickness (2a). 

)-2 sinh X(1 — (30/a) — sin X(1 — 60/a) dx  sinh X — sin X 
0.10 =   dX, 

cosh X — cos X  L a cosh X — cos X tio/a  102, (50) 
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(b) Eddy-Current Loss 
By virtue of (53) substituted in (48), we are able to 

write a closed expression for the eddy-current loss in the 

instance of a uniform noise band: 

tional to the square root of the bandwidth, particularly 
if fi<cf2. Figs. 10 and 11, analogous to Figs. 7 and 8, show 
the variation of eddy-current loss with frequency (f2) 

and lamination thickness (2a). 

2cr (N12 17012\ r  4  • 
W =   I tan-1 [tan X2/2/tanh X2/2] — tan-1 [tan Xi/2/tanh X1/2] 

(Ooacr)2\ R51212 ILx22 — xi2 
x2 > X > 0.10, (3o/a  10.  (55) 

Here it can be verified, for small values of X1 and X2, that 
the quantity within the brackets has approximately the 
value 2/3 and is independent of a. Again we find qualita-
tive agreement with the result for the sine wave, in the 
voltage-fed case, specifically for low frequencies, or more 
generally, for small values of X1, X2. The mean loss per 
unit volume varies as the square of the lamination thick-
ness and directly with the conductivity, and is, to a 
first approximation, independent of IA,. When X2 0.10, 

• (48) may be modified with the help of (49b) to read 

V. EXCITATION BY RANDOM NOISE (CURRENT-FED 
TRANSFORMERS, 00 =0) 

For primary and secondary currents maintained inde-
pendent of the frequency (go = 0), the transformer is 
current-fed, as previously explained. In the case of 
noise the requirement is that /12 and /22 are not functions 
of frequency. The general results (47) and (48) are ac-

cordingly modified to 

1  — tan-1 (floakiecycoi) 
TV =  , 

(ft 1212  3  floatAea(w2 — oh) 

fisa. ( R0 Nis  vois) 1  tan-1 (00µ,010) 

oacr)2  

10  • VATTS/M. 
E1. 

I, • 0.1014c. LOWER SPECTRAL L 

., •  UPPER SPECTRAL omt. 

A.* • 2.10. REMRTS/00.... , 

5  10  II 
241 • LAT1111111CM M M US' 

Fig. 10—Mean eddy-current loss for a uniform band of random noise 
as a function of lamination thickness, voltage-fed transformer. 

It .10 

Note that when f2—=fl, i.e., when the noise band becomes 
"monochromatic," we obtain precisely (33). For high 
frequencies such that X1 is in excess of 5.3, (55) takes the 

form 

a20'  (NI' 1,012\  2  
W = 

(13oaa)2 k R01212 /xi + N2 

1  (N12 V012) la (— 1   
\112  1 

(57) 
(Naar  Ro1212 (rm) .  f2112  fill9' 

showing clearly that the losses are now proportional to 
the lamination thickness, and nearly inversely propor-

> 102, X2 :5 0.10.  (56) 

Fig. 11—Same as Fig. 10, when now frequency 
is the independent variable. 

A 's, A 11 - IR I II Jo, A I 1. • 

I'  I 

, 0  .0 0 

Fig. 12—The solution of (50) when C..0.90. 



i as:9 

280  PROCEEDINGS OF THE I.R.E. 

c _ r- rsinh X(1 — bola) — sin X(1 — (50/a)1 2vdx  isinh X — sin X) 

L  cosh X + cos X    uniX, /  kcosh X + cos X 
and 

1 
—   2a2a12 (N127-12 N22T2i)[  1 W  x2   

22ri.teaa2g 0 cosh X -I- cos X 

where w(X2/47a2/20) now gives the functional depend-
ence of the spectral.shape of the mean-square current on 
frequency, and has as before the maximum value unity; 
g is still given by (44), and Wo is the maximum spectral 
density, but with the units (ampere2/frequency). 42 and 
42 are respectively the mean-square primary and sec-
ondary currents. In making measurements it is often ex-
pedient to have an open-circuited secondary, so that 
/2=0. We give below a brief outline of the principal re-
sults for a uniform noise-current spectrum extending 
from fl to f2. 

(a) Skin Depth 

Here 50/a may be obtained from (58) and Table I, 
when w is set equal to unity. Again, for small X, such that 
X50.10, we observe that (29a) applies equally well here. 
Large values of X1, (and X2), however, lead to 

(1 — C)(X22 — X13)/3 

x2e-6071/adX 

ks 

=  (a/(50)e-6° " ° X2 ±  2a2(boX/a + 1)/52211 . (60) 

A calculation for X2 =13, X1=10 gives 80/a =0.20, in 
qualitative agreement with previous results, (29b) and 
(54). Note that here also Be is independent of lamination 
thickness when X is large. The variation of bola with Xtr 
(30=0), although not explicitly calculated, appears to be 
qualitatively similar to the more common case shown in 
Fig. 5 for which Pe is very much larger than zero, and for 
the same reason. 

(b) Eddy-Current Loss 

When g=(f2—f1) and w=1, (59) yields the mean 
power loss per unit volume. Table I in the Appendix 
gives values of the integral in (59). For X less than about 
a tenth, W takes the simple form (open-circuited second-
ary, /2=0), 
2_ _  (Niauel 
W = 2112   (122 + 1112 -I-- fi2), X  0.10, (61) 

31 
showing that the losses are again proportional to the 
square of the lamination thickness, but unlike the volt-
age-fed transformer, they vary as the square of a and 
vide (56). When X1 is large, W becomes 

w. _ 1 (N12 r12\ x.2 ±  xi2 
3a2,  )   x2 + x, 
271- (2ii r(N127)/2 + ((112)1/2+ 11 = 

bin  f22/2 3a  a 12 

X2 > Xi > 5.3.  (62) 

Now W depends on a- and approximately on the square 
root of the bandwidth, which is a variation that is the 

•  March 

0 < C < 1,  (58) 

(sinh X — sin X) w 
d watts/m3, (59) 

reciprocal of that for the constant-voltage case; vide 
(57). The dotted curves in Fig. 9 show the change in W 
with frequency (f2). Behavior similar to that of the sine 
wave (go = 0) is indicated, except that the losses are not 
generally so great. The explanation of the shape of these 
curves follows the reasoning behind (35). Fig. 27(a) in 
footnote reference 2, obtained experimentally, is seen to 
be in qualitative agreement with Fig. 9 of the text, for 
the range indicated. 

VI. CONCLUSION 

In the preceding sections we have attempted to con-
struct a theory for the eddy-current loss in transformer 
cores when the exciting voltage (or current) is a high-
frequency sine wave, or high-frequency broad-band 
noise. As explained more fully in Sections I through V, 
our analysis has been based on a number of approxima-
tions, which apply with a varying degree of accuracy, 
depending on the conditions of operation. The most 
important, perhaps, is that the nonlinear physical prob-
lem has been replaced by a linear mathematical one, 
after a "suitable" choice of permeability. The second sig-
nificant approximation appears in the boundary condi-
tions, where capacitive effects have been ignored. This 
may lead to a considerable error, particularly at the - 
higher frequencies. The other approximations, negligible 
leakage and edge effects, uniformity of cross section, 
etc., are easily justified in the light of the practical prob-
lems involved, and lead to no appreciable discrepancies. 
An important limitation of the theory, however, is its 
inability to give us any information, concerning hystere-
sis losses. Further, it indicates that the eddy-current 
loss is directly proportional to the mean-square applied 
voltage (or current), which is certainly not altogether 
true, since harmonics of the applied wave are generated, 
because of the nonlinear relation between B and H. 
From the experimental evidencel2 this departure from 
the mean square does not appear to be serious. 

There are two cases of interest, the current-fed 
(i3o= 0), and the voltage-fed (ifio > 0) transformer. We 
are concerned primarily with the latter, for it is the more 
general and occurs more often in practice. Let us sum-
marize some of the more important results with respect 
to minimizing the eddy-current losses, when ft,2> 0 : 
1. Make the laminations as thin as possible; 
2. Use core materials with as low an intrinsic conduc-

tivity (a) as is practicable and compatible with the re-
quired magnetic properties of the metal, so that 
3. µ, and hence p., may have values even at the high 

frequencies. For the latter (p) this is quite important 
if we wish to keep the losses down (see Figs. 7 and 8). 

u See Figs. 17-23 (omit 21a) of footnote 2. 
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4. Operate at high frequencies (fil), or in the case of 
noise, with wide spectral bands whose lower limits are 
themselves reasonably high frequencies. The losses are 
less because the effective resistance of the core is notice-
ably increased due to the appreciable skin effect in the 
i laminae, which arises from the preponderant number of 
high-frequency components. We must bear in mind, 
I however, that the effective permeability Iz. for noise is 
chiefly determined by the low-frequency components 
(see Section I), and hence, if the lower spectral limit is 
too high, i. may be small enough to offset the skin effect 
in reducing the eddy-current losses. See the dotted 
curves in Fig. 8, for example where µ.=µ.(f0); and 
5. Cut down the excitation, if possible (chiefly to les-

sen hysteresis). 
While the above are not entirely new observations, 

the extent to which they apply may be seen in a quanti-
tative fashion from the figures for a range of design-
• parameter values it is believed has not hitherto been 
covered. The curves have all been computed on the as-
sumption of constant 14,16 except as otherwise indicated, 
in order to show the variation of the losses IV, and 80, 
as functions of the parameters 2a, fo, b. We observe 
from Fig. 5 that in the case of a uniform noise band 
(f2-f1) cycles wide, it is the high-frequency components 
that are important in determining the skin-depth 60, as 
defined in Section II. For voltage-fed transformers the 
! eddy-current loss varies about as the inverse square root 
of the bandwidth, an observation which seems to be 

i borne out by the evidence of date." 
Because of the dearth of experimental data and the 

Iattendant difficulty of separating the losses, i.e., dis-
t tinguishing between hysteresis and eddy-current phe-
nomena, we are not able to test the theory. What evi-
dence there is" seems to indicate that the theory is 
qualitatively correct with the exceptions noted above 
and gives results of the right order of magnitude. Fur-
ther work is clearly needed, both experimental and 
theoretical. It is hoped that the present effort will stimu-
late investigation and at the same time provide moder-
ately reliable numerical answers. We are greatly in-
debted to J. H. Van Vleck, Harvard University, and 
J. D. Cobine, General Electric Research Laboratory, 
Schenectady, N. Y., for suggestions and much en-
couragement in the preparation of this paper, and to 
Dr. Cobine for Figs. 2 and 3. We also wish to thank Miss 
Eleanor Pressly, who did much of the computation. 

APPENDIX 
A Partial Glossary of Technical Symbols: 

a =conductivity (mhos/meter) 
µ.= effective, or adjusted permeability (hi.nry/rne-

ter) 

Because of the very limited data for p. as a function of fre-
quency (and excitation), we have shown only briefly the effects of 
changing p. in Figs. 6, 7, and 8. These appear particularly noticeable 
for the higher frequencies and the thicker laminae, resulting in in-
creased losses. There also seems to be little reduction in 811, vide 
Figs. 5 and 6. 
" See footnote reference 1, Fig. 21(a). 

Vol = peak primary-voltage amplitude (volts) 
Vo2= peak secondary-voltage amplitude (volts) 
RH =resistance of primary circuit (direct- or alternat-

ing current) (ohms) 
R02 = resistance of secondary circuit (direct- or alter-

ing current) (ohms) 
Li = primary inductance 
L2= secondary inductance 
/I= peak primary current (amperes) 
/2= peak secondary current (amperes) 
M= mutual inductance 
= number of primary turns 

N2= number of secondary turns 
W = mean eddy-current power loss per unit volume. 

(watts/meter3) 
Wo= maxim urn spectral density (volts2/frequency), 

(amperes2/frequency) 
450 = skin depth (meters) 
1= mean length of magnetic circuit (meters) 
/0 =length of lamination (meters) 
A =cross-sectional area of core (meters2) 
2a = thickness of lamination (meters) 
b= width of lamination (meters) 
q= number of laminations 
s= stacking factor 
ao = (woilva/2)"24 (m-1) 
a=  (64407 /2)1/2, (m-1) 
xo,_ (2a2p.o.c00 )1/2 
= (2a21.4.0 .(01/2 

COO = 240=27Xfrequency of sine wave (second-9 
co=2Tf = 2TX frequency (second-9 
fl =lower spectral limit to uniform noise band (sec-9 
=upper spectral limit to uniform noise band (sec-9 

XI = (2a2µ,acui)112 , corresponding to lower spectral limit 
X2 =  (2a2ktecrw2)1/2, corresponding to upper spectral limit 

Mao) =effective permeability as a function of sinusoidal 
frequency (Jo). 

TABLE I 

[ sinh X - sin x] 
0(x)  1 X2 .  dx •  cosh X + cos X 

X  4, X  X  4)  X  4, 

0  0  1.0  0.02495 3.0  7.724 5.0  41.83 

0.05  1.30.10-4 1.1  0.04425 3.1 
0.10  4.41.10-4  1.2  0.0759  3.2 
0.15  4.01.10-7 1.3  0.124  3.3 
0.20  2.04•10-• 1.4  0.192  3.4 
0.25  7.44.10-4 1.5  0.286  3.5 
0.30  2.16.10-4 1.6  0.409  3.6 
0.35  5.36. 10-6 1.7  0.567  3.7 
0.40  1.18.10-4 1.8  0.767  3.8 
0.45  2.36.10-4 1.9  1.013  3.9 
0.50  4.41.10-4 2.0  1.311  4.0 

8.73  5.1  44.39 
9.81  5.2  47.05 
10.95  5.3  49.81 
12.17  5.4  52.73 
13.45  5.5  55.70 
14.81  5.6  58.77 
16.23  5.7  61.96 
17.73  5.8  65.26 
19.30  5.9  68.67 
20.95  6.0  72.20 

0.55  0.00078  2.1  1.664 
0.60  0.00131  2.2  2.077 
0.65  0.00211  2.3  2.551 
0.70  0.00328  2.4  3.087 
0.75  0.00495  2.5  3.689 
0.80  0.00727  2.6  4.357 
0.85  0.0104  2.7  5.094 
0.90  0.0142  2.8  5.904 
0.95  0.0189  2.9  6.781 
1.0  0.02495  3.0  7.724 

4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
5.0 

22.67 
24.47 
26.34 
28.30 
30.34 
32.47 
34.68 
36.98 
39.36 
41.83 
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Discussion on 

"Concerning Halien's Integral Equation 

PROCEEDINGS OF THE I.R.E. 

for Cylindrical Antennas"* 
S. A. SCHELKUNOFt 

Sanford Hershfield:' These commments refer only to 
resonant and antiresonant lengths of cylindrical anten-
nas. Referring to discussions of antenna theories evolv-
ing from Hallen's integral-equation approach used by 
Professor King and from the Maxwell's-equations ap-
proach used by Dr. Schelkunoff, Fig. 1 presents the 
notation and terminology of both contributors so as to 
avoid any misunderstanding in the interpretation of 
quantities involved in the discussion of a comparison of 
antenna lengths by these theories. 

A 
I.  21 14 

SCNELKUNOWS NOTAT 

25 

KING. S NOTATION 

Fig. 1—Antenna terminology. 

1-

 1 
1 

The equations and curves plotted in Schelkunoff's 
original paper' are for hollow cylindrical antennas. The 
equations and curves plotted in the King-Middleton 
paper' are for antennas with rounded ends. Hence, the 
King-Middleton approach (or any approach evolving 
from Hallen's integral equation) requires no correction 
for the ends as long as the ends are rounded. The an-
tenna length 2h is measured along the axis. However, 
the approach of Schelkunoff excludes electric lines of 
force from the interior of the cylinder. Hence, antenna 
A, Fig. 1, must be corrected for any end capacitance 
resulting from a concentration of charge on the sharp 
edges. 
Antenna A of Fig. 1 is reproduced again as antenna A 

of Fig. 2. Let us discuss antennas A and B of Fig. 2. 
The cylindrical surface area x—x' of antenna A is 27a2. 
The hemispherical surface area y—y' of antenna B is 
also 2ra'. Hence, because of this equality it seems rea-
sonable to assume that antenna B is equivalent to an-
tenna A and can replace it for computation purposes. 
Both antennas A and B of Fig. 2 are uncorrected for the 
capacitance resulting from the concentration of charge 

• PROC. I.R.E., vol. 33, pp. 872-878; December, 1945. Discussion, 
vol. 34, pp. 265-269; May, 1946. 
' Federal Telephone and Radio Corporation, Newark, N. J. 
2 S. A. Schelkunoff, 'Theory of antennas of arbitrary size and 

shape," PROC. I.R.E., vol. 29, pp. 493-520; September, 1941 (Figs. 
23, 24, 25, 26, and 27). 

3 R. King and D. Middleton, 'The cylindrical antenna; current 
and impedance," Quirt. Appl. Math., vol. 3, January, 1946. 

Mar l 

on the sharp edges of antenna A or the charge on the 
hemispheres of antenna B. 
The shortening of the resonant length obtained by 

Schelkunoff's equations and curves is due to size (di-
ameter) and shape (cylindrical) only. For a cylindrical 
cross section an additional shortening due to the end 
capacitance is obtained by using the following equation:4 

K  1 K 
per cent shortening =100  exp  1). 

30r  V 120 

The experimental work of D. D. King quoted in the 
paper under discussion has been compiled for antennas 
with hemispherical ends. Hence, the correction factor 
(1) rightfully applies to this case. As tabulated in Table 
II of the paper under discussion, the uncorrected value 
for r --161.flore. estimated by Professor King from Dr. 
Schelkunoff's curves is 0.47, while the uncorrected value 
for (r/2) —134,„, is 0.094 for K=480 (0=10).  The 
correction for antiresonance is, according to (1), 

480  ( 480 
per cent shortening= 100 —  exp  1 =3.45. 

30r  120 

Hence the  antiresonant  length  13/antire ,.= (ir —0.47) 
(1 —0.0345), or r — 13/..t.r.= 0.564. 

Similarly, for resonance, (r/2 = —134.8=0.145. 

• 

a' 

I.  

Fig. 2— Equivalent antennas 

17 

Brown and Woodward' in a recent paper give experi-
mental data for a hollow cylindrical antenna. Their 
antenna half-length is expressed in electrical degrees A; 
while their antenna diameter is expressed in electrical 
degrees D. 

Since C1=2 log.(2h/a) (King's notation) and K=120 
log.[(21/a)— I] (Schelkunoff's notation) 2h/a=148 for 
S1=10 and  (21/a) X0.9655 =148 for K=480. But 

• S. A. Schelkunoff, 'Electromagnetic Waves," D. Van Nostrand 
Co., Inc., New York, N. Y.; p. 465. 

6 G. H. Brown and 0. M. Woodward, Jr., "Experimentally deter-
mined impedance characteristics of cylindrical antennas," PROC. 
I.R.E., vol. 33, pp. 257-262; April, 1945, 
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C=480. These two ratios cause negligible difference 
n the value of A. Using Fig. 5 of Brown and Woodward's 
paper (the dotted curve, base reactance removed) we 
Ind that A=147.5 degrees falls on this curve. This 
ives  —Pismire.= (32.5/180)7=0.566. 
For the resonant condition, Fig. 11 of Brown and 
Noodward's paper yields a shortening of 8.5 per cent. 
['his gives (7/2) —ffire. = 0.085(7/2) =0.1335. 
In Table I are tabulated some data from Table II of 
:he paper under discussion to which have been added 
ilata obtained by using the curves of Brown and 
Woodward's paper as well as the results obtained by 
employing the end correction to Schelkunoff's uncor-
-ected theory in the manner described above. 

TABLE I 

ir/2 

D. D. King (experimental) 
Brown and Woodward (experimental) 
King-Middleton (2nd order) 
Schelkunoff (estimated by King) 
Schelkunoff (corrected for end capacitance) 

0.60  0.098 
0.566  0.1335 
0.614  0.094 
0.47  0.094 
0.564  0.145 

Hence, with cap-capacitance correction, it appears 
that the discrepancy between the King-Middleton and 
the Schelkunoff resonant and antiresonant lengths is in 
the region of 1st resonance more so than in the region of 
2nd resonance. 
Ronald Bing es It would seem that antennas A and B 

in Mr. Hershfield's Fig. 2 are approximately equivalent 
electrically only in the idealized and physically un-
realizable case in which antenna A has no chargeable 
surface except the outer surface of the cylinder. That is, 
it has no flat ends as has a solid cylinder, and it has no 
sharp edges or chargeable interior surface near the open 
ends as has a tube. (It is this idealized situation which 
r is assumed in the Hallen analysis when the boundary 
condition /h = 0 is imposed.) On the other hand, if 
antenna A is a solid cylinder or a tube, it is not equiva-
lent to B as postulated by Mr. Hershfield. The hemi-
sphere y'—y in B is approximately equivalent to the end 
x'—x of the cylinder A; it can not in addition com-
pensate for the flat end of a solid cylinder or the edges 
and inner surface of a tube. If it is desired to approxi-
mate either a flat end or edges and interior of a tube by 
Cruft Laboratory, Harvard University, Cambridge 38, Mass. 

a hemisphere, then antenna B must be increased in half 
length by the radius of the hemisphere so that its half 
length measured along the axis is h=l+a, where 1 is 
measured to the base of the hemisphere. 
Dr. Schelkunoff's correction for hemispherical ends 

appears to be calculated for a cylinder of half length 1 
measured to the base of the hemisphere. If this is true, 
the half length along the axis is again h=l+a. The refer-
ence value from which the shortening is measured is 
the length of an infinitely thin antenna for which (1=0. 
For this, at resonance, Pio =131to =7/2; at antiresonance, 
131o=f3he=7. The shortening measured by D. D. King 
and calculated by King and Middleton is, at reso-
nance, 7/2 —0,,,,,=7/2  ; at antiresonance, 
7 — plisntiree = 7  — 13 (iantires + a). The values presumably 
calculated by Schelkunoff are 7/213/. and 7 --(Manures. 
Hence, in order to compare values calculated from 
Schelkunoff's theory for a cylinder with hemispherical 
ends for which correction is made, it would appear 
necessary to subtract ga from both 7/2 — /31,..  and 
— Plantire• in order to obtain 7/2 —f3h,.. and 7 — Shantires• 

The values to be subtracted are approximately 0.020 
and 0.035, so that the corrected Schelkunoff values in 
the tables become 0.125 and 0.529. 
It is to be noted that the experimental values quoted 

from Brown and Woodward apply to a tube, not to a 
cylinder with hemispherical ends. Brown and Wood-
ward appear to have measured the impedance terminat-
ing a flexible coaxial line which presumably contained 
dielectric material, while the slotted section of line prob-
ably did not. Unless the dielectric in the cable was made 
exactly an integral multiple of a half wavelength long, 
it could make considerable difference in the measured 
reactance and, hence, affect the conditions for resonance 
and antiresonance. Since Brown and Woodward were 
concerned primarily with determining impedances en-
countered in practice, and since no reference is made by 
them to methods used to eliminate or compensate for 
the effect of the dielectric material in the cable, it is 
probably fair to assume that their impedances are the 
values apparently terminating the coaxial cable, and not 
the corrected true impedances of the antenna as meas-
ured by D. D. King. Without more precise knowledge 
of the apparatus and of the precautions taken, it is diffi-
cult to compare intelligently the Brown and Wood-
ward results with those of D. D. King and the several 
theories. 
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Correspondence 

A New Source of Systematic Error 
in Radio Navigation Systems Re-
quiring the Measurement of the 
Relative Phases of the Propagated 
Waves 

In recent years various schemes have 
been proposed for the accurate location of a 
radio station. The methods under considera-
tion in this note involve the measurement 
of the relative phases of the radio waves 
transmitted between the unknown station 
and two or more other radio stations, the 
locations of which are known. Let ri and r, 
be the distances along the propagation 
paths between the unknown station and 
two of the known stations, c the velocity of 
propagation, and f the radio frequency. The 
phase difference between the waves at the 
unknown station may be expressed 

2rf 
=  (r2 — ri) + 8 + (Ws) — sb(ri) (1) 

where 8 is the difference in the phases of the 
radio waves at the two knov, n stations and 
0(r2) and 0(n) are phase terms which vary 
with the distance and which, so far as the 
writer knows, have been overlooked in past 
studies of this problem. Most navigational 
systems dependent on phase measurements 
have been developed at comparatively low 
frequencies, say less than 500 kilocycles, and 
those which require a high degree of ac-
curacy for their success depend upon the 
use of the ground wave, when the trans-
mitting and receiving antennas are near the 
ground, the ground wave consists essen-
tially of a surface wave only at these lower 
frequencies and then 0(r) is simply the phase 
of the surface-wave attenuation function 
which has been discussed in detail in a recent 
paper by the author.' Thus the surface wave 
value of 0(r) was shown in that paper to 
increase from 0 to (.—b) as the "numerical 
distance" p increases from 0 to 100. The 
angle b is less than r/2 for vertical polariza-
tion and approaches zero for very low fre-
quencies or high ground conductivities. The 
value of 0(r) for the surface wave depends 
upon the value of the "numerical distance," 
which in turn depends upon the frequency 
and the ground constants. Thus the value of 
0(r) will depend upon the ground constants, 
and we see by the above formula that ac-
curate navigational fixes can be obtained 
only when accurate data are available rela-
tive to the effective values of the ground 
constants along the propagation paths. To 
the extent that the ground constants do not 
vary with time, the navigational fixes can 
be corrected for this systematic variation of 
phase with distance by an appropriate cali-
bration. However, one application of these 

I K. A. Norton. "The calculation of ground-wave 
field intensity over a anitely conducting spherical 
earth.' PROC. I.R.E.. vol. 29. pp. 623-639; December. 
1941. 

accurate navigation systems is in connection 
with surveying, and in that case calibration 
is obviously impracticable. From the above 
discussion we see that the maximum possible 
value of 1402) —.(rI)] for the surface wave 
will be equal to r, and thus the maximum 
possible error in determining the difference 
in distance (rs—ri) will be equal to a half 
wavelength at the operating frequency when 
this term is ignored; errors of this magnitude 
would be considered intolerable for some ap-
plications. When the ground constants are 
accurately known and are uniform, as in 
propagation over sea water, the theoretical 
formulas in the reference cited can prob-
ably be used to calculate the value of 
10(r2) —0(r)] for the surface wave within a 
degree or two, but this solution to this prob-
lem would be quite difficult to use over paths 
with inhomogeneities in the ground con-
stants. 
Two other methods of eliminating this 

error are (1) the use of horizontal polariza-
tion for which the surface wave is negligible, 
but this would be practicable over extended 
distances only at very-high-frequencies and 
higher; or (2) the use of very low frequen-
cies at sufficiently short distances such that 
p <0.0001 since, in this case, o(r) for the sur-
face wave is less than one degree; this would 
often involve propagation at distances less 
than one wavelength and in that case o(r), 
although practically independent of the 
ground constants, would still be variable 
with distance because of the presence of the 
"induction" and "electrostatic" field com-
ponents. 
The phase term 0(r) will also vary with 

the height of the radio antennas in a manner 
that can be determined by calculating the 
phase of the vector sum of the three com-
ponents of the ground wave: the direct wave, 
the ground-reflected wave, and the surface 
wave; the appropriate formula is given in 
the reference cited, equation (1). Within the 
line of sight, at antenna heights sufficiently 
large that the surface wave can be neglected, 
the field oscillates with increasing height 
between values corresponding to the sum 
and difference of the direct and ground-re-
fleeted waves, while the phase term 0(r) 
changes slowly except for abrupt changes 
which take place each time the field passes 
through a null; these abrupt phase changes 
are equal to r radians in the limiting case 
when the direct and ground-reflected waves 
have equal intensities but are correspond-
ingly smaller when these two components of 
the ground wave have much different in-
tensities. In general, when more than one 
propagation path exists, the resultant phase 
will oscillate around the expected value for 
the path along which the strongest wave is 
propagated. This will, of course, be true also 
in the case of paths traversing the ionosphere 
or the troposphere as well as for waves re-
flected from objects near the direct path. 
When convenient methods become avail-

able for the accurate measurement-of AO, 

it may turn out that the dependence on 
ground constants of the surface-wave valu 
of 0(r) may provide a new and feasib 
means for determining the effective valu 
of these ground constants over the propaga-
tion paths. 
The need for corrections to distance de-

terminations dependent upon phase meas-
urements was called to my attention by 
measurements made with the "Raydists 
system for accurate distance and position 
determination, developed by Charles E. 
Hastings of the Hastings Instrument Com-
pany. This system is essentially the radio 
analogue # of  Michelson's optical  inter-
ferometer. Using this system on a frequency 
of approximately 12.8 megacycles, measure-
ments made every 100 feet up to about one 
mile indicated a random error of +3 feet 
and a cumulative error over the entire 
distance of from +10 to +25 feet, depend-
ing upon the path chosen. This cumulative 
error was initially attributed to an error in 
the velocity of propagation but is readily 
explained qualitatively by the above theory 
of the propagation of phase. It is, of course, 
equally correct to consider that the phase 
velocity is variable for waves propagated 
near the surface of the earth, but this would 
require a velocity of propagation variable 
with the distance and it seems more natural , 
to use the above theory of phase variations 
and a constant velocity of propagation, espe-
cially in view of the fact that theoretical 
formulas for 0(r) are already available in the 
literature. 

KENNETH A. NORTON 
Central Radio Propagation Laboratory 

National Bureau of Standards 
Washington 25, D. C. 

On the Resonant Frequencies of 
n-Meshed Tuned Circuits 

We shall prove the following theorem, 
which we shall later apply to the predimen-
sion ing of quarts crystals. 
In an n-meshed coupled tuned circuit, 

(Fig. 1) multiplying all the inductances, 
both self and coupled, by a factor A*, and 
all the capacitances, both self and coupled, 
by a factor BI, the resonant frequencies of 
the circuit are multiplied by a factor 1/AB. 
Thus the circuit may be scaled. 

Fig. 1 

Let Q be the charge in the ith mesh. 
id be the current in the ith mesh. 
Lid and Li, be the total series induc-
tance in the ith mesh, and the coupled 
inductance between the ith and the 
jth mesh, respectively. 
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Ca and Ca be similarly defined quantities 
for the self and coupled capacitances. 

s‘i = 1/Ca. 
Then 

1 ^ ̂ 
magnetic energy = — 2_, E Liilit,'  (1) 

2  a 

1 " 
electric energy  E E Si,Q02,.  (2) 

L  j 

Hence the frequency determinant is 

Su —  ULU S12 --  UL12  • • Slft —  uLin 

S12 —  ULL2 S22 —  Slien • • • S2n - 141.4n 

51. —u/4..32n - 14/4 R • • • .3/sr,'" uL. 

where 
u = co2 
= angular frequency. 

This determinant can of course be derived 
from the mesh-circuit equations. They are 

J. Carson, 'Electric Circuit Theory and Opera-
tional Calculus.' McGraw Hill Publishing Company, 
New York, N. Y.. 1926; page 6. 

=0 (3) 

written here in this manner because of their 
similarity to the equations for mechanical 
systems. Now expanding the determinant in 
powers of u, we have 

au * a„_04"-1 au'  ao = 0  (4) 

where ai is a sum of terms, each one of which 
is a product of i factors chosen from the 
Li, and n—i factors chosen from the Sii. 
From this we deduce the following: if we 
multiple every Li, by a factor A and every 
Sa by a factor B, the ai are multiplied by a 
factor A'B '. Hence by a well-known 
theorem in the theory of equations, the 
roots of (4), that is u, are multiplied by 
BIA. This proves the theorem stated 
above. 
This theorem, when translated into 

mechanical terms wherein electric and mag-
netic energy correspond to potential and 
kinetic energy respectively, is of some use in 
the predimensioning of quartz oscillating 
crystals. In this case capacitance coupling 
corresponds to that due to the elastic con-
stants c„, r not equal to s, and inductance 

which is a measure of the kinetic energy, 
depends mainly upon the density and di-
mensions of the crystal. Thus, if one ob-
tains a good crystal at one frequency which 
may be due to fortunate coupling, both in-
ductive and capacitative, between various 
modes of vibrations, one can obtain a simi-
larly good crystal of the same type by simply 
scaling the dimensions. 
For example, the high-frequency shear 

(Y 'X) mode in an AT crystal is coupled 
capacitatively to the Z'X shear via the elas-
tic constant coo, and is coupled kinetically 
or inductively to flexure in the Y'X and 
Z'X planes. The coupling to flexure is in-
ductive because it is solely a function of 
dimensions, since this coupling vanishes 
when the ratio of the Y' and Z' dimensions 
to that of the X is small. Hence by the 
theorem proven above, one can transfer to 
another frequency by simply scaling di-
mensions. 

PHILIP PARZEN 
Demornay Budd 
New York, N. Y. 

Contributors to Proceedings of the I.R.E. 

E. F. GEORGE 

E. F. George was born in West Virginia 
in 1878. He attended West Virginia Wes-
leyan, Valparaiso University, West Virginia 
University, the University of Illinois, the 
University of Chicago, and in 1920 received 
his Ph.D. degree from Ohio State University. 
From 1902 to 1906 he served as a rail-

road surveyor, and in 1918 became a first 
lieutenant in the United States Field Artil-
lery. Dr. George taught physics at West 
Virginia University from 1920 to 1925. Ile 
served as the head of the physics department 
at Texas Technological College from 1925 to 
1942. In 1942 he became affiliated with the 
Radar Laboratory, United States Signal 
Corps, and from 1943 to 1944 he was a pro-
fessor of physics at Hamilton College, Clin-
ton, New York. Since 1944 he has been head 
of the physics department at the University 
of Alaska, College, Alaska. 

Dr. George has served as a Captain in 
the United States Army Reserve and in the 
Texas National Guard. He has also worked 
with the Ionospheric Observatory, College, 
Alaska, and the Watson Laboratories, Red 
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born at Blackwood, New Jersey, on August 
25, 1910. He was graduated in electrical 
engineering from Drexel Institute of Tech-
nology,  Philadelphia,  Pennsylvania,  in 
1937. After graduation he joined the RCA 
Manufacturing Company at Camden, New 
Jersey, where he was employed in the radio 
receiver department. 
In February, 1941, Mr. Huber became 

associated with the War Department (Signal 
Corps) as a civilian radio engineer and was 

WILLIAM A. Minim 

ERNEST G. LINDER 

stationed at Fort Monmouth, New Jersey. 
Ile was assigned to the radio position finding 
section, Fort Hancock, Sandy Hook, New 
Jersey, doing pioneer work in radar research 
and development. In June, 1942, Mr. Huber 
was transferred to the Evans Signal Labora-
tory, Belmar, New Jersey, as engineer in 
charge of the oscilloscope section, and was 
responsible for the development of much 
original radar indicating and ranging equip-
ment. 
Mr. Huber has on file with the U. S. 

Patent Office several patent applications 
pertaining to radar systems. 

Ernest G. Linder (A',10) W.IM born in 1902 
at Waltham, Massachusetts. Ile received the 
B.A. degree from the University of Iowa in 
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1925, and the M.S. degree in 1927. He was 
an instructor in physics at the State Univer-
sity of Iowa from 1925 to 1927; an instructor 
at California Institute of Technology from 
1927 to 1928; and a Detroit Edison Fellow at 
Cornell University from 1928 to 1932, where 
he received his Ph.D. degree in 1931. Dr. 
Linder was employed in the Research Divi-
sion of the RCA Victor Company from 1932 
to 1935, and the RCA Manufacturing Com-
pany, RCA Victor Division, from 1935 to 
1942. At present he is with the RCA Labora-
tories at Princeton, New Jersey. He is a 
member of the American Physical Society. 

David Middleton (S'42—A'44—M'45) was 
born on April 19, 1920, in New York City. 
In 1942 he received the B.A. degree in 
physics from Harvard University, followed 
by the M.A. degree in 1945. During the last 
half of 1942 he was employed as a teaching 
fellow in electronics in the preradar training 
program carried on at that institution dur-
ing the war. From December of 1942 through 
1945, he was engaged as a research associate 
in the Theory Group of the Harvard Radio 
Research Laboratory, where much of his 
work dealt with noise and problems en-
countered in its use as a radar and com-
munication countermeasure. 
Mr. Middleton is at present completing 

his Ph.D. degree at Harvard University, as 

DAVID MIDDLETON 

a National Research Council predoctoral 
fellow in physics. He is a member of Phi 
Beta Kappa, Sigma Xi, and the American 
Physical Society. 

P. H. Miller, Jr., was born at Philadel-
phia, Pennsylvania, on January 22, 1916. 
He received his B.S. degree from Haverford 
College in 1935, and the Ph.D. degree in 
physics from California Institute of Tech-
nology in 1940. 
Since 1939 he has been with the physics 

department of the University of Pennsyl-
vania, serving as instructor from 1939 to 
1942, and as assistant professor until 1946, 
when he was made associate professor. He 
served as acting chairman of the department 
from May, 1945, to March, 1946. 
Dr. Miller has worked on the physics of 

solids, and during the war was active in the 
Office of Scientific Research and Develop-
ment project at the University of Pennsyl-
vania for development of crystal rectifiers. 
He is a member of Sigma Xi, Phi Beta 
Kappa, and a Fellow of the American Physi-
cal Society. 
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Shepard Roberts (S'38—A'41—M'45) was 
born in New Rochelle, New York, on April 
12, 1915. He received the S.B. degree in 
1938, the S.M. degree in 1939, and the Sc.D. 
degree in 1946 from the Massachusetts In-
stitute of Technology. From 1939 to 1940, 
he was a research assistant in the Laboratory 
for Insulation Research at the Massachusetts 
Institute of Technology, where he worked 
on dielectric measurements in the range of 
microwaves. In 1940 he was made a staff 
member of the M.I.T. Radiation Laboratory 
and in 1941 he participated in the early ex-
periments with 3-centimeter radar and 
wave-guide techniques. A major part of his 
subsequent work in this laboratory was 
concerned with testing and standardizing 
crystal rectifiers for radar receivers. From 
1945 to 1946 he was a graduate student and 
research associate in the Laboratory for In-
sulation Research,where he studied the non-
linear dielectric properties of barium titan-
ate. He is now employed at the General Elec-
tric Research Laboratory in Schenectady. 
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employed as a test engineer by the General 
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the Bell Telephone Laboratories, New York, 
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been employed by the Machlett Laborato-
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pointed manager of engineering in 1944. Mr. 
Rogers is a member of Tau Beta Pi. 
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dowed educational foundation. 

ROBERT L. SPROULL 
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Fiscal Matters of Interest to I.R.E. Membership 

From time to time situations arise which the Board of 
Directors feel should be called to the attention of all 
members of the Institute. Such a situation now con-
fronts us. It concerns fiscal and budgetary problems. 
All members are aware of the recent increasing costs 

of salaries, wages, services, and materials. Your Insti-
tute has been unavoidably subject to such increased 
costs as has every individual and organization. Since 
its income is derived solely from dues and advertising 
revenue, rising costs can be met only through increasing 
dues or by reducing the services and benefits to mem-

bers. 
The Institute is the technical society of your profes-

sion. It belongs to you. It exists only to serve you and 
your profession. It is now serving you in four ways: 

1. Through publishing the PROCEEDINGS which keeps 
you in touch with the latest technical advances. 

2. Through Sectional activities with their technical 

meetings. 

3. Through technical committees which establish the 
standards that guide your profession, in which 
work you collaborate with other members in your 
own fields of activity. 

4. Through conventions, where by technical meetings 
and social gatherings you meet members of your 
profession and learn from them of technical 

achievements. 

The Institute's income goes primarily into the pub-
lishing of the PROCEEDINGS and secondarily into sup-
porting Sectional activities and the expenses of the 
work of technical committees. Conventions are usually 
made self-sustaining through revenue secured from in-

dustry exhibitors. 
These services are expensive and at the present time 

cost about twice the amount of receipts from member-
ship dues. These dues are, incidentally, the lowest of 
any of the larger engineering societies. How then does 
the Institute make ends meet? Through the income 
from advertising. However, costs are rising faster than 
the increases in income from both growth in number of 
members and from advertising. 
Some years ago your Board of Directors presaw the 

mass of technical information that the end of the war 
would release and accumulated a fund of $20,000 to 
pay for the extra PROCEEDINGS pages needed to publish 
it. You have been enjoying an enlarged PROCEEDINGS 
recently but the cost of a PROCEEDINGS page has 
doubled since 1939 and the $20,000 fund was entirely 

consumed in 1946. Gifts make it possible to continue 
an enlarged PROCEEDINGS through March of this 
year but in order to balance its accounts the num-
ber of pages of technical and editorial material must 
be reduced from over 100 pages to 72 pages per issue 
commencing in May. Your Board of Directors greatly 
deplores this situation because it means that it is 
impossible to catch up with the large backlog of papers 
on hand awaiting publication. In fact it means that 
the backlog will increase. This condition creates a 
disservice both to you and to the authors who wish to 
publish the results of their work promptly and in your 
PROCEEDINGS, not in other publications to which they 
must seek recourse if we cannot accommodate them. 
Your Board of Directors does not intend to permit 

this condition to continue unchallenged. Nor does it 
propose to ask for gifts to finance a continuing deficit. 
The problem is being intensively studied and a further 
report will soon be submitted to you. 
Additional data of interest concerning the Institute's 

fiscal situation are given below. 
Before the war there were published in the PROCEED-

INGS about fifty-six pages of technical and editorial 
material each month. Since 1943 the volume of material 
available for publication has been rising at a rapid rate 
until, at the present time, it would take between 150 and 
175 pages to keep abreast of the inflow of technical 
papers. To make the Institute's budget for 1947 bal-
ance, only 72 pages of technical and editorial material 
per issue can be financed. Although this is more than 
the average prewar publication, it is still much below 
the amount needed to keep abreast of our expanding 
technical field. The condition is unusual because the 
expansion of radio communication and allied electronic 
fields in the last eight years has been unparalleled 
among the technical arts. The large increase in our 
membership testifies to this growth. These conditions 
mean that the PROCEEDINGS, to serve the profession 
properly, must expect to continue permanently with 
more pages per issue than for prewar. This requirement 
combined with a doubling of unit production costs and a 
large backlog of unpublished papers creates the existing 

emergency conditions. 
Full advantage has been taken of advertising revenue 

promotion. During the past five years the income from 
advertising has risen at a greater rate than dues income 
but there is no assurance that this revenue will continue 
to increase. It may decrease. A reduced technical con-
tent is not the way to inspire confidence in the prestige 

of the PROCEEDINQS, 
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To meet the problem of increasing requirements in 
office space and rental rates, the Building Campaign 
was inaugurated. Your Institute is now housed in its 
own permanent and fully owned home, and the charges 
against current income to maintain and operate it are 
much less than those that would now be required for 
the occupancy of rented quarters. Without the saving 
thus effected, your 1947 PROCEEDINGS would be still 
smaller. 
Advertising net revenue has increased 8.9 times. In-

come from dues and subscriptions has increased 4.3 
times. Surplus has increased 2.5 times. Total income has 

PROCEEDINGS OF THE I.R.E. March 

increased 5.1 times. Surplus which in 1940 amounted to 
a bit more than the income for that year, now is only 
52 per cent of the current annual income. Advertising 
income has been increasing at a lesser rate than other 
income since 1943. 
There has been an astonishing change in the cost of 

running the Institute per member (regardless of grade) 
over a period of years. This amount has increased, so 
that it now costs almost $20.00 per member, although 
dues are only $10, $7, and $3 for different categories of 
membership grade. 

From 1940 through 1946 
Membership has increased 
Total salaries have increased 
Editorial salaries have increased 
PROCEEDINGS total printing costs have increased 
PROCEEDINGS printing cost per member has increased 

I.R.E. dues compared to those of other leading societies 

3.3 times 
4.8 times 
3.5 times 
5.3 times 
1.6 times 

DUES OF PROFESSIONAL SOCIETIES 

Society 
Student 

Junior 
Member 

Associate or 
Technical 
Member 

Active 
Member 
and 

Member 

Senior :\ lem-
ber and 
Associate 
Fellow 

Fellow 

Institute of Radio Engineers $ 3.00 $7.00, $10.00 $10.00 $10.00 $10.00 
American Institute of Elec-
trical Engineers 3.00 10 . 00 15.00 20 . 00 

American Society of Civil . 
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I.R.E. People 

W. R. G. BAKER 

W. R. G. Baker, president of the Insti-
tute of Radio Engineers, recently was pre-
sented the Certificate of Appreciation by 
Brigadier General Calvert H. Arnold, chief 
of Procurement and Distribution, Office 
of the Chief Signal Officer, at a ceremony in 
Schenectady, N. Y. Dr. Baker, General 
Electric vice-president in charge of the 
company's Electronics Department, was 
cited for "patriotic services in a position of 
trust and responsibility. ... for outstanding 
contribution to the war effort by the de-
velopment, design and production of com-
plex Signal Corps radio and radar equip-
ment." 

FREDERICK R. LACK 

At the annual meeting of the American 
Standards Association, Frederick R. Lack 
(A'20—F'37) was elected president for the en-
suing year. Mr. Lack is vice-president and 
a director of the Western Electric Company 
and was formerly vice-president of the 
American Standards Association. 
After a career with the Bell Telephone 

System, which he began as an assembler in 
1911, Mr. Lack became vice-president and a 
director of Western Electric in 1942. Fol-
lowing service in World War II, where he 
was for a time director of the Army and 
Navy Electronics Production Agency, he 
resumed his duties in 1943 as director of 
Western Electric's radio division in New 
York. 
Mr. Lack is a director of The Institute 

of Radio Engineers, the Radio Manu-
facturers Association, and the Smith-Win-
chester Manufacturing Com7any. He is 
president of the Harvard Engineering 
Society, and a member of the American In-
stitute of Electrical Engineers and the 
American Physical Society. 

•:• 

B. J. MILLER 

Dr. Baker Receives Certificate of Appreciation from Brigadier 
General Calvert H. Arnold 

B. J. MILLER 
The appointment of B. J. Miller (A'46) 

as chief of the recently organized Guided 
Missile Electronics Section of the National 
Bureau of Standards, was announced re-
cently by E. U. Condon (M'42—SM'43), 
director of the Bureau. 
The new section is concerned with the 

electronic and servomechanism phases of 
guided missiles, research and development 
of which is the primary responsibility of the 
Bureau's guided-missile section. Scientists of 
these sections are presently engaged in re-
search stages of the "Kingfisher Project," 
advance development of the now famous 
BAT, a radar-guided bomb developed 
by the Bureau and used extensively in the 
latter part of the war against the Japanese. 
Harry Diamond (A'26—M'30—SM'43--F'43), 
chief of the ordnance development division, 
is deputy chief of this project. 
Dr. Miller received the B.S. degree from 

St. Ambrose College in 1933, and the master 
and doctor of physics degrees from the 
University of Iowa in 1936 and 1939. He 
was an instructor of physics at St. Ambrose 
College and of applied mathematics at St. 
Louis University prior to joining the staff 
of the National Bureau of Standards in 1943. 
Since 1945 he has been engaged in work on 
electronics for guided missiles. As a physi-
cist in the ordnance development division 
of the Bureau, Dr. Miller played an active 
part in research phases of the radio proxim-
ity fuze. 
Dr. Miller is a member of the American 

Physical Society and of Sigma Xi. 

J. H. BOEKHOFF 
J. H. Boekhoff (A'45), formerly director 

of sales and service engineering for the Col-
lins Radio Company, was recently appointed 
manager of broadcast sales. He will devote 
full time to the co-ordination of sales of 
both amplitude- and frequency-modulation 
broadcast transmitters, accessories, and 
studio speech equipment. 
Mr. Boekhoff received the B.S.E.E. de-

gree from the University of Minnesota. He 
became associated with Collins in 1941, was 
rapidly advanced through test engineering 
and design engineering, and in 1943 joined 
the sales department. 

J. H. BOEKHOFF 
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ROY WENSLEY 

ROY WENSLEY 
Roy Wensley (A'46) was recently ap-

pointed general manager of the Wilcox-Gay 
Corporation. He became affiliated with the 
Westinghouse Electric Corporation as a 
switchboard-design engineer in 1916. In 1921 
he was advanced to section head of the 
switchboard department where his progress 
was marked by pioneering developments 
in supervisory and automatic controls for 
hydrogenerator and electric substations. 
From 1929 to 1931 Mr. Wensley served 

as a correlator of the Domestic Refrigeration 
program, and then became chief engineer of 
the Westinghouse Protective Relay Section. 
He joined the 1TE Circuit Breaker Company 
of Philadelphia in 1935 as assistant general 
manager, and in 1941 was made general 
manager, which position he held up to the 
time of new affiliation. 
Mr. Wensley is a member of the Amer-

ican Institute of Electrical Engineers. 

LOUIS KAHN 

Louis Kahn (A'3I), assistant chief engi-
neer of the Aerovox Corporation, has been 
awarded a Certification of Appreciation for 
his activity in the war committee work of 
the American Standards Association for his 
contributions to the joint engineering studies 
and recommendations dealing with wartime 
capacitor problems. 
In commenting on the award, the ASA 

stated: "You are one of those who volun-
teered your time and experience in the War 
Committee Work of our Association. By de-
veloping standards for Army and Navy 
equipment and procedure, such committees 
rendered a most valuable service to our 
Armed Forces. Simplification of products, 
interchangeability of repair parts, better 
procedures for subcontracting, higher stand-
ards of manufacture, resulted in the saving 
of time, money and material, and cov-
tributed to Victory.... The contribution 
made to the country by ASA War Commit-
tees has been signally honored by Army and 
Navy, and the ASA feels it only right to 
pass this honor along to you and to the 
others who actually did the work." 
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I.R.E. People 

JEROME R. STEEN 

JEROME R. STEEN 
The appointment of Jerome R. Steen 

(A'36-M'36-SM'43) as director of quality 
control for the lamp, fixture, wire products, 
tungsten and chemicals, radio tube and elec-
tronic divisions of Sylvania Electric Prod-
ucts, Inc., was recently announced by 
E. Finley Carter (A'23-F'36), vice-presi-
dent in charge of engineering. 
Mr. Steen was graduated from the Uni-

versity of Wisconsin in 1923, and has been 
associated with the General Electric Com-
pany, the Grigsby-Grunow Company, and 
the Bell Telephone Laboratories. He joined 
the staff of Sylvania Electric in .1931 as 
supervisor in charge of finished tube quality 
control at the radio tube division's Em-
porium, Pennsylvania, plant, and in 1936 
his work was expanded to include similar 
activities at the Salem, Massachusetts, radio 
tube plant. In 1942 he was transferred to the 
commercial engineering department, and in 
1944 was appointed manager of the quality 
control engineering department, radio tube 
division. 
Mr. Steen is a member of the American 

Society for Quality Control, the Institute of 
Mathematical Statistics, and the American 
Statistical Association. 

SAMUEL LUBIN 
The appointment of Samuel Lubin 

(M'46) to the field engineering department 
of the Sprague Electric Company, North 
Adams, Massachusetts, has been announced 
by Leon Podolsky (A'30-M'46), manager 
of this department. 
A graduate electrical engineer, Mr. Lubin 

received his education at the Northwestern 
School of Engineering, George Washington 
University, Washington, D. C., and Wash-
ington University, St. Louis, Missouri 
From 1932 to 1939, he was managing direc-
tor of International Radio, Ltd., at Tel Aviv, 
Palestine. He later joined the new develop-
ment section of the Technical Standards 
Division of R.E.A. On wartime leave from 
this position, he served as transition engi-
neer of the Radio Research Laboratory at 
Harvard University. 
Mr. Lubin is a member of Tau Beta Pi. 
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I.R.E. People 

B. V. K. FRENCH 

B. V. K. FRENCH 
B. V. K. French (M'30—SM'43) has 

joined the staff of Howard Sams and Com-
pany, Inc., Indianapolis, Indiana, as direc-
tor of field relations. 
In 1923 Mr. French joined Federal 

Telephone and Telegraph of Buffalo as a 
development engineer. Two years later he 
became a member of the radio engineering 
staff of the American Bosch Company. In 
1933 he joined the staff of the RCA License 
Division Laboratory in New York City. 
During 1935 and 1936 Mr. French was chief 
engineer for the Case Electric Company, 
Marion, Indiana. In 1937 he entered the 
engineering department of the P. R. Mal-
lory Company, of Indianapolis. During the 
early part of the war, he served on the 
Joint Army-Navy Standardization Board. 
In 1944 he became supervisor of the Mallory 
Research Laboratory, New York City. 
Mr. French has served as chairman of 

the Connecticut and Indianapolis Sections 
of the I.R.E. 

I.R.E. MEMBERS OF 
NEW NAB COMMITTEES 
Industry leaders who will serve on com-

mittees of the National Association of 
Broadcasters during 1947 include H. W. 
Slavick (A'28), Program Executive Com-
mittee; Orrin Towner (A'24—M'29—SM'43), 
R. V. Howard (M'4I—SM'43), R. C. Hale 
(A'45), Oscar Hirsch (A'26—M'44), G. P. 
Houston (A'28), 0. B. Hanson (A'I8— 
M'27—F'41), W. B. Lodge (A'34—M'37— 
SM'43), and E. M. Johnson (S'40—A'4I— 
M'44), Engineering Executive Committee; 
T. A. M. Craven (F'29), Board Liaison 
Committee of the Engineering Committee; 
J. E. Fetzer (A'24—M'28—SM'43) and Frank 
King (M'43—SM'43), Employer-Employee 
Relations Committee; and F. W. Borton 
(A'30), Board Liaison Committee of the 
Employer-Employee Relations Committee 

Meetings and Conferences are 
listed on page 336. 

JAMES L. MIDDLEBROOKS 
James L. Middlebrooks (A'45) has been 

appointed chief facilities engineer for the 
American Broadcasting Company, succeed-
ing Ben Adler (A'28) who recently resigned 
to become vice-president in charge of engi-
neering for the Transmitter Equipment 
Manufacturing Company. 
Mr. Middlebrooks attended the George 

School of Technology and the Alabama 
Polytechnic Institute, and was graduated in 
1927 with a degree in electrical engineering. 
From 1927 to 1932 he was vice-president of 
the Middlebrooks Electric and Construction 
Company, Birmingham, Alabama, and from 
1932 to 1936 he was chief engineer of sta-
tion WAPI in Birmingham. Mr. Middle-
brooks served as chief construction engineer 
of the Columbia Broadcasting System from 
1936 to 1942, leaving there to serve in the 
United States Navy. Prior to his release from 
the Navy as a Commander in 1945, he was 

Harris and Ewing 

JAMES L. MIDDLE BROOKS 

officer-in-charge of the shore electronics in-
stallation and maintenance groups, elec-
tronics division, Bureau of Ships, Washing-
ton, D. C. He resigned as director of engi-
neering for the National Association of 
Broadcasters to join ABC. 
Mr. Middlebrooks is a member of the 

Society of Motion Picture Engineers and of 
the American Society of Naval Engineers. 

• 

RALPH D. HULTGREN 
Ralph D. Hultgren (M'46) was recently 

awarded the Legion of Merit at Wright 
Field, Ohio, in recognition of his services in 
directing the design of microwave radar 
beacons during the period from May, 1943, 
to March, 1946. 
Mr. Hultgren is a graduate of Purdue 

University. Prior to his release from military 
service as a Captain, he was project officer 
in charge of radar-beacon development for 
the radio and radar subdivision of Air Ma-
teriel Command's engineering division. Since 
leaving the Army Mr. Hultgren has been an 
electrical engineer for the Procter and 
Gamble Company at Cincinnati. 

STANFORD UNIVERSITY SCIENTIST 
IN POSTWAR RESEARCH 

Stanford University scientists outstand-
ing in wartime research, and presently as-
signed to postwar research tasks under U. S. 
Navy contract, include Dr. William W. 
Hansen (A'39), Dr. Karl Spangenberg 
(A'34—SM'45), and Dr. Frederick E. Terman 
(A'25—F'37). The navy program is designed 
to encourage fundamental research and to 
assist in the training of men for research 
rather than for the development of equip-
ment. 
Dr. Hansen, noted physicist, will make 

further stuslies in nuclear physics concerning 
principally the measurement of nuclear mo-
ments, or the magnetic strength of atomic 
nuclei, and the behavior of neutrons from the 
cyclotron. Coinventor of the klystron which 
made possible modern radar, Dr. Hansen was 
prominent in wartime electronic develop- • 
ments, and also served as consultant on 
some aspects of the atomic bomb research. 
Dr. Spangenberg, continuing a project 

begun by him at Harvard's radio research 
laboratory, will study properties of receiver 
oscillator tubes and circuits of types used in 
microwave radio and radar from the point 
of view of determining characteristics under 
conditions where operation is over a very 
wide frequency range. 
Dr. Terman, who will serve as consultant 

on the navy project, is dean of Stanford's 
school of engineering and wartime director 
at the radio research laboratory at Harvard. 

