
Proceedings 
of  the  ' R • E 

A Journal of Communications and Electronic Engineering 

May, 1951 
Volume 39 Number 5 

Ettei McCollutsitte. In-

POWER AT A THOUSAND MEGACYCLES 

Pulsed power of 125 lolott•tts et generated by an osc.11ator and tettosie at 
300 mc. 

• 

PROCEEDINGS OF THE I.R.E. 

Quality of Color Reproduction 

Elements of Thermionics 

Reliability in Subminiature Tubes 

Equivalences for Dielectric Media (Abstract) 

Temperature Rise in Equipment Cases 

IRE Standards on Electroacoustics 

Elliptically Polarized Waves 

Analysis of Elliptic Polarization Loci 

Response Characteristics of Resistance-
Reactance Ladder Networks 

Abstracts and References 

I ABU Ut t Tt SIN. INDICATED SY BLACK-AND-WHITE 
M ARGIN. FOLLOWS PAGE 32A 

The St•nd•nis on Eleetroacoustics: DeAnitrons of 'NMI 

1951, appear  thrs %nue. 

The Institute of Radio Engineers 



• NEW AIR Co 0 NG PRINCIPLE 

Filament 
Voltage 
Current 

Inter-electrode Capacitances 
Plate — Filament 
Grid — Plate 
Grid — Filament 

Class C Telegraphy 

Maximum 
Rating 

d.c. Plate Voltage 13.5 
d.c. Grid Voltage  —1200 
d.c. Plate Current  12 
d.c. Grid Current  3.0 
Plate Dissipation  45 
Power Output 

Another exclusive 

Thoriated Tungsten 
18 v. 
196 a 

3.4 mmfd 
86. mmfd 
116. mmfd 

Typical 
Condition 
12  kv. 

—1000  v. 
12  0. 
2.25 a. 
36  kw. 
108  kw. 

now operatin 
in some of the world's largest tra 

Type A X9906111607 uestionably1 

cooled tube in the 
orld...yet it we 

°cause 

•Potented Dec 5 1950—No. 2,532,858 

Also available as 

water cooled Type 

AX9906 /6077. Data 

sheets for eithe r or 

both types will be 

supplied on request. 

Re-tube with AMPERfX 

AMPEREX ELECTRONIC CORP. 
25 WASHINGTON STREET, BROOKLYN 1, N. Y. 

In Canada and Newfoundland :Canadian Rodio 8, Mfg.Co 

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

Cable  AMPRONICS • 
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SIMACUE ftECTRiC Co wan; 
nostu Roam;. mass. 

V 9c ,c, 

• • for miniaturization, 

mounting, and temperature problems 

Here they come, right off the top of the 
deck, to fill in what's been needed—new 

ways of mounting subminiature capacitors 
in military electronic equipment! 
You'll find side stud, end stud, threaded 
neck, and two types of side bracket capaci-
tors in Sprague's new 16 page Engineering 

Bulletin 213-B. 
These new Sprague-pioneered designs 
make even broader the world's most com-
plete line of solder-seal terminal metal-

encased subminiature paper capacitors. 
And they're now available as standard in a 
125°C. temperature rating Vitamin Qk ca-
pacitor series. Voltage ratings range from 
100 to 1000 volts in both inserted tab and 

extended foil constructions. 
And remember, Sprague Capacitors are 
the standard of dependability for critical 
electronic circuits. Write for your copy of 

Bulletin 213-B which gives the complete 

Sprague Subminiature Story. 

III SPRAGUE ELECTRIC COMPARY 
NORTH ADAMS, MASSACHUS MS 

PIONEERS — IN  a (R) 
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ELECTRONICS 

Operator's Control Un:t 

Motor-Generator-Type 

Frequency 

Changer 

PACKAGED FREQUENCY CHANGERS 
400-Cycle Ground Power Supply for Aircraft Radar Units 
Here's a low-cost, high-performance, 400-

cycle ground power supply with a regulated 

output voltage adjustable from 187 to 229 

volts. It's rugged enough for permanent in-

stallation, yet compact enough to be moved 

on a fork truck. A 30-kva output rating is 

more than sufficient for virtually all radar, 

radio, or general load applications. 

GENERAL 

Voltu9, ,,gulation: • 2 per cent %ariation under all conditions of balanced 
load, power factor, and heating, within normal operating range. 

Voltage recovery: To within 5 per cent of steady-state value in 0.1 second. 

Voltage adjustment: 187-229 volts in increments of 0.5 volts or less. 

Wave shape: Low harmonic content. 

Radio interference: Adequate suppression for most rigid applications. 

Enclosure: Dripproof cabinet houses motor, generator, and controls. A sepa-
rate operator's panel contains "start-stop" push buttons, adjusting poten-
tiometer, selector switches and meters. 

For further data on these G-E frequency changers see Bulletin GEA-5589. 

ELECTRIC 
2% PROCEEDINGS OF THE I .R.E.  May, 1951 



Husky Relays Mount 3 Ways 
Make or Break up to 45 Amps 

For those heavy control-circuit 
applications, here's a versatile re-
lay that can be front-connected. 
back-connected, or plug-in-con-
nected, and is supplied in open 
or enclosed models. Circuits: 
spst, dpst, or dpdt. 
Heavy, long-lasting silver 

contacts carry 10 amps continu-
ous. Normally open forms make 
or break 45 amps; • normally 
closed forms make or break 20 amps. Coils are supplied for 
12-, 24-, 115-, or 230-volt, 60-cycle a-c; for 6, 12, 24, 32, 125 or 
250 volts d-c. Dimensions for enclosed model: 6 x 6 x 5 inches. 
Complete details are available in Bulletin GEC-257. 

• 

G-E Switchette Handles High 

Current in Crowded Quarters 

Though small and lightweight, 
the G-E switchette does the 
same work as many bulkier 
switches. Available in a wide 
variety of forms and circuits, 
this snap-action unit is approx-
imately 11/4 x 1/2 x 1/2 inches, 
weighs only 9 grams, and op-

erates dependably from sea level to 50,000 feet altitude. Con-
tact arrangements available are single-circuit, normally open; 
single-circuit, normally closed; and two-circuit, one normally 
open and one normally closed. Rated 1/2 hp at 115 and 230 
volts a-c, the switch is designed for ambient temperatures from 
—70F to +200F and meets the 50-hr salt-spray test for Specifi-
cation AN-QQ-S-91. For full details, ask for Bulletin GEA-4888. 

Cast-Glass Bushings Permit 

Hermetically Sealed 

Apparatus 

Embedded nickel-steel hardware 
eliminates the need for gaskets 
and makes possible the solder-
ing, brazing, or welding of G-E 
cast-glass bushings directly to 
apparatus.This assures gas-tight, 
oil-tight, or vacuum-tight con-
struction. Extraordinary resist-
ance to vibration and weather means the small, compact bush-
ings are especially suited to aircraft applications or where high 
humidity occurs. They will not puncture or shatter under ex-
cess potentials. For full details ask for Bulletin GEA-5093A. 

TIMELY HIGHLIGHTS 
ON G-E COMPONENTS 

__. -0111111.110  ̀

25 MFD-:7.15 V IIP 

 r- 11 

00..1 

VBX 3' 
1.140  V 44 

—  ,-
spex 3/4  1/4 03/4 

25 MID-150 V MI  .1 MID-150 V 911 

5/32  3/11 tope  5/5 x1•3/5 

I MFOrISO V MP  5 MID-90 V DC 

5/115 I 
510-160 V DC 

BOO 1013-95 V DC 

5/5 X 2•13/1C 
1.10-925 V DC 

IT MFD-3100 V DC  • 
TO MID-10 II 00 

4 mT0-1613 V DC 

Tantalum  New Electrolyte 
More Performance, Less Space 
New G-E Tantalytic D-C Capacitors Feature 

• Size and weight about the same as conventional electrolytics 

• Over-all life as good as paper dielectrics 
• Low-temperature properties and shock resistance better than either 

By combining tantalum in foil form and a newly developed non-
corrosive electrolyte, General Electric has designed a capacitor 
that packs superior performance into amazingly small space. 
Good stability, unusually low leakage currents, and hermetic 
sealing are additional advantages. Operating range is from —55C 
to +85C. Ratings presently available range from 0.02 muf to 
12 muf at 150 volts d-c. Capacitors shown in illustration are 
representative. For additional information, furnish requirements 
such as temperature range, leakage resistance values, and oper-
ating voltage in writing to Capacitor Sales Division, 42-304, 
General Electric Company, Pittsfield, Mass. 

L _ 

General Electric Company, Section 8667-15 

Schenectady 5, N. Y. 

Please send me the following bulletins: 

0 GEC-257A  General-Purpose Relay 

o GEA-4888  Size 1 Switchette 

0 GEA-5093  Cast-Glass Bushings 

o GEA-5589  Packaged Frequency 

(V) Indicate for 
reference only 

(X) For planning an 
immediate project 

Name 

Company 

Address 

City 

Changer 

State 
_J 
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Bell Telephone Company craftsman 
wraps a wire to complete a connection. 
Wire is inserted into the nozzle and 
a rotating spindle whips it around 
terminals. 

Close-up of connection made with new 
tool—neat, tight windings. 

IT DOESN'T take long to wrap a wire around a terminal 
and snip off the end. But hundreds ol millions of such con-
nections are being made each year to keep up with America's 
growing demand for telephone service. 

Now this job is done much more efficiently with a new wire 
wrapping tool invented at Bell Telephone Laboratories. This 
"gun" whirls wire tightly around terminals before solder is 
applied. The connection is better and there is no excess 
wire to be clipped off — perhaps to drop among a maze of 
connections and cause trouble later. 

The new tool is being developed in different forms for 
specialized uses. The hand-operated wrapper in the illustration 
is for the telephone man's tool kit. Power-driven wrappers 
developed by Western Electric, manufacturing unit of the Bell 
System, are speeding the production of telephone equipment. 
The gun's small nozzle reaches where fingers couldn't — a big 
advantage these days when efforts are being made to produce 
telephone system parts smaller as well as better. 

Bell Telephone Laboratories scientists devise many special 
tools that help your telephone system to keep pace with service 
demands economically — keeping your telephone service one 
of today's best bargains. 

BELL  TELE PH O N E  LAB ORAT ORI E S 
W ORKING  CONTINUALLY TO  KEEP YOUR  TELEPHONE  SERVICE  BIG  IN VALUE AND  LO W  IN COST 



• Now Stu io Flexibility 
were  

New GPI Video Switcher set up with two camera control units, a 
film chain control unit, and master monitor. This studio quality, 
field size switcher accommodates 5 cameras, 2 incoming lines. 

NO W you can view, preview, switch, fade and dissolve with studio flexibility in the field. The 
new GPL Video Switcher simplifies field operations, 
reduces setup and operating time and trouble, and 
matches the full resources of the studio for pro-
gramming variety. 

Portable, and entirely self-contained, the GPL 
Switcher sets up in seconds and may be used with 
your present studio or field equipment. The moni-
tor can view any of 5 camera inputs, plus 2 re-
motes, and an additional "Transmission" button 
switches the master monitor to view the out-
going line. Lucite self-illuminating buttons 
light up when depressed. Twin fading levers 
afford complete flexibility in fades and dis-
solves. An "effects" bus permits effects to be 
previewed on the master monitor before 
switching to the air. 

This newest GPL development matches 
the other compact elements of the GPL 
Image Orthicon Chain, bringing to a 
full complement the industry's leading 
line in quality and design. Investigate 
its advantages for your operation at the 
earliest opportunity. 

Write, Wire or Phone for Details 

with Gpes NEW PACKAGED, 
PORTABLE VIDEO SWITCHER 

. . . . 
41111P  f f f 

0 General Precision Laboratory 
PLEASANTVILLE E) 

*post' 

INCORPORATED 

NE W YORK 

GPL Video Switcher closed 
for transportation. 

TV Camera Chains • TV Film Chains • TV Reid and Studio Equipment • Theatre TV Equipment 
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by outperforming its own specifications... 
Read the specifications of the Type 303 and 
you'll call it a 10-megacycle, quantitative 
instrument: operate the Type 303 and you'll 
realize you've said it short. You'll find per-
formance beyond the exacting limits of its spe-
cifications! 
An exceptionally fine, medium-priced cathode-
ray oscillograph, the Type 303 employs the new 
Type 5Y1). Cathode-ray Tube. High sensitivity 
and an unusually wide range of sweep speeds 
make the Type 303 especially well suited for 
the study of high-frequency phenomena. 
Using the equivalent of five inches of undis-
torted deflection on the Y axis, and six times 
full-screen expansion on the X axis, qualitative 
analyses can be highly detailed with the Type 
303. Time and amplitude calibration add quan-
titative precision to this analysis, making the 
performance of the Type 303 unrivaled in the 
medium-price field. 

Specifications 
CATHODE-RAY TUBE — Type VIP-

Y AXIS: 
Sensitivity — 0.1 pealt•to•peak volt per inch (down 

30°. at 10 cycles per second and 10 me.) 
down 50.. at 15 me. 

Pulse Rise Time — 0.03 microsecond. 
Available Undistorted Deflection — 5" for symetrical 

signals and 2,,'2" for unidirectional signals. 
Signal Delay — Sufficient to allow for sweep•starting 

time. 
X AXIS: 

Sensitivity — 0.35 peak-to-peak volt/in. (flat to d•c 
down 30.. at 500 lie). 

Available Undistorted Deflection — 5" 

SWEEP SPEEDS — up to 6" /psec, obtained by expansion. 

SWEEP DURATION — Continuously variable from 0.1 see. 
to 2 pees. Driven or Recurrent operation. 

VOLTAGE CALIBRATION — Square wave with peak-la. 
Peak amplitudes of 0.1. I. 10. and 100 volts. A m-
racy j 5°.. 

TIME CALIBRATION — Pulsed oscillations corresponding 
to time intervals of 100, 10, I. or 0.1 pine. Accuracy 
better than k 

INTENSITY MODULATION — 15 volts peak will blank 
the beam. 

Du Mont for Oscillography 
INSTRUMENT DIVISION • ALLEN B. DU MONT LABORATORIES, INC.. 1000 MAIN AVENUE, CLIFTON, IC 1. 

PRocEEnt.v(;s ()I. 1111' 1 R 1  N 



TOMET WAVY 

FREQUENCY METERS 
NEW precision coaxial frequency 
meters cover frequencies from 550 
to 3950 megacycles per second with 
stability and accuracy previously 
available only in high frequency 
waveguide units. 

oft. 
• 

am me ••• 

ATTENUATORS 

NEW fixed coaxial pads 
now provide coverage over the 
entire spectrum from 10,000 
megacycles per second right down to 
DC in three ranges. Other designs include 
units rated up to 5 watts of average input power. 

extending the 
coverage of 

Test Equipment 
to new limits 

POWER SUPPLIES 
NEW low voltage range in the Type 
801-A Universal Klystron Power 
Supply permits the use of 300 volt 
oscillator tubes with convenience and 
stability. 

See These Instruments and Others at the 1951 
NATIONAL CONFERENCE on AIRBORNE 

ELECTRONICS—Booth 4-A 

For Full Specifications Write for a Copy of 
the New PRD Catalog to Dept. R•I I Today. 

RESEARCH 

COMPANY, Inc. 
202 TILLARY ST.; 

PROCEEDINGS OF THE I.R.E. 7A May, I'.51 
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Uniformity is 

tevgv 

It isn't hard to make a resistor with specific characteristics. 
The trick is to make resistors by the million, fast and at low cost, 

and still retain uniformity in those characteristics. Specializing 
in resistors, IRC achieves this uniformity through mechanization of 

production, plus continuous inspection and rigid quality control. 
Result:—IRC customers are assured of identical resistance units—within 

prescribed limits—regardless of quantities or time of purchase. 

Uniformity of IRC Advanced BT Resistors—which meet JAN-R-11 specifications— 
is the result of combining IRC's filament-type resistance elements with 

exclusive construction features. Resistance material is permanently cured and bonded 
to special glass. Leads extend into filament for rapid heat dissipation. Molded 

bakelite seals element against moisture and prevents grounding. In standard 
RMA Resistance Ranges, Advanced BT's poggps.s extremely low operating 

temperature and excellent power dissipation at  1 and 2 watts. 
Full details of these compact, light-weight, fully insulated units are 

contained in 12-page technical data Bulletin B-1. Use coupon to send for your free copy. 

_..••••••• Meet and beat JAN-R-11 Spec• 

ifications. 

Low noise level and tempera• 

fur* coefficient. 

1/2, V2, 1 and 2 watts —Avail-

able in ± 5%, ± 10 %, and 

± 20 % tolerance. 

Easily mesh rigorous TV re-

quirements. 
INTERNATIONAL 

RESISTANCE COMPANY 
405 N. Brood Stroor, Philodolphso 8, Po 

In Coned. Intornoti•nal e•slehrsg• Co , Ltd . lotoonto. Lit 



important 

1 

Meticulous engineering and elimina-

tion of hand manufacturing opera-

tions assures maximum uniformity in 

these small Wu" Type Q Controls. 

Resistance element is the best IRC 

has ever manufactured. Increased 

arc of rotation permits same resis-

tance ratios proved successful in 

previous larger IRC controls. Elec-

trical rotation is the same with or 

without new IRC Type "76- switch. 

Catalog data Bulletin A-4 gives 

complete information. 

01111.Miret. Clara 
..... • 11•011•41 .11. W WI 

s •  1,16•111  ••1•1111,   

Unvarying balanced perfotmonce in 

every characteristic makes IRC Power 

Wire  Wound  Resistors ideal for 

exacting, heavy-duty applications. 

Uniformly wound with highest-grade 

alloy wire, and precisely coated 

with special moisture-proof cement, 

these fixed and adjustable resistors 

are unexcelled in essential electrical 

and mechanical characteristics. Lead-

ing industrial, aircraft, broadcast, 

maritime and commercial users have 

specified them for over 14 years 

Catalog data Bulletin C-2 contains 

full details. 

er Resistors • Voltmeter IlArattipliect • Insulot•d 

..oreposshon  Resistors  • Low  Wottog•  Wei 

AtowneIs • Volume Controls • Vohoge Div 

Precoron Wrr• W ounds • Deposited C 

lrmistort • Mho Hi and High Voltage 1.11111% 

A rdWANYL Alt Cutaut Sato-

For pprroommpptt  delivery of uniformly depend-

able standard resistors, in experimental 

or maintenance quantities, simply phone 

your local IRC Distributor. IRC's Industrial 

Service Plan keeps him fully stocked with 

the most wonted types and ranges —per-

mits horn to give you fast, round•the•corner 

deliver y of small-order requirements. Well 

be glad to send you his name and addres. 

Uniformly accurate and dependable, 

IRC Precision Wire Woulids excel in 

every significant characteristic. Lead-

ing instrument makers use them exten-

sively for close tolerance applications. 

Winding forms are non-hygroscopic 

ceramic with high insulation qualities, 

high mechanical strength, low coeffi-

cient of expansion. Special humidity-

proof enamelled-wire windings re-

ceive particular attention to avoid 

strain or breakdown in insulation. 

Standard 1.0 % tolerance. 1/2 , 1/4  

and 1/10% are available. Full details 

in catalog data Bulletin D-1. 

INTERNATIONAL RESISTANCE COMPANY 

4)5 N. BROAD ST , PHILADELPHIA 8, PA 

Ploos• send me co mplete infor mation on the ite ms checked below:— 

D Advanced BT Resistors WI)  Type 0 Control IA-4I 

Power Wire Wounds IC-2) Li Precision Wire Wounds ID-I) 

L , Name and Address of Nearest IRC Distributor 

NAME   

TITLE   

COMPANY 

ADDRESS   

CITY   ZONE  STATE   

•  •0104 , • • re •or  •o, 0.1 • 

••• mo MEMO 



The new Sylvania Germanium Pho 
the tiniest photosensitive device 

ever manufactured, is another exam 

the dividends of Sylvania's broad 
program of basic research. 

Basic research on semiconductors, o 
important phase of this program, ha 
promoted a better understanding of 
mechanism of current flow in semi-
conductor materials. The new 1N77 

Photodiode, for example, is a result 
of studies of the variation in 
resistance of germanium caused by 
radiant energy. 

It will make possible, for the 
first time, very small size auto-
matic multiple counting, inspecting 
and recording systems. 

Other research in this field has 
contributed to the improvement 
of germanium and silicon 
crystal diodes which are now 
widely used in television 
sets, electronic computers 
and military radar equipment. 

todiode, 

ple of 

ne 

the 

SYLVAN IA 
ELECIRIC 

Sylvania research in 
semiconductors leads to 
development of new 
Germanium Photodiode 

The operator above is preparing for the measurement of fun-
damental galvano-magnetic behavior of a germanium crystal. 
The sample is mounted on the small insulating block within 

.4b 

the glass chamber, which may be evacuated. The influence of 
a strong magnetic field upon the current path through the 
semiconductive germanium may be determined by placing 
electrodes at suitable points on the surface of the crystal. The 
to — /95 c 

temperature of the crystal may be varied from -1- 600°C, 

14441 ftexpwt--  

ELECTRONIC DEVICES, RADIO TUBES TELEVISION PICTURE TUBES ELECTRONIC TES! EQUIPMENT FLUORESCENT TUBES FIXTURES SIGN TUBING WIRING DEVICES LIGHT BULBS PHOTOLAMPS TELEVISION SETS 
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... about 
custom designed trimmers 

Pictured above are several custom designed trim-
mers that incorporate the elements of standard Erie 
Disc and Tubular Ceramicon Trimmers. Each has 
been developed for a specific purpose, and each does 
its job efficiently and economically. Proper design 
and precision manufacturing, plus our years of 
experience, are the keynote to Erie quality. 
Look at these units carefully. They should suggest 

the possibility of using Erie Resistor know-how and 
facilities to make your equipment more compact 
and more efficient. 
Erie has the most complete trimmer line in the 

industry. We would like to work with you on com-
bining trimmers, fixed capacitors, and other circuit 
elements into integrated sub-assemblies. Inquiries 
should specify complete mechanical and electrical 
requirements. 

- 

1 6.111 i 'ìi',..5.1 .'"; 401,7 16 ~11143 410.10 .116 tulatr o irna.wi 4tr pp o y.i, A k o.j,,),  , 

,̀0'001%.:14"011'1•MA'N'tall•IPAR#Ifearia-l  lit4111,14kaAaikeMbitbk.41111114 "tds* W,..,04t.:4•;•-::;i11.•.:1.4-0...,. 
..'"wzr ;f NAIRIVIR '4ort% IrttitaNtn 0, 4 
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-441‘14,4§.(f tloki ,W.OrssAtinww • „ 
'qkkiVitkrirrit041100, 00    
'9.01%1C•rt,r,"̀Akirtt4A:$41$/to,*”... • 

."g aifitit UilkitlifOkit‘hrkte. 
44.04onase•oitiv***410;.reohkrtA.--
"Atrefftitttile.$41tifeett!'eixert,4*.-

741 "rf 

wrosavo.r.**Atori,fit..-

ittolte, 

liwittouki7oritioir. 
Irtifftovitountoorti•-.. 
• VIL'‘'•-• • 

PrIleavrwerfsiw.o. 
040/4••%•:, " 

ZfrtrrOf  
abr•10". atsi 
IOW1 *.wit.,;•?-̂ • 

44#4.."1.00  
LtYROAr 

0 Standard Style TD2A Dual Trimmer 
with mounting pillars. 

0 Special ribbon type terminals on stand-
ard Style TS2B Trimmer for direct con-
nection to other components. 

0 Compact Trimmer —Capacitor —Resistor 
—Coil Design.  A complete oscillator 

unit. 

Where special mounting is desired, 
standard Erie Style TS2A and Style 
557 Trimmers can be supplied mounted 
on brackets. 

0 Two trimmer elements become an in-
t:\ tegral part of this coil form and I. F. 

top section. 

0 Special bracket and terminal arrange-
ments on dual trimmer unit. 

0 A compact pluggable assembly for 
mounting a trimmer in parallel with a 
plug-in crystal. 

0 Special tubular ceramic trimmer and 
variable inductance having one com-
mon terminal. 

0 Special steatite tubular dual trimmer. 

0 Standard Erie Style 557 Trimmer with 
special bent rotor terminal. 

ERIE RESISTOR CORP., ERIE, PA. 
LONDON, ENGLAND . . . TORONTO, CANADA 
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.1]Altuo 
DECADE R e a/a / g e e BOXES 

36 STANDARD TYPES 

FROM WHICH TO CHOOSE! 

TYPer-  DIALS OHM STEPS TOTAL RFSISTANCE —OHMS 

542, 1 0.01 0.1 
543 1 0.1 1 
544 I 1 10 

545, I 10 100 

54 4 
1 100 1,000 

547 I 1,000 10,000 

548 I 10,000 100,000 
549 1 100,000 1,000,000 
550 I 1,000,000 10,000,000 

840 2 0.1 II Accuracy 
841 '2 1 110 
842 2 10 1,100 Adjustment of 
843 2 100 11,000 individual 
844 2 1,000 I 10,000 resistors is 
817 

C..)
 
43
 
4.3
 
4)
 
Co.)
 
1.4
 
(..) 

I 

0.01 11.1 as follows: 
818 0.1 111 
820 1 1,110 0.01 ohm 5% 
821 10 11,100 0.1 ohm 1% 
822 100 111,000 
823 1,000 1,110,000 1.0 ohm 0.25% 
824 10,000 1 I, I 00,000 All others 0.1% 
8I7-A 
819 

4 
4 

0.01 
0.1 

111.1 
1,111 Closer 

825 4 1 11,110 tolerances 
826 4 10 111,100 available on 
827 
828 

4 
4 

100 
1,000 

1,1 I 1,000 
11,110,000 

request 

817-8 5 0.01 1,111.1 
8285 5 0.1 1 I, I 11 
829 5 1 111,110 
830 5 10 1,111,100 
831 5 100 11,1 I 1,000 

8 I7-C 6 0.01 11,111.1 
8315 6 0.1 111,1 I 1 
832 6 1 1,111,110 
833 6 10 11,111,100 

Write for Shallcross Engineering Data Bulletin L-17 

SHALLCROSS  MANUFACTURING  CO MPANY 
Collingdale, Pa. 

Precision Resistors  • D-C Bridges  • Low Resistance Test Sets  • High-voltage 

measuring equipment • Galvanometers  • Rotary Selector Switches  • Attenuators 
Capacitor Analyzers • Transmission Test Sets ... and custom-built electronic specialties 

SPECIAL DELAY LINES 
Lumped delay lines "tailored" to specific 
applications have been announced by the 
Shallcross Manuacturing Co., Collingdale, 
Pa. A typical unit consists of eight pie-sec-
tion low-loss filters having a rise time of 
0.04 microseconds and a total delay of 0.3 
microseconds. Maximum pulse voltage is 
± 100 volts and impedance is 500 ohms. 
Cutoff frequency is 8.5 megacycles and the 
maximum operating frequency approxi-
mately 2 megacycles based on a pulse de-
lay error of not more than 2%. The unit 
consists of eight universally-wound coils 
of 3-strand *41 Litz wire and nine low 
T.C. silver mica capacitors. Many other 
types can be supplied. 

NEW SHALLCROSS WHEAT-
STONE-MEGOHM BRIDGE 

The new Shallcross 635-A Wheatstone-
Megohm Bridge is a versatile direct-read-
ing instrument for accurate measurements 
between 10 ohms and 1,000,000 megohms. 
It can be used to measure resistance ele-
ments and insulation resistance and to 
determine volume re*tivity of materials. 
The instrument is basically a Wheatstone 
Bridge used in conjunction with a d-c am-
plifier. Two built-in power supplies operat-
ing on 115 volts, 60-cycles automatically 
provide the correct bridge voltages for the 
high and low ranges. Full information is 
available from the Shallcross Manufactur-
ing Co., Collingdale, Pa. 

METAL-ENCASED RESISTORS 
Flat, metal-tnta,ed,  si)e 205-A wire-
wound power resistors introduced by the 
Shallcross Manufacturing Company, Col-
lingdale, Pa. are space wound, have mica 
insulation, and are encased in aluminum. 
At 175°C. continuous use they are con-
servatively rated for 7Y2 watts in still air 
and 15 watts mounted fiat on a metal 
chassis. Write for Bulletin 122. 
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Many people realize and take advantage of the fact that "the tough ones 

go to UTC." Many of these "tough ones," while requiring laboratory preci-

sion, are actually production in quantity. To take care of such special re-

quirements, the UTC Laboratories have a special section which develops 

and produces production test equipment of laboratory accuracy. The few illus-

trations below indicate some of these tests as applied to a group of units 

used by one of our customers in one production item of equipment: 

The component being checked here is a dual saturable reactor where the test and 

adjusting conditions necessitate uniformity of the complete slope of the saturation 

curve. The precision of this equipment permits measuring five widely separated points 

on the saturation curve with saturating DC controllable to .5% and inductance to .5%. 

Servomechanisms and similar apparatus depend, to o considerable degree, on phase 

angle operation. The transformer adjusted in this operation requires an accuracy 

of .05 degrees phase angle calibration under the resonant condition of application. 

With wide change in voltage and temperature range from —40 to +85 degrees C., 

the phase angle deviation cannot exceed .2 degree. To effect this type of stability, 

specific temperature cycling and aging methods have been developed so that 

permanent stability is effected. 

This test position involves two practical problems in a precision inductor. The unit 

shown is adjusted to an inductance accuracy of .3T., with precise (high) 0 limits. 
It is then oriented in its case, using a test setup which simulates the actual final 

equipment so that minimum inductive coupling will result when installed in the 

final equipment. 

The hermetic sealing of transformers involves considerable precision in manufac-

turing processes and materials. To assure consistent performance, continuous sam-

pling of production is run through fully automatic temperature and humidity cycling 

apparatus. It is this type of continual production check that brings the bulk of 

hermetic sealed transformers to UTC. 

d 
IS O VA RI C K  ST REET  NE W  YO R K  13.  N  Y 

EXPORT DIVISION  Is 1555 4015 STR1ET  NE W YORK II,  N  [MILES    





-hp- 200 Series Audio Oscillators 
Six standard models, —hp— 200A and 20013 
have transformer-coupled output delivering 

1 watt into matched load. —hp— 200C and 

2000 have resistance-coupled output and 
supply constant voltage over wide frequency 

range. —hp— 2020 is similar to 2000, with 
lower frequency range. —hp— 2001 is a 

spread-scale oscillator for interpolation or 

where frequency must be known accurately. 

-hp- 650A Resistance-Tuned Oscillatot 
Highly stable, wide band (10 cps to 10 mc), 
operates  independently of  line or tube 

changes, requires no zero setting. Output 
flat within 1 db. Voltage range 0.00003 to 3 

volts. Output impedance 600 ohms or 6 ohms 

with voltage divider. 

-hp- 2064 Audio Signal Generator 
Provides a source of continuously variable 
audio frequency voltage with less than 0.1 % 

distortion. Very high stability, accuracy 0.2 
db at any level. Specially designed for test-

ing high quality audio circuits, checking FM 

transmitter response and distortion, broad-

cast studio performance or as a low distor-
tion source for bridge measurements, etc. 

Accurate ac test voltages 
1/2 to 10,000,00n cps 

INITIUMINT PtIPLASY U M 
VOUINCT 

OPP41 
OUTPUT M CI 

-hp- 200A 

1" 

Audio tests 35 cps to 35 kc 1 watt 22.5v $120.00 

. -hp- 2008 .Audio tests 20 cps to 20 kc 1 watt 22.50 $120.00 

-hp- 200C Audio and supersonic tests 20 cps to 200 tic 100 mw 10v $150.00 

-hp- 2000 Audio and supersonic tests 7 cps to 70 kc 100 rnw 10r $175.00 

-hp- 20011 Carrier current, telephone tests 60 cps to 600 kc 10 mw I v $350.00 

-hp- 2001 Interpolation and frequency measurement 6 cps to 6 kc 100 tn. 10v $225.00 

•hp- 2018 High quality audio tests 20 cps to 20 kc 3 w '42 5v $250.00 

-hp- 2028 Low frequency measurements 1/2 cps to 50 kc 100',I., 10v $350.00 

-hp- 2020 Low frequency measurements - 2 cps to 70 kc 100 rrnw 10r 5275.00 

.hp• 204A Portable, battery operated 2 cps to 20 kc 2.5 mw 50 $175.00 

-hp- 205A High power audio tests 20 cps to 20 kc 5 watts $390.00 

-hp- 205AG High power tests, gain measurements 20 cps to 20 kc 5 watts $425.00 

-hp- 205AH High power supersonic tests 1 lic to 100 kc 5 watts $550.00 

-hp- 206A High quality high accuracy audio tests 20 cps to 20 kc + 15 dbm $550.00 

-hp- 650A Wide range video tests 10 cps to 10 rnc 15 mw ,'3v $475.00 

411MME MIM MO M111111,  

Whatever ac test voltage you need—whatever frequency or magni-
tude you require—there is an -hp- oscillator or generator to provide 
the exact signal desired. 

-hp- oscillators offer complete coverage, 1/2 cps to 10,000,000 cps. 
They are dependable, fast in operation, easy to use. They bring you 
the traditional -hp- characteristics of high stability, constant output, 
wide frequency range, low distortion, no zero set during operation. 

-hp- oscillators and audio signal generators are used by manufactur-
ers, broadcasters, sound recorders, research laboratories and scien-
tific facilities throughout the world. For complete details on any 
-hp- instrument, see your -hp- sales representative or write direct. 

HE WLETT-PACKARD CO MPANY 
2 2 50D Page Mill Road  Palo Alto, California, U.S.A. 

Sales representatives in principal areas. 

Export  Frozen /3 Hansen,  Ltd.,  San  Francisco,  New York,  Los Angeles 

HEWLETT-PACKARD INSTRUMENTS 
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Disc Cathode Speeds Assembly- — 
Improves Performance 

• Electronics manufacturers find it 
pays to be a customer of Superior. 
They receive good service, quality 
products and the benefits of 
Superior's methods and metals 
research that constantly improves 
upon already good products. 
An example is the new, improved 
Disc Cathode. Investigation proved 
that a slight flaring of the open end 
minimized the danger of heater 
cathode "shorts" caused by scrap-
ing of the heater wire coating dur-
ing insertion, while speeding the 
operation. 
This feature added to an already 

excellent cathode, resulted in a 

part that does a better job at a 
lower cost. 
The Disc Cathode is only one of 
the hundreds of products which 
Superior supplies.. . but the same 
program of product improvement 
is applied to all of them. That's why 
most manufacturers in the elec-
tronics field are already friends and 
customers. If you are one of the 
exceptions, it will pay you to find 
out more about Superior and 
Superior products. For information, 
consultation  about  production 
problems, design help or research 
assistance, write today to Superior 
Tube Company, 2506 Germantown 
Ave., Norristown, Pennsylvania. 

Expanded Facilities ... more space, equip-
incilt and trained co-workers help to meet 
growing demand. 

Inspection and Gaging . . equipment for 
check ing  ilitnelvsions of Disc Cathodes. 

52,600 Seamless Nickel Cathodes, compared 
under a lens with an ordinary pin. 

Which Is The Better For 

SEAMLESS  ? The finest tubes 
that can be made. Standard produc-
tion is .010" to .121" O.D. inclusive, 
with wall thicknesses of .0015" to 
.005". Cathodes with larger diameters 
and heavier walls will be produced to 
customer specification. 

Your Application... 

Or LOCKSEAM*  ? Produced di-
rectly from thin nickel alloy strip stock, 
.040"to .100" O.D. in standard length 
range of 11.5 mm to 42 mm. Round, 
rectangular or oval, cut to specified 
lengths, beaded or plain. 

All analyses .010" to $11" 0.0. 

Certain analyses (.035 max. wall) Up to IN" 0.D. 

*Mfd. under U.S. Pats —Superior Tube Company • Electronic Products for export through Driver-Horris Company, Harrison, New Jersey • Harrison 6-4800 

PROCEEDINGS OF THE I.R.E.  May, 1951 
16A 



$15,000 
A QUART 

CM-15 MINIATURE CAPACITOR 

Actual Size 9/32" x 1/2" x 3/16" 

For Television, Radio and other Electronic 
Applications. 

2 mmf..420 mmf. cap. at 500v DCw. 

2 mmf.-525 mmf. cap. at 300v DCw. 

Temp. Co-efficient  50 parts per million 
per degree C for most 
capacity values. 

6-dot color coded. 

M OL DE D MICA 

...•••"• 

That's what it cost a prominent watchmaker 

to develop a type of oil suitable for its precision 

requirements. (Each worker is given a drop a day 

with which to oil 500 new watches.) 

That quantity is no indication of quality 
is amply demonstrated by the CM-15 El 
Menco Capacitor. Tiny as it is, it will give 
sustained superior performance under the 
most adverse conditions. 

Before it leaves the factory it is tested 
at double its working voltage to insure this 
unfailing performance. 

THE ELECTRO MOTIVE MFG. CO., Inc. 
Willimantic,  Connecticut 

MANUFACTURERS ARE INVITED 
TO SEND FOR SA MPLES 

encOMICA TRI M ME R 

CAPACIT O RS 
FOREIGN RADIO AND ELECTRONIC MANUFACTURERS COMMUNICATE DIRECT WITH OUR EXPORT DEPT. AT WILLIMANTIC, CONN. FOR INFORMATION. 

ARCO ELECTRONICS, INC. 103 Lafayette St, New York, N. Y. —Sole Agent for Jobbers and Distributors in U.S. and Conodo 
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Putting the HUSH 
on radio background noises... 

, 
/:;"  (11 

, 
,4' 

.._  

• That "radio quiet," so vital to satisfactory commu-
nications, radar and allied radio-electronic functions 
on land and sea and in the air, is now simplified with 
AEROVOX INTERFERENCE FILTERS. These latest filter 
units provide maximum attenuation from 150 KC well 
up into the UHF range. And they are extra-rugged, extra-
compact, extra-efficient, by any comparison with 
previous filters. 

Primary applications are in r.f. noise suppression work 
in military or commercial aircraft and for vehicular low-
voltage d.c. applications. Also, for special applications 
such as battery or low-voltage d.c. filters, for shield 
room applications, and for critical equipment. 

Available in seven standard types meeting a wide 
variety of applications. For extraordinary requirements, 
special filters can be developed and built to your order. 

• Write on your letterhead for latest literature. Consult 
AEROVOX on your noise-suppression problems, as well as 
capacitor requirements in general. 

' 
J r.r. 

HE 0 M 

Remarkably small sizes and minimized weights. 

Cases and terminals based on time-and-service-proven AEROVOX 
hermetically-sealed containers and terminals. 

Cases of non-magnetic material suitably protected to withstand mili-
tary service requirements for humidity, immersion, vibration. etc. 
Advanced pi type construction for highest efficiency. 

Capacitor sections utilize AEROLITE' metallized-paper dielectric, 
assuring maximum reliability and life including "fault isolation" char-
acteristics for protection against extreme surge voltages above rated 
voltages. 

Filter chokes of newest design, embodying high impedance to r.f. cur-
rents and low d.c. resistance, assuring low voltage drop and minimum 
heating. 

'trade-mark 

AEROVOX INTERFERENCE FILTERS 

Aerovox Type Amps. VDC Size (I. x w. x h.) 
IN 148 2.0 150 1'.4" x 1" x 'a" 
IN 150 3.0 150 lu " x 1" Jr 1" 
IN 151 5.0 150 1'316" x 1'4" x 1" 
IN 152 10.0 150 2'16" x 1'.." x 1" 
IN 153 25.0 150 2" x 2" x  
IN 156 40.0 150 5l is" x 11312" x 11'fri" 
IN 154 100.0 150 31ra" x 2's" x Vs" 

OF  CA P A C T OR CR A F T S M A N S HI P 

AEROVOX CORPORATION, NE W BEDFORD, MASS., U. S. A. 
Export: 41 East 42nd Strata, Now York 17, N. Y. • Cable: AEROCAP, N. Y. • In Canada: AEROVOX CANADA LTD., Hamilton, Ont. 

SAL E S OF FI C E S IN  ALL  PRI N CI P AL  CI TI E S 
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DEPENDABLE 

The last word . . . . You've said the last word when you say it's 

made by Kollsman—you've said the last word about a miniature motor. 

Engineers who specify aircraft instrument and control 

systems have looked to Kollsman for more than twenty years for the 

last word in accuracy, in surety of performance, in dependability. 

prerkinn and dependabiNy 

i""ThKOLLSMAN 
INS TIt tlI E N T CO R P O R A TI O N 

I no Ins r•A  1̀%% Vork  •  Glendale, Cal i fora ia 
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our product with - 

MYCALEX is a highly developed glass-bonded 

mica insulation backed by a quarter-century of 

continued research and successful performance. 

Both pioneer and leader in low-loss, high fre-

quency insulation, MYCALEX offers designers 

and manufacturers an economical means of attain-

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

• PRECISION MOLDS TO 
EXTREMELY CLOSE TOLERANCE 

• READILY MACHINEABLE 
TO CLOSE TOLERANCE 

• CAN BE TAPPED THREADED, 
GROUND, SLOTTED 

• ELECTRODES, METAL INSERTS 
CAN BE MOLDED-IN 

• ADAPTABLE TO PRACTICALLY 
ANY SIZE OR SlIAPE 

MYCALEX is available in many grades 
to exactly meet specific requirements 

CHARACTERISTICS OF 
MYCALEX GRADE 410 

Meets all the requirements for Grade 
L-4A, and is fully approved as Grade L-4B 
under Joint Army-Navy Specification 
JAN-1-10 

Power factor, 1 megacycle 
Dielectric constant, 1 megacycle 
Loss factor, 1 megacycle 
Dielectric strength, volts/mil 
Volume resistivity, ohm-cm 
Arc resistance, seconds 
Impact strength, 'cad, 
ft.-lb/in, of notch 

Maximum safe operating 
temperature, °C 

Maximum safe operating 
temperature, °F 

Water absorption % in 24 hours 
Coefficient of linear expansion, °C 
Tensile strength, psi 

0.0015 
9.2 
0.014 
400 
1 x 101s 
250 

0.7 

350 

650 
nil 
II x 10.6 
6000 

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

TRADE MARK REG US PAT OF 

20A 

ing new efficiencies, improved perform-

ance. The unique combination of characteristics 

that have made MYCALEX the choice of leading 

electronic manufacturers are typified in the table 

for MYCALEX grade 410 shown below. Complete 

data on all grades will be sent promptly on request. 

TRANSFORMER WITH MYCALEX•MEFAL 
ASSEMBLIES TO GIVE TIGHT SEAL MYCALEX COIL HOLDER AND BASE 

TERMINAL BASE ASSEMBLY 
FOR FIRE DETECTION EQUIPMENT 

MULTI-POSITION LEVER 
SWITCH WITH MYCALEX SPACERS 

r41,1 111 

CONDENSER WITH MYCALEX 
LOW-LOSS END PLATES 

TUBE SOCKET OF MOLDED 
MYCALEX FOR HIGH FREQ. USE 

CORPORATION OF AMERICA 
Owners of 'MYCALEX' Patents and Trade•Marks 

Executive Offices: 30 Rockefeller Plaza, New York 20 • Plant and Ganeral °UMW Clifton, New Jersey 
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and in producing  new navigation and safety devices 
O OK TO 

MODERN  ELECTRONICS L  1-1-Q 
1 . 

capac itors • Tr imm ers • Choke Coils • Wire Wound Resistors 

In the air, where space and weight are at a premium, the 
value of the minute compactness of Hi-C1 Components is 
vividly dramatized. Of equal importance is their never fail-

ing dependability under any and all conditions. For let a 

single small unit fail, and life itself may hang in the balance. 
The same high engineering standards and unvarying qual-

ity which have made HI-Q a leader with producers of air-
craft equipment, have found equal favor with other 

electronic manufacturers. Individual tests of every single 
component at each stage of production, and as a part of final 

inspection, insure the precise adherence to specifications, 
ratings and tolerances. That is one reason why 141,41 is now 

serving virtually every leading producer of television, com-
munications and other electronic equipment. Another is the 
ready availability of Hi-Q engineers to cooperate in the de-
velopment of new components to meet specialized needs. 

JOBBERS —ADDRESS: 740 Belleville Ave., New Bedford, Mass. 

• Trude Mud. Registered, U.S. Patent Opt, 

E eeeftrizai Reazaftee 
OLEAN, N. Y. 

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

Detroit, Chicago, Los Angeles  Jessup, Pa., Myrtle Beach, S. C. 

H ay CC 

Hi-O TE MPERATURE 
CO MPENSATING CAPACITORS 

These high voltage tubular capacitors 
are available in capacities from 25 mmf. 
to 250 mmf. Units with working voltage 
of 3000 V. D. C., are 1.840" long with 
.375' diameter. Those between 500 
V. D. C. and 3000 V. D. C. are slightly 
smaller. All are Durez coated and made 
of temperature compensating materials. 

BETTER 4 W AYS 

P .'.  PRECISION 

UNIFORMITY 

DEPENDABILITY 

V . MINIATURIZATION 

eePo. 
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Improve your produc 
througll SOUP1Di eareh 

1 /1'1  iJ. 
k# 

NOISE ANALYSIS • PROCESS CONTROL 

VIBRATION TESTS  • TELE METERING 

Used by more engineers 
than all other professional 
tape recorders combined 

360 NORTH MICHIGAN AVENUE 

CHICAGO I, ILLINOIS 

Write for NE W CATALOG 
Magnecord, Inc., Dept. P-5 

360 N. Michigan Aro., Chicago I, III. 

Sand mo furthor Information on Magnocord 
tope recordings for industrial ''Sound • Rissearch  

Nome   

Company   

Adams.   

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

Transformer Cans 
Tooling on all standard sizes of M IL-T-

27 transformer cans has been completed 
and most sizes are already in stock, accord-
ing to an announcement by Heldor Metal 
Products Corp., 85 Academy St., Belle-
ville, N. J. 

These cans, produced in 1 leldor's new 
and enlarged plant, can be supplied with 
or without brackets, weld studs, blind 
inserts, compression-type hermetic seal 
bushings, and stamped ratings. Price lists 
and complete data can be secured from the 
Company. 

Subminiature Paper 
Capacitors 

New ways of mounting subminiature 
metal-encased paper capacitors, as well as 
a complete line of subminiature 125° C 
capacitors, have been announced by the 
Sprague Electric Co., 'Corth Adams, Mass. 

Available as standard are hermetically 
sealed tiny threaded-neck, side-stud and 
end-stud capacitors, as well as vertical and 
horizontal bracket mounting units. These 
new mounting arrangements are intended 
to help equipment designers overcome 
vibration and shock problems encountered 
when mounting capacitors by wire leads in 
military gear. 
These capacitors use Vitamin Q, 

Sprague's organic polymer capacitor im-
pregnant. These subminiature units are 
available in voltage ratings from 100 to 
1,000 volts dc in both inserted tab and 
extended foil constructions. 
Complete details are available in 

Bulletin 2I3A, upon letterhead request 
only. 

(Continued on page 47A) 
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This FULL RANGE of picture tones seen only on Sheldon "Telegenic" Picture Tubes, 
makes possible MAXIMUM CONTRAST with CLARITY ... with NO EYE STRAIN and 
NO GLARE ... whether on a Velour Black or clear face screen ... whether viewed in day-
light or under artificial light. 

Superior picture quality is the reason why Sheldon Picture Tube production has been 
stepped up to 5,000 daily! This production increase is made possible by another recent instal-
lation of the most modern in-line exhaust unit in the industry. 

SHELDON ELECTRIC CO. 
A Division of ALLIED ELECTRIC PRODUCTS INC. 

68-98 Colt Street, Irvington 11, N. J. 

Branch Offices t Warehouses: 
CHICAGO 7, ILL., 426 S. Clinton St. • LOS ANGELES 26, CAL., 1755 Glendale Blvd 

ShRskien 
NATURAL IMAGE 

SOFT GLOW 

Pi allAJI 

Manufaciurers of 
SHELDON TELEVISION PICTURE TUBES 
CATHODE RAY MIES • FLUORESCENT 
TAMP STARTERS AND LAM/HOLDERS 
SHELDON  REFLECTOR  & INF USED 
TAMPS • PHOTOFLOOD & PHOTOSPOT 
LAMPS • TAPMASTER EXTENSION (OED 
SETS & (USE TAPS • SPRING.ACTION 
PLUGS • RECTIFIER SKIS 

W RITE FOR VISUAL PROOF 

OF SHELDON'S SUPERIOR PICTURE QUALITY! 

MAIL COUPON TODAY 
r. 
Sheldon Electric Co., 68 Coit St., Irvington I i, N. J. B 

Send 0 Proof of Picture Quality 
[I) "Characteristics and Dimensions" Wall Chart 

D"Television Mis-Information" 
D "Ion Burns—How to Prevent Them" Brochure 
(They're free— buf PLEASE PRINT) 

1 Name  Title   
Company   

Street   

City  Zone State — 

I.1 

VISIT BOOTH NO. 201, PARTS DISTRIBUTOR SHOW, STEVENS HOTEL, CHICAGO, MAY 21-23. 
L CO CI ACTRIC PRODUCTS INC 
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use KENYON TRANSFORMERS for 

Leading the Quality Field Jr more than 25 Years 

Kcnvon 
TRANSFORMERS 
for all ARMY— NAVY specifications 

RADAR  • BROADCAST  • SPECIAL MACHINERY 

JAN APPLICATIONS • ATOMIC ENERGY 

EQUIPMENT • AUTOMATIC CONTROLS 

EXPERIMENTAL  WORK 

Write for details 

• built for durability 

• engineered for 

trouble-free operation 

• designed for standard 
and special applications 

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

24A PROCEEDINGS OF THE I.R.E.  May, 



It a factillat 

411 

_ 

I/ Some of the very low expansion 

AlSiMag Ceramics have excellent 
heat shock qualities and can be 

heated red hot and suddenly cooled 

without damage. 

AlSiMag Ceramics ore ideal 

elastic bodies. They do not show any 
plastic deformation and retain their 
original shape after release from 

strain. 

poc AlSiMag Ceramic plates can be 
ground to a flatness of 1 or 2 light 

bands, and retain this flatness ever 
if subjected to severe temperature 

changes. What could be better as a 

reference subject? 

AlSiMag Ceramics con be made 

with varying thermal expansions tc 

match those of many other materials 
You can match the expansion o' 

AlSiMag Ceramics with many glasse-

and metals and obtain a fit whirl, 
will be retained indefinitely. 

Irs•J4  fol•as  01 ,.  11,• • • 

• Submit your difficult material requirements to American Lava 

Corporation and you will obtain free consultation for the best ma-

terial for your application and helpful recommendations for solving 

your designing problems. 

• It is this service which has given American Lava Corporation the 

reputation as THE consulting firm among ceramic manufacturers. 

AMERICAN  LAVA  CORPORATION 
5 0 T H  Y E A R  O F  C E R A M I C  L E A D E R S H I P 

C H A T T A N O O G A  5,  TE N N E S S E E 

P H IOFFICES.AD  E LI, EHTIRAO! OIL 61 T4 A9 N NAoRrth EA: 67 1 Broad  Brood St.,  S I . , sh41  nN , 41.: ,2 8Mitchell 2L -013 Is 5 9 *NGCCEHHLIICCE AG O. 32228 sNocior,thh LHoSi les S, t., Central 6-1721 
Mutual  9076 

NE W  ENGLAND,  38.11  Braille  St.,  Cambridge,  Mass.,  Kirkland  7.4498  •  ST.  LOUIS,  1123  Washington  A••.,  Garfield  4959 



MALLORY 
VITREOUS ENAMEL 

RESISTORS 

\lallory makes a complete line of com-
mercial Vitreous Enamel Resistors to 
serve industrial electronic and electrical 
fields ... as voltage dividers and drop-
ping, load and shunt resistors. They are 
available in eight sizes of the fixed type, 
ranging from 5 to 200 watts ... and in 
seven sizes of the adjustable type, rang-
ing from 10 to 200 watts. Special high 
temperature coatings, developed by 
Mallory, provide a better insulation 
against moisture and help prevent fail-
ures due to electrolysis. Write for your 
copy of the Mallory Engineering Data 
Sheet on Vitreous Enamel Resistors. 

Television Tuners, 

Mallory 
Vitreous Enamel Resistor 
Eliminates Expensive Component 

... Saves Assembly Time 

The combination of Mallory precision products with ingenuity 
of application often leads to surprising and substantial sav-
ings for customers. 

Typical is the suggestion. made by Mallory to the Meier 
Electric & Machine Company of Indianapolis, manufacturer 
of electric fans, that a complex and expensive speed control 
unit could be replaced by a Mallory resistor and a two-speed 
snap switch. A saving of better than 50% was realized in 
the purchase of parts ... and production assembly time 
was materially reduced. 

That's service beyond the sale! 

That same helpful service is at your command. What 
Mallory electrical and electronic know-how has done for 
others can be done for you! 

Special Switches, Controls and Resistors 

MALLORY 
P. R. MALLORY & CO.. Inc.  

P.  R.  M ALL ORY &  CO., Inc., INDI A N AP OLIS  6, INDI A N A 

SERVING INDUSTRY WITH 

Capacitors  Contacts 
Controls  Resistors 
Rectifiers  Vibrators 
Special  Power 
Switches  Supplies 

Resistance Welding Materials 
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4-1000A Typical Operation 

Pulse Modulator, peak pulse values 
:cept as noted —Per Tube 

D-C Plate Voltage - 

D-C Screen Voltage 

D-C Grid Voltage - 

Pulse Plate Current 

Pulse Screen Current  - 

Pulse Grid Current  - 

Pulse Positive Grid Voltage - 

Load Resistance  - 

Duty  - 

Pulse Power Input - 

Average Plate Dissipation 

Pulse Power Output 

Pulse Output Voltage 

20,000 Volts 

1500 Volts 

—600 Volts 

12 Amperes 

3 Amperes 

0.5 Amperes 

350 Volts 

1500 Ohms 

.01 

240 Kilowatts 

240 Watts 

216 Kilowatts 

18,000 Volts 

use proved 

Power tetrode type 4-1000A is but one of 
many Eimac tubes that make exceptionally 
fine pulse modulators, amplifiers, or 
oscillators. The 4-1000A, for example, will 
handle 20 kv. and 12 amps. as a pulse 
modulator. 

Since the very advent of pulse techniques, Eimac 
tubes have been, and still are, consistently chosen 
over other vacuum tubes not only because of out-
standing performance but also because they can be 
depended upon for exceptionally long trouble-free 
service. 
This leadership is a result of these time-proven Eimac 
policies: 
• Rugged electrodes and electrode supports 
• Elimination of troublesome internal insulating 
materials 

• Thorough outgassing of all internal parts 
• Oversize electron emitters for reserve emission 
• Elimination of volatile getters 
• Long, thorough pumping schedules for highest 
possible vacuum 

Put our pulse experience and know-how (over 14 
years of it) to work for you. Engineering advice pert-
inent to your specific problem or a generalized data 
sheet on how to employ Eimac tubes in pulse service 
is available ... write today. 

EITEL- McCULLOUGH, 
San  Bruno,  California 
I.  Avn1;: Frazar & Hansen, 301 CH, 'Lt., San Francisco, California 

Follow th• L•oders to 
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say SPEER 
before you say RESISTORS 

...for consistent long-life 

Complete your circuits 

with R. F. coils.. chokes 
...tubular and disc capa-

citors...high voltage con-

densers...capristors by 

JEFFERS ELECTRONICS, INC. 
DU BOIS, PA. 

Another Speer Carbon Co Subsidiary 

ST. MARYS. PENNSYLVANIA 
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NO.1020 MEGOHBAmETER 
2.000.000 mEGOHTAS 
DIRECT READING 

NO IWO LOW 
FREQUENCY ' 0-
INDICATOR 

NO 1210 NULL 
DETECTOR & VACUUM 
TUBE VOLTMETER 

NO. 11.0A INCREMENTAL 
INDUCTANCE BRIDGE 
A NECESSITY TOR 
EVERY LAB. 

NO. 1060 VACUUM 
TUBE VOLTMETER 
INPUT IMPEDANCE 
SO MEGOHMS 

TRANSFORMERS & INSTRUMENTS 

I UNIT 
DECADE INDUCTOR 

3 UNIT  • 
DECADE INDUCTOR 

DECADE INDUCTORS BY FREED 
A complete line of precision high stability decade inductors 
covers the range from one tenth of millihenry to hundred henries 
and frequencies from 30 cycles to 300,000 cycles. 
The inductors can be used either as secondary laboratory stand-
ards or as high Q components in wave filters, equalizers and 
tuned circuits for audio and radio frequencies. Individual inductors 
are wound  on temperature  stabilized molybdenum permalloy 
toroidal core. Four coils (nominal values 1. 2. 3, 4) are combined 
in an individual decade. A special low loss ceramic switch com-
bined the coils in such a way as to give the eleven successive 

values from 0 to 10. 
Special silver alloy contacts insures very low contact resistance. 

OUTSTANDING FEATURES 

Very high 0 at frequencies up to 300,000 cycles. 
High natural frequency. 

Astatic to external magnetic fields. 

Very low temperature coefficient. 
Electrostatic and magnetic shielding. 

FREQUENCY RANGE 30 TO 2000 CYCLES 
Q  50 @ 200 CYCLES 

•#1164 DECADE  INDUCTOR  111  Hy total in steps of .1 Hy 

FREQUENCY RANGE 100-2000 CYCLES 
Q  80 @ 500 CYCLES 

#1341  DECADE INDUCTOR  100  Hy total in steps of 10 Hy 

FREQUENCY RANGE 500-20,000 CYCLES 
Q  60 @ 1000 CYCLES 

#1160 DECADE  INDUCTOR 11.1  Hy total in steps of .01  Hy 

#1163 DECADE  INDUCTOR  1.11 Hy total in steps of .001  Hy 
#1260 DECADE INDUCTOR 11.11 Hy total in steps of .001  Hy 

FREQUENCY RANGE 500-20,000 CYCLES 
Q  160 @ 1000 CYCLES 

#1220 DECADE  INDUCTOR  .01  Hy total in steps of .001  Hy 

#1230 DECADE  INDUCTOR  .1  Hy total in steps of .01  Hy 

#1240 DECADE  INDUCTOR  1  Hy total in steps of .1 Hy 

#1270 DECADE  INDUCTOR 10  Hy total in steps of 1 Hy 
#1280 DECADE  INDUCTOR  1.11 Hy total in steps of .001  Hy 

#1290 DECADE  INDUCTOR 11.11  Hy total in steps of .001  Hy 
#1310 DECADE INDUCTOR 11.1  Hy total in steps of .01  Hy 

FREQUENCY RANGE 2000-50,000 CYCLES 
9= 200 @ 10,000 CYCLES 

#1161  DECADE INDUCTOR  1.11 Hy total in steps of .001  Hy 

FREQUENCY RANGE 10.000-300.000 CYCLES 
Q = 200 @ 100,000 CYCLES 

#1162 DECADE INDUCTOR  .111  Hy total in steps of .1 mhy 
• 1164 DECADE INDUCTOR is wound on a special nickel alloy core. 

HIGH FIDELITY 
TRANSFORMERS 

Vi DR 20 CPS TO 30 KC 

FREEDSEAL TREATMENT 
ANE.19 SPECS. 

MINIATURE INDUCTORS 
1000 CPS TO 100 KC 

SUB MINIATURE 
HERMETICALLY SEALED 
COMMUNICATION 
COMPONENTS 

HERMETICALLY 
SEALED COMPONENTS 
TO MEET MIL T 27 SPECS. 

SEND FOR LATEST CATALOG! IFREED TRANSFORMER CO., INC 
DEPT. MP 1718-3G WEIRFIELD ST., (RIDGEWOOD) BROOKLYN 27, NEW YORK 
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IFENGINE AND AIRPLANE CORPORATION 

GUIDED MISSILES that become 

more accurate as they 

close the range on attacking 

enemy aircraft are being 

developed by the Fairchild 

Guided Missiles Division. 

Missile experience dating back 

into World War II has enabled 

Fairchild engineers to design a 

guidance system which "homes" 

on radar echoes reflected from 

attacking planes and cuts down 

the margin of error the closer 

the "bird" gets to its target. 

Already flight-proved in 

Fairchild-built test missiles this 

guidance system is being refined 

and developed further to meet 

the requirements of our Armed 

Services. One of the most 

advanced guidance systems yet 

devised, it is another example of 

Fairchild's engineering ability, 

combining the practical and 

theoretical to meet the stringent 

technical demands of modern 

military science. 

Nv. 

AIRCHILD 

FARmINGDALE, N Y. 

Fairchild Aircraft Division, Hagerstown, Md. 
Fairchild Engine and Stratos Divisions, Farmingdale, N.Y. 
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Rimc9 Ii D-C CAPACITORS 

for ambient temperatures 

from 55 °C 
to +125°C 

General Electric Permafil capacitors are designed for use at 

extremes in temperature—in high ambients—or in high altitudes 

where extreme cold is encountered. They are suitable for all 

blocking, by-pass and filtering applications. 

These capacitors, while using paper dielectric, are treated 

with a plastic compound that retains its electrical stability at 

both high and low operating temperatures. Units are available 

in case styles CP-53, 61, 63, 65 and 70, as covered by specifi-

cations JAN-C-25 - in ratings of .05 to 2.0 muf, 400 volts DC. 

Containers are metallic and are sealed with G-E long-life all-

silicone bushings. 

For full information on Permafil capacitors see your local G-E 

representative. Or write Apparatus Department, General Electric 

Company, Schenectady 5, New York. 

GENERAL 

Where space or weight are 
especially important 

Permafil capacitors will average 

about 1/10 the size and weight of 

liquid-filled capacitors when designed 

to operate at 125° C. 

Where short-life characteristics are 

permissible additional savings in 

size and weight are possible. If you 

have a short-life capacitor application 

in mind, G-E engineers would like to 

discuss it with you. 

ELECTRIS 
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Preface to a Better Product... 

an industry service without parallel 

RCA Application Engineering is a special-
ized service designed to assist electronic 
equipment manufacturers in product 
development. This service is at the dis-
posal of all RCA tube and component 
customers. 

RCA Application Engineering offers you 
the collective experience of specialists 
in electronics who are qualified to help 
you with your design, specification, and 
production problems. These field engi-
neers devote their time exclusively to a 
personal and confidential appraisal of 
customer's specific tube and component 
requirements . .. and a translation of 

these requirements into better products. 
In addition, three RCA Application 
Engineering Laboratories—conveniently 
located at Harrison, Lancaster, and 
Chicago ... are available for circuit re-
search, product investigation, perform-
ance tests, specification checks, and 
statistical quality analysis. 

The vast and impressive experience 
of this Application Engineering group 
accounts in part for RCA's engineering 
leadership in the development of better 

tubes and components in advance of 
the market. 

To put RCA Application Engineering to 
work for you. Phone the nearest RCA 
office* .. . or write RCA, Commercial 
Engineering, Section 47ER, Harrison, 
New Jersey. 

*(East) Harrison 6-8000, 415 S. 5th St., 
Harrison, N.J. (Midwest) Whitehall 4-2900, 
589 E. Illinois St., Chicago, Ill. (West) 
Trinity 5641, 420 S. San Pedro St., Los 
Angeles, California. 

The Fountainhead of Modern Tube Development is RCA 

RADIO CORPORATION of A MERICA 
ELECTRON TUBES A ND CO MPONENTS  HA RRISON, N. J. 
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William H. Doherty was born in Cambridge, Mass., on 
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neering in 1928, both from Harvard University. His studies 
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The following guest editorial, from an engineering official of the Radio-Television Manufac-
turers Association, analytically and persuasively presents a viewpoint concerning "preferred num-
bers" at variance with that expressed in an earlier analysis of the subject on this guest-editorial 
page. 
Each of these treatments is based on both a broad philosophy and a specific set of situations. 

The subject of "preferred numbers" is of major importance to engineers. For these reasons, these 
analyses are in the nature of "required reading" for design and production engineers.—The Editor. 

Anodic!' Viewpoint on Preferred Numbers 
VIRGIL M. GRAHAM 

There seems to be some difference in opinion with regard 
to the matter of "preferred numbers," or series of preferred 
values for sizes, dimensions, weights, ratings, and so forth. 
One viewpoint was recently expressed in these pages,' and it is 
fitting that another one, differing from the first, should also be 
presented. Those who set up the system referred to in the 
previous article, feel that it is the only one which deserves to 
be termed "preferred numbers"; there are others, however, 
who take a broader view of the whole matter, and who do not 
regard any one series or system as sacrosanct. They view num-
ber series of a certain type as tools, with the appropriate tool 
being used for the work at hand, and they consider that the 
term "preferred numbers" applies to all series in which the 
increment from one number to another is a given percentage 
of the first. 
It is unfortunate that there was no indication in the previ-

ous discourse as to the nature of the series chosen by the older 
ASA Standard, Z17.1-1936, R1946, as compared with the one 
used in the new ASA Standard on Preferred Values for Elec-
tronic Components, C16.15-1949, which also has wide inter-
national acceptance. It is known to many that the older sys-
tem is based on a multiplier that is '4)/10 (probably because 
we are decimal-minded from having ten fingers), whereas the 
newer system is based on 14/10, a multiplier giving a series 
which meets definite requirements. As was previously indi-
cated, this Utter figure was originally established for a specific 
product, namely, fixed composition resistors. Probably the 
most attractive feature of the twelfth-root series was that it 
fitted the generally accepted tolerance system of ± 10 per cent, 
as well as the widely used color-coding system. (The com-
panion sixth-root series and the twenty-fourth-root series 
accommodated the ± 20 per cent and ± 5 per cent tolerances.) 
The tenth-root series, as well as the fifth- and twentieth-root 
series, were seriously considered, but rejected as unsuitable. 
The twelfth-root series attained immediate acceptance by both 
the manufacturers and the users of these resistors. Subse-
quently its obvious usefulness for other electronic components 
led to its adoption on its own merits, and not because it was 
an "official RTN1A list." That stage followed at a later date, 
when the system had already proved its usefulness in the 
component field. At that time it had become sufficiently clear 

that there was more to the system than just the meeting of an 
immediate single need. Apparently then, the introduction an:I 
use of the twelfth-root series indicated an appreciation of the 
usefulness of the preferred number concept far greater than 
that of the original. While there are those who deplore this 
"private" series because it differs from the work of one com-
mittee, there are others who would not shudder at the thought* 
of additional series, if those presently used should prove in-
adequate. There would seem to be more danger from the first 
type of reasoning than from the latter. Imagine a national 
standardization committee "standardizing" a single system of 
machine screw threads for all purposes, including threads for 
pipes where we know that a great many very different require-
ments exist! Fantastic, yes, but uncomfortably close to the 
actual attitude of some toward the preferred number matter. 
The concept of preferred numbers did not come into being 

a few years ago with the work of one committee which may or 
may not have been representative. On the contrary, it is gen-
erally known that this concept is a very old one. We are told 
that the Romans used such a series for water ducts, and that a 
Frenchman used one for balloon cables many years ago. More-
over, the American wire gauge is based on preferred numbers, 
and the tempered scale in music follows a twelfth-root series. 
The understanding of the importance and value of the pre-

ferred number concept has been tremendously increased, along 
with the expanded use of preferred numbers, by the introduc-
tion of the twelfth-root series. The country and its industry 
undoubtedly derive a greater benefit from such an increase 
than they would from the attempted use of an unsuitable sys-
tem which persists merely because it was standardized as an 
"ideal." 
It would be interesting to know and to compare the total 

number of units of all sorts manufactured under both of the 
standard systems. This might indicate whether or not it was 
really only a "limited amount of benefit or temporary ad-
vantage" that was derived from the introduction of the 
twelfth-root series. 
As long as standards are used as active tools, then stand-

ardization is of inestimable value to industry. However, if we 
allow standards to become fetishes, then standardization will 
be harmful and will wither. 

Arthur Van Dyck. 'Preferred Numbers. PROC. I.R.E.. vol. 39, p. 115; February. 1951. 
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Quality of Color Reproduction* 
DAVID L. MAcADAMt 

Summary—The evaluation of quality of color reproduction poses 
many complex problems. Optimum reproduction needs to be iden-
tified. Since it depends upon the limitations of the reproduction 
process, as well as upon human vision and judgment, optimum repro-
duction will probably have to be determined for each process sep-
arately. The program is to vary the production controls in systematic 
manners, measure the resulting color reproduction in the best way 
known (e.g., the I.C.I. method at the present time), submit the repro-
ductions to visual judgment, and study the judgment data in compari-
son with the measurements in order to find significant correlations. 
The growing experience of such studies of color photography is sug-
gested as a guide. Preliminary estimates of optimum reproduction 
and of seriousness of deviations may be based tentatively on results 
of studies of noticeability of color differences and on fragmentary re-
sults of studies of color photography. These estimates can be im-
proved as various parts of the program are carried out. 

INTRODUCTION 
"Complete theories do not fall from Heaven . . . " Freud. 

HEN ASKED how he obtained such delicate 
flesh tones in the nudes for which he is famous, 
Renoir is said to have replied, "I just keep 

painting and painting until I feel like pinching—then 
I know it's right." Color photography and color televi-
sion are far from such perfection, but no better prescrip-
tion for improvement can be written. 
Judgment and measurement are indissoluble partners 

in the task of assessing quality of color rendering. Color 
can be measured, as can weight and height, but no for-
mula can be trusted to distinguish pleasing from displeas-
ing color, any more than a formula based on dimensions 
guarantees beauty of form. The principal value of 
measurements in such problems is that they permit 
something to be recorded about the occasion when satis-
faction is experienced, or dissatisfaction expressed. The 
judgment, "I like that," is fundamental to all knowl-
edge of what constitutes a good picture, but the knowl-
edge is as evanescent as the picture if no measurements 
are made to record what the picture was, when it was 
approved. However, it is useless to make measurements 
blindly. The most revealing measurable characteristics 
of a picture, as of a beautiful form, can be discovered 
only by searching for whatever specifications are shared 
by all pleasing examples and more or less violated by less 
satisfactory ones. 

Neither painters nor those in charge of color control 
in photography or television can hope to succeed by 
blind reliance on measurements. If a modern painter 
should venture to assert that he surpasses Renoir in the 
ability to render flesh tints, on the grounds that meas-
urements prove his tints are closer to those of the living 
model, he would quite properly be dismissed with ridi-
cule. Renoir's paintings do not, and probably never did, 

• Decimal classification: R583 X770.2836. Original manuscript re-
ceived by the Institute, February 14, 1951. 
t Eastman Kodak Company, Research Laboratory, Rochester, 

N. Y. 

"match" the flesh of his models. This is not a criticism, 
of Renoir, but an object lesson from which we should 
learn to investigate carefully before we rely upon "color-
fidelity" measurements. 
This paper is concerned with only the evaluation 

color rendering. It is not concerned with the dependence' 
of color on other technical or economic considerations.' 
Such considerations might be the dependence of color, 
reproduction on the available frequency bandwidth, on' 
the relative widths of the color-separation channels, or 
on fineness of picture detail, or the necessity of 
nating flicker and edge or registration defects. These fac-
tors are discussed at length by other authors. This ar-
ticle is not based on any acquaintance with television, 
but on experience in the application of color measure  , 
ments to color photography. 
This paper can only outline the problem, and revie 

the partial investigations that have been reported and 
are known to be in progress. Basically, the crucial ques-
tions are only asked, not answered. A program is sug-
gested, modeled on one which seems to be productive i 
photography. No formula for the evaluation of th 
quality of reproduction is recommended. It is doubtfu 
that any valid formula can be derived from the fragt 
mentary and largely contradictory data now available 
concerning visual sensitivities and tolerances for color 
errors. 

THE PSYCHOPHYSICAL APPROACH 

There is nothing new in the suggestion that the qual 
ity of color in photography and television should be 
determined by visual observation and judgment. Nor is 
the idea of measuring the colors without-precedent. TIT 
particular point of this discussion is that neither of these 
alone is adequate, but that a systematic combination 
offers the most promise. 
The weakness of unaided judgment is shortness of 

memory. This is aggravated by the common tendency 
to jump to conclusions in order to aid memory. Without 
measurement there is no way of identifying, much less of 
remembering, relevant factors in the pictures judged or 
compared. Without written records, it is impossible to 
accumulate much experience. 
The particular features of the design of picturt 

producing devices, and adjustments of the controls cad, 
of course, be recorded. Although variations of these 
factors are convenient for sampling the enormous gamut 
of possible reproductions, these factors are not like+ 
to be the most relevant measurable quantities for di - 
tinguishing good from poor rendering. The principles 4f 
color measurement, which will be briefly reviewed, aie 
more likely than equipment design or controls to yiel 
quantities which can be associated with the quality Of 
color reproduction. 
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' However, in themselves, color specifications lack any 
'critical value. "Color fidelity," defined' as "the degree 
to which the television receiver, reproduces the colors 
of the original scene," reveals a serious misconception 
of the purpose of both color television and color 
photography. This definition prejudges the facts, quite 
mistakenly, according to present indications. Optimum 
reproduction can be identified only by asking a number 
',of people to indicate their preference and relative rat-
ings of a widely representative variety of color render-'i gs, by measuring many colors in the pictures, and by 
studying the color specifications in comparison with the 
relative grades assigned to the pictures by the judges. 
The discrepancies between the colors of the preferred 
picture (the norm) and those of the original scene may I. I or may not be feasible to produce, but if such discrep-

ancies are found, then "errors" of reproduction should 
'lie measured relative to the norm, rather than relative 
to the colors of the original scene. 
- Only after that norm is established can the question 
of the relative importance of various kinds of errors have 
any meaning. Such questions are important, and their 
answers are doubtless complex. They probably depend 
,„j1 Imre seriously upon what the subject is, than upon its 
,,r tifecise color in the original scene. Renoir's particular 
1 'subject is not likely to be portrayed frequently in tele-
1 vision or motion pictures, but human skin will probably 1 be fairly high on the list of the most critical subjects. 

MEASUREMENT OF COLOR 

In order to measure a quality, such as color, we must 
conceive it as depending on the values of one or more I. variable quantities, and our first step is to determine 
the number of variables which are necessary and suffi-
cient to determine the quantity of a color. No elabo-
rate experiments are needed to decide that color can vary 
in three, and only three, independent ways. We can 
realize this by noting that color sensations can differ 
only in hue, saturation, and brightness. If we adjust one 
k,c9tor so as to produce the same hue, saturation, and 
, brightness as another, the two colors are indistinguish-
Wl4ble. 
fFor a very great variety of colors, such adjustment 
cap be accomplished by varying the intensities of red, 
• green, and blue light combined in the same area, by 
4irpultaneous superposition or by juxtaposition in such 
fine patterns that the separate components cannot be 
distinguished, or by successive presentation at a suffi-
ciently high rate that the alternations of colors cannot 
be noticed. All hues and all brightnesses can be ob-
tained in this manner. The only limitation is of satura-
tion. 
Very few, if any, pure colors from the spectrum can be 

matched with this scheme, and colors that are nearly as 
saturated as the spectrum are also unattainable. But 

' Senate Advisory Committee on Color Television, E. U. Condon, 
Chairman, 'Present Status of Color Television," Senate Document 
497, 81st Congress, Second Session, 1950; reprinted in PROC. IRE., 
vol. 38, pp. 980-1002, September, 1950. 
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practically all colors encountered in nature, art, and in-
dustry can be matched. The range of saturation pro-
ducible depends upon the particular red, green, and blue 
chosen for the synthesis. The gamut depends somewhat 
on the hues of those components, but much more di-
rectly on their saturations. The greatest possible gamut 
would be obtained by using components as saturated as 
spectrally pure red, green, and blue. Colors of even 
greater saturation than the spectrum can be imagined, 
and can even be experienced, fleetingly, for example, by 
viewing spectrum green immediately after prolonged 
viewing of a bright, saturated red. More important, the 
amounts of different sets of red, green, and blue light 
necessary to match various colors are related by simple 
rules which can be extended to infer the amounts of 
physically impossible, supersaturated red, green, and 
blue primaries, the mixture of which would match every 
obtainable color, including even those of the spec-
trum.'  -4  These rules have been applied to extensive 
experimental data on the amounts of ordinary red, 
green, and blue components needed to match colors, and 
the results have been recommended by the Interna-
tional Commission on Illumination, and adopted by 
the American Standards Association as the basis for the 
measurement of color. 

/ 

700 400 

RXE 

fr 

Fig. 1—Diagrammatic representation of principle of 
colorimetric specification. 

The principles of color measurement are shown in Fig. 
1, where E represents the spectral distribution of energy 
incident upon a reflecting sample, and R represents the 
spectral reflectance of the sample. The spectral distribu-
tion of the light reflected into the eyes of the observer is 
represented by the product curve, RXE. If the spectral 
distribution of the light incident upon the eyes of the 
observer is measured directly, for instance, by spectro-

2 Staff of Color Measurements Laboratory, MIT, under direction 
of A. C. Hardy, 'Handbook of Colorimetry, Massachusetts Institute 
of Technology Press, Cambridge, Mass.; 1936. 

W. D. Wright, 'The Measurement of Colour," Adam Hiker Co. 
Ltd., London; 1944. 

4 P. J. Bouma, 'Physical Aspects of Colour," N. V. Phillips 
Gloeilampenfabrieken, Eindhoven; 1944. 
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radiometry of the light from a television receiver, it can 
be used in place of the RXE curve. The standard I.C.I. 
• spectral-weighting functions, which correspond  to 
: normal human color vision, are shown by the curves, 
.  9, and 2. The areas under the curves which result 
from weighting RXE by the I, 9, and 2 functions are 
the quantities X, Y, Z of the supersaturated I.C.I. 

• mixture components required to match the color of the 
sample. Routine methods of computation differ from 
this scheme only in details."'" 
In addition to including every color within their mix-

ture gamut, the I.C.I. components have the convenient 
property that the quantity Y specifies luminance (the 
photometric evaluation of brightness). The remaining 
two variables of color specify chromaticity, which is 
most conveniently represented by a point on a plane 
diagram. Such a diagram might be constructed by 
• simply plotting Z vertically and X horizontally. If the 
ratios Z/ Y and X/ Y were plotted, however, all colors 
having the same relative energy distribution would be 
represented by a single point, regardless of their inten-
sity or luminance. This is a great convenience, since it 
enables us to study chromaticity independently of the 
intensity level. But the proportions of the resulting 
diagram are inconvenient. It is customary to plot, in-
stead, the ratio XI(X-1-Y±Z), horizontally, and the 
ratio, Y/(X+ Y-f-Z) vertically. The first ratio is ab-
breviated x and the second, y. The resulting diagram 
is shown in Fig. 2. The spade-shaped curve represents 
the colors of the spectrum, regardless of intensity. The 
straight line connecting its extremities represents the 
most saturated possible purples, from red at the right, 
through red purples near the center to blue purples 
and violet near the left corner. The curve tangent to 
the straight, long-wavelength (red) end of the spectrum 
locus and passing near the center of the diagram repre-
sents the colors of blackbody radiators' at various 

temperatures. 
Since a blackbody at about 6,500° K has nearly the 

same color as daylight, and household tungsten lamps 
operate at about 2,800°K, any point near the cor-
responding segment of the blackbody locus may repre-
sent white, if the observer is adapted to the correspond-
ing quality of illumination. This wide variation of the 
white criterion is an important fact. In one sense it is 
fortunate because, for example, it permits the same 
motion-picture films to be projected with tungsten 
lamps or with arc lamps of nearly daylight quality with 
very nearly equal satisfaction. Likewise, rather great 
variations of "balance" of color films and television 
pass unnoticed, provided that the picture controls the 
adaptation of the observer. However, if the surround-

6 D. L. MacAdam, "The fundamentals of color measurement," 
Jour. SMPE, vol. 31, pp. 343-348; October, 1938. 
• Committee on Colorimetry, L. A. Jones, Chairman, 'Quantita-

tive data and methods for colorimetry," Jour. Opt. Soc. Amer., vol. 
34, pp. 633-688; November, 1944. 

7 A "blackbody" is a source which radiates energy in accordance 
with Planck's formula. 

ings are prominently illuminated, fluctuations of bal-
ance, and even the standard of white adopted for the 
production of the picture, can be very objectionable. 
This is presumably not important in theaters, because 
the illumination of the surround can be controlled. 
Greatest tolerance of the audience is obtained if the 
surrounding illumination is quite subdued, so that the 
picture, and its accidental variations of balance can 

control the adaptation. 
The problem is much more difficult in the case of 

home television, because the ambient illumination may 
vary in quality from daylight to that from amber 
decorative luminaires, and the level of ambient illu-
mination must be sufficient for easy movement and even 
for reading by uninterested members of the family. The 
choice of a standard for white that will be least objec-
tionable under all likely conditions of adaptation is very 
difficult. This is not so critical in the case of "black-and-
white" pictures, for which observers are quite tolerant 
of "off-white" tints. It is much more critical for color 
pictures, because attention is then directed to color, 
and departures from the observer's ever-changing cri-
terion of white distort his perceptions of all colors. 

Fig. 3—Maximum luminous efficiencies of various chromaticitics. 

Fig. 3 illustrates the general usefulness of the chroma-
ticity diagram. On this is represented the maximum 
possible luminous efficiency of light of any desired 
chromaticity.' The maximum efficiency possible under 
any circumstances is 680 lumens per radiated watt. 
This maximum is obtained only by confining the radi-
ated energy to a narrow band of wavelengths within a 
few millimicrons of 555 miA. The maximum possible 
luminous efficiency for the chromaticity of daylight 
(x = 0.31, y = 0.316) is about 400 lumens per watt. This 
efficiency is not attained by natural daylight, nor by any 
existing lamps. It can be obtained only by use of a 

source whose spectrum is confined to two spectrum 
lines, at wavelengths of 448 and 568.7 mu. Such a source 

• D. L. MacAdam, "Maximum attainable luminous efficiency of 
various chromaticities," Jour. Opt, Soc. Amer., vol. 40, p. 120; 
February, 1950. 



472  PROCEEDINGS OF THE I.R.E. May 

would be very objectionable as a practical illuminant, 
because it would seriously distort the normal colors of 
objects, and the chromatic aberration of the eye would 
cause most objects illuminated with it to be seen sur-
rounded by a violet haze. But the efficiency of that 
source is useful as a known goal that may be ap-
proached, but never exceeded, by a source having the 
chromaticity of daylight. Similarly, the efficiency indi-
cated in Fig. 3 for any other chromaticity is a standard 
of comparison showing the amount of possible improve-
ment in any practical case. It is interesting to note that, 
for almost all chromaticities, the maximum efficiency is 
obtained by adding 448 mµ to a second wavelength. 
This indicates, also, that the closer the blue primary 
approaches 448 mµ, the greater will be the luminous 
efficiencies of the chromaticities produced by additive 
combination of three primaries. 
Similar diagrams showing the maximum possible 

luminous transmittances of filters having various 
chromaticities with daylight and tungsten light have 
been published.9 From such data, Bingley'° has com-
puted the luminosities of two different sets of additive 
primaries required to reproduce the colors of the most 
efficient filters. Since the maximum efficiency has been 
closely approached only in the cases of a few yellow, 
orange, and red filters, the requirements computed by 
Bingley are probably, too severe. 
The maximum possible luminous reflectances of 

colored materials having two per cent minimum surface 
reflectance have been shown by Clarkson and Vicker-
staff" for tungsten lamp illumination. They also 
showed limits attainable with contemporary dyes. 
Probably those limits would be more realistic than 
the theoretical limits, for the determination of the 
maximum luminosity demands of additive primaries. 
However, the theoretical limits of luminous transmit-
tance of filters, and of luminous reflectance of colored 
materials having irreducible first-surface reflectance in-
dicate the ultimate. The derivations on which they are 
based indicate the spectral characteristics that must be 
employed to attain the ultimate. Any other spectral 
characteristics necessarily produce lower luminous 
transmittance or luminous reflectance for any pre-
scribed chromaticity. 

The capabilities of a set of primaries may be shown 
in the manner indicated in Fig. 4, which, for some 
purposes, may be more informative than the diagrams 
that Bingley published. Fig. 4 shows, for his C set of 
primaries, the maximum luminance with which any 
chromaticity can be produced, relative to white. It is 
assumed that the maximum usable intensity of each 
primary is used to produce white. Fig. 5 shows the cor-

• D. L. McAdam, "Maximum visual efficiency of colored mate-
rials," Jour. Opt. Soc. Amer., vol. 25, pp. 361-367; November, 1935. 
" F. J. Bingley, "Application of projective geome try to  the theory  

of color mixture," PROC. I.R.E., vol. 36, pp. 709-723; June, 1948. 
" M. E. Clarkson and T. Vickerstaff, "Brightness and hue of 

present-day dyes in relation to colour photography," Phot. Jour., vol. 
88B, pp. 26-39; March-April, 1948. 

responding diagram for the A set of primaries. Fig. 6 
presents a comparison of the chromaticity and lu-
minance limits of these two sets of primaries. The lines 
indicating the luminosity limits in Figs. 4 and 5 may 
be regarded as contours of surfaces, below which are t 

represented all colors producible by use of the cor-
responding set of primaries. This is illustrated in Fig. 6, 
which shows that the "ceiling" for the C primaries is , 
above that for the A primaries in the green region • 
(upper corner) and extends farther into the red, purple, 
and blue regions (below), but that the ceiling for the 

00  0.1  0.2  0.3  0.4 

Fig. 4—Maximum luminances of various chromaticities producible 
by additive mixture of C primaries, based on assumption that 
maximum intensity of each is used to produce white. 

Fig. 5—Maximum luminances of various chromaticities producible 
by additive mixture of A primaries, based on same assumption 
as Fig. 4. 

A primaries extends slightly farther into the bluish-
green region (to the left) and is higher in the de-
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saturated red region (right of center) than the ceiling 
• for the C primaries. The ceilings are of nearly equal 
height (luminance) for desaturated blues (lower left 
central), but the ceiling for the C primaries extends 
to much greater saturations (down to the left). It may 
be interesting to note that the Order of the Federal Com-
munications Commission, dated October 10, 1950, speci-
fied primaries which are very nearly the same as the 

A set. 

Fig. 6—Comparison of maximum luminances producible by 
use of primaries A and C. 

The idea of a color space, suggested by this discussion, 
in which various luminances are represented by various 
heights above the chromaticity diagram, is very help-
ful in interpreting color measurements. • 
The luminance limits indicated by the contours in 

Figs. 4 and 5 are based on the assumption that white is 
the quality of the standard source, C, recommended by 
the I.C.I. As mentioned previously, this choice is arbi-
trary and might better be some other quality when the 
observers are not adapted to daylight, but the relations 
represented in Fig. 6 would not be altered seriously by 
any other reasonable choice of "white." The chroma-
ticity gamuts indicated by the triangular boundaries in 
Figs. 4 and 5 are based on the assumption that a black 
of zero intensity can be realized and that any one of the 
primaries can be reduced to zero intensity, regardless 
of the intensities of the other primaries. The first as-
sumption would not be applicable if any stray light 
from the surroundings is reflected from the screen, or if 
scattered light from neighboring portions of the image 
degrades the blacks. The second assumption would not 
be correct if there is any lower limit, other than zero, 
for the intensities of the primaries or, in the case of a 
field-sequential system, if the persistence of the phos-
phor is so great that the image for one primary con-
tributes appreciably to the luminance of the succeeding 
primary. In such cases, calculations of the kind used by 
Clarkson and Vickerstaff for dyed materials would be 
required to find the actual limits of chromaticity. 
Returning now from this digression, concerning the 

general utility of the chromaticity diagram, we sum-
marize the possibilities and limitations of color measure-
ments. The physical factors of color can be measured by 

use of spectrophotometers and spectroradiometers. 
The psychophysical specifications of color can be de-
termined by use of the principle illustrated in Fig. 1. 
But these specifications are, so far, devoid of critical 
sense on which judgments of picture quality might be 
based. The problems remain, of discovering the proper 
"aim-points" for color rendering and of devising some 
way of evaluating discrepancies of actual color render-
ing from the optimum rendering. 

PSYCHOPHYSICAL EVALUATION OF TONE RENDERING 
IN BLACK-AND-WHITE PICTURES 

A great deal of work has been done, and more is in 
progress, for the purpose of answering the above ques-
tions for color photography. The problems are not yet 
solved and few partial answers can be even suggested. It 
seems reasonable to expect, however, that a method of 
investigation which appears to be fruitful in color 
photography may also be useful in color television. That 
method is an extension of the method of investigating 
the quality of tone reproduction, which has been found 
successful in the case of black-and-white photography. 
The method and its potentialities can probably best be 
appreciated if that successful application of it is re-
viewed." 
Many variables influence the quality of black-and-

white photographs. One which has been studied very 
thoroughly is the exposure given to the negative. 
Study of this case is important, because it provides a 
functional criterion for rating the speeds of various 

negative materials. 
A certain scene was photographed repeatedly, using 

exposures varying by moderate steps, ranging from 
definite underexposure to definite overexposure." All 
these negatives were made on the same kind of film and 
were developed identically. From each negative a series 
of prints was made, on several grades of paper. Each 
negative was printed on each grade of paper with defi-
nitely more and definitely less exposure than was 
desirable, and with several intermediate exposures. 
The complete set of prints from each negative was 

submitted to a number of people, working separately. 
Each selected from the set for each negative the print 
he preferred. When the selections were compared, they 
were found to agree remarkably well. Finally, the judges 
were asked to arrange the best prints from all negatives 
of a single scene according to tone quality. 
The results in one case are shown in Fig. 7, in which 

the average rank of each print is plotted as a function 
of the exposure of the negative from which it was made. 
The print judged poorest by each judge was given zero 
rank, and successive digits were awarded to successive 
prints, in the order of improved quality. Beyond about 

II L. A. Jones, "Recent developments in the theory and practice 
of tone reproduction," Phot. Jour., vol. 89B, pp. 126-131; September-
October, 1949. 

13  L. A. Jones, "Psychophysics and photography," Jour. opt. Soc. 
Amer., vol. 34, pp. 66-88; February, 1944. 
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the seventh print, the average rank number fluctuates 
inconclusively about a constant value, indicating that 
no significant improvement results from greater expo-
sure of the negative. The first print A of those for which 
the judges could not report reproducibly any increase of 
quality is called the first excellent print. Similar ex-
posure series, print selections, and quality judgments 
were made for many scenes of widely different types. 
The physical characteristics of the various negatives 
were measured, and compared with the judgment re-
sults. 
The main result, the answer to the original question, 

is indicated in Fig. 8. This shows, in relation to the 
curve representing the density of the negative material 
as a function of exposure, the exposures used in making 
the first excellent print of one of the scenes. Other 
scenes, which had greater or less ratios of maximum-to-
minimum luminance, required, of course, more or less 
of the exposure scale than indicated in Fig. 8. Study of 
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Fig. 7—Approximate relationship between print 
quality and negative exposure. 
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Fig. 8—Sensitometric curve of negative material, and exposures 
used in making first excellent print. 

the relation of the exposures used in producing the first 
excellent print in each case revealed that the minimum 
exposure should be that for which the slope of the D-
versus-log E curve is 30 per cent of the average slope 
of the portion of the curve used for the average picture. 
This criterion was found to predict successfully, for 

average conditions, the least exposure required to ob-
tain negatives from which excellent prints can be made. ' 
It has been made the basis for the American Standard 
method for determining photographic speed and speed 
number." It was not derived from purely physical prin- 4 
ciples, nor could it have been. Picture judgments, con-
sidered together with the sensitometric measurements 
indicated in Fig. 8, were necessary for the establishment 
of this criterion. 
Similar judgments, considered in relation to physical 

measurements of picture characteristics, are doubtless 
necessary for the determination of important produc-
tion variables, and _ultimately of indices of reproduction 
quality in both color photography and color television. 
However, an index of quality of color reproduction 

cannot be expected as one of the first results of such a 
program of research. No such index has yet been estab-
lished for black-and-white tone reproduction. On the 
other hand, the earlier and more direct results which 
indicate optimum adjustments of production variables 
are at least as valuable as would be an index of quality. 
Such an index is of little more than academic interest 
when the optimum method of reproduction is known 
and used. 

Log,0 0. 

Fig. 9—Tone reproduction curves: A, "exact reproduction"; B, opti-
mum attainable with semimatte paper; C, proportional reduction 
of luminance contrasts to fit density range of semimatte paper; 
D, tone reproduction suitable for scens in which highlights are 
predominant; E, tone reproduction suitable when only shadow 
details are important. 

Another part of the study of black-and-white tone 
reproduction should be mentioned here, because a 
similar problem and outcome may be expected in color 
photography and color television. The straight line A, 
inclined at 45 degrees in Fig. 9, indicates exact objective 
reproduction of the luminances Bo of a scene, in which the 
ratio of maximum to minimum luminance is 100. The 
luminances of both the scene and the reproduction are 
shown on logarithmic scales. Curve B shows the tone 
reproduction obtained for that scene by using good 
photographic techniques. This curve shows the lu-
minances in a picture printed on a semimatte paper. It is 
apparent that the ratio of maximum to minimum 

14 American Standards Association, 'Standard Method for De-
termining Photographic Speed and Speed Number, Z38.2.1," New 
York, N. Y.; 1946. 
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luminances in this print is considerably less than the 
-luminance ratio in the original scene. Consequently, 
at least some of the luminance contrasts, LB/B, in the 
original scene must be decreased in the print. It might 
be presumed that the best compromise would be to 
decrease all luminance contrasts in the same propor-
tion. Such reproduction is represented in the logarithmic 
plot in Fig. 9 by the straight line C. Curve B, which 
represents a print of very good photographic quality, 
does not follow this straight line. Slopes lower than 45 
degrees indicate reduction of luminance contrast in the 
corresponding range of luminances. It is evident that 
reduction of contrast is greatest in the highlights and 
shadows, while the middietone contrasts are nearly the 
same as those in the original scene. 
It is interesting to note that photographic limitations 

are not entirely responsible for the discrepancy be-
tween objective reproduction- and preferred reproduc-
tion." According to Jones," "there are many cases 
where we know that the perfect objective reproduction, 
although obtainable, is not the one the majority of 
judges will choose as of best photographic quality." 
This effect is real and significant in magnitude: It must 
be taken into account if the best quality of reproduction 
is to be obtained. It may be due to subjective as well 
as objective differences between the situations within 
which pictures and real scenes are observed. Only a 
few types of conceivable differences need be mentioned: 
surroundings, restrictions of field of view, modes of 
perception (of flat pictures rather than real objects); 
attitudes, emotions, and desires. Jones has shown 
that the differences of visual sensitivity to luminous 
contrast, caused by quite different conditions of adapta-
tion when viewing the print than when viewing the 
original scene, must also be taken into consideration." 
Even if we could account for the effect, we could not 
neglect it, nor assume that objective reproduction is 
preferable to any other. 
The fact that the print corresponding to Curve B 

is superior to Curves D and E could not have been 
determined from the curves alone, nor from any other 
representation of the results of purely physical measure-
ments of the prints and the original scene. The best 
print was chosen by inspection, and rules for judging 
quality of reproduction from curves such as Fig. 9, or 
from curves showing the compression or expansion of 
contrasts can be established only by comparing the 
results of print judgments with the curves. Such rules 
are therefore psychophysical. 
Without psychophysical relationships, the results of 

optical measurements tell little about the quality of 
tone reproduction. Such relationships must be rather 
complex, because curves similar to D in Fig. 9 repre-
sent optimum reproductions of some scenes, in which 

" R. M. Evans, "Introduction to Color," John Wiley and Sons, 
Inc., New York, N. Y.; 1947. 
" L. A. Jones, "The psychophysical evaluation of the quality of 

photographic reproductions," PSA Jour., 1951 (in press). 

all the important details are of high brightness, such as 
open beach, desert, or snowy landscapes. Likewise, 
prints with curves similar to E are best for subjects in 
which all the important objects are dark. In a qualita-
tive sense, it appears that the objectionability of the 
compression of luminance contrasts should be weighted 
by some measure of the importance of various parts of 
the luminance scale in reproducing each particular scene. 

INVESTIGATION OF QUALITY OF 
COLOR REPRODUCTION 

The quality of photographic color reproduction is 
being studied by a method based on the same principles 
as were used in the investigation of tone reproduction in 
black-and-white photography. Series of pictures of a 
single scene are made with systematic changes of pro-
duction variables. These pictures are then submitted to 
a large number of judges, working separately. Measure-
ments are made of all optical quantities that seem 
relevant. The data from several scenes of different 
types are used to search for general correspondences 
between the judged quality of the reproductions and 

the optical specifications. 
The investigation of color photography is much more 

complicated than that of black-and-white photog-
raphy, because of the greater number of production 
variables as well as the greater variety of perceptions. 
The number of noticeably different tones in a mono-
chrome picture is of the order of a few hundred, while 
the number of noticeably different colors (including all 
distinguishable tones of each chromaticity") in a color 
photograph may be several million. This enormous in-
crease arises from the fact that color photography deals 
with three independent variables, whereas monochrome 
reproduction involves only one. The number of dis-
tinguishable possibilities in color photography is of the 
order of the cube of the number in monochrome 
photography. It is somewhat less than the cube, be-
cause not all combinations of the three variables are 
possible, and variations are not equally noticeable in 
each of the three variables, nor independent of the 
values of the others. 
Good tone reproduction is just as important in color 

photography as in black and white, but its control and 
measurement are considerably more complicated. Simi-
larly, the other two variables of color which may be 
specified by chromaticity are much more complex to 
control and measure than was the single variable, 
luminance, in monochrome reproduction. 
Some of these complications, especially those of pro-

duction control, are peculiar to subtractive color photog-
raphy, in which the optical primaries cannot be modu-
lated independently of each other. Each of the three 
dyes, which are superimposed to make the picture, ab-

17  D. L. MacAdam, "Note on the number of distinct chro-
maticities," Jour. Opt. Soc. Amer., vol. 37, pp. 308-309; April, 1947. 
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1$ D. L. MacAdam, "Subtractive color mixture and color photog-
raphy," Jour. Opt. Soc. Amer., vol. 28, pp. 466-480; December, 1938. 

19  D. L. MacAdam, "Physics in color photography," Jour. A ppi. 
Phi's., vol. 11, pp. 46-55; January, 1940. 

sorbs two or even three of the primaries."." In this  the sense that they make possible the best use of the 
respect, at least, color television should be less complex  characteristics of the printing paper, which are dom-
to control and measure than color photography.  mated by limited density scale and nonlinear character-
The desire to separate the problem of evaluating the  istic curves of the photographic materials. The key idea 

quality of color reproduction into two parts, tone re-  in this discussion, the relative importance of contrasts in 
production and chromaticity reproduction, is under-  various portions of the tone scale, is as yet undefined. A 
standable. If successful, it would greatly simplify the  suitable definition will have to be operational, in terms 
questions. But the possibility should not be taken for  of how "importance" is to be evaluated, based on 
granted. The problem is not merely simplified; it is psychophysical studies of the results of judgments of 
changed, and perhaps changed so as to have little rele-  scenes. 
vance to practical, color reproduction. Having recog-  No definition of optimum quality, nor rule for 
nized this danger, we can proceed to examine two at-  evaluating particular reproductions, can be significant 
tempts that have been made to evaluate color repro-  or useful, no matter how simple, unless it takes into 
duction, both of which have been based on this sub-  account the ultimate limitations of the process and 
division of the problem.  psychophysical correlations based on quality judgments 
In Annex E of the Condon report,' Judd, Plaza, and  of various compromises designed to get the most satis-

Balcom assumed that optimum tone reproduction re-  factory reproductions within those limitations. The 
quires the luminances in the reproduction to be propor-  fundamental question is, "What is the best that can be 
tional to the luminances in the original scene. For their  done under the circumstances?" Like the maximum 
"index of color fidelity," they took the factor of propor-  luminous efficiency (Fig. 3) of sources and maximum 
tionality to be such that white was perfectly repro-  luminous transmittances of filters, the answer to this 
duced. They then evaluated the errors of reproduction  problem will probably include a specification of how to 
of the luminances of other colors by subtracting the  get the best reproduction. That will necessarily specify 
corresponding Munsell values in the original scene and  some such tone reproduction curve as B in Fig. 9. 
in the reproduction. Munsell values specify perceptually  To use any other curve, such as A or C, will result in 
equal tone differences by equal numerical differences,  poorer reproduction. The first will fail because it ig-
The method of Judd, Plaza, and Balcom' heavily  nores the circumstance of limited luminance ratio of the 
penalizes distortions of the ratios of greatly different  paper (or screen, or television tube). The second will 
luminances, which tone reproduction studies have  fail because it adopts too naive a compromise, exces-
shown to be relatively unimportant, and disregards  sively reducing important contrasts for the sake of 
compressions of luminance contrasts (ZIB/B) which  equally prominent reproduction of unimportant con-
have been found very objectionable, especially in par-  trasts. Finally, any realistic measure of the quality of 
ticular portions of the tonal scale that are important in  reproduction will be based on the smallness of depar-
the portrayal of the subject.  tures of slight contrasts from those of the "best" re-
After considering many conceivable ways of evaluat-  production, rather than on departures of density (or 

ing the quality of tone reproduction in monochrome  Munsell value) from ideal or exact reproduction, such 
pictures, Jones" has tentatively suggested that it as was assumed bysjudd,. Plaza, and Balcom.' 
should be evaluated in terms of departures of luminance  Like tone reproduction, chromaticity reproduction 
gradients from the optimum possible with available  can be evaluated in terms of discrepancies from the 
materials, rather than in terms of discrepancies of  norm. Again, two problems are., involved: How to 
densities (or, presumably, Munsell values) from the  identify the norm, "the best that can be done under the 
densities of the optimum possible reproduction. The  circumstances?" How to measure discrepancies of any 
enormous amount of data he obtained on the optimum  actual reproduction from the norm so as to yield a use-
possible tone reproductions of several hundred scenes  ful figure of merit? 

have not been studied completely, and no final conclu-  Judd, Plaza, and Balcom' assumed that exact colori-
sions can yet be announced. It appears that the gradi-  metric reproduction was the norm, and measured the 
ent should be approximately unity (that is, luminance  discrepancies in Munsell units of hue and chroma. Hue 
contrast, AB/B, should be reproduced practically un-  is the tet m used for the characteristic of color sensation 
changed) in the central portion of the tonal scale." In  according to which red is most distinctively different 
other portions of the tonal scale, the amount of the  from green. Munsell hue is a conventional psycho-
reduction of the gradient (and therefore of luminance  physical evaluation of hue. Chroma refers to the char-
contrast) that can be tolerated seems to be related in-  acteristic which differentiates highly saturated or pure 
versely to the importance of such tones and contrasts  colors from colors of the same hue that are desaturated, 

in the picture." These compressions are optimum in  for example, by dilution with white or gray. To a fair 

approximation, if chroma is constant, Munsell hue dif-
ferences of one unit are equally noticeable, regardless of 
the particular hues. One unit of Munsell hue difference 
is approximately twice as noticeable at ten units of 

LZ.0114• 
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chroma as at five units of chroma, and others in propor-
tion to chroma. The complete one-hundred-step hue 
scale at constant chroma can be represented by a circle, 
(Fig. 10) and the chroma scales for various hues as radii 
from gray at the center. Since the metrics of this "color 
map" are approximately Euclidean, one hue step at 
ten units of chroma is only slightly more noticeable 
than one half a chroma step. However, Judd, Plaza, 
and Bolcom' considered hue errors about four times as 
objectionable as equally noticeable chroma errors. In 
their evaluation of the seriousness of chromaticity 
errors, therefore, they penalized various reproductions 
as much for unit errors of Munsell hue at chroma 10 
as for two-unit chroma errors. They did not consider 
that errors in some hues, such as bluish-green and 
purples, are much less objectionable than equally 
noticeable errors of hues of human sk n and other 
familiar materials. 
Having weighted all the hue and chroma errors ac-

cording to the principle described above, they averaged 
them. In effect, this implies that all equally satisfactory 
reproductions of the chromaticity C in Fig. 10 are 
represented by points on a diamond-shaped boundary, 
such as shown in Fig. 10. It also implies that ten small 
errors are as serious as one error ten times their average, 
thus repudiating the conventional least-squares prin-
ciple for minimizing errors. This procedure also ignores 
the common finding that errors all in one direction 
are less objectionable than equally great errors in di-
verse directions. 