L. W. HOWARD 

L. W. Howard (A'28) has acquired the 
inventory and equipment of the Electronic 
Components Company and, with a partner, 
has formed the Triad Transformer Manu-
facturing Company at Los Angeles, Califor-
nia. Mr. Howard, who was formerly vice-
president in charge of engineering and sales 
for a leading west-coast transformer manu-
facturer, will have charge of engineering and 
sales. 

L. W. HOWARD 
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Joseph T. Cimorelli 
Chairman, New York Section— I947 

Joseph T. Cimorelli was born on March 18, 1912, in 
; Catskill, New York. He was graduated from the Massa-
chusetts Institute of Technology with the B.S. degree 
in 1932, and in 1933 received the M.S. degree in elec-
trical engineering. 
In 1935 Mr. Cimorelli joined the Radiotron Division 

, of the RCA Manufacturing Company in Harrison, New 
. Jersey, where he worked on tube-application problems. iIn 1940 he was transferred to the company's Chicago 
office. Here he worked as the field engineer of the tube-
application section, assisting local receiver manufac-
turers in their design problems. In 1942 Mr. Cimorelli 

returned to the Harrison laboratories to continue his 
field-engineering work with equipment manufacturers, 

and also with government agencies and laboratories. 

Since 1944 he has been in charge of the application 

engineering laboratory of the Tube Department, Radio 

Corporation of America, at Harrison. 
Mr. Cimorelli, who has served on several committees 

of The Institute of Radio Engineers, was Secretary-
Treasurer of the New York Section in 1945 and became 

Chairman in 1946. He joined the Institute in 1941 as 
an Associate and became a Senior Member in 1945. 
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After a new engineering system has been conceived by its inventor and de-
veloped in the laboratory, it is foundithat new problems arise and considerable 
delays ensue prior to its large-scale practical application. Such difficulties are 
rarely anticipated by the inventor-engineer and are even less frequently con-
doned by him. In the following guest editorial, the chairman of the Ottawa 
Section of the Institute, and a research physicist of the National Research 
Council of Canada brings an instructive analysis of such situations which 
should carry understanding of the problems of major commercialization to the 
development engineer. —The Editor. 

P.I.C.A.O. and the Radio Engineer 
D. W. R. MC KINLEY 

Recently a series of demonstrations of radio aids to civil aviation was held in England and the United States 
for the benefit of delegates to the Special Radiotechnical Division of the Provisional International Civil Avia-
tion Organization. After the demonstrations, the Radiotechnical Division of P.I.C.A.O. met in Montreal to assess 
the aids now available, to standardize on a selected few if possible, and to encourage the development of future 
aids by stating the operational requirements and by suggesting how the evolution of the proposed systems 
might be modified and co-ordinated to meet these requirements. The degree of unanimity reached at the 
Montreal conference was very marked, especially in view of the large number of nations represented and the 
profusion of systems proposed. It was interesting to note, however, that most of the constructive work toward 
achieving the desired objectives was done by technical men sitting in subcommittees: the smaller the sub-
committee the better. The "back-room boys," including airline operators as well as radio engineers, gave 
careful consideration to the technical, engineering, and operational features of the systems and devices under 
scrutiny. Their findings then went to the full session where the political and economic aspects were threshed 
out expeditiously and with reasonable harmony. 
The results of the P.I.C.A.O. meeting should have a most salutary effect, not only on the radio-engineering 

fraternity, but on the general public as well. Since the war there has been a considerable outpouring of extrava-
gant and speculative publicity which has erroneously given the impression that it will be but a matter of weeks 
or months before civil aviation receives the full benefit of the new radio and radar techniques. The experience 
of the past few years proved that, even under wartime pressure, the consolidation and acceptance of the new 
devices is not immediate. This observation will apply with even greater emphasis to peacetime civil aviation 
where the conditions of safety and reliability are so much more stringent and are strongly influenced by eco-
nomic considerations. P.I.C.A.O. now provides a checkrein on the enthusiast, whether he be an individual, an 
industrial firm or research establishment, or a government. This function has been served to some extent in 
the past by the Radio Technical Commission for Aeronautics in the United States and by the Commonwealth 
and Empire Conferences on Radio for Civil Aviation in the United Kingdom and Dominions, but these organiza-
tions have been largely national in scope, and while they may, and should, continue to function, tile common 
proving ground and final court of appeal will be P.I.C.A.O. There is ample evidence to show that governments 
may separately arrive at plans for systems which are satisfactory internally but which do not fit into the world-
wide pattern. It is to be hoped that P.I.C.A.O. will be able to anticipate and avoid much of the duplication 
and cross-purpose development which has occurred in the past. This can only be achieved if there is first an 
international fusion of the technical mind. 
In particular it. should be noted that P.I.C.A.O. has provided, for the first time on record, a complete set 

of internationally agreed operational requirements for radio aids to navigation. The first test of any proposal 
or system will be—does it meet the operational requirements? If it does, then the next logical step is to apply the 
criteria of engineering and production reliability, and lastly the economic test. The economics of a system are 
by no means the least important of the factors to be considered. For example, it is not feasible, operationally 
or financially, to tear out the vast network of low-frequency radio ranges now existing in North America, 
admittedly obsolete and inadequate as they may be, and to replace it with a new system, such as the P.I.C.A.O. 
agreed omnidirectional ranges with distance indicators. It is fortuitous that, for economic reasons, the intro-
duction of new systems will have to be gradual, because this slow infiltration of new developments will also 
provide a valuable opportunity for large-scale operational trials before the systems are "frozen." 
It is sometimes hard for the radio engineer to realize that his idea, which works so well in an experimental 

form and theoretically satisfies the operational requirements, may suffer sadly when it is put  into  the field  and  
subjected to the test of operational experience. The ultimate judges of radio aids to civil aviation are the airlines. 
If the device will enable them to provide safer and more expeditious service and at the same time will be eco-
nomically practical, the airlines will accept it, but not otherwise. Civil aviation provides a vast and fertile field 
for the radio engineer's talents, but the engineer will have to keep his feet solidly on the ground of practicability. 
This implies not that his indulgence in technical fantasies should be rigidly restrained, but that his enthusiasm 
for the application of these new ideas should be tempered with a large dose of common sense. 
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Electron Tubes in World War II* 
JOHN E. GORHAMt, MEMBER, I.R.E. 

Summary—Although the military uses of electronics have been 
.ell publicized in technical journals, the improvements in electron 
ibes that made possible these military innovations have not been 
illy reported. While this information is known in some detail by 

ie technical people who were engaged in various phases of tube 
!search and development, an over-all summary of the work done 
y industrial laboratories and Federal agencies has not been availa-
le to many engineers and students interested in this field. In this 

aper, the status of electron-tube development at the close of the 
jar is indicated in broad outline; a more comprehensive picture de-
ends upon more detailed reports from the various laboratories en-

aged in war activities. 
This summary of wartime advances in electron tubes is based on 

he knowledge of the vacuum-tube field gained by the engineers of the 

hermionics branch of the Signal Corps Engineering Laboratories, 
iradley Beach, New Jersey, in developing, standardizing, and giving 

'ype approval of all tubes procured for the army during the war. 
No effort is made to give specific credit either to individuals or 

ndustrial organizations. By and large it is a story of common achieve-
nent of many people, with industry working hand in hand with the 
War and Navy Departments to meet the urgent requirements of an 

!ver-expanding demand for new and improved military electronic 

:quipment. 

I. GENERAL RESEARCH AND MISCELLANEOUS 
RELATED TUBE PROBLEMS 

Cathodes 

T THE start of World War II it was the practice 
to use oxide cathodes in low-power and receiv-
ing-type tubes, thoriated-tungsten filaments in 

medium-power tubes, and pure tungsten in high-power 
tubes. In general there were few power-pulse require-
ments. During the war, the use of thoriated filaments 
had been successfully extended to all types of power 
tubes, including the highest-power pulsed-oscillator 
tubes designed. In addition, during the last year of the 
t war, oxide cathodes were used in power tubes capable of 
delivering 500 or 600 kilowatts peak power, and up to 
several megawatts peak power in magnetrons. The peak 

, 

P emission of thoriated filaments, for design purposes, has 
been increased from approximately 100 milliamperes 
per watt to approximately 200 milliamperes per watt. 
The peak emission from oxide cathodes has been in-
creased to 30 amperes per square centimeter in produc-
tion tubes, and as high as 80 amperes per square 
centimeter for several hundred hours in laboratory 
tubes. The highest peak emission reported is about 140 
amperes per square centimeter. Oxide-cathode direct-
current emission has been increased to approximately 
0.5 ampere per square centimeter under optimum con-
ditions. 

• Decimal classification: R330. Original manuscript received by 
the Institute, March 27, 1946; revised manuscript received, July 31, 
1946. 

Evans Signal Laboratory, Belmar, New Jersey. 

There was little advance in the efficiency and stability 
of secondary-electron multipliers during the war. Elec-
tron multipliers may be considered to have a nominal 
multiplication factor of approximately 5 per stage for 
optimum acceleration voltages of the order of a few 
hundred volts per stage. After about 200 or 300 hours 
the performance of these multipliers is seriously reduced. 
Except for low-power voltage-regulator and mercury-

pool type tubes, relatively few tubes having cold cath-
odes were used in military equipment during World 
War II because of the lack of satisfactory life from such 
cathodes. In one type of pulse-modulator tubes, mercury 
is held in fine iron powder to permit use in aircraft. 
Mercury-pool ignitrons were used as pulsed modulator 
tubes to a limited extent. 
It has been generally proved that at least 80 per cent 

of the total emission from the magnetron cathode is 
largely due to electrons emitted as a result of back-
bombardment by electrons that do not reach the anode. 
As a result of such back-bombardment, considerable 
power is sent back to the cathode, with resultant heating 
and evaporation of the cathode coating and even the 
base metal. This has been overcome to some extent by 
appropriate reduction in power after the magnetron 
reaches stable operation. Some higher-frequency mag-
netron cathodes actually have radiators. More rugged 
types of coatings have been developed in which the 
oxides are pressed into a wire mesh which is sintered to 
a base cylinder, or in which approximately 50 per cent 
of the coating consists of 3- or 4-micron nickel powder to 
increase electron and heat conductivity and also to in-
crease to some extent the binding force holding the 

barium. 

Grids 
An outstanding advancement during World War II 

has been the development of alloys and surfaces which 
overcome the problem of primary grid emission in thori-
ated-filament tubes, thereby eliminating the phenome-
non of grid blocking, which normally leads to destruc-
tion of such tubes. These alloys include 4 per cent 
tungsten-platinum alloy wire, platinum-coated molyb-
denum-core grid wire, and "mossy"-surfaced tantalum 
or molybdenum wire. 
It has been found that the presence of secondary 

emission tends to reduce the driving power of conven-
tional grid tubes. The uniformity and stability of such 
secondary emission are very poor, however, and the cur-
rent practice is generally to avoid making use of this 
factor in service tubes. 
It has been discovered that there are certain tempera 

tures at which the emission from grid wires is a mini 
mum, and though it is not generally possible to maintain 
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the'grids at this temperature, at least one tube type has 
been put into wide production with a fair degree of suc-
cess using this principle. A second method used in re-
ceiving tubes (and, during the last years of the war, in 
power tubes) consists of the use of heat conduction to 
maintain grid temperature sufficiently low to minimize 
the effect of emission. This has been accomplished in 
some cases, such as in the 7C22, by the use of nickel 
cylinders with grid straps punched and rotated 90 de-
grees to reduce their effective cross section to electron 
flow but at the same time maintain their cross section 
for heat flow. 
In various other power receiving tubes relatively 

large copper rods have been fastened at appropriate 
intervals to help remove heat. Another application 
makes use of very short grid wires to facilitate conduc-
tion to end rings. Still another method employed with 
moderate success in reducing grid emission involves the 
use of gold-plated molybdenum wire. It has been found 
that the gold will dissolve barium for at least 1000 hours 
in tubes such as the 715C. A solid solution is ultimately 
formed which apparently draws together and exposes 
the base metal through the resultant cracks. 

Anodes 

During World War II the problem of anode heat dis-
sipation had not been a major one, except in planar-type 
lighthouse tubes. A principal problem in connection 
with anode design, and for that matter with general 
design of tubes, has been to reduce lead-reactance effects 
by providing extremely low-impedance paths at radio-
frequency connections. The most important advance in 
anode design has been the development of various differ-
ent but essentially similar re-entrant anode designs. 
These employ large-diameter glass-to-metal seals in 
both copper and kovar, and result in attendant reduc-
tion of lead-reactance effects up to at least 700 mega-
cycles. 
Zirconium or zirconium compounds have been sprayed 

on anodes to make them more nearly perfect black-body 
radiators, and simultaneously serve as getters. The prin-
cipal requirement in planar-tube anode design at present 
is to improve heat dissipation and frequency drift due 
to warm-up. 

Gas Reservoirs 

Titanium-hydride reservoirs have been developed 
which are capable of maintaining the pressure at con-
stant value and appreciably extending the life of hydro-
gen thyratrons under extreme operating conditions. 

II. MAGNETRON TUBES 

The development of the magnetron as an efficient 
microwave generator took place almost entirely during 
World War II. During the war, the magnetron advanced 
from the status of the elementary split-anode variety to 

the highly perfected and complex multiresonant-cavity 
type. Operating efficiencies were raised from about 10 
to over 50 per cent. Tubes were developed and produced 
in large numbers for wavelengths as short as approxi-
mately 1 centimeter. Representative types of mag-
netrons are shown in Fig. 1. 

4 

4p 
1! 

J 

Fig. 1—Representative types of magnetrons: (a) 2J31 hole-and-slot 
pulse type. (b) 2J54 tunable pulse type. (c) 2J64 vane type for 
pulse communication. (d) 5J31 split-anode continuous-wave type. 
(e) 3J21 rising-sun pulse type. 

During the course of the war, extensive studies were 
made of mode separation and the manner and efficiency 
of operation. Methods of eliminating undesirable modes 
(arising from multiple degeneracy due to the multireso-
nator anode blocks) were developed, such as strapping 
and the use of "rising-sun" alternately long and short 
cavity construction. The usual technique of strapping 
consists of electrically connecting alternate cavity vanes 
near the cathode ends by means of metal straps or wires 
within the tube. This strapping depends on end effects 
at the top and bottom of the vanes. The rising-sun anode 
construction consists of making alternate cavities tuned 
respectively to frequencies above and below the operat-
ing frequency of the magnetron, and was originated to 
avoid straps in super-high-frequency tubes. Lately, the 
fact that the rising-sun structure does not depend on end 
effects has been used in designing higher-power, longer-
anode magnetrons. 

Several mechanical tuning methods were developed. 
These include internal tuning by means of moving 
plungers in the resonant cavities ("crown of thorns"), 
changing the capacitance of the straps to ground and 
each other, the addition of an external tunable resonator 
coupled to an internal resonator or strap, and simultane-
ous application of strap and plunger tuning. 
"Packaging" was also introduced, whereby the 

a 
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f' magnetron was produced as a complete unit containing 
or having attached permanent magnets as an integral 
part of the magnetron instead of depending on the fur-
nishing of proper magnetic fields as part of the operating 
equipment. 
At present, several 25-centimeter pulsed magnetrons 

of fixed frequency are available with peak powers as 
high as 1 megawatt. Development has just been com-
pleted on a tunable type capable of 600 kilowatts peak 
power output and 8 per cent tuning range. 
At wavelengths of about 10 centimeters, tubes have 

been produced in quantity with peak powers ranging up 
to approximately 2 megawatts. Tunable tubes have been 
made which have approximately 7 per cent tuning range 
and 1 megawatt peak power output. 
The maximum peak power attainable at about 3 centi-

meters is approximately 1 megawatt from a fixed-
frequency magnetron. A variable-frequency magnetron 
. is also available at this frequency capable of 50 kilo-
watts peak power and 12 per cent tuning range. At 
about 1 centimeter only two fixed-frequency pulse mag-
netron types have been produced in quantity. The tubes 
are capable of peak powers of the order of 50 kilowatts. 
In general, the life expectancy of pulsed magnetrons is 
in the neighborhood of 500 hours, except at extremely 
short wavelengths where life expectancy is about 250 
hours. 
Continuous-wave magnetrons using split anodes in 

the high- and ultra-high-frequency bands, and cavities 
in the higher frequency bands, have been developed pri-
marily as sources of jamming power of from over 1 
kilowatt down to about 50 watts. Due to serious back-
bombardment of the cathodes, tube life is usually less 
than 100 hours, although efficiencies are about 40 per 
. cent. lnterdigitated magnetrons, having as anodes two 
cylindrical sets of interlocking teeth, have been made 
; to give about 15 watts output at 7 centimeters. 

During the last part of the war, magnetron modula-

tion was investigated to permit communication at 
all frequencies. One electronic frequency-modulation 
method consists of varying the current of an electron 
beam through one of the magnetron cavities. This 
method has been used at 4000 megacycles to get 4 mega-
cycles total swing at about 25 watts continuous-wave 
power output. Preliminary tests show that external 
magnetrons may be used to modulate the magnetron 
generator tube by virtue of change of electronic react-
ance, but at present modulation linearity is not as good 
as that obtained by the former method. Amplitude mod-
ulation is not satisfactory at this date, but there are 
indications that considerable success may be achieved in 
the near future. Pulse-time modulation is feasible at any 
frequency and involves transmission at constant power 
level. 

III. TRANSMIT-RECEIVE TUBES 

The transmit-receive (TR) tube (Fig. 2) is a switching 
tube, usually. gas-filled, which is generally used in radio-
frequency systems (radar, for example) where a trans-
mitter and receiver make use of a common antenna. Its 
function is to protect the receiver input-circuit elements 

Fig. 2—Transmit-receive tubes: types 721A, 11337. 

during the pulsing of the transmitter and allow the 
radio-frequency power received by the antenna between 
pulses to reach the receiver. Antitransmit-receive (ATR) 
tubes are used in conjunction with TR tubes to reduce 
the dissipation of receiver signals in the transmitter. 

TABLE I 

T R-TUBE PERFORMANCE CHARACTERISTICS 

Type Application Wavelength Power level Insertion loss  Recovery time  Bandwidth 

1 B23  TR 
702A, B  TR 
721B  TR external cavity 
11327  TR external cavity 
11358  TR fixed-tuned 
1B55  TR fixed-tuned 
PS3S  TR fixed-tuned 
11344  ATR fixed-tuned 
1B52  ATR fixed-tuned . 
11353  ATR fixed-tuned 
11356  ATR fixed-tuned 
11357  ATR fixed-tuned 
11338  Pre-TR for use wiT th low- 

power TR 
1B54  Pre-TR for use with low-

power TR 
11324  TR tunable self-contained 

cavity 
72413  TR external cavity 
I B63  TR broad-band fixed-tuned 
11335  ATR fixed-tuned cavity 
1B37  ATR fixed-tuned cavity 
1B26  TR self-contained cavity 
IB36  ATR fixed-tuned 

20-50 centimeters 
20-50 centimeters 
10 centimeters 
10 centimeters 

8-11 centimeters 
8-11 centimeters 
8-11 centimeters 
8-11 centimeters 
8-11 centimeters 
8-11 centimeters 
8-11 centimeters 
8-11 centimeters 
10.7 centimeters 

8.4 centimeters 

3 centimeters 

3 centimeters 
3 centimeters 
3 centimeters 
3 centimeters 
1 centimeter 
1 centimeter 

50 kilowatts 
50 kilowatts 
250 kilowatts 
250 kilowatts 
200 kilowatts 
200 kilowatts 
200 kilowatts 

milliwatts 
milliwatts 
milliwatt 
milliwatt 
milliwatt 
milliwatt 

I decibel 

1.0-1.5 decibels 
1.0-1.5 decibels 
1.0-1.5 decibels 
1.0-1.5 decibels 
1.0-1.5 decibels 
1 decibel 
I decibel 
1 decibel 
1 decibel 
1 decibel 
0.10 decibel 

milliwatt  0.10 decibel 

60 kilowatts 

60 kilowatts 
300 kilowatts 
60 kilowatts 
60 kilowatts 
40 kilowatts 
40 kilowatts 

<7 microseconds 
<5 microseconds 
15 microseconds 
15 microseconds 
15 microseconds 

20 microseconds 

20 microseconds 

1.0-1.5 decibels  <3 microseconds 

1.0-1.5 decibel 
<0.8 decibel 
0.8 decibel 
0.8 decibel 
0.83-1.5 decibels 
0.8 decibel 

<6 microseconds 
<5 microseconds 

<4 microseconds 

high Q 

high Q 
high Q 
10 per cent 
10 per cent 
10 per cent 
5 per cent 
5 per cent 
5 per cent 
5 per cent 
5 per cent 

high Q 

high Q 
12 per cent 
6 per cent 
6 per cent 
high Q 
>2 per cent 
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Pre-TR tubes are used for added receiver protection 
during transmitter pulses. These last two tube types 
have general requirements similar to that of TR tubes 
(see Table I). TR, ATR, and pre-TR tubes should have 
low leakage power to the receiver during the transmitter 
pulse, rapid recovery time immediately following the 
pulse to enable the maximum received energy to reach 
the receiver for short range echoes, and satisfactory life. 
Most tubes were filled either with argon or mixtures of 
hydrogen and water vapor at pressures in the range of 
10 to 25 millimeters. 
In general, the recovery time of good tubes at power 

levels of 30 kilowatts peak is in the order of 4 to 7 micro-
seconds. At higher powers, recovery-time figures are 
progressively larger. For instance, at line powers of 100 
kilowatts the recovery time is approximately 50 per cent 
greater than at 30 kilowatts. As might be expected, 
leakage power is also a function of line power. At 30 and 
100 kilowatts the leakage powers are of the order of 20 
and 75 milliwatts peak, respectively. The insertion loss 
is approximately one decibel. Recently multicavity 
fixed-tuned tubes have been made with a frequency 
coverage of about 12 per cent 

IV. CRYSTAL RECTIFIERS 

Crystal rectifiers (Fig. 3) are used in receiver applica-
tions for mixers, video detectors, second detectors, and 
direct-current restorers. In construction they consist of 
a semi-conductor, either silicon or germanium, in con-
tact with a cat's whisker of metal, usually tungsten. At 
present, crystal mixers give the lowest noise figures in 
receivers above about 1000 megacycles. 

Fig. 3—Crystal detector: 1N21. 

In general, microwave crystal converters have conver-
sion losses of the order of about 6.5 to 8.5 decibels, being 
best at 3000 megacycles and worst at about 30,000 
megacycles. They are capable of withstanding pulses 
ranging from 5 ergs at 3000 megacycles to 0.1 erg at 
30,000 megacycles. On the basis of their use with an 

March 

intermediate-frequency amplifier of 5 decibels noise 
figure, receiver noise figures are attainable which vary 
from about 12.7 decibels at 3000 megacycles to 15.2 
decibels at 30,000 megacycles. 
Germanium crystals, used as second detectors, at 

present are capable of withstanding 50 or more volts in 
the back direction, compared with about 5 volts for 
silicon crystals. In general, they have rectification effi-
ciencies in the same order of magnitude as receiving-type 
diode tubes. For direct-current restorer applications, 
germanium crystals have resistances, measured at 1 volt, 
greater than 0.1 megohm in the back direction and ap-
proximately 200 ohms in the forward direction. Ger-
manium crystals are being used at present as second 
detectors and direct-current restorers for experimental 
circuit work. Their properties, especially as compared to 
diodes, are being studied. 

V. KLYSTRONS 

Development and application of klystrons during 
World War II has mainly centered about reflex tubes for 
local-oscillator use, requiring about 20 milliwatts of 
power output, and signal-generator use, requiring about 
one watt. Although the theoretical maximum efficiencies 
are 30 per cent for the reflex klystron and 58 per cent for 
the two-cavity type, the actual efficiencies thus far at-
tained are only a few per cent for reflex tubes and 5 to 
6 per cent for two-cavity types. The best tube in this 
respect, to date, is the 2K54 for which efficiencies of 
10 per cent are obtained under pulsed operating con-
ditions. 

Fig. 4—Thermally tuned reflex klystron, 9000 megacycles: 
type 2K45. 

Tuning of klystrons is generally accomplished by 
either changing the resonant frequency of the cavity or, 
in the case of reflex klystrons, by varying the potential 
of the repeller. Repeller-voltage changes are capable of 
producing only relatively small frequency changes of the 
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3rder of 1 per cent. The degree of frequency change at-
tainable by means of cavity variation depends largely 
3n the cavity construction. Klystrons designed to oper-
ate with external cavities may have frequency tuning 
ranges in the order of 2 to 1. Klystrons constructed with 
'cavities which are an integral part of the tube usually 
are tuned by the motion of a metal diaphragm, which 
permits variation in the spacing of the resonator grids. 
This produces changes in grid-to-grid capacitance and 
consequent shift in the resonant frequency. 
Tuning has also been accomplished in some tube types 

by electronic control of an auxiliary electron source 
within the same envelope, which heats a thermally 
sensitive mechanical element attached to the cavity dia-
phragm. The thermal time constant of such devices 
varies between 2 and 10 seconds, depending on the type 
of tube. Tubes with thermal tuning are available in the 
regions of 10,000 and 25,000 megacycles (Fig. 4). 
• The power output of reflex klystrons below 3000 
megacycles is of the order of 1 watt. Between 3000 
and 10,000 megacycles,  watt may be attained. Above 
10,000 megacycles, available types exist only in the re-
gion of about 25,000 megacycles and are capable of 
approximately 20 milliwatts output. Two-cavity kly-
strons have been produced in the 2300- to 4000-mega-
cycle region, capable of delivering between 20 and 40 
watts of power. 

VI. PLANAR TUBES 

• Planar-type tubes (Fig. 5) are suitable for high-fre-
quency operation because of (a) reduction in lead in-
ductances by use of disk seals, (b) reduction in inter-
electrode capacitances by means of small electrode areas 

111111111111111111 

Fig. 5—Cutaway planar tubes: types 2C43, 3C22. 

and parallel-plane structure, and (c) essentially complete 
enclosure of the radio-frequency fields permitted by a 
tube construction suitable for operation in an inclosed 
cavity. A number of types, all developed during World 
War II, are now available. These include the 2C40, a 
low-power triode with 50 milliwatts output at 3370 
megacycles; 2C43, a pulse triode with 750 watts peak 

Fig. 6—Cathode-ray-tube screen test. 

output at 3370 megacycles; 3C22, a continuous-wave 
triode with 25 watts output at 1400 megacycles; 2C38, 
continuous-wave triode with 10 watts output at 2500 
megacycles; and the 2C36 and SB846A, British-type 
disk-seal triodes for low-power use up to about 4000 
megacycles. 
Present types of planar tubes are constructed with 

oxide-coated cathodes; tungsten or nickel grids; and 
steel, molybdenum, or kovar paltes. The glass seals are 
made to silver-plated steel or kovar. In the case of sil-
ver-plated steel, special glass having a thermal-expan-
sion coefficient equal to steel is used. Interelectrode 
spacings on the 2C40 type are as low as 0.003 inch and 
0.010 inch for grid to cathode and grid to plate, respec-
tively. These small spacings, in view of the fact that such 
tubes are intended for use in accurately machined cavi-
ties, require unusually small mechanical tolerances in 
manufacture. 

VII. INDICATOR AND PICKUP TUBES 

Cathode-ray indicator tubes are used wherever a visi-
ble indication of rapidly changing electrical phenomena 
is required. Because of the almost infinitesimal inertia 
of the electron beam, these tubes are capable of re-
sponses far more rapid than any mechanical indicators. 
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The transforming of visible or invisible radiation 
images into electrical signals is accomplished in elec-
tronic pickup tubes. Such tubes are designed to have 
high sensitivity to radiation. By means of very rapid 
electronic scanning of a photosensitive mosaic, high-
resolution electrical transmission of rapidly moving 
images is accomplished. 
During the war; the following improvements were 

made in electron guns: 
(a) In electrostatic-focus types, zero first-anode-cur-

rent guns were developed in which the first anode did 
not intercept any beam current, with the result that 
power-supply requirements were reduced and better fo-
cusing control was obtained. 
(b) In magnetic-focus types an additional cylinder 

was added to the high-voltage anode, which aided in 
alignment of the gun and improved the focus. 
.(c) Limiting apertures were added in magnetic-focus 

types to reduce the spot size and improve the focus. 
With regard to screens, several new types were de-

veloped: 
(a) Double-layer screens which have the property of 

emitting increased intensities of persistent light after 
successive excitations of the screen. The color of its 
fluorescent light is different from that of its phosphores-
cent light. 
(b) Dark-trace screens showing a darkening of the 

normally white screen material, usually potassium 
chloride, at the point of excitation by the electron 
beam, were used in projection systems. 
(c) Exponential screens having light output which 

decays at such rate that its instantaneous intensity is 
proportional to exponential //to, where to is a constant of 
the screen and t is the time. 
Commutator tubes of several varieties were developed 

during the war for multichannel communication over a 
single transmission frequency. 
Improved tubes suitable for projection purposes were 

also developed during the war with high light output 

Screen 
type 

(6 candle power per watt) and good contrast. Cathode-
ray tubes with two or more guns in the same envelope 
were developed for special applications, eliminating 
complex switching circuits. Pickup tubes were developed 
with sensitivities in the infrared. Tubes were also de-
veloped capable of converting infrared images directly 
to visible images by focusing the electron pattern from 
a photosensitive surface on a fluorescent screen at the 
opposite end of a cylindrical tube. 
At present, cathode-ray tubes with faces from 1 to 

12 inches in diameter are available in quantity. These 
tubes are in some instances focused and deflected by 
electrostatic methods and in others by magnetic meth-
ods. 
The various screen types and general information con-

cerning their properties are listed in Table II. 
Levels of fluorescent ligit output vary according to 

screen types, being about 15 foot-lamberts for tubes of 
the highest output (nonprojection tubes with PI 
screens). Improvements in focusing and line widths 
were limited and were less than a factor of 2 to 1. Pres-
ent line widths of from 0.3 millimeter to 1 millimeter 
are a function of tube size and gun construction (Fig. 6). 
Pickup tubes of the orthicon type have been produced 

with sensitivity in the infrared and in the blue part of 
the spectrum. Orthicon tubes have been made with a 
resolution of 1500 lines per frame at the center for high 
resolution reconnaissance work. For portable systems, 
tubes have been constructed operating with only a few 
hundred volts having a sensitivity of 0.03 microamperes 
per foot-candle. 

VIII. POWER AND GAS TUBES 

At the start of World War II radar transmitters were 
operated at or below about 200 megacycles and used 
tubes which had thoriated filaments. During the war 
oxide cathodes came to be used in..power-oscillator tubes 
with a reduction of cathode power by a factor of about 
five. 

TABLE II 

CATHODE-RAY-TUBE SCREEN CHARACTERISTICS 

Composition Color  Persistence  Decay time to 
I per cent (seconds) Applications 

P5  C.W04:(W) 
PI I  as—Zns:Ag 
P4  a'—Zus:Ag 

ZniBeSie,019: Mn 
PI  ZrnSiO4:111n 

(a) 
PI2  Zn(Mg)F2:Mn 

P2  ZnS : Cu (Ag) 
(r) 

P14  fl'—ZnS:Ag 
on 

ZnS(75) : CdS: Cu 
P7, (P8)  ilte—ZnS:Ag 

on 
ZnS(86) : CdS: Cu 

PIO  KCI 

Blue 
Blue 
White 

Green 

Orange 

Green 

White 

Orange 
White 
I. 

Yellow 
Magenta on White 

short  10-6 
short  0.005 
short  0.005+0.06 

(B)  (Y) 

short  0.05 

long  0.4 

long  0.3 

long  1 

long  3 

long  5 

-7 

Photography of rapid transients (to 60 kilocycles 
Photography of transients (to 9 kilocycles). 
Television. 

Most cathode-ray oscilloscopes. Rapid-scan ra-
dar cathode-ray tube. 

Fire-control radars operating at 4 to 16 scans per 
second. 

Prewar long-persistence oscilloscopes. 

Eagle and I-12K radars operating at about 1 
scan per second. 

Most radars operating slower than I scan per 
second. 

Radars operating in high ambient light and 
slower than 0.2 scan per second. 
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Several types of I- to 1-megawatt triode tubes have 
xen developed with the tuned circuits inside the vac-
aum envelope. By the close of the war, triode oscillator 
tubes had been developed which gave approximately 
3.6 megawatt up to about 700 megacycles. Power-am-
plifier tubes are available that can handle 100 or 200 
watts continuous-wave output up to 700 megacycles 
with a power gain of about 5 decibels. 
Hydrogen thyratrons were originated and put into 

Iproduction during the war to eliminate temperature de-
pendence of mercury tubes. These thyratrons handle 
powers of from a fraction of a watt to 2 megawatts pulse 
power. Series and/or parallel operation of thyratrons 

89106 

1.111111111111 

Fig. 7—Pulse modulator tubes: 5C22 hydrogen thyratron; 7I5C high-
vacuum type; 1R21 mercury-pool ignitron. 

has been accomplished to allow up to four times the 
power of a single thyratron. Ignitrons have been used up 
to 2 megawatts at 20 microseconds pulse width. High-
vacuum modulator tubes have been developed to handle 
a few hundred kilowatts peak power at duty ratios of 
about 0.0006. Tubes of each of these types are shown in 
Fig. 7. 
The resnatron, employed during the war in radar. 

countermeasures to jam German radar, is the most 
i powerful ultra-high-frequency oscillator and amplifier 
now in existence. It supplies over 50 kilowatts in con-
tinuous-wave operation at frequencies ranging from 350 

v to 650 megacycles, with a plate efficiency of the order of 
,60 to 70 per cent. Features of this tetrode include beam-
forming grids, electron bunching, and self-contained 
resonant cavities which permit phase-shift compensation 
for transit-time effects without lowering efficiency. 

t
IX. RECEIVING TUBES 

There are so many types of receiving tubes that it is 
impossible to begin to describe them here. Consequently 
only a few practices of a general nature that came into 
considerably wider employment during the war will be 

mentioned in this section. The use of standard tubes at 
low plate and screen voltages was accomplished to allow 
operation directly from a 24-volt storage battery in 
place of a high-voltage power supply. Subsequently, 
tubes with 26.5-volt filaments and a design optimized 
for 28-volt plate and screen operation were developed. 
Tubes were "ruggedized" to withstand vibration and 
shock up to 500 times the acceleration of gravity. Sub-
miniature tubes (T-3 bulbs of I-inch diameter) were in 
existence before the war for hearing-aid use. During the 
war, subminiature types for VT fuzes were developed 
which could withstand being shot from guns. Size and 
weight limitations of new radar and allied equipment, 
along with the need for high peak power output, created 
the need for receiving-type tubes capable of operating 
in a pulsed condition at potentials and currents far 
above their rated values. Fig. 8 shows six different types 
of receiving tubes. 

1111111111111111 
Fig. 8—Receiving tubes having transconductances of 3000 to 5000: 
G, GT, metal, lockin, miniature, and subminiature tube types 
6J5G, 6JSGT, 6J5, 7F8, 6J6, 6K4. 

There is now an overabundance of receiving-tube 
types—one or two thousand, or perhaps more. It is not 
unusual to find half a dozen or more tubes, substan-
tially equivalent, differing by having several filament 
voltages, two or three types of bases and bulbs, and 
different arrangements of pin connections. Almost every 
metal-tube type is duplicated in a glass version with the 
same base, and most are also duplicated in lock-in con-
struction under different type designations. Now most 
of these types are becoming available in miniature bulbs. 
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Specification and Measurement of Receiver Sensitivity. 
at the Higher Frequencies* 
JOSEPH M . PETTITt, SENIOR MEMBER, I.R.E. 

Summary—The paper discusses the influence of receiver noise 
on sensitivity performance at higher frequencies. Established I.R.E. 
standard definitions and test methods do not give proper emphasis 
to the important factor of noise. A practice recently adopted of speci-
fying sensitivity in terms of noise figure is reviewed, and there is 
introduced a method, not yet commonly used, of measuring this 
quantity with a diode noise generator. 
Noise figure, however, is not an adequate specification of sensi-

tivity, for it ignores over-all gain. To include both factors, a proposed 
combined sensitivity figure is presented. 
The alternatives for specifying sensitivity in terms of voltage or 

power are compared, and the concept of available power is explained. 

INTRODUCTION 

ri1 HE PRI MARY type of performance test is one which determines the general suitability of a re-
ceiver in terms of arbitrary performance standards 

for a given type of service. An example of this approach 
is seen in broadcast practice, where the I.R.E. Standards' 
specify completely the type of modulated signal to be 
supplied to the receiver, the gain and tone-control 
settings, and an arbitrary "Normal Test Output." No 
such standardization exists for the diversity of receivers 
found in the higher-frequency ranges. In fact, there is 
even lack of agreement upon the methods for comparing 
two similar receivers with respect to a single per-
formance characteristic such as sensitivity. The discus-
sion to follow will be directed primarily toward outlin-
ing the several factors involved in specifying and meas-
uring receiver sensitivity, together with an attempt at 
evaluating their relative merits. 
The subject of the sensitivity of receivers for the 

ultra-high-frequency and higher ranges has received 
considerable attention in the current literature,' mostly 
dealing with the influence of thermal agitation noise in 
the receiver input circuits. This emphasis has resulted 
from the greater importance which must be assigned to 
such noise in these frequency ranges, particularly in 
high-gain, broadband receivers, as compared to those 
for the broadcast range. In the broadcast range, sensi-
tivity is defined' solely in terms of signal input required 
to produce an arbitrary output power; this is a measure 
of over-all gain only, and ignores the problem of the 
noise threshold. The present trend, on the other hand, 
seems to overemphasize the noise problem, whereas 

• Decimal classification: R261.2. Original manuscript received by 
the Institute April 5, 1946; revised manuscript received, September 
23, 1946. 
t Formerly, Airborne Instruments Laboratory, Inc., Mineola, 

New York; now, Stanford ljniversity, California. 
'"Standards on Radio Receivers,' 1938, pp. 31, 14-15, Institute 

of Radio Engineers. 
1 D. 0. North,' "The absolute sensitivity of radio receivers," 

RCA Rev., vol, 6, pp. 332-343; January, 1942. This paper gives a 
good bibliography of previous papers on the subject. 

3 See definition IR36, p. 3, of footnote reference I. 

actually it is valueless to build a receiver with a low 
noise threshold if the over-all gain is inadequate. Thi 
rather obvious requirement has at times been over-
looked. One example was a receiver intended for aircraft 
use which, merely because of inadequate audio gain,. 
was incapable of amplifying weak signals, barely above 
the noise threshold, to a level where they could 1b9. 
heard above the acoustic noise present in the aircraft% 
Yet in the laboratory this receiver was perfectly capable 
of detecting exceedingly weak signals. Thus the tota 
gain must also be evaluated in over-all testing of the 
complete receiver. This gain to be specified depends, in 
turn, upon the exact service for which the receiver is 
intended, and hence the heed for arbitrary standards 
seems unavoidable. 
Actually, two values of gain are involved: one a 

minimum gain required to amplify the receiver noise 
to a level where the noise output is perceptible above tilt)' 
ambient room noise, and the other an arbitrary gain to 
provide adequate signal output. To whatever extent the 
receiver transmits differently the noise and the signal, 
both of these gains have to be specified and tested in-
dependently. 
Receiver sensitivity can be described and tested by . 

at least two methods. One is to determine independently 
the quantities described above; the other is to obtain 
a single figure which combines all of them. 

NOISE FIGURE 

The term "noise figure"' refers to a figure of merit 
which compares the actual noise threshold of a receiver 
with that of a hypothetical noise-free receiver having 
the same bandwidth. Much has been written on this 
subject, and only the basic relationships will be sum-
marized here. For purposes of the over-all receiver test 
it is most convenient to refer all noise to the input ter-
minals of the receiver, since the theoretically perfect • 
receiver is defined as one which does not introduce 
additional noise beyond that which comes to it from 
the signal source, i.e., the antenna and transmission 
circuits. These circuits are treated together, since these 
tests should regard the receiver as an entity in itself 
designed to operate from a specified source impedance 
Thus, considerations of antenna and transmission 
efficiency are excluded from this discussion. Consider, 
therefore, a receiver designed to operate from a voltage 
source of internal resistance R.. The thermal-noise volt-
age developed in the resistance R,, which is also the 
theoretical minimum noise of the receiver, can bee, 

4 H. T. Friis, "Noise figures of radio receivers," PROC. I.R.E., volt 
32, pp. 419-422; July, 1944. 
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T., 
iegarded as an equivalent constant-voltage generator in 
4eries with R., as shown in Fig. 1. The voltage E„ of this 

generator is given by the relation8.8 

E„2 = 4kTR,64 = 1.6 X 10-28 /46./  (I) 

there 
k= Boltzman's constant, 1.37 X10-23  joule (or watt-
seconds) per degree Kelvin 

T= temperature of the resistance in degrees Kelvin, 
usually taken to be room temperature; for in-
instance, 292 degrees Kelvin 

Af =receiver noise bandwidth (precise definition to be 
given later, but it is closely equal to the band 
between the frequency limits at which the re-
sponse has fallen off by 3 decibels). 

• , SIGNAL VOLTAGE  Es 

NOISE VOLTAGE  E, 

I Fig.1 —Signal and noise voltages at input of radio receiver. 

/Let En' be the actual noise of the receiver, including 
I 

. the theoretical noise, and referred back to the voltage 1 
.lource at the input. This is again an equivalent noise 
voltage in series with the resistance R,, replacing E. in 
fig. 1. Then the noise figure may be defined as 

F = (E„'/E„)2.  (2) 

This is essentially a power ratio, although, of course, 
the measurement of E.' can be made from either voltage 
or power. The ratio is usually expressed in decibels, 
typical figures for microwave receivers ranging from 8 
to 30 decibels. 
1 There are two approaches to the measurement of the 
voltage E,,'. In either case the test generator must 
present the specified source impedance for which the 
receiver is intended. In one case the test generator may 
be a noise source whose power is adjustable and known, 
and whose frequency spectrum is uniform over the 
receiver pass band. Up to about 100 megacycles such a 
generator can use, as the noise source, a temperature-
limited conventional diode wherein the noise com-
ponent of the plate current is proportional to the direct 
current through the diode. Special coaxial diodes such 
as the British CV172 can be used up to 300 megacycles. 
This relation has been shown to be' 

= 2eI &Alf  (3) 
. J. 13. Johnson, "Thermal agitation of electricity in conductors, 

Phys. Rev., vol. 32, pp. 97-110; July, 1928. 
6 H. Nyquist, "Thermal agitation of electric charge in conduc-

tors," Phys. Rev., vol. 32, pp. 110-113; July, 1928. 
' W. Schottky, "Spontaneous current fluctuations in various con-

ductors," Ann. Phys., vol. 57, pp. 541-567; December 20, 1918. 
. This is rigorously true only for pure metal filaments. Oxide-coated 
cathodes have additional noise known as flicker effect, although this 
is a low-frequency phenomenon and would not affect measurements 
on high-frequency receivers. Temperature-limited operation can be 
' obtained with certainty only with pure metal filaments. 
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where 
e= charge on the electron, 1.60 X10-28  coulomb 
/dc =direct current in diode, in amperes 
Af= bandwidth, for which I,, is the root-mean-square 

noise current. 
To measure  the noise generator,8 an example of 
which is shown in Fig. 2, is connected to the receiver 
through the proper source impedance. Noise from the 
generator is increased from zero until the output noise 

idc   c, 

D•C 
POWER 
SUPPLY 

11-F 

FILTER 

Fig. 2—Simplified schematic diagram of diode noise generator. 

power of the receiver is doubled. The added noise must 
then be equal to the actual receiver noise referred to the 
input, plus the thermal noise from the source resistance 
R.. In measuring the receiver output noise, the principal 
requirement is that all the significant noise sources be 
included ahead of the point of measurement. Usually 
noise generated in the receiver beyond the first inter-
mediate-frequency amplifier stages is ineffective, inas-
much as the signal has assumed large proportions com-
pared to this noise. Hence the output noise can be meas-
ured at any point following these first stages. The 
indicator must add correctly the root-mean-square noise 
of the receiver and that from the noise generator. 
If a 3-decibel attenuator can be inserted just ahead of 

the detector at the time the noise from the test generator 
is added, the requirements on the output indicator can 
be simplified. The noise generator is connected to the 
input terminals, and the output from the generator set 
first at zero. The actual receiver output noise, without 
the attenuator in the circuit, is then observed on the 
indicator. Next the attenuator is inserted, and the 
output of the noise generator increased until the indi-
cator gives the same reading as before. The added input 
noise is then equal to the original noise, provided that 
insertion of the attenuator in no way influences the 
band-pass or gain characteristic of the receiver. It is 
not necessary for the indicating meter to read linearly in 
root-mean-square values, since the meter receives the 
same current in both readings. Furthermore, if the re-
ceiver has a gain control calibrated with sufficient ac-
curacy, and if changes in the gain do not change the 
input noise of the receiver (a reasonable approximation 
if the gain control does not act on a high-gain first inter-
mediate-frequency stage), then the 3-decibel attenuation 
can be inserted by reducing the gain by 3 decibels. The 
need for the attenuator is thus obviated, and, further, 

• The necessary requirements for use of this type of circuit are 
that the diode be a high impedance compared to the desired source 
resistance R., and that the connections to the receiver be very short. 
If these are met, equations (4) and (5) can be used for the measure-
ments. The coupling capacitor C„ must have essentially zero im-
pedance at the desired noise frequencies. The radio-frequency filter 
is basically a low-pass structure. It must have no shunt paths for the 
direct current Id., and must present to the diode a high impedance 
at the noise frequencies. 
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the second detector of the receiver can be used directly 
as the output indicator. 
The most useful feature of the noise-generator method 

arises from the fact that the noise (either power or cur-
rent squared) produced by the generator is directly 
proportional to Lif, as indicated by the relation 

(.E.1)2 = (I.R,)2 = 2efaR.2sf.  (4) 

Since the receiver noise figure F=(E.'/E„)2 and 
E,,2=4kTR,Af, 

F = eId,R,/2kT = 20I dcR, (if T = 292 degrees Kelvin). (5) 

It will be noted that if has dropped out of the de-
termination; this is a decided help, for it is not easy to 
measure Af. Hence, receivers of differing band-pass char-
acteristics can be compared more readily by means of 
the noise-generator method. 
The alternative approach to the measurement of the 

actual receiver noise, referred to the input terminals, is 
to use a continuous-wave signal generator to supply the 
necessary energy to double the receiver output indica-
tion due to the noise voltage Es'. The basic requirement 
is that the output indicator respond identically to the 
summation of continuous-wave plus noise energy as it 
does to noise alone. This predicates root-mean-square or 
power types of indicator, including thermocouples, 
bolometers, etc. The expression for the noise figure is 
then 

F = E.2/4kTR,Af  (6) 

where E, is the continuous-wave signal voltage applied 
in series with R. required to double the receiver output 
indication due to the actual receiver noise En'. The 
quantity Af is obtained from the selectivity character-
istic of the receiver. It is defined by the relation 

= (1/A 02) f "A2df.  (7) 

where 
A =voltage amplification at the frequency f 
A 0= amplification at the reference frequency /0. 

The reference frequency fo may be either the center 
frequency of the pass band or the frequency of maxi-
mum gain. In any event A0 must be the amplification 
for the frequency at which the continuous-wave signal 
generator is set during the noise-figure test. It is usually 
convenient to use the frequency of maximum gain, for 
it is more easily located in a test. For single-tuned cir-
cuits, the noise bandwidth can be taken as that between 
the 3-decibel points. 
One difficulty in using a continuous-wave signal gen-

erator lies in the measurement of the low input power 
required. For instance, a typical microwave receiver 
may have F=15 decibels above the theoretical limit of 
thermal noise from the signal source, and a bandwidth 
of 4 megacycles. For this receiver the continuous-wave 
power to double the output power due to noise alone 

• 
is about 0.5 micromicrowatt. 

MINIMUM GAIN REQUIREMENT— 
STANDARD NOISE OUTPUT 

As stated earlier, a receiver that is able to detect 
weak signals to the limit imposed only by noise must 
be able to amplify this input noise to a readily ob-
servable level at the output or display. Where the 
conditions of service are accurately known, it is possible 
to require that a specified minimum noise voltage or 
power shall be delivered to the receiver output with the 
receiver gain control set at maximum. For every type 
of service and for each method of presenting the out-
put there can be specified a standard noise output' which 
defines this minimum noise. For instance, a useful 
figure for a receiver intended for aural output in an 
aircraft installation is 0.5 milliwatt in a 600-ohm non-
inductive resistor, the pow.er being measured with a 
root-mean-square meter whose accuracy is good at fre-
quencies up to 10 kilocycles. The 600-ohm load is an 
arbitrary one, based upon standard military head-
phones. For cathode-ray display, standard noise level 
may be defined in terms of the height of the "grass" 
pattern produced by the noise, such that this height is 
equal to, say, one half of full deflection. Such a stand-
ard is, unfortunately, not completely objective, for, if 
the noise is not clipped, the grass height is quite random, 
and can only be estimated. The measurement for in-
tensity-modulated cathode-ray presentations is even 
more obscure, and will not be considered here. 

SIGNAL AMPLIFICATION--STANDARD OUTPUT 

Here we return to the subject of sensitivity in terms 
of the amount of signal required to produce an arbitrary 
output (aural power, video deflection, etc.), which may 
be designated as standard output. This corresponds to 
the I.R.E. "Normal Test Output," and is usually a mean 
value somewhere between the noise threshold and the 
maximum output that the receiver is capable of de-
livering without overloading. The important considera-
tion is that the gain thus measured be strictly a signal 
gain, free of noise considerations and within the linear 
range of the receiver. As an example, consider again the 
airborne receiver, for which it was proposed that 0.5 
milliwatt is a suitable standard noise output. A review 
of tests by the Psychoacoustic Laboratory at Harvard 
indicates that, for voice communication, an average 
speech power of 100 milliwatts at the headphones is 
required in an airplane at an altitude of 35,000 feet; 
hence, a good airborne receiver should deliver a maxi-
mum power of at least this much. A suitable standard 
output for purposes of sensitivity measurement could 
then be 10 milliwatts. For military headphone use this 
power would be measured with a root-mean-square or 
average meter using a 600-ohm load. If cathode-ray 

• This concept and those to follow arose from discussions in 1944 
at the Radio Research Laboratory, Harvard University, concerning 
performance standards for wide-tuning-range search receivers. 
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only is to be used, the standard output would be 
defined as some suitable mean deflection. 
The proper setting of the receiver gain control is a 

problem. In broadcast receivers thermal noise is neg-
ligible and the gain control is usually set at maximum. 
For a high-gain noisy receiver it is not possible to do this 
and still have standard output represent mostly signal 
u ith negligible noise. It therefore becomes impossible to 
dissociate sensitivity related to signal gain and sensitiv-
ity related to noise. A proposal for correlating these 
sensitivities into a combined figure of merit is presented 
in the next section. 

COMBINED SENSITIVITY FIGURE 

In order to provide a single figure whereby receivers 
intended for the same type of service may be directly 
compared, the concept of standard gain setting is intro-
t duced. This is the setting of the gain control that pro-
, vides delivery of standard noise output. The test proce-
' dure consists first of connecting to the receiver a signal 
generator of proper source impedance and of specified 
modulation suitable for the intended service. Then, with 
zero signal delivered by this generator, the receiver is 
adjusted for standard gain setting, that is, to deliver 
standard noise output. If standard noise output is not 
achieved, even at maximum gain, then maximum gain 
is used in lieu of standard gain. The output of the signal 
generator is then advanced until standard output is 
obtained from the receiver. The amount of this signal 
from the generator is then defined as the sensitivity of 

. the receiver. Thus there is provided a combined figure 

weighing both gain and noise. 
It is interesting to note how the various design vari-

ables show up in such a figure for sensitivity. Consider, 
for instance, two receivers that have the same maximum 
gain, but one of which has greater noise, due either to 1unnecessarily large bandwidth or to poor design of the  
input circuits. Standard gain for the second receiver will 
be lower, and thus a larger signal will be required to pro-
duce standard output. Of course, if greater bandwidth 
achieves a certain advantage from some other operating 
standpoint, this must be weighed separately against the 
poorer sensitivity. 
Note, however, that if these two receivers do have 

equally good input design, the difference being only in 
bandwidth, they will then be found to have equal noise 
figures. That is, when compared to hypothetical noise-free 
receivers of the same bandwidth, they are equally good. 
Yet, from a practical standpoint, they are not equally 
good when compared for the same type of service be-
cause one has a bandwidth unnecessarily large. Thus 
noise figure alone is not an adequate sensitivity specifi-
cation. 
If one of two receivers having the same input noise 

has insufficient gain to deliver standard noise output, 
this receiver will require a larger signal to produce 
standard output, and will thus properly be rated as a 
poorer receiver for the intended service. 

CONCLUSION 

Receiver sensitivity at the higher frequencies, where 
noise is a limiting factor, should be specified in terms of 
both the noise threshold and the over-all signal gain. 
This can be done by specifying two independent quanti-
ties, one, the noise figure, and two, the conventional 
I.R.E. type of sensitivity, involving an arbitrary normal 
test output. Alternatively, the two quantities can be 
joined in a combined sensitivity figure. 

APPENDIX 
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power in any receiver test is actually only a measure 
of the energy available to the receiver. It may be ex-
pressed either in terms of voltage which is applied in 
series with the source impedance, or in terms of the 
maximum power available, i.e., that power which would 
be delivered to the receiver if it were carefully matched 
to the source impedance. The relation between applied 
voltage and available power is the following (see Fig. 1): 

Pmsx = E,2/4R,  (8) 
where 
P..=available power 
E.= root-mean-square voltage from signal generator 
R,= resistive component of source impedance (in-

cluding both dummy antenna and signal gen-
erator).'2 

In order to illustrate the relative magnitudes of corre-
sponding power and voltage figures, Table I is presented 
for the familiar broadcast situation. 
The first factor pointing to the desirability of a shift 

from voltage to power definitions, as the higher frequen-
cies are reached, is the types of measuring instruments 
available. Signal generators up to 50 megacycles may 
use vacuum-tube voltmeters to measure the radio-fre-
quency voltage, but such voltmeters are generally not 
usable at higher frequencies. The next step is a crystal-
type voltmeter, which has been used in signal generators 
up to 1000 megacycles. Beyond 1000 megacycles, how-

" Any reactance which may be in the signal source does not enter 
in this power equation. 

TABLE I 

Root-Mean-Square Voltage 
in Series with Antennas 

(E,) 

Available Powers 

(Pans) 

Distant signal 

Mean signa 

Local signal 

Strong signal 

50 X10-6 volts 
(50 microvolts) 
5 X10-6 volts 

(5 millivolts) 
100 X10-6 volts 
(100 millivolts) 
2 volts 

25 X 10  watts 
(25 micromicrowatts) 
0.25 X10-4 watts 
(0.25 microwatts) 
100 X10-6 watts 
(100 microwatts) 
40 X10-4 watts 
(40 milliwatt 

ever, it has proved more expedient to use devices such 
as thermistors and bolometers, which are basically 
power devices since their operation depends upon a 
heating phenomenon. Another factor is that power is 
the natural measure for noise. If the equation for ther-
mal noise in (1) is converted to express available power, 
it becomes 

=  = knf.  (9) 

It is thus seen that the available noise power is inde-
pendent of the impedance level, Af being the prime con-
sideration. Finally, high-frequency propagation and 
transmission are calculated more easily on a power basis. 
With high-gain antennas, particularly those using re-
flectors, it is more convenient to talk of intercept areas, 
rather than effective heights, and thus to talk in terms 
of watts per square meter, rather than in volts per meter. 

" Listed in "Standards on Radio Receivers," 1938, p. 14. Institute 
of Radio Engineers. 
" For a frequency of 1 megacycle where R. for the standard 

dummy antenna is about 25 ohms. 

Balanced Amplifiers* 
FRANKLIN F. OFFNERt, SENIOR MEMBER, I.R.E. 

Summary—Push-pull impedance-coupled amplifiers have wide 
applicability in electronic instrumentation. Four gain factors are re-
quired to completely describe their performance. Of these factors, one 
should be large and the others as small as possible. These character-

istics are obtained by in-phase feed-back, applied properly. A num-
ber of circuits, suitable for various applications, are described. 

I. INTRODUCTION 

ALANCED push-pull impedance-coupled' ampli-
fiers have a wide applicability in electronic in-
strumentation. Among their uses are: differential 

input amplifiers with balanced output for bioelectric 
and other measurements; differential input stages for 
single-ended amplifiers; and phase inverters. In addi-
tion, such amplifiers frequently have advantages over 
single-ended amplifiers for low-frequency applications, 
since cathode and screen-grid by-pass capacitors may be 
eliminated, and power-supply impedance does not 
affect the frequency response. 
The amplification of a single-ended amplifier is given 

• Decimal classification: R363.23. Original manuscript received 
by the Institute, March 7, 1946; revised manuscript received, 
August 9, 1946. 

t Offner Electronics Inc., Chicago, Illinois. 
Impedance coupling as used here includes resistance, resistance-

capacitance, and choke coupling, but not transformer coupling. 

by a single parameter /./, the ratio of output to input 
voltage. Generally, µ is complex and a function of fre-
quency. In contrast, four gain factors are required to 
completely describe the performance of a push-pull 
amplifier. Of these, the first factor, the conventional 

0 
ea 

o's 

Fig. I—Generalized push-pull amplifier. 

differential gain, should be high, while the other 
factors, the in-phase gain, the inversion gain, and the 
differential unbalance, should be as low as possible. It 
will be shown that the desired characteristics are ob-
tained by the use of in-phase feedback. 

2. GENERALIZED THEORY 

A push-pull impedance-coupled amplifier is a six-
terminal network, with three input and three output 
terminals (Fig. 1). The input signal voltages e2 and el' 
are applied between terminals I, 2 and 3, 2, respectively. 
The output voltages e2 and e2' are developed between 
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.erminals 4, 5 and 6, 5. Four gain factors must be con-
ridered. These are most directly taken as: 

= e2/ 

=  el' 

= — e27et 

= — 

for 

for 

for 

for 

el' = 0 

el = 0 

= 0 

el = 0 

In a truly balanced amplifier, 14 = At, and -y =-y' In any 
rcal amplifier, this is never exactly true. 
To illustrate the significance of these factors, con-

sider the amplifier of Fig. 2. The amplification of the 
upper half of the amplifier is µ; that of the lower, 
There is no cross-coupling, and a signal applied at 1, 2 
will produce no output at 6, 5. Thus 7 =7' =O. 

0  

0  
Fig. 2—Push-pull amplifier without cross-coupling. 

If in the above amplifier a cathode-resistor bias com-
mon to the two tubes of each stage is used, in-phase 
degeneration will produce cross-coupling, and 7 and 7' 
will no longer be zero. 
Assuming a linear amplifier, the principle of super-

position gives the total output voltage as 

e2 = µet — -r'el'  (2) 

e2' = pei —  (3) 

New gain factors derived from those above are more 
easily interpretable in terms of amplifier performance. 

Differential Gain 

The differential gain of the amplifier is 

Go = (e2 — e2')/(et — es')  (4) 

for el' = —es. Substituting (2) and (3), 

Go =  +  ±  + 71).  (5) 

In-Phase Gain 

The in-phase gain of the amplifier is 

G, = (€2 + e2')/(et + et') 

for el' = ei. Substituting, 

Thus, if 1.4411' =7+7', the in-phase gain is zero. 

(6) 

G, =  —  +  — 7'.  (9) 

It is seen, therefore, that even though the in-phase 
gain is made zero, the inversion gain may be large. 
This is of importance in many applications of differential 
amplifiers. It will be shown later, however, that reduc-
tion of the in-phase gain by properly applied in-phase 
feedback will simultaneously reduce the inversion gain. 

Differential Unbalance 

The fourth gain factor, the differential unbalance 
G., gives the unbalance of the output when a balanced 
input signal is applied: 

G. = (e2 + e2')/ (e2 — es')  (10) 

for el= —e1'. 

3. GAIN FACTORS WITH IN-PHASE FEEDBACK 

In the generalized circuit of Fig. 1, in-phase feed-
back may be introduced.2 This is shown in Fig. 3, 
where voltage feedback from the 4, 6 output terminals 

0 ez 
0 

Fig. 3—Generalized push-pull amplifier with 
in-phase feedback. 

is introduced in series with the common input lead, in 
such phase relationship as to reduce the in-phase 
gain. The feedback voltage eb 

= 0e2 + #1 e2' 

In general, because of variation in components, (3 is not 
necessarily equal to [3'. Then 

ei= eo —  = eo — #e2 —  €2'  (12a) 

el' = eo' — eb = €0' — #e2—  (12b) 

and by (2) and (3), 

= µ(co — eo) —  (eo' — eb)  (13a) 

e2' = µ'(eo' — eb) — 7(eo — eb),  (131)) 

(7)  and 

Inversion Gain 

In general, if an in-phase signal is applied to the in-
put, a differential output signal will be obtained. This 
may be termed the inversion gain Gi of the amplifier: 

Gi  (e2 — e2)/(e1 -I- et')  (8) 
for el =es'. 

eb 

eb 

= #[µ(eo — eo) — 7'(€o' — eb)1 

+  — eb) — 7(eo — eb)] 
gmeo — 7'eo')  ir(m'eo' — 7e0)  

1 + P(A — 7') + IV& — 7) 
(14) 

1 The generalized amplifier of Fig. I may already contain in-phase 
feedback (as in Section 5 below). In this section the effect of adding 
in-phase feedback around an amplifier is considered irrespective as to 
whether it already had feedback of this type. 
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To calculate the gain factors for in-phase signals, put 

P(Ai — 7') +  — 7)  
=  eo.  (15) 
1 +13(n —  + rte — 7) 

In-Phase Gain with Feedback 

The in-phase gain with feedback, Gr', is obtained by 
putting the new input voltage eo=eo' for et =  in (6); 
and substituting e2 and e2' from (13): 

=- +  — 7 — 71) (eo — eb)/2eo 

CZ = G,/[1 + 13(ii — 7') -I- CA' + 7) 1. 
For 0=0' this reduces to 

= G,/(1  20G,)  (17) 

(16) 

which is similar to the familiar feedback equation. 

Inversion Gain with In-Phase Feedback 

The inversion gain with in-phase feedback, G.', may 
be calculated by a similar procedure, using equation (8): 

G/ =  —  — -6(e° — eb)/e0 

= Gi/[1  P(AL — 7') + 13'(•4' - 7)1-

For  =0', this again reduces to 

G,' = Gi/(1  2/3G,).  (19) 

Differential Gain with Feedback 

The differential gain with feedback, Go', is calculated 
from (4) by putting eV= —e0 for el'= —el; and sub-
stituting e2 and e2' from (13): 

Go' = Rti  7)(e0 — eb)  (12  7')(e0  eb)j/2eo 

Go' = i(ts +  + 7 + 7') — 101 - + 7 — 7')eo/eo 
GO ' = GO  ie b/  . 

Substituting eb from (14), with eo' = —eo; 

Go' = Go — iG,[0(1.1 -I- 7') — 13'(i4' -I- 7).1 

/ [1 -I- 13(ti — 7') -F  — 7)1. 

If (3=#', this reduces to 

Go' = Go — I3C.Gi/(1  20G,)  (22) 

and if fiGr>>1, this becomes 

Go' = Go - IG„Gi/Ge. 

Differential Unbalance with In-Phase Feedback 

The differential unbalance with in-phase feedback, 
G.', is obtained from (10) in a similar manner: 

G.' = [02 — 7)(e0 — eo) —  — 7')(eo  eb)1/2e0 

=  

= G. — Gee oleo  (24) 

G. — G,[0(14 -F 7') -  ± 7) 
/ [1 ± POI — 7') + 13'(/2' — 7)1.  (25) 

(18) 

(20) 

If /3=f1', this reduces to 

G.' = G. — W k./ [1 + 2l3Gd. 

If f3G,>> 1, this becomes 

March 

(26) 

G.' = 0 

and the output is balanced. 

4. DISCUSSION OF THE FEEDBACK EQUATIONS 

The general equations for in-phase gain and inversion 
gain with feedback, (16) and (18), show that G,' and 
G/ may be reduced to a low value by sufficient feed-
back, even though the amplifier and feedback circuit 
both be nonsymmetrical  #0/3'). This is 
of great importance in the design of differential ampli-
fiers, as it allows excellent input balance to be main-
tained with components of commercial tolerance. For 
example, in some bioelectric recording it is necessary to 
keep the inversion gain less than one-thousandth the 
differential gain. This can be achieved even though the 
individual tubes, resistors, etc., differ by ten or twenty 
per cent. 
Referring to (21) and (25) for Go' and G.', however, 

it is seen that the terms in 13 and /3' appear as a differ-
ence. Thus, an inequality between 113 and )3' will affect 
the differential gain and the output balance. 
Another possible effect of having 3 and (3' unequal is 

to make the amplifier unstable. Referring to (16), in 
an unsymmetrical amplifier 7' could be, for example, 
greater than A. Then, if )3 were large and 13' small, the 
denominator could become zero at some frequency, - 
and the amplifier could oscillate. However, if =i3' (17) 
shows that the expected phase relationships hold, the 
amplifier will be stable. A similar analysis applies to the 
other gain factors. Thus it is necessary that a satisfac-
tory degree of balance be held in the feedback circuit to 
insure stability. 

5. CHARACTERISTICS OF IDEAL FEEDBACK AMPLIFIER 

If the amplifier of Fig. 1 has a very large amount of 
(21)  in-phase feedback with 13=13', Gr=G;=G„ =O. That is, 

± /4' —  —  = 0 

IA - ± 7 - 
14' - 7 ± = 0. 

(23)  Solving simultaneously, 

= = 7'. 
If a signal is applied to the 1, 2 terminals, by (1a) 

and (1c), e2= —e21, and the amplifier may be used as a 
phase inverter. 

If a signal el is applied to the 1, 2 terminals, and el' to 
the 3, 2 terminals, and the output is taken from the 
4, 5 terminals, by (2) the output is proportional to 
el—el'. Thus the amplifier acts as a differential-input 
amplifier and may be followed by a single-ended ampli-
fier. In the latter example, an equal and opposite output 
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signal also appears at the 6, 5 terminals. The amplifier, 
; therefore, acts as a differential amplifier with balanced 

output. 

6. ILLUSTRATIVE EXAMPLES—CONVENTIONAL 
AMPLIFIERS 

Noncross-Coupled Push-Pull Amplifier 

In the amplifier of Fig. 2, 7 =7' = 0 as shown above. 
Due to variation in components, the amplifier will 
seldom be completely symmetrical, so 1.4 is rarely ex-
actly equal to es'. The differential gain is then, by (5), 
the average of the gains of the two sides: 

Go =  + te), 

and the in-phase gain is, by (7), equal to the differential 

gain: 

G. = i(th 

•The inversion gain is, by (9), 

G, =  — u' 

or just the difference in the gains of the two sides; and 
by (11), the differential unbalance is 

Gu = i(m — iil)• 

In a multistage amplifier IA and 1.4' may differ easily 
t by 50 per cent, so that Gi becomes of the same order 
I as Go. An amplifier, as shown in Fig. 2, is thus entirely 
t unsuited for differential use where there is any in-phase 
signal, or where the output must be balanced. 

* Phase Inverters 

The familiar two-tube phase-inverter circuit (Fig. 4) 
may be considered as a push-pull amplifier in which 

=0, since the number 3 terminal is not connected. 

Fig. 4—Conyentional phase inverter. 

But balanced operation (e2= --e2') is obtained, by (2) 
and (3), when µ=7. By (7), this requires that the in-
phase gain G,=0. By (9), the inversion gain is 

Gi =  + 7 = 2. 

This illustrates that balanced operation results if the in-
phase gain is zero and the amplifier operates by virtue 
of the inversion gain. G, is made zero by adjusting the 
tap on the grid resistor and balance is assisted by the 
in-phase feedback produced by the unby-passed cathode 
resistor. 

7. ILLUSTRATIVE EXAMPLES--IN-PHASE FEEDBACK 

In applying in-phase feedback, it is essential that the 

feedback be effectively introduced in series with the 
common input lead, as shown in Fig. 3. Otherwise, in-
version gain occurring before the point of introduction 
of feedback will not be cancelled. Thus, feedback intro-
duced in the second stage of an amplifier loses most of its 

value." 
To insure that the feedback will be effective over the 

full response range of low-frequency amplifiers, it is de-
sirable to employ only resistors in the feedback mesh. 
Both of these requirements have been met in the ampli-
fiers described below. 
One of the simplest methods of obtaining in-phase 

feedback is to employ a large cathode resistor in the first 
stage,* as shown in Fig. 5. Here, 0 =Rk/Rpi; (3' =Rk/Rp. 

Fig. 5—In-phase feedback from cathode resistor. 

With no cathode resistor ('y =7' =0), Gc=i(u-E u'). Thus 

G.'=1-(!L-1-1e)/(1 -1-14Rk/Rpi -1-µ'RkIRp2)• A typical elec-
troencephalograph amplifier had G, reduced from 60 to 2 
by use of a 60,000-ohm cathode resistor. 
Amplified in-phase feedback is used in the vibration 

amplifier' shown in Fig. 6. The input signal is applied to 
one input grid, and conventional inverse feedback to the 
other. The in-phase feedback insures symmetrical opera-
tion, and the well-known advantages of push-pull ampli-
fiers are obtained. 

Ft, 

Ft, 

Fig. 6—In-phase feedback Over three stages. 

The balanced output transformer has low reactance to 
in-phase signals, and R k3  is effectively the load for 
such signals. The signal across R53 is fed back to the 
first cathode through R b.  Then  = Rki/2Ro, and 
G,'=G.1(1-FG.Rmi/Ra). G. was reduced from 200 to 18 
with a moderate amount of feedback. Unbalance in 
the output transformer will make 0 OP', and the ampli-
fier may oscillate. 

Paul Traugott, aElectroencelographic design," Electronics, vol. 
16, p. 132: August, 1943; and W. M. Rogers and H. 0. Parrack, 
"Electronic apparatus for recording and measuring electrical poten-
tials in nerve and muscle," ['Roc. I.R.E., vol. 32, P. 738; December, 
1944: show in-phase feedback in the second stage only. 

4 S. N. Trevino and Franklin Offner, "An A.C. operated D.C. 
amplifier with large current output," Rev. Sci. Thar., vol. 11, p. 412; 
December, 1940. 

I Offner Electronics Type 134. 
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The feedback obtained in the circuit of Fig. 5 can be 
increased also by passing the screen current from the 
following stage through the cathode resistor (Fig. 7). It 
allows amplified in-phase feedback with only two stages, 
and improves the feedback ratio by about four times. 

Fig. 7—In-phase feedback using screen current. 

Another circuits for amplified in-phase feedback over 
two stages is shown in Fig. 8. As the source is returned to 
the second cathode, either the source or power supply 
must be ungrounded. Therefore, its use in bioelectric 
work is limited. 

E VVN.,- • 

RP2 

Fig. 8—In-phase feedback over two stages. 

In-phase feedback in the above circuits is from indi-
rectly heated cathodes. A portable vibration amplifier 

6 Franklin Offner, "Push-pull resistance coupled amplifiers," Rev. 
Sci. Instr., vol. 8, p. 20; January, 1937. 

with filamentary tubes uses the circuit of Fig. 9. The 
in-phase feedback is produced by the alternating-cur-
rent component of the plate current flowing through 
output-stage filaments. The potential produced is be-
tween the first stage filaments and ground, providing 
in-phase feedback. 

 Ih i   

B. 

V 

Fig. 9—In-phase feedbAck using filament tubes. 

8. CONCLUSIONS 

The addition of in-phase feedback gives push-pull 
amplifiers several desirable characteristics. The use of 
such amplifiers for special purposes is almost essential. 
For more conventional applications, where a single 
ended amplifier would usually be used, the improved 
performance and simplified design of the push-pull am-
plifier will frequently make its use desirable. Tubes such 
as the 12SC7, 12SL7GT, and 12L8GT require the us of 
but one tube per stage. Thus, a push-pull amplifier will 
frequently have a smaller total volume of components 
than a single-ended, and will have superior performance. 

Test Equipment and Techniques for Airborne-
Radar Field Maintenance* 

E. A. BLASIt, SENIOR MEMBER, I.R.E., AND GERALD C. SCHUTZt, MEMBER, I.R.E. 

Summary—The scope of this paper covers the various testing 
methods, techniques, and equipment that are used for the field main-
tenance of airborne-radar systems. Techniques used in the measure-
ment of frequency, power, and receiver sensitivity are outlined, as 
well as measurements of performance characteristics peculiar to 

airborne-radar equipment. The specially designed instruments re-
quired for field maintenance and the unique procedures devised to 
accomplish the measurement of radar performance characteristics 
for optimum radar performance are described. Special emphasis is 
directed to the application of special test equipment, such as echo 
boxes, directional couplers, and signal generators, for maintenance 
of microwave radar equipment. 

I. STATEMENT OF THE PROBLEM 

CONVENTIONAL airborne-radar system con-
sists of an antenna, transmitter, receiver, indi-
cator, modulator, and power supply. To de-

termine whether such a system is not only functioning 

• Decimal classification: R537.4. Original manuscript received by 
the Institute, January 18, 1946; revised manuscript received, April 3, 
1946. Presented, 1946 Winter Technical Meeting New York, N. Y., 
January 25, 1946. 

t Aircraft Radiation Laboratory, Wright Field, Dayton, Ohio. 

properly but in most cases at optimum performance, it 
is necessary to perform the following tests: 
(1) Over-all system performance 
(2) Transmitter frequency and power output 
(3) Receiver sensitivity and local-oscillator frequency 

and power output 
(4) Standing-wave ratio of the transmission line 
(5) Erequency pulling of the magnetron 
(6) Transmit-receive recovery time and receiver 

bandwidth 
(7) Spectrum analysis of a transmitted pulse 
(8) Pulse amplitude, time, and time-delay measure-

ments 
(9) Range and rate calibration. 

It is evident from the above list that new techniques 
had to be devised and new instruments developed to 
make such techniques possible. Too often, and this 
cannot be too greatly stressed, the problem has been 
to design field-type instruments which not only 
possessed intrinsic electrical characteristic comparable 
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to instruments meeting stringent laboratory require-
ments but also the design had to incorporate the rigid 
requirements encountered under rugged field condi-
tions. The designers were always faced with the prob-
lem of simplifying complex testing procedures and re-
ducing the number of operating steps to an absolute 

minimum. 

orrtiNto 

10AD 
EAPAC 'TOO - 

OVEO 
WW1 

[NANO! 4' 
CAN 81 PCPAITO 

0, put 

PATCH COPIA  Calm o'er 

  meoir 
ANTENNA 

mAt  er5Ow.* 
UP7STAL I CA M V 

xult-141111C, 

„A N,* 

I N•rwao 

mdir 
COUPLING 

initoNG 

Fig. 1—Echo-box functional schematic diagram. 

At the initiation of the microwave radar program, 
the only types of test sets available were those designed 
for production testing slightly modified for field use. 
Much of the test equipment was bulky and heavy. As 
soon as these test sets were introduced into the theaters 
of operation, the following disadvantages evolved: 
(1) There were no trucks available to field main-

tenance personnel with which to haul around heavy 
test gear. 
(2) Maintenance often had to be done under black-

out conditions. 
(3) The airplanes in the theaters of operation had to 

be camouflaged and kept well dispersed. 
(4) Radar system in airplanes (including the B-29 

Superfortress) were invariably installed in inaccessible 
locations. 
In view of these disadvantages, an intensive design 

and development program was initiated. In the first 
place, the testing procedure for airborne radar systems 
was divided into two categories: (1) preflight or 
squadron testing, and (2) maintenance or depot testing. 
For preflight testing, light-weight and preferably pas-
sive-type instruments were developed and furnished in 
small packaged units. The heavier and bulkier instru-
ments which were primarily intended for depot bench 
testing were designed to be as small and lightweight as 
possible, so that when necessary they could be easily 
transported by field maintenance personnel to airplane 
installations. The size, weight, and form factor of each 
test set was given careful consideration so that the in-
strument could be fitted into inaccessible airplane loca-

tions. The test points of the radar systems were standard-
ized to facilitate field measurements and testing. 

II. THE TEST EQUIPMENTS 

The desirable types of test sets for squadron use are 
those of the passive type; that is, those not requiring 
any power, either alternating-current or battery. How-
ever, this was not at all times possible. Of course, the 
primary requirement was that the squadron test sets be 
lightweight and small. Inasmuch as the process of 
elimination was usually followed in shooting trouble, 
the following order of tests was considered desirable: 
(a) Over-all system performance. 
(b) Transmitter power output, frequency, and spec-

trum analysis. 
(c) Frequency and power output of the receiver local 

oscillator. 
The over-all performance of a radar system is usually 

determined by an echo box. This device is a passive-
type instrument and consists of a high-Q cavity, recti-
fying-crystal unit, tuning mechanism, and an indicating 
meter. (See Fig. 1.) The Q of the cavity usually ranges 
between 40,000 and 250,000, depending on the fre-
quency spectrum to be covered. The cavity must be 
free of all spurious modes and reasonably flat in ring-
time and through-transmission characteristics over the 
frequency band. A piston is moved in and out of the 
cavity, causing the cavity to be tuned over the fre-
quency spectrum. The frequency dial is sufficiently 
geared down to allow spectrum analysis of radio-fre-
quency pulse. The cavity is started into oscillation by 
means of the transmitted pulse, with oscillations build-
ing up as shown in Fig. 2. The oscillations die out 

RADAR 
RIASE 

R/AIC TIME - al 

1 
1 

Fig. 2—Relation of radar pulse and ringtime. 

gradually after the radar pulse has ended. During this 
interval, part of the stored energy is dissipated in the 
cavity and part is reradiated from the dipole or into 
the directional coupler. Some of this reradiated energy 
is passed into the radar antenna and then to the re-
ceiver. This causes a trace to form on the indicator of 
the radar system. During this period the cavity is said 
to be ringing. The ringtime is measured from the end 
of the radar transmitter pulse to the end of the signal 
reradiated from the cavity. The reflected signal is con-
sidered ended where the amplitude disappears into the 
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noise background. Therefore, it is apparent that the 
ringtime is dependent upon the transmitter power and 
the level of the noise in the receiver. 
The echo box is an ideal passive-type instrument for 

squadron use. However, it has limitations in that the 
decibels per microsecond, when reading the ringtime 
on a radar scope, are rather large. In other words, the 

Fig. 3—Simplified thermistor-bridge circuit. 

trace on the radar scope will have to be read to a tenth 
of a mile or better. A difference of a tenth of a mile in 
ringtime is equal to a difference of about 4 decibels in 
over-all performance of a radar system, which is about 
26 per cent difference in range. Another limitation is a 
production factor. Echo boxes require very close machin-
ing tolerances and involve numerous other production 
problems which tax the production engineers, especially 
when it is attempted to construct all the boxes on a 
production run within very close limits of performance. 

%NEE BA-JO CELLS I 

Fig. 4—Temperature-compensated thermistor bridge circuit. 

The power output of a radar system is usually meas-
ured by means of a thremistor-type power-meter bridge 
circuit. A thermistor is a device which changes its re-
sistive properties with changes in temperature. It has 
a negative resistance versus temperature character-
istic. The thermistor is placed in a radio-frequency 
chamber, and at the same time, forms one leg of the 
bridge circuit. The bridge is balanced by means of 
direct-current power. When radio-frequency energy is 

inserted in the chamber it heats up the thermistor, 
which in turn causes the bridge to unbalance. Cali-
brated radio-frequency attenuation, in the form of loss-
cables or resistive-material insertions, is used for ex-
tending the range of the thermistor power meter. In-
asmuch as the bridge is influenced by ambient-tempera-
ture effects on the thermistor, the instrument has been 
designed with temperature compensation. Tempera-
ture compensation is usually accomplished by means 
of one or two additional thermistors placed in the cir-  d 
cuit to compensate for bridge sensitivity and zero drift.  I 
Fig. 3 shows a simplified thermistor-bridge circuit, 
while Fig. 4 shows a temperature-compensated ther-
mistor bridge circuit. The limitation of such a device 
is that it is not a passive-type instrument. That is, some 
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Fig. 5—Frequency-meter schematic. 
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form of direct-current power, either battery or other-
wise, must be furnished in order to operate the bridge. 
Frequency meters used in measuring either trans-

mitter or local-oscillator frequency are either of the 
coaxial or cavity type. Most of the instruments operate 
in the Teo' mode and, depending on the Q required, can 
be designed either with one segment or with several 
segments each a quarter wave in length. The desigrr 
can be either of the transmission type or absorption 
type. The absorption type is generally more sensitive 
than the transmission type, as more energy is absorbed 
in the cavity when it passes through a transmission-type 
frequency meter. A plunger moves in and out of the 
cavity, effecting the tuning of the instrument. The 
design must be such that the instrument is free of 
spurious modes. Frequency meters can be designed to 
be temperature-compensated. However, the calibra-
tion is affected not only by expansion and contraction 
of the metal cavity, but also by the effect of tempera-
ture and humidity on the dielectric (air). The mechan-
ical drives are of the micrometer type, and take-up 
must be used for resetting accuracies. The absolute ac-
curacy of an average field-type instrument is +3 mega-
cycles at frequencies from 3000 to 10,000 megacycles 

1 
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and only on certain frequencies for radar beacon pur-
poses, it is made better than +3 megacycles. The 
,frequency-meter dial can either be made to be direct-'reading, or a calibration chart can be furnished with 
each instrument. Fig. 5 shows a typical field-type fre-
quency meter. 
' Before proceeding to describe some of the other test 
sets, it is desirable at this point to discuss the direc-
tional coupler. This device is one of the best means 
devised for making measurements in a radar system. 
It permits the measurement of power flowing in either 
direction in a transmission line and also provides a 
calibrated means of coupling in or out of a radar trans-
mission line. 
Fig. 6 illustrates a wave-guide directional coupler in 

its simplest form. The unit is inserted as a section of 
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Fig. 6—Showing operation of directional coupler. 

I 

the radar transmission line. The auxiliary wave-guide 
section is permanently fastened and made a part of the 
, inserted wave-guide section. The auxiliary guide is 
. coupled to the main transmission line through two small 
i holes, A and B which are one-fourth wavelength apart. 
' The degree of coupling or coupling loss is controlled 
by the sizes of the two small holes. Inasmuch as there 
I are two holes spaced one-fourth wavelength apart, the 
coupler attains directional properties. This can best 
I be described if it is considered that a direct wave, rep-
resented by the solid line, is traveling from the radar to 
the antenna. Small and equal amounts of energy enter 
the auxiliary guide through holes A and B. The energy 
will divide itself through each hole and travel in both 
directions. The energy traveling towards the test con-
nector from the two holes will travel over the same 
distance, and therefore will add at the test jack. On the 
other hand, the energy passing through hole B and in 
the direction of the termination will have traveled one-
half wavelength more than the energy passing through 
hole A. The two components, therefore, will be opposite 
in phase and will cancel. 
In the case of the reflected wave, the two components 

traveling towards R will add, and the energy is dis-
sipated in the absorbing material. The components 

traveling towards the test jack will be opposite in 
phase and therefore cancel. The directional coupler of 
Fig. 6 can be completely reversed with respect to the 
position of the antenna and the radar, and it would 
then be possible to measure reflected power instead of 
direct power. Some radar systems have been equipped 
with bidirectional couplers. A bidirectional coupler is a 
section of transmission line which has two auxiliary 
guides on opposite sides of the transmission line. The 
auxiliary guides are such that one measures direct power 

while the other measures reflected power. This is con-
venient for making standing-wave measurements in the 
transmission line. The test jack on the directional 
coupler is also used for applying a test signal from a 
signal generator to the radar receiver. 
The test sets described above constitute a good work-

ing list of test equipment items generally used for 
squadron field radar maintenance. The depot-type in-
struments not only perform the tests that are accom-
plished at the airplane squadrons but in addition per-
form tests that complete the measurement of radar sys-
tems at repair deposits. Below is an outline of tests 
performed at a depot: 
(a) Over-all system performance. 
(b) Transmitter power output, frequency, spectrum 

analysis, and frequency pulling. 
(c) Receiver sensitivity, frequency and power output 

of local oscillator, bandwidth, and recovery time. 
(d) Measurement of pulse amplitude, pulse width, 

time delay, range calibration, and range-rate 
calibration. 
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Fig. 7—Signal-generator functional block diagram. 

A signal generator is used to measure receiver sensi-
tivity. Microwave signal generators incorporate, as an 
integral part, a frequency meter and power meter 
similar to those already described. Fig. 7 shows a func-
tional block diagram of a typical microwave signal 
generator. In addition to the frequency and power-
measuring circuits, it will be noted that there is in-
cluded super-high-frequency oscillator, multivibrator 
circuits, regulated power supply, attenuator pad, cali-
brated attenuator, and rectifying-crystal circuit. In 
measuring transmitter frequency and power, the energy 
is fed into the radio-frequency jack. A 35-decibel at-
tenuator pad is switched out, and only the calibrated 
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attenuator is used in conjunction with the power meter. 
The power meter is set to a level of 1 milliwatt and the 
power level is read in decibels above 1 milliwatt (DBM) 
on the calibrated attenuator. The reason for the at-
tenuator pad is that normally less than 35 decibels 
above 1 milliwatt is required for measuring transmitter 
power levels encountered in airborne radar systems; 
and more than —35 decibels below 1 milliwatt is re-
quired for making receiver sensitivity measurements. 
For frequency measurements, the frequency-meter dial 
is tuned until a dip is indicated in thepower level in-
dicating meter. 
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In making measurements at test-bench setups, it is 
usually handy to have a suitable load for terminating 
the radio-frequency section of a radar system. A radio-
frequency load provides an excellent and well-matched 
termination. Also, it prevents spreading interfering 
radio-frequency radiation, which is objectional wher-
ever there are more than one test-bench radar setups in 
a repair depot. Then, too, because of security reasons, 
precautionary measures must be taken in order not to 
spray too much radiation at bases of operation. The 
radio-frequency load is a relatively simple device, con-
sisting of a section of wave guide packed with absorb-

5k 4/AL 
ATTENOATOR 

• n:vdroup• 

2 OS SU M 

SASNAL ISLTAST 
ANRLIPER 

4",410 574411 
M AIM MISIr 44•40=1.) AIMS! ZO CW414 

to 4 MIVAGMLIS 

SASNAL CAIANNEL 

CONTROL 6,10 

CATHODE 

POLA Mr r 

RTYER5/Ni 
vt re if 

W IER 

ANODES 

virricAL DEFLECTING a Arts 
fforizoNTAL  tcnn* 
PLATES 

  bn 
SIINNTN 

-44o 
SS 

rays 

STA RT-STOP 
S WEEP GENERATOR 

JL/L 1A 
S WEEP SELECTOP 

SAWTOOTN SWEEP GENERATOR 

SWEEP COANNEL 

75 

SWEEP 

4PAYi nf 

4,404 
.4414, " at 

- - - 

ELECTO 
STAN 

[REIN 

CATHODE 
RAY 
TUBE 

AORADA6 LiN,No5 

Fig. 8—Block diagram showing function and relation of oscilloscope components. 

In making receiver sensitivity measurements, the 
super-high-frequency oscillator is turned on and set 
at continuous-wave operation. The super-high-fre-
quency oscillator probe is coupled into the wave guide 
until the power-measuring level reads 1 milliwatt. 
Actually, the super-high-frequency oscillator is deliver-
ing 2 milliwatts, as the power entering the wave guide 
divides evenly in both directions: 1 milliwatt to the 
power-measuring thermistor and 1 milliwatt to the 
radio-frequency output jack before passing the pad 
and the attenuator. The frequency of the super-high-
frequency oscillator, of course, can be set by the fre-
quency meter. After these preliminary adjustments, the 
super-high-frequency oscillator is switched either to 
pulsed or frequency-modulated operation. There are sev-
eral ways in which the signal generator can be pulsed 
and, for this reason, an external modulation jack is fur-
nished on the test set. For frequency-modulation opera-
tion a sawtooth wave is used for modulating the signal 
generator. This causes a signal to sweep across the band-
width response of the radar receiver. The crystal circuit, 
along the test-set wave guide, serves a useful purpose 
in eliminating the necessity for a synchronizing cable 
connection between the radar system and the test set. 

ing material. Sufficient radiating fins are attached for 
dissipating heat. The radio-frequency absorbing ma-
terial is so packed as to render tize radar transmission 
line with a good termination. 
In radar maintenance work an oscilloscope with 

good bandwidth characteristics is extremely important. 
The instrument must incorporate start-stop sweeps 
and be fast enough to view extremely short pulses. Fig. 
8 illustrates a block diagram of an oscilloscope used in 
field-maintenance radar work. It will be noted that 
provision has been made so that the sweep circuits will 
trigger off on input video signals. The signal-channel 
attenuator has been calibrated so that pulse voltages 
can be measured over a range of better than 80 decibels. 
Provision is also made on such an oscilloscope for con-
necting a pulse voltage directly to one of the vertical 
plates. Accurate timing pips can also be connected 
directly to the grid of the cathode-ray tube. The input 
to the vertical signal channel can be made either high 
or low impedance. 
The I-microsecond delay network is designed to de-

lay the signal pulse and move it into the visible por-
tion of the sweep on the cathode-ray tube. The delay 
network provides another feature when improperly 
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terminated. The mismatch in impedance causes a sharp 
change in voltage to be reflected at the ends of the 
delay network. Successive reflections recur at 1 micro-

second intervals owing to the round-trip travel time in 
the network. These reflections serve as timing impulses 
up to about 10 microseconds. In this manner, the fast 
sweep on the oscilloscope can be calibrated. 
In measuring large-amplitude pulse voltages, a volt-

, age divider is used. This device has step-down ratios 
of 10:1 and 100:1. Fig. 9 shows a schematic diagram, 
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Fig. 9—Schematic diagram of voltage divider. 

the circuits of which are simple combinations of series 
capacitors connected as a voltage divider. The resistors 
are placed across the output as bleeders to prevent 
high voltages from being built up. The resistor in the 
clip end of the high-voltage input cable is used to damp 
out parasitic resonance effects. 
For range and range-rate calibration measurements, a 

precision range calibrator is used. This device is crystal-
controlled and is accurate to 1/10 of 1 per cent. The 
output of this device is a continuous string of marker 
pulses accurately spaced 1500 feet apart. Simultane-
ously, a synchronizing pulse is furnished at pulse repeti-
tion rates usually encountered in radar bombing and 
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Fig. 10—Range calibrator—block diagram. 

gun-laying systems. The marker and synchronizing 
pulses are continuously phaseable by means of a sine-
wave phase shifter. Fig. 10 shows a simple block dia-

gram of the range calibrator, and Fig. 11 shows a simpli-
fied schematic diagram of the phase shifter. The phase 
shifter requires a special continuously variable potenti-
ometer. A 1/10-second-timer stop watch is furnished 
with each calibrator for range-rate measurements. 
The list of test equipment items described and out-

lined above is not by far the total number of different 
types of field-maintenance instruments developed dur-
ing the course of the war. However, the more significant 
items have been discussed, those which played the most 
important role in the testing and maintenance of air-
borne radar systems. 
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Fig. 11—Phase shifter—schematic diagram. 

III. RADAR SYSTEMS TESTING TECHNIQUES 

The requirements for frequency determination in 
microwave radar are relatively stringent. It is neces-
sary in many cases to determine frequency accurately 
to one part in approximately ten thousand. However, 
this is an objective which has merely been approached 
in field-type frequency meters. In actual practice it is 
possible to obtain accuracies of three to five parts in 
ten thousand under ideal conditions with the type of 
field instruments described previously in this paper. 
The primary use of the frequency meter is to adjust 

the local oscillator of the radar set to a frequency re-
moved from the transmitting frequency by an amount 
equal to the intermediate frequency of the radar re-
ceiver. Since the bandwidth of the receiver varies be-
tween 0.03 and 2.00 per cent of the transmitter fre-
quency, depending upon the particular radar set, it is 
extremely important to be able to adjust the local 
oscillator accurately. 
On those radar sets which employ a second local oscil-

lator to utilize the receiver for beacon operation, it is 
necessary to adjust this beacon local oscillator to a fre-
quency removed from the beacon frequency by the 
intermediate frequency of the particular radar set. 
Since the absolute value of the beacon frequency is 
held to two parts in ten thousand and the bandwidth 
of the receiver is the same as before, the importance of 
making accurate frequency measurements reasserts 

itself. 
It is necessary in some of the gun-directing radars, 

operating at approximately 12 centimeters, to stagger 
the operating frequencies in order to eliminate the 
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interference that would occur if all of the airplanes in 
one squadron had gun-directing systems operating at 
the same frequency. However, the accuracy require-
ments for fixing the operating frequency of these sys-
tems with a frequency meter are not as stringent as 
those previously mentioned, being in the neighborhood 
of four parts per thousand. It is interesting to note here 
that the maximum number of airplanes equipped with 
automatic gun-directing radars which can be flown 
effectively in any one formation is dependent, among 
other factors, upon the accuracy of the frequency 
meter used to stagger the operating frequencies. 
There have been assigned some very specific fre-

quency bands for the operation of different types of 
radar sets. It is therefore necessary to utilize a fre-
quency meter to ascertain whether or not the radar 
transmitter under test is operating within the band 
assigned to it. On systems using a fixed-tuned oscil-
lator, such as a magnetron, it is necessary to replace the 
tube if it is found to be operating out of the band. On 
the tunable types it is a simple matter to readjust the 
frequency. 
While, from an interference standpoint, it is not too 

important in most cases to remain inside the allocated 
band, it is very important with respect to system effi-
ciency to do so, since most of the radio-frequency com-
ponents have a band-pass characteristic which is 
limited very nearly to the allocated frequency band. 
The accuracy requirement for this type of measure-
ment is relatively low, being in the neighborhood of 
one half of one per cent. 
A radar-type frequency meter, in order to be able to 

detect local-oscillator power, must be able to give a full-
scale deflection for at least 1 milliwatt. It is usually 
necessary to couple the instrument very loosely from 
the system for a transmitter frequency measurement. 
Determination of the local oscillator frequency usually 
can be accomplished by removing from its holder the 
rectifying crystal which serves as the first detector, and 
inserting a small probe in its place to sample the energy 

there. 
It may be noted here that the required accuracy for 

the adjustment of the frequency of the local oscillators, 
namely 0.01 per cent, cannot be met with existing fre-
quency meters, which at best are no better than 0.03 
per cent. It is, therefore, necessary to use the frequency 
meter to obtain a rough adjustment and then make the 
final adjustment using either a true or a simulated 
signal. In adjusting the frequency of the simulated 
signal from a signal generator to that of the transmitter, 
a high degree of accuracy can be obtained by adjusting 
the frequency meter to the frequency of the trans-
mitter and, then leaving this setting on the meter fixed, 
adjusting the frequency of the signal source to that of 
the meter. Thus, the only error involved will be that 
due to observation on the part of the operator. 
The most satisfactory method for coupling a power 

meter into the transmission line of a system has been 
through the use of a directional coupler (see Fig. 12). 

In practice, the coupling loss of this device varies 
from 20 to 35 decibels, depending upon the system, and 
is held to an over-all accuracy of plus or minus 0.5 
decibel, this variation mainly being a function of the 

frequency over the operating band. 
The milliwatt is a convenient reference level that 

has been used as a basis for both power and receiver-
sensitivity measurements. Thus, power levels are ex-
pressed as so many decibels based on a milliwatt. In 
practice, a power meter is usually connected to the 
system through a directional coupler and a section of 
flexible, coaxial cable or wave guide. Both the direc-
tional coupler and the cable are calibrated at the fac-
tory and the amount of attenuation marked thereon in 
decibels. To make a power measurement, the variable 
attenuator on the power meter is then adjusted until a 
power level of 1 milliwatt is indicated, and the total 
attenuation, including the reading of the variable at-
tenuator, the cable, and the directional coupler, is then 
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Fig. 12—Showing method for connecting microwave 
power meter to radar system. 

the number of decibels above 1 milliwatt. On the direct-
reading type of power meters, fixed attenuator pads are 
substituted for the variable, and the power level ex-
pressed in decibels above 1 milliwatt is indicated 
directly on the meter of the instrument. 
The most favorable accuracy figure that has been 

obtained for the power measuring system just described 
is approximately ±0.75 decibel. Since the total error 
is a function of several independent errors that bear no 
relation to each other, either in magnitude or direc-
tion, it is not possible to evaluate the exact amount of 
error that will occur in all cases. However, the maximum 
error can be calculated if it is assumed that all of the 
individual errors occur in the same direction and are at 
their maximum value. Then, by using a probability 
law, it can be shown that in 93 per cent of all cases the 
probable error will be less than 50 per cent of the total 
error. This is the figure which has been used for indicat-
ing the probable accuracy obtainable on any measuring 
system employed in servicing airborne-radar systems. 
An example of this type of calculation for the power-
measuring system described is as follows: 
Maximum allowable error in power meter 
Maximum allowable error in directional coupler 
Maximum allowable error in cable 

±0.5 decibel 
+ O. 5 decibel 
+0.5 decibel 

Maximum allowable total error  ± 1.5 decibels 

Thus it can be seen that the probable error for 93 per 
cent of all cases is ± 0.75 decibel. This figure does not 
allow for the error due to the aging of cables. 
Receiver sensitivity measurements have proved to be 
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ne of the most difficult of all field tests. The probable 
) reason for this difficulty has been the necessity for de-
li pending upon the operator's skill and judgment in any 
) test procedure that could be evolved. 
As stated previously, the milliwatt has been adapted 

as the standard reference level for this type of measure-
ment, the criterion being the power level expressed in 
decibels above 1 milliwatt necessary at the input of 
the receiver to obtain a minimum discernible signal 
above the noise on an A-type oscilloscope connected to 
the output. It has been found that a figure of —90 
decibels below 1 milliwatt would indicate a fairly satis-
factory receiver in a typical 5-megacycle-bandwidth 

airborne-radar system. 
Many attempts were made to evolve a testing pro-

cedure that would be applicable for field use and still 
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Fig. 13—Connections for making receiver sensitivity test. 

give consistent results. The procedure finally accepted, 
while not being completely satisfactory, is indicated by 
the block diagram in Fig. 13 and consists of the follow-
ing: 
The signal generator is connected to the system 

through a cable and a directional coupler, and the 
signal generator is adjusted to give a frequency-
modulated signal of approximately +10 megacycles 
about the frequency of the transmitter. The peak energy 
level of the signal is established at 1 milliwatt, and pro-
visions are made in the instrument for synchronizing 
the sweep of the frequency-modulated signal with the 
transmitted pulse from the radar system. A fast-sweep 
oscilloscope, such as a synchroscope, is connected to 
the video output of the receiver, and its sweep is also 
synchronized with the transmitted pulse. The receiver 
is then manually tuned to the transmitter frequency 
and its gain adjusted to obtain a deflection from the 
noise on the oscilloscope which is approximately 25 per 
cent of its saturation value. The signal will appear on 
the screen of the scope as a series of pulses, the shape 
of which is a function of the band-pass characteristic 
of the receiver and the time duration of which is a func-
tion of the time required for the frequency of the signal 
to vary over its ± 10-megacycle range. Fig. 14 illus-
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trates a train of responses. Provision is usually made in 
the signal generator to vary the phase of the signal, i.e., 
the time duration between the start of the transmitter 
pulse and the start of the signal, so that the signal can be 
phased beyond the recovery time of the receiving 

system. 
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Fig. 14—Receiver-response characteristics, class-A 
oscilloscope presentation. 

The calibrated variable attenuators on the signal 
generator are then increased, at the same time that the 
phase control is manipulated to vary the position of 
the signal about a given point, until the signal is just 

barely visible in the noise on the oscilloscope. The 
attenuator values are then noted, and the total attenua-
tion is determined by the addition of the different losses 
in the measuring system. The resultant figure is an 
indication of the receiver sensitivity expressed in 
decibels below 1 milliwatt for a minimum discernible 
signal. An example of a typical receiver sensitivity 

measurement is as follows: 
Signal-generator attenuator reading  63.5 decibels below 1 milliwatt 
Cable  2.8 decibels 
Directional coupler  25.2 decibels 

Total  91.5 decibels below 1 milliwatt 

This total indicates that the sensitivity of the re-
ceiver is such that it is necessary that a signal intensity 
of —91.5 decibels below 1 milliwatt be available at the 
input to the receiver in order that a minimum discern-
ible signal occur at the output. 
The automatic-frequency-control operation can be 

checked very simply at this point by increasing the 
signal generator output until the signal is about twice 
the noise amplitude. After it is ascertained that the 
receiver is manually tuned so that it is at an optimum 
sensitivity and bandwidth point, the receiver is then 
switched to automatic-frequency-control operation. If 
the image on the oscilloscope remains stationary, the 
automatic-frequency-control circuit is adjusted satis-
factorily. However, if the signal changes in phase or 
amplitude, the circuit is adjusted for some frequency 
other than optimum, and can easily be readjusted at this 
point to obtain the required performance characteristics. 
The errors which occur in this type of measurement 

are relatively large, primarily because of the fact that 
the basis of measurement depends upon the vision and 
judgment of the operator in determining at what point 
the signal is just "barely visible." It has been found 
that readings between two skilled operators may vary 
as much as 3 decibels and at best are seldom better than 
1 decibel from absolute agreement on the same radar 
system and using the same instrument. 
A second source of error exists in the signal generator 

which, because of its complexity, is relatively less ac-
curate than the power meter. An optimistic figure for 
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the probable accuracy of the signal generator and its 
associated connecting cable is +2.0 decibels, disre-
garding the aging effect in the cable. 
It may be concluded, therefore, that the best probable 

agreement between receiver sensitivity measurements 
made on the same microwave radar set will not be much 
better than +3.0 decibels. Of course, it is true that, 
under laboratory conditions and using special labora-
tory test equipment, this accuracy figure can be greatly 
improved. However, the complexity and size of the 
equipment necessary, together with the complexity of 
the procedures involved, prohibit application for field 
use. 
An attempt was made to divide this over-all receiver 

test into a converter, radio-frequency, and video test, 
respectively. It was found that, in order to simplify the 
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Fig. 15—Receiver-recovery characteristics, class-A 
oscilloscope pattern. 

testing procedure for this type of tests, it was necessary 
to add a number of test-point jacks which necessitated 
an undesirable increase in size and weight of the basic 
radar equipment. 
A very simple test of the recovery time of the receiv-

ing system can be made with the previously indicated 
setup for receiver sensitivity. The signal generator is 
adjusted for pulsed operation at the transmitter fre-
quency, and its signal is adjusted to obtain about a 3 
to 1 ratio between signal and noise. If the signal 
generator is unsynchronized from the radar set by an 
appropriate control on its panel, a pattern will appear 
on the oscilloscope, as shown in Fig. 15 due to a com-
bination of the unsynchronous pattern, and the re-
covery time of the system. 
It was planned that the new lightweight equipment 

would be used primarily at the airplane for making 
tests in determining what component of the system 
(i.e. transmitter, receiver, indicator, synchronizer, etc.) 
was in need of maintenance, and, if a simple adjustment 
could not testify the trouble, the faulty component was 
to be removed to the radar shack where it would be 
thoroughly "gone over." Reports of extremely adverse 
operating conditions, however, indicated the need for a 
very simple and lightweight instrument that could be 
used to indicate the over-all performance condition of 
a radar system. This instrument could then check the 
operation of a system before a flight to ascertain its 
condition. 
The echo box seemed to fit this requirement most 

favorably, and it was found to be one of the most useful 
of all of the instruments designed to be used at the air-
plane. 
To use the echo box for an over-all test, it is con-

nected to the system through a cable and directional 

coupler in the transmission line. The instrument is 
then tuned to the frequency of the transmitter by ob-
serving a peak in the transmission-current indicator on 
the box. The receiver is then manually tuned to the 
signal from the echo box, and the resulting ringtime is 
observed on the radar indicator and determined ac-
curately as to its duration by a range marker or gate 
if the radar system is so equipped. Fig. 16 shows ring-
time patterns of three types of indicator presentations. 
It will be noted that the flat top on the class-A presenta-
tion of the transmitted pulse is due to receiver satura-
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Fig. 16—Ringtime patterns. 

tion on relatively strong signal levels. The indicated 
trace then slopes downward into the noise, more com-
monly known in radar terminology as "grass." 
This instrument is also capable of making numerous 

other tests such as determination of the frequency 
spectrum of the transmitted pulse, determination of fre-
quency pulling of the oscillator due to defective rotary 
joints in the transmission line, and adjustment of the 
transmit-receive and antitransmit-receive components. 
For spectrum analysis the echo box is tuned to the trans-
mitter frequency and simultaneous readings are taken 
of the transmission current in the echo box and indi-
cated frequency for small intervals about the frequency 
of the transmitter. Fig. 17 shows a spectrum pattern as 
determined by an echo box. Frequency-pulling measure-
ment, made possible by the high Q, is determined by 
tuning the echo box to the transmitter and then rotat-
ing the antenna or manipulating the suspected part of 



I 1947 the transmission line until a decrease in ringtime is 
noted. Then, by retuning the echo box to obtain the 
initial ringtime, the amount of pulling is indicated by 

t the extent of the frequency retuning required. 
• This instrument is also very convenient for adjust-
i ing the transmit-receive and antitransmit-receive cavi-
ties. Since the ringtime is a function of both trans-
mitter power and receiver sensitivity, it is possible to 
obtain an optimum setting from an over-all performance 
standpoint by merely adjusting the transmit-receive 

rv/WPID  0/At  .1177MG runinG  DIAL 5C177,10 

(a) 

run,tvG  DIAL  JErruYG 

(b) 

TIMING  DIAL  SZT77/YG 

(c)  (d) 

Fig. 17—Spectrum analysis. (a) Good spectrum; (b) fair spectrum; 
(c) poor spectrum; (d) poor spectrum. 

cavity for maximum ringtime. Fig. 18 illustrates the 
method by which such an instrument can be used to 
detect slow recovery time in a radar receiver. Fig. 19 
illustrates a method of detecting magnetron double-
moding in the transmitter. 
There have been many divergent opinions on the 

relative merits of making a standing-wave test on the 
transmission line of a microwave radar system. No 
attempt will be made to justify any of these opinions 
in this paper; instead, a summary of the different 
methods used will be presented. Probably the simplest 
method for determining if there are serious reflections in 
a relatively high-powered radar set (40 watts average 
power) is to place the bare hand on the metal coaxial line 
or wave guide. If the temperature of this line is above 
ambient, it is fairly certain that reflections exist in the 
line. In contrast to this method is the common slotted-
line test using a traveling probe and crystal detector 
which will only give accuracies of approximately ±10 
per cent unless extreme care is taken in the design and 
fabrication of the instrument. 
The bidirectional-coupler method is probably the 

simplest and can be made the most accurate of any type 
of standing-wave detector. This method utilizes two 
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directional couplers in the transmission line, placed in 
opposition to each other so that one samples only the 
direct energy (energy directed towards the antenna) 
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Fig. 18—Patterns from slow receiver recovery. 

and the other samples only the reflected energy. A com-
parison of the two values will given an answer that can 
be converted directly into a standing-wave ratio. The 

(a)  (b) 

Fig. 19—Multiple-moding trace. (a) Normal moding; 
(b) multiple moding. 

usual type of directional coupler which is designed 
specifically for transmitter and receiver tests does not 
have the necessary directivity (back-to-front ratio) and 
therefore will give errors as high as 20 per cent in 
making standing-wave tests. However, a pair of direc-
tional couplers can be designed that will give accuracies 
of ± 5 per cent in making these measurements. 
On some of the precision-bombing radar sets, it is 

necessary to make allowance for the delay of the signal 
as it is amplified by the receiver circuits in order to 
adjust the range circuits accurately. It is required that 
this delay be determined with an objective accuracy of 
something better than ± 0.05 microsecond, and it has 
to be determined at the airplane in order to obtain the 
required accuracy. One of the most straightforward 
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methods for doing this is to locate a natural or artificial 
radar target, such as a water tower, smoke stack, or 
corner reflector, somewhere within a radius of 3 to 5 
miles from a convenient parking place for the airplane 
on an airfield. Surveyors' instruments are then used to 
determine the exact distance between this target and 
the parking place for the airplane. The particular 
target is then located on the radar indicator, and its 
range circuit is adjusted so that it agrees with the range 
determined by the surveyors' instruments. This method 
will give an accuracy of approximately +0.1 micro-
second. Among the many disadvantages of this method 
are difficulty in locating a satisfactory target and the 
necessity for exactly positioning the aircraft whenever 
adjustment is required. On those airfields upon which 
many planes are parked, it is almost impossible to 
provide sufficient parking places aligned with the neces-
sary calibrated target in order to do the calibrating job 
on all of the planes in a reasonable length of time. 
An alternate method for performing this function 

utilizes the leakage of the transmitted pulse through the 
transmit-receive cavity. The output of the video ampli-
fier is connected to one vertical plate of an oscilloscope 
with an extremely fast sweep (one and one half inches 
per microsecond) and the output of the pulser which 
synchronizes the sweep and range circuits is connected 
to the other vertical plate. The resultant wave form 
observed on the oscilloscope will be a composite of the 
output from the two units, and if the sweep of the 
oscilloscope is initiated by the same pulse that initiates 
the transmitted pulse, the video output will contain 
the transmitted pulse delayed by an amount intro-
duced by the receiving system. The range-synchroniz-
ing pulser delay is then adjusted until the edge of this 
pulse coincides with the leading edge of the transmitted 
pulse as observed. This procedure can result in accuracies 
of ±0.15 microsecond. 
The precision range calibrator is utilized for adjust-

ing the absolute value of the range markers and track-
ing rates in precision-bombing radar sets. In this pro-
cedure the range unit of the system is synchronized from 
the calibrator and the marker output of the calibrator 
is introduced into the video channel of the receiver and 
indicator. The first marker from the calibrator is ad-
justed to coincide with the transmitted pulse by 
means of the phasing control on the calibrator. An arti-
ficial bombing problem is then inserted into the coin-
putor of the system, and the position of the release 
marked "pulse" is adjusted to coincide with the correct 
marker pulse. The tracking-rate circuits are checked by 
inserting an artificial tracking pulse to intercept a given 
number of marker pulses. A stop watch is provided on 
the calibrator for that purpose. 
A rather large number of those who have been in-

volved in the radar program have been under the im-
pression that the best way to maintain a radar set at its 
optimum operating efficiency was to select a natural 
target a reasonable distance from the location of the 
radar and to use the reception from that target as a 

criterion of the performance of the system. It is be-
lieved that a rebuttal of that argument would be a fitting 
conclusion for this paper. 
The use of standard echo from a permanent target is 

probably the simplest method for checking a radar set, 
and because of this fact it became one of the most 
popular. However, it can be proved that the strength 
of the returning signal is far from constant and varies 
considerably with different atmospheric conditions, 
frequency of the radar, and slight movements of the 
target or radar. 
A target never reflects energy from a single point. The 

resultant reflection is a composite of all of the small 
reflections from each of the variously oriented surfaces 
and corners of the target. Since the distance between 
the radar and these various reflecting surfaces is dif-
ferent for each surface, a Slight change in position as 
small as j inch between the radar and target will 
change the phase relationships between them and can 
result in changes of signal strength amounting to 10 to 
20 decibels. For this same reason the target is also fre-
quency sensitive, and a drift of only a few megacycles 
can give the same amount of variation. Thus, a slight 
variation in either the frequency of the radar trans-
mitter or the range of the target enormously increases or 
decreases the signal strength from the kinds of targets 
ordinarily considered as standard. 
Probably the most variable factor influencing echo 

strength is atmospheric conditions. On the average, 
temperature and humidity gradients in the atmosphere 
are such as to bend the radar radiation earthward and. 
to permit observation of targets slightly beyond the 
optical horizon. However, these variations are extremely 
variable since they depend upon a changing meteoro-
logical picture. At times the radiation pattern is bent 
strongly upward and thus rapidly dissipated. Signals 
are then weak, and the maximum radar range is short. 
At other times the pattern is bent downwards, and a 
duct is formed between the earth's surface and the 
refracting layer of atmosphere. Radiation is then 
propagated in what may be thought of as a two-dimen-
sional wave guide, and in these instances, the range at 
which targets may be detected increases enormously. 
It can be reasoned, therefore, that a combination of 

target variation and atmospheric variation will pro-
hibit the use of any one target or group of targets as a 
criterion for the performance of a radar system. 
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ACOUSTICS AND AUDIO FREQUENCIES 
534  327 
Problems of Modern Acoustics. Noise and 

Vibration—P. Chevasse. (Onde Elec., vol. 24, 
pp. 274-287; July, 1946.) A review of the sub-
ject covering architectural, physiological, and 
musical acoustics; electroacoustics and super-
sonics. The definition of intensity, in accord-
ance with the Weber-Fechner law, leads to the 
units decibel, phon, son, pal, and vibor based 
on the frequency curves of equal aural or tac-
tile sensation. Apparatus which gives an ob-
jective indication of sound level has been con-
structed using microphones and an amplifier 
with a frequency weighting circuit correspond-
ing to the response of the ear. 