00 

Fig. 10—Diagrammatic representation of Munsell hue circuit at 10 
chroma, principal chroma scales and boundary of equally satis-
factory reproductions of hue, YR; chroma, 10, according to form-
ula of Judd, Plaza, and Balcom. 

Series of color prints have been made from well-
exposed color-separation negatives of several typical 
scenes. The prints of each of these series differ in tone 
reproduction, balance, and in other ways subject to 
controlled variation. These series have been presented to 
numerous judges, and their judgments have been com-
pared with results of measurements of various colors 
in the prints. The various points in Fig. 11 represent 

0 39 

0. 42 • 043 

Fig. 11—Chromaticities of forehead of original subject (square), of 
best reproduction (cross), of reproductions accepted by SO per 
cent or more judges (solid dots), and of reproductions accepted by 
less than 50 per cent of judges (open circles). These chromaticities 
are based on the assumption of a 4000° K blackbody source of il-
lumination. Broken curve indicates an estimate of the region of 
50 per cent or greater acceptance. The ellipse represents chrom-
aticities just noticeably different from that of the subject's fore-
head. 

the chromaticities of a spot on the forehead of a por-
trait of a young lady, as reproduced in a number of 
prints, which exhibit variations of balance from too red 
or yellow to too blue, and from too green to too pink. 
Sufficiently small steps of variation were used so as to 
obtain a number of satisfactory prints. These prints 
were submitted to a number of judges who were asked 
to accept or reject each on the basis of balance alone. 
The print accepted by the most judges (83 per cent) 
had the forehead color shown by the cross. The solid 
dots represent the forehead colors in prints having 50 
per cent or greater acceptance, and the open circles 
show the forehead colors in prints accepted by less than 

half the observers. 
The broken curve in Fig. 11 encloses the probable 

zone of 50 per cent or greater acceptance. The square 
below this zone represents the actual color of the girl's 
forehead, and all points on the ellipse drawn around it 
represent colors all equally noticeably different from 
the actual skin color. 
Two conclusions are indicated by the diagram in Fig. 

11. First, optimum reproduction of skin color is not 
"exact" reproduction. The print represented by the 
point closest to the square ("exact reproduction") is 
rejected almost unanimously as "beefy." On the other 
hand, when the print of highest acceptance is masked 
and compared with the original subject, it seems quite 

pale. 
In the second place, the shape of the 50 per cent 

acceptance zone is similar to the shape of the zone of 
equally noticeable differences. This finding does not 
support the decision of Judd, Plaza, and Bolcom,' who 
assumed four times greater tolerance for chroma errors 
than for equally noticeable hue errors. Approximately 
horizontal radii of the 50 per cent acceptance zone and 
of the equal-noticeability ellipse represent chroma dif-
ferences. Vertical radii indicate hue differences. 

0.44  045 
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The discrepancy between "exact" reproduction and 
preferred reproduction is partly due to distortions in-
herent in the process, such that a certain discrepancy 
of a particular color is necessary to permit the best over-
all reproduction of all colors in the picture. But, as dis-
cussed in the case of monochrome reproduction, it must 
also be due to differences of the conditions of observa-
tion, or of the observer and his attitudes when observing 
pictures and when observing real objects. Certainly, no 
such discrepancies should be introduced by a picture 
window in your living room, nor by a mirror in your 
dressing room. In such a case, we usually consider that 
we are looking at the "real thing." Perhaps the farther 
we get from that attitude, the greater the discrepancy 
becomes. Perhaps wishful thinking is partly responsible, 
with or without the acquiescence of fading memory. 
Certainly,differences of adaptation must play some part, 
but, for the ordinary range of adapting, conditions 
when viewing scenes and pictures, this cannot account 
for more than a small fraction of the discrepancy shown 
in Fig. 11. Whatever the causes, the discrepancy is real, 
and is typical of the conditions under which photo-
graphic portraits are viewed. Since similar distortions 
and conditions of observation are customary with 
motion pictures and television, similar discrepancies 
are likely to be necessary for best results with those 
media. Face colors in 25 portraits of exhibition quality 
have been measured. Ten of these were made with the 
Kodak Flexichrome Process, in which every color is 
completely and separately under the control of the 
artist, so that no compromises are necessitated by 
chromatic distortions of the process. Three others were 
pastel portraits of children by two professional artists, 
and two were oil paintings by a prominent contempo-
rary artist. The original subjects were not available 
for spectrophotometric measurement, but the foreheads 
of twelve more young people were measured, in order 
to establish the approximate range of face colors. The 
range of face colors in the portraits was entirely sepa-
rate from the range of natural face colors, and the 
separation of the centers of those ranges is approxi-
mately the same as indicated in Fig. 11. Therefore, it 
seems to be not only quixotic but fallacious to assume 
exact reproduction to be the norm, or to measure 
degradations from that basis. 
Similar results have been obtained with other colors. 

Fig. 11 should not be regarded as anything other than 
indicative of the general nature of the results. The 
directions and amounts of difference between exact 
reproduction and optimum reproduction are different 
for every color tested. They must also be different, even 
for a single color, for processes with essentially different 
limitations and unavoidable distortions. 
Although the 50 per cent acceptance boundary has 

not exactly the same shape or orientation as the ellipse 
of equal noticeability in Fig.. 11, assumption of such a 
similarity would be a fair first approximation, and use 
of this assumption for the general case is suggested until 
direct determinations are made of the 50 per cent ac-

ceptance boundaries for other representative colors. 
Equal-noticeability ellipses found in a recent investiga-
tion" are shown in Fig. 12. Ellipses inferred from these 
have been specified for all locations in the chromaticity 
diagram by use of the three quantities, gn, 2g12, g22, 
shown by the contour diagrams in Figs. 13 to 15.21 
The equal-noticeability ellipse centered on any point 

x, y in the chromaticity diagram is defined by the 
equation 

guAx2"-F 2gi2AxAy  g22 42 = 1.  (1) 

The angle 0 which the major axis makes with the 
horizontal axis is given by 

tan 20 = 2g12/(g11 — g22)• (2) 

The value of 20 is to be chosen from the first two 
quadrants (so as to make 0 less than 90°) when 2g12 is 
negative. When 2g12 is positive, 0 is greater than 90°, and 
therefore 20 should be chosen from the third or fourth 
quadrants, depending on the sign of tan 20. 
Half the length of the major axis of the equal-

noticeability ellipse is given by 

a = (g22  gn cot 0 -112 ; 

and half the length of the minor axis is given by 

b = (gn — gn cot 0)-212 .  (4) 

(3) 

Any chromaticity difference, Ax, Ay, that is likely 
to be encountered as an error in color reproduction 
by a reasonably satisfactory process may be specified 
as a multiple (e) of the arbitrary unit of equal notice-
ability represented by the ellipses in Figs. 11 and 12 
by use of the formula 

e = (gliAx2 2g12Athy  g22Ay2)1/2.  (5) 

Silberstein" and MacAdam" have shown how to use 
such data as are represented by Figs. 13 to 15 to 
compute the number of just-noticeably different chro-
maticities represented by any area of the chromaticity 
diagram. Symbolically, this numbec is proportional to 
the surface integral 

fit 
(gii,g22  gi22)112day. 

For the triangular gamut of the C set of primaries, 
shown in Fig. 4, the number of just-noticeably different 
chromaticities is about five thousand. For the A set, 
whose gamut is shown in Fig. 5, the number of just-
noticeably different chromaticities is about three 
thousand. These numbers may be compared with seven-
teen thousand, an estimate of the total number of 
just-noticeably different chromaticities, up to and in-
cluding spectrally pure colors." 

" D. L. MacAdam, "Visual sensitivities to color differences in 
daylight," Jour. Opt. Soc. Amer., vol. 32, pp. 247-274; 11,4y, 1942. 

21 D. L. MacAdam, "Specification of small chromaticity differ-
ences," Jour. Opt. soc. Amer., vol. 33, pp. 18-26; January, 1943. 

22 L. Silberstein, "Invest igat ions  on the intrinsic properties of the 
color domain, II," Jour. Opt. Soc. Amer., vol. 33, pp. 1-10; January, 1943. 
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MacAdam: Quality of Color Reproduction 

Adjustment of a process to reduce E to the smallest 
-value employs the customary principle of least-

squares adjustment. 
In order to use such a formula to obtain a figure of 

merit for chromaticity reproduction, the optimum re-
productions (that is, the centers of the 50 per cent ac-
ceptance boundaries) will have to be determined for a 
number of colors that are typical and important in 
color pictures. The sizes and shapes of the acceptance 

boundaries will also be found during that psycho-
physical analysis, thus indicating the required modifi-
cations  2g12', gni of the metric coefficients. 
Having considered the separated problems of how to 

evaluate departures from optimum tone reproduction 
and how to evaluate departures from optimum chroma-
ticity reproduction, it remains to consider how we can 
combine such results so as to evaluate departures from 
optimum color reproduction, which almost invariably 

Fig. 14 —Distribution of values of second metric coefficient in (5) for noticeability of chromaticity differences. 
Numerical values shown should all be multiplied by 104. 
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• gously to the way in which the original formula for the 
noticeability of equiluminous chromaticity differences 
has been generalized to measure the noticeability of 
combined luminance and chromaticity differences." 
The latter extension was accomplished by adding three 

terms to the simpler formula: 

e = (gliAx2 2gi2AxAy  g22Ay2 2g23AyA log B 

+gm (A log B)2 2g13AxA log B) 2/2. (7) 

The values of gib • • • , gi3 suitable for the measurement 
of the noticeability of color differences were published 
for a large number of typical colors." No interpolation 
procedure has yet been published. 
Since tone reproduction studies have shown that con-

trast reductions, rather than "errors" of luminance, are 
significant, the use of a measure of this reduction in 
place of z log B may be more appropriate in a formula 
for the figure of merit of color reproduction. Luminous 
- contrast reduction might be measured by 1 — (ABr/B,.)1 
(AB01.130). To a good approximation, this is equal to 
1—A log B,./A log Bo. If the slope of the reproduction 
curve is denoted by Mr, then 1— M, represents the 
same approximation to the expression for luminous con-
trast reduction. This quantity has been studied by 
Jones, as the most promising measure of loss of tone 
reproduction." If we adopt the symbol, AM =1— M r, 
then a conceivable formula with which to measure a 
particular error of color reproduction is 

e' = (gll'Ax2 -I- 2g12'AxAy + g22'Ay2 + 2g2a'AyA M 
± g33'AM2+ 2g13'AxAM)".  (8) 

The g's in this formula may be expected to differ from 
those in the formula for the noticeability of color dif-
ferences, because of the replacement of A log B by AM 
and because the 50 per cent acceptance boundary in the 
• chromaticity diagram (Fig. 11) is different from the 
ellipse of equal noticeability. It should also be noted 
again that Ax and Ay should be measured from the 1 : optimum reproduction, such as indicated in Fig. 11, 
rather than from the chromaticity of the original. It is 
also to be noted that the relative magnitudes of the 
coefficients in the first and last groups of three terms 
in (7) depend very much on the conditions of observa-
tion. For instance, the ratio of g33 to gil is fifty thousand 
times as great when the observer's task is to read small 
letters that differ only slightly in color from their back-
ground, than when they are asked to rate various at-
tempted "matches" presented in the form of uniform 
and nearly gray color-prints, 3 by 4 inches large, 
mounted on white cards with unremovable, inch-wide 
borders. This factor is the square of the ratio (225) of 
the luminance contrasts equivalent to a prescribed chro-1 matic contrast under the two circumstances." 

" W. R. J. Brown and D. L. MacAdam, "Visual sensitivities to 
combined chromaticity and luminance differences," Jour. Opt. Soc. 
Amer., vol. 39, pp. 808-834; October, 1949. 
u L. A. Jones' "The evaluation of negative film speeds in terms of 

print quality," Jou r. Frank. Inst., vol. 227, pp. 297-354, March, 1939; 
also pp. 497-544, April, 1939. 2  • 

U. L. MacAdam, "Color discrimination and the influence of 
color contrast on visual acuity," Revue d'Optique, vol. 28, pp. 161-173; 
March, 1949. 

When a number of reproduction errors are to be 
averaged, it will probably be necessary to weight them 
according to their importance. To some extent these 
weights will depend upon the subject matter of each 
picture. The color of human skin will frequently be 
weighted heavily, and other colors in accordance with 
their familiarity, emotional associations, and frequency 
of occurrence. Furthermore, those weights should prob-
ably depend upon the luminances of the colors, relative 
to the tonal range of the scene. Certainly, optimum 
rendering of the chromaticity as well as the luminance 
of the face of a person in the deeply shadowed back-
ground of a scene is less important than for the face of a 
person in the brightly lighted foreground. It therefore 
seems probable that the "importance" factors, which 
were first suggested in the discussion of optimum tone 
reproduction, should be applied not only to the terms 
expressive of luminous contrast reproduction, but to all 
terms alike. For this reason it was suggested that it is 
probably inadvisable to subdivide the problem of spec-
ifying quality of color reproduction into two parts, 
dealing separately with tone reproduction and chro-

maticity reprodliction. 
If all these conjectures are combined, a general form 

can be suggested for the root-mean-square error of 

color reproduction: 

i-n 

E =[ E  + 2g12'Ax6,y  g22'60,2 

1/2 

2g23'AyAM  g33',AM2 2g13'AxAM)i/n]  . (9) 

For this evaluation, Az and Ay should be measured from 
the optimum reproduction. The contrast reduction 

term, 

= 1 — A log Br/A log Bo, 

is primarily a function of B. Any residual dependence . 
of AM on x, y is an indication of unstable balance of the 
system, although not necessarily a suitable measure of 
balance. 
Judging from analogous data on noticeability of color 

differences, 0.,11 1, • •  g13' depend primarily on chro-
maticity for all comfortable reading levels of luminance 
(above about one foot-lambert). The weights, W„ 
which could be combined with gu', • • • , gi3', require 
separate investigation and will probably vary most 
markedly with luminance B. 
A "figure of merit" for color reproduction can be de-

rived only by adoption of some arbitrary convention. 
If gill, • • • , ,g13' are based on the 50 per cent acceptance 
boundary, as in Fig. 11, then an average error E equal 
to 1 means that the picture would be rejected by 50 per 
cent of the judges. To a first approximation, the percent-
age of judges who would reject a reproduction having 
some other value of E would be proportional to the 
ordinate of the probability integral, in which the usually 
tabulated abscissa hx is 0.477 E. Thus, for E = 2, 
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hx= 0.954, and it is to be expected that the reproduc-
tion would be rejected by about 82 per cent of the 
judges. For E= 0.5, it may be expected to be rejected 
by about 26 per cent. This direct interpretation of E 
is lost if a figure of merit of the form, 100(1 —E/C), sug-
gested by Judd, Plaza, and Balcomi is adopted, C being 
some arbitrary constant, such as 30, in the instance 
cited. If a figure of merit is desired, which shall be high 
for the most satisfactory reproductions, and low but 
never negative for the worst reproductions, perhaps the 
percentage of judges accepting the reproduction will 
serve. Thus, from these examples, the figure of merit 
corresponding to E=1 would be F=50; for E=2, F 
would be 18; and for E=0.5, F= 74. For other values of 
E, F can be computed easily by use of any table of the 
probability integral. 
Such an interpretation makes it evident that figures 

of merit cannot be combined so as to predict the quality 
of reproduction of a two-stage process, such as copying 
or televising a color photograph. The errors of reproduc-
tion of each process are vectors, which may compensate 
each other as well as accumulate. Furthermore, the 
errors are not measured from an absolute base, but 
from subjectively optimum reproductions. For these 
and many other reasons, it seems futile to hope for a 
figure of merit which can be multiplied, or combined in 
any way, to predict the quality of reproduction of com-
bined processes. The figure of merit of a combined proc-
ess can be determined only by application of the prin-
ciples, and probably by use of the same formula as for 
direct reproduction. 

RETROSPECT AND PROSPECT 

The evaluation of quality of color reproduction poses 
many complex problems. The order in which they have 
been investigated is an historical accident, arising from 
the fact that black-and-white pictures were made first 
and were important long before color photographs. The 
additional complexity of the latter, not on ly the com-
plexity of their production but the complexity of their 
appearance, further delayed investigations aimed at 
evaluating their quality. 
It is by no means certain that results of tone repro-

duction studies of black-and-white pictures can be 
carried over, and merely supplemented by studies of 
chromaticity reproduction. Optimum  reproduction 
needs to be identified. Since it depends upon the limita-
tions of the reproduction process, as well as upon human 
vision and judgment, optimum reproduction will prob-
ably have to be determined for each process separately. 
Projected photographic transparencies share many, 

but not all, of the limitations of television. To the ex-
tent to which their limitations are equivalent, results 
for one process can probably be applied to the other. 
Prints on paper suffer from much more severe limita-
tions. Only the principles of investigation, not specific 
results, can be expected to apply to motion pictures 
and to television. Most of the tone reproduction studies 

have been made on reflection prints, and investigation 
of quality of color photographs is almost entirely con-
cerned with reflection prints. Perhaps this is because 
the limitations of paper prints are so serious. Every, 
effort has to be made to get the best results possible 
under the circumstances. However, it is only a matter 
of time before the limitations inherent in motion pic-
tures and in television will force more systematic studies 
of reproduction quality. For this reason, this account is 
given of the principles of investigation which have been 
used in tone reproduction studies of black-and-white 
prints, and of the way in which the method seems to be 
applicable to color photography. 
This program may seem elaborate, but it does not 

appear wise to base important decisions on less direct 
evidence. The investigation of color quality may be ex-
pected to be easier, quicker, and more systematic and 
complete in color television than in color photography, 
because changes in production variables can be made 
more easily, with continuous gradations if desirable, 
and reproducibly, by electronic controls. Different pic-
tures have to be made for color photography, and 
photographic processing controls are less direct, less 
convenient to change, and less reproducible than elec-
tronic controls. Each desired change requires a long 
time in color photography, whereas most changes could 
be made subject to nearly instantaneous control in 
color television. The variety of tone reproduction • 
curves (transfer curves) obtainable with television 
should be much greater than in photography, and a more 
complete and systematic search for the optimum 
quality of color reproduction should be possible. 
The program is to vary the production controls in 

systematic manners, measure the resulting color re-
production in the best way known (e.g., the I.C.I. 
method at the present time), submit the reproductions 
to visual judgment, and study the judgment data in 
comparison with the measurements in order to find 
significant correlations. The growing experience of such 
studies of color photography is suggested as. a guide. 
Particular studies should be made of skin colors, gray 
scales, and other crucial colors. If certain conditions 
seem to be identified as giving optimum reproduction, 
it would be very desirable to set them up and verify .1 
the fact, or to find exceptions which can be used to 
improve the concept of optimum. Deviations of meas-
ured characteristics of other reproductions should then 
be computed, or directly measured, from the optimum. 
Quality ratings, either directly reported by judges or 
based on the proportion of judges who accept the re-
production as satisfactory, can then be correlated with 
the deviations from optimum reproduction. Only in this 
general fashion can we establish a method for assessing 
various kinds of deviations and their combinations. 
Preliminary estimates of optimum reproduction and 

of seriousness of deviations may be based tentatively 
on results of studies of noticeability of color differences / 
and on fragmentary results of studies of color photog-
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raphy. These estimates can be improved as various 
, - parts of the program are carried out. This beginning 

ooffn etrhse se roots. 

The formulas shown in this account are extremely 
tentative. They are merely suggestive of the nature of 
the problem, and of conceivable forms of the solution. 
These may prove unnecessarily complex. They are suffi-
ciently definite in form to guide research, and yet they 
are sufficiently 

r flexib legr owt h. News0that  rtehseuirlts 
acccaunracy gcraanftebde 

1 

• • 

improved with each increase of our knowledge. In this 
sense they symbolize a program of research, and a goal. 

CONCLUSIONS 

One conclusion only can be stated with assurance: 
that the successful index of quality of color reproduc-
tion will ultimately be established as a result of psycho-
physical analysis of judgments of picture quality, re-
ferred unambiguously to the pictures by measurements 
of relevant optical quantities. 

Elements of Thermionics* 
W . E. DANFORTHt 

The program of publication of valuable tutorial material in the PROCEEDINGS OF THE I.R.E. 
continues with the appearance of the paper here presented. Due to the basic nature of the subject 
matter herein described, this paper is, of necessity, somewhat more mathematical and theoretical 
than most papers to be included in the tutorial papers series. However, it is felt that the inclusion 
of a few such papers will, on the whole, make the series better rounded and of greater value to 
the readers of the PROCEEDINGS OF THE I.R.E.—The Editor. 

SummaTy--Recent review papers'-3 in this field have provided 
those engaged in research on thermionic emission with critical re-
view material of an encyclopaedic nature. This article approaches 
the matter from a different point of view, viz, that of the engineer or 
research worker in some other field who wishes to acquaint himself 
with the main experimental features and the principal theoretical 
developments of the subject. Much the greater part is devoted to 
the latter. An attempt is made, assuming only undergraduate mathe-
matics, to begin with a simple formulation of statistical mechanics 
and proceed from there to certain relationships of landmark im-
portance. These include the Richardson equation which is of general 
validity for all substances, the Schottky equation concerning effects 

of electric field, and the Fowler equation for emission from a normal 
impurity semiconductor which is the Richardson equation expressed 
in terms of a particular semiconductor model. Certain results of 
quantum mechanics are introduced where needed and no previous 
mastery of this subject is required. 

I. GENERAL EMPIRICAL CONSIDERATIONS 

A. Space-Charge Limitation THE FIRST CIRCUMSTANCE of which the 
reader should be reminded is that of space-
charge-limited and emission-limited cathodes. In 

many applications, the emission actually used is much 
smaller than that which the cathode would be capable 
of supplying if higher anode voltages were applied. 

* Decimal classification: R138. Original manuscript received 
by the Institute, February 23, 1951; revised manuscript received, 
March 9, 1951. 
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The electron density in the space immediately adjacent 
to the emitting surface limits the electron emission to a 
certain value. The thermionic emission in such a tube 
is obviously determined by geometrical design con-
siderations. It is therefore not in the province of this 
paper, which concerns itself with the ability of materials 
to emit electrons. 
Since, however, the thermionic emission is always 

measured in a tube in which space-charge limitation 
may be present under certain circumstances, care must 
be taken to insure that results are properly interpreted. 
In general, the "true thermionic emission" of a given 

cathode surface is determined by interpretations of the 
curve of emission current versus the anode voltage. Two 
methods are commonly used for this purpose. 

B. Method of Departure from the Two-Thirds Power Line 

For those values of anode voltage V where the current 
I is space-charge-limited it can be shown from straight-
forward electrodynamics that 

I = aV312  (1) 

where the constant of proportionality a can be readily 
computed from the dimensions. A common procedure 
consists in plotting 1213 against V, which gives a straight 
line passing through the origin. This relationship, how-
ever, assumes that the field at the surface of the cathode 
is zero which is the mathematician's way of saying that 
more electrons are available for emission than the exist-
ing anode voltage demands. Therefore, when the anode 
voltage is raised to the region where the demand for 
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electrons exceeds the supply (and a field exists at the 
cathode surface which tends to draw electrons away 
from it) the curve falls away from the straight line as 
shown in Fie.. 1. 

3 

Fig. 1—The two-thirds power plot. The true thermionic emission is 
that value at which the curve leaves the straight line. 

The value of current at the point where the curve 
leaves the line represents the true value of electron emis-
sion of which the surface is capable, without the help of 
externally applied electric fields. A disadvantage of this 
method lies in the uncertainty, in an experimental 
plot, of deciding just where the curve does leave the line. 
For this reason another method is generally used where 
precise values of emission are desired. 

C. Method of Extrapolation of the High Field Equation 

This method approaches the true value of emission 
, from above, so to speak, rather than from below as is 
done using the two-thirds power law. High voltages, 
known to be above the "knee" of Fig. 1, are applied. 
For voltages sufficiently high to remove all space-
charge effects, the current is shown theoretically, in 
Section IIB, to be related to the anode voltage as fol-
lows: 

log I = log /0 + &VT  (2) 

where /0 is the true emission at zero field and V is the 
anode voltage. In Fig. 2 is shown a plot, according to 
(2) of actual experimental data. For high values of V 
the curve becomes linear and may be extrapolated back 
to zero Vas shown by the dotted line.  • 
This method removes the feeling of uncertainty, men-

tioned above, connected with the decision as to where 

the curve of Fig. 1 leaves the two-thirds power line. 
The intersection of the dotted lines of Fig. 2 with the 
axis of zero V yields a precise figure for /0. One is not 
always sure, however, that this apparent precision, in 
which the uncertainties of the former method are 
avoided, may not be hiding other uncertainties of dif-

ferent natures. 

IH 

0 
_J 

5 
V 1/2  

Fig. 2—The Schottky plot. The true thermionic emission is given by 
extrapolation of the straight line to zero voltage. 

• 

For determining thermionic constants of smooth-
surfaced pure metals at low values of emission current, 
the extrapolation to V= 0 yields accurate values. But in 
cases where complex surfaces give rise to anomalous 
. forms of I versus V and in all cases where high currents 
are involved (which also, through space-charge effects, 
complicate the I versus V relation), the determination, 
to high accuracy, of the true (field-free) thermionic 
emission is not a simple matter. .% 

D. Pulsed Techniques 

In the case of clean metals in good vacuum the 
thermionic emission is an intrinsic property of the 
metal itself; it is independent of time, a function of 
temperature alone. With semiconductors, however, the 
emission is a sensitive function of very small quantities 
of "impurities" whose concentration. may be altered by 
the very process of drawing current. Hence, in general, 
with this type of emitter, the emission is a function of 
the time following application of the anode voltage.' 
Thus, in order to determine the true thermionic emis-

sion of a semiconductor surface which has attained 

4 For brevity, the only form of decay treated here is that due to 
change in the emitting power of the surface. Time effects, due to 
capacitative effects at a high resistance interface, which naturally 
must occur especially in the region of short times, are omitted be-
cause of their lack of bearing on the subject of thermionic emission, 
per se. 
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equilibrium at a given temperature with no current 
-flowing it is necessary to use oscillographic, or equiva-
lent, techniques which determine the value of emission 
at the initial instant. The square microsecond pulses 
delivered by World War II radar "modulators" are often 
used for this purpose. The term "pulsed emission," 
which arose during the war period, means essentially 
the true emission of the surface, (relatively) undis-
turbed by the drawing of current. 

E. Decay and "dc" 

In the period during and following the war, it was 
customary to hear the phrases "pulsed emission" and 
"dc emission" used as if they referred to more or less 
unrelated properties of a cathode. And it was, indeed, 
found that very little correlation could be said to exist, 
considering observations under different circumstances 
. with a given type of semiconductor cathode, between 
data taken with one-microsecond pulses and "synchro-
scopes" on the one hand, and dc readings from ordinary 
meters on the other. 
The situation may be expressed as follows: The true 

emission (undisturbed by the drawing of current) is 
given by measurements with widely spaced pulses of 
very short duration. When a constant anode voltage is 
applied, however, and current starts to flow continu-
ously, various mechanisms go into action which change 
the condition of activation of the emitting surface, and 
the emission (in general) decreases with time. The rate 
of this decrease (referred to as "decay") and the total 
amount of decrease before a new equilibrium value of 
emission is attained, depend upon a multitude of special 
circumstances. Some of these concern the inner workings 
of the cathode material itself while many others have to 
do with completely extraneous matters such as constitu-
tion of the anode, its state of electron bombardment, 

and so forth. 
After removal of the anode voltage there is, in gen-

- eral, a return to an equilibrium condition capable of 
increased emission. If a series of current-drawing pe-
, riods are alternated with sufficiently long rest periods, 
a steady state usually occurs where, during each rest 
period, the emission will recover fully to its value at the 
beginning of the preceding current-drawing period. This 
phenomenon may be called "reversible decay." The oc-
currence of "decay" which fails to recover in a short 
time at the same temperature may be termed "deactiva-
tion" to distinguish it from the self-recovering phenom-

enon. 
It is characteristic of a metal that no activation is re-

quired. Given a clean surface and a high degree of 
vacuum, the number of electrons emitted per second 
will be a function of temperature alone. Clean metals 
show no time variations. 
Of the semiconductor emitters the BaSr oxide system 

is by far the most efficient source of electrons at low 
temperatures but is also the most critical as regards 
activation and sensitivity to poisoning. 

Between BaSr oxide and the metals in this respect is 
the thorium oxide system which, while requiring much 
higher temperatures than the former, requires very lit-
tle attention to activation and is relatively insensitive 

to poisoning. 

II. THEORETICAL DEVELOPMENTS 

A. The Richardson Equation 

1. General 

Probably the most prominent single relation in the 
field of thermionics is that which concerns the variation 
of thermionic emission with temperature. This is 
known as the Richardson equation and is written in the 

form 
I = A Ine- CkT (3) 

where 4) is a quantity usually thought of as the energy 
required to remove an electron from the metal, k is the 
gas constant per molecule (Boltzmann constant), T is 
the absolute temperature, and A is a constant. If the 
constant A be regarded as arbitrary, the law is reason-
ably well obeyed by nearly all emitters. The objective 
of the material which immediately follows is to review 
the bases from which the equation has been derived. 
There are two approaches to the problem. At first 

glance, the natural procedure would seem to be to con-
sider the electrons inside the solid and calculate the 
number per second which bombard the surface (from 
within) with sufficient energy to surmount the barrier 4). 
In spite of the straightforward character of this ap-
proach, it is given a secondary place in this paper in 
favor of another method which, while logically more 
roundabout, has the advantage of a validity which is 
clearly independent of any assumptions regarding the 
inner nature of the solid. After a rather complete exposi-
tion of the latter method, which we call the outside 
derivation, a brief sketch of the inside derivation is 
given. 

2. The Outside Derivation 

We proceed with that treatment in which one imag-
ines that the solid is emitting electrons into a space of 
finite volume, the whole system being at a uniform 
temperature. Equilibrium is established when the dens-
ity of electrons in the space is such that the number 
striking the solid surface from without (per unit time) 
is equal to the number emitted. Thus, if means are avail-
able for computing the equilibrium density, the number 
emitted per second can readily be obtained by calcu-
lating, from simple kinetic theory, the rate of bombard-
ment of the surface from outside. The necessary com-
putation of the density outside is based on the principle 
that the number of particles in the space will increase 
to the point where the free energy per particle outside 
(calculated from theory) is equal to that of a particle 
inside (a constant remaining to be determined). 

1 
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It is to be expected that this approach to the problem 
of emission of electrons into a vacuum will at first seem 
somewhat artificial. Admittedly the equilibrium picture 
has, for thermionic emission, no physical reality, and is 
to be regarded somewhat as a mathematical device. For 
ordinary evaporation, the method is without artificiality. 
The results obtained will apply as well to neutral mole-
cules as to electrons. 

We proceed to an outline of those statistical consider-
ations which lead to the formula for the free energy of a 
gas. First, a brief digression into quantum principles is 
necessary. 
(a) Quantized energies. In a perfect gas confined to a 

certain volume, whether or not the particles are thought 
of as charged, modern 'theory says that a particle may 
have only discrete energies. This is, of course, related 
to the wave nature of the particles. A single particle is 
represented by a standing wave between reflecting walls. 
Since the amplitude of the wave must be zero at the 
walls, only certain discrete wavelengths are allowable. 
Therefore, since the energy of the particle bears relation 
to the wavelength (and not to the amplitude), only dis-
crete energy values are permitted. 
One of the basic relationships of quantum mechanics 

is the following 

P = (4) 

where p is thd momentum of a free particle, X is the cor-
responding wavelength, and h is Planck's constant. Us-
ing this, the kinetic energy (e) of a free particle may be 
written 

= 
1 ( h2  h2  /12 ) 

2nt  X .2  Xv2  x.2 

where X., Xy, and X, refer to wavelengths in the three 
co-ordinate directions, analogous to the three com-
ponents of momentum. Then writing, as necessitated 
by the finite length 1 of the box (assumed cubical for 
convenience) X. =21/K. the energy becomes 

h2 
E =  (K .2 +  K v2 ±  K .2) 

8 M V2/3 

(5) 

(6) 

where K., K„, and K. may be any integers. 
The dependence on V may be puzzling at first. Why, 

one asks, should the kinetic energy of a free particle de-
pend upon the size of the box in which it is confined? 
Actually, it doesn't. Considering the brief derivation of 
(6) one sees that if V is altered, the K's must also be 
altered in such a way as to keep e constant. (The symbol 
V is carried through the analysis until the point is 
reached where it is divided into the total number of 
particles, forming the number per unit volume.) 
(b) The energy distribution.' In order to compute the 

I The statistical formulation in this section utilizes in the main,• 
the approach of J. E. Mayer and M. G. Mayer, "Statistical Mechan-
ics," John Wiley and Sons, Inc., New York, N. Y.; 1949. 

free energy of N particles in the gas it is necessary to 
know how they are distributed in energy. We must 
seek, in other words, the function f(e) such that f(e)tie 
is the number of particles having energies between e and 
e-I-Ae. Equation (6) defines, for a given volume, a set of 
discrete energy levels. In order to derive the continuous 
function f(e), it is necessary to postulate that the 4,e's are 
sufficiently large so that each includes a large number 
of the discrete energy levels. 
The problem is now, given a set of energy regions, 

(Ac)2, (4,e)2, and so on, to determine the correspond-
ing set of numbers of particles N1, N2, and so on, which 
will most probably be found in these regions. The par-
ticular set of N's which will actually be found is as-
sumed to be that set having the largest number of in-
ternal arrangements, i.e., possible ways of occurring by 
chance. We therefore compute the number of internal 
arrangements associated with a given set of N's and  
then seek that particular set for which the number of 
arrangements is a maximum. 

We first compute the number of arrangements of Ni 
particles in the region (6,c)i. The total number of pos-
sible arrangements for the whole set of N's is then the I 
product of the numbers of arrangements for the several 4 
individual regions. In computing the number of possible 
arrangements of electrons among energy levels we again 
encounter properties of electrons which are nonclassical 
and concerning which we accept the following quantum 
mechanical results: 

.(1) No meaning can be ascribed to individuality of 
particles, i.e., to the interchange of two particles. 
Given a certain arrangement of particles among 
energy levels, there is no meaning in obtaining 
another arrangement by an interchange of energy 
values among the particles. 

(2) Only one particle can occupy_ a given energy 
level.' 

(3) Each discrete energy value defined by (6) has 
associated with it two energy levels; i.e., in a 
given system, the number's of electrons which 
may assume a given value of energy is equal to or 
less than two. This is a result of considerations 
concerning electron spin, quantum mechanically 
formulated. 

Now letting C; represent the number of levels in the 
region (4,e);, the number of ways in which N; electrons 
can be arranged among the C; levels is, assuming (1) 
and (2) above given by 

NAG; — NO! 

If now l is the total number of arrangements possible 
throughout the whole set of Nis, we have 

g This principle is actually not essential to the derivation on ac-
count of the high dilution of the gas outside the metal, but is included 
for completeness since it has primary importance in discussions con-
cerning the electrons inside a metal. 

(7) 
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Ca! =  (8) 
; N;!(C;— N;)! 

Notv the distribution (i.e. the set of NJ's) we are look-
ing for is the one which will give the largest possible 
value of 11, consistent of course with the conditions that 

and 

E N; = N 
a 

total number of particles  (9) 

E e;N;= E total energy of gas,  (10) 

where e; is the energy value of the region (Ae)i. 
Proceeding to maximize Sl, we transform (8) into a 1' form which is more convenient to handle by taking the  

logarithm and by introducing Stirling's formula for the 

.factorial.' 
, Using the method of undetermined multipliers, the 
maximum value of log SI, consistent with (9) and (10) 

i also being true, is given by solving for N; the equation 

— Flog 11 + aE N; ftE old = o. (11) 
dN ;  a 

The above operation is easily carried out and one ob-
tains, for the equation from which the most probable set 
of N's may be computed 

N; 

C; 

1 
e a+13ei  1. 

(12) 

This (with the constants a and 13 as yet undetermined) 
is the Fermi-Dirac formula for the probability that a 
given energy level will be occupied by an electron. 
Before proceeding further with the calculation of the 

free energy of the gas, which is a thermodynamic con-
cept, one must interpret the foregoing statistical con-
cepts in thermodynamic terms. 
(c) Thermodynamic interpretation of the statistical 

quantities. It is necessary to assign thermodynamic 
meanings to 11, a, and 13. For brevity, a proof of this 
matter will not be presented but it will be merely stated 
that a consistent scheme can be set up if one makes the 
following assignments 

k log St = S 

NkTa = 

entropy 

free energy (E — TS) of the system 

of N particles 

(13) 

(14) 

(15) 

Verification of these relationships can be effected by 
setting up an equation for dS based on (13) and (8), and 
comparing the result with standard forms of the first 
and second laws of thermodynamics. 
Once these analogies are established, (12) can be 

7 The approximate relation n!..(n/e). is, for values of a en-
countered here, sufficiently accurate to be considered, for all prac-
tical purposes, exact. 
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summed over all states and set equal to N, giving an 
equation in which the number of electrons per unit vol-
ume of gas is expressed as a function of the free energy. 
At this stage of the derivation it is convenient to., in-

troduce an approximation which can be justified by ex-
amination in the light of end results. The demonstration 
of the thermodynamic correspondences and the devel-
opments which follow are greatly simplified by the fact 
that, for the cases considered, the quantity ea-Hhi is very 
large compared to unity. As a result of these considera-
tions the energy distribution in the gas at equilibrium 
can be written 

where 

14 = — 

C; 
(16) 

the free energy per particle.  (17) 

(d) Evaluation of the Summation. To complete the en-
ergy distribution (16) the quantities C; and EJ must be 
put into forms which will permit the summing over all 
energy regions. 
Using (6), our quantum mechanical expressions for 

the energy of a gas particle in terms of integral quantum 
numbers, the desired equation can be written as fol-

lows 
Ecie(h1kn(„--,2K,2,8mv2,4) = N 

in which we have put 

K =. K.2 ± K2 + K. 2. 

(18) 

(19) 

The quantity K; is the value of K associated with the 
jth energy region whose width in terms of K is now 
written as (AK)i. In order to evaluate the sum by a 
process of integration, the number C'i of levels included 
in each (AK); must be computed. Remembering the 
doubling of levels on account of spin, one sees that any 
set of three integral quantities K,, Ku, and K. corre-
sponds to two levels. If one imagines these quantities 
plotted on rectangular axes, a given value of K will rep-
resent the radius of a sphere in the k space. Reflection 
will show that the number of sets of K., Kv, and K. in-
cluded in the energy region AK at K; will be given by 
the volume of a spherical shell of radius K; and thick-
ness K. Since only positive values of the K's are con-
sidered the volume to be used will be one eighth of the 
total shell. Thus we have, 

ir 
C.; = (2)114irKi2AK = (2) — K;24,K.  (20) 

2 

Substituting this in (18) and writing the sum as an in-
tegral we have 

(2) — e 'kr  1C2e--101C218 mkTV 2Ild K =  N, 

2  Jo 
(21) 
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whence we have after integration, 

Crtnkryo v = 2 ery'l kr 
h2 

(22) 

where N/ V has been replaced by P, the number of elec-
trons per unit volume of the gas, and i has been re-
placed by 0', the free energy per particle in the metal, 
referred to a zero outside the metal. Since there is no 
net flow of electrons across the boundary in either di-
rection, the free energies in the metal and in the gas, 
referred to the sarrie zero, must be equal (i.e.,  =0'). If 
one imagines the gas as having been removed,  is seen 
to be the negative of the work involved in removing an 
electron from the metal. The customary "work func-
tion" 4) is seen to be equal to —0'. 
Now introducing the kinetic theory relation between 

the number of particles per unit volume and the number 
hitting unit area of any surface per second, LkT )1/2 

n (23) 

and writing I =ne where e is the electronic charge, we 
have from (22), the Richardson equation 

4irme 
I = -  (kT)Se-okr.  (24) 

h8 

It should be realized that this equation has been de-
rived with no detailed knowledge of matters inside the 
solid. All we have said about the inside of the solid is 
that the internal free energy per electron is equal to a 
number 4) whose value remains to be assigned, either 
empirically or by additional theoretical developments. 
The "whole story"of the material, both in regard to the 

work required to get an electron out, and also in re-
gard to the density, and so forth, of the electrons inside, 
is included in 0, the so-called work function. 
It should be noticed also that the derivation just com-

pleted does not completely define the temperature variation 
of the emission. For, as far as anything has been said, the 
free energy per electron (0) might itself be strongly 
temperature dependent. For clean metals, however, it 
is a fact that emission data are reasonably well fitted by 
(24) with 0 held constant. And theoretical arguments 
can be advanced to show that, in the case of metals, the 
temperature variation of 4) is slight. 

3. Brief Sketch of the Inside Derivation 

In this treatment one assumes that the electrons in a 
material may be considered as a perfect gas in a volume 
V. Using some of the developments of the preceding 
section, in which the classical momenta Px, P„, and P. 
are represented by the quantum numbers K., K5, and 
K., one sees that the number of electrons having mo-
menta in the range dK„ dK, dK, may be written as 

2dK xdKudif, 
e(e-p,)1kT  l • (25) 

In this expression, µ' is the free, energy per electron 
within the solid referred to a zero inside, and it is only u 
through A' that any specific properties of the solid, 
such as density of electrons, appear. This expression is  1 

integrated from K.= K,* to K.= 00 where K.° corre-
sponds to that value of x momentum for which, if the y 
and z momenta were zero, the energy of the particle 
would equal /2+0 where, as before, 0 is the free energy 
referred to outside. Integrations with respect to K, and 
K, are taken from 0 to co and the Richardson equation 
is obtained. 
Consideration of the above will show that, even 

though the calculation is ostensibly "from inside" one 
has actually used no detailed knowledge of the interior.' 
Just as in the outside derivation, one ends with all the 
properties of the solid expressed in 0, the free energy per 
particle referred to outside. It may be further remarked 
that, although the Fermi-Dirac distribution is used to 
write (25), the Fermi-Dirac form is never needed since 
e— IA is always sufficiently large that the 1 in the denom-
inator can be ignored. 

4. Application to Metals: the Reflection Coefficient 

As stated above, the Richardson equation does not 
define the temperature variation of the emission unless 
further knowledge is available regarding the tempera-
ture dependence of 0. Also, from the foregoing consid-
erations, it follows that if 0 is independent of tempera-
ture, the value which one would find experimentally for 
A should be the theoretical value which is 120.4 amp 
/cmkleg2. 

In Table I, which lists values of A and 0 for several t 

TABLE l• 

Element 

Caesium 
Barium 
Zirconium 
Hafnium 
Thorium 
Tantalum 
Molybdenum 
Tungsten 
Rhenium 
Nickel 
Palladium 
Platinum 

1.81 
2.11 
4.12 
3.53 
3.38 
4.1 
4.15 
4.54 
5.1 
3.03 
4.99 
5.40 

A 

162 
60 
330 
14.5 
70 
60 
55 

60-100 
200 
1380 
60 
170 

" R. H. Fowler, 'Statistical Mechanics," The Macmillan Co., 
New York, N. Y.; 1936. 

metals, one sees that the experimental values of A show 
considerable variation from substance to substance al-
though, except rhenium and nickel, they are of the right 
order of magnitude. 

Of the substances listed, the greatest theoretical in-
terest is attached to tantalum (A =60), molybdenum 
(A=55), and tungsten (A =60-100) because, owing to 
their high melting points, they are the metals which 
can be most effectively cleaned by flashing to high tem-
peratures. It is to take account of this discrepancy be-
tween these values and A =120 that the reflection coef-
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ficient, along with certain other considerations relative 
to the temperature variation of 40, is introduced. 
In the "outside" or equilibrium derivation, it is pos-

sible that not every electron which impinges upon the 
surface of the solid will enter. If the over-all fraction 
thus reflected is represented by r, the A factor must be 
multiplied by 1 — r. 
In the "inside" derivation it is possible that not every 

electron which impinges upon the surface barrier from 
within will escape, even though its X-associated energy 
exceed 4). Again, if the average number thus reflected is 
r times the total number impinging, the A constant 
must be multiplied by 1 — r. 

4 One might well ask whether the first r, referring to 
reflection from outside in the equilibrium derivation, 
should necessarily be the same quantity as the second r 
which pertains to an electron attempting to escape from 
. inside. Remembering that the inside derivation is based 
upon a model of a number of free electrons in a box 
whose "walls" consist of a potential barrier, it appears 
reasonable that an electron of a given energy should 
have the same probability of reflection from within as 
from without, and a quantum-mechanical calculation 
shows that the two reflection coefficients are equal. 

B. Effects of Applied Electric Field 

As stated in Section IA, the usual procedures for meas-
uring thermionic emission involve means for assuring 
that the electric field at the cathode surface is essentially 
zero. The Richardson equation which has been derived. 
is not limited to the case of zero field, however. The 
work function 4) is the free energy per particle, regard-
less of whether or not an accelerating field exists. The • 
problem at hand is to compute the effect of the accel-

erating field on 4). 
To do this one must go into the theory of the work 

function to some extent. Ideally, one would set up a 
mathematical model and then investigate how the pres-
ence of the electric field would affect the calculated 
value of 4). Actually, the complete calculation of ck is 
not feasible, but it turns out that, for the magnitude 
of electric field encountered in practice, a partial theory 
of  suffices. 
In formulating this problem it is convenient to choose 

the zero inside the material instead of outside. Referring 
to Fig. 3, we take the zero at an energy difference 4. be-
low the field-free value outside. We then consider 4) di-
vided into two parts: 

4).= the energy of an electron at x =a referred to the 
zero inside 

and 
4),= the energy difference between x =a and x = 00. 

The distance x = a is chosen sufficiently far from the 
surface that all short range forces are negligibly small. 
Thus the energy (ki can be attributed entirely to the 
image force attraction between the electron and the 
metal. 

In other words, one has split up 4) into a very compli-
cated part 4)„ which is due to several kinds of difficult-
to-evaluate forces, and a simple part (Ai which is entirely 
due to image force. Happily, it turns out that the ap-
plication of electric field of practical magnitude alters 
4>i in an easily calculable manner, and has negligible ef-

fect upon 

— — 

0 

0, 

0, 
0 oC) 

Fig. 3—Diagram illustrating Schottky effect. The field-free work 
function (fro is reduced to the field-dependent work function .(X). 

Referring to Fig. 3, V1 represents the energy of the 
particle as a function of x, in the absence of the field. 
V2, the straight line, gives the energy component due 
to the field X. Va is the resultant and has a maximum 
whose height 4)(X) is the field-dependent work function, 
the quantity we are seeking. 
With the above as preliminary, the calculation of 

44(X) is straightforward. From electrostatics, the at-
tractive force on an electron in the region x> a is e2/4x2 
whence, in the same region, 

e2 
V1 =  —  dx  (26) 

4x2 

where 02 is the field-free value of 44 
This becomes on integrating 

C2 
V1 =  —  • 

4x 
(27) 

Now 1/21 the potential component due to the applied 
field is simply —eXx, hence we have for the resultant, 

e2 
V3 =  eXx.  (28) 

4x 

Finding the maximum value of V3 in the usual man-

ner, one has 

(MX) = (ko — -Vre3/2.  (29) 

Substituting this expression for 44(X) into the Richard-
son (24), one obtains 

I = AT2e#01 hT • esii•ril kr,  (30) 
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or, representing AT2e--.04r by /0, the field-free emis-
sion, one has the Schottky equation in a customary 
form: 

= 

JO 
(31) 

When measurements are made of the thermionic 
emission from clean metals in the presence of accu-
rately known electric fields it is found that (31) is quite 
well obeyed, and experiments of this type have yielded 
satisfactory values of the electronic charge e. 
It should be mentioned here, however, that this phe-

nomenon is one in which the wave nature of the elec-
trons plays a distinctive part and a quantum mechanical 
calculation of the effect yields a more complicated ex-
pression which differs from (31) to an extent which can 
be experimentally verified. 
Measurements of field effects on complex surfaces, 

such as semiconductor emitters, tend to follow the VX 
dependence with fair accuracy but, when log ///0 is 
plotted against VX, the slopes will yield incorrect val-
ues of temperature. In general, the variation with V7 
will be more rapid than the equation predicts. Several 
factors may be invoked to account for this discrepancy, 
one of the most discussed being the "patch theory." If 
a surface is a mosaic of patches of different values of 4. 
local fields will be present, which are attractive for the 
patches of low O. When an external field is applied the 
resultant effect of the applied and local fields is such as 
to account for the phenomena in a semiquantitative 
manner. Also with a semiconductor the image force ex-
pression may itself be more complex, may involve the 
dielectric constant, etc. 

C. Electron Emission from Semiconductors 

I. General Remarks Concerning Metals and Semicon-
ductors 

From Section IIA it is evident that derivation of the 
Richardson equation requires no detailed knowledge of 
the nature of the material. It is only necessary to specify 
that the removal of n electrons from the solid will 
change the free.energy of the solid by, an amount nik. 
This statement, and the derived form of the Richardson 
equation, are as applicable to semiconductors as to 
metals. The difference lies in the temperature depend-
ence of (/). 
Empirically, as the name indicates, a semiconductor 

differs from a metal principally in having a much smaller 
value of electrical conductivity. A further difference lies 
in the fact that the conductance of a semiconductor in-
creases as the temperature increases while that of a 
metal is comparatively constant and indeed decreases. 
These properties of semiconductors are explained by a 
theoretical picture in which the "band structure" plays 
an important part. This matter, which may be mathe-
matically justified on quantum mechanical grounds, 
will now be qualitatively described. 
As stated earlier, many properties of a metal can be 

explained by the model in which a number of electrons 
are confined, in the manner of a gas, to a certain vol-
ume. The electrons concerned may have any value of 
energy from zero upwards.8 With semiconductors this is 
not the case. 
Quantum mechanical considerations, dealing with the 

nature of electrons in crystals, require that "gaps" exist 
in the energy scale. No electrons may have energy val-
ues within a gap. Thus, instead of having the closely 
spaced energy levels distributed throughout the whole 
range we find them confined to specific regions known as 
"bands." The theory tells us further that a band in 
which all levels are occupied by electrons cannot con-
tribute to conduction. Only a partially filled band can 
so contribute. In the case of metals, referred to above, 
one is speaking of the uppermost band, which, for met-
als, is only partially filled by a number of electrons 
which does not vary with temperature. For semicon-
ductors the population of the uppermost band varies 
with temperature and the band is empty at zero tem-
perature. 
In the simplest model of a semiconductor one has, as 

shown in Fig. 4, two bands of allowed energy. The 

ENERGY OF 
ELECTRON AT REST 
IN OUTER SPACE 

CONDUCTIBDON / // // // / k 

IMPURITY 
OR DONOR — --- ---
CENTERS 

FILLED 
BAND 

Fig. 4—Simplest model for conductivity and thermionic 
emission of semiconductor 

lower one is called the "filled band" and has all possible 
energy states occupied by electrons. The upper band is 
sufficiently high in the energy scale so that, at zero 
temperature, none of its levels are occupied. Thus at . 
zero temperature no electrons are present which can 
take part in conduction and the semiconductor is an 
insulator. 

At higher temperatures, however, the thermal en-
ergy results in some electrons being excited to levels in 

$ Strictly speaking, this is not a continuum but consists of a very 
large number of closely spaced levels as defined by (6). 
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the unfilled band and some conductivity appears. Be-
cause of this circumstance, the unfilled band is com-
monly referred to in the literature as the "conduction 
band." The electrons in the conduction band are those 
which take part in thermionic emission. 
In reality, it appears, however, that in most cases so 

far studied the filled band is so far below the conduc-
tion band that practically no electrons are excited to 
the conduction band by ordinary operating tempera-1 tures. The fact that a semiconductor conducts as much 
as it does is due to the presence of "impurities" which 
disturb the level diagram of the pure- substance and 
may cause the presence of allowed levels at some point 
not too far below the conduction band. Centers capable 
of supplying electrons, whether resulting from impuri-
ties or other circumstances, are commonly referred to 

as donors. 
. The so-called impurities may be substances foreign 
to the semiconductor, or, if the semiconductor is a com-
pound, the additional substance may be an excess of 
either elementary component of the compound. 
The process by which the impurity is added is called 

"activation." This process applies not only to conduc-
tion as explained above but, since it is the electrons in 
the conduction band which take part in thermionic 
emission, the same type of activation is required to 
make a semiconductor emit.9 

2. Plan of the Calculation 

As stated above the Richardson equation (24) ap-
plies to any class of substance. The fact that 0, in gen-
, eral, varies with T, means that the equation is of little 
use in the form of (24) unless further knowledge of 4)(T) 
is available. 
In metals, it can be shown that 4), the free energy per 

electron, changes very little with temperature. Thus 
when 4) is assumed constant, the equation fits the emis-
sion data reasonably well and the experimental value 
of A agrees approximately with the theoretical value. 
With semiconductors the distribution of the elec-

trons among the bands varies strongly with tempera-
ture, and therefore the free energy 0 will also show 
marked variation. This theoretical circumstance is re-
flected in the fact that, although semiconductors also 
show reasonable agreement with (24) with a constant 
4), the value of A may be wrong by many orders of mag-
nitude. 
Our plan, therefore, is to carry out a line of theoreti-

cal argument which will give 4)(T) for the simplest im-
purity semiconductor model and to substitute the ex-
pression for 4)(T) in the general Richardson equation 
(24). 
In doing this, it is pictured that only the electrons in 

the conduction band are taking part in the thermionic 

• This statement may be found, in the future, to have certain 
exceptions, Although it is true without question in the case of alkaline 
earth oxides and of thorium oxide at low temperatures, it remains a 
possibility that thorium oxide at the highest operating temperature 
may not require the presence of impurities. 

emission. The first subject of computation is therefore 
the number of electrons in the conduction band. These 
are then considered as an ideal gas confined to a given 
volume and the free energy is computed, referred to the 
bottom of the conduction band as zero. Letting this 
quantity be At(T), and letting x be the energy of the 
bottom of the conduction band referred to a zero out-
side the crystal, it is seen that the desired 4)(T) is equal 

to x —µ(T). 
The presence of impurities in the lattice can give rise 

to conduction, and affect the thermionic emission, by 
other specific processes than that which is here chosen. 
For example, the presence of vacant impurity centers 
whose energy is only slightly above the filled band may 
cause conduction by relieving that band of a few of its 
electrons. For the calculation of 0 all such possibilities 
must be taken into account. In the present paper we 
restrict ourselves to one particular picture. 

3. Number of Electrons in the Conduction Band 

Referring to Fig. 4 we assume the existence of N 
impurity centers, each of which is capable of supplying 
one electron to the conduction band. We then make a 
provisional assumption that n of these N available elec. 
trons are in the conduction band, and we calculate the 
thermodynamic potential" 

F = U — TS ± pv,  (32) 

which will be a function of n. The value of n correspond-
ing to equilibrium will then be that value for which 

aF\  0 
\ on Jr  • 

The quantity U in the above expression is the total en-
ergy of the system. 
To compute the TS term, we again use the relation 

S=k log CI (13) where CI is the number of possible ar-
rangements of the electrons. We then write 

=  (34) 

(33) 

where 

2' =number of arrangements of the n electrons in 
the conduction band 

Sr= number of ways in which these n electrons can 
be taken from the N impurity centers. 

To compute tr we write 

log 11' = — — 
kT  kT 

(35) 

1° Choice of the thermodynamic potential in this form leads to the 
customary expression for the number in the conduction band. Using 
the form if = U — TS introduces a factor of eta in the same expres-
sion. 

ii The reader may wish to compare the derivation which follows 
for the density of electrons in the conduction band with that outlined 
by N. F. Mott and R. W. Gurney, "Electronic Processes in Ionic 
Crystals," Clarendon Press, Oxford, England, pp. 156-160; 1941. 

12  This expression may be understood by considering that k log 0' 
is the entropy of the electrons in the conduction band whence, from 
the definition of free energy, no =u—kT log St'. 
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where, as before, U is the total energy of the system. 
The quantity ;I may now be evaluated in a manner 
analogous to (18)-(22), except that the summation is 
equated to n and the expression for the energy must 
contain the width E of the forbidden region. (The origin 
of energy is taken at the impurity levels.) In line with 
this, we write, analogous to (21) 

whence 

e(m-E)IkT  K 2e-421C218 mkTV 2Ildic = 

2  Jo 

(36) 

—  = log 2 (2/rmkTro V  E (37) 
kT  h2 n  kT 

which, with (35), completes the computation of fr. 
The computation of 0" is relatively simple, involving 

as it does only the formula for the number of combina-
tions of N things taken n at a time. Thus we have 

N! 
sy,  (38) 

n N - n)! 

whence it may be shown, using Stirling's formula, that 

log (1" = N log N - n log n - (N - n) log (N - n) (39) • 

and 

a N - n 
—  log ft" = log (   11  •  (40) 
an  ) 

To proceed with the formulation of (32) we may now 
write, observing that pv= nkl, 

F = nkT log 2 h2 

nkT  kT log fr. 

(22rmkT)" IT 
- nE 

(41) 

Differentiating this with respect to to and equating to 
zero, we have 

n2  ?rmkT\312  
  = V•2(   
N - n  ) 

e • • . (42) 

It may now be assumed that for practical cases n<<N, 
so that (42) may be written 

(22rmkT y 
2nou2   /12  e-1312kT ,  (43) V = 

where v is the number of electrons, per unit volume, in 
the conduction band, and no is the number of impurity 
centers per unit volume. 
As suggested earlier, the particular expression which 

one obtains for the number in the conduction band 
and for the quantity 4;6, will depend upon the particular 
model which one chooses as most nearly representing 
the state of affairs within the material. The above as-
sumption that the number of available electrons is the 
same as the number of centers in which they may be 
located is somewhat arbitrary and is subject to verifica-

tion for the material at hand. Another one of man 
possible situations might be that a number of the center 
are vacant even at zero temperature. In this case th 
number of impurity centers (N) and the number o 
electrons (N., say) are different. Then, instead of (38) 

one has 

N! _   
(n  N - N.)!(N. - n)! 

whence one obtains, instead of (43), and again assuming 

n<<N. 

N.  thrtnkl y2 
v —   e-ElkT. 

N  112 
(45) 

4. The Emission Formula 

We refer again to Fig. 5 which is the diagram perti-
nent to electron emission from the simplest model of 
semiconductor. 
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Fig. 5—Rate of evaporation and thermionic emission of thorium 
oxide, both as function of temperature. 

As before, the work function, or  in the Richardson 
equation (24), is conceived as the free energy per elec-
tron referred to a zero outside. This is seen in the dia-
gram to be the resultant of x, the energy of the bottom 
of the conduction band referred to outside and to, the 
free energy of an electron in the conduction band re-
ferred to the bottom of the band. Positive values of z 

are drawn upwards; actually s will be negative, as 
shown. 
One then writes 

(46) 

and the Richardson equation is accordingly written in 
the form 

AT2e-xlkT.emIkT. (47) 

A 
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The evaluation of the factor e(Par) involves the sum 
ever all states of the electron gas in the conduction band 
tnd can proceed in the same manner as that by which 
:22) was derived. Starting with (18), but equating the 
mum to to, we obtain 

eller 

p  \tit 

2 k2swikT) 
(48) 

where v is the number of electrons per unit volume in 
'the conduction band. Putting (48) in (47) and using I(43) for v, the Fowler equation for the thermionic emis-
eion from the simplest semiconductor is obtained 

I = A rne" ( hit )1/4 
2sIn kT  e--(142/1)/kr.  (49) 

It seems worth repeating that this is not a different [equation from the usual Richardson equation (24). It 
s the same equation with the (t• replaced by a particular 
temperature-dependent form. The following points are i . 

A interest. Writing the equation in the following form 
„ in which it might be immediately compared with a 
r, specific set of data, 

1 
I = o n14e-b1 kr 

)ne observes that: 
(a) The quantity b is independent of temperature. 
(b) The temperature no longer appears in the coeffi-

cient as Ts, but as T." 
(c) The a is no longer a combination of universal 

constants, but now involves a constant of the ma-
terial, namely, the density of impurity centers. 

When one makes the usual "Richardson Plot" 

log //r versus —1 for semiconductors, one obtains a 

reasonably good straight line and is tempted to con-
clude that this indicates a "work function" independent 
of temperature. The above considerations show that this 
is only justified if the theoretical A is obtained. With 
semiconductors the value of the constant slope cor-
responds to a combination of energy level values of the 
material but does not mean a constant "work function." 

(50) 

III. SOME APPLICATIONS OF THE FORMULAS 

A. The BaSr Oxide Emitter 

1. General Remarks 

By far the most commonly used semiconductor emit-
ter is a mixture of barium oxide and strontium oxide in 
the form of a thin coating on a metal base. Since these 
oxides react with the atmosphere, such a cathode is 
usually made by applying the materials in the form of 
the carbonates, and subsequently decomposing the 
carbonates in the vacuum by heating. 
As is well known, such a system, with proper pre-

liminary treatment known as "activation," will at red 
heat yield values of emission for which a pure metal 
such as tungsten would require white heat and therefore 
many times as much heating power. 

Although the BaSr oxide emitter has found wide-
spread practical application for many decades, the ac-
tual value of emission of which a given cathode is capa-
ble at a given temperature is a highly variable matter. 
On the simplest theoretical picture, the emission is pro-
portional to the square root of the number of impurity 
centers (no) and the latter quantity is by no means well 
defined. It is (in this picture) the function of the ac-
tivation process to produce the impurity centers. This is 
thought at present to be the liberation of free barium or 
strontium atoms in the lattice and the number of centers 
produced can vary over wide limits depending upon (a) 
the constitution of the coating, (b) the nature of the 
base metal, (c) the precise schedule of heat treatment 
and current drawing, and (d) various "poisoning" or 
deactivating circumstances which may be present such 
as gas liberated from the anode, imperfect vacuum, and 
the like. 
In addition to variations of the number of impurity 

centers, other circumstances may cause the emission to 
vary, still referring to the simplest picture. At least as 
important as variations of no are variations of x, the 
electron affinity, i.e., the difference of potential energy 
between the bottom of the conduction band and a point 
just outside the crystal. 
If, for example, a layer of atoms is deposited on the 

surface in such a manner that negative charges tend to 
be inward and positive charges outward, an electron will 
gain energy as it passes outwards. The effect of such a 
double layer of charge will be to reduce x and increase 
the emission. Such surface conditions may vary with 
considerable rapidity and may be constantly changing 
during the life of a tube. 
Thus, unlike a metal whose emission, under good 

vacuum conditions, is a rather definite quantity, the 
emission of an "oxide cathode" is not well defined. In 
the majority of practical applications this is not serious, 
however, because, the material being such a good emit-
ter, there is always more emission than is being de-
manded. In other words the majority of electron tubes 
operate in the space-charge-limited state in which, as 
in a receiving tube, the cathode might be ready to yield 
emission of the order of 1 ampere while only a few milli-
amperes are demanded. Under such conditions wide 
variations of the cathode's emitting power may be tak-
ing place with the user being completely ignorant of 
them. 
In regard to the theory of emission, these vagaries of 

the oxide cathode have of course retarded development 
of precise theoretical explanations. 

2. "Pulsed" Emission and Decay 

Previous to World War II all cathodes were generally 
evaluated under dc or sinusoidal ac conditions. A good 
oxide cathode might provide as much as 1 amp/cm' at 
1,100°K, although the design figures for high-vacuum 
operation were generally less. 
During the war, however, there appeared the pulsed 
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magnetron in which emission was called for in pulses of 
very short duration, of the order of one microsecond. 
To their own surprise, as well as that of everyone else, 
tube engineers began speaking in terms of 10, 20, and 
50 amp/cm2. Under laboratory conditions, emissions as 
high as 150 amp/cm2, space-charge limited, were ob-
served. 
Thus it was discovered that the emitting power of the 

BaSr oxide system varied more rapidly with time than 
had been previously supposed. After application of 
anode voltage, the emission would fall very rapidly with 
time according to a function which, when approximately 
represented by a sum of exponentials 

= Jo +  + /2e-ur2  (51) 

would have a large component with a time constant (r) 
as small as 10-8 seconds. Furthermore, the amounts of 
the various decay components (i.e., the relative values 
of /0, /2, and /2) will themselves vary with time in a 
complicated manner. 
To account for these decay effects on the basis of the 

simplest picture, we again consider possible variations 
of no and x. One seeks possible mechanisms whereby no 
and/or x, and therefore the electron emission, are 
altered by the passage of electron current. 
According to the most widely held view at the mo-

ment, the impurity centers are free barium atoms and 
are generated either by the reducing action of the base 
metal or by electrolysis by the passage of current. Dis-
sociation of the material by the high temperature alone 
is found to be improbable on the basis of energy con-
siderations. Diminutiori of the barium concentration 
will occur by evaporation and by diffusion in the electric 
field. The concentration no which exists at a given time 
will be the result of a complex dynamic equilibrium 
among the above factors, probably also involving others 
which have not been mentioned. 
Several aspects of ionic conduction, loosely included 

,above in the word electrolysis, have a bearing on cath-
ode behavior. As everyone knows who has activated 
oxide cathodes, a coating which initially has reached its 
apparent upper limit of emission as produced by 
thermal treatment alone, will always attain a higher 
state of activation when a large current is drawn. This 
is thought of as the liberation of barium at the base 
metal and subsequent diffusion of neutral atoms back 
into the coating. During this process oxygen should 
pass to the surface and escape and such evolution of 
oxygen from a cathode being, activated may be ob-
served. In this aspect, the ionic conduction assists in the 
initial activation of a cathode and passage of current, 
instead of causing decay, actually increases the emit-
ting power of a cathode. Oscillograms taken with a fresh 
unseasoned cathode will often show examples of "nega-
tive decay," presumably from this cause. 
In sofar, however, as the barium exists in the mate-

rial as ions, rather than as neutral atoms, one might 
expect transient reduction of no by the sweeping out of 

ions by the electric field which accompanies the passage 

of current of high density. 
An approximate calculation shows that such effects 

might occur with sufficient rapidity to account even for 
decay occurring in microseconds. Measurements on well 
activated coatings of about 3 X10-3 cm thickness show 
resistances across unit area of the order of magnitude of 
1 ohm-cm', or specific resistances of about 300 ohm-cm. 
Thus a current of 10 amp/cm2 will give rise to a field 
of 3,000 volts/cm in the coating. Values of mobilities of 
the barium ions are not known, but investigations of 

other materials suggest a value of the order of 1 cm/sec 
per volt/cm. Thus the velocity of an ion might be 3,000 
cm/sec which, in a time of 1 microsecond, would result 
in a displacement of 3 X10-3 cm, which happens for-
tuitously to be the assumed thickness of the entire coat-
ing. Thus a significant fraction of ionic impurity centers 
might be swept out of a coating in times of the order of 
microseconds. However, whether the impurity centers 
may indeed be considered as ionic is made subject to 
serious doubt by consideration of the low value of ionic 
conductivity of the coating. 
Explanation of decay on the basis of changes of x are 

easy to suggest qualitatively although, quantitatively, 
the picture is still incomplete. Anything which alters 
the character and population of the surface layer of 
atoms and the layers immediately behind it is a candi-
date. Among these, one has surface changes originating 
from inside, such as diffusion of barium away from the 
surface and of oxygen onto the surface, and those caused 
from outside as, for example, material from the anode, 
liberated by the electron bombardment, ionized and 
carried forcibly to the cathode surface. Since the transit 
time of ions may be of the order of 10-7 seconds, one 
sees that even'the latter process may occur with suffi-
cient rapidity to contribute to microsecond decay. 

B. Application of the Emission Equation 

We turn now to a discussion of equation (49) in (rela-
tion to "oxide" cathodes. As implied above, the complete 
picture of this emitting system has not been attained 
and we shall not, in this paper, enter into the details of 
the most recent attempts. 
One of the most valuable of experiments in establish-

ing the truth of the barium-impurity theory are meas-
urements by chemical means of the amount of free 
barium in an activated cathode coating. This is accom-
plished by exposing the activated coating to water vapor 
and measuring the amount of hydrogen generated by 
reaction with the free barium. Values of the order of 
1018 barium atoms per cm' are obtained with 3 X10'8 a 
probable figure for highly activated coatings. 
In regard to the quantity x+E/2, one may find values 

between 1 and 2 electron volts and may consider 1.2 as 
a probable value for pulsed (i.e., "undecayed") emission. 
Using the above values in (49) one finds / = 27 

amp/cm at 1,100°K, a reasonable value for a moder-
ately good oxide cathode. 
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In regard to values of x and E, conductivity studies" 
yield values of E in the neighborhood of 0.7 e volts 
which requires a x of about 0.85 e volts to be consistent 
with the above value of x -FE/2. 

C. The Thorium Oxide Emitter 

I. General Remarks 

While not competing with BaSr oxide in ability to 
yield high emission at low temperature, the thorium 
oxide cathode is useful in certain high-power applica-
tions where greater ruggedness is required. This rugged-
ness has two aspects: (1) the material is more refractory; 
it offers greater resistance to arcing and sparking; in 
the case of magnetrons it will absorb more back-bom-
bardment without damage; and (2) greater stability of 
activation results in the following advantages: (a) the 
initial processing is less critical; (b) the cathode is rela-
tively immune to poisoning; (c) it is operable in poor 
vacuum; (d) the emission decays more slowly, permit-
ting longer pulses; and (e) larger values of stable dc are 

available. 
Although the much greater heater power required by 

thoria is a serious disadvantage for applications such as 
receiver tubes, it is less objectionable in the power field. 
In fact, as regards magnetron application, the require-
ment to dissipate back-bombardment makes it advan-
tageous to operate cathodes at higher temperatures than 
BaSr oxide will permit. IThe high values of dc emission, 2-3 amps/cm2, which 
are readily available with fresh cathodes have not al-
ways given the life which would be desired. Considerable 
disparity exists among results to date and efforts are 1 being made to appraise the relative importance of elec-
trolysis and ion bombardment in the erosion effects ob-
served when thoria emitters are used for high dc and in 
very high duty cycle applications. 

2. Relation of Emission to Evaporation 

The usefulness of any substance as an emitter is obvi-
ously related to its vapor pressure-versus-temperature 
characteristic. It is necessary that, at the temperature 
which is required for the desired electron emission, the 
rate of evaporation of the material be not excessive. The 
reason tungsten is a better thermionic emitter than, say, 
copper, is not that it has a lower work function (for 
indeed its work function is higher). It is a better emitter 
because it can be heated, without excessive evapora-
tion, to those temperatures where superior emission is 
available. 
Considering emitting materials in general, a large 

number, indeed a majority, must be rejected on these 
grounds, namely, that as the temperature is raised, ob-

jectionable evaporation appears before the desired emis-

sion is available. 
Among the refractory compounds, thorium oxide has 

a relatively good relationship between emission and 
evaporation although, in some applications, the evapo-
ration will be a limiting factor. In Fig. 5 the thermionic 
emission, and the life per mil thickness due to evapora-
tion, are plotted on the same diagram, both as a function 
of temperature. One sees that, at approximately 1,800° 
C, the thermionic emission has become 14 amps/cm2 
while the material is evaporating at such a rate that one 
mil thickness disappears in about 350 hours. 

Writing the conductivity u as o = vev where v is the density of 
electrons in the conduction band, e the electronic charge, and v the 
mobility, the temperature dependence of the conductivity will be the 
same function as v, (43) or (45), etc. The quantity E is obtained from 
the slope of the straight line obtained by plotting log o versus I/T. 

3. Stability of Activation 

The relative stability of activation which renders 
thorium oxide less sensitive to various poisoning influ-
ences is not understood. On the simple picture one 
would look for reasons why the "impurity centers" of 
thorium oxide have less affinity than those of barium 
oxide for the particles of any substance which could 
render them ineffective. Specifically, if, as seems proba-
ble, the impurity or donor centers are thorium in the 
former case, and 'barium in the latter, oxygen would be 
a potent deactivator in both cases. Why, other things 
being held constant, the rate of elimination of barium 
donors by a given oxygen concentration should be more 
rapid than that of thorium donors has not been estab-
lished. As regards deactivation through increase of x, 
one again sees no reason why barium-oxide should be 
more susceptible than thorium oxide. Again one would 
have to assume different affinity for surface films, 
and/or different effectiveness of such films as regards 
altering x. One plausible speculation in this connection 
involves the fact that thorium oxide, since it operates 
at the higher temperature of 1,600° C, probably carries 
a less dense and less complex surface film than does 
BaSr oxide at 800° C. This is born out by observations 
that the emission from thoria at lower temperatures 
(1,200°, say) is more susceptible to poisoning than is the 
1,600° emission. 
Like BaSr oxide, a thorium oxide cathode will show 

current decay which recovers during an off period. But 
the rate is much less with the latter compound, the 
shortest time constants being of the order of tenths of 
seconds instead of 10-5 seconds as observed with BaSr 
oxide. 

4. Application of the Semiconductor Equations 

As with BaSr oxide, the simple semiconductor theory 
shows some success as a first approximation. Taking the 
experimental values x-F(E/2) =2.5 e volts, and 1=14 
amps/cm2 at 2,073°K one computes, using (49), a value 
of 2 X10'7 for the density of donor centers. 
As yet no direct chemical measurement of no, based 

on the free thorium hypothesis, has been made. Studies 
of the electrical conductivity as a function of tempera-
ture yield values for no of the order of 10'7 or 10's but 

1 
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further work is required before quantitative verification 
can be said to be achieved. 
During activation, the value of E/2 as determined 

from conductivity falls from approximately 3 volts to 
about 0.5 volt. In thermionic emission experiments 
values of x+ (E/2), over a range of activation estimated 
as similar, have been found to be 4.5 volts to 2.5 volts, 
suggesting a value of x in the range of 1.5 to 2.0 volts. 

D. 0th °r Semiconductor Emitters 

In addition to thorium oxide, numerous other mate-
rials have been investigated in the attempt to find a 

cathode material which will be more rugged that BaSr 
oxide and, at the same time, require less heater power 
than tungsten or tantalum. 
The emission from several such materials is shown in 

Fig. 6 plotted against temperature. Curves for thorium 
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Fig. 6—Thermionic emission of several refractory compounds as 
function of temperature. A curve for tungsten is included for com-
parison. 

oxide and for tungsten are included for comparison. To 
appraise the usefulness of any of these emitters at the 
present time would be premature. It would be surpris-
ing, however, if interesting developments did not arise 
among this group of materials in the near future. 

IV. ELECTRON EMISSION FROM THIN FILMS ON METALS 

A. General 

In the case of emission from a metal one visualizes an 
ideal gas of electrons confined within a potential barrier 
whose height is a characteristic of the pure metal. 
In the semiconductor picture, the same electron gas 

model is visualized, where, however, the concentration 
of electrons is not constant but varies with temperature. 
In both cases one has a potential barrier which has, 

ideally, a definite value for the pure substance, but 
which.' is subject to alteration by adsorption of a layer 
of foreign material. We refer in this section to two in-
stances in which the reduction of barrier height by a 

layer of foreign material is the basis of emitters of prac-

tical importance. 

B. The Thoriated Tungsten Emitter 

From the viewpoint of practical importance, the thori-
ated tungsten emitter should be near the beginning of 
this paper rather than near the end. Consisting of 
tungsten on which is formed a layer of metallic thorium, 
one atom thick more or less, it yields good emission at 
temperatures considerably lower than those required for 
pure tungsten. Emission values are similar to those with 
thorium oxide. Its advantage over barium oxide is 
mainly due to greater freedom from arcing and sparking 
in high voltage applications. 
When tungsten which contains one or two per cent of 

thorium oxide is flashed at a very high temperature, 
(2,500° C), some of the oxide is reduced. If the material 
is then held in the neighborhood of 1,800° C for an ap-
proximate length of time, metallic thorium diffuses out 
of the bulk material and forms a monomolecular layer 
on the surface. This has the effect of reducing the poten-
tial barrier at the surface and therefore the value of 4), 
the free energy per electron. To minimize evaporation 
of the thorium layer, operation of the cathode is at a 
temperature below that used to form the layer. 
If the general Richardson equation (24) is used for 

thoriated tungsten, and log I/T2 is plotted against //T 
in the customary manner, a reasonably good straight 
line is obtained but the value of A is much less than the 
theoretical, being approximately 3 instead of 120. One 

therefore, either to postulate a reflection coefficient 
of 97.5 per cent, or take what seems a more probable 
alternative and assume that the reduction of the work 
function by the thorium layer is itself a function of tem-
perature. If, for example, one postulates that the work 
function of tungsten Ow is reduced by an amount which 
decreases linearly with temperature, i.e., if one writes 
(24) in the form 

I = A T2 e- 1 - 0 0- ahr ) Jkr 

one will have 

(52) 

I = Ae-aIKT2e- cow-osoikr  (53) 

in which a may be assigned to give the observed value 
of A e—a "C. It seems plausible that, as the temperature 
is raised, the 4) should tend to approach the higher value 
characteristic of pure tungsten. 

Values of the constant exponent 4,w-4,o are very 
nearly the same as values of x+E/2 found for bulk 
thoria and the magnitude of emission is similar. 
One weakness of thoriated tungsten which has limited 

its use arises from its thin-film nature. Its emission de-
pends upon the maintenance of the film and therefore 
is subject to rapid deterioration by positive ion bom-

bardment. Treatment of the material in carbonaceous 
vapors, presumably converting the film to thorium car-



.1r.951  bide, increases markedly the resistance to ion bomard-

•- ment. It also increases the temperature at which the 
cathode may be operated without too rapid evaporation 
of the film, and hence augments the available electron 

C. The Porous Tungsten-Barium Oxide Emitter 

Very recently a successful emitter has been developed 
in which the emitting body is porous tungsten, prepared 
by 'powder-metallurgy methods, through which barium 
oxide is permitted to diffuse from inside. The emitting 
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surface is thought to be mainly metallic barium on 
tungsten. The body is operated at temperatures up to 
1,200° C at which very large emission values are re-

p6rted. 
Technically speaking, it seems probable that this type 

of development opens an important field of application 
where very high emission densities are required. It is 
too early, at present, to give a final appraisal of the 
evaporation problems which may be associated with 
this emitter. The matter is undergoing study in several 

laboratories. 

Reliability in Miniature and Subminiature Tubes* 
P. T. WEEKSt, SENIOR MEMBER, IRE 

Summary—The meaning of the term "reliability" as applied to 
electron tubes is discussed, and the thesis is developed that relia-
bility is a function not only of tube design and quality but also of the 
relationship between tube ratings and the operating conditions and 
requirements. Specific features of the miniature and subminiature 
tubes are discussed with respect to factors affecting tube reliability, 
such as mechanical ruggedness, operating temperature, emission 
stability, and life. General comments are made on the over-all effect 
of reduction in tube size on life and reliability. 

THE MEANING OF TUBE RELIABILITY 

IT IS APPROPRIATE in any discussion of tube reliability to consider what the term reliability 
should be expected to cover. It would seem to be 

axiomatic that the term has significance only with refer-
ence to some specified or implied standard of per-
formance and of operating conditions. This is a point 
that seems to have been very much underemphasized 
in recent discussions of the subject. 
The electric motor has been cited as a device having 

the reliability that is needed in radio tubes. It should be 
pointed out that an individual motor is reliable only 
when operated under the service conditions for which 
it was designed and rated. Now, a radio tube is a much 
more complicated devica. than a motor and is in-
herently more vulnerable to failure from a variety of 
causes. However, reliability of the same order is a 
worthwhile goal for tube designers and manufacturers 
to work toward and it is one they can come close to 
reaching, provided operating conditions and perform-
ance requirements are properly related to the tube 
ratings. A number of instances can be cited of tube ap-
plications where tube reliability of this order has been 
regularly experienced. 

• Decimal classification: R33I. Original manuscript received by 
the Institute, November 6, 1950. Presented, New York IRE Section 
Meeting, New York, N. Y., October 4, 1950. 
t Raytheon Manufacturing Company, Newton, Mass 

In the great majority of military and commercial 
applications there is a surprising dearth of reliable spe-
cific information as to the tube defects causing equip-
ment failure. In one class of application, commercial air-
lines, some fairly dependable figures obtained recently 
indicate that out of the one per cent of tubes that failed 
premature137 in service, three quarters developed me-
chanical faults,, shorts, opens, glass faults, and one 
quarter were found to have electrical faults. These were 
specially designed and controlled tubes made in regular 
production and they were operated under conditions 
that were normal for aviation service, that is, with 
wide variations in supply voltages and moderately 
severe shock and vibration. 
Mechanical defects are tangible and amenable to 

fairly definite corrective measures. Failure due to these 
defects can be reduced to a vanishingly small figure at 
the expense of systematically improved techniques and 
controls in manufacture. In other words, a high degree 
of mechanical reliability is definitely achievable. 
Reliability in electrical characteristics and per-

formance is a more elusive problem. Basic and practical 
research gives promise of pointing the way to improved 
materials and improved controls in materials and proc-
essing techniques. At the same time, a high degree of 
reliability in electrical performance has been obtained 
in many applications with existing tube types under 
favorable operating conditions. 
This brings up the whole question of the relation be-

tween operating conditions and tube ratings. In any 
mechanical structure where reliability is required, it is 
the universal practice of the designer to introduce a con-
siderable factor of safety in accordance with accepted 
standards for the material and the application. In the 
electrical aspects of electronic equipment this factor of 
safety frequently seems to be reduced very close to 
unity, or sometimes to less. It has been suggested that 
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this condition results from the tendency for the radio 
equipment designer to revert to his original amateur 
habits when he deals with radio tubes. Actually, there 
are other more reasonable causes for this situation. 
One is the inherently low power efficiency of thermi-

onic tubes in terms of the ratio of output to total input 
including cathode heating power plus B power. Coupled 
with this is the relatively high cost of the power supply 
in terms of space and weight. This is particularly the 
case in many military applications. 
Another factor is the frequent practice of making the 

equipment performance dependent on some very critical 
tube characteristic or one that has not been, or per-
haps can not be, adequately controlled in tube manu-
facture. 
Now these nonconservative practices have frequently 

resulted from the ingenuity of the equipment design 
engineer in devising new tube functions and attributes 
and operating conditions, and they have had a very 
healthy influence in expanding the tube ratings and 
fields of usefulness. However, during the period that 
these new operating conditions are in the experimental 
or pioneering stage they involve an appreciable degree of 
unreliability. They do not become appropriate for 
equipment with severe reliability requirements until the 
tube manufacturing techniques and controls have been 
developed to the point that the tubes can be conserva-
tively rated for these particular condition% and char-
acteristics. 
These comments might be summarized by saying that 

so far as electrical performance is concerned, tube reli-
ability is a function not alone of tube quality but also 
of operating conditions and circuit requirements and 
their relation to the tube ratings. A similar statement 
holds for reliability, with respect both to life and to 
mechanical failures. We have reached an era of highly 
specialized tubes. Reliability must be recognized as an 
equally highly specialized tube attribute. 

SPECIFIC FEATURES OF MINIATURE AND SUBMINIATURE 
TUBES AND THEIR EFFECT ON RELIABILITY 

Most of the factors affecting tube quality are en-
countered in varying degree in tubes of whatever size 
and shape. Those factors that are different in impor-
tance or magnitude in the miniature and subminiature 
tubes as compared to larger receiving tubes will now be 
discussed. 
Fig. 1 shows outlines of typical bantam, miniature, 

and subminiature tubes. The diameters are roughly in 
the ratios of 3 to 2 to 1. The reductions in length are 
proportionately much less. They are chiefly in the elec-
trode-to-seal distance. An important difference is in the 
base and lead arrangement. The bantam has a separate 
base, supporting contact pins to which are connected 
flexible leads from the stem. In the miniature, stiff 
contact pins are supported directly by the glass stem. 
In the subminiature, the leads are supported directly by 
the stem but are flexible. In the miniature and sub-

BANTAM 

miniature the exhaust tip is exposed; in the bantam it is 

covered by the base. 
Since the miniature and subminiature tubes differ 
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Fig. 1—Typical dimensions. 

from other types primarily in the matter of size, we will 
look first at what effects these differences in size have 
on some of the major design features and the factors 
affecting mechanical properties. 
Table I lists comparative values of important dimen-

sions for typical tubes of the bantam, miniature, and 
subminiature sizes. There are, of course, a variety of 
dimensions among the many individual tube types in 
eaeh class. The figures shown are from the more com-
monly used types and are intended merely to be repre-
sentative and not inclusive of all extreme cases. 

TABLE I 

RELATIVE DIMENSIONS 

T-9 T-5f T-3 

Bulb Diameter 
Ratios 

1.125' 
3.0 

0.687' 
1.1 

0.375' 
1 

Bulb Length 
Ratios 

2.4' 
1.9 

1.55' 
1.25 

1.25' 
1 

Spacer-to-Spacer 0.95' 
(1.25'— ) 

0.79' 
(1.26'-0.36') (0.62'-0.36") 

Cathode-to-Bulb 
Ratios 
_ 

0.57' 
4.1 

0.29' 
2.2 

0.13' 
1 

Spacer-to-Seal 
Ratios 

0.93' 
4.9 

0.31' 
1.6 

0.19' 
1 

It will be noted that percentagewise the reduction in 
length has been less than the reduction in diameter, and 
that in some of the important dimensions the subminia-
ture is closer to the miniature than the latter is to the 
bantam. This is notably the case with the spacer-to-seal 
dimension. This has an important effect on tube proc-
essing, as will be discussed later. Attention is also called 
to the small absolute value of the cathode-to-bulb 
dimension in the subminiature. Into this space of about 
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one-eighth inch have to be fitted from one to three grids 
and a plate, plus any shielding or other structural parts. 
The spacer-to-spacer dimension is typically low in 

the subminiature. There are two basic reasons for this. 
The subminiature line does not include counterparts of 
the high-wattage types and it is made up mainly of 
tubes designed for high-frequency use where a short 
structure has important electrical advantages. Similar 
short structures are also used in the newer miniature 
tubes for the same electrical reasons, even where there 
is no mechanical need for them. The present subminia-
ture designs have resulted from two simultaneous, but 
independent trends in application requirements: the 
need for smaller size, and the need for improved high-
frequency performance. 
It is a well-known rule that the basic electrical con-

. stants of a tube are maintained if the electrode dimen-
sions are all scaled down in size proportionately. In a 
general sense, the same applies to the mechanical char-
acteristics affecting ability to withstand shock and 
vibration. The ruggedness characteristics are apt to be 
improved by the scaling-down process. The ratios of 
strength to mass and moment, in the grids and other 
parts of the structure are greater in the miniature and 
subminiature tubes than in the larger tubes. This was 
found to be the case in the early development of the 
proximity fuze tubes where the basic parts of the com-
mercial subminiature hearing aid tubes were found to 
have adequate strength to withstand the extreme ac-
celerations of that application. The low center of graNi-
ity of the mount, the short spacer-to-spacer distance, 
and the short space between grid rods are all inherently 
favorable for ruggedness with respect to shock. Even 
with the fine grid wire and close spacings of the high 
Gm types typical of the later miniature and the sub-
miniature tubes, this inherent ability of the parts to 
withstand shock is still retained. 
In the scaling-down operation one is apt to run into 

some dimensions that can not be scaled proportionately, 
and some that can be reduced below certain mini-
mum values only with great difficulty. The distance 
between electrode supports, the dimensional tolerances 
of the holes in the mica spacers and of other parts, the 
length of rods extending beyond the spacers, and the 
space required between rods and tabs for welding are 
examples of these. These are items that add to the diffi-
culty and cost of design, assembly, and control. 
However, it has been found possible to obtain adequate 
control and general freedom from mechanical troubles in 
the field in well-established types, such as hearing aid 
tubes, where millions in daily use bear witness to this. 
In respect to the mechanical aspects of the glass 

structure, the miniature and particularly the subminia-
ture tubes, because of small absolute size and mass, are 
inherently less subject to such defects as breakage by 
impact or handling and cracks due to glass strain. Here 
again, field experience with millions of tubes is notably 
favorable. 

There is one feature of the external structure in which 
the miniature and the subminiature differ distinctly 
from the bantam. This is the type of lead. In the ban-
tam tube flexible leads are soldered to base pins that 
are rigidly attached to the bulb by means of the base 
shell. This means that the lead is protected from han-
dling and bending and can exert no strain on the glass 
structure. Of course, there are offsetting chances of 
basing and soldering defects. In the miniature tube the 
contact pins are rigid and supported only by the glass 
button. Any distortion or bending of the pin results in 
strain on the glass and, because of the rigid nature of 
glass, this will result in glass breakage if carried beyond 
a certain point. Serious field trouble from this source 
was encountered in the early years of miniature produc-
tion. Careful control of the glass-working operations at 
stem making and sealing and careful control of the 
stiffness of the pins and proper design of the sockets 
have combined to reduce the glass breakage from this 

source to a low level. 
The subminiature differs from the miniature in hav-

ing small-diameter flexible leads rather than stiff pins. 
This is inherently a much safer combination. Here again, 
field experience of many years with millions of hearing 
aids with both solder-in and plug-in connections has 
demonstrated that there need be no serious trouble from 
this source. The button stem that permits a sharp 
right-angled bend of the lead at the point where it is 
sealed into the glass may represent a more severe con-
dition than is present in the pinch-press seal, such as is 
used in most hearing aid tubes. Any weakening of the 
wire by overheating in stem making or sealing or by 
corrosion in the cleaning and tinning operation will, of 
course, aggravate the situation, but these conditions 
can be controlled so as to leave the wire in good con-
dition. The composition of the lead wire itself is favor-
able to resistance to breakage by flexure and only re-
peated extreme flexure of the wire at a very sharp 
radius will cause breakage. This is apparently another 
situation in which recognition by the user of the in-
herent limitations of the tube in this respect and the ad-
herence to suitable and practical techniques in connect-
ing the tube in the equipment will minimize this type of 
failure. 
A major reduction in tube size obviously introduces 

many problems in connection with wattage rating, bulb 
temperature, and quality factors involving emission, 
gas, and life. Table II lists comparative figures pertinent 
to these problems. Two items stand out conspicuously: 
the large percentage reduction in bulb surface area in 
the smaller tubes, and the large increase in permitted 
wattage per square inch of bulb area or, in other words, 
permitted bulb temperature. 
There are some absolute limits on the permissible 

glass temperature, one being the softening point of the 
glass and another the point at which appreciable con-
ductivity begins. Below these limits is an indefinite 
region in which varying kinds and degrees of trouble 
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TABLE II 

BULB TEMPERATURE FACTORS 

T-9 

Bulb Area (square inches) 
Ratios 

10.5 
6.1 

T-5i 

4.1 
2.4 

T-3 

1.7 
1 

Maximum Watts Dissipa-
tion 

Ratios 

18.7 

2.4 

Watts per Square Inch 
(averaged over area) 

Ratios 

1.78 
0.44 

Maximum Bulb 
temperature —C° 
(23° C ambient) 

160 

16.8 

2.2 

3.4 
0.85 

255 

7.8 

4.0 
1 

280 

may be encountered, particularly from the evolution of 
gas and deleterious products from the glass itself, or 
even from the getter deposited on it. In addition, there 
are the accompanying effects from the higher tem-
perature of tube parts due to high bulb temperature. 
Within this region, the tube design itself and the 
processing techniques employed in manufacture, par-
ticularly at exhaust, are important factors in determin-
ing what maximum figure for wattage dissipation, or 
bulb temperature, is consistent with good tube quality 
and life. The maximum glass temperature at any point 
has commonly been taken as the crucial item. The loca-
tion and extent of the hot areas are also of importance. 
In actual practice there has been a continual trend to-
ward higher bulb temperatures. However, the develop-
ment and control of manufacturing techniques and 
practices have progressed in step with this trend so that, 
in general, the tube quality and life have been main-
tained. 
The wattage and temperature figures shown in Table 

II for the T-54 class of tube apply specifically to the 
6AQ5. This tube exceeds the bounds of what had 
formerly been considered safe dissipation and bulb 
temperature. This temperature level represents ap-
proximately the upper safe limit for the present state of 
the art. The military services have sponsored several 
development projects involving studies of ways and 
means for increasing the permissible operating tempera-
ture. Progress in this direction is to be expected, par-
ticularly in the subminiatures, where the requirements 
are most severe. It may involve major changes in ma-
terials and techniques. 
In Fig. 2 are shown curves relating maximum bulb 

temperature to average bulb dissipation. The data on 
which these curves are based were taken on a particular 
T-3 bulb and heater arrangement. As with all figures 
relating to the bulb temperature of radio tubes, these 
values should be used with caution. The temperature 
figures obtained or applicable in any individual case are 
affected to a marked degree by such factors as the details 
of the method of measurement, the surroundings, the 
heat loss through the leads, and the distribution of heat 

over the bulb area. The values here apply only to a 
particular situation, where lead conduction, for in-
stance, was relatively low, but they may be useful in 
indicating approximate values likely to be encountered 
and the relative effects of high ambient temperatures. 
In practice we have found with the 5702 subminiature 

series that life test at an ambient of 160°C and maxi-
mum bulb temperature of 250°C results in. no appreci-
able deterioration of characteristics over a period of 
several hundred hours at least. One manufacturer has 
published ratings on a special line of subminiature tubes 
indicating at 70 per cent reduction in life for a bulb 
temperature of 250°C as compared to 160°C. 1 As indi-
cated earlier, time and manufacturing and operating 
experience are required in determining the permissible 
limits and the degree of hazard involved in operating 
close to these limits. In any case, operation at lower and 
more conventional temperatures is to be recommended 
in cases where extreme reduction of volume is not essen-
tial and long life and reliability are the prime require-
ments. 
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The curves of Fig. 2 indicate that operation at a high 
ambient and at a provenly permissible bulb temperature 
severely limits the wattage input. However, since the 
bulb temperature itself is the primary limitation, it is 
obvious that suitable means for increasing the rate of 
heat removal from the bulb will improve the situation. 
Metallic shields or holding clamps conductively at-
tached to the chassis are effective and a variety of other 
methods are applicable. The ultimate removal of the 

1 As indicated by a measurement technique that would .p.re-
sumably give appreciably lower values than that used in obtaining 
the values of Table II and Fig. 2. 
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bulb heat from the tube compartment or the chassis it-
self is still another problem. Any forced or conductive 
method of bulb cooling of course introduces the hazard 
of a fault in the cooling mechanism, perhaps by poor 
thermal contact, and consequent tube damage or failure. 
There are a variety of other factors of possible effect 

on emission and life that are altered by reduction in 
bulb size. Among these are such items as ratio of bulb 
volume and therefore total gas content to coated 
cathode area; ratio of bulb surface area, and therefore of 
one source of contamination to coated cathode area; 
ratio of bulb volume to exhaust tube opening, affecting 
pumping rate; reduced area for getter deposit; and 
possibility of higher and more uniform bulb tempera-
ture at exhaust. Some of these factors should be favor-
able to the small tubes, some unfavorable. In practice, 
it has been found possible to develop techniques and 
controls that make the over-all effects of these various 
minor factors relatively unimportant. 
One dimension that has a notably small value in the 

miniature and subminiature tubes, namely, the spacer-
to-seal distance, has introduced an additional processing 

problem. The close proximity of the cathode and other 
elements to the bottom seal results in increased liability 
to oxidation and other damaging effects from the 
sealing fires. The small volume and area of glass in-
volved is a partially compensating factor. Various prac-
tical means of eliminating or minimizing these effects 
have been worked out and are effective when properly 

controlled. 
In summary, it can be stated that the small tubes, 

miniature and subminiature, are dependent for long life, 
ruggedness, and reliability on the same basic design and 
control factors as are the larger tubes. The reduction in 
size has unavoidably resulted in some increased diffi-
culty in mount assembly, tied up with the absolute size 
of parts. It has unavoidably resulted in different rela-
tionships between total bulb wattage and bulb tem-
perature and has reduced the safe limit on total bulb 
wattage. It has improved, rather than harmed, tube 
ruggedness. It has introduced certain new, but con-
trollable, items affecting quality, and has eliminated or 
benefited others. Small size has proved to be entirely 
compatible with long life and reliable performance. 

Reflection and Transmission Equivalences 
of Dielectric Media* 

R. M. REDHEFFERt 

W E DEAL WITH electric media in 
which the properties are functions 
of one  co-ordinate:  eleo=e(x), 

glpo=m(x), tan 6=1(x), with e=m =1+1=1 
for x <0 for x>d. Hence, the medium is a 
slab of thickness d. Our first purpose is to 
find useful transformations of d, e, m, 1, 
angle of incidence 8 and wavelength X under 
which the complex transmission T and re-
flection R will be invariant. Second, we show 
a differential equation from which T and 

* Decimal classification: R281. Original manu-
script received by the Institute. September 7, 1950; 
abstract received, January 15. 1951. 
I University of California at Los Angeles. Los 

Angeles. Calif. 

R can be computed exactly. Typical results 
follow: If the polarization is perpendicular 
and c= cos 0, s -=sin 0, then a new dielectric 
medium  with  parameters  di =d,  et 
=[e(x)m(x)-5211cm(x),  mi=cm(x),  11 
=e(x)m(x)l(x)/[e(x)m(x)— 0] will have the 
same R and T at normal incidence as the 
original medium had at incidence 0. Sim-
ilarly  if di =cd,  ei=[e(xlc)m(xlc)-52] 
/c2m(x/c),mi=m(x/c),1i=e(x/c)m(xlc)1(xlc) 
/[e(x1c)m(xlc)--s1]. Again, suppose f(x) is 
any function which has at most a finite 
number of discontinuities and satisfies 
M>f(x)>n for some positive M, I/. Define 
g(x) as the function inverse to foidY/f(Y). If 
we construct a new sheet with parameters 

di=joadYlf(Y), ci(x)=f[g(x)]e[g(x)], mi(x) 
=f[g(x)]m[g(x)], li=l[g(x)], then 7', R at 
normal incidence will be the same for the 
new sheet as for the original one. The reflec-
tion R satisfies the differential equa-
tion dR/dx=(iriv/X)[(R+1)1/4 —(R -1 )2/al 
where e is the complex dielectric constant, 
e = e(x) = e(1 -Fit), v=  —s2, and a -= ec/v 
(parallel polarization), a = v/mc (perpendicu-
lar polarization). If R=(z-1)/(z+1) then 
dz/dx (21-i/X)(es2 —1). The boundary con-
ditions are evident. Other equivalences are 
given, including parallel polarization. The 
work can be used for radome design and for 
dielectric measurement of nonuniform sam-
ples. 
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Estimating Temperature Rise in Electronic 
Equipment Cases* 

R. J. MI ME:Rah 

Summary—In the design of airborne electronic equipment of 
minimum size and weight, the ambient temperature rating of com-
ponents is often limiting. This ambient temperature is the equilibrium 
temperature inside the case, and may determine either the choice of 
components or the need for external cooling means. Calculation of 
equilibrium temperature requires knowledge of the power dissipated 
in the case and the rate of heat transfer to the surroundings by con-
duction, convection, and radiation. To avoid often laborious calcula-
tion, a series of charts are presented as an aid to estimating tempera-
ture rise. Graphical corrections for pressure altitude are given, 
together with a discussion of the effects of case color, high-speed 
aircraft skin temperature, and other variables. 

I. INTRODUCTION 

I
N SPITE OF recent developments in high-tempera-
ture electronic components, it is increasingly im-
portant for the designer to be able to estimate the 

component ambient temperature. This parameter deter-
mines the component life and temperature drift, and 
hence over-all equipment performance. Temperature 
rise is especially significant in equipment designed to 
operate in high-speed aircraft or missiles, in view of the 
increasing trend toward miniaturization, reduced cool-
ing capacity of high-altitude air, and high compartment 
temperatures. 
The steady-state temperature rise of any heat-dissi-

pating equipment depends on the balance of power input 
to the case and heat lost to the surroundings. The rate 
of heat loss increases with some function of the tem-
perature difference until, at equilibrium, it is equal to 
the equipment power dissipation. 
The rate of heat input can easily be estimated by sub-

tracting power output from power consumption. The 
heat lost, however, is the sum of the heat dissipated by 
radiation, convection, and conduction, each of which 
is dependent on a different function of temperature rise 
At. The heat transfer coefficients which determine the 
efficiency of each mode being themselves dependent on 
the temperature, a complicated relation exists which 
can only be resolved by trial and error. 
In this paper an attempt has been made to supply 

sufficient data in the form of charts to permit designers 
to quickly estimate temperature rise, knowing only case 
size and power dissipation. If the temperature rise so 
obtained is too high for the components, the designer 
must choose a larger case size or resort to external 
blowers, liquid or evaporative cooling, or some other 
artificial cooling means, depending on system con-
siderations. 