534.212:534.321.9  328 
The Directional Characteristics for ;Super-

sonic Radiation; of a Free-Edge Disk Mounted 
in a Flat Baffle or in a Parabolic Horn — 
F. H. Slaymaker, W. F. Meeker, and L. L. 
Merrill. (Jour. Acous. Soc. Amer., vol. 18, 
pp. 355-370; October, 1946.) Full paper, sum-
mary of which was noted in 3512 of January. 

534.231  329 
Ray Computation for Non-Uniform Fields — 

J. S. Saby and W. L. Nyborg. (Jour. Acous. 
Soc. Amer., vol. 18, pp. 316-322; October, 
1946.) A formula is derived, which simplifies 
computation and ray tracing. The method is 
particularly useful in the study of the propaga-
tion of supersonic waves in the atmosphere. 

534.24: 551.510.52  330 
Reflection of Sound Signals in the Tropo-

sphere —G. W. Gilman, H. B. Coxhead, and 
F. H. Willis. (Jour. Acous. Soc. Amer., vol. 18, 
pp. 274-283; October, 1946.) Attempts have 
been made to detect nonhomogeneities in the 
first few hundred feet of the atmosphere by 
vertical propagation of sound waves with a 
low-power set which has been named the 
soder. Periods of strong temperature in-
version, strong sodar displays, and strong 
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microwave fading tended to coincide, but it is 
significant that sound echoes were often very 
strong when there was no meteorological 
reason to expect them. The sodar seems to have 
confirmed the existence of nonhomogeneities 
which it would be difficult or impossible to ob-
serve by conventional methods. 

534.321.9:621.395.613.5  331 
An Ultrasonic Condenser Microphone-

T. H. Bonn. (Jour. Acous. Soc. Amer., vol. 18, 
pp. 496-502; October, 1946.) The microphone 
has over-all diameter 0.875 inch, special elec-
trode design, and essentially constant free-
field calibration of 51 decibels below 1 volt 
per dyne per square centimeter up to 32 kilo-
cycles. 

534.322.1  332 
Analyses of the Tones of a Few Wind In-

struments—F. A. Saunders. (Jour. Acous. Soc. 
Amer., vol. 18, pp. 395-401; October, 1946.) 
Charts are given for clarinet, oboe, English 
horn, French horn, and flute, covering the 
whole range of each instrument. 

534.612:621.396.611.21  333 
A New Sound Measurement System --

F. Massa. (Communications, vol. 26, pp. 16-17, 
50; October, 1946.) Determines the absolute 
magnitude of sound pressures with a minimum 
of disturbance to free-field conditions, or condi-
tions inside small enclosures, by means of a 
new design of calibrated piezoelectric sub-
standard microphone. 

534.612.4 (23.03) :621.395.613.5  334 
On the Absolute Pressure Calibration of 

Condenser Microphones by the Reciprocity 
Method  A. L. Dimattia and F. M. Wivnel. 
(Jour. Aeons. Soc. Amer., vol. 18, pp. 341- 344; 
October, 1946.) Calibration details are given 
for temperatures from —25 to +40 degrees 
centigrade and pressures corresponding to al-
titudes up to 40,000 feet. The estimated ac-
curacy is ±0.2 decibel. 

534.78  335 
On the Intelligibility of Bands of Speech in 

Noise —J. P. Egan and F. M. Wiener. (Jour. 
Acous. Soc. Amer., vol. 18, pp. 435-441; 
October, 1946.) Tests were conducted with 
several communication systems of different 
bandwidth, under different conditions of mask-
ing noise, and the acoustic gain of the system 
expressed relative to the transmission of speech 
through 1 meter of air. For each system a rela-
tion between syllable articulation and level of 
received speech was obtained. 

534.78  336 
Speech Clippers for More Effective Modula-

tion—J. W. Smith and N. H. Hale. (Com-
munications, vol. 26, pp. 20-22, 25; October, 
1946.) Peak-limiting methods in transmitters 
give high-average modulation, and improve in-
telligibility when static interferes with recep-
tion or frequency channels are congested. The 

advantages rise in proportion to the inter-
ference. The method also prevents over-modu-
lation and, with a filter, provides a clean, sharp 
signal with 'no splatter. The carrier is fully 
used. 

534.78  337 
The Masking of Speech by Sine Waves, 

Square Waves, and Regular and Modulated 
Pulses—S. S. Stevens, J. Miller, and I. 
"fruscott. (Jour. Aeons. Soc. Amer., vol. 18, 
pp. 418-424; October, 1946.) Optimum mask-
ing is produced when the fundamental fre-
quency of the interfering signal lies in the 
range 100 to 500 cycles, the exact position 
depending on its other characteristics. Full 
paper, summary of which was noted in 3527 
of January. 

534.78: 621.396.813  338 
Effects of Amplitude Distortion upon the 

Intelligibility of Speech—J. C. R. Licklider. 
(Jour. Acous. Soc. Amer., vol. 18, pp. 429-
434; October, 1946.) The reduction in intelligi-
bility depends on the type of distortion, but 
with peak clipping (symmetrical and asym-
metrical) the reduction is almost zero. Appre-
ciable center clipping or linear rectification has 
a serious effect. Tests under aircraft-noise 
conditions are described: and the improvement 
in radio communication prvoided by the noise 
limiting action of an audio clipping circuit is 
discussed. Full paper, summary of which was 
noted in 3524 of January. 

534.781:371.3  339 
Training for Voice Communication—J. W. 

Black and H. M. Mason. (Jour. Acous. Soc. 
Amer., vol. 18 pp. 441-445; October, 1946.) 
Speech training program for telephone or radio 
communication in the United States Army Air . 
Force. 

534.833.082.4  340 
The Measurement of Acoustic Absorption 

by the Stationary Wave Method—G. Sacer-
dote. (Alta Frequenza, vol. 15, pp. 68-76; 
June, 1946. With English, French and German 
summaries.) A theoretical analysis. 

534.833.1  341 
Absorption of Sound by Coated Porous 

Rubber Wallcovering Layers—C. W. Kosten. 
(Jour. Acous. Soc. Amer., vol. 18, pp. 457-471; 
October, 1946.) 

534.843  342 
The Effect of Non-Uniform Wall Distribu-

tions of Absorbing Material on the Acoustics of 
Rooms—II. Feshbach and C. M. Harris. 
(Jour. Acous. Sot,. Amer., vol. 18, pp. 472-
487; October, 1946.) 

534.846.3  343 
Acoustical Correction by Sound Diffusion--

F. L. Bishop. (Communications, vol. 26, pp. 
36-37; October, 1946.) Hemispherical sound 
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1
 diffusers 12 to 36 inches in diameter were ar-
ranged in random pattern on one wall of a 
studio to improve its acoustical properties. 

1 534.862  344 
A Simplified Recording Transmission Sys-

) tern Ito Operate from a Microphone and into a 
• Sound Recording Modulatori —F. L. Hopper 
and R. C. Moody. (Jour. Soc. Mot. Pic. Eng., 
vol. 47, pp. 132-141; August, 1946.) Require-
ments were: light weight; parts easily accessi-
ble; high reliability; and low-power consump-
tion. The instrument described has a trans-
mission system (whose output is limited by a 
discharge tube), an amplifier and a noise-
reduction system. Several components are 
marked with normal operating voltages for 
ease in detecting faults. Circuit diagrams are 
given of the amplifier and power-supply unit, 
together  with  noise-reduction-Performance 
graphs. 

621.395.61:621.385.82.029.3  345 
[The Development ofi a High Power 

Thermionic Cell using Positive Ion Emission 
and Operating in a Gaseous Medium —Klein. 
(See 602.) 

• 621.395.613: 621.385  346 
'  "Vibrotron" Tube —Radio Corporation of 
America. (See 585.) 

621.395.623.6  347 
Development of Midget Earphones for 

Military Use —H. A. Pearson, A. B. Mandel, 
R. W. Carlisle, W. F. Knauert, and M. E. 
Zaret. (Jour. Acous. Soc. Amer., vol. 18, pp. 
348-354; October, 1946.) Full paper, summary 
of which was noted in 3534 of January. 

621.395.625.2  348 
Lateral Disc Recording at the Naval Re-

search Laboratory—A. T. Campbell. (Com-
I munications, vol. 26, pp. 11-15, 50; September, 
I 1946.) Description of Naval Research Labora-
tory sound-recording system facilities, of the 

. types of record produced, and of modifications 
I to commercial equipment used in the system. 
/ Response curves over the frequency range 50 
1 to 10,000 cycles illustrate the performance of 
. different types of pickup. Further improve-
, ments are expected from the use of a newly 
designed moving-coil pickup of which brief 

. details are given. 

621.396.33.029.3.083.7:656.2  349 
Train Position Indicator —Dahl. (See 535.) 

621.396.645.029.3  350 
Modern Studio and Portable Speech In-

put Equipment—L. G. Killian, P. L. Tourney, 
and J. W. Hooper. (Radio, vol. 30, pp. 14-17, 
31; September, 1946.) Technical details for a 
studio console and a three-channel remote 
amplifier. 

AERIALS AND TRANSMISSION LINES 

621.315.211.2:679.5  351 
Developments in Solid Dielectric R.F 

Transmission Lines—R. C, Graham. (Radio 
News, vol. 36, pp. 46-48, 157; October, 1946.) 
A brief account of the use of polythene in vari-
ous types of high-frequency cable. 

621.315.211.9.052.63:621.396.44  352 
Carrier-Current Communication on Air and 

Paper Insulated Cables—F. Lucantonio. (Alla 
Frequensa, vol. 15, pp. 77-110; June, 1946. 
With English, French, and German summaries.) 
An appreciation of the future importance of 
this system, using pair and quad lines, for long 
distance communication, and a discussion of 
the primary and derived characteristics—im-
pedance, attenuation, cross-talk, and distor-
tion, with numerical data. 

621.392  353 
Waves Guides—M. 11. L. Pryce. (Jour. 

I. E. E. (London), part I, vol. 93, pp. 459-460; 
October, 1946 [summary] and part 111A, 

vol. 93, pp. 33-39 [full version]; 1946.) The 
early development of wave guides is surveyed. 
Only when 10 centimeter waves were de-
veloped was the size of wave guides sufficiently 
convenient to encourage their development. 
Early guides had high losses. Wave guides be-
came more important when  100-kilowatt 
magnetrons were developed, as they have low 
attenuation and are less liable to breakdown by 
sparking than concentric feeders. It is unde-
sirable that a wave guide should propagate 
more than one mode, so that a rectangular 
guide with one side above the critical dimension 
for the Hio mode (X0/2) but less than the criti-
cal dimension for the Ho mode (A0), and the 
other side below the critical dimension for the 
Hot mode (X0/2) is preferred. The wave guide 
must be matched to the media or units which 
precede and follow it. The use of wave guides 
involves a number of auxiliary components 
such as couplings, bends, corners, branches, 
switches, rotating joints, etc., whose design 
involves specialized techniques. 

621.392:621.396.11  354 
Some Questions Connected with the Ex-

citation and Propagation of Electromagnetic 
Waves in Tubes —Mandelstam. (See 506.) 

621.392:621.396.67  355 
Dielectric [Rod and Tubular] Aerials — 

(Onde Elec., vol. 26, pp. 387-390; October, 
1946.) A review of unpublished German work 
mainly of an empirical nature by Zinke and 
Mallach. The polar diagrams of both rod and 
tubular type aerials are considered in rela-
tion to the aerial dimensions and permittivity 
of the material concerned. For tubes maximum 
values of 68 and 0.8 wavelengths are suggested 
for the length and diameter respectively; the 
upper limit to the wall thickness is set by the 
need for adequate side- and back-lobe sup-
pression. Similar considerations result in an 
optimum range for the diameter of a rod aerial. 
An example of a tapered rod aerial is briefly 
discussed. Finally, it is suggested that a given 
dielectric aerial will behave satisfactorily over 
a frequency range of approximately 2 to 1. 

621.396.67:537.122:538.3  356 
Complete Calculation of the Radiation of a 

Linear  Sinusoidal  Oscillator—E.  Durand. 
(ComPl. Rend. Acad. Sci. (Paris), vol. 222, 
pp. 68-70; January 2, 1946.) From formulas 
developed previously (see 392 and 393 below) 
it is shown that in the radiation field of an 
electric charge oscillating sinusoidally along a 
straight line, all the harmonics of the funda-
mental frequency are present, the amplitudes 
involving Bessel functions. Potential formulas 
are derived from which the fields can be easily 
deduced. With two oscillating charges of op-
posite sign always occupying symmetrical 
positions with respect to the origin, only the 
odd harmonics are found. 

621.396.67:621.315.62  357 
Dipole Reflector Insulation—J. A. Saxton 

and L. J. Ford. (Wireless Eng., vol. 23, pp. 325-
327; December, 1946.) "The effects of various 
insulators, used to support the ends of the 
parasitic aerial, were determined by measure-
ments of the front-to-back signal ratio of a 
receiving-aerial system consisting of a half-
wavelength dipole and a single parasitic re-
flector, at a wavelength of six meters. The par-
ticular insulators used in this investigation re-
sulted in the effective length of the reflector 
being increased by about 20 per cent." 

621.396.67:621.396.9  358 
Aerials for Radar Equipment—J. A. Rat-

cliffe. (Jour. I. E. E. (London), part I, vol. 93, 
pp. 458-459 [summary]; October, 1946 and 
part II1A, vol. 93, pp. 22-33 [full version]; 
1946.)  For  flood-lighting  at  wavelengths 
greater than about 3 meters, an elevated 
horizontal dipole was usually used as a trans-

mitter, and an elevated crossed pair of dipoles 
as receiver. Bearing was obtained by compar-
ing the electromotive forces in the two receiving 
dipoles with a rotating goniometer coil. Eleva-
tion was determined by comparing signals in 
aerials at different heights. Broadside arrays 
with arrangements for swinging the beam 
rapidly by electrical means from side to side 
were also used to determine bearing. The satis-
factory use of a common aerial for transmission 
and reception was one of the major achieve-
ments in radar development. An important 
and fundamental theorem shows that the 
space distribution diagram of an aerial is given 
by the Fourier analysis of the distribution of 
radiating sources over the aerial. At centi-
meter wavelengths, pencil beams narrow in 
elevation and azimuth, or fan beams narrow 
in one plane only (usually azimuth) become 
possible. Fan beams rotated about a vertical 
axis were extensively used for searching. 

Pencil beams have usually been pro-
duced by a small radiating source situated near 
the focus of a parabolic mirror, with reflector 
and/or director elements to ensure that radia-
tion from the source is predominantly towards 
the mirror. 

Fan-shaped beams were produced by dis-
torting a parabolic mirror in one section; a 
method originated by Chu is available for cal-
culating the mirror shape for any required 
secondary-radiation pattern. Fan-shaped beams 
could also be produced by combining a long 
linear array with a specially shaped cylindrical 
mirror. The linear array provided a broadside 
of aerials which must be fed in phase. For this 
purpose they were coupled to a wave guide and 
spaced one guide-wavelength apart. A second 
set of aerials was placed at points midway be-
tween the first set and fed in the opposite 
phase to strengthen the required beam at the 
expense of an unwanted side beam. A slight 
adjustment of position is also required to avoid 
a highly frequency-sensitive effect due to re-
fleet ions at coupling points. 

621.392  359 
Wave Guides [Book Reviewl —H. R. L. 

Lamont. Methuen, London, 96 pp., 6s. 3d 
(in Australia). (Proc. I.R.E. (Australia), vol. 
7, p. 31; October, 1946.) 

CIRCUITS AND CIRCUIT ELEMENTS 

621.314.6  360 
Nonlinear Commutating Reactors for Recti-

fiers—A. Schmidt, Jr. (Trans. A.I.E.E. (Elec. 
Eng., October, 1946), vol. 65, pp. 654-656; 
October, 1946.) A commutating reactor is used 
to "drag out" the anode current, i.e., to main-
tain it at a low value for a sufficient period 
just before the end of commutation, in order, 
substantially to reduce residual ionization and 
the probability of arc back. 

621.314.671  361 
Circuit Cushioning of Gas-Filled Grid-

Controlled Rectifiers—D. V. Edwards and 
E. K. Smith. (Trans. A.I.E.E. (Elec. Eng., 
October, 1946), vol. 65, pp. 640-643; October, 
1946.) A small resistance and capacitance con-
nected in series between the cathode and anode 
delays the rise of initial inverse voltage by a 
few microseconds, and, therefore, increases the 

life of the rectifier. 

621.316.313.025  362 
A New Design for the A.C. Network 

Analyzer—J. D. Ryder and W. B. Boast 
( Trans. A .I.E.E. (Elec. Eng., October, 1946), 
vol. 65, pp. 674-680; October, 1946.) A general 
description is given of the analyser, which 
operates at 10,000 cycles using standard radio 
components. The cost Is, therefore, much less 
than for previous types operating at 400 to 
500 cycles. See also 31 of February (Myers and 
Schultz). 
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621.316.726.078.3:531.3  363 
On the Theory of Frequency Stabilization — 

& M. Rytoff, A. M. Prokhoroff, and M. E. 
Zhabotinski. (Zh. Eksp. Teor. Fiz., vol. is, 
pp. 557-571; 1945. In Russian.) In all investi-
gations so far published on the operation of a 
tube oscillator containing a stabilizing element, 
simplifying assumptions are made regarding 
the linearity of the system under consideration. 
There are strong reasons to believe that good 
results can be obtained by using rigorous 
methods based on the 'Poincare-Lyapunoff 
theory, although this is only applicable to 
slightly nonlinear systems, i.e., to systems with 
a small parameter µ determining the deviation 
of the system from linearity. 
Accordingly, the operation of a pull-in 

system consisting of a tube oscillator induc-
tively coupled to an LCR circuit (Fig. I) 
is discussed from the standpoint of the throry. 
The properties of the LCR circuit necessary for 
it to act as a "quartz" stabilizer are deter-
mined and a definition of stability is given. 
The operation of pull-in crystal-controlled 

oscillators with a capacitive coupling (Fig. 3, 
bottom) and of Pierce's oscillator (Fig. 3, top) 
is then considered, and equations (11) and 
(17) are derived for the two systems, respec-
tively; an analysis of the first system only is 
given. A periodic solution of equations (17) is 
found and its stability investigated. Formulas 
(24) and (26) determining the variation of the 
amplitude and of the frequency, respectively, 
are derived, and it is shown that in the absence 
of anode reaction and grid current the stabiliza-
tion makes the frequency of oscillations inde-
pendent of the tube parameters apart from 
second order effects. A numerical example of 
the calculation of the oscillation frequency is 
added. See also 377 below. 

621.317.373  364 
Phase Detectors: Some Theoretical and 

Practical Aspects—Farren. (See 474.) 

621.318.3/. 4042:621.396  365 
Coils, Cores, and Magnets: Part 1. — 

Magnetic Design Factors of Modern Redio 
Components—H. W. Schendel. (Radio Craft, 
vol. 18, pp. 30-31, 47; October, 1946.) 

621.318.4:538.12  366 
Effective Impedance of a Sphere in a Mag-

netic Field—T. S. E. Thomas. (Wireless Eng., 
vol. 23, pp. 322-324; December, 1946.) "A 
conducting sphere in a uniform magnetic field 
may be regarded as being equivalent to a single-
turn coil of the same diameter. Formulas are 
given for (a) the equivalent resistance and in-
ductance of the coil. (b) thr. change in induc-
tance and resistance of a solenoid when a 
sphere is placed at its center, (c) the heat dis-
sipated in a sphere in a uniform alternating 
magnetic field." 

621.318.4.011.3  367 
Calculating the Inductance of Universal-

Wound Coils—A. W. Simon. (Radio, vol. 30, 
pp. 18, 31; September, 1946.) It is required to 
find the number of turns to produce a given 
Inductance. For universal-wound coils this can 
be done by a method based on 1464 of 1945 
(Simon). 

621.392:621.396.645.029.64  368 
Circuits for Use with Triode Amplifiers and 

Oscillators Operating at U.H.F. —G. Lehmann. 
(Onde Elec., vol. 26, pp. 357-366; October, 
1946.) A general paper in which the desirable 
electrical features of cavities and coaxial line 
derivatives are analyzed. The design principles 
for the triot's tube itself were discussed in an 
earlier paper (3821 of January). In the ampli-
fier application the effects of the Q and im-
pedance of the cavities on operation are 
considered, neglecting the effect of intercavity 
coupling via the grid screen. It is concluded that 

these circuit parameters should be high in the 
case of the anode (output) circuit, and low for 
the cathode (input) circuit. Possible ways of 
neutralizing the tube are considered in relation 
to the design of power amplifiers; experimental 
arrangements are outlined for achieving neu-
tralization empirically. The circuit conditions 
necessary to ensure satisfactory operation of 
ultra-high-frequency triode oscillators are con-
sidered. It is established that, for maximum 
energy dissipation at a fixed frequency in a 
given load, four independent adjustments are 
necessary and sufficient. One of these deter-
mines the operating frequency, the second, the 
impedance match of the load; the third and 
fourth fix the real and imaginary components 
of the transfer impedance from the anode to 
the cathode cavity. Means of making these ad-
justments in practice are discussed; the com-
mon use of an internal capacitive-type coupling 
between the cavities is criticised. Finally the 
power output possibilities of triodes in the 
wavelength range 10 to 300 centimeters are 
summarized. 

621.392.051  369 
Conditions for Transfer of  Maximum 

Power—H. E. Ellithorn. (Communications, 
vol. 26, pp. 26-28, 35; October, 1946.) 

621.392.51:534.1  370 
Violation of the Reciprocity Theorem in 

Linear Passive Electromechanical Systems — 
E. M. McMillan. (Jour. Aeons. Soc. Amer., 
vol. 18, pp. 344-347; October, 1946.) It is 
shown by an energy argument that the theorem 
of reciprocity is satisfied by crystal or electro-
static transducers in both magnitude and sign, 
but in the case of magnetic or electrodynamic 
transducers it is satisfied only in magnitude. 
By combining these two types, systems can be 
constructed that violate reciprocity in mag-
nitude. 

621.394/.397).645.34  371 
Radio Design Work Sheet No. 53: Graphics 

of Negative Feedback in Cascade —( Radio, 
vol. 30, pp. 17-18; October, 1946.) 

621.394/.3971.645.34  372 
How Negative Feedback Operates—C. A. 

A. Wass. (P. 0. Elec. Eng. Jour., vol. 39, pp, 
114-116; Ocotber, 1946.) Demonstration by 
numerical and pictorial examples of the way 
in which negative feedback improves amplifier 
performance. 

621.395.645  373 
Three-Channel Amplifier: a 15-W Unit 

with Individual Control of Each Channel — 
M. Contassot. (route la Radio, vol. 13, pp. 
36-37; January, 1946.) A French version of 
2845 of 1946. 

621.395.661  374 
Mica Capacitors for Carrier Telephone 

Systems—A. J. Christopher and J. A. Kater. 
(Trans. A.I.E.E. (Eke. Eng., October, 1946), 
vol. 65, pp. 670-674; October, 1946.) Silvered 
mica capacitors are superior to the previous 
dry-stack type, because of their relatively 
simple unit construction and ease of adjust-
ment to the very close capacitance tolerance 
required. Construction details and perform-
ance characteristics are given. 

621.396.61:538.56:535.23  375 
The Radiation Through an Aperture in a 

Resonator—L. Mandelstam. (Zh. Eksp. Teor. 
Fiz., vol. IS, pp. 471-473; 1945. In Russian.) 
An electromagnetic field is set up inside an 
ideal hollow conductor with infinitely thin 
walls and a circular aperture whose diameter 
is small compared to the wavelength. The radi-
ation through the aperture is determined by a 
method similar to that used by Rayleigh for 
diffraction at a small aperture. 

The following two auxiliary problems are 
solved first: (a) given a flat capacitor with two 
infinite plates A and B at an infinite distance 
apart, and that plate B is infinitely thin and 
has a circular aperture in it, determine the 
additional field due to this aperture; and (b) 
given two ideally conducting infinitely thin 
plates A and B at an infinite distance apart, 
such that a current flows in plate A and, in 
the opposite direction, in plate B, and that a 
circular aperture is made in plate B, deter-
mine the distribution of the magnetic field. 
For the main problem, it is assumed that 

the tangential component of the field at the 
point where the aperture is to be made is Ho. 
It is shown that the field set up by the aperture 
at a great distance is that of a magnetic dipole 
with a moment 2a31/0/31- where a is the radius 
of the aperture. Similarly, if El is the normal 
component of the electric field at the point 
where the aperture is to be made, the field due 
to the aperture is that of an electric dipole 
with a moment a1 E0/37r. 

621.396.611  376 
Electromagnetic  Cavities —J.  Bernier. 

(Onde Elea., vol. 26, pp. 305-317; August-
September, 1946.) A mathematical paper. The 
natural modes of oscillation of cavities having 
infinitely conducting walls are first considered, 
particular attention being paid to resonators 
having mathematically convenient forms. An 
expression for the perturbation of the natural 
frequency of the resonator due to a small 
change in its shape is derived by two methods. 
The damping and frequency shift introduced 
by assigning a finite conductivity to the walls 
are determined. The fact that practical resona-
tors have Q values lower than the theoretical 
is attributed either to oxidation or to the 
nature of the top few microns of the cavity 
walls. Finally, the behavior of cavities under 
conditions of forced oscillation is examined, 
and the nature of "lumped value" equivalent 
circuits discussed. 

621.396.611:531.3  377 
On a Special Case of Systems with Two 

Degrees of Freedom—M. E. Zhaborinski. 
(Zh. Eksp. Teor. Fla., vol. 15, pp. 573-585; 
1945. In Russian.) If approximate methods are 
used for examining systems with two degrees 
of freedom, system equations are derived with 
small terms of the same (first) order of small-
ness as the small parameter p. If, however, 
exact methods based on the Poincare-Lyapuno 
theory are applied, terms of higher orders of 
smallness may appear in the equations. In the 
present paper an analysis is made of the case 
when terms of any arbitrary orders may ap-
pear together with terms of the first order. 
Methods are indicated for finding a peri odic 
solution of the system equations (I) for differ-
ent cases, for example, when the system is 
operated with or without a stabilizing element. 
and conditions of stability are derived. It is 
shown that the calculations involved in the use 
of the exact methods are no more complicated 
than in the case of an equation with terms of 
the first order of smallness only. See also 363 
above. 

621 .396 .611:621.317.79.029.64  378 
High Q Resonant Cavities for Microway• 

Testing—I. G. Wilson, C. W. Schramm, and 
J. P. Kinzer. (Bell Sys. Tech. Jour., vol. 25, 
pp. 408-434; July, 1946.) An engineering ap-
proach to the design of tunable cylindrical 
cavities resonant in the TEOln mode which 
gives the maximum Q in a given volume. The 
dimensions, to give as few unwanted modes as 
possible, may be determined from charts. The 
suppression of the unwanted modes, particu-
larly the TMlln mode which has the same 
frequency as the required mode, is discussed. 
Methods of coupling a TE10 wave guide to the 
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cavity are given in tabular form. As a practical 
example an outline electrocoil design for an 
echo box is described and the mechanical re-
uirements outlined. The uses of such a box for 

I radar testing are indicated. 

: 621.396.611.018.41  379 
Theory and Measurements of the Natural 

Frequencies of Various Kinds of Resonant 
Cavities IThesisl —J. J. Verschuur. Drukkerij 
Waltman (A. J. Mulder), Delft, 1946. A 
mathematical and experimental investigation 
of the natural frequencies of symmetrical and 
asymmetrical cavity resonators, with particu-
lar reference to symmetrical "re-entrant" 
types (i.e., the space between two concentric 
cylinders). A method of analysis in terms of an 
equivalent circuit has proved to be much sim-
pler than previous analyses, and has given 
theoretical values of resonant frequency within 
5 per cent of measured values. The measure-
ments were made over the range 35 to 200 
centimeters. A long summary in English is 
given (pp. 114-115) and a bibliography of 58 
items is appended. 

621.396.611.1  380 
Mathematical Treatment of n Directly 

Coupled H.F. Oscillatory Circuits—H. Behling. 
(Funktech. Nth., pp. 75-80; May, 1940.) A 
general method is developed for obtaining the 
selectivity curve of any number n of directly 
coupled circuits and this is applied specially to 
the case of n=4. Selectivity and amplification 
formulas are then given for n=2, 3, 6. The 

F  selectivity curves for n=2, 4, 6 present marked 
similarities, as also do those for n=3 and 5. 
Numerical calculations are given for a 4-circuit 
filter. 

621.396.611.21:537.228.1:534.13  381 
General Dynamical Considerations Applied 

to Piezoelectric Oscillations of a Crystal in an 
Electrical Circuit —W. F. G. Swann. (Jour. 
Frank. Inst., vol. 242, pp. 167-195; September, 

. 1946.) A mathematical paper dealing with 
I forced and free oscillations in an X-cut crys-
1 tal. Electrical and mechanical damping effects 
1 are taken into account, but for certain solu-
tions of practical interest, internal mechanical 
damping is neglected. An expression is de-
veloped for the mechanical displacement at the 
two ends of the crystal under resonant condi-
tions. When the frequency of the applied 
electromotive force is equal to the lowest 
natural frequency of the crystal (or to an odd 
harmonic thereof) the displacements at the 
two ends are equal, even when the media sur-
rounding the two ends of the crystal are dif-
ferent. See also 3244 of 1946 (Ekstein). 

621.396.615.1  382 
Response of Oscillator to External E.M.F. 

— D. G. Tucker: R. E. Burgess. (Wireles 
Engr., vol. 23, pp. 341-342; December, 1946.) 
Correspondence on 3216 of 1946. Tucker sug-
gests that "it is not possible to consider the 
effective 'half-power' bandwidth of the system, 
nor to express it in terms of a linear tuned cir-
cuit." Burgess in reply amplifies his treatment 
and reasserts its validity for the conditions he 
specified. 

621.396.62  383 
Design and Application of Squelch Circuits 

—Delanoy. (See 519. 

621.396.62  384 
Notes on the Design of Squelch Circuits — 

Delanoy. (See 520.) 

621.396.645 014.332  385 
Class-B Amplifiers—A. S. G. Gladwin. 

(Wireless Eat., vol. 23, p. 343; December, 
1946.) Extension of the method of 3563 of 
January (Sturley) to the case when the grid 
excitation Is of arbitrary waveform. 

Abstracts and References 

621.396.645.211  386 
Improved Analysis of the RC Amplifier — 

J.  Jr. (Radio, vol. 30, pp. 15-16; 
October, 1946.) New design formulas are de-
veloped rigorously, whereby analysis of re-
sistance-coupled amplifier performance is sim-
plified, and an equivalent circuit holding at all 
frequencies of the amplifier is obtained. A 
numerical example is given. 

621.397.621  387 
Deflector Coil Coupling —Cocking. (See 

558.) 

GENERAL PHYSICS 

530.13:530.12  388 
A  Relativistic  Misconception—C.  R. 

Eddy. (Science, vol. 104, pp. 303-304; Sep-
tember 27, 1946.) "The idea that matter and 
energy are interconvertible is due to a mis-
understanding of Einstein's equation E-=mcl. 
. . . In calculating the kinetic energy released 
or consumed by nuclear reactions from the 
formula E=(Am)e2, the rest masses and not 
the actual masses must be used in computing 
Am." The total actual mass of the system is 
invariant. 

530.145.63  389 
On Dirac's Theory of Quantum Electro-

dynamics: the Interaction of an Electron and a 
Radiation Field—C. J. Eliezer. (Proc. Roy. 
Soc. A, vol. 187, pp. 197-219; October 22, 
1946.) 

531.18:531.15  390 
Is Rotation Relative, or Absolute? —B. A. 

Hunn and D. A. Bell. (Wireless Eng., vol. 23, 
pp. 342-343; December, 1946.) Correspondence 
on 3564 of January. (G. W. 0. H.) 

532.13:537.29  391 
The Effect of an Electric Field on the 

Viscosity of Liquids—E. N. da C. Andrade and 
C. Dodd. (Proc. Roy. Soc. A, vol. 187, pp. 296-
337; November 5, 1946.) A description of 
apparatus for measuring this effect, in which 
the liquid runs in a narrow channel between 
plane-metal boundaries which can be used as 
electrodes. 

Measurements on  polar and  nonpolar 
liquids are described and the observations are 
explained theoretically. 

537.122:538.3  392 
Calculation of the Field Due to a Moving 

Electric Charge —E. Durand. (Coin pt Rend. 
Acad. Sri. (Paris), vol. 219, pp. 510-513; 
November 20, 1944.) It is shown that the 
method of calculation given by R. Reulos 
(4374 of 1937, Cah. Phys. (Paris), pp. 1-14, 
1941), which seems to differ essentially from 
the classical treatment, is in reality com-
pletely equivalent to it. See also 393 below and 

356 above. 

537.122:538.3  393 
Calculation of the Field Due to a Moving 

Electric Charge- g. Durand. (Compt. Rend. 
Acad. Sci. (Paris), vol. 219, pp. 584-587; 
December,  1944.)  The potential formulas 
previously given (see 392 above) are applied to 
the case where the trajectory remains within a 
spatially limited domain, the potentials being 
calculated outside this domain. A formula is 
derived for the radiation of the particle. 
Simplified potential formulas are given for 
small distances from the domain. For two 
charges symmetrical with respect to the origin 
the formulas yield the classical results for the 
dipolar oscillator. 

537.291  394 
Volt-Ampere Characteristics for the Flow of 

Ions or Electrons between Concentric Cylin-
ders in Gases at Atmospheric Pressure — 
C. W. Rice. (Phys. Rev., vol. 70, pp. 228-229; 
August 1-15, 1946.) 
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537.533.73  395 
Refraction Effects in Electron Diffraction — 

J. M. Cowley and A. L. G. Rees. ( Nature (Lon-
don), vol. 158, pp. 550-551; October 19, 1946.) 
Study of diffraction patterns of magnesium and 
cadmium oxide smokes with the R.C.A.-type 
electron microscope. Results are explained in 
terms of variations of inner potential. See also 
3697 of 1945 (Sturkey and Frevel). 

538.3  396 
Stresses in Magnetic and Electric Fields — 

G. W. 0. H. (Wireless Eng., vol. 23, pp. 319-
321; December, 1946.) A critical theoretical dis-
cussion setting forth the discrepancies between 
the results arrived at by various workers. 

538.566  397 
The Group Velocity in a Crystal Lattice — 

L. Mandelstam. (Zh. Eksp. Teor. Fis., vol. 15, 
no. 9, pp. 475-478; 1945. In Russian.)"The 
group and phase velocities of waves propagated 
in a continuous medium have the same direc-
tion, and the group velocity is in this case said 
to be positive. There are however, real media 
in which the velocities have opposite directions, 
i.e., the group velocity is negative. An analysis 
is made of the propagation of waves in a crystal 
lattice and it is shown that the group velocity 
dwl dk is in this case negative (w is the frequency 
and k the wave number). It is also shown that 
the velocity W of the propagation of energy, as 
defined by Rayleigh, is in this case equal to the 
group velocity. It is pointed out that the crys-
tal lattice is a limiting case of a continuous 
medium with a periodically variable parameter, 
such as density, dielectric constant, etc. As an 
example the propagation of waves in the direc-
tion x, in a medium the properties of which 
vary only with x is briefly considered. 

539.185  398 
Two Kinds of Neutrons? —J. DeMent. (Sci-

ence, vol. 104, p. 303; September 27, 1946.) The 
usual neutron breaks down into a proton with 
the emission of a particle. Theory appears to 
require a second kind which would break down 
into a negative proton with the emission of a 
positive electron. 

548.0:546.74:538  399 
Magnetic Studies on Nickel Ions in Crys-

tals —A. Mookherji. (Indian Jour. Phyc, vol. 
20, pp. 9-20; February, 1946.) 

GEOPHYSICAL AND EXTRATERRES-
TRIAL PHENOMENA 

522.23:523.755  400 
Scientists Explore Sun —M. G. Morrow. 

(Sri. News Let., Washington, vol. 50, pp. 170-
171; September 14, 1946.) Describes the use of 
a coronagraph at the High Altitude Observa-
tory at Climax to observe continuously the 

solar corona. 

523.165  401 
An Observed Abnormal Increase in Cosmic-

Ray Intensity at Lahore  II. R. Sarna and 
0. P. Sharma. ( Nature (London), vol. 158, p. 
550; October, 1946.) A threefold increase in di-
rectional total intensity of cosmic radiation was 
observed during the period July 31, to August 

3, 1946. 

523.7+523.8541 621.396.11  402 
Extra-Tropospheric Influences on Ultra-

Short-Wave Propagation--E. V. Appleton. 
(Jour. I.E.E. (London), part II IA, vol. 93, no. 
1, pp. 110-113; 1946.) The effect of the iono-
sphere and of radio noise of extraterrestrial ori-
gin is considered. Transient echoes from tem-
porarily ionized scattering centers at about the 
level of the E layer are probably the ionization 
trails of meteorites. The scattering coefficient 
L (defined in Scott's paper 510 below) is about 
100 meters at 9 megacycles, and very roughly 
L varies as Ill" where f is the frequency and 
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is about 2. Early experimental evidence of 
long-distance scatter with a delay time of 15 to 
25 milliseconds is now believed to be caused by 
waves which have been reflected by the F layer, 
scattered back, and then reflected again by the 
F layer. The limiting frequency for such scat-
tering may be taken as 3.5 times the vertical-
incidence F,-layer critical frequency for the 
midpoint of the trajectory. Account must be 
taken of the general world morphology of Fr 
layer ionization. 
Galactic radio noise has been studied among 

others by Hey, Parsons, and Phillips (see 3599 
of January and back reference) while L. A. 
Moxon and J. M. C. Scott have found that 
galactic noise power varies roughly as the 
square of the wavelength for frequencies above 
about 20 megacycles. 
Solar radio noise in excess of the expected 

black-body intensity by a factor as great as 1011 
or 10° on meter wavelengths, and connected 
with sunspot activity, has frequently been re-
ported recently, as in 403 below. Such liaise is 
not appreciable at centimeter wavelengths. It 
is sometimes convenient to express results in 
terms of the "equivalent black-body tempera-
ture" of the noise'source. The pioneer work in 
this field was done by Burgess (see 438 of 1942 
and back references). 

523.72:621.396.822  403 
Noise During Radio Fade-Out —O. P. Fer-

rell. (Terr. Magn. Atmo. Elec., vol. 51, p. 449; 
September, 1946.) A survey of observations of 
solar noise discussed more fully in 402 above. 

523.72:621.396.822.029.62  404 
Conditions of Escape of Radio-Frequency 

Energy from the Sun and the Stars —M. N. 
Saha. (Nature (London), vol. 158, p. 549; Oc-
tober 19, 1946.) The minimum frequency of 
electromagnetic waves that can escape from 
various layers of the sun, and from sunspots, is 
calculated  from  Appleton's  magneto-ionic 
theory. It is concluded that the ordinary wave 
cannot escape, and that the larger sunspots are 
most favorable for the escape of extraordinary 
waves in the frequency range 10 to 200 mega-
cycles; therefore, radio waves reaching the 
earth should be circularly polarized. 

523.72: 621.396.822.029.62  405 
Abnormal Solar Radiation on 75 Megacy-

cles—S. E. Williams and P. Hands. (Nature 
(London), vol. 158, p. 511; October 12, 1946.) 
Observations on the nature of solar radiation on 
75 megacycles were made during periods of sun-
spot activity in July and August, 1946. The 
radiation can be roughly divided into two com-
ponents, one slowly variable, and the other 
abruptly variable, and showing cdrelation with 
visual solar observations. Correlation between 
solar noise and prominence activity seems 
probable. Short abstract only. See also 406. 

523.72: 621.396.822.029.62  406 
Abnormal Solar Radiation on 72 Megacy-

cles —A. C. B. Lovell and C. J. Banwell. (Na-
ture (London), vol. 158, pp. 517-518; October 
12, 1946.) Experimental data on a frequency of 
72.6 megacycles obtained during July and 
August, 1946, confirm that solar radiation on 
radio frequencies can be as much as 10g times 
the black body value; this appears to be asso-
ciated with solar flares. See also 405 above, 
86 of February, and back references. 

523.78: 551.510.535  407 
Effects on the Ionosphere at Huancayo, 

Peru, of the Solar Eclipse, January 25, 1944 — 
Ledig, Jones, Giesecke, and Chernosky. (See 
503.) 

523.78:551.510.535  408 
Eclipse-Effects in F,-Layer of the Iono-

sphere—Wells and Shapley. (See 502.) 

538.566.3+621.396.812  409 
Observations on the Interaction of Waves 

in the Ionosphere, in Relation to the Gyrofre-
quency—Cutolo, Carlevaro, and Glierghi. (See 
513.) 

538.71  410 
The Development and Applications of Air-

borne Magnetometers in the U.S.S.R. —A. A. 
Logachev. (Geophys., vol. 11, pp. 135-147; 
April, 1946.) Translation of three papers de-
scribing the pioneer work by the Russians in 
magnetic exploration with airborne equipment. 

550.38(091)  411 
Chapters in the History of Terrestrial Mag-

netism —A. C. Mitchell. ('ferr. Magn. Alma. 
Elec., vol. 51, pp. 323-351; September, 1946.) 

550.385:525.241  412 
The Mean Field of Disturbance of Polar 

Geomagnetic  Storms—L.  H a ra ng.  ( Terr. 
Magn. Atmo. Elec., vol. 51, pp. 353-380; Sep-
tember, 1946.) 

551.501.7  413 
Measurements of Refractive Index Gradi-

ent—F. L. Westwater. (Jour. I.E.E. (London), 
part IIIA, vol. 93, no. 1, pp. 100-101; 1946.) 
Three yachts were equipped to take tempera-
ture and humidity observations in the first 200 
feet in connection with the Cardigan Bay ex-
periments described in 518 below. Pairs of dry 
and wet copper-constant thermocouples fitted 
in double radiation shields were mounted on 
the masts at heights of 25, 40, and 50 feet, and 
on 10-foot booms projecting over the ship's 
side at heights of 5, 10, and 15 feet, respec-
tively. For temperature readings, each dry 
thermocouple was compared electrically with 
a standard thermocouple; for humidity read-
ings, with its corresponding wet thermocouple. 
Readings were taken at half-hourly intervals. 
Sea temperature was also measured by means 
of a thermocouple, and checked by direct read-
ing from sea water in a bucket. Similar thermo-
couples were also fitted to a barrage balloon, 
readings being taken at 50-foot intervals up to 
200 feet. The measurements reveal very com-
plex conditions. Sharp discontinuities are com-
mon. Similar measurements on a barrage bal-
loon at Cardington revealed a very sharp tem-
perature discontinuity occurring across a sub-
sidence inversion. 

551.510.53  414 
The Basic Reactions in the Upper Atmos-

phere: Part 1—D. R. Bates and H. S. W. Mas-
sey. (Proc. Roy. Soc. A, vol. 187, pp. 261-296; 
November 5, 1946.) "The properties of the up-
per atmosphere and in particular of the iono-
sphere and of the night-sky emission are out-
lined. The fundamental processes that might 
be involved are discussed. Various suggestions 
regarding the production of the layers are con-
sidered in detail, and the main difficulties indi-
cated. The theory of the equilibrium of the lay-
ers is built up and the outstanding problem of 
explaining the rate of disappearance of elec-
trons is emphasized. Current views on the ori-
gin of the night-sky light are studied critically 
and serious discrepancies are shown to exist. 
Other possibilities are examined." An extensive 
bibliography is appended. 

551.510.535  415 
On Diffusion in the Ionosphere —V. C. A. 

Ferraro. (Terr. Magn. Atmo. Elec., vol. 51, pp. 
427-431; September, 1946.) "It is shown that 
Jaeger's discussion of diffusion in the iono-
sphere [598 of 19461 is applicable only to regions 
of the F2 layer 100 km or more above the level 
of maximum ion-production. Further reasons 
are given for the conclusion reached in an 
earlier paper [3785 of 19451 that, though dif-
fusion in the F2 layer may not be negligible (as 

in the case of the E and Ft regions), its effect is 
likely to be small. The air-density in the F2 
layer at the level of maximum electron-density 
is then unlikely to be much less than 10" mol 
per cc." 

551.510.535  416 
The Mechanism of Ionospheric Ionization 

— R. v. d. R. Woolley. (Proc. Roy. Soc. A, vol. 
187, pp. 102-114; October 8, 1946.) "The avail-
able mechanisms for the production of elec-
trons in the three regions of the ionsophere are 
discussed with special reference to the question 
whether it is possible to account for the ob-
served electron densities without supposing 
that the sun emits far more energy in the re-
mote ultraviolet spectrum than would be emit-
ted by a black body at 6000 degrees. The con-
tributions to electron densities made by meta-
stable states of atoms and molecules are exam-
ined. It is concluded that the observed electron 
densities may be accounted for without requir-
ing high solar energy in the ultraviolet if the ef-
fective recombination coefficient in the F2 re-
gion is 10-w. The F2 region is attributed to the 
ionization of atomic oxygen, and the E region 
to the ionization of molecular oxygen. The elec-
trons forming the Fi region are supposed to be 
provided by metastable N2 or by NO." 

551.594.51  417 
The Auroral Luminosity-Curve —L. Harang. 

(Terr. Magn. Atmo. Elec., vol. 51, pp. 381-400; 
September, 1946.) The auroral luminosity 
curve is calculated theoretically as a function 
of height for cathode rays penetrating the 
ionosphere rectilinearly. Estimates are made of 
cathode-ray velocities for observed aurorae, and 
the heights of abnormal-E reflections and of the 
absorbing layer are discussed. 

621.396.812.029.64  418 
Elements of Radio Meteorology: How 

Weather and Climate Cause Unorthodox Radar 
Vision Beyond the Geometrical Horizon 
Booker. (See 516.) 

621.396.812.029.64  419 
The Attenuation of Centimetre Radio 

Waves and the Echo Intensities, Resulting 
from Atmospheric Phenomena—Ryde. (See 
515.) 

551.510.535(02)  420 
Contribution a l'Etude de la Structure de 

l'Ionosphere. (M6Moires de 'Institut Royal 
Meteorologique de Belgique, Vol. 19) [Book 
Reviewi —M. Nicolet. Institut Royal Mete°. 
rologique de Belgique, Brussels, 1945, 162 pp. 
(Observatory, vol. 66, pp. 345-346; October, 
1946.) 

LOCATION AND AIDS TO NAVIGATION 

621.396: 629.13  421 
Aviation  Radio  E quip ment —( Wireless 

World, vol. 52, pp. 366-368; November, 1946.) 
The main types of radio equipment shown at 
the exhibition of the Society of British Aircraft 
Constructors, were: general purpose communi-
cation sets, very-high-frequency apparatus, ra-
dio aids to navigation, airborne power supply 
units, and electronic equipment for balancing 
gyroscope rotors and flaw detection. 

621.396.9  422 
I.E.E. Radiolocation Convention, March, 

1946—(See 622.) 

621.396.9: 623.451 : 551.46  423 
Properties of Radar Echoes from Shell 

Splashes—H. Goldstein. (Phys. Rev., vol. 70, 
pp. 232-233; August 1-15, 1946.) Scattering 
from spray drops has been suggested as the ex-
planation of sea echo on microwave radar. Ex-
periments on echoes from shell splashes are 
described which provide further evidence that 
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this is not the case. Wavelengths of 9.2, 3.2, and 
1.25 centimeters were used and a high-speed 
photographic technique employed to compare 
the echo intensities; simultaneous motion pic-
tures of the splashes were also taken with a 
cine-theodolite. 
, The effective cross section of the splash at 
any instant could be calculated, and a detailed 
comparison of the results on 9.2 and 1.25 centi-
meters was made. The cross section was ini-
tially greater on 9.2 centimeters, but as the 
splash changed to spray this condition was re-
. versed, and the 1.25 centimeter echo was still 
appreciable after the other had disappeared. 
The ratio of the cross sections for very fine 
drops is given by the Rayleigh X-4  law as +35 
decibels, whereas the maximum value meas-
ured was about +20 decibels. This is still much 
greater than the +8 decibels observed for sea 
echo, which, therefore, cannot arise from small 
drops of spray. 

621.396.9(52)  424 
Short Survey of Japanese Radar. Parts 1 

and 2—R. I. Wilkinson. (Eke. Eng., vol. 65, 
pp. 370-377, and 455-463; August-September 
and October, 1946.) A report based on a study 
made immediately after the fall of Japan by the 
United States Army, which was particularly 
useful because of the obvious willingness of 
the Japanese to volunteer technical informa-
tion. Army and navy radar are discussed, to-
gether with general problems concerning the 
manufacture and operation of radar equip-

ment. 

621.396.932  425 
The SL Radar —N. I. Hall. (Bell Lab. Rec., 

vol. 24, pp. 353-357; October, 1946.) A brief 
descriptive account of a shipborne 10-centi-
meter radar system with plan-position-indica-
tor display, designed in 1942 for submarine 
detection. 

621.396.933  426 
Air Navigation: Survey of Radio Aids to 

Civil Aviation—M. G. Scroggie. (Wireless 
World, vol. 52, pp. 352-356; November, 1946.) 
The principal types of navigational aid availa-
ble at present are briefly discussed. The main 
immediate need is for world-wide standardiza-
tion and co-ordination of these equipments to 
reduce the number that aircraft must carry. 
Attempts are also being made to replace cath-
ode-ray-tube displays developed during the 
war by meters which give the pilot a direct 
reading of the information he requires. 

621.396.933.4  427 
Anti-Collision Radio—H. W. Secor and 

E. Leslie. (Radio Craft, vol. 18, pp. 17, 75; Oc-
tober, 1946.) 

621.396.933(02)  428 
Demonstrations of Radio Aids to Civil 

Aviation 11look Reviewl —H. M. Stationery 
Office, London, 80 pp., 5s. (Wireless Eng., 
vol. 23, p. 298; November, 1946.) Descriptions 
of equipments shown to delegates of the Provi-
sional International Civil Airways Organiza-
tion. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

533.275.083  429 
Measuring Humidity in Air and Gases by 

the Dew-Point Method—R. Czepek. (Arch. 
Tech. Messes, no. 108, pp. T85-86; August, 
1940.) A review of the principles, and brief de-
scription of seven practical methods. 

533.5:621.3.032.53  430 
Stresses in Cylindrical Glass-Metal Seals 

with Glass Inside —A. W. Hull. (Jour. Appi. 
Phys., vol. 17, pp. 685-687; August, 1946.) The 
stresses in the glass are shown to be all of the 

same sign and, thus, a moderate mismatch is 
allowable when the thermal expansion of the 
metal is greater than that of the glass. The 
theory is given in an earlier article: Glass to 
Metal Seals, by A. W. Hull and E. E. Burger 
(Physics, vol. 5, pp. 387 ff; 1934.) See also 431 

below. 

533.5:621.3.032.53  431 
Theory and Practice of Glass-Metal Seals: 

Part 4—J. A. Monack. (Glass Ind., vol. 27, pp. 
556-559, 582; November, 1946.) For previous 
parts see 119 of February. See also 430 above. 

535.37  432 
Fluorescence Fatigue—T. Alper. (Nature 

(London), vol. 158, p. 451 ;September 28,1946.) 

537.533.8  433 
The Change in Conductivity of Aluminum 

Oxide when it is Bombarded by Electrons -
1. F. Kvartskhava. (Bull. Acad. Sci. (URSS), 
ser. phys., vol. 8, no. 6, p. 373; 1944. In Rus-
sian.) Summary of a report. In studying sec-
ondary electron emission is it important to ob-
serve the excitation of electrons in the emitter 
by primary electrons. Certain experimental dif-
ficulties are obviated by the use of aluminum 
oxide emitters. In experimenting with these it 
was found that with gradients of the order of 
104 volts per centimeter a process takes place 
in the emitter causing an increase in the dark 
conductivity and a decrease in the excitation of 

the electrons.  •  . 

539.23:669  434 
Identification of Electroplated Coatings — 

(Materials and Methods, vol. 24, p. 673; Sep-
tember, 1946.) Table of simple identification 
tests involving scratching, spot tests with con-
centrated HNO2 and HCl, and other chemical 

tests. 

539.234  435 
Structure of Catalytic Metal Films—D. D. 

Eley. ( Nature (London), vol. 158, p. 449; Sep-
tember 28, 1946.) When certain metals evapo-
rate on to the walls of a glass tube, films are 
formed whose actual area is several times their 
apparent area. This is best explained by assum-
ing such films to be microcrystalline. 

546.287  436 
Silicones: Food for Imagination—R. R. 

McGregor. (Jour. Frank. Inst., vol. 242, pp. 
93-102; August, 1946.) Address to a joint 
meeting of the Franklin Institute and the 
Philadelphia Science Teachers Association. 

620.191.33:669.3  437 
Microfissures—"Recorder II" (Metal lad. 

(London), vol. 69, p. 347; October 25, 1946.) 
Fine cracks otherwise invisible in impure cop-
per or copper alloy specimens can be detected 
microscopically if the specimens are electro-
lytically polished and immersed in a special 
ammonium sulphide reagent. 

620.193.8(213)  438 
The Deterioration of Materiel in the Trop-

ics— W. G. Hutchinson. (Sei. Mon., vol. 63, pp. 
165-177; September, 1946.) A brief resume of 
the ways in which different classes of materiel 
are affected. Some possible measures of control 
are indicated. 

621.315.211.2:679.5 439 
Developments in Solid Dielectric R.F. 

Transmission Lines—Graham. (See 351.) 

621.315.6:621.39  440 
Dielectrics for Telecommunication Pur-

poses —W. Jackson. (Engineering (London), 
vol. 162, pp. 427-428; November, 1946.) An-
other account of part 2 of 314 of Febuary. 

621.315.61.015.5:547  441 
Determination of the Flashpoint of Organic 

Insulating Materials -M. ZOrcher. (Schweiz. 

Arch. Angew. Wiss. Tech., vol. 11, pp. 94-96; 
March, 1945.) Powdered materials in tubular 
containers are inserted in holes in a copper 
block preheated to a known temperature. Any 
gases given off are collected and tested for com-
bustibility. The sensitivity of the apparatus 
and the effect of grain size are discussed and 
results given graphically for certain materials. 

621.315.612.2:551.547  442 
Investigation of Porcelain Insulators at 

High Altitudes—C. V. Fields and C. L. Cad-
well. (Trans. A.I.E.E. (Eke. Eng., October, 
1946), vol. 65, pp. 656-660; October, 1946.) 
Flashover voltages are given for alternating 
and direct current for porcelain bushings. Tests 
were made at both normal and reduced pres-
sure. Solid insulation should be used to obtain 
the benefit of its puncture strength rather than 
its flashover under extreme conditions. 