• Decimal classification: 536.33. Original manuscript received by 
the Institute, June 7, 1950; revised manuscript received, November 
1, 1950. Presented, 1950 IRE Technical Conference, Dayton, Ohio, 
May 5, 1950. 
t Bell Aircraft Corp., Buffalo, N. Y. 

SENIOR MEMBER, IRE 

II. RADIATION 

To show how the chart values were calculated it is 
necessary to discuss briefly the equations governing the 
three modes of heat transfer. The first mode, radiation, 
is substantially independent of the properties of the air 
surrounding the case. Any body above absolute zero 
radiates electromagnetic energy to its surroundings in 
an amount proportional to the fourth power of its ab-
solute temperature and to its "emissivity." Emissivity, 
being the ratio of the total radiant emissive power to 
that of a black body at the same temperature, may vary 
in value from 0 to 1. It is a fraction expressing the rela-
tive radiant cooling efficiency of surfaces. Emissivity 
tables may be found in McAdams1 and other texts. 
If an electronic case is completely enclosed in a com-

partment with walls of known temperature, the net 
transfer of radiant heat is proportional to the difference 
between absolute case and wall temperatures, each 
raised to the fourth power, or 

Pr = 37 e10-"(TO - Ta4) watts per square inch. (1) 

Here P,. is the power per unit area dissipated by radia-
tion, Tb, and T. are the absolute case and wall tempera-
tures, and e is the emissivity of the case. 37 X 10-" is the 
Stefan-Boltzmann constant in watt-inch-°C units, ex-
pressing the relation between temperature and total 
energy radiated throughout the entire spectrum. A more 
convenient form for calculation is 

= 37 e10-4 r a:10 A1 ) 4 ( a)4]  A watts  (2) 

where At is the temperature difference between case and 
wall in °C and A the total case area in square inches. If 
the absolute ambient temperature To is known, the 
contribution of radiation to heat removal can be tabu-
lated for every dtp 

III. CONVECTION 

The second mode of heat removal is convection. Nat-
ural convection results from the reduction in density of 
the cooling medium in contact with the hot surface, 
leading to continuous flow of cool air past the body. In 
forced convection the more rapid coolant motion in-
duced by blowers and the like results in higher rates of 
heat transfer. Forced convection will not be considered 
further, since it is the purpose of the charts to show 

whether such artificial cooling means, with their inher-
ent complications and space consumption, are needed 
in any situation. 

1W. H. McAdams, "Heat Transmission," McGraw-Hill Book Co., 
New York, N. Y., pp. 45-49; 1933. 
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In either type of convection it is assumed that a 
static film of fluid adheres to the surface being cooled. 
The heat transferred through this film can be expressed 

by 
Pc = h„AtA watts,  (3) 

where h is the convection heat transfer coefficient. k for 
a vertical surface can be specified further2 as 

C At)1/4 
(4a) 

In this expression a is a function of the gravitational 
constant, and of the thermal expansion, density, viscos-
ity, specific heat, and thermal conductivity k of air, the 
latter being all somewhat temperature-dependent. C is 
the product of the dimensionless Grashof and Prandtl 
numbers, which are also related to a, and L is the body 
"significant dimension." In air, at sea level and for 
moderate temperatures and dimensions, a simplified ex-
pression for k is derived from Brown and Marco3: 

h, = 0.23( g1/4 BTU per square foot X °F  (4b) 

which, when converted to watt-inch-°C units and sub-

stituted in (3) yields 

P, = 0.0010(.10 " 5  • A watts.  (5) 

The factor (0.0010) having been variously computed 
as (0.0012) and (0.0014) by other authors,' '6 the average 
was used for these computations. For upper and lower 
horizontal surfaces, experimental evidence shows that 
h, increases or decreases respectively by one third, and 
this has been taken into account below. 
It should be noted that a in (4a) is proportional to the 

square of the air density, or for constant temperature, 
to the air pressure squared. Since k is proportional to 
the fourth root of a, P, varies with the square root of the 
pressure in atmospheres. 
These convection coefficients are appropriate to case 

and wall spacings greater than 1i inches. When two or 
more cases are in close contact they may be considered 
as a single case. 

IV. CONDUCTION 

The power dissipated by conduction is 

At 
P = Ka — watts  (6) 

where d is the distance in inches along the conducting 
path. K, the coefficient of thermal conductivity, varies 
from 9 for copper to 0.004 for rubber. Conduction is 
highly important in cooling of components since in-
timate metal-to-metal contact can be obtained with 
straps, solder, and so forth. However, in the over-all 

2 A. I. Brown and S. M. M arco, "Introduction to H eat Transfer, " 

M c Gra w- Hill Book Co., Ne w York, N. Y., p. 115; 1942. 

3 See p. 117 of footnote reference 2. 
4 "Electronic Instru ments, " M I T Radiation Laboratory Series 

No. 21, M c Gra w- Hill Book Co., Ne w York, N. Y., pp. 675- 679; 

1948. 
6 E. B. Steinberg, "I mproved cooling of electrical devices, " Elec. 

Mfg., vol. 45, pp. 71-75; January, 1950. 

cooling of an electronic case, conduction may often be 
neglected since, in a normally shock-mounted case, there 
is only a very minute heat-conducting path to the walls 
of the compartment. Where conduction is important, as 
in the case of a small unit well-bonded to a large metal 
frame, it can easily be included in the calculations. 

V. CHART DESIGN 

From the above considerations we can set up an over-
all equation for steady-state heat dissipation, i.e., 

[(T. + Aty  To yi 

wo I klooll 
+ .00n A. des +  0.0016 A 0 

+ 0.0008A bott ,,m)Ati'25 watts. 

Ptotal = A • 37e10-4 

(7) 

Knowing the case size, ambient temperature, and total 
watts to be dissipated At can be calculated by trial. If a 
number of such calculations are to be made; a graphical 
solution becomes very attractive. 
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Fig.  1 —(a)  Te mperature rise of JA N- C-172 A cases  (maximum 
height). (b) Te mperature rise of nonstandard cases (2X2X1 
inches to 18 X18 X18 inches). 
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Fig. 1 is such a graph calculated on the basis of the 
following simplifying assumptions: 

1. The case is surrounded by still air at a tempera-
ture of 25°C and at normal pressure. There are no 
external blowers or surrounding objects closer than 
inches. 
2. No allowance is made for conduction from the 

case, as would be nearly true of a case supported by 
rubber shock mounts. Conduction from components 
to case is assumed to be large. 
3. The case is finished with a paint of emissivity 

0.90. The compartment wall temperature is 25°C. 
4. Sufficient time is allowed to achieve steady-state 

conditions. 
From (7) and numerical values corresponding to the 

above assumptions the values for Fig. 1(a) were cal-
culated. Standard JAN case sizes' were used to obtain 
the chosen values of A, and At values were taken from 
10° to 200°C. The resulting curves, which are almost 
straight lines on log-log paper, enable us to find the 
temperature rise for the case sizes indicated by merely 
entering the chart with the calculated power dissipation 
and proceeding to the appropriate curve. 
Fig. 1(b) shows the results of the same calculations for 

a number of arbitrary shapes, the smallest being 
2 X 2 X 1 inches and the largest an 18-inch cube. The 
results were sufficiently consistent so that all points 
could be plotted on a single curve if reduced to watts 
per square inch. Actually the points for Fig. 1(a) also fit 
this curve fairly well, showing that interpolation by 
area for JAN case sizes of less than maximum height 
is permissible. Fig. 1(b) can be used for any rectangular 
shape of reasonable dimension with a depth-to-height 

ratio less than 3 to 1. 

VI. EFFECT OF ALTITUDE 

The reader will recall that the convection coefficient 
varies with the square root of the air pressure for con-
stant ambient temperature. Using the published data' 
for a standard atmosphere, multipliers for Pc can be 
easily obtained, as in Table I. 

TABLE I 

Altitude  Multiplier 
(Thousands of feet)  for P. 

20 
40 
80 
100 

0.625 
0.428 
0.166 
0 

At about 35,000 feet the amount of convection cooling 
drops to one half, and above 100,000 feet cooling must 
occur entirely by radiation. 
We would- expect that the ratio of convected to 

radiated power would change for. each temperature 

6 "Cases and Mounting Bases, Electronic, Aircraft," Nat. Mil. 
Est. Spec., Figs. 1 and 4; June 15,1949. 

7 W. S. Diehl, "Standard Atmosphere Tables and Data," NACA 
Technical Report 218, U. S. Gov't. Printing Office, Washington, 
D. C.; 1940. 

difference, since one depends on the 1.25 power and the 
other with the fourth power of Ai. However, when the 
tabulated values used to obtain Fig. 1 were compared, 
it was found that the convected power was very close 
to 40 per cent of the total for all case sizes and for At 
between 20° and 150°C. Thus it is possible to make a 
single correction curve for altitude by simply multiply-
ing this 40 per cent by the factors of Table I and adding 
to the 60 per cent contribution of radiation. • 
In Fig. 2 is shown a plot of the ratio of the dissipation 

at the indicated altitude to the sea-level dissipation 
required to maintain a temperature rise in the above 
range. For instance, at 60,000 feet the ratio is 0.71; 
hence, a 100-watt unit having a Ai of 40° at sea level 
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• Fig. 2—Fraction of actual wattage Wo to maintain 
constant temperature rise at any altitude. 

>100 

would have the same temperature rise when dissipating 
71 watts at 60,000 feet. Similarly, to find the tempera-
ture rise of an equipment with a fixed power dissipation 
at any altitude, we enter Fig. 2 to find the wattage ratio 
for that altitude. Dividing the power dissipation by the 
ratio an "equivalent sea-level power" is found, which 
when used to enter Fig. 1, yields the.required At at alti-
tude. For example, a unit dissipating 100 watts in a 
JAN size Al—B case would, at sea level, from Fig. 1 (a), 
have a At of 36°. If it is to be used at 60,000 feet, Fig. 2 
is entered to obtath'a factor of 0.71. Dividing the actual 
power 100 by this factor, yields 141 watts of equivalent 
sea-level power. Using this to enter Fig. 1(a) again, 6a 
is found to be 48°, an increase of 12° or 33 per cent. 

VII. SURFACE AND COLOR 

The effects of surface treatment and color are more 
difficult to evaluate generally that those of altitude, 
since any change in the surface may change the emis-
sivity significantly. There is, further, not too much 
correlation between visible color and emissivity, since 
most of the energy radiated at low temperatures is in 
the infrared region. At high altitudes, where radiation is 
the major cooling means, a change in case surface may 
increase its temperature rise many times. 
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Fig. 3 is a comparison pf the sea-level temperature 
rise of a bright aluminum case, emissivity 0.04, com-
pared with one coated with a paint of emissivity 0.90. 
The temperature rise of the former at 40,000 feet is also 
shown. The sea-level rise for the aluminum case is nearly 
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Fig ; —Effect of case surface on temperature rise. 

twice that of the painted one, while at 40,000 feet the 
increase is well over three times. Although this figure 
was calculated for only one case size, the ratios in-
dicated hold for any size and At in the range consider̂d. 

VIII. EFFECT OF CONDUCTION 

It was mentioned that no account was taken of con-
duction in obtaining the values for Fig. 1. Since radia-
tion and convection were included for the bottom of 
the case, conduction causes little change in i1, eNcept 
where good metallic contact exists between cast. and 
rack. Where conduction is considered impoi tant, it can 
be included as follows: First, the At is determined as 
above. Using this value, the conducted power is calcu-
lated using (6) with appropriate values for K, A, and d. 
Subtracting this value from the actual heat dissipation, 
a new At is found. It should not be necessary to repeat 
this process more than once. 

IN LOUVERS, SLOTS, AND BLOWERS 

At sea level, the temperature rise estimated from Fig. 
1 can be reduced one third by the use of well-designed 
louvers. Since the volumetric heat capacity of air is 
proportional to its density, and hence to the pressure 
altitude, the heat removed through the louvers should 
be less by this factor. Table II gives the percentage de-

TABLE II 

Altitude 
(Thousands of Feet) 

Percentage Deduction 
from AI due to 
Louvers 

0 
20 
40 

33 
15 
6 

duction from At estimated by Figs. 1 and 2, due to the 
use of louvers. It can be seen that louvers are com-

paratively ineffective at high altitudes, though they 

work very well at sea level. 
The use of blowers and baffles to reduce hot spots 

serves to increase the validity of Fig. 1, since it was 
calculated on the assumption of good heat transfer 
from components to the case wall. When using them, it 
must be remembered that the power consumption of the 
blower must be included in the heat load. Outside 
blowers represent a case of forced convection, which 
has not been considered; however, Table 11 can be used 
to estimate the change in efficiency of constant-volume 

blowers with altitude. 

X. AN EXPERIMENTAL CHECK 

Although the heat transfer coefficients used to cal-
culate the figures have been verified many times, it 
was considered of interest to make a check for the 
conditions presented. Fig. 4 shows the results of a few 
measurements on a standard black crackle-finish case 
6 X6 X6 inches. The case was supported on wooden 
blocks and the power dissipation varied by means of 
resistors fastened to the inner surfaces. The experi-
mental points are the average of all six surfaces and the 
solid line is calculated as in Fig. 1(b). The agreement is 
apparently good, while the slight decrease from the cal-
culated values may be taken as an indication of con-

duction through the wooden blocks. 
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Fig. 4—Temperature versus power input 6 X6 X6 inches 
black case, sea level 23° ambient. 

XI. HIGH AMBIENT TEMPERATURES 

Since Fig. 1 was obtained on the assumption of 25°C 
ambient, a correction must be applied for warmer air, as 
it is less dense and has lesser cooling capacity. Over the 
range of 10° to 50°C ambient, it has been stated' that 
At increases about 10 per cent. 
An important case of increased ambient is found in the 

high skin temperature of modern aircraft and missiles. 
The actual computation of skin temperature is beyond 
the scope of this paper, since the calculation is usually 
based on transient considerations. For the electronic 
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equipment designer, it may be sufficient to consider 
only the maximum possible steady-state temperature 
to which the skin could rise. 
If an airframe is considered to carry with it a bound-

ary layer of air which is motionless or at low velocity 
relative to its skin, it can be shown that the temperature 
of this layer is higher than that of the external ambient 
air mass. The boundary layer, or "adiabatic wall" 
temperature is dependent on the Mach number of the 
airframe and on the external air-mass temperature. If 
there were no heat gains or losses by radiation or other 
cause, the skin would eventually reach the boundary 
layer temperature, which can be simply expressed by 

TBL  = TAO  0.18M2). 

tel.  • TA (I+ .18 Ma ) —273 • 
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Fig. 5—Boundary layer temperature. 

(8) 

TBL and TA represent the absolute temperatures of the 
boundary layer and ambient air mass, while M is the 

N. A. Begovich, author of the 
paper, "Slot Radiators," which ap-
peared on pages 803-807, of the 
July, 1950, issue of the PROCEED-
INGS OF THE I.R.E., has written to 
to the editors regarding his paper as 
follows: 
"In discussing my paper, 'Slot 

Radiators,' with my colleagues, I 
have noticed an inconsistency be-
tween equations (11) and (12). The 
definition given by (11) for Poynt-
ing's vector: namely, using the con-
jugate of H, requires that •the 

Mach number. The factor 0.18 results from considera-
tion of the adiabatic change in state of the air entering 
the boundary layer, corrected by a "recovery factor" 
allowingior deviations from adiabatic. 
Fig. 5 shows the values of boundary-layer tempera-

ture for a range of Mach numbers and altitudes. It is 
seen that the temperature rises very rapidly with Mach 
number, exceeding 100°C at Mach 2 even at 35,000 feet. 
The figure demonstrates that little reliance can be 
placed on the low ambient temperatures existing at high 
altitude for cooling electronic equipment in very high 
speed aircraft or missiles. 

XII. CONCLUSION 

The charts derived from theoretical and experimen-
tally verified heat-transfer coefficients can be used to 
estimate average temperature rise in electronic cases 
operating on the ground and in aircraft. Many factors 
cannot be so estimated, since the charts do not take into 
account thermally insulated heat sources or hot spots. 
They should prove time-saving and useful if restricted 
to their primary purpose of permitting a rational choice 
of case size, and if followed by adequate hot-spot ex-
ploration under actual or simulated flight conditions. 
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CORRECTION 

conjugate of Ye appears in the right 
side of (12). This follows directly 
from the derivation of Poynting's 
theorem. Consequently, the aster-
isks that appear in eqqations (13), 
(14), and (16) should be removed 
and a minus sign should be placed 
before the j in (15). 
"It probably should be empha-

sized that since tile equivalent cir-
cuit for a slot array of two or more 
slots is a 'pi' network, the only 
meaning for Z„," given in section IV 
is that it is the reciprocal of the 

mutual admittance Y„,". In dis-
cussing an individual slot, its ad-
mittance or impedance can be used 
interchangeably. However, in dis-
cussing the mutual coupling be-
tween slots, (16) relates the mutual 
admittance of the slots to the corre-
sponding mutual impedance be-
tween wire antennas. This is clearly 
illustrated when the calculation is 
performed as indicated in the first 
sentence of section IV." 
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Ac Erasing Head. In magnetic recording, one which uses 
alternating current to produce the magnetic field neces-
sary for erasing. 
Note—AC erasing is achieved by subjecting the me-

dium to a number of cycles of a magnetic field of a de-
creasing magnitude. The medium is, therefore, essen-
tially magnetically neutralized. 

AC Magnetic Biasing. In magnetic recording, magnetic 
biasing accomplished by the use of an alternating cur-
rent, usually well above the signal frequency range. 

Absorption Loss. That part of the transmission loss due 
to the dissipation or conversion of sound energy into 
other forms of energy (e.g., heat), either within the me-
dium or attendant upon a reflection. 

Acceleration. The time rate of change of velocity. 

Acetate Disks. Mechanical recording disks, either solid 
or laminated, which are made of various acetate com-
pounds. 

Acoustic.' When used as a qualifying term denotes con-
taining, producing, arising from, actuated by, or carry-
ing sound, or designed to carry sound and capable of 
doing so. 
Examples: acoustic horn, transducer, energy, wave, 

impedance. 

Acoustic Compliance.' The reciprocal of acoustic stiff-
ness. Its dimensions are M-'1,4r. 

Acoustic Dispersion. The separation of a complex sound 
wave into its various frequency components, usually 
caused by a variation with frequency of the wave veloc-
ity of the medium. The rate of change of the velocity 
with frequency is used as a measure of the dispersion. 

Acoustic Generator. A transducer which converts elec-
tric, mechanical, or other forms of energy into sound. 

Acoustic Horn (Horn). A tube of varying cross section 
having different terminal areas which provide a change 
of acoustic impedance and control of the directivity 
pattern. 

Acoustic Impedance. The acoustic impedance of a sound 
medium on a given surface lying in a wave front is the 
complex quotient of the sound pressure (force per unit 
area) on that surface by the flux (volume velocity, or 
linear velocity multiplied by the area), through the sur-
face. When concentrated, rather than distributed, im-
pedances are considered, the impedance of a portion of 
the medium is defined by the complex quotient of the 
pressure difference effective in driving that portion, by 
the flux (volume velocity). The acoustic impedance 
may be expressed in terms of mechanical impedance, 

'This usage of 'acoustic" and "acoustical" as modifiers agrees 
with the commonly accepted usage of "electric" and 'electrical." In 
the science of mechanics, however, the:term "mechanical" is the 
only modifier in common use. 

See Note 2 under Acoustic Impedance. 

May 

acoustic impedance being equal to the mechanical im-
pedance divided by the square of the area of the surface 
considered. The commonly used unit is the acoustical 

ohm. 
Note 1—Velocities in the direction along which the 

impedance is to be specified are considered positive. 
Note 2—The terms and definitions to which this note 

is appended pertain to single-frequency quantities in the 
steady state, and to systems whose properties are inde-
pendent of the magnitudes of these quantities. 

Acoustic Interferometer. An instrument for measuring 
the velocity or frequency of sound waves in a liquid or 
gas by observing the variations of sound pressure in a 
standing wave established in the medium between a 
sound source and a reflector, as the reflector is moved or 
the frequency is varied. 

Acoustic Mass (Acoustic Inertance). The quantity 
which, when multiplied by 27 times the frequency, gives 
the acoustic reactance associated with the kinetic en-
ergy of the medium. The commonly used unit is the 
gram per centimeter to the fourth power. Its dimensions 
are ML-4 . 

Acoustic Pickup (Sound Box). A device which trans-
forms groove modulations directly into acoustic vibra-
tions. 

Acoustic Radiating Element. A vibrating surface in a 
transducer which can cause or be actuated by sound 
waves. 

Acoustic Radiometer. An instrument for measuring 
sound intensity by determining the unidirectional 
steady-state pressure caused by the reflection or ab-
sorption of a sound wave at a boundary. 

Acoustic Reactance.' The imaginary component of the 
acoustic impedance. The commonly used unit is the 
acoustical ohm. 

Acoustic Refraction. The variation of the direction of 
sound transmission due to spatial vsa'riation of the wave 
velocity in the medium. 

Acoustic Resistance.' The real component of the acous-
tic impedance. The commonly used unit is the acousti-
cal ohm. 

Acoustic Scattering. The irregular and diffuse reflection 
or diffraction of sound in many directions. 

Note—Scattering frequently occurs when the reflect-
ing surfaces or bodies are small compared with the wave-
length of sound; in certain cases the reflecting bodies 
may be small inhomogeneities in the medium. 

Acoustic Stiffness.' The quantity which, when divided 
by 2.7r times the frequency, gives the acoustic reactance 
associated with the potential energy of the medium or 
its boundaries. The unit commonly used is the dyne 
per centimeter to the fifth power. Its dimensions are 
ML-4 T-2 . 



11951 IRE Standards on Electroacoustics  511 

Acoustic Transmission System. An assembly of ele-
thents adapted for the transmission of sound. 

Acoustical.' When used as a qualifying term denotes 
related, pertaining to, or associated with sound, but not 
having its properties or characteristics. 
Examples: acoustical engineer, school, glossary, unit. 

Acoustical Ohm.2 An acoustic resistance, reactance, or 
impedance has a magnitude of one acoustical ohm when 
.1 sound pressure of 1 microbar produces a volume veloc-
ity of 1 cubic centimeter per second. 

Acoustical Reciprocity Theorem. In an acoustic system 
comprising a fluid medium having bounding surfaces 
Si, S2, S3, • • • , and subject to no impressing body 
forces, if two distributions of normal velocities v„' and 
v„" of the bounding surfaces produce pressure fields 
p' and p", respectively, throughout the region, then 
- the surface integral of ("V„' —pis:F.") over all the bound-
ing surfaces .S1, S2, S3, • • • , vanishes. 
Note—If the region contains only one simple source, 

the theorem reduces to the form ascribed to Helm-
holtz, viz., in a region as described, a simple source at 
A produces the same sound pressure at another point B 
as would have been produced at A had the source been 
located at B. 

Acoustical Units. In acoustics, the centimeter-gram-
second (cgs) system of units has been and is at present 
predominantly used; but some practical units such as 
English and metric system units of length are also being • 
used; and the watt is commonly being employed for 
designating acoustic power. In recent years, there has 
been a trend toward adoption of the rationalized meter-
kilogram-second system of units in many fields of sci-1ence and engineering. It would, of course, be highly  
desirable if, in place of the present diversity and mixture 
of scientific units, a single system of units could be 
universally used. While the mks units so far have not 

$ This usage of "acoustic" and "acoustical" as modifiers agrees 
with the commonly accepted usage of "electric" and "electrical." In 
the science of mechanics, however, the term "mechanical" is the 
only modifier in common use. 

been employed in acoustics, if there is a trend toward 
their universal adoption, the workers in the field of 
acoustics will want to follow suit. For this reason, the 
table below for the conversion of present acoustical 
units into mks units is being presented. 

Acoustics. The science of sound including its produc-
tion, transmission, and effects. 

Advance Ball. In mechanical recording, a rounded sup-
port (often sapphire) attached to a cutter which rides 
on the surface of the recording medium so as to main-
tain a uniform mean depth of cut and correct for small 
irregularities of the disk surface. 

Aeolight. A glow lamp employing a cold cathode and a 
mixture of permanent gases in which the intensity of 
illumination varies with the applied signal voltage. 

Air Condution. The process by which sound is conducted 
to the inner ear through the air in the outer ear canal as 
part of the pathway. 

Angular Deviation Loss. Of a transducer used for sound 
emission or recePtion, an expression, in decibels, of the 
ratio of the reference response observed on the principal 
axis to the transducer response at a specified angle from 
the principal axis. 
See also: Directivity Pattern (Directional Response 

Pattern) (Beam Pattern). 

Antinoise Microphone. A microphone with character-
istics which discriminate against acoustic noise, 

Applied Shock. Any excitation which, if applied to a 
system, would produce shock motion within the system. 

Articulation (Per Cent Articulation) and Intelligibility 
(Per Cent Intelligibility). Of a communication system, 
the percentage of the speech units spoken by a talker or 
talkers that is understood correctly by a listener or 
listeners. 
The word "articulation" is customarily used when the 

contextual relations among the units of the speech ma-

TABLE I 

CONVERSION OF PRESENT ACOUSTICAL UNITS INTO MKS UNITS 

Quantity Dimension Present Unit MKS Unit ConvFac ersiontor*  

Sound velocity (particle velocity) 
Volume velocity 
Sound energy 
Force 
Sound pressure (sound-energy density) 
Sound energy flux (sound power of source) 
Sound intensity (specific sound-energy flux) 

Acoustic impedance (resistance, reactance) 
Specific acoustic impedance 

Mechanical impedance (resistance, reactance) 

LT-' 
LIT-7 
MLIT-2 
MLT-1  
ita-,2--. 
ML7T-2 
MT-1 

ML -'T' 
ML-IT-' 

ML-1 

cm per second 
cubic cm per second 
erg 
dyne 
mtcrobar 
erg per second 
erg per second per square 
CM 

watt per square cm 
acoustical ohm 
acoustical ohm X square 
CM 

mechanical ohm 

meter per second 
cubic meter per second 
joule 
newton 
newton per square meter 
watt 
watt per square meter 

mks acoustical ohm 
mks acoustical ohm t 
X square meter 

mks mechanical ohmt 

10-6 
10-6 
10-7 
10-6 
10-1 
10-7 
10-6 

104 
106 
10 

10-6 

" Multiply the magnitude expressed in present units by the tabulated conversion factor to obtain magnitude in mks units. 
t MKS acoustical ohm and mks mechanical ohm are proposed terms. 
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terial are thought to play an unimportant role; the word 
"intelligibility" is customarily used when the context is 
thought to play an important role in determining the 
listener's perception. 
Note 1—It is important to specify the type of speech 

material and the units into which it is analyzed for the 
purpose of computing the percentage. The units may be 
fundamental speech sounds, syllables, words, sentences, 
and so forth. 
Note 2—The per cent articulation or per cent intel-

ligibility is a property of the entire communication sys-
tem; talker, transmission equipment or medium, and 
listener. Even when attention is focused upon one com-
ponent of the system (e.g., a talker, a radio receiver), 
the other components of the system should be specified. 

Artificial Ear. A device for the measurement of ear-
phones which presents an acoustic impedance to the 
earphone equivalent to the impedance presented by the 
average human ear. It is equipped with a microphone 
for measurement of the sound pressures developed by 
the earphone. 

Artificial Voice. A small loudspeaker mounted in a 
shaped baffle which is proportioned to simulate the 
acoustical constants of the human head. The artificial 
voice is used for calibrating and testing close-talking 
microphones. 

Audio Frequency. Any frequency corresponding to a 
normally audible sound wave. 
Note 1—Audio frequencies range roughly from 15 to 

20,000 cycles per second. 
Note 2—The word "audio" may be used as a modifier 

to indicate a device or system intended to operate at 
audio frequencies, e.g., "audio amplifier." 

Audiogram (Threshold Audiogram). A graph showing 
hearing loss, per cent hearing loss, or per cent hearing 
as a function of frequency. 

Audiometer. An instrument for measuring hearing acu-
ity. Measurements may be made with speech signals, 
usually recorded, or with tone signals. 
Note—Specifications for a pure tone audiometer for 

general diagnostic purposes are covered by "Proposed 
American Standard Specification for Audiometers for 
General Diagnostic Purposes, Z24.5/158." 

Auditory Sensation Area. (1) The region enclosed by 
the curves defining the threshold of feeling and the 
threshold of audibility as functions of frequency. (2) The 
part of the brain (temporal lobe of the cortex) which is 
responsive to auditory stimuli. 

Aural Harmonic. A harmonic generated in the auditory 
mechanism. 

Available Power. (a) The available power of a linear 
source of electric energy is the quotient of the mean 
square of the open-circuit terminal voltage of the source 

divided by four times the resistive component of th 
impedance of the source. 
Note—The available power would be delivered to 

load impedance that is the conjugate of the interna 
impedance of the source, and is the maximum powe 
that can be delivered by that source. 
(b) The available power of a sound field, with re 

spect to a given object placed in it, is the power whic 
would be abstracted from the acoustic medium by a 
ideal transducer having the same dimensions and th 
same orientation as the given object. The dimension 
and their orientation with respect to the sound fiel 
must be specified. The commonly used unit is the erg pe 
second but the available power may also be expresse 
in watts. 
Note—The acoustic power available to an electro 

acoustic transducer, in a plane-wave sound field of give 
frequency, is the product of the free-field sound inten 
sky by the effective area of the transducer. 
For this purpose the effective area of an electroacous-

tic transducer, for which the surface velocity distribu-
tion is independent of the manner of excitation of the 
transducer, is 1/47r times the product of the receiving 
directivity factor by the square of the wavelength of a 
free progressive wave in the medium. The commonly 
used unit is the square centimeter. 
If the physical dimensions of the transducer are small, 

in comparison with the wavelength, the directivity fac-
tor is near unity, and the effective area varies inversely 
as the square of the frequency. If the physical dimen-
sions are large in comparison with the wavelength, the 
directivity factor is nearly proportional to the square of 
the frequency, and the effective area approaches the 
actual area of the active face of the transducer. 

Available Power Efficiency. Of an electroacoustic trans-
ducer used for sound reception, the ratio of the electric 
power available at the electric terminals of the trans-
ducer to the acoustic power available to the transducer. 
Note 1—For an electroacoustic transducer which 

obeys the reciprocity principle, the available power 
efficiency in sound reception is equal to the transmitting 
efficiency. 
Note 2—In a given narrow frequency band the avail-

able power efficiency is numerically equal to the fraction 
of the open-circuit mean-square thermal noise voltage 
present at the electric terminals which is contributed by 
thermal noise in the acoustic medium. 

Available Power Response. Of an electroacoustic trans-
ducer used for sound emission, the ratio of the mean-
square sound pressure apparent at a distance of 1 meter 
in a specified direction from the effective acoustic center 
of the transducer to the available electric power from 
the source. The available power response is usually ex-
pressed in decibels above the reference response of 1 
microbar squared per watt of available electric power. 
Note 1—The sound pressure apparent at a distance 

of 1 meter is determined by multiplying the sound pres-
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sure observed at a remote point where the sound field is 
- spherically divergent by the ratio of the distance of 
that point, in meters, from the effective acoustic center 
of the transducer, to the reference distance of 1 meter. 
Note 2—The available power response is a function 

not only of the transducer but also of some source im-
pedance, either actual or hypothetical, the value of 
which must be specified. 

Backed Stamper. In mechanical recording, a thin metal 
stamper which is attached to a backing material, gen-

erally a metal disk of desired thickness. . 

Background Noise. In recording and reproducing, the 
total system noise independent of whether or not a sig-
nal is present. The signal is not be included as part of 

the noise. 

Baffle. A shielding structure or partition used to increase 
- the effective length of the external transmission path 
between two points in an acoustic system as for exam-
ple, between the front and back of an electroacoustic 

transducer. 
Note—In the case of a loudspeaker, a baffle is often 

used to increase the acoustic loading of the diaphragm. 

Band Pressure Level. The band pressure level of a 
i' sound for a specified frequency band is the effective 
sound pressure level for the sound energy contained 
within the band. The width of the band and the refer-
ence pressure must be specified. 
Note—When measuring thermal noise, the standard 

deviation of the sound pressure readings will not ex-
• ceed about 10 per cent if the product of the bandwidth 1in cycles per second and the integration time in seconds  
exceeds 20. 

Note—For example, in the case of an electromechan-
ical transducer, the blocked electric impedance is the 
impedance measured at the electric terminals when the 
mechanical system is blocked or clamped; the blocked 
mechanical impedance is measured at the mechanical 
side when the electric circuit is open-circuited. 

Bone Conduction. The process by which sound is con-
ducted to the inner ear through the cranial bones. 

Burnishing Surface. In mechanical recording, the por-
tion of the cutting stylus directly behind the cutting 
edge which smooths the groove. 

Cake Wax. A thick disk of wax upon which an original 
mechanical disk recording may be inscribed. 

Capacitor Pickup. A phonograph pickup which depends 
for its operation upon the variation of its electric 

capacitance. 

Carbon Microphone. A microphone which depends for 
its operation upon the variation in resistance of carbon 

contacts. 

Cavitation. The formation of local cavities in a liquid as 
a result of the reduction of total pressure. 

Cent. The interval between two sounds whose basic 
frequency ratio is the twelve-hundredth root of two. 
Note—The interval, in cents, between any two fre-

quencies is 1,200 times the logarithm to the base 2 of the 
frequency ratio. Thus 1,200 cents =12 equally tempered 
semitones =1 octave. 

Basic Frequency. Of an oscillatory quantity having 
sinusoidal components with different frequencies, the 
frequency of the component considered to be the most 

important. 
Note—In a driven system, the basic frequency would, 

• in general, be the driving frequency, and in a periodic 
oscillatory syste,m, it would be the fundamental fre-

quency. 

Bidirectional Microphone. A microphone in which the 
response predominates for sound incidences of 0° and 

180°. 
See also: Principal Axis. 

Bilateral-Area Track. A photographic sound track hav-
ing the two edges of the central area modulated accord-

ing to the signal. 

Binder. A resinous material which causes the various 
materials of a record compound to adhere to one 

another. 

Blocked Impedance.2 Of a transducer, the impedance at 
the input when the impedance of the output system is 
made infinite. 

TABLE II 

SOME JUST INTERVALS 
(See "Just Scale") 

Name of Interval Frequency Ratio  Cents 

Unison 
Semitone 
Minor tone or lesser whole tone 
Major tone or greater whole tone 
Minor third 
Major third 
Perfect fourth 
Augmented fourth 
Diminished fifth 
Perfect fifth 
Minor sixth 
Major sixth 
Harmonic minor seventh 
Grave minoi seventh 
Minor seventh 
Major seventh 
Octave 

1:1 
16:15  111.731 
10:9  182.404 
9:8  203.910 
6:5  315.641 
5:4  386.314 
4:3  498.045 
45:32  590.224 
64:45  609.777 
3:2  701.955 
8:5  813.687 
5:3  844.359 
7:4  968.826 
16:9  996.091 
9:5  1,017.597 
15:8  1,088.269 
2:1  1,200.000 

Chip. In mechanical recording, the material removed 
from the recording medium by the recording stylus while 

cutting the groove. 

Class-A Push-Pull Sound Track. A class-A push-pull 
photographic sound track consists of two single tracks 
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TABLE III 

May 

SOME SMALL INTERVALS 

Name of Interval Description Frequency Ratio  Cents 

Comma of Didymus  excess of greater whole tone over lesser whole tone 

Comma of Pythagoras  excess of 12 Pythagorean fifths over 7 octaves 
Skhisma  excess of Pythagorean over Didymean comma (almost exactly 

equal to the difference between a Pythagorean and an equally 
tempered perfect fiftli 

81:80 

531441:524882 
32805:32768 

side by side, the transmission of one being 180° out of 
phase with the transmission of the other. Both positive 
and negative halves of the sound wave are linearly re-
corded on each of the two tracks. 

Class-B Push-Pull Sound Track. A class-B push-pull 
photographic sound track consists of two tracks side by 
side, one of which carries the positive half of the signal 
only, and the other the negative half. During the in-
operative half cycle, each track transmits little or no 
light. 

Close-Talking Microphone. A microphone designed par-
ticularly for use close to the mouth of the speaker. 

Combination Microphone. A microphone consisting of 
a combination of two or more dissimilar microphones. 
Note—Examples of combination microphones are: 

two oppositely phased pressure microphones acting as 
a gradient microphone, and a pressure microphone and 
a velocity microphone acting as a unidirectional micro-
phone. 

Complex Tone. (1) A sound wave produced by the com-
bination of simple sinusoidal components of different 
frequencies. 
(2) A sound sensation characterized by more than 

one pitch. 

Compressional Wave. A wave in an elastic medium 
which causes an element of the medium to change its 
volume without undergoing rotation. 
Note 1—Mathematically, a wave whose intensity 

field has zero curl. 

TABLE IV 

EQUALLY TEMPERED INTERVALS 
(See "Equally Tempered Scale") 

Name of Interval Frequency Ratio  Cents 

Unison 
Minor second or semitone 
Major second or whole tone 
Minor third 
Major third 
Perfect fourth 
Augmented fourthl 
Diminished fifth f 
Perfect fifth 
Minor sixth 
Major sixth 
Minor seventh 
Major seventh 
Octave 

1:1 
1.059463:1 
1.122462:1 
1.189207:1 
1.259921:1 
1.334840:1 

1.414214:1 
1,498307:1 
1.587401:1 
1.681793:1 
1.781797:1 
1.887749:1 

2:1 

0 
100 
200 
300 
400 
500 

600 
700 
800 
900 

1,000 
1,100 
1,200 

21.506 

23.460 
1.954 

Note 2—A compressional plane wave is a longitudinal 
wave. 

Conical Horn. A horn whose cross-sectional area in-
creases as the square of the axial length. 

Constant Amplitude Recording. A mechanical recording 
characteristic wherein, for a fixed amplitude of a sinu-
soidal signal, the resulting recorded amplitude is inde-
pendent of frequency. 

Constant Velocity Recording. A mechanical recording 
characteristic wherein, for a fixed amplitude of a sinu-
soidal signal, the resulting recorded amplitude is in-
versely proportional to the frequency. 

Control Track. A supplementary sound track, usually 
placed on the same film with the sound track carrying 
the program material. Its purpose is to control, in some 
respect, the reproduction of the sound track. Ordinarily, 
it contains one or more tones, each of which may be 
modulated either as to amplitude or frequency. 

Core. In mechanical recording, the central layer or 
basic support of certain types of laminated media. 

Crossover Frequency. As applied to electric dividing 
networks, the crossover frequency is the frequency at 
which equal electric powers are delivered to each of the 
adjacent frequency channels when all channels are 
terminated in the loads specified. 
See also: Transition Frequenv (Crossover Fre-

quency). 

Crystal Cutter. A cutter in which the mechanical dis-
placements of the recording stylus are derived from the 
deformations of a crystal having piezoelectric properties. 

Crystal Loudspeaker (Piezoelectric Loudspeaker). A 
loudspeaker in which the mechanical displacements are 
produced by piezoelectric action. 

Crystal Microphone (Piezoelectric Microphone). A 
microphone which depends for its operation on the 
generation of an electric charge by the deformation of a 
body (usually crystalline) having piezoelectric prop-
erties. 

Crystal Pickup (Piezoelectric Pickup). A phonograph 
pickup which depends for its operation on the genera-
tion of an electric charge by the deformation of a body 
(usually crystalline) having piezoelectric properties. 

D: 
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Outter. An electromechanical transducer which trans-
Torms an electric input into a mechanical output, typi-
ied by mechanical motions which may be inscribed 
nto a recording medium by a cutting stylus. 

:utting Stylus.' A recording stylus with a sharpened 
:ip which, by removing material, cuts a groove into the 

•ecording medium. 

DC Erasing Head. In magnetic recording, one which uses 
Erect current to produce the magnetic field necessary 

for erasing. 
Note—DC erasing is achieved by subjecting the me-

dium to a undirectional field. Such a medium is, there-
fore, in a different magnetic stage than one erased by 

alternating current. 

DC Magnetic biasing. In magnetic recording, magnetic 
,biasing accomplished by the use of direct current. 

Dead Room. A room which is characterized by an un-
usually large amount of sound absorption. 

De-emphasis (Postemphasis) (Post equalization). A 
form of equalization complementary to pre-emphasis. 

Densitometer. An instrument for the measurement of 
optical density (photographic transmission, photo-
graphic reflection, visual transmission, and so forth) of 

a material. 

Difference Limen (Differential Threshold) (Just Notice-
able Difference). The increment in a stimulus which is 
just noticed in a specified fraction of the trials. The rela-
tive difference limen is the ratio of the difference limen 
to the absolute magnitude of the stimulus to which it is 

related. 

Diffracted Wave. When a wave in a medium of certain 
propagation characteristics is incident upon a discontin-
uity or a second medium, the diffracted wave is the wave 
, component that results in the first medium in addition 
to the incident wave and the waves corresponding to 
w the reflected rays of geometrical optics. 

Diffraction. That process which produces a diffracted 

wave. 

Diffuse Sound. In a given region, sound which has uni-
• form energy density and is such that all directions of 
energy flux at all parts of the region are equally proba-

ble. 

Diffuse Transmission Density.5 The value of the photo-
graphic transmission density obtained when the light 
flux impinges normally on the sample and all the trans-
mitted flux is collected and measured. 

4 Stylus is a term defining a pickup needle or holder furnished 
with a jewel or other abrasive-resistant tip. A stylus may or may not 
be arranged for convenient replacement. 

6 For details of measurement and specifications see "American 
Standard Diffuse Transmission Density, Z38.2.5—I946," or the latest 
edition thereof approved by the American Standards Association. 
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Direct Radiator Loudspeaker. A loudspeaker in which 
the radiating element acts directly on the air. 

Directional Microphone. A microphone the response of 
which varies significantly with the direction of sound 

incidence. 

Directivity Factor. (a) The directivity factor of a trans-
ducer used for sound emission is the ratio of the intens-
ity of the radiated sound at a remote point in a free field 
on the principal axis to the average intensity of the 
sound transmitted through a sphere passing through 
the remote point and concentric with the transducer. 
The frequency must be stated. 
Note 1—The point of observation must be suffi-

ciently remote from the transducer for spherical diver-

gence to exist. 
Note 2—This definition may be extended to cover 

the case of finite frequency bands whose spectrum must 

be specified. 
(b) The directivity factor of a transducer used for 

sound reception is the ratio of the square of the electro-
motive force produced in response to sound waves ar-
riving in a direction parallel to the principal axis to the 
mean square of the electromotive force that would be 
produced if sound waves having the same frequency and 
mean-square pressure were arriving at the transducer 
simultaneously from all directions with random phase. 
The frequency must be stated. 
Note 1—For an electroacoustic transducer obeying 

the reciprocity principle, the directivity factor for 
sound reception is the same as for sound emission. 
Note 2—This definition may be extended to cover 

the case of finite frequency bands whose spectrum must 
be specified. 
Note 3—Directivity factor in acoustics is equivalent 

to directivity as applied to antennas. 

Directivity Index (Directional Gain). Of a transducer, 
an expression of the directivity factor in decibels, viz., 
10 times the logarithm to the base 10 of the directivity 

factor. 

Directivity Pattern (Directional Response Pattern) 
(Beam Pattern). Of a transducer used for sound emis-
sion or reception, a description, often presented graph-
ically, of the response of the transducer as a function of 
the direction of the transmitted or incident sound waves 
in a specified plane and at a specified frequency. 
Note 1—A complete description of the directivity 

pattern of a transducer would require three-dimensional 

presentation. 
Note 2—The directivity pattern is of ten shown as the 

response relative to the maximum response. 

Discrete Sentence Intelligibility.6 The per cent intelligi-
bility obtained when the speech units considered are 
sentences (usually of simple form and content). 

' See notes under Articulation (Per Cent Articulation) and In-
telligibility (Per Cent Intelligibility). 
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Discrete Word Intelligibility.' The per cent intelligibil-
ity obtained when the speech units considered are 
words (usually presented so as to minimize the contex-
tual relation between them). 

Disk Recorder. A mechanical recorder in which the re-
cut-dint; medium has the geometry of a disk. 

Divergence Loss. That part of the transmission loss 
which is due to the divergence or spreading of the sound 
rays in accordance with the geometry of the system 
(e.g., spherical waves emitted by a point source). 

Dividing Network (LS Dividing Network). A frequency 
selective network which divides the spectrum to be 
radiated into two or more parts. 

Doppler Effect. The phenomenon evidenced by the 
change in the observed frequency of a wave in a trans-
mission system caused by a time rate of change in the 
effective length of the path of travel between the source 
and the point of observation. 

Doppler Shift. The magnitude of the change in the ob-
served frequency of a wave due to the Doppler effect. 
The unit is the cycle per second. 

Double Pole-Piece Magnetic Head. A magnetic head 
having two separate pole pieces in which pole faces of 
opposite polarity are on opposite sides of the medium. 
One or both of these pole pieces may be provided with 
an energizing winding. 

Drive Pin. In disk recording, a pin similar to the center 
pin, but located to one side thereof, which is used to 
prevent a disk record from slipping on the turntable. 

Drive-Pin Hole. In disk recording, a hole in a disk rec-
ord which accommodates the turntable drive pin. 

Dubbing. A term used to describe the combining of two 
or more sources of sound into a complete recording, at 
least one of the sources being a recording. 
See also: Re-recording. 

Earphone (Receiver). An electroacoustic transducer in-
tended to be closely coupled acoustically to the ear. 
Note—The term "receiver" should be avoided when 

there is risk of ambiguity. 

Earphone Coupler. A cavity of predetermined shape 
which is used for the testing of earphones. It is provided 
with a microphone for the measurement of pressures 
developed in the cavity. 
Note 1—Couplers generally have a volume of 6 cubic 

centimeters for testing regular earphones and a volume 
of 2 cubic centimeters for testing insert earphones. 
Note 2—Specifications for couplers are given in the 

"Proposed American Standard Method for the Coupler 
Calibration of Earphones, Z24.9/186." 

Eccentric Groove (Eccentric Circle). In disk recording 
a locked groove whose center is other than that of th 
disk record (generally used in connection with mechan 
ical control of phonographs). 

Eccentricity. In disk recording, the displacement of th 
center of the recording groove spiral, with respect to 
the record center hole. 

Echo. A wave which has been reflected or otherwise re-
turned with sufficient magnitude and delay to be per-
ceived in some manner as a wave distinct, from that 
directly transmitted. 

Effective Acoustic Center. Of an acoustic generator, 
the point from which the spherically divergent sound 
waves, observable at remote points, appear to diverge. 

Effective Sound Pressure (Root-Mean-Square Sound 
Pressure). At a point, the root-mean-square value of 
the instantaneous sound pressures, over a time interval 
at the point under consideration. In the case of periodic 
sound pressures, the interval must be an integral num-
ber of periods or an interval long compared to a period. 
In the case of nonperiodic sound pressures, the interval 
should be long enough to make the value obtained es-
sentially independent of small changes in the length of i 
the interval. 
Note—The term "effective sound pressure" is fre-

quently shortened to "sound pressure." 

Electroacoustic Transducer. A transducer for receiving 
waves from an electric system and delivering waves to 
an acoustic system, or vice versa. 

Electroacoustical Reciprocity Theorem. For an electro-
acoustic transducer satisfying the reciprocity principle, 
the quotient of the magnitude of the ratio of the open-
circuit voltage at the output terminals (or the short-
circuit output current) of the transducer, when used as 
a sound receiver, to the free-field sound pressure re-
ferred to an arbitrarily selected reference point on or/ 
near the transducer, divided by the magnitude of the 
ratio of the sound pressure apparent at a distance d 
from the reference point to the current flowing at the 
transducer input terminals (or the voltage applied at) 
the input terminals), when used as a sound emitter, is a 
constant, called the "reciprocity constant," independent 
of the type or constructional details of the transducer.. 
Note—The reciprocity constant is given by 

M.  2d i = _. 10 7 

Se I  pf 

where 

M.= the open free-field voltage response, as a sound 
receiver, in open-circuit volts per microbar, re-
ferred to the arbitrary reference point on or near 
the transducer 

11, 
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M.= the free-field current . response in short-circuit 
amperes per microbar, referred to the arbitrary 
reference point on or near the transducer 

S.= the sound pressure produced at a distance d 
centimeters from the arbitrary reference point in 
microbars per ampere of input current. 

S. =the sound pressure produced at a distance d 
centimeters from the arbitrary reference point in 
microbars per volt applied at the input termin-

als 
f= the frequency in cycles per second 
p =the density of the medium in grams per cubic 

centimeter 
d= the distance in centimeters from the arbitrary 
reference point on or near the transducer to the 
point in which the sound pressure established by 
the transducer when emitting is evaluated. 

'Electromechanical Transducer. A transducer for receiv-
ing waves from an electric system and delivering waves 
In a mechanical system, or vice versa. 

Exponential Horn. A horn whose cross-sectional area 
increases exponentially with axial distance. 
Note—If 

S= the area of a plane section norMal to the axis of 
the horn at a distance x from the throat of the 

horn. 
S.= the area of the plane section normal to the axis 

of the horn at the throat, and 
m =a constant which determines the rate of taper or 

flare of the horn, 

Electronic Microphone. A microphone which depends 
fur its operation on the generation of a voltage by the 
!notion of one of the electrodes in an electron tube. 

Electrophonic Effect. The sensation of hearing produced 
\‘ hen an alternating current of suitable frequency and 
magnitude from an external source is passed through an 

Electrostatic Actuator. An apparatus constituting an • 
Auxiliary external electrode which permits the applica-
t ion of known electrostatic forces to the diaphragm of a 
microphone for the purpose of obtaining a primary 
libration. 

Electrostatic Loudspeaker (Capacitor Loudspeaker) 
(Condenser Loudspeaker). A loudspeaker in which the 
mechanical forces are produced by the action of electro: 

, static fields. 

Electrostatic Microphone (Capacitor Microphone) (Con-
e denser Microphone). A microphone which depends for 
its operation upon variations of its electrostatic capaci-
tance. 

Embossing Stylus.' A recording stylus with a rounded 
tip which displaces the material in the recording me-
dium to form a groove. 

Equally Tempered Scale. A series of notes selected from 
a division of the octave (usually) into 12 equal intervals. 
See also: Cent, Table IV. 

Erasing Head. A device for obliterating any previous re-
cordings. It may be used for preconditioning the mag-
netic media for recording purposes. 

Excited Field Loudspeaker. A loudspeaker in which the 
steady magnetic field is produced by an electromagnet. 

7 Stylus is a term defining a pickup needle or a holder furnished 
with a Jewel or other abrasive-resistant tip. A stylus may or may not 
be arranged for convenient replacement. 

then 
S = Soemg. 

Fast Groove (Fast Spiral). In disk recording, an un-
modulated spiral groove having a pitch that is much 
greater than that of the recorded grooves. 

Filler. In mechanical recording, the inert material of a 
record compound as distinguished from the binder. 

Flowed Wax. A mechanical recording medium, in disk 
form, prepared by melting and flowing wax onto a metal 

base. 

Flutter Echo. A rapid succession of reflected pulses re-
sulting from a single initial pulse. 

Force Factor.' (a) The force factor of an electromechan-
ical transducer is: (1) the complex quotient of the force 
required to block the mechanical system divided by the 
corresponding current in the electric system; (2) the 
complex quotient of the resulting open-circuit voltage 
in the electric system divided by the velocity in the 
mechanical system. 
Note 1—Force factors (a(1)) and (a(2)) have the same 

magnitude when consistent units are used and the trans-
ducer satisfies the principle of reciprocity. 
Note 2—It is sometimes convenient in an electrostatic 

or piezoelectric transducer to use the ratios between 
force and charge or electric displacement, or between 
voltage and mechanical displacement. 
(b) The force factor of an electroacoustic transducer 

is: (1) the complex quotient of the pressure required to 
block the acoustic system divided by the corresponding 
current in the electric system; (2) the complex quotient 
of the resulting open-circuit voltage in the electric sys-
tem divided by the volume velocity in the acoustic sys-

tem. 
Note—Force factors (b(1)) and (b(2)) have the same 

magnitude when consistent units are used and the trans-
ducer satisfies the principle of reciprocity. 

Free Field. A field (wave or potential) in a homogene-
ous, isotropic medium free from boundaries. In practice, 
a field in which the effects of the boundaries are negligi-
ble over the region of interest. 
Note—The actual pressure impinging on an object 

(e.g., electroacoustic transducer) placed in an otherwise 
free sound field will differ from the pressure which would 
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exist at that point with the object removed, unless the 
acoustic impedance of the object matches the acoustic 
impedance of the medium. 

Free-Field Current Response (Receiving Current Sensi-
tivity). Of an electroacoustie transducer used for sound 
reception, the ratio of the current in the output circuit 
of the transducer when the output terminals are short-
circuited to the free-field sound pressure existing at the 
transducer location prior to the introduction of the 
transducer in the sound field. The free-field current 
response is usually expressed in decibels, viz., 20 times 
the logarithm to the base 10 of the quotient of the ob-
served ratio divided by the reference ratio, usually 1 
ampere per microbar. The free-field response is defined 
for a plane progressive sound wave whose direction of 
propagation has a specified orientation with respect to 
the principal axis of the transducer. 

Free-Field Voltage Response (Receiving Voltage Sensi-
tivity). Of an electroacoustic transducer used for sound 
reception, the ratio of the voltage appearing at the out-
put terminals of the transducer when the output termin-
als are open-circuited to the free-field sound pressure 
existing at the transducer location prior to the introduc-
tion of the transducer in the sound field. The free-field 
voltage response is usually expressed in decibels, viz, 
20 times the logarithm to the base 10 of the quotient of 
the observed-ratio divided by the reference ratio, usu-
ally 1 volt per microbar. The free-field response is de-
fined for a plane progressive sound wave whose direc-
tion of propagation has a specified orientation with re-
spect to the principal axis of the transducer. 

Free Impedance.' Of a transducer, the impedance at 
the input of the transducer when the impedance of its 
load is made zero. 
Note—The approximation is often made that the free 

electric impedance of an electroacoustic transducer de-
signed for use in water is that measured with the trans-
ducer in air. 

Free Motional Impedance.2 Of a transducer, the com-
plex remainder after the blocked impedance has been 
subtracted from the free impedance. 

Free Progressive Wave (Free Wave). A wave in a 
medium free from boundary effects. A free wave in a 
steady state can only be approximated in practice. 

Frequency Record. A recording of various known fre-
quencies at known amplitudes, usually for the purpose 
of testing or measuring. 

Frequency-Response Equalization (Equalization). The 
effect of all frequency discriminative means employed 
in a transmission system to obtain a desired over-all 
frequency response. 

Fundamental Frequency. Of a periodic quantity, the 
frequency of a sinusoidal quantity which has the -same 
period as the periodic quantity. 

Fundamental Tone. (a) The component in a periodic 
wave corresponding to the fundamental frequency. (See 
Fundamental Frequency.) (b) The component tone of 

lowest pitch in a complex tone. 

Galvanometer Recorder (for Photographic Recording). 
A combination of mirror and coil suspended in a mag-
netic field. The application of a signal voltage to the 
coil causes a reflected light beam from the mirror to 
pass across a slit in fropt of a moving photographic film, 
thus providing a photographic record of the signal. 

Gamma. The gamma of a photographic material is the 
slope of the straight-line portion of the H and D curve.-
I t represents the rate of change of photographic density 
with the logarithm of exposure. Gamma is a measure of 
the contrast properties of the film. Both gamma and 
density specifications are commonly used as controls in 
the processing of photographic film. 

Gap Length. In longitudinal magnetic recording, the 
gap length is the physical distance between adjacent 
surfaces of the poles of a magnetic head. (See Magnetic 
Head.) 
Note—The effective gap length is usually greater 

than the physical length and can be experimentally 
determined in some cases. 

Gradient Microphone. A microphone the output of 
which corresponds to a gradient of the sound pressure. 
Note—Gradient microphones may be of any order as, 

for-example, zero, first, second, and so forth. A pressure 
microphone is a gradient microphone of zero order. A 
velocity microphone is a gradient microphone of order 
one. Mathematically, from a directivity standroint for 
plane waves, the rms response is proportional to cos nO, 
where 0 is the angle of incidence, and n is the order of 
the microphone. 

Grain. Of photographic material, a small particle of 
metallic silver remaining in a photographic emulsion 
after development and fixing. In the agglomei-ace, these 
grains form the dark area of a photographic image. 

Graininess. Of a photographic material, the visible 
coarseness under specified conditions due to silver grains 
in a developed photographic film. 

Groove. In mechanical recording, the track inscribed in 
the record by the cutting or embossing stylus, including 
undulations or modulations caused by the vibration of 
the stylus. 

Groove Angle. In disk recording, the angle between the 
two walls of an unmodulated groove in a radial plane 
perpendicular to the surface of the recording medium. 

Groove Shape. In disk recording, the contour of the 
groove in a radial plane perpendicular to the surface of 
the recording medium. 

Groove Speed. In disk recording, the linear speed of the 
groove with respect to the stylus. 
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;round Noise. In recording and reproducing, the resid-
ial system noise in the absence of the signal. It is usually 
; aused by inhomogeneity in the recording and reproduc-
, ng media, but may also include amplifier noise such as 
:ube noise or noise generated in resistive elements in the 
Input of the reproducer amplifier system. 

3rouping. Nonuniform spacing between the grooves of 
t disk recording. 

3uard Circle. An inner concentric groove inscribed, on 
lisk records, to prevent the pickup from being damaged 
)y being thrown to the center of the record. 

ri and D Curve (Hurter and Driffield Curve). A char-
icteristic curve of a photographic emulsion which is a 
plot of density against the logarithm of exposure. It is 
used for the control of photographic processing, and for 
defining the response characteristics to light of photo-
graphic emulsions. 

Harmonic. A sinusoidal quantity having a frequency 
which is an integral multiple of the fundamental fre-
quency of a periodic quantity to which it is related. For 
example, a wave, the frequency of which is twice the 
fundamental frequency, is called the second harmonic. 

Harmonic Series of Sounds. One in which each basic 
frequency in the series is an integral multiple of a funda-
mental frequency. 

_Hearing Loss (Deafness). The hearing loss of an ear at 
a specified frequency is the ratio, expressed in decibels, 
of the threshold of audibility for that ear to the normal 
threshold. 
See also: "Proposed American Standard Specification 

for Audiometers for General Diagnostic Purposes, 
Z24.5/158." 

Hearing Loss for Speech. The difference in decibels be-
tween the speech levels at which the average normal ear 
and the defective ear respectively reach the same intel-
iligibility, often arbitrarily set at 50 per cent. 

Horn Loudspeaker. A loudspeaker in which the radiat-
ing element is coupled to the medium by means of a 
horn. 

Horn Mouth. Normally the end of a horn with the 
larger cross-sectional area. 

Horn Throat. Normally the end of a horn with the 
smaller cross-sectional area. 

Hot-Wire Microphone. A microphone which depends 
for its operation on the change in resistance of a hot 
wire produced by the cooling or heating effects of a 
sound wave. 

Hydrophone. An electroacoustic transducer which 
responds to water-borne sound waves and delivers essen-
tially equivalent electric waves. 

Note—In a manner similar to the use of the adjec-
tive "line" in the definition of line hydrophone (Line 
Hydrophone) and line microphone (Line Microphone), 
the adjectives "pressure," "velocity," "gradient," "om-
nidirectional," "unidirectional," "carbon," "capacitor," 
"crystal," "magnetic," "magnetostriction," "moving-
coil," and "moving-conductor," when applied to a 
hydrophone, have meanings similar to those that apply 
in the case of a microphone. 
See also: Pressure Microphone, and so forth. 

Induction Loudspeaker. A loudspeaker in which the cur-
rent which reacts with the steady magnetic field is in-
duced in the moving member. 

Infrasonic Frequency (Subsonic Frequencys). A fre-
quency lying below the audio-frequency range. 
Note—The word "infrasonic" may be used as a modi-

fier to indicate a device or system intended to operate 
at infrasonic frequencies. 

Insert Earphones. Small earphones which fit partially 
inside the ear.  _ 

Instantaneous Recording. A recording which is intended 
for direct reproduction without further processing. 

Instantaneous Sound Pressure. At a point, the total 
instantaneous pressure at that point minus the static 
pressure at that point. The commonly used unit is the 
microbar. 

Intensity Level (Specific Sound-Energy Flux Level) 
(Sound-Energy Flux Density Level). The intensity 
level, in decibels, of a sound is 10 times the logarithm to 
the base 10 of the ratio of the intensity of this sound to 
the reference intensity. The reference intensity shall be 
stated explicitly. 
Note—In discussing sound measurements made with 

pressure or velocity microphones, especially in enclo-
sures involving normal modes of vibration or in sound 
fields containing standing waves, caution must be ob-
served in using the terms "intensity" and "intensity 
level." Under such conditions it is more desirable to use 
the terms "pressure level" or "velocity level" since the 
relationship between the intensity and the pressure or 
velocity is generally unknown. 

Interval. The interval between two sounds is their spac-
ing in pitch or frequency, whichever is indicated by the 
context. The frequency interval is expressed by the ratio 
of the frequencies or by a logarithm of this ratio. 

Just Scale. A musical scale formed by taking three 
consecutive triads each having the ratio 4:5:6, or 
10:12:15 (see Table II). 
Note—By consecutive triads is /meant triads such 

that the highest note of one is the lowest note of the 
other. 

• Deprecated. 
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Lacquer Disks (Cellulose Nitrate Disks). Mechanical 
recording disks usually made of metal, glass, or paper, 
and coated with a lacquer compound (often containing 
cellulose nitrate). 

Lacquer Original (Lacquer Masters). An original re-
cording on a lacquer surface for the purpose of making a 
master. 

Lacquer Recording. Any recording made on a lacquer 
recording medium. 

Laminated Record. A mechanical recording medium 
composed of several layers of material. Normally, it is 
made with a thin face of surface material on each side 
of a core. 

Land. The record surface between two adjacent grooves 
of a mechanical recording. 

Lapel Microphone. A microphone adapted to position-
ing on the clothing of the user. 

Lateral Recording. A mechanical recording in which the 
groove modulation is perpendicular to the motion of 
the recording medium and parallel to the surface of the 
recording medium. 

Lead-In Groove (Lead-In Spiral). In disk recording, a 
blank spiral groove at the beginning of a record gener-
ally having a pitch that is much greater than that of 
the recorded grooves. 

Lead-Out Groove (Throw-Out Spiral). In disk record-
ing, a blank spiral groove at the end of a recording 
generally of a pitch that is much greater than that of 
the recorded grooved and which is connected to either 
the locked or eccentric groove. 

Lead-Over Groove (Crossover Spiral). In disk record-
ing, a groove cut between recordings of small durations 
which enables the pickup stylus to travel from one 
cut to the next. 

Level Above Threshold (Sensation Level). Of a sound, 
the pressure level of the sound in decibels above its 
threshold of audibility for the individual observer. 

Light-Beam Pickup. A phonograph pickup in which a 
beam of light is a coupling element of the transducer. 

Light Modulator. The combination of a source of light, 
an appropriate optical system, and a means for varying 
the resulting light beam (such as galvanometer or light 
valve), so that a sound track may be produced. 

Light Valve. A device whose light transmission can be 
made to vary in accordance with an externally applied 
electrical quantity, such as voltage, current, electric 
field, magnetic field, or an electron beam. 

Line Hydrophone. A directional hydrophone consisting 
of a single straight line element, or an array of contigu-

ous or spaced electroacoustic transducing elements dis-
posed on a straight line, or the acoustic equivalent of 

such an array. 

Line Microphone. A directional microphone consisting 
of a single straight line element, or an array of con-
tiguous or spaced electroacoustic transducing elements, 
disposed on a straight line, or the acoustic equivalent of 
such an array. 

Lip Microphone. A microphone which is adapted for 
use in contact with the lip. 

Live Room. A room which is characterized by an unusu-
ally small amount of sound absorption. 

Loaded Impedance. Of a transducer, the impedance at 
the input of the trau-ducer when the output is con-
nected to its normal h 

Locked Groove (Concentric Gl ove). In disk recording, 
a blank and continuous 2 r()()‘ e at the end of modulated 
grooves whose functic  i-. to prevent further travel of 
the pickup. 

Longitudinal Magnetization. In magnetic recording, 
magnetization of the recording medium in a direction 
essentially parallel to tii•• line of travel. 

Loudness. The intensi  dtribute of an auditory sensa-
tion in terms of which  iiiid may be ordered on a scale 
extending from soft to ;(0,(I. 
Note—Loudness dei ls primarily upon the sound 

pressure of the stimulu,, but it also depends upon the 
frequency and. wave form of the stimulus. 

Loudness Contours. Curves which show the related 
values of sound pressure level and frequency required 
to produce a given loudness sensation for the typical 
listener. 

Loudness Level. In phons, of a sound, numerically equal 
to the sound pressure level in decibels, relative to 
0.0002 microbar, of a simple tone of frequency 1,000 
cycles per second which is judged by the listeners to be 
equivalent in loudness. 

Loudspeaker (Speaker) (Loud Speakers). An electro-
acoustic transducer usually intended to radiate acoustic 
power effectively at a distance in air. 
Note—The term "speaker" should be avoided when 

there is risk of ambiguity. 

Loudspeaker System. A combination of one or more 
loudspeakers and all associated baffles, horns, and di-
viding networks arranged to work together as a coup-
ling means between the driving electric circuit and the 
acoustic medium. 

Loudspeaker Voice Coil. The moving coil of a moving-
coil loudspeaker. 
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Magnetic Armature Loudspeaker (Magnetic Loud-
;peakers). A loudspeaker comprising a ferromagnetic 
ormature actuated by forces of magnetic attraction. 

Magnetic Biasing. The simultaneous conditioning of the 
magnetic recording medium during recording by super-
posing an additional magnetic field upon the signal mag-
netic field. 
Note—In general, magnetic biasing is used to obtain 

a substantially linear relationship between the ampli-
tude of the signal and the remanent flux density in the 
recording medium. 

Magnetic Cutter. A cutter in which the mechanical dis-
placements of the recording stylus are produced by the 
faction of magnetic fields. 
• 
Magnetic Head. In magnetic recording, a magnetic 
head is a transducer for converting electric variations 
into magnetic variations for storage on magnetic media, 
for reconverting energy so stored into electric energy 
or for erasing such stored energy. 

Magnetic Plated Wire. A magnetic wire having a core 
of nonmagnetic material and a plated surface of ferro-
magnetic material. 

Magnetic Powder-Coated Tape (Coated Tape). A tape 
consisting of a coating of uniformly dispersed, powdered 
ferromagnetic material on a nonmagnetic base. 

Magnetic Powder-Impregnated Tape (Impregnated 
Tape) (Dispersed Magnetic Powder Tape). A magnetic 
tape which consists of magnetic particles uniformly dis-
persed in a nonmagnetic material. 

Magnetic Printing (Magnetic Transfer) (Crosstalks). 
The permanent transfer of a recorded signal from a sec-
tion of a magnetic recording medium to another section 
of the same or a different medium when these sections 
are brought into proximity. 

Magnetic Recorder. Equipment incorporating an elec-
tromagnetic transducer and means for moving a ferro-
magnetic recording medium relative to the transducer 
for recording electric signals as magnetic variations in 
the medium. 
Note—The generic term "magnetic recorder" can 

also be ap'plied to an instrument which has not only 
facilities for recording electric signals as magnetic varia-
tions, but also for converting such magnetic variations 
back into electric variations. 

Magnetic Recording Head. In magnetic recording, a 
magnetic head for transforming electric variations into 
magnetic variations for storage on magnetic media. 

Magnetic Recording Medium. A magnetizable material 
used in a magnetic recorder for retaining the magnetic 
variations imparted during the recording process. It 
may have the form of a wire, tape, cylinder, disk, and 
the like. 

Magnetic Recording Reproducer. Equipment for con-
verting magnetic variations on magnetic recording 
media into electric variations. 

Magnetic Reproducing Head. In magnetic recording, a 
magnetic head for converting magnetic variations on 
magnetic media into electric variations. 

Magnetic Tape. A magnetic recording medium having a 
width greater than approximately 10 times the thick-
ness. This tape may be homogeneous or coated. 

Magnetic Wire. A magnetic recording medium, approxi-
mately circular in cross section. 

Magnetostriction Loudspeaker. A loudspeaker in which 
the mechanical displacement is derived from the de-
formation of a material having magnetostrictive prop-

erties. 

Magnetostriction Microphone. A microphone which de-
pends for its operation on the generation of an electro-
motive force by the deformation of a material having 
magnetostrictive properties. 

Mask Microphone. A microphone designed for use in-
side an oxygen or other type of respiratory mask. 

Masking. The amount by which the threshold of audi-
bility of a sound is raised by the presence of another 
(masking) sound. The unit customarily used is the deci-
bel. 

Masking Audiogram. A graphical presentation of the 
masking due to a stated noise. This is plotted, in deci-
bels, as a function of the frequency of the masked tone. 

Master. A metal part, normally derived from a disk re-
cording by electroforming, which is a negative of the 
recording, i.e., a master which has ridges instead of 
grooves and thus cannot be played with a pointed stylus. 

Maximum Sound Pressure. For any given cycle of a 
periodic wave, the maximum absolute value of the in-
stantaneous sound pressure occurring during that cycle. 
The commonly used unit is the microbar. 
Note—In the case of a sinusoidal sound wave this 

maximum sound pressure is also called the pressure 
amplitude. 

Mean Free Path. For sound waves in an enclosure, the 
average distance sound travels between successive re-
flections in the enclosure. 

Mechanical Phonograph Recorder (Mechanical Re-
corder). An equipment for transforming electric or 
acoustic signals into mechanical motion of approxi-
mately like form and inscribing such motion in an ap-
propriate medium by cutting or embossing. 

Mechanical Transmission System. An assembly of ele-
ments adapted for the transmission of mechanical 
power. 
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Mel. A unit of pitch. By definition, a simple tone of 
frequency 1,000 cps, 40 db above a listener's threshold, 
produces a pitch of 1,000 mels. The pitch of any sound 
that is judged by the listener to be n times that of the 
1-mel tone is n mels. 

Microbar, Dyne Per Square Centimeter (Barye2) 
(Bar2). A unit of pressure commonly used in acoustics. 
One microbar is equal to 1 dyne per square centimeter. 
Note—The term "bar" properly denotes a pressure of 

10° dynes per square centimeter. Unfortunately, in 
acoustics the bar was used to mean 1 dyne per square 
centimeter. It is recommended, therefore, in respect to 
sound pressures that the less ambiguous terms "micro-
bar" or "dyne per square centimeter" be used. 

Microphone. An electroacoustic transducer which re-
sponds to sound waves and delivers essentially equiva-
lent electric waves. 
See also: Telephone Transmitter. 

Mixer. In a sound transmission, recording, or reproduc-
ing system, a device having two or more inputs, usually 
adjustable, and a common output, which operates to 
combine linearly in a desired proportion the separate 
input signals to produce an output signal. 
Note—The term is sometimes applied to the operator 

of the above device. 

Modulation Noise (Noise Behind the Signal). The noise 
caused by the signal. The signal is not to be included as 
part of the noise. 
Note—The term is used where the noise level is a 

function of the strength of the signal. 

Mold. In disk recording, a mold is a metal part derived 
from a master by electroforming which is a positive of 
the recording, i.e., it has grooves similar to a recording 
and thus can be played in a manner similar to a record. 

Motional Impedance2 (Loaded Motional Impedance). 
Of a transducer, the complex remainder after the 
blocked impedance has been subtracted from the loaded 
impedance. 

Moving-Coil Loudspeaker (Dynamic Loudspeaker). A 
moving-conductor loudspeaker in which the moving 
conductor is in the form of a coil conductively connected 
to the source of electric energy. 

Moving-Coil Microphone (Dynamic Microphone). A 
moving-conductor microphone in which the movable 
conductor is in the form of a coil. 

Moving-Coil Pickup (Dynamic Reproducer). A phono-
graph pickup, the electric output of which results from 
the motion of a conductor or coil in a magnetic field. 

Moving-Conductor Loudspeaker. A loudspeaker in 
which the mechanical forces result from magnetic reac-
tions between the field of the current in a moving con-
ductor and a steady magnetic field. 

Moving-Conductor Microphone. A microphone the 
electric output of which results from the motion of a' 
conductor in a magnetic field. 

Multicellular Horn. A cluster of horns with juxtaposed 
mouths which lie in a common surface. The purpose o 
the cluster is to control the directional pattern of the 
radiated energy. 

Multiple Sound Track. Consists of a group of sound 
tracks, printed adjacently on a common base, inde-
pendent in character but in a common time relation-
ship, e.g., two or more have been used for stereophonic 
sound recording. 

Multitrack Recording System. A recording system 
which provides two or more recording paths on a me-
dium, which may carry either related or unrelated re-
cordings in common time relationship. 

Musical Echo. A flutter echo that is periodic and has a 
flutter the frequency of which is in the audible range. 

No. 1 Mold (Mother) (Metal Positive). A mold derived 
by electroforming from the original master. 

No. 2, No. 3, etc. Master. A master produced by electro-
forming from a No. 1, No. 2, etc. mold. 

No. 2 No. 3 etc. Mold. A mold derived by electroform-
ing from a No. 2, No. 3, etc. master. 

Noise Reduction. In photographic recording and re-
producing, a process whereby the average transmission 
of the sound track of the print (averaged across the 
track) is decreased for signals of low level and increased 
for signals of high level. 

Note 1—Since the ground noise introduced by the 
sound track is less at low transmission, this process re-
duces film noise during soft passages. The effect is nor-
mally accomplished automatically. 

Note. A conventional sign used io" indicate the pitch, 
or the duration, or both, of a tone sensation. It is also 
the sensation itself or the vibration causing the sensa-
tion. The word serves when no distinction is desired 
between the symbol, the sensation, and the physical 
stimulus. 

Octave. The interval between two sounds having a basic 
frequency ratio of two. By extension, the octave is the 
interval between any two frequencies having the ratio 
2:1. 

Note—The interval, in octaves, between any two fre-
quencies is the logarithm to the base two (or 3.322 times 
the logarithm to the base 10) of the frequency ratio. 

Octave-Band Pressure Level (Octave Pressure Level). 
Of a sound, the band pressure level for a frequency band 
corresponding to a specified octave. 
Note—The location of an octave-band pressure level 

on a frequency scale is usually specified as the geometric 
mean of the upper and lower frequencies of the octave. 
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Dffset Angle. In lateral disk reproduction, the offset 
Ingle is the smaller of the two angles between the pro-
jections into the plane of the disk of the vibration axis 
)f the pickup stylus and the line connecting the vertical 
pivot (assuming a horizontal disk) of the pickup arm 
with the stylus point. 

Omnidirectional Microphone (Nondirectional Micro-
phone). A microphone the response of which is essen-
tially independent of the direction of sound incidence. 
Note—It should be noted that, in this case, omni-

directional refers to elevation as well as azimuth. In 
radio antenna practice this is not necessarily the case. 

Opacity. Of an optical path, the reciprocal of transmis-
sion. 
See also: Transmission (Transmittance) 

Optical Pattern (Christmas Tree Pattern). In mechan-
ical recording, a pattern which is observed when the 
surface of a record is illuminated by a light beam of es-
sentially parallel rays. 

Original Master (Metal Master) (Metal Negative) (No. 
I Master). In disk recording, the master produced by 
electroforming from the face of a wax or lacquer re-
cording. 

Overcutting. In disk recording, the effect of excessive 
level characterized by one groove cutting through into - 
an adjacent one. 

Overtone. (a) A physical component of a complex 
sound having a frequency higher than that of the basic 
frequency. (b) A component of a complex tone having 
a pitch higher than that of the fundamental pitch. • 
Note—The term "overtone" has frequently been used 

in place of "harmonic," the nth harmonic being called 
the (n —1)st overtone. There is, however, ambiguity 
sometimes in the numbering of components of a complex 
sound when the word overtone is employed. Moreover, 
I the word "tone" has many different meanings so that it 
is preferable to employ terms which do not involve 
"tone" wherever possible. 
See also: Partial 

PM Erasing Head. One which uses the fields of one or 
more permanent magnets for erasing. 

Parabolic-Reflector Microphone. A microphone em-
plying a parabolic reflector to improve its directivity 
and sensitivity. 

Partial. (a) A physical component of a complex tone. 
(b) A component of a sound sensation which may be 
distinguished as a simple tone that cannot be further 
analyzed by the ear and which contributes to the char-
acter of the complex sound. 
Note 1—The frequency of a partial may be either 

higher or lower than the basic frequency and may or 
may not be an integral multiple or submultiple of the 

basic frequency. (For definition of basic frequency, see 
Basic Frequency.) If the frequency is not a multiple or 
submultiple, the partial is inharmonic. 
Note 2—When a system is maintained in steady 

forced vibration at a basic frequency equal to one of 
the frequencies of the normal modes of vibration of the 
system, the partials in the resulting complex tone are 
not necessarily identical in frequency with those of the 
other normal modes of vibration. 

Particle Velocity. In a sound wave, the velocity of a 
given infinitesimal part of the medium, with reference 
to the medium as a whole, due to the sound wave. The 
commonly used unit is the centimeter per second. 
Note—The terms "instantaneous particle velocity," 

"effective particle velocity," "maximum particle veloc-
ity," and "peak particle velocity" have meanings 
which correspond with those of the related terms used 
for sound pressure. 

Peak Sound Pressure. For any specified time interval, 
the maximum absolute value of the instantaneous sound 
pressure in that interval. The commonly used unit is the 
microbar. 
Note—In the case of a periodic wave, if the time in-

terval considered is a complete period, the peak sound 
pressure becomes identical with the maximum sound 
pressure. 

Permanent Magnet Loudspeaker. A moving-conductor 
loudspeaker in which the steady field is produced by 
means of a permanent magnet. 

Per Cent Hearing. At any given frequency, 100 minus 
the per cent hearing loss at that frequency. 

Per Cent Hearing Loss (Per Cent Deafness). At a given 
frequency, 100 times the ratio of the hearing loss in 
decibels to the number of decibels between the normal 
threshold levels of audibility and feeling. 
Note 1—A weighted mean of the per cent hearing 

losses at specified frequencies is often used as a single 
measure of the loss of hearing. 
Note 2—The American Medical Association has de-

fined percentage loss of hearing for medicolegal use. 
(See the Journal of the American Medical Association, 
vol. 133, pp. 396-397; February 8, 1947.) 

Perpendicular Magnetization. In magnetic recording, 
magnetization of the recording medium in a direction 
perpendicular to the line of travel, and parallel to the 
smallest cross-sectional dimension of the medium. 
Note—In this type of magnetization, either single 

pole-piece or double pole-piece magnetic heads may be 
used. 

Phase-Shift Microphone. A microphone employing 
phase-shift networks to produce directional properties. 

Phon. The unit of loudness level as specified in defini-
tion Loudness Level. 
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Lacquer Disks (Cellulose Nitrate Disks). Mechanical 
recording disks usually made of metal, glass, or paper, 
and coated with a lacquer compound (often containing 
cellulose nitrate). 

Lacquer Original (Lacquer Masters). An original re-
cording on a lacquer surface for the purpose of making a 
master. 

Lacquer Recording.. Any recording made on a lacquer 
recording medium. 

Laminated Record. A mechanical recording medium 
composed of several layers of material. Normally, it is 
made with a thin face of surface material on each side 
of a core. 

Land. The record surface between two adjacent grooves 
of a mechanical recording. 

Lapel Microphone. A microphone adapted to position-
ing on the clothing of the user. 

Lateral Recording. A mechanical recording in which the 
groove modulation is perpendicular to the motion of 
the recording medium and parallel to the surface of the 
recording medium. 

Lead-In Groove (Lead-In Spiral). In disk recording, a 
blank spiral groove at the beginning of a record gener-
ally having a pitch that is much greater than that of 
the recorded grooves. 

Lead-Out Groove (Throw-Out Spiral). In disk record-
ing, a blank spiral groove at the end of a recording 
generally of a pitch that is much greater than that of 
the recorded grooved and which is connected to either 
the locked or eccentric groove. 

Lead-Over Groove (Crossover Spiral). In disk record-
ing, a groove cut between recordings of small durations 
which enables the pickup stylus to travel from one 
cut to the next. 

Level Above Threshold (Sensation Level). Of a sound, 
the pressure level of the sound in decibels above its 
threshold of audibility for the individual observer. 

Light-Beam Pickup. A phonograph pickup in which a 
beam of light is a coupling element of the transducer. 

Light Modulator. The combination of a source of light, 
an appropriate optical system, and a means for varying 
the resulting light beam (such as galvanometer or light 
valve), so that a sound track may be produced. 

Light Valve. A device whose light transmission can be 
made to vary in accordance with an externally applied 
electrical quantity, such as voltage, current, electric 
field, magnetic field, or an electron beam. 

Line Hydrophone. A directional hydrophone consisting 
of a single straight line element, or an array of contigu-

ous or spaced electroacoustic transducing elements dis-
posed on a straight line, or the acoustic equivalent of 
such an array. 

Line Microphone. A directional microphone consisting 
of a single straight line element, or an array of con-
tiguous or spaced electroacoustic transducing elements, 
disposed on a straight line, or the acoustic equivalent of 
such an array. 

Lip Microphone. A microphone which is adapted for 
use in contact with the lip. 

Live Room. A room which is characterized by an unusu-
ally small amount of sound absorption. 

Loaded Impedance. Of a transducer, the impedance at 
the input of the transducer when the output is con-
nected to its normal load. 

Locked Groove (Concentric Groove). In disk recording, 
a blank and continuous groove at the end of modulated 
grooves whose function is to prevent further travel of 
the pickup. 

Longitudinal Magnetization. In magnetic recording, 
magnetization of the recording medium in a direction 
essentially parallel to the line of travel. 

Loudness. The intensive attribute of an auditory sensa-
tion in terms of which sound may be ordered on a scale 
extending from soft to loud. 
Note—Loudness depends primarily upon the sound 

pressure of the stimulus, but it also depends upon the 
frequency and .wave form of the stimulus. 

Loudness Contours. Curves which show the related 
values of sound pressure level and frequency required 
to produce a given loudness sensation for the typical 
listener. 

Loudness Level. In phons, of a sound, numerically equal 
to the sound pressure level in decibels, relative to 
0.0002 microbar, of a simple tone of frequency 1,000 
cycles per second which is judged by the listeners to be 
equivalent in loudness. 

Loudspeaker (Speaker) (Loud Speakers). An electro-
acoustic transducer usually intended to radiate acoustic 
power effectively at a distance in air. 
Note—The term "speaker" should be avoided when 

there is risk of ambiguity. 

Loudspeaker System. A combination of one or more 
loudspeakers and all associated baffles, horns, and di-
viding networks arranged to work together as a coup-
ling means between the driving electric circuit and the 
acoustic medium. 

Loudspeaker Voice Coil. The moving coil of a moving-
coil loudspeaker. 
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VIagnetic Armature Loudspeaker (Magnetic Loud-
Teakers). A loudspeaker comprising a ferromagnetic 
iirmature actuated by forces of magnetic attraction. 

Magnetic Biasing. The simultaneous conditioning of the 
nagnetic recording medium during recording by super-
)osing an additional magnetic field upon the signal mag-
ietic field. 
Note—In general, magnetic biasing is used to obtain 

3. substantially linear relationship between the ampli-
tude of the signal and the remanent flux density in the 
recording medium. 

Magnetic Cutter. A cutter in which the mechanical dis-
placements of the recording stylus are produced by the 
action of magnetic fields. 

-Magnetic Head. In magnetic recording, a magnetic 
head is a transducer for converting electric variations 
into magnetic variations for storage on magnetic media, 
for reconverting energy so stored into electric energy 
t )t- for erasing such stored energy. 

Magnetic Plated Wire. A magnetic wire having a core 
of nonmagnetic material and a plated surface of ferro-
magnetic material. 

Magnetic Powder-Coated Tape (Coated Tape). A tape 
consisting of a coating of uniformly dispersed, powdered 
ferromagnetic material on a nonmagnetic base. 

Magnetic Powder-Impregnated Tape (Impregnated ITape) (Dispersed Magnetic Powder Tape). A magnetic 
tape which consists of magnetic particles uniformly dis-
persed in a nonmagnetic material. 

Magnetic Printing (Magnetic Transfer) (Crosstalle). 
The permanent transfer of a recorded signal from a sec-
tion of a magnetic recording medium to another section 
of the same or a different medium when these sections 
are brought into proximity. 
a Magnetic Recorder. Equipment incorporating an elec-
tromagnetic transducer and means for moving a ferro-
magnetic recording medium relative to the transducer 
for recording electric signals as magnetic variations in 
the medium. 
Note—The generic- term "magnetic recorder" can 

also be ap/plied to an instrument which has not only 
facilities for recording electric signals as magnetic varia-
tions, but also for converting such magnetic variations 
back into electric variations. 

Magnetic Recording Head. In magnetic recording, a 
magnetic head for transforming electric variations into 
magnetic variations for storage on magnetic media. 

Magnetic Recording Medium. A magnetizable material 
used in a magnetic recorder for retaining the magnetic 
variations imparted during the recording process. It 
may have the form of a wire, tape, cylinder, disk, and 
the like. 

Magnetic Recording Reproducer. Equipment for con-
verting magnetic variations on magnetic recording 
media into electric variations. 

Magnetic Reproducing Head. In magnetic recording, a 
magnetic head for converting magnetic variations on 
magnetic media into electric variations. 

Magnetic Tape. A magnetic recording medium having a 
width greater than approximately 10 times the thick-
ness. This tape may be homogeneous or coated. 

Magnetic Wire. A magnetic recording medium, approxi-
mately circular in cross section. 

Magnetostriction Loudspeaker. A loudspeaker in which 
the mechanical displacement is derived from the de-
formation of a material having magnetostrictive prop-

erties. 

Magnetostriction Microphone. A microphone which de-
pends for its operation on the generation of an electro-
motive force by the deformation of a material having 
magnetostrictive properties. 

Mask Microphone. A microphone designed for use in-
side an oxygen or other type of respiratory mask. 

Masking. The amount by which the threshold of audi-
bility of a sound is raised by the presence of another 
(masking) sound. The unit customarily used is the deci-

bel. 

Masking Audiogram. A graphical presentation of the 
masking due to a stated noise. This is plotted, in deci-
bels, as a function of the frequency of the masked tone. 

Master. A metal part, normally derived from a disk re-
cording by electroforming, which is a negative of the 
recording, i.e., a master which has ridges instead of 
grooves and thus cannot be played with a pointed stylus. 

Maximum Sound Pressure. For any given cycle of a 
periodic wave, the maximum absolute value of the in-
stantaneous sound pressure occurring during that cycle. 
The commonly used unit is the microbar. 
Note—In the case of a sinusoidal sound wave this 

maximum sound pressure is also called the pressure 
amplitude. 

Mean Free Path. For sound waves in an enclosure, the 
average distance sound travels between successive re-
flections in the enclosure. 

Mechanical Phonograph Recorder (Mechanical Re-
corder). An equipment for transforming electric or 
acoustic signals into mechanical motion of approxi-
mately like form and inscribing such motion in an ap-
propriate medium by cutting or embossing. 

Mechanical Transmission System. An assembly of ele-
ments adapted for the transmission of mechanical 
power. 
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Mel. A unit of pitch. By definition, a simple tone of 
frequency 1,000 cps, 40 db above a listener's threshold, 
produces a pitch of 1,000 mels. The pitch of any sound 
that is judged by the listener to be n times that of the 
1-mel tone is n mels. 

Microbar, Dyne Per Square Centimeter (Barye2) 
(Ball. A unit of pressure commonly used in acoustics. 
One microbar is equal to 1 dyne per square centimeter. 
Note—The term 'bar" properly denotes a pressure of 

106 dynes per square centimeter. Unfortunately, in 
acoustics the bar was used to mean 1 dyne per square 
centimeter. It is recommended, therefore, in respect to 
sound pressures that the less ambiguous terms "micro-
bar" or "dyne per square centimeter" be used. 

Microphone. An electroacoustic transducer which re-
sponds to sound waves and delivers essentially equiva-
lent electric waves. 
See also: Telephone Transmitter. 

Mixer. In a sound transmission, recording, or reproduc-
ing system, a device having two or more inputs, usually 
adjustable, and a common output, which operates to 
combine linearly in a desired proportion the separate 
input signals to produce an output signal. 
Note—The term is sometimes applied to the operator 

of the above device. 

Modulation Noise (Noise Behind the Signal). The noise 
caused by the signal. The signal is not to be included as 
part of the noise. 
Note—The term is used where the noise level is a 

function of the strength of the signal. 

Mold. In disk recording, a mold is a metal part derived 
from a master by electroforming which is a positive of 
the recording, i.e., it has grooves similar to a recording 
and thus can be played in a manner similar to a record. 

Motional Impedance' (Loaded Motional Impedance). 
Of a transducer, the complex remainder after the 
blocked impedance has been subtracted from the loaded 
impedance. 

Moving-Coil Loudspeaker (Dynamic Loudspeaker). A 
moving-conductor loudspeaker in which the moving 
conductor is in the form of a coil conductively connected 
to the source of electric energy. 

Moving-Coil Microphone (Dynamic Microphone). A 
moving-conductor microphone in which the movable 
conductor is in the form of a coil. 

Moving-Coil Pickup (Dynamic Reproducer). A phono-
graph pickup, the electric output of which results from 
the motion of a conductor or coil in a magnetic field. 

Moving-Conductor Loudspeaker. A loudspeaker in 
which the mechanical forces result from magnetic reac-
tions between the field of the current in a moving con-
ductor and a steady magnetic field. 

Moving-Conductor Microphone. A microphone the 
electric output of which results from the motion of a 

conductor in a magnetic field. 

Multicellular Horn. A cluster of horns with juxtaposed 
mouths which lie in a common surface. The purpose of 
the cluster is to control the directional pattern of the 

radiated energy. 

Multiple Sound Track. Consists of a group of sound 
tracks, printed adjacently on a common base, inde-
pendent in character but in a common time relation-
ship, e.g., two or more have been used for stereophonic 
sound recording. 

Multitrack Recording System. A recording system 
which provides two or more recording paths on a me-
dium, which may carry either related or unrelated re-
cordings in common time relationship. 

Musical Echo. A flutter echo that is periodic and has a 
flutter the frequency of which is in the audible range. 

No. 1 Mold (Mother) (Metal Positive). A mold derived 
by electroforming from the original master. 

No. 2, No. 3, etc. Master. A master produced by electro-
forming from a No. 1, No. 2, etc. mold. 

No. 2 No. 3 etc. Mold. A mold derived by electroform-
ing from a No. 2, No. 3, etc. master. 

Noise Reduction. In photographic recording and re-
producing, a process whereby the average transmission 
of the sound track of the print (averaged across the 
track) is decreased for signals of low level and increased 
for signals of high level. 
Note 1—Since the ground noise introduced by the 

sound track is less at low transmission, this process re-
duces film noise during soft passages. The effect is nor-
mally accomplished automatically. 

Note. A conventional sign used to indicate the pitch, 
or the duration, or both, of a tone sensation. It is also 
the sensation itself or the vibration causing the sensa-
tion. The word serves when no distinction is desired 
between the symbol, the sensation, and the physical 
stimulus. 

Octave. The interval between two sounds having a basic 
frequency ratio of two. By extension, the octave is the 
interval between any two frequencies having the ratio 
2:1. 

Note—The interval, in octaves, between any two fre-
quencies is the logarithm to the base two (or 3.322 times 
the logarithm to the base 10) of the frequency ratio. 

Octave-Band Pressure Level (Octave Pressure Level). 
Of a sound, the band pressure level for a frequency band 
corresponding to a specified octave. 
Note—The location of an octave-band pressure level 

on a frequency scale is usually specified as the geometric 
mean of the upper and lower frequencies of the octave. 



1951  IRE Standards on Electroacoustics 523 

. Offset Angle. In lateral disk reproduction, the offset 
angle is the smaller of the two angles between the pro-
jections into the plane of the disk of the vibration axis 
of the pickup stylus and the line connecting the vertical 
pivot (assuming a horizontal disk) of the pickup arm 
with the stylus point. 

Omnidirectional Microphone (Nondirectional Micro-
phone). A microphone the response of which is essen-
tially independent of the direction of sound incidence. 
Note—It should be noted that, in this case, omni-

directional refers to elevation as well as azimuth. In 
radio antenna practice this is not necessarily the case. 

6 Opacity. Of an optical path, the reciprocal of transmis-
sion. 
See also: Transmission (Transmittance) 

Optical Pattern (Christmas Tree Pattern). In mechan-
ical recording, a pattern which is observed when the 
surface of a record is illuminated by a light beam of es-
sentially parallel rays. 

Original Master (Metal Master) (Metal Negative) (No. 
I Master). In disk recording, the master produced by 
electroforming from the face of a wax or lacquer re-
cording. 

Overcutting. In disk recording, the effect of excessive 
level characterized by one groove cutting through into• 
an adjacent one. 

Overtone. (a) A physical component of a complex 
sound having a frequency higher than that of the basic 
frequency. (b) A component of a complex tone having 
a pitch higher than that of the fundamental pitch.. 
Note—The term "overtone" has frequently been used 

in place of "harmonic," the nth harmonic being called 
the (n —1)st overtone. There is, however, ambiguity 
• sometimes in the numbering of components of a complex 
sound when the word overtone is employed. Moreover, 
the word "tone" has many different meanings so that it 
is preferable to employ terms which do not involve 
"tone" wherever possible. 
See also: Partial 

PM Erasing Head. One which uses the fields of one or 
more permanent magnets for erasing. 

Parabolic-Reflector Microphone. A microphone em-
plying a parabolic reflector to improve its directivity 
and sensitivity. 

Partial. (a) A physical component of a complex tone. 
(b) A component of a sound sensation which may be 
distinguished as a simple tone that cannot be further 
analyzed by the ear and which contributes to the char-
acter of the complex sound. 
Note 1—The frequency of a partial may be either 

higher or lower than the basic frequency and may or 
may not be an integral multiple or submultiple of the 

basic frequency. (For definition of basic frequency, see 
Basic Frequency.) If the frequency is not a multiple or 
submultiple, the partial is inharmonic. 
Note 2—When -a system is maintained in steady 

forced vibration at a basic frequency equal to one of 
the frequencies of the normal modes of vibration of the 
system, the partials in the resulting complex tone are 
not necessarily identical in frequency with those of the 
other normal modes of vibration. 

Particle Velocity. In a sound wave, the velocity of a 
given infinitesimal part of the medium, with reference 
to the medium as a whole, due to the sound wave. The 
commonly used unit is the centimeter per second. 
Note—The terms "instantaneous particle velocity," 

"effective particle velocity," "maximum particle veloc-
ity," and "peak particle velocity" have meanings 
which correspond with those of the related terms used 
for sound pressure. 

Peak Sound Pressure. For any specified time interval, 
the maximum absolute value of the instantaneous sound 
pressure in that interval. The commonly used unit is the 
microbar. 
Note—In the case of a periodic wave, if the time in-

terval considered is a complete period, the peak sound 
pressure becomes identical with the maximum sound 
pressure. 

Permanent Magnet Loudspeaker. A moving-conductor 
loudspeaker in which the steady field is produced by 
means of a permanent magnet. 

Per Cent Hearing. At any given frequency, 100 minus 
the per cent hearing loss at that frequency. 

Per Cent Hearing Loss (Per Cent Deafness). At a given 
frequency, 100 times the ratio of the hearing loss in 
decibels to the number of decibels between the normal 
threshold levels of audibility and feeling. 
Note 1—A weighted mean of the per cent hearing 

losses at specified frequencies is often used as a single 
measure of the loss of hearing. 
Note 2—The American Medical Association has de-

fined percentage loss of hearing for medicolegal use. 
(See the Journal of the American Medical Association, 
vol. 133, pp. 396-397; February 8, 1947.) 

Perpendicular Magnetization. 111 magnetic recording, 
magnetization of the recording medium in a direction 
perpendicular to the line of travel, and parallel to the 
smallest cross-sectional dimension of the medium. 
Note—In this type of magnetization, either single 

pole-piece or double pole-piece magnetic heads may be 
used. 

Phase-Shift Microphone. A microphone employing 
phase-shift networks to produce directional properties. 

Phon. The unit of loudness level as specified in defini-
tion Loudness Level. 



524 

Phonograph Pickup (Mechanical Reproducer). A me-
chanoelectric transducer which is actuated by modula-
tions present in the groove of the recording medium and 
which transforms this mechanical input into an electric 
output. 
Note—Where no confusion will result, the term 

"phonograph pickup" may be shortened to "pickup." 

Photographic Emulsion. The light-sensitive coating on 
photographic film Consisting usually of a gelatin con-
taining silver halide. 

Photographic Sound Recorder (Optical Sound Re-
corder). Equipment incorporating means for producing 
a modulated light beam and means for moving a light-
sensitive medium relative to the beam for recording sig-
nals derived from sound signals. 

Photographic Sound Reproducer (Optical Sound Re-
producer). A combination of light source, optical sys-
tem, photoelectric cell, or other light-sensitive device 
such as a photoconductive cell, and a mechanism for 
moving a medium carrying an optical sound record 
(usually film), by means of which the recorded varia-
tions may be converted into electric signals of ap-
proximately like form. 

Photographic Transmission Density' (Optical Density). 
The common logarithm of opacity. Hence, film trans-
mitting 100 per cent of the light has a density of zero, 
transmitting 10 per cent a density of 1, and so forth. 
Density may be diffuse, specular, or intermediate. Con-
ditions must be specified. 

Pickup Arm (Tone Arm). A pivoted arm arranged to 
hold a pickup. 

Pickup Cartridge. The removable portion of a pickup 
containing the electromechanical translating elements 
and the reproducing stylus. 

Pinch Effect. In disk recording, the pinch effect is a 
pinching of the reproducing stylus tip twice each cycle 
in the reproduction of lateral recordings due to a de-
crease of the groove angle cut by the recording stylus 
when it is moving across the record as it swings from a 
negative to a positive peak. 

Pistonphone. A small chamber equipped with a recipro-
cating piston of measurable displacement which permits 
the establishment of a known sound pressure in the 
chamber. 

Pitch. That attribute of auditory sensation.in terms of 
which sounds may be ordered on a scale extending from 
low to high, such as a musical scale. 
Note 1—Pitch depends primarily upon the frequency 

9 For details of measurement and specifications, see "American 
Standard Diffuse Transmission Density, Z38.2.5-1946," or the 
latest edition thereof approved by the American Standards Associa-
tion. 
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of the sound stimulus, but it also depends upon the 
sound pressure and wave form of the stimulus. 
Note 2—The pitch of a sound may be described by 

the frequency of that simple tone, having a specified 
sound pressure or loudness level, which seems to the 
average normal ear to produce the same pitch. 

Playback. An expression used to denote reproduction of 

a recording. 

Pneumatic Loudspeaker. A loudspeaker in which the 
acoustical output results from controlled variation of an 

air stream. 

Poid. The curve traced by the center of a sphere when 
it rolls or slides over a surface having a sinusoidal pro-

file. 

May 

Pre-emphasis (Pre-equalization). In recording, pre-
emphasis is an arbitrary change in the frequency re-
sponse of a recording system from its basic response 
(such as constant velocity or amplitude) for the purpose • 

of improvement in signal-to-noise ratio, or the reduction 
of distortion. 

Preform (Biscuit). In disk recording, a preform is a 
small slab of record stock material as it is prepared for 
use in the record presses. 

Pressing. In disk recording, a pressing is a record pro-
duced in a record-molding press from a master or 
stamper. 

Pressure Microphone. A microphone in which the elec-
tric output substantially corresponds to the instantane-
ous sound pressure of the impressed sound waves. 
Note—A pressure microphone is a gradient micro-

phone (see Gradient Microphone) of zero order and is 
nondirectional when its dimensions are small compared 
to a wavelength. 

Pressure Spectrum Level. Of a sound at a specified fre-
quency, the effective sound pressme level for the sound 
energy contained within a band 1 cycle per second wide, 
centered at the specified frequency. Ordinarily this has 
significance only for sound having a continuous dis-
tribution of energy within the frequency range under . 
consideration. The reference pressure shall be explicitly 
stated. (See Sound Pressure Level.) 
Note—Since, in practice, it is necessary to employ 

filters having an effective bandwidth greater than 1 , 
cycle per second, the pressure spectrum level is, in gen-
eral, a computed quantity. For a sound having a uni-
form distribution of energy, the computation can be 
made as follows: Let L. be the desired pressure spec-
trum level, p be the effective pressure measured through 
the filter system, p° be reference sound pressure, if be 
the effective bandwidth of the filter system, and Aof be 
the reference bandwidth (1 cycle per second), then 

= 10 logo r  P2/Af  1 
L P0.2/44-1 
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t 
For computational purposes, if L, is the band pressure 
level observed through the filter, the above relation re-
duces to 

Af 
L. = L, — 10 logio  • 

Aof 

Principal Axis. Of a transducer used for sound emission 
or reception, a reference direction for angular co-ordi-
nates used in describing the directional characteristics of 
the transducer. It is usually an axis of structural sym-
metry, or the direction of maximum response; but if 
these do not coincide, the reference direction must be 
• described explicitly. 

Push-Pull Microphone. A microphone which makes use 
of two like microphone elements actuated by the same 
• -ound waves and operating 180° out of phase. 

Pythagorean Scale. A musical scale such that the fre-
quency intervals are represented by the ratios of in-
t egral powers of the numbers 2 and 3. 

Rate of Decay. The time rate at which the sound pres-
sure level (or velocity level, or sound-energy density 
level) is decreasing at a given point and at a given time. 
The practical unit is the decibel per second. 

Rayleigh Disk. A special form- of acoustic radiometer 
which is used for the fundamental measurement of par-
tide velocity. 

Recording Channel. The term refers to one of a number 
of independent recorders in a recording system or to in-
dependent recording tracks on a recording medium. 
Note—One or more channels may be used at the same 

time for covering different ranges of the transmitted 
frequency band, for multichannel recording, or for con-
trol purposes. 

Recording Loss. In mechanical recording, the loss in 
recorded level whereby the amplitude of the wave in 
the recording medium differs from the amplitude exe-
cuted by the recording stylus. 

Recording Stylus."' A tool which inscribes the groove 
into the recording medium. 

Reflex Baffle. A loudspeaker baffle in which a portion 
of the radiation from the rear of the diaphragm is propa-
gated forward after controlled shift of phase or other 
modification, the purpose being to increase the over-all 
radiation in some portion of the frequency spectrum. 

Refraction Loss. That part of the transmission loss due 
• to refraction resulting from nonuniformity of the me-
. dium. 

Relative Response. The ratio, usually expressed in deci-
bels, of the response under some particular conditions to 1 

Stylus is a term defining a pickup needle or a holder furnished 
with a jewel or other abrasive-resistant tip. A stylus may or may 
not be arranged for convenient replacement. 
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the response under reference conditions, which should 
be stated explicitly. 

Relative Velocity. Of a point with respect to a reference 
frame, the time rate of change of a position vector of 
that point with respect to the reference frame. 

Reproducing Stylus.'° A mechanical element adapted to 
following the modulations of a record groove and trans-
mitting the mechanical motion thus derived to the pick-
up mechanism. 

Re-recording. The process of making a recording by re-
producing a recorded sound source and recording this 
reproduction. 
See also: Dubbing. 

Re-recording System. An association of reproducers, 
mixers, amplifiers, and recorders capable of being used 
for combining or modifying various sound recordings to 
provide a final sound record. Recording of speech, 
music, and sound effects may be so combined. 

Reverberation. The persistence of sound at a given 
point, after direct reception from the source has stopped. 
Note—This may be due (a) (as in the case of rooms) 

to repeated reflections from a small number of bound-
aries or to the free decay of the normal modes of vibra-
tion that were excited by the sound source; (b) (as in 
the case of underwater sound in the ocean) to scattering 
from a large number of inhomogeneities in the medium 
or reflection from bounding surfaces. 

Reverberation Chamber. An enclosure in which all of 
the surfaces have been made as sound-reflective as pos-
sible. Reverberation chambers are used for certain 
acoustic measurements. 

Reverberation Time. For a given frequency, the time 
required for the average sound-energy density, origi-
nally in a steady state, to decrease after the source is 
stopped to one-millionth of its initial value (60 db). 
Note—Usually the pressure level for the upper part 

of this range is measured and the result extrapolated to 
cover 60 db. 

Reverberation Time Meter. An instrument for measur-
ing the reverberation time of an enclosure. 

Ribbon Microphone. A moving-conductor microphone 
in which the moving conductor is in the form of a rib-
bon which is directly driven by the sound waves. 

Ring Head. A magnetic head in which the magnetic ma-
terial forms an enclosure with one or more air gaps. The 
magnetic recording medium bridges one of these gaps 
and is in contact with or in close proximity to the pole 
pieces on one side only. 

Rumble (Turntable Rumble). Low-frequency vibration 
mechanically transmitted to the recording or reproduc-
ing turntable and superimposed on the reproduction. 
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Sabin (Square-Foot Unit of Absorption). A measure of 
the sound absorption of a surface. It is the equivalent of 
1 square foot of a perfectly absorptive surface. 

Scale. A musical scale is a series of notes (symbols, sen-
sations, or stimuli) arranged from low to high by a 
specified scheme of intervals, suitable for musical pur-
poses. 

Scattering Loss. That part of the transmission loss 
which is due to scattering within the medium or due to 
roughness of the reflecting surface. 

Scoring System. For motion picture production, a re-
cording system used for recording music to be repro-
duced in timed relationship with a motion picture. 

Semitone (Half-Step). The interval between two sounds 
whose basic frequency ratio is approximately equal to 
the twelfth root of two. 
Note—The interval, in equally tempered semitones, 

between any two frequencies, is 12 times the logarithm 
to the base 2 (or 39.86 times the logarithm to the base 
10) of the frequency ratio. 

Sensitometry. The measurement of the light response 
characteristics of photographic film under specified con-
ditions of exposure and development. 

Shading. A method of controlling the directivity pat-
tern of a transducer through control of the distribution 
of phase and amplitude of the transducer action over the 
active face. 

Shaving. In mechanical recording, the process of remov-
ing material from the surface 01 a recording medium for 
the purpose of obtaining a new recording surface. 

Shear Wave (Rotation Wave). A wave in an elastic 
medium which causes an element of the medium to 
change its shape without a change of volume. 
Note 1—Mathematically, a wave whose velocity field 

has zero divergence. 
Note 2—A shear plane wave in an isotropic medium is 

a transverse wave. 

Shock Motion. In a mechanical system, transient mo-
tion which is characterized by suddenness and by sig-
nificant relative displacements. 

Side Thrust. In disk recording, the radial component 
of force on a pickup arm caused by the stylus drag. 

Simple Sound Source. A source which radiates sound 
uniformly in all directions under free-field conditions. 

Simple Tone (Pure Tone). (a) A sound wave, the in-
stantaneous sound pressure of which is a simple sinus-
oidal function of the time. (b) A sound sensation char-
acterized by its singleness of pitch. 

Single Pole-Piece Magnetic Head. A magnetic head 
having a single pole piece on one side of the recording 
medium. 

Single Track (Standard Track). A variable-density o 
variable-area sound track in which both positive and 
negative halves of the signal are linearly recorded. 

Sone. A unit of loudness. By definition, a simple tone of 
frequency 1,000 cps, 40'db above a listener's threshold, 
produces a loudness of 1 sone. The loudness of any 
sound that is judged by the listener to be n times that 

of the 1-sone tone is n sones. 
Note 1—A millisone is equal to 0.001 sone. 
Note 2—The loudness scale is a relation between 

loudness and level above threshold [see Level Above 
Threshold (Sensation Level)] for a particular listener. 
In presenting data relating louclitzss in sones to sound 
pressure level, or in averaging the loudness scales of 
several listeners, the thresholds (measured or assumed) 

should be specified. 
Note 3—The term "loudness unit" has been used for - 

the basic subdivision of a loudness scale based on group 
judgment on which a loudness level of 40 phons has a 
loudness of approximately 1,000 loudness units. For 
example, see Fig. 1 of "American Standard for Noise 

Measurement, Z24.2 -1942." 

Sound. (a) An alteration in pressure, stress, particle dis-
placement, particle velocity, and so forth, which is 
propagated in an elastic material, or the superposition 
of such propagated alterations. (b) Also, auditory sensa-
tion which is usually evoked by the alterations described 
above. 
• Note—In case of possible confusion, the terms "sound 
wave" or "elastic wave" may be used for concept (a), 
and the term "sound sensation" for concept (b). 

Sound Absorption. The process by which sound energy 
is diminished in passing through a medium or in striking• 
a surface. 

Sound Absorption Coefficient (Acoustical Absorptivity). 
The fraction of incident sound energy absorbed by the 
surface or medium. 
Note 1—The surface is considered part of an infinite 

area. 
Note 2—The value of the coefficient is a function of 

the angle of incidence of the sound. 

Sound Analyzer. A device for measuring the band pres-
sure level or pressure spectrum level of a sound as a 
function of frequency. 

Sound Articulation (Per Cent Sound Articulation).6 The 
per cent articulation obtained when the speech units 
considered are fundamental sounds (usually combined 
into meaningless syllables). 

Sound Energy. Of a given part of a medium, the total 
energy in this part of the medium minus the energy 
which would exist in the same part of the medium with 
no sound waves present. 

Sound-Energy Density. At a point, in a sound field, the 
sound energy contained in a given infinitesimal part of 
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the medium divided by the volume of that part of the 
medium. The commonly used unit is the erg per cubic 
centimeter. 
Note 1—The terms "instantaneous energy density," 

"maximum energy density," and "peak energy density" 
have meanings analogous to the related terms used for 
sound pressure. 
Note 2—In speaking of average energy density in gen-

eral, it is necessary to distinguish between the space 
average (at a given instant) and the time average (at a 
given point). 

Sound Energy Flux. The average rate of flow of sound 
energy for one period through any specified area. The 
commonly used unit is the erg per second. Expressed 
mathematically, the sound-energy flux J is 

= 

f r 
—T 0 pSvolt 

where 

T = an integral number of periods or a time long com-
pared to a period 

p = the instantaneous sound pressure over the area S 
v.= the component of the instantaneous particle veloc-

ity in the direction a, normal to the area S. 

INote—In a medium of density p, for a plane or spher-ical free wave having a velocity of propagation c, the. 
,sound-energy flux through the area S, corresponding to 
an effective sound pressure p, is' 

p2S 
— cos 0 
PC 

where 

0 = the angle between the direction of propagation of 
the sound and the normal to the area S. 

LSound Field. A region containing sound waves. 
Sound Intensity" (Specific Sound-Energy Flux) (Sound-
Energy Flux Density). In a specified direction at a point, 
the average rate of sound energy transmitted in the 
specified direction through a unit area normal to this 
direction at the point considered. The commonly used 
unit is the erg per second per square centimeter, but 
sound intensity may also be expressed in watts per 
square centimeter. 
Note 1—The sound intensity in any specified direc-

tion a of a sound field is the sound-energy flux through 
a unit area normal to that direction. This is given by 
the expression 

fa 1 f r 
=  pvadt 

" See note under Intensity Level. 

where 

T=an integral number of periods or a time long com-
pared to a period 

p = the instantaneous sound pressure 
v.= the component of the instantaneous particle veloc-

ity in the direction a. 

Note 2—In the case of a free plane or spherical wave 
having the effective sound pressure p, the velocity of 
propagation c, in a medium of density p, the intensity 
in the direction of propagation is given by 

Sound Level. At a point in a sound field, the weighted 
sound pressure level determined in the manner specified 
in the latest edition of "American Standard Sound Level 
Meters for Measurement of Noise and Other Sounds.' 
Note 1—The current edition of this standard is 

Z24.3-1944. 
Note 2—The meter reading (in decibels) corresponds 

to a value of the sound pressure integrated over the 
audible frequency range with a specified frequency 
weighting and integration time. 
See also: Sound Level Meter. 

Sound Level Meter. An instrument including a micro-
phone, an amplifier, an output meter, and frequency 
weighting networks for the measurement of noise and 
sound levels in a specified manner; the measurements 
are intended to approximate the loudness level which 
would be obtained by the more elaborate ear balance 
method. 
Note—Specifications for sound-level meters for meas-

urement of noise and other sounds are given in "Ameri-
can Standard Sound Level Meters for Measurement of 
Noise and Other Sounds, Z24.3-1944." 

Sound Power of a Source. The total sound energy radi-
ated by the source per unit of time. The commonly used 
unit is the erg per second but the power may also be ex-
pressed in watts. 

Sound Pressure Level." In decibels, of a sound, 20 
times the logarithm to the base 10 of the ratio of the 
pressure of this sound to the reference pressure. The 
reference pressure shall be explicitly stated. 
Note 1—The following reference pressures are in com-

mon use: 
(a) 2X10-4 microbar 
(b) 1 microbar 

Reference pressure (a) has been in general use for meas-
urements dealing with hearing and sound level measure-
ments in air and liquids, while (b) has gained wide-
spread use for calibrations and many types of sound 
level measurements in liquids. 
Note 2—It is to be noted that in many sound fields 

the sound pressure ratios are not proportional to the 
square root of corresponding power ratios and hence 
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cannot be expressed in decibels in the strict sense; how-
ever, it is common practice to extend the use of the 
decibel to these cases. 

Sound Probe. A device for exploring a sound field with-
out significantly disturbing the field in the region being 
explored. 
Note-A sound probe may take the form of a small 

microphone or a small tubular attachment added to a 
conventional microphone. 

Sound Recording System. A combination of transducing 
devices and associated equipment suitable for storing 
sound in a form capable of subsequent reproduction. 

Sound Reflection Coefficient (Acoustical Reflectivity). 
The sound reflection coefficient of a surface not a gen-
erator is the ratio of the rate of flow of sound energy 
reflected from the surface, on the side of incidence, to 
the incident rate of flow. Unless otherwise specified, all 
possible directions of incident flow are assumed to be 
equally probable. Also, unless otherwise stated, the 
values given apply to a portion of an infinite surface, 
thus eliminating edge effects. 

Sound Reproducing System. A combination of trans-
ducing devices and associated equipment for reproduc-
ing recorded sound. 

Sound Track. A narrow band, usually along the margin 
of a sound film, which carries the sound record. In some 
cases, a plurality of such bands may be used. 

Sound Transmission Coefficient (Acoustical Transmit-
tivity). Of an interface or septum, the ratio of the 
transmitted to incident sound energy. The value of the 
coefficient is a function of the angle of incidence of the 
sound. 

Specific Acoustic Impedance' (Unit Area Acoustic Im-
pedance). At a point in the medium, the complex ratio 
of sound pressure to particle velocity. 

Specific Acoustic Reactance.' The imaginary component 
of the specific acoustic impedance. 

Specific Acoustic Resistance.' The real component of 
the specific acoustic impedance. 

Split Hydrophone. A directional hydrophone in which 
electroacoustic transducing elements are so divided and 
arranged that each division may induce a separate elec-
tromotive force between its own electric terminals. 

Split Projector. A directional projector in which electro-
acoustic transducing elements are so divided and ar-
ranged that each division may be energized separately 
through its own electric terminals. 

Sputtering (Cathode Sputtering). A process sometimes 
used in the production of the metal master wherein the 
original is coated with an electric conducting layer by 
means of an electric discharge in a vacuum. 
Note-This is done prior to electroplating a heavier 

deposit. 

Squeeze Track. A variable density sound track wherein, 
by means of adjustable masking of the recording light 
beam and simultaneous increase of the electric signal 
applied to the light modulator, a track having variable 
width with greater signal-to-noise ratio is obtained. 

Stamper. A negative (generally made of metal by elec-
troforming) from which finished pressings are molded. 

Standard Microphone. A microphone the response of 
which is accurately known for the condition under which 
it is to be used. 

Standard Pitch. The standard pitch is based on the tone 
"A" of 440 cycles per second. 
Note 1-With this standard the frequency of Middle 

C is 261.6 cycles per second (See Table V). 
Note 2-Musical instruments are to be capable of 

complying with this standard when played where the 
ambient temperature is 22°C (72°/r). 

TABLE V 

FREQUENCIES OF THE TONES OF THE USUAL EQUALLY TEMPERED SCALE, ARRANGED BY CORRESPONDING 
PIANO KEY NUMBERS, AND BASED ON THE A OF 4-40 CYCLES PER SECOND 

Note 
Name 

Key Freq. Key Freq. Key  Freq.  Key  Freq.  Key  Freq.  Key  Freq.  Key  Freq.  Key  Freq.  Not, 
No.  cps  No.  cps  No.  cps  No.  cps  No.  cps  No.  cps  No.  cps  No.  cps  Name 

A 
Ait-B5 

1 27.500 
2 29.135 
3 30.868 

4 32.703 
5 34.648 
6 36.708 

7 38.891 
8 41.203 
9 43.654 

10 
11 
12 

46.249 
48.999 
51.913 

13 
14 
15 

16 
17 
18 

19 
20 
21 

55.000 
58.270 
61.735 

65.406 
69.296 
73.416 

77.782 
82.407 
87.307 

22 92.499 
23 97.999 
24 103.826 

25 
26 
27 

28 
29 
30 

31 
32 
33 

34 
35 
36 

110.000 
116.541 
123.471 

130.813 
138.591 
146.832 

155.563 
164.814 
174.614 

184.997 
195.998 
207.652 

37 
38 
39 

40 

220.000 
233.072 
246.942 51 

261.626 
41 277.183 
42 293.665 

43 311.127 
44 329.628 
45 349.228 

49 
50 

52 
53 
54 

55 
56 
57 

46 369.994 58 
47 391.995 59 
48 415.305 60 

440.000 
466.164 
493.883 

523.251 
554.365 
587.330 

622.254 
659.255 
698.456 

739.989 
783.991 
830.609 

61  880.000 
62  932.328 
63  987.767 

Sa
?.'
 
&a 

1,046.502 
1,108.731 
1,174.659 

1,244.508 
1,318.510 
1,396.913 

70 1,479.978 
71  1,567.982 
72  1,661.219 

73 
74 
75 

76 
77 
78 

1,760.000 
1,864.655 
1,975.533 

85 3,520.000 
86 3,729.310 
87 3,951.066 

2,093.005 88 4,186.009 
2,217.461 
2,349.318 

79 2,489.016 
80 2,637.021 
81  2,793.826 

82 2,959.955 
83 3,135.964 
84 3,322.438 

A 
Ait -B17 
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tandard Sea Water Conditions. Those of sea water at a 
a tic pressure of 1 atmosphere, a temperature of 15°C, 
rid a salinity such that the velocity of propagation is 
actly 1,500 meters per second. 
Note—Under these conditions, the following other 
roperties are derived from experimental data: 

Salinity22 S=31.60 parts per thousand 
I )ensity's p=1.02338 grams per cubic centimeter 
Characteristic acoustic impedance, pc= 1.53507 X102 

cgs units 
Pressure spectrum level of thermal noise" 10 logio 
(kTpc)= 82.17 db below 1 microbar. 

This Standard is adopted for the purpose of establish-
[ig consistent rdationships between acoustical quanti-
ies which involve the properties of the sound medium. 
t is not intended for calibration of echo range or depth 
( ales. 
The standard values have been chosen to represent 
losely the average conditions on continental shelves 
:xcept in tropical waters. The values likely to be en-
:ountered under actual conditions will usually lie be-
:ween the limits given in Table VI. 
Hydrostatic pressure increases the velocity by 0.018 
neter per second per meter of depth. It also increases 
:he density by approximately 0.000045 gram per cma 
3er meter of depth. 

Static Pressure (Hydrostatic Pressure). At a point in a 
medium, the pressure that would exist at that point 
with no sound waves present. In acoustics, the com-
monly used unit is the microbar. 

Steady-State  Oscillation  (Steady-State Vibration). 
Steady-state oscillation exists in a system if the motion 
,at each point is a periodic quantity. 
Note—This is frequently a special case of forced oscil-

lation. 

12  S. Kuwahara, "Velocity of sound in sea-water and calculation 
Of the velocity for use in sonic sounding," Hydrographic Review, vol. 
16, pp. 123-140; 1939. 
" Martin Knudsen, "Hydrographical Tables," Copenhagen, Den-

mark; 1901,1931. 
14  "Smithsonian Physical Tables," 8th ed.; 1934. 

Stereophonic Sound System. A sound system in which a 
plurality of microphones, transmission channels, and 
loudspeakers is arranged so as to provide a sensation of 
spatial distribution of the sound sources to the listener 
to the reproduction. 

Streaming. The production of unidirectional flow cur-
rents in a medium, arising from the presence of sound 

waves. 

Strength of a—Sound Source (Strength of a Simple 
Source). The maximum instantaneous rate of volume 
displacement produced by the source when emitting a 
wave with sinusoidal time variation. 

Striation Technique. A method for rendering sound 
waves visible by using their individual ability to refract 
light waves. 

Stylus Drag (Needle Drag). An expression used to de-
note the force resulting from friction between the sur-
face of the recording medium and the reproducing 

stylus. 

Stylus Force. The vertical force exerted on a stationary 
recording medium by the stylus when in its operating 

position. 

Supersonics. The general subject covering phenomena 
associated with speed higher than the speed of sound (as 
in case of aircraft and projectiles traveling faster than 
sound). 
Note—This term has been used in acoustics synony-

mously with "ultrasonics." Such usage is now deprecated. 

Surface Noise. In mechanical recording, the noise com-
ponent in the electric output of a pickup due to irregu-
larities in the contact surface of the groove. 

See also: Ground Noise. 

Syllable Articulation (Per Cent Syllable Articulation).• 
The per cent articulation obtained when the speech 
units considered are syllables (usually meaningless and 
usually of the consonant-vowel-consonant type). 

Telephone Receiver. An earphone for use in a telephone 

system. 
See also: Earphone (Receiver). 

TABLE VI 

REPRESENTATIVE WATER CONDITIONS 

Salinity (parts per 1,000) 

Fresh Wakr Sea Water 

0 30 36  _ 

Temperature (degrees centigrade) 4 25 5 20 15 25  ' 

1,523.8 

1.02412 
Velocity (meters per second) 1,418.3 1,493.2 1,461.0 1,513.2 1,505.0 

Density (grams per cm') 1.00000 0.99707 1.02375 1.02099 1.02677 

Characteristic ImpedanceX10-4 (cgs units) 1.4183 1.4888 1.4957 1.5450 1.5453 1.5698 
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Telephone Transmitter. A microphone for use in a tele-
phone system. 
See also: Microphone. 

Thermophone. An electroacoustic transducer in which 
sound waves of calculable magnitude result from the 
expansion and contraction of the air adjacent to a con-
ductor whose temperature varies in response to a cur-
rent input. 
Note—When used for the calibration of pressure 

microphones, a thermophone is generally used in a cav-
ity the dimensions of which are small compared to a 
wavelength. 

Threshold of Audibility (Threshold of Detectability). For 
a specified signal, the minimum effective sound pressure 
of the signal that is capable of evoking an auditory sen-
sation in a specified fraction of the trials. The character-
istics of the signal, the manner in which it is presented 
to the listener, and the point at which the sound pres-
sure is measured must be specified. 
Note 1—Unless otherwise indicated, the ambient 

noise reaching the ears is assumed to be negligible. 
Note 2—The threshold may be expressed in decibels 

relative to 0.0002 microbar or to 1 microbar. 
Note 3—Instead of the method of constant stimuli, 

which is implied by the phrase "in a specified fraction of 
the trials," another psychophysical method (which 
should be specified) may be employed. 

Threshold of Feeling (or Discomfort, Tickle, or Pain). 
For a specified signal, the minimum effective sound pres-
sure of that signal which in a specified fraction of the 
trials will stimulate the ear to a point at which there is 
the sensation of feeling (or discomfort, tickle, or pain). 
Note 1—Characteristics of the signal and the measur-

ing technique must be specified in every case. 
Note 2—This threshold is customarily expressed in 

decibels relative to 0.0002 microbar or to 1 microbar. 

Throat Microphone. A microphone normally actuated 
by mechanical contact with the throat. 

Timbre (Musical Quality). That attribute of auditory 
sensation in terms of which a listener can judge that 
two sounds similarly presented and having the same 
loudness and pitch are dissimilar. 
Note—Timbre depends primarily upon the spectrum 

of the stimulus, but it also depends upon the wave 
form, the sound pressure, and the frequency location of 
the spectrum of the stimulus. 

Toe and Shoulder (of an H and D Curve). The terms ap-
plied to the nonlinear portions of the H and D curve 
which lie, respectively, below and above the straight 
portion of this curve. 

Tone. (a) A sound wave capable of exciting an audi-
tory sensation having pitch. (b) A sound sensation hav-
ing pitch. 

Tracing Distortion. The nonlinear distortion introduc 
in the reproduction of mechanical recording because th 
curve traced by the motion of the reproducing stylus • 
not an exact replica of the modulated groove. For exam 
ple, in the case of a sine-wave modulation in vertica 
recording the curve traced by the center of the tip of 
stylus is a poid. 

Tracking Error. In lateral mechanical recording, the 
angle between the vibration axis of the mechanical sys- . 
tem of the pickup and a plane containing the tangent 
to the unmodulated record groove which is perpendicu-
lar to the surface of the recording medium at the point 
of needle contact. 

Transducer Equivalent Noise Pressure (Equivalent 
Noise Pressure). Of an electroacoustic transducer or 
system used for sound reception, the root-mean-square 
sound pressure of a sinusoidal plane progressive wave 
which, if propagated parallel to the principal axis of 
the transducer, would produce an open-circuit signal 
voltage equal to the root-mean-square of the inherent 
open-circuit noise voltage of the transducer in a trans-
mission band having a bandwidth of 1 cycle per second 
and centered on the frequency of the plane sound wave. 
Note—If the equivalent noise pressure of the trans-

ducer is a function of secondary variables, such as am-
bient temperature or pressure, the applicable value of 
these quantities should be stated explicitly. 

Transient Motion. Any motion which has not reached 
or has ceased to be a steady state. 

Transition Frequency (Crossover Frequency). Of a disk 
recording system, the frequency corresponding to the 
point of intersection of the asymptotes to the con-
stant amplitude and the constant velocity portions of 
its frequency response curve. This curve is plotted with 
output voltage ratio in decibels as the ordinate and the 
logarithm of the frequency as thZ abscissa. 

Translation Loss (Playback Loss). The loss in the repro-
duction of a mechanical recording whereby the ampli-
tude of motion of the reproducing stylus differs from 
the recorded amplitude in the medium. 

Transmission (Transmittance). Transmission, as ap-
plied to photographic recording, is the ratio of the light 
flux transmitted by the medium to the light flux incident 
upon it. Transmission may be either diffuse or specular. 

Transmitting Current Response. Of an electroacoustic 
transducer used for sound emission, the ratio of the 
sound pressure apparent at a distance of 1 meter in a 
specified direction from the effective acoustic center of 
the transducer to the current flowing at the electric in-
put terminals. The transmitting current response is 
usually expressed in decibels above a reference current 
response of 1 microbar per ampere. 
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Note—The sound pressure apparent at a distance of 
1 meter is determined by multiplying the sound pres-
sure observed at a remote point where the sound field 
iis spherically divergent by the ratio of the distance of 
that point, in meters, from the effective acoustic center 
I of the projector, to the reference distance of 1 meter. 

" Transmitting Efficiency (Projector Efficiency). Of an 
electroacoustic transducer, the ratio of the total acoustic 
power output to the electric power input. In computing 
the electric power input, it is customary to omit any 
electric power supplied for polarization or bias. 

Transmitting Power Response (Projector Power Re-
sponse). Of an electroacoustic transducer used for 
sound emission, the ratio of the mean-square sound 
pressure apparent at a distance of 1 meter in a specified 
direction from the effective acoustic center of the trans-
ducer to the electric power input. The transmitting 
power response is usually expressed in decibels above a 
reference response of 1 microbar squared per watt of 
electric power input. 
Note—The sound pressure apparent at a distance of 

1 meter is determined by multiplying the sound pressure 
observed at a remote point where the sound field is 
spherically divergent by the ratio of the distance of that 
point, in meters, from the effective acoustic center of 
the projector, to the reference distance of 1 meter. 

Transmitting Voltage Response. Of an electroacoustic 
transducer used for sound emission, the ratio of the 
sound pressure apparent at a distance of 1 meter in a 
specified direction from the effective acoustic center of 
the transducer to the signal voltage applied at the elec-
tric input terminals. The transmitting voltage response 
is usually expressed in decibels above a reference voltage 
response of 1 microbar per volt. 
Note—The sound pressure apparent at a distance of 

1 meter is determined by multiplying the sound pressure 
observed at a remote point where the sound field is 
spherically divergent by the ratio of the distance of that 
point, in meters, from the effective acoustic center of 
the projector, to the reference distance of 1 meter. 

Transverse Magnetization. In magnetic recording, mag-
netization of the recording medium in a direction per-
pendicular to the line of travel, and parallel to the 
greatest cross-sectional dimension. 

Ultrasonic Coagulation. The bonding of small particles 
into larger aggregates by the action of ultrasonic waves. 

Ultrasonic Cross Grating (Grating). A space grating re-
sulting from the crossing of beams of ultrasonic waves 
having different directions of propagation. This may be 
two- or three-dimensional. 

I Ultrasonic Delay Line (Ultrasonic Storage Cell). A 
contained medium (usually a liquid, e.g., mercury) in 

which use is made of the propagation time of sound to 
obtain a time delay of a signal. 

Ultrasonic Detector. A device for the detection and 
measurement of ultrasonic waves. 
Note—Such devices may be mechanical, electrical, 

thermal, or optical in nature. 

Ultrasonic Frequency (Supersonic Frequency"). A fre-
quency lying above the audio frequency range. The 
term is commonly applied to elastic waves propagated 
in gases, liquids, or solids. 
Note—The word "ultrasonic" may be used as a modi-

fier to indicate a device or system intended to operate 
at ultrasonic frequencies. 

Ultrasonic Generator. A device for the production of 
sound waves of ultrasonic frequency. 

Ultrasonic Grating Constant. The distance between dif-
fracting centers of the sound wave which is producing 
particular light diffraction spectra. 

Ultrasonic Light Diffraction. The formation of optical 
diffraction spectra when a beam of light is passed 
through a longitudinal wave field. The diffraction results 
from the periodic variation of the light refraction in the 

sound field. 

Ultrasonic Material Dispersion. The production of sus-
pensions or emulsions of one material in another due to 
the action of high-intensity ultrasonic waves. 

Ultrasonic Space Grating (Grating). A periodic spatial 
variation of the index of refraction caused by the pres-
ence of acoustic waves within the medium. 

Ultrasonic Stroboscope. A light interrupter whose action 
is based on the modulation of a light beam by an ultra-

sonic field. 

Ultrasonics. The general subject of sound in the fre-
quency range above about 15 kilocycles per second. 

Underwater Sound Projector. A transducer used to 

produce sound in water. 
Note—Where no confusion will result, the term "un-

derwater sound projector" may be shortened to "projec-
tor." 

Unidirectional Microphone. A microphone which is re-
sponsive predominantly to sound incident from one 
hemisphere. 

Unilateral Area Track. A sound track in which one edge 
only of the opaque area is modulated in accordance with 
the recorded signal. There may, however, be a second 
edge modulated by a noise reduction device. 

" Obsolete. See Supersonics. 
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Unmodulated Groove (Blank Groove). In mechanical 
recording, a groove made in the medium with no signal 
applied to the cutter. 

Variable Area Track. A sound track divided laterally 
into opaque and transparent areas, a sharp line of de-
marcation between these areas forming an oscillographic 
trace of the wave shape of the recorded signal. 

Variable Density Track. A sound track of constant 
width and usually, but not necessarily, of uniform light 
transmission on any instantaneous transverse axis and 
of which the average light transmission varies along the 
longitudinal axis in proportion to some characteristic of 
the applied signal. 

Variable-Inductance Pickup. A phonograph pickup 
which depends for its operation on the variation of its 
inductance. 

Variable Reluctance Microphone (Magnetic Micro-
phone). A microphone which depends for its operation 
on variations in the reluctance of a magnetic circuit. 

Variable-Reluctance Pickup (Magnetic Pickup). A 
phonograph pickup which depends for its operation on 
the variation in the reluctance of a magnetic circuit. 

Variable-Resistance Pickup. A phonograph pickup 
which depends for its operation upon the variation of a 
resistance. 

Velocity. Of a point, the time rate of change of a position 
vector of that point with respect to an inertial frame. 
Note—In most cases the approximation is made that 

axes fixed to the earth constitute an inertial frame. 

Velocity Level." In decibels, of a sound, 20 times the 
logarithm to the base 10 of the ratio of the particle 
velocity of the sound to ,the reference particle velocity. 
The reference particle velocity shall be stated explicitly. 
Note—It is to be noted that in many sound fields the 

particle velocity ratios are not proportional to the 
square root of corresponding power ratios and hence 
cannot be expressed in decibels in the strict sense; how-
ever, it is common practice to extend the use of the 
decibel to these cases. 

Velocity Microphone. A microphone in which the electric 
output substantially corresponds to the instantaneous 
particle velocity in the impressed sound wave. 
Note—A velocity microphone is a gradient micro-

phone (see Gradient Microphone) of order one, and it is 
inherently bidirectional. 

Vertical Recording. A mechanical recording in which 
the groove modulation is in a direction perpendicular to 
the surface of the recording medium. 

Vibrato. A musical embellishment which depends pri-
marily upon periodic variations of frequency which are 
often accompanied by variations in amplitude and wave 
form. 
Note—The quantitative description of the vibrato is 

usually in terms of the corresponding modulation of 
frequency, amplitude, wave form, or all three. 

Vibration Meter (Vibrometer). An apparatus for the 
measurement of displacement, velocity, or acceleration 
of a vibrating body. 

Volume Indicator. A standardized instrument having 
specified electrical and dynamic characteristics and 
read in a prescribed manner, for indicating the volume 
of a complex electric wave such as that corresponding 
to speech or music. 
Note 1—The reading in vu is equal to the number of 

decibels above a reference level. The sensitivity is 
adjusted so that the reference level, or zero vu, is indi-
cated when the instrument is connected across a 600-
ohm resistor in which there is dissipated a power of 1 
milliwatt at 1,000 cycles per second. 
Note 2—Specifications for a volume indicator are 

given in "American Standard Volume Measurements of 
Electrical Speech and Program Waves, C16.5-1942." 

Volume Velocity. The rate of flow of the medium 
through a specified area due to a sound wave. 
Note—The terms "instantaneous volume velocity," 

"effective volume velocity," "maximum volume veloc-
ity," and "peak volume velocity" have meanings which 
correspond with those of the related- terms used for 
sound pressure. 

Vowel Articulation (Per Cent Vowel Articulation).6 The 
per cent articulation obtained when the speech units 
considered are vowels (usually combined with conso-
nants into meaningless syllables). 

Wax. In mechanical recording, wax refers to a blend of 
waxes with metallic soaps. 
See also: Cake Wax. 

Wax Original (Wax Master).8 An original recording on 
a wax surface for the purpose of making a master. 

Whole Tone (Whole Step). The interval between two 
sounds whose basic frequency ratio is approximately 
equal to the sixth root of two. 
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Techniques for Handling Elliptically Polarized Waves 
with Special Reference to Antennas* 

V. H. RUMSEYt, SENIOR MEMBER, IRE, G. A. DESCHAMPSt, M. L. KALES§, AND 
AND J. I. BOHNERT§, MEMBER, IRE 

Summary—Methods are described for representing the elliptical 
polarization of waves in forms especially convenient for use with 
elliptically polarized transmitting and receiving antennas. In Part I 
of this paper V. H. Rumsey shows how an ordinary impedance chart 
(Carter or Smith) may be used for representation of elliptical polariza-
tion. The description of elliptical polarization involves a statement 
about the relative amplitudes and phases of a pair of vibrating 
quantities, and this is also what is involved in impedance. Conse-
quently, the whole apparatus of impedance may be neatly adapted for 
representation of elliptical polarization. In Part II G. A. Deschamps 
recalls and applies a method of H. Poincare for representing ellipti-
cally polarized light waves. Latitude and longitude on a sphere are 
used to represent the shape and orientation of the ellipse. A suitable 
map-projection of the Poincare sphere then leads to the representa-
tion of elliptical polarization on an impedance chart described in 
Part I. It has already been shown by G. Sinclair that the usual con-
cept of "equivalent length" becomes complex for an elliptically 
polarized antenna, and in Part II of this paper Deschamps shows how 
to introduce a real equivalent length for such antennas. In Part DI 
M. L. Bales presents a rather comprehensive theory of elliptical 
polarization in terms of a three-dimensional vector each of whose 
components is a phasor. The algebra of such complex vectors facili-
tates the mathematical handling of elliptical polarization. In Part IV 
J. I. Bohnert described measuring techniques for elliptically polarized 
antennas. 

Introduction 
H. G. BOOKER'', SENIOR MEMBER, IRE 

  LECTROMAGNETIC waves having elliptical 
and circular polarization have of course been 

 I studied for many years. Not only is there a long 
history of optical applications of elliptical polarized 
waves, but down-coming radio waves from the iono-
sphere are nearly always elliptically polarized and the 
consequent complications in direction-finding tech-
nique are well known. During recent years, however, 
the deliberate use of circular and elliptically polarized 
waves for a number of practical purposes has come under 
'serious consideration. The result is that the technique 
of handling and representing elliptically polarized 
waves, and more particularly the design and testing of 
antennas for such waves, has now become a recognizable 

• Decimal classification: R115.7. Original manuscript received .by 
the Institute, June 30, 1950. Arrangement for this joint presentation 
of several contributions on the general subject of elliptically polarized 
waves and antennas was made by the IRE Professional Group on 
Antennas and Propagation, L. C. Van Atta, Chairman. Dr. H. G. 
Booker assisted the authors in preparing the joint manuscript, in 
addition to writing the introduction. 
t Ohio State University, Columbus, Ohio. 
# Federal Telecommunication Laboratories, Inc., Nutley, N. J. 
I Naval Research Laboratory, Washington, D. C. 
II Cornell University, Ithaca, N. Y. 

feature of radio engineering, instead of simply an ad hoc 
problem encountered occasionally by a few specialists. 
Elliptically polarized antennas raise a number of 

problems of representation and measurement that do 
not arise with simple linearly polarized antennas. For 
example, in measuring the polar diagram of a linearly 
polarized antenna we usually measure simply the field 
strength at a sufficiently large distance as a function of 
direction: we do not usually bother to make phase meas-
urements. With an elliptically polarized antenna, how-
ever, two different field components have to be meas-
ured, and it is essential to know the phase difference be-
tween them. All of these quantities vary with direction 
from the antenna, and the question of representing such 
information on paper comes up for consideration. 
Problems involving elliptically polarized antennas 

have been tackled by Yung-Ching Yeh,' by Sinclair,2 
and by others.2.4 Yeh uses the general theorem of 
reciprocity to calculate the power received when an 
elliptically polarized antenna intercepts an elliptically 
polarized wave of different polarization, in terms of the 
distant field that would be produced by the antenna 
when radiating a known power. In Sinclair's paper the 
concept of equivalent length of an antenna is adapted to 
antennas radiating and receiving elliptically polarized 
waves: the equivalent length becomes complex. When 
appropriate' use is made of the complex equivalent 
length, many of the usual formulas for transmission 
and reception may be applied to elliptically polarized 
antennas. 
Problems involving elliptically polarized waves and 

antennas have recently been under study in a half-a-

1 Yung-Ching Yeh, "The receiving power of a receiving antenna 
and the criteria for its design," PROC. I.R.E., vol. 37, pp. 155-158; 
February, 1948. 
s G. Sinclair, "The transmission and reception of elliptically 

polarized waves," PROC. I.R.E., vol. 38, pp. 148-151; February, 

1950. Sinclair has replaced the vector k in Eq. (2) and (3) of this 
paper by k1, the vector component of k transverse to the direction 
of propagation (see PROC. I.R.E.). He has also pointed out (paper 
presented at the URSI-IRE Meeting, October, 1949) an alternative 
formulation: If we let h' =(nXh)Zo7 Z., where Z. is the antenna im-
pedance, then the magnetic vector of the transmitted field is 

= -  cik. 
2ZoAr 

where V is the transmitting voltage. If a plane wave (E., H.) is in-
cident upon the antenna, then the received short circuit current is 

/= IL • h'. 
' W. Sichak and S. Milazzo, "Antennas for circular polarization," 

Paoc. I.R.E., vol. 36, pp. 997-1002; August, 1948. 
4 E. Roubine, "Les Proprietes Directives des Antennas de Re-

ception," L'Onde Eke., pp. 259-266; June, 1950. 
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dozen or more laboratories, with the result that a num-
ber of papers written from rather different points of 
view have been prepared by various authors. The IRE 
Professional Group on Antennas and Propagation has 
therefore attempted to co-ordinate several of these 
simultaneous and independent approaches to the prob-
lems of elliptical polarized antennas, and to present in 
a single document the points of view of various authors. 
The state of elliptical polarization of a plane wave at a 

point may be described in terms of the amplitudes of 
vibration of three mutually perpendicular components 
of the electric (or magnetic) field and their relative 
phases. In many problems, particularly those connected 
with antennas, there is no objection to choosing the 
frame of reference so that the plane of the ellipse coin-
cides with a co-ordinate plane. The state of elliptical 
polarization can then be measured in terms of the ampli-
tudes of only two perpendicular vector components and 
their phase difference. If each of these perpendicular 
vibrations are represented by a complex oscillation 
function in the usual way, their ratio is a phasor whose 
modulus is the amplitude ratio of the two vibrations and 
whose argument is their phase difference. Such a phasor 
is frequently a convenient way of describing a state of 
elliptical polarization, and is the most common method 
that has been used in the past. The phasor may be rep-
resented in a complex plane in the usual way, so that 
the various points in the plane correspond to the vari-
ous elliptical polarizations that are possible. This tech-
nique is explored by V. H. Rumsey in Part I of this 
paper. He makes the highly important observation that 
the handling of these polarization ratios is practically 
identical with the handling of impedances. This may 
easily be seen if one thinks of field impedance rather 
than circuit impedance. Field impedance involves the 
ratio of a component of electric field to another com-
ponent of magnetic field. But polarization ratio involves 
the ratio of a component of electric field to another 
component of electric field. Both therefore involve the 
ratio of two different components of the electromagnetic 
field. The upshot is that practically the entire apparatus 
of impedance may be taken over for discussion of el-
liptical polarization, including the Carter and Smith 
impedance charts. It is this approach to problems in-
volving elliptical polarization that V. H. Rumsey pre-
sents in Part I, and engineers who are familiar with 
impedance charts should find this section particularly 
interesting. 
It happens that Rumsey's method of adapting im-

pedance charts for representation of elliptical polariza-
tion is closely bound up with a method introduced long 
ago by H. Poincare for picturing elliptical polarization 
in optics. Poincare uses a special sphere on which to 
exhibit elliptical polarization. Latitude and longitude on 
the sphere are used to represent two angles that de-
scribe the shape and orientation of the ellipse. One of 
these angles is twice the orientation angle of the major 
axis relative to the co-ordinate system; the other is twice 
the angle whose tangent is the axis ratio of the ellipse. 

Poincares method of representing elliptical polarization 
on a sphere is exploited by G. A. Deschamps in Part II 
of this paper. It is, of course, possible to use any stand-
ard map projection to convert the Poincare spherical 
representation into a plane diagram. Two such projec-
tions are described by Deschamps, one of which is 
simply an impedance diagram as adapted by Rumsey 

in Part I. 
The most comprehensive theory of elliptical polariza-

tion so far available is presented by M. L. Kales in 
Part III of this paper. The three mutually perpendicular 
vibrations that in general describe the state of elliptical 
polarization of a wave at a point may be represented by 
three complex numbers by introducing the usual com-
plex oscillation functions. These three complex numbers 
form the three components of a vector in the usual 
three-dimensional sense. Each component of this vector 
is, however, a vector in the usual complex number sense. 
Elliptical polarization in general involves therefore a 
three-dimensional vector each of whose components is a 
phasor. The algebra for handling such complex vectors 
is developed in Part III and applied to various prob-
lems in connection with elliptically polarized antennas. 
J. I. Bohnert further describes in Part IV the techniques 
that have been developed at the Naval Research 
Laboratory for making measurements on elliptically 
polarized antennas. 

Terminology and Notation 

It is perhaps desirable to mention at the outset sev-
eral quantities that will appear in the various parts of 
this paper. The ratio of the principal axes of an ellipse 
will be referred. to as the axial ratio and will be denoted 
by r. Axial ratio may be less or greater than unity ac-
cording to convenience. If the axial ratio is taken to be 
less than unity, then the angle a = tan=1 r will be called 
the dlipticity-angle. It determines the shape of the el-
lipse. 2a is the angle between the diagonals of a rectangle 
which encloses the ellipse and has its sides parallel to the 
principal axes. 13 will be an angle which defines the 
orientation of the ellipse. It is the angle between the 
major axis and a specified initial line. The angles a and 
together specify the shape and orientation of the 

ellipse. 
It will often be desirable to think of an elliptically 

polarized vector as having two orthogonal vector com-
ponents which vibrate with different amplitudes and in 
different phases. If these two vector components are 
represented by complex oscillation functions in the 
usual way, their ratio will be called the polarization-
ratio and denoted by P. P is a complex number whose 
modulus is the amplitude ratio of the perpendicular 
linear vibrations and whose argument is their phase 
difference. In Part I Rumsey will find it convenient to 
work in terms of jP rather than P. 
The equivalent length of an antenna is the length of a 

vector whose scalar product with the electric vector of 
an incident plane wave gives the open-circuit voltage 
at the terminals of the antenna when used for reception. 
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Part I Transmission Between Elliptically 
Polarized Antennas* 

V. H. RUMSEYt, SENIOR MEMBER, IRE 

M
ANY PROBLEMS involving the transmission 
of electromagnetic waves can be solved very 
elegantly by making use of the impedance con-

cept which reduces the field problem to a transmission 
line problem. The analysis of impedance transforma-
tion occurring in transmission line theory can again be 
simplified by working in terms of reflection coefficient. 
The impedance concept is successful in such applica-
tions largely because the tangential components of the 
electric and magnetic fields are continuous at a surface 
separating two different media. For the same reason, 
we may expect the polarization ratio P, defined as the 
ratio of two orthogonal tangential components of elec-
tric field, to be equally valuable in the analysis of 
polarization. If we think of P as analogous to im-
pedance, then we find that the analogue of reflection 
coefficient is the ratio of the right-handed and left-
handed circularly polarized components which are 
equivalent to the linearly polarized components used to 
define P. This is demonstrated in the following section. 

REPRESENTATION OF POLARIZATION'  . 

The wave functions eli("-02)  may be interpreted as two 
circularly polarized waves of opposite sense propagated 
along the z axis. In this representation the real part rep-
resents the x component and the imaginary part the y 
component of the field vector. The connection between 
the circularly polarized and linearly polarized repre-
sentations is readily established. An arbitrary plane 
wave may be described in terms of x and y components, 
say, 

E. = a cos (cut + 4)  Elf  b cos (col  02),  (1) 

or in terms of left and right circular components, L and 
R, 

EL = aci(wi+el)  ER = pegto84-02) , (2) 

the connection between the representations being de-
fined by 

EL + ER = E. + jE„. 

Equating coefficients of e±i" gives 

2R = x jy 

2L = x — jy, 

(3) 

(4) 

(5) 

• Decimal classification: R129. Original manuscript received by 
the Institute, June 30, 1950. 
The work described in this paper was carried out, in part, under 

a contract between the Wright-Patterson Air Force Base of the Air 
Materiel Command and the Ohio State University Research Founda-
tion. 

Ohio State University, Columbus, Ohio. 
6 The material in this section was presented in different form at 

the joint URSI-IRE Meeting by V. H. Rumsey and T. E. Tice; 
October, 1949. 

where 

x = aeiol 

L = aelet 

Let 

Then 

y = beio2 

R = 13eiez. 

1 — q 
P=   

1 + q 
(9) 

The transformation from p to q is thus identical to the 
transformation "from current reflection coefficient to 
normalized impedance. Note that p is j times the 
polarization ratio P. In view of the symmetry of the 
transformation we can think of p, and vice versa q, 
as reflection coefficient or impedance. The choice is de-
termined by the physical situation. The simplest type of 
impedance transformation is that due to a uniform sec-
tion of transmission line, which causes a phase change 
at constant amplitude of reflection coefficient. The 
simplest type of polarization transformation is that due 
to rotation of the antenna producing the elliptically 
polarized wave which causes a phase change at constant 
amplitude of q. In order to make the best use of existing 
techniques, it therefore seems better to consider g as 
the analogue of current reflection coefficient. If the 
polarization is specified in terms of p, the complex ratio 

Fig. 1—Polarization measurement. 
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Fig. 2—q-plane representation. 

of the two orthogonal linear components, then q, the 
complex ratio of the two equivalent circularly polarized 
components, is equal to the reflection coefficient ob-
tained by plotting p as an impedance on the Smith 
chart. The analogy is illustrated by Figs. 1 to 4. Fig. 1 
shows how the polarization is specified. The co-ordinate 
axes are fixed to the antenna which transmits the el-
liptically polarized wave along the positive z axis. The 
polarization ellipse is determined from measurement of 
the variation of voltage V induced in a linear receiving 
antenna as a function of orientation ct. in the plane 

t 

May 

normal to the z axis. Thus  The sense of 
rotation of right or left circular polarization is implied 
by (2): the field vector rotates about the positive z 
axis in a right-handed sense for right circular polariza-
tion in accord with the IRE definition. Fig. 2 shows how 
the orientation and shape of the polarization ellipse 
are represented using the Smith Chart as the g plane. 
Fig. 3 illustrates the representation using the Carter 
diagram as the p plane. Fig. 4 illustrates the analogy 
between the phasors associated with impedance and 
polarization. Given the point P in the q plane, then all 
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For points on the q plane: 
1. We have right-handed polarization for all points 

inside the unit circle, and left-handed polarization for 
all points outside, 
2. The origin represents right-circular polarization, 

and the point at infinity represents left-circular polar-

ization. 
P• 150  3. Constant axial-ratio contours are identical to the 
P.165  circles of constant SWR on a Smith chart. The axial 

ce ratio is equal to the SWR obtained by treating q as a •  

• i5  reflection coefficient. 
0.3o  4. A point on the unit circle represents linear polari-

zation at an angle equal to one-half the polar angle. 
5. The angle fl between the x axis and the major axis 

of the polarization ellipse is related to the polar angle 
o on the q plane by the simple relation 213=0. 
6. The locus of the points representing polarizations 

for which x/y I is constant is the set of circles passing 
through the points q= ± 1 (the short and open-circuit 
points); the orthogonal set of circles is obtained if the 
phase of xly is constant. 
Although the polarization is specified uniquely by 

p or q, as it stands the representation requires the entire 
complex plane; whereas conventional impedance charts 
require only the interior of the unit circle in the re-
flection coefficient plane. Obviously all polarizations 
can be represented by points inside the unit circle by 
interchanging left-handed and right-handed senses 
whenever a point falls outside. Thus representation on 
the conventional impedance charts requires two kinds 
of points, one kind representing polarization according 
to the definition of p or q (8), the other representing 
exactly the same polarization, except that right and 
left senses are interchanged. Such a representation 
would also be required in transmission line theory in 
order to specify the "impedance" of a power generator 
as well as the more conventional power absorber. 

$* 

\  ,•••• 

N 

p Plane Representation 

Fig. 3—p-plane representation. 

90' 

four of the component phasors are represented relative 
to each other in magnitude and phase as shown in Fig. 4. 
Some obvious consequences of this exact analogy fol-

low. For points on the p plane: 
1. Points in the right half-plane represent right-

handed polarization and points in the left half-plane 
represent left-handed polarization. 
2. Points on the vertical axis represent linear polar-

ization at various angles. 
3. Circular polarization is represented by the points 

(1, 0) and (-1, 0). 
4. Constant axial-ratio contours are identical to the 

circles of constant standing-wave ratio (SWR) on the 
Carter impedance chart. The axial ratio is equal to the 
SWR obtained by treating p as an impedance. 

Fig. 4—Impedance: F = forward current wave 
B= backward current wave 
1 = resultant current 
V = resultant voltage. 

Polarization: R= right circular wave 
L = left circular wave 
X = horizontal linear wave 
Y= vertical linear wave. 
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THE ANALOGY BETWEEN POLARIZATION AND 
IMPEDANCE MEASUREMENT 

Another valuable consequence of the analogy be-
tween polarization and impedance is the possibility 
of taking over many of the techniques of impedance 
measurement and applying them directly to the meas-
urement of polarization. To do this, we note the analo-
gies represented by Table I. 

TABLE I 

Impedance Polarization 

Matched load 
Short circuit 
Directional coupler 
Voltage (or current) probe 
Distance along transmission 
line 

Circularly polarized wave 
Linearly polarized wave 
Circularly polarized receiving antenna 
Linearly polarized receiving antenna 
Orientation angle of antenna 

The analogy between components given in Table I 
may be used to deduce techniques of polarization 
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measurement from well-known techniques of impedance 
measurement. A few representative examples are given 
in Table II. 

TABLE II 

Impedance Polarization 

Slotted line  Rotating linear antenna 
3 or more fixed probes'  3 or more linearly polarized anten-

nas at fixed orientations 
2 opposite directional couplers 2 opposite circularly polarized an-

tennas 

It is interesting to note that the first two methods 
involve amplitude measurements only, and do not de-
termine the polarization uniquely because there is an 
ambiguity in the sense of rotation. In principle, there is 
the same ambiguity associated with the determination 
of impedance but this is usually not of practical impor-
tance because the ambiguity is between a power ab-
sorber and a power generator. The third method in-
volves a phase measurement as well as amplitude 
measurements, and gives a unique result. 

TRANSMISSION BETWEEN ELLIPTICALLY 
POLARIZED ANTENNAS 

The performance of an elliptically polarized antenna, 
when it is used as a component in transmission over a 
radiation path, may be specified completely by three 
parameters denoted by z, G, and p. The complex number 
z represents the input impedance and needs no further 
explanation. The parameter G is a real number, equal 
to the ratio of the power radiated in a given direction 
to the average, power radiated in all directions, and 
represents the power gain of the antenna. The complex 
number p (or the alternative g)is a function of direction 
and is obtained by measuring the polarization of the 
waves transmitted by the antenna in that direction. It 
is the effect of polarization on transmission between 
antennas with which we are concerned in this section. 
The analysis of transmission between elliptically 

polarized antennas largely depends on careful specifica-
tion of the co-ordinate system. Let the z axes of the 
transmitter and receiver point toward each other along 
the path of propagation. For the sake of simplicity, we 
can choose the other co-ordinate axes so that the x axes 
of the two antennas are parallel, pointing in the same 
direction, and therefore the y axes are parallel, pointing 
in opposite directions. The voltage V induced in one 
antenna due to transmission from the other can now 
be represented as 

V  =  T( LAIL D  R AIR B), (10) 

where T is a transmission coefficient depending on the 

6 Combined Research Group Report CRG 96, "Methods of Im-
pedance Measurement at UHF," V. H. Rumsey, issued from Naval 
Research Laboratory, October, 1945. 

range and antenna apertures.7 The parameters LA' and 
RAI are determined by measuring the polarization of 
the wave transmitted by antenna A along its z axis, 
and are defined with reference to the above co-ordinate 
system by means of (2) and (7). The parameters LB 
and RB are similarly defined for antenna B by measuring 
the polarization of the wave it transmits along its z 
axis. This formulation has the advantage that it is not 
necessary to specify which antenna is transmitting. 
The formula for V when the antennas are at an 

arbitrary orientation is readily established. Let antenna 
A be given a right-handed rotation through an angle 
7 about its z axis, the x and y axes rotating with the 
antenna. The values of LA' and RA' in (10) are referred 
to the original set of axes. Thus 

LA' = LAe—i7  RAI = RAeh, 

where LA and RA are measured with respect to the new 
position. Omitting the constant factor T: 

V = LALBe—h  RARBeh, 

or 

V = RARBeh(1 -4- qAqne-2i7)•  (12) 

As one antenna is rotated relative to the other, the 
variation of received voltage depends on 7 only, all 
other quantities in (11) and (12) remaining fixed, 
because LA, LB, RA, and RB are measured with respect 
to axes fixed to the antennas. 
Equation (12) shows that the variation of V with 

relative orientation 7 has the same functional form as 
the variation of voltage picked up by a linear antenna 
in the field of an elliptically polarized antenna whose 
q equals the ptoduct gARB. 
The result may be stated as follows: 
Theorem 1. The voltage received 133r an elliptically 

polarized antenna due to an incident elliptically polar-
ized wave varies as the antenna is rotated about the 
direction of propagation in the samt way as the voltage 
picked up by a linearly polarized antenna receiving 
an elliptically polarized wave. 
Theorem 2. The orientation and axial ratio of the 

effective ellipse obtained by rotating an elliptically 
polarized receiving antenna A, relative to an elliptically 
polarized transmitting antenna B, are represented by 
an effective g given by qa=qAgB. 
Theorem 2 has some useful applications in the design 

of calibrated phase shifters. A standard phase shifter 
may be constructed by connecting the input to some 
generator of a circularly polarized field, and the output 
to a linearly polarized detector of variable orientation. 
Then the phase shift between input and output varies 

7 Compare G. Sinclair, "The transmission and reception of el-
liptically polarized waves," Proc. I.R.E., vol. 38, P. 148; February, 
1950, where a corresponding formula for linear component repre-
sentation is given. The circular component representation is pre-
ferred here, because it is best suited for treating rotationof the 
antenna, and because the instantaneous power in a circularly 
polarized wave is independent of time. 



r. • -eineRIFF-

1951  Booker, Rumsey, Deschamps, Kales, and Bohnert: Elliptically Polarized Waves 539 

1 
I. 

as the orientation of the linear detector. In practice 
it is difficult to obtain good accuracy, owing to the 
difficulty of producing a field which is exactly circular. 
• Theorem 2 suggests how this might be greatly improved; 
for example, suppose that a practical arrangement 
gives an elliptically polarized field with an axial ratio 
of 1.1 instead of a perfectly circular field. With a 
linearly polarized detector the effective q of the system 
has magnitude 0.05, resulting in a voltage variation of 
10 per cent and a phase error of about 3° from the ideal. 
With an elliptically polarized detector having the same 
axial ratio as the generator the effective g has magni-
tude (0.05)2, resulting in a voltage variation of 0.5 
per cent and a phase error of about 0.15°. Thus, for 
the same practical limitations, the accuracy of such 
phase shifters can be greatly improved by making the 
q's of both the generator and detector as small as 

possible. 
A further advantage in making the q's the same is 

the improvement in power transfer (see Theorem 4 

below). 
Theorem 3. There is no transfer of power between 

antennas A and B when gAgp= —1 the q's being meas-
ured with reference to x or y axes pointing in the same 
direction. This is the condition for cross-polarized an-

tennas. 
In terms of the p representation the condition implies 

pApB= —1. 
When p and q are plotted as impedance and reflection 

coefficient, A and B are cross-polarized when A cor-
responds to the admittance of B with right and left 
senses interchanged. Thus, cross-polarized antennas 
have opposite senses with the same polarization ellipses 

oriented at right angles. 
Theorem 3a. The effective axial ratio of two cross-

polarized antennas is zero. The polarization measure-
ment of one by means of the other cannot be dis-
tinguished from the measurement of one linear antenna 
by means of another linear antenna. 

OPTIMUM POWER TRANSFER 

Our problem is to determine the polarization of A 
which generates maximum voltage in B for a fixed 
power in the wave transmitted by A. It is readily 
shown that the power in the transmitted wave is pro-

portional to 
LALA* RA RA* = PA, 

(13) 

cifically to the case where A transmits and does not 
take account of the other possibility. A symmetrical 
formula applicable whichever antenna transmits is: 

LALB RARB  LA*Lt*  RA*Rt*  
VV* =  , (14) 

LALA*  RARA* Ltit* A- &Re* 

where the extra term in the denominator obviously 
makes no difference in the particular case where A 
transmits. 
If the vector A has components LA and RA, etc., 

(14) may be expressed more concisely in the scalar 

product notation: 

where the star denotes the complex conjugate. The 
receiving antenna B is fixed, and the polarization of A 
is adjusted, keeping PA constant until . the maximum 
voltage is generated in B. This suggests that we normal-
ize I VI 2 [see (11)] with respect to PA as follows: 

(LALB RA U  
VV*  (LA*Lv*  RA*RB*). 

LALA*  RARA* 

(A and B are measured with respect to the same x 
axis.) However, the relation so obtained applies spe-

I A • B I  
Iv'. 

IA II BI 
(14a) 

In terms of the p's and q's defined by (8), (14) be-
comes: 

VV* = 
1 -E qAqB 1 A- TeqB*  

1 A- qBqB* 1 -F qAqA* 

1 A- pApB 1 A- PA*Pt* 
(15) 

1 i- PAPA* 1 A- pBpB* 

Examination of (15) shows that V is a maximum 
when 

qA == *  PA = P13 • (16) 

Theorem 4. The maximum transfer of power between 
antennas A and B occurs when their polarization param-
eters p and q are conjugate complex numbers, the 
polarization being measured with respect to the same 
x axis. 
We see that the magnitude of V in (15) is unity when 

qA= 0* or PA =pi.* Thus V in (15) is the voltage 
induced in A due to an incident wave from B, relative 
to the maximum voltage that could be induced in A 
by adjusting the polarization of B keeping the power 
in the incident wave constant 
Theorem 4a. The effective q of two matched antennas 

is the square of the magnitude of q for one antenna. 
The result of Theorem 4 is analogous to the condition 

for optimum power transfer between a generator and 
load. It suggests that we might apply the matching 
concept to elliptically polarized antennas, two such 
antennas being matched when they satisfy the conditions 
of Theorem 4. 
The problem of transmission from one point to 

another illustrates the need for unification of im-
pedance and polarization concepts. In order to obtain 
optimum transmission, the transmitting antenna is 
matched to the generator, the receiving antenna is 
matched to the transmitting antenna and the receiving 
load is matched to the receiving antenna. The first and 
third problems are impedance matching problems. The 
second is polarization matching problem. When the 
polarization is specified by the parameter p and the 
impedance by the parameter z, the condition for an 
impedance or polarization match is that the param-



540 PROCEEDINGS OF THE I.R.E. May 

eter of the sending end should be the complex conju-
gate of the parameter at the receiving end. 
It is instructive to examine the implications of 

Theorem 4, because at first sight it might suggest an 
unsuspected difference between the design of trans-
mitting and receiving antennas. First, consider a given 
transmitting antenna whose major axis of polarization 
is parallel to the x axis. Then both p and q are real. 
Theorem 4 states that the matched receiving antenna 
is identical in polarization to the transmitter, the re-
ceiver being oriented so that its x axis coincides with 
that of the transmitter (but the y axes are opposed). 
The apparent difference between transmitter and re-
ceiver occurs when the transmitter has a polarization 
ellipse inclined to its x axis at some angle. Then Theorem 
4 says that the receiver should have the same polariza-
tion ellipse but inclined at the supplementary angle. 
However, when the two antennas are set up for trans-
mission from one to the other with x axes pointing in 
the same direction, the two polarization ellipses have 
the same orientation in space, but supplementary 
orientations with respect to axes fixed to the antennas. 
Although Theorem 4 may appear obvious, it is not 

trivial. For instance, if we have two identical ellip-
tically polarized rectangular horns, then optimum 
transmission from one to the other is not obtained 
when they are set up in identical orientations, unless 
the major axis of the polarization ellipse happens to 
be parallel to one pair of sides of the rectangular aper-
ture.8 

VOLTAGE INDUCED IN ELLIPTICALLY POLARIZED 
ANTENNAS DUE TO REFLECTORS 

The effect of an infinite plane reflector is readily 
treated. We choose a z axis normal to the reflector. 
The effect of the reflector may be represented by the 
image of the antenna, which differs from its object only 

• Compare Yung-Ching Yeh, "The receiving power of a receiving 
antenna and the criteria for its design," Proc. I.R.E., vol. 37, pp. 
155-158: February, 1949. 

in reversal of the z axis; that is, the image of the axes 
on the antenna is left-handed. Thus the image is 
identical to the antenna, except that the sense of all 
rotations is reversed. If subscript 0 refers to the object 
and subscript I to the image, then, 

qrqo = 1 

Lo = Rr 

+ Po = 0 

Lif =  R(:). 

Substitution in (12) gives V=2RoLo. 
While we have considered a plane reflector for the 

sake of simplicity, it is clear that the same result is 
obtained for reflection from any body which has the 
same reflection coefficient for all polarizations. 
Theorem 5. The voltage developed in an antenna due 

to reflection from a target which reflects all polariza-
tions equally varies as the product of the left- and 
right-handed circularly polarized components trans-
mitted by the antenna. 
A double reflection from two plane reflectors at right 

angles has some interesting features. With a double 
nonpolarized reflector, e.g., a double reflection in the 
corner of an infinite rectangular wedge, there occurs 
a double reversal of sense of rotation, so that the image 
and object are identical with z axes pointing in opposite 
directions. Thus the image and object are matched at 
some orientation of the double reflector with respect 
to the antenna. 

Theorem 6. The variation of voltage induced in an 
antenna as it is rotated about the direction of propaga-
tion, due to a double reflection from a nonpolarized 
reflector, corresponds to an effective q equal to the 
square of the antenna q. 
In the general case there is an arbitrary transforma-

tion of polarization on reflection. If subscripts i and r 
refer to the incident and reflected waves, 

Eqi F 

Gqi  H 

where E, F, G, and H are constants depending on the 
reflecting body. 

Part 11  Geometrical Representation of the Polari-
zation of a Plane Electromagnetic Wave* 

G. A. DESCHAMPSt 

W E SHALL consider only plane electromagnetic 
waves of frequency 27rco and of a given direction 
of propagation Oz. Completing the system of 

co-ordinates with Ox, 0y, we assume that Oy is vertical 
'' Decimal classification: R084XR110. Original manuscript re-

ceived by the Institute, June 30, 1950. Presented, IRE National 
Convention, New York, N. Y., March, 1949. 
t Federal Telecommunication Laboratories, Inc., Nutley, N. J. 

for the sake of definiteness. The extremity of the elec-
tric vector in such a wave, at the reference point 0, 
will describe, in the plane x0y an ellipse e (which may 
sometimes reduce to a straight line or a circle). Two 
waves are said to be in the same state of polarisation if 
the two corresponding ellipses are similar, similarly 
oriented, and described in the same sense. 
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The horizontal and vertical components of the elec-
tric vector can be represented, at time t, as the real 

parts of 

Xeiwt and Yeiwi 

where X and Y are complex numbers. The complex 
number P = Y/ X , polarization ratio, specifies in a simple 
way the polarization, as defined above. However, it 
was shown by Poincare9 that there is advantage, for 
certain problems in optics to make use of a geometrical 
picture in which each state is represented by a point 
on a sphere. The purpose of this paper is to adapt 
this point of view to radio waves and antennas and to 
indicate its usefulness in the solution of various prob-

lems. 

• 
Description of Poincare Spherical Representation 

The shape of the ellipse e, locus of the extremity of 
the electric vector, can be specified by the axial ratio 

r 
minor axis 

major axis 

To indicate at the same time the direction in which e . 
is described, we shall give to this ratio the sign + or —, 
according to the sense of rotation. We can then intro-
duce the ellipticity angle 

a= arctan r 

always taken between —45°+45°. The orientation 
of the ellipse will be defined by the orientation angle 
0, angle between Ox and the major axis. We can choose 

I 13 positive and less than 180°. 
I The two angles a and 13 completely specify the state 
of polarization. Poincare's representation consists in 
taking 213 and 2a as longitude and latitude of a point 
on a sphere. This gives a one-to-one correspondence; 
each point of the sphere represents a state and different 
points represent different states. Fig. 5 shows a few 

examples. 

Fig. 5—Representation of various polarizations on Poincares sphere. 
h, v, 1, linear polarizations give points H, V, L on the equator; 
c and c' give the two poles C, C'; an arbitrary point M corresponds 
to some elliptical polarization p. 

• H. Poincare, "Theorie Mathtmatique de la Lamiere," pp. 282-
285; 1889. 

RELATIONS BETWEEN VARIOUS PARAMETERS 
OF THE ELLIPSE 

The polarization ratio P can be deduced from the 
parameters 0, a (orientation and ellipticity angles). 
If P is written in the form tan -yeio, the equations are 

cos 2-y = cos 2a cos 213 

tan 4) = tan 2« csc 213. 

These well-known formulas of spherical trigonometry 
show that the difference of phase cP between the vertical 
and the horizontal components of the field is the angle 
H on the sphere (Fig. 6), while the amplitude ratio 
tan 7 is determined by the distance HM= 27. 

(a)  (b) 
Fig. 6—Representation of the parameters a, 0, 7, 

as elements of a spherical triangle. 

By solving (17) for a and 13 we deduce 

tan 213 = tan 27 cos 4) 

sin 2« = sin 27 sin 4,, 

(17) 

(18) 

giving orientation and ellipticity as functions of P. 
It is then easily seen that the correspondence between 
P and the point M on Poincare's sphere can be obtained 
by a stereographic projection of the complex plane of 
P onto a sphere. 
It is to be noted that the simple form of (17) and (18) 

make them immediately adaptable to slide-rule compu-
tation. 

AMPLITUDE OF AN ELLIPTICALLY POLARIZED WAVE 

We have so far described the shape and orientation 
of the ellipse e but not its size. The natural parameter 
for this purpose is the amplitude E defined by 

Er = 1 x12 +1 y12, (19) 

since this represents, when multiplied by the intrinsic 
admittance of space, the power density (watts/tn2) 
in the wave. With this parameter the two components 
of the polarized wave can be written 

X = E cos 7 

Y = E sin lei*, 

neglecting a constant phase factor. 
In Fig. 6(a) E=ON and it reduced to the amplitude 

in the ordinary sense for linear polarization. 

(20) 
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POLARIZATION AND EFFECTIVE HEIGHT OF AN 
ANTENNA IN A GIVEN DIRECTION 

The receiving properties of an antenna for a given 
direction are described by the voltages which are in-
duced in it by waves of unit amplitudes and of polariza-
tions respectively horizontal and vertical. If X' and 
Y' are these voltages (complex numbers) we can, neg-
lecting a constant phase factor, write them as: 

X' = It cos 7' 

Y' = h sin 7'e-i4.1. 

The voltage induced in the antenna by some plane 
wave of arbitrary polarization (20) will be: 

V= I XX'-FYY' I =Ehl cos 7 cos 7'-1- sin 7 sin 7'ciu•-•')I-

If we let the factor of Eh be cos 8 [with 0 55 5w/2 j, 
we find 

cos 28 = cos 27 cos 27' + sin 27 sin 27' cos (41 — 4,'), 

which is a classical formula of spherical trigonometry. 
It shows that if we represent on Poincare's sphere the 
points M and M' corresponding to the polarization 
ratios tan -ye and tan 7'0 , 25 is the angular distance 
(MM') between the points M and M' and therefore: 

(MM') 
V = Eh cos  2  (22) 

(21) 

This important result" is a generalization of the 
formula Eh cos( —Pi) for a dipole of orientation /3' 
and a linearly polarized wave of orientation /3. In this 
special case, as in general, the coefficient h has the di-
mension of a length and can be called the effective 
height of the antenna while the components (21) are 
the co-ordinates of the vectorial effective height con-
sidered by G. Sinclair." 
The use of a minus sign in (21) and the represen-

tation of the polarization of the antenna by a ratio 
which is the complex conjugate of Y'/X' should be 
noted. It is related to the reversal of time which trans-
forms the transmitting antenna into a receiving an-
tenna (compare to Sinclair, ,p. 50). If incident waves 
are referred to a left-handed or direct system Oxyz 
where Oz is the direction of propagation; in order to 
compare ratios, we have to use a right-handed system 

1° Equation (22) is equivalent to, but simpler, than others  given, 
for instance, by W. Sichak and S. Millazo "Antennas for circular 
polarization,' PROC. I.R.E., vol. 36 pp. 997-1001, August, 1948; by 
G. Sinclair "The transmission and reception of elliptically polar ize d 
waves," PROC. I.R.E., vol. 38, p. 151, February, 1950; and by M. L. 
Kales in Part III of this paper, pp. 547-549. It can also be related 
to a similar formula using Stokes parameters. For purely polarized 
waves I, M, C, Shave values: /, / cos 2$ cos 2a, I cos 2$ sin 2a / sin 
2/3 (See, for instance, F. Perrin, "Polarization of light scattered by iso-
tropic opalescent media," Jour. Chem. Phys., vol. 10, pp. 415-427, 
July, 1942; where I can be the power density in the wave and 
P= M2+0+S2. Similarly a purely polarized receiving antenna can 
be described by I', Al', C', 5' such that /12=M'2+ 0+S" and I' is 
the effective cross section A of the antenna. The power received is 
(1)(II'+31M'+CC'+SS1)= (DIA (1 +cos 25) -= IA cost which agrees 
with equation (22). 

Oxyz' for the wave radiated by the antenna in the 
direction Oz' opposite to Oz. Any choice of a direct 
system (Oxy'z', for instance) for the radiated wave 
would be arbitrary. The polarization ratio for the radi-
ated wave is indeed Y'/X' (measured in the Oxyz' 
system) but we adopt the convention that a ratio meas-
ured in a right-handed system is represented on the 
sphere by its complex conjugate. This has the following 
advantages: (1) It relates the handedness of polariza-
tion with regions of the sphere in a manner independent 
of the orientation of the reference system (provided its 
Oz axis indicates the sense of propagation). (2) It leads 
to the simple formula (22). 
The condition for maximum transfer between two 

antennas A and B is that the polarization ratio of A 
in a left-handed system be the complex conjugate of 
the polarization ratio of B in the corresponding right-
handed system (0x0y axis coincide). This is Rumsey's 
Theorem 4, page 539. By changing the ratio for B to its 
conjugate the condition becomes the coincidence of the 
representative points on the sphere. 
As an illustration, the transfer between two circu-

larly polarized antennas is maximum when they are 
both right-handed or both left-handed, and are therefore 
represented by the same pole of the sphere with the 
convention made above. By normal reflection, the 
handedness of a wave is inversed, and therefore a cir-
cularly polarized antenna does not "see" its image in a 
mirror. 

One consequence of (22) is that the metric on the 
Poincare sphere is the most natural to evaluate the 
nearness of polarization states. If one wants, for instance, 
to construct an antenna having a certain polarization, 
circular or other, and if the realization is not perfect, 
the best criterion to apply is to ask how far away, on 
a Poincare's sphere, is the result from the desired 
polarization. A look at the picture on the sphere can 
also tell us, in the case of synthesis by means of two 
dipoles, for instance, if it is better-to modify their rela-
tive phasing or their relative amplitude to approach a 
certain goal. Comparing polarization ratios would often 
give a wrong impression, since they can be widely dif-
ferent for antennas almost identical as far as their 
receiving properties are concerned. 
For any antenna there is a polarization which is not 

received, namely, that which is represented by the op-
posite point on the sphere. In fact, we than have 
(MM')/2=90° and therefore V=0. M and M' are said 
to represent crossed polarizations. 

DETERMINATION OF THE POLARIZATION 
STATE OF A WAVE 

A number of problems can be solved by using the 
spherical representation. We shall take the following 
as an illustration. 

One method to find the polarization of a wave would 
be to receive it on two antennas of known polarizations 

;I 
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and M2 and of effective heights h1 and h2, then to  
ir:ompare the amplitudes received. The result would be 

(MIA') 
h1 cos   

2 

(-412M) 
h2 cos 

2 

The locus of the unknown polarization AI', when this 
ratio is constant, is a circle. 
We, therefore, need a third antenna P3 which by the 

same method gives another circle. There is still an 
ambiguity since the circles intersect in two points. (If 
the antennas are linearly polarized, this ambiguity is 
only one of sense of rotation.) A fourth antenna solved 
the problem completely, provided its polarization is not 

.in the plane PiP2P2. 

TRANSFORMATION OF POLARIZATION 

When a plane wave is scattered into another plane 
wave or goes through a nonisotropic medium, its polari-
zation state changes and this can be expressed by a 
linear transformation such as: 

(x, = (a„b) Cy) 
f The polarization ratio P is, therefore, transformed ac-
cording to a bilinear transformation as indicated in 
I Part I, page 535. 

There is a special case where this transformation is 
simply pictured on Poincare's sphere." If the power 
1X'1 2+1 y'1 2 is equal to 1X1 2+1 Y1 2 (lossless trans-
formation) the matrix is unitary and it is known" 

' that it can be represented by the rotation of a sphere 
precisely by using the stereographic projection which 
leads to Poincare's sphere. 
To illustrate this, let us consider wave propagation 

in a circular waveguide. The state of polarization is 
io the ratio of wave amplitudes in two orthogonal modes 
X and Y. If a longitudinal ridge placed in the guide 
slows the X mode with respect to the Y mode, the 
effect of a certain length of guide is to increase the phase 
difference between X and Y by a fixed amount ck. On 
the sphere this is simply expressed by a rotation of 
angle 4) about //V. If the ridge is placed in the orienta-
tion 13 with respect to Ox, the effect would be a rotation 
of the sphere about the axis of longitude 2[3. 
It is known from geometry that any rotation can be 

produced by the product of two rotations of this latter 
type, therefore a transducer which produces any loss-
less transformation of polarization can be obtained by 
placing in series two pieces of circular ridged wave-
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guide of proper lengths. By the same method a phase 
changer described by Fox" can be analyzed and others 
having various broad-band properties can be designed. 
Series composition of directional couplers also falls 
under such an analysis, since X and Y can represent 
the wave amplitudes in two decoupled arms and X'1" 
the resulting amplitudes in the two other arms 

GRAPHICAL METHODS 

Besides the possibility, already mentioned, of repre-
senting (17) and (18) by slide rules, we obtain another 
group of graphical methods by using any of the standard 
mappings of the sphere. A choice of the projection sys-
tem will of course simplify the construction for each 
particular problem. 
We have considered for instance two such projections, 

both on the equator of the sphere. The first one, an 
orthographic projection is shown in Fig. 7 (Chart 0). 
The other, a stereographic projection from the pole 

C', is shown on Fig. 8 (Chart S). 

'1 Although currently used in optics since the work of Poincare, 
this property does not seem to have been applied to problems of 
electromagnetism. 

12  H. Weyl, "The Theory of Groups and Quantum Mechanics," 
p 144. 
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Fig. 7—Orthographic polarization chart (0). 

In both cases by drawing the lines along which 
and a are constant (meridians and parallels) and the 
lines along which (1:, and 7, or the ratio tan 7, are con-
stant we have a method of direct conversion from any 
two of these parameters to the others. 
Meridians and parallels are radial lines and concen-

tric circles on both charts. They can therefore be repre-
sented by means of an alidade carrying a graduation in 
a. For practical problems the graduation in tan a or 
20 log tan a (decibels) is sometimes useful. 
The lines 4, constant are circles on Chart S and el-

lipses on Chart 0. The lines 7 constant are straight lines 

" A. G. Fox, "An adjustable wave-guide phase changer," Pnoc. 
I.R.E., vol. 35, p. 1685-1698; December, 1947. 
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Fig. 8—Stereographic polarization chart (S). 
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perpendicular to HV on Chart 0 and circles on Chart S. 
Their intersections with HV are obtained from the 

a graduation on the alidades since for $=O, 7 =a an 
for  =ir/2, 7 =ir/2) —a. 
For problems of conversion the two charts ar 

comparable: S is easier to prepare since it is made o 
circles instead of ellipses, it is more accurate near the 
equator, while 0 is more accurate near the pole. For 
other problems, such as the determination of polariza-
tion by amplitude comparison, the Chart 0 is bette 
since the solution is obtained by intersection of straight 
lines instead of circles. 
One should not forget that on Chart 0 each point 

represents two polarizations of opposite sign. On Char 
S we could deal with negative polarizations by extend-
ing the circles. It is sometimes easier in that case to 
look at the chart as a projection made from C instead 
of C'. 

CONCLUSIONS 

The application of this representation is not limited 
to polarization problems. Any time relations between 
an ellipse and the phases and amplitudes of two com-
ponents are required the Poincare sphere is a useful 
tool. The interpretation of an ellipse on an oscilloscope, 
the study of the rotation field in an imperfect goniom-

11 eter and the composition of waves of various direc-
tions in direction finding are instances of this. 

Part III  Elliptically Polarized Waves and Antennas* 
M . L. KALESt 

COMPLEX VECTOR REPRESENTATION OF 
ELLIPTICALLY POLARIZED FIELDS 

UNIFORM elliptically polarized plane wave may 
be represented in the form" 

e(t) = (23) 
-4  -4  -4 

m here e is a complex vector of the form e=Er-f-jEi, 
--+  --> 

and Er and Ei are real vectors perpendicular to the 
z axis and independent of position and time. Thus a 
uniform elliptically polarized wave is obtained by the 
superposition of two uniform linearly polarized plane 
waves, which are in phase quadrature and which are 
traveling in the same direction. There is clearly no loss 
of generality in assuming that the direction of propaga-
tion is in the direction of the z axis. 

• Decimal classification: R115.7 X RI29. Original manuscript re-
ceived by the Institute, June 30, 1950. 

Naval Research Laboratory, Washington, D. C. 
" Throughout this paper complex vectors and scalars will be 

represented by script symbols; real vectors and scalars by printed 
symbols. 

—o 
It can readily be shown that the wave e(1) can be 

expressed in the form 

6(i) 
-)  -4  --)  -4 

where e, =Er' -EjE,', Er' • Ei' =O. The angle ö and the 
—0 

vectors Er▪ ' and E.' are determined by the equations 

• -) 

tan 26 = 2E,• Ei/(Er2 —  

Er' = Er cos 6 + Ei sin 6, 

—+  —4 
E.' = — Er sin 6 ± Ei cos 6. 

(24) 

EqUation (24) is the usual representation of an ellip-
tically polarized wave as the sum of two linearly polar-
ized waves which are in both time and space quadra-
ture. At any point in space the terminus of the instan--, 
taneous E vector describes an ellipse with axes in the 

directions of E- r▪ ' and Ei'. The lengths of the semi-axes —o 
are  Er'  and I Ei'l . 

V 
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Insofar as the behavior of the instantaneous E vector 
at a fixed point in space is concerned, the preceding 
discussion applies equally well to an arbitrary vector 
function of the time which is represented as the real 
part of the complex vector 

-4  -4 

Velwi = (U,  jUi)eiwe. 

It follows that any vector of the form 

I  -4 
U = V, cos (6, ±  U, cos (6, + 

± U. cos (3, + 6)1)7: 

describes an ellipse, since such a vector may be repre-
sented as the real part of a vector of the form (23); i.e., 

--)  • —o  —0  --), 
U = Re [III, cos Li: ± U , cos hi, + U, cos Osisl 

—)  --)  ---) 
± j1 U. sin 6 xi, ± U, sin hi, ± (1, sin  

If a positive normal is assigned to the plane of the 
—9 

polarization ellipse of U(t), the polarization may be 
defined as right-handed or left-handed according as the 1 . vector is rotating clockwise or counterclockwise when 
viewed by an observer looking in the direction of the 

, normal. In the case of an elliptically polarized plane 

I wave, the positive normal is generally taken in the 
.direction of propagation. 

-:'"--i 
If an arbitrary pair of orthogonal unit vectors s., s, 

--o 
are selected in the plane of V(t), then V(t) may be 
expressed in the form I 

—42+)(1) = (V,i.  I WO"' 

where V, and V, are complex. If we let V, = I Val eik 
and V„=I V. I eh, and if the normal n is chosen so that 

--) --o  —) 
the vectors I., iy, and n form a right-handed system 
when taken in the indicated order then it is easily 
shown that the polarization is right-handed or left-
handed according as sin(ö1-5) is positive or negative, 
or in other words, according as the x component of 

V(t) leads or lags the y component. 

ALGEBRA OF COMPLEX VECTORS 

The use of complex vectors in representing ellip-
tically polarized waves suggests the possibility of using 
a complex vector algebra in studying such waves. An 
appropriate algebra, which will be used in the subse-
quent discussion, will now be outlined. 
A complex vector is defined as a vector of the form 

V = U,  jUi, 

U, and Ui being real vectors which in general are not 
in the same direction. As has been seen, at a given 

point in space, U(t)=Re(U,±jUi)ei" describes an 

ellipse. The direction of rotation of U(t) may be indi-
cated by means of an arrow placed on the ellipse. Such 
a directed ellipse may be regarded as a geometrical 
representation of a complex vector. It should be noted 
that a complex vector is not simply the product of a 
real vector and a complex scalar. It is clear that this 

(25)  will be true only if U, and U1 are in the same direction, 
--) 

in which case V is linearly polarized. 
In general, a complex vector determines a plane, 

namely the plane of Ur and U. In the discussion which 
follows it is assumed that the complex vectors under 
consideration lie in parallel planes unless otherwise 
indicated. 

-+ 

The scalar product of two complex vectors, V= U, 
-) 

i IL and V =17„-I-  is defined as 

-> 

V • V = (U, • V. — II; • Vi)  j(Ui • V, + U, • Vi).. 

Their vector product is defined as 

-4  -4  -4.  -÷  -4 

V X U = (U, X V, — U; X Vi) 

j(r1r, x — 41/1 x Tro. 
—) 

The magnitude of V is 1761 = VV • V*. Two vectors V 
and V are said to be orthogonal if V• (/*= 0, and par-

-) 
allel if V X V=0. 
It is not difficult to show that the conditions of orthog-

onality and parallelism are equivalent respectively 
--o —0 

to the two relations V=K1V4Xn and ()=K2V, where 
the K's are constants. These relations have an interest-
ing geometrical interpretation. As we have seen, the 

—o  —o 
vector Vei" may be expressed in the form Vel'" 

--) 

Ur-1-jUi)ei6a+i), where U,.and (hare a pair of orthog-
-o 

onal real vectors in the plane of V. From this form, and 
the criterion for sense of rotation, it is at once evident 

—)  —o  - 
that the ellipse determined by V*0"6"= (U,—jUi)e(i"-a) 
has the same orientation and axial ratio" as that deter-

-o 
mined by Veic.", but has the opposite sense. It is also 

—o 
clear that V* X n is obtained by rotating V through 

—o 
90° in the plane of V. Thus two complex vectors V and 
—0 
L.) are orthogonal if and only if the ellipses which repre-
sent them have the same axial ratio, opposite sense of 
rotation, and major axes perpendicular. From the rela-
tion which expresses the condition of parallelism it is 

--o 
seen that V and V are parallel if and only if the ellipses 
representing them have the same orientation, axial 
ratio, and sense of rotation. 

le The axial ratio referred to in this and the next section is the 
inverse of the axial ratio referred to in Part II. 
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PROCEEDINGS OF THE 

RESOLUTION OF ELLIPTICALLY POLARIZED FIELDS INTO 
ORTHOGONAL ELLIPTICALLY POLARIZED COMPONENTS 

—4  -+ 
If e is an arbitrary complex vector, and if u and v 

denote an arbitrary pair of complex, orthogonal unit 

vectors in the plane of t, then e may be represented in 
the form _4 

C = (e • u*)u + (6 • v*)v, 

= e'„u + eta% 
(26) 

-o  --• 
From the orthogonality of u and v, it follows that 

1 612 = I 6.12 +I C,12. (27) 

From equation (26) we conclude that a given ellip-
tically polarized field can be resolved into two orthog-
onal elliptically polarized fields in an infinite number 
of ways. The axial ratio, orientation, and sense of the 
ellipse representing one of the component fields can be 
arbitrarily specified, in which case the other component 
field will be represented by an ellipse having the same 
axial ratio, opposite sense, and major axis perpendicular 
to the major axis of the first. Equation (27) states 
that the power density in an elliptically polarized wave 
is the sum of the power densities of any two orthogonal 
elliptically polarized components. -o 
Consider several special cases of (26). If u and v are 

real, then the component fields represented by euu and 
--o 
exv are linearly polarized. As already shown, it is pos-

sible to select a pair of real orthogonal unit vectors iz, 
--> 

i„ such that e takes the form e= (E.1.-FjEviy)eii, where 
--o 

E. and E,, are real. Now let u and v be a pair of real 

unit vectors making an angle 0 with sz and tv, respec-
tively. Then 

e. = (E1 cos  jE, sin iheia; 

ey = (— E. sin 4, jE, cos Ceo. 
If 4, is chosen so that I e„I 2 = I e. 2, then 

(Ex2 - E„2) cos 24'=O. 

Thus  = I E.I if tP =7r/4, or 37r/4. 
From the above results we conclude that an ellip-

tically polarized field of arbitrary axial ratio and sense 
of rotation can be produced by superimposing two 
orthogonal linearly polarized fields for which either (a) 
the two components are in phase quadrature and the 
amplitudes are properly chosen, or (b) the two com-
ponents are equal in amplitude and the phase is prop-
erly chosen. In the first case the axes of the ellipse will 
be in the directions of the two components which are 
in phase quadrature, and in the second case the axes 
of the ellipse will bisect the angles between the two 
components of equal amplitude. 
The resolution of an elliptically polarized field into 

right- and left-handed circularly polarized components 

May 

is of considerable importance. Let e be represented in 
the form 

e= e„i„ + eyiy (28) 

where tx and i„ are an arbitrary pair of real orthogonal 

unit vectors in the plane of e, which together with the 
normal n form a right-handed system. A pair of right-
and left-handed circularly polarized unit vectors may 

be selected as 

--0  1 
—= (i -  
N/2 

UL =-• 
1  --o 

V -2 (ia 

Applying (26), (28) may be written 

:7E06: - ;74)  i(E. -  + 

= eRuR + ELuL.  (29) _ 
From the discussion of the conditions for orthog-

onality and parallelism, it is evident that a pair of 
right- and left-handed circularly polarized vectors are 
always orthogonal and two circularly polarized vectors 
of the same senses are parallel, provided the same unit 

normal n is used in determining the sense of polariza-
-10 

tion. Hence if uR' and uz„' denote any other pair of 
right- and left-handed circularly polarized unit vectors, 

-+  , 
then uR' = uRell and uz,'=uLes . From (26) we see that 

. 
C = (e • u„,*)u., + (e • uz*)uil. 

But 

ce • u„-)u„, = ce •  c uR*e- i')eisuR e •  
and similarly 

_. 
• ce • uil**,,, = (e • uL*)uL. 

Thus the component vectors on the right of (29) are 
independent of the particular choice of right- and left-
handed circularly polarized unit vectors, or in other 
words, the resolution into right- and left-handed circu-
larly polarized fields is unique. It is clear also that 

I ER' I = eR I and I eil I = I ELI • 
Since the vectors which are the real parts of eRuReb" 

and e Lu Lei" rotate in opposite directions with constant 
magnitudes I eRI and I ez,1, it is seen at once that 
1E1.=IERI +led and IEImin=II6RI-16LII. 
Hence the axial ratio r is given by 

r = I ER I + I EL I  
I ER I — 1 EL I 

(30) 

It is easy to show that e is right- or left-handed ac-
cording as I eRI is greater or less than I eLl • 
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SIGNIFICANCE OF THE TERM "PHASE" APPLIED TO 
ELLIPTICALLY POLARIZED FIELDS 

The term "phase" was defined originally in connection 
with scalar quantities, but requires further definition 
for use with vector quantities. One method is to con-
sider the phase of the components of a vector field, 
since the components are scalar quantities. This would 
make the phase dependent on the co-ordinate system, 
which is generally undesirable. Another approach is 
to refer the field at each point in space to a unit vector 

in the direction of the field. Thus if u is a unit vector 

in the direction of e, and we write e = eat, then the 
—o 

phase of e may be defined as the argument of the com-
plex amplitude ew. 
In the case of linearly polarized fields, if the suggested 

. definition of phase is employed, there will be an am-
biguity of 180° in the determination of the phase, which 

must be resolved by some other means. For if u is a 
—o  —0 

real unit vector in the direction of E, then so is —u. 
In the rase of elliptically polarized fields, the ambiguity 

is even greater. For if u is any complex unit vector, 
—o  —o 

then se= eou is parallel to u for an arbitrary 5. This 
—0 

means that the phase of e can have an infinite number 
of distinct values, depending on the choice of u. By a 

suitable choice of u it is possible, however, to reduce the. 
-7)  -70 

ambiguity to one of 180°. If we let sz and se, be two real 
unit vectors in the directions of the major and minor 

—, 
axes, respectively, of the ellipse which represents e, 

—0 

then a suitable vector u may be defined with the aid 1 of a parameter a by the equation 
--o  --o 

u = sin al. — j cos ai,. (31) 

We can then write e = 1 6i ue)8, and define 5 to be the 
--, 

phase of e. Physically, this definition of phase leads to 
the result that if two elliptically polarized fields repre-

-o  —o 
sented by e, and e, are in phase, the real vectors Eland 
—o • 
E2 assume their maximum and minimum lengths at 
the same instants of time. It should be noted that the 
definition of phase that has been suggested applies 
equally well to linearly and elliptically polarized fields. 
For fields that are circularly polarized, this definition 
of phase still leads to ambiguous results. 

For future reference it may be noted that when u 
is expressed in the form of (31), a can always be chosen 
in the interval (7r/4) 5 a 5 (37r/4), and rlitan al. If 

sz, c„, n form a right-handed system, then u is right- or 
left-hand polarized, according as a is in the first or 
second quadrant. 

RELATIONS USEFUL IN MEASUREMENTS 

Let us assume that a dipole is rotated in the plane 
of polarization of an elliptically polarized field. Let a 

.70 
pair of orthogonal real unit vectors sz and sw be chosen 
arbitrarily in this plane. Then by a proper choice of 

—0 
the origin of time e may be expressed in the form 
e=Exeix+Eviv, where E. and Ey are positive. Let the 

dipole make an angle ik with sz, then the component 

of e in the direction of the dipole is e,, = &ea cos 
E„ sin %G. The power received by the dipole is proportional 
to 

I 412 = [E2 + E„2 {(E.2 E„2)2 

— 4Ez2E„2 sin2•5} 112  cos 2(1k — fi g  (32) 

where tan 213 = 2E.E„ cos V(E.2—E„2). 
If a parameter n is defined by the relation 

sin n = I 2E,E, sin 5/(E 2 E 2) 1, 
then it follows from (32) that 

!max  
r—  — cot (,/2).  (33) 

I cq, Imin 

In the special dase where E =E, the formula for r 
reduces to 

r = max { 
a 

tan 
2 

a 
cot — 

2 }. 
If e is expressed in the form e=Ez-FjEi, the axial 

ratio r may be obtained from these same relations 
—o  —o 

simply by replacing E. and* E„ by I Ed and I Eil , and 

letting 5 represent the angle between the vectors E, and 

E. 
From (32) it is evident that the angle 1,1, for which 
141 is a maximum, satisfies the equation tan 24/ = tan 213 

141 =2EzE„ cos i5/(E.2— E 2).  In order for  to be a 
maximum, & must be chosen so that one of the two 
inequalities (E 2—E.2)cos 2'>0, EE, cos 5 sin 2'>0 
is satisfied. These relations determine the angle  which 

the major axis of the ellipse makes with sz. In the event 
that Ez2=E,2 and cos 5= 0, then the field is circularly 
polarized and I 41 is constant. If (32) is plotted in 
polar co-ordinates, a dumbbell-shaped curve is obtained 
which represents the power received by the dipole as a 
function of the angle or orientation  This curve is 
called a polarization pattern. 

RELATIONS INVOLVING TRANSMITTING AND 
RECEIVING ANTENNAS 

Let us now consider the relation of elliptically 

polarized fields to antennas. The distant field e(p, I) 
produced by an antenna can be expressed in the form 

e(P, t) = e(0, 4')  ef(we-kR), (34) 

where e(e, 0) is a complex vector, and R, 0, and 4) are 
the spherical co-ordinates of the point P. If the factor 
1/R is omitted, the variation of the remaining factor 
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along a radius is identical with that of an elliptically 
polarized plane wave traveling in the (0, 4)) direction. 
It is convenient to introduce a complex unit vector 

p=po, 4)) defined by the relation 

;0, o) = 4))!1 -40, 4,) I.  (35) 

From the foregoing discussion it is clear that p com-
pletely describes the state of polarization of the field, 
that is, the axial ratio, sense, and orientation of the 

---) 
ellipse which represents the instantaneous E vector. 

—0 
For this reason p shall be referred to as the polarization 
unit vector. 
Another vector which will be useful in describing the 

transmitted field of an antenna is 
--0    --0 

g(0, 4)) = VG(0,  po, 

= (27.0/A/Ps)1" I 6(0, CS) I P(0, 0),  (36 ) 

where G(0, 4)) is the power gain of the antenna in the 
direction (0, 4)), and Pe is the transmitted power. This 
vector will be referred to as the transmission vector of 

the antenna. The significance of g becomes apparent 
when, with the aid of (35) and (36), (34) is rewritten 
in the form 

ev, = (.00 /2,01/2vp, g  R  (37) 

Since for a lossless antenna VP, is proportional to the 
voltage at the input terminals of the antenna, it is 
seen that the transmission vector may be used to ex-
press the radiation field of an antenna in terms of the 
input voltage in much the same way that the gain may 
be used to express the power per unit solid angle in a 
given direction in terms of the power delivered to the 
antenna. It follows immediately from the definition 

of g that 

11(0, d') 12 = G(0, 86). (38) 

By analogy with the case of linearly polarized an-
-, —o 

tennas, we shall also define a vector p=p(0,4)) by the 
relation 

-1)10, 4.) = (X / V-47071 g (0 , 0). (39) 

This vector will be referred to as the reception vector 
of the antenna. If we denote by A =A(0,49) the receiving 
cross section of the antenna, then we see from (39) that 

0)1 2 = X2/4/(GO, 46) = A(0, (I)).  (40 ) 

If an antenna receives power from an incident ellip-

tically polarized plane wave 6(1)=Eeiws, then the com-
-o • p* plex received voltage is given by V = Ke ." If the re -

ceiver is matched to the line which has an impedance 

Is M. L. Kales and J. I. Bohnert, "Elliptically polarized waves 
and antennas," NRL Report No. 3686. 

Zo, and if the reflection coefficient presented to the 
line by the antenna is 11, then I KI = {zo(1 — 2) 
i/7 j. The power received by the antenna is given 

by i 
---o 

P, = Jul 2/2z0 = (1—I r  (e • psr, 
If both the receiver and antenna are matched to the 

,—o—o 
line, then Pr =1 -0/ ul e • P* .2 
Let p be the polarization unit vector of the incident 

field 6, and let q be the unit vector olio'. (Note that q 
is the conjugate of the polarization unit vector of the 
receiving antenna when the antenna is used to trans-
mit). Then the expression for F, takes the form 

= iVe/ PI -8+12 1;12 1 -;* 12. 
As is the case with real vectors, the magnitude of the 
scalar product of two unit complex vectors cannot 

exceed unity. The factor I p •q*I 2 will be called the 
polarization efficiency and will be denoted by f. The 

—o 
factor is/e/ul El 2 represents the power per unit area in 
the incident field and will be denoted by S. Substituting 

in the formula for F, and remembering that rpt 2=A, 
we obtain the formula 

= SAf.  (41) 

In the case where the incident and transmitted fields 
are both linearly polarized, the factor f is given by 
f =cos2 , where 0 is the angle between the incident 

and transmitted E vectors. When 0=0, (41) reduces 
to the well-known formula for the maximum power 
received by a linearly polarized antenna, (Pr)max = SA. 
The relations above make it possible to define the 

polarization efficiency in physical terms. The polariza-
tion efficiency is the ratio of the power received from 
an incident field in a given state .pf polarization to the 
power received when the polarization of the incident 
field is adjusted for maximum power received, the 
power density in the incident field being held constant. 
It is interesting to consider the foregoing relations 

explicitly in terms of the polarization parameters which 
describe the incident field and the receiving antennas. 
It follows from (39) that the vectors which represent 
—o  —o. 

Re(pews) and Re(ge7") are rotating in opposite directions 
when viewed from the same point, and that the ellipses 
described by these vectors have the same ellipticity 
and orientation. However, if the positive normal to 

the plane of p points toward the antenna, and the posi-

tive normal to the plane of g points away from the 
antenna, then the sense of polarization of the two vec-

tors Re(pei("+")) and Re(gegw'-")) will be the same. In 

other words, the sense of polarization of Re(pej("4-kR)) is 

the same as that of the field which would be transmitted 
by the receiving antenna in the given direction. 
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The vector e lies in a plane perpendicular to the 
0, 4)) direction. In this plane a pair of orthogonal 

—0 —3 
alit vectors ix, iy may be chosen so that e takes the 

e=lel eiai(i5 sin at — ji, cos ai), 

-70 
lid another pair of orthogonal unit vectors sx', s,' may 

—3 
chosen so that p takes the form 

—)  --) 
• p=Ipleih(sz, sin at — jilt , cos at). 

--) 
, he axial ratios of e and p, are given by r  aI ,= I tan   

d rt = I tan at , respectively, where 

T  ai  37 
—  — • 
4 — at — 4 

—) 
"sing the above expressions for e and p, we find after 
ome manipulation that 

= I-421-42f 
vhere f is the polarization efficiency, given by 

= 1(1 + sin 2«, sin 2at + cos 2at cos 2at cos 20),  (42) 
—) 

tnd IP is the angle between ix', and ix. In terms of the 
txial ratios rt and rt of the incident and transmitted 
ields f is given by 

= 11(1 + rt2)(1  rt2) 

± 4rire (1 — r,2) (1 — rt2) cos 24, I /2(1 + rt2) (1 + rt2), (43) 

Khere the + or — sign is to be used according as the 
.wo fields have the same or opposite sense of polariza-
ion. 
If the receiving antenna is rotated about an axis in 

(Lhe (0, (1)) direction, then only the angle IP will vary, 
and the relative maximum and minimum values of f 
're attained when IP= 0 and 7/2, respectively, in (42). 
We thus find that 

fmsx = COS2 (ai — at) 

fin in = sin' (ai at). 

If these results are interpreted in terms of the states 
of polarization of the incident field and of the field 
which would be transmitted by the receiving antenna 
in the given direction, it is seen that only the relative 
orientation of the, ellipses representing the two fields 
is varied, and that! assumes its relative maximum and 
minimum values when the major axes of the ,two ellipses 
are parallel and perpendicular, respectively. 
If sense of polarization is considered in addition to 

variable IP, then both  and /mt. of (44) will have two 
values, the greater or lesser value according as the two 
senses of polarization are the same or opposite, re-
spectively. 
Finally, if the orientation of the ellipses, the axial 

ratio, and the sense of polarization are all allowed to 
vary, f will have an absolute maximum value of unity 
when the major axes are parallel, the axial ratios are 
equal, and the polarizations are of the same sense; and 
f will have a minimum value of 0 when the major 
axes are orthogonal, the axial ratios are equal and the 
polarizations are of the opposite sense. This last case 
may be expressed very simply in vector language: the 
polarization efficiency f has an absolute maximum 

--)  --) 
value of unity when e is parallel to p, and a minimum 

—) 
value of 0 when e is orthogonal to p. It follows that if 
the incident field is resolved into two complex vector 

—) 
components, one of which is parallel to p and the other 

orthogonal to p, all the power received by the antenna 
will be extracted from the parallel component, the 
orthogonal component being completely rejected. In 
the case of linearly polarized fields, when a particular 
direction of polarization is of interest, a component of 
the field which is orthogonal to this direction is said to 
be a cross-polarised component. It is clear that this 
notion may be extended to elliptically polarized fields, 
two elliptically polarized components being regarded 
as cross-polarized if they are orthogonal. 