621.315.615.2  443 
The Influence of the Concentration and 

Mobility of Ions on Dielectric Loss of Insulat-
ing Oils—B. P. Kang. (Trans. A .I.E.E. (Else. 
Eng., July, 1946), vol. 65, pp. 403-407; July, 
1946.) The relationships between the amount 
of Impurities, the viscosity, and the dielectric 
loss in Insulating oils are investigated. 

621.315.617.3  444 
Insulating Varnishes and Compounds — 

N. Bromberger. (Proc. 1.R.E. (Australia), vol. 
7, pp. 4-12; October, 1946. Discussion, pp. 
12-14.) The selection and characteristics of 
both natural and synthetic materials are out-
lined, and details are given of the processes in-
volved in the manufacture of varnishes and 
compounds. Their application and methods of 
production control are also discussed. 

621.318.22/.23  445 
Modern  Hard  Magnetic  Materials— 

K. Hoselitz. (Metal Treatment, vol. 13, pp. 213-
222; Autumn, 1946.) Reprint of 2607 of 1946. 

621.319.7:621.385  446 
Plotting Electrostatic Fields—G. Silva. 

(Alta Frequenza, vol. 15, pp. 117-118; June, 
1946.) Comment on 3322 of 1946 (Pinciroli and 

Panetti). 

621.357.1:666.1:621.314.67 447 
Electrolysis  Phenomena  in  Soft-Glass 

Stems of Rectifier Tubes—J. Gallup. (Jour. 
Amer. Ceram. Soc., vol. 29, pp. 277-281; Oc-
tober 1, 1946.) The longitudinal cracks and 
black deposits which form along leads during 
the life of rectifier tubes were found to be due to 
electrolysis in the soft glass stems. Rupture was 
caused by glass bombardment by reverse emis-
sion from the rectifier anode. This theory is 
supported by mass spectrometer analysis of the 
gas produced. Associated electrolysis phenom-
ena are also described. 

621.357.7:669.3  448 
Copper Plating—C. Struyk and A. E. Carl-

son. (Metal Ind., (London), vol. 69, pp. 348-
352; October 25, 1946.) Description of the ad-
vantages of using copper fluoborate solutions 
with high-limiting current densities for the elec-
trodeposition of copper, instead of the ordinary 
copper sulphate solutions. 

621.791.353  449 
Soft  Soldering —"Recorder  II"  (Metal 

Ind. (London), vol. 69, p. 476; December 6, 
1946.) Survey of progress of investigations into 
the problem of "solderability." 

666.1:62  450 
Modern Developments in Glasses for Tech-

nical Purposes—W. E. S. Turner. (Endeavour, 
vol. 4, pp. 3-16; January, 1945.) Recent discov-
eries of chemical, thermal, and mechanical 
properties are described and the use of glass in 
combination with metals and as fibre is dis-
cussed. 
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666.1.032  451 
Scientific Glass Blowing and Laboratory 

Techniques  W. E. Barr and V. J. Anhorn. 
(Instruments, vol. 19, pp. 14-32; January, 
1946.) To be continued. 

666.11  452 
Dielectric Properties of Glasses at Ultra-

High Frequencies and Their Relation to Com-
position —L. Navias and R. L. Green. (Jour. 
Amer. Ceram. Soc., vol. 29, pp. 267-276; Oc-
tober 1, 1946.) The dielectric constants and die-
electric losses of 104 kinds of glass were meas-
ured at 3000 and 10,000 megacycles by the 
resonant cavity method. SiO2 and B203 glasses 
are relatively transparent at these frequencies. 
Alkali ions in glasses give high losses increasing 
with the number of ions. Glasses containing a 
combination of alkalis show lower losses than 
the equivalent compositions with only one al-
kali. Divalent ions contribute less to losses than 
alkalis. 

666.3:539.4  453 
Stress-Strain Relations in Ceramic Mate-

rials —M. Lassettre and J. 0. Everhart. (Jour. 
Amer. Ceram. Soc., vol. 29, pp. 261-266; Sep-
tember 1, 1946.) 

678.77  454 
Some Recent Contributions to Synthetic 

Rubber Research —C. S. Fuller. (Bed. Sys. 
Tech. Jour., vol. 25, pp. 351-384; July, 1946.) 

679.5  455 
Annealing of Styrene and Related Resins — 

J. Bailey. (Mod. Plasi., vol. 24, pp. 127-131; 
October, 1946.) Failure of parts caused by ther-
mal and mechanical strains can be overcome by 
the use of appropriate annealing processes. 

679.5  456 
Manufacture of Laminates in Germany — 

(Mod. Plat., vol. 24, pp. 147-149, 210; October, 
1946.) Translation based on a production 
manual of Dynainit A.-G. Troisdorf, a subsid-
iary firm of I. G. Farbenindustrie A.-G. 

679.5:62  457 
Plastic Laminates —as Engineering Mate-

rials —K. Rose. (Materials and Methods, vol. 
24, pp. 653-664; September, 1946.) Compre-
hensive article dealing with the industrial as-
pect of these materials, with their light weight, 
high dielectric strength, low water absorption, 
and resistance to attack by chemicals. They can 
be supplied in sheets, rods and tubes, and other 
forms. The production of high-pressure, low-
pressure and composite laminates is described, 
with their particular industrial uses, and details 
concerning the machining of these materialif. 

679.5:669  458 
Metal Test Specimens Mounted in Urea - 

(Mod. Plasi., vol. 24, p. 121; October, 1946.) 
Metal specimens must be mounted for certain 
microscope tests. Moulded Plaskon is an eco-
nomical mounting material which is easy to use 
and can be colored. 

778.534.8  459 
A System for Rapid Production of Photo-

graphic Records —F. M. Brown, L. L. Black-
mer, and C. J. Kunz. (Jour. Frank. Inst., vol. 
242, pp. 203-212; September, 1946.) Equip-
ment for automatic exposure, processing and 
projection of 16-millimeter film is described. 
The final image is completely processed in 15 
seconds on Eastman fine grain release positive 
film type 5302. 

MATHE MATICS 

517.942  460 
Mathieu Functions and Their Classifica-

tion —N. W. McLachlan. (Jour. Math. Phys., 
vol. 25, pp. 209-240; October, 1946.) 

518.5  461 
The Automatic Sequence Controlled Calcu-

lator: Parts 1 and 2--H. H. Aiken and G. M. 
Hopper. (Elec. Eng., vol. 65, pp. 384-391 and 
449-454; August-September,  and October, 
1946.) See also 468 below. 

518.5  462 
The ENIAC, an Electronic Computing Ma-

chine —D. R. Hartree. ( Nature (London), vol. 
158, pp. 500-506; October 12, 1946.) General 
description with examples of operations. 

518.61  463 
An Escalotor Process for the Solution of 

Linear Simultaneous Equations-- J. Morris. 
(Phil. Mar., vol. 37, pp. 106- 120; February, 
1946.) The Escalator process, originally de-
vised for the solution of Lagrangian frequency 
equations in connection with aircraft vibration 
problems (see 1636 of 1945) is adapted to the 
solution of linear simultaneous equations, par-
ticularly those which are "ill-conditioned" and 
difficult to solve by other methods. Each of the 
variables involved is introduced in turn by 
definite selfcontained stages, at each of which 
powerful checks are available to assess, and if 
necessary to adjust, accuracy. A numerical ex-
ample is fully explained. 

The Escalator method has a very wide ap-
plication to vibration problems because it en-
ables the various parts of a complicated system 
to be considered separately. It has also an ap-
plication toll networks and transients, but 
further work is necessary to make this fully ef-
fective. A comprehensive account of the 
method will be published in book form shortly. 

519.2:518.4  464 
Graphical Solutions of Statistical Problems 

—F. Levi. (Engineer (London), vol. 182, pp. 
338-340 and 362-364; October 18-25, 1946.) 
Discusses the applications of "probability 
graph paper." 

519.28:621.3  465 
A New Approach to Probability Problems in 

Electrical Engineering —H. A. Adler and K. W. 
Miller. (Trans. A.I.E.E. (Elec. Eng., October, 
1946), vol. 65, pp. 630-632; October, 1946.) 

531.3:621.396.611  466 
On a Special Case of Systems with Two De-

grees of Freedom -Zhabotinski. (See 377.) 

51(02)  467 
The Common Sense of the Exact Sciences 

iBook Reviewl  \V. K. Clifford. A. A. Knopf, 
New York, 249 pp., $4.00. (Sc. Mon., vol. 63, 
p. 242; September, 1946.) "Mathematics made 
easy." 

518.5  468 
A Manual of Operation for the Automatic 

Sequence Controlled Calculator —(Annals of 
the Computation Laboratory of Harvard Uni-
versity, Vol. 1) (Book Reviewl —Staff of the 
Computation  Laboratory.  Harvard  Univ. 
Press, Cambridge, Mass.; Oxford Univ. Press, 
London, 561 pp, $10.00. (Nature (London), 
vol. 158, pp. 567-568; October 26, 1946.) The 
machine described can be regarded as a mod-
ern version of Babbage's difference engine, and 
"is largely composed of standard Hollerith 
counters, but with a superimposed and spe-
cially designed tape-sequence control for direct-
ing the operations of the machine." See also 461 
above. 

518.61  469 
Relaxation Methods in Theoretical Physics 

(Book Reviewl —R. V. Southwell. Clarendon 
Press, Oxford, 248 pp., 20s. (Electrician, vol. 
137, p. 1137; October 25, 1946.) It is claimed 
that any problem that can be formulated can 
be solved arithmetically. See also 463 above. 

MEASURE MENTS AND TEST 
GEAR 

621.317.2:656.2  470 
Mobile Electrical Measurements Labora-

tories for the German State Railways- h. W. 
Curtius. (Arch. Tech. Messen, no. 108, pp. T93-
94; August, 1940.) Choice of test gear and of 
methods of measurement is limited mainly by 
the essential requirement of robust equipment 
that can withstand the severe vibrations en-
countered in railway rolling-stock. 

621.317.32:537.221  471 
Measurement of Surface Potential or Con-

tact Potential Differences —A. A. Frost. (Rev. 
Sci. Instr., vol. 17, pp. 266-268; July, 1946.) 
The term surface potential is preferable when 
surface effects are being studied. Such poten-
tials may conveniently be measured by forming 
the two surfaces into a capacitor whose charge 
is neutralized by an opposing potential supplied 
by a pH meter. See also 1282 of 1946 (Meyer-
hof and Miller). 

621.317.32.027.3  472 
High-Voltage Measurement —F. M. Bruce. 

(Elec. Rev. (London), vol. 139, p. 838; Novem-
ber 22, 1946.) Summary of two Institution of 
Electrical Engineers papers, one discussing fac-
tors in the design of an ellipsoid voltmeter, and 
the other describing spark gap calibration. 

621.317.35:621.396.611.1.015.3  473 
Evaluation of Circuit Constants from Datil-

lograms -L. S. Foltz. k Elec. Eng., vol. 65, pp. 
490-492; October, 1946.) Formulas are derived 
and applied to typical oscillograms of transients 
in series circuits, and it is shown that the re-
sults, (values of the resistance, capacitance 
and inductance present) have an accuracy 
which makes the formulas and the method 
useful. 

621.317.373  474 
Phase Detectors: Some Theoretical and 

Practical Aspects —L.  I. Farren. (Wireless 
Eng., vol. 23, pp. 330-340; December, 1946.) 
Fundamental methods were described by Levy 
(2323 of 1940). In the present paper, a detailed 
analysis shows that simple push-pull detectors 
are more efficient than the balanced type. Sim-
ple push-pull detectors with sinusoidal input 
voltages have good sensitivity, but a sinusoidal 
relationship between the output and the phase-
difference of the input voltages; this relation-
ship is more nearly linear in the square-wave 
case, but sensitivity is less. 

621.317.39.029.6:536.33  475 

The Measurement of Thermal Radiation at 
Microwave Frequencies---R. H. Dicke. (Rev. , 
Sci. Instr., vol. 17, pp. 268-275; July, 1946.) 
The connection between "Johnson noise" and 
black-body radiation is discussed, using a sim-
ple thermodynamic model. A suitable micro-
wave-receiver assembly with a wide-band inter-
mediate-frequency amplifier is described in 
which the effect of radio noise generated in the 
apparatus is eliminated. 
The experimentally measured root-mean-

square fluctuation of the output meter of such 
a microwave radiometer is 0.4 degree centi-
grade, compared with a theoretical value of 
0.46 degree centigrade. 

The method of calibrating, using a variable 
temperature resistive load, is described. See 
also 219 of February (Kyhl, Dicke, and Ber-
inger). 

621.317.728  476 
Measurement of H. M.S. Voltage using a 

Sphere Gap — W. Raske. (Arch. Tech. Messes, 
no. 106, p. T42; April, 1940.) Methods of 
adapting a sphere gap, used for peak voltage 
measurement, to find the root-mean-square 
value. Calibration and errors are discussed. 
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621.317.75  477 
Frequency Spectrum Analysis: Principles 

and Applications —E. Aisberg. (Toute la Radio, 
vol. 12, pp. 9-12; December, 1945.) An ac-
count of the construction and operation of an 
analyzer suitable for studying the frequency 
characteristics of the various circuits in radio 
receivers. 

621.317.79.029.64  478 
Techniques and Facilities for Microwave 

Radar Testing—E. I. Green, H. J. Fisher, and 
J. G. Ferguson. (Bell. Sys. Tech. Jour., vol. 25, 
pp. 435-482; July, 1946.) Reprint of 2645 of 

1946. 

621.317.79.029.64: 621.396.611  479 
High Q Resonant Cavities for Microwave 

Testing— Wilson, Schramm, and Kinzer. (See 
378.) 

621.318.572  480 
Counting Rate and Frequency Meter — 

E. Lorenz, J. Weikel, and S. G. Norton. (Rev. 
Sci. Instr., vol. 17, pp. 276-279; July, 1946.) 
A counting rate and frequency meter consists 
essentially of an apparatus for bringing signals 
of different amplitudes and waveforms to a uni-
form unidirectional size and measuring their 
rate of arrival. The instrument described has a 
resolving power of 10-2 second s for evenly spaced 
pulses and consists of a thyratron whose rate of 
striking is controlled by the input pulses, while 
the duration of the arc at each discharge is fixed 
by a resistance-capacitance circuit. The result-
ing anode current is thus proportional to the 
frequency of the input pulses. 

621.319.4:621.317  481 
The Characteristics and Errors of Capaci-

tors used for Measurement Purposes—C. G. 
Garton. (Jour. I .E.E. (London), part II, vol. 
93, pp. 398-408; October, 1946. Discussion pp. 
408-414.) Causes of variation of capacitance 
and loss angle are discussed with relation to 
time, humidity, temperature, frequency, volt-
age, screening, and the properties of materials 

, used in capacitor construction. When a guard 
ring is used to measure the capacitance and loss 
angle of a plane sample of dielectric, errors in 
loss angle due to surface conductivity are small 
only if g<<t, g<<R, or r>10-12/Rf where 2g is the 
guard ring gap, t is the thickness of the sample, 
R is the radius of the main electrode, and f is 
the frequency. These conditions are difficult to 
realize in practice, and if none of them is satis-
fied, spurious loss angles up to 10-2  may occur 
in specially unfavorable cases. 

621.396.611.21.012.8:537. 228 .1 482 
Methods of Measuring the Constants of the 

Equivalent Network of a Piezoelectric Crystal: 
Quartz  Meter —Jacquinot,  Dumesnil,  and 
I3oughon. (Onde Elec., vol. 26, pp. 259-273; 
July, 1946.) The equivalent circuit has com-
ponents L, C, and R in series with C9 in shunt. 
The natural frequency and bandwidth give the 
magnification Q. The time constant r = 2LIR is 
determined by observing the decay of free os-
cillations in the crystal when the excitation is 
removed and a fluxmeter integrator gives direct 
indication of r. The bandwidth is measured as 
the difference of the quadrantal frequencies 
at which phase displacements of ±45 degrees 
are obtained relative to the resonant frequency 
and cathode-ray-oscilloscope indication is used. 
The dynamic resistance iq determined by com-
parison with a known resistance (using cathode-
ray-oscilloscope indication). The various meth-
ods of measurement are combined in a single 
instrument (a universal Quartz meter) for use 
between 50 kilocycles and 10 megacycles. 

OTHER APPLICATIONS OF RADIO AND 
ELECTRONICS 

-536.48  483 
On the Possible Use of Brownian Motion 

for Low Temperature Thermometry—A. W. 

Lawson and E. A. Long. (Phys. Rev., vol. 70, 
pp. 220-221; August 1-15, 1946.) Thermal 
noise in a high resistance is only suitable for 
measuring temperatures down to about 0.01 de-
gree Kelvin and requires an amplifier of very 
narrow pass band; the resistance, necessarily of 
a semiconductor, will have an exponential tem-
perature coefficient which introduces difficul-
ties. 
Alternatively by measuring the thermal 

noise voltage of a quartz resonator (after cali-
bration at the boiling point of helium) tempera-
tures as low as 0.0001 degree Kelvin should be 
measurable. The main experimental difficulty 
is to establish thermal contact between the 
resonator and its surroundings without reduc-
ing its Q. 

539.16.08  •  484 
Design of Beta-Ray and Gamma-Ray 

Geiger-Miiller Counters — W. Good, A. Kip, 
and S. Brown. (Rev. Sci. Instr., vol. 17, pp. 262-
265; July, 1946.) 

539.16.08: 57  485 
An Electronic Method of Tracing the Move-

ments of Beetles in the Fields —G. A. R. 
Tomes and M. V. Brian. ( Nature (London), vol. 
158, p. 551; October 19, 1946.) A beetle is made 
to carry 5 micrograms of radium sulphate; its 
position is then detected with a special form of 
Geiger-Muller tube. 

615.84  486 
Crystal-Controlled Diathermy—R. L. Nor-

ton. (Elearonics, vol. 19, pp. 113-115; October, 
1946.) Description of a 500-watt unit operating 
at about 27 megacycles, crystal frequency be-
ing a quarter of carrier frequency. An air-
cooled tetrode is used in the output stage to 
which the load is connected by means of leads 
4 feet in length. Provision is made for tuning 
the load: a lamp, loosely coupled to the output 
leads, is used as an indicator. 

621.316.9:621.38  487 
Electronic Devices in Power Supply — 

"Kilovar." (Overseas Eng., vol. 20, pp. 155-157; 
December, 1946.) A general account of the pro-
tection of large high voltage power supply net-
works by electronic devices, and their use in 
telemetering, fault location, etc. 

621.318.572  488 
Electronic  Relay —G.G.C.  Development 

Co. (Jour. Sci. Instr., vol. 23, p. 247; October, 
1946.) When the control contact !s open the 
anode and grid of a tube are fed with alternat-
ing current in antiphase. Closure of this con-
tact earths the grid and causes anode current to 
flow thus operating the relay. The maximum 
current through this contact is 15 microam-
peres. 

621.318.572:623.451  489 
A Paper Screen Signaling Missile Passage 

in Ballistics—H. Lamport and M. G. Schorr. 
(Rev. Sci. Instr., vol. 17, p. 280; July, 1946.) 

621.365.036.65  490 
A Simple Automatic Furnace Temperature 

Control —E. L. Yates. (Jour. Sci. Instr., vol. 
23, pp. 229-231; October, 1946.) By using a 
platinum resistance thermometer in an alter-
nating-current bridge, furnace temperature can 
be automatically controlled to within ±0.5 
degrees centigrade at all temperatures between 
0 degree and 1000 degrees centigrade. 

621.365.92:677  491 
Radio Heating in Textile Industry —C. N. 

Batsel. (Radio News, vol. 36, pp. 44-45, 82; 
October, 1946.) High frequency heating is used 
for processing cotton, rayon, nylon, and wool, 
mainly for drying and setting the twist. A 
method has also been developed for curing the 
resin in Impregnated fabrics. 

621.38:62  492 
Electronics: Their Scope in Heavy Engi-

neering— W. G. Thompson. (G. E. C. Jour., 
vol. 14, pp. 59-72; August, 1946.) A sur-
vey of various types of electronic equipment, 
and their application to research, testing, man-
ufacture, power control, and safety in heavy 
engineering. 

621.38.001.8:621.9  493 
Electronics and Precision Grinding Ma-

chines—(Engineer (London), vol. 182, pp. 300-
301; October 4, 1946.) 

621.384: 538.691  494 
The Stability of Electron Orbits in the 

Synchrotron —N. H. Frank. (Phys. Rev., vol. 
70, pp. 177-183; August 1-15, 1946.) The mo-
tion of an electron in an axially symmetric mag-
netic field under the action of an external 
torque due to a radio-frequency field is ana-
lyzed and the oscillations about the equi-
librium orbit investigated. The transition from 
betatron to synchrotron motion is examined 
and the condition restablished for the "locking 
in" of the electrons to synchronous driving by 
the radio-frequency field. Stable synchrotron 
operation is shown to be quite practicable. See 
also 3440 of 1946 (Denison and Berlin). 

621.384.032.21  495 
R.F. Heating Cyclotron Filaments —A. E. 

Hayes, Jr. (Phys. Rev., vol. 70, pp. 220; August 
1-15, 1946.) The radio-frequency generator 
which feeds the filament of a cyclotron is usu-
ally remote (for ease of adjustment) and so re-
quires a long transmission line between the 
oscillator and the ion source. The advantage of 
using a mean oscillator frequency which makes 
the line one quarter wavelength long are ex-
plained. 

621.385.833+537.533.72  496 
The Electron Microscope—G. Dupouy. 

(Metal Treatment, vol. 13, pp. 153-168, 205; 
Autumn, 1946.) Description of its theory, con-
struction, and operation, and some of the re-
sults obtained by its application to the study of 
metals. 

621.396.998:629.135  497 
Drones — Prelude to "Push-Button" War-

fare?-0. Read. (Radio News, vol. 36, pp. 25-
29, 104; October, 1946.) A brief account of the 
use of automatically controlled aircraft for tak-
ing observations during atom-bomb tests. The 
aircraft were controlled by radio from piloted 
aircraft. 

621.397.26:343.977.33  498 
Transmission of Finger-Prints by Radio — 

(Nature (London), vol. 158, pp. 525-526; Oc-
tober 12, 1946.) Note of some recent applica-
tions of facsimile to police work described in a 
pamphlet by F. R. Cherrill. 

771.448.1  499 
Photographic Use of Electrical Discharge 

Flashtubes—H. E. Edgerton. (Jour. Opt. soc. 
Amer., vol. 36, pp. 390-399; July, 1946.) 

PROPAGATION OF WAVES 

538.566  500 
The Group Velocity in a Crystal Lattice— 

Mandelstam. (See 397.) 

$51.501.7  501 
Measurements of Refractive Index Gradi-

ent — Westwater. (See 413.) 

551.510.535:523.78  502 
Eclipse-Effects in F2-Layer of the lono-

sphere —H. W. Wells and A. H. Shapley. 
(Terr. Magn. Atmo. Elec., vol. 51, pp. 401-409; 
September, 1946.) A study of Ionospheric ob-
servations at College, Watheroo, and Huan-
atyo during the partial solar eclipses of Febru-
ary and August, 1943, and January, 1944. F r 
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layer ionization was in all cases subnormal be-
fore and after the eclipse, indicating that radia-
tions from beyond the limb of the sun may 
contribute to the ionization of the region. Esti-
mated values of the recombination coefficient 
for the F2 layer for these eclipses lie between 
10-f. and 2X10 1. At Huancayo during the 
1944 eclipse the F2 layer rose to great heights at 
a rate of about 200 kilometers per hour, and a 
new F-region stratification developed at nor-
mal heights. See also 503 below. 

551.510.535: 523.78  503 
Effects on the Ionosphere at Huancayo. 

Peru, of the Solar Eclipse, January 25, 1944— 
P. G. Ledig, M. W. Jones, A. A. Giesecke, and 
E. J. Chernosky. (Terr. Mugs. Alm& Elec., vol. 
51, pp. 411-418; September, 1946.) A detailed 
account of the results for the E, Fj and F2 lay-
ers is given, together with simultaneous signal 
intensities observed on a 15-megacycle trans-
mission over a distance of 3500 miles. Minima 
in ion density were recorded for the E and F1 
layers near the time of maximum eclipse, with 
a delayed effect in the case of the F2 layer. An 
effect on Frlayer ion density possibly due to a 
corpuscular eclipse is also described. See also 
502 above. 

551.594.51  504 
The Auroral Luminosity-Curve —liarang. 

(See 417.) 

621.396.11 : 52 47+.854  505 
Extra-Tropospheric Influences on Ultra-

Short-Wave Propagation—Appleton. (See 402.) 

621.396.11:621.392  506 
Some Questions Connected with the Exci-

tation and Propagation of Electromagnetic 
Waves in Tubes —L. Mandelstam. (Zh. Eksp. 
Teor. Fie., vol. 15, no. 9, pp. 461-470; 1945. In 
Russian.) A new analytical method is proposed. 
The excitation of electromagnetic waves in free 
space is considered first. It is assumed that in 
the plane z =0 there is a double layer of elec-
tric charges, i.e., a plane layer of dipoles with 
their axes parallel to the s axis. A formula (I) 
is quoted determining the z-component II of the 
Hertz vector, and is transformed into formula 
(4). The latter formula is applied to the case of 
a linear belt of dipoles of radius r and constant 
linear dipole density nr. A formula (5) deter-
mining II for this case is derived. If the belt is 
reduced to a point the well known Sommerfeld 
integral is obtained. 
A circular tube of infinite length and with 

ideally conducting walls is then considered. The 
exciter is assumed to be a plane double electric 
layer, i.e., a layer of electric moments lying in 
the plane z 0 and directed along the z axis of 
the tube. A formula (11) determining II for this 
case is derived together with formula (15) for 
the case of a point dipole on the axis of the tube. 
Methods for determining E and H from these 
formulcs are indicated. Formula (15) is ana-
lyzed, and various peculiarities are pointed out. 
The excitation by a point dipole displaced from 
the s axis is also considered. 
The case of "magnetic" excitation of waves 

in tubes is discussed next. This type of excita-
tion (can be achieved by introducing into the 
tube in the plane z = 0 a loop carrying current 
and having a figure-of-eight or more compli-
cated shape. Methods for determining the 
"magnetic" Hertz vector IP for this case, as 
well as E and H, are suggested. 
The attenuation of the waves in tubes due 

to losses in the walls is considered and relation-
ships between the various quantities involved 
are established. 

Finally, it is shown that the problem consid-
ered can be reduced to the same boundary con-
ditions as those of a vibrating diaphragm. It is, 
therefore, possible to make use of Courant's 
theorems for obtaining additional information 
such as the effect of varying the shape of the 

tube cross section or introducing a conductor 
along the axis of the tube. 

621.396.11.029.64  507 
Perturbation Theory of the Normal Modes 

for an Expontial M-Curve in Non-Standard 
Propagation of Microwaves —C. L. Pekeris. 
(Jour. Appl. Phys., vol. 17, pp. 678-684; Au-
gust, 1946.) The region beyond the horizon is 
mainly considered, for cases in which the de-
viation of the M-curve from the standard is an 
exponential function of the height expressed 
in natural units. (M denotes modified refrac-
tive index.) Within its region of convergence 
the theory is applicable to the most general 
type of M-curve, including elevated ducts. 
"The region of practical convergence ranges 
from highly substandard conditions down to 
cases where the decrement is a fraction of the 
standard value." The procedure is to express 
the height-gain function of any mode in the 
nonstandard case as a linear combination of 
the height-gain functions of all the modes in the 
standard case. The success of this depends on 
being able to evaluate quantities pl,,,,.(X) which 
can be expressed as infinite integrals involving 
products of the height gain functions of the 
standard case. 

621.396.65  508 
Hertzian Cable (Radio Links in Multichan-

nel Telephony Circuitsl —Clavier and Phelizon. 
(See 540.) 

621.396.81.029.6: 551.43  509 
An Experimental Investigation on the Prop-

agation of Radio Waves over Bare Ridges in 
the Wavelength Range 10 cm. to 10 m. (Fre-
quencies 30 to 3000 Mc.) —J. S. McPetrie and 
L. H. Ford. (Jour. I.E.E. (London), part I IIA, 
vol. 93, no. 1, pp. 108-109; 1946.) For hori-
zontally polarized transmission over an approx-
imately cylindrical hill of radius 11,000 feet, 
experimental results are in good agreement 
with the rate of attenuation calculated by 
Domb and Pryce (assuming a ground reflection 
coefficient of —1) at wavelengths 9.2, 25, and 
56 centimeters. 
For a cylindrical ridge of radius 1250 feet, 

wavelength 2.25 meters, horizontal polarization 
gives results agreeing with the calculations of 
Domb and Pryce for a sphere of 1250 feet ra-
dius, but vertical polarization shows a lower 
rate of attenuation, and signal strength less out 
of the shadow and greater in the shadow. Ex-
periments were also made at 9.2, 25, 56 centi-
meters and 11.15 meters; at 11.15 meters at-
tenuation was less with vertical than with hori-
zontal polarization, otherwise results were the 
same on the two polarizations. Summary of an 
Institute of Electrical Engineers Radiolocation 
Convention paper. 

621.396.81.029.63/.64  510 
Theoretical Estimation of Field Strength — 

J. M. C. Scott. (Jour. I.E.E. (London), part 
IIIA, vol. 93, no. 1, pp. 104-105; 1946.) The 
reflecting power of a target for decimeter or 
centimeter waves can be satisfactorily ex-
pressed in terms of a "linear scattering con-
stant" L which is roughly 2 to 4 meter for the 
head-on aspect and 1 meter for other aspects; 
received power is proportional to transmitted 
power X LW. 
Ray-theory interference patterns obtained 

by geometrical optics are satisfactory at short 
ranges or great heights. For long ranges and 
low heights, wave theory must be used, es-
pecially when some of the power emitted by the 
transmitter becomes trapped in an atmospheric 
layer. This effect can set in below a certain 
wavelength depending on the meteorological 
situation. According to the wave theory there is 
an infinite series of characteristic waves (for 
"normal modes") of which, for any particular 
meteorological situation, some may travel hori-
zontally with little attenuation while the rest 

are rapidly attenuated. The attenuation con-
stants and height gains can be calculated nu-
merically from the wave equation; tables for 
various types of atmospheric model are availa-
ble. 

If the wavelength is small compared to that 
for energy trapping, ray tracing methods can be 
used; the rays in a heterogeneous atmosphere 
with a nonlinear structure form a series of en-
velopes or caustic curves. Calculations are la-
borious. 

Calculations have also recently been made 
of the reflection coefficient of an elevated in-
version layer at oblique incidence. 

621.396.81.029.64:551.43  511 
Some Experiments on the Propagation over 

Land of Radiation of 9.2 cm Wavelength, Es-
pecially on the Effect of Obstacles —J. S. Mc-
Petrie and L. H. Ford. (Jour. J.E.E. (London), 
part I IIA, vol. 93, no. 1, pp. 107-108, 1946.) 
A signal of known power was transmitted, and 
the received signal strength measured with a 
calibrated receiver. Short range results on a 
level site (np to 1 kilometer) agreed with the 
inverse square law and a ground reflection co-
efficient of —1, but this was not true for an un-
dulating site. It was found that a large tree 
should be regarded as an opaque body. A dense 
screen of leafless trees was comparable to a 
solid obstacle over which Fresnel diffraction 
took place. Screens of trees in full leaf, even 
only two or three trees thick, formed an opaque 
obstacle. Most buildings must be regarded as 
opaque, diffracting objects. Summary of an 
institution of Electrical Engineers Radioloca-
tion Convention paper. 

621.396.81.029.64  512 
A Study of Some of the Factors Influencing 

Microwave  Propagation —B.  J.  Starnecki. 
(Jour. I.E.E. (London), part II1A, vol. 93, no. 
1, pp. 106-107; 1946.) An analysis of the experi-
mental results described in Megaw's paper (518 
below). For a slightly nonoptical link propaga-
tion can be regarded as normal. On the other 
hand, for a 60-mile link 2.3 times optical range, 
signal levels are mainly much higher than can 
be expected from refraction-diffraction formu-
las. Only in about 15 per cent of the cases was 
there clear meteorological evidence of the for-
mation of a radio duct of width greater than 50 
feet, but comparison of simultaneous signal 
levels on 3 and 9 centimeters suggested that 
between 50 per cent and 70 per cent of the re-
sults on this link were due to ducts with heights 
between 20 and 40 feet, the remainder being 
due to normal propagation. The signal level 
was above "free space" level for about 20 per 
cent of the whole 5-month period. When the 
receiver was replaced by one at 20 feet, the re-
sults still agreed well with those expected for. 
duct widths between 20 and 40 feet. For the 
200-mile link, 70 per cent of the observed signal 
levels can only be explained by the presence 
of ducts. Summary of an Institution of Electri-
cal Engineers Radiolocation Convention paper. 

621.396.812+538.566.3  513 
Observations on the Interaction of Waves 

in the Ionosphere, in Relation to the Gyrofre-
quency —M.  Cutolo,  M.  Carlevaro,  and 
M. Gherghi. (Alta Frequenza, vol. 15, pp. 111-
117; June, 1946.) A description of experiments 
carried out in Italy in 1946 on the Luxemburg 
(cross-modulation) effect. Observations on a 
number of stations, one of which was varied in 
frequency, confirmed V. A. Bailey's theoretical 
prediction that the degree of cross modulation 
is greatly increased if the frequency of the dis-
turbing station is in the neighborhood of the 
gyrofrequency. See 2437 of 1937 and back ref-
erences. 

621.396.812+621.396.11  514 
The Importance of Theory in the Develop-

ment and Understanding of Radar Propaga-
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tion—T. L. Eckersley. (Jour. 1.E.E. (London), 
part IIIA, vol. 93, no. 1, pp. 103-104; 1946.) 
The phase integral theory was originally ap-
plied to the problem of diffraction round an im-
perfectly conducting earth, and was later ex-
tended to include the effect of atmospheric re-
fraction in a particularly easy and significant 
way. Ray methods are essentially inaccurate 
and must be replaced by correct wave theory. 
To use refraction in radar work a more thor-
oughly satisfactory meteorological theory is re-
quired than yet exists. Sudden discontinuities 
of refractive index at considerable heights, due 
for example to subsidence inversions could 
cause long-distance propagation by the internal 
reflection of characteristic waves. The radio 
problem is perfectly definite if the radio refrac-
tive index is known everywhere as a function of 
height, though the solution may be difficult in 
practice. 
Carefully controlled experiment could help 

to decide the physical basis of theories for prob-
lems as yet imperfectly understood, such as 
turbulence and attenuation due to scattering. 

621.396.812.029.64  515 
The Attenuation of Centimetre  Radio 

Waves and the Echo Intensities Resulting 
from Atmospheric Phenomena —J. W. Ryde. 
(Jdur. I.E.E., (London), part I I IA, vol. 93, no. 
1, pp. 101-103; 1946.) The effects to be consid-
ered are quite negligible for wavelengths above 
the centimeter band, but, in general, increase 
rapidly as wavelength decreases. Of atmos-
pheric gases, oxygen produces an attenuation 
between 0.01 and 0.02 decibel per kilometer 
throughout the centimeter band, while water 
produces a very small attenuation at 10 centi-
meters rising to about 0.2 decibel per kilometer 
near 1 centimeter; other gases can be neglected. 
For fogs and fine droplet clouds, attenua-

tion depends only on the total mass of liquid 
per unit volume; a table gives attenuation ap-
proximately in terms of visual range in such 
clouds. 

For rain, average attenuation in decibels 
per kilometer is approximately proportional to 
precipitation rate in the centimeter band: the 
constant of proportionality depends upon 
temperature and wavelength. 
The attenuation produced by hail is small 

compared to that for rain except for wave-
lengths near 1 centimeter. 

Echo intensities from atmospheric fogs and 
fine droplet clouds are very weak: even moder-
ate rain, however, can produce an echo in-
tensity (for which a formula is given) compa-
rable with that from an aircraft. 

621.396.812.029.64  516 
Elements of Radio Meteorology: How 

Weather and Climate Cause Unorthodox 
Radar Vision beyond the Geometrical Hori-
zon -H. G. Booker. (Jour. 1.E.E. (London), 
part I, vol. 93, pp. 460-462; October, 1946; 
[summary] and part IIIA, vol. 93, pp. 69-78; 
1946. (full version).) Radar receivers are 
frequently able to see round the curved sur-
face of the earth owing to radio refraction 
in the lower atmosphere. The phenomenon 
is most marked when both radar equipment 
and target are close to the earth. In its simplest 
form it involves an atmospheric wave guide, 
or radio duct, close to the earth's surface; 
within the duct the curvature of a radio 
ray emanating horizontally from a trans-
mitter would exceed that of the earth. The 
longer the wavelength, the greater must be the 
width of this radio duct for efficient guiding to 
take place. In the British Isles, a typical duct 
involving important conditions of super refrac-
tion would be one extending from the earth's 
surface up to 100 feet. This can be an efficient 
wave guide for centimeter wavelengths, but at 
meter wavelengths it would merely produce an 
abnormal reduction of horizontal attenuation 
beyond the horizon. In other parts of the world, 

such as India during the hot season, duct 
widths or 1000 feet or more can occur; a case 
is cited of a 1i-meter radar near Bombay 
which had at various times seen different 
points on the Arabian coastline up to 1500 
miles away. 
The most important meteorological condi-

tions for super refraction are that the upper air, 
at a height of a few thousand feet, should be 
exceptionally warm and dry in comparison 
with the earth's surface; the associated unusual 
gradients of temperature and humidity are the 
cause of downward super refraction. In order to 
allow for the normal drop of temperature and 
humidity with height in a well-mixed air mass, 
it is advisable to use "potential temperature" 
and "specific humidity" as the fundamental 
parameters. Stormy and turbulent conditions, 
and bad weather in general, produce a well-
mixed air mass near the ground with little 
vertical change of potential temperature or 
specific humidity and, therefore, with orthodox 
propagation. Super refraction occurs when up-
per-air potential temperature exceeds appreci-
ably that at the surface, while upper-air specific 
humidity falls short of that of the surface. This 
is essentially a fine-weather phenomenon, and, 
therefore, tends to be most intense in tropical 
(but not equatorial) climates, inland at night 
in fine, warm weather, and when warm, dry 
air over land drifts out over relatively cool sea. 
At present only qualitative forecasting of 
super refraction is possible. 

621.396.812.029.64  517 
A Preliminary Investigation of Radio Trans-

mission Conditions over Land and on Centi-
metre Wavelengths —R. L. Smith-Rose. (Jour. 
I.E.E. (London), part IIIA, vol. 93, no. I, 
pp. 98-100; 1946.) A study of the radio-
meteorological aspects of the experiments de-
scribed in Megaw's paper (518 below). In 
overland transmission along a 38-mile path, 
mean hourly intensity was sometimes steady 
to within 1 or 2 decibels all day, while on other 
occasions there was a marked diurnal varia-
tion from a minimum in the early morning to 
a peak near midnight, associated with fine, 
clear nights. If fog occurred, the signal strength 
would drop to a well-marked minimum, and 
rise to the normal daily value when the fog 
cleared. For radio communication links at 
centimeter wavelengths on an over-sea non-
optical path, it is advantageous to place the 
stations as high as practicable if the maximum 
reliability of service is required. 

During good weather, signal level is usually 
high and somewhat variable; low signal cor-
responds to poor visibility; a decrease followed 
by an increase is associated with the passage of 
a front. Special meteorological observations by 
aircraft between 50 and 1500 feet were made. 
from which could be calculated the radio signal 
strength to be expected; the agreement with 
the observed values is very good (Fig. 3). 

621.396.812.029.64  518 
Experimental Studies of the Propagation of 

Very Short Radio Waves —E. C. S. Megaw. 
(Jour. I.E.E. (London), part 1, vol. 93, pp. 
462-463; October, 1946 [summary]; and part 
111A, vol. 93, pp. 79-97; 1946; [full version].) 
"The main experimental program described 
consisted of measurements of 3-centimeter, 
9-centimeter and 3k-meter waves over sea 
paths 57 and 200 miles long; and of 9-centi-
meter waves over a single 38-mile land path. 
The measurements were continuous over some 
of these paths for periods between two and three 
years; and, particularly as regard detailed cor-
relation with meteorological measurements, the 
work is still in progress." 

From preliminary studies it is concluded 
that for optical paths (up to about 20 miles) 
over sea the observed field differs little from 
that calculated from a standard atmosphere; 
over longer paths with correspondingly greater 

heights, variability increases; over very long 
optical paths variability increases still further: 
fades of 30 decibels lasting a few minutes are 
not uncommon while fades of 10 decibels last-
ing an hour may occur in fine weather. Atmos-
pheric absorption is unimportant at 9 centi-
meters over a path of 100 miles. Short-period 
fading on 9.2 centimeters is quite different 
from that on 10.0 centimeters though general 
trends are similar. 
For optical paths over land up to 50 miles, 

results are similar to those for sea except for 
unexpectedly low, steady levels over some short 
paths, possibly due to interference. Variations 
are greatest at night. For nonoptical paths 
over sea, the minimum signal level (when meas-
urable) was usually close to that calculated for 
a standard atmosphere; the maximum ap-
proaches but rarely exceeds the level corres-
ponding to free-space propagation. In anti-
cyclonic weather with the wind mainly off-
shore, there tends to be a diurnal maximum in 
the afternoon and evening, and a minimum in 
the early morning. For nonoptical paths over 
land results are similar to those for sea but less 
definite owing to geometrical uncertainties con-
cerning the path. High diurnal levels occur 
during radiation-inversion nights, but overcast 
skies or wind suppress this variation. 

Change of polarization had little effect; 
changes in bearing exceeding the measurement 
accuracy of about 1 degree were hardly ever 
observed. See also 517 above. 

RECEPTION 

621.396.62  519 
Design and Application of Squelch Circuits 

—F. Delanoy. (Radio, vol. 30, pp. 11-13, 30; 
September, 1946.) Two main classes of squelch 
circuits are considered, namely, that in which a 
control voltage related to the amplitude of the 
input carrier immobilizes the receiver via an 
electromagnetic relay, and that in which the 
action is fully electronic. Examples from each 
class are briefly described. See also 520 below. 

621.396.62  520 
Notes on the Design of Squelch Circuits---

F. Delanoy. (Radio, vol. 30, pp. 12-14; October, 
1946.) Descriptions of various interchannel 
noise-suppression circuits for frequency-modu-
lation receivers, including blocked audio-fre-
quency circuits, reflected-impedance squelch 
circuits, and squelch oscillators. The severe dis-
tortion due to signal levels, which partially 
operate the squelch tube but do not suppress 
reception completely, can be overcome by 
using an adjustable threshold control, or a 
squelch disabling switch. See also 519 above. 

621.396.62:621.317.755  521 
Panadaptor —Panoramic Radio Corpora-

tion. (Rev. Sci. Instr., vol. 17, p. 285; July, 
1946.) An instrument for panoramic reception, 
which may be attached to communications 
receivers with intermediate-frequency of 450-
470 kilocycles. The bandwidth is adjustable 
from 200 kilocycles down to zero. Many ap-
plications are indicated, including three-station 
communication, air-traffic control when an 
aircraft transmitter is off frequency, detection 
of frequency shift, and study of signal char-
acteristic. 

621.396.621  522 
Designing the Postwar Receiver —B. Halli-

gan and C. Read. (Radio News, vol. 36, pp. 
50-51, 110; October, 1946.) The receiver de-
scribed provides amplitude modulation or 
continuous-wave reception from 540 kilocycles 
to 110 megacycles and frequency-modulation 
reception from 27 to 110 megacycles. This wide 
coverage is obtained by the use of a new 
radio-frequency "split-stator" circuit. Other 
features of the receiver circuit are described 
briefly. 
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621.396.621.029.62  523 
Super-Regenerative 2 Meter Receiver — 

J. A. Kirk. (Radio News, vol. 36, pp. 30-31, 
108; October, 1946.) General remarks on the 
performance of superregenerative receivers and 
details of a suitable circuit for such a receiver 
operating at very-high-frequency. 

621.396.621.54  524 
Zero Tracking Error in Superheterodynes — 

A. Bloch. (Wireless Eng., vol. 23, pp. 328-329; 
December, 1946.) Describes a'pair of LC circuits 
which give zero tracking error over the entire 
tuning range. This is obtained by simultaneous 
variation of L/C such that the ratio LC remains 
constant. A first-order deviation from this con-
stant ratio leads only to second-order tracking 
errors. The treatment is theoretical, but the 
principle has been successfully applied in a 
practical case. 

621.396.813: 534.78  525 
Effects of Amplitude Distortion upon the 

Intelligibility of Speech —Licklider. (See 338.) 

621.396.822: 621.385.032.21  526 
Radio Design Worksheet No. 52: A. C. 

Filament Noise —(Radio, vol. 30, p. 20; Sep-
tember, 1946.) The nature of the interfering 
voltages introduced into the anode current of a 
directly heated tube operated with an alternat-
ing-current filament supply is considered. 

STATIONS AND COM MUNICATION 
SYSTEMS 

621.394/.396[.7.029.58  527 
Radio Stations near Toulouse —C. Cardot 

and M. Bergeron. (Onde Elect., vol. 26, pp. 
318-330; August-September, 1946.) Describes 
a system of radio stations planned as a Govern-
ment communication headquarters and par-
tially constructed despite the German occu-
pation, operating in the wave-length range 
13 to 60 meters. 

621.394.441  524 
Performance Characteristics of Various 

Carrier Telegraph Methods —T. A. Jones and 
K. W. Pfleger. (Bell Sys. Tech. Jour., vol. 25, 
pp. 483-531; July, 1946.) On-off, single side-
band, and one- and two-source frequency shift 
methods were considered to determine their 
relative advantages from the standpoints of 
signal speed, sensitivity to level change, car-
rier-frequency drift, interchannel interference, 
and line noise. For stable, quiet circuits the on-
off system is the most suitable, but the other 
systems may result in improvement under cer-
tain adverse conditions. Numerous graphical 
results are summarized in tabular form. 

621.395/.39 47  529 
R.M.S. Queen Elizabeth —( Wireless World, 

vol. 52, pp. 357-358; November, 1946.) A gen-
eral description of equipment carried, which in-
cludes: a ship-to-shore radio telephone system; 
lifeboat radio equipment; a low power system 
for communication between pilot and tugs 
when docking; Gee, loran, and other naviga-
tional aids; and a public address system. 

621.395(7)  530 
TelecommunicationsDevelopments—(Elec-

trician, vol. 137, pp. 935-936; October 4, 
1946.) Summary of a report on the visit of 
British Post Office Officials to North America. 
Recent developments here include a new auto-
matic telephone system using the "cross bar" 
switch; equipment for use on coaxial cables; 
mobile telephones for motor cars; temporary 
splitting of trunk circuits; and an automatic 
(trunk-call) ticketing system. Experiments 
were in progress to develop telephones for com-
munication between train driver and guard, 
and for shunting. 

621.395.44  531 
New Single Channel Carrier Frequency 

Telephone System for Open-Wire Lines —E. 
Eklund. (Ericsson Rev., vol. 23, no. 3, pp. 
259-266; 1946.) A new system ZAF11 has been 
developed replacing the older ZL400 (described 
in Ericsson Rev., no. 2, 1936). The dimensions 
and weight of the new system are considerably 
reduced. The range is 700 kilometers without 
intermediate repeaters when using an open-
wire circuit of copper wires 3 millimeters in 
diameter. 

621.396:629.13  532 
Aviation Radio Equipment —(See 421.) 

621.396.004.67:629.135  533 
Airline Radio Service —E. D. Padgett. 

(Radio Craft, vol. 18, pp. 20-21, 53; October, 
1946.) A table of common faults, probable 
causes, and remedies is given, together with 
miscellaneous suggestions for preventive main-
tenance. 

621.396.1:621.396.933.1/.4  534 
International Conference on Air Routes 

over Europe and the Mediterranean (Paris, 
April-May, 1946) —Dalle. (Onde Elect., vol. 
26, pp. 299-300; July, 1946.) Among the sub-
jects discussed were the provision of various 
aerodrome and ground facilities, and the alloca-
tion of frequencies for telecommunications, 
navigation systems, and distress signals. 

621.396.33.029.3.083.7 656.2  535 
Train Position Indicator —E. A. Dahl. 

(Electronics, vol. 19, pp. 122-124; October, 
1946.) Outline description of an audio-fre-
quency gystem in which the times of arrival of 
trains at chosen points and departures there-
from, are recorded on paper in a remote signal-
box. 

621.396.4:551.509  536 
AACS Radioteletype Weather Transmis-

sion System—F. V. Long. (Communications, 
vol. 26, pp. 16, 55; September, 1946.) The fre-
quency-shift system as used by the United 
States Army Air Force for transmission of 
weather reports is illustrated with the aid of 
block diagrams. Methods used during the first 
weather broadcasts by radioteletype, with 
intercept receiving installations at smaller air-
fields and the operational difficulties of sim-
plex systems are described. An analysis is 
made of improved results obtained from full 
duplex operation. 

621.396.41:621.398  537 
Test Shows how Wire-Carrier and Beamed 

Radio Direct Signals and Train Operation — 
(Telegr. Teleph. Age, vol. 64, pp. 5-6, 30; 
October, 1946.) Demonstration of the applica-
tion of existing wire-carrier and centimeter-
wave multiplex communication circuits to the 
operation of signals and points of a railway 
system at very long ranges from a control signal 
box. Signals from the control box were sent by a 
roundabout route about 900 miles long to 
operate signals and points some 60 miles 
distant. The significance of the tests is briefly 
discussed. 

621.396.44621.315.211.9.052.63  538 
Carrier-Current Communication on Air and 

Paper Insulated Cables—Lucantonio.  (See 
352.) 

621.396.619  539 
High Efficiency Modulating Method— 

J. Beckwith. (Radio, vol. 30, pp. 9-11, 32; 
October,  1946.) Amplitude modulation is 
achieved by shifting the phase of the carrier 
frequency at an audio-frequency rate and 
combining the phase-shifted carrier with the 
unmodulated carrier, producing a resultant 
varying in amplitude as the phase is shifted. 
The magnitude and spread of the phase-

modulation side-bands (which accompany the 
amplitude-modulation side-bands in the radio 
ated signal), are not excessive by Federal 
Communications Commission regulations. Cir-
cuit diagrams are given for a 4.5-kilowatt trans-
mitter. 

621.396.65  540 
Hertzian Cable [Radio Links in Multi-

channel Telephony Circuits[ —A. G. Clavier 
and G. Phelizon. (Onde Elect., vol. 26, pp. 
331-334; August-September, 1946.) Discus-
sion of the application of frequency-modulated 
centimeter-wave radio links to multichannel 
telephony circuits, followed by a general de-
scription of a twelve-channel link about 10 
miles long between Paris and Montmorency 
(See also 3743 of January). In this circuit, 
transmission in one direction is horizontally 
polarized on a wavelength of 9 centimeters, 
with vertical polarization on 10 centimeters in 
the reverse sense. Separate horns having beam 
widths of the order of 10 degrees are used for 
transmission and reception. The radio link is 
designed for, direct insertion in a carrier te-
lephony circuit, the twelve speech channels 
occupying the frequency band 12 to 60 kilo-
cycles. At the transmitter a velocity modulated 
oscillator developing about 30 watts of radio-
frequency power is used. The speech-modu-
lated carriers are used for frequency modula-
tion of the oscillator which has a sensibly uni-
form characteristic for a frequency range of 
about 1 megacycle. Superheterodyne receivers 
having positive grid oscillators and diode 
mixers are used. Extensive application is made 
of negative feedback technique in transmitters 
and receivers to maintain linearity and stability 
of operation; the principles involved are dis-
cussed in some detail. The possible future de-
velopment of radio links for transmission of 
wide-band intelligence is outlined; the at-
tenuating effects of constituents of the atmos-
phere at centimeter wavelengths are briefly 
mentioned. 

621.396.712.004.5  541 
Preventive Maintenance for Broadcast 

Stations: Part 4—C. H. Singer. (Communica-
tions, vol. 26, pp. 36,38; September, 1946.) A 
discussion of "seven basic preventive main-
tenance procedures . . . feel, inspect, tighten, 
clean, adjust, lubricate, and measure." For part 
3 see 3423 of 1946. 

621.396.712  542 
Radio Stations [Book Notice[ —Federal Com-

munications Commission, 26 pp., $.10. ( U. S. 
Govt. Publ., no. 618, p. 777; July, 1946.) Stand-
ards of good engineering practice concerning 
frequency-modulation broadcast stations, re-
vised to January 9, 1946. 

SUBSIDIARY APPARATUS 

621-526  543 
Dimensionless Analysis of Servomechan-

isms by Electrical Analogy —S. W. Herwald and 
G. D. McCann. (Trans. A.I.E.E. (Eke. Eng., 
October, 1946), vol. 65, pp. 636-639; October, 
1946.) 

621 .314 .6+621.319.4+621.3831:669.018  544 
Light Alloys in Metal Rectifiers, Photocells 

and Condensers —Continuing the series in 
various issues of Light Metals. For previous 
parts see 3768 of January. 
(vi) Vol. 7, pp. 565-566; December, 1944. 

Begins "a detailed consideration of the theory 
and practice of electrolytic capacitors." 
(vii) Vol. 8, pp. 25-41; January, 1945. "An 

exhaustive discussion . . . on the theory, prac-
tice and operation of the electrolytic capacitor. 
In particular the properties of the aluminium-
oxide film are considered." 

(viii) Vol. 8, pp. 87-100; February, 1945. 
. . . consideration is given to the theory and 

practice of the formation of electrolytes for 
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' electrolytic capacitors, and to [their' design 
and production," with typical examples. 

(ix) Vol. 8, pp. 193-202; April, 1945. "Dis-
cussion on the theory and practice of electro-
lytic capacitors." 

(x) Vol. 8, pp. 246-254; May, 1945. Con-
cludes (ix) and considers in detail fixed paper 
capacitors. 

(xi) Vol. 8, pp. 292-304; June, 1945. Fixed 
paper capacitors, and the use of tin and alu-
minium foils, are discussed. 
To be continued. 

621.317.755.087.5  545 
Recording of Transients —W. Nethercot. 

(Elec. Times, vol. 110, pp. 648-651; November 
14, 1946.) For all except the highest writing 
speeds a sealed-off cathode-ray oscillograph 
with an accelerating voltage not less than 5 
kilovolts and a blue-violet screen may be used. 
A camera with an P1.0, 2-inch-focus lens operat-
ing with an object versus image ratio of 4 or 
5 to 1 and using a high-speed orthochromatic 
film is recommended. Thirteen prints with 
writing speeds up to 20,000 kilometers per 
second are shown. 

621.318.42  546 
Saturable Choke Controlled Rectifiers —H. 

S. Double. (P.O. Elec. Eng., Jour., vol. 39, 
part 3, pp. 110-113; October, 1946.) Notes on 
the basic principles and capabilities of this 
form of control for direct-current power sup-
plies 

621.352.7  547 
Miniature Dry Cell —(Rev. Sci.  Instr., 

vol. 17, • pp. 286-287; July, 1946.) A dry cell 
having a high ratio of capacity to volume with 
long cell life has been developed for tropical 
use by P. R. Mallory and Co. Within its rating 
the cell has an ampere-hour capacity sub-
stantially independent of rate of discharge. 
Dimensions of cell are 1 inch in diameter and 
5/8 inch high. 

621.383 
Various Papers on Electron Multipliers — 

(See 577-578.) 

621.384  549 
Various Papers on Electron Accelerators — 

(See 494-495.) 

621.395.631.4  550 
Recent Design of a Small Telephone Mag-

neto—D. S. Smith. (Cantu!. Jour. Res., vol. 24, 
pp. 406-408; September, 1946.) "An example 
is given of the product obtained by applying 
modern methods in permanent magnet design 
to the problem of constructing a hand-driven 
magneto of about flashlight battery size." 

548 

621.791.76  551 
Miniature Spot-Welding Tools —R. W. 

Hallows. (Wireless World, vol. 52, pp. 373-
374; November, 1946.) The tool, which is 
made by Siemens-Halske A.-G., is 10 inches 
long and 1 inch in diameter: the smaller model 
can be used for wire up to0.8 millimeter diame-
ter while the larger is for any joint whose surface 
area does not greatly exceed 10 square milli-
meters. Maine supply at 110 or 250 volts (50 
cycles) can be used: the welding voltage does 
not exceed 35 volts. 

TELEVISION AND PHOTOTELEGRAPHY 

621.396.8:621.397.26  552 
Television Link Tests in Southern Cali-

fornia—P. B. Wright. (Communications, vol. 
26, pp. 15, 55; October, 1946.) Report of ex-
perimental frequency-modulation television 
transmission and reception over 17.2-mile line-
of-eight paths betwen Mt. Wilson (5700 feet) 
and Hollywood. In one case metallic lenses 54 
by 74 feet with power gain about 35 decibels 
per lens were used; in the other, 57-inch para-
bolic reflector-type radiators, with gain 3 to 

4 decibels less. Each lease gave an effective 
directed power of 1200 watts over that of an 
omnidirectional point source. This gives a 
sufficient margin even under severe fading con-
ditions. The frequency-bands were 4416 to 
4420 megacycles (reflectors) and 4376 to 
4380 megacycles (lenses). 

621.397.262  553 
Approximate Method of Calculating Reflec-

tions in Television Transmission —D. A. Bell. 
(Jour. I.E.E. (London), part III, vol 93, pp. 
352-354; September, 1946.) An examination of 
the effects of "carrier frequency, size of reflect-
ing obstacle, distance of reflecting obstacle from 
transmitter and from receiver, and degree of 
definition of the television picture, on the inci-
dence of reflection troubles in television recep-
tion. The diffraction problem is treated by a 
simple mathematical approximation which has 
been previously used in optics." 

621.397.5:532.62  554 
Oil-Film Television —(Radio Craft, vol. 18, 

pp. 22-23; October, 1946.) An electron gun, 
modulated by incoming signals, scans 50 times 
a second the surface of a film of special liquid 
about 0.1 millimeters thick and deforms it in 
such a way that light from an arc lamp is 
allowed to pass on to a projection screen. 
The film rests on a glass plate, which is illu-
minated from below by focusing the arc lamp 
beam with mirrors and a lens. The deformation 
is increased by placing a charged electrode near 
the film and by charging the film uniformly 
with a second electron gun. The glass plate 
rotates uniformly, carrying the film, and pro-
vision is made for the film to be smoothed 
ready for further use. 

621.397.6  555 
U. S. Television Gear—( Wireless World, 

vol. 52, p. 380, November, 1946.) Description 
of an image orthicon camera developed by 
R.C.A. with a revolving lens turret, a device 
for rapid changing of lenses and a wide-band 
microwave relay link. 

621.397.6  556 
Surveying Recent Television Advances — 

R. B. Batcher. (Elec. Ind., vol. 5, pp. 46-48, 
106; October, 1946.) New cameras include the 
image-orthicon with a telephoto lens system 
while the iconoscope and the orthicon tubes 
have been improved. New tubes are now used 
in transmitters and receivers and relay systems 
involving airborne apparatus are being investi-
gated. Mirror and lens systems are being used 
for large-screen projection and experiments 
with skiatrons are in progress. American tele-
vision-frequency data are tabulated. 

621.397.62  557 
Rebuilding a Televiser —N. Chalfin. (Radio 

Craft, vol. 17, pp. 832, 881; September, 1946.) 
Describes methods of modernizing prewar tele-
vision receivers; a circuit diagram indicates the 
changes necessary. 

621.397.621  558 
Deflector Coil Coupling— W. T. Cocking. 

(Wirelecs World, vol. 52, pp. 360-363; Novem-
ber, 1946.) A straightforward semigraphical 
method is described whereby curvature of 
tube characteristics may be used to compensate 
the nonlinear characteristics of the deflector 
coil to produce a linear saw-tooth output. A 
numerical example is fully discussed. See also 
272 of February (Cocking). 

621.397.74  559 
Multi-Outlet T-V iTelevision]—(Elec. Ind., 

vol. 5, p. 57; October, 1946.) Describes a sys-
tem for providing a large number of television 
receivers with choice of program. The programs 
are received by suitable aerial systems and 
passed through single-tube amplifiers into a 
common concentric line. Attenuating pads at 
each receiver prevent mutual interference. 

TRANSMISSION 

621.396.61:621.396.619.01 8.41  560 
Direct F.M. Transmitters: Part 9—N. 

Marchand. (Communications, vol. 26, pp. 26-
29, 35; September, 1946.) Design principles are 
considered with the aid of block and circuit 
diagrams. Input capacitance, phase discrim-
inator exciter, and pulse control exciter units 
are discussed. For part 8 see 3452 of 1946. 

• 
621.396.61:621.396.619.018 .41  561 

Mobile F.M. Transmitters: Part 10 —N. 
Marchand. (Communications, vol. 26, p. 30; 
October, 1946.) The advantages of frequency-
modulation are briefly stated and a 25- to 
50-watt mobile transmitter on 30 to 44 mega-
cycles is described. For earlier parts see 560 
above and back references. 

621.396.61:621.396.721  562 
An Auxiliary Radio Transmitter for Broad-

cast Service —C. A. Cullinan. (Proc. I.R.E. 
(Australia), vol. 7, pp. 4-11; September, 1946. 
Discussion, pp. 11-12.) Designed and con-
structed with available war-time material, the 
circuit consists of a crystal-controlled oscillator, 
a single radio-frequency buffer stage, and a 
class-C amplifier with a class-B modulator 
(anode modulation). The carrier power was 
125 to 150 watts, capable of 100 per cent 
modulation. The audio-frequency response was 
"within 0.5 decibels from 40 to 10,000 cycles 
and within 2 decibels down to 30 cycles." 
Distortion and noise were virtually nonexistent. 
A 56-foot vertical radiator was used, and the 
transmitter could be in operation in less than a 

minute. 

621.396.61:621.396.97  563 
Experimental 88 to 108-Mc 250-Watt F.M. 

Broadcast Transmitter —J. II. Martin. (Com-
munications, vol. 26, pp. 22-24, 45; Septem-
ber, 1946.) Main features include the Arm-
strong phase-shift system modulator, with the 
center carrier frequency directly controlled by 
crystal for stability reasons. The complicated 
modulator system is explained fully. The power 
amplifier  comprises  4-125A-type  tetrodes, 
neutralized by tuning the screen inductance to 
earth by means of a split-stator capacitor. 

621.396.61[(43)-F(44)-1-(73)1"1939/45"  564 
Transmitting Equipment of the French, 

German, and American Armies —R. Beason. 
(route la Radio, vol. 13, pp. 31-35; January, 
1946.) An account of the special features of 
various types of equipment handled by a 
French technician between 1939 and 1945. The 
great tactical superiority of the frequency-
modulation apparatus used by the Americans 

is stressed. 

621.396.61.029.56/.58  565 
Top-Band Two Transmitter —J. N. Walker. 

(R.S.G.B. Bull., vol. 22, pp. 66-69, 75; Novem-
ber, 1946.) Description of a self-contained low-
power transmitter for use on 1.8, 3.5, and 
also on 7.5 megacycles at somewhat reduced 
efficiency. Constructional details, a circuit dia-
gram, and a list of components are given. 

621.396.61.029.62  566 
A 100-kW Portable Radar Transmitter — 

H. L. Lawrence. (Communications, vol. 26, pp. 
30, 33; September, 1946.) The unit contains 
the radio-frequency power-oscillator modulator, 
high-voltage power supply, and a wavemeter 
for frequency measurement. Frequency range 
is 225 to 250 megacycles mean power output, 
40 watts; pulse shape, half sine wave; pulse 
length, 1.6 microseconds; and recurrence fre-
quency, 600 cycles. Primary power is ob-
tained from a petrol driven generator. Special 
air cooled oscillator tubes 4C27, are used in a 
grounded plate circuit, and the frequency is 
controlled by a variable inductance in the grid 
circuit. The cathode is tuned by a parallel 
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wire transmission line, to which the antenna is 
directly coupled. "The radio-frequency oscil-
lator is plate-modulated by a gas-discharge 
tube pulse-forming circuit." 

621.396.619.018.41.029.6  567 
'Ober  Frequenzmodulatoren  fiir  Ultra-

hochfrequenz (Book Reviewl—G. Weber. Gebr. 
Leemann, Zilrich, 95 pp., Swiss Fr. 9. (Wire-
less Eng., vol. 23, p. 340; December, 1946.) 
"... deals with the difficulties of applying 
frequency modulation to transmitters working 
at frequencies of 100 to 600 megacycles." 

VACUUM TUBES AND THERMIONICS 

537.533.7  568 
Electron-Optical Properties of Emission 

System —L. A. Artsimovich.  (Bull. Acad. 
Sri. (U.R.S.S.), set. phys., vol. 8, no. 6, pp. 
313-329; 1944. In Russian.) Apparatus in 
which an electron-optical image of an object 
emitting slow electrons is obtained can be 
divided into three classes according to whether 
the image is (a) greatly magnified, e.g., in 
emission electron microscopes used for study-
ing thermo- and photo-cathodes, (b) of ap-
proximately the same dimensions as the ob-
ject, e.g., in devices used in television, or (c) 
reduced to a point, e.g., in the electron gun. A 
brief survey of each class is given. This is fol-
lowed by a detailed mathematical analysis of 
the formation and focusing of electron beams 
by electrostatic methods. Equations are de-
rived determining the trajectories of the elec-
trons and approximate solutions indicated. 
Chromatic aberration, transverse as well as 
longitudinal, is calculated, and the plane of the 
optimum image found. The depth of focus, 
determining the accuracy of focusing, is ex-
amined. Further possible defects of electron-
optical systems, such as spherical aberration, 
curvature of the image, and astigmatism, are 
also discussed. A technically ideal system 
would use purely electrostatic focusing, with 
two electrodes only. An analysis of its opera-
tion is given and possible applications are dis-
cussed. 

537.533.7:621.383  569 
The Electron-Optical Properties of the 

Magnetic  Tube  (Electron  Multiplier)  of 
Kubetski—C.  R. Rik.  (Bull.  Acad. Sri. 
(U.R.S.S.) sér. phys., vol. 8, no. 6, pp. 366-
369; 1944. In Russian.) A detailed investiga-
tion of the tube was carried out and in this 
paper a brief summary of the results obtained 
is given. The equipotential lines of the electric 
field and the electron trajectories in the region 
of the cathode are plotted. The absence of an 
accelerating field near the cathode and the 
lack of co-ordination between the fields result 
in a useless dispersion of a large number of 
photoelectrons. The curves of focusing in the 
longitudinal direction are shown. The variation 
in the size of the emitting rings (they become 
wider beginning from No. 12 ring) is not ad-
justed to the longitudinal gradient of the 
magnetic field with the result that further dis-
persion of electrons occurs. The electron tra-
jectories near the anode are shown in Fig. 3. 
The diffusion of the magnetic field in this region 
obstructs the collection of electrons at the 
anode. The general conclusion reached is that 
electron-optical properties of the tube are 
rather poor, but that they could be improved 
by modifying the operating conditions and 
altering certain constructional details. See also 
577 below (Kubetski). 

537.533.8  570 
On the Secondary Electron Emission from 

Solid Bodies—S. Y. Luk'yanoff. (Bull. Acad. 
Sri. (U.R.S.S.), ser. phys., vol. 8, no. 6, pp. 
330-339; 1944.) In Russian.) A general theory 
of the phenomenon based on modern concerk 

tions and experimental data is presented. The 
penetration of a primary electron into a solid 
body is discussed and processes determining the 
appearance and intensity of secondary emis-
sion are examined in detail. It is shown that the 
shape of the (a, Ep) curve is determined mainly 
by the ionizing effect of the primary electron 
(proportional to the total loss of energy per 
unit length) in the layer from which secondary 
electrons are emitted. The possibility of an 
experimental verification of this statement is 
indicated and results obtained by other in-
vestigators are quoted. A table of the latest 
reliable data on secondary emission for various 
metals is given, whence it appears that 
a . is low for all metals and that there is 
no direct relationship between it and the work 
function. It is suggested that the variation of 
cr . for various metals is determined by the 
effect of bound electrons in the metal, and by 
the number of atoms per unit volume. Finally, 
the secondary emission from semiconductors 
and dielectrics is examined. Although not every 
semiconductor or dielectric has a cr . exceeding 
those for pure metals, materials with very high 
values of cr . must necessarily be semicon-
ductors or dielectrics. The reasons for this are 
suggested and experimental data for some of 
the materials are quoted. Reference is made to 
the possibility of increasing the secondary 
emission of a material with high resistance by 
electron bombardment which causes the ap-
pearance of surface charges on the material. 
This effect is utilized in various devices, such 
as electron multipliers, but the author is not 
inclined to regard it as important. An Ab-
stract in English was noted in 2074 of 1946. 

537.533.8  571 
The Effect of Strong Electric Fields on the 

Secondary Electron Emission from Thin Di-
electric Films—D. V. Zernoff. (Bull. Acad. 
Sri. (U.R.S.S.), ser. phys., vol. 8, no. 6, pp. 
352-356; 1944. In Russian.) As a result of the 
action of an electron beam on a thin film of 
dielectric deposited on a metallic base, a strong 
field is built up in the film affecting in a num-
ber of ways the characteristics of the emitter. 
The effects of the field are enumerated and, in 
order to clarify the processes taking place in 
the film, a mathematical analysis is presented 
of the energy spectrum of the system metal-
dielectric-vacuum (Fig. I). Experiments carried 
out with the MgO and AWN-Cs:0 emitters 
are described, and the possibility of obtaining 
large secondary currents, especially in the 
form of short impulses, is indicated. An ab-
stract in English was noted in 2075 of 1946. 

537.533.8:621.385  572 
Electronic Apparatus with Effective Emit-

ters of Secondary Electrons—R. M. Aranovich. 
(Bull. Acad. Sri. (U.R.S.S.), sir. phys., vol. 8, 
no. 6, pp. 346-351; 1944. In Russian.) Emitters 
prepared by evaporating magnesium and other 
metals in dry oxygen are briefly discussed. The 
effects of various gases, of materials used for 
bases, of the velocity of primary electrons, of 
the conditions under which the evaporation of 
the metal is carried out, and of the manner in 
which the secondary voltage gradient is built 
up were investigated and experimental curves 
were plotted. Emitters with a=80 were pro-
duced and even with a = 100-10,000, although 
in the last case inertia of secondary emission 
was observed. The breakdown of the emitters is 
discussed, and microphotographs showing their 
structure are included. An interpretation of the 
experimental results is offered. The operating 
data of a photocell and a tube with one stage 
of amplification are given. An abstract in 
English was noted in 2390 of 1946. 

537.533.8: 621.385.1.032.216  573 
The Emission from an Oxide Cathode 

under the Application of an Impulse Voltage — 
A. M. Andrianoff. (Bull. Acad. Sci. (U.R.S.S.), 

sir. phys., vol. 8, no. 5, p. 290; 1944. In Rus-
sian.) A preliminary note on an experimental 
investigation in which it was found that if an 
impulse voltage at a frequency of 50 pulses per 
second is applied to the anode of a diode with an 
oxide cathode, the emission from the latter at 
the normal temperature of 850 to 900 degrees 
centigrade is enormously increased and reaches 
the value of 30 amperes per centimeter squared. 
An abstract in English was noted in 2076 of 
1946. 

621.314.653  574 
Excitation, Control, and Cooling of Ignitron 

Tubes—C. C. Herskind and E. J. Remscheid. 
Rectifier Capacity—C. C. Herskind and H. C. 
Steiner. (Trans. A.I.E.E. (Elec. Eng. October, 
1946), vol. 65, pp. 632-635 and 667-670; 
October, 1946.) The first paper describes the 
control, limitations, and operating require-
ments of mercury-arc tubes of the ignitron 
type, while the second paper deals with the 
load-time and volt-ampere characteristics of 
these tubes, the relations between these char-
acteristics and the factors affecting them. 

621.314.67:621.357.1:666.1  575 
Electrolysis  Phenomena  in  Soft-Glass 

Stems of Rectifier Tubes —Gallup. (See 447.) 

621.319.7:621.385  576 
Plotting Electrostatic Fields —Silva. (See 

446.) 

621.383  577 
Some Conclusions Reached from the Use of 

Secondary Electron Multipliers—L. A. Kubet-
ski. (Bull. Acad. Sri. (U.R.S.S.) sex. phys., 
vol. 8, no. 6, pp. 357-365; 1944. In Russian.) 
Since the first attempts by the author in 1934 
to use secondary emission for the amplifica-
tion of the primary electron current, a large 
amount of work both experimental and theo-
retical has been carried out. In the present 
paper the results achieved are systematized 
and further lines of development indicated. 
The specific requirements for electron multi-
pliers are enumerated and reference is made to 
the type evolved by the author to meet these 
requirements. A logical basis for further search 
of suitable emitters is elaborated; those of the 
Cu-S-Cs type developed by the author are 
described. Criteria determining the quality of 
electron multipliers are established. The maxi-
mum amplification and the threshold of sensi-
tivity of multipliers are also discussed. An ab-
stract in English was noted in 2029 of 1946. 

621.383  578 
Electron Multipliers—E. G. Kormakova. 

(Bull. Acad. Sci. (U.R.S.S., sir. phys., vol. 8, 
no. 6, pp. 370-372; 1944. In Russian.) Since 
systems with a magnetic field are not con-
venient in use, only systems with an electro-
static field were considered. It was found that 
focusing was best achieved by means of grids. 
Accordingly, a multiplier with a cylindrical 
grid and using caesium oxide cathode and 
emitters was developed. Equipotential lines and 
lines of force are plotted by a graphical method 
of successive approximation. Various charac-
teristics of the multiplier are shown and operat-
ing data given. An abstract in English was 
noted in 2028 of 1946. 

621.385  579 
On the Flow of High-Frequency Currents 

Through Electronic Apparatus—S. D. Gvoz-
dover. (Bull. Acad. Sri. (U.R.S.S.), sir. phys., 
vol. 8, no. 5, pp. 267-274; 1944. In Russian.) 
It is not always possible, in designing high. 
frequency apparatus, to regard d =car, as a 
small quantity where w is the frequency and To 
the traveling time determined by the constant 
voltages. Solutions for any value of 0 can be 
obtained in all cases without much difficulty if 
the approximate solution derived by expansion 
in series are modified in accordance with La-
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place's transformation. It is assumed that the 
electron stream passes between flat electrodes, 
and that the electron velocity is a single-valued 
function of the co-ordinates, i.e., that the elec-
t trona cannot overtake one another. 

Equations (1-4) determining the move-
ment of the electrons between the electrodes 
are given, and an approximate solution (14) is 
derived by expansion. Laplace's transforma-
tion is applied to this solution, and a modified 
formula (15) is derived which is more suitable 
for calculations. The results obtained are used 
in a discussion divided into the following sec-
tions: (a) the determination of the current in 
the external circuit, and of the power con-
sumed; (b) the determination of the self-excita-
tion regions in the case of a single-circuit 
klystron (monotron); (c) the determination 
of the dielectric constant of an electron gas; 
(d) an analysis of the rectiflcation of high-
frequency currents in a diode; and (e) the 
calculation of the amplitude of stationary oscil-
lations in a monotron. An abstract in English 
was noted in 2389 of 1946. 

621.385  580 
The Role of Surface Charges in Electronic 

Apparatus—P. V. Timofeeff. (Bull. Acad. Sci. 
• (U.R.S.S.), ser phys., vol. 8, no. 6, pp. 340-
342; 1944. In Russian.) While the effects of 
space charges are widely used in electronic 
apparatus, little attention has been paid to 
the possibility of utilizing charge appearing on 
the surface of insulators inside the apparatus. 
Normally, these charges are formed as a result 
of secondary emission from the insulators, 
caused by electron bombardment. An insulator 
can thus be charged to a high positive poten-
tial and the following three possible applica-
tions of this effect are indicated: (a) an insulator 
mounted near the cathode and acquiring a 
high positive charge may produce a potential 
gradient sufficient for cold emission of elec-
trons from the cathode; (b) the high secondary 
emission from caesium-oxide cathodes is prob-
ably due to the presence of dielectric particles 

i in the cathodes, which may acquire positive 
charges (Fig. 1); this opens a possibility for a 
further increase in the secondary emission; and 
(c) positive charges also would assist photo-
emission from caesium-oxide cathodes which 
may be achieved by making this effect more 

I pronounced. An abstract in English was noted 
in 2388 of 1946. 

621.385  581 
The Mechanism of the Operation of Keno-

trona with Cold Cathodes —V. V. Sorokina. 
(Bull. Acad. Sci. (U.R.S.S.), ser. phys., vol. 8, 
no. 6, pp. 343-345; 1944. In Russian.) A brief 
description is given of a kenotron developed in 
Russia and consisting essentially of a nickel 
cylinder (the anode) in a cylindrical glass en-
velope on which a layer of caesium oxide (the 
cathode) is deposited. A characteristic of the 
kenotron is plotted and discussed. An ab-
stract in English was noted in 2387 of 1946. 

621.385:519.24  582 
Analysis of Special Electronic-Tube Tests — 

J. H. Campbell and C. G. Donsbach. (Trans. 
A.S. M.E. vol. 68, pp. 481-486; July, 1946.) 
Illustrates the improvements in tube manu-
facturing technique which may be accom-
plished by controlled tests on tubes in the 
course of production, followed by statistical 
analysis of the results. 

621.385:621.317.723  583 
Improvements in the Stability of the 

FP-54 Electrometer Tube —J. M. Lafferty and 
K. H. Kingdon. (Phys. Rev., vol. 69, p..699; 
June 1-15, 1946.) Greater stability was ob-
tained by increasing the action time from 8 to 
40 minutes. Filament end shields also reduced 
rapid fluctuations. A special split tube using 
both oxide-coated and thoriated tungsten 

filaments was made which eliminated long-
term drift in a bridge circuit and reduced 
rapid  fluctuations  tenfold.  Summary  of 
American Physical Society paper. 

621.385:621.395.613  584 
"Vibrotron" Tube —Radio Corporation of 

America (Rev. Sci. Instr., vol. 17, p. 282; July, 
1946.) A small electron tube for translation of 
mechanical motion into variable electron flow, 
which can be used in microphones. When used 
in a gramophone pickup it is claimed that the 
tube will perform up to the highest require-
ments of fidelity and sensitivity. The tube 
is a metal triode about 1 inch in length, and 
inch in diameter weighing 1/15 of an ounce. 

621.385.029.63/.64  685 
The Traveling Wave Valve —R. Kompfner. 

(Wireless World, vol. 52, pp. 369-372; Novem-
ber, 1946.) Amplification in transit-time tubes 
may be greatly increased if a field traveling at 
the speed of the electrons is used instead of 
a stationary electric field. By this means elec-
tron acceleration is obtained in both half cycles 
of the wave. Such a field can be produced if 
the signal travels along a helix of suitable 
dimensions. The presence of the electron beam 
also causes amplification in the wave itself; 
hence, the helix-electron-beam system is an 
amplifier. Experimental data on this type of 
tube are briefly mentioned, and future applica-
tions, including television and ultra-high-fre-
quency transmissions, suggested. 

621.385.029.63/.64]  586 
Traveling Wave Tubes —M. A. Barton. 

(Radio, vol. 30, pp. 11-13, 32; August, 1946.) 
A simple description of the new centimeter-
wave tube, in which an electron beam is trans-
mitted along the axis of a long narrow helix, 
which acts as a wave guide with a low velocity 
of propagation. The tube gives high gain over a 
broad band in the region of 4000 megacycles. 
For another account see Elect. World, vol. 126, 
pp. 20-21; September 21, 1946.) 

621.385.1  587 
The Theory of a Reflex M atron —S. 

Gvozdover. (Zh. Eksp. Teor. Fir., vol. 15, 
no. 9, pp. 521-531; 1945. In Russian.) The 
resonant frequencies of a reflex klystron are 
calculated as a function of its dimensions and 
the applied voltages. Graphs and formulas for 
computation are given. 

621.385.1  588 
The Maximum Efficiency of Reflex Oscil-

lators —E. G. Linder and R. L. Sproull. (Phys. 
Rev., vol. 69, p. 700; June 1-15, 1946.) A 
formula is given for maximum efficiency with 
optimum electron bunching and loading. Pos-
sible methods of increasing efficiency are in-
vestigated. Summary of American Physical 
Society paper. 

621.385.12:621.396.822  589 
Cold-Cathode Gas Tubes as Noise Gen-

erators—S. Ruthberg. (Phys. Rev., vol. 70, p. 
112; July 1-15, 1946.) A glow tube, a mercury 
arc with mercury-pool electrodes, and a corona 
discharge monode were examined. The glow 
tube gave spectra from .05 to 5 megacycles, 
and oscillations and noise were affected by a 
transverse magnetic field. See also 3267 of 
1946 (Gallagher and Cobine). The mercury 
arc was not sufficiently stable for quantitative 
measurements, and the corona monode gave 
noise of a steep pulse character. Summary of 
an American Physical Society paper. 

621.385.16  590 
How  the  Magnetron  Works —"Radio-

nyme." (Toute to Radio, vol. 13, pp. 26-28; 
January, 1946.) The performance of three types 
is noted: (a) British, with 8 resonant cavities, 
100-kilowatt peak power, 1-microsecond pulses, 
600 pulses, wavelength 9 centimeters, 15-kilo-

volt anode voltage, 20-amperes anode current, 
magnetic field 1700 oersteds, and efficiency 30 
per cent; (b) Russian, with 116 watts on con-
tinuous wave at wavelength 9 centimeters, and 
efficiency 22 per cent; and (c) German, with 
peak power 8 kilowatts and wavelength 1.75 
centimeters. 

621.385.8:538.6  591 
Magnetically-Controlled  Gas  Discharge 

Tubes—R. E. B. Makinson, J. M. Somerville, 
K. R. Makinson and P. Thonemann. (Jour. 
Appt. Phys., vol. 17, pp. 567-572; July, 1946.) 
In these tubes, a glow discharge is initiated by 
means of a magnetic field pulse. Ions from this 
discharge produce an arc spot on the pool of 
mercury through which the main current passes. 
A current pulse of 200 amperes of duration 1 to 
10 microseconds can be used. 

621.385.8.032.21:537.525.83  592 
The Normal Cathode Fall for Molybdenum 

and Zirconium in the Rare Gases —T. Jur-
riaanse, F. M. Penning, and J. H. A. Moubis. 
(Philips Res. Rep., vol. I, pp. 225-238; April, 
1946.) In gas discharge tubes with molyb-
denum or zirconium cathodes greater stability 
of the voltage maintaining the discharge has 
been obtained by sputtering the cathode ma-
terial over the whole of the walls of the tube. 
The action of this metallic layer is thought to 
be partly due to absorption of gases released 
from the walls during the discharge and partly 
to its screening action which prevents the 
liberation of such gases. 

621.385.82.029.3: 621.395.61  593 
[The  Development  of]  a High-Power 

Thermionic Cell using Positive Ion Emission 
and Operating in a Gaseous Medium —M. S. 
Klein. (Onde Elect., vol. 26, pp. 367-373; 
October, 1946.) The cell is small, cylindrical in 
shape and comprises an axial heater sur-
rounded by a ceramic sheath on the outer sur-
face of which finely divided platinum is de-
posited. This anode is surrounded by a silver 
cylindrical cathode; the interlectrode spacing 
is about 1 millimeter. Positive ion currents of 
the order of several tens of microamperes are 
produced at atmospheric pressure for a polariz-
ing voltage of a few hundred volts. Since the 
current depends on pressure, the cell may be 
used as a microphone at audio and subaudio 
frequencies. Conversely, the cell may be used 
as a loudspeaker, since energy from the pulsat-
ing ion stream is lost to the air molecules. A 
'triode' version of the cell is also described 
for the loudspeaker application. The pressure 
versus current characteristic for the diode is 

given. 

621.385(075)  594 
Elektronenrohren IBook Reviewj —A. Dae-

schler. Archimedes Verlag, ZUrich, 1945, 104 
pp., Swiss Fr. 6.80. (Tech. Wet. Tijdschr., 
vol. 15, p. 50; April-May, 1946. In Flemish.) 
First of a series of textbooks on radio intended 
for the radio serviceman. 

MISCELLANEOUS 

001.8  595 
Scientific Information Services —( Nature 

(London), vol. 158, pp. 353-356; September 14, 
1946.) Editorial on the report of the Royal 
Society on needs of postwar research, with 
special reference to publication and scientific 
intelligence. It is estimated in the report that 
in physics and chemistry alone at least two 
thousand papers will now be released for pub-
lication but cannot be published without sub-
stantial assistance from Treasury funds. 

00.189: 621.396  596 
The 7th General Assembly of the Inter-

national Radio-Scientific Union—A. Haubert. 
(Onde Elec., vol. 26, pp. 391-393; October, 
1946.) Held in Paris, September 27, to October 
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5, 1946. Committees were set up on measure-
ments, propagation (ionospheric and tropo-
spheric), atmospherics and radiophysics. 

535.65:001.4  597 
International Names in Colorimetry —P. 

Moon and D. E. Spencer. (Jour. Opt. Soc. 
Amer., vol. 36, pp. 427-428; July, 1946.) A 
study of internationality in the endings of 
scientific words shows that the following end-
ings are ordinarily used with the same mean-
ings in most of the languages of Europe and 
America: -or=a device, -lion = a process, -once 
i= a passive property of a device and -ity = a pass-
live property of a substance." "Thus these 
endings may be regarded as international, and 
their use in the coining of new scientific terms 
should be encouraged. 

6(43)  598 
A Classified List of Industralists' Reports on 

Germany [up to July 27, 1946) —CIOS, BIOS, 
FIAT, and DOA. Obtainable from H.M. Sta-
tionery Office. Section F covers electrical engi-
neering industry, including radio; Section D 
includes plastics; Section G, glass and ceram-
ics; and Section K, metals. 

620.193.8(213)  599 
The Deterioration of Materiel in the 

Tropics—Hutchinson. (See 438.) 

621.3:371.3  600 
Post-Graduate Courses in Electrical Engi-

neering, including Radio —(Jour. I.E.E. (Lon-
don), part III, vol. 93, pp. 363-364; Septem-
ber, 1946.) Summary of Institution of Elec-
trical Engineers Radio Section discussion led 
by W. Jackson and T. Greig on the "means 
by which qualified electrical engineers might 
acquire and sustain, an intimate knowledge of 
the particular branches of the subject in which 

their individual contributions [are] to be made." 
See also 2435 of 1946. 

621.38/.39+331(07):621.3  601 
Post War Development Report—(Jour. 

Brit. Instn. Radio Eng. vol. 4 pp. 135-161; 
October-December, 1944.) In part 1 the whole 
field of electronics is briefly surveyed, and the 
outstanding problems in each branch are men-
tioned. In part 2 the provision of staff for the 
development program, and their education and 
training, are discussed. 

621.395(091)  602 
A Critical Review of the History of the 

Controversy Concerning the Invention of the 
Telephone Examined in the Light of Contempo-
rary Literature —C. Frachebourg. (Tech. Mitt. 
Schweiz. Telegr.-TelephVerw., vol. 24, pp. 36-
42; February 1, 1946. In French.) 

621.396.9  603 
I.E.E. Radiolocation Convention, March, 

1946 —(Jour. I.E.E. (London), part I, vol. 93, 
October, 1946.) Summaries of the survey 
papers read at the convention are given. A 
bibliography of the remaining papers con-
connected with the convention is also included; 
these papers together with fuller versions of 
the survey papers, are being published in 
Jour. I.E.E. (London), part IIIA, vol. 93, 
1946, and will be abstracted in due course. 

621.882.082.2  604 
The Unification of Screw-Thread Practice 

—(Engineering (London), vol. 162, pp. 253-
254: September 13, 1946.) Proposal for a 
modification of the standard Whitworth thread, 
to one of 60-degree angle with flat or rounded 
crests, and rounded roots. 

621.38(02)  605 
An Introduction to Electronics [Book Re-

view1I—R. G. Hudson. Macmillan, New York 

NEW ENGLAND 
RADIO ENGINEERING M EETING 

On May 17, 1947, in Cambridge, Massa-
chusetts, there will be an all-day New Eng-
land Radio Engineering Meeting under the 
sponsorship of the North Atlantic Region of 
The Institute of Radio Engineers. 
All persons interested in radio and elec-

tronic engineering are cordially invited to 
attend. There will be six technical sessions, 
none held concurrently, exhibits by the 
leading manufacturers in New England, a 
luncheon and a banquet with entertainment. 
The entire program will be held at the 

Continental  Hotel,  Cambridge,  Massa-
chusetts. A complete program announce-
ment will be made in April. 
Your are cordially invited —May 17, 

1947 —Cambridge, Massachusetts. 

GEORGIA RADIO BROADCAST 

ENGINEERING INSTITUTE 

A Radio Broadcast Engineering Insti-
tute will be held in Atlanta, Georgia, April 
14-18, 1947. The general chairman is Pro-
fessor Martial A. Hormel! (A'40), of the 
Georgia School of Technology, which is 
sponsoring the Institute in co-operation with 
the Georgia Association of Broadcasters 
and the Atlanta Section of The Institute of 
Radio Engineers. Plans are being made to 
have outstanding experts cover the latest 

MEETINGS 
AND 

CONFERENCES 

•:• 

developments in radio broadcasting and tele-
vision. Space will be provided for manu-
facturers' exhibits, and an opportunity will 
be given to visit the studios and trans-
mitters of Atlanta radio stations as well as 
the modern frequency-modulation trans-
mitter at the Georgia School of Technology 
which is now operating on an experimental 
basis. 

DELAYS MAY OCCUR —PLEASE 

WAIT! 

It is intended that the PROCEEDINGS OF 
THE I.R.E. shall reach its readers approxi-
mately at the middle of the month of issue. 
However, present-day printing and trans-
portation conditions are exceptionally diffi-
cult. Shortages of labor and materials give 
rise to corresponding delays. Accordingly, 
we request the patience of our PROCEEDINGS 
readers. We suggest further that, in cases of 
delay in delivery, no query be sent to the 
Institute unless the issue is at least several 
weeks late. If numerous premature state-
ments of nondelivery of the PROCEEDINGS 
were received, the Institute's policy of im-
mediately acknowledging all queries or com-
plaints would lead to severe congestion of 
correspondence in the office of the Institute. 

93 pp., $3.00. (Proc. I.R.E. (Australia), vol. 7, 
p. 31; October, 1946.) 

621.396  606 
The Wireless Trader Books [Book Notice] 

— Iliffe and Sons, London, 1946, 160 pp., 10s. 
6d. (Electrician, vol. 137, p.18,5; July 19, 1946.) 

621.396  607 
Radio [Book Noticel —National Bureau of 

Standards, 87 pp. ( U. S. Govt. Publ., p. 730; 
July, 1946.) Revised classification of radio sub-
jects, dated January 11, 1946. 

621.396  608 
Précis de Radio glectricit6 [Book Reviewl---

E. Divoire. Editions Desoer, Liege, 1945, 222 
pp., 171 figs. (Tech. Wet. Tijdschr., nos. 10-12, 
p. 114; October-December, 1945. In Flemish.) 
"  . A survey of the theory and applications, 
addressed to engineers, scientists and univer-
sity students, who wish to extend their knowl-
edge to this new field.... " 

621.396(075,)  609 
Experimental Radio [Book Reviesid —R. R. 

Ramsey. Ramsey Publishing Co., Blooming-
ton, Indiana, fourth edition, 1937, 196 pp., 
$2.75. (Proc. I.R.E. (Australia), vol. 7, p. 29; 
September, 1946.) "Very little theory appears 
in the text, it being the aim of the author to 
make the student think for himself." A very 
practical and useful book, "which does not 
suffer as a result of the age of its subject 
matter." 

621.396.029.6  610 
Ultra-High-Frequency Radio Engineering 

[Book Reviewl— W. L. Emery. Macmillan, 
New York, 1944, 281 pp., $3.25. (Proc. I.R.E. 
(Australia), vol. 7, pp. 37-38; September, 
1946.) " . .. The treatment is generally fairly 
simple and confined to basic principles." 

IRE-URSI M EETING 
The annual joint meeting of the Ameri-

can Section, International Scientific Radio 
Union, and the Washington Section, Insti-
tute of Radio Engineers, will be held in 
Washington on Monday, Tuesday, and 
Wednesday, Max 5, 6. and 7, in the Audi-
torium of the New Interior Department 
Building, C Street between 18th and 19th 
Streets, N.V. The program will, as usual, 
be devoted to the more fundamental and 
scientific aspects of radio and electronics. 
The program of titles and abstracts will be 
available in booklet form for distribution' 
before the meeting. Correspondence should 
be addressed to the Institute cffice, or to 
Dr. Newbern Smith, Secretary, American 
Section,  National  Bureau  of 
Standards, Washington 25, D. C. 

CHICAGO I.R.E. CONFERENCE 

The second Chicago I.R.E. Conference 
will be held on Saturday, April 19, at North-
western Technological Institute. There will 
be an all-day series of technical sessions and 
discussions on the practical side of elec-
tronic engineering, with emphasis on ap-
plied electronics. Outstanding engineers in 
the various fields will lead the discussions, 
which will be of vital interest to engineers 
in all branches of electronics. The Chicago 
Section of The Institute of Radio Engineers 
will sponsor the Conference. 



iiskowas* 

One of the tow oscillators that are the key parts 
of every Faiboweeter. Here. the oscillating toed 
has been tipped back out of its casing to thou 
bow the stack of Nickel lamination plates ,, 
mounted. 

Both an indicating dial and recorder can be 
used with the Fathometer. Other components 
include an amplifier and a driver. 

The F ATHOMETER  —  the first practical application of 

"Sonar"--utilizes the magnetostriction of Nickel 

unc ut tI1t Iflsc FAL tical uses of sonat is the Fathometer, 
manufactured by the Submarine Signal Co., Boston, Mass. 
The Fathometer generates sonic vibrations, throws them at 

the bottom, and then listens for their echoes. With a Fathome-
ter you can map the ocean floor... locate fish ... safeguard 
navigation. 
Like many other adaptations of sonar, the Fathometer de-

pends upon Nickel to send and receive the sonic vibrations. 
Heart of each oscillator is a stack of thin Nickel plates, laced 
together with a winding of wire. 

HO W THE FATHOMETER W ORKS 
When current is passed through these windings, a magnetic 
field is created. That's Olen be magneticstrictive property 
of Nickel goes to work! 
For under the influence of magnetic force, Nickel contracts, 

returning to its original length when the field goes dead. In 
a fluctuating field, the resulting vibrations are powerful 
enough to produce an echo from the ocean floor. 
When the sonic waves bounce back to the Fathometer, a 

second oscillator (acting as a receiver) goes through the same 
cycle in reverse to convert sound into electrical impulses. 
Other components then time the lag between transmission 
and echo, registering the depth on an indicator. 

WHY NICKEL WAS CHOSEN 

Nickel is used in sonar because it contracts more than any 
other commercial metal, contracting 32 units of length for 
every 1,000,000. 
Magnetostriction is just one of the specialized properties 

obtainable with Nickel. When specifying metals for elec-
tronic or electrical use always consider Nickel and the INCO 
Nickel Alloys. They are strong, tough, rustless, corrosion-
resistant and thermally durable. 

tTraclemaric reelatered by Submarine Signal Company 

THE INTERNATIONAL NICKEL COMPANY, INC. 
67 W ALL STREET, NE W YORK 5, N. Y. 

NICKEL ALLOYS 
110111El• • 11-91011E1. • -S-•NCIPIEL • '•11-•11011EL • "kr '11011EL• INCONEL• • NICKEL • -1.-•111CIIEL • "F .-NICKEL 

•Ite:  ' 
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Pick up your live programs and start them on 

their way with highest qualify. Choose Western 

Electric's 639 type Cardioid Microphone — 

adjustable to meet your every program re-

quirement. 

Monitor and audition your 

programs  with  the  new 

72813 speaker —a faithful, 

high quality, single direct 

radiator. For the widest fre-

Get th• most out of all types of transcriptions and 

records.  Us• Western's  109 Type Reproducer 

Group available with 9A Reproducer having dia-

mond stylus tip, or 9B Reproducer with sapphire tip. 

For simultaneous control of two programs, the 

attractive, high quality Western Electric 25B Con-

sole provides two main channels at moderate cost. 

For economical single channel studio control, use 

the 23C Audio equipment. Special Custom Built 

Control Consoles and Dispatching Systems are 

also available to meet "individualized" produc-

tion and programming requirements. 

Operate at maximum level, yet preclude the possibility 

of program distortion in your listeners' receivers by auto-

matically eliminating transmitter over-swing with the 

1126C Program Operated Level Governing Amplifier. 

For the "heart" of your station, get outstanding per-

formance with one of Western's beautifully designed 

"Transview" Synchronized FM Transmitters. In addi-

tion to the 1 kw shown, the line includes 250 watt, 3 kw, 

10 kw, 25 kw and 50 kw powers. 

Give your listeners the quality they 
expect from FM—choose Western 

Electric equipment from micro-
phone to antenna. Every item has 
been designed by Bell Telephone 
Laboratories to meet fully FM'S rigid 
requirements and to give the broad-
caster more than his money's worth 
in performance, dependability and 

low cost of operation. 
For particulars, see your nearest 
Graybar Broadcast Representative, 
or write to Graybar Electric Co., 420 
Lexington Ave., New 'York 17, N.Y. 

Put your program "on the 

air" with the easily erec-

ted high gain 54A Clover-

Leaf Antenna. This highly 

efficient broad band an-

tenna provides full 50 kw 

capacity. 



0  ATLANTA 

'Uranium 235 and Atomic Energy," by W. H. 
Jones, Emory University; December 20. 1946. 

BALTIMORE 

"High Altitude-To-Ground Propagation Char-
acteristics of Broadcast and High Frequencies." by 
A. A. Nims, Westinghouse Electric Corporation; 
December 17. 1946. 

BOSTON 

'Consideration on the Design of a Pulse-Time-
Modulation Multichannel Telephone System," by 
A. Levine. Federal Telecommunication Labora-
tories. Inc.; January 23. 1947. 

BUFFALO-NIAGARA 

'Audio Distortion,' by J. Minter, Measure-
ments Corporation; January 15. 1947. 

CEDAR RAPIDS 

'Railroad Radio.' by C. N. Kimball. C. J. 
Patterson Company; January 15, 1947. 

CHICAGO 

'Vibrator Power Supplies,' by L. J. Weber. 
Oak Manufacturing Company; January 17, 1947. 

'New Ultra-High-Frequency Antennas Meas-
uring Techniques,' by E. G. Hills. Belmont Radio 
Corporation; January 17, 1947. 

CINCINNATI 

'Relative Sensitivities of Image Orthicon, 
Film, and Eye." by A. Rose, RCA Laboratories 
(Princeton. N. J.); December 17, 1946. 

'Hearing Aids," by L. G. Hector. Sonotone 
Corporation; January 21, 1947. 

CoLustuus 

'Electromagnetic Propagation in Wave Guides 
and Horns.' by W. A. Terrell, Bell Laboratories; 
January 10, 1947. 

DAYTON 

'Operation and Application of Thyratrons,' 
by R. E. Mumma. Electronics Development 
Laboratory; December 12, 1946. 

'Aviation Communication Equipment," by 
Brig. Gen. T. C. Rives. L. B. Hallman, and V. J. 
Carpantier. Wright Field. Communication and 
Navigation Laboratory; January 23. 1947. 

DETROIT 

'Mobile Radio Telephone Communication.' by 
H. E. VVeppler, Michigan Bell Telephone Company; 
January 17, 1947. 

EMPORIUM 

'The Cyclopbon,' by J. J. Glauber, Federal 
Telecommunication Laboratories Inc.; January 7. 
1947. 

HOUSTON 

"Microwaves," by H. C. Dillingham and A. E. 
Salis, A. & M. College of Texas; January 13, 1947. 

INDIANAPOLIS 

'Police Communications,' by Z. E. Audritsli, 
Indiana State Police; January 10, 1947. 

'New 155mc, FM Police Radio Equipment,' by 
H. R. Evans. Indiana State Police; January 10. 
1947. 

Los ANGELES 

'Characteristics of  Solid  Metal  Shielded 
Wire,' by J. K. Brinkman. Precision Tube Com-
pany; December 17. 1946. 

'A Diode Controlled A. C. Voltage Regulator.' 
by R. Morgan, Norman B. Neely Company; De-
cember 17, 1946. 

'Demonstration of UHF Wattmeter,' by P. J. 
Holmes, The Rollin Company; December 17, 1946. 

(Continued on page 364) 

ANDREW CO 

Andrew Co. 

begins its 

second 
decade of 

service 

to the 

industry 

• Transmission lines for 

A M-F M-TV 

• Directional antenna 

equipment 

• Antenna tuning units 

• To wer lighting 

equipment 

• Consulting engineer-

ing service 

WRITE FOR 

CO MPLETE CATAL O G 

363 EAST 75th STREET • CHICAGO 19 

Pioneer Specialists 

in the Manufacture 

of a Complete Line of 

Antenna Equipment 

.0" • 

RION BROWNE ADVERTISING 
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TURNER MICROPHONES GIVE YOU ALL 

Ingenuity and skill in applying sound engineering principles 
and combining them with modern streamlined styling have 
made Turner the top name in microphones. Whatever your 
need for accurate pickup and true life reproduction of 
voice or music there's a Microphone by Turner to do the job. 

THE TURNER MODEL 211 BROADCAST QUALITY DYNAMIC 

Engineered for the critical user who is satisfied only by finest 
reproduction, the Turner Model 211 Dynamic utilizes an 
improved magnet structure and acoustic network. The high 
frequency range is extended and the extreme lows raised 
2 to 4 decibels. A specially designed precision diaphragm 
results in extremely low harmonic and phase distortion with-
out sacrifice of high output level. Very sensitive to variations 
in tone and volume, its accurate pickup and smooth response 
is free from peaks or holes from 30 to 10,000 c.p.s. Ideal 
for both voice and music, the Turner 211 is recommended 
for quality recording, sound system, public address, and 
remote control broadcast work. It may be used with utmost 
confidence indoors or out, in any climate or temperature. 

SPECIFICATIO NS: 

• Output Level: 54db below 1 volt/dyne/ sq. cm. at high impedance. 
• Response: Substantially flat within  5db from 30 to 12,000 c.p.s. 

• Impedance: 50 ohms, 200 ohms, 500 ohms, high impedance. 
• Directivity: Semi-directionaL Non-directional when tilted full 90°. 

• Case: Salt-shaker type in rich satin chrome finish. 

• Cable: 20 ft. shielded heavy duty 2-conductor removable cable set. 

• Stand Coupler: Standard %"-27 thread. 

Ask your dealer for details or write 

THE TURNER COMPANY 
909 17th Street N. E., Cedar Rapids, Iowa 

• - 

TURN TO TURNER FOR THE FINEST IN ELECTRONIC EQUIPMENT 
LICENSED UNDER U. S. PATENTS OF THE AMERICAN TELEPHONE AND TELEG 

AND WESTERN ELECTRIC COMPANY. INCORPORATED 
RAPH COMPANY 

(Continued from page 35A) 

MILWAUKEE 
'Electronic Control of A-C Motors.' by W. 

Elliott, Cutler-Hammer, Incorporated; February 

27, 1946. 
'SR-4 Strain Gauges.' by J. H. Meier. 

Bucyrus Erie Corporation; March 27. 1946. 
'Precision Master Oscillators.' by T. A. 

Hunter. Collins Radio Company; May 23, 1946. 
'Engineering Aspects in Germany Betore the 

War,' by W. Richter, Allis-Chalmers; June 12, 1946. 

MONTREAL 
'Guided Missiles in World War H.' by H. 

Selvidge, Bendiz Aviation Corporation; January 17, 
1947. 

NEW YORK 
'One-Millionth Second Radiography and its 

Application,'  y C. M. Slack; Westinghouse Elec-
tric Corporation; November 22. 1946. 

'Modern Methods of Radiography,' by J. 
f-empert,  Westinghouse  Electric  Corporation; 
November 22. 1946. 

'Reduction of Background Noise in Repro-
duction of Music from Records," by H. H. Scott. 
Technology Instrument Corporation; December 4. 
1946. 

'All-Day Symposium on Transmitters and 
Antennas for Frequency Modulated Broadcasting 
in the New Band of 88 to 108 Megacycles.' Those 
presenting papers on various phases of the problem 
were: J. B. Bishop, Bell Telephone Laboratories; 
M. Silver, R. H. Meyers, and R. F. Lewis. Federal 
Telephone and Radio Corporation; W. F. Goetter 
and M. W. Sheldorf, General Electric Company; 
J. E. Young and R. F. Holtz, Radio Corporation of 
America; F. A. Gunther and J. R. Day. Radio 
Engineering Laboratories; and J. R. Boykin. West-
inghouse Electric Company; December 14, 1946. 

OTTAWA 
'Use of Radar by Meteorologists,' by J. S. 

Marshall, McGill University; January 9, 1947. 
'Cathode-Ray Direction Finding.• by C. W. 

McLeish, National Research Council; January 30. 
1947. 

PHILADELPHIA 
'Frequency Modulation and Control by Elec-

tron Beams,' by C. Shulman, Radio Corporation 
of America Laboratories% January 9. 1947. 

'A  Frequency-Modulated  Magnetron  for 
Super-High Frequencies,' by J. Kurshan, Radio 
Corporation of America Laboratories; January 9. 
1947. 

'A One-Kilowatt Frequency-Modulated Mag-
netron for 900 Megacycles,' by J. S. Donal. Jr., 
Radio Corporation of America Laboratories; Janu-
ary 9. 1947. 

PITTSBURGH 
'The Mobile Telephone.' by M. G. Jarrett. Bell 

Telephone Company; November 11, 1946. 
'Distortion-Free Disk Recording," by H. F. 

Porter and J. W. Hines. Carnegie Institute of Tech-
nology; December 9, 1946. 

PORTLAND 
'Development. Manufacture, and Testing Pro-

cedures on Navy Airborne Radar AN/APS-4.* by 
0. A. Steele. Steele Engraving Company; December 
113. 1946. 

Election of Officers; December 18. 1946. 

ROC IIESTER 
'Wire Recording.' by R. S. Anderson, Strom-

berg-Carlson Company; December 10. 1946. 
'Where Did the Wise Men Go," by M. Con-

nell, St. Bernard's Seminary; December 17. 194.t. 
"Ultra-Audible Sound." by F. H. Slaymaker, 

Stromberg-Carlson Company; January 2.3. 1947. 

(Continued on page 38A) 
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AIRCRAFT RADIO CORPORATION 
Among the A.R.C. RADIO COMMUNICATION AND NAVIGATION SYSTEMS are 

TYPE 11  SYSTE M 

Range Receiver and VHF Transmitter. 

or TYPE 17 SYSTEM 

VHF Receiver and VHF Transmitter. 

"MUSIC-BOX" TYPE 

SELECTOR SWITCHES 

For low-voltage control circuits. 
Unusually positive detent action. 

Lever-type control handle. 

TYPE 15 

VHF Omni-Directional 

Range Receiving Equipment. 

Among the A.R.C. ELECTRONIC COMPONENTS AND ACCESSORIES are 

CERAMIC-INSULATED PLUGS 

AND RECEPTACLES 

• 24 combinations. 

• 2 to 19 contacts. 

CERAMIC-INSULATED 

MINIATURE DC RELAYS 

11/4 " long. 

SPST, SPDT, DPST, SPST-SPDT, 
and DPDT. 

DRY ELECTROLYTIC. 
SEALED CONDENSERS ---)" 

Terminals mounted on mica. 

Na bakelite-rubber seals. 

MINIATURE PIN-PLUG 

CONNECTORS 

Specially designed to 

minimize spring fatigue. 

Among the A.R.C. MICROWAVE UNITS AND ACCESSORIES are 

r-

roman Radio corporation 
Boonton, N. J. 

TYPE H-10 TEST SET 

for the 1.2 cm band 

and various assemblies for the 10 cm, 

3.3 cm, and 1.2 cm bands. 

SNAPSLIDE FASTENERS 

7/16" wide size, for heavy loads. 

I/4" wide size, for light loads. 

DEPENDABLE C 
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Times Facsimile 

CONSTANT FREQUENCY 

AUDIO OSCILLATOR 
Frequency Maintained To Within One Part 

In Five Million Per Degree Centigrade 

Here's a Frequency Oscillator designed and engineered by Times Fac-

simile Corporation with laboratory precision—rugged, compact, portable. 

Times Facsimile manufactures oscillator units for any specified fre-

quency between 60 and 4,000 cps. 

The Oscillator is available as a separate unit, or complete with power 

supply in cabinet, or relay rack mounted—price range 9300—S500. 

Times Facsimile Corporation is one of the world's leading manufac-

turers of facsimile equipment. Write today for catalogs describing fac-

simile equipment and components. 

a subsidiary of 

The New York Times Company 
229 West 43rd Street  New York 18, N. Y. 

(Continued from Page 36A) 

Si. Louis 

'The Use of Radio in Telemetering for the 
Union Electric System.' by P. T. Ramey, Union 

Electric Company of Missouri; January 30, 1947. 

S r FRANCISCO 

'Behavior of Dielectrics Over Wide Ranges of 
Frequency. Temperature. and Humidity,' by R. F. 
Field, General Radio Company; October 15. 1946. 

'The Armstrong Modulation System with 
Demonstration of 1 lw.-F.M. Transmitter,' by F. 

Gunther, Radio Engineering Laboratories; Novem-
ber 18. 1946, and November 19, 1946. 

'Amplification Without Resonance by Means 
of the Traveling-Wave Tube," by L. Field, Stanford 
University; December 18, 1946. 

Election of Officers; December 18, 1946. 

TORONTO 

'The Standardization of 60-Cycle Frequency 
in Southern Ontario,' by M. J. McHenry. Hydro 
Electric Power Commission of Ontario; January 20, 

1947. 
TWIN CITIES 

'Precision Master Oscillator Design Considera-
tions,' by T. A. Hunter, Collins Radio Company; 
November 18, 1946. 

'The CAA Program for Development of Air 
Navigation,' by H. I. Metz. Civil Aeronautics 
Authority; December 10, 1946. 

'Reflex Oscillators," by W. G. Shepherd. Bell 
Telephone Laboratories; January 8. 1947. 

W ASHINGTON 

'Engineering and Government,' by V. Bush, 
Carnegie Institution of Washington; January 14. 
1947. 

W ILLIAMSPORT 

'Cyclophon—An  Electronic  Commutator 
Tube." by J. J. Glauber. Federal Telephone and 
Radio Laboratories; January 8. 1947. 

SUBSECTIONS 

PRINCETON 

'Experiments in the Upper Atmosphere Using 
German V-2 Rockets.' by J. F. Brinster. Princeton 
University; January 9. 1947. 

The following transfers and ad missions 

were approved on March 1, 1947: 

Transfer to Senior Me mber 

Batchelder. L.. 22 Chauncy, Cambridge 38, Mass. 
Boundy, G. G. 506 New Center Bldg.. Detroit 2. 

Mich. 
Brunner. G. V.. 240 W. Fourth St., Emporium, Pa. 
Clarke, A. S., 4236-45 St. N. W., Washington 16. 

D. C. 
Daniel, T. E., 9703-47 Pl., Berwyn, Md. 
Fingerle, W., Jr.. 39 Puritan Dr., Port Chester. N. Y. 
Freeman, W. C., Jr.. 2018 Reed St., Williamsport 

39, Pa. 
General. J., 411 E. Bruce Ave.. Dayton 5, Ohio 
Hagen, J. P.. 3001 N. Second St.. Arlington. Va. 
Haycock, 0. C., University of Utah. Salt Lake City 

I. Utah 
Huntoon. R. D. 305 Waterford Rd., Silver Spring. 

Md. 
Lebenbaum. M. T.. Airborne Instruments Labora-

tory. 160 Old Country Rd., Mineola. L. I.. 
N. Y. 
(Continued on page 40.4) 
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GENERATOR ROTORS CAN 

BE OPERATED SAFELY AT 

125,000 RPM 

Cunico is the newest addition to the Arnold high quality permanent 

magnet line. It is a copper nickel cobalt alloy which has very high 

coercive force. Ductile, machineable and malleable, Cunico can be 

fabricated into a wide variety of simple and complex designs. Draw-

ing, cutting, machining, punching and screw machine operations are 

practical. 