(44) 

Part IV  Measurements on Elliptically 
Polarized Antennas* 
J. I. BOHNERTt, MEMBER, IRE 

TO OBTAIN a complete description of the radia-
tion characteristics of an elliptically polarized 
antenna, it is necessary to measure not only the 

distribution of radiation intensity as a function of 
direction, but also the polarization characteristics as 

* Decimal classification: R22I. Original manuscript received by 
the Institute, June 30, 1950. 
t Naval Research Laboratory, Washington, D. C. 

well. Two methods for measuring polarization charac-
teristics are outlined in the following paragraphs: one 
method employs a rotating linearly polarized antenna; 
the other employs two circularly polarized antennas. 

ROTATING LINEARLY POLARIZED ANTENNA 

An obvious way to make measurements on an ellip-
tically polarized radiation pattern is to explore the far 
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field with a small linearly polarized receiving antenna. 
That is, for each considered direction (0, 0), the power 
received is measured as a function of the orientation of 
the receiving antenna as it is rotated in the plane 
normal to the direction of propagation. In order to 
reduce the labor involved, a special mount and associ-
ated circuitry were built. This equipment is shown in 
operating condition in Fig. 9. The antenna under test 
is used for transmitting, and the values of 0 and ch are 

Fig. 9—Automatic equipment for the measurement 
of polarization patterns. 

controlled there. The receiving antenna, usually a small 
horn, is fastened on the special mount so that the axis 
of its main lobe, the axis of rotation of the horn, and 
the line of sight between the two antennas are coinci-
dent. The received signal is.displayed on a PPI scope 
or on a meter. For qualitative measurements the horn 
is rotated rapidly enough to allow the display of the 
signal on the scope. The face of the scope may be fitted 

with a specially calibrated transparent chart for th 
measurement of the axial ratio r and the orientation 
angle # of the major axis of the polarization ellipse. 
Photographs of power polarization patterns on the 
scope for linear, elliptical, and circular polarizations 
are shown in Fig. 10 (a), (b), and (c). For more accurate 
work, the rotation is made slow enough to permit a 
meter to follow the signal as detected. It is then neces-
sary to record only the ratio of the maximum signal to 
the minimum signal, and the value of #. 

Two CIRCULARLY POLARIZED ANTENNAS 

The second method utilizes the fact that an ellip-
tically polarized field can be represented by two cir-
cularly polarized components of opposite sense of 
polarization. The antenna under test is transmitting, 
as before. Two circularly polarized antennas are use 
for receiving, and are assumed identical in their im-
pedance and pattern characteristics except for sense 
of polarization. If the same receiver with a square law 
detector is used with both antennas, the received signals 
are proportional to the square of the quantities I ERI 
and I ELI 17  which appear in (30). The axial ratio may 
then be calculated from this equation. The sense of, 
polarization will be right- or left-handed, according 
as I ER 1 is greater or less than I eLl. 
For many applications, the two circularly polarized 

antennas could be two helices "" wound in opposite 
senses. If desired, a single antenna" with two pairs of 
terminals for measuring the right- and left-hand circular 
components of the incident field may be used. 

" The symbols used in Part IV are the same as those of Part LEI. 
" A. E. Marston and M. D. Adcock, "Radiation from Helices," 

NRL Report 3634. 
" J. D. Kraus and J. C. Williamson, "Characteristic's of helical 

antennas radiating in the axial mode," Jour. App!. Phys., vol. 19, 
p. 87; January, 1948. 

2° H. N. Chait, "An Arbitrarily Polarized Antenna for Use on 
X-band," NRL Report R-3416. 

(a) (b) (c) 

Fig. 10—Photographs of power polarization patterns on the scope for (a) linear polarization; 
(b) elliptical polarization; and (c) circular polarization. 
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COMPARISON OF THE Two METHODS 

The two methods do not yield directly the same 
nformation, since the first does not give the sense of 
)olarization, while the second does not give the orienta-
:ion angle it'. With suitable modifications, either method 
, nay be made to yield all the required information, but 
i:hese techniques will not be discussed here. 
From patterns of the test antenna obtained by 

receiving separately on each of the two circularly 
polarized antennas, one may easily calculate not only 
the axial ratio, but also the radiation intensity as a 
'Function of direction. In general, however, it is much 
3impler to obtain the single linearly polarized antenna 
tthan to obtain the pair of right- and left-hand circu-
larly polarized antennas. Moreover, as will be shown 
in the following paragraphs, measurements of axial 
ratio with a linearly polarized antenna will, in general, 
-   

be more accurate than measurements with a pair of 
circularly polarized antennas. Thus, for accuracy and 
for simplicity of instrumentation, the first method 
employing a linearly polarized antenna is preferable; 
for ease in obtaining ellipticity and radiation intensity 
as a function of direction, the second method is pref-
erable, provided the accuracy obtainable is sufficient. 
In order to compare the accuracy of the two methods 

ifor measuring axial ratio, the following assumptions 
, are made: (1) the existence of a cross-polarized com-
ponent in the receiving antennas, taken successively to 
be a maximum of either 25 db, 30 db, or 40 db below the 
desired component; (2) a difference in antenna gain be-
tween the two "circularly" polarized antennas of at 
most 0.3 db; and (3) errors in meter reading of at most 
0.1 db. 
Details of the derivation of the formulas for errors in 

the measured value of axial ratio are omitted, but the 
results are shown in Fig. 11. The axial ratio as calculated 
from measurements is referenced on the horizontal 
scales. The maximum deviations of the true value of the 
ooxial ratio from a measured value, resulting from the 
I three types of errors assumed above, are referenced on 
i the vertical scales. The parameter for the two sets of 
I curves is the db difference between the desired compo-
nent and the cross-polarized component, referenced in 
' Fig. 11 as p. These values of the parameter are realistic, 
since the small horn and the two helices used as the re-
ceiving antennas in the two methods possessed cross-
polarized components about 30 db down from the de-
sired components. 
To illustrate the use of the graph, let us assume that 

p = 30 db and that a value of r =3 db is calculated from 
measurements on the test antenna. Then it is seen from 
Fig. 11 that the true value of r lies between 2.6 db and 
3.4 db if linear components are used, and between 
2.3 db and 3.8 db if circular components are used. It is 
obvious that linear components give more accurate re-
sults than circular components for all values of r 
plotted, admitting the errors assumed above. 
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Fig. 11—Errors in measured axial ratio. 

MEASUREMENT OF GAIN 

10 

The distant field E(P, 1) of any antenna is given by 
— 0  — 0 

(37). Denoting by 6. and gu the components of 6 and g 
in the direction of an arbitrary complex unit vector u, it 

follows from (37) that 

eu 12 = vuie  pg I g. 12/27 R2. 

Let P.(0,4)) =1•VeluR21 6.1 2 and G.(0, 4)) = 47P.(0, (/))/ Pt 
denote respectively the power per unit solid angle 
and the gain associated with the component Eu. Hence 

I6, "1I2 = 4rP.(0, 4))I P s = G.(0, cl)). 
If a complex unit vector v is chosen so that u and v are 
orthogonal, then as in Part III, 

1112 =1 gu 12 + I gv 12. 
By (38), I g12 = G(0, 4)), where G(0, 4)) is the power gain 
relative to an isotropic radiator in the direction (0, 0). 

Hence 

G(0, 4.) = G„(0 , 4))  G ,(0 , (p),  (45) 

and it is seen that the gain G(0, 4)) is the sum of the gains 
of any two orthogonal components. Equation (45) may 
also be expressed in the form 

(1)) = 4-iftPu(0, 4)) + P,(0,4)))/Ps = 47rP(0,4))/P4. 



552 PROCEEDINGS OF THE I.R.E. 

DEFINITION OF BEAMWIDTH 

When considering elliptically polarized antennas, one 
may be interested not only in the patterns howing the 
"total" power per unit solid angle, but also in patterns 
showing power per unit solid angle associated with a 
particular component. To any one of these patterns, the 
term "beamwidth" may be applied in the usual way. In 
general, of course, both the patterns and beamwidths 
will differ from component to component. Therefore, in 
speaking of 'the" beamwidth of an elliptically polarized 
antenna, one should indicate clearly which pattern is 
referred to 

MEASUREMENT OF POWER TRANSFER 

The equation for the power transfer between two 
elliptically polarized antennas can be obtained from 
(41). This relation can be expressed in terms of meas-
urable quantities by use of (37), (40), and (43) and the 
definition for S, so that 

pi = piGiGi( —x )2 1 (1 + r,2)(1  r82) ± 4rirg2 
atirl? 

+ (1 — rii)(1 — r,2) cos 20)2(1 + ri2)(1  re2) 

where G, and Gi are the power gain of the transmittin 
and receiving antennas, respectively. The angle 
previously defined is the angle between the major ax 
of the polarization ellipses of the transmitting and re 
ceiving antennas. The sign of the term 4r,r8 is chose 
+ or — according as the two antennas are polarized i 
the same or opposite sense. 
It is interesting to note that whenever the polariz 

tion efficiency is unity, (46) reduces to 

Thus the formula for power transfer is independent o 
the particular pair of antennas involved, provided th 
polarizations of the two satisfy the condition for maxi 
mum power transfer 

Synthesis and Analysis of Elliptic Polarization 
Loci in Terms of Space-Ouadraturc 

Sinusoidal Components* 
MILLETT G. MORGANt, SENIOR MEMBER, IRE, AND W . RAYMOND EVANS, JR•t) 

STUDENT, IRE 

Summary —The general case of elliptic polarization produced by 

three mutually perpendicular sinusoidal electromagnetic field com-
ponents at a point in space is treated. The elliptic locus is specified 

in terms of the sinusoidal components and conversely the compo-
nents are specified when the locus is known. The simpler two-com-
ponent case is solved first. 

INTRODUCTION 

iN THE GENERAL CASE at a point in space where a system of mutually orthogonal co-or-
dinates 1, 2, 3 has been established, any one of the 

electromagnetic field vectors may have components 
E1, Es, E3 of the form 

Ei = E1 sin (cot + 71) 

E3 sin (cot -I- 73) 

E3 sin (col + 73). 

Es = 

E3 = 

(1) 

(2) 

(3) 

* Decimal classification: RI15.7. Original manuscript received by 
the Institute, June 26, 1950; revised manuscript received, November 
2, 1950. 

Thayer School of Engineering, Hanover, N. H. 

Vector addition of these components, as time is allowed 
to progress, will always yield an elliptic locus with 
circular or linear loci as limiting cases. 
An elliptic locus is completely defined in a plane by 

the length of the semimajor axis a; the axial ratio of 
minor to major axes r; the angle 13 that the major axis 
makes with a reference axis; and the sense of rotation. 
The object of this paper is to specify the locus in 

terms of the components or to specify the components 
in terms of the locus. The solution must include a defi-
nition of the plane containing the locus. 

SOLUTION OF THE TWO-COMPONENT CASE 

Vector addition of any two of the components will 
yield an elliptic locus in the plane containing these twol 
components. To treat this case, write the parametric 
equations for an ellipse with center at the origin of co-
ordinates and axes aligned with the co-ordinate axes, 
having semimajor axis a, and axial ratio r. These are 
seen to be 
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X = a sin cot 

Y = ra cos cd, 

3r, by eliminating t, they reduce to the familiar 

/X \2+ Y 

1.ra)   

'he sense of rotation about the ellipse with increasing t 
an be determined by plotting two or more points and 
3 determined by the sign of r. The angular velocity of 
he resulting vector is not constant during the cycle 
nit the vector does make one trip around the ellipse 
ier cycle. Constant angular velocity can be obtained 
.nly with components whose variation is periodic but 
tonsinusoidal. This case is not ordinarily of interest. 
Now revolve the axes by an angle —13. Designating 

-he new co-ordinate axes by primes, we then have 

X' = a sin cal cos 13 — ra cos cot sin if) 

Y' = ra cos cot cos p + a sin cot sin 13. 

(4) 

(5) 

form 

(6) 

(7) 

(8) 

t is desired to represent these functions of a, r, and 
)y functions of the form of (1) and (2). Taking these 
•espectively as A sin cut and B sin (wt-F6) where 5 
=72 - 71, and setting (7) and (8) identically equal to 
:hese expressions for all values of 1, one obtains the 
'ollowing expressions for A, B, and 6 in terms of a, r, 
Ind /3 by equating coefficients of the identities: 

1 

1 
3 

A = aN/cos213  r2 sin2 fl 

B = aVsm2 /3 r2 cos' 13 

2r 
= tan—' [   

(1 — r2) sin.2j • 

• The relations are conveniently plotted by separating the 
three variables r, 0, and 6 and setting a equal to unity, 
yielding 

B2 = — A2  (,2 -I- 1) 

B2 = (ctn2 P)A2 + (1 — ctn2 /3) 

A2B2 sin' 6 = A2 -I- B2 — 1. 

(12) 

(13) 

(14) 

We may then plot three separate families of curves 
on the A2, B2 plane as shown in Fig. 1. The curves of 
constant r are had by drawing straight lines between 
corresponding values of r on the top and right sides of 
the chart. The curves of constant 13 are had by drawing 
straight lines from the upper right-hand corner of the 
chart through the values of 13 shown on the quarter 
circle. The curves of constant 5 are hyperbolas and are 
plotted for 5° intervals of 6. Restricting r to positive 
values, the sign of 5 will be determined by the sense of 

ill rotation.' Clockwise rotation about the elliptic locus, 
.for an observer looking in the negative direction of a 

.c third co-ordinate for a right-handed system yields posi-

"  I The following conditions are required for a consistent system: 
05B5+1,  5r5+1, 0°665+180°,0°535+180° 

(clockwise rotation), —180° g 50° (counterclockwise rotation). In 
using (12), (13), and (14) with these limits, A, B, and 3 are single 
-valued. 
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tive 6. In order to retain the same ellipse, but reverse the 
sense of rotation, it is only necessary to change the sign 
of 8. /3 is the angle, measured in a counterclockwise 
direction from the positive X axis to the major axis of 
the ellipse when looking in the direction defined above. 
For ellipses having (3> 90°, one merely uses supplement 
angles for both 6 and )3. Having set a equal to unity, 
the chart is normalized, for it yields values for ellipses 
having semimajor axes always equal to unity. If one 
enters the chart through r and 13 to determine values of 
A, B, and 5 to produce any desired ellipse, he need 
merely multiply the values of A and B obtained by the 
desired length of the semimajor axis, 8 being unaffected. 
To use the chart in the inverse fashion, one may 

enter with values of A, B, and 6 to find r and (3. How-
ever, inasmuch as the values of A and B at hand 
ordinarily will not be normalized, one can enter the 
chart by evaluating B2/A2 and drawing a line having 
this slope through the lower left corner of the chart. The 
point at which this line intersects the 8 curve then de-
termines r and /3. The sense of rotation will be de-
termined by the sign of & as before. The size factor, if 
desired, is obtained by dividing the actual A (or B) 
value by the value of A (or B) determined from the 
chart for this point. 
It is sometimes desirable to vary the axial ratio r, 

keeping the total power, represented by the two corn-
. ponents, constant. This condition is enforced by setting 

= constant which results in 

const 
2    a _—  (15) 

1 + 1.2 

The size factor a must be adjusted as r is allowed to 
change, requiring that A 2 and B2, as read from the chart, 
be multiplied by this value of a2. If the constant 
is set equal to two, then the power will be held equal 
to that of a circle of unit radius (r = 1, a = 1).2 

The two-component case has been treated by Max Born, "Op-
tik," Verlag Julius Springer, Berlin, Germany, 1933, and by H. G. 
Booker, "Some general properties of the magneto-ionic theory," 
Proc. Roy. Soc., vol. A147, p. 352; November, 1934. These treatments 
describe the behavior of the polarization phasor obtained by taking 
the complex quotient of the components. Inherently, this method 
cannot yield information readily about the actual size of the elliptic 
locus in terms of the magnitudes of the components, or vice versa, 
without plotting the locus for each case. The information is required 
if it is desired, for example, to keep the power constant while varying 
separately the axial ratio or orientation. 
.Georges Deschamps has developed a unique presentation of the po-

larization phasor on the Poincare sphere described at the 1949 IRE 
National Convention and published in the paper, H. G. Booker 
(editor), V. H. Rumsey, G. A. Deschamps, M. -L. Kales, and J. I. 
Bohnert, "Techniques for handling elliptically polarized waves with 
special reference to antennas," PROC. I.R.E., pp. 533-552; this issue. 
At the autumn 1949 Joint IRE-URSI Meeting in Washington, D. C., 
V. H. Rumsey and T. E. Tice described another presentation deriv-
able from Deschamps' results. They also include a treatment of the 
left- and right-handed circular components. A review of portions of 
these publications is included in J. D. Kraus's new book "Antennas," 
McGraw-Hill Book Co., New York, N. Y., 1950. The Federal Tele-
phone and Radio Corporation handbook, "Reference Data for Radio 
Engineers," 3rd ed., New York, N. Y., 1949, includes a brief presenta-
tion on p. 367 of the behavior of the polarization phasor. J. A. Strat-
ton in "Electromagnetic Theory," McGraw-Hill Book Co., New 
York, N. Y., 1941, gives an equation on p. 280 from which one set 
of the curves in the Federal handbook chart can be plotted. 



PROCEEDINGS OF THE I.R.E. 

Fig. 1—Normalized chart for determining amplitude. and relative phase of two space-quadrature, sine components which will pro-
duce any desired elliptic locus. The chart can readily be used in inverse fashion to find the elliptic locus determined by any set of 
two spare-quadrature, sine components. 

SOLUTION OF THE THREE-COMPONENT CASE 

The three-component case is considerably more com-
plicated because it involves a definition of the plane con-
taining the locus, and this plane is not, in general, one 
of the co-ordinate planes as it was in the two-component 
case. Fig. 2 establishes a co-ordinate system 1, 2, 3 and 
defines angles 0 and 4, of the normal to the plane contain-
ing the locus. Further, define orthogonal co-ordinates X, 
Y in the locus plane such that X is parallel to the 1-2 
plane and Y lies in the vertical plane containing the nor-
mal to the locus. The positive directions of X and It are 
shown in the figure. An auxiliary co-ordinate Y' is de-
fined as Y projected vertically to the 1-2 plane. For 
convenience in visualization, axes parallel to X and Y 
have been drawn on the normal to the locus plane at a 

point above the 1-2 plane. Actually, the X, Y origin is 
coincident with the 1, 2, 3 origin. Let us first treat the 
case in which the components of (1), (2), and (3) are 
given and it is desired to find the locus. Take -y3 as zero 
so that Es becomes the reference phase. Then -yi and 72 
are the relative phases of E1 and Es, respectively. Eland 
Es define an elliptic locus in the 1-2 plane, Es and Es 

an elliptic locus in the 2-3 plane, and E3 and E1 an el-
liptic locus in the 3-1 plane. These loci are the projec-
tions of the actual locus, projected perpendicularly to 
the co-ordinate planes. When an observer is on the up-
per side of the 1-2 plane looking toward the 1, 2, 3 origin 
along the normal to the locus plane, the sense of rota- • 
tion about these projections will all be the same as that 
of the actual locus. 
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9'ig. 2—Co-ordinate system used in the three-component case. The 
axes 1, 2, 3 are fixed and the X, Y axes lie in the plane of the 
elliptic locus. The normal to this plane is defined by the angles 
and 4). Y' is the vertical projection of Y on the 1-2 plane. 

The locus is defined in the X- Y plane by the com-

ponents 

E. = E. sin (cot — 6) = aA/-6  (16) 

E, = E, sin wt = aB/0.  (17) 

E„ is of the reference phase inasmuch as it is in phase 

•with E3. 
From Fig. 2 we may write 

E1 = — E. sin 4) — E„, cos 46  (18) 

E2 = E. cos 4, — E„, sin 4,  (19) 

•  E3 = E, sin  (20) 

, where 

= E„ cos O.  (21) 

Setting the right-hand sides of (18) and (19) equal to 
those of (1) and (2), respectively, and substituting for 
E., E„, and E,' from (16), (17), and (21), identities in 
t are again obtained. By equating coefficients it can be 
shown that 

E1 sin 71 
tan ,r1) — 

E2 sin 72 
(22) 

Hence, if the components of (1), (2), and (3) are given, 
it is possible to find 4, directly from (22). This tells one in 
which quadrant above the 1-2 plane the normal to the 
locus plane lies except for an ambiguity of 180°. This 
ambiguity is removed by use of Table I. 
In using Table I, take 172-711 5180'; each combina-

tion of signs for 71 and 72 occurs in two places in the 
table, but in only one of these places will 72 — 71 have 
the correct resulting sign. 
The sense of rotation about the locus as apparent to 

an observer above the 1-2 plane looking towards the 
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1, 2, 3 origin along the normal to the locus plane can 
now be determined. It is the same as that of the projec-
tion in any of the 1, 2, 3 co-ordinate planes when 
viewed from this position. The sense of any projection 
is easily determined from the appropriate pair of com-
ponents and use of Fig. 1. The results are shown in 
Table I for an observer located as described, taking 

7a = 0. 

TABLE I 

4) CLOCKWISE 
COUNTER-
CLOCKWISE 

72 --71>0 72 —71 < 0 
Osos 90 72  <0 72  > 0 

71  >0 71  <0 

72 —71 > 0 72-71<0 
90 5 “ 180 72  >0 1'2  <0 

71  >0 71  <0 

72-71>0 72 —71 <0 
180505270 72  >0 72  <0 

71  <0 71  > 0 

72 —71 <0 
270505360  _ 72  <0 72  >0 

71  <0 71  >0 

It now remains to find a, r, and (3 of the actual locus 
in the X- Y plane. Consider the ellipse in the 1-2 plane 
defined by EI = Ei/0 and E2 = E2/(72— 71) = E2/612. This 
is shown in Fig. 3 where the X, Y' axes are also shown. 
Subscript 12 is used for values referred to the 1, 2 axes, 
and subscript xy' for values referred to the X, Y' axes. 

Fig. 3—Projection of the locus in the 1-2 plane showing the 
X, Y' co-ordinates. 

Draw a line on the chart of Fig. 1 having slope E22/E12. 
At the intersection of this line with 6=512=72-7i, read 
012 and r12. Also read Al2 which yields an =Ei/A 12. From 
Fig. 3 

PZIe =  1312 -" (90 + (11). (23) 

With the value of 012 found from Fig. 1 and (I) from (22), 
can now be found. This angle should always be 

taken as positive and less than or equal to 180°. Re-
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enter Fig. 1 at r.„,= r12 and at tin , as determined above 
and read B.„,, An., and 6,,. Since axy, =a12, we now have 
components in the X- V' plane 

E. =-  

Ey, = 

(24) 

(25) 

Because E. and E. are in phase with one another, 
=S.,. From inspection of Fig. 2 or (20) and (21) 

E. = VE22 E ,2 

E3 
tan 0 = — • 

(26) 

(27) 

Inasmuch as E., = aii2B.„, from (25), 0 is now deter-
mined. Ey is had from (26) and E. from (24). Entering 
Fig. 1 again, on a line of slope E.2/E.2, r, and it., are 
read at the intersection of this line with ô =15.„ =ow . 
The size factor a.„ is given by E./B.y. 
Hence, the locus determined by (1), (2), and (3) is 

now completely defined in terms of the direction angles 
0 and 4, of the normal to the plane containing the locus, 
and r.„, B.„, and a.„ which completely define the shape, 
orientation, and size of the locus in that plane. The sense 
or rotation about the locus, when viewed along the 
normal to the locus plane toward the 1, 2, 3 origin is 
clockwise for B..> 0 and counterclockwise for (3..<0. 
The sense of rotation is also given by Table I. 
An alternate method for obtaining (22) has been sug-

gested to the authors. Although it is not particularly 
simpler, it is more elegant. 
By developing (1), (2), and (3) we can write in vector 

form E = U sin wt-l- V cos cot with the vectors U and V 
having respective components E1 cos 71, E2 COS 721 
E3 cos 73; and E1 sin 71, E2 sin 72, E3 sin 73. Then the 
locus of the extremity of vector E is in the plane of U, V 
and its sense of rotation from U to V is clockwise with 
respect to the cross product UX V. This product has 
components: E2E3 sin (73-72); E3E1 sin (71-73); 
E1E2 sin (72-71). This gives angles ct, and 0 

E1 sin (71— 70  

Ey sin (7.- 72 ) 

E12E32 sin2 (71 _73 )+E22E32 sin2 (73 _72 ) 
tan' 0=   (27a) 

E12E22 (72 - 71) 

By letting 72 be zero, (22) and (22a) become identi-
cal. Equation (27a) does not particularly simplify the 
solution for the locus, but is useful as a check by com-
parison with the result of (27). Furthermore, the sign 
of each of the components of U X V indicates in which 
direction each of the three projections of the ellipse is 
described. 

tan 4,— (22a) 

Solution to the inverse problem of finding the thr 
space-quadrature components when the locus is define 

is carried out as follows: 

Given: 

To find: 

axy, 7'13, 13.3, 0, 411. 

E2, E3, 71, 72. 

Step 1. Enter Fig. 1 with r, and /3„. Obtain A.„, B 

8,„• 
Then E., Ey, E„,, and 

E. = azyA zy 

Ey =  

E3 can be obtained from 

E., = Ey cos 0 

Ey = Ey sin 0. 

Step 2. Enter Fig. 1 at intersection of line of slope 
E3. 2/E 2 
and 6 =  = b.„. Read 13.„,, r,‘, and Bz„,. 
Then a.„,=E„,/B„,. 

Step 3. Solving (23) for 1312, we obtain 

$12 =  + (90 + et.). 

Step 4. Enter Fig. 1 at r.„, and /312 and read Al2, 1312, 612. 
Then 

Ey = azy'Al2 

E2 = azy'B12 

72 — 71 = 612. 

Step 5. Solve for 71 and 72 from 

a„A„ sin 4, sin 15„ 

E1 

— a „A „ cos 4, sin 3.1, 

sin 71 — 

sin 72 — 
E 2 

Hence, El, E2 are obtained from Step_4, E3 from Step 1, 
'y' and 72 from Step 5. 
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Response Characteristics of Resistance-Reactance 
Ladder Networks* 

RICHARD R. KENYONt, STUDENT, IRE 

Summary—The generalized expressions for the transfer func-
tions for resistance-reactance ladder networks are given and dis-
cussed in detail. The output voltage as a function of time is derived 
when the input voltage is either a unit impulse function or a unit step 
function. Two methods are discussed for determining the output 
voltage when the input is any particular function of time. 

INTRODUCTION 

I
N MANY PRESENT-DAY applications RC and 
RL structure are employed where the time con-
stants of all the sections are equal. The transfer 

'function is a convenient parameter in analyzing these 
circuits. When the input voltage is sinusoidal the out-
put voltage in the steady state is simply given by the 
product of the root-mean-square value of the input 
voltage and the transfer function. The principle of 
superposition can be applied in the case of the steady-
state analysis when the input voltage consists of more 
than one sinusoidal term. The output voltage in the 
general case can easily be found using some of the ele-
mentary principles of the Laplace transform. 1 The expressions for RC and RL networks are identical 
for the low- and high-pass structures considered when. 
expressed in terms of the time constant T, (RC or L/R). 
Although the development considers specifically RC 
• ladder networks, the analysis is directly applicable to 
RL ladder networks as well. 

A. Low-Pass R X Ladder Structures 

Fig. 1 illustrates the form of the generalized low-pass 
RC ladder network of n sections where T = RC is the 
time constant of each section (all resistances and ca-
pacitances must also be equal). 

CT  cT 
•  

nt ./  MI . 2 

Fig. 1—Generalized low-pass ladder network. 

The transfer function in this case can be expressed in 
the form 

E„(s)  1 

Ei(s) 1_ 
E am,„(Ts) ni 

(1) 

• Decimal classification: R143. Original manuscript received by 
the Institute, May 1,1950; revised manuscript received, August 22, 
1950. 

Purdue University, Lafayette, Ind. 
Equations (1) and (2) were derived by the author during the 

summer of 1949, but have been published in the article by E. W. 
Pschudi, "Admittance and transfer function for an n-mesh RC 
filter network," PROC. I.R.E., vol. 38, pp. 309-310; March, 1950. 
This paper derives the input admittance and transfer function only 
for the low-pass case. 

where 

a„,,„ = 
(m  n)! 

(2m) !(n - m)! 

(n  m\ 

\ n — mi 

(2) 

The a's are all binomial coefficients and for any given 
value of n they lie along a diagonal line of Pascal's tri-
angle. 
In order to find the inverse Laplace transform of 

terms involving the transfer function, it is necessary to 
separate the denominator of (1) into linear factors so 
that the Heaviside expansion theorem can be applied. 
Writing the transfer function in this form, 

En(s)1  1 

Ei(s)..1 : II (Ts - b„,,n) 

The b's are the roots of the polynomial of degree n which 
appears in the denominator of (1). In general, these roots 
are distinct irrational negative real numbers. It can be 
shown that for any given values of n 

a 
11 b .,n = (-1)  and 

(3) 

E b,„,n = I —  2n. (4) 

The values of the b's are listed in Table I along with 
their reciprocals for n 54. 

TABLE I 

VALUES OF b.,. 

1 -1.00000 -1.00000 

2 -0.38197 
-2.61803 

-2.61803 
-0.38197 

3 -0. 19806 
-1.55496 
-.3.24698 

- 5. 04892 
-0.64310 
- 0.30798 

4 -0.12061 
-1.00000 
-2.34730 
-3.53209 

-8. 29091 
-1.00000 
- 0.42602 
-0.28312 

Response to a unit impulse input voltage: The La-
placian of a unit impulse function2 b(t) is unity. If such 
an impulse voltage is applied at the input of the RC 
ladder network, the output voltage as a function of 
time is merely the inverse transform of the transfer 
function. Using the transfer function in the form of 

2 The unit impulse function is defined such that BM  for 100; 
and 1%6(0111 " 1 • 
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I 

(3), the inverse transform can be found using the Heavi-
side expansion theorem, namely, 

L-1 1 = 
q(s) 

P(km)  hal 
rn-1 qi(km) 

where q(s)= H (s-k,,,) and the k's are all distinct. 
ne.-1 

It is also assumed in this expansion that p is a poly-
nomial of a degree less than the degree of the de-
nominator q. Note that 

(s - k„,) th.. 

According to this expansion, then 

q'(k.) =  q(s) 

e0(01.,1  . 1 is  Ts - 6" [ 

fl (Ts  — b") 
m-1 

(5) 

Response to a unit step function input voltage: In order 
to find the response to a unit step functions voltage in-
put, the expression for the transfer function (3) should 
be multiplied by 1/s, the operational expression for the 

e.ft) 

n-s 

2 

Fig. 2—Output voltage for a unit step function input voltage applied 
to a low-pass RC ladder network of n sections. 

input voltage in this case, and then the inverse trans-
form taken. However 

L- {-1 F(s)} = f F(t)dt 

so that the response can be found also by integrating 
(5) between 0 and 1. Therefore 

e0(1)k,u = 1 

±  1 r  Ts — b„,,„ 

ns..1 bm.n II (Ts — 
ba• *con e . (6) 

Fig. 2 is a graph of the output voltage for one to four 
sections. Since these are the most important cases in 
practical applications, (6) is expanded below for 
from one to four. (u=t/T) 

to(t)11,u = 1 — c" 

eo(t)b.0 = 1 —. 1. 171e° 382 ' ± 0. 1 7 1e-2.018u 

3 The unit step function U(t) =0 for I <0 and 1 for 1 >0. 

e0(1)]cu 

e0(1)14,u 

= I - 1.220e-°"8" + 0.280e-1 •56" 

- 0.060e  

= 1 - 1.241e-0 121u +  0 333e-1.000u 

— 0.120e- 2 347u + 0.028CS 332 u. 

B. High-Pass RX Ladder Structures 

The high-pass form of RC ladder networks as shown 
in general form in Fig. 3 can be treated in a manner 
similar to that given in the preceding discussion of low-
pass ladder networks. 

4.6(t)  R  

•  
M./ m  X 

—It  

ift •07 

Fig. 3—Generalized high-pass RC ladder network. 

Both forms of the transfer function can be easily 
found from the previous results by merely replacing Ts 
by its reciprocal. Thus 

where 

E.(s)  (Ts)* 

Et(s) E c,(Ts)"1 
ie 0 

CMOS =  a(n-ss).% 

(2n - m)! 

(2n - 2m)!m! 

12n - m\ 

m 
Equation (7) can be factored into the form 

so that 

EE:((s) s)1_   
fit 1 

\ Ts 

1 

En(s)1  sas 

Es(s) 

(7) 

(8) 

(9) 

Response to a unit step function input voltage: Since 
(9) contains s to the same power in both the numer-
ator and denominator, the unit impulse response cannot 
be found directly by taking the inverse transform of the 
transfer function unless division is performed first. This 
is not the most convenient way to determine the im-
pulse response for the general case, however. For this 
reason, the response to a unit step function voltage is de-
termined first. 

1  sfI l 

e,,(t)]„,u = L-1   . 

A( T:,....)1 
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= 3(t) 

1  n 1  Ts — 

1 [Tsmn   — 
H (Ts — 

(10) 

This last expression is seen to be very similar to (6) 
for the low-pass network. The coefficients of the terms 
have the same numerical values, but the coefficients of 
the exponents are the reciprocals of those before. The 
first four expressions for the output voltage are 

lb 

e.(1) 11,u 

e.(1) 12,u 

e.(t)]3,u 

e0(1)14,u 

= e— u 

=  1 17 1 e-2.618.  0 .17 c o .382. 

= 1. 220e-5  .°49 u — 0. 280e-°643 ' 

• 0.0606-°."su 

= 1 . 241e-8 .2"" — 0.3336.-L000. 

+ 0. 120e° 426 " 0.028e-0.283u. 

These four equations are plotted in Fig. 4. 

Fig. 4—Output voltage for a un t step funct on input voltage applied 
to a high-pass RC ladder network of n sections. 

Response to a unit impulse function input voltage: The 
output voltage for a unit impulse input voltage can now 
be determined from the expression for the response 
when a unit step function voltage is applied. One of the 
fundamental relations from Laplacian operational cal-
culus is the transform of a derivative of a function F(t), 
namely, 

LlIv(t)1 = sLIF(t)) — F(+0). 

Let F(t) equal eo(t)] o for the high-pass case. Then 
F(+0) = 1. However, it is important to notice that 
sL F(t)1 is then the transfer function and its inverse 
Laplace transform is the output voltage for a unit im-
pulse voltage input. Then 

= 5(t)  F' 

so that 

[— —T ,„E-i b.,,,2 " II (Ts — by...) 
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ns—.1 

e ( 1 / bon  M T) . (11) 

C. Response of Resistance-Reactance Ladder Structures 
to Any Arbitrary Input Voltage Function 

When any arbitrary voltage function is applied at the 
input terminals the output voltage can be found in one 
of two ways using the previous results. One is to find the 
Laplace transform of the input voltage and multiply 
this expression by the transfer function. The output 
voltage as a function of time is then the inverse trans-
form of this product. 
The output voltage can also be found in any particu-

lar case by using a superposition integral. By such a 
means the input voltage can be considered to be the 
sum of an infinite number of step function or impulse 
function voltages with different amplitudes and time 
displacements. Thus an input voltage can be written as 

.9e(r) 
e,(t) = e1(0)U(t)  f 0  ar  U(t — r)dr,  (12) 

where U(t) is the unit step function. Likewise, also 

es(t) = f e(r)&(t — r)dr 
0 

(13) 

where 5(t) is the unit impulse function. 
In a similar manner the output voltage can be con-

sidered as the superposition of the responses to an in-
finite number of either step or impulse functions. Then 
if the output voltage is applied at time equal to zero, 

= e.(0)[e.(0],u 

8e(r) 
  [e.(t — r)]„,udr  (14) 

o a, 

or 

= f e,(T)[e.(1 —  (15) 

where G(t)]„,u is the output voltage from an n-section 
ladder network when a unit step function voltage is ap-
plied at the input, and e.(t)]„,a is the output voltage from 
a ladder network of n sections when a unit impulse volt-
age is applied at the input terminals. By either (14) or 
(15) the output voltage from a resistance-reactance 
ladder network of n sections can be found using the 
appropriate previously derived expressions. Equations 
(14) and (15) could also be obtained by the convolu-
tion of the input voltage and the transfer function. 
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formers in the West-
inghouse  graduate 
student training pro-
gram. 
Mr. Kenyon is at 

present a graduate 
research assistant at 
the Engineering Ex-
periment Station at 
Purdue  University. 
He is a member of 
Eta Kappa Nu. 

R. R. KENYON 

Sigma Pi Sigma and 

Millett Granger Morgan (S'42-A'43-
SM'48) was born in Hanover, N. H., on 
January 25, 1915. He attended Cornell Uni-

versity from  1933 
to 1938 as a George 
W. Lefevre Scholar, 
and was at Stanford 
University from 1938 
to 1940. He received 
. the A.B. degree in 
physics from Cornell 
University in 1937; 
the M.Sc. in en-
gineering from Cor-
nell in 1938; Engi-
neer from Stanford 
in 1939; and Ph.D. 

from Stanford in 1946. He was an instructor 
in electrical engineering at Dartmouth Col-
lege from 1940 to 1941, and spent the 
following year teaching at the Massachu-
setts Institute of Technology. He was asso-
ciated with the Submarine Signal Company 
as a research and development engineer, in 
Boston, Mass., from 1942 to 1944, and at the 
California Institute of Technology from 
1944 to 1946. 
Dr. Morgan served as a staff engineer at 

the United States Navy Electronics Research 
Group at the University of California during 
1946-1947, also lecturing for this period. He 
was an assistant professor of electrical engi-
neering and assistant dean of the Thayer 
School of Engineering, Dartmouth College, 
from 1947 to June, 1950, when he was ap-
pointed director of research, his present 
position. Since October, 1948, he has also 
been chief investigator on a program of 
ionospheric research sponsored by the Office 
of Naval Research. Dr. Morgan is a member 
of the American Society for Engineering 
Education, Sigma Xi, and past-president of 
the Intercollegiate Ski Union. He is cur-
rently a member of the IRE Wave Propaga-
tion Committee. 

P. T. W EEKS 

• David Lewis MacAdam was born on 
July 1, 1910, in Philadelphia, Pa. He was 
graduated from Lehigh University in 1932 

with the B.S. degree 
in engineering phys-
ics. He was then a 
teaching fellow at the 
Massachusetts Insti-
tute of Technology 
from 1932 to 1936, 
when he received the 
Ph.D. degree for his 
work  on  optics, 
photography,  and 
color measurements. 

D. L. M ACADAM  He was a volunteer 
assistant at the Bar-

tol Research Laboratories during the sum-
mer of 1932, specializing in cosmic ray 
research. In 1936 he became associated with 
the Eastman Kodak Company, in Roches-
ter, N. Y., where he is now research asso-
ciate. 
Dr. MacAdam is a co-author of the 

MIT "Handbook of Colorimetry," and also 
of the "Science of Color," a report of the 
Optical Society Colorimetry Committee, 
now in press. He has published numerous 
papers on the measurement of color, color 
vision, and applications to color photog-
raphy in various professional journals and 
magazines. He is active in the following 
organizations: Optical Society of America; 
United States National Committee of Inter-
national Commission on Illumination (Tech-
nical and Secretariat Committee on Colorim-
etry) and American Standards Association 
Sectional Committee on Optics. He at-
tended the 1%7 Conference on Color Vision, 
held at Cambridge University in England. 

P. T. Weeks (A'19-M'28-SM'43) was 
born in Clarksfield, Ohio, on November 
19, 1890. He received the B.A. degree from 

Oberlin College in 
1913 and the Ph.D. 
degree from Cornell 
University in 1917. 
During World Waf I 
he worked for the Bu-
reau of Standards and 
the Signal Corps De-
velopment  Labora-
tory at Camp Alfred 
Vail. From 1919 to 
1928, he was em-
ployed in the physics 
laboratory and radio-

tube-engineering department of the West-
inghouse Lamp Company in Bloomfield, 
N. J. 
From 1928 to the present, Dr. Weeks has 

been engaged in radio tube engineering at 
the Raytheon Manufacturing Company. 
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Relation of Nyquist Diagram to 

Pole-Zero Plots* 

Mr. Harman, in his letter, "Relation of 
Nyquist diagram to pole-zero plots,"' has 
attempted to show that the Nyquist diagram 
and the pole-zero plot give equivalent sta-
bility criteria. His method was to examine 
one particular circuit, and since for this case 
it was obvious that the two plots gave the 
same criteria, he concluded that the two ap-
proaches are equivalent. 
This can hardly be said to constitute a 

proof of the equivalence. As a matter of 
fact, "equivalence" is not quite the proper 
term. The pole-zero plot criterion follows 
from our definitions of complex gain and 
stability. Application of theorems from the 
theory of functions of complex variables 
gives us a more convenient graphical method 
for determining the location and number of 
poles. 
Therefore, in order to investigate the na-

ture of the relation between the pole-zero 
criterion and the Nyquist criterion we begin 
by requiring that the complex gain A /1 —A # 
does not have a pole in the right-hand half 
of the complex-frequency plane. For a single-
loop feedback system such as that shown by 
Mr. Harman, this is equivalent to requiring 
that 1—A13=0 have no roots in the right-
hand half of the complex-frequency plane. 
We may investigate the roots of 1—Aft 

by plotting A13 as a function of ./.Lo from 6.7 
from — oo to  00. What we actually plot is 
the locus of the tips of the vectors A/3(1LO. 
The vectors drawn from the point 1, 0 cor-
respond to the plot of 1 —APCjw), as may 
be readily seen from Fig. 1. 

Fig. 1—Nyquist plot of A #(jw) showing rela-
tion between the vectors A/3( jw) and 
I —A13(jcu). 

Rewording some of the results of com-
plex function theory,' we may say that the 
number of complete encirclements of the 
point 1, 0 of the locus A#— or the number 
of rotations the vector 1 —A/3 makes as ca 
goes from — co to + so—is equal to the num-
ber of zeros of 1 —A$ in the right-hand 

• Received by the Institute. February 5. 1951. 
W. W. Harman, 'Relation of Nyquist diagram 

to pole-zero plots in the complex frequency plane." 
PROC. 1.R.E.. vol. 38, p. 1454; December, 1950. 

H. W. Bode. 'Network Analysis and Feedback, 
Amplifier Design." D. Van Nostrand and Co., Inc., 
New York, N. Y.. pp. 137-169; 1945. 

plane. This is a special case of a more gen-
eral theorem which may be applied to 
multiloop systems, but here we have only 
considered single-loop feedback. 
Thus we see that the relation between 

the pole-zero plots and the Nyquist diagram 
is not mysterious and is completely general. 
The pole-zero plot shows where the poles 
are; the Nyquist diagram can be used to tell 
how many, if any, poles are in the right-
hand half of the complex frequency plane. 

•  HERBERT F. SPIRER 
Cornell University 

Ithaca, N. Y. 

Notes on TV Waveform Monitor 

Frequency Response* 

In the IRE "Standards on Television"' 
close limits on frequency response were spec-
ified in an attempt to obtain correct level 
indications and to suppress spurious re-
sponses. The following tests were made in 
order to evaluate the general applicability 
of this Standard: 

1. Response to clean sharp pulses to de-
termine if the measuring instrument 
introduces spurious responses. 

2. Response to video with spikes and 
noise to determine ability to preserve 
the significant levels as outlined in the 
Standard. 

In order to obtain a comparative evalua-
tion, a very wide-band scope was compared 
with the IRE rolloff and with a sharp cutoff 
of twice the bandwidth (3 db) of the IRE 
curve. It was felt that the cost of building an 
amplifier with either of the limited charac-
teristics would be about the same. The 
steady-state response curves are shown in 
Fig. 1. The pictures for various condi-
tions of operation are arranged in columns, 
Fig. 2, the first of which is for the wide-band 

• Received by the Institute. February 9. 1951. 
I 'Standards on Television," PROC. I.R. E.. vol. 38, 

pp. 551-555; May, 1950. 
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Fig. 1— Steady-state response curves. 

scope, the second for the IRE rolloff, the third 
for the sharp cutoff, and the fourth for trans-
mission through both a sharp cutoff and the 
IRE rolloff. Each row represents one signal 
input condition. 
Row 1 shows monoscope with hash and 

spikes. Both limited responses reduce the 
peak-to-peak indication by about 10 per 
cent. It is still readily apparent that there is 
trouble in the system. 
Row 2 shows a clean sharp horizontal 

driving pulse. The sharp cutoff response in-
dicates overshoot and ringing, but the IRE 
response does not. 
Row 3 shows a horizontal driving pulse 

with a spike 0.06 microsecond wide at the 
trailing edge. The IRE response indicates a 
pulse with a spike of about 20 per cent 
amplitude. The sharp cutoff response rings. 
Row 4 is the same as Row 3, except with 

reduced vertical deflection and a greater 
writing speed. 
Row 5 shows a horizontal driving pulse 

with a spike 0.3 microsecond wide at the 
trailing edge. The IRE response indicates a 
pulse with a spike of somewhat reduced 
amplitude. The sharp cutoff response rings. 
The fourth column shows the signal after 
passage through the sharp cutoff and then 
the IRE response. The ringing produced in 
the sharp cutoff is passed through and shown 
as ringing by the IRE response. 
Row 6 is the same as row 5, except for a 

greater writing speed. 
Row 7 shows a horizontal driving pulse 

with both positive and negative spikes of 
0.06 microsecond width. The IRE response 
shows only a slight kink and the sharp cutoff 
response rings. This signal might be thought 
of as one cycle at 8.3 mc. The IRE response 
is about 20 db down at this frequency. The 
tendency of the sharp cutoff response to ring 
at the cutoff frequency is very great, as the 
waveform shows. 
Conclusions.-1. The significant levels as 

specified in the Standard will be indicated 
with about the 'same reduction by either 
limited response. 
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• 

2. A clean pulse will be indicated as a 
• clean pulse by the IRE response, but will 
show overshoot and ringing for the sharp 

- cutoff response. 
3. A pulse with spikes will be indicated 

as a pulse with spikes of reduced amplitude 
r by the IRE response. Sharp spikes will be 
converted to ringing at the cutoff frequency 
by the sharp cutoff response. 
4. If the pulse is followed by ringing, it 

h will be indicated as a pulse with ringing by 
the IRE response. The tendency to ring at 
the cutoff frequency is very strong for sharp 
cutoff characteristics. 
The work outlined shows that the IRE 

response does not result in spurious indica-
tions such as are obtained when the band-
width is extended at the expense of steepen-
ing the rate of cutoff. Hence, for a given 
over-all gain and number of tubes, the IRE 
response is an excellent choice. 

W. L. HURFORD 
General Electric Company 

Syracuse, N. Y. 

"Communication Circuit 
Fundamentals"* 

The above-titled book, reviewed in the 
May, 1950, issue of the PROCEEDINGS OF 
THE I.R.E., was prepared as part of a cor-
respondence course and has been very suc-
cessfully used over the past 15 years to train 
college and professional radio and corn-

' Received by the Institute, November 1, 1950. 

munication engineering level students at 
home. Extensive instructional aids have 
been developed by the Cleveland Institute 
of Radio Electronics to accompany this text 
material, thus personalizing the instruction 
by forming a link between textbook and 
student. For isolated ambitious students we 
believe this method to be the most practical 
way of obtaining a thorough systematized 
training. 
Furthermore, the text material is pre-

sented on an inductive basis, thus making it 
possible to effectively apply the spiral meth-
od of training. For example, Ohm's and 
Kirchhoff's laws are first applied to direct-
current circuits, and then later on these same 
laws are applied to sinusoidal alternating-
current circuits. Many of the subjects in 
this book are treated for the first time in a 
rather simple fashion. Then in the books 
which follow, "Communication Networks" 
and "Audio and Radio Facilities," many of 
the same subjects will be treated on a higher 
level, because by that time the students can 
readily assimilate the material. 
The reviewers' criticisms lose much 

weight when the above purpose and meth-
ods are kept in mind. Then, the reviewer 
criticizes the use of space vectors to repre-
sent impedance vectors because they are 
different from rotating or time vectors used 
to represent voltage and current vectors 
(see page 159). The author contends that 
it is more appropriate to represent a vector 
with a vector than by some other means. 
In this case, there is a need for two dis-

tinguishable types of vectors to minimize 
confusion. 
Another criticism is that the partial 

derivatives used in the discussion of vacuum-
tube parameters is incomplete because the 
other parameters held constant are not spec-
ified. However, by the very definition of 
partial derivatives, it is understood that the 
other parameters are held constant (see page 
293). 

CARL E. SMITH 
United Broadcasting Company, and 

Cleveland Institute of Radio Electronics 
Cleveland, Ohio 

A Helix Theorem* 

The helical beam antenna or axial-mode 
helix possesses a number of unusual char-
acteristics. It operates as an end-fire beam 
antenna generating waves that are circularly 
polarized, or nearly so. This type of radiation 
is associated with the 7), transmission mode 
which tends to be dominant when the helix 
circumference is of the order of 1 wave-
length. 1.1 Perhaps the most remarkable 
property of the axial-mode helix is that this 
type of radiation persists over about a 2-to-1 
range in frequency with the directivity or 
gain close to maximum at all frequencies in 
that range. This results from a natural 
adjustment of the phase velocity of wave 
propagation along the helix to approxi-
mately the proper value required at each 
frequency for making the directivity of the 
antenna a maximum. That is, a given helix 
automatically produces about the highest 
directivity possible for an antenna of its 
size, and does this over a considerable band-
width. If the phase velocity remained con-
stant (as a function of frequency), the band-
width of the antenna would be only a few 
per cent instead of nearly 2 to 1. This is be-
cause the pattern is especially sensitive to 
the phase velocity. 
Although no rigorous demonstration is 

available, it appears from both pattern and 
direct phase-velocity measurements that if 
the increased or maximum directivity condi-
tion is not obtained exactly, it is, neverthe-
less, approximated quite closely when the T1 
mode is dominant. In order to state this 
unique property in a concise manner, the 
following theorem is postulated: 

When the circumference of an axial or end-
fire helix is about one wavelength (Ti trans-
mission mode dominant), there is a band of 
frequencies over which the phase velocity of 
wave propagation on the itelix tends toward 
a value that makes the directivity a maxi-
mum. 

A corollary to this theorem may also be ex-
pressed as follows: 

There is a band of frequencies over which 
the phase velocity of the Ti transmission 
mode tends toward a value that makes the 
directivity of the helix a maximum. 
These theorems apply in particular to 

helices of at least a few turns with pitch 
angles between 10 and 15 degrees. 

JOHN D. KRAUS 
Ohio State University 
Columbus 10, Ohio 

• Received by the Institute January 26, 1951. 
1 J. D. Kraus, •The helical antenna, • PROC. 

vol. 37, pp. 263-272; March, 1949. 
1J. D. Kraus, •Antennas.• McGraw-Hill Book 

Co., New York, N. Y., pp. 173-212; 1950. 
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TECHNICAL COMMITTEE NOTES 

The Standards Committee, under the 
Chairmanship of J. G. Brainerd, held a 
meeting on March 22, 1951, during the IRE 
National Convention at the Waldorf-
Astoria Hotel. After reviewing the work ac-
complished by the Committee during the 
past two years, Professor Brainerd intro-
duced J. W. McRae, the new Standards Co-

-ordinator, and Axel G. Jensen, incoming 
Standards Committee Chairman, both of 
whom addressed the gathering, whereupon 
an open discussion took place. 
The Standards on Electroacoustics: 

Definitions of Terms, 1951, was approved by 
the Institute, and appears in this issue of the 
PROCEEDINGS. Reprints will be available 
within a short time from Headquarters for a 
nominal charge. 
At the meeting of the Standards Com-

mittee on February 18, J. G. Brainerd pre-
siding, Axel G. Jensen reported on a recent 
meeting of the Co-ordinating Committee' of 
which he is Chairman, which was held for 
the purpose of a general discussion on how 
the Committee might best be of service to 
CCI R. 
The Institute has appointed Chairmen 

and Vice-Chairmen for the various IRE 
Technical Committees for the term May 1, 
1951, to April 30, 1952. The appointments 
are as follows: Annual Review Ralph R. 
Batcher, Chairman, Trevor Clark, Vice-
Chairman; Antennas and Waveguides, A. 
Gardiner Fox, Chairman, D. C. Ports, Vice-
Chairman; Circuits Committee, Chester H. 
Page, Chairman, W. R. Bennett, Vice-
Chairman; Electroacoustics, E. S. Seeley, 
Chairman, B. B. Bauer, Vice-Chairman; 
Electron Tubes and Solid-State Devices, 
A. L. Samuel, Chairman, G. D. O'Neill, 
Vice-Chairman; Electronic Computers, Na-
thaniel Rochester, Chairman, Robert Ser-
rell, Vice-Chairman; Facsimile Committee, 
R. J. Wise, Chairman, Henry Burkhard, 
Vice-Chairman; Industrial Electronics, John 
Dalke, Chairman, Eugene M it telmann, 
Vice-Chairman; Measurements and Instru-
mentation, Francis J. Gaffney, Chairman; 
Mobile Communication, F. T. Budelman, 
Chairman, Alexander Whitney, Vice-Chair-
man; Modulation Systems, W. G.• Tuller, 
Chairman, J. GiKreer, Jr., Vice-Chairman; 
Navigation Aids Committee, Peter C. San-
dretto, Chairman, Charles J. Hirsch, Harry 
R. Mimno, Vice-Chairmen; Piezoelectric 
Crystals, R. A. Sykes, Chairman, W. P. 
Mason, Vice-Chairman; Radio Transmit-
ters Committee, M. R. Briggs, Chairman, 
A. E. Kerwien, Vice-Chairman; Receivers, 
Jack Avins, Chairman, John D. Reid, Vice-
Chairman; Sound Recording and Repro-
ducing, H. E. Roys, Chairman, A. W. 
Friend, Vice-Chairman; Standards Com-
mittee, Axel G. Jensen, Chairman, Millard 
W. Baldwin, Jr., L. G. Cumming, Ernst 
Weber, Vice-Chairmen; Symbols, A. G. 
Clavier, Chairman, K. E. Anspach, Vice-
Chairman; Video Techniques, W. J. Poch, 
Chairman, A. J. Baracket, Vice-Chairman; 
and Wave Propagation, H. G. Booker, 

Chairman, H. W. Wells, Vice-Chairman. 
The Committee on Electron Tubes and 

Solid-State Devices held a meeting on Feb-
ruary 23, under the Chairmanship of L. S. 
Nergaard. A great deal of work has been ac-
complished by this Committee, whose mem-
bers are currently working on definitions of 
klystron and magnetron terms. This Com-
mittee, in conjunction with the AIEE Com-
mittee on Electronics, is sponsoring another 
Conference on Electron Devices, which will 
be held at the University of New Hamp-
shire, on June 21 and 22, 1951. Details of the 
Conference will be announced as plans are 
completed. 
The Committee on Sound Recording and 

Reproducing held a meeting on February 20, 
H. E. Roys, Chairman, presiding. This 
Committee has completed work on the pro-
posed Standard on Noise: Definitions and 
Measurement Procedures, and is continuing 
its work on standardization of frequency re-
sponse and distortion. 
A meeting of the Navigation Aids Com-

mittee was held on February 26, Chairman 
P. C. Sandretto presiding. Work is progress-
ing in this Committee on definitions. 
On February 21, a meeting of the Indus-

trial Electronics Committee was held under 
the Chairmanship of D. E. Watts. The Com-
mittee has been active in petitioning for the 
formation of a Professional Group on Indus-
trial Electronics. 
The Circuits Committee, under the 

Chairmanship of VV. N. Tuttle, held a meet-
ing on March 2. Detailed reports on the 
progress of work in the various Subcommit-
tees were given by their Chairmen. 
The Proceedings of the Joint Technical 

Advisory Committee, Volume VI (Section I, 
Official Correspondence Between the Federal 
Communications Commission and the Joint 
Technical Advisory Committee with Other 
Items of Correspondence Pertinent to the 
Actions of the JTAC, July 1, 1949-June 30, 
1950; Section II, Approved Minutes of 
Meetings of the Joint Technical Advisory 
Committee, July 1, 1949-June 30, 1950) is 
now available at IRE Headquarters for 
$4.50 per copy. The JTAC is preparing a 
paper on "Spectrum Utilization," which will 
be published in the October issue of the 
PROCEEDINGS. This paper will be in six 
sections, and will deal with the various as-
pects of spectrum utilization. 

RADIO AND ELECTRONICS SOCIETY 
OF INDIA PLANS WINTER EXHIBIT 
The Radio and Electronics Society of 

India, founded recently by the All India 
Radio Merchants' Association, is planning to 
hold an international radio and electronics 
exhibition in Bombay, India, from February 
9 to February 29, 1952. Four days will be 
devoted exclusively to trade, in order to en-
able participating firms to transact business 
with, and to demonstrate equipment to pro-
spective buyers in a convenient atmosphere. 
Further details of the exhibit will be an-
nounced at a future date. 

JTAC PUBLICATIONS 

Listed below are all publications 
of the Joint Technical Advisory Com-
mittee published to date. These are 
available at the prices indicated from 
The Institute of Radio Engineers, 
Inc., 1 East 79 Street, New York 21, 
N. Y. 

Volume I 
"Utilization of Ultra-High 
Frequencies for Television" 

Volume II 

"Allocation Standards for 
VHF Television and FM 
Broadcasting"   

Volume III 

"Official  Correspondence 
between the FCC and the 
JTAC: and Approved Min-
utes of Meetings of the 
JTAC. 1 July 1948 to 30 
June 1949"   

Volume IV 

"Comments on the Pro-
posed Allocation of Tele-
vision Broadcast Services". 

Volume V 
"Adjacent-Channel Inter-
ference  in Monochrome 
Television"   

$7.50 

$3.00 

$4.50 

$3.00 

$4.50 

Volume VI 

"Official  Correspondence 
between the FCC and the 
JTAC, with other items of 
correspondence pertinent to 
the Actions of the JTAC: 
and Approved Minutes of 
Meetings of the JTAC. 1 
July 1949 t‘30 June 1950" $4.50 

OAK RIDGE TO HOLD 
ENGINEERING SYMPOSIUM 
The annual Oak Ridge Summer Sym-

posium, sponsored by the Oak Ridge Na-
tional Laboratory and the Oak Ridge Insti-
tute of Nuclear Studies, will be devoted to 
the subject of nuclear engineering this sum-
mer. These symposia are intended for Oak 
Ridge personnel, representatives of universi-
ties and industrial organizations, and other 
interested individuals. 
The symposium will be held from August 

27 to September 6. Its leaders will include 
Oak Ridge National Laboratory personnel 
and invited visitors. Such subjects as basic 
nuclear engineering, general nuclear power 
"philosophy," application of the engineering 
sciences to nuclear technology, and particu-
larly nuclear engineering education are ex-
pected to comprise the program. 
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The Committee on Professional Groups 
together with the Administrative Commit-

ROFESSIONAL GROUP NOTES 

cees of the 11 Professional Groups met 
xi March 21 at the IRE National Conven-
don. Each Chairman reported on the activi-
ties of his Group during the past year, and 
liscussed plans for the future. Chairman 
W. R. G. Baker called attention to the min-
ites of the meeting of the Committee on 
Professional Groups on March 5, which out-
tine new procedures for Professional Groups: 
Each Group may make periodic or non-
periodic assessments of its members; any 
funds accrued from assessments or from 
proceeds of a conference will be retained by 
the Group and matched by Institute funds 
up to the amount of $1,000. This policy will 
be in effect for established Groups for the 
period beginning with January 1, 1951, and 
ending with June 30, 1952. It is understood 
that in the case of a new Group not fully 
organized, the period to June 30, 1952, may 
need to be extended. In the case of a new 
Group which has not accrued funds, the 
Chairman of the Committee on Professional 
Groups will obtain an advance for the pur-
poses of conducting a conference, or for pub-
lication needs, and the Group will return the 
money to Institute Headquarters. Steps to 
be followed by Professional Groups to imple-
ment the new policy • will be incorporated 
into a revised manual for Professional 
Groups. In the meantime, details may be 
found in the minutes of the meetings of the 
Committee on  Professional Groups on 
March 5 and March 21. 
The Administrative Committee of the 

new IRE Professional Group on Airborne 
Electronics held its first meeting on Feb-
ruary 15. The Group and the Dayton Sec-
tion of the IRE will co-sponsor the Airborne 1' Electronics Conference, scheduled for May  
23, 24, and 25, 1951, in Dayton, Ohio. A 
membership drive will be conducted by the 
t Group at the Conference. 

A meeting of the Administrative Com-
mittee of the IRE Professional Group on 
Antennas and Propagation was held during 
the National Convention. This Group spon-
sored a Conference with the United States 
ational Committee of the URSI on April 
16, 17, and 18, 1951, at the National Bureau 
of Standards in Washington, D. C. Abstracts 
of the papers presented at the Conference 
will be submitted for publication in the 
PROCEEDING. The Group has indicated 
its willingness to participate in the IRE 
West Coast Convention, to be held in San 
Francisco, Calif., August 22 to 24, 1951. 
The Professional Group on Audio held 

meetings of its Administrative Committee 
and of its entire membership during the IRE 
National Convention. Officers and members 
of the Administrative Committee for the 
coming year were announced. The Group 
sponsored a full day's technical session at the 
Convention. 
Meetings of the Administrative Commit-

tee and of the general membership of the IRE 
Professional Group on Broadcast Trans-
mission Systems were held during the IRE 
National Convention. The Group sponsored 
a half-day technical session and a sym-
posium on "The Empire State Story" at the 
Convention, and, in addition, held a cock-
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tail party at that time. Word has been re-
ceived at Headquarters that Arthur Stuarts 
of Troy, N. Y., a member of the Administra-
tive Committee of the Group, is attempting 
to organize a Sub-Group in his locality. 
A meeting of the Administrative Com-

mittee of the Professional Group on Circuit 
Theory was held during the Convention. The 
Group assisted in setting up six technical 
sessions, with a member of the Administra-
tive Committee presiding at each of them. 
One of the sessions, a symposium on "New 
Extensions of Network Theory," was or-
ganized by the Group. 
The IRE Professional Group on Instru-

mentation hekl its annual business meeting 
with the meeting of the Administrative 
Committee during the IRE National Con-
vention. This Group sponsored a half-day 
symposium on "Industrial Instrumenta-
tion," and a full-day symposium on "Ampli-
fication of DC Signals" at the Convention. 
A Sub-Group is being organized in the 
Detroit Section. 
The Professional Group on Nuclear Sci-

ence held a meeting of its entire member-
ship during the Convention. It organized a 
symposium on "Nuclear Reactors," and 
assisted with a session of instrumentation 
papers in the field of nuclear science. 
The IRE Professional Group on Radio 

Telemetry and Remote Control held a busi-
ness meeting of its members during the Na-
tional Convention, and sponsored two sym-
posia. One of these dealt with "Telemetering 
Systems," and the other with "Simulation 
as an Aid to Design of Remote Control Sys-
tems." 
The Administrative Committee of the 

IRE Professional Group on Vehicular Com-
munications held a business meeting during 
the Convention, to which all Group members 
were invited. The Group's various commit-
tees reported on past activities, and plans 
for a technical meeting next fall were dis-
cussed. 
A petition to form a Professional Group 

on Industrial Electronics has been received 
at Headquarters from Eugene Mittelmann 
of Chicago, and from Carl E. Smith of 
Cleveland. It is expected that Headquarters 
will soon receive a petition, also, for the 
formation of a Professional Group in the 
field of information theory. 

FOUR IRE MEMBERS RECEIVE 
MARCONI MEMORIAL AWARDS 

The Veteran Wireless Operators Associ-
ation, an international organization of vet-
eran professional wirelessmen, awarded the 
Marconi Memorial Medal of Achievement to 
the following prominent members of the 
IRE: George F. Shecklen, executive vice-
president of the Radiomarine Corporation of 
America; J. R. Poppele, vice-president and 
chief engineer of WOR, and president of the 
Television Broadcasters Association; Louis 
G. Pacent, president of the Pacent Engineer-
ing Corporation; and Haraden Pratt, vice-
president and chief engineer of the Mackay 
Radio and Telegraph Company. The awards 
were made at a recent celebration of the 
Veteran Wireless Operators Association's 
twenty-sixth anniversary. 
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ELECTRONICS CONFERENCE 
PROGRAM ANNOUNCED 

The Industrial Electronics Conference, 
to be held at the Hotel Carter, Cleveland, 
Ohio, on May 22, has announced the fol-
lowing program: The morning session is to 
include four papers: "Design Procedures in 
Industrial Electronic Process," by Eugene 
Mittelmann, consulting engineer; "FCC 
Interference Standards," by Edward W. 
Chapin, FCC Laboratory; "Industrial Elec-
tronics in Automatic Controls," by Wilfrid 
L. Atwood; and "Some Research Applica-
tions of Industrial Television," by F. A. 
Friswold, NACA. 
In the afternoon the following people 

are to present their papers: Paul D. Zottu, 
Electronic Heating Corp., "Dielectric Heat-
ing"; E. R. Haberland, Naval Ordnance 
Laboratory, "A 40-db Logarithm Range 
Polar Recorder"; C. A. Tudbury, The Ohio 
Crankshaft Co., "New Applications of 
Electronic Generators for Induction Heat-
ing"; and R. M. Byrne and J. F. Redmond, 
Goodyear Aircraft Corp., "A High Per-
formance Servomultiplier and Function 
Generator for Use in an Electronic Analog 
Computer." 
At a dinner which will follow the after-

noon session, Marvin Hobbs of the Muni-
tions Board will speak on "The Role of Elec-
tronics in the Military Weapons Program." 

Calendar of 

COMING EVENTS 

1951 Annual Meeting of the Engineer-
ing Institute of Canada, Mount 
Royal Hotel, Montreal, Canada, 
May 9-11 

Conference on Industrial Electronics, 
Cleveland, Ohio, May 22 

1951 IRE Technical Conference on 
Airborne  Electronics,  Biltmore 
Hotel, Dayton, Ohio, May 23-25 

IRE 7th Regional Conference, Seat-
tle, Wash., June 20-22 

Electron Devices Conference, Uni-
versity of New Hampshire, Dur-
ham, N. H., June 21-22 

1951 Summer General Meeting of 
AIEE, Royal York Hotel, Tor-
onto, Canada, June 25-29 

1951 Annual IAS Summer Meeting, 
7660 Beverly Blvd., Los Angeles, 
Calif., June 27-28 

Institute of Navigation National 
Meeting, Hotel New Yorker, New 
York, N. Y., June 28-30 

1951 IRE West Coast Convention, 
San Francisco, Calif., August 22-
24 

1951 National Electronics Confer-
ence, Edgewater, Beach Hotel, 
Chicago,  October 22-24 

Radio Fall Meeting, King Edward 
Hotel, Toronto, Ont., Canada, 
October 29-31 

Note: Programs for Conference on 
Industrial Electronics, May 22, and 
1951 IRE Technical Conference on 
Airborne Electronics, May 23-25, 
appear on page 109A of this issue. 
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IRE Detroit Section Celebrates 25th Anniversary Yea 

THE year 1951 marks the silver anni-
versary of the Detroit Section of The 
Institute of Radio Engineers. This is 

also the year that the City of Detroit marks 
its 250th birthday, and, in keeping with the 
spirit of these two events, a special anni-
versary program has been planned for the 
May meeting of the Detroit Section. 

' This Section was 
conceived as a result 
of the conversation 
between a radio in-
spector and the chief 
engineer of a broad-
cast station. The re-
sults of this discus-
sion  were  several 
organizational meet-
ings and an elec-
tion of officers held, 
finally, in May, 1926, 
T.  E.  Clark  was 
elected Chairman, E. 
Glatzel, Vice-Chair-

man, and Walter R. Hoffman, Secretary. 
Many IRE members in and around Detroit 
attended this meeting, which was duly pub-
licized in the May 16, 1926, edition of the 
Detroit News. A technical discussion fol-
lowed the election, and thus another Section 
was born. 
The members of the Detroit Section of 

the IRE are justly proud of the role that 
Detroit has played in the progress of the 
radio communication industry. For instance, 
Radio Station W WJ, which started broad-
casting in August, 1920, is truly a pioneer in 

K. R. SCHMEISSER 
Detroit Section 
Chairman 

its field. Detroit's municipal Police Depart-
ment, which began experimenting with radio 
receiver-equipped cars in 1921, and which 
later received the commercial call letters 
KOP, is also unquestionably a pioneer in this 
field. The Detroit Edison Company also con-
tributed to our field of endeavor by insti-
tuting power-line carrier transmissions as 
far back as 1920. Among the many impor-
tant contributions was the development of 
the screen-grid tube at the University of 
Michigan, while another old-timer in the 
broadcast field was WCX, which had a coast-
to-coast listening audience with its "Red 
Apple Club" program. Space does not per-
mit further dwelling upon early radio de-
velopments in Detroit, but it should be 
noted that many IRE people who were 
active in the field 25 years ago are not only 
still active, but are rendering valuable serv-
ice to the Detroit Section today. • 
In 1935, the Detroit Section held a Na-

tional IRE Convention which was well at-
tended and very successful, and in 1941 a 
summer session in Detroit was again widely 
attended. 
In order to keep the Detroit membership 

fully informed in Section matters, and fully 
to publicize the Section meetings, the pres-
ent Section Chairman, Kurt R. Schmeisser, 
founded the Detroit Section publication 
Crosstalk several years ago. This publication 
is not only widely read throughout the State 
of Michigan, but many requests for it have 
been received from IRE members in other 
Sections who are interested in Detroit IRE 
people and activities. This publication is 

entirely supported by local advertisers. 
Although the name of the IRE infers 

preoccupation with radio communication 
many of the Detroit Section members are i 
other widely diversified fields of the elec 
tronic science. A number of our membe 
have been instrumental in the formation o 
national IRE Professional Groups. To nam 
a few, A. B. Buchanan was one of th 
founders of the Vehicular Communication 
Group, H. L. Byerlay aided in the formation 
of the Instrumentation Group, and H. Sel-
vidge helped to form the Nuclear Science 
Group. 
At a recent Executive Committee meet-

ing of the Detroit Section,  Chairman 
Schmeisser proposed that a special Anni-
versary program should be planned to cele-
brate 25 years of IRE activities in Detroit; 
it was decided that this program be sched-
uled for Saturday, May 26, 1951, to be held 
at the Engineering Society of Detroit. Presi-
dent Coggeshall and many other well-
known IRE people have indicated that the 
Section will be honored by their presence. 
It is perhaps symbolic that the Detroit 

Section of The Institute of Radio Engineers 
should celebrate its silver anniversary within 
the same year that the City of Detroit will 
celebrate its own 250th birthday. The De-
troit Section officers and members are proud 
of Detroit's contributions and its well-earned • - 
title, the "Dynamic Motor City"; they look 
forward to continued expansion of Section 
activities in the future, just as the City of 
Detroit is looking forward to greater 
achievements. 

Industrial Engineering 
Notes' 

CONTROLS 

The National  Production Authority 
announced recently, in an amendment to its 
Construction Order, that buildings or struc-
tures for radio and television broadcasting, 
plants for the primary purpose of publishing 
newspapers, and printing establishments 
operated by publishing companifs primarily 
for publication of books and periodicals may 
be constructed without authorization from 
NPA. The new action, NPA explained, is 
designed to assure the greatest possible 
freedom of operation to the nation's facil-
ities for the communication of news and 
educational material. . . . Loudspeakers now 
are the limiting factor in civilian radio-

television production, a group of speaker 
manufacturers emphasized in a conference 
with NPA Administrator Manly Fleisch-
mann. The shortage of cobalt remains the 
crux of the speakers industry's problems, 
the NPA was told.. . . A special task group 
of the Joint Electron Tube Engineering 
Council met recently with officials of the 
National Production Authority to discuss 

The data on which these NOTES are based were 
selected by permission from Industry Reports, issues 
of February 16. February 23, March 2, and March 9. 
published by the Radio-Television Manufacturers 
Association, whose helpfulness is gladly acknowledged. 

methods of maintaining tube production 

lines in the face of an acute shortage of 
certain materials. The group, under the 
chairmanship of A. C. Gable, said that a 
drastic cut in production of electron tubes 
loomed because of a shortage of nickel of the 
type used in pins, cathode sleeves, anodes, 
and other parts of all types of tubes.... 
Members of the X-Ray Equip ment and 
Accessories Industry Advisory Co m mittee 

told NPA officials that frequent production 
bottlenecks are being experienced due to the 
lack of essential components. The Com-
mittee said production will be seriously de-
layed if resistors, relays, circuit breakers, 
and other components continue to be un-
available. NPA advised the industry repre-
sentatives that it would assist individual 
manufacturers engaged in essential produc-
tion to obtain supplies, and pointed out that 
a controlled materials plan now being de-
veloped will provide for distribution of 
materials to essential industries. . . The 
NPA has issued its previously announced 
order cutting the use of iron and steel in 

radio and television sets, and all durable and 
household goods by 20 per cent. The reduc-
tion, effective during the second quarter, is 
based on average quarterly consumption in 
the first half of 1950. This is the first NPA 
direct curb put on steel. It specifically covers 
home, portable and broadcast-band auto-
mobile radio receivers,  television sets, 
phonographs, record players, and com-
binations. NPA, however, decided against 

curbing the use of aluminum and copper by 
end-product use, and continued to restrict 
use of these metals at the fabricator's level. 
NPA's earlier intentions were modified be-
cause it would be - "administratively im-
possible to enforce the restrictions on the use 
of copper and aluminum in the final con-
sumer durable goods," a spokesman said. He 
also pointed out-that it was felt that the steel 
cut would accomplish the same purpose. 

V. 

FIRST FULL-TIME RT MA 

PRESIDENT ELECTED 

Glen McDaniel, 39-year-old lawyer and t 
vice-president of the Radio Corporation of r 
America, was elected first full-time paid . 
president of the Radio-Television Manu-
facturers Association by the RTMA Board 
of Directors recently, at the conclusion of a 
three-day industry conference at the Stevens  t 
Hotel, Chicago, Ill. He began his term of - 
office on April 1. 
The resignation of Robert C. Sprague as 

president was effective at that time; how- I-
ever, Mr. Sprague will continue to serve as i 
chairman of the board. 
Mr. McDaniel has been associated with 1-

the radio-television industry since early in 
1946, when he joined RCA Communications, 
Inc., as vice-president and general attorney. 
Recently he has been serving on the staff of 
David Sarnoff, RCA chairman of the board, 
and Frank M. Folsom, RCA president. 

r. 
t 
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:FCC TARES COURT ACTION ON 
ELECTRIC HEATER INTERFERENCE 

In the first proceeding of its kind in-
;tituted by the Federal Communications 
Zommission through the U. S Attorney 
Zieneral, the Federal District Court for the 
Southern District of New York recently 
ssued an order against the Yonkers Cabinet 
7..o. The concern was directed to show cause 
why it should not cease its use of a dielectric 
leater causing interference to radio recep-
tion by the United States Coast Guard on 
the latter's aeronautical frequency (7,530 
'cc). 

NEW RADIO MICROPOTENTIOMETER 

Extremely simple devices which produce 
radio-frequency voltages at a very low im-
pedance and at a wide range of frequencies 
have been developed by the National Bureau 
of Standards. Known as "rf micropotenti-
°meters," they provide accurate voltages 
from 1 to 106 microvolts without the use of 
attenuators at frequencies up to 300 mc 
and above. Thus, convenient standards of 
low voltages are made available, which 
should greatly reduce equipment and shield-
ing problems encountered in calibration of 
present-day commercial voltage generators, 
attenuators, voltmeters, and other radio-
frequency equipment. The micropotenti-
°meters should prove especially useful in 
measurements of radio-receiver sensitivity, 
the Bureau said. 
Complete details on the new device were 

published in the March issue of The Techni-
cal News Bulletin, an NBS publication. 

OTS PUBLISHES NE W REPORT 
ON ELECTRONIC EQUIPMENT 

The Office of Technical Services, U. S. 
Department of Commerce, has just pub-
lished a report entitled "Electronic Equip-
ment Construction—New Objectives, New 
Techniques and New Components." 
The report was prepared by the Stanford 

Research Institute under contract to the 
Office of Naval Research. It consists of three 
parts: a description and evaluation of new 
components, a discussion of new construc-
Mtion techniques, and a survey of research at 
62 of the nation's leading electronics de-
velopment firms and laboratories. 
Components covered in detail include 

fixed and variable resistors, fixed and 
variable capacitors, high-frequency induc-
tors and transformers, multiple-component 
units, vacuum tubes, crystals and transis-
tors,  frequency-control  and  transducer 

) devices, power and audio transformers, re-
lays, indicating instruments, connectors, 
tube sockets, batteries, motors and servo-

! mechanisms, insulating materials, switches, 
and hermetic seals. 
New construction techniques receiving 

special attention include printed circuits 
and conductor patterns, mechanized con-
struction, unitized construction, hermetic 
sealing methods, cast resin embedment, and 

4 heat removal techniques. 
Copies of the 300-page booklet (PB 101 

745) may be obtained from the Office of 
I Technical Services, U. S. Department of 
. Commerce, Washington 25, D. C., at a price 
t of $7 per copy. 

SUPREME COURT UPHOLDS 

TV FILM CENSOR RULING 

The Supreme Court recently upheld a 
lower court finding that states may not 
censor motion-picture films shown on tele-
vision. The high tribunal refused to review 
a decision to that effect by the United States 
District Court in Philadelphia, which was 
later upheld by the circuit court there. 
The case resulted from a ruling of the 

Pennsylvania State Board of Censors that 
films were not to be projected on television 
unless previously approved. 

M OBILIZATION 

Two RTMA spokesmen, W. R. G. 
Baker, director, RTMA engineering depart-
ment, and David B. Smith, vice-director, 
testified recently before the Senate Inter-
state and Foreign Commerce Committee in 
opposition to the military electromagnetic 
radiation controls bill (S. 537), through 
which the President would be empowered to 
control the operation of all sources of electro-
magnetic radiation in times of emergency. 
Dr. Baker explained in detail to the Com- - 
mittee how radiations are affected by elec-
tric and electronic equipment of all types, 
and how it would be necessary literally to 
stop all the economy of a city to eliminate 
electromagnetic radiation. Such emergency 
action, Dr. Baker pointed out, would create 
confusion and impede civil defense within 
the areas where all communications are 
suddenly blacked out. Dr. Baker recom-
mended to the Committee that no action be 
taken on the proposed bill, and stated his 
opinion that the present Communications 
Act of 1934 gives the Government adequate 
power to meet all emergency situations. 
Mr. Smith pointed out the extreme extent 
of the bill as now written, and proposed 
restrictions to it. RTMA special counsel 
Edward Wheeler presented the RTMA 
witnesses. . . . The following outline of 
the activities of the Research and Develop-
ment Board, regarding the reliability of 
electronic equipment, was prepared by 
RTMA director Fred R. Lack at the sug-
gestion of representatives of the parts 
division: "The Ad Hoc Group on Reliability 
of Electronic Equipment has been estab-
lished by the Committee on Electronics of 
the Research and Development Board, with 
a directive to survey plans and research and 
development programs in the area of elec-
tronic equipment and its related components 
with the objective of substantial improve-
ment in the reliability and reduction in the 
maintenance of such equipment in the 
military service. The Chairman of the Com-
mittee is J. A. Chambers, RDB Committee 
on Electronics, Rm. 3D124, Pentagon, 
Washington, D. C. (formerly, Commander 
in the Bureau of Ships). Senior electronics 
officers of the Army, Navy, and Air Force 
represent their respective departments on 
the Ad Hoc Group, and the RDB Panels on 
Elecron Tubes and Components are also 
represented. The Group has embarked on 
an energetic program to study component 
deficiencies and the causes of service failures, 
and to initiate action through established 
channels for corrective measures, including 
further development work, if this is re-

quired. In the vacuum-tube field where the 
problem is perhaps most acute, the Ad Hoc 
Group is looking to the Panel on Electron 
Tubes, under the chairmanship of A. L. 
Samuel of the I.B.M. Co., Poughkeepsie, 
N. Y., to monitor and guide the corrective 
measures. Similarly, on other components, 
the Ad Hoc Group is looking to the Panel on 
Components, whose Chairman is J. H. 
Koenig of Rutgers University, to organize 
and supervise the program determined 
upon. Contracting with industry for ac-
tivities along this line will be carried on 
through presently established Army, Navy, 
or Air Force channels; however, the joint 
departmental sponsorship and co-ordination 
provided by the RDB Panel arrangements 
described above will be noted. The activity 
of the Ad Hoc Group on reliability of 
electronic equipment is co-ordinated with, 
but is in no sense a substitute for the 
standardizing activities of the Armed 
Services Electro Standards Agency, with 
operating headquarters at Fort Monmouth, 
Eatontown,  N. J. . . . Major General 
Spencer B. Akin, Chief Signal Officer of the 
U. S. Army, retired recently, it has been 
learned. He served in the top signal position 
for approximately four years, and was con-
sidered by many among the best officers 
ever to have held the post. General Akin 
had a notable career during World War II, 
in which he served as Chief Signal Officer to 
General MacArthur in the Pacific, and won 
three decorations for gallantry in action. 
His future plans have not been announced. 
Among those understood to be high on the 
list of possible successors to General Akin 
are: Major General W. 0. Reeder, a former 
Deputy Chief Signal Officer, and presently 
Deputy Assistant Chief of Staff for Logistics 
on the General Staff; Major General Francis 
Henry Lanahan, who was in command at 
Fort Monmouth, N. J., and who served as 
Chief signal Officer of SHAEF during the 
war; and Major General Jerry V. Matejka, 
who is currently serving on the Munitions 
Board, and under whose direction the 
Electronics Division of that agency operates. 
... The appointment of Don G. Mitchell, 
president of Sylvania Electric Products 
Inc., as a special consultant to Under 
Secretary of the Air Force, John A. McCone, 
was announced recently. Mr. Mitchell will 
assist the Under Secretary and the Air Staff 
in the procurement of electronic equipment 
and components under the expanded Air 
Force procurement program, and in de-
veloping means for increasing the number 
of suppliers of electronic equipment.... 
Chairman John D. Small of the Munitions 
Board  announced  the appointment of 
Cornelius W. Middleton as vice-chairman 
for Production and Requirements Manage-
ment. Mr. Middleton, an engineer, was con-
nected with Babcock and Wilcox Co., New 
York, N. Y. He will be responsible for all 
production and requirements activities of 
the Munitions Board, including those of the 
electronics division. Harry K. Clark, who 
was previously appointed vice-chairman 
of Production  Management, has been 
named executive vice-chairman of the 
Munitions Board. William Van Atten, who 
has been vice-chairman for Staff Manage-
ment, has become vice-chairman for Inter-
national Programs. 



V. K. Zworykin. vice-president of RCA Laboratories 
gives speech of acceptance after receiving the IRE 
Medal of Honor during the Annual Banquet. 

Distinguished visitors from abroad (left to right): 
Sir Robert Watson-Watt and Sir Ernest Fisk. 
former IRE Vice-Presidents; and Murray H. 
Stevenson. Editor of the Proceedings of the Insti-
'W m, of Radio Engineers. Australia. 

THE 1951 IRE NATIONAL CON-
VENTION became the largest meet-
ing ever held in a single field of 

engineering or science when 
over 23,000 radio engineers 
and scientists from the 
United States and 30 for-
eign countries gathered on 
March 19-22 at the Waldorf-
Astoria Hotel and Grand 
Central Palace, overflowing 
to the Belmont Plaza, in 
New York City to witness a 
comprehensive program of 
210 technical papers and 
280 exhibits. The record-
breaking attendance, 5,000 
more than in 1950, reflected 
the increased size and scope 
of the technical program, 
the  Radio  Engineering 
Show, and the timeliness of 
the Convention theme, "Ad-
vance with Radio-Electron-
ics in the National Emer-
gency." 
The papers and exhibits 

covered every phase of the 
radio-electronic field, with 
particular attention being 
given to the impact of the 
mobilization effort on in-
dustry and to recent de-
velopments in television. 
Many of the 43 technical sessions were 

devoted to topics having important applica-
tion to military and civilian defense needs, 
such as radar, guided missile control, 
nuclear instrumentation, air traffic control, 

Robert C. Sprague. chairman of the board and out-
going president of the Radio-Television Manu-
facturers Association. delivers the principle address 
during the Annual Banquet. 

23,000 Attend IRE National 
gun-aiming computers, and new materials 
for vacuum tubes and other uses. 
Every aspect of television received corn-

VIEW OF EXHIBITS, FIRST FLOOR, GRAND CENTRAL PALACE. 

prehensive treatment; black-and-white and 
color, vhf and uhf, transmitters and re-
ceivers. Two sessions were devoted to 
colorimetry and color transmission. Impor-
tant advances in uhf transmitter tubes were 

revealed. The new multiple TV antenna 
atop the Empire State Building was de-
scribed in full detail. Television picture 

tubes received their share 
of attention. One paper, in 
describing a 30-inch tube, re-
vealed a new 90° deflection-
angle  technique.  Among 
other television topics dis-
cussed were a portable trans-
mitter and camera, sub-
miniaturized  amplifiers, 
mass production techniques, 
receiver interference from 
harmonics, uhf converters, 
and television recording. 
The subject of circuits 

was extensively covered in 
a series of six sessions. One 
session revealed interesting 
applications of circuit theory 
to the study of such phe-
nomena as the spread of ru-
mors and contagious disease. 
Two Audio sessions were 
held, with one devoted to 
loudspeakers.  Engineering 
education was also covered 
in a special symposium. 
It should be noted that 

of the 43 sessions, 11 were 
organized by seven IRE 
Professional Groups, and 
that the Groups assisted 

the Technical Program Committee in arrang-
ing several additional sessions. A full listing 
of all sessions and a summarization of each 
paper may be found in the March issue of 
the PROCEEDINGS. 

SPEAKERS' TABLE AT THE ANNUAL BANQUET 

Back row—Head table at Annual Banquet (left to right): W. W. Harman. recipient of the Editor's Award; A. B. Macnee. recipient of the Browder J. Thompson Memorial 
Prize; J. R. Poppele. president. Television Broadcasters Association; Haradan Pratt. Secretary. IRE; S. L. Bailey. Senior Past President. IRE; R. F. Guy. Junior 
Past President, IRE; R. C. Sprague. chairman of the board. Radio-Television Manufacturers Association; and A. W. Graf. toastmaster. Front rom-25th Anniversary 
head table of first banquet in 1926 (left to tight): Melville Easthurn, honorary president. General Radio Company; Lloyd Espenscheid, research consultant. Bell Tele-
phone Laboratories; J. V. L. Hogan, president, Hogan Laboratories; and Ralph Bown, director of research. Bell Telephone Laboratories. 

. -  . 
• -41,i,, 



Ernst Weber gives the speech of acceptance on behalf 
of the recipients of the Fellow Award during the 
Annual Banquet. 

Convention and 

At the President's Luncheon (left to right): Raymond 
F. Guy. 1950 IRE President, giving the gavel of 
office to his 1951 successor, I. S. Coggeshall; and 
Alfred N. Goldsmith. Editor, IRE. 

Radio 
The technical sessions were preceded by 

a well-attended Annual Meeting at which 
James W. McRae, director of transmission 
development for Bell Tele-
phone Laboratories,  gave 
an informative talk entitled 
"A Challenge and a Prom-
ise." 
The Radio Engineering 

Show  considerably  tran-
scended any previously held. 
Three floors of Grand Cen-
tral Palace were filled to 
capacity as 298 firms dis-
played  over  $7,000,000 
worth of the latest radio-
engineer apparatus. The ex-
hibits featured everything 
from materials, components, 
transmitters, receivers, and 
measuring instruments of 
all descriptions, to complete 
communication  systems. 
Coil-winding machines, an 
electronic organ, a video-
phone, and color television 
demonstrations by CBS and 
by DuMont were among 
the many interesting dem-
onstrations on view. Much 
of the equipment on display 
was characterized by smaller 
parts, higher powers and 

[   
frequencies, and the conser-
vation of critical materials. 
The Navy, Air Force, and Signal Corps 

combined to stage a mammoth Armed Serv-
ices exhibit depicting the latest military 
electronic apparatus not on the restricted 

Engineering 

Jack Carter. NBC  than. enteitains 
guests at the President's Luncheon as toastmaster 
Raymond F. Guy (at left) looks on. 

Show 
list. Radiation detection devices, cloud-
height indicators, telemetering systems, and 
facsimile equipment were given prominent 

the use of printed circuits, subminiature 
components, and plug-in units. 
The Starlight Roof of the Waldorf was the 

scene of two successful social 
functions. On the first night 
of the Convention 1,500 
people gathered for the "get-
together" cocktail  party. 
Television comedian Jack 
Carter provided excellent 
entertainment at the Presi-
dent's Luncheon the fol-
lowing day. 
The Annual  Banquet 

heard RTMA board chair-
man R. C. Sprague give the 
principal address (to appear 
in a future issue), and saw 
President I. S. Coggeshall 
present IRE awards for 
1951 (see following pages). 
The Women's Activities 

Committee had its most 
successful program to date 
as a record of 283 women 
registered for the outstand-
ing schedule of tours, mati-
nees, television shows, and 
fashion shows. The pro-
gram was highlighted by a 
women's forum  featuring 
Mrs. Douglas Horton, or-
ganizer of the WAVES and 
now director of NBC; Miss 
Nadine Miller, director of 

press and public relations for the Hooper-
ating service; and Miss Beatrice Hicks, 
president of the Society of Women En-
gineers. 

BROADCAST DIGNITARIES VIEW EMPIRE S1A I: TV TOWER 

Unveiling of a 14-foot scale model of the new Empire State multiple TV antenna during the 
Press Cocktail Party. Grouped around the model, from left to right. are: George Sterling, 
FCC Commissioner; Cmdr. M. W. Locwi. director, DuMont Television Network; Frieda 
Hennock, FCC Commissioner; Lt. Gen. Hugh Drum. president. Empire State Building. 
Inc.; Brig. Gen. David Sarnoff, chairman of the board, RCA; P. B. Stephens, business 
manager, N. V. Daily News; E. M. Webster. FCC Commissioner; Kay Burke, "Miss Empire 
State •; and E. J. Noble. chairman of the board, American Broadcasting Company. 
The IRE Professional Group on Broadcast Transmission Systems arranged for the 

construction of the model in connection with 'broadcast day during the Convention. 

attention. A number of compact, lightweight 
versions of World War II communications 
equipment, such as walkie-talkies and port-
able teletypewriters, were on view featuring 

SPEAKERS' TABLE AT THE ANNUAL BANQUET (CONTINUED) 
/lath row— I. S. roggeshall. President. IRE; V. K. Zworykin. recipient of the Medal of Honor; Alfred N. Goldsmith, F-ditor. IRE; W. R. G. Baker, Treasurer, IRE; 
K. B. Dome, recipient of the Morris Liebmann Memorial Prize' and M. J. E. Golay, recipient of the Harry Diamond Memorial Aw ard. Seated  at  head  table  out  of camera 
range: Austin Bailey. Convention Vice-Chairman; J. F. Jordan, Chairman. Sections Committee; Ernst Weber, spokesman for recipients of the Fellow Award; and 
G. W. Bailey. Convention Chairman. Prong row -Donald McNicol. consulting communication engineer; J. H. Dellinger, radio consultant; E. F. W. Alexanderson. 
consulting engineer, General Electric Company; Alan Hazeltine, corm& in.:  and I, E Whittemore, special representative. AT & T. 
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To Whom Our Laurels Go* 

What titular head of this great society, 
honored by selection to attend to its tem-
poral affairs for a season, has not thrilled, 
as I do now, to the sheer vastness of the 
technological outpuring of its collective mind 
and spirit! 
Here at this convention, ushering in the 

second half of the Radio Century, the tech-
nological fecundity of this still young 
Institute of Radio Engineers continues 
without abatement. In the Institute's 40th 
year of service its members are establishing 
new outposts of science and engineering, as 
those of the preceding generation erected 
the citadels of the past. The temptation is 
strong, but must be resisted, to call the roll 
of the Institute's past great, just to hear 
the reverberation of their names, modulated 
with their achievements, reflecting line-
impedance mismatches as they echo down 
the corridors of Time, to emerge at last 
into that spatial infinity to which they them-
selves bequeathed a new order of magnitude. 
When the IRE was founded, back in 

1912, the frequency band denoting the elec-
trical industry took on the superficial 

• Substantive content of the address by 
the President of the IRE in presenting the 
Medal of Honor and other awards at the 
Annual IRE Banquet on March 21, 1951. 

I. S. COGGESHALL 

aspects of the spectrum of potassium, dis-
playing two bright lines at zero and 60 
cycles per second, and above them a faint 
continuum standing for the crude trans-
mission of speech over wires. To only a 
few was vouchsafed at that time a prophetic 
glimpse of the amazing flash of rainbow 
extending from C below the bass clef to 
some 30-thousand-million cycles per sec-
ond, whose colors represent dispersion from 
the incandescent crucible which is the radio 
industry today. To this Institute and its 
members, (many of them here present, some 
of them gone to their reward), more than 
to any other one intellectual group on 
earth, this vast domain belongs by right of 
discovery, conquest, settlement, and zealous 
exploitation. 
Yet this society stakes no claim to ex-

clusivity in present occupancy of so great 
a dominion. Science is a cosmos; engineering 
knows no confines of organization or geo-
politics. Universal recognition of effective 
work done in this, our estate, is fully due 
and properly accorded our sister societies in 
the United States and abroad, the universi-
ties, laboratories supported by industry and 
by the public, privately managed publica-
tion media, and all other sources of the 
new and original idea wherever found. This 
Institute can be generous with its recog-
nition of work done in neighboring vine-

IRE Awards, 1951 

Medal of Honor 

V. K. ZWORYKIN 

"For his outstanding contributions to the 
concept and development of electronic ap-
paratus basic to modern television, and his 
scientific achievements that led to funda-
mental advances in the application of elec-
tronics to communications, to industry, and 
to national security." 

Morris Liebmann Memorial Prize 

R. B. DONE 
*For many technical contributions to 

the profession, but notably his contributions 
to the inter-carrier sound system of televi-
sion reception, wide-band phase-shift net-
works, and various simplifying innovations 
in FM receiver circuits." 

yards without diluting its pride in the 
achievements of those who have labored 
with us through the heat of the day. 
Nevertheless, within the domain of elec-

trons and electromagnetic waves, no honors 
are more dearly held than those bestowed by 
The Institute of Radio Engineers. For a long 
history of continuous accomplishment by its 
members, wherein today's horizon marks to-
morrow's nearer landmark, has created an 
uncrowned peerage sitting in judgment over 
more recent achievements and the processes 
by which they have been derived. Recogni-
tion by so high authority is pure gold which 
the Institute mints—its imprimatur more 
prized by recipients than coinage measured 
in grains of fineness. 
And acceptance of honor so proferred, in 

reflex honors the Institute, by adding to the 
intrinsic worth of the accolade when subse-
quently conferred upon others. Hence, our 
Medal of Honor and the Morris Liebmann 
Memorial tonight scintillate with the re-
flected glory of those on whom they have 
been bestowed in the past, and our less 
venerable decorations irradiate additional 
splendor as the years go by. We do well, 
then, to guard these insignia like jewels, to 
make of their award an occasion of state, 
and to venerate the recipients for their 
achievements, of which these laurels are 
but tokens. 

Browder J. Thompson Memorial Award 

A. B. MACNEE 

'For his paper entitled 'An Electronic 
Differential Analyzer,' which appeared on 
pages 1315-1324 of the November, 1949, 
issue of the PROCEEDINGS OF THE I.R.E." 
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Harry Diamond 
Memorial Award 

: MARCEL J. E. GOLAY 

"For his many contri-
putions in the over-all Sig-
al  research and 
levelopment program, and 
particularly for his accom-
plishments leading toward 
• reduction in the infrared-
radio gap." 

ROBERT ADLER 

"For his developments of transmission 
and detection devices for frequency-modu-
lated signals and of electromechanical filter 
systems."  • 

R. D. CAMPBELL 

"For his work in the internationally im-
portant field of radio-frequency allocations." 

Institute News and Radio Notes 

Fellow Awards 

J. G. BRAINERD 

"For contributions to the technical liter-
ature, to the teaching profession, and to the 
art of electronic computation." 

R. W. DEARDORFF 

"For his technical contributions to com-
munications and his work on behalf of the 
radio-engineering profession." 

571 

Editor's Award 

W. W. HARMAN 

"For his, paper enti-
tled, 'Special Relativity 
and the Electron,' which 
appeared on pages 1308-
1314 of the November, 
1949, issue of the PRO-
CEEDINGS OF THE I.R.E. 

C. G. BRENNECKE 

"Teacher, engineer and physicist, in 
recognition of his excellent work in basic 
research." 

JOHN H. DEWITT, JR 

"For his achievements in the field of 
radio-broadcast engineering, and for his 
demonstration of radar reflections from the 
moon." 
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HAROLD F. ELLIOTT 

"For his contributions of important 
mechanical advances in both the civil and 
the military electronic arts." 

WILLIAM M. GOODALL 

"For his researches in the fields of iono-
spheric phenomena and pulse communica-
tions." 

WILLIAM E. JACKSON 

"For his technical contributions to elec-
tronic aids to air navigation and control, 
and for his administrative contribution in 
the Civil Aeronautics Administration." 

CLIFFORD G. FICK 

"For his leadership and contributions in 
the development and design of a wide 
variety of radio and radar equipment." 

JOHN T. HENDERSON 

"For his contributions in the field of radio 
direction-finding systems, and in particular, 
for his work in the development of Canadian 
radar during the war." 

J. B. JoHNsoN 

"For his discovery of the limiting noise 
in electric circuits and his early develop-
ments in cathode-ray tubes." 

E. L. GINZION 

"For numerous contributions to the 
microwave art, especially in the develop-
ment of high-power klystrons." 

C. J. HIRSCH 

"For his contributions in the fields of 
radio-broadcast receiVers, electronic aids to 
navigation, and electronic computers." 

A. G. KANDOIAN 

"For his important contributions in the 
application of graphical methods to the 
analysis of detector and output tube per-
formance." 
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1 C. E. KILGOUR 
"For his contributions in the applica-

' don of graphical methods to the analysis of 
detector- and output-tube performance." 

V. D. LANDON 

"For contributions to communication 
system, filter, and noise theory." 

DAVID G. C. LUCK 

"For his early development of the omni-
directional radio range." 

T. J. KILLIAN 

"For his enlightened guidance of basic 
scientific research." 

GEORGE LEWIS 

"In recognition of important pioneering 
contributions, including the objective co-
ordination of many management and engi-
neering activities." 

JOHN F. MORRISON 

"In recognition of his contributions in 
the field of broadcast-antenna and trans-
mission design." 

J. B. KNox 

"For contributions to the development 
and design of radio transmitters and com-
munication systems, and radio aids to air 
navigation in Canada." 

HARRY R. LUBCKE 

"For courageous pioneering work in tele-
vision production and transmission." 

G. A. MORTON 

"For his contributions to research on 
electronic imaging and electronic applica-
tions in the field of nucleonics." 
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G. W . OLIVE 

"For major contributions to the develop-
ment of radio broadcasting in Canada, and 
in particular, for the engineering and or-
ganization of Canadian Overseas broadcast-
ing service during the war." 

H. W. G. SALINGER 

"For his original contributions to elec-
tronoptic and filter theory." 

W . E. SHOUPP 

"For his work in applying electronics to 
nuclear research." 

'O. W . PIKE 

"For his pioneering contributions and his 
leadership in the development and design of 
industrial and radio tubes." 

• Deceased 

OTTO H. SCHADE 

"For many contributions in the develop-
ment of circuits and electronic devices used 
in television." 

P. F. S1LING 

"For contributions to the establishment 
and administration of national and inter-
national radio-frequency allocations." 

L. E. RELJKLmA 

"For research in electromagnetic radia-
tion and a distinguished record in the teach-
ing of electronics." 

DOMINIC F. SCHMIT 

"For outstanding leadership and direc-
tion in many phases of radio engineering." 

H. R. SKIFTER 

"For his technical contributions to radio 
broadcasting and leadership of electronics 
research and development." 
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B. R. TEARE, JR. 

"For contributions in teaching and re-
,search in the fields of engineering methods, 
network theory, and servomechanisms." 

t 

WILLIAM C. TINUS 

"For his contributions to 
fire control radar, and his 
guidance of postwar elec-
tronic  developments  for 
military purposes." 

R. H. WILLIAMSON 

"For his accomplishments in the design 
of very-high-power radio transmitters and 
for his contributions to transmitter indus-
trial standards. 

GORDON N. THAYER 

"For his leadership in the engineering of 
long-distance microwave links for network 
television and multiplex telephony." 

W . T. WINTRINGHAM 

"For his studies of colorimetry and color 
television, and for his work on television 
interference problems." 

HENRY P. THObiAS 

"In recognition of his pioneering con-
tributions in the development of high-fre-
quency and microwave equipment and com-
munication systems." 

ERNST WEBER 

"For outstanding serv-
ice and achievement in the 
field of engineering educa-
tion and for his many con-
tributions to electromagnet 
ic theory." 