Cunico can be magnetized in any direction, and is most efficient 

where a large cross section is available to produce sufficient total flux. 

Generator rotors are a typical application. A relatively short length 

is required to maintain the flux because of its high coercive force. 

_ 

500  400  S0  200 

OVAAGIVETVING FORCE  01 OERSTEDS 
'  '"  I  •I 

• • - F/147  67.= 

THE ARNOLD ENGINEERING COMPANY 
SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 

147 EAST ONTARI O STREET, CHICAGO 11, ILLINOIS 

Sp•cialists in th• manufacture of ALNICO PER MANENT MAGNETS 

CUNICO CAN BE PRODUCED IN THE FOL-
LOWING SHAPES AND APPROXIMATE SIZES. 

BARS- 1/4 " to 1" square 

STRIPS-2" maximum width x 
.015" to .312" thickness 

RODS— 1/4 " to 1" in diameter 

WIRE—No.2 to No. 24 AWG sizes 

CASTINGS—Maximum section 1" 
thick 

ARNOLD'S TECHNICAL BULLETIN 

V P ;I:11.1100.1101.mr, 

* W W1 

• '1/4.'•;;;,;;. 

"Permanent Mag-
nets for Industry" 
suggests many 

ways in which the 
war-born improve-
ments in permanent 
magnets can be most 
valuable to you. Send 
for it! 
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VOIPPesion 

Offer Low-Cost Magnetic 

Recording with 

Brush Paper Tape and 

Magnetic Heads 
• Low-cost magnetic recording-reproducing components developed by 

the pioneer and leader in this field open a new world of listening 

pleasure. Simply constructed erasing, recording and reproducing heads 

offer "hum-bucking" characteristics. W hen required the cartridge 

alone (pole piece and coil unit) may be supplied for incorporation 

into manufacturers' own head structure. 

Brush Paper Tape 

V Easy to Handle 

V Extremely low-cost 

V Can be edited ... spliced 

V Greater dynamic range 

V Minimum wear on heads 

These latest develop-
ments in magnetic 
recording equipment 
can now be obtained 
for radio combinations 
and other uses. Write 
today for further 
information. 

V Excellent high frequency re-

production at slow speed 

V Permanent —excellent repro-

duction for several thousand 

play-backs 

urRO WILI RD nitOuthi re titSOONSt or (91-014 COOTtO 55066 1566 

% Wei 85 91 0 M AD 

Ta n  I 1,1 /SIC 
PI COG 1•3 Culi•liff  0 3 •••• 
0803 Of C0110,•  0.40•3•1  0 • m a 
O103  v••10•1  00.6. 30 bf • 
NO033 Lt.,"  0•0•03 •41, 
t•OSt Cu 0000  (w.T. s. as vaQl 

. 011011 20 m s  30 uc '9 

The Brush Development Co. 
3405 Perkins Avenue  • Cleveland 14, Ohio 
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Lee. J. M., 200 N. Edison St., Arlington, Va. 

Little. D. S., 35 Bogart Ave., Port Washington, 

L. L. N. V. 
Ruben, H., 4712 Leiper St., Philadelphia 24. Pa, 
Stuckert, E. M., 69 Commonwealth Ave., Alex. 

andria. Va. 
Thomas. H. P., Woodchuck Hill Rd.. Fayetteville, 

N. Y. 
White, N., 922 Heron Dr., Silver Spring, Md. 
Whitelock, L. D., Navy Dept.. Bureau of Ship.. 

Code 945, Washington 25, D. C. 

Admission to Senior Member 
Bridges. J. M. 2802-31 St., S.E., Washington, D.C. 
Fromageot, A. P. A., 3 Avenue Lebrun. Antony. 

Seine, France 
Howard, G. E., 100 Myrtle St., Norfolk. Mass. 
Rice, S. 0., 463 West St., New York 14, N. Y. 

Touraton, E. W. Laboratorie Central de Telecom-
munication, 46 Avenue de Breteuil. Part, 

7, France 

Transfer to Member 
Banta, H. E., Box 6007. Houston 6, Texas 

Bellare, D., 1245 E. Ninth St., Brooklyn 30. N. 

Brimberg, N. M., 2118 N. Key Blvd..Arlington, V a 
Dillon, P., WTHS. Greensboro, N. C. 
Dowling, R. H., 1324 Paloma Ave., Burlingame. 

Calif. 
Frinks, P. O.. 219 S. Kenwood, Royal Oak, Mich. 
Gordon. J. F., 517 W. Joppa Rd., Towson 4. Md. 
Herrmann, F. J., 200 W. 108 St., New York 25. N. V. 
Horne, R. C., Jr.. Virginia Military Institute. Lex-

ington. Va. 
Howells, P. W., 102 Jackson Ave., Schenectady 4. 

N. Y. 
Hurley, W. A.. 78 Knoll St., Roslindale 31, Mass. 
Jones, M. W.. 5241 Broad Branch Rd., N. W., 

Washington 15, D. C. 
Kezer. C. F.. 12-B, Broadway North, Baltimore 21, 

Nfd. 
Khosla, H. B. L.. All India Radio. Peshawar. India 
Kritz, J.. 2437 -65 St., Brooklyn 4. N. Y. 
Lewis. M. T., 7002 Santa Monica Dr.. Dallas 10, 

Texas 
McCurdy, G. E., Northern Broadcasting and Pub-

lishing Ltd., 29 Melinda St., Toronto, Ont.. 
Canada 

Miehle, W., 3347 N. 15 St., Philadelphia, Pa. 
Pentico. G. W., 463 West St., New York 14, N. 

Petterson, W. N., Jr.. 6775 Germantown Ave.. 
Philadelphia. Pa. 

Schultz. A. J., Box 291. Emporium, Pa. 
Skitzki, P.. 121 Commonwealth Ave.. Boston 16. 

Mass. 
Strong, J. A., 2016 Drescher St., San Diego 11, Calif. 
Tracy, J. B., Jr., 43-20 Hamilton Pl., Douglaston. 

Queens. N. Y. 
Warshaw. H. D., 934 Argyle Rd., Drexel Hill, Pa. 
White, C. F.. 157 Irvington St., S. W., Washington. 

20. D. C. 
White, L. C., 3236 N. E. 63 Ave., Portland 13. Ore. 

Admission to Member 
Ackerman, S. L., Vandalia Homes, General De-

livery, Vandalia, Ohio 
Alessi, P. A., 146 Spring St., West Roxbury. Mass. 
Arnold, N. W., 106 Weber St., Havre De Grace, 

Md. 
Baker, R. H., 3724 Patterson Ave., Baltimore 7, 

Md. 
Beugen. A. A., 2259 Emerson Ave., Dayton 6, Ohio 
Bottom, V. E., Dept. of Physics, Colorado A and 

M College, Fort Collins. Colo. 

Bovill, C. B., One. The Precincts, Central Rd.. 
Morden, Surrey, England 

Byers. H. G., 133 Glengarry Ave.. Toronto 12, Ont.. 
Canada 

Carlin, H. J., Microwave Research Institute. Poly-
technic Institute of Brooklyn, 66 Johnson 
St., Brooklyn 1, N. Y. 
(Continued on page 42A) 
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—designed to fill your 
exact requirements 

Chicago Transformer's engineering and manu-
facturing facilities are now available to design 
and build wave filters on quantity orders. Any 
specific filter problem within the range gov-
erned by commercial limits in condensers is 
welcomed. 
Known for their sharp discrimination, and 

for delivering maximum output, compact and 
efficient C. T. filters are recognized as leaders. 
Salient feature of C. T. filter engineering is the 
use of toroid coils wound on powdered nickel 
alloy cores. Their characteristic small size, low 
loss, and ease of balancing with capacitors 
assure superior performance with unusual 
compactness. 
Mounting the units in drawn steel cases, 

using C. T.'s Sealed in Steel construction, as-
sures effective shielding and long-lasting de-
pendability. 
For prompt attention, write Chicago Trans-

former today outlining the specifications you 
are interested in obtaining. 

Sjohical Z'xamfile 

C. T. FILTER DESIGN  ' 

BAND PASS FILTER. Mid-band fre-
quency 3550 cycles. Low frequency 
cut-off at 3160 cycles, high fre-
quency cut-off at 3990 cycles. 
Nominal impedance of 600 ohms. 
Attenuation 40 DB at 3110 cycles 
and 4080 cycles. Case dimensions, 
4.3" x 3.6" x 3.3". 
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to a number of order, f   de. i 

Price end deliver/ quotations on i airing to purchase coils only. 

retoscst• i 

I 

ens sea ass  ago gel 

se. " 

CHICAGO TRANSFORMER 
DIVISION OF ESSEX WIRE CORPORATION 

3501  ADDISON STREET  • CHICAGO  18,  ILLINOIS 

PROCEEDINGS OP THE I.R.E. it'll, 13, 1917 



• The Sorensen NOBATRON provides a new 
source of DC voltages regulated at currents pre-
viously available only with batteries. 

• Six standard NOBATRON models operate on a 
95-125 volt AC source of 50 to 60 cycles and pro-
vide currents of 5, 10, and 15 amperes at output 
voltages of 6, 12, or 28. 

• Ideally suited for critical applications where 
constant DC voltages and high currents are re-
quired, the NOBATRON maintains a regulation 
accuracy of % of 17o, RMS of 17o and has a 
recovery time of 1/5 of a second. 

• Investigate the many advantages of 
Sorensen regulators applied to your unit. 
Write today for your copy of the new com-
plete Sorensen catalog, S-P. It is filled with 
schematic  drawings,  performance curves, 
photos, and contains in detail, "Principles 
of Operations." 

smear_ 
soREnsEn a CO MPIII1Y, Inc. 

cozsz STA MFORD, connEcricur 

A LINE OF STANDARD REGULATORS FOR LOAD RANGES UP TO 30 KVA. 

SPECIAL UNITS DESIGNED TO FIT YOUR UNUSUAL APPLICATIONS. 
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Cline, A. T.. Jr.. Box 2987, San Juan, Puerto Rico 
Conn. J. A.. 4633 Coldwater Canyon Ave.. North 

Hollywood, Calif. 
Cunningham, \V. J.. Dunham Laboratory. New 

Haven. Conn. 
Dawley, J. R.. Jr., 3902 Southern Ave.. S. E., 

Washington, D. C. 
De Carvalho Fernandes, A. A.. Standard Electrica, 

Rua Augusta 27. Lisbon. Portugal 
Eaton. J. C Dalshian, Longforgan, Dundee, Angus, 

Scotland 
Fillmore. F. A., 5758 Itaska St., St. Louis 9, Mo. 
Frank, C. W.. 1106 N. Washington St., Wheaton, 

Gimon, E. E.. Greenbriar Apts.. 920 W. H. Taft 
Rd., Cincinnati 6, Ohio 

Grabiec. J. J.. 129 Second St., Garden City. L. I., 

N. Y. 
Grant, J. W.; 1037 Marshall Ave.. Bellwood, Ill. 
Hiatt, R. E., Box 232. Ipswich, Mass. 
Howard, T. E., 7035 Sutherland Ave., St. Louis 9. 

Mo. 
Jenks. P. E.. Submarine Signal Company, 160 N. 

Washington St.. Boston. Mass. 
Jones, E. M.. 957 Nassau St., Cincinnati 6, Ohio 
Lance, H. W., 201 Elmira St.. S. W., Washington 

20, D. C. 
Riaza. F.. Standard Electrica S. A.. Apartado 7040, 

Madrid. Spain 
Koch, W. F., California Division of Forestry. 

Sacramento 14, Calif. 
Martin, Paul S., 13 Park Ave., Glen Cove, L. I., 

N. Y. 
Mcllwrick, K. N.. Battens. Stamford Rd., Bowdon 

Cheshire, England 
Mechler, E. A., 309 Kings Highway E.. Haddon-

field. N. J. 
Merer, G. E., 1815 Venice Blvd., Los Angeles 6, 

Calif. 
Morgan, R. L., 5704 Ranchito St., Van Nuys. Calif. 
Mork, R. P., 1332 Cryer Ave., Cincinnati 8, Ohio 
Parrott. J. E., 421 E. 82 St., Seattle 5. Wash. 
Parsons. R. L., Jr.. 41 Grant St., Lynn, Mass. 
Richter, A. R., 91 Clark St., Brooklyn, N. Y. 
Salin.,j. A., 514 Buchanan St., N. W., Washington 

11, D. C. 
Sessler, F. E., 13154 Stoepel, Detroit 4. Mich. 
Stevens, F. J., 198 S. Crest Rd., Chattanooga 4. 

Tenn. 
Walmsley, H. C.. Royal Air Force Station. Syers-

ton. Near  Newark.  Nottinghamshire, 

Fngland 
Ward, S. A., Quarters 177, West Point, N. Y. 
Watkins, W. H., 2000 F St.. N. W.. Washington 6. 

D. C. 
Willis, H. W., 83 New York Ave., Ocean Grove, , 

N. J. 
Wollenberg, H. A.. 180 Dorantes Ave., San Fran-

cisco 16, Calif. 

Admission to Associate 

Ambrose, D. M., Marlowe,. Doonside, South Coast, 
Natal, South Africa 

Andraud, R. J., 247 Drake Ave.. New Rochelle. 
N. Y. 

Andrews, L. K.. 2328 N. E. 19 Ave., Portland 12, 
Ore. 

Apfel, G. J., Crystal Research Products, Dumont, 
N. J. 

Bales, R. R., 753 Kilbreth Ave.. Salinas, Calif. 
Bambara, J. E., 394 Second St., Brooklyn 15, N.Y. 
Barlow, H. B., Jr., 1725 New Hampshire Ave.. 

N. W., Washington 9, D. C. 
Bawden, H. G., Six Valley Rd., Madison. N. J. 
Berkman, R. D., 6854 Holly Park Dr., Seattle 8, 

Wash. 
Bernardone. G. S.. 722 Taylor Ave., Bronx 61. N. Y. 
Bradford, W. R.. 3A Plateau Pl., Greenbelt. Md. 
Bradley, \V. F., Jr., 170 E. 31 St., National City, 

Calif. 
(Continued on page 444) 
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BLA W-KNOX 
ANTENNA TO WERS 

Again welcome Admiral Byrd back to 
Little America I 

There they were—tall, straight and conspicuous after 18 lonely 

winters in the frozen Antarctic. Even back in 1929 Blaw-Knox 

had a reputation as radio tower experts which was well-known 

to Byrd's engineers. 

Today Blaw-Knox has acquired an unequalled experience 
through thousands of installations both here and abroad ...AM, 

FM, UHF, Radar and Television. This valuable know-how is 

available to you at no added cost. 

BL A W- K NO X DI VISIO N 
OF  BL A W- KNO X  CO MPANY 

2037 Far mers Bank Building, Pittsburgh 22, Pa. 

lid lovizs IA les 
1%111 Antatttc tamps 
ABOARD 1.3.S.S. IV, 01.31APUS, 

1..1-FTLE. AMERICA (AP1 —Doctor 
Paul  SiPle,  scientist  with  
IsiavY's Antarctic expeditio  rday 

n, while 

on a helicopter flight, yeste 
located the radio tower of. Admiral 
Byrd's 1928 and 1933 camps st.ill 

Siple, o ie  found n taken 
evidence that the Bay of Whales 
sta nding. f Er , Pa., also  

had been completely closed by a 

...0. glacier collision within the e tops of tlast  

Ile said he saw th  the 
. 

Adolph Ochs radio stations, wi h 
year. 

three  towers still spaced i  a 

rough triangle.  'This was 
..._  . as an indication that  the build-

-̀  houg ht 
1111'°'. ings below perhaps hid not been 

att....a.  crushed out of existence by the 
ice,  as  was  originally  t   

trance  to 

prob 'Two icecapes  at the en 
the Bay  last year, of Whales apparently  rnet 
Ai able. 

within the  Siple said, 
with a piece  of the w  cape 

est   

breaking oft. 

%.• 

.16 
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THE NE W SHURE 

•• 4.2 VOLTS OUTPUT"' 
DIRECT CONNECTION TO PENTODE OUTPUT TUBES! 

• • • and only 11/4 oz. needle force 

WITH THE NE W SHURE 

W56A 
Lever-Type Crystal Pickup Cartridge 

List Price $5.45 
AND 

SHURE G&r  CRYSTAL PICKUP  

96A 
Crystal Phonograph Pickup 

List Price $7.10 
MADE POSSIBLE THROUGH THE SHURE 
LEVER SYSTEM • HERE'S HO W IT W ORKS: 

The crystal is driven by a lever which improves the transmission of needle chuck 
torque into the crystal. This results in higher output and greater needle compliance. 
High needle compliance gives a "freedom of action" flexibility to the needle that 
means faithful tracking, and clearer, fuller tone qualities. 
The lever arrangement absorbs the full impact of sudden jars to the cartridge or 

needle; this in turn gives relative shock immunity to the crystal—minimising strain 
or breakage. 
WHAT THE 96A DOES FOR YOU: It makes possible the saving of one stage 

of amplification, and it permits the use of a long-life precious-tip needle with a high-
output pickup. Such a light-weight tone arm means that the records and needles will 
last much longer. The 96A "Glider" is less susceptible to floor vibrations, improves 
the playing of warped records, and is especially suit able for Vinylite records. 
r)1000 cycle Audiotone record level using Full-Tone needle. About 3.5 volts using 

flexible needles. Voltage outwit on peaks reaches 40 volts, 

WRITE FOR NEW CATALOGS 155-land 156-1 
Patented by Shure Brothers and licensed under the Patents of the Brush Development Company 

SHURE BROTHERS, INC. 
Microphones and Acoustic Devices 

225 West Huron Street, Chicago 10, 1111nolS 
Cable Address: SHUREMICRO 

(Continued from page 424) 

Carlisle. H. C., Jr., 302 Woodlawn Ave., Greensboro, 

N. C. 
Carpenter. V. A.. 436 Blvd. of Allies, Pittsburgh 22, 

Pa. 
Cetrone, V. C.. 7-12 Clintonville St., Whitestone. 

N. Y. 
Chamberlain, I. J., 2600 S. 56 St.. Lincoln 6, Neb. 

Chase, H. E., 4478 -32 St.. San Diego 4. Calif. 
Coates. R. J.. 1312 -27 St., S. E., Washington 20, 

D. C. 
Daugherty, W. M., 1070 Berwin St., Akron 10, Ohio 
Davis, F.L., 376 Benton St., Council Bluffs. Iowa 

Detrick, D. M.. c/o Electronics Officer. San Fran-

cisco 
Naval Shipyard, San Francisco. Calif. 
Di Cecio, S. A.. 145-66 Eighth Ave., Whitestone, 

L. I., N. Y. 
Dillon, J. D., 45 Myopia Rd., Wollaston, Mass. 

Donnelly, T. J., 4915 Bayard St., Pittsburgh 13, Pa. 
Downs, J. W., 74 California Ave., Hempstead, 

L. I., N. Y. 
Dushane. H. W.. 6162 Cooper Ave., Detroit 13. 

Mich. 
Edsman, K. S.. Bildhuggarvagen Seven, Enskede, 

Sweden 
Fisher. W. W., 127 E. Third Ave., Roselle. N. J. 
Friedman, A. B., 5838 Elmer St.. Pittsburgh 6, Pa. 
Frieborn, J. K..1906 E. First St., Brooklyn 23, N. Y. 
Florez, M. A., 697 E. 22 St.. Brooklyn 10, N. Y. 
Fullman, H. E., 36 Midland Ave., White Plains, 

N. Y. 
Gallagher, V. C.. Naval Research Laboratory, 

Chesapeake Bay Annex. North Beach, Md. 
Gambrill, R. D., 719 W. University Pkwy., Balti-

more 10, Md. 
Gassner, F., 1045 Chicago Ave., Evanston, IIL 
Guggi, W. B., Newark Die Co.. 24 Scott St., 

Newark, N. J. 
Haining, L. E., Chew Landing Rd. and Hutchinson 

Ave., Haddonfield. R.F.D.„ N. J. 
Harrison, R. I., 1064 Manor Ave.. Bronx 59, N. Y. 
Hart. J. W., 945 Queens Ave., London, Ont., Canada 
Heinmiller, B. P., 548 W. Glenoaks Blvd., Glendale 

2, Calif. 
Helsdon, P. B., Seven Trinity Rd., Chelmsford. 

Essex, England 
Henning, E.. Jr., 226 New York Ave., Brooklyn, 

N. Y. 
Hernandez, C. F., 144 W. 82 St., New York 24, N. Y. 
Hull, R. S., 7908 Westmoreland Ave.. Pittsburgh 18, 

Pa. 
Jamieson, F. C., Decca Navigator System. Inc., 16 

W. 22 St., New York 10, N. Y. 
Johnston, F. S.. Jr., 515 E. Broad St., Angola, Ind. 
Keith, E. N.. Naval Research Laboratory. Bldg. 33. 

Washington 20, D. C. 
Kloss, R. C., 2307 Amherst Ave.. Los Angeles 25, 

Calif. 
Kiger, L. L., 281 Carlton Ave., Brooklyn 5, N. Y. 
Kraitsik, N. J., 3649 N. Kedzie Ave., Chicago 18. 

Kromka, D. S., 126 Liberty St., Boonton. N. J. 
Krunkkala, G.  6736 Kelly St.. San Diego 11, 

Calif. 

Lang, J. M., Rm. 200, Bldg. 267, General Electric 
Co., Schenectady, N. Y. 

Lassman, S.. 924 -51 St., Brooklyn 19, N. V. 
Launer. D. M., 31 W. 11 St., New York 11. N. Y. 

Laurien, I. M., 32 Chassin Ave., Eggertsville, N. Y. 
Lea, H. D..205 Main St., Danville, Va. 

Leming, J. G.. 352 Buffalo Ave., Niagara Falls, 
N. Y. 

Levison, J., South African Broadcasting Corp.. 
Box 4559, Johannesburg, South Africa 

Mark. J. G., 1110 B Ave.. N. W., Cedar Rapids, 
Iowa 

Markinson, I., 969 Montgomery St., Brooklyn 13, 
N. Y. 
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The Collins Drift Cancelled Oscillator 
The DCO (Drift Cancelled Oscillator) circuit, an ex-
clusive Collins development, is a new frequency control 
method that meets the needs of modern communication 
problems. Basically it provides the multiplicity of 
channels and the freedom from the spurious responses 
inherent in Master Oscillator operation, but with the 
stability of a single crystal. 
The Collins 51 M-2 VHF ground station receiver is 

the first of a series of Collins products employing the 
DCO principle. The diagram shown above illustrates 
the 51 M-2 circuit. Injection voltage for the first mixer 
is supplied by the M.O. operating at the injection fre-
quency. There are no unwanted harmonics as there 
would be if a low frequency crystal were used to gener-
ate the injection voltage. The M.O. also provides the 
injection voltage for Mixer 2, where it combines with 
the output of the crystal oscillator and produces IF2. 
Mixer 3 combines IFI and IF2 to obtain IF3. Both IF' 
and IF2 reflect in the same sense any M.O. instability, 
hence the M.O. drift is cancelled out. The stability of 
the receiver is determined only by the 0.005% accuracy 

of the crystal. 
Use of the DCO principle in the 51 M-2 results in 

spurious responses 100 db below that of the desired 
signal and permits operation of several receivers from a 
single antenna: 
51 M-2 SPECIFICATIONS: 
Application: single channel ground station reception. 

Freq. range: 118-136 mc. 
Sensitivity: 1 microvolt r-f input 30% modulated 

for a 6 db signal to noise ratio. 

Stability: 0.005%. 

Spurious response: down 100 db. 
Avc: output constant within 3.0 db with input range 

of 1 microvolt to 1 volt. 

Other features: audio squelch, noise limiter, remote 
control. 

Let us send you an illustrated bulletin giving detailed 

specifications of this new receiver. 

IN RADIO CO M MUNICATIONS, IT'S.. 

COLLINS RADIO COMPANY, Cedar Rapids, Iowa 

11 West 42nd Street, New York 18, N. Y. 458 South Spring Street, Los Angeles 13, California 
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THE BALLANTINE 

ELECTRONIC 
AC VOLTMETER 

100 Times more 
Sensitive than 
Conventional 
Models 

Prr 

• 

•,r 

.a: 

A.C. VOLTS "4. 
3 4 

6 5 is 1, 4 

DEOBEIS 

/CIL 

since 1935 
the Only VOLTMETER 

LOGARITH 
a simplified 
MIC 

featuring 

SCALE 

Model 300 Sensitive Electronic Voltmeter—a val-

uable laboratory or production line instrument 

—highly accurate—stable calibration—capable 

of reading clown to 1 millivolt and up to 100 volts 

over a wide frequency range with an overall 

accuracy of 2%. Single logarithmic scale makes 

readings especially easy. Unaffected by changes 

in line voltage or by tube replacement. Can be 

used as a high gain (70 D11) amplifier — fre-

quency range flat from 10 to 150,000 cycles. 

Send for Bulletin 10 

BALLANTINE LAB ORATORIES, 
BOONTON, NE W JERSEY, U. S. A. 

INC. 
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Matthews. D. W., Bolinas, Mann County, Calif. 
McClellan, L. W., Dodd Mill, R.F.D. One. Wil-

loughby, Ohio 
McClure, E. L., Public Service Bldg., 231 W. Michi-

gan St., Milwaukee 1, Wis. 
McIntyre, S. W., 507 S. College St., Angola, Ind. 
Merz, R. E., 1505 W. Third Ave.. Columbus IS, 

Ohio 
Millen, S. G.. 40 Wayland St., Boston 25, Mass. 
Miller, R. E., Electronics, 16 S. Broad St., Phila-

delphia 2, Pa. 
Millstone, S. D., 1522 N. Van Ness Ave.. Los 

Angeles 28, Calif. 
Morton, W. M., Jr.. 10934 S. Esmond Ave., Chi-

cago 43. Ill. 
Newman, J. J,  225 Norwalk Ave., Buffalo 16, N. Y. 
Niemi, L. T., Naval Air Reserve Training Unit, 

Naval Air Station, Seattle 5, Wash, 
Norton, J. M., 134 Tenth St. N. E., Washington. 

D. C. 
Ogram, R. L., 71 Seversky Ct.. Baltimore 21. Md. 
O'Neil, W. T., 200 E. Lomita Ave., Glendale 5, Calif. 
Panzen. W., 48 E. 105 St., New York 29. N. Y. 
Parrott, J. H., Jr., Communications Officers 

School, Scott Field, Ill. 
Patton, R. F., 395 Wrexham Ave., Columbus 4, 

Ohio 
Pelavin, M. H., 619 Ave. L, Brooklyn 30, N. Y. 
Peters. A. E., 83 Grant Ave., East Rockaway. L I. 

N. Y. 
Posler, L. S., 4010 E. 51 Ter.. Kansas City 4. Mo. 
Preston, L. S., 1500 Montana St., El Paso, Texas 
Pruett, J. W., 20 Chauncy St., Cambridge 38, Mass. 
Quinn, R. L.. 121 Maple La., Oak Ridge. Tenn. 
Rambo. L. W., Fleet Post Office, New York. N. Y. 
Ratchner, A. C., 624 Garfield Ave., Springfield, Ill. 
Ream, D. F., 6323 Luzon Ave., N. W., Washington 

11, D. C. 
Richmond. M. R.. 1716 Cambridge St., Cambridge 

38. Mass. 
Russell, D. H., Naval Research Laboratory. Wash-

ington 20, D. C. 
Sarwate, V. V., 301 Bryant Ave., Ithaca, N. Y. 
Sasse. P. F., 2324 A Ave.. N. E., Cedar Rapids, Iowa 
Schairer, N. J., 1339 Wisconsin Ave. N. W., Wash-

ington 7, D. C. 
Sher, F. D., 90 Ellwood.St., New York 34, N. Y. 

Shurtleff, C. H., Box 6, Parker. S. D. 
Slater, T. L., 329 E. Jefferson, Fort Wayne 2, 111,1 
Smith, G. S., 15 Longfellow Rd.. Cambridge 38, 

Mass. 
Spokas, 0. E., 3843 Holmead Pl., N. W., Washing-

ton 10, D. C. 
Stein, H. B., 3036 Bonsall Terr., Philadelphia 45, Pa. 

Stern, R. M., 670 West End Ave.. New York 25, 
N. Y. 

Stewart, C. E., 105 Noble St., Norfolk 3, Va. 
Stinson, A. W., Clinton, Ont., Canada 
Thomas, J. H., Box 311 Y.M.C.A.. 315 N. Spruce 

St., Winston Salem. N. C. 
Thompson, W. B., 122 W. 78 St., New York, N. Y. 
Tilly, V. F., 3430 Cadillac Blvd., Detroit 14, Mich. 
Walker J., KHQ Inc., Radio Central Bldg.. Spokane 

8, Wash. 
Watts, F. W., RCAF, R and C School, Clinton, 

Ont., Canada 
Webster, E., 4524 Third St., S. E., Washington 20, 

D. C. 
Wilkinson. J. G., c/o M. E. Yorke. Box 185.Windsor, 

Nova Scotia. Canada 
Willson, D. J., 3716 N. Murray Ave., Milwaukee 11 , 

Wis. 
Wilson, J. E.. 54 Byng Ave., Toronto 13, Ora.. 

Canada 
Wolford, C. E., 139 Gunckel Ave., Dayton 10, Ohio 
Wright, G. E. 4808 Clinton Dr. R.F. D. Three, Erie. 

Pa. 
Zancanata, H. W., S Kelton Ct., Aberdeen, Md. 
Zinn, A. W., 719 E. 176 St.. New York 57, N. Y. 
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New Aircraft Receiver - by RCA 
1Ja  

11/2  AIR WIDTH... 

SHORT DEPTH ... 
TOTAL WEIGHT-2I LBS. 

AVR-22 is the latest addition to RCA's new family of com-
pact, self-contained aircraft radio equipment . . . designed 
for commercial and executive type aircraft. 

The receiver occupies one-half of the standard ATR rack. 
Individual shock-mounting is available if required. Band 

and spot frequencies are selected by a motor-operated, single 
switch gang. 

A compact, control box provides complete remote opera-
tion. A control head of advanced design with a 9-inch scale 

assures ease of tuning. The CW oscillator gives sharp null 
for direction finding ... helps tune in weak stations. 

The AVR-22 is engineered for systems operation, func-
tioning perfectly without interaction with other equipments. 
It is made to airline standards and meets all requirements for 

CAA type certification. 

For further details of this new equipment, please address: 

Dept. 67-C, Aviation Section, RCA, Camden, N.J. 

A VIA TI O N S ECTI O N 

UNUSUAL FREQUENCY COVERAGE 

A single switch controls all ranges and spot 
frequencies. Continuous tuning over the 
three bands; 150 to 420 kc weather and range; 
545 to 1625 kc standard broadcast; and the 
standard aircraft 2830 to 8050 kc band. Four 
crystal-controlled spot frequencies can be 
selected at will (any/our, pre-set in the 2830 
to 13,000 kc range). A "quick-shift" position 
is included for instant tune-in on 278 kc traf-
fic control range. Efficient position finding 
and homing operation on the two lower 
bands can be had by using RCA Model AVA-
62 Loop. 

Efficient 

direction finding 

with RCA Loop, 

Model AVA-62 

A streamlined aural-null 
Loop for position—deter-
mining and homing. 
Electrostatically shielded. 
Furnished for direct or 
remote control. Easily 
installed in any aircraft. 

RADIO CORPORATIO N of A MERICA 
E NGINEERING P RODUCTS D EPA RT MENT, CA MDEN, N.J. 

In Canada: RCA VICTOR Company Limited, Montreal 
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News—New Products 

FREE T. ENGINE 

260-page 

FLEXIBLE 
SHAFT 
HANDBOOK 

S. S. WHITE 
nit S. J. WNITE DENTA L MPG. CO. 

INDUSTRIAL DIVISION 
NEW YORE'. N. Y. 

This second printing 
of  the  Handbook, 
made necessary by the 
demand that quickly ex-

hausted the first printing, 
has just come from the press. 

HERE'S WHAT IT CONTAINS 

1. Full information and technical data about flexible shafts 
for power drive and rotary remote control. 

2. Numerous examples of actual power drive and remote 
control applications in many fields. 

3. Full explanations with examples of how to select and 
apply flexible shafts for specific power drive and remote 
control requirements. 

4. An appendix of engineering tables and data pertinent 
to the subject. 

HO W TO GET YOUR COPY 

We will be glad to send a copy to any engineer who writes 
for it direct to us on his business letterhead. 

TSHE.SS .  IND  
S. S. WHITE DENTAL MPG. DIVISION 

DEPT. G 10 EAST 40th ST., NE W YORK 10, N.Y..... 
JO Jilli SPA /TS  •  11111ell 11.1• 0 10011  •  LIUCIAFI •CCISSOP.I1 

SAI•Il CLOT .° AND 1211111PIAICI TOOLS  •  SPICIA• SOO/A MA 111.111114.1 

ISOIPIIP POPP O n  • ruanc 1011C1A1 T M  • COPITIAC1 PLASTICS MOLDING 
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Recent Catalogs 
• • •On Terminal Lugs and Boat Lis, 
Swagers, and Slug Tuned Coils, by Cam-
bridge Thermionic Corporation, 445 Con-
cord Ave., Cambridge 38, Mass. Catalog 
No. 200. 
• • • On High Q Toroidal Coils, Equalizers, 
and Attenuation Filters, by Burnell & 
Company, 10 Van Cortlandt Avenue Fast, 
Bronx 58, N. Y. Catalog No. 147. 
• • • On Direct Current Power Supply, 
0-3000 Volts, by The Superior Electric 
Company, 107 Church St., Bristol, Conn. 
Flyleaf No. 11462. 
• • • On General Properties and Uses of 
Plastics, by Shaw Insulator Company, 160 
Coit St., Irvington 11, N.J. Sheet No. 147. 
• • • On Vitreous Enamel Resistors, by P. 
R. Mallory & Company, Inc., 3029 E. 
Washington St., Indianapolis 6, Ind. 
Folder No. VER-1146 
• • • On Wire Wound Precision Resistors, 
by Resistance Products Company, 714 
Race Street, Harrisburg, Pa. Bull. No. 1A. 
• • • On Twin Graphic Recorder, and 
Regulated Power Supply, by Sound Ap-
paratus Company, 233 Broadway, New 
York 7, N. Y. Bulletin No. 1246. 
• • • On Metallized Paper Capacitors, by 
Solar Manufacturing Corporation, 285 
Madison Ave., New York 17, N. Y. Bul-
letin No. SPD-I10. 
• • • On Power Factor, a text book, written 
by W. C. King, answering the many ques-
tions relating to the problem of correcting 
power factor, the economic relations in-
volved, and types of corrective equipment. 
Published by Cornell-Dubilier Electric 
Corporation, 1000 Hamilton Blvd., South 
Plainfield, N. J. Price $3.00, Power 
Factor in Your Plant. 
• • • On Die-Less Duplicating of Formed 
Sheet Metal Parts, by O'Neil-Irwin Manu-
facturing Company, Lake City, Minn 
Catalog No. 46-11. ' 
• • • On Low Frequency Q Indicator, by 
Freed Transformer Company, Inc., 72 
Spring St., New York 12, N. Y. Catalog 
No. 1030. 
• • • On Silicones—all types—third edi- ' 
tion, by Dow Coming Corporation, Mid-
land, Mich. Catalog BP-147. 
• • • On Electro-Medical Devices & Ser-
vices, by The Electrodyne Company, 899 
Boylston Street, Boston 15, Mass. 

Plant Expansions 
• • • At Vernon, Calif., by Burndy Engi-
neering Company, 107 Bruckner Blvd., 
New York 54, N. Y., to manufacture elec-
trical connectors for West Coast users. 
• • • At St. Albans, Vt., by National Car-
bon Company, Inc., 30 East 42 Street, 
New York 17, N. Y., totaling 80,000 square 
feet, for the manufacture of flashlight cases. 
• • • At Roselle Park, N. J., by Hexacon 
Electric Company, 181 West Clay Avenue, 
Roselle Park, N. J., totaling 7,000 square 
feet, for increased manufacturing facilities 
of industrial soldering irons. 

(Continued on page 60.4) 
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DARN ENGINEERING 
AGAIN BRINGS YOU A NE W AND & tee  ATTENUATOR 

In keeping with our policy of continually improving our products, we 

have developed a new and better design for the mechanical construc-

tion* of our attenuators. In addition to improved standard features, the 

latest Daven units offer a choice of mountings and an optional ground 

lug. Dimensions of the new type attenuators make them interchange-

able with preceding models.  • PW•nr P•red.ny. 

IMPR OVED  FEATURES 

A non-ferrous can with an attractive finish. 

A dust-proof housing which provides total shielding. 

A two piece can with a positive lock, which is constructed 
so that the dust cover can readily be removed with one 
hand. No more screws or knurled nuts to strip, misplace 
or drop. 

50 % less space is required than heretofore to remove the 
new shallow dust cover, thus permitting the unit to be 
mounted in a smaller space than formerly. 

Good electrical contact is assured between the front of the 
unit and the back cover. 

All fibre and other moisture absorbing parts have been 
eliminated. 

A ground lug on the shield may be supplied, if required. 

Two hole mounting is standard on the new type units, how-
ever single hole mounting may be secured. 

A roller type detent, as shown above, replaces the former 
ball and spring mechanism. Advantages of the roller detent 
are longer life and more positive action. 

'‘SHALLOW COVER  GROUND LUG  SINGLE HOLE MTG. 

May we suggest, when purchasing spoisch input equipment, that you spocify DAVEN CONTROLS. 

191  CE NTR AL  A VE N UE 

NE WAR K  4,  NE W  JERSE Y 



WANTED 

PHYSICISTS 

ENGINEERS 
Engineering laboratory of precision 

instrument manufacturer has interest-

ing opportunities for graduate engi-

neers with research, design and/or 

development experience on radio com-

munications systems, electronic & me-

chanical aeronautical nagivation in-

struments and ultra-high frequency & 

microwave technique. 

• 

WRITE TO BOX 165 

EQUITY ADVERTISING AGENCY 

113 W. 42nd St., New York 18, N.Y. 

_1 

RA WSON 
ELECTROSTATIC VOLTMETERS 

TYPE 518 

Now available to 35,000 volts 

Measure true R.M.S. values on A.C., no 
waveform or frequency errors. 

NO POWER CONSUMPTION 
Leakage resistance greater than one mil-
lion megohms. These meters may be used 
to measure 

STATIC ELECTRICITY! 
Ideal for measuring high voltage power 
supplies with zero current drain. 
Rugged, well-damped movement. 
All elements surrounded by metal shielding 
for accuracy and safety. 

Write for new bulletin. 

RA W,SO N ELECTRI CAL 
INSTRU MENT CO MPANY 
Ile POTTER ST.  CAMBRIDGE, MASS. 

Representatives 
Chicago  New York City  - Los Angeles 

The following positions of interest to 
I.R.E. members have been reported as 
open. Apply in writing, addressing reply 
to company mentioned or to Box No. 

The Institute reserves the right to refute any 
announcement without giving • reason for 
the refusal. 

PROCEEDINGS of the I.R.E. 
I East 79th St., New York 21. N.Y. 

ENGINEERS AND TECHNICIANS 
Engineers and Technicians familiar 

with the operation of the SCR-584 radar. 
Unusual opportunity. Salary commensu-
rate with education and experience. Cali-
fornia location. Box 457. 

ELECTRICAL ENGINEERS WITH TEACHING 
BACKGROUND 

A Prominent Manhattan Educational 
Institution is now preparing a series of 
courses which are on a post high school 
level, and will have immediate need for 
instructors with the following back-
ground: Electrical engineering degree or 
better, teaching experience with several 
years of practical experience. Applicants 
should be able to teach various courses in 
electronics on an engineering level. Box 
458. 

PHYSICISTS AND ENGINEERS 
Wanted by field service laboratory sev-

eral physicists and engineers, experienced 
in the fields of Wave Propagation, Astro-
Physics, and Electronics Engineering. 
Salaries range from $3400 to $5900. The 
Laboratory is located on the Chesapeake 
Bay in Maryland. Write fully indicating 
interest and giving experience and salary 
requirements. Box 460. 

TELEVISION DESIGN ENGINEER 
A graduate Electrical Engineer, whose 

experience has been mainly in the develop-
ment and engineering field of Television 
Transmitters and associate equipment. 
Write giving full details. Box 461. 

RADIO ENGINEER 
Western educational institution has 

opening for experienced engineer (grad-
uate) thoroughly familiar with all phases 
of radio-electronics. Capacity to assume 
responsibility with minimum supervision. 
Top salary for high calibre man. Submit 
complete personal history. Replies held 
confidential. Box 462. 

DEVELOPMENT ENGINEERS —GUIDED 
MISSILES 

Experienced development and research 
engineer needed to head new development 
group in electronics department. Design 
and development of radar and electronics 
control, servomechanisms, and special de-
vices for pilotless aircraft. Broad experi-
ence and Doctor's degree or equivalent re-
quired. Positions also open for graduate 
engineers and physicists with electronics 
and mathematical physics background. 
Salaries $5,000-$8,000, commensurate with 
ability. Call or write F. Melograno, Pilot-
less Plane Division, Fairchild Engine and 
Airplane Corp., Farmingdale, Long Island, 
New York. 

SERVICE ENGINEERS 
Mei( who would like to utilize theil 

spare time repairing tower music systems, 
sound distribution systems and sound rein-
forcement systems within your state bor-
der.  Traveling expenses and  service 
charges paid by us. Write to: Schulmerich 
Electronics, Inc., Sellersville, Pennsyl-
vania, Attention: H. B. Smith. 

PRODUCTION ENGINEER 
Experienced in glass machinery prod-

ucts and technique. Also,  fluorescent 
chemicals and coating application to glass. 
Excellent opportunity. Write, giving full 
details in first letter. Box 453. 

RADIO ENGINEER 
Graduate 'radio er4ltieer for research 

and development work on high frequency 
antennas and transmission line. Firm is a 
progressive subsidiary corporation of one 
of the nation's largest radio manufac-
turers, and is located in the Middle We-t 
Salary to be commensurate with qualifi( 
tions of accepted person. Box 454. 

PATENTS 
Patent department of large industrial 

corporation requires experienced patent 
attorneys or agents, at least one with elec-
tronic background, for expanding research 
effort. Minimum supervision. Office in 
New York suburb, Southwest Connecticut. 
Box 455. 

SENIOR ENGINEERS 
Several capable men needed for: 
I. Advanced electronic circuit and s) 

tems development. 
2. Servo-mechanisms, hydraulic, pneu-

matic, electric. 
3. Gyromechanisms and other instru-

mentation. 
4. Microwave techniques, plumbing, an-
tennas, radomes, etc. 
5. Magnetic circuit design (good all 

round electrical background). 
6. General mechanical component de-

sign, airborne radar. 
Qualifications: Several years commercial 
experience in one or more of above, good 
educational background. 
Positions Offer: Permanence, top salaries, 
and opportunities for increased responsi-
bility for men who can produce. 
Work: Large guided missile program. All 
phases—study,  research,  development, 
product design for production. 
Organization: Progressive, stable, under 
engineering management. 
Applications: Handled, of course, in con-
fidence. Give enough information in your 
first letter to warrant interview. Apply to 
Personnel Department. Raytheon Manu-
facturing Company, Foundry Avenue, 
Waltham 54, Mass. 

ELECTRICAL AND ELECTRONIC 
ENGINEERS 

You are invited to investigate oppor-
tunities in electronics and electrical engi-
neering at this laboratory. We are organ-
ized as a department in a large college lo-
cated in a Middle Atlantic state, and are 
engaged in research and development. 
Members of our research staff are ap-
pointed with academic rank. Some are 
teaching, although this is not a condition 
of employment. Box 449. 

(Continued on page 524) 
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1. Type C dual section 

capacitor 

2,3. No. 124-212 sockets 
for 833 tubes 

4,5. No. 104-251 flexible 

couplings 

6. Type D dual section 

capacitor 

7-12. Steatite cone insula-
tors and lead-in bushings 

13. Type C dual section 
capacitor 

14. No. 204-101-2 Vari-
able inductor 

Iteco 60449 969 W 
?vex eme Regaea 

You're invited to judge us by the company we keep because you'll 
find JOHNSON components behind the best names on transmitters. 
That's the new advanced RAYTHEON 1 KW AM Transmitter above -- a 
beauty inside and out. And, if you judge this transmitter by the company 
it keeps, you'll know that quality came before all other considerations in 
the selection of components. That's why Raytheon points with pride to 
Modern components, operated at well below their maximum ratings ..." 
Fourteen of these "modern components" are identified in the interior view 
above and listed to the left. They're the finest money can buy in variable 
capacitors and inductors, insulated couplings, tube sockets, and radio fre-
quency insulators. All bear the Viking Head symbol of JOHNSON quality. 
You'll find it in equipment where quality is more than a claim --- where 
there's a reputation to maintain. Look for it if you're an electronic equip-
ment buyer; insist on it if you're an electronic equipment manufacturer. 

JOHNSON PRODUCTS INCLUDE 

Transmitting Capacitors  • Inductors  • Tube Sockets  • R. F. Chokes  • 0 Antennas  • Insulators  • Connectors 

Plugs and Jacks  • Hardware  •  Pilot and Dial Lights  • Broadcast Components  • Directional Antenna Equipment 

JOHNSON „,a, Ooteuedotetoteept Radio 
E. F. JOH NS ON CO. W ASECA, MINNESOTA 
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.762kel  Jim; 
Caen- Otoduch..! 

All adding time saving in manufacture—conveni-
ence of use —saleability—or a reduced overall cost 
to the product on which they are used. 

Read about them. 

CATHODE RAY 
SOCKETS 

T1 .., 211.214 Scloes 

801-5 PLUGS 

411-5 SOCKETS 

MINIATURE 

500 Series 

121-5 PLUGS 

441-5 SOCKETS 

sOi? 
AC OUTLET 

402 AC 

AC LINE CORDS 

FL1SEHOLDER 

440 FH 

TUBE CAP 
CONNECTORS 

TUNING EYES 

206.8 5 .11 ,1 

DETACHABLE 
TERMINAL 
CONNECTORS 

200 S'eries,... 

211 AND 214 SERIES CATHODE 
RAY TUBE CONNECTOR 

WITH LEADS 
Any requirements in a cathode ray 

tube connector with proper leads 
attached engineered as an assembly. 
high safety factors in all kinds of 
service. Super-long leakage paths. 
rounded.  "coronaless" clips and 
individual  pocket  type  insulation 
and strain relief. 

801-5  SHIELDED  PLUGS  AND 
411-5 METAL SOCKETS 

Shielded plug and socket for auto-
mobile sets or for any other equip-
ment where leads must be shielded 
and shield grounded to chassis. Shield 
is easy to put on and solder to plug. 
Supplied with or without shielded 
cable. 

MINIATURE CABLE 
CONNECTORS SOO SERIES 
Famous for connecting AC motors 

in combination sets and all kinds of 
"through-panel" work. Overall diam-
eter only N". Save labor costs by 
having our special wire equipment 
put on leads to your particular needs. 
Underwriters approved. 

121-5 MINIATURE PLUGS 
AND 441-5 SOCKETS 

Compact plug and metal seal 
socket. Use when you want connector 
to come directly out of chassis. Leads 
to your specifications. "Pocket" type 
individual insulation on each lead 
and clip. 

AC OUTLET 402AC 
Smallest possible outlet that can 

be eyeletted or riveted to chassis like 
other components. Tabs designed for 
easy soldering. 

AC LINE CORDS 202 SERIES 
Detachable Al  line and with 

socket, neat and compact. Socket eye-
lets or rivets in place like other com-
ponents. Underwriters approved. 

FUSEHOLDER 440FH 

Here is a fuseholder that rivets or 
eyelets in place like the other compo-
nents in your set. Cannot twist or 
turn, has spring to eject fuse if it 
breaks, and make contact at base of 
fuse and prevent rattle. Top contact 
slotted for easy removal of fuse fer-
rule when glass breaks. Tabs are 
special design for ease in attaching 
primary leads of ample sine. 

90 SERIES TUBE CAP 
CONNECTORS WITH LEADS 

Any requirement in tube cap con-
nectors supplied with leads of proper 
voltage  handling  characteristics. 
Many made special, hundreds of 
moldings, stampings and wire to 
draw on. 

206-8 TUNING EYES WITH 
LEADS 

Supplied with tailor-made leads. 
With or without escutcheon and 
bracket. Individual insulation and 
strain relief for each lead. 

200 SERIES DETACHABLE 
TERMINAL CONNECTORS 
Replaces terminal strips. Supplied 

with leads. Each lead has individual 
insulation and strain relief. 

WIRE AND CABLE 
Any kind of wire or cable laced, 

braided, woven or assembled with 
any of our components or those of 
other make. Many types of wire in 
stock and in process. 

NEW ITEMS 

Alden is a specialist in bringing 
through special electrical assemblies; 
new samples made promptly. 

Radio Components 

Facsimile and Impulse Recording Equipment 

ALDEN PRODUCTS CO. 
BROCKTON 64, MASSACHUSETTS 

(Continued from page 504) 

TELEVISION ENGINEER 
Wanted by a well-known manufacturer 

of television radio receivers. To be service 
manager for New York area. Write fully, 
giving experience and salary requirements. 
Box 450. 

MATHEMATICIAN 
With knowledge of electrical and me-

chanical means of solving equations, to 
work on computor development with New 
York City concern. Additional knowledge 
of servo systems desirable. Box 452. 

CIVIL ENGINEERS 
The College of Applied Science, Syra-

cuse University, is seeking candidates for 
two positions in its Department of Civil 
Engineering. It is desired that each ap-
plicant have the following qualifications: 

1. At least a Master's degree in Civil 
Engineering. 

2. Some experience as a teacher in the 
field of civil engineering, including 
courses such as mathematics, engi-
neering mechanics, strength of ma-
terials, and hydraulics. 

3. Two or more years' experience with 
civil engineering organizations such 
as consulting firms, Public Works 
Departments, etc., with some degree 
of responsible charge. 

4. Age range preferred, 28 to 40 years. 

Address correspondence to: Donald E. 
Stearns, Professor of Civil Engineering, 
College of Applied Science, Syracuse 
University, Syracuse 10, N.Y. 

INSTRUCTORS 
To teach radio engineering. Must have 

B.S. in E.E. or Physics, or equivalent; 5 
years experience in commercial electronics 
work. Knowledge of microwaves desir-
able. Write, giving full details regarding 
education and experience, to Personnel 
Department, Spartan School of Aeronau-
tics, Tulsa, Oklahoma. 

PHYSICISTS AND ELECTRICAL 
ENGINEERS 

Unusual opportunities in recently or-
ganized research group for work in broad 
fields of radio, radar, telemetering, servo-
mechanisms, and gyroscopes. Excellent 
openings for experienced physicists with 
good training in fundamentals. Please re-
ply, giving experience and education, in-
cluding transcript of college record, to: 
Engineering  Personnel  Office,  North 
American Aviation, Inc., Municipal Air-
port, Los Angeles 45, California. 

DEVELOPMENT ENGINEERS 
Brooklyn engineering and manufactur-

ing company, established in naval fire con-
trol and precision instrument work, re-
quires qualified engineers for servo-
mechanism and related development pro-
gram. Positions require mature, responsi-
ble engineers with analytic as well as 
laboratory background, and 5 years' ex-
perience in fundamental  development 
work. Facility in applied mathematics and 
advanced circuit development requisite. 
Starting salary commensurate with ex-
perience, and subsequent rewards com-
mensurate with accomplishment. Box 456. 

(Continued on page 54A) 

GREENOHMS are available for 
A immediate delivery in the widest va-
riety of stock wattages and resistances. 
There's a full stockroom at the Clarostat 
plant. And Clarostat jobbers everywhere 
carry a representative stock to meet local 
needs in a hurry. Meanwhile, outstanding 
production facilities can take care of your 
special orders without delay. 

You don't have to settle for anything 
less than GREENOHMS—those green-
colored, cement-coated, wire-wound power 
resistors now found ittradio, electronic and 
electrical assemblies that must stand the 
gall. There are enough GREENOHMS to 
go around among equipment builders that 
insist on the toughest thing in resistors. 

* ASK for CATALOG... 
If you are interested in stock types, just ask our 

local jobber for Catalog 46B. But if you need 
special types for unusual requirements, writs us 

direct for Engineering Bulletin 113. Let us quote 
on your needs. 

CLAROSTAT MEG. CO., Inc. • 285-1 N. Gui St. Brooklyn. N.Y. 
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...investigate 

COS MALITE 

A spirally laminated paper base, Phenolic Tube 
MADE IN TWO TYPES 

#96 COSMALITE is for coil 

forms in all standard broad-

cast receiving sets. Wall thick-

nesses from .010 up. Punching 

if desired. 

SLF COSMALITE for Perme-

ability Tuners available in wall 

thicknesses from .0065 to 

.0095. 

COSMALITE* is the result of 

approximately seven years of 

• Trade Mark regirrered 

research. You obtain the fur-

ther advantage of definitely 

lower costs! 

FAST DELIVERIES 

Shipments are being made 

within four weeks. 

We also manufacture spirally 

wound kraft and fish paper. 

Coil Forms and Condenser 

Tubes 

Ask about the facilities of our 

Creative Design Dept. 

Prompt attention given to all 

inquiries. 

6201 BARBERTON AVENUE  CLEVELAND 2, OHIO 

PRODUCTION PLANTS also at Plymouth, Wisc., Ogd•nsburg, N Y, Chicago, III, Detroit, Mich., lamesburg, N. J. 

PLASTICS DIVISIONS at Plymouth, Wisc., Ogd•nsburg, N. Y  • ABRASIVE DIVISION at Cler•land, Ohio 

Nciiir York Soles 08,,. — 1186 Broadway, Room 223 

IN CANADA —The Clev•land Container Canada Ltd., Props... Ontario 
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1 This new space saving 

capacitor  connector)provides a greater de- 

gree of filtering than 

c a, conventional by-pass 

installations. 

BUGGIE & CO. 
TOLEDO 1, OHIO 

Positions Open 
(Continued from page 524) 

ENGINEERS 
COMMUNICATION—MECHANICAL 

—SALES 

CHIEF MECHANICAL ENGINEER 
—Thorough knowledge of small metal 
parts design, preferably on radio com-
ponents. To be in charge of all mechanical 
design. Splendid opportunity, permanent 
position for an aggressive and responsible 
engineer. 
COMMUNICATIONS ENGINEERS— 
Well versed in mathematics and all phases 
of R.F. circuits for development projects. 
Experience in VHF and Microwave tech-
nique desirable. Applicants must possess 
initiative and be able to think analytically. 
SALES ENGINEER—For factory sales 
office. Must be familiar with broadcast 
transmitter and industrial electronic cir-
cuits and components. B.S. degree and 
"Ham" license not mandatory but desir-
able. Little traveling. 
Interesting and varied work in a clean 
factory. 
For more information regarding the above 
write to: 

Mr. Lloyd W. Olander 
Chief Engineer 
E. F. Johnson Company 
Waseca, Minnesota 

*  * *  * 

Positions Wanted 
By Armed Forces 

Veterans 

In order to give a reasonably equal op-
portunity to all applicants, and to avoid 
overcrowding  of  the  corresponding 
column, the following rules have been 
adopted: 
The Institute publishes free of charge 

notices of positions wanted by I.R.E. mem-
bers who are now in the Service or have 
received an honorable discharge within a 
period of one year. Such notices should not 
have more than five lines. They may be 
inserted only after a lapse of one month or 
more following a previous insertion, and 
the maximum number of insertions is 
three per year. The Institute necessarily 
reserves the right to decline any announce-
ment without assignment of reason. 

JUNIOR ENGINEER 

B.E.E., Cooper Union, Tau Beta Pi. 
Age, 27. Three and one-half years ship 
power plant design, two years Army ex-
perience on aircraft instruments. Theo-
retical work completed for M.S. with 
thesis. Prefer New York City. Box 73W. 

ELECTRONICS PATENT ENGINEER 

B.E.E. Graduate study. Age, 28. Three 
years high voltage and dielectric research, 
four years patent experience, frequency 
modulation, television and radar. Two 
years in Navy. Formerly supervisory pa-
tent officer at M.I.T. Radiation Labora-
tory. Box 74W. 

(Continued on Nor 56.4) 

R ig-in Type 

AIR- WOUND 
INDUCTORS 
No other type of coil can equal B & W 
AIR Inductors for all-around efficiency. 
AIR WOUND Inductors are lighter, 
easier to tap, wound to uniform pitch, 
have exceptionally low dielectric loss 
(no winding form in coil field) and are 
extremely durable. There is little about 
them to break if dropped. Even if bent 
completely out of shape, they can easily 
be repaired. B & W 
types include stand-
ard, fixed and swing-
ing link assemblies 
in sizes and ratings 
for almost any ap-
plication. Write for 
catalog. 

WE'LL MATCH ANY INDUCTOR 

REQUIREMENT 

Dept. IR 37, 235 Fairfield A 

Upper Darby, Penna. 
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liallicrafters famous radio 
equipment, ld and so  dis-

il tributed around the wor  ith 
ld be-

,','• fore the war and used w 
, su thperb effectiveness tit W every i  eater dur ing  the war is once 

/,  again on t he move.  Watch for 
/  latest decra tailsers of the Gatti /  - 

Halli f t  mobile radio 
ed expedition to the Moon ht 

equipp Mountains of the 
deepest Africa—a new and ex-
citing test for the ingenuity 
of hams an aftersd the performance equipment. 

ato deiSX -42 Described by hams who have operated it as 

"the first real postwar receiver." One of the finest CW receivers yet 

developed. Greatest continuous frequency coverage of any commu-

nications receiver—from 540 kc to 110 Mc, in six bands. 

FM-AM-C W. 15 tubes. Matching speakers available. $21500 

alio det S- 40A Function, beauty, unusual radio perform-

ance and reasonable price are all combined in this fine receiver. 

Overall frequency range from 540 kc to 43 Mc, in four bands. Nine 

tubes. Built-in dynamic speaker. Many circuit refine-

ments never before available in medium price class. $8950 

ate dei $ -38  Overall frequency range from 540 kc to 32 

Mc, in four bands. Self contained speaker. Compact and rugged, 

high performance at a low price. Makes an ideal standby receiver 

for hams. CW pitch control is adjustable from front 

panel. Automatic noise limiter 

L AN.-  ...o f 

hallicrafters RADIO 
THE HALLICRAFTER5 CO., MANUFACTURERS OF RADIO 

AND ELECTRONIC EQUIPMENT, CHICAGO 16, U. S. A. 
Sole Hallicraffers R•pres•nfativ•s in Canada: 
Rogers  Moi•stic  Lirniled,  Toronfo-Montr•al 

-14 

=le 
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WOLLASTON PROCESS WIRE 

drawn as small as .000010"; 

Made to your specifications 

for diameter and resistance 

• 

WRITE for list of products. 

M Wr 44* AV  

64641 00 t4i$4.' 4W, 

MAO  \O 

Positions Wanted  
(Continued from page 544) 

RADIO ENGINEER 

B.S.E.E. Purdue. Age, 26. Four years 
civilian experience in design, development, 
test and installation. electronic equipment. 
Currently developing VHF aircraft re-
ceiver. Box 75W. 

ENGINEER 

B.A., M.A., E.E. Stanford University; 
first class radiotelephone license; Har-
vard-M.I.T. Officers' Electronics school. 
Age, 27. Military research, supply and 
maintenance experience. Box 76W, 

JUNIOR ELECTRONICS ENGINEER 

B.S. Physics, C.C.N.Y., 1947. Minor in 
electronics and communications Age, 23. 
Civil Service radio mechanic and instruc-
tor, one year. Signal Corps radar mechanic 
and instructor, three years. First class tele-
phone operator's license. Prefers Metro-
politan Area. Box 77W. 

SALES—ADMINISTRATIVE 

Experience includes three years with 
large radio distributor, electronic research, 
advertising, and sales. War years—Navy, 
ending as Force Radio Material Officer. 
Interested in good opportunity utilizing 
technical and administrative ability. Box 
78W. 

ENGINEER 

B.S. E.E., sea duty as electrical officer 
in Navy. Age, 21. Single. Desires position 
in Providence or Boston Area. Box 79W. 

PATENT ENGINEER 
M.S. E.E., Worcester Polytechnic In-

stitute.  Navy electronics training at 
Bowdoin, M.I.T. Patent solicitor at M.I.T. 
Radiation Laboratory. Prefers position as 
patent engineer. Location immaterial. Age, 
26. Available June 30, 1947. Box 80W. 

ENGINEER 
B.S. in E.E. Graduate work, Princeton, 

M.I.T. Three years, engineer with aircraft 
company, design group leader. Two years, 
naval officer, Armed Forces Radio Service 
station installation to 50KW. Now com-
mercial manager radio station. Desires 
position as technical engineer, executive, 
or sales engineer. Good writer. Minimum 
salary, $6500. Box 68W. 

ELECTRICAL ENGINEER 
B.E.E., 1942. Age, 26; married. 31/2 

years civilian experience UHF develop-
ment and production; 1 year servo-systems 
development with Army Air Forces. De-
sires position in environs of New York 
City. Box 69W. 

PART-TIME WORK 
High British research qualifications; 

lecturing experience, radio, geophysics. 
Lately, Admiralty radar representative in 
U.S.A. Can undertake abstracting, literary, 
or other work in England, in spare time. 
Box 70XV 

(Continued on Page 584) 
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Lug 

Swager 
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Board 

HPB 
Crystal 

This graph shows frequency ranges 
covered by each unit. Write us for 

your full-size copy. 

Five Standard 
Slug -Tuned 

153 Coils Cover 
1/2 to 184 mc 

For strip amplifier work, the 
compact (1.!;," high when 
mounted) LS3 Coil is ideal. 
Also for Filters, Oscillators, 
Wave-Traps or any purpose 
where an adjustable induct-
ance is &sired. 

Five  Standard Windings -
1, 5, 10, 30 and 60 megacycle 
coils cover inductance 
ranges between 750 and 
0.065 microhenries. 

CTC LS3 Coils are easy to 
assemble, one y," hole is all 
you need. Each unit is du-
rably varnished and sup-
plied with required mount-
ing hardware. 

SPECIAL COILS 

CTC will custom-engineer 
and produce coils of almost 
any size and style of wind-
ing...to the most particu-
lar .manufacturer's specifi-
cations. 

C10,14fi ll  t q W 

Tit eee-961, 
Conleoneni creole/cc 

Custom Engineering. . Standardized Designs... 
Guaranteed Materials and Workmanship 

CAMBRIDGE THERMIONIC CORPORATION 
156 Concord Avenue, CombrIdge 38, Mom 
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R. F. PLATE CHOKES—Single-layer wound on low 
power-factor steatite core, protected by a moisture-

proof coating. Five stock sizes, rated at 1000 M. A., in 

bands from 21-Z to 160 meters. 

NON -INDUCTIVE RESISTORS —Vitreous-enam-
eled, wire-wound, power-type resistors for R. F. appli-

cations. Provided in 50, 100, and 160-watt sizes. Many 

resistance values from 5 to 5000 ohms. 

PARASITIC SUPPRESSORS—For the suppression 
of uhf. parasitic oscillations. Consists of a 50-ohm non-
inductive resistor and .3 microhenry choke in parallel. 

DIRECTION INDICATOR POTENTIOMETER — 
A compact, low cost unit used in a simple potentiometer 

circuit with an ordinary 0-1 milliammeter to indicate, 

remotely, the position of a rotary beam antenna. For 

complete information, write for Bulletin No. 128. 

DUMMY ANTENNAS—Glass sealed, non-inductive, 
non-capacitive, constant resistance units used to check 

R. F. power, transmission line losses, and line to antenna 

impedance match. Made in 100 and 250-watt sizes with 

various resistances. For complete information, write for 

Bulletin No. 111. 

Write on Company Letterhead for 
Catalog No. 40 

Gives valuable data and information on 

resistors, rheostats, chokes, tap switches, 
and other units. Send for your copy. 

OHMITE MANUFACTURING CO. 
4861 Flournoy St.  Chicago 44, III. 

Ee Ric/At wid HAUTE 
RHEOSTATS • RESISTORS • TAP SWITCHES 
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II 
There are microphones, amplifier's, 

a control console, a clock ... every-

one knows what's in a studio!" 

But the custom built department at the 

Langevin Company answers this question 

a little differently. Instead of visualizing 

a studio as a collection of conventional, 

packaged broadcast equipment, we like 

to think of it in terms of audio facilities 

sufficiently flexible to handle the produc-

tion of the toughest show—including 

those requiring unusual dramatic effects 

to satisfy the client. 

Every studio has its own operating 

problems, and every chief engineer his 

original ideas. This broadcast station 

individuality is our business! It's our busi-

ness to custom build for you the studio 

facilities you need and want, providing 

for reverberation chambers, sound effects, 

and all the other "specials" that make 

for station flexibility. 

With Langevin Quality amplifiers in 

stock, our custom built department is 

ready to engineer and fabricate, for 

earliest delivery, your answer to 

"What's in a Studio?" 

The Lange yin Company 
IMC ON•OPAIl D 

Positions Wanted  
C011till 14 ed from pa w 564) 

ELECTRICAL ENGINEER 

B.E.E. Brooklyn Polytechnic, 1942. Eta 
Kappa Nu. Six months development UHF 
receivers. Three years U.S. Army, instal-
lation and operation of medium-powered 
radio transmitting stations. One year fac-
tory engineering in the manufacture of 
cathode-ray tubes. Desires development 
work in radio or electronics. REsume upon 
request. Box 71 W. 

SALES ENGINEER 

Twelve years experience electronic en-
gineering and sales; 5 years Navy, super-
vising installation and maintenance radio 
and radar; 2 years geophysical engineer-
ing. Successful sales background. Some 
college. Desires sales position with re-
sponsible company. Age, 30; married. Box 
72W. 

ENGINEER 

B.E.E. Cooper Union. Age, 24; married. 
Radar  training,  Harvard-M.I.T.  26 
months signal corps radar officer; 10 
years licensed radio amateur, class "A" 
license. Interested research or develop-
ment on radar or communications equip-
ment. New York City or vicinity. Julian 
D. Hirsch, 18 Edgewood Park, New 
Rochelle, N.Y. 

PRACTICAL ENGINEER 

Technician, with general knowledge of 
radio engineering principles. Fifteen years 
radio work, mostly broadcast construction 
and maintenance, Age, 37. Desires work 
as assistant to experienced professional 
engineer. Box 55W. 

COMMUNICATION ENGINEER 

Commander U.S.C.G. Graduate U.S. 
Coast Guard Academy, 1933. M.S. in 
Communication  Engineering,  Harvard, 
1942. Varied radio and electronic experi-
ence. Desires position in the Boston area. 
Available December. Box 57W. 

ENGINEER 

Master of Electrical Engineering. Age, 
37; single. Desires suitable position in in-
international engineering sales. Fluent 
French, German, Italian; some Spanish. 
Good appearance and personality. Foreign 
fields preferred. Box 58W. 

ENGINEER 

B.E.E. Age, 23; single. 2 years indus-
trial experience; 1 year UHF research. 
Desires position New York City or en-
virons, preferably in UHF field. Available 
January. Box 59W. 

RADIO OR SALES ENGINEER 

Bowdoin, M.I.T., Corpus Christi Navy 
electronics training, four years officer, 
aviation electronics duties. R.C.A. Insti-
tute  Technology,  manufacturing  and 
broadcasting experience. Project engineer 
M.I.T. Radiation Laboratory. Box 61 W. 

75A3 
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WHAT TYPE OF 
geivet &li mb hi_ 

DO YOU NEED? 
No matter what type or size of 
Jewel Light Assembly you need, 
chances are we can produce it for 
you quickly, more satisfactorily, 
and at lower cost! Here, every 
facility is available for high speed 
quantity production . . . speedy, 
efficient, economical service. Drake 
patented features add greatly to 
the value and dependability of our 
products. 

You'll like the friendly, intelligent 
cooperation of our engineers. Let 
them help you with signal or illu-
mination problems. Suggestions, 
sketches, cost estimates or asking 
for our newest catalog incur no 
obligation. 

1713 W  HUBBARD ST  CHICAGO 22 ILL 

SOUND  REINFORCEMENT  AND  REPRODUCTION  ENGINEERING 

NEW 1055 31 W 65 51.23 • SAN FRANCISCO 1050 Nowold S1..3 
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MODEL 430 SERIES 
Ilta ated Pal taele,4 

r-

Universal favorites for electrical testing and mainte-
nance . . . compact and extremely rugged, high-visibility mirror 
scales and knife edge pointers, accuracy and dependability in the 

WESTON tradition . . . all at relatively low initial cost. Available 

for all AC and DC requirements. See your nearest WESTON repre-

sentative or write direct ... Weston Electrical Instrument Corporation, 

589 Frelinghuysen Avenue, Newark 5, New Jersey. 

Weston 
• ATLANTA • BOSTON • IIIFFALD • CHARLOTTE • CHICAGO • CINCINNATI • CLEVELAND • DALLAS 

DENVEI * DETIOET • JACKSONVILLE • KNOXVILLE • LOS ANGELES • MEIIDEX • MINNEAPOLIS • NEWA1K 

NEW DILIANS • NEW YORK • IBILADEINIA • PHOENIX • PITTSBURGH • ROCHESTEI • SAN FlANCISCO 

SEATTLE • ST. LOUIS . STIACUSE • III CANADA, NOITHEIN ELECTIIC CO.. LTD . POWEIUTE DEVICES. LTD. 
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AS EXHIBITED AT THE I.R.E. 
NATIONAL CONVENTION 

The 

TELEVISION 
KIT ... A HIGH QUALITY 
TELEVISION RECEIVER 

ready for Easy, 
Rapid Assembly 

• 

ENGINEERED 
BY 

TELEVISION 
SPECIALISTS 

Easy-to-Assemble: No knowledge of tele-
vision required. COMPLETE easy-to-
follow INSTRUCTION SHEET gives 
you all the knowledge you need. 

This Kit INCLUDES SOUND, all compo-
nent parts, and the following:-

1. Specially designed Television 
Antenna. 

2. A $30.00 Lectrovision seven-
inch Picture Tube . . . plus 
ALL other tubes. 

3. Pre-tuned R-F unit. 

4. Finished front panel. 

5. All solder, wire and 60 feet 
of low loss lead-in cable. 

Operates an  ; 50-60 cycles A.C. 

Price: complete with ALL tubes. $159.50. Shipment 
will be made approximately 2 weeks alter receipt 
of order. $25.00 deposit required on all orders. 
balance C.O.D. 

Trade Inquiries Invited 

We belfry', that the comparative quality of this set 
Is superior to other available sets. It has been ac. 
claimed by nallur televlsron schools throughout the 
country. For full rotor elation write to: 

swe me  O M =  =  = M N  • 

TRANSVISION, INC.  DEPT. 
I.R.E. 

385 North Ave.  New Rochelle, N.Y. 

Enclosed find I   deposit. Pleace ship 

 TransvIsion Televialon Kite C.O.D. to 

N 6fIle    

Addr..-n   

City &  it.. 

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

(Continued front pane 48/1) 

Type 5562 Tube 

United Elec-
tronics Co., 
42 Spring St., 
Newark 2, N.J., 
have released a 
new graphite 
anode-beamtet-
rode,  Type 
5562, for use 
in conjunction 
with  VHF 
bands. This 
tube is conserv-
atively  rated 
at 175 watts 
input up to120 
megacycles and 
has low-drive 
charcteristics 
—from 2 to 
4.5 watts de-
pendent upon 
plate input, fre-
quency and 
class of opera-
tion. The ma-
nuf act u r er 
claims that the 
use of their isolated getter trap and the 
graphite anode improves filament emis-
sion and gas content qualities as compared 
to other types of tubes. 

High Speed Relay • 
A mechanical relay, assembled in a 

standard  metal  radio-tube container, 
which has an operating time of one milli-
second or less, is being manufactured by 
Stevens-Arnold Co., 22 Elkins Street, 
South Boston, Mass. Featuring freedom 
from "bounce" due to its mechanical con-
struction, it may be used as a square-wave 
generator by applying alternating current 
to the coil and direct current to the con-
tacts. 

Feed-Thru Capacitors 
A new series of "feed-thrun capacitors 

is announced by the Electrical Reactance 
Corp., Franklinville, N. Y. Fitted with 
cadmium-plated brass "feed-thru" bush-
ings, they are designed to attain efficient 
by-passing capacity to ground when feed-
ing through a chassis or metal cover. 
The capacitors are of the tubular 

ceramic type and range from 5 micromicro-
farads to 17,500 micromicrofarads ca-
pacity. The manufacturer points out that 
unusually high capacitance in relation to 
physical dimensions make these 'feed-
thru" capacitors especially applicable 
where space is extremely limited. 

(Continued on page 62A) 

54.4444 
By 

MEASURE MENTS 

CORPORATION 

U. H. F. RADIO NOISE and 
FIELD STRENGTH METER 

Model 58 
FREQUENCY RANGE: 15 to 150 mt. Push-
button switching for rapid, accurate measure-
ment of noise levels or field strength. 

SQUARE WAVE 
GENERATOR Model 71 

FREQUENCY RANGE: 5 to 100,000 cycles. 
WAVE SHAPE: Rise time less than 0.2 micro-
seconds. 

OUTPUT VOLTAGE: 75, 50, 25,15,10, 5 peak 
volts fixed; 0-2.5 volts continuously variable. 

MANUFACTURERS OF 

Standard Signal Generators 
Pulse Generators 
FM Signal Generators 
Square Wave Generators 
Vacuum Tube Voltmeters 

UHF Radio Noise & Field 
strength Meters 
Capacity Bridges 
Mego hm Meters 

Phas e Sequence Indicators 
Telev ision and FM Test 

Equipment 

Catalog 

on 

request 

MEASURE MENTS 
CORPORATION 
BO O NT O N  NE W JERSEY 
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SPECIFICATIONS 

VOLTMETER 

Ranges: .015, .05, .15, .5, 1.5, 5, 
15, 50, 150, 500, 1500 volts full 

scale. 

Input Impedance: 1 megohm 
all ranges with exception of 1500 
Volt scale, where the impedance is 
3 megohnis. This gives a sensitivity 
of 68 megohmsl volt on lowest 

range. 

MICROAMMETER 

Ranges: .015, .05, .15, .5, 1.5, 5, 
15, 50, 150, 500 microamps fall 

scale. 

Voltage Drop: Maximum .15 volts. 
On lower ranges it drops to .045 
volts. 

Ohmmeter:  Resistance can be deter-
mined by measuring E & I from 
any external power supply. With 
500 volts. 67,000 megohms give 
half scale reading on maximum , 
range. 

Power Requirements: 115 volts, 

Sherron 
Electronics 

Model SE-519 

riftelple 
FOR THE MEASUREMENT OF 

D. C. VOLTAGE... 

SHERRON 
1). C. Vacuum Uube, 
Voltmeter-dmmeter 

D. C. Current is instantly converted to alter-

nating voltages of a fixed frequency — 

amplified and metered. With the use of this 

principle, even the minutest flow of direct 

current can be read. The extreme sensitivity 

of this advanced instrument heightens its 

value. A versatile instrument, Model SE-519 

has further application as a megohmmeter 

with external voltage source. 

SHERRON ELECTRONICS CO. 
Division of Sherron Metallic Corporation 

1201 FLUSHING AVENUE • BROOKLYN 6, NE W YORK 
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()2A 

170 -A • 
OMER 

A ruggedly constructed direct reading laboratory instrument 

specially designed to measure Q, inductance, and capacitance 
values quickly and accurately. Invaluable in selecting proper low 

loss components for high frequency applications. 

SPECIFICATIONS: —FREOUENCY RANGE: 30-200 mc, accuracy  1 

RANGE OF 0 MEASURE MENT: 80 lo 1200 

0 CAPACITOR RANGE: 11-60 m mf; accuracy  1% or 0.5 rn mf, whichever is greater 

WRITE FOR 

CATALOG '0" 

•  mor  BOONTON•NJ• U.S.A. 

--) 
BOONTO (-RADIO 

et Jcwii-d-/( 
DESIGNERS AND MANUFACTURERS OF  THE -0" METER  . OX-CHECKER .  FREQUENCY N ODULATEO SIGNAL 
GENERATOR ,  SEAT FREQUENCY GENERATOR  AND OTHER DIRECT READING TEST INSTPUTAENTS 

PRACTICAL W ORKING TOOLS 

FOR THE ENGINEER 

ELECTRONIC 

ENGINEERING 
HANDBOOK 

For radio-electronic specialists this 

Caldwell•Clements book provides a con-
venient, authenti, sourc'e of formulas and 
principles, as V.Cli os the latest in elec• 
tronic applications. Electrical operating 
and  ex ecutive engineers will find here the 

solutions to many production problems. 
Easily understood by anyone with a 
knowledge of basic electrical principles 

and simple circuits. Free from involved 
mathematical explonalions. Section I cov-
ers Vacuum Tube Fundamentals, Section 
II, Electronic Circuit Fundamentals; Sec• 
tion III, Electronic Applications; Section 

it. Vacuum Tube Data. 

456 Pages • 54.5 0 

560 Illustrations 

Once You Get These 

Books in Your Hands 

You'll Always Hove 

Them at Your Fingertips 

NO RISK— 

S DAY APPROVAL 

• ****** ••• 
• 

UP TO  • 
THE 
MINUTE !• 

• 
  • 

clEcTRoNic  

CONTROL 

HANDB0H ere  O K 

fronic  determine th  worth of a 
sary to " °II the  es sentia/ dal 

90i . t contro/ deviee  a dep:nhdelec. 
neces• 

,, d  oward your faclein  ' 

me cost-cutting, production-speeding.  ' g,auvanto 4boite 
quality-control  possibilities  of  e/ec•  / 
tronic devices. Gives you facts to 

electronics  against  mechorncal  and 
felligently ba/ance the advantages of / 

stood without advanced kncivviedoe of 
other methods of contro/. Eosily under-  1 

electronics. Section I, Basic E/ements  i 
of Contro/: Section /I, Conversion El.- I 
ments; Section III. Electronic AlodiRca-
Non Circuits: Section IV, AC flY0 tion 
tions. 
Elements: Section V, Contro/ Appiica-

350 Pages • S4.50 

Hundreds of Illustrations _.  _ _ ... 

— CALDWELL-CLEME  NTS, INC. 

Both books 6x9 inches, bound 
in  limp  leatherette  covers, 

open conveniently flat. 

480m Lexington Ave INC N. New York 17,  . 

Send books checked below. If not satisfied, I will return 
books to you within five days. Otherwise I wilt remit payment. 

fl ELECTRONIC ENGINEERING HANDBOOK  $4.50 
!=) ELECTRONIC CONTROL HANDBOOK  $4.50 

Name 

Address   

City and Stater   

Company Name 

incft 
first in facsimile 

for broadcasting and point-
to-point communication.' 

FINCH TELECOMMUNICATIONS 
IN C ORP OR ATE D 

SALES OFFICE 

10 EAST 40th STREET, NEW YORK 
FACTORIES  PASSAIC  N J 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 
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(14.ed Zo YOUR flAWDARDS of PERFORAMWE 
For long-life dependability where paper tubular performance is uncertain . . . to survive the 
deleterious effects of temperature and humidity . . . for convenient use in diverse applications 
. . . TOBE Molded Oil-paper Capacitors embody these features: 

MECHANICAL  ELECTRICAL 

WINDING: non-inductive; extended foil type 
IMPREGNATION: mineral oil 
CASE: molded of mica-filled phenolic in flat rectangular 
shape for close stacking 

TER MINALS: tinned, bare No. 18 copper wire welded into 
rigid clamps 

SEAL: non-hygroscopic lacquer finish over entire outside 
of case 

MARKINGS: all data ink-stamped on case 

The integrity of these design features — moisture seal, low 
power factor, high insulation resistance, and stable character-
istics — is closely guarded by constant process control, pro-
duction inspection, and extensive life testing. 

Type Us. 

EPC 

Telnme 

±30% 

Sint Resistants 

6,000 megohms 
(min. (§..2 mfd.) 

IlissipaOse Feuer 

.008 max. 
(6,1kc 

DPC 

APC 
+60% 
—20% 

50,000 megohms 
@ 25C 

1,000 megohms 
@BSC 

.004—.006 
(g 1 kc 

Operating Temp. 

—55 to 

4415C 

OpmthifF m, 

to 40mc 

*Can be furnished to ± 10%. 

The advantages of TOBE Molded Oil-paper Capacitors are 
obtainable at no greater cost than that of paper tubulars; 
productive capacity is adequate for immediate, large-scale 
deliveries in the sizes and ratings listed below. 

120  200  400 

D-C WORKING VOLTAGI 

500  600 800  1000  1200  1600 

EPC a 

APC e 
DPC 

0.1 -0.2 .08 -0.1 .06 .05 .02 —.04 .005 —.015 

.005 —.01  .005 —.003 .005 —.002  .0005 —.0015  —  

.02 —.05  .004 —.02 .003 —.01  .002 —.01  .001 —.007  .001 —.004  .001 —.002 

Where failures in bypass and coupling circuits cannot be 
tolerated, specify TOBE Molded Oil-Paper Capacitors. 

For detailed data on Molded Oil-Paper and other 
Tobe Capacitors ask for Catalogue 473-IR 

T OBE DE UTSCHM A N N eavaiid.iirmt CANTON, MASSACHUSETTS 
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SPECIAL 

TRANSFOR MERS 

for the 

Electronic Industry 

This transformer—designed 
and constructed byELECTRO 
—exemplifies the service which 
our organization is equipped to 
render to all branches of the 
electronic industry. Write us 
concerning your special re-
quirements. 

"Electro"Filament Transformer—Plastic 
Insulated. Dry Type, for External Anode 50 
K. W. tube. 25 volts, 415 Amps. Short circuit, 
750 Amps. 25 K V. DC. Wkg. Overall dime!): 
sions: 191,2" long x 81/4" wide x18 high. 

ELECTRO ENGINEERING W ORKS 
6021 College Avenue, Oakland 11, California 

44... aki L4K -&.&-&-&) 1 TRANSMITTING AND 11 
SPECIAL PURPOSE TUBES • 

. en 

WRITE FOR 

NEWARK'S LIST of TUBES 

Make Newark your 

source, too, for all 

needed radio and elec-

tronic ports. Brisk, com-

petent service assures 

quick delivery. 

NE W YORK 
Offices& Warellouse 
242W 55.k St ,N.Y.19 

fp 

NEWARK NOW AGENTS OF 
WAR ASSETS ADMINISTRATION 
Newark has been appointed agents of the 
War Assets Administration for transmitting 
and special purpose electronic tubes. 

HUGE STOCKS! WIDE SELECTION! 

NEW RK 
MPANY INC 

New York City Stores 

This means that you can now get prompt 
Newark service on the previously hard-to-
get tubes, priced at a fraction of their 
original cost. Make Newark your head-
quarters for tubes — whether it's for 
experimental work or production runs. 

ACTING AS AGENTS FOR WAR ASSETS ADMIN-
ISTRATION UNDER CONTRACT WAS(p) 7-167 

TELEPHONE 

Circle 6-4060 

115-17 W 45th St.& 212 Fulton St 

• MAIL AND PHONE ORDERS 
FILLED PROMPTLY 

• WRITE 242-N WEST 55th 
STREET, NEW YORK CITY 

Professional Cards 

W. J. BROWN 
Electronic & Radio Engineering Consultant 
Electronic  Industrial  Applications,  Com-
mercial and Broadcasting Transmitter and 
Receiver Design, Test Equipment, etc. 
23 years experience in electronic 

development 
P.O. lox 5106, Cleveland, Ohio 
Telephone, Yellowstone 7771 

EDWARD J. CONTENT 
Acoustical Consultant 

and 
Audio Systems Engineering, PM Standard 
Broadcast and Television Studio Design. 

Rasher), Road  Stamford 3-7459 
Stamford, Conn. 

HERBERT A. ERF 
Architectural Acoustics 

Consultant 
STUDIO DESIGN 

Standard, Broadcast —FM —Television 
Cleveland IS, Ohio 

3868 Carnegie Avenue  D(press 1416 

SAMUEL GUBIN 
Consulting Engineer 

Transmitting Equipment, Industrial 
Electronics 

17 years of design experience 
affiliated with 

SPECTRUM ENGINEERS, INC 
PhIladelphi• 4, Pa.  EV 6-7150 

DAVID C. KALBFELL, Ph.D. 
Engineer — Physicist 

Complete laboratory facilities 
Industrial instrumentation and control 

Broadcast engineering and measurements 
141 Rosecrans St.  layview 7303 

San Diego 4, California 

FRANK MASSA 
Elactro-Acaustic Consultant 

DIVILOPM INT PRODUCTION Dutem 
PATRNT ADVISOR 

Etscrzo-Acournc & Eiscrito-liscamticu. 
VISRATI NG SYSTEMS 

SU VIRSONIC Gen uarois & Rscxsvzaa 
3113 Dellwood Rd.. Cleveland Heights IS, Ohio 

ROBERT E. McCOY 
Consulting Engineer 

Electrical Design and Theory 
DC to UHF 

301-302 Concord Bldg., Portland 4, Oregon 

JAMES R. WALKER, B.S.E.E., M.S. 
Consultant on Industrial Electronic Applications 

and Electrical Devices for Physical 
Measurements 

Complete Lab: Facilities 

854 Pallister, Detroit, Mich. 
Phone MA 1243 

Paul D. Zot-tu 
Consulting Engineer 
Industrial Electronics 

Hies Frequency Dielectric and Induction 
Heating Applications, Equipment Selection, 
Equipment and Component Design, Develop-
ment, Models. 

272 C•ntrs St., Newton, Mass.  RIG-T240 
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specify 
for best performance 

The Erie line of General Purpose Ceramic 
Condensers has been set up to provide ceramic 
dielectric condensers quickly and economical-
ly for by-passing and coupling applications. 

By "General Purpose" is meant those con-
densers which are not directly frequency de-
termining, such as those used for AVC Filter-
ing, Resistance-Capacitance Audio Coupling, 
Tone Compensation, Volume Control R.F. 
By-Passing, Audio Plate R.F. By-Passing, Oscil-
lator Grid Coupling, R.F. Coupling, Antenna 
Coupling. In these applications, power factor 
is not critical and moderate capacity changes 
caused by temperature variations do not affect 
the proper functioning of the circuits. 

The GP (General Purpose) line of Erie Ce-
ramicons does not sacrifice quality in any way 

*C•ramicon is the registered trade name 
of silvered cer•mic cond•osers mad. 
by Erie Resistor Corporation. 

Pik 

whatsoever. Since the line of Erie GP Ceram-
icons is limited to definite capacity values, it 
is practical to manufacture large quantities of 
any given value at one time, with consequent 
saving in production costs. 

Condensers classified as GP1 have a tem-
perature coefficient between +/130 and —1600 
P/M/°C and are available up to 510 MMF. 
Condensers classified as GP2, manufactured 
in capacities of 150 MMF and higher, may in-
clude all of the above dielectrics and, in ad-
dition, the Erie Hi-K type. 

Erie GP Ceramicons are made in insulated 
styles in popular capacity values up to 5,000 
MMF and in non-insulated styles up to 10,000 
MMF. Write for full details. 

Elea/rAtude4 Dive-Wog 

CELE RESISTOR CORP., ERIE, PA. LOND ON,  EN GLAND  • • TOR ONT O,  CANADA 
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NEW ENGINEERING 
NEW DESIGN • NEW RANGES 

50 RANGES 

Voltage: 5 D.C.  0-10-50-250-500-1000 
at 25000 oh ms per volt. 
5 A.C.  0-10-50-250-500-1000 
at 1000 oh ms per volt. 

Current: 4 A.C. 0-.5-1-5-10 amp. 
6 D.C. 0-50 microa mperes-
0-1-10-50-250 millia mperes-
0-10 amperes. 

4 Resistance  0-4000-40,000 oh ms -4-
40 megoh ms 

6 Decibel  -10 to +15, +29, +43, 
+49, +55 

Output  Condenser in series with 
A.C. volt ranges 

$99 
F.O.B., PHILA. 

• 

MODEL 2405 

VOIt • 011 M 
Milliammeter 
2 5,111U0  Pill VOLT U. E. 

STANDARDS ARE SET BY 

SPE CI FI C ATI O N 14 

NEW "SQUARE LINE" metal 
case, attractive tan "hammered" 
baked-on enamel, brown trim. 

PLUG-IN RECTIFIER — 
replacement in case of 

overloading is as simple as 
changing radio tube. 

• READABILITY—the most 
readable of all Volt-Ohm-

M illlammeter scales-5.6 inches 
long at top arc. 

M odel 2400 is si milar but has 0  C. volts 

R a nges at 5000 oh ms per volt. 

Write for complete description 

Triplett 
ELECTRICAL INSTRUMENT CO. 

BLUFFTON 111, OHIO 

HERE'S THE NEW 
INDUSTRIAL and TELEVISION 

Y WATERMAN! 
An OSCILLOSCOPE of UNUSUAL VERSATILITY, 

UTILITY and PERFORMANCE 

A 3 INCH OSCILLOSCOPE for 
MEASURING AC and DC! 

AMPLIFIERS for vertical and horizontal 
deflection as well as intensity —Linear 
time sweep from 4-cycles to 50-kc with 
blanking of return trace ...Sensitivity up 
to 100 my in... Fidelity up to 350-kc 
through amplifiers... Attenuators for AC 
and for DC...Push-Pull amplifiers . . . 
Anti-astigmatic centering controls...Trace 
expansion for detail observations. 

e1/4  lbs... . 11" x 7" x 5"I 
Chassis completely insulated from input circuits assures safety in in-

dustrial applications ... Direct connections to deflecting plates and intensity 
grids from rear ... Retractable light shield ... Detachable graph screen ... 
Handle ...Functional layout of controls. 

PRODUCTS C.O., INC., 
PHILADELPHIA 25, PA. 

SURPLUS 

Equipment 

SALE 
• Constant impedance type N co-

axial connectors: UG2IU 75, 
UG58U 750, UG27U $1.00, M359 

500, 1/4  ft.-2 ft. length of RGIIU 

cable with PL259 connectors at 

each end $1.00. 

• Fixed attenuator, TPS-51PB-20. 

20db attenuation, 50 ohm imped-

ance, wish type N connectors at 

each end $3.50. 

• Microwave Generator TS155A/ 
UP, range 2700-2900 megacycles, 

pulse modulated 120-200 pps, 

variable pulse width and delay, 

thermistor bridge, r.f. power 

meter for internal and external 
metering, and direct reading 

calibrated attenuator. 9 tubes, 

25" w., 151/4 " d., 121/4 " h., com-

plete with connectors, cables 

and adapters, new $160.00. 

• Radar receiver A N/APR-5A, 

1000-6000 megacycles, 15 tubes, 

115 volts, 60 cps, compact, brand 

new $150.00. 

• Radar receiver BC 1068-A, 150-

230 megacycles, individual tun-

ing for the r.f. stages, band-
width 4 megacycles, 115 volts 

60 cps, 14 tubes $35.00. 

• Silver button micas, 15 and 500 
mmfd, 500 vdc, 100. Silver but-

ton mica feed thru capacitors, 

threaded, 500 mmfd 15. 

• Plate transformer, delivers 4000 

volts DC at 3.25 amperes (with 
bridge rectifier), tapped at 2000, 

3000, 3500 and 4000 volts (DC). 

Primary 220 volts 3 phase, 60 

cps. Weight 800 pounds net, 
F.O.B. Illinois $125.00. 

• Oil filled capacitor, 1 mfd. 15000 
WVDC, GE  Pyranol  I4F263 
$25.00. 

• 2mfd, 4000 W VDC, GE Pyranol 

23F47 $5.00. 

ELECTRO-IMPULSE 

LABORATORIES 

Shrewsbury, New Jersey 
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WURLITZER 
provides BLILEY CRYSTAL selection of the nation's 
top-flight bands and entertainers 

The Wurlitzer automatic, electric phonograph, affec-

tionately known as the juke box, is a proven source 

of top-flight entertainment on almost every high-

way and byway of America. Behind this assured 

performance lies a combination of electronic and 

mechanical ingenuity that could only be achieved by 

precision engineering. 

In the new Wurlitzer instrument, selection of 

records may be accomplished by carrier current trans-

mission of crystal controlled r-f pulses from the 

iSte: 
C/ZYSTA IS 

remote selector box to a receiver in-the reproducer. 

Design considerations called for reliable crystal start-

ing and rapid, clean pulsing. 

Bliley engineers were consulted concerning the 

crystal unit and associated oscillator circuit needed 

to meet these requirements. The problem was success-

fully solved and Bliley Crystals are now used in 

thousands of Wurlitzer installations. 

Make it a habit to consult Bliley, first, on all fre-

quency control applications. When you specify Bliley, 

you automatically select the creative engineer-

ing and production facilities that have built 

leadership in frequency control applications 

over the past fifteen years. 

Writ• for Bulletin 31 

BLILEY  ELECTRIC  C O M P A N Y  •  UNI O N  ST ATI O N  BUILDI N G,  ERIE,  PE N NSYLVA NIA 
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11 KY 
Oklahoma City, Okla. 

956 Ft. • 
• 

to top of FM antenna  • 
• 
• 

A TRUSCoN 
ENGINEERED UNIFORM 
CROSS SECTION 
GUYED RADIO TOWER 
Truscon can engineer any  It 
type of tower you desire...  I 
guyed or self-supporting, either  • 

• 
tapered or uniform cross-section  * 
... tall or small.. . AM or FM.  II* 

• Call in Truscon engineers the  • 
minute you start thinking about  • 

• 
antenna installations. Their wide  • 

• experience will help you achieve the  • 
utmost in continuous, trouble-free  • • 
operation... and keep you abreast of  * 
the newest developments in broad-
casting technique. 

Truscon engineering consultation 
is yours without obligation. Write 
or phone our home office at Youngs-
town, Ohio, or any of our numerous 
and conveniently located district 
sales offices. 

TRUSCON STEEL COMPANY 
YOUNGSTOWN 1, OHIO • Subsidiary of Republic Steel Corporation 

Manufacturers of a Complete Line of 
Self-Supporting Radio Towers . . . 

Uniform Cross-Section Guyed Radio 
Towers  . Copper Mesh Ground 

Screen  Steel Building Products. 

... 

- --
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1IN OSCILLOGRAPHY THERE/SA 

SCREEN FOR EVERY JOB ... 

YOU MAY BE SURE 

IT'S THE RIGHT SCREEN 

IN THE RIGHT TUBE 

IF IT'S MADE BY DU MONT 

SCREEN CHARACTERISTICS 
• 

PI: Medium persistence green.  High visual effi-
ciency.  For general-purpose visual oscillographic 

and indicating applications. 

P2: Long persistence blue-green fluorescence and 
yellow-green persistence. Long persistence at high 
writing rates. Short-interval excitation. 

P4: Medium persistence white for television images. 

PS: Extremely short persistence blue for photographic 
recording, on high-speed moving film.  Persistence 

time for energy drop SO% is 5 microseconds. 

P7: Blue fluorescence and yellow phosphorescence. 
Long persistence at slow and intermediate writing 
rates. For filtering out initial "flash" and for high 
buildup of intensity under repeated excitation, this 

screen may be used with Du Mont Type 2161 Filter. 

P11: Short persistence blue. For recording high writ-
Ing rates. Persistence time for energy drop 50% is 

10 microseconds. 

Du Mont —pioneer of the commercialized 
cathode-ray tube —has developed the out-
standing selection of fluorescent screens to 
meet every functional requirement. 
Du Mont tube types are available in a 
variety of screens. Thus the right screen in 
the right tube precisely geared to your par-
ticular kind of oscillography. 

Write for Bulletin #629 

T 7//e7ai"zot 
ALLE N  B Du MONT LABORATORIES, INC., PASSAIC, 

o  mu p.r  1,C,FIA T OI, ES  INC 

letionr:of Tiet,,Weyt 
NE W JERSEY • CABLE ADDRESS: ALBEEDU, PASSAIC, N  U S. A 

.„,..11110  
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FREQUENCY SI MARD 

MAMUNICTIJP.ED BY 
HAMM ALUND MF6 CO., INC. 
NEN YORK, U.S.A. 

1Pr"5., M 1/1" 

Connect up the FS-135-C in your receiver 
and you have a first-class frequency 

meter all set to go. You will have the satis-

faction of knowing you are obey ing F.C.C. 

rules and you'll get accurate signals 

every 100 KC's to mark the band edges 

or make any other checks you want. 

You will find the FS-135.0 is a cinch to connect and it's so small it fits in any receiver. 
The ingenious circuit and a special crystal permit variation of the crystal frequency 

for zero beating with WWV. Once this adjustment is made you practically ha% e a Vi W V 

junior built right in your receiver. 

lee 
the FS•135•C 

at your dealer's 
2JA L!JA H 11JA 

THE HAMMARLUND MFG. CO., INC., 460 W. 34" ST., NEW YORK 1, N.Y. 
M ANUFACTURERS OF PRECISI ON CO M MUNICATIONS EQUIP MENT 

ILSI MIS MS 11110 
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THE STORY BEHIND 
SUPERIOR'S ABILITY 
TO PRODUCE CATHODES 
THAT PERFORM LIKE THIS $. 
The metal tubing used for cathodes must meet the most 

rigid chemical, metallurgical, dimensional and cleanli-

ness standards. Maximum cathode performance is as-

sured through Superior's unusual facilities for the study 

of the materials, processes and controls. 

CHE MICAL 
Laboratory analyses are made for the many 
minute but important elements in cathode mate-
rials. Raw stock and finished tubing alike are 
analyzed and the results checked against rigid 
purchase specifications. 

METALLURGICAL 

Frequent examinations of polished and etched 
cross-sections are made to insure that tubing 
and strip has suitable grain structure, and is 
free from flaws and injurious inclusions. 

CLEANLINESS 

The Electronics Division is housed in a new 
building free from contaminating elements. The 
drawing lubricants, cleaning baths, and surface 
conditions are checked constantly as a part of 
rigid quality control. 

QUALITY CONTROL 

Our unusually close control of tolerances insures 
dimensional accuracy, low shrinkage, and greater 
uniformity in electron tube production and per-
formance. Tireless checking and inspecting, to-
gether with statistical data, results in improved 
electrical tube characteristics and performance in 
television and radio receivers. 

Through th• tourt•sy of the 

INTERNATIONAL NICKEL COMPANY 
Iher• will b• a dolpioy on thrror booth 078 

of NICKEL ALLOT TUBES 

Manufactur•d by the 

SUPERIOR TUBE CO MPANY 

at th• RADIO ENGINEERING SHOW 

In GRAND CENTRAL PALACE 

March 3 through 6, 1947 

TUBING 
BIGGER NAPAE IN SMALL   

e r/ a  

SUPERIOR TUBE COMPANY 

ELECTRONICS DIVISION 

Post Office Dra wer 191  • Norristown, Pa. 

Telephone, Norristown 2070 

PROCBEDINGS OF 11111 March, 19/. 



LET THESE WAA DISTRIBUTORS HELP Y U 

ILICTR O NICS  DI VISI O N 

OFFICE  OF  T DISP OSAL 

WAR ASS 
423 34<end II. KW. 

ISTRATION 
Weshissre. 29. D. C 

The War Assets Administration has appointed 

a representative group of competent well estab-

lished distributors to help dispose of war-

surplus electronic tubes and equipment. We 

suggest that you get in touch with the distrib-

utor nearest you. He will know 'the items avail-

able and how they can aid in solving your 

electronic problems. 

—4 

Here is an up-to-date list of 

WAA approved distributors. 

BOSTON, MASS. 

Automatic Radio Mfg. Co., Inc. 
Technical Apparatus Co. 

BUCHANAN, MICH. 

Electro-Voice, Inc. 

CANTON, MASS. 

lobe Deutschmann Corp. 

CHICAGO, ILL. 

American Condenser Co. 
Majestic Radio & Television Corp. 

EMPORIUM, PENN. 

Sylvania Electric Products, Inc. 

FORT WAYNE, IND. 

Essex Wire Corp. 

LOS ANGELES, CALIF. 

Cole Instrument Co. 
Hoffman Radio Corp. 

NEWARK, N. J. 

Standard Arcturus Corp. 
Tung-Sol Lamp Works, Inc. 

NEW YORK, N. Y. 

Communication Measurements Laboratory 
Electronic Corp. of America 
Emerson Radio & Phonograph Corp. 
Hammarlund Mfg. Co., Inc. 
Newark Electric Co., Inc. 
Raytheon Mfg. Co. 
Smith-Meeker Engineering Co. 

SALEM, MASS. 
Hytron Radio & Electronics Corp. 

SCHENECTADY, N. Y. 
General Electric Co. 

WASECA, MINN. 
E. F. Johnson Co. 

122 Brookline Ave. 
165 Washington St. 

Carroll & Cecil Sts. 

863 Washington St. 

4410 Ravenswood Ave. 
125 W. Ohio St. 

1601 Wall St. 

1320 S. Grand Ave. 
3761 S. Hill St. 

99 Sussex Ave. 
95 -8th Ave. 

120 Greenwich St. 
353 W. 48th St. 
76-9th Ave. 

460 W. 34th St. 
242 W. 55th St. 
60 E. 42nd St. 
125 Barclay St. 

76 LaFayette St. 

Bldg. 267, 1 River Rd. 

206-2nd Ave., S. W. 

945 
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Series 2 

BUILT IN TWO PARTS 

A Two basic parts —a coil assembly 
7r and a contact assembly —com-
prise this simple, yet versatile relay. 
The coil assembly consists of the coil 
and field piece. The contact assembly 
consists of switch blades, armature, re-
turn spring, and mounting bracket. The 
coil and contact assembly are easily 
aligned by two locator pins on the back 
end of the contact assembly which fit 
into two holes on the coil assembly. 
They are then rigidly held together 
with the two screws and lock washers. 
Assembly takes only a few seconds 
and requires no adjustment on factory 
built units. Series 200 Relay 

00 

A. C. Coil Assemblies available 
for 6 v., 12 v., 24 v., 115 v. 
D. C. Coil Assemblies available 
for 6 v., 12 v., 24 v., 32 v., 110 v. 

Contact Assemblies 
Single pole double 
throw 
Double pole double 
throw 

On Sale at Your nearest jobber NO W! 
See it today! . . . this amazing new relay with interchange-
able coils. See how you can operate it on any of nine dif-
ferent a-c or d-c voltages—simply by changing the coil. Ideal 
for experimenters, inventors, engineers. 

TWO CONTACT 

ASSE MBLIES 

The Series 200 is available with 
a single pole double throw, or a 
double pole double throw contact 
assembly. In addition, a set of 
Series 200 Contact Switch Parts, 
which you can buy separately, 
enables you to build dozens of 
other combinations. Instructions 
in each box. 

NINE COIL 

ASSE MBLIES 

Four a-c- coils and five d-c coils 
are available. Interchangeability 
of coils enables you to operate 
the Series 200 relay on one volt-
age or current and change it over 
to operate on another type simply 
by changing coils. 

Your jobber has this sensational new relay on sale now. 
Ask him about it. Or write for deyriptive bulletin. 

GUARDIAN 

A noi R E L MI L,Aito, ", 

ELECTRIC 
1628-C W. WALNUT STREET  CHICAGO 12, ILLINOIS 

A COMPLETE LINE OF RELAYS SERVING AMERICAN INDUSTRY 
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KEEP 
continually 
Parra Oh 
flfgRON 
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RCA HB-3 Tube Handbook 
Now in 3 Binders--6 Volumes 

No other tube handbook provides as much 
up-to-the-minute technical data on tube types 
as the RCA HB-3 Handbook, which has been 
a standard technical reference book for over 
15 years. Indexed contents include general 
data, characteristic curves, socket connec-
tions, outline drawings, price lists, preferred. 
type lists, etc., for the complete line of RCA 
tubes. 

New Sheets Mailed Regularly. The U. S. sub-
scription price of $10.00 brings you the 
complete Handbook in three binders, plus 
supplementary sheets containing new or re-
vised data as issued during the year. Annual 
service If e thereafter is 132.00. (These prices 
apply only in the U. S. and its possessions.) 

Subscribe Now. Insure early delivery. Mail 
your remittance today to: RCA, Commercial 
Engineering, Section W-52C, Harrison, N. J. 

RA DIO OOOOOOO 710 N *I A MERICA 
NIII •1•1111 01, 

For Continuous Spectrum Analysis... 

PANALYZOR 
T it L. t k e 

1.1 .4.71-4 *•••••• 

.  Q .4kr  

sui.•••••••"' 
Favored alike by development engi-
neers, universities and manufacturers. 
Panalysor instantly shows the fre-
quency, amplitude and stability char-
acteristics of one or several voltages 
simultaneously in a band. 

Ten standard models with maximum 
scanning widths of SOKC to 20MC allow 
limitless application wherever measure-
ment and control of frequency or of 
any dimension, convertible to fre-
quency. is essential. 
Write for additional details or see us at 
the IRE Winter Show. Booth 322. 
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59A 

48A 

Paul D. Zottu  64A 
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... HE OFFERS A FULL LINE OF NATI ONALLY 

KN O WN INSULATING MATERIALS 

THE IMC ENGINEER 

IS ON YOUR STAFF.. 

but not on your payroll 

- -71.11111111/ WWF WF, 

--

The IMC Engineer offers two services to 
help you solve electrical assembly problems: 

1. A complete line of nationally ad-
vertised insulating materials. 

2. Expert advice and engineering 
service on the best application of 
these materials. 

UAC PR ODUCTS: Macallen Mica Products —Var. 

tee Varnished Cloth and Tapes —Varslot Combi-
nation Slot Insulation —Varnished Silk and Paper 

— Fiberglas Electrical Insulation — Manning In-

sulating Papers and Prestboards —Dow Corning 

Silicones —Dieflex Varnished Tubing% and Satu 

rated Sleevings of Cotton and Fiberglas —National 

Hard Fibre and Fishpaper —Phenolite Bakelite — 

Permacel Adhesive Tapes —Asbestos Woven 

Tapes and  Sleevings —Cotton Tapes, Webbing% 

and Sleevings — Pedigree Insulating Varnishes — 
Wedgie Brand Wood Wedges. 

Representatives in: 

DETROIT 2. 11341 Woodward Avenue 

MINNEAPOLIS 3: 1208 Harmon Place 
PEORIA 5: 101 Heinz Court 

Whatever your insulation problem, call in 
your nearby IMC Engineer. He is trained in 
the application of electrical insulation, and can 
usually suggest an answer from his experience 
and the comp!ete line of products he repre-
sents. Every one of these products is superior 
in quality and designed for full satisfaction in 
application and service. 

INSULATION 
MANUFACTURERS CORPORATION 

*CHICAGO 6 

565 West Wash-
ington Blvd. 

MIL WAUKEE 2 
312 East Wisconsin 
Avenue 

1,t x,CTRIc4,  

I 

•Lecel Ueda, Aveliable 

CLEVELAND 14 

1231 Superior 

Ave., N. E. 

DAYTON 2 
1315 Mutual Hom• 
Bldg. 



Television today is clearer, sharper, and brighter — thanks to the improved kinescope, or picture tube, perfected at RCA Laboratories. 

The Picture Tube that brought"life"to television 

The screen on your home television 
table model receiver is the face of a 
large picture tube. And the skater you 
see on the face of the tube is the iden-
tical twin of the skater being televised. 

Pioneering and research in RCA 
Laboratories led to the development of 
this tube which allows none of the orig-
inal realism to be "lost in transit." It 
reproduces everything the television 
camera sees, shows you every detail, 
keeps the picture amazingly lifelike 
and real. 

An RCA Victor television receiver 
brings you all the action, drama and ex-

citement that you'd enjoy if you were 
at the event in person—and on top of 
that it's all brought to you in the com-
fort of your own home ... you don't 
have to move from your favorite chair. 

RCA Laboratories has made pos-
sible outstanding advances in every 
phase of television. And for television 
at its finest, be sure to select the re-
ceiver bearing the most famous name in 
television today—RCA Victor. 

Radio Corporation of America, RCA Build-
ing, Radio City, New York 20. Listen to 
the RCA Victor Show, Sundays, 2:00 P. M., 
Eastern Standard Time, NBC Network. 

Exclusive "Eye-Witness" feature 
on all RCA Victor home television 
receivers "locks" the picture in tune 
with the sending station. It assures 
you brighter, clearer, steadier pic-
tures. If television is available in 
your vicinity, ask your RCA Victor 
dealer for a demonstration. 

R A DI O C O R P O RA TI O N of A ME RICA 
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•  IlL E C T R O L Y TI C 

your Noise Problems, too 
can be Solved Better 
with C-1) Quietones 

Just I,L .11ISC Mom wants to bake a cake 
is no R.ison why she shouldn't hear her 
pct soap opera. And sooner or later 
she's bound to find out that some 
mixers don't cause radio interference. 
Mixers equipped with C-D Capacitors, 
for example. 

C-D's experience in designing and 
building noise suppressors is unequalled 
in the capacitor industry. We are now 
manufacturing hundreds of types of 
noise filters for electrical appliances 
and equipment. Its possible, of course, 

MI C A  •  D Y K A N O L 

that the exact unit for solving your 
noise problem is not included. In that 
case, our engineers are ready and 
anxious to design and build the sup-
pressor best suited to your specific 
requirements—better, faster, more eco-
nomically. Comsat with ibem. 

Catalog of standard types will be 
mailed on request. Cornell-Dubilier 
Electric Corporation, Dept. M3, South 
Plainfield, New Jersey. Other large 
plants in New Bedford, Brookline and 
Worcester. Mass., and Pros idence. R. I. 

P A P E R 

TYPICAL NOISE SUPPRESSORS 

CAPACITORS  1 AND 2 
Two of the Type MC Filter Capacitors designed for heavy 
duty service on buses, trucks, etc. for spark and noise sup-

pression. Mechanically rugged, oil filled and impregnated and 

hermetically sealed. 

CAPACITOR ;43 
A general purpose filter effectively controls radio noise energy 

created by fluorescent lomps. This capacitive — inductive type 
filter is compact and con be quickly installed in a voriety of 

positions. Convenient leads simplify installation. 
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ABRIDGED SPECIFICATIONS 

ACCURACY: each resistor is adjusted within ±0.1%; 

error in voltage never exceeds  0.2% 

INPUT IMPEDANCE: constant resistance of 10,000 ohms 
regardless of ratio setting 

OUTPUT IMPEDANCE: varies from 10 to 10,000 ohms, 

upon settings 

FREQUENCY CHARACTERISTIC: if external capacitance 
across output terminals is less than 20 micromicrofarads, 

frequency error is less than 0.1% below 10,000 cycles 

TEMPERATURE COEFFICIENT of resistors is less than 
±0 002'; per deg. C at normal room temperature 

AT THE MOMENT WE HAVE A FEW IN 
STOCK 

WRITE FOR COMPLETE DATA 

THIS decade voltage divider will supply exact 

voltage ratios between 0.001 and 1.000 in steps of 

0.001. It is very useful on the input of amplifiers 

and other high-impedance circuits for reducing the 

input voltage by a definitely known ratio, which 

can be varied in very small steps. One thousand 

different ratios can be obtained. 

The input resistance remains constant regardless 

of dial settings, consequentlY reaction on the in-

put voltage is eliminated. 

The instrument is equivalent to a pair of our type 

602 Decade-Resistance Boxes connected in series 

and so arranged mechanically that as resistance is 

taken out of one box it is added to the other to 

maintain the total resistance constant at 10,000 

ohms. 

All resistors are wound with an alloy wire of 

such characteristics that no difficulty from thermal 

emf will be encountered in direct-current meas-

urements. 

TYPE 654-A DECADE VOLTAGE DIVIDER ... $100 
(Plus 10% iemporary price increase, the io greatly increased costs) 

GENERAL RADIO COMPANY Cambridge 39, 
Massachusetts 

90 West St., New York 6 920 S. Michigan Ave., Chicago 5 950 N. Highland Ave., Los Angeles 38 