G. A. WOONTON 

"For distinguished service as a teacher of 
electronics and for varied contributions 
through research in the same field." 
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IRE People 

Chester W. Rice (A'16-M'26-
F'28), a retired General Electric 
Company engineer, died recently at 
the Deaconess hospital in Boston, 
Mass. 
The son of the late E. W. Rice, 

former GE president, he was born in 
Lynn, Mass., in 1890. In 1911, 
shortly after his graduation from 
Harvard, he entered the employ of 
General Electric, with whom he was 
to maintain his association until his 
retirement in January, 1950. 
A pioneer in microwave radio 

transmission, he was one of the first 
to detect a reflection of these wave-
from airplanes, and so to discover 
forerunner of radar. He also pio-
neered in the building of equipment 
which would automatically track 
flying planes, once the plane was in 
the path of the directional radiation. 
The Rice-Kellog radio loud-

speaker, for the development of 
which he was in part responsible, is 
still used, in principle, in all present-
day speakers. 
Mr. Rice contributed to the 

work on the sonic altimeter, a device 
which measures height by sound. At 
the end of World War I, his work in-
volved the detection of submarines 
through the use of sound; this 
method was used by the Navy until 
the discovery of radar made it ob-
solete. 
He was also instrumental in 

founding the hydrogen-cooled gen-
erator, while working on the applica-
tion of hydrogen as a heat removal 
agency in large generators. This 
work led to expansion and improve-
ment in efficiency in the electric 
power generating field. His work in 
this field, which he continued even 
after retiring from GE, is used in the 
design of every large power genera-
tor, as it included sealing the hydro-
gen in its proper place to prevent 
any leakage. 
Mr. Rice was a member of the 

American Institute of Electrical 
Engineers, the American Chemical 
Society, and the American Society 
of Mechanical Engineers. 

George M. Lebedeff (A'36-VA'39) was 
recently appointed chief engineer of the 
Lenkurt Electric Company in San Carlos, 
Calif. 
A graduate of the University of Cali-

fornia, Mr. Lebedeff began his career as a 
junior engineer for the Federal Telegraph 
Company in Palo Alto, Calif. Before joining 
the Lenkurt Company, he was affiliated 
with Stanford Products, Ltd., in San Fran-
cisco, and Heintz & Kaufman, Ltd., in South 
San Francisco, Calif. 

M. A. EDWARDS 

Martin A. Edwards (SM'48) has been ap-
pointed engineering manager of the General 
Electric Company's General Engineering 

Laboratory. 
Formerly associ-

ate engineer in charge 
of the laboratory's 
technical  divisions, 
Dr. Edwards, in his 
new capacity, will be 
responsible for all en-
gineering activities of 
the laboratory, and 
for engineering rela-
tions with other di-
visions and depart-
ments of the General 

Electric Company. 
He is a native of Chautauqua, Kan., and 

holds four degrees from Kansas State Uni-
versity, including the bachelor degrees in 
electrical  and  mechanical  engineering, 
awarded in 1928 and 1929, respectively, the 
mechanical engineering degree awarded in 
1934, and an honorary Doctor of Science, 
conferred in 1946. 
Dr. Edwards joined General Electric in 

1929 as a student engineer on the test course. 
Upon completion of his first test assign-
ment, he started work as an engineer with 
Ernst F. W. Alexanderson (A'13-M'13-F15) 
on television and related transmission 
problems. In 1945, he was appointed di-
vision engineer, controls system division 
of the former General Engineering and Con-
sulting Laboratory, and in 1949 became 
associate engineer in charge of the labora-
tory's technical divisions. 
Dr. Edwards holds 82 patents . for 

ideas developed in the field of industrial 
controls, and has nearly an equal number of 
patents pending. His first patent was 
granted in 1934, for a follow-up system of 
ordnance control used in positioning of naval 
guns. 
Among his accomplishments during 

World War II are work on development of 
aircraft gun turrets for bombers, on applica-
*in of electric drive units for tanks, on con-
trols for turbo-superchargers, on radar 
equipment, and on application of certain de-
vices for navy ordnance. 
During his 22 years with General 

Electric, Dr. Edwards has been a three-
time winner of the Coffin award, the com-
pany's highest honor to an employee for out-
standing achievement. The first of these 
was awarded for his work on equipment 
known as synchronous torque amplifiers for 
marine applications, the second for his share 
in devising extremely sensitive and powerful 
systems of amplification and automatic con-
trol for high-speed electric machinery, and 
the third for his ingenuity and persistent ef-
fort while collaborating on the development 
of gas-turbine accessories for the armed 
services during World War II. 
In 1941, he received an award from the 

American Institute of Electrical Engineers 
for an outstanding paper entitled, "Industrial 
Applications of Amplidyne," of which he was 
co-author. 

D. W. GuNN 

He is a Fellow of the American Institute 
of Electrical Engineers, and belongs to 
the Army Ordnance Association and to the 
American Association for the Advancement 
of Science. 

ts:* 

F. L. Hopper (A'26-SM'44), formerly 
associated with the electrical research prod-
ucts division of Western Electric until its 
activities in the sound-recording and broad-
casting fields were terminated, has bee 
transferred to the Western Electric Radio 
Shops at Winston-Salem, N.C. 
He is now on loan to Bell Telephone 

Laboratories, and is concerned with various 
military electronic activities for the Armed 
Forces. 
Mr. Hopper is a graduate of the Cali-

fornia Institute of Technology, from which 
he received the B.S. degree in physics in 
1922. He is a member of the Acoustical 
Society of America, and of the Society of 
Motion Picture and Television Engineers. 
The author of some 30 papers in the audio 
field concerning acoustics, instruments and 
sound recording, and broadcasting sys-
tems, Mr. Hopper has served on the IRE 
Electroacoustics Committee, and is cur-
rently a member of the Audio Techniques 
and the Sound Recording and Reproducing 
Committees of the Institute. 

D. W. Gunn (M'47) has been named 
equipment sales manager of the radio and 
television division of Sylvania Electric Prod-

ucts Inc., according 
- to a recent announce-
ment. 
Formerly assist-

ant to the general 
sales manager, he ye ill 
now be responsible 
for administering the 
equipment sales or-
ganization. He will 
also supervise and di-
rect activities of the 
Sylvania district of-
fices throughout the 

entire country. 
Mr. Gunn has had wide experience in the 

field of quality control, and through his con-
tacts with receiver and equipment manu-
facturers, he is well versed in problems re-
lated to tube applications. During World 
War II, he devoted much time to the stand-
ardization and testing on radar tube types in 
conjunction with various branches of gov-
ernment services. 
Born in New York, N. Y., in 1907, Mr. 

Gunn received the B.E.E. degree from 
Northeastern University in 1929, whereupon 
he joined the Raytheon Manufacturing 
Company, Newton, Mass., as a production 
engineer. In 1932, as a factory engineer in 
the lamp division, he began his career with 
Sylvania Electric Products Inc. 
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Survey of Modern Electronics by Paul G. 
Andres 
Published (1950) by John Wiley & Sons. Inc.. 440 

Fourth Ave.. New York. N. Y. 499 pages +20-page 
ndex +2-page appendix +x pages.  355 figures. 
51 X81. $5.75. 

This survey is addressed to students of 
mechanical, chemical, and industrial engi-
neering. The subject of electronics is, to 
such an audience, as important as it is diffi-
cult. In order to sustain the interest of the 
students, Mr. Andres has adopted an in-
genious plan. After an introduction (Chap-
ter I) he takes up in succession the different 
kinds of tubes, evacuated or gas-filled 

f (Chapters 2 to 7), and in each case the 
1. description of the tube is followed by some 
I, of its more immediate applications. Thus the 
industrial applications are never out of sight 
for long. In the four last chapters, Mr. 
Andres discusses electronics in instrumenta-
tion, in communications, electronic controls, 
and electronics in heating. Here we see how 
all the kinds of tubes previously described 
can be incorporated into a large single sys-
tem to a specific end. The whole book is ex-
tremely readable, and the wide span of the 
field of electronics which is presented cannot 
fail to make a strong impression on the 
reader. 
A difficulty common to all survey courses 1 is to determine how deep one shall go into 

the subject. The present book will satisfy 
two classes of readers. The text is frankly 
descriptive and corresponds to a one-sem-
ester college course. The problems placed at 
the end of most chapters require a good deal 
more technical knowledge; they probably 
correspond to the level of a detailed two-
semester course which the author has also 
been giving. An M.E. student who has gone 
through these problems will be quite solidly 
informed about electronics. The book will be 
I equally valuable to older readers wishing to 
obtain broad and reliable information on the 
ever-increasing field of engineering electron-
ics. 

P. LE CORBEILLER 
Harvard University 
Cambridge, Mass 

• 

Basic Electrical Measurements by Melville 
B. Stout 
Published (1950) by Prentice-Hall. 70 Fifth Ave.. 

New York. N. Y. 479 pages +9-page index +12-
page appendix +viii pages. 255 figures. 51 X81. $7.75. 

This book is written as an undergraduate 
text to prepare students for a proper under-
standing of the subject in its broader forms. 
It will also prove very useful as a handy 
reference book to many people in industry. 
A knowledge of simple ac circuit theory is 
naturally assumed. The author introduces 
Thevenin's theory as an aid to the under-
standing of unbalanced bridges. 
The material included is not intended to 

be comprehensive, but rather to discuss the 
more commonly used methods in electrical 
measurements. For a book of this length, 
the selection is satisfactory and up to date. 
Of particular merit are the short discussions 
in Chapter 1 on the development of electrical 

units, and the excellent summary on errors 
in Chapter 2, where the author distinguishes 
clearly between accuracy and precision. The 
subject of errors is carried through the re-
mainder of the text in evaluating the accu-
racy of various bridges, and so forth. How-
ever, the reviewer feels that even greater 
emphasis on the subject would not have been 
misplaced. 
The subject matter covers resistance 

measurements,  galvanometers,  potentio-
meters, alternating current bridges, mutual 
inductance measurements, and shielded 
bridges. Alternating-current bridges cover 
impedance measurements up to 40 mc. A 
chapter on characteristics of bridge com-
ponents discusses the construction of im-
pedance standards, frequency errors, and so 
forth. Chapters on bridge accessories, instru-
ment transformers, and magnetic measure-
ments are also included. A final chapter of 
eighty pages covers the principles and prac-
tical forms of electrical indicating instru- _ 
merits. Most chapters have a good number 
of problems, and the figures are adequate 
and clear. 

H. D. DOOLITTLE 
Machlett Laboratories. Inc. 

Springdale, Conn. 

Applied Nuclear Physics, Second Edition by 
Ernest Pollard and William L. Davidson 

Published (1950) by John Wiley & Sons. Inc. 
440 Fourth Ave.. New York. N. Y. 281 pages +15-
page index +$3-page appendixes +ix pages. 90 figures. 
6 X91. $5.00. 

This is the second edition of a book 
which has been of considerable interest to a 
wide variety of workers in diverse fields, in-
cluding chemistry, biology, and physiology, 
as well as physics. The reviewer finds this a 
most welcome book, as did the reviewer of 
the first edition. The authors have very suc-
cessfully achieved a balanced, readable, and 
informative volume at an introductory level, 
which makes no pretext at being a reference 
book, but which does present, as the dust 
jacket claims, "an interesting and concise 
explanation of nuclear physics and its prog-
ress since 1942." 
Chapter 1 surveys the role of the nucleus 

in atomic structure, and outlines some of the 
experiments which were instrumental in es-
tablishing the nature of the nucleus. 
Chapter 2 discusses the properties of 

nuclear radiations and particles. 
Chapter 3 surveys the various experi-

mental methods for the detection of nuclear 
particles. Chapter 4 examines the methods of 
accelerating the atomic particles. Both of 
these chapters include a remarkable amount 
of information in a small space, and the 
reader will be reasonably familiar with the 
operating principles of much of the machin-
ery of nuclear engineering after he has read 
them. Occasionally the writing is rather 
dramatic, particularly in the discussion of 
some newer, larger machines. But the cuta-
way sketch of the bevatron and its dimen-
sions certainly provides the opportunity for 
such dramatic writing. 
Chapter 5, entitled "Transmutation," 

introduces the essential features of nuclear 
chemistry, and discusses the general prob-
lems of the balance sheet of mass and energy, 
nuclear reactions in general, nuclear reac-
tions induced by deuterons, by neutrons, by 
alpha particles, by protons, by radiation, 
and by mesons. The problems of absorption 
and scattering are also examined. 
Certain of the important aspects of the 

theory of radioactive decay, the energy of 
the products of radioactive decay, and the 
modern picture of the nucleus to account 
for these decay particles appear in Chapter 
6. Those who are interested in making actual 
measurements involving artificial radioac-
tivity will find Chapter 7 quite rewarding. 
The methods of this chapter find application 
in Chapter 8, which contains a collection of 
illustrative tracer-type experiments, as well 
as experiments involving the biological ef-
fects of nuclear radiations. 
Chapter 9 considers the topics relating to 

stable isotopes, their measurements with 
mass spectrographs, and their separation. 
The remainder of the book, which dis-

cusses many aspects of nuclear fission is, 
perforce, a considerably revised account. Al-
though the original text contained an histor-
ical account of nuclear fission, much of the 
conjecture has now been removed. Con-
siderable detail has been added about the 
products of nuclear fission, the energies, and 
the masses. 
Chapter 11 is new. It gives an account of 

nuclear chain reactions, and goes into some 
detail in dealing with the several types of 
nuclear reactors now in operation. Also in-
cluded is a discussion of the future trends in 
pile design. 
The final chapter gives a brief qualita-

tive discussion of the principal ideas and 
theories of the nature of the nucleus, with an 
explanation of the concepts of nuclear forces. 
A number of interesting and useful ap-

pendixes complete the book. 
This reviewer agrees with the authors, 

" ... that the account is sufficiently thor-
ough to make this a useful textbook in a 
course on nuclear physics." Moreover, it 
provides a very interesting source for those 
who seek a readable account of a rapidly 
developing field. 

SAMUEL SEELY 
Syracuse University 

Syracuse, N. Y. 

CORREC HON 

R. D. Teasdale has called to the atten-
tion of the editors certain typographical 
errors that were made in the publication of 
his review of the book, "Static and Dynamic 
Electricity (Second Edition)," by W. R. 
Smythe, on page 321 of the March, 1951, 
issue of the PROCEEDINGS. In particular, the 
end of the third paragraph should read: 
" . . . Many questions are from the 

Cambridge University examinations as re-
printed from Jeans.' 
With the possible exception of Weber's 

recent book,' the application . . . ." 
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Nov. 10-Dec. 8 

CONNECTICUT 
VALLEY (I) 

DALLAS-FORT 
W ORTH (6) 

DAYTON (5) 

DENVER (5) 

DES M OINES-
AmEs (5) 

DETROIT (4) 
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Acoustics and Audio Frequencies   ... 
Antennas and Transmission Lines   
Circuits and Circuit Elements   
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nomena   
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Transmission   
Tubes and Thermionics   
Miscellaneous   

580 
581 
582 
583 

583 
585 
585 
587 
587 

588 
589 
589 
590 
590 
590 
591 
591 
592 

7 he number in heavy type at the upper left 
of each Abstract is its Universal Decimal Classi-
fication number and is not to be confused with 
the Decimal Classification used by the United 
States National Bureau of Standards. The 
number in heavy type at the top right is the 
serial number of the Abstract. DC numbers 
marked with a dagger (i) must be regarded as 
provisional. 

ACOUSTICS AND AUDIO FREQUENCIES 

534.232:534.321.9  795 
An Ultrasonic Projector Design for a Wide 

Range of Research Applications —E. J. Fry. 
(Rev. Sci. Insir., vol. 21, pp. 940-941; Novem-
ber, 1950.) Description of equipment providing 
simple means of changing from one thickness-
mode crystal to another of different frequency. 

534.321.9: 534.231  796 
The Determination of Ultrasonic Fields in 

Fluids—R. Krause. (Z. angel!". Phys., vol. 2, 
pp. 370-373; September 15, 1950.) Axial and 
transverse field patterns were investigated for 
a quartz radiator of diameter 3 cm using a 
quartz detector of diameter 3 mm. The radia-
tor operated at 1 mc, emitting pulses of dura-
tion 1.6X 10" to 3 X 10" sec. Measurements of 
the field along the axis are in good general 
agreement with calculated values based on 
Rayleigh's velocity-potential integral if due 
account is taken in the calculation of the 
damping effect of the radiator support. Dis-
crepancies in the immediate neighborhood of 
the radiator are due to the finite transverse 
dimensions of the detector. The importance of 
the interference field is demonstrated; it may 
give rise to local vibration pressures several 
times as great as would be expected from simple 
consideration of total power radiated. 

534.321.9: 534.511.1  797 
Satellite Resonances in Ultrasonic Inter-

ferometry —J. F. W. Bell. (Proc. Phys. Soc. 
(London), vol. 63, pp. 958-964; November 1, 
1950.) Satellite resonances of the gas in the 
tube of an ultrasonic interferometer are identi-
fied as mode resonances and are of the type 
described by Rayleigh. The presence of un-
resolved satellites in the principal interferom-
eter resonance introduces a considerable error 
into absorption measurements. Results ob-
tained by van Itterbeek and his co-workers 
(4186 of 1937) are shown to be in agreement 

The Annual Index to these Abstracts and References, covering those published 
in the PROc. I.R.E. from February, 1950, through January, 1951, may be obtained 
for 2s.8d. postage included from the Wireless Engineer, Dorset House, Stamford 
St., London S. E., England. This index includes a list of the journals abstracted 

together with the addresses of their publishers. 

with the ICrasnushkin interferometer theory 
(2914 of 1944), which takes account of the 
effect of the multiple nature of the principal 
resonance. A criterion for the choice of crystals 
for ultrasonic absorption measurements is 
given. 

534.321.9: 534.613  798 
A Method for the Measurement of the 

Sound  Radiation  Pressure  in  Ultrasonic 
Waves —H. Goetz. (Z. Nalurf., vol. 4a, pp. 
587-588; November, 1949.) The pressure is 
estimated from the observed deflection of small 
air bubbles ascending in a trough of paraffin 
in which a 4.2-me quartz generator transmits 
horizontally. 

534.6  799 
Note on the Definition of Complex Noise 

with Continuous Spectrum —P. Chavasse and 
R. Lehmann. (Ann. Telicommun., vol. 5, pp. 
375-377; November, 1950.) Reasons are given 
for preferring a "white" noise to a pure or 
wobbled tone as a source for acoustic measure-
ments. The spectral curves obtained with such 
a source will differ according as the analysis is 
performed with a device in which A N is con-
stant or one in which f is constant; hence it 
is important that the type of analyzer used 
should be clearly indicated. 

534.84  800 
Vibrations of Enclosed Spaces with De-

formable Elastic Boundaries —T. Vogel. (Ann. 
Telecommun., vol. 5, pp. 378-380; November, 
1950.) 

534.846  801 
Relation between Architectural and Micro-

phone Acoustics —J. Bernhart. (Ann. Tile-
commun., vol. 5, pp. 338-346; October, 1950). 
The concept of reverberation time is by itself 
insufficient to define the acoustic character-
istics of a studio when a microphone is used for 
sound pickup.  Apparent  reverberation is 
greater and variations in tonal quality are 
sharper. Parameters which may be considered 
in this case are discussed, especially acoustic 
perspective, the notion of "sound planes," and 
the sound-source-microphone couple. Quality of 
reverberation varies according to the disposi-
tion of this couple. The influence of room con-
tours and distribution of absorbing and re-
flecting surfaces on apparent reverberation are 
studied for certain experimental studios. 

534.846  802 
Acoustics of London's New Concert Hall — 

(Audio Eng., vol. 34, pp. 26, 64; November, 
1950.) A brief discussion of the architectural 
plan of the South Bank Concert Hall. Varia-
tions from usual practice have been introduced 
in the arrangement of the orchestra to obtain 
acoustic improvements. 

534.846  803 

New Acoustic Theories —J. Moir. (FM- TV,vol. 10, pp. 29-30; November, 1950.) Experi-

ments carried out in England indicate that the 

sound-decay pattern of a studio or hall is mo 
important than the reverberation as a criteri 
of acoustic quality. Equipment is descri 
with which a complete picture of the deca 
curve of the reverberant sound resulting fro 
an initial tone-pulse can be obtained, an 
typical curves are shown for auditoria wit 
good and with poor acoustic quality. The par 1 
ticular features of various concert halls whic 
contribute to their good acoustic properties a 
discussed. 

534.85/.86: [621.396.645.029.3+621.395.6234 

The FAS Audio System: Part 2—M. B 
Sleeper. (F M-TV, vol. 10, pp. 31-34; Novem 
ber, 1950.) Details are given of the arrange 
ment of the three loudspeakers used, and of t 
3-way crossover network operating at 350 c 
and 1200 cps, for which complete construction 
data are included. Best results are said to be 
obtained with the loudelpeakers 5 to 10 feet 
apart. The bass loudspeaker is mounted near 
one end in the back wall of what is termed an 
air-coupler; this consists of a wooden box of 
dimensions about 6 feet X16 inches X 6 inches 
(not critical), the walls being about 1 inch 
thick; an enclosed space between two floor 
joists will serve quite well. The resultant re-
production of the very-low-frequency notes of 
an orchestra, or the pedal notes of an organ, is 
surprisingly good. Part 1: 805 below. 

534.85/.86: 621.396.645.029.3  805 
The FAS Audio System: Part 1—M. B. 

Sleeper. (F M-TV, vol. 10, pp. 22-24, 37; 
October, 195(4), Description of an amplifier 
and loudspeaker system designed to deliver 
sound-power output in about the same ratios 
as the outputs of the instruments used in 
broadcasting or in making a record. The rela-
tion between bass and treble is maintained at 
any level from full volume to bare audibility. 
The letters FAS stand both fur the Fowler-
Allison-Sleeper designs and for the Flewellins 
Audio System from which the designs herr 
described were developed. Only three stag 
are used in the amplifier, with feedback fro 
the secondary of the push-pull output tra 
former via a 30-Ica resistor to the cathode 
the first tube. Response is essentially flat fro 
20 cps to 20 kc, and this flat characteristic 
maintained by the output transformer at a 
level up to its full power rating. Circuit det 
are given both for amplifier and its associat 
power-supply unit, which includes a double-
filter to ensure a low hum level. The inpis 
stage has ample gain for a crystal pickup or (lz 
radio tuner, but the gain is insufficient for  h 
reluctance pickup, which would require its owl 
preamplifier. Part 2: 804 above. 

534.85  801 
Thorn  Gramophone  Needles —A.  M 

Pollock. (Wireless World, vol. 56, pp. 450-452 
December, 1950.) Illustrations are given show 
ing the wear of thorn points after use for differ 
ent playing times. An extensive series of t 
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Alcatel; that thorn needles under light loading 
needle pressure about 14 gm) give very good 
eproduction and that the resulting record 
rear is negligible. 

34.852:621.395.625.3  807 
A Magnetic Record-Reproduce Head —M. 

tettinger. (Jour. Soc. Mot. Pic. Telev. Eng., 
IA. 55, pp. 377-390; October, 1950.) General 
irinciples of construction of a ring-shaped 
iead, Type MI-10794, are discussed. Features 
',f this head are: frequency range 30 cps-18 
.:c, high sensitivity, absence of microphonics, 
•aw bias-current requirements, and low hum 
evel, due to its small size. 

121.395.61.001.11  808 
Electromechanical  Couplings —F.  A. 

Fiedler.  (Frequenz,  vol.  4,  pp.  262-267; 
ober, 1950.) Laws governing the coupling 

gf electrical and mechanical oscillatory systems 
e formulated, making use of the author's 
ork on electromechanical transducers (552 
A March and back reference). 
• 
21.395.623.7  809  
Loudspeaker Cabinet Design —D. E. L. 

3horter. (Wireless World, vol. 56, pp. 382-385 
ind 436-438; November and December, 1950.) 
r The acoustical and electrical damping of loud-
mpeakers fitted in closed cabinets is discussed, 
.. tad experimental results obtained in the course 
f development work on loudspeaker cabinets 
iuring 1938-1947 are presented. Although the 
'infinite-baffle" type of cabinet of ample vol-
ime is often regarded as the ideal mounting, 
1.:he full potentialities of such a system cannot Ialways be realized in practice. The general 
zharacteristics of vented cabinets are described 
' and details are given of the cabinet adopted for 
a 15-inch coaxial loudspeaker for BBC monitor-
! ing purposes. Perforn.ance data obtained with 
this combination indicate that a vented cabinet 
is capable of doing justice to the best loud-
speaker units at present available. 

621.395.625.3  810 
Accidental Printing in Magnetic Record-

ing —E. D. Daniel and P. E. Axon. (BBC 1 
• Quart., voi. 5, pp. 241-256; Winter, 1950-1 051.) 

. The e weak fielddsat hpe effect and it produced by portdieopensn dencmeag-netic rtionsofa eh 
 ttaa  pe  influence adjacent portions, so that 

, spurious signals may oc-ur in reproduction 
T  

' various parameters are investigated theoreti-
.; cally and experimentally, together with meth-] 
1 ods of reducing the ratio of unwanted to wanted 
- signals. The level of accidental printing de-
, pends on the original recorded intensity and 
wavelength, and on the separation between ad-
jacent layers of film. Storage temperature 
should be low. The time-decrease of spurious 
signal is important, and high-frequency partial 
erasure on replay may be useful. 

621.395.625.3  811 
Magnetic Recording of Sound —F. Gallet. 

(Onde elect., vol. 30, pp. 449-457; November, 
1950.) General survey of present-day practice 
and equipment, and discussion of problems en-
countered, mainly with reference to magnetic-
tape high,fidelity apparatus for broadcasting; 
other methods and equipment are mentioned 
briefly. 

ANTENNAS AND TRANSMISSION 
LINES 

621.392.09  812 
Surface Waves and their Application to 

Transmission Lines —G. Goubau. (Jour. Appi. 
Phys., vol. 21, pp. 1119-1128; November, 
1950.) Two types of non-radiating surface wave 
on a wire are discussed theoretically. The first 
(discussed by Sommerfeld in 1899) is guided by 
a wire of finite conductivity; it exhibits an at-
tenuation much less than that of a wave in a 
conventional guide or coaxial cable but the spa-
tial extension of its field is very large. This type 
of guided wave would only be practically useful 
at frequencies above 3,000 mc. 

The second type of wave is guided by a con-
ductor whose surface is coated with a cielectric 
or threaded in order to reduce the phase ve-
locity. Although this guide has greater losses 
than the Sommerfeld wire, its field is much 
more confined, and it becomes practicable 
above 100 mc. Waves may be launched on to 
the conductor from a coaxial cable by a horn. 
Experiment shows agreement with the theoreti-
cal losses. See also 281 of March. 

621.392.26t:621.3.09  813 
The Stability and Attenuation of Guided 

Electric and Magnetic Waves of the Same 
Critical Frequency —R. Miller. (Z. Naturf., 
vol. 4a, pp. 218-224; June, 1949.) The calcula-
tion of waves in an infinitely long perfectly con-
ducting guide is reduced to a two-dimensional 
boundary-value problem, whose many solu-
tions include the electric (E) and magnetic (H) 
modes. E and H modes with the same critical 
frequency correspond to a multiple eigenvalue. 
Attenuation due to finite conductivity is 
treated as a perturbation, whose calculation 
also enables the case of degeneracy to be con-
sidered consistently. In general, the degenerate 
eigenvalue corresponds to linear combinations 
of E and H modes, these combinations repre-
senting the stable modes to which an attenua-
tion constant can be assigned in an actual 
waveguide. Important examples of degenerate 
modes are discussed; the Li,, and Ho,, modes 
in circular-section guides remain stable when 
attenuation is taken into account, whereas the 
E1,,, and Hi,,, modes in rectangular guides be-
come unstable except when the rectangle be-
comes a square. 

621.392.26t 621.392.5.001.11  814 
The Application of Quadripole Theory to 

Waveguide Systems —F. W. Gundlach. (Arch. 
elekt. Cbertragung, vol. 4, pp. 342-348; Sep-
tember, 1950.) Quadripole theory can be ap-
plied to waveguide systems without regard to 
particular values of current, voltage or charac-
teristic impedance. The discussion considers 
only the concepts of field impedance (ratio of 
transverse electric field to transverse magnetic 
field), phase difference between input and out-
put planes, and efficiency. Simple relations are 
derived, capable of representation by circle 
diagrams. 

621.392.26 , :621.396.67  815 
Slotted Waveguides and their Applications 

as Aerials: Experimental Study—J. Ortusi and 
G. Boissinot. (Ann. Radialect., vol. 5, pp. 308-
320; October, 1950.) Results are reported of 
measurements made on guides with single and 
multiple slots to verify the theory presented in 
the first part of the paper (2129 of 1950). The 
modification of the reflection factor for a single 
slot observed in the case of an array is assumed 
to be due to wave circulating between adjacent 
slots. This concept is more complex than the 
classical one of impedance in an equivalent line, 
but simplifies physical interpretation of the 
propagation phenomena and prediction of per-
formance within the pass band. Requirements 
are discussed for a slotted guide to give a speci-
fied performance as an antenna. To obtain a 
wide pass band, a structure combining several 
guides is necessary. Compared with the para-
boloid-sector antenna, the waveguide struc-
tures are smaller and easier to rotate. 

621.392.26 t :621.396.67  816 
Radiation of a Dipole inside a Waveguide of 

Rectangular Cross-Section - T. Vellat. (Bull. 
schweiz. elektrolech. Ver., vol. 40, pp. 860-869; 
October 29, 1949. In German.) The radiation 
can be calculated by applying the principle of 
electrical reflection and using integrals of 
Hankel functions. The waves radiated are 
plane although the source is cylindrical. The 
Influence of the radiating body extends uni-
formly over the whole section. This la of great 
practical importance, because dipole devices, 
which are mechanically simple, can therefore be 
used for emitting, collecting and controlling the 

radiation. Dielectric pins are used for matching 
to antennas, detectors, and the like. 

621.392.5  817 
Radiation Resistance of Skew- Wire Radio-

Frequency Transmission Lines —S. S. Banerjee 
and R. R. Mehrotra. (Indian Jour. Phys., vol. 
23, pp. 403-409; September, 1949.) A general 
formula, applicable for any orientation of the 
lines with respect to each other, is derived and 
applied to six special cases of practical interest. 
Results for one of these cases were confirmed 
experimentally. 

621.396.67  818 
Ice Formation on Aerials —F. D. Bolt. 

(BBC Quart., vol. 5, no. 4, pp. 236-240; 
Winter, 1950-1951.) The method of formation, 
effect, and removal of frost and "glaze ice" are 
discussed. With standing-wave antenna arrays 
the added weight of glaze ice may be many 
times the weight of the antennas themselves, so 
that serious damage may be caused unless the 
antennas were originally designed to withstand 
heavy loading. In the case of television anten-
nas the change of antenna impedance due to a 
coating of ice may result in the formation of 
ghost images on receiver screens, owing to mis-
match between the transmitting antenna and 
its feeder. To prevent ice formation on the 
folded dipoles of the Sutton Coldfield trans-
mitter, heater elements providing 7.5 kw for 
each dipole are switched on when the tempera-
ture at the top of the antenna mast falls to 
3°C. 

621.396.67  819 
The Theory of Receiving Aerials —J. Gross-

kopf. (Frequenz, vol. 4, pp. 249-261; October, 
1950.) The limits of applicability of transmis-
sion-line theory to nonrectilinear antenna ar-
rangements are discussed, and a theory is de-
veloped for circular and rhombic receiving 
antennas with nonstationary current distribu-
tion. Even for frame antennas of small size, 
slight departures from previously accepted 
theory manifest themselves as a dipole effect. 
Other common nonrectilinear arrangements, in 
particular asymmetrical ones, are also con-
sidered. 

621.396.67  820 
Diffraction by Paraboloids of Revolution — 

J. Ortusi and J. C. Simon. (Ann. Radiated., 
vol. 5, pp. 321-330; October, 1950.) Analogies 
between the properties of cm and light waves 
are discussed, and  the  Huyghens-Kottler 
hrmulas are applied to the determination of 
the field near the focus of a paraboloid of revo-
lution. Results of measurements made at a 
wavelength of 8 cm with three different 
parabo' Ads, using a crystal detector, are in 
good agreement with the theory and indicate 
that, using the field of the geometrically re-
flected wave as source, the Huyghens-Kottler 
formulas are valid for exact calculations even 
when the dimensions of the diffracting element 
are of the order of 10X. Axial gain and the possi-
bilities ot controlling beam direction by dis-
placing the source are investigated. 

621.396.67  821 
Theory of Axially Slitted Circular and Ellip-

tic Cylinder Antennas —D. R. Rhodes. (Jour. 
A ppi. Phys., vol. 21, pp. 1181-1188; November, 
19 A.) Application of Sommerfeld's method to 
the diffraction of a plane wave with arbitrary 
angle of incidence and polarization by per-
fectly conducting cylinders of infinite length 
having a slot parallel to the axis. The case of a 
slot of infi. aesimal width (or slit) is considered 
in detail and the operation of a slitted cylinder 
as a traveling-wave system is analyzed. Radia-
tion patterns for a cylinder with a single slit 
and with two diametrically opposite slits are 
iven 

621.396.67  822 
Approximate  Method  of  Deriving  the 

Standing Wave Ratio Produced by an Aerial 
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Array —T. C. Cheston. (Marconi Rev., vol. 13, 
pp. 168-174; 4th Quarter, 1950.) The array is 
one in which a large number of radiating ele-
ments are distributed along a feeder, and the 
method is based on an analysis of the vector 
diagram of the reflections, along the feeder, 
from successive elements. The errors intro-
duced by the assumption that the array is in-
finitely long are assessed. 

621.396.67  823 
New Communications Antenna —M. W. 

Scheldorf. (FM-TV, vol. 10, pp. 14-15; Sep-
tember, 1950.) The Andrew Type-3,000 an-
tennas for communication in the ranges 148-
162 mc and 162-174 mc are designed to pro-
vide a circular horizontal pattern, high gain, 
low number of feed points, low wind loading, 
and negligible coupling to the mast. An array of 
eight folded dipoles is used; the feed harness 
and method of stacking are described in detail. 
Performance measurements are shown in dia-
grams. 

621.396.677  824 
Microwave Antennas —J. Racker. (Radio 
Telev. News, Radio-Electronic Ent. Suppl., 

vol. 15; pp. 15A-17A, 31A; October, 1950.) 
Directivity and gain of parabolic, horn, and 
lens antennas are among the factors discussed. 
Suitable methods of excitation and types of 
transmission-line feeder are also briefly con-
sidered. 

621.396.679.4  825 
Aerial Feeder Connections—W. T. Cock-

ing. (Wireless World, vol. 56, pp. 426-428; De-
cember, 1950.) Practical consideration of the 
coupling of a dipole to an unbalanced receiver 
circuit by either a balanced line or a coaxial 
cable. The efficiency of various systems in pro-
viding signal transfer, impedance match, bal-
ance and rejection of interference is discussed. 
Particular attention is devoted to a "balunn 
circuit which embodies two inductors and two 
capacitors and avoids the need for a screened 
transformer. 

CIRCUITS AND CIRCUIT ELEMENTS 

621.3.012.3  826 
Use of Conductance, or G, Curves for 

Pentode-Circuit Design —K. A. Pullen. (Tele-
Tech, vol. 9, pp. 38-40, 45; November, 1950.) 
Sets of curves applicable to Type 7E7 tubes are 
shown and their use in circuit design is ex-
plained. See also 292 of 1950. 

621.314.2  827 
Developments In Small Chokes and Power 

Transformers —(Electronic Eng. (London), vol. 
22, pp. 450-453; November, 1950.) Trans-
formers used in Naval Service from 1936 to 
1949 are described briefly, and the latest de-
sign in detail. This transformer is oil-filled, its 
terminal seals are made of fused aluminium 
oxide, and its case is deep drawn in two parts. 
C-type cores are used; these have several ad-
vantages over orthodox silicon-iron stampings. 
This type of transformer is the only one to 
qualify fully as an inter-Service standard type. 

621.314.22.015.7  828 
A Method for Designing Pulse Trans-

formers —H. S. Kirschbaum and C. E. War-
ren. (Trans. A IEE, vol. 68, Part II, pp. 971-
978; 1949.) Description of a method that takes 
account of transformer terminating imped-
ances and permits control of certain features of 
the output wave form. The design relations 
give a clear indication of the possibility of 
realizing a design for a given set of specifica-
tions and, in many cases, provide several al-
ternative designs to meet special requirements. 

621.314.3 t  829 
The Dynamoelectric Amplifier: Class-A 

Operation—R. M. Saunders. (Trans. AIEE, 
vol. 68, part II, pp. 1368-1373; 1949.) Various 
dynamoelectric amplifiers are compared with 
the electronic amplifier, and the static and dy-

namic characteristics of both the single- and 
2-stage dynamoelectric amplifiers are dis-
cussed from the ac steady-state point of view. 
The dynamic characteristics are calculated 
from equivalent circuits and compared with 
test results in the form of frequency-response 
and phase-angle curves. Negative-feedback 
circuits and response curves are also presented 
and the effects of feedback are noted. See also 
46 of February. 

621.314.3t  830 
Self-Saturation in Magnetic Amplifiers — 

W. J. Dornhoefer. (Trans. A I EE, vol. 68, part 
II, pp. 835-846; 1949. Discussion, pp. 846-850.) 
Full paper. Summary abstracted in 565 of 
1950. 

621.316.8:621.396.822:621.317.7  831 
The Measurement of Noise in Resistors — 

Oakes. (See 945). 

621.319.4  832 
Power Capacitors with Ceramic Dielectric — 

J. Peyssou. (Ann. Radioilect., vol. 5, pp. 391-
406; October, 1950.) The influence of the pot-
tery industry is seen in the general adoption of 
dish and pot shapes for ceramic-dielectric ca-
pacitors. Design is discussed in relation to per-
formance, viz., specified capacitance, operating 
voltage, maximum high-frequency power, and 
field strength. Heating during operation is 
studied, particularly heating due to the Joule 
effects in the electrodes; this can be reduced by 
the use of suitable types of connector. Brief 
descriptions are included of equipment and 
methods for the measurement of maximum re-
active power and maximum high-frequency 
field strength. 

621.392.43  833 
Transformation of an Arbitrary Complex 

Impedance to a Given Resistance by means of 
H.F. Line Section —P. Maurer. (Arch. elekt. 

Ubertragung, vol. 4, pp. 349-352; September, 
1950.) Coaxial-line sections are commonly 
used for matching a load to a generator in the 
dm-wave band, stubs being most often used. 
In many cases the problem can be simply 
solved by using a single coaxial-line section of 
appropriate length and characteristic imped-
ance. Formulas for such sections are derived 
from basic equations of current and voltage 
distribution and are represented in polar dia-
grams. The sections are assumed lossless. 

621.392.5  834 
Circuit Analysis of Linear Varying-Parame-

ter Networks —L. A. Zadeh. (Jour. Appl. 
Phys., vol. 21, pp. 1171-1177; November, 
1950.) Theory is presented which is essentially 
a generalization of the familiar frequency. 
domain theory of fixed linear networks. Such 
basic concepts as impedance, admittance, gain, 
and the like, are extended to linear varying-
parameter networks and their important prop-
erties are outlined. Extensions are given also of 
the general mesh and noie equations, The-
venin's theorem, dualization, and some other 
relations that hold in the case of fixed net-
works. Many theorems, properties, and rela-
tions that hold in the case of fixed nctworks 
may be extended with proper modifications to 
linear varying-parameter networks. 

621.392.5:621.315.212  835 
Attenuation and Delay Equalizers for Co-

axial Lines —W. R. Lundry. (Trans. A I EE, 
vol. 68, part II, pp. 1174-1179; 1949. Full 
paper. Summary abstracted in 1619 of 1950. 

621.392.5:621.315.212:621.397.743  836 
Equalization  of  Coaxial  Lines—K.  E. 

Gould. (Trans. A IEE, vol. 68, Part II, pp. 
1187-1192; 1949.) Full paper. Summary ab-
stracted in 2152 of 1950. 

621.392.6  837 
Generalized Network Theory—U. Kirsch-

ner. (Arch. ekkt. Obergragung, vol. 4, pp. 367-

373; September, 1950.) By means of the 
"oriented path complex," the circuit equations 
are derived for a generalized network with r 
degrees of freedom, i.e., with r independent 
circuits. The equations are solved by means of 
Cramer's rule, leading to a determination first 
of the iterative matrix of a 2r-pole, and finally, 
by splitting off and eliminating (r-k) columns 
and rows, of the iterative matrix of a 2k-pole 
(k<r). 

621.395.669.3  838 
A Simple Crackle Eliminator using Se-

lenium Rectifiers as Amplitude Limiters —K. 
H. Werner. (Arch. elekt. Obertragung, vol. 4, 
pp. 374- 376; September, 1950.) In the charac-
teristic of the Sc rectifier the transition from the 
high-resistance to the low-resistance condition 
is so located that the rectifier requires no bias 
when used in a low-voltage limiter. Overload 
protection is also unnecessary. Extremely 
simple limiter circuits are thus possible, com-
prising merely capacitors and rectifiers. Recti-
fiers of different sizes were investigated; 
measurements are reported and discussed. 

621.396.6  839 
The Design of Electronic Equipment using 

Subminiature  Components —M.  L.  Miller. 
Proc. IRE (Australia), vol. 11, pp. 284-289; 
November, 1950.) Reprint. See 1372 of 1950. 

621.396.6  840 
Proceedings,  Symposium  on Improved 

Quality Electronic Components —(Tech. Bull. 
Nat. Bur. Stand., vol. 34, p. 151; October; 
1950.) Fifty-two papers were presented at this 
conference, held in May, 1950, and sponsored 
by the American Institute of Electrical Engi-
neers, The Institute of Radio Engineers, and the 
Radio Manufacturers' Association, with co-
operation of U. S. Government departments. 
Copies of the Proceedings are available from the 
Trielectro Company, 1 Thomas Circle, Wash-
ington 5, D. C., at $3.50. 

621.396.611.4:621.317.352  841 
Simple Method for Measurement of Varia-

tions of Damping of Centimetre Waves —E. M. 
Philipp. (Ada phys. austriaca, vol. 2, pp. 239-
244; February, 1949.) Description of a method 
applicable to cavity resonators. The quasi-
stationary-oscillatory-circuit  method  com-
monly used for measurement of voltage reso-
nance is adapted to the usw range. The limits 
of validity of the method are discussed. 

t: 

621.396.615  842  ' 
The Generatiqn of Oscillations in a Phase-

Shift Oscillator —W. Taeger. (Funk u. Ton, 
vol. 4, pp. 525-530; October, 1950.) Mathe-
matical analysis of the oscillatory condition in a 
circuit with an even number of identical stages 
and a Wien-bridge feedback link. See also 597 
of March. 

621.396.615.015.7 t  843 
Pulse Generator of Fixed Repetition Rate — 

F. A. Benson and R. M. Pearson. (Wireless 
Eng., vol. 27, pp. 285-288; December, 1950.) A 
very simple circuit for producing short pulses 
from an ac source (about 200 v rms) is de-
scribed and its operation analyzed. Negative 
pulses with an amplitude of about 60 v and a 
rise time <1 as are obtained. The pulse repeti-
tion rate is identical with the frequency of the 
ac source. 

621.396.615.14  844 
Short-Wave  Self-Oscillator Circuits —E. 

Green. (Marconi Rev., vol. 13, pp. 135-152; 
4th Quarter, 1950.) The circuits considered are 
those based on pairs of triodes with the cath-
odes, anodes or grids connected, and the single. 
tube equivalents with one electrode earthed. It 
is shown how the values of the external circuit 
components combine with the interelectrode 
capacitances to produce conditions for oscilla-
tion, and how losses In the grid circuit can be 
compensated. 
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.21.396.645  845 
The Grounded Grid Amplifier —J. Roorda. 

Electronic Eng. (London), vol. 22, pp. 478-480; 
lovember, 1950.) A mathematical analysis of 
ne essential characteristics of the grounded-
rid triode used as a high-frequency linear 
mplifier, interelectrode capacitances being 
sken into account. Conditions for resonance 
nd stability are discussed. Formulas are de-
uced for input admittance and voltage ampli-
cation. 

21.396.645  846 
Cathode-Follower  Performance —A.  J. 

thimmins. (Wireless Eng., vol. 27, pp. 289-293; 
)ecember, 1950.) A mathematical analysis of 
he response of cathode .follower circuits to 
nilse and sawtooth signals. The distortion in 
nactical circuits may be readily calculated. 

•21.396.645.015.7t  847 
Pulse Amplifier for Fast Ionization Cham-

mrs and Proportional Counters. —(Electronic 
Eng. (London), vol. 22, p. 469; November, 
950.) AERE Specification 120 describes a 
.4-unit pulse amplifier, Type 1049B, particularly 
uitable for coincidence work and counting in 
he presence of a high background level. Full 
letails can be obtained on request from the 
ktomic Energy Research Establishment, Har-
rell, Berkshire. 

521396.645.35  848 
D.C. Amplifier for Biological Application — 

?. 0. Bishop and E. J. Harris. (Rev. Sci. 
(mfr., vol. 21, p. 904; November, 1950.) Cor-
-ections to article abstracted in 2174 of 1950. 

521.396.645.35  849 
Wide-Band D.C. Amplifier Stabilized for 

Gain and for Zero —A. J. Williams, Jr., W. G. 
kmey, and W. McAdam. (Trans. A I EE, vol. 
58, part II, pp. 811-815. Discussion, p. 815; 
1949.) Full paper. Summary abstracted in 598 
sf 1950. 

521.396.645.372  850 
Positive Feedback in A.F. Amplifiers—C. 

H. Banthorpe. (Elearonic Eng. (London); vol. 
22, p. 473; November, 1950.) Positive feedback 
an be used to compensate for loss of gain due 
to negative feedback. An application of this 
principle in the audio-frequency stages of a 
broadcasting receiver is described. 

621.319.4  851 
Bauelemente der Nachrichtentechnik. Teil 

1: Bodensatoren. [Book Reviewl —H. Notte-
brock. Publishers: Schiele & SchOn, Berlin, 172 
pp., 9 D.M., 1949. (Bull schweiz. elektrotech. 
, Ver., vol. 40, p. 880; October 29, 1949. In 
) French.) Gives practical information useful in 
selecting capacitors for telecommunications ap-
plications. The manufacture and properties of 
the various types, grouped according to di-
electric, are described. Tests and test gear and 
performance in various circuits are discussed 
briefly. 

GENERAL PHYSICS 

537.523.4  852 
Voltage Gradients in High-Current Spark 

Channels—J. E. Allen. (Research, (London), 
vol. 3, pp. 527-528; November, 1950.) Using an 
impulse generator producing peak currents up 
to 500 ka, oscillographic measurements of 
voltage drop across short spark-channels were 
observed for several gap widths. In the range 
188-265 ka, voltage gradients were high and 
Increased with current. The effect on the dis-
, charge of metal vapor from the electrodes was 
appreciable. 

.1 537.525:538.56  853 
Free Spherical Electromagnetic °ulna-

) tions in Spaces containing Plasma—W. 0. 
!t Schumann. (Z. Naturf., vol. 4a, pp. 486-491; 
October, 1949.) Mathematical anatysis is given 

, for the following cases: a conducting plasma-
filled sphere; a dielectric and a conducting 

sphere immersed in plasma; a plasma sphere 
in air. The effect of the frequency-dependence 
of the dielectric constant on the oscillation 
processes is discussed, and in particular the 
possibility of new modes of oscillation resulting 
from negative values of dielectric constant. 

537.533.7:621.385.029.63/.64  854 
Dynamic Electron Fow under the Influence 

of Dynamic Fields —H. W. Konig. (Acta phys. 
austriaca, vol. 2, pp. 312-334; February, 1949.) 
A plane electron flow is subjected to an electri-
cal control field arranged in n sections, the con-
trol current in each section having the same 
amplitude. The phases are so chosen that the 
current in any section lags behind that in the 
previous section by an amount corresponding 
to the time taken by the electrons to traverse 
the section. In the limiting case a dynamic con-
trol field is obtained which moves at each point 
with the velocity of the electrons. In this case 
the field and velocity distributions are given by 
the same equations as for quasistationary flow, 
when account is taken of the phase lag in the 
periodic terms due to the finite value of the 
transit angle. The alternating field strength 
produced in the electron stream by the action 
of the control field increases in the case of the 
quasistationary field as the first power of the 
transit angle, but, on the other hand, as the 
square of the angle in the case of the dynamic 
field. In consequence, for equal transit angles, a 
considerably greater amplification can be ob-
tained with dynamic control of the electron ve-
locity. Since the noise characteristics are about 
the same in both cases, the limiting sensitivity 
is appreciably improved. Diagrams are given 
showing the field and velocity distributions for 
the case in which the electrons in the control 
path move with constant velocity. Application 
of the theory to the traveling-wave tube is out-
lined. 

538.221  855 
Studies of the Propagation Velocity of a 

Ferromagnetic  Domain  Boundary —H.  J. 
Williams, W. Shockley, and C. Kittel. (Phys. 
Rev., vol. 80, pp. 1090-1094; December 15, 
1950.) Experimental results are given for the 
velocity of propagation of a single domain 
boundary in a crystal of silicon-iron with a 
simple domain structure. The results are dis-
cussed with reference to the eddy-current 
anomaly for ferromagnetic materials. 

538.311  856 
The Magnetic Field of a Plane Circular 

Loop —C. L. Bartberger. (Jour. Appi. Phys., 
vol. 21, pp. 1108-1114; November, 1950.) "The 
axial and radial components of the magnetic 
field of a plane circular loop are expressed in 
terms of cylindrical co-ordinates. The expres-
sions involve two integrals which are related to 
certain of the complete elliptic integrals. 
Tables of values of these integrals are pre-
sented. Interpolation in these tables facilitates 
rapid calculation of the field components." 

538.566.2  857 
Research on the Propagation of Sinusoidal 

Electromagnetic Waves in Stratified Media: 
Application to Thin Layers: Part 1—F. Abele& 
(Ann. Phys. (Paris), vol. 5, pp. 596-640; 
September-October, 1950.) This paper deals 
with stratified systems in general; the second 
part is to deal with homogeneous thin layers. 
The essence of the method is, starting from 
Maxwell's equations, to represent stratified 
media having any values of dielectric constant 
and magnetic permeability by matrices with 
two rows and two columns. This facilitates con-
sideration of discontinuous stratification. A 
method is developed for integrating differential 
field equations without restriction on the laws 
of variation of the characteristic parameters of 
the medium. General expressions are given for 
the coefficients of reflection and transmission 
and the corresponding phase shifts suffered by 
the field vectors, two cases of particular practi-

cal importance being treated in detail. The first 
is that where the thickness of the medium is 
small in relation to the wavelength of the inci-
dent waves. The second corresponds to a 
medium of any thickness where the variations 
of the parameters are very slow, as for example 
with a slightly inhomogeneous thin layer. Some 
general theorems on stratified media are 
proved, and the development of the general 
theory from that for an infinite stack of in-
finitely thin homogeneous layers is indicated. 
Analogies with other problems of physics and 
mechanics are discussed. A convenient method 
is described for studying media whose parame-
ters are periodic in space. 

538.566.2  858 
Artificial Field Equations for a Region 

where µ and e Vary with position —P. D. P. 
Smith. (Jour. Appl. Phys., vol. 21, pp. 1140-
1149; November, 1950.) Mathematical treat-
ment of waves in a continuously variable 
medium is given which is similar to that used 
by Weyl for the relativistic effect of gravita-
tional potential. The TE and TM cases are 
considered and also the fields derived from a 
4-potential. Application of the method in 
cylindrical co-ordinates is used to derive for-
mulas for the TE, TM, and TE M waves. 
Solutions are derived for specific distributions 
of 11 and e, with applications to curved guides, 
horns and coaxial lines. 

538  859 
Electromagnetic Fields: Theory and Appli-

cations. Vol. 1—Mapping of Fields. [Book Re-
viewl —E. Weber, Publishers: John Wiley and 
Sons, New York, N. Y., 500 Pp, $10.00; 1950. 
(Jour. Frank. Inst., vol. 250, pp. 586-587; 
December, 1950.) A comprehensive survey, 
with many examples illustrating the basic 
principles; it presents clearly the relations be-
tween analytical, experimental, graphical, and 
numerical methods of solving static-field prob-
lems. Recommended as a textbook for a degree 
course and as a reference work. 

GEOPHYSICAL AND EXTRATERRESTRIAL 
PHENO MENA 

523.72: 621.396.822  860 
The Polarization of Thermal 'Solar Noise' 

and a Determination of the Sun's General 
Magnetic Field —S. F. Smerd. (Aust. Jour Sci. 
Res., Ser. A, vol. 3, pp. 265-273; June, 1950.) 
"The equation of transfer of radiation and the 
magneto-ionic theory are used to derive expres-
sions for the degree of polarization of thermal 
'solar noise' due to a general magnetic field of 
the sun. In particular, the net polarization of 
600-mc radiation corresponding to the maxi-
mum phase of the eclipse of November 1, 1948, 
as seen from Melbourne, Victoria, Australia, is 
evaluated theoretically and compared with ob-
servational evidence. This leads to an upper 
limit of 11 gauss for the surface field strength at 
the solar poles at the time of observation." 

523.72:621.396.822  861 
Solar Radiation at 1200 Mc/s, 600 Mc/s, 

and 200 Mc/s —F. J. Lehany and D. E. Yabs-
ley. (Aust. Jour. Sci. Res., Ser. A, vol. 3, p. 
350; June, 1950.) Correction to paper ab-
stracted in 616 of 1950. 

523.745  862 
The Physical Meaning of the Character 

Figures of Solar Phenomena —G. Righini and 
G. Godoli. (Jour. Geophys. Res., vol. 55, pp. 
415-422; December, 1950.) Character figures 
and areas of Ca-flocculi, bright and dark H„-
flocculi are compared for the period 1932-1949. 
The character figures appear to be a function 
of the areas only. 

523.746  863 
Current Interpretation of the Sunspot Phe-

nomenon —W. Grotrian. (Z. angew. Phys., vol. 
2, pp. 376-390; September 15, 1950.) A compre-
hensive survey; test of a lecture delivered at 
Munich in March, 1950. Observations of fluc-
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tuations of both solar magnetic field and solar 
diameter are consistent with the 11-year period 
of the sunspot cycle, but further systematic ob-
servations over at least 22 years are needed to 
check the various theories. 

523.746 "1950.07/.09"  864 
Provisional Sunspot-Numbers for July to 

September,  1950 —M.  Waldmeier.  (Jour. 
Geophys. Res., vol. 55, p. 488; December, 1950.) 

523.854:621.396.822  865 
Galactic Radiation at Radio Frequencies: 

Part 2—The Discrete Sources —G. J. Stanley 
and C. B. Slee. (Aust. Jour. Sci. Res. Ser. A, 
vol. 3, pp. 234-250; June, 1950.) A description 
is given of the special techniques necessary in 
the observation of the very small differences in 
noise intensity between the discrete sources and 
the background continuum. The results of 
measurements of the position and angular 
width of the discrete sources are discussed, and 
the present known data are tabulated. Meas-
urements of intensity within the 40-160 mc 
band, showed that for three sources intensity 
changed more rapidly with frequency than did 
the background noise, while for a fourth source 
it changed less rapidly. The short-period fluctu-
ations in intensity of the source in Cygnus are 
discussed; evidence is presented which suggests 
that their origin is in the ionosphere rather than 
outside it. Part 1: 348 of March (Bolton and 
Westfold). Part 3: 866 below (Bolton and 
Westfold). 

523.854:621.396.822  866 
Galactic Radiation at Radio Frequencies: 

Part 3—Galactic Structure —J. G. Bolton and 
K. C. Westfold. (Aust. Jour. Sci. Res., Ser. A, 
vol. 3, pp. 251-264; June, 1950.) From radio-
frequency observations it is deduced that the 
sun is situated in or near an arm of a spiral 
galaxy. The radio-frequency data are analyzed 
and optical evidence in favor of the spiral form 
is presented. The sense of rotation of the gal-
axy —that of the spiral unwinding —is in ac-
cordance with the theories of Lindblad and 
Milne. Part 2: 865 above (Stanley and Slee). 

523.854:621.396.822  867 
Survey of Galactic Radio-Noise at 200 Mc/s 

—C. W. Allen and C. S. Gum. (Aust. Jour. Sci. 
Res., Ser. A, vol. 3, pp. 224-233; June, 1950.) 
Using a Yagi antenna array of known sensi-
tivity pattern, galactic radio-noise was meas-
ured at 200 mc during a systematic scanning of 
the whole sky south of declination 45°N. The 
measurements of intensity are expressed rela-
tive to the level at the galactic poles and are 
accurate to within about 20 per cent in most 
regions, with a probable error of 1° in location. 
After correction for the integration effect of the 
antenna pattern, contour plots of the distribu-
tion of the radiation were made. Galactic noise 
is suggested as a standard for measurements of 
solar noise. 

532.517.4:551.510.5:621.396.11  868 
Scattering of Electromagnetic Waves by 

Atmospheric Turbulence—(See 973.) 

550.37:551.594.21  869 
Thunderstorms and the Earth's General 

Electrification—O. H. Gish and G. R. Wait. 
(Jour. Geophys. Res., vol. 55, pp. 473-484; De-
cember, 1950.) The conductivities and electric 
field strengths were measured above  21 
thunderstorms. The conductivity was not al-
tered appreciably by the presence of the storms. 
All storms showed a positive current flowing 
upwards, the total current ranging from 0 to 
1.4a, with an isolated reading of 6.5a. The 
average value, omitting the latter high reading, 
was 0.5a. In ten cases the electric-field profile 
corresponded with that of a simple bipolar 
model. The observations support Wilson's hy-
pothesis concerning the effect of thunderstorms 
in maintaining the earth's permanent negative 

charge. 

550.38 "1950.04/.06"  870 
International Data on Magnetic Disturb-

ances, Second Quarter, 1950—J. Bartels and 
J. Veldkamp. (Jour. Geophys. Res., vol. 55, pp. 
485-487; December, 1950.) 

550.38 "1950.07/.09"  871 
Cheltenham  [Maryland]  Three-Hour-

Range Indices K for July to September, 1950 — 
R. R. Bodle. (Jour. Geophys. Res., vol. 55, p. 
488; December, 1950.) 

550.384  872 
Results on Geomagnetic K-Indices for the 

International Polar Year 1932-33 —J. Bartels. 
(Jour. Geophys. Res., vol. 55, pp. 427-435; De-
cember, 1950.) 

550.385:551.594.52  873 
The Southward Shift of the Auroral Zone 

during Intense Magnetic Storms —V. C. A. 
Ferraro. (Jour. Geophys. Res., vol. 55, p. 493; 
December, 1950.) Comment on a paper by 
Nagata (2501 of 1950). The southward move-
ment of the auroral zone in the northern 
hemisphere during severe magnetic storms can 
be explained by the theory of Chapman and 
Ferraro as well as by Stormer's original auroral 
theory. 

550.385 "1950.04/09"  874 
Principal  Magnetic  Storms  [April-Sep-

tember, 19501—(Jour. Geophys. Res., vol. 55, 
pp. 489-492; December, 1950.) 

551.510.52: [551.543+551.524.7  875 
Day-to-Day Variations of Pressure and 

Temperature in the Lower Troposphere to 
5-km Height, and their Mutual Statistical 
Synoptical Relations —H. Hoinkes. (Arch. Met. 
Geophys. Bioklimatol., vol. 2, pp. 239-300; 
March 28, 1950. Bibliography, pp. 300-304.) 
Correlation of many thousands of observations 
at seventy stations in various parts of Europe, 
the North Atlantic, North Africa, Spitzbergen, 
and Inner Asia. 

551.510.53:001.4  876 
Upper  Atmospheric  Nomenclature —S. 

Chapman. (Jour. Geophys. Res., vol. 55, No. 4, 
pp. 395-399; December, 1950. Jour. Almos. 
Terr. Phys., 1950, vol. 1, pp. 121-124.) Many 
new terms characterizing the various atmos-
pheric regions and levels are suggested. 

551.510.535+551.594.5  877 
Corpuscular Influences Upon the Upper 

Atmosphere —S. Chapman. (Jour. Geophys. 
Res., vol. 55, pp. 361-372; December, 1950.) A 
critical review of the evidence for and against 
the corpuscular theory of magnetic storms and 
auroras, including discussion of certain crucial 
tests and difficulties. The obseived solar and 
terrestrial phenomena to be explained are ex-
amined in detail. It is concluded that the avail-
able data may be most readily interpreted in 
terms of the corpuscular theory. The most di-
rect evidence for the theory is given by recent 
observations of the broadening of the hydrogen 
lines in the auroral spectrum. 

551.510.535  878 
The Lowest of the Ionized Layers of the 

Upper Atmosphere —D. Stranz. (Tellus, vol. 2, 
pp. 150-157; August, 1950.) Discussion of the 
properties of the D layer and of various theories 
of its formation. 

551.510.535  879 
Thermal Splitting of Ionosphere Layers-

0. Burkard. (Arch. Met. Geophys. Bioklimatol., 
vol. 2, pp. 308-314; March 28, 1950.) The rate 
of ion production is calculated as a function of 
height, assuming a stratified temperature dis-
tribution. Under certain conditions, such a dis-
tribution can give rise to two maxima of 
ionization. A similar process may account for 
the splitting of the ionosphere F layer during 
the day. 

551.510.535  8 
Prediction of Ionospheric Conditions foil 

Antipodal Stations —G. R. White and R. F 
Potter. (Trans. Amer. Geophys. Union, vol. 30 
pp. 686-690; October, 1949.) For another 
count see 1660 of 1949. 

551.510.535  ss 
Ionosphere over Calcutta —S. S. Baral an 

A. P. Mitra. (Jour. Atmos. Terr. Phys., vol. 1 
pp. 95-105; 1950.) Records made at Calcutta 
during the solar half-cycle January, 1945-June 
1950, were analyzed in order to determine the 
following ionospheric parameters: rate of elec-
tron production, temperature, and effective c 
efficient of recombination. The value of the 
earth's magnetic field at the average height o 
the F2 region was also determined. Graphs 
show the variations of the various quantities 

551.510.535  882 
Studies of the F2 Layer in the Ionosphere: 

Part 1—The  Position of  the Ionospheric 
Equator in the F2 Layer —E. Appleton. (Jour. 
Atmos. Terr. Phys., vol. 1, pp. 106-113; 1950.) 
"The seasonal variations of the noon equivalent 
heights of the F2 layer at a number of stations 
are examined and the variations characteristic 
of the northern hemisphere and of the southern 
hemisphere identified. It is shown that the 
changeover from one type of variation to the 
other occurs in a region which is more nearly 
coincident with the magnetic equator than 
with the geographical equator." 

551.510.535  883 
27-Day Variations in F2-Layer Critical Fre-

quencies at Huancayo —J.  Bartels.  (Jour. 
Atmos. Terr. Phys., vol. 1, pp. 2-12; 1950.) 
"The solar radiation responsible for the produc-
tion of FT-layer ionization is already known to 
change with the 11-year sunspot cycle. The 
question has therefore been examined whether 
analogous changes occur in the course of the 
solar rotation of about 27-days period in cases 
where the sunspot numbers R show appreciable 
quasi-persistent periodicities. After correcting 
for lunar tidal influence, variations of the type 
in question have been found in the noon values 
of fFI for Huancayo, Peru, using the super-
posed epoch method. Such variations are found 
to be of the order of 6 to 10 per cent. Changes 
in fF2 accompanying changes in R appear to be 
delayed by about two days, but a scatter 
analysis by means of synchronized harmonic 
dials throws doubt on the statistical signifi-
cance of such a lag. The lunar tides in the noon 
values of fF2, e mined for comparison, cause 
total semimensual changes of more than 10 per 
cent in southern summer, but only 2 to 3 per 
cent in southern winter. These seasonal changes 
in the lunar tidal effect L(fF2) are much larger 
than those disclosed in the quantitative effects 
of changes of R on fF2. The use of these results 
in ionospheric forecasting is briefly discussed." 

551.510.535:523.745  884 
Comparison of Variously Derived Solar In-

dexes —H. S. Moore and M. Stein. (Jour. 
Geophys. Res., vol. 55, pp. 423-425; December, 
1950.) Values of the ionospheric solar-activity 
index Sz based on data from Washington, 
Huancayo, and Watheroo show slightly closer 
correlations with the noon values of foF2 at 
other stations than do values of Si based on 
Washington data only. The use of 27-day me-
dians in place of monthly medians does not 
alter the correlation significantly. See also 727 
of 1948 and 391 of 1949 (Phillips). 

551.510355: 523.75  885 
Observations of Solar and Terrestrial Phe-

nomena during the Mogel-Dellinger Effect 
(S.I.D.) on 19th Nov. 1949—R. Mailer: 0. 
Augustin and W. Menzel: A. Ehmert: H. 
Salow: A. Sittkus: W. Dieminger and K. H. 
Geisweid: J. Bartels. (Jour. Atmos.  Terr. 
Phys., vol. 1, pp. 37-48. 1950. In German.) The 
different authors report respectively on the fol-
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'ng phenomena observed at stations in Ger-
any during this sudden ionospheric disturb-
Ice: a solar flare of intensity 3; increases of 
7-20 per cent of cosmic-ray intensity; a radio 
.deout accompanied by an increase of the 
aization in the Et, Et, and F2 layers; and a 
vrestrial-magnetic solar-flare effect. See also 
)11 of 1950 (Ellison and Conway), 2206 of 
•)50 (Muller), and 3039 of 1950 (Clay and 
)ngen). 

51.510.535:523.78 "1947.05.20"  886 
Recombination and Attachment in the F-

;egion during the Eclipse of May 20, 1947 —J. 
avitt. (Jour. Geophys. Res., vol. 55, pp. 385-
94; December, 1950.) Ionization densities at 
)ur heights in the F2 region are deduced by 
4anning's method from data obtained during 
he eclipse at Bocayuva, Brazil. The results are 
ompared with predictions based on simple re-
ombination  and  attachment  hypotheses. 
'either hypothesis explains the data corn-
)letely, the former being slightly better at the 
esser heights and the latter at the greater. 
[he better general agreement is obtained with 
.he attachment hypothesis, the coefficient of 
ittachment being consistent with attachment 
o neutral oxygen atoms. Both coefficients vary 
:onsiderably with height, and the data indi-
:ate that the intensity of ionizing radiation 
nay increase near sunspot groups. 

551.510.535:535.34:621.396.11  887 
Attenuation of the Extraordinary Compo-

aent in the Ionosphere E1 Layer —W. Becker. 
;Jour. Atmos. Terr. Phys., vol. 1, pp. 73-81; 
1950. In German.) The experimental observa-
tion that no extraordinary-ray echoes can be 
received from the normal E layer around sun-
rise and sunset for frequencies between the 
gyrofrequency (1.39 mc) and about 2.5 mc, is 
in accordance with numerical considerations 
developed. The absence of these echoes is due 
to the high mean electron-collision frequency, 
which prevents the real pat t of the refractive 
index from reaching a value substantially be-
low unity, a necessary condition for appreciable 

' reflection. In the absence of these echoes, the 
' extraordinary-ray critical frequency of the E1 
layer can be identified as the frequency at 
which the first echoes are received from a layer 
at a greater height. 

551.510.535: 535.34:621.396.11  888 
The Absorption of Long and Very Long 

Waves in the Ionosphere —Stanley. (See 974.) 

4 551.510.535:550.385  889 
Investigation of the World-Wide Iono-

-: spheric Disturbance of 15th March 1948-0. 
Burkard. (Arch. Met. Geophys. Bioklimatol, 
vol. 2, pp. 315-324; March 28, 1950.) Observa-
tions at 30 stations were examined regarding 
the variations of the Frlayer critical frequency 
on the occasion of the geomagnetic storm on the 
above date. A marked increase of the critical 

4 frequency was noted in low geomagnetic lati-
tudes and a decrease in high latitudes. The 
progress of the main ionospheric disturbance 
appears to be related to local time. 

551.510.535: 621.396.812.2  890 
A Study of the Horizontal Irregularities of 

the Ionosphere—Briggs and Phillips. (See 980.) 

551.510.535: 621.396.812.3  891 
Periodic Fading of Short-Wave Radio Sig-

nals—Khastgir and Das. (See 981.) 

551.577: 621.396.9  892 
Observation of Precipitation with an Air-

borne Radar —E. J. Smith. (Aust. Jour. Sci. 
Res., Ser. A, vol. 3, pp. 214-223; June, 1950.) 
Observations were made on a wavelength of 
10 cm, using a radar set with its beam directed 
downwards from an aircraft. Photographic 
records were obtained of the intensity of the 
echoes from precipitation. A detailed descrip-
tion is given of observations made during the 

seeding of a cloud with "dry ice." Measure-
ments of the area and duration of precipitation 
and estimates of precipitation rate below the 
freezing level and of snowflake size above it 
were obtained; the rate of fall of the disturb-
ance was also measured. Ice crystals appear to 
form initially near the bottom of the cloud. 

551.578: 539.16  893 
On the Radioactivity of Atmospheric Pre-

cipitates —A. Stefanizzi. (Jour. Geophys. Res., 
vol. 55, pp. 373-378; December, 1950.) 

551.594.12  894 
The Ionization Balance of the Atmos-

phere —V. F. Hess and R. P. Vancour. (Jour. 
Atmos. Terr. Phys., vol. 1, pp. 13-25; 1950.) 
Methods for determining the contribution to 
the total atmospheric ionization made by a, 0, 
and 7 rays from radioactive substances in the 
ground and air and by cosmic rays are de-
scribed, and results of measurements made at 
Fordham University, New York, are reported. 
The mean number of small ions is computed to 
be <100 per cm3 in the stationary state, as is to 
be expected near a big city, where the number 
of condensation nuclei is usually > 40,000 per 
cm'. 

LOCATION AND AIDS TO 
NAVIGATION 

621.396.9:621.39.001.11  895 
A Theory of Radar Information—P. M. 

Woodward and I. L. Davies. (Phil. Meg., vol. 
41, pp. 1001-1017; October, 1950.) "The theo-
retical accuracy and certainty with which 
range may be determined by radar is obtained 
quantitatively by applying the principle of in-
verse probability. In agreement with experi-
ence, the theory yields two fundamental criteria 
for satisfactory radar reception. First, the total 
received signal energy must always be larger 
than the effective noise power per unit band-
width. Secondly, there is a more stringent 
threshold of unambiguous reception which de-
pends not only on the quantity of received 
energy but also on the bandwidth of the trans-
mitted wave form, for as this is increased the 
minimum energy required for the certain de-
tection of an echo also increases. The quantity 
of information obtainable at the receiver, as 
measured by reduction of entropy, is evaluated 
for comparison with that given by Shannon's 
general theory of communication [1361 and 
1649 of 1949]. It is found that as the time of 
observation and hence the received energy in-
creases, information is initially obtained at a 
roughly uniform rate which is not far removed 
from the absolute limit for an ideal communi-
cation system, but that after crossing the 
threshold of unambiguous reception, additional 
received energy contributes little further in-
formation." 

621.396.93  896 
Instantaneous Direction Finding —J. Rhys 

Jones. (Electronic Eng. (England), vol. 22, pp. 
481-482; November, 1950.) A historical ac-
count of the development of direction-finding 
equipment using cathode-ray tubes, with de-
scriptions of a pre-war and a wartime model. 
See also 1064 of 1949 (de Walden, et al.). 

621.396.933  897 
The Development and Status of Radio 

Navigational Aids to Civil Aviation —R. M. 
Badenach and R. E. Gillman. (Proc. IRE 
(Australia), vol. 11, pp. 273-283; November, 
1950.) The development of radio navigation 
aids prior to the second World War is described 
and the effect of that war on the problem is dis-
cussed. The present-day status of navigation 
aids in various countries throughout the world 
is reviewed. The work of ICAO in setting the 
standards for world-wide practice and per-
formance is summarized and plans which have 
been produced to meet these requirements in 
the United States and Australia are outlined. 

621.396.933:526.25  898 
A Rigorous Method for Computing Geodetic 

Distance from Shoran Observations —C. W. 
Kroll. (Trans. Amer. Geophys. Union, vol. 30, 
pp. 1-4; February, 1949.) Certain assumptions 
are made and Anderson's 1941 value of 299, 776 
km for the velocity of light is used. Accurate 
formulas are derived, but as computation from 
them is impractical, an approximate method 
of numerical integration was evolved. This has 
the advantage that it is an iteration process 
which can be carried out on an electronic com-
puter in a few seconds. 

621.396.933.23  899 
Einstein's Equivalence Principle and the 

Problem of Blind Navigation —J. J. Gilvarry. 
(Phys. Rev., vol. 73, pp. 1409-1410; June 1, 
1948.) 

621.396.933.23  900 
Application of Liouville's Approximation to 

the Blind Navigation Problem—J. J. Gilvarry 
and S. H. Browne. (Jour. Appl. Phys., vol. 21, 
pp. 1195-1196; November, 1950.) 

621.396.933  901 
Consol —a  Radio  Aid  to  Navigation 

(M.C.A.P. 59). [Book Noticel —Ministry of 
Civil Aviation. Publishers: H. M. Stationery 
Office, London,  2nd edn.  1950,  18.6d. — 
(Govt. Publ. (London), p. 15; September and 
October, 1950.) Brief description of its use, with 
details of the service and cover provided by 
existing stations. 

MATERIALS AND SUBSIDIARY 
TECHNI QUES 

535.37  902 
The Behaviour of Phosphors and Photocon-

ductors in Intense Electric Fields —E. Krautz. 
(Z. Naturf., vol. 4a, pp. 284-296; July, 1949.) 
The transient enhancement of luminescence 
produced by applied fields was investigated ex-
perimentally for over 250 phosphors, at low 
temperature, using a specially constructed 
grating-type cell making field strengths up to . 
300 kv per cm possible. Oscillograms illustrat-
ing the decay of the luminescence after switch-
ing the field on or off are shown and discussed; 
from the shape of the curves it can be judged 
whether the reaction mechanism is mono-
molecular or bimolecular. The peak value of the 
luminescence flash depends on both field in-
tensity and time interval after excitation of the 
phosphor (e.g., by X rays). 

535.371  903 
The Influence of Temperature on the 

Fluorescence of Solids —F. A. Kroger and W. 
de Groot. (Philips Tech. Rev., vol. 12, pp. 6-14; 
July, 1950.) The theory of the mechanism of 
fluorescence is outlined and methods for meas-
uring the relative efficiency of fluorescence and 
its rate of decay after excitation is cut off are 
described in detail. Results of measurements for 
simple cases are compared with deductions 
from the theory. Effects observed in more com-
plex cases are discussed and examples are given 
of cases where the efficiency depends not only 
on temperature but also on the intensity of the 
incident radiation. 

535.371:1546.321.41 +546.341.61  904 
The Decays of Luminescent KBr and LiF — 

A. H. Morrish and A. J. Dekker. (Phys. Rev., 
vol. 80, pp. 1030-1034; December 15, 1950.) 
Photomultiplier investigation of luminescence 
decay after irradiation by X rays, at 21°C and 
at 0°C. 

537.311.33  905 
Controlled-Valency Semiconductors —E. J. 

W. Verwey, P. W. Haaijman, F. C. Romeijn 
and G. W. van Oosterhout. (Philips Res. Rep., 
vol. 5, pp. 173-187; June, 1950.) "In inorganic 
solids of a more or less polar type (e.g., oxides) 
a condition for electronic conductivity is that 
the lattice contains ions derived from the same 
clement but of different valency in the same 
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crystallographic position. A new type of 
semiconductor is described in which this con-
dition has been realized by the introduction of 
a fraction of ions of deviating valency without 
the simultaneous formation of lattice defects as 
in 'non stoichiometric' compounds. Such a situ-
ation is promoted by the incorporation into the 
lattice of foreign ions of such a charge that they 
balance the charge of the ions of deviating 
valency. Various examples are given and some 
of the properties of the materials thus obtained 
are described. Materials of this type have been 
applied, for instance, in ceramic resistors hav-
ing a large negative temperature coefficient of 
the resistance. The influence of various im-
purities upon the specific resistance of poorly 
conducting substances or insulators with a 
crystal lattice of the polar type can also be 
understood along these lines." 

537.311.33:537.311.1  906 
Fermi Levels in Semiconductors —R. A. 

Hutner, E. S. Ftittner and F. K. du Pre. 
(Philips Res. Rep., vol. 5, pp. 188-204; June, 
1950.) "General formulas for determining the 
Fermi level and the density of free charge car-
riers in semiconductors are derived. Special 
semiconductor models are considered in detail 
and a few applications are discussed." 

537.311.33:621.315.592 t: 546.28.261  907 
On the Mechanism of Impurity-Band Con-

duction  in  Semiconductors—C.  Erginsoy. 
(Phys. Rev., vol. 80, pp. 1104-1105; December 
15, 1950.) The anomalous low-temperature ef-
fects on the resistivity and Hall coefficient of 
SiC are interpreted on the basis of a conduction 
mechanism in an impurity band formed by the 
interaction of the excited impurity states at 
high concentrations. 

537.311.33.621.315.592 t: 621.396.645  908 
The Amplification Observed in Semicon-

ductors—Matar6. (See 1037.) 

537.311.33:621.315.592:621.396.822 909 
Statistical Fluctuations in Semiconduc-

tors —H. F. Matare. (Z. Naturf., vol. 4a, No. 4, 
pp. 275-283; July, 1949. Jour. Phys. Radium, 
vol. 10, pp. 364-372; December, 1949; vol. 11, 
pp. 130-140; March, 1950.) The analogy be-
tween barrier layer and diode is considered. An 
equivalent steady-state circuit is presented for 
a semiconductor rectifier, and the equivalent 
noise source and square of noise voltage are de-
termined. The analytical representation of the 
barrier-layer noise temperature obtained from 
measurements on diodes and semiconductors is 
then introduced, and a practical law is derived 
for the square of the noise voltage, i.e., the sta-
tistical fluctuations. 

537.311.33 : 621.315.592: 621.396.822  910 
A Theory of Contact Noise in Semiconduc-

tors—G. G. Macfarlane. (Proc. Phys. Soc. 
(London), vol. 63, pp. 807-814; October I, 
1950.) "A theory of contact noise is described 
in which the low-frequency noise is attributed 
to the random movement of adsorbed ions 
on the surface of a semiconductor from 
which an electron current is being drawn. 
Emission of electrons is assumed to take place 
only at localized patches on the surface and 
the adsorbed ions are assumed to give rise 
to a Schottky barrier layer, in which the 
potential maximum is linearly related to 
the concentration of ions. Diffusion of the 
ions over the surface gives rise to random 
fluctuations in the concentration of ions in a 
patch, which results in random fluctuations in 
the height of the potential barrier and the emis-
sion current. It is shown that for a circular 
patch the spectral power density of the noise 
current varies with mean current Jo and fre-
quency/ as jor over a small range of frequency 
and that x varies monotonically from -0.75 at 
the lowest frequencies to - 1.125 at the highest 
frequencies. It is also shown that for a long thin 
rectangular patch the index x varies monotoni-
cally from -0.5 to -1.5 as the frequency is 

increased from zero. The dependence of the 
noise power density on temperature is also dis-

cussed." 

537.311.33:621.315.592.011.2t  911 
Effect of Isolated Lattice Irregularities on 

the Electrical Resistance of Electronic Semi-
conductors and its Temperature Dependence— 

W. Heywang. (Z. Naturf., vol. 4a, pp. 654-664; 
December, 1949.) 

538.221  912 
Ferromagnetic  Materials and  Ferrites: 

Properties and Applications —M. J. 0. Strutt. 
(Wireless Eng., vol. 27, pp. 277-284; December, 
1950.) The parameters controlling the proper-
ties of ferrites and other ferromagnetic ma-
terials are summarized and the relations be-
tween the Q value of a cored inductor, core size, 
hysteresis distortion, and saturation limitations 
are discussed for commercially available core 
materials. The conditions giving optimum per-
formance are indicated and the possibilities of 
obtaining small, highly efficient transfor mere 
for low-power applications by using ferrite 
cores are stressed. The very low hysteresis and 
eddy-current losses with these materials, when 
used correctly, give a better approximation to 
an ideal transformer for the lower radio-fre-
quency bands than do other core materials. 

538.221  913 
High-Frequency Permeability of Ferromag-

netic Materials —R. Millership and F. V. Web-
ster. (Proc. Phys. Soc. (London), vol. 63, pp. 
783-795; October 1, 1950.) Measurements of 
the resistive and inductive permeabilities in the 
range 150 mc to 10 km were made using a co-
axial line with the inner conductor made from 
the material under investigation. At all fre-
quencies the resistive permeability Arn is greater 
than the inductive permeability psi.; the effec-
tive permeability is assumed to be complex and 
is plotted as a function of Ara and /AL against fre-
quency. 

538.221:538.24  914 
Thermal Effects due to Magnetization 

Processes in Weak Fields —L. F. Bates. (Jour. 
Phys. Radium, vol. 10, pp. 353-363; December, 
1949.) Paper given at a meeting of the French 
Physical Society, describing experimental re-
search carried out at the University of Notting-
ham. Measurements on Ni, Fe, Co, and various 
alloys are reported, and specially devised ap-
paratus is described. A quantitative interpreta-
tion of the results has been put forward tenta-
tively by Stoner and Rhodes. An account is in-
eluded of experiments undertaken .to verify 
theories of Neel and of Lawton and Stewart on 
the structure of the elementary domains in 
monocrystals; equidistances in agreement with 
a formula given by Neel were found. 

538.221:669.74.018  915 
Ferromagnetic Interactions in Manganese 

Alloys—L. Castelliz and F. Halla. (Ado Phys. 
Austriaca, vol. 2, pp. 348-355; February, 
1949.) 

538.652  916 
Reversal of Sign of Magnetostriction by 

Expansion— W. Braunewell and E. Vogt. (Z. 
Naturf., vol. 4a, pp. 491-495; October, 1949.) 

546.431.42-31:536.2.022  917 
Thermal Conductivity of Barium/Strontium 

Oxide —G. F. Weston. ( Nature (London), vol. 
166, pp. 1111-1112; December 30, 1950.) 
Earlier experimental values are criticized and 
details are given of measurements using a 
method based on Lees' disk. Preliminary re-
sults indicate values of 1-S X 10-6  cal deg-, 
cm' sec-,  at 1,000°K, increasing slightly with 
temperature. The results appear independent 
of the compression of the original carbonate, 
and of the state of activation of the oxide. 

546.431.824: 537.228.1  918 
The Electromechanical Behavior of BaTiO 

Single-Domain Crystals —M. E. Caspari and 

W. J. Merz. (Phys. Res., vol. 80, pp. 1082-1089; 
December 15, 1950.) The da piezoelectric co-
efficient was measured by both a static and a 
dynamic method and its value compared with 
that theoretically derived from the permittivity 
and spontaneous polarization. Measurements 
were made from room temperature to I40°C 
(Curie point, 120°C). The static method, con-
trary to the dynamic method, shows that du is 
not zero above the Curie point but that it de-
creases slowly with increasing temperature. 
This effect is attributed to the tetragonal struc-
ture induced by the external field through the 
electrostrictive effect. Observations of optical 
birefringence confirm this hypothesis. 

546.842.221: 537.58  919 
Thorium Sulfide as a Thermionic Emitter — 

T. E. Hanley. (Jour. Appl. Phys., vol. 21, p. 
1193; November, 1950.) The emission from ThS 
is only a quarter of that from ThOr at a bright-
ness temperature of about 1,500°C. 

548.0:537.228.1  920 
Growing  Piezoelectric  Crystals —A.  C. 

Walker. (Jour. Frank. Inst., vol. 250, pp. 481-
524; December, 1950.) A summary of work 
carried out at the Bell Telephone Laboratories 
on the growing of large single crystals of ADP, 
EDT and quartz. Basic principles are indicated 
and apparatus is described. Problems encoun-
tered in the pilot-plant stage of the commercial 
production of ADP and EDT crystals are dis-
cussed. 

549.514.51: 537.228.1.096  921 
The Variation with Temperature of the 

Piezoelectric Coefficients of Quartz —A. C. 
Lynch. (Proc. Phys. Soc. (London), vol. 63, PP-
890-892; November 1, 1950.) "The equivalent 
electrical circuits of three bars in longitudinal I 
vibration were measured at approximately 25, 
52.5, and 80°C. In this range of temperature the 
temperature coefficients of du and dr4 are re-
spectively - 2e, and +1386 parts per mil-
lion/°C., and there is no evidence to support 
Cady's suggestion that dr1 passes through a 
maximum near room temperature. 

The measurements suggest a rather high 
value for du: (- 2.21 ± 0.1) X 10-6  cm per esu 
of potential at 25°C." 

621.3.013.24  922 
The Production of Pulsed Magnetic Fields, 

using Condenser Energy Storage —K. S. W. 
Champion. (Proc. Phys. Soc. (London), vol. 63, 
pp. 795-806; October 7, 1950.) The pulsed mag-
netic field obtained by discharging a capacitor 
through an air-cored coil is investigated theo-
retically, and expressions and curves are de-
rived which enable the field produced by a 
specified coil and capacitor combination to be 
readily calculated. A switch, preferably elec-
tronic, connects the coil to the capacitor to 
initiate the discharge and then disconnects the 
two exactly at the end of one cycle. Thus all the 
stored energy is used to produce the field, and  ti 
most of it is recovered at the end of the pulse. 
Coil design is considered in detail and a descrip-
tion is given of a practical air-cooled coil pro-
ducing a field of 22.7 kilogauss with pulse dura-
tion 10.7 ms, when used with an 8-af capacitor  , 
fed from a 25-kv source. See also 90 of 1950 
(Raoult). 

621.3.066.6: 621.775.7  923 
Electrical Contacts and Powder Metal-

lurgy —N'Guyen  Thien-Chi.  (Ann.  Radio-
elect., vol. 5, pp. 339-353; October, 1950.) 
Powder metallurgy has particularly valuable 
possibilities for the production of sintered elec-
trical contacts. Some pseudo alloys specially 
useful in this field are discussed, e.g., W (or 
Mo)/Cu (or Ag), Ag/Cd0 (or Ni, graphite, 
etc.), and figures for ductility and malleability 
are reported. Since in a pseudo alloy each con-
stituent retains its individual nature, the re-
sulting range of properties far exceeds that 
obtainable with classical metallurgical proc-
esses. See also 2817 of 1949. 

to 
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1421.314.63  924 
Nonuniform  Distributions  of  Impurity 

i:entres in Dry Rectifiers —E. Spenke. (Z. liNaturf., vol. 4a, pp. 37-51; April, 1949.) 
fypical distributions of impurity centers are 
nvestigated in a search for effects related to 
rariation of concentration with distance from 
:ounter electrode. The current-voltage relation 
a presented in a convenient approximate form 
whose evaluation demands only a knowledge 
A the potential variation through the barrier 
ayer; this variation is determined for any dis-
sibution of impurity centers. The relation be-
:ween the distribution of impurity centers and 
:he dependence of differential resistance on 
3ias voltage is studied for both backward and 
'orward directions. 

521.314.632.1.011.5  925 
The Dielectric Properties of Copper-Oxide 

Rectifiers —J. H. Calderwood, R. Cooper and 
H. K. Heppel. (Research (London), vol. 3, pp. 
530-531; November, 1950.) Using an imped-
ance-bridge circuit, measurements of barrier-
layer capacitance and differential resistance 
'were made at frequencies between 100 cps and 
10 kc on a number of Cu2O rectifiers. Both 
quantities varied somewhat with frequency. 
Loss-angle values showed general agreement 
with the Debye absorption curve. Over the 
range 0°-40°C, a shift of absorption to lower 
frequencies with decreasing temperature was 
observed. 

621.314.634  926 
A Study of Electrical Forming Phenomena 

at Selenium Contacts —H. K. Henisch, and J. 
EweIs. (Proc. Phys. Soc. (London), vol. 63, pp. 
861-876; November 1, 1950.) An account is 
given of current-creep experiments at various 
temperatures on Se specimens of different im-
purity content. Two opposing creep mecha-
nisms are, in general, active simultaneously. A 
theory of current creep is outlined. 

621.315.612.4:546.815.824  927 
X-Ray Study of the Phase Transition in 

Lead Titanate —G. Shirane, S. Hoshino, and K. 
Suzuki. (Phys. Rev., vol. 80, pp. 1105-1106; 
December 15, 1950.) Measurements in the 
range - 170° to +550°C indicate a change 
from tetragonal to cubic structure at the Curie 
temperature, about 490°C. 

621.315.617.3  928 
Insulating Varnishes —H. Quillatre. (Elec-

- trician, vol. 145, pp. 1249-1253; December 1, 
1 1950.) The physical and chemical properties re-
-1 quired in insulating varnishes are enumerated 
and a survey is made of the various materials 
that are available, including silicones and high-
p temperature resins. The uses of varnishes on 
electrical and radio components and the 
methods of application are discussed in some 
detail. 

t• 
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666.1.037.5  929 
The Physical Aspect of Glass/Metal Seal-

ing in the Electronic Valve Industry: Part 3— 
G. Trebuchon and J. Kieffer. (Ann. Radio-
elect., vol. 5, pp. 407-418; October, 1950.) The 
Influence of shape parameters on strains in 
seals is studied for two particular glass-metal 
combinations; the importance is emphasized of 
relating the strains in industrial-type seals to 
those in standard test seals. External factors 
affecting seals include annealing conditions, 
humidity, electrical effects, and thermal shock. 
Maximum tolerable strains are determined, 
taking account of production economics. The 
results of the investigation are applied as a 
basis for industrial specifications covering 
annealing cycles, properties required in new 
glasses for sealing to metals and inspection of 
seals. Part 2: 135 of February. 

MATHEMATICS 
517.4/.5  930 
The Use of Symbolic Calculus in Mathe-

matical Research —S. Colombo. (Ann. Tele-

commun., vol. 5, pp. 347-364; October, 1950.) 
Theoretical bases of the technique are sum-
marized and its possible applications in estab-
lishing  relations  characteristic  of  certain 
transcendental functions are studied, including 
Hankel's  transformation  and  higher-order 
circular and hyperbolic functions. Its use in the 
study of certain mass distributions and in 
van der Pol's applications to the analytical 
theory of numbers is described; other examples 
of its application are indicated. Symbolic cal-
culus is a useful research tool; its rules are 
straightforward and rigorous and define neces-
sary, if not always sufficient, conditions of 
validity. Forty-nine references are given. 

517.422  931 
The Mellin Transform and its Applications 

—P. A. Barrucand. (Ann. Telicommun., vol. 5, 
pp. 381-388; November, 1950.) This trans-
formation, though not so well known as that of 
Laplace, is one of the most important in 
mathematics. The principal rules of operation 
are studied and the transformation is applied 
to various problems, including the formation of 
Fourier kernels and the analytical extension of 
Taylor's series. An appendix gives numerous 
transformation formulas. 

517.432.1  932 
A Derivation of Heaviside's Operational 

Calculus Based on the Generalized Functions 
of Schwartz —J. J. Smith and P. L. Alger. 
(Trans. A I EE, vol. 68, Part II, Discussion, 
pp. 944-946; 1949.) Full paper. Summary 
noted in 1182 of 1950. 

519.272  933 
The Statistics of Correlated Events: Part 1 

—C. Domb. (Phil. Mag., vol. 41, pp. 969-
982; October, 1950.) One effect of the cor-
relation of events is a change in the mean-
square deviation of the number of events oc-
curring in an interval of time 1. By analogy 
with the shot effect in the presence of space 
charge, this is denoted by a factor r, for large 
values of t, and r, is evaluated in terms of the 
interval distributions between events. For 
finite intervals t a corresponding factor 72(t) is 
introduced which usually tends toward 1 as 
1--+O. A correlation function for events oc-
curring at times separated by an interval r is 
defined, and its relation to 72(0 is discussed. A 
generalization of Campbell's theorem applying 
to correlated events is derived and the problem 
of the random partitioning of correlated events 
is discussed. 

621.385.832:517.51:681.142  934 
The Monoformer —Munster. (See 1033.) 

517.512.4  935 
Table of the Bessel Functions Yo(z) and 

Y1(z) for Complex Arguments. [Book Review] — 
Computation Laboratory, National Bureau of 
Standards. Publishers: Columbia University 
Press, New York, N. Y., 1427 pp., $7.50; 1950. 
(Jour. Frank. Inst., vol. 250, pp. 587-588; 
December 1950.) The functions are tabulated 
for complex arguments defined in polar co-
ordinates along each of the rays  
5° ... 90°; ten-place values of the real and 
imaginary parts are given for values of I zl from 
0 to 10 at intervals of 0.01. Various auxiliary 
tables and an explanatory introduction are 
included. 

681.142  936 
Calculating Instruments and Machines. 

[Book Review1 —D. R. Hartree. Publishers: 
University of Illinois Press, Urbana, Ill., and 
Cambridge University Press, London, 138 pp., 
21s; 1949. (Nature (London), vol. 166, p. 1087; 
December 30, 1950.) "A very welcome addition 
to the literature of the subject." 

681.142  937 
High-Speed Computing Devices.  [Book 

Reviewj —Engineering  Research  Associates. 
Publishers: McGraw-Hill Book Co., Inc., New 
York, N. Y. 451 pp., $6.50; 1950. (Jour. 

Frank. Inst., vol. 250, p. 583; December, 1950.) 
The book is in three parts, dealing respectively 
with basic elements of machine computation, 
computing systems, and physical components 
and methods. The first and last parts deal 
primarily with electronic equipment, while the 
second part describes machines of all types. 
An extensive bibliography is integrated into 
the subject matter. Recommended to designers, 
users, and students. 

MEASURE MENTS AND TEST GEAR 

53.087.6:529.7853.088  938 
Rate Drift of Timepieces —(Tech. Bull. 

Nat. Bur. Stand., vol. 34, pp. 150-151; October, 
1950.) Short account of equipment developed 
by H. A. Bowman. A relay-type servo system 
keeps the phase of a crystal-controlled fre-
quency standard in step with the frequency of 
the timepiece or oscillator under test. The 
magnitude of the phase shift is automatically 
plotted against time. 

621.317.3:621.396.611.3  939 
Principles of Measurements on Coupled 

Circuits— W. F. Dil. (Philips Res. Rep., vol. 5, 
insertion slip; June, 1950.) Corrections to 
article abstracted in 393 of March. 

621.317.335.2:621.314.63  940 
A New Method of Capacity Measurement 

on Dry Disk Rectifiers —K. Lehovec. (Jour. 
Appl. Phys., vol. 20, p. 123; January, 1949.) 
With an ac voltage and a suitable dc bias ap-
plIA to the rectifier in series with a small 
resistor, the characteristic is traced on a cro, 
using the voltage across the rectifier to give 
the abscissa and that across the resistance to 
give the ordinate. The characteristic shows a 
loop from which the capacitance and re-
sistance can be calculated as a function of 
voltage, assuming that (a) the rectifier is 
equivalent to a capacitance shunted by a 
resistance, and (b) both are functions of the 
instantaneous voltage only. 

621.317.335.2 621.314.63  941 
An Oscillographic Method for the Investiga-

tion  of  Dry-Rectifier  Barrier  Layers —A. 
Hoffmann. (Z. angew. Phys., vol. 2, pp. 353-
359; September 15, 1950.) The assumptions 
and limitations of Lehovec's oscillographic 
"loop" method of determining barrier-layer 
capacitance (see 940 above) are examined in 
detail. The discussion is restricted to disk-type 
rectifiers. Measurements made by this method 
are in good agreement with reactance-bridge 
measurements; the loop method has the ad-
vantage in respect of speed and ability to 
deal with incomplete rectifier disks, but is un-
suitable for work at low values of forward 
current, on account of unavoidable large errors. 

621.317.352:621.396.611.4  942 
Simple Method for Measurement of Varia-

tions of Damping of Centimetre Waves — 
Philipp. (See 841.) 

621.317.4:621.318.2  943 
Measurements on Ring-Gap Magnets — 

E. Schafer. (Funk u. Ton, vol. 4, pp. 519-524; 
October, 1950.) Leakage flux associated with 
the gap is calculated to a close approximation 
and a ballistic method of measuring the flux 
density in the gap is described. 

621.317.44 0  944 
General Theory, and Experimental Con-

firmation, of the Moving-Coil Fluxmeter — 
T. J. Higgins and G. Robertson. (Trans. 
AIEE, vol. 68, part II, pp. 897-907; 1949. 
Discussion, pp. 907-908.) An inclusive mathe-
matical theory of the operation of the un-
shunted fluxmeter is developed. Experimental 
results confirm the general theory. Analogous 
theory and experimental results are also given 
for the shunted type of meter. 

621.317.7:621.316.8:621.396.822 945 
The Measurement of Noise in Resistors — 

F. Oakes. (Electronic Eng. (London), vol. 22, 
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pp. 464-469; November, 1950.) The resistor 
under test is connected to the input terminals 
of a calibrated audio-frequency high-gain feed-
back amplifier, whose output circuit includes 
either a thermocouple and rms meter, a peak 
voltmeter, a diode detector circuit, or a cro 
for monitoring or recording purposes. Precau-
tions necessary, the various types of resistor 
noise, and the measurement of noise in variable 
resistors, are discussed. A mixer and filters are 
used with the amplifier to investigate the fre-
quency distribution of noise. 

621.317.7:621.392.26t  946 
A Measuring Arrangement for Waveguides 

—A. E. Pannenborg. (Philips Tech. Rev., 
vol. 12, pp. 15-24; July, 1950.) Description of 
equipment used in the Philips laboratories for 
determining reflection coefficients from meas-
urements of voltage SWR in a waveguide. 
Accessories include a microwave generator, 
directional couplers, an attenuator, a crystal 
rectifier, and a wavemeter of the cavity-
resonator or transmission-line type. 

621.317.725  947 
A New Electrostatic Voltmeter—H. Grei-

nacher. (Bull. schweis. elektrotech. Ver., vol. 40, 
pp. 816-817; October 15, 1949. In German.) 
If two metal plates are partly immersed close 
together in a liquid dielectric, the meniscus 
rises when a potential difference is applied 
across the plates. Two voltmeters based on the 
simple relation existing between the rise of 
level and the applied potential difference are 
described, one for microscope reading and the 
other with a projection scale. The effect has 
been applied previously for the determination 
of dielectric constant (see Hely. Phys. Ada, 
vol. 21, pp. 2617272; 1948). 

621.317.733:535.416  948 
Standing  Wave  Ratio  Bridge —R.  W. 

Caywood and R. A. Bradbury. (FM-TV, 
vol. 10, pp. 19, 50; November, 1950.) A de-
scription of the Millen radio-frequency bridge, 
designed primarily for SWR measurements at 
frequencies between 1.5 mc and 42 mc. Ap-
plications to problems of matching trans-
mitters and receivers to transmission lines and 
antennas are indicated. 

621.317.735:621.3.029.5/.6  949 
A Cathode-Ray Oscillograph for Periodic 

Phenomena of High Frequencies—J. M. L. 
Janssen. (Philips Res. Rep., vol. 5, pp. 205-
240; June, 1950.) A system of electronic 
stroboscopic scanning of the signal is obtained 
by mixing it with phase-modulated pulses. The 
design of the pulse generator and the mixer and 
• synchronization circuits is discussed in detail. 
The technique has been used for the observa-
tion of distorted signals with harmonics up to 
30 mc, for the measurement of phase and am-
plitude characteristics up to 70 mc and for the 
observation of modulated signals with carrier 
frequencies up to 70 mc and modulation fre-
quencies up to 20 kc. 

621.317.763  950 
The Michelson Interferometer at Milli-

metre  Wavelengths—W.  Culshaw.  (Proc. 
Phys. Soc. (London), vol. 63, pp. 939-954; 
November, 1950.) The design and operation of 
an instrument working at a wavelength of 12.5 
mm is described. The transmitting and receiv-
ing apertures are 6-inch square horns, both par-
tially corrected by metal lenses to give an ap-
proximation to plane-wave operation. The 
beam divider consists of two X/4 polystyrene 
plates separated by an adjustable air gap. 
Wavelength measurements were made with 
various path lengths; the results are most ac-
curate when working well inside the Fraunhofer 
diffraction region. The measured wavelength 
increases as the spacing is reduced. 
The frequency of the source is stabilized by 

a high-Q cavity used as a radio-frequency dis-
criminator. The frequency was measured with 

a calibrated frequency meter and the resulting 
velocity of em waves agrees, within the ac-
curacy of the Instrument (1 part in 104), 
with the accepted value. The interferometer 
has also been used to measure the dielectric 
constant of low-loss materials, and its use as a 
substandard of length is discussed. 

621.396.615.015.7t  051 
A Pulse Generator for the Millimicrosecond 

Range —R. L. Garwin. (Rev. Sci. (nstr., vol. 
21, pp. 903-904; November, 1950.) Describes 
a laboratory generator of pulses with rise and 
decay times<2 X 10-4 ° second at a repetition 
rate of 120 per second. A mechanical switch 
in the center conductor of a coaxial line is 
operated by a 60-cps magnetic field in an 
external coil. Three simultaneous outputs are 
available, variable in amplitude from 100 µv to 
100 v. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONS 

531.787.6:621.38  952 
Diaphragm-Type  Micromanometer  with 

Electronic Pickup—( Tech. Bull.  Nat.  Bur. 
Stand., vol. 34, pp. 137-139; October, 1950.) 
Movement of the diaphragm in response to 
pressure variations is measured by a mutual-
inductance micrometer [see 690 of March 
(Gordon and Richmond)]. 

534.321.9 : 620.179.16  953 
Application of Ultrasonics in the Testing of 

Materials —L.  Bergmann. (Z.  Ver.  Thsch. 
Ing., vol. 92, pp. 711-718; September 1, 1950.) 
A review is given of the development of ultra-
sonic testing apparatus in the two main classes 
operating respectively by transmission and re-
flection; the advantages and drawbacks of the 
two systems are compared. The theoretical 
basis is given briefly, and commercial appara-
tus is described. An application still in an early 
stage is the study of the crystalline structure of 
materials. Twenty-five references are listed. 

621.314.653  954 
The Ignitron and its Applications —David 

and Caussin. (See 1015.) 

621.316.578.1  ' 955 
Electronic Sequence Timing for Compres-

sion-Molding Presses—J. H. Wyman. (Elec. 
Mfg., vol. 42, pp. 114-116; November, 1948.) 
Details of the construction and mode of opera-
tion of a 4-stage sequence timer. This controls 
the setting of two 3-way tubes and two 2-way 
tubes which directly govern the air supply to 
the press. 

621.316.578.1:621.385.38  956 
Timing Machine Operations with Small 

Thyratrons—S.  C.  Rockafellow.  (Product 
Eng., vol. 21, pp. 85-90; November, 1950.) 
Descriptions and diagrams of circuits for in-
troducing time delay into the control systems 
of automatic and semiautomatic machines such 
as presses and test gear. 

621.316.74:621.385.38  957 
Precision Thermostat for High Tempera-

tures —(Jour. Frank. Inst., vol. 250, pp. 443-
445; November, 1950.) Short description of a 
thermostat developed at the National Bureau 
of Standards by W. R. Eubank. The resistance 
of the Pt/Rh wire used for the furnace heater 
winding changes rapidly with temperature 
above 1,000°C; this winding forms one arm of 
an ac bridge, the unbalance voltage from 
which is amplified and applied to the control 
grid of a thyratron controlling the current 
supplied to the heater coil. Furnace tempera-
tures in the range 1,000° to 1,550°C are main-
tained constant within ±0.1°C for several 
hours, and within ± 1.0°C for several days. 

621.318.4:621.365.54t  958 
Work-Coils for  H.F.  Heating —R.  A. 

Whiteman. (Radio al' Telev. News, Radio-
Electronic Eng., vol. 15, pp. 3A-6A, 28A; 

October, 1950.) Theory and practice are com-
bined to obtain the optimum design of work 
coils for induction heating. 

621.365.54/.551'  959 
The Design of H.F. Generators for In-

dustrial Use and the Development of their 
Application in France —J. Girardeau. (Onde 
elect_ vol. 30, pp. 488-496 and 542-546; 
November and December, 1950.) See 178 of 
February. 

621.365.541. 960  - 
Some Possibilities of H.F. Induction Heat-

ing in the Surface Hardening of Motor-Car 
Parts —J. J. Leven. (Ann. Radioelect., vol. 5  , 
pp. 419-432; October, 1950.) An account is 
given of high-frequency generating plant and 
semiautomatic hardening equipment in in-
dustrial use. Results obtained with typical 
parts are reported. 

621.384.611.1t  961 
Ejection of the Electron Beam from a Beta-

tron —S. L. Fawcett and E. C. Crittenden, Jr. 
(Rev Sci. Instr., vol. 21, pp. 935-936; Novem-
ber, 1950.) Modification of scheme proposed 
by Crittenden and Parkins (3438 of 1946). 

621.384.611.2t  962 
Synchrotron-Oscillation Resonance —N. M. 

Blachman. (Rev. Sci. Instr., vol. 21, pp. 908-
911; November, 1950.) 

621.384.62 + 621.385.029.63/.64  963 
The Controi of Electron Streams by means 

of  Progressive  Waves  (Travelling- Wave 
Tubes) —Ddhler. (See 1017.) 

621.385.83  964 
Note on the Focusing of Electron Beams in 

Certain Magnetic Fields —P. A. Sturrock. 
(Proc.  Phys. Soc., vol. 63, pp. 954-957; 
November 1, 1950.) "Equations are set out 
which determine the focusing properties of 
electron beams in magnetic fields whose scalar 
potential has a plane of antisymmetry. From 1 
these is derived the condition that a proposed 
ray-axis and associated focusing requirements 
should be physically realizable. It is also shown 
that the fringe effect of fields with sharply 
defined boundaries may be characterized by 
a pair of focal lengths, for which formulas are 
given." 

621.385.833  965 
A Small  Electron  Microscope —J.  H. 

Reisner and E. G. D,ornfeld. (Jour. Appl. 
Phys., vol. 21,Npp. 1131-1139; November, 
1950.) The instrument has a resolution of 
100 A. The magnetic lenses are energized by 
permanent magnets, the accelerating voltage 
is 50 kv, variable by 500 v for focusing. Plates 
and specimens can be rapidly changed. Direct 
magnifications of 1,500, 3,000, and 6,000 are 
available. 

621.385.833  966 
Electron Scattering and Image Formation 

in the Electron Microscope —B. v. Borries. 
(Z. Nalurf, vol. 4a, pp. 51-70; April, 1949.) 

621.387.4t  967 
Statistical Limitations on the Resolving 

Time of a Scintillation Counter —R. F. Post 
and L. I. Schiff. (Phys. Rev., vol. 80, p. 1113; 
December 15, 1950.) Discussion of the limita-
tions on resolving time that arise from fluctua-
tions in the emission, transmission, and col-
lection of scintillation photons. 

621.387.4t  968 
A Study of the Deterioration of Methane-

Filled Geiger-Muller Counters with External 
Cathode —D. Blanc. (Jour. Phys. Radium, 
vol. 10, pp. 411-414; December, 1949.) A use-
ful life ranging from 6X107 to 2X10° impulses 
is observed. The limitation of life is due to 
deposition of material on the cylinder, with 
consequent reduction of its work function. 
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61.387. 0:621.383  969 
1 Multiplier  Phototubes  in  Scintillation leenters —Hickman.  (See 1016.) 
1.395.625.3.029.42:611.81  970 
Magnetic-Tape Recorder for Very-Low-
quency Phenomena —P.  E.  Green, Jr. 
'sr. Sri. Instr., vol. 21, pp. 893-895; Novem-
r, 1950.) Equipment for recording electrical 
to 100-cps signals for subsequent reproduc-
in. The signals are used to modulate the 
iquency of a 1-kc carrier wave. The tape 
.eed for reproduction is 5 times the recording rd, so that the output from the demodulator 
yes the original signals with frequencies mul-

ed by 5. 

PROPAGATION OF WAVES 

.8.566.2  971 
Research on the Propagation of Sinusoidal 
.ectromagnetic Waves in Stratified Media: 
pplication to Thin Layers: Part 1—Abeles. 
:ee 857.) 

;1.396.11  972 
Group and Phase Velocities from the Mag-

eto-ionic Theory —H. A. Whale and J. P. 
;anley. (Jour. 'limos. Terr. Phys., vol. 1, pp. 
1-94; 1950.) "When a radio wave is trans-
titted through a medium consisting of free 
• ectrons it is well known that the product of 
le refractive index µ and the 'group refractive 
tdex' je is equal to unity. When a steady 
agnetic field is imposed on the medium, Ai 
jecomes a complicated function of wave fre-Iuency and the direction of propagation, µ' is 
yen more complicated and the product µA' is 
o longer equal to unity. It is shown that it is 
sett convenient to consider values of the 
roduct W.L' for different frequencies and direc-11 
o  n.sof propagation, and sets of curves are  
'ven from which the behavior of this product 
in be visualized as both wave frequency and lirection of propagation are varied. The curves 
fere computed by the use of the EDSAC 
lectronic computer. The use of the curves and 
re conditions under which they may be ap-
, lied are discussed briefly." 

, 21.396.11:532.517.4:551.510.5  973 
Scattering of Electromagnetic Waves by 

1,tmospheric Turbulence —E. C. S. Megaw. 
i Nature (London), vol. 166, pp. 1100-1104; 
)ecember, 1950.) Information concerning the 
i rge-eddy end of the spectrum of turbulence 
2 the free atmosphere, obtained from analysis 
f records of angular fluctuations of star 
stages, and concerning the small-eddy end of 
he spectrum, derived from observations of 
tellar brightness fluctuations, is discussed. 

, ;onsistency of the values of total fluctuation 
f refractive index derived from these two 
ources indicates that it is correct to assume 

, hat "all the observations can be accounted for 
ty an average spectrum of turbulence which 
s a permanent characteristic of the atmos-
ihere, and that this is, in fact, the Kolmo-
oroff spectrum." 
Formulas resulting from a theory of scatter-
g of short radio waves are quoted and 
erences between results deduced from this 

4 heory and from that of Booker and Gordon 
1 1757 of 1950) are discussed. Theoretical results 
, ire compared with observations of field 
trengths of 10-cm waves on oversea and over-
nd paths; these apparently confirm that 
'turbulent scattering, at least of centimeter 
raves, represents a permanent, if slightly 
fariable, modification of normal propagation 
leyond the horizon." 

i. 1.396.11:535.34:551.510.535  974 
The Absorption of Long and Very Long 
aves in the Ionosphere —J. P. Stanley. 
Jour. /limos. Terr. Phys., vol. 1, pp. 65-72; 
950.) "Experimental observations on a series 
low frequencies have been used to show that 

nodels of the ionosphere in which the ioniza-
Ion density increases linearly or parabolically 
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with height are unsuitable for explaining long 
and  very-long-wave  reflection  phenomena. 
Agreement with observation can however be 
obtained if an absorbing or D region of small 
ionization density but several kilometers in 
thickness is assumed to lie below the main 
reflecting region. A model in which the ioniza-
tion density increases exponentially  with 
height is found to include such an absorbing 
region; this model is used to deduce values for 
the ionization gradient and the electronic 
collision frequency in the very-long-wave re-
flecting region." 

621.396.11: 535.34: 551.510.535  975 
Attenuation of the Extraordinary Com-

ponent in the Ionosphere E1 Layer —Becker. 
(See 887.) 

621.396.11: 551.510.535  976 
Notes on the Ionosphere Reflection Co-

efficient —Scattering of Ground Wave and its 
Conversion into Space Wave —C. Glinz. (Tech. 
Mitt. schweiz. Telegr.-Teleph Verw., vol. 28, 
pp. 224-228; June 1, 1950. In French.) French 
version of paper noted in 1221 of 1950. 

621.396.11:621.396.812.4  977 
Comparison of Tropospheric Reception at 

44.1 Mc/s and at 92.1 Mc/s over the 167-Mile 
Path, Alpine, New  Jersey, to Needham, 
Massachusetts, 1947-1948 —G. %V. Pickard 
and H. T. Stetson (Jour. Atmos. Terr. Phys., 
vol. 1, pp. 32-36; 1950.) Extended version of 
paper presented at the International Council 
of Scientific Unions, Oslo, August, 1948. Daily 
measurements of field intensity are analyzed. 
The two transmitting antennas are on the same 
tower and radiate approximately equal power 
on the horizon. The records for the two trans-
missions show similar daily and monthly 
variations, both of which can be correlated 
with atmospheric refraction as determined by 
calculation from surface meteorological data 
at Boston. This correlation suggests a common 
mode of propagation for the two transmissions, 
the results indicating that the main mode is by 
refraction in the lower atmosphere rather than 
by reflection or by ducts. 

621.396.11.029.5  978 
A Study of Inospheric Ray Field Intensity in 

the 10-30 and 500-1100 kc/s Bands —K. W. 
Tremellen. (Marconi Rev., vol. 13, pp. 153-167; 
4th Quarter, 1950.) A re-examination of data 
recorded in 1922-23 and 1933-34 in the light 
of present-day knowledge of the ionosphere. 
The data have been analyzed in relation to 
season, time of day, latitude, sunspot and 
magnetic activity, direction of propagation, 
and polarization. Differences in field strength 
were noted for oversea and overland paths, 
and signals at low frequencies were often re-
ceived from distant stations by both round-
the-world paths. Consistent results were ob-
tained over daylight paths, but the propaga-
tion phenomena over paths partly or wholly in 
darkness were variable and have not been 
satisfactorily explained. 

621.396.11.029.63(494)  979 
Observations on the Propagation of Deci-

metre Waves in Switzerland —J.  Dufour. 
(Tech. Mitt. schweiz. Telegr.-Teleph. Verw., 
vol. 28, pp. 417-422; November 1, 1950. 
In French.) Paper presented at the URSI con-
gress at ZUrich, September,  1950. Field-
strength measurements were made over a 
period of nearly two years on a wavelength of 
96 cm, using a 30-w transmitter at Chasseral 
in the Jura, 1610 m above sea level, and re-
ceivers at Geneva, Uetliberg, Gurten and the 
Jungfrauloch. The profiles of these paths are 
illustrated; all afford uninterrupted "vision." 
Correlation of observations at the different 
receivers is found only for large-scale varia-
tions. Maximum, minimum and mean values 
were noted for 2-hour periods; the results were 
analyzed statistically, and are shown diagram-

matically and discussed in relation to seasonal, 
time-of-day and atmospheric-refraction effects. 
The unexpected unreliability of the Jungfrau-
joch path seems to indicate that for steady 
reception the path should include features 
capable of eliminating multipath effects due to 
ground reflections. 

621.396.812.2: 551.510.535  980 
A Study of the Horizontal Irregularities of 

the Ionosphere —B. H. Briggs and G. J. 
Phillips. (Proc. Phys. Soc. (London), vol. 63, 
pp. 907-923; November 1, 1950.) The theory of 
diffraction by a random screen developed by 
Booker, Ratcliffe and Shinn (428 of March) is 
presented in a convenient form for practical ap-
plication in ionospheric experiments. It is 
shown that measurements of the correlation of 
the fading of the reflected wave observed at 
spaced receiving points can be used to find the 
extent of the angular spreading of the down-
coming wave. Histograms are given to show 
the frequency of occurrence of different de-
grees of angular spreading observed during a 
series of experiments using pulse transmissions 
at vertical incidence. For a frequency of 2.4 
mc it is most common to find that the down-
coming wave has an angular spread such that 
the amplitude falls to half value at an angle of 
5° for regions E and F. For a frequency of 4.8 
mc, the corresponding value for region F is 
_ 2.5°. There is no evidence for any pronounced 
seasonal or diurnal variations. 

621.396.812.3:551.510.535  981 
Periodic Fading of Short- Wave Radio 

Signals —S. R. Khastgir and P. M. Das. (Proc. 
Phys. Soc. (London), vol. 63, pp. 924-930; 
November 1, 1950.) Periodic fading of cw sig-
nals of frequency 4.84 mc over a distance of 240 
km was observed in India during the evening 
and early night hours of December, 1948, and 
January, 1949. The two main types of periodic 
fading were (a) sinuous fading at 25 to 60 cycles 
per minute, attributed to interference between 
the lower- and upper-trajectory extraordinary 
waves reflected from the E region, and (b) 
periodic fading at 2 to 10 cycles per minute, 
attributed to interference between the two 
waves singly and doubly reflected from the 
F2 region or singly reflected from regions E and 
F2. This could be accounted for by a vertical 
drift of the ionospheric layer or layers, at a 
rate agreeing with observed values. These two 
types of fading were sometimes superimposed. 
In a few patterns there was evidence of fre-
quencies of 4 to 12 cps, the origin of which is un-
known. 

RECEPTION 

621.396.621  982 
An Up-to-Date,  High-Fidelity Receiver 

using Modern Valves: Part 2—The High-
Frequency Circuits, Power Supply, and Com-
plete Arrangement —J. Rousseau. (TSF pour 
Tous, vol. 26, pp. 409-416; December, 1950.) 
One stage of high-frequency amplification is 
provided, using a 6BA6 miniature pentode. 
In the frequency changer a conversion slope 
of 1.1 ma per v is obtained using a 6BA6 tube 
as mixer with a 615 tube as oscillator. The 
wave-selection  arrangements  provide  two 
short-wave and two medium-wave bands, and 
one long-wave band. Two 6BA6 tubes in push-
pull give high gain combined with stability in 
the intermediate-frequency stage, and the 
three-winding intermediate-frequency trans-
former has a response curve approaching the 
ideal square-top form. The detector uses a 
6H6 double diode. Automatic gain control 
without amplification is provided by means of 
a three-diode circuit, double diodes being used 
to suit the balanced system. The visual tuning 
indicator is a 6AF tube. The power unit uses 
two GZ40 full-wave rectifiers in parallel, de-
livering 170 ma. Circuit diagrams with all 
component details are given. Part 1: 440 of 
March. 
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621.396.621.004.67  983 
Most-Often-Needed 1950 Radio Diagrams 

and Servicing Information. [Book Reviewl— 
M. N. Beitman. Publishers: Supreme Publica-
tions, Chicago, Ill., 192 pp., $2.50. (Radio 6' 
Telev. News, vol. 44, pp. 126-127; October, 
1950.) The tenth volume of this popular servic-
ing series. Includes diagrams and data for sets 
made by nearly 30 manufacturers. The pre-
vious volume was noted in 2317 of 1949. 

STATIONS AND CO MMUNICATION 
SYSTEMS 

621.39.001.11  984 
Information Theory—W. Jackson. (Nature 

(London), vol. 167, pp. 20-22; January 6, 
1951.) An account of the proceedings at a 
symposium in the rooms of the Royal Society, 
September, 1950, with short summaries of the 
various papers prebented. Applications for 
copies of the proceedings should be sent to the 
Electrical Engineering Department, Imperial 
College of Science and Technology, London, 
S. W. 7, and will be met as equitably as possible 
from the limited number available. 

621.39.09  985 
Frequency  Compression—P.  Marcou. 

(Ann. Tilecommun., vol. 5, No. 10, pp. 321-
337; October, 1950.) Paper presented at the 
conference at the Sorbonne, April-May, 1950, 
on Signal and Information Theory. Simple com-
pression of a frequency spectrum involves an 
incrcase in transmission time. To avoid this the 
signal must be suitably "cut" before compres-
sion. A theoretical analysis of this principle is 
given. The conditions which must be satisfied 
for intelligibility not to be lost and the effect 
of compression on different instantaneous fre-
quency components of the signal are investi-
gated. Theoretically, compression by frequency 
division, with subsequent multiplication on 
reception, is a satisfactory solution of the 
problem of narrow-band transmission. See also 
3155 of 1950 (Loeb). 

621.396.82: 621.396.41  986 
Interference on Multi-Channel Circuits— 

L. Lewin. (Wireless Eng., vol. 27, pp. 294-304; 
December, 1950.) A detailed mathematical 
analysis of the interference in multichannel 
systems due to nonlinear relations between the 
input and output signals. Assuming an output-
input relation which is a power series of the 
input signal, suitably delayed, the harmonic 
content of the output corresponding to a single 
pure-tone signal is found and compared with 
the interchannel interference when many 
channels are operative. In general, groups of 
interference products which are not random in 
phase are produced and a complex analysis is 
necessary to deduce the resultant interference 
from the intensities of the various harmonics. 
The standard method of measurement is justi-
fied only when the higher harmonics are 
negligible compared with the second and third 
orders. Distortion due to mismatches on a long 
feeder line is examined in detail; under such 
conditions the total interference may be ap-
preciable when the absolute values of the 
lower harmonics are only small. 

621.396.931/.932  987 
Planning V.H.F. Mobile Systems—E. G. 

Hamer: E. R. Burroughes. (Electronic Eng., 
vol. 22, p. 483; November, 1950.) Comment on 
2629 of 1950 and author's reply. 

621.396.931  988 
Multiplex Design —F. B. Gunter. (FM-TV, 

vol. 10, pp. 16-18; November, 1950.) The 
Westinghouse Type-FB FM multiplex trans-
mitter-receiver for operation in the 960-mc 
band is described, photographs and sectional 
and circuit diagrams being included. Both 
sender and receiver are crystal-controlled. Up 
to 7 speech channels are available, with a 
radio-frequency output power into the antenna 
of 5 w and an over-all distortion <1 per cent. 

PROCEEDINGS OF THE I.R.E. 

621.396.931  989 
Design of Mobile Radio Communication 

Equipment for Land Mobile Services operat-
ing on Frequencies between 152-174 Mega-
cycles —R. A. Beers, W. A. Harris, and A. D. 
Zappacosta. (Trans. A I EE, vol. 68, part II, 
pp. 1232-1239; 1949.) The rapid increase of 
the number of systems using the frequency 
band 152 to 174 mc, and the problems resulting 
from this increase, are discussed briefly. 
Equipment is described that has been designed 
to double the number of channels that can be 
used in any one locality. 

621.396.931:624.193  990 
Transmission Through  Tunnels —J.  B. 

Lovell Foot. (Wireless World, vol. 56, pp. 456--
458; November and December, 1950.) Report 
of tests by the GEC Research Laboratories in 
railway tunnels, with the object of communica-
tion between signal boxes and moving trains. 
Frequencies of 82, 460, and 1,400 mc were 
used. At the lower frequencies the tunnel 
attenuation is high, while the higher fre-
quencies offer a practical solution of the prob-
lem, though the use of frequencies above about 
500 mc would probably introduce equipment 
problems and increase the cost. 

621.396.619.13  991 
Frequency Modulation. [Book Reviewl — 

K. R. Sturley. Publishers: Chemical Publish-
ing Co., Brooklyn, N. Y., 94 pp., $4.75. 
(Radio and Telev. News, vol. 44, p. 126; 
October, 1950.) Designed for the radio tech-
nician, this book, although small, "manages to 
convey an amazing amount of information on 
the subject." The treatment is largely mathe-
matical. 

SUBSIDIARY APPARATUS 

621-526  992 
An Analysis of Relay Servomechanisms — 

D. A. Kahn. (Trans. A IEE, vol. 68, part II, 
pp. 1079-1087; 1949. Discussion, pp. 1087-
1088.) Full paper. Summary abstracted in 1252 
of 1950. 

621-526  • 993 
Carrier Compensation for Servomechanisms 
E. Blanton. (Jour. Frank. Inst., vol. 250, 

pp. 391-407 and 525-542; November and 
December, 1950.) The problems involved in 
the provision of compensation to improve the 
stability and performance of systems using 
carrier-frequency techniques for data trans-
mission are described. The theoretical forms 
of the compensation transfer characteristic for 
both amplitude and phase response with fre-
quency are deduced and compared with the 
characteristics normally obtained from realiz-
able circuits. The accuracy of the latter is 
limited by component tolerances and de-
pendence on the stability of the carrier fre-
quency. The various types of passive electrical 
network  for  obtaining  desired  carrier-
compensation transfer characteristics are dis-
cussed. The main disadvantage of passive 
RLC networks is the nonlinearity introduced 
by the actual inductances used; such networks 
have, however, many distinct advantages. 

621.314.6  994 
Representation and Generalized Basis of 

Calculation for Rectifiers with Buffer Capaci-
tors—H. Verse. (Bull. schweiz. elektrotech. 
Var., vol. 40, pp. 818-826; October 15, 1949. 
In German.) Rectifiers of this type are used 
commonly for supplying anode voltage in 
communications, high-frequency and measure-
ment apparatus, and the like. The circuits are 
compared with those using inductance coils; 
the basic half-wave rectifier is discussed in 
detail, and more complex arrangements are 
examined by means of equivalent circuits. A 
simple general method of calculation based on 
graphical data is developed, and a numerical 
example is worked out. 

621.314.63:621.317.335.2 
An Oscillographic Method for the 

vestigation of Dry-Rectifier Barrier Layer 

Hoffmann. (See 941.) 

621.314.63: 621.317.335.2  9 
A New Method of Capacity Measuremen 

on Dry Disk Rectifiers —Lehovec. (See 940.) 

621.314.632.1 t  9 
Conductivity Contour of the Barrier Lay 

in the Copper-Oxide Rectifier, as obtained 
from H.F. Measurements, and its Ordering 
into Space-Charge Zones—G. Pfotzer. (Z, 
Naturf.,vol. 4a, pp. 691-706; December, 1949.) 

621.316.93 
Performance Characteristics of Lightnin 

Protective Devices —(Trans. A IEE, vol. 68 
part II, pp. 1333-1336; 1949. Discussion, p 
1336.) Combines in one report the data o 
lightning arresters of various types publish 
previously by the AIEE Lightning Protecti 
Devices Subcommittee in a number of separa 
reports, with such modifications as are r 
quired to bring the material up to date. I 
addition, data covering line expulsion-type 
arresters, and data on rod-gap spark-over 
voltages are included for co-ordination wit 
lightning-arrester characteristics. 

621.319.332  999 
New 200000-V Electrostatic Generator 

P. Hemardinquer. (Elektron, Linz, pp. 36 
361, 386; 1950.) A brief account, taken fro 
Electriciti, October, 1950, of an influen 
machine developed at the Laboratoire Na 
tional de la Recherche Scientifique and corn 
mercially available. A rotor with metal seg 
ments of thickness 2 to 6 mm revolves inside 
sealed container under a pressure of 25 to 3 
atm, this increased pressure multiplying th 
power 200-fold. Currents up to 10 ma can 
supplied, and power output, not voltage, 
proportional to size. The rotor can be driven b 
any convenient means. The machine is robust 
and cheap, and is suitable for operating elec-
tron microscopes and television apparatus as 
well as for agricultural and medical applica-
tions. 

621.319.339 : 621.316.722  1000 
Voltage Regulation for Van de Graafi 

Electrostatic  Generators —J.  Taieb.  (Onde 
elect., vol. .30, pp. 462-468; November, 1950.) 
Discussion of different methods in use for 
stabilizing potentials of several million volts, 
and description of the system proposed for the 
5-mv generator, under construction for the 
French Atomic Energy Commission. 

621.396.682:621.316.935.1  10011 
Voltage Doubler with Saturable Reactor — 

R. Aschen. (Radio franc., pp. 5-8; October, 
1950.) In the arrangement described the basic; 
voltage doubler is modified by inclusion of (a) 
a stabilizing saturable reactor whose im-
pedance decreases as the current through it 
increases, (b) a circuit to protect the electro-
lytic capacitors from application of reverse 
voltage in case of failure of one of the rectifier 
diodes, and (c) a diode circuit for stabilizing \ 
the dc output. Some design details are given. 

TELEVISION AND PHOTOTELEGRAPHY . 

621.385.832: 535.37  1002 
Color  Cathode-Ray  Tube  with  Three !, 

Phosphor Bands —C. S. Szegho. (Jour. Soc. 
Mot. Pic. Telev. Eng., vol. 55, pp. 367-376; 
October, 1950.) The screen of a cathode-ray 
tube for projection color television has three 
phosphor bands fluorescing respectively in red, 
blue, and green. The tube is suitable for use 
with field- or line-sequential transmissions; in 
the former case the bands are arranged one be-
low the other, in the latter case side by side. 
The resulting three images are superimposed by 
the optical projection system. There are two 
inherent drawbacks: the screen area is ineffi-
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ently used from the standpoint of light out-
it, and the resolution is inadequate. 

11.397.5:535.623  1003 
) Color Television —F. H. McIntosh and A. 
I. Inglis. (Jour. Soc. Mot. Pic. Telev. Eng., 
)1. 55, pp. 343-366; October, 1950.) The field-
quential (CBS), line-sequential (CTI), and 
)t-sequential (RCA) systems are compared 
om the point of view of service to the public. 
n addendum deals briefly with the frequency-
terlace system (GEC) and the "Uniplex" 
'stem (CTI). See also 249 of February. 

:1.397.5:535.623  1004 
Colour Television: Frequency —Interlace 

ystem—A. Dinsdale. (Wireless World, vol. 
5, pp. 443-449; December, 1950.) A descrip-
on of the system proposed by Dome (466 of 
(arch), based on data supplied to the FCC by 
te General Electric Company. 

11.397.5:621.315.212  1005 
Television Terminals for Coaxial Systems 

-L. VV. Morrison, Jr. (Trans. A IEE, vol. 68, 
art II, pp. 1193-1199; 1949.) Full paper. 
limmary abstracted in 1267 of 1950. 

21.397.5: 778.5  1006 
Video Recordings Improved by the Use of 

ontinuously Moving Film —W. D. Kemp. 
rele-Tech, vol. 9, pp. 32-35, 63; November, 
/50.) Detailed description of BBC technique. 
he film moves continuously, but optical com-
ensation methods are used to obtain a suc-
!ssion of separate pictures as with ordinary 
nema film. Details of these methods are given. 
he system is normally used to record at 25 
-ames per second from a television picture 
ith a repetition rate of 25 per second, but a 
mple modification permits recording at 24 
ames per second from a picture with repeti-
on rate 30 per second. Application of a 10- to 
5-mc sine-wave deflection voltage to the 
nning beam reduces line structure in the 

!cord. 

21.397.5: 778.5  1007 
Comparative Study of the Techniques for 

:lecording and Reproducing Moving Images 
y Cinematography and by Television—M. J. 
e Cadenet. (Ann. Telecommun., vol. 5, pp. 

4 89-404 and 406-416; November and Decem--
er, 1950.) 

21.397.5(083.74)  1008 
Australian  Television  Standards —Proc. 

RE (Australia) vol. 11, pp. 289-291; Novem-
• er, 1950.) Details of the standards determined 
y the  Australian  Broadcasting  Control 
!loard are given. 

21.397.743:621.392.5:621.315.212  1009 
Equalization of Coaxial Lines —Gould. (See 

36.) 

21.397.8  1010 
The Range of the 819-line Television 

7ransmitter at Lille —(Radio prof. (Paris), vol. 
9, p. 15; October, 1950.) Rough chart of the 
ervice area. Peak power for vision is 200 w; 
axrier power for the sound channel 35 w. 
/ision signals are received 94 km (58 miles) to 
he E.N.E., in which direction the antenna has 
t power gain of about 10. 

121.397.5  1011 
Practical Television Engineering. [Book 

eviewl—S. Helt. Publishers: Murray Hill 
3ooks, New York, N. Y., 694 pp., $7.50. (Radio 
Telev. News, vol. 44, p. 124; October, 

950.) A comprehensive treatment designed 
or manufacturing, sales and broadcasting 
mgineers, students, and technicians. 

TRANSMISSION 

121.396.619: 621.392.261-
621.396.615.141.2  1012 
The Development of Modulation on Wave-

mides—J. Ortusi and P. Fechner. (Ann. 

Radioilec. vol. 5, pp. 331-338; October, 1950.) 
Modulation of the energy fed along a wave-
guide by means of a magnetron coupled to it 
by a coaxial line was described in 54 of 1948 
(Gutton and Ortusi). The design of the mag-
netron is discussed in relation to modulation 
factor and bandwidth; a magnetron with 
grooves linking the cavities is described. Static 
and dynamic impedance and conditions for 
minimizing losses are considered. The influence 
on the interelectrode high-frequency field of 
various parameters is investigated, and space-
charge resonance is studied as a function of dc 
magnetic field and anode potential. Applica-
tion to a television transmitter operating on a 
carrier wavelength of 23 cm with modulation 
frequencies up to 30 mc is described. 

TUBES AND THERMIONICS 

537.525.92 : 537.533 : 621.385.832  1013 
Space-Charge Effects in Electron Beams 

and their Reduction by Positive-Ion Trapping — 
E. G. Linder and K. G. Hernqvist. (Jour. 
Appl. Phys., vol. 21, pp. 1088-1097; Novem-
ber, 1950.) "An equilibrium condition may be 
established in which the electron and ion 
densities are equal, and then space-charge 
forces will be neutralized. Under these condi-
tions high current densities may be produced 
at low voltages. A theory of ion trapping is 
discussed, and the equilibrium condition is 
formulated. Experimental data are presented 
which were obtained by the application of 
microsecond pulses to the beam. This tech-
nique is described, and its advantages and pos-
sibilities are mentioned. Data are given on 
beam spread as a function of current, voltage, 
and pressure. Data on the improvement due 
to ion trapping are included. An increase of 
current density by a factor of 30 was observed 
with the structures tested. Results are included 
on ion build-up time as a function of pressure, 
and on beam noise and stability in the presence 
of trapped ions." 

537.533.8 : 621.396.615.14  1014 
On the Time Delay of Secondary Emission 

— G. Diemer and J. L. H. Jonker. (Philips 
Res. Rep., vol. 5, pp. 161-172; June, 1950.) 
The upper frequency limit of a disk-seal 
dynatron is found to be 2.4 kmc; from this an 
upper limit of 3X Urn second is deduced for 
the time lag r of secondary-electron emission. 
Measurements of the admittance of an uhf 
dynatron at 300 mc indicate that r is <10-" 
second; an upper limit of the order of 10-14  to 
10-1 + second can be estimated theoretically 
from transit-time effects within the secondary-
emission material. 

621.314.653  1015 
The Ignitron and its Applications —R. 

David and C. Caussin. (Onde elect., vol. 30, 
pp. 476-484; November, 1950.) Both sealed 
and vacuum-maintained types are discussed 
and practical applications as rectifier elements 
and as inertialess contactors are described. 

621.383: 621.387.4t  1016 
Multiplier  Phototubes  in  Scintillation 

Counters—R. E.  B.  Hickman. (Electronic 
Eng. (London), vol. 22, pp. 474-476; Novem-
ber, 1950.) The advantages and the principles 
of operation of scintillation counters using 
multiplier photocells are discussed and the 
principal characteristics of Types 931A, IP21, 
IP22, IP28, and 5819 photocells are tabulated. 

621.385.029.63/.64+621.384.62  1017 
The Control of Electron Streams by means 

of  Progressive  Waves  (Travelling- Wave 
Tubes) -0. Miller. (Funk u. Ton, vol. 4, 
pp. 493-507; October, 1950.) Description of 
the principle of the traveling-wave oscillograph 
and accelerator and theoretical analysis of the 
operation of the Kompfner-Pierce type of 
traveling-wave tube. 

621.385.029.63/.64  1018 
H.F. Amplification by Interaction of Two 

Electron  Beams —J.  Labus.  (Arch.  &ht. 
Obertragung, vol. 4, pp. 353-360; September, 
1950.) A physical explanation is developed of 
the operation of parallel-beam tubes. The 
theory leads to a boundary-value problem 
whose solution yields four eigenvalues, in-
dicating a coupling action between the two 
beams via their common em field. To confirm 
this, an arrangement is investigated in which 
the two beams are separated coaxial hollow 
cylinders; amplification increases with tight-
ness of coupling. Because of the elastic prop-
erties of the electron charges within the 
stream, two waves with different phase veloc-
ities are propagated. 

621.385.029.63/.64  1019 
The Active Coaxial Tube —P. A. Clavier. 

(Phys. Rev., vol. 77, p. 302; January 15, 1950.) 
The possibility indicated by Roberts (608 of 
1950) of obtaining gain in a traveling-wave 
tube in the direction opposite to that of the 
electron beam is confirmed. Considering a 
waveguide traversed by a beam, the gain 
parameters have been derived as functions of 
the Larmor frequency, the electron plasma 
frequency, the wavelength, and the guide 
diameter. The importance of proper matching 
is emphasized. 

621.385.029.63/.64  1020 
On the Properties of Valves using a Con-

stant Magnetic Field: Traveling- Wave Valves 
with Magnetic Field: Part 4-0. Doehler, J. 
Brossart and G. Mourier. (Ann. Radioilect., 
vol. 5, pp. 293-307; October, 1950.) Linear 
theory given in part 3 [1544 of 1949 (Brossart 
and Doehler)] is developed further, and a more 
exact calculation is made of the small-signal 
gain. Two further wave modes are found; these 
undergo neither amplification nor attenuation. 
The major cause of nonlinear effects is anode 
absorption. Efficiency is higher for beam in-
jection potentials small compared with anode 
potential; a simple expression is given for the 
efficiency in that case. 

621.385.029.63/.64: 537.533.7  1021 
Dynamic Electron Flow under the In-

fluence of Dynamic Fields —Konig. (See 854.) 

621.385.029.63/.64:621.396.615.141.2  1022 
Space-Charge Effects in Magnetic-Field 

Traveling- Wave Valves —R.  Warnecke, 0. 
Doehler, and D. Bobot. (Ann. Radioilect., 
vol. 5, pp. 279-292; October, 1950.) Develop-
ment of discussion on the type of tube pre-
viously described [2064 of 1950 (Warnecke 
et al)j, where space-charge effects were as-
sumed negligible. Actual measurements, e.g., 
of anode current as a function of magnetic 
field, do not agree with results to be expected 
from classical theory; the discrepancies are 
ascribed to interaction between electrons mov-
ing with different velocities [see 333 of 1950 
(Warnecke, et al)), which gives rise to am-
plification of oscillations. This effect is in-
vestigated analytically and confirmed for a 
tube with slotted delay line [1584 of 1949 
(Brillouin)]. The effect of space charge itself is 
negligible. 

621.385.15  1023 
Statistical Theory of Electron Multipliers — 

F. Sauter. (Z. Naihrf., vol. 4a, pp. 682-691; 
December, 1949.) 

621385.032.213.1.017.72  1024 
End-Cooling of Power-Tube Filaments — 

J. W. Clark and R. E. Neuber. (Jour. Appt. 
Phys., vol. 21, pp. 1084-1087; November, 
1950.) "The differential equation defining the 
relation between temperature and distance in 
that portion of a vacuum tube filament which 
is cooled by both conduction and radiation is 
formulated. This equation has been solved by 
numerical Integration; the results are pre-
sented as a set of universal curves in a form 
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convenient for use in vacuum tube design. The 
calculations agree well with some experimental 
measurements which were made to verify the 
theory." 

621.385.032.216  1025 
Effect of Coating Composition of Oxide-

Coated Cathodes on Electron Emission—E. G. 
Wide11 and R. A. Henan (Jour. Apo. Phys., 
vol. 21, pp. 1115-1118; November, 1950.) Ex-
periments indicate that maximum electron 
emission under saturation conditions is ob-
tained from a solid solution containing Sr0 
and BaO in a molecular iation of about 7 to 3. 
Maximum size of the co-precipitated carbonate 
particles is obtained with the same ratio of 
constituents. Tubes with such cathode coatings 
showed no measurable electron-emission decay 
for a pulse duration of 10 µs. 

621.385.032.216  1026 
The Spectral Emittance of Nickeland Oxide-

Coated-Nickel Cathodes—S. L. Martin and 
G. F. Weston. (Brit. Jour. App!. Phys., vol. 1, 
pp. 318-324; December, 1950.) Knowledge 
of the emittance is required to derive the 
cathode temperature from the observed bright-
ness. Values at a wavelength of 0.66 u have 
been  measured  for  various  oxide-coated 
cathodes and for nickel cores. The effects of 
staving or baking treatment, temperature, 
getter flash, and (in oxide-coated cathodes) 
surface texture are discussed. 

621.385.032.216:535.215  1027 
Photoelectric Effect in Oxide Cathodes — 

J. Debiesse and R. Champeix. (Le Vide, 
vol. 4, pp. 545-552; January, 1949). A recapitu-
lation is given of results of experiments re-
ported previously (607 and 1817 of 1948). 
Treatment of oxide cathodes encouraging 
thermionic emission reduces their photo-
electric sensitivity. Simple calculations of the 
numbers of photons, electrons, Ba atoms, and 
oxide molecules involved in the mechanism 
tend to show that the phenomena observed are 
due to a combination of photoelectric effect 
and variation of conductivity of the oxide 
layer. The loss of photosensitivity following 
thermal activation is attributed to an excess 
of Ba atoms at the surface, as previously sug-
gested by de Boer. 

621.385.0,32.216.2  1028 
Base-Metal Effects in Thoria-Coated Fila-

ments—H. Nelson. (Jour. App!. Phys., vol. 
21, pp. 1194-1195; November, 1950.) Ad-
herence of thoria to the metal filament is good 
for Pt but poor for W, as expected from the 
relative coefficients of thermal expansion. It is 
to be expected that a stoichiometric excess of 
metal in the crystal lattice of the thoria is 
associated with a low work function; experi-
ment provided confirmation of this, higher 
thermionic activity being observed for a Ta 
base than a Pt base, since Ta is a better reduc-
ing agent. 

621.385.032.3  1029 
The Length of Life of an Incandescent 

Tungsten Spiral and the Rate of Evaporation 
of Tungsten in High Vacuum—E. Bag-Taymaz. 
(Z. angew. Phys., vol. 2, pp. 374-376; Sep-
tember 15, 1950.) 

621.385.5:621.318.572  1030 
A 30-Element  Electrostatically-Focused 

Radial Beam Tube —A. M. Skellett and P. W. 
Charton. (Tele-Tech, vol. 9, pp. 26-27, 59; 
November, 1950.) Description of a tube for 
high-speed sequential switching, using beam 
deflection. Two types are available, one having 
all the grids except one connected together and 
separate anode leads, the other having all the 
anodes except one strapped and separate grid 
leads. Each of the 30 sections has a trans-
conductance of 12 µmhos, a 5-m(2 anode load, 
and an amplification factor of 60. Normal 
operating conditions are: anode voltage 450 v, 

PROCEEDINGS OF l'IlE I.R.E. 

beam current 60 na, cathode bias 76 v, and a 
6-phase deflection voltage of 300 v rms. Cross-
talk does not exceed - 30 db and sweep speeds 
up to 104 per second are possible. 

621.385.832  1031 
Fundamentals and Applications of Colour-

Trace Tubes [Farbschriftrohreni—P. G. Violet. 
(Funk u. Ton, vol. 4, pp. 530-543; October, 
1950.) German war-time development of a 
type of dark-trace tube is described. The 
screen has a coating of microcrystalline KCI, 
which develops red to dark-blue coloration 
according to the intensity of the Incident 
radiation. The coloration disappears on warm-
ing, which is effected by electrical heating of an 
adjacent, very thin, transparent layer of 
tungsten. Other methods of obliterating the 
trace are "wiping" the screen at much greater 
intensity or applying an electric field. Using a 
4-mm trace with resolution  1:150, trace 
velocities of 100 ms are attainable. Applica-
tions of these tubes in communication, meas-
urement, facsimile, and color-television sys-
tems are described and discussed. 

621.385.832  1032 
An 'Ideal' Post Deflexion Accelerator 

C.R.T. —L. S. Allard. (Electronic Eng. (Lon-
don), vol. 22, pp. 461-463; November, 1950.) 
The final accelerating field is introduced be-
tween two parallel sheets of wire gauze placed 
very near and parallel to the fluorescent 
screen. In this way the deflector-plate sensitiv-
ity is unaffected and scan distortion is com-
pletely eliminated, but owing to the emission 
of secondary electrons the resolution and con-
trast range are reduced. The author considers 
that the disadvantages of the tube outweigh its 
advantages for commercial use. See also 2397 
of 1949 (White). 

621.385.832: 517.51: 681.142  1033 
The Monoformer —A. C. Munster. (Radio 

es• Telev. News, Radio-Electronic Eng.. vol. 
15, pp. 8A-9A; October, 1950.) Description of 
a device which may be used to provide a signal 
corresponding to any single-valued function to 
an accuracy within 1 per cent. A small electro-
static cathode-ray tube is used in which the 
phosphor screen is replaced by an Al target 
disc on which the desired function is repre-
sented by the boundary of a carbon-ink coat-
ing. A simple feedback loop connects the tar-
get and the y deflection plates. When in-
dependent signals are applied to the x plates 
the electron beam traces the boundary line and 
an output representing the desired function is 
obtained at the y plates. Applications in 
analog computers, volume compressors, and 
expanders,  and waveform  generators, are 
mentioned. See also 1355 (No. 88) and 2814 
of 1950 (Schultz, Calvert, & Buell). 

621.385.832: 681.142  1034 
Electrostatic Storage Tube —S. H. Dodd, 

H. Klemperer, and P. Youtz. (Elec. Eng., vol. 
69, pp. 990-995; November, 1950.) "A beam-
deflection electrostatic tube has been developed 
to store binary-coded information at two stable 
potential levels, 100 v apart, for digital com-
puters or communications systems. A single 
2,000-v electron beam writes or reads one of 
400 binary digits on a 4-inch target. A 100-v 
electron flood replaces leakage and retains 
stored information indefinitely. The potential 
boundary stability on the storage surface is 
assured by a mosaic of conducting beryllium 
squares." 

621.396.615.141.2:621.396.619: 621.392.261' 
1035 

The Development of Modulation on Wave-
guides—Ortusi and Fechner. (See 1012.) 

621.396.615.142  1036 
The Generation of Electromagnetic Oscilla-

tions in V.M. Valves with High Efficiency — 
R. Gebauer. (Z. angew. Phys., vol. 2, pp. 415-

422; October, 1950.) Tubes of the type havin 
two oppositely phased high-frequency gape are 
considered, and the relation between drift-pat 
length, high-frequency modulation depth, a 
over-all efficiency is studied both theoretically 
and experimentally. Formulas are developed in 
a form independent of frequency and operating 
voltage; these enable the efficiency of a given 
arrangement to be estimated, and also enable 
tubes to be designed rapidly with a given 
efficiency. A tube designed for 50 per cent 
efficiency at a wavelength of 27 cm and 230-v 
operating voltage gave a measured efficiency 
of 49.6 per cent, the highest yet obtained 
with a drift-space tube. The most effective 
direction for the beam is at an angle of 1.5 
with the axis. The relation between high 
frequency power and dc power is also studied 

621.396.645 621.315.592'1: 537.311.33  103 
The Amplification Observed in Semicon 

ductors—H. F. Matare. (Onde ilea., vol. 
pp. 469-475; November, 1950.) To obtain 
quantitative idea of the phenomenon of tr 
sistance,  comparative  measurements  we 
made at 60 mc of emitter, collector and tra 
fer resistance and capacitance for two me-
chanically identical Ge crystal triodes of whic 
one, the transistron (see 2978 of 1949), ex 
hibited amplification while the other did no 
The results are shown graphically as functions 
of emitter current, and are discussed. Calcula-
tions based on the results yield values for the 
concentration of impurity centers consistent 
with Bardeen and Brattain's theory (264 of 
1949) that the emitter current is carried by 
holes. A matrix analysis of the transistron con-
sidered as a quadripole is included. 

621.396.822  1038 
Transit-Time  Phenomena  in  Electron 

Streams: Part 2—D.  K. C. MacDonald. 
(Phil. Mag., vol. 41, pp. 863-872; September, 
1950.) "A density modulated electron stream 
will suffer amplitude reduction and phase 
variation with transit time due to the statistical 
velocity distribution of the electrons. The 
problem is considered in relation to that of 
noise generation in a beam due to velocity 
fluctuation; the analysis developed is then 
used in examining the variation of space-
charge reduction factor (1'1) under particular 
laws of potential distribution which present 
themselves in physical problems." See also 
2408 of 1949. 

621.385  1039 
Electron Tates, Vols. 1 & 2. [Book Re-

viewl —Publishers: R.C.A. Reviews, Princeton, 
N. J., 1949, 475 pp. and 453 pp., $2.50 each. 
(Elearonic Eng. (London), vol. 22, p. 487; 
November, 1950.) A collection of papers pub-
lished by RCA research workers. Volume 1 
covers the period 1935-1941 and includes 15 
main papers, while the 21 main papers of Vol-
ume 2 were published in the period 1942-1948. 

MISCELLANEOUS 

519.283:658.562  1040 
Statistical Methods in Research and De-

velopment —L. Lutzker. (Paoc. IRE., vol. 
38, pp. 1253-1257; November, 1950.) 1950 
IRE National Convention paper noted in 
1559 of 1950 (No. 22). 

621.39 Heaviside  1041 
The Centenary of the Birth of Oliver 

Heaviside —L. Bouthillon. (Onde elect., vol. 
30, p. 394; October, 1950.) Papers read at a 
commemorative meeting at the Sorbonne, 
May, 1950, are noted; these are given in full 
on pp. 395-415 of the journal and include 
tributes by L. de Broglie, E. Picault, P. Hum-
bert, S. Colombo, P. M. Prache, L. Bouthillon, 
E. Appleton (representing the Royal Society), 
and W. Jackson (representing the Institution 
of Electrical Engineers). 



CENTRALAB CERAMIC CAPACITORS 
GIVE YOU THE WIDEST CHOICE PLUS 
FINEST QUALITY AT ANY PRICE! 

HERE'S WHAT YOU GET FROM CENTRALAB CERAMICS 
Centralab ceramic capacitors provide a permanence never 
before achieved with old-fashioned paper or mica con-
densers. The ceramic body provides imperviousness to 
moisture, plus unmatched ability to withstand any tem-
peratures normally encountered in electrical apparatus. 
What's more, ceramics make possible tremendous savings 
in space; many Centralab ceramic capacitors are ½th the 
size of ordinary capacitors. This is particularly important 

where new design requirements call for less bulk. You 
can rely on Centralab ceramic capacitors for close toler-
ance, high accuracy, low power factors, and excellent 
temperature compensating qualities. Compare Centralab 
Ceramic capacitors for small size, wide range of ratings, 
variety of types and top quality characteristics. Compare 
their price. The results will show you why you'll standard-
ize on Centralab—first in the field of electronic ceramics. 

WANT MORE INFORMATION? SEE NEXT T WO PAGES imml + 



CENTRALAB Offers America's Most 

High voltage ceramic capacitors. Capacitance: 5 to 500 mmf., 5 KV to 
40 KV D.C. working. Ideal for portable or mobile equipment. Primar-
ily designed for high voltage, high frequency gear. For complete 
infoimation, check Bulletin No. 42-102 in coupon below. 

Ceramic Disc Hi-Kap Capacitors hold thick-
ness to a minimum. Make possible very high 
capacity in extremely small size. Use in HF 
bypass and coupling. Bulletin No. 42-4R. 

FT (Feed Through) Hi-Kaps 
— Designed for single hole 
mounting with ground to chas-
sis or shield. Bulletin No. 975. 

FOR COM MERCIAL ANI) 

Centralab's famous TV Hi-Vo-Kaps are the standard for the TV in 
dustry. Capacitance: 500 mmf., 10 KV, 20 KV and 30 KV D. C 
working. Best suited for high voltage, low power applications. Fo 
complete information, check Bulletin No. 42-10R in coupon below 

TC (Temperature Compensating) Tubulars—Type TCZ 
show no capacitance change over wide range of tempera-
ture. Type TCN have special ceramic body to vary capaci-
tance according to temperature. Bulletin No. 42-18. 

Something new in miniature ceramic capacitors! These "button types" are 
available in 5 different styles. Used for bypassing in low-power, high 
frequency applications where small size, low inductance and light weight 
are essential. Check Bulletin No. 42-122 in coupon for more information. 

BC (Bypass Coupling) Tubt 
— Recommended for by. 
coupling. Well suited to gel' 
circuit use. Bulletin No. 

TV Trimmer Capacitors — 
ramic tubulars—threaded. Co 
plete with lock-nut and screw. I. 
in TV, FM. Bulletin No. 42-



!omplete Line of Ceramic Capacitors 
:AN) MILITARY APPLICATION 

Flat Plate, end-lead capacitors. Temperature compensating. Capacitances: 
5, 10, 20, 50 and 100 mmf., 500 volts D. C. working. Temperature 
Compensating Tolerance: 15% or 30 PPM whichever is larger. For 
complete information Check Bulletin No. 42-124 in coupon below. 

ii Accuracy capacitors. Precision units to meet exacting requirements !plying extremely rigid frequency control. Extensively used for hold-
oscillator frequencies to close limits. For complete information, 
ir Bulletin No. 42-123 in coupon below. 

Min-Kaps are very tiny capaci-
tors used where space is at ex-
treme premium. Ask for Bulle-
tin No. 42-24. 

itralab Ceramic and Steatite Trimmers provide high quality stable capacitors, with small size, light weight, 
r mounting. Readily adjustable with screw driver and give full capacity range with 180° rotation. Equal 
ility mantained in any position — minimum to maximum. Have excellent stability under vibration. Rotor 
' stator contact under spring pressure on optically ground flat surface. Check Bulletin No. 42-101 for more data. 

Stand-off ceramic capacitors — both Bypass 
Coupling and Temperature Compensating types. 
One end threaded. For complete information 
check No. 42-121 in coupon below. 

Cen ab 
Division of GLOBE-UNION INC. • Milwaukee 

CENTRALAB 
Division of Globe-Union Inc. 
920 East Keefe Avenue, Milwaukee, Wisconsin 

Yes — I would like to have the CRL bulletins, checked below, for my technical library! 
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STANCOR 
High-Fidelity 

Output Transformers 
•; 
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P ite mic alt Ccea-ealy at.L'oeti eodt 
Stancor has taken advantage of the most advanced design and 

manufacturing practices to bring you a series of output transformers 
combining outstanding audio response with very moderate cost. 

Extensively interleaved "trifilar" windings, extremely tight coupling, 
and careful electrical balance result in audio fidelity to please the most 
critical specialist. An inexpensive, but thoroughly practical, type of 
mounting is used since elaborate shielding is not required at the audio 
output power level. 

Listed port numbers have a maximum power level rating of 50 watts and provide a wide 
selection of impedances for popular amplifier applications. 

PART 
NO. 

PRI. IMP. 
(P-P) 

IN OHMS 

SEC. IMP. 
IN OHMS' 

MAX. PRI. 
D. C. 

PER HALF 

NET 
PRICE 

A-8050 1500 8, 16 200 ma $10.86   
10.86 A-8051 2500 8, 16 150 ma 

A-8052 3000 8, 16 175 mo  
150 ma  
100 ma 

10.86 

A-8053 5000 8, 16 10.86  
10.86 A-8054 9000 8, 16 

A-8060 1500 500 200 ma 10.86 

A-8061 2500 500 150 mo 10.86 

A-8062 3000 500 175 ma 10.86 

A-8063 5000  500 150 ma   
100 ma 

10.86 

A-8064 9000  500 10.86 

For complete specifications and prices of more than 450 stock part 

numbers, including other high fidelity transformers, see the current 

Stancor catalog. Ask your distributor for a copy or write direct. 

STANDARD TRANSFORMER CORPORATION 
3582 ELSTO N AVENUE, CHICAG O 18, ILLI N OIS 

ATLANTA 

"A Discussion on Motion Picture Production 
with Lip Synchronization of Sound.' by P. C. 

Bangs, Acoustin Equipment Company, and C. B. 
Beeland, President. Charles B. Beeland Company; 
February 16, 1951. 

BALTIMORE 

"Ultiasonic Measurements." by Martin Green-
span. National Bureau of Standards; March 19, 

1951. 
BILALIMONT-PORT ARTHUR 

'Application of Electronic Calculators and 
Computers.' by Charles Richardson, Head. Re-
search in Application of Electronic Tabulators; 

February 15, 1951. 
'Duties of a Regional Director,' by W. M. 

Rust. Jr., IRE Regional Director. Region 6; March 

7, 1951. 
BUFFALO-NIAGARA 

"The Digital Computer as an Information 
Processing System," by P. Youtz, Massachusetts 
Institute of Technology; February 21. 1951. 

CEDAR RAPIDS 

'HF Propagation and Airline Communica-
tions,' by F. J. Maclary, Aeronautical Radio, Inc.. 

February 21. 1951. 

CLEVELAND 

'Relay Towers for Television and Carrier 
Telephony,' by G. J. Heinzelman, American Tele-
graph and Telephone Company, Cleveland office; 
February 22, 1951. 

(Continued on page 38A) 

CORRECTION 
"On page 81A of the March, 1951 issue 

T of the PROCEEDINGS OF  HE LR.E. 
there appeared an advertisement of Cen-
tralab,  Division  of Globe-Union  Inc., 
Milwaukee. In this advertisement were 
included 
"I) a photograph, with a descriptive cap-

tion, showing a projectile in flight, 
"2) a boxed technical comparison of the 

respective behavior of two types of 
capacitors which were usable in mak-
ing such spark photographs, one type 
being a length of coaxial-cable trans-
mission line and the other being a 
tubular ceng-mic capacitor made by 
the advertiar, 

"3) and a credit statement attributing 
the 'photograph and its technical data 
to Dr. J. C. Hubbard, Messrs. J. A. 
Fitzpatrick and W. J. Thales, of 
the Department of Physics of Cath-
olic University, Washington, D.C. 

"After correspondence, it appears that: 
"a) The photograph and its technical data 

mentioned in 1) above did not orig• 
mate with the three scientists men• 
tioned in 3) above, 

"b) but did originate with the Aberdeen 
Proving Ground of the United State‘ 
Department of Defense, (without the 
usual  identification  stamp  of  it. 
,ource), and should have been so 
accredited. 

"c) Further, the technical comparison of 
the two typ.:s of capacitors men• 
tioned in 2) above originated with 
the three scientists mentioned under 
3) above, and should solely have been 
so attributed. 

"d) and that the type of ceramic capaci• 
tor described in the boxed technical 
comparison mentioned under 2) above 
was not used in making the photo. 
graph mentioned under I) above. 

"The inadvertent and unintentioned er-
rors or omissions mentioned herein, al-
though no fault of the Proceedings of the 
IR E., are regretted. 

THE 1E1117ilk" 
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19-INCH 

G. E:s 24-inch metal tube-24AP4—is coming off the 
line as you read this, Mr. TV-set Designer! 

No blue sky about this pace-setter—the promise stage 
was over long ago, performance of the tube has been 
amply demonstrated, production is here ... now! 

335 square inches of full-width picture area ... you 
have real set appeal, sales appeal in the 24AP4's 
newspaper-size GIANT picture! And quality of image 

is tops, with a neutral-density faceplate giving 
maximum contrast—accenting lights, enriching shadows. 

Compact TV cabinet? The 24-inch length of the 
70-degree-deflection-angle 24AP4 helps you keep 
down receiver bulk.. .. Tube weight? 

Only 271/2 pounds, substantially less than 
with a glass type of equal size. 

Act fast—today! Telegraph or write for technical 
bulletin ETD-101, giving ratings and performance 
information on the 24AP4. Or, at your request, 

a G-E tube engineer will be glad to call on you. 
Electronics Department, General Electric Company, 

Schenectady 5, Neu' York. 

GENERAL 

  24—me1, -

16-INCH 

24A P4 
Recommended operating conditions 

Anode voltage 

Grid-No.-2 voltage 

Grid-No.-1 voltage 

Focusing-coil current (RMA Coil 
No. 109 at 3'/2 inches) 

Ion-trap field intensity 

15 Poo v 

300 v 

—3 3 to —77 v 

ELECTRIC 
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WHEN QUALITY OF RECORD 
REPRODUCTION IS ALL-IMPORTANT 
SPECIFY ASTATIC'S 

(ACJ 
CRYSTAL 

CARTRIDGES 

SOME FOLKS are just plain critics . . . others are super-critical in the sense 

that they have to have the best there is, no matter 

what . . . and still others want the best in record 

playing equipment merely because they can't 

stand serious music served up any other way. 

Regardless of which type they are, you are bound 

to please the fussiest with Astatic's CAC-J Crystal 

Cartridge. This is the cartridge which has been 

so highly praised in print by professional critics. 

Astatic developed the CAC-J in conjunction with 

the Engineering Research and Development 

Department of CBS to match the recording charac-

teristics of LP records. Output is approximately 

0.6 volt at 1000 c.p.s. on Columbia No. 103 test 
record, 1.0 volt on RCA 12-5-31-V test record. 

The resulting performance quality . . . with equal 

fidelity on either 33 1/2 or 45 RPM records, truly 

sets today's standard of perfection. 

ALSO AVAILABLE IN 
MODEL FOR 78 RPM RECORDS 
Model CAC-78-J has 3-mil needle for 78 RPM records, incor-

porates the same engineering advancements, and offers the 

same performance superiority of the CAC-J. 

NOTE: Both CAC models are available 
with Diamond as well as Sapphire styli. 

THE 

)CORPORATION 
 .1 CO N NE A UT, 0)-4. 0 

1116:7-III CANADA CANADIAN ASTAIIC LIO. TO K0410, ° WAR* 
Astatic Crystal Dev,ces manufactured under Brush Development Co. patents 

Section Meetings 
(Continued from page 36A) 

Conossus 

'Color Television," by A. J. Karr. General 

Electric Company; February 21, 1951. 

CONNECTICUT VALLEY 

'Use of Electronics in Physics." by D. E. 

Williamson. Baird Associates. Incorporated; Feb-

ruary IS, 1951. 
DENVER 

"Gas-Filled Industrial Electronic Tubes," by 

P. M. LaHue. Heiland Research Corporation; 

February 13, 1951. 

DES MOINES-AMES 

'The AC Power Network Analyzer," by W. B. 

Boast, Faculty, Iowa State College; February IS, 

1951. 
EMPORIUM 

'Patent Law." by J. A. Hultquist, Sylvania 

Electronic Products Inc., February 13. 1951. 
'Tube Registration and Problems of Radio 

Industry Standardization." by Ralph Batcher, Chief 
Engineer and Manager, RTMA Data Bureau; 

March 6, 1951. 
FORT WAYNE 

Films: "The Sale After the Sale,' and 'The 
History of Fort Wayne"; January 29, 1951. 

"The Future of Television." by P. T. Farns-

worth, Capehart-Farnsworth Corporation; Feb-

ruary ft 1951. 
HAWAII 

Forum on Disaster Relief Program, F. Lam, 

Jr., Co-ordinator; February 14. 1951. 

HOUSTON 

'Recent Developments in Microphone and 

Loudspeakers," by H. F. Olson. RCA Laboratory, 

Princeton, N. J.; January 9, 1951. 
'Amplitude Modulation of Microwave Oscilla-

tors." by W. P. Schneider. University of Houston; 

February 20, 1951. 

INDIANAPOLIS 

"Color Television - When?' G. H. Timmings, 
Consulting Radio Engineer; February 23. 1951. 

INYOKERN 

'Cathode-Ray Tube Developments." by H 
Bamford. Electronic Tu be Corporation; January 25, 

1951. 
'Electronics in the Meteor Research Program 

at Stanford University." by R. E. Lee. Electronics 
Engineer, Electronics Development Branch. Test 
Department,  USROTS.  China  Lake.  Calif.. 

January 31. 1951. 

KANSAS CITY 

"Pulses in Circuits and Transmission Lines." 

by D. L. Waidelich, University of Missouri; March 

13. 1951. 
LONDON 

'Voice-Operated Amplifiers.' by P. H. Omond. 
University of Western Ontario; February 12. 1951. 

'The Preliminary Work in Connection with the 

Dial Cut-Over in London,' by R. Gamble. Bell 
Telephone Company; March 5. 1951. 

Los ANGELES 

'Very High Impedance DC Amplifiers." by 
George Hare. Beckman Instruments. Inc.; March 6, 

1951. 
LOUISVILLE 

Discussion of Louisville Section activities; 
March 17. 1951 

M IAMI 

'Microwaves in Radio Telephony,' by T. H. 

Clark. Federal Telephone and Radio Corporation; 
January 23. 1951. 

'Vidicon Industrial Television Equipment.' by 

Norman Beam, Television Station WTVJ; Feb-
ruary 213. 1951. 

(Continued on page 404) 
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New glass-and-metal picture tube— 
developed by RCA scientists and engineers— 

gives a 17-inch television picture in a 

20% smaller cabinet. 

S•quia/e_s- away' 

frvoth a 4ger Reale smaler 
Ideal for mass production, compact, and 
lower in cost, RCA's glass-and-metal 
picture tube was a major advance in 

television history. 
Now comes still another important RCA 

engineering advance, rectangular glass-and-
metal kinescopes. Engineered for the big 
17-inch pictures you want in a receiver that 
takes up less cabinet space—as much as 20% 
less—the new kinescope gives you finer pic-
tures than ever before . . . in sharp and 
brilliant focus over every inch of your screen 

And, as yet another step ahead, RCA's new 
picture tube offers an improved type of 
Filterglass faceplate — frosted Filterglass — 
developed on principles first investigated by 
scientists of RCA Laboratories, to cut reflec-
tion, and give you sharper picture contrast. 

•  • 

See the latest advances in radio, television, 
and electronics at RCA Exhibition Hall, 36 
West 49th Street, N. Y. Admission is free. Radio 
Corporation of America, RCA Building, Radio 
City, New York 20. 

See the new RCA Victor house tele-
vision receivers —with the 17-inch 
rectangular picture screen—at your 
RCA Victor dealer's today. 

12AIMZO C O R P O RA77 0A/ ai A M E RZCA 

Wor/c/ Leader lii Radio — /17r514- in7a/evision 
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Chart of welding cycle on Taylor 
Winfield welder shows 60-cycle 
A-c input current at left, D-c 
welding current at right. This 
Brush Analyzer consists of A-c 
amplifier, D-c amplifier, direct-

writing oscillograph. 

welding 
specifications 
a problem? 

BRUSH ANALYZER RECORDS WELDING CURRENT AND TIME EXACTLY 

410 The Taylor Winfield Corporation, 
manufacturer of resistance, spot, seam, 
and butt welders, makes sure of correct 
current and timing calibration on each 
spot welder before shipment. 

While a sample weld is being made, 
a Brush Analyzer records amplitude 
and timing of both input current and 
welding current on the same chart. 
By observing the wave shapes, Taylor 
Winfield inspectors calibrate controls 
quickly and surely. Production time 
is saved, and correct results assured. 
Maintaining welding specifications 

is difficult with "rule-of-thumb" adjust-

ment, particularly on metals such as 
aluminum. Brush Analyzers can give 
you written proof of welding currents, 
or of electrode pressures. 
Investigate Brush instruments for 

studies of d-c or a-c voltages or 
currents, strains, displacements, light 
intensities, temperatures, and other 
static or dynamic conditions. Write for 
information. The Brush Development 
Company, Dept. F-5, 3405 Perkins 
Avenue, Cleveland 14, Ohio, U. S. A. 
Canadian Representatives: A. C. Wick-
man (Canada) Limited, P. 0. Box 9, 
Station N, Toronto 14, Ontario. 

THE ,4  
DEVELOP MENT CO MPANY 

PIEZ OELECTRIC  CRYSTALS  AND CERA MICS - MAG NETIC  REC ORDI N G 

ELECTROACOUSTICS • ULTRASONICS • INDUSTRIAL 8 RESEARCH INSTRUMENTS 

ROCHESTER 

"An Analysis of Color Television." by A. V. 
Loughren,  Hazeltine  Electronics  Corporation; 
January 25, 1951. 

"Electronic Carillons." by 0. L. Angevine. Jr., 
Stromberg Carlson Company; February 15, 1951. 

SAN DIEGO 

'Construction and Characteristics of the 
Hughes Germanium Diode.' by H. Q. North. 
Hughes Aircraft Company; March 6. 1951. 

SCHENECTADY 

"High-Frequency Transmitting Tubes. Yester-

day, and Today." by T. A. Elder, General Electric 
Company; February 13. 1951. 

"Wide-Band Voltage Tuning of Magnetrons." 
by P. H. Peters, General Electric Research Labora-

tory; March 12, 1951. 

SEATTLE 

"The Electron Microscope," by 0. H. Row, 
University of Washington Engineering Experi-
mental Station; January 25, 1951. 

'General Design of Bonneville Power Ad-
ministration System and the Effects of the Micro-
wave Installation.' by B. V. Hoard. Bonneville 
Power Administration; February 27. 1951. 

"Report from National Headquarters and 
Future Plans of the IRE," by A. V. Eastman. 
Regional Director, Region 7. University of Wash-
ington; March 14. 1951. 

(Continued on page 424) 
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MIL WAUKEE 

"Microphone Directivity Patterns," by We 
ster Soules, Sales Manager. Electro-Voice; Dece 

her 5. 1950. 
"Television Network Facilities of the 

Syste m," by Dr. M. E. Strieby. American Tele-

phone and Telegraph Company; February 7, 1951 
'Klipschorn Sound Reproducer.' by P. W. 

Klipsch, President, Klipsch and Associatest Feb. 

ruary 27, 1951. 
M ONTREAL 

'Color Television.' by A. G. Jensen. Bel 

Telephone Laboratories; February 21. 1951. 

NE W VORK 

'Some High-Level Problems.' by F. G. Kcar, 
Kcal-. and Kennedy; February 7. 1951. 

NORTH CAROLINA-VIRGINIA 

'Current Problems of Frequency Allocation, 
by C. B. Plummer. Federal Communication Corn 
mission; February 23, 1951. 

OTTA WA 

"Color Television." by A. G. Jensen. Bel 
Telephone Laboratories. Inc.; February 22. 1951. 

'Recording Airborne Altimeter.' by Eric 
Lever. Electronics Associates; March 8, 1951. 

PHILADELPHIA 

*Evolution of the Universe," by R. A. Alpher. 
Johns Hopkins University; March 12. 1951. 

PITTSBURGH 

"Radio-Frequency Spectroscopy," by D. K. 

Coles, Westinghouse Research Laboratories; De-
cember 11, 1951. 

"The Operation of a Gyroscopic Stable Ele-
ment.' by D. M. Culler. and "Thermistora." by 
H. R. Stillwell; January 8. 1951. 

"Reliability of Guided Missiles." by Com-
mander H. 0. Hauck. Navy Bureau of Aeronautics; 

February 12, 1951. 

PORTLAND 

"Western Union Reperforator Center at Port-
land." by C. V. Hestmark, Western Union Tele-
graph Company; February 15. 1951. 

PRINCETON 

"Radio Aids to Navigation." by D. G. C. Luck. 
RCA Laboratories Division, February 8, 1951.  1 



iElit INDICATOR ION TRAP 

// 

Helps you Cut Production Costs 
Rauland's new Indicator Ion Trap can help you in your 
battle to cut pennies off production costs and thereby 
to price receivers competitively. 
First of all, the Indicator Ion Trap completely elimi-

nates the need for any equipment and any trained judg-
ment in the adjustment of ion trap magnets. Adjust-
ment can be made faster than equipment could be 
attached. The ion trap magnet is simply moved until 
the green glow signal is reduced to minimum. It can be 
done in seconds with absolute accuracy—without even 
seeing the front of the picture tube. 
Second, the Rauland Tilted Offset Gun which incor-

porates this Indicator Ion Trap requires only one Ion 
Trap Magnet instead of two, nibbling a little more off 
production costs. Yet it gives better results — the elec-
tron beam is bent only once and is focused to maximum 
sharpness. 
Specify Rauland tubes with these exclusive advan-

tages, and get the benefits that only Rauland offers. 
For further information, write to... —k 

RAULAN D 

The first to introduce commercially 

these popular features: 

Tilted Offset Gun 

Indicator Ion Trap 

luxide (Black) Screen 

Reflection-Proof Screen 

Aluminized Tube 

• 

THE RAULAND CORPORATION 

P eiz ie.c.t_Lart_. 77 uz_cr-tty k ReA_e_cut_.c.A_ 

4245  N. KN O X AVE N UE • CHI C A G O  41, ILLI N OIS 
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Special boards for electronic units are 
required by many government contracts. 
Specifications are so severe and standards so 
rigid, these boards must be fabricated to fit 
the job. 

C.T.C.'s Custom Engineering Service is 
well-equipped to fill these specifications for 
you. We are thoroughly familiar with the 
JAN-approved materials in accepted usage 
by government agencies and the armed 
forces. This, combined with assembly know-
how developed over many years of supply-
ing electronic components and equipment 
to the government and to electronic manu-
facturers, enables us to meet your needs. 

C.T.C. Products Include: 

Terminals Coil Forms 
Miscelloneous 
Hardware 

MULTI-CONTACT terminal boar 
below, is a typical example of C.T.C. 

custom-designing. 

Let C.T. C. experts 

design and make 

your special 

terminal boards 

C.T.C. can supply any size or shape ter-
minal board with practically any terminal 
arrangement desired . . . in any production 
quantity. 

SPECIAL CONSULTING SERVICE 
To aid you in securing exactly the right 

components to meet the requirements of 
your designs, prototypes, etc., C.T.C. main-
tains a staff of thoroughly experienced com-
ponent engineers. These experts will work 
closely with you for the most economical 
and satisfactory results —and where stand-
ard parts are not suitable will design 
special units. This service is always available to 
you — without cost! 

Terminal Board 
Assemblies 

Coil 
Assemblies 

Insulated 
Terminals 

NEW! SLUG TUNED COIL FORM — TYPE LS-8 —Here's a brand new 
slug tuned coil form featuring silver - plated phosphor bronze clip terminals 
which cannot loosen. Height, 23/32'. Maximum diameter, 1/2'. Mounts in "0" 
punched hole or in l/4' round hole. Coil form is of grade L-5 silicone impregnated 
ceramic. Slug is provided with a spring lock. All metallic parts 
except clips ore cadmium plated. Supplied complete with slug 
and all mounting hardware. 

CAMBRIDGE THERMIONIC CORPORATION 
456 Concord Avenue, Cambridge 38, Mass. 

El Please send me more information on special terminal boards. 
El More information on C.T.C.'s cooperative engineering service. 

Li More information on the following C.T.C. products: 

Name  Position 

Firm   

Street 
City  Zone  • State 

custom or standard... the guaranteed components 

Section Meetings 

(Continued from page 40A) 

SYRACUSE 

'Comparison of Color Television Systems.' by 
IC Li. Dome, General Electric Company; February 

I, 1951. 
'Survey of Electron Physics of Solids.' by J. A. 

Krumhansl. Assistant Professor. Cornell University; 

March 6, 1951. 
TOLEDO 

'High-Frequency Antenna Measurements and 
Cathode Ray Oscillograph Applications,' by Harry 
Crows, Seymore Sterling Company; January 9, 

1951. 
'New Coupling Circuit for Audio Amplifiers.' 

by Neil Bear, Cleveland. Ohio; February 13, 19c I 

VANCOUVER 

'Radio Aids to Navigation. Vancouver Har-
bour Area,' by Alan Staniforth. National Research 

Council; January 15, 1951. 

SUBSECTIONS 

AMARILLO-LUBBOCK 

'Noise Figure Measurements," by J. E. 
Masterson. Texas Technological College; September 

6, 1950. 
'A Page from an FCC Engineer's Day," by 

Don Holiday. FCC Engineer; October 5. 1950. 
"Electrical Methods of Measuring Mechanical 

Quantities," by H. A. Spuhler, Assistant Professor. 
Texas Technological College; November 9. 1950. 

'Engineering Contributions to the Medical 
Sciences," by J. T. Wilson, Allis Chalmers Com-

pany; November 21, 1950. 
'Telemetering." by Mr. Dupree, Southwestern 

Public Service Company; January 8, 1951. 

BINGHAMTON 

'Link Aviation's Role in the National Defense 
Program." by Nelson Laurence. Link Aviation 
Devices. Inc., February 13. 1951. 

CENTRE COUNTY 

'Atomic Power Station." by Dr. Simmon, 
Westinghouse Electric and Manufacturing Com-

pany; February 14, 1951. - 

HAMILTON 

'Ceramic Iron and its Applications to Radio 
and Television Components.' by G. Armitage and 

A. Ainlay; March 5. 1951. 

LANCASTER 

'Application of Radio Activity to Industry,' 
by George Peiper, Traoerlab, Inc.; November 8, 

1950. 
'Industrial Television,' by M. C. Banca, In-

dustrial Television Sales; February 14. 1951. 
'The Use of Electronic Tubes in Industry,' 

by H. L. Palmer. General Electric Company; 

March 14. 1951. 
LONG ISLAND 

'Radio Aids to Navigation," by D. G. C. 
Luck. RCA Laboratories; February 21. 1951. 

MID-HUDSON 

'Bohr Theory of the Atom.' by Colonel 
Bartlett. West Point Military Academy; February 
17, 1951. 

MONMOUTH 

'Recent Developments in High-Frequency 
Tubes," by R. C. Fletcher, Bell Telephone Labora-
tories. Inc.; February 21, 1951. 

NORTHERN NEW JERSEY 

'A General Description of Tantalum Electro-
lytic Capacitors.' by M. Whitehead. Bell Tele-
phone Laboratories. Inc.; February 14. 1951. 
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"PRIVATE WIRE" tivith°Lit  
For uninterrupted operation in all kinds of weather, WHAS-TV at Louisville 

and WSN-TV in Nashville linked themselves together with an inexpensive 

but efficient microwave relay that enables them to telecast each other's 

programs. For positive targeting between screen and parabolic reflector, 

Blaw-Knox was called in to design, fabricate and erect all towers for this 

temporary video hookup ... Should your plans call for a similar project 

avail yourself of Blaw-Knox experience. 

BLAW-KNOX DIVISION 
OF BLA W-KNOX COMPANY 

2037 FARMERS BANK BUILDING  • PITTSBURGH 22, PA. 

! PROCEEDINGS OF TIIE I.R.E.  May, 1951 
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Standard 
RADIO INTERFERENCE 
and FIELD INTENSITY 

Measuring Equipment 
Complete Frequency Coverage - 14 kc to 1000 mc 

VHF! 
NMA - 5 

15mc to 400mc 
Commercial Equivalent of 

TS-587/U. 
Frequency range includes 
FM and TV Bands. 

UHF ! 

375mc to 1000mc 

VLF! 
NM - 10A 

14kc to 250kc 
Commercial Equivalent of 

AN/URM-6. 

Very low frequencies. 

NM - 20A 150kc to 25mc 
Commercial Equivalent of AN/PRM-1. 
Self-contained  batteries.  A.C.  supply 
optional.  Includes standard broadcast 
bond, radio range, W WV, and commun-
ications frequencies. 

NM - 50A 
Commercial Equivalent of 

AN/URM-17. 
Frequency range includes Citizens 
Band and UHF color TV Band. 

• 

These instruments comply with test equipment requirements of 
such radio interference specifications as JAN- I -225, ASA C63'.2, 
16E4(SHIPS), AN-1-24a,  AN-I-27a, AN-l-40 and others. 

STODDART AIRCRAFT RADIO CO. 
6644-C SANTA MONICA BLVD., HOLLY WOOD 38, CALIFORNIA 

Hillside 9294 

STUDENT 

BRANCH 

MEETINGS 

UNIVERSITY OF ARKANSAS, IRE BRANCH 

'Selection System in Jukebox.' by W. Fish 
back. Fayetteville. Arkansas; March 7. 1951 

Presentation of three seminar papers; March 14 

1951. 

POLYTECHNIC INSTITUTE OF BROOKLYN, 
IRE BRANCH (EVENING) 

"The New and the Old in a Communication 
System." by A. Boggs, Western Union Telegraph 
Company; February IS, 1951. 

'Electronic Control Application',' by A. H. 
Moore. General Electric Company; March 8. 1951. 

CALIFORNIA STATE POLYTECHNIC COLLEGE, 
IRE BRANCH 

'Microwave Measurement Techniques." by 
W. R. Hewlett. Hewlett-Packard Company; Feb-

ruary 6. 1951. 
'Doppler Whistles from Meteor Trails,' by 

0. G. Villard, Professor. University of Stanford: 

February 20. 1951. 
'Problems in the Aircraft Industry," by R. 

Gerven. Southwestern Airways; March 6. 1951. 

UNIVERSITY OF COLORADO, IRE-AIEE BRANCH 

"EleCLTODiC Temperature Measurements." by 
D. W. Laroen, Minneapolis Honeywell; February 

21. 1951. 

COLUMBIA UNIVERSITY, IRE-AIEE BRANCH 

'Color Television.' by G. E. Anner. Faculty, 
New York University; February 16, 1951. 

UNIVERSITY OF CONNECTICUT. 
IRE-AIEE BRANCH 

"The Problem of Interrefiections and i Ap-
plication in Radiation Engineering and in Com-
putation of Lighting." by D. E. Spencer. Assistant 
Professor. University of Connecticut; March 8. 

1951. 
COOPER UNION, IRE BRANCH 

General meeting and film, 'Electronics .4t 

Wok'; March 12. 1951. 

UNIVERSITY OF DELAWARE, IRE-AIEE BRANCH 

'Adventures in Modern Industrial Research." 

by S. J. Roach, Agaconda Wire and Cable Com-
pany; November 6, 1950. 

'The Young Engineer in Industry." by D. 
Smith. Philco Corporation. Professor L. Bewley. 
Lehigh University. and C. Weyl. International 
Resistance Company; December 11. 1950. 

"Electronic Computing." by C. N. Hoyler. 
RCA Laboratories; January 19. 1951. 

Election of Officers; February 12, 1951. 
Discussion of IRE Convention; March 5, 1951. 

UNIVERSITY OF FLORIDA, IRE-AIEE BRANCH 

"Safety Through Electronics." by E. C. Pauly 
and "A Magnetic Proximity Relay,' by M. J. 
Wiggins. Student members of IRE. University of 
Florida; March 13. 1951. 

ILLINOIS INSTITUTE OF TECHNOLOGY, IRE BRANCH 

'Stroboscopes and High-Speed Photography.' 
by Kipling Adams, General Radio Company; 
March 13, 1951. 

LAFAYETTE COLLEGE. IRE-AIEE BRANCH 

"Triple-Stub Impedance Matching," by S. 
Slampyak, Student, Lafayette College; March 6, 

1951. 
"Static Electric Charges in Textile Manufac-

turing." and 'Induction Heating.' by H. H. 
Lanan and G. R. Krumnacher, Students. Lafayette 
College; March 13, 1951. 

(Continued on page 464) 
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Description Typical Sorel", 

RAYTH EON 
r" " SERVICE 
TUBES 

FOR MILITARY, INDUSTRIAL AND 
TRANSP ORTATI ON SERVICE 

2(50 

2C52 

6AK5 W 

6A.1.5 W 

6AS6 W 

6C4 W 

6)5 W GO 

6.16 W 

6SA7WGT 

6SJ7 WGT 

6SN7 WG7 

604 W 

12.15 WG7 

CK5654 

CK5670 

CK5686 

CK5694 

CK5725 

CK5726 

Dual Power Triod• 

Oval Amplifier Triod• 

Pientod• RF Amplifier 

0.01 Diode 

Pentod• RP Mixer 

RF Power Triode 

General Purpos• Trod• 

Dual AF.RF Trod. 

Pentogrid Converter 

Period. RF Amplifier 

Dvol Tnod• 

Fultivare Rectifier 

General Purpose Triod• 

Pentod• RF Amplifier 

Dual Triode 

AF•RF Output Penrod. 

Dual Power Trod. 

Pentode RF Mixer 

Duo! Diode 

Note All dual motion tob• toting. ure 

Pinin  Grid 

Prototype  Constrection  Volts  Amp,  voir.  hoe  volt. 

Aircraft Control Equip. 

Aircraft Control Equip 

Military Rvggirdired 

Military Ruggedited 

Military Ruggedir•d 

Military Ruggedired 

Military Ruggedixed 

Military Roggedixed 

Military Ruggedized 

Military Ruggedired 

Military Ruggedited 

Military Rugg•dited 

Military Ruggedited 

Commercial Aircraft Roggedio•d 

Corern•rciol Aircraft Ruggedixed 

Commercial Aircraft Ruggedired 

Industrial Al Amplifier 

Commercial Aircraft Ruggedired 

Commercial Aircraft Ruggedioed 

'2.7 worts Class A output. 10 watts Class C input power to 160 to. 

Pot eoch section. 

OAKS 

6A1.5 

6456 

6C4 

615GT 

6.16 

6SA7GT 

6S17GT 

6SN7GT 

604 

I 215GT 

6AKS W 

2C51 

6N7G 

6AS6 W 

[lomat 

Boma! 

7 pin miniatur• 

7 pin miniahnie 

7 pin miniature 

7 pin ',mono. 

Bontol 

7 pal miniature 

Panto! 

Banta! 

Standard glass 

7 pin miniatvr• 

Banta! 

7 pin rniniatvr• 

9 pin miniatur• 

9 pin minotur• 

Standard gloss 

7 pin miniatur• 

6.415 W  7 pin reiniatsir• 

12.6 

12.6 

6.3 

6.3 

6.3 

6.3 

6.3 

6.3 

6.3 

6.3 

63 

,6.3 

12.6 

6.3 

6.3 

6.3 

6.3 

6.3 

6.3 

03 

0.3 

0.17$ 

0.3 

0.175 

0.15 

0.3 

0.45 

0.3 

0.3 

06 

0.6 

0.15 

0.17$ 

0.35 

0 35 

0.8 

0.175 

03 

Screen 

V,aits  Mo 

Amp. 

acte• 

Mat. 

Cond. 

300  12.3  -24  - 9.5  1/50 

250  1.3  -2  90  1900 

120  7.5  Rh 200  120  2.5  3000 

Mori. P•ok Inv. 330 Volts Ma•  To 9 no. dr.. per plom 

120  5.2  -2  120  3.5  - 

250  10.5  -8.5  -  -  17 

250  9  - 8  -  -  20 

100  8.5  Int 50  -  -  38 

250  3.5  Rg 20000  100  8.5  - 

250  30  100  0.8  - 

250  9  -8  -  -  20 

Max. P•ok Inv 1250 Volts Max.  lior 70 no. do. 

250  9  - B  -  -  2600 

120 

150 

250 

294 

120 

7.5  Rk 200 

8.2  Rk 240 
I- smit 

27  -12.5 

7  -6 

5.2  - 2 

120  2.5 

250  5 

120  3.5 

20 

35 

35 

Moo. Peak Inv. 330 Volts Max  Tat 9 ma. do. per plate 

3200 

2200 

2600 

5300 

450 
Cons Cont. 
1650 

2600 

5000 

5500 

3100' 

3200 

3200 

The Raytheon Tubes described above 

are engineered and manufactured for 

critical services where a single tube fail-

ure might lead to serious loss of life, 

time or property. Reliability and supe-

rior stamina are built into these Tubes. 

Over 300 Raytheon Special Purpose 

Tube distributors stand ready to serve 

you. Application information on tough 

service tubes is available at Newton, 

Chicago and Los Angeles. 

RAYTHEON 
RAYTHE ON MANUFACTU RI NG CO MPANY 
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BETTER TOROIDS M AKE ,2 
BETTER FILTERS ... AND 

Makes Both 
Precise engineering and careful design, coupled with highest 

grade materials and latest designed winding equipment enable 
B & W to manufacture Toroidal Coil Type Filter Units economi-
cally to most exacting specifications. 
B & W offers to all communication fields, a performance-proved 

line of Filters, including High-Pass, Low-Pass, Band-Pass, and 

Band Suppression Types, in addition to 
supplying individual Toroidal Coils in 
a wide range of inductance values. 

Coil Problems 
Solved! 

Need an exacting coil type-one pro-
duced to critical specifications by coil 
specialists? 
B & W coils in standard or special 

types range from single layer solenoid 
coils to universal units with single, mul-
tiple pie or progressive windings; RF, 
IF and oscillator coils; traps, discrimi-
nators, filters, RF and delay line chokes 
and others. For detailed information 
write to B & W Department PR-51 

BARKER &WILLIAMSON, INC. 
237 Fairfield Avenue 

Upper Darby, Penna. 

STUDENT 

BRANCH 

MEETINGS 

(Continued front page 444) 

LOUISIANA STATE UNIVERSITY. IRE-AIEE BRANCH 

Film: 'The Story of Gasoline"; February 27, 

1951. 
General Meeting; March 13, 1951. 

MANHATTAN COLLEGE, IRE BRANCH 

'Television Repairing-Practical Viewpoint,' 

by Edward Smith and James Corr. Students, Man-
hattan College; February 21. 1951. 

MARQUETTE UNIVERSITY. IRE-AIEE BRANCH 

General Meeting; February 15, 1951. 

UNIVERSITY OF MARYLAND, IRE-AIEE BRANCH 

'Instrumentation.' by D. E. Douglas, West-
inghouse Electric Corporation; February 21, 1951. 

UNIVERSITY OF MIAMI. IRE BRANCH 

"Vidicon Industrial Television Equipment." by 
Norman Bean. RCA Victor Division, February 28, 

1951. 
General Meeting; March 5. 1951. 
Election of Officers; March 19, 1951. 

UNIVERSITY OF MICHIGAN, IRE-AIEE BRANCH 

'Magnetic Amplifiers." by F. N. McClure, 

Westinghouse Electric Corporation; February 19. 

1951. 
'Fundamentals of Analog Computation." by 

W. A. Wheatley. University of Michigan; March 16. 

1951. 

UNIVERSITY OF MINNESCIT‘ IRE-AIEE BRANCH  mi 

'Blind Landing Systems.' by W. H. Gille, 
Minneapolis-Honeywell Regulator Company; Feb-

ruary 28, 1951. 

UNIVERSITY OF MISSOURI, IRE-AIEE BRANCH 

Talk, by J. P. Kessler. Messrs. Black and 
Veatch; February 13. 1951. 

'Engineering  Opportunities."  by  P.  H. 
Trickey. Vickers. Inc., March 6, 1951. 

NEW MEXICO CouIte OF AGRICULTURE AND 
MECHANIC ARTS, IRE-AIEE BRANCH 

'The Campus Radio Station.' by R.. E. L. 
Fogle, IRE Student Branch Secretary; March 8. 

1951. 

COLLEGE OF THE CITY OF NEW YORK. IRE BRANCH 

'Television Tube Manufacture.' by W. L. 
High, Allen B. Du Mont Laboratories; March 15, 

1951. 
NEW YORK UNIVERSITY. IRE BRANCH 

(DAY DIVISION) 

'Electronics in the Power Industry.' by F. R. 
Thomas. Consolidated Edison; March 1, 1951. 

'Mixed Highs in Color Television." by Mr. 
Hirsh, Hazeltine Corporation; March 8. 1951. 

Business Meeting; March 15. 1951. 

NEW YORK UNIVERSITY, IRE-AIEE BRANCH 
(EVENING DIVISION) 

'Industrial Disaster Control.' by H.  E. 
Linsley. Editor. Amerscan Machinist; February 28, 

1951. 
'Analog Computers," by L. O'Neill, Faculty, 

Columbia University; March 10. 1951. 

NORTHWESTERN UNIVERSITY, IRE-AIEE BRANCH 

Election of Officers; February 27, 1951. 

OREGON STATE COLLEGE. IRE BRANCH 

'Look at Your Opportunities Objectively." In 
H. N. Muller. Westinghouse Elestric Corporation 

February 26. 1951. 

(Continued on page 484) 
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News—New Products 
'hese manufacturers have invited PROC KDINGS 

'ceders to write for literature and further technical 

nforrnation. Please mention your I.R.E. affiliation. 

C‘mtinued from page 224) 

Recorder & Tape 
Testing Service 

Laboratory equipment that can test the 
)erformance characteristics of sound re-
,,rding tape, recorders, and playback units 
'in a matter of minutes" has been set up in 
,t Paul, Minn., for use by the industry, 
t no charge) it was announced this month. 
The equipment and a staff to operate it 
re provided by Minnesota Mining and 

Vlanufacturing Co., 900 Fauquier St., St. 
'dui 6, Minn., maker of Scotch sound re-
ording tape, as a consultant service for the 
industry. 

The three racks of laboratory equip-
I lent, plus recorders, and speakers, permit 
i I ('asuring such performance characteristics 
1-, output at any frequency, uniformity of 
,)utput at any frequency, signal-to-noise I-atios, dynamic range, wow, flutter, har-
tonic distortion, intermodulation, and 
modulation noise. 
Included in the equipment are an AM-

FM tuner, oscilloscope, wow meter, Bal-
antine volt meters, dual-channel oscillo-
graph with associated dc amplifiers, two 
14h-fidelity audio amplifiers, two proles-
;ional quality recorders that operate at any 
;peed from 31 to 15 inches per second, and 
1 sonic analyzer for measuring distortion 
old frequency response and for showing 
loise spectra. 
s  A special bias circuit was built into the 
-ecorders to permit introducing wide varia-
ions in bias. 

Plug-in Line-Voltage 
Regulator 

For steadier TV pictures despite line-
voltage fluctuations, Clarostat Mfg. Co., 
Inc., Washington St., Dover, N. H., now 
offers an automatic line-voltage regulator. 

j  This aid to better TV reception, par-
icularly in rural districts or areas experi-
encing line-voltage fluctuations, is a handy 

ry. With male and female Edison 
nections at either end, it plugs in be-

tween the TV set's attachment plug and 
the outlet. Two models are available: TV-A 
rated at 300 watts, for sets consuming 200 
ti to 300 watts, and TV-B rated at 375 watts, 
-0 or sets consuming 300 to 375 watts. 

(Continued en page 80A) 

SV1E 
on NE W Design 

MONOSC OPE 
AND 

SYNCHRONIZING SIGNAL 
GENERATOR SYSTEM 

A new high for Stability, Performance and Versatility 

TYPE 2300 MONOSCOPE 
• Produces standard "Indian Head" test pattern with 

greater than 450 line resolution. 
• Provisions for mixing "sync" in the unit. 

• Output polarity Black Negative.  Output voltage 2 

volts PP into 75 ohm load.  Price .... $1,200 

TYPE 2200 SYNCHRONIZING SIGNAL GENERATOR 
• All binary dividers. No blocking tube or locked oscil-

lators. Complete freedom from "rolling" at critical 

moments. 
• Meets all R.T.M.A. and F.C.C. specifications with wide 

margin to spare. 
• Built-in bar and dot generator for sweep linearity 

checking.  Price .... $1,995 

COMPLETE SYSTEM AS SHO WN .. 
CBS color standard Monoscope and 
Synchronizing generator, Type 2301 
and 2201, also available. 

$33 9 5 FOB. PLANT  

Write for Type 2200 and 2300 Data Sheets. 

c 1192,1' 
AeczkEtsel 
461PLA!,:.:708 
A_e, Avar,,7,11 

Manufacturers of a complete line of TV and Radar Test Equipment 

Plinslrument Co. inc 

TELE METER RECEIVING SET 
—32 CHANNELS 

Carrier frequency: 

FM, 215-235 MC/S 

Subcarriers: 6 
5, FM continuous 
information 
1, EM commutated 
information, 27 
sub-channels 

• Automatic Data 
Separation 

• All Electronic 

• High Degree of Accu-
racy and Reliability 

For precision equip-
ment in the fields of 

RADIO CONTROL 
& TELEMETERING 

RAYMOND ROSEN ENGINEERING PRODUCTS, Inc. 
32nd & Walnut Streets • Philadelphia 4, Pa. 
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N/ Lower 
losses 

s, Higher 
efficiency 

• Lower operating 
temperatures 

• Lighter weight ... smaller sizes 

N, Less corona effect 

111 CT R O NI C  C O M P O NE NT S  DI VI SI O N 

STACKPOLE\CARBON CO MPANY, St. Marys, Pa 

FI XE D  RESIST ORS  • V ARI A lr(E RESIST O RS 

IR O N  C O RES  •  C ER A M A Z  C O RES  • LI NE 

an d  SLI D E  S WI T C HE S  •  M OL D E D  C OI L 

FO R MS  • G A "GI M MI'El * C AP A CIT O RS , etc. 

Student Branch Meetings 
(Continued from page 464) 

'A Discussion of Desirable Engineering Que. 
Wes," by J. A. MacDonald. Vice-President, Ninth 
District, American Institute of Electrical Engineer. 

February 22. 1951. 

PENNSYLVANIA STATE COLLEGE, 
IRE-AIEE BRANCH 

'Television Networks.' by M. E. Strieby. 
American Telegraph and Telephone Company; 

February 15. 1951. 

UNIVERSITY OF PENNSYLVANIA. 
IRE-AIEE BRANCH 

Election of Officers; March I. 1951. 

PRINCETON UNIVERSITY, IRE-AIEE BRANCH 

"Problems Facing a Young Engineer Today,' 
panel discussion by M. Astro. Sperry Gyroscope 
Company. M. Carpenter. RCA Laboratories. R. 
Hartman. Remington Arms Company. A. Westneat. 
Applied Science Corporation. and G. Sikes. Prince-
ton University; February 15. 1951. 

PURDUE UNIVERSITY, IRE BRANCH 

'Industrial Television.' by R. C. Webb. Iowa 

State College; February 28, 1951. 

RUTGERS UNIVERSITY, IRE-AIEE BRANCH 

'Problems Facing a Young Engineer Today.* 
panel discussion by M. Astro. Sperry Gyroscope 
Company. M. Carpenter. RCA Laboratories. R. 
Hartman, Remington Arms Company. A. Westneat, 
Applied Science Corporation. and G. Sikes. Prince-

ton University; February 15. 1951. 

SAN JOSE STATE COLLEGE. IRE BRANCH 

'A 20 Kw Tetrode,' by C. E. Murdock, Eitel-

McCullough. Incorporated; February 12, 1951. 

SEATTLE UNIVERSITY, IRE BRANCH 

Film: 'Industrial Electronic Heating'; Feb-

ruary 14. 1951. 
Tour through Television Studios KING-TV; 

February 27, 1951. 

SOUTHERN METHODIST UNIVERSITY, 
I RE-Al EE BRANCH 

Election of Officers and talk. 'Unlimited Op-
portunities for Engineers,' by C. B. McEacheron. 
General Electric Company; February 26. 1951. 

SYRACUSE UNIVERSITY, IRE-AIEE BRANCH 

Election of Officers and talk, 'Radar Engineer-
ing," by H. F. Mayer. General Electric Company. 

February 27. 1951. 

UNIVERSITY OF l'EXAS, IRE-AIEE BRANCH 

'Power Development in Texas,' by R. R. 
Krezdorn, University of Texas; February 19. 1951. 

'Proposed Course on Analogue Computers.' 
by A. R. Teasdale; University of Texas; March 5. 

1951. 
Film: 'Television Today"; March 19. 1951. 

UNIVERSITY OF TOLEDO. IRE-AIEE BRANCH 

General Discussion; February 22. 1951. 
Films: "What Is Electricity' and 'Electronics 

At Work"; March 8. 1951. 

UNIVERSITY OF TORONTO, IRE-AIEE BRANCH 

Election of Officers and talk. 'Industrial Elec-
tronic Control," by J. T. Thwaites. Canadian 
Westinghouse Company, Limited; February 5. 

1951. 
'Ontario Provincial Police Radio System.' by 

J. E. Reid. University of Toronlo; February 27. 

1951. 
TUFTS COLLEGE. IRE-AIEE BRANCH 

'New England Power Interconnection,' by 
Robert Brant. New England Power and Service 

Company; December 13. 1950. 
'Radio-Frequency Heating.' by M. L. White. 

Westinghouse Electric Corporation; February 21. 

1951. 
(Continued on page 644) 
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Choose JOHNSON Variable Condensers For 

kle EFFEtkler 
Excellent design, careful workmanship and quality materials are com-
bined in the manufacture of JOHNSON Variable Condensers to assure 
highest stability of the tuned circuit. 

The entire JOHNSON line features high quality steatite insulation 
and sturdy construction — your assurance of long, dependable service. 

Unusually economical for quality condensers, Types C 
and D have .051" thick, rounded aluminum plates, large 
laminated rotor brushes. Air gap from .080" to .250" 
(Type D) and .125" to .500" (Type C). Panel space, 
Type C, 51/2" W x 53/4 " H. Type D, 41/4 " W x 4" H. 

Rugged, compact units for low and medium power trans-
mitters. Aluminum plates .032" thick, rounded edges. 
Stainless steel shafts. Air gap from .045" to .125" 
(Type E) and .045" or .075" (Type F). Panel space, 
Type E, 2 Ye" square; Type F, 2-1/16" square. 

MINIATURE — SMALLEST EVER BUILT! 
Ideal for VHF, miniature test equipment, etc. Soldered 
construction, silver plated beryllium copper contact 
spring, split sleeve rotor bearings — no shaft wobble. 
Made in single and differential models up to 19.6 mmf 
and butterfly up to 11 mmf. Panel space only Ye" x 3/4 ". 
Air gap .017". 

Ceramic soldered — no eyelets or rivets to loosen. All 
brass, soldered construction. -Bright alloy- plated. 
Ideal for rough service. Beryllium copper contact spring, 
silver plated. Made in butterfly, single and differential 
types. Panel space 1 Ye" square. Air gap .030". Also 
Furnished in .020", .060" and .080". 

TYPE N 
Small mounting space require-
ments. extremely high voltage 
rat ing and fine adirstmen t make 
these  neutralising  condensers 

ideal. 

TYPE G 
Extremely popular as neutr.11izing 
condensers for medium and low 
power stages. Also widely used 
for grid and plate tuning at high 

frequencies. 

WRITE TODAY FOR JOHNSON CONDENSER CATALOG! 

IPROCEEDINGS OF TI!!? I.R.E.  May, 1951 

TYPE BC . . . for Commercial and Broadcast use 

where high voltage, high current conditions prevail. 

New aluminum die cast plates have heavy beaded 
round outer edge for maximum voltage break-
down Cast aluminum end plates, with rounded 
edges, rugged steatite insulators with long creep-
age path Width 71/5", height 7-5/16" Voltage 
ratings up to 18,000 volts peak breakdown 

Many  other  types.  including pressurized 
units, are made for high voltage, high power 
applications. 

JOHNSON etpuotoadoteume4c Retd& 
WASECA, MINN. 



ENGINEERS AND PHYSICISTS 
Electronic and mechanical engineers and physicists are 

needed at all Ir. (.1, fol. 

Research, Development and Production 

of diversified military electronic equipment. 

Operating since 1942. 

Pre-Korean commitments require continuous expansion 

of our facilities. 

Write or telephone Howard J. Gresens today at 

AIRBORNE INSTRUMENT LABORATORY, INC. 
160 Old Country Road, Mineola 

LONG ISLAND, N.Y. 

RESEARCH OPPORTUNITIES IN THE LOS ANGELES AREA 
Unusual Opportunity for Senior men with degrees and at least five years of 
outstanding proven accomplishment to achieve further growth by working 
with some of the nation's outstanding scientists on commercial and military 
projects in large modern electronics laboratories. 
ELECTRONIC ENGINEERS  SERVOMECHANISMS 
PHYSICISTS—CIRCUITRY  ENGINEERS 
PHYSICISTS—ANALYSIS  ELECTRO MECHANICAL 
PHYSICISTS—OPTICS  ENGINEERS 
PHYSICISTS—ELECTRON TUBES  MECHANICAL DESIGNERS 
Long term program of research and development in the fields of Radar, 
Guided Missiles, Computers, Electron Tubes, and related equipment. 

Please do not answer unless you meet the above requirements. 

RESEARCH AND DEVELOPMENT LABORATORIES 
Hughes Aircraft Company  CULVER CITY, CALIFORNIA 

CIRCUITS AND MICROWAVE ENGINEERS 
Permanent Positions for Men with Several Years of Experience 

A rapidly expanding organization with long range programs for commercial 
and government developments offers excellent opportunities in the field of 
general instrumentation including VHF, UHF, and microwave test equip-
ment. 
Our modern, well equipped laboratories are conveniently located in down-

town Brooklyn and offer a stimulating and pleasant working atmosphere. 
Men with Master's or Ph.D. degrees are preferred. 

p it eltr" 
P 4 bly  RESEARCH and DEVELOP MENT CO • Inc. 

202 TILLARY STREET. BROOKLYN 1. N. Y 

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 refuse any 
announcement without giving a reason for the 
refusal. 

PROCEEDINGS of the I.R.E. 
I East 79th St., New York 21, N.Y. 

ENGINEERS AND PHYSICISTS 
Several outstanding opportunities open 

for engineers and physicists with B.S. or 
advanced degrees and up to 10 years' ex-
perience in fields of electronics and physi-
cal measurements. Permanent positions in 
research and instrument development with 
independent laboratory. Send resume in-
cluding type of work desired to: Physic,' 
Dept. Southwest Research Institute, San 
Antonio 6, Texas. 

ENGINEER OR PHYSICIST 
For development and production. Ex-

perience: semi-conductor devices employ-
ing germanium and silicon. Very good 
opportunity with growing organization. 
Jensen Industries, Inc. 329 South Wood 
St., Chicago 12, Illinois. 

ELECTRONIC ENGINEER 
Young electronics engineer (M.S. or 

Ph.D.) having initiative and imagination 
and  an  outstanding academic  record 
wanted by a small bui: well known and 
growing manufacturer of precision elec-
tronic measuring apparatus located in 
northern New Jersey about 30 miles from 
New York City for research and develop-
ment work. Should have thorough knowl-
edge of network theory and familiarity 
with electronic circuitry and VHF meas-
urement techniques together with several 
years of laboratory experience. Ideal 
working conditions and adequate housing 
facilities. Salary $6,000 plus bonus. Box 
648. 

ENGINEERS 
DESIGNER of radio receiving equip-

ment for autoittobiles. Salary: $8,000 to 
$10,000. Age under 40. B.S. in E.E. 
ENGINEER to design and develop 

small antennae for radar equipment. Sal-
ary $8,000 to $10,000. B.S. in E.E. 
MANUFACTURING EXECUTIVE 

FOR PLANT manufacturing cathode 
ray and receiving tubes. E.E. degree, with 
experience at Superintendent level. Salary: 
about $10,000. Age: under 45. 
PROJECT ENGINEERS with E.E. 

degrees and experience in electronics man-
ufacturing. Salary: $10,000 to $12,000. 
Age: under 40. Reply Box 649. 

TEST FACILITIES ENGINEER 
Test Facilities Engineer experienced in 

design of test equipment for ultra-preci-
sion mechanical or electrical assemblies. 
Salary: $8,000 to $12,000. Reply: Box 651. 

ELECTRONICS ENGINEERS—PHYSICISTS 
Electronic engineers and physicists; at 

least one year experience in circuit work; 
to do design and development of electron-
ics test equipment and geophysical instru-
ments. Southwestern Industrial Electron-
ics Co., P.O. Box 13058. Houston, Texas. 

(Continued on page 524) 
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1 POSITIONS 
IN THE WEST FOR 

ELECTRONICS 
ENGINEERS 
For Work in Fields of 

Radar 
Servomechanisims 
Telemetering 
Microwaves 
Communications 

NO W 
Direct Inquiry To 

FIELD TEST DIRECTOR 

Box 391 

Holloman Air Force Base, New Mexico 

N   
WANTED 

ngineers 
ELECTRONIC • ELECTRICAL • MECHANICAL \  

LAB TECHNICIANS For Design and Develop. 
ment of Magnenc Tape Recorders used for 
Audio Work and Instrum•nialion. Cr•otive 
abilily ItI M11101. 

ALSO Electrical Draftsmen. Mecharucal Drafts. 
men and Designers. 

PERSONNEL or Purchasing. Expedinng. and 
Production Control. 

Please send complete tnlormotton 
cons-swung educotson and exporter'," 

 A )17pe...v 
ELECTRIC CORPORATION 

SAN CARLOS. CALIFORNIA • Telephone LYlell 3.3121 

N 

00M 
for the Finest 

in Electronics and Television 

Immediate 
Engineering Openings 

SENIOR • INTERMEDIATE ENGINEERS 
Transmitter Division . Electronic Parts Division 

Receiver Division  Research Division 

Electronic Instrument Division 

Cathode Ray Tube Division 

JUNIOR ENGINEERS 
Transmitter Division • Electronic Parts Division 

Research Division • Electronic Instrument Division 

Cathode Ray Tube Division 

DRAFTSMEN • SALES ENGINEERS 

LABORATORY TECHNICIANS • DESIGN ENGINEERS 

FIELD SERVICE REPRESENTATIVES 

MECHANICAL ENGINEERS 

INTERVIE WS 
Mr. George Kaye—Industrial Relations Division 

Allen B. Du Mont laboratories, Inc. 

35 Market St., East Paterson, N. J., MUlberry 4-7400 

011MONT 
eaew exe  , „ 
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Positions Open 
(L'unt.nu.  f rum Loge 50.4) 

MOTOROLA, INC. 
NEEDS 
Electronic Engineers 
Television Engineers 
Circuit Engineers 

Microwave Engineers 
Radar Engineers 

Mechanical Engineers 
Electronic Technicians 

Draftsmen 
to 

Join its rapidly expanding Military, Television, Car and 

Home Radio Engineering Departments. 

The steady growth of M OTOROLA'S civilian and Military 
activities presents exceptional and permanent opportunities 

for highly qualified individuals. 

WRITE: PERSONNEL DEPT. 

MOTOROLA, INC. 
4545 W. Augusta Blvd. 

Chicago, Illinois 

DEVELOPMENT 

ENGINEERS 
Outstanding opportunities for engi-

neers with development experience. 
Challenging positions available for 
B.S. or advanced degree graduates 

in E.E., M.E., physics or aeronautical 
engineering. More than two years ex-
perience required in research or de-
velopment of electronic and electro-
mechanical equipment. 

Openings for project and senior engi-
neers in d-c, audio and rf circuit de-

sign, servo-mechanisms, missile con-
trols, electronic instrumentation, in-

strument and structures design, is 
well as practical and theoretical aero-

dynamics and meteorology. 

Permanent positions with research 
and development laboratory engaged 

in important long-term government 

projects. Highly interesting and di-

versified work for men who are cre-

ative and resourceful. 

COOK RESEARCH LABORATORIES 

1457 Diverse), Parkway 

Chicago 14, Illinois 

Semi-Conductor 

Research 

The International Business 

Machines Corporation has an 

opening for a qualified physi-

:1st in an expanding program 

of research and development 

on semi-conductors. 

Qualifications include Ph.D. 

or equivalent with extensive 

experience and fundamental 

background in Solid State 

Theory. 

Applications with details 

should be sent to the Man-

ager of the Engineering Lab-

oratory,  International  Busi-

ness Machines Corporation, 

Poughkeepsie, New York 

ELECTRONIC ENGINEERS 
Research and development engineers 

and physicists wanted with educational 
background in mechanical, electrical or 
electronic engineering, physics or engi-
neering physics for openings in plant and 
laboratory instrumentation, physical meas-
urements, geophysics, and industrial elec-
tronics. Prefer 2 to 4 years' experience 
in experimental research design and de-
velopment of instruments, servo-mecha-
nisms, electronic apparatus, optical equip-
ment, intricate mechanisms or allied fields. 
Positions are of immediate and permanent 
importance to our operations. Write per-
sonnel Director, Research & Development 
Dept., Phillips Petroleum Co., Bartlesville, 
Oklahoma. 

ELECTRICAL ENGINEERS 
Leading manufacturer of X-ray equip-

ment requires 3 men to train for position 
of sales engineers in east and middlewest. 
Excellent opportunity, depression proof 
business, stimulating field. If you can sell, 
like to work on your own, tangle with 
troublesome field service problems, don't 
mind occasional dirty hands or lack of a 
swival chair and secretary, this is a worth-
while opportunity. Our men do well finan-
cially but work hard. If you want a soft 
berth, please don't reply. Previous sales 
helpful but not essential. State education, 
experience, reason for making change and 
past earnings. All replies held confidential. 
Arrangements will be made to interview 
qualified applicants. Mr. Ed. Smith, Per-
sonnel Mgr. The Kelley-Koett Manu-
facturing Co., 212 West Fourth St., Cov-
ington, Kentucky. 

(Continued on page 544) 

ENGINEERS 
ELECTRONICS 
RESEARCH AND 
DEVELOPMENT 

In Baltimore, Maryland 

Career Positions 
for 

Top Engineers and Analysts 
in 

Radar Pulse, Timing and 
Indicator Circuit Design 
Digital and Analogue 
Computer Design 

Automatic  Telephone 
Switchboard Design 

Also 
Electro-Mechanical Engineers 
Experience in servo-mechcrnism, spe-
cial weapons. fire control, and guided 
missile design. 

Recent E.E. graduates and those with 
at least one year electronics research 
and development work will also be 
considered. 

Salary commensurate with ability. 
Housing reasonable  and plentiful. 

Submit resume outlining qualifica-
tions in detail. Information will be 
kept  strictly confidential.  Personal 
interviews will be arranged 

THE  GLENN  L. MARTIN  COMPANY 
Employment Department 
Baltimore 3, Maryland 

PROCEEDINGS OF 1111 I I? 
• 



ELECTRONIC ENGINEERS 
Development and Design 

RCA Victor offers attractive opportunities for: 

ELECTRICAL ENGINEERS 

PHYSICISTS 

MECHANICAL ENGINEERS 

Engineers with several years' experience will find their future 
in the wide scope of RCA's activities in the following fields: 

• TELEVISION DEVELOPMENT 

• TRANSFORMER AND COIL DESIGN 

• COMMUNICATIONS—Aviation and Mobile 

• ANTENNAS AND SERVO-MECHANISMS 

• VIDEO AND COMPUTER CIRCUITRY 

• MICROWAVE AND RADAR 

• NAVIGATIONAL AIDS 

These requirements represent permanent ex-
pansion in the RCA Victor Engineering Division at Camden, N. J. 
RCA offers starting salaries commensurate with experience and abil-
ity; periodic review for salary increases based on individual merit; 
comprehensive Company-paid hospitalization, accident and life in-
surance; a liberal retirement program; paid vacation and holidays; 
opportunities for graduate study. If you are looking for a career 
which permits the complete expression of your talents in the field 
of electronics, 

Write, enclosing resume to: 

Specialized Employment Division, Box Q-71, RCA Victor Division, 

Radio Corporation of America, Camden, New Jersey 

DROCEEDINGS OF TIIE I.R.E. May, 1931  A 
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BENDIX AVIATION CORP. 
PACIFIC DIVISION 

Offers Immediate Positions in Engineering for the Development of 

SENIOR ENGINEERS 

Electro-mechanical. Designs for in-
strumentation, sensing instruments 

& servo-mechanisms. 

Guided Missiles, Radar, Sonar 

Salary Commensurate with Experience Training & Ability 

JUNIOR ENGINEERS 

For laboratory design & tests & 
field tests of electronic equip-

ment. 

SENIOR & JUNIOR ENGINEERS 

For the design of servo-amplifiers, pulse circuits, amplifiers, antenna. 

VHF-UHF-transmitters & receivers. 

Permanent employment in modern factory with excellent working condi-
tions, including health insurance & vacation plan. 

Periodic wage & promotion review. 

Address Replies: ATT: Engineering Personnel Mgr. 

BENDIX AVIATION CORP. 
PACIFIC DIVISION 

11600 SHERMAN WAY. NO. HOLLYWOOD. CALIF. 

POSITIONS AVAILABLE  
GRADUATE 

ELECTRONIC ENGINEERS 

EXPERIENCE IN DESIGN 
AND DEVELOPMENT PREFERRED 

FOR PROJECTS 

IN THE FIELDS OF 

"TELEMETERING" 
AND 

"RADIO CONTROL" 
PROJECTS WITH EXCELLENT 
PEACETIME APPLICATION 

Give experience, education, age, 
salary expected. Please be com-
plete and specific. All inquiries 
will be considered promptly and 
kept confidential. 

Write to Personnel Director 

RAYMOND ROSEN 
ENGINEERING PRODUCTS, INC. 

32ND 8. WALNUT STREETS 

PHILADELPHIA 4, PA. 

SENIOR 
ELECTRONIC SYSTEMS 

ENGINEERS 

Lockheed in California 
offers you a job—with a future 
Lockheed invites you to participate in its 

long-range production program, developing 
the aircraft of the future. 
Lockheed offers an attractive salary com-

mensurate with your ability and background, 
a chance to live in Southern California, a future 
in aeronautical science. In addition, Lockheed 
provides generous travel allowances. 

If you have: 
1. An M. S. or Ph. D. in Electrical Engineering or 
Physics — 
2. A minimum of three yeors experience in ad-
vanced electronic systems development,including 
radar microwave techniques, servomechanisms, 
computers and fire control — 
3. Familiarity with airborne electronics equip-
ment requirements— 

...write today for 

free, illustrated booklet 
describing life and work at 

Lockheed in Southern California. 

Include pertinent data on your 

training and experience. 

Address: 

M. V. Mattson, Employment Manager 

LOC K HEE D 
Aircraft Corporation, Burbank, California 

(Continued from Page 52A) 

ENGINEERS 
Precision instrument plant has posit'. 

available for highest caliber personnel 
the field of airborne automatic electro-
mechanical control equipment. Mechanical 
design, electronic, servo, and junior engi-
neers. Write or reply: AC Spark Plug 
Division, General Motors, Corp., 1925 F 
Kenilworth Place, Milwaukee 2, Wis. 

ELECTRICAL ENGINEERS—PHYSICISTS 
Men to train in oil exploration for the 

operation of seismograph instruments and 
the computing and interpreting of seismic 
data. Beginning salary $250 to $325, de-
pending upon background. Excellent op-
portunity for advancement determined by 
integrity and ability. Nature of work re-
quires several changes of address each 
year; work indoors or out; general loca-
tion in oil producing states. To apply 
write, giving scholastic and employmen 
background;  age,  nationality,  marital 
status; and include recent snapshot to Na-
tional Geophysical Co., Inc. 8800 Lemmon 
Ave., Dallas, Tex. 

ELECTRICAL ENGINEERS 
Electrical engineers to design sound 

equipment, audio amplifiers and electric 
carillons. Requirements: B.S. degree, 1 
to 5 years' experience in audio, electronic 
and acoustical systems. Location: upstate 
New York. Box 653 IRE. 

ELECTRICAL ENGINEERS 
New Florida research company requires 

engineer preferably with nuclear instru-
mentation experience in tubes or circuits. 
Part or full time with age no objective. 
Write qualifications in full to Box 951, 
West Palm Beach, Florida. 

ENGINEERS--TECHNICIANS 
Large mid-west manufacturer has posi-

tions open for electrical and electronics 
engineers and technicians. Applicants are 
requested to submit data concerning their 
education and experience together with 
photograph. Bsxy 656 IRE. 

ENGINEERS--PHYSICISTS 
Several junior and senior engineers are 

required immediately for the direction of 
important research and design work by an 
organization specializing in all types of 
advanced armament development. This is 
an opportunity to participate in the growth 
of an exceptionally active group in a high-
ly technical field. Positions open include: 
electronics engineers, electromechanical 
engineers, engineering physicists. Write, 
phone or wire to R. W. Sanford, Ch. Eng. 
Aircraft Armaments. Inc. 4415 Reister-
town Rd., Baltimore 15, Md. 

ELECTRONICS ENGINEER 
Naval Ordnance Laboratory, outside 

Washington, D.C., has opening for elec-
tronics engineer with degree in electrical 
enginering and several years' experience 
in the design of electronic circuits; to su-
pervise the design and development of ad-, 
vanced electronic equipment and control 
systems employed in hyperballistics inves-
tigations. Starting salary $5,400 per year. 
Address: Personnel Dept. Att: AO, 
Naval Ordnance Laboratory, White Oak, 
Silver Spring 19, Md. 

(Continued on page 58A) 
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Physicists 

Engineers 

1 

1
SPECIAL OPENINGS 
FOR ENGINEERS 

The Boeing Airplane Company has exceptional 
openings at Seattle- for outstanding physicists 
and engineers. Are you one of them? 

The work is in Boeing's expanded Physical 
Research Unit—on some of the nation's most 
vital projects: research and development on elec-
tronic and microwave circuits, flush antennas, servomech-
ani,sms and computers, radar systems and components, and 
instruments and gyros. 

These positions offer challenging work in a 

professional environment with a company of high-
est renown. You'll live in the Pacific Northwest 
with its equitable climate and unparalleled recrea-
tional possibilities. 

Opportunity for advancement is essentially 
unlimited in the rapidly expanding fields of 
guided missiles, airplane control and industrial 
machine and process control. Salaries are based 
on semi-annual performance review. 

To qualify, you must already have demonstrated 
outstanding experimental or analytical abilities. 
Or you must have recently received the M.S. 
or Ph.D. degree with high honors in Electrical 
Engineering, Physics or Applied Mathematics. 

Boeing's Engineering Division needs experienced and 
junior engineers in the following and allied engineering 
fields: mechanical, aeronautical, electrical, electronic, civil, 
acoustical, and structural. Write today for application 
forms to address indicated above, right. 

If  qualify, write today for application form. Address: 

JOHN C. SANDERS 
STAFF ENGINEER—PERSONNEL 
Boeing Airplane Company 
Seattle 14, Washington 

ATAFEZA W 
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for VARIABLE  RESISTORS 

to MILITARY  SPECIFICATI ONS . . • 

SPECIALISTS IN PRECISION MASS PRODUCTION 
FOR 55 YEARS 

EXCEPTIONALLY GOOD DELIVERY CYCLE ON MILITARY ORDERS due 

to tremendous precision mass production facilities. 

Electronic engineers all over the world depend upon CTS for: 

A variable resistor engineered to the application. 

Uniform high quality on a mass production basis. 
Each variable resistor thoroughly tested electrically and mechanically 

to assure top performance. 
Delivery when promised. 

If you need variable resistors to exacting military specifications, let 
CTS specialists solve your problem. 

Tree G-C-35-45 
Concentric Shoff Tandem 

Type 85  NEW High Voltage, 
Electro-Static Focusing. 

Type JJ•03.3  MIcrophon• Jock 

aliecialida n giecidion ala44 gmaiteciilon &nee 1896 
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Typo 25 
' 4 Watt, Wire Wound, 

GC 25 with Switch. 

Type 45 
5/l e Diameter, 
Composition. 

GC 45 with Switch. 

Type 35 
11/4 " Diameter, 
Composition. 

GC 33 with Switch. 

Type 252 
2 Watt, Wire Wound 

GC 252 with Switch. 

' H OR WITH OUT ASS OCIATED S WITCH CO MBI NATI O NS. 

CHICAGO TELEPHONE SUPPLY 
re0/0-6 ia/ &2/1 

ELKHART • INDIANA 

............. 3 

REPRESENTATIVES  SOUTH AMERICA 

S. J. Hutchinson, Jr.  Jose Luis Pontet 
.401 North Broad Street  Buenos Aires, Argentina 
Philodelphio 8, Pennsylvania 
Phone Walnut 2.5369  Montevideo, Uruguay 

R;o de Joneiro, Brazil 
W. S. Harmon Company 
4057 McClurg Dr,ve  Soo Paulo, Brazil 

los Angeles 8, California 
°hone Axminister 3.6219  OTHER EXPORT 

In CANADA  Sylvan Ginsbury 
C. C. Meredith & Co.  8 West 40th Street 
Streetsville, Ontario  New York 18, N. Y. 



ENGINEERS 
wanted at once 

for 

LONG-RANGE MILITARY 

AIRCRAFT PROGRA M 

by 

North A merican Aviation, 

Inc. 

Los Angeles, California 

Colu mbus, Ohio 

Unusual opportunities for Aero-

dynamicists,  Stress  Engineers, 

Aircraft Designers and Drafts-

men, and specialists in all phases 

of aircraft engineering. Engineer-

ing skills other than aircraft may 

be adaptable through paid train-

ing program. Also openings for 

Recent Engineering College 

and Technological Graduates 

Long-range military program of-

fers fine chance for establishing 

career in aircraft while aiding de-

fense effort. Transportation and 

established training time paid. 

Salavies commensurate with ex-

perience and ability. 

Please include summary of 

education and experience in 

reply to: 

Engineering Personnel Office 

SECTION 8 

NORTH AMERICAN 
AVIATION, INC. 
Los Angeles International 

Airport 

Los Angeles 45, Calif. 

or 

Columbus 16, Ohio 

(Continued I', •in ra ge 

ELECTRICAL ENGINEER—ELECTRONICS 
At least 5 years practical experience in 

instrumentation. Ph.D. preferred. Must 
have experience in servomechanisms, AC 
and DC amplifiers, audio and radio fre-
quency equipment, measuring instruments 
and components. Salary open. Box 657. 

RADAR ENGINEERS 
Electrical and mechanical engineers, 

preferably with experience in design, de-
velopment or manufacturing engineering 
of airborne radar equipment. Circuit, sys-
tems, scanner design or waveguide phases 
of experience desired. Long term backlog 
of projects. Location southern California. 
Send airmail detailed resume and salary 
requirements to F. G. Suffield, Mgr. of 
Engineering, The Houston Corp. 11801 W. 
Olympic Blvd., West Los Angeles 64, 
Calif. 

FEMALE ELECTRICAL ENGINEER 
Electronics experience preferred, corre-

spondence and some typing. Excellent op-
portunity. Location: Brooklyn, N.Y. Box 
659. 

ELECTRONICS ENGINEERS 
Electronics Office, New York Naval 

Shipyard, Brooklyn, N.Y. has openings 
for men with college degrees and 1 or 
more years of experience in the design, 
test, calibration, or field evaluation of ra-
dar, communications, or sonar equipments. 
Starting salaries $3825 or $4600 accord-
ing to experience. Address replies, con-
taining a brief resume of education and 
experience to Electronics Officer (Code 
125) N.Y. Naval Shipyard, Brooklyn 1, 
N.Y. or call Main 5-4500, Ext. 520. 

DIRECTOR 
Director wanted. Salary $100 per week. 

Must be high school graduate or equiva-
lent. Must also qualify for any 2 of the 
following 3 items: (1) Journeyman for 
at least 2 years in radio and television. 
(2) 2 years teaching experience. (3) 1 
year directing or administering a school. 
Write Tru-Way Radio & Television 
School, 231 Arch St., Nanticoke, Penna. 

ENGINEERS, RADIO AND TELEVISION 
Several permanent positions open for 

engineers having various degrees of ex-
perience in radio and television receiver 
design. Salaries open depending upon ex-
perience and ability of applicant. Location 
Newark, New Jer,es Send resume to Box 
No. 660. 

ENGINEERS 
Experience in following fields desirable: 

I.F. and R.F. coils, mica and ceramic 
capacitors, powdered metals, ceramics, 
television tuners and transformers, radio-
sondes, electronic equipment, and Govern-
ment equipment. Positions are permanent 
and offer excellent opportunities. Salary 
open. Send resume to Automatic Manu-
facturing Corp. 65 Gouverneur St., New-
ark, New Jersey. 

FACSIMILE ENGINEER 
Electronic section of leading News Syn-

dicate offers permanent position' to elec-
tronic engineer for research and develop-
ment work in facsimile. Location New 
York City. Reply Box 661. 

GROWING COMPANY 
with commensurate opportunities for 

associates, has openings for 

PHYSICISTS 
Electronic lostrumentation 

Applied Physical Research 
Applied Radioactivity 
Ultra  High  Frequency  and  Micro 

Wave Instrumentation 

ENGINEERS 
Industrial Design 

Production Engineering 

Mechanical Engineering 

CHEMISTS 
Radio Chemistry 

Organic Chemistry 

Programs with government and indus-
try require personnel with strong back-
grounds in above fields. 

Minimum requirements include 5-10 
years experience and strong academic 
background: patent history desirable. 
Manhattan Project or Atomic Energy 
Commission instrumentation experience 
also valuable. 

Send detailed resume, picture, date of 
availability and salary requirements to 

RADIOACTIVE PRODUCTS, 
INC. 

443 West Congress 

Detroit 26, Michigan 

Long Range Program Offers 
Excellent Opportunity to 

SCIENTISTS 
AND 

ENGINEERS 
for 

challenging  research  and  ad-
vanced dev'elopment in fields of 

\. -- -
RADAR 

GYROSCOPES 

SERVOMECHANISMS 

MECHANICAL SYSTEMS 

ELECTRONICS CIRCUITS 

APPLIED PHYSICS AND MATH 

PRECISION MECHANICAL DEVICES 

ELECTRICAL SYSTEM DESIGN 

GENERAL ELECTRONICS 

INSTRUMENTATION 

MICRO WAVES 

COMPUTERS 

AUTOPILOTS 

Scientific or engineering 
degree and extensive technical 
' experience required. 

WRITE: 
Manager, ENGINEERING PERSONNEL 

BELL AIRCRAFT CORPORATION 
P.O. Box 1, Buffalo 5, N.Y.  ) 
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Electronic-Mechanical 

ENGINEER 
One who can appreciate the 

advantage of throwing in his 

talents with a smaller organi-

zation. Manufacturer of all 

types of waveguide plumbing 

with exceptional growth pos-

sibilities. Proposition for right 

creative type   

Ideal working conditions ... 

INC. 

101 East Elizabeth Ave. 

Linden, N.J. 

Lf; wi1 44.1g$f$1:0 Wgil;Pfgeg$0 

ENGINEERING 
OPPORTUNITIES 
IN 

Westinghouse 
Wanted: 

Design Engineers 
Field Engineers 
Technical Writers 

Must have at least one year's 
experience. 

For work on airborne radar, 
shipborne radar, radio communi-
cations equip., microwave relay, 
or micro-wave communications. 

Good pay, excellent working 
conditions; advancement on in-
dividual merit; location Balti-
more. 

Send resume of experience and 
education to: Manager of In-
dustrial Relations, Westinghouse 
Electric Corp., 2519  Wilkens 
Ave., Baltimore 3, Maryland. 

ELECTRONIC ENGINEERS 
Development and Design 

The steady growth of Melpar's research and development pro-
gram has created a number of attractive, permanent opportuni-
ties for Senior Electronic Engineers, Mechanical Engineers and 
Engineering Physicists and Mathematicians, with several years 
experience in the following fields: 

• Microwave Receivers 
• Pulse Circuits 
• Missile Guidance 
• Sonar Equipments 
• Electronic Sub-miniaturization 
• Radar 
• Laboratory Test Equipment 

These openings offer salaries commensurate with experience and 
ability. Opportunity to advance in salary and responsibility lim-
ited only by. initiative and ability. 
All replies held in strict confidence. Send complete resume to: 

Personnel Director 

MELPAR, Inc. 
452 Swann Avenue, Alexandria, Virginia 

RESEARCH OPPORTUNITIES 
The University of Michigan is expanding its research organization and 
will have a number of excellent opportunities open in important re-
search programs for engineers, physicists and mathematicians. Work 

classifications are in the fields of: 

ELECTRONICS 

(Experience in circuit development and design on analog and digital 

computers, telephone switching equipment or cathode ray displays 

preferred.) 

SYSTEM  ANALYSIS 

SIMULATION 

OPERATIONAL  ANALYSIS 

Researchers have an opportunity to complete their requirements for 

graduate degrees while employed. 

Salaries are commensurate with training and experience. Applicants 
are invited to send a resume of education and experience to: 

Personnel Office 

University of Michigan 

Ann Arbor, Michigan 

I.. PROCEEDINGS OF THE 1.R.E.  May, 2951 



NATIONAL UNION 
RESEARCH DIVISION 

The Research Laboratoues of one of 

the nation's  larger electron tube 

manufacturers have vacancies for 

electronic engineers and engineering 
physicists qualified in the following 

fields: 

Vacuum tube development 

Electronic circuit design 

Electronic equipment 

This organization can offer excellent 

prospects for security and personal 

advancement due to our continued 

growth. Our location is in the New 

York met! opolitan area. 

Whether you have a background of 

electron tube or circuit design, or are 

a recent graduate and interested in 

our bold, we would like to hear from 

you. Send your resume to: 

Personnel Department 

NATIONAL UNION 

RESEARCH DIVISION 

350 Scotland Rd.  Orange, N.J. 

PHYSICISTS 
AND 

SENIOR RESEARCH 
ENGINEERS 

POSITIONS NOW 
OPEN 

Senior  Engineers and  Physicists having out-
standing academic background and experience 
in the fields of: 

• Microwave Techniques 
• Moving Target Indication 
• Servomechanisms 
• Applied Physics 
• Gyroscopic Equipment 
• Optical Equipment 
• Computers 
• Pulse Techniques 
• Radar 
• Fire Control 
• Circuit Analysis 
• Autopilot Design 
• Applied Mathematics 
• Electronic Subminiaturization 
• Instrument Design 
• Automatic Production Equipment 
• Test Equipment 
• Electronic Design 
• Flight Test Instrumentation 

are offered excellent working conditions and 
opportunities for advancement in our Atria. 
physics Laboratory. Salaries are commensurate 
with ability, experience and background. Send 
information as to age, education, experience 
and work preference to: 

NORTH AMERICAN AVIATION, INC. 

Aerophysics Laboratory 
Box No. N-4, 12214 South Lakewood Iled. 

Downey, California 

*  * 

Positions Wanted 
By Armed Forces 

Veterans 
In order to give a reasonably equal or 

to all applicants, and to avoid 
overcrowding of the corresponding col-
umn, the following rules have been 
adopted: 
The Institute publishes free of charge 

notices of positions wanted by I.R.E. 
members who are now in the Service or 
have received an honorable discharge. 
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 num-
ber of insertions is three per year. The 
Institute necessarily reserves the right to 
decline any announcement without assign-
ment of reason. 

PROFESSOR 
B.S.E.E. 1943, M.I.T. Radar School, 

Cornell Ph.D. due in June. Specialist in 
electromagnetic waves and propagation. 
Teaching, research, Navy electronics, rd 
industrial experience. Teaching position 
with opportunity to give graduate courses 
desired. Box 508 \V 

ENGINEER 
B.S. physics, AAF radar officer, Har-

vard, M.I.T., completing last year evening 
law school. Extensive experience elec-
tronic research and administration. Seeks 
position contract negotiation, supervision 
or one involving dealings with Govern-
ment administrative agencies in N.Y. area. 
Box 509 W. 
MAGNETIC AMPLIFIER DEVELOPMENT 

ENGINEER 
B.E.E. 1948. Cum Laude, Tau Beta Pi, 

Eta Kappa Nu. 2 years magnetic amplifier 
design, development, and application ex-
perience with General Electric, following 
extensive GE test program. Graduate of 
GE "A" advanced engineering program. 
GE servo mechanisms course. Draft ex-
empt. Desires Connecticut or New Yuri, 
location. Box 510 W. 

BROADCAST ENGINEER 
B.S.T.E. American Tel. Age 27, 2 chil-

dren. 1st class phone license. Presently 
employed for two-way mobile radio com-
pany. Desires position in commercial tele-
vision broadcasting. Box 511 W. 

ENGINEER 
Position in management with electronic 

laboratory and in manufacture by man 
with 11 years private industry and admin-
istrative field, 6 years as electronic proj-
ect engineer in administrative work with 
the Government, followed by 3 years with 
an electronic manufacturer in plant man-
agement as administrator covering Gov-
ernment contract relations and sales, or-
ganization, etc. Desires connection with 
growing company .Box 513 W. 

ENGINEER 

B.S.E.E. 2 years experience in cathode 
ray tubes. Desires change of position. 3 
years radio maintenance experience in 
Signal Corps attached to Air Corps. 1st 
class radiotelephone license. Wide range 
of interests in television, radio, electronics. 
Age 27, married, 1 child. Box 514 W. 

(Continued on page 624) 

New  Industrial  Applica-
tions of Nuclear Energy of-
fer outstanding opportuni-
ties to experienced 

ELECTRICAL 
ENGINEERS 

for key positions in: 

Development 

Engineering 

Administration 

Sales 

Production 

Expanding Beta Gauge produc-

tion essential to defense indus-

tries and to peacetime economy; 

high priority development pro-

grams for Armed Forces. Send 

complete resumes to: 

ii, ire el .11ariager 

INDUSTRIAL NUCLEONICS 
CORPORATION 

1205 Chesapeake Avenue 

Columbus 12. Ohio 

"SENIOR ELECTRONIC 

ENGINEER" 

Progressive instrument manufac-

turer in Rocky Mountain region 

needs engineer to take charge of 

electronics laboratory. Must have 

at least five years industrial elec-

tronics experience and be com-

pletely familiar with resistance 

strain-gage  amplifiers  of  all 

types. Interviews will be arranged 

for successful applicants. Write 

Chief Engineer, P.O. Box 360, 

Denver, Colorado." 

(Ms 
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POSITIONS AVAILABLE WITH 

The W. L. MAXSON 

CORPORATION 

IS 

SEEKING 

Outstanding 

ENGINEERS 
AND 

PHYSICISTS 
with 

AMBITION 
TO 

FURTHER 

PRESENT 

STANDING 

Immediately 
Minimum Requirements are: 

1. Five to ten years experience 

,n advanced electronics  or 

in servomechanism and com-

puter research and develop-

ment. 

2. Outstanding  record  of  in-
genuity 

3. Ph.D., M.S. or equivalent 

Those presently employed at their 

highest skill in defense work need 
not apply. 

Please send résumé and salary re-
quirements to: 

The W. L. MAXSON 
CORPORATION 
460 W. 34th St. 

New York 1, N.Y. 

VARIAN ASSOCIATES 
San Carlos, California 

MICRO WAVE AND ELECTRONIC DEVELOPMENT 

/  I  I 

ENGINEERS, qualified for work in: 
Microwave research and development 
Klystron tube design 
Circuit design 
Traveling wave tube design 
Nuclear induction 

MICROWAVE TUBE TECHNICIANS 

TEST TECHNICIANS 

TECHNICAL REPORT WRITERS 

COMPUTERS 
/ 

If you are qualified for one of these positions and are interested in 
a challenging opportunity with an expanding organization in an at-
tractive environment, you are invited to send confidential details to 
the Personnel Director: 

VARIAN 99 washington St. 

associates 

ENGINEERS 
san carlos, calif. 

BETTER YOURSELF WITH 

A BETTER POSITION AT 

GRADUATE ENGINEERS 

FOR PROJECT & PRODUCT ENGINEERING WORK 

Opportunities & Salaries Commensurate with Ability 

Opportunities exist for Graduate Engineers 
with  Design, Development and Product 
experience  in  any  of  the  following: 

ANALOGUE COMPUTERS 
RADAR 
COMMUNICATION EQUIPMENT 
HYDRAULICS 
ELECTRONIC PACKAGING 
PULSE TRANSFORMERS 

SERVO MECHANISMS 
ELECTRONIC CIRCUITS 
AIRCRAFT CONTROLS 
INSTRUMENTATION 
PRINTED CIRCUITS 
FRACTIONAL HP MOTORS 

VACUUM TUBE TECHNIQUES 

ALSO FIELD SERVICE ENGINEERS 

To install and flight test electronic equipment. 
Engineering degree and service technical exper-
ience preferred. Assignment in U. S. and abroad. 

SUBMIT RESU ME TO EMPLOY MENT OFFICE 

SPERRY GYROSCOPE CO 
DIVISION OF THE SPERRY CORP 

GREAT NECK, Li , NE W YORK 

HOCEEDINGS OF THE May, 1931 k 



Positions Wanted  
(Continued from ,age 60A) 

SALES ENGINEER 
B.EE, graduate sales for engineers 

C.C.N.Y. extensive electrical, electro-
mechanical  and manufacturing  back-
ground; 3 years Army radio and radar 
chief; studying for MBA evenings; New 
York metropolitan area; age 27, married. 
Interview upon request. Box 515 W. 

ENGINEER 
M.S.E.E. June 1951. Age 30. 3 years 

industry, including electronics develop-
ment. 2 years university teaching. Desires 
research and/or teaching Pacific Coast. 
Available August. $5400 minimum. Box 
521 W 

MICROWAVE ENGINEER 
Microwave engineer. Age 28. 6 years 

experience in the design of microwave test 
equipment. Master's degree. Administra-
tive experience. Interested in representing 
electronics firm in Paris, France, for sales 
and/or engineering consultation. Confi-
dential business assignments considered 
on a salary or fee basis. Box 522 W. 

PROFESSOR 
Ph.D. in E.E. expected in summer of 

1951; communications and general theory. 
5 years full time university teaching and 2 
years Government development laboratory. 
Age 28, married. Desires university posi-
tion with graduate teaching and/or re-
search opportunities. Box 523 W. 

ENGINEER 
Mature, young engineer desires respon-

sible position. B.E.E. 1943, M.E.E. 1951. 
Experience: research, design, develop-
ment and production also administrative. 
Locate northwest U.S. Please state posi-
tion; salary range. Box 525 W. 

ENGINEER 

SR. ELECTRONIC 

Position involves design and 

development of high fre-

quency components. Phila. 

area. Applicant must have 

background in H. F. and 

V. H. F. techniques. Must 

be capable of supervising 

other engineers on work 

and of co-ordinating entire 

projects. Reply fully to 

D-34, P.O. Box 3414 

Philadelphia 22, Pa. 

ENGINEERS... 
PHYSICISTS . . . 
CHEMISTS... 
METALLURGISTS . 

a reminder from GENERAL ELECTRIC 
Tremendous material resources . . . the stimulation 
of highly creative work . . . long-range security and 
professional recognition  . . these are but a few of 
the assets General Electric offers you in unusual 
positions now available in: 
Advanced Development, Design, Field Service and 

Technical Writing 
If you have a Bachelor's or Advanced Dc• 
gree in Electrical or Mechanical Engineering, 
Physics, Metallurgy or Physical Chemistry 
and experience in the Electronics Industry, 
you can expand your training and experi. 
ence to the fullest in openings in con-
nection with: 

MILITARY  RADIO & RADAR  • MOBILE  COM-

MUNICATION • MULTIPLEX MICRO WAVE COM-
MUNICATIONS  •  ELECTRONIC  COMPONENTS 

• TELEVISION, TUBES and ANTENNAS 

Please send resume to: 

TECHNICAL PERSONNEL 
ELECTRONICS PARK 

GENERAL  ELECTRIC 

III  
YOU ARE IN 
GOOD COMPANY 

- 

ivl  cue  * 

the 
- 

ABOVE: Compact speed control built by  General 
Radio Co.. Cambridge, Mass, for applications requir-
ing up to aPprov. I i5 H.P. output. Employs Seletron 
miniatures. CENTER: Grinder by Bryant Chucking 
Grinder Co., Springfield. Vt.. equipped with 0a N.P. 
D.C.  motor.  Seletron  power stacks  making  motor 
suitable for operation on AC., are incorporated into 
design.  BOTTOM:  Elevator  rectification.  3 bank 
power supply and regenerative braking equipment 
employing  Seletron.  built  by  Ther  Electric 
Machine Works, Chicago. 

Syracuse, New York 

. . . when Seletron is 
"at the controls" for 
variable speed D.C. 
motor operation! 

m.lI f S eI(lltlboflFllu 
friFI NU-tr 

SELENIUM  RECTIFIERS 

SELETRON makes them all—large, medium 
and  small.  There  is a dependable 
SELETRON selenium rectifier for economical 
conversion of alternating current to D. C 

for all requirements. SELETRON rectifiers 
have proved their ef-
ficiency and adapta-

bility through the 
years in a wide range 
of industrial applica-
tions and electronic 

circuits. 

Let SELETRON engi-
neers help solve your 
rectification problems 
as they have for so 
many other ranking 

companies.  Write 

now, and request our 
Bulletin No. RE-9. 

SELETION  DIVISION 

V ) RADIO RECEPTO R CO MPANY. INC. 

r ill May, 195; 

6' \ 

Offat & fatlery: 14 Non. I1N  grooll1,4 11 N. Y. • Salo laepartmon, 751 1N4s1 ISM Si.. New fork 11. N. I 
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MICRODIMENSIONAL WIRE 

eudtoot- Eaetmeled 
TO YOUR SPECIFICATIONS 

The enamel-insulation of our microdimen-

sional wire meets the high standards of 
quality set by all our products. The enamel 

is uniform, tough, flexible and has high 
dielectric strength ... Send us your speci-

fications or inquire for further details. 

SIGMUND COHN CORP.  • 

inc.  1901 

FOR YOUR PANEL 
A NOVEL and UNIQUE CIRCUIT INDICATOR 

DESIGNED FOR NE-51 NEON LAMP 
For 110 or 220 volt circuits 

The required resistor is 
an integral part of this assembly 

—"built-in." 

RUGGED • DEPENDABLE 
LOW IN COST 

(LiZI:; PATENN  TED 13 TENTED5•2N00.824721,321 
C   

.kt,.. )  

44 GOLD ST., NE W YORK 7 

DECO 

Write on your company letterhead. We will act at once. 
No charge, of course. 

SEND FOR THE 192 PAGE HANDBOOK OF PILOT LIGHTS 
Among our thousands of Pilot Light Assemblies there is one 
which will fit your special conditions. Many are especially 
made and approved for military use. We pride ourselves 

on prompt deliveries—any quantity. 

ASK FOR OUR APPLICATION ENGINEERING SERVICE 
Foremost Ilantifacturer of Pilot Lights 

The DIAL LIGHT CO MPANY of AMERICA 

900 BROADWAY, NEW YORK 3, N. Y.  SPRING 7-1300 

WILL YOU TRY A SAMPLE? 

Valuable 

gguuiiddeess  for 
television 
technicians 1. 

Movies 
Als for TV 

Check the ones 
that can h•lo you 

most and zoo them 
on approval 

By Battsion. All the information you need to 
choose the best equipment, operate it effi-
ciently and make the most effective use of 
films on TV Shows what may go wrong and 
how to avoid it; how to edit film, produce 
titles, special effects, commercials, newsreels, 
combine live scenes with film, and all other 
technique.  $4.65 

2. 

Television & 
FM Antenna 
Guide 

By Noll and Mandl. Complete data on all 
VHF and UHF antennas, including informa-
tion on new types given here for the first time. 
Shows how to select the right type for the site. 
where and how to install it, how to minimize 
noise from transmission line, and all other 
techniques needed to insure getting the most 
uut of any antenna system. 

Television 
lotRadiome.o 

M O 

3. 

Television 
for 
Radiomen 

By Noll. Clear, non-mathematical explanation 
of the operating principles and function of 
every part and circuit in today's TV receivers 
and the basic principles of transmission. Full 
instruction in installation, alignment, testing, 
adiustrnent. trouble-shooting.  $7.00 

4. 

Radio and 
Television 
Mathematics 

By h•ther. 721 sample problems and solu-
tions show you what formulas to use, what nu-
merical values to substitute, and each step in 
working out any problem you may encounter 
in radio, television or industrial electronics. 
Conveniently arranged for quick reference. 

$6.00 

USE THIS COUPON 
The Macmillan Ca., 60 Filth Aim, New York II 

Please send me the books checked by num-
ber below. 1 will either remit in full or return 
the books in 10 days 

1.  2.  3.  4. 

Signed   

Address   
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It's onlq natural 
7 
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that the largest 

PTZODUCETZ* of 

switch-t we tuners 

should produce : 

the 13ESTI 

•+ 

7." 
h, • 

No other commercial 

unit possesses all of the 

Desirable Features 

found in the 

Tarzian 
Tuner! 

SAR KES TARZI AN, INC • 

TU N E R  DI VI SI O N 

Bloomington, Indiana 

.,  OTHER TARZIAN- MADE PRODUCTS 

Air TOMMIHS 

Centre tooled 
Selenium Rectifiers 

Cathode 'Ray 
Tubes 

STATIONS WTTS (5000 WATTS) AND WTTV (CHANNEL 10) 

OWNED AND OPERATED BY SARKES TARZIAN IN BLOOMINGTON 

C4111141 ; 
LO W or HIGH PRESSURE 

Ik-

High pressure or low, there is 
Gionnini precision pressure transmitter 
that meets your requirements for remote 

indication, recording or control. 
From less than 1 up to 10,000 psi, with 

various types of resistance and inductive 

output values, Gionnini precision pres-
sure transmitters are designed to with. 
slond extremes of acceleration, tempero• 

lure, vibration, while at the some time 
retaining their accuracy and their fast 
response chorocteristics."They are stand-
ard with the Leaders.' • Write for booklet. 

G. M. Gionnini & Co., Inc., Pasadena 1, (aldernis 

Ulf 

giannini 

Student Branch Meetings 
(Continued from page 48,4) 

TULANE UNIVERSITY. IRF.-AIEE BRANCH 

•Particle Accelerators and High-Voltage Gen-
erators." by N. C. Perkins, Student, Tulane Uni-

versity; February 12. 1951. 
Election of Officers; February 78. 1951 -

VIRGINIA POLYTECHNIC -INSTITUTE. IRE BRANCH 

The Professional Engineer, by H. P. Musser, 

West Virginia Engineering Company; February 23. 

1951. 
The Engineers Joint Council.' by W. J. 

Seeley, National Vicr-President. American !natl. 
tute.of Electrical Engineers; March 8, 1951. 

UNIVERSITY OF VIRGINIA. IRE BRANCH 

Business Meeting; February 13. 1951. 
Film: 'Power" and talk, 'Miniature Con-

denser Microphone.' by Filmore Cuddiley, Student. 
University of Virginia; February 27, 1951. 

WAYNE UNIVERSITY. IRE-AIEE BRANCH 

'Electrical-Resistance Welding.' by G. W. 
Garman, General Electric Company; March 13. 

1951. 
W ORCESTER POLYTECHNIC INSTITUTE. 

IRE-AIEE BRANCH 

'Visual Demonstration of High-Voltage Phe-
nomena." by William Grogan and D. C. Alexander. 
Assistant Professors, Worcester Polytechnic In. 
stitute; November 10. 1950. 

'What Company Interviewers Look lor in 
June Graduates.' by George Comstock. Norton 
Company, Edward Twohy, Worcester County 
Electric Company. and Stewart Anson, Westing-
house Electric Corporation; January 11. 1951. 

UNIVERSITY Or W YOMING. IRE-AIEE BRANCH 

Election of Officers and talk. *Two-Way Radio 
Installation and Service.' by Tom Germ& Jr, 
Garrod Radio Service; February 27. 1951. 

I. 

C t 
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A TRUE 
ELECTROSTATIC 

VOLTMETER 

his instrument permits voltage 

eadings on AC or DC circuits of 

ery high resistance. The only cur-

ent drawn is the very small leak-

)ge current and a very low 

:apacitance current on AC circuits. 

tery useful for the many high vol-

age—low current circuits employed 

n nuclear research. Available with 

ull scale voltages ranging between 

300 and 3500 volts. Special lab-

n•atory instrument available with 

'ull scale reading of 150 volts. Full 

icale capacitance ranges from 8 

nmfds for the 3500 volt model to 

100 mmfds for the 150 volt instru-

-nent.Magnetic damping. 21/2"dial. 

Write for complete specifications. 

FERRANTI ELECTRIC, INC. 
30 Rockefeller Plaza • New York 20, N. Y. 

FERRANTI, LTD., Holliwnood, England 

FERRANTI ELECTRIC, LTD., Toronto, Canada 

COMMON ELECTRICAL SPECIFICATIONS 

'DC VOLTAGE REGULATORS) 
DO YOU WANT the advantages 

of storage battery characteristics with-
out the disadvantages? Then equip 
with Sorensen NOBATRONS!  You 
get adjustable output voltage, stabil-
ized  against  changing  line  AND 
LOAD conditions. You eliminate bat-
tery charging and maintenance, gas, 
acid hazard. 

Like all Sorensen regulators, the 
NOBATRON is a painstakingly en-
gineered combination of fine work-
manship and top-quality components. 
That  means  accurate,  trouble-free 
operation; long life! 

M ODEL  E - 6 -1 5 

Write for Complete Literature 

STANDARD MODELS 

6-VOLT SERiES 

E-6-5  (-640 
E-6-100 

12 VOLT SERIES 

E.12.5  E-I2-30 
E 12.15  E-12-50 

28 VOLT SERIES 

E 28-5  E.28-70 
E 28-10  E.28150 
E 28-30  E-211-350 

48 VOLT SERIES 

LISIS 

125 VOLT SERIES 

F 125 5  E 123 10 

Model  nu mber.  Indltai•  ••11 
p• •nel ....•nt; for •••rnpl. 
I•6-S  Indlc•14.0 6 VDC  ..1111 

tot & ...pelt. 

Input voltage range  95-130 VAC; adopter transformers 
available for 230 VAC operation • 

Output voltage range  Adjustable • 10% 

Regulation accuracy and 
load range  • 02 % from 1 10 load to full load 

Ripple voltage RMS max.  1% 

Recovery time 0.2 second—this value includes charging 
time of filter circuit for the most severe 
change in load or input conditions 

Input frequency range  50-60 cycles 

• Some high current units require three-phase input 

 !I11HtlHI1Ii HHI1fiHHI11I 
• 

For other regulation problems investigate Soren-
sen's line of AC Voltage Regulators, Voltage 
Reference Standards, DC Power Supplys. 

and company. inc. 
375 FAIRFIELD AVE  • STA MF OR D  CO N N 

MANUFACTURERS OF AC LINE REGULATORS. 60 AND 400 CYCLES. REGULATED DC POWER SOURCES, ELECTRONIC 

INVERTERS VOLTAGE REFERENCE STANDARDS. CUSTOM BUILT TRANSFORMERS, SATURABLE CORE REACTORS 

'ROCERDINGS OF THE I.R.E.  May, 1951 



JENNINGS 
TYPE UK 
VARIABLE 
HIGH 
VOLTAGE 
CAPACITOR 

ThIs photograph shows a Jennings 
Tyr* sac Variable, High Voltage 
Vacuum Capacitor which makes pos-
sible for the first time, In large 
transmitters, continuous  o lins 50  motor tun. 
big from 4 KWto 26  megacycles in a 
Cl  transmitter. 

Another Capacitor 

Problem Solved — 

The Jennings Variable Capacitors with 
wide ranges of capacity change make 
possible continuous tuning of this 50 
KW transmitter, giving high efficiency 
operation on any frequency from four 
to twenty-six megacycles without switch-
ing. These 205E-1 transmitters were de-
signed by Collins Radio Company of 
Cedar Rapids, Iowa. 

All power amplifier tank and output cir-
cuits in these transmitters use Jennings 
all-copper vacuum variable capacitors, 
especially the type UXC, as shown, 
which has a capacity change of 20 to 
1 (25 to 500 mmfd.). Other vacuum fixed 
and vacuum variable units are used 
throughout the transmitter. Such flexible 
capacitors make possible circuit tuning 
over bands much wider than heretofore 
considered practical. These Jennings 
vacuum units give trouble-free service 
throughout the life of the transmitter 
and are unaffected by elevation, dirt, 
temperature and humidity. They are 
small physically for effective high fre-
quency operation. 

May We Help You Solve Your 
Capacitor Problems? 

JENNINGS RADIO MANUFACTURING CO. • 970 McLAUGHLIN AVE. • P.O. BOX 1278 • SAN JOSE 12, CAL. 

The following transfers and admission', 
were approved and will be effective as of 
May 1, 1951: 

Transfer to Senior Member 
Adams, R. J., 3110 Massachusetts Ave., S. It., 

Washington 19, D. C. 
Bailey, W. F., Hazeltine Corp., 58-25 Little N. 

Pkwy., Little Neck, L. I., N. Y. 
Bentley, A. Y., 129 Chestnut Dr., Packanack Lake, 

N. J. 
Brandt, R. W., Ill E. Fleming. Fort Wayne 5. Ind 

Brooke, H. A., 29 The Charne, Rye Lane, Oxford 
Sevenoaks. Kent, England. 

Bull, W. I., Pearl Harbor Naval Shipyard, s. 
No. 128. FPO, San Francisco, Calif. 

Caywood. W. P., Jr., 23 Sandy Creek Rd.. Pitts- i 

burgh 21. Pa. 
Chandler, C. H., RCA Laboratories, Princeton. 

N. J. 
Davidson, H. H. A., 1376 Esquimalt Rd., Esqui-

malt, B. C., Canada 
Doyle. E. J., 20 E. Ayres Ave., Hinsdale, Ill. 
Erwood. J., 123 N. Chester Ave.. Park Ridge. III. 
George. S. F., 143 Ivanhoe St., S. W., Washington 

20, D. C. 
Godsho, A. P., Bell Telephone Company of Penn-

sylvania. 1401 Arch St., Philadelphia 2. 

Pa. 
Hardy, H. C., 35 W. 33 St.. Chicago 16, Ill. 
Horn, F. M., 427 S. Hope St., Los Angeles 17, Calif. 
Huber, W. A., 216 Monroe Ave., Spring Lake, N. J. 
Jatlow, J. L., 185 E. 162 St., New York 56. N. Y. 
Kelar, J., 4400-47 Ave., S., Minneapolis 3, Minn. 
Kohner, M., 5610 Bloomingdale Ave., Chicago 39. 

IU. 
Kranz. F. W., c/o Sonotone Corp., Elmsford, N. V. 
Macnee, D. H., Standard Telephones and Cables. 

Ltd.,  Dowlish Ford Mills,  Ilrninster, 

Somerset, England 
Morse. M. S., 8319-14 Ave., Hyattsville. Md. 
Newcomb. R. D., 6824 Lexington Ave., Hollywood 

38, Calif. 
Petrak, J. R., 1015 Elm St., San Carlos, Calif. 
Schrock, N. B.. R.D. 1, Box 764B. Los Altos, Calif. 
Slinkman. R. W., Sylvania Electric Products, Inc.. 

Emporium. Pa. 
Urbach, K., 449 Hill St., Boonton, N. J. 
Villard, 0. G.. Jr., 2050 Dartmouth, Palo Alto, 

Calif. 

Admission to Senior Me mber 

Boyd, J. E., State Engineering Experiment Sta.. 

Georgia Institute of Technology. Atlanta. 

Ga. 
Boykin, J. R., Liaison Eng. 7L, Westinghouse 

Electric Corp.. E. Pittsburgh. Pa. 

Curtis. S. It.. Stromberg Carlson Co., Rochester 3. 
N. Y. 

Doersam, C. H., Jr.. 14 Guilford Rd., Port Wash-

ington. N. Y. 
Fitzsimmons. D. P., Union Switch & Signal Co.. 

Pittsburgh. Pa. 
Hamilton. S., 217 Williamsburg Rd.. Ardmore. Pa. 
Loomis, G. L., Sylvania Electric Products. Inc., 

Emporium. Pa. 
McFarlan. R. L., 20 Circuit Rd.. Chestnut Hill 67, 

Mass. 
Siezen, G. J., 419 Glencairn Ave.. Toronto, Ont.. 

Canada 
Stahl, W. L., 1457 Diversey Pkwy.. Chicago. III. 

Transfer to Member 
Barker, D. It., 51 Prospect St., Taunton, Mass. 
Benson, G. G., R.D. 4, Box 23IA, Jackson, Miss. 
Berkoff, S., 2704 University Ave.. New York 63, 

N. Y. 
Blasz, J., 15-4 Summer St., Waltham, Mass. 

(Coat'  if ors Page 68A) 
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(Designed hi;' 

lelal Lines and Nettturlis 

he James Millen Mfg. Co., Inc. has been 
,roducing continuous delay lines and lump 
onstant delay networks since the origination 
if the demand for these components in pulse 
ormation and other circuits requiring time 
• lelay. The most modern of these is the distrib-
ted constant delay line designed to .comply 
vith the most stringent electrical and mechani-
tal requirements for military, commercial and 
aboratory equipment. 

Millen distributed constant line is available as 
bulk line for laboratory use and in either flexible 
or metallic hermetically sealed units adjusted 
to exact time delay for use in production 
equipment. Lump constant delay networks may 
be preferred for some specialized applications 
and can be furnished in open or hermetically 
sealed construction. The above illustrates sev-
eral typical lines of both types. Our engineers 
are available to assist you in your delay line 
problems. 
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HEK AV\1,\11Nli API 111111 

Panoramic Sonic Analyzer, 
Model AP-1—Specially rec-
ommended for high speed 
analysis of harmonics, vi-
brations, noises, acoustics. 

WRITE FOR 

FULLY DETAILED BULLETIN 

PANORAMIC 
12 SOUTH SECOND AVENUE, 

SPEEDS PRODUCTION FOR 

GENERAL ELECTRIC 

Panoramic Sonic Analyzer, Model AP-1, is 
used for isolation of critical frequencies. 
"Very helpful," says GE Superintendent. 

QUICK ANALYSIS OF 

CRITICAL FREQUENCIES 

in high speed rotors speeds the process of 
dynamically balancing air-borne gyroscopic 

instrument parts. 

PANORAMIC CAN HELP YOU! 

Wave analysis through the automatic analysis 

and spectrographic presentation of the audio 
spectrum is an invaluable asset in a variety of 
applications. Let a Panoramic specialist advise 
you on your individual production problems. 

RDIO PRODUCTS. INC. 

461 1 
j  MOUNT VERNON, N. Y. 

MOLDED 

M ate  R E SI S T O R S 

ARE USED IN HIGH VOLTAGE 

"HIPOT" COUPLERS 

S.S.White  resistors  are  connected  in 
series to permit a current flow to ground, 
when the "Hipot" Coupler is used to 
measure or to synchronize voltage of high 
voltage lines. 

Canadian Line Materials, Ltd. —maker 
of "Hipot" Couplers and other transmis-
sion, distribution and lighting equipment 
—says—"We have always found S.S. 
White resistors of the highest quality". 
This checks with the experience of the 
many other producers of electrical and 
electronic equipment who use S.S.White 
resistors. 

WRITE FOR BULLETIN 4906 

It gives details of S.S.White Resistors 
including  construction,  characteri.-
tics, dimensions, etc. Copy with pric, 

list on request. 

S.S.WH ITE RESISTORS 
are of particular interest to all who 
need resistors with low noise level 
and good stability in all climates. 

HIGH VALUE RANGE 
10 to 10,000,000 Megohms 

STANDARD RANGE 
1000 Ohms to 9 Megohms 

cie IN D USTE WILL ontoSION 
DENTAL urc.co Dept. G-R, 10 E. 40th Si. 

NE W  YORK  16,  N.Y. 

Dale, T. G. M., 41 Meadow Rd.. Hawley Eal.,tr.. 
Farnborough, Hants. England 

Herter, V. E., Jr., 1051 E. Schantz Ave., Day Nil, 

Ohio 
Kadish, J. E.. 8566 Stuart Ave.. Montreal. (is. 

Canada 
Kidd, T. L., 440 Indiana. Wichita. Kans. 
Kotadia. K. M.. Shree A. V. Parekh Technical In. 

stitute. Rajkot. Saurashtra. India 
Lindell. R. L., 405 Raleigh Ave., Norfolk 7. Va. 

McDaniel, L. W., Box 1395. Beaumont, Tex. 
McDonnell. W. F., 19860 W. Twelve Mile KC 

Birmingham, Mich. 
Morrow, H. W., 65 S. Arlington Ave., East Orange, 

N. J. 
Pedersen, R. E., 3045 Garlough Ave., Seattle 6, 

Wash. 

Sangster. L. M.. 3174-41 Pl., Sandia Base, Albu-

querque, N. Mex. 
Seewald, E. J., 263 Eastern Pkwy., Brooklyn It. 

N. Y. 
Shipley, D. W.. Sylvania Electric Products, Inc., 

208-20 Cross Island Pkwy., Bayside, L. L. 

N. Y. 
Simonds.  R.  E.,  4210-56 Ave.,  Sunnybrook, 

Bladensburg, Md. 
Sisson, R. L.. 2036 Alameda Ave.. Ventura. Calif. 
Taylor. I. R., 301 Branch Brook Dr., Belleville. 

N. J. 
Vincent. L. P.. Jr., 5506 H.M.C. St., Apt. IS, 

Houston 21, Tex. 

Admission to Member 
Bakos, M. A., 4306 W. 137 St.. Cleveland 11, Ohio 
Brooks. J. L., 1767 Reed Ave.. San Diego 9. Calif. 
Crosby, E. L., Jr., 5109 Greenwich Ave. Baltimore 

29. Md. 
Crow. R. P., 6122 N. Newburg Ave.. Chicago 31. 

Dandois, G. P. F.. Canadian Broadcasting Corp.. 
Box 6000. Montreal. Que., Canada 

Davenport. C. M., 361 W. 91 PL. Los Angeles 3 

Calif. 
Frei. E. H., Electronic Computer Project, Institu 

for Advanced Study, Princeton, N. J. 

Good, J. A., Box 415. Uneasier, Ohio 
Howell. F. S.. 12 Macalva Dr.. Hampton. Va. 
Hussey, J. G., 6725 Rubio, Van Nuys. Calif. 
Khan, M. S., Radio Technician. Civil Airport 

Lahore, P. 0. Model Town. Punja 
••• 

Pakistan 
Kinaman. E. W., 619 E. 28 St.. Paterson. N. J. 
Landis. A. J., Receiver Quality Control Dept., A. B. 

DuMont Laboratories. Inc.. E. Paterson, 

N. J. 
Luhn, H. P., I.B.M. Engineering Laboratory. Bo 

390. Poughkeepsie, N. Y. 
McLean. L. V.. Electrical Engineering Dept. 

Louisiana State University, Baton Rou 

3. La. 
Millham, R. L., 1175 Dean St.. Schenectady 9 

N. Y. 
Panec. G. A.. 4201 N. Marmora Ave., Chicago 34 

Pitman. D. A., 23-25 Beaver St., New York 4. N. I' 
Rothammer, W. H., 1203 Salem Ave.. Dayton 6 

Ohio 
Smith. J. S.. 1311 Park Ave., Baltimore 17, Md. 
Stankosky, J. J., MCREXG-11, Armament Labora 

tory, Wright Patterson A.F.B., Dayton 

Ohio 
Vogel, C. B., 3737 Bellaire. Houston 5, Tex. 
White, H. A., 206 E. Fifth St., Emporium. Pa. 

The following admissions to the Associate 
grade were approved to be effective as of 
April 1, 1951: 

Adams. J. P., 50 E. 41 St., New York 17. N. Y. 
Akiinski, M. J., 114 E. 119 St.. Chicago 28, III. 

(Continued on page 704) 
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LECTRDNICALLY REGULATED 

LABORATORY 
POWER SUPPLIES 

• 

STABLE 

• 

.EPENDABLE 
• 

IODERATELY 

PRICED 
• 

MODEL 2$ 

$TANOARD 

RACK 

MOUNTING 

PANEL SIZE 
51/2 " s 
,110E1T 16 LBS. 

• INPUT: 105 to 125 VAC, 
50-60 cy 

• OUTPUT =1: 200 to 325 
Volts DC at 100 ma 
regulated 

• OUTPUT =2: 6.3 Volts 
AC CT at 3A unregu-
lated 

• RIPPLE OUTPUT: Less 
than 10 millivolts rms 

For complete information write 
for Bulletin 08 

Lc1,.1114.1 ELEITRO 
I P CORONA  •  •  T  I  0 

1   
NE W YO 

The New STAVER 

MLNISPRING 
TRADE MARK REG. AND PAT. PEND. 

A vailable! 
Special 
Improved 
Types for 
Military 
Apparatus 

' 4 

Gives support two ways —Keeps pressure 
downward and gives sideway support 
The spring action is constant and resil-
ient  permanently.  Send  for  cotolog 
sheet. 

THE 

tarot 
CO MPANY 

j oi i  INCORPORATED 

-.1, 91 PEARL ST • BROOKLYN I, N 
-i\i„ ULSTER 5 6303 1 ROCEEDINGS OF T1112 1.1?.1.:. May, 1951 

Tuning Forks 
for precision frequency control 

A complete line of tuning fork resonators to meet 

your reference standard . . . timing . . . or speed 

control requirements. 

ACCURATE... Manufactured in accuracies up to 1 part in 10,000 
for operation from -40 to +75°C.—and up to 1 part in 
100,000 for operation from 0 to +75°C. 

COMPENSATED . . . Thermal compensation method employed 
maintain-, fork accuracy throughout rated operating tem-
perature range without benefit of oven control or warm-up 
time. 

RUGGED . . . Internally shock-mounted using relatively per-
manent, semi-inorganic, silicone rubber—a desirable feature 
for stringent shock and vibration applications. 

HERMETICALLY SEALED... Solder-sealed evacuated container 
prevents barometric pressure and relative humidity vari-
ations from affecting fork accuracy.  • 

FREQUENCIES . . . 400 cycles and from 700 to 3,000 cycles for 
accuracies up to 1 part in 10,000—from 1,000 to 3,000 
cycles for accuracies up to 1 part in 100,000. 

Available individually—as a part of compact sub-
assemblies—or in completely engineered equipment 
constructed to your specifications.  • 

Write Dept. A for complete information or telephone 
I (wind, 2-1800. 

L.111011.1 TOICIES 

5717 Third .1 renew  Brooklyn 20. 



ANNOUNCING 
Two additional R. F. Heads are now available for the Model 708 

Spectrum Analyzer shown below: 

S Band 2500 to 3400 megacycles. 
• X,, Band 6200 to 7100 megacycles. 

WRITE FOR DETAILS 

MODEL 708 SPECTRUM ANALYZER 

Frequency range-8500 mc to 9600 mc. 

Receiver—Double conversion superhetercdyne. 

IF bandwidth—approximately 10 ke. 
Sweep frequency—I0 cps to 25 cps. 
Minimum frequency dispersion-1 mc/inch. 

Maximum frequency dispersion—I0 me/inch. 

Signal input attenuator-100 db linear. 
Power-1 I5V or 230V. 50 cps to 800 cps. 

.4141 4-

ea  'As • , 

14315 Bessemer St., Van Nuys, Calif. . Box 361 

TWO NEW 
TWIN POWER SUPPLIES 

MODEL 1210 MODEL 610-F 
• Precise blectronic Regulation. 
• 2 Independent Sources of Power. 
• 0-325 V.D.C. at 0-100 Milliamperes. Continu-
ously Adjustable. 

• 0-325 V.D.C. at 0-200 Mils if the Sources 
are Combined. 

• Both D.C. Outputs Metered for Voltage or 
Current. 

• 6.3 and 12.6 V.A.C. Outputs Provided. 
• A.C. Ripple Less than 10 Millivolts. 

70A 

• Precise Electronic Regulation. 
• 2 Independent Sources of Power. 
• 0-500 V.D.C. at 0-150 Milliamperes. Con-
tinuously Adjustable. 

• 0-500 V.D.C. at 0-300 Mils if the 2 Sources 
are Combined. 

• Both D.C. Outputs M  d for Voltage or 
Current. 

• 6.3 or 12.6 V.A.C. Outputs Provided. 
• A.C. Ripple Less Than 10 Millivolts. 

Also available with regulated bias output. 
Furst Twin Power Supplies double the usefulness of a simile unit at consider-
able saving in space and east. Write for complete •pecifications on these and 
other Furst Twin Power Stipp,' Models. 

F U RS T  E L EC T RO NICS 
14 S. Jefferson St., Chicago 6, III. 

( COn thillt 41  I we  68A) 

Arnstein, P. B., 2609 Nicholson St., Hyatteville.1 

Md. 
Austin, B. C., Jr., 1001 S. Beckley, Dallas, Tex. 
Bank, W. J., 83-30 Kew Gardens Rd.. Kew Gardens, 

L. I.. N. Y. 
Barr. H., 359 Bath Ave.. Long Branch, N. J. 
BartholomeW, C. Y., 72 S. Harrison St., 1' 

Orange, N. J. 
Bates, J. K., Jr., 59 Brookdale Gardens, Bloomfield. 

N. J. 
Baxter. W. D..' Box 3015, MCLI. USAFIT. W-P 

AFB, Dayton. Ohio 
Belchie, S.. 170-19 Jamaica Ave.. Jamaica 3. N. Y. 
Bergherr, W., 2448 Washington Ave., New York 58, 

N. n. 
Bernard. H. F.. 3670 S.W. Ninth Ter.. Miami 34. 

Fla. 
Biernbaum, J. W.. 415 Church Rd.. Elkins Park, 

Pa. 
Binneveld. H. A. J., 128 Ward St., Paterson 1, N. J. 
Bisset, E. B., 63 Circle Ave., Potomac Heights 

Md. 
Black. H. L.. 4020 Hamilton, Dallas. Tex. 
Blanchard. F. A.. Jr.. R.F.D., Durham, N. H 
Bloch. J. T., 8045-14, N.K., Seattle 5, Wash. 
Bond. R. M., 3713 Mallard Dr., Oklahoma City. 

Okla. 
Bossi, E. W., 7629-A Williams Way. Elkins Park 17. 

Pa. - 
Bostick. G., 140-45 Ash Ave., Flushing. L. I.. N. Y. 
Brazee, J. A., Watertown Rd., Thomaston, Conn. 
Brindley, H. H.. 118 Harrison St., Bloomfield, N.J. 
Brookfield, R. F., SS Cricket Ave., Ardmore, Pa. 
Brown, D. C., 83 Latham Rd.. Bexleyheath. Kent, 

England 
Brown. L. E., 1215 Edward Circle, Dallas 8, Tex. 

Brown. R. I., 515 Madison Ave., 42 F1. Eng., New 
York. N. V. 

Browne. R., 3 Reading Ter.. Radburn, Fairlawn. 
N. J. 

Burgoon, G. R., 434 E. Pleasant Valley Blvd.. 
Altoona, Pa. 

Burkhart. W. H.. Monroe Cale. Machine Co.. 555 
Mitchell St., Orange. N. J. 

Capellupo. F. V., 8828 75 Ave., Brooklyn 27, N. Y. 
Caron. E. J.. Radio Condenser Co.. Copewood St., 

Camden,. N. J. 
Chanko, P. N., 170-16 Jamaica Ave.. Jamaica 3. 

L. I., N. Y. 
Cleary. C. J.. Jr., 1839 Devendorf Rd.. Schenectady. 

N. Y. •sti 
Clune. E. F., 180 St., James Pl., Buffalo 22, N. Y. 
Collins, R. N., 1169 Oxford Pl., Schenectady, N. Y. 
Cook, A. W., Titeflex. Inc.. 500 Frelinghuysen Ave.. 

Newark. N. J. 
Correa. H. A., 439 E. 51 St., New York 22, N. Y. 
Craig, D. I., Graybar Electric Co.. Inc.. Box 3127. 

Seattle 44, Wash. 
Crum. F. M., Apt. 2, Bldg. 526. Harding Field. 

Baton Rouge. La. 
De Coatsworth. C. G., 4426 Osage, Philadelphia 4, 

Pa, 
Di Giuseppe, A.. 1004 Greenwood Ave.. Trenton. 

N. J. 
Drill. B. F., 4552 N. Warnock St.. Philadelphia 40, 

Pa. 
Echteler. H. L.. 105 Laurelwood Ct.. Emporium. 

Pa. 
Epstein. R. A.. Box 93. Parsons Aerojet, Cocoa 

Beach. Fla. 
Farr, H. J., Jr., 3297 Enderby Rd.. Cleveland 20, 

Ohio 
Feldman, S., 1544 S. Kolin. Chicago 23. III. 
Ferguson, J. D.. 2214 Laurel, Beaumont. Tex. 
Foley, A. A., 640 Federal St., Camden 3. N. J. 
Frank, L. H., 750 Eaton St., Elizabeth 2, N. J. 
Freed. L., 420 Lexington Ave.. New York 17. N. V. 
Friedlander. S. L., 6638 W. Sixth St., Loa Angeles 

48. Calif. 
Frizsell. C. E., 43 Ziegler Ave.. Poughkeepsie, N. V. 

(Continued on gage 72A) 
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ATOMIC 
ENERGY 

INSTALLATION 
NEEDS 

ELECTRONIC 
ENGINEERS 

Two to ten years  experience in re-

search, design, development or test. 

Patent history desirable but not neces-

sary. A variety of positions open for 

men with Bachelor's or advanced de-

gree qualified in one or more of the 

following fields: 

• RELAYS 

• TELEMETERING 

• PULSE CIRCUITS 

• UHF TECHNIQUES 

• SERVO-MECHANISMS 

• INSTRUMENTATION 

• QUALITY CONTROL 

• LO W  PO WER  APPLICA-

TION 

• TEST  EQUIPMENT  RELAT-

ING TO ABOVE FIELDS 

CAREER 

DRAFTSMEN 

WITH NO COLLEGE DEGREE 

These are PERMANENT POSITIONS 

with  Sandia  Corporation  in Albu-

querque, New Mexico. Sandia Labora-

tory is operated by Sandia Corpora-

tion, a subsidiary of Western Electric 

Company, under contract with the 

ATOMIC  ENERGY  COMMISSION. 

This laboratory offers good working 

conditions and liberal employee bene-

fits, including  paid  vacations, sick 

leave, and a retirement plan. 

Albuquerque, center of a metropolitan area 
of 150,000, is located in the Rio Grande Val-
ley, one mile above sea level. The "Heart ot 
the Land of Enchantment." Albuquerque its 
at the foot of the Sandia Mountains, which 
rise to 11,000 feet. Climate is sunny, mild 
and dry the year 'round 

MAKE APPLICATION TO 

Professional Employment 

SANDIA CORP. 
SANDIA BASE 

ALBUQUERQUE, N.M. 

+ New Standard of Tuning Accuracy! 
+ Maximum Space Economy! 
+ New Ease of Mounting! 
+ Low Temperature Coefficient! 

J1D PISTON TYPE 
VARIABLE TRIMMER CAPACITOR 

(Pat. Pend 

(ACTUAL SIZE) 

No. VC3 (Max. 0.3 Mmf. at Min. Setting) 

No. VC5 (Max. 0.5 Mmf. at Min. Setting) 

NO. VC 1 1 (Max. 1 5 Mmf. at Min. Setting) 

The new JFD Piston Capacitor provides 

the minimum capacities needed for ex-

ceptionally accurate and stable elec-

tronic adjustments. 

Tubular in design, it delivers continu-

ally uniform change of capacitance 

in relation to rotation. You can make 

and maintain smooth, precise settings 

without backlash or disturbance from 

severe vibrations. Thread wear is auto-

matically taken up. Extremely com-

pact, the space-saving JFD Piston Ca-

pacitor is only one inch in length—fits 

practically anywhere. Thus offering 

designers maximum space economy 

with ease of mounting. 

FIND OUT WHAT IT 

CAN DO FOR YOU! 

Our •nginsiers ore ready and 

willing to discuss the application 

of this outstanding capacitor in 

your circuits. Write for complete 

data sheet. 

MANUFACTURING CO., Inc. 
61375 16th AVE , BROOKLYN 4, N Y 

FIRST in Terlevoloon Antennas and AC(09.0I,P11 
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Wayne 01 EI11/1411111 

Kerr 

V.11.F. 11111114:114,S 
Transformer Ratio-Arm principle covers frequency range of 

151K4*. 10 25011(.. 

Wayne Kerr Laboratories have recently developed a range of 

H.F. and V.H.F. Transformer Ratio-Arm Bridges which are as 

stable in operation as the normal type of low frequency bridge. 
This has been achieved with a design which gives an extremely 

low impedance across the bridge terminals and between terminals 
and ground. Consequently, freedom from errors due to parasitic 

reactances permits a much greater accuracy of measurement. 
Up to 120 Mc/s balanced or unbalanced measurements can be 

made with equal facility. 

Demonstrations in New York by the U.S. Distributors 

Marconi Instruments Limited, 23-25 Beaver Street, New York, 4 
Telephone'  114nexer 2-0197 

THE WAYNE KERR LABORATORIES LTD. NEW MALDEN SURREY ENGLAND 

ONE OF OUR 

PRECISION PRODUCTS 
END LOADED COAXIAL WAVEMETER 

• Temperature stabilized by use of 

low coefficient invar 

• 1700-2000 MC 

MANUFACTURERS THREAD GRINDING. INC. 

P. 0. Box 66 EATONTO WN. N. J.  ASBURY PARK 1-1 019 

CONTINENTAL NOBLELOY 
METAL FILM 

NF RESISTOR 
• Low Temperature Coefficient 
• Range; 1 Ohm to 1 Megohm 
• Axial Leads; 1/2  Watt 

• Small Size Vs" long x .1 50" Dia. 

• Tolerance; -I-  1  8. 5 % 

Continental type NF -Nobleloy" resistors were designed 
to  meet  the needs of  miniature,  stable,  precision  re. 
sistors In critical applications. 

Write for further details. 

CONTINENTAL CARBON INC. CLEVELAND 11, OHIO 

Membership 
(Continued from page 704) 

Gittens, V. S.. 1427 Benner St.. Philadelphia 14, 
Pa. 

Goetz, 0. E., 401 N. W. 38 St., Miami, Fla. 
Golden, N. J., 64 Phillips St., Boston 16, Mass. 
Gomard, P., 51 Eastbourne Ave., Hamilton. Ont., 

Canada 
Gruber, A. E., 140 W. 86 St.. New York 24. N. Y. 

Gubin, L. L.. 233 Ludlow St.. Long Branch. N. J. 
Gunderson, A. L., 3959 Highland Dr., Salt Lake 

City 7, Utah 
Hamid, M., Pakistan Embassy. 2201 R St., N.W., 

Washington, D. C. 
Hancock, R. I., 2714 Pinard St., Dubuque. Iowa 
Hanyok. J., 11-K Laurel Hill Rd., Greenbelt, Md 
Harper, R., 190 Crowell Ave.. Staten Island 14, 

N. Y. 
Harrison, It. K.. 210 E. Montgomery Ave., Hat-

boro. Pa. 
Hatkin, L., 252 Lincoln Ave.. Elberon, N. J. 
Hazlett, W. D.. 1444 Cory Dr.. Dayton 6.0hio 
Hedler, R. C., 1322 La Clede Rd.. Toledo 12, Ohlo 

Hilton. W. A.. 322 Arthur St., Liberty, Mo. 
Hiraoka, F. A., 807 N. Wilson Ave., Pasadena, 

Calif. 
Hoffman. P., Jr., 50 Ray St., East Paterson. N. J. 
Honda. M.. 1050 N. La Salle St., Chicago 10, III. 

Horan, It. N.. R.F.D. 3, Poughkeepsie, N. Y. 
Hornstein, L.. 2211 Arden Rd.. Baltimore 19. Md. 
Hutchinson, J. 0., 5533 Willye Ave., Baltimore 27, 

Md. 
Hutson, R. N., 1503 W. Tenth St.. Dallas. Tex. 
Imperial, W. E., R.F.D. 3, Box 123, Mesquite, Tex. 
Jervis, F. J., 200 Broadway. Cambridge 39. Man. 
Joel, A. E., Jr.. Bell Telephone Laboratories, Inc.. 

463 West St., New York 14, N. Y. 
Johnson, C. It.. 2234 Moffatt Ave., Dallas. Tex. 
Jorgensen, 0.J., 713 Biscayne Bldg.. Miami 32, Fla. 
Kalos. S., 1029 Fanshawe St., Philadelphia 11. Oa. 
Kammerzell. C. E., 'C' Co., Signal School Bn., 

MCRDEP. San Diego 40. Calif. 
Keller. J., Breitackerstrasse 1. Zollikon, Zurich, 

Switzerland 
Kernohan, E. J., Campbetl Manufacturing Co.. 

Ltd.. 45 Sheppard Ave.. E. Willowdale, 

Ont., Canada 
King, F. T., 300 Dunbar Hill Rd., Hamden 14. 

Conn. 
King, G. It., R.F.D. 3, Dundas. Ont., Canada 
Kleinoder, J.. 222-34 96 Ave., Queens Village. L. 

N. Y. 
Kraeger, G. W., 1019 Lyndhurst St.. Baltimore 29. 

Md. 
Lambert. R. F.. Box 402, Edmonton. Alta.. Canada 
Lampert, M. A., 78-14 Austin St., Forest Hills. 

L. I.. N. Y. 
Lang. H. M.. Ridge Rd.. R.F.D.. Syosset, L. L. 

N. Y. 
Layer. J. H., 202 Harlton Ave.. Camden 5. N. J. 
Leberman.L.. 1362 Grand Concourse. New York 56, 

N. Y. 
Lincoln, J. K.. Micro Switch Division, 101 Park 

Ave.. New York 17. N. Y. 
Little, W. E., 648-C Easterbrook, WPAFB, Dayton, 

Ohio 
Loeb, J. W., 1017 Farragut St., Philadelphia 43, Pa. 
Lone. It. S., 521 S. Fifth East St., Salt Lake City 2 

Utah 
Maguire, J. A.. Drexel Bldg.. Fifth & Chestnut Sts. 

Philadelphia, Pa. 
Markarian. M. V.. 213 S. Racine Ave., Chicago 7 

McCarroll, A. K., 298 Sanford St., East Orange 

N. J. 
McConnell, M. J., 14 Ogden. Binghamton, N. Y. 
McVity. L. H.. 18 Colonial Ave., Larchmont, N. Y. 
Morse, C. H., 55 Chapel St., Newton. Mass. 
Moss, H., 855 Woodgate Ave., Elberon, N. J. 
Muggleworth, J. C., 432 Virginia Ave.. VVest Col-

lingswood 6. N. J. 
Mullen. C. V., Box 152. Newfield, N. J. 

Mink. F. J.. 6 Leyden Ave., Medford 55, Mass. 
Nordby, R. M.. 1860 Sherman Ave., Evanston, Ill. 
Ogden. R. N., 201 Randolph Rd.. Toronto, Le.aside. 

Ont., Canada 

(Continued on page 744) 
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'HE CONDENSER 
r-METER 

for the accurate 

determination of 

x-radiation intensity 

THE ACCEPTED 
SECONDARY STANDARD 

FOR THE LABORATORY 
AND THE HOSPITAL 

Chamber values for a wide 
range of applications 

0.25 r chambers 
25  r chambers 
100 r chambers 
250 r chambers 
1000 r chambers 
2500 r chambers 
Isotope chambers 
Also special chamber values 
to order. 

The condenser r-meter is a port-
able instrument designed for rapid 
accurate measurement of x-ray in-
tensity and can be furnished with 
a number of different ionization 
chambers to cover the needs of 
laboratory and clinical require-
ments. 

For 20 years, with modifications 
and refinements, the condenser 
r-meter has served as an essential 
tool to those interested with prob-
lems of x-ray measurement. 

THE VKTOREEN INSTRUMENT CO. 
5806 HOUGH AVENUE 

CLEVELAND 3, OHIO 

BALLANTINE 
a dieeentelet ut 

SENSITIVE ELECTRONIC VOLTMETERS 

. . . THE MODEL 310A, a Super-Sensitive 

Electronic Voltmeter, measuring 100 microvolts to 100 volts from 

10 cycles up to 1 MC with 3% accuracy (and up to 2 MC with 5% 

accuracy) at any point on the single logarithmic voltage scale. 

• Input Impedance is 2 
megohms shunted by 15 
mmfds on the 0.001 and the 

0.01 ranges and by 8 mmfds 

on the other ranges. 

• Generous use of negative 
feedback provides customary 
Ballantine stability. 

• Null Detector Switch enables 

instrument to be used as a null 
balance detector in bridge 
measurement work down to 
20 microvolts. 

• Six decade range switch per-
mits entire voltage range to be 
read on a single voltage scale. 

Linear DB Scale. 

• Illuminated and hand -
calibrated meter scale. 

• Amplifier section may be 
separately used as a 60, 40 or 
20 DB pre-amplifier flat with-
in % DB up to 2 MC. 

• Available multipliers increase 
the voltage range to 1,000 or 
10,000 volts. 

MODEL 310A 

Price: $235. 
• Available precision shunt resistors permit the 
measurement of AC currents from 1 ampere down 
to one-tenth of a microampere. 

For further information on this Voltmeter and the Ballantine Model 300 Voltmeter, 
Battery Operated Voltmeters, ride Band Voltmeters, Peak to Peak Voltmeters, 
Decade Amplifiers, Multipliers and Precision Shunt Resistors, write for catalog. 

BALLANTINHABORATORIESI 
102 Fanny Road, Boonton, New Jer-e. 
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Again E-V serves in vital communi-
cations! The 600-D Dynamic Micro-
phone (T-50) is standard equipment 
on the famous SCR-399. It insures 
high intelligibility speech transmis-
sion—helps get the message through 
clearly. It is an example of E-V 
research-engineering that, over the 
years, has created such fine electro-
acoustic products for military and 
civilian use. 

E-V 600-D MOBIL-MIKE 

• Substantially Flat 
Frequency Response 

• High Articulation— 
Less Listener Fatigue 

• More Usable Power Level 

• Acoustalloy Diaphragm 

• Light Weight (8 or.) 

• Extra Rugged—Withstands 
Toughest Use. 

Experienced Staff and 

Complete Laboratory 
Facilities for Original 

Research-Engineering 

403 CARROLL ST. • BUCHANAN, MICH. • Export: /3 E 40th St, New York 16, U.S.A. Calder: Arlab 

MICROPHONES • PHONO-PICKUPS • HI-Fl SPEAKERS • SELF-TUNING TV BOOSTERS 

; 

Membership 
(Continued from page 72A) 

Ottolini, D. F., Electronic Tube Corporation, 
E. Mermaid Lane, Philadelphia IS, P., 

Parsons, K. M., 927 Rockwood. Dallas 8. Tex. 
Peters, A. D., 628 Carlton Ave., Brooklyn, N. Y. 
Peterson, W. R., 314 Wister St., Philadelphia. Pa. 

Pokat, B., Alaskan Air. Command Hos., Comm. 
Office, APO 942. c/o Postmaster. Seattle 
Wash. 

Polak. I. W.. 496 E. 164 St., New York 56, N. Y. 
Quinn. T. J., 29 Brookfield Rd., Binghamton. N. Y. 
Ramsey, R. W., Jr., 614 Clement Ave.. Charlotte 4, 

N. C. 
Rimmler. F. F., 7 Crabtree Rd., Roslyn. L. I.. N. Y. I 
Roberts, E. A., 24 Villa Rd., Larclimont, N. Y. 
Robinson, J. H.. 26-06 Jackson Ave.. Long Island 

City, L. I., N. Y. 
Robinson, R. L., 726 W. Orange Ave., S. San Fran. 

cisco. Calif. 
Rogert, H. E.. 3223 Bradford Rd., Cleveland 

Heights IS. Ohio 
Ross, J. W., Jr.. 3250 S.W. 21 St., Miami 34. Fla. 
Rothschild, R. S.. 1165 Park Ave., New York 28, 

N. Y. 
Rubenstein, A. L.. 83 Murray, New York 33, N. V. 
Sandler, A. A., 193 Caroline St., N.. Hamilton, Ont., 

Canada 
Schmidt, H. P.. 222-34 96 Ave., Queens Village. 

L. I.. N. Y. 
Schock. W. R., 203 Freiling Dr., San Antonio. Tex. 
Schuette. H.. c/o H. C. Mullen. 4815 La Salle Rd.. 

Washington 18. D. C. 
Schulte, 0. J.. Hos., USAFIT. WPAFB, Box 3283, 

Dayton. Ohio 
Sciuto. F. A.. 1042 N. Hamlin Ave., Chicago 51, Ill. 
Seegers, J. A.. 805 S.W. Dallas, Grand Prairie. Tex. 
Seligmann, P.. 33 W. Grand Ave.. Chicago 10, III. 
Serikawa, F., 250 W. 88 St.. New York 24, N. Y. 
Shaw. C. A., 947 James St., Syracuse .3, N. Y. 
Shea. J. F., 2989 Marion Ave., New York 58. N. Y. 
Siegel, J. R., 36 Ocean Dr., E.. Stamford, Conn. 
Skinner. M. R.. 249 S. Maple, Oak Park, III. 
Smailes, G., 28 Queen Anne St.. London, W. 1, 

England 
Sokolowski, W. E.. R.F.D. 2. West Hill. Toronto. 

Ont.. Canada 
Somers. D. L.. Somers Brass Co.. Inc.. 94 Baldwin 

Ave., Waterbury 20. Conn. 
Speer. J. S.. II. Speer Resistor Corporation, St. 

Marys, Pa. 
Stengel. J. F.. Jr., Park Ave., Huntington. L. I., 

N. Y. 
Suitt). T., 58-47 215 St.. Bayside, L. I.. N. Y. 
Sulpizio. T. J., 1645 S. 23 St.. Philadelphia. Pa. 
Talago, J.. Jr., USS Cues (SSG348). c/o Fleet Post 

Office, San Francisco, Calif. 
Toman. J. J., 5634103 St., Bayside. L. I., N. Y. 

Torrey. R. D., 1740 E. Willow Grove Ave., Phila-
delphia 18, Pa. 

Triplett, M. M., R.F.D. 2. Bluffton. Ohio 
Tuccio. M. S., 151 Cross St., Middletown. Conn. 
Varallo. F. A.. 220 N. Simpson St., Philadelphia 39. 

Pa. 
Walker, R. V., USAF. USA, FIT Wright Patterson 

AFB. Dayton, Ohio 
Wallace. G. A., Jr., 3826-B W. Washington Blvd.. 

Chicago 24. III. 
Ward, T. L., Jr.. Box 1638, University Station, 

Austin 12, Tex. 
Warren. L. C., 109-115 S. Indiana Ave.. Box 478. 

Sioux Falls, S. Dak. 
Warren. W. K.. 2831 Bossereau Pl., Dallas. Tex. 
Watson. R. R., 21-43 29 St.. Long Island City. I.. I.. 

N. Y. 
West. B. M.. 2236 N. Eighth St.. Milwaukee 5. Wis. 
Whitney. J. E., Civil Aero Administration, WoodY 

Island. Box A805. Kodiak, Alaska 
Whittemore, D. B., 36 Masterton Rd.. Bronxville 8, 

N. Y. 
Wilk. J.. Canadian Westinghouse Co., Plant 112. 

Hamilton. Ont., Canada 
Willard. R. C., 3090 W. 112 St.. Cleveland 11, Ohio 
Willey. J. D., 2825 Paraiso Way. La Crecenta. Calif. 
Williams, W. J.. Jr., Sun Dial Corporation. Box 326. 

Caldwell, N. J. 
Winter, B. B.. 67 Wall St.. New York 5, N. V. 
Zippier. W. N., 1 Broadway. New York 4, N. Y. 
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IIIRUSCON  Itatsiktiou tout tntaleit, 

• 

K A A -284, Owatonna. Minne-
sota, Northern Natural Gas 
Co. Truseon Self-Supporting 

Tower, 260 feet high. 

WO W, Omaha, Nebr., Truscon 
Self-Supporting Radio Tower, 

500 feet high overall. 

W CH. Shawano, Wt., 
c on el n. Truscon Self-
Supporting Tower, 

240 feet high. 

W MR1-1,51, Marion. 
Indiana. Truscon Self' 
Supporting Tower, 

336 feet high. 

WXEL-T V Cleveland. 
Ohio. Truscon Self-
Supporting Tower, 

437 feet high. 

Truscon has the Towers it takes 
... for 

WHDH, Boston. ?Amor. Three 
Truscon Guyed Towers; 566 
feet, 605 feet. and 645 feet high. 

better 

WS AM AM-FM, Saginaw, 
Mich, Truscon Self-Supporting 

Tower, 386 feet high. 

WEMP•FM,Milwaukee. 
Wisconsin. Truscon 
Self-SupportingTower. 

456 feet high. 

broadcasting 
No matter where you are located in the United States, there are Truscon Steel Radio Towers 
near to prove their strength and operating efficiency 
under your particular topographical and meteorological conditions. 

Truscon engineering has a world-wide reputation for the breadth of its experience . 
for its ability to analyze individual problems ... and for its precise tower design, manufacture 
and erection abilities. The world's tallest radio towers have been produced by Truscon. 

Truscon can supply many different tower types: guyed or self-supporting 
. . . tapered or uniform in cross-section . . . for AM, FM, TV and microwave applications. 

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

TRUSCON STEEL CO MPANY Youngstown 1, Ohio 
Subsidiary of Republic Steel Corporation 
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has the experience 
in 

WAVEGUIDES 

COMPONENTS 
ASSEMBLIES 

Regardless of the types of 
waveguides and compo-
nents you require, Titeflex 
can supply them. We man-
ufacture rigid and flexible 
guides, combinations of 
the two, and any required 
component parts. As an 
A-N approved source, our 
engineering and testing 
facilities are always avail-
able for the development 
of new designs. Write us. 

SEND FOR THIS 
NE W BULLETI N 

Contains complete wa‘e-
guide specifications, includ-
i ng materials, dimensions 
and recommended operat-
ing ranges for all types. 

511 Frelinghuysen Avenue, Newark 5, N.J. 

CO MING AGAIN 

September 1951 
(C os.,3 M,ty 311 

We  

31/2  lbs• 

712 PAGES 

Lists 19,049 

Engineers 

Directory to 

2500 Firms 

Indexes 75 

Engineering 

Product Clusscs 

Goes to Every 

IRE Engineer. 

Distributors 

Edition 1500 

Total 
21,000 Copies 

A 3-Way 
service to 
Radio 
Engineers 

— Lists Men, 
Firms and 
Products of 

Radio-Electronics 

Size 81/2" x 11" 
Print Page 7" x 10" 

All advertising faces !istings 
except spreads and catalogs 

Complete Catalog Section 
Manufacturers have created in the IRE DIRECTORY 
a most useful section! In 1950, twenty-four firms placed 
124 pages of "Complete Catalog Data" in the form of 
spreads and catalog inserts in this book. Altogether, 212 
firms placed advertising in the directory, providing IRE 
members with a well organized and permanently ac-
cessible file of product illustrations, specifications and 
"where-to-buy" information of the utmost practical value. 
• Rates for display advertising and for catalog inserts are 
economical. Write "Advertising Department" for details. 

THE INSTITUTE OF RADIO ENGINEERS 

Established A 1913 
A Balanced Promo/ion Package 

"Proceedings of the I.R.E." The IRE Year!), 
The Radio Engineering Show 

303  WEST 42nd  STREET,  NE W  YORK  le,  N.  Y 

Circle 6-3026 
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IRE DIRECTORY QUESTIONNAIRE 

Method to be used by firms to indicate 
products manufactured or services ren-
dered. Please read the entire questionnaire. 
Products are grouped beneath basic head-
ings to facilitate location. Immediately 
following each major product group is a 
space to check whether or not your firm 
carries this item in stock. Please indicate 

this with every item you check off, no dis-
crimination in your listing will result if 
you check "no." 
Do not check products that you do not 

manufacture for sale to the industry. 
Components manufactured for incor-

poration in your own end products (and 
not intended for sale) should not be listed, 

as this will only result in annoyance to 
you, and the firms who make inquiries 
concerning product availability. 
After checking off the products please 

fill in the coupon carefully and mail the 
entire form to: Frank MacAloon, Industry 
Research Div., Proceedings of I.R.E., 
303 W. 42nd St., New York 18, N.Y. 

Industry Research Division Information Service 

1. Amplifiers. 
1 In Stock ( ) Yes (.- 1 No. 

( ) a. Broadcast Speech In-
put Equipment. 11. 

) b. Dynamic Noise Sup-
pressors. 

) c. High Fidelity. 
) d. Inter-communication 

Systems. 
( ) e. Medical Equipment. 
( ) f. Peak Limiting. 
( ) g. Phonograph Pre-am-

.  plifiers-equalized. 
( ) h. Power Amplifiers. 
( ) i. Pre-amplifiers. 
( ) j. PA Systems. 
( ) k. Recording Amplifiers. 
( ) I. Television. 

!.. Antennas. 
In Stock ( ) Yes ( 1 No.  13. 
( ) a. AM Broadcast. 
( ) b. Dummy. 
( ) c. FM Broadcast. 
( ) d. Miscellaneous.  14. 
( ) e. Receiving Types. 
( ) f. Relay Systems. 
( ) g. Television Broadcast. 

I ( ) h. TV Multiple Outlet 
Distribution Systems. 

( ) i. UHF-VHF 
;. Antenna Accessories. 

( ) a. Feeder Systems.  15.  
In Stock ( ) Yes ( 1 No. 

( ) b. Insulators. 
( ) c. Phasing  &  Tuning 

Equipment. 
( ) d. Support Towers. 
( ) e. Tower Lighting Equip. 

I. Attenuators. 
In Stock ( 1 Yes ( 1 No. 
( ) a. Audio Frequency. 1 ( ) b. Radio Frequency. 

L Batteries. 
In Stock ( 1 Yes ( 1 No. 
( ) a. Flashlight & Miscel-

laneous Dry. 
( ) b. Hearing Aid. 
( ) c. Portable Radio. 
( ) d. Storage. 

i. Blowers & Cooling Fans. 
In Stock ( 1 Yes ( I No. 

r. Books & Book Publishers. 
Bridges, see 67a 

I. Cabinets & Consoles. 
In Stock ( 1 Yes ( I No. 
( ) a. Metal. 
( ) b. Plastic. 
( ) c. Wood. 

I. Cable & Wire. 
In Stock ( 1 Yes ( 1 No 
( ) a. Coaxial Cable. 
( ) b. Copper. I( ) c. Molybdenum. ( ) d. Precious Metal. 
( ) e. Pre-formed Harnesses. 
( ) f. Rubber Insulated. 
( ) g. Shielded Types. 
( ) h. Synthetic Insulated. 
( ) i. Tungsten. 
( ) j. UHF Types. 

. Capacitors: Fixed. 
In Stock ( 1 Yes ( / No. 
( ) a. Ceramics. 
( ) b. Electrolytic. 

'  ( ) c. Mica. 
It ( ) d. Oil Filled. 
L ( ) e. Paper. 

a 

12. 

16. 

17. 

18. 

19. 

( ) f. Pressurized Gas. 
( ) g. Printed Circuit. 
( ) h. Vacuum. 
Capacitors: Variable. 
In Stock ( I Yes ( I No. 
( ) a. Neutralizing. 
( ) b. Precision. 
( ) c. Temperature Fre-

quency Compensat-
ing. 

( ) d. Trimmers. 
( ) e. Tuning. 
( ) f. Vacuum. 
Ceramics. 
In Stock ( ) Yes ( 1 No. 
( ) a. Coil Forms. 
( ) b. Custom Fabrication. 
( ) c. Rods. 
( ) d. Sheets. 
Chassis & Relay Racks. 
In Stock ( I Yes ( ) No. 
( ) a. Open Stock. 
( ) b. Custom Fabrication. 
Coils. 
In Stock ( 1 Yes ( 1 No. 
( ) a. AF Chokes. 
( ) b. Miscellaneous. 
( ) c. RF Chokes. 
( ) d. Toroids. 
( ) e. Transformer Coils. • 
( ) f. Tuning. 
Computers. 
In Stock ( ) Yes ( 1 No. 
( ) a. Analog. 
( ) b. Digital. 
Condensers, see 10 & II. 
Connectors. 
In Stock ( 1 Yes ( 1 No. 
( ) a. AN Standard Types. 
( ) b. Coaxial. 
( ) c. Microphone. 
( ) d. Power. 
Consoles, see 8 

Consulting Engineers. 
( ) a. Accoustical. 
( ) b. Elec-trical. 
( ) c. Mechanical. 
( ) d. Radio. 

Converters. 
In Stock ( ) Yes ( 
( ) a. Frequency. 
( ) b. Vibrator. 

Cores & Core Materials. 
In Stock ( I Yes ( I No. 
( ) a. Complete Cores. 
( ) b. Laminations. 
( ) c. Powdered Metal. 

No. 

20. Crystals. 
In Stock ( ) Yes ( I No 
( ) a. Germanium & Sili-

con, etc. 
( ) b. Oscillating Quartz. 
( ) c. Piezo-Electric. 

21. Crystal Holders. 
In Stock ( I Yes ( 1 No. 
Discs, Recording, see 56a 

22. Distribution. 
( ) a. Jobbers and Whole-

salers. 
( ) b. Manufacturers Repre-

sentatives. 
( ) c. Sales & Service. 
Dynamotor', see 44a. 

23. Electronic Control Equip-
ment. 
In Stock ( 1 Yes ( 1 No. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

a. 

b. 

c. 

d. 

e. 

f. 

) g. 

( ) 
( ) 

31. Induction Heating Equip-
ment. 
In Stock ( ) Yes ( 1 No. 
( ) a. Manufacturing 

Processes. 
( ) b. Medical Applications. 
Inductors, see 14. 

32. Insulation. 
In Stock ( I Yes ( 1 
( ) a. Cloth. 
( ) b. Glass. 
( ) c. Mica. 

Air Conditioning 
Controls. 
Burglar Alarm & Pro-
tection Devices. 
Combustion & Smoke 
Elimination. 
Fire Prevention & De-
tection. 
Production  Controls, 
Counting & Sorting. 
Variable Speed Regu-
lators. 
Voltage  Control 
Stabilization. 

Equalizers. 
In Stock ( ) Yes ( I No. 
( ) a. Dialogue. 
( ) b. Line. 
( ) c. Magnetic Reproducer 

Types. 
( ) d. Sound Effects. 
Fabricators. 
( ) a. Contract Assemblers. 
( ) b. Electro Plating. 
( ) c. Hermetic Sealing 

Service. 
) d. Metal Spinners. 
) e. Plastic Moulders. 
) f. Stampings, 

( ) Metal 
( ) Laminated 

Plastic 
( ) g. Other,   
Facsimile Equipment 
In Stock ( ) Yes ( 1 No. 
Filters. 
In Stock ( 1 Yes ( 1 No. 
( ) a. Band Pass & Band 

Rejection. 
( ) b. Dividing Networks. 
( ) c. Noise Elimination. 
Sound effects, see 24d. 
Frequency Measuring Equip., see 43, 
66, 69. 
Fuses & Fuse Holders. 

Stock ( 1 Yes ( I No. 
Generators, see 44c. 
Graphic Recorders. 
In Stock ( ) Yes ( 1 No. 
( ) a. Industrial. 
( ) b. Medical. 

Hardware & Manufactur-
ing Aids. 
In Stock ( I Yes ( 1 No. 
( ) a. Adhesive Lables. 
( ) b. Bushings. 
( ) c. Cans. 

d. Dials. 
e. Gaskets. 
f. Gromets. 
g. Knobs. 
h. Metal  Bolts,  Nuts, 
Rivets, Screws, Studs. 

i. Terminals. 
j. Other. 

No. 

( ) d. Paper. 
( ) e. Plastic. 
( ) f. Rubber. 
( ) g. Synthetic. 
( ) h. Varnished Cambric. 

33. Jacks, Jack Fields. 
Plugs & Patch Cords. 
In Stock ( ) Yes ( 1 No. 

34. Keys. 
In Stock ( ) Yes ( 1 No. 
( ) a. Switching. 
( ) b. Telegraph. 
Knobs, see 30g, 46c. 

35. Laboratories & Custom 
Builders of Equipment. 

36. Lacquers & Paints. 
In Stock ( I Yes ( I No. 
( ) a. Conducting & 

Magnetic. 
( ) b. Finishing. 
( ) c. Fungus Proofing. 
( ) d. Moisture Proofing. 

37. Loudspeakers & Head-
phones. 
In Stock ( ) Yes ( I No. 
( ) a. Commercial Grade 

Loudspeakers. 
( ) b. Headphones. 
( ) c. High Fidelity Loud-

speaking Systems. 
( ) d. High Frequency. 
( ) e. Low Frequency. 

38. Machinery & Tools. 
In Stock ( ) Yes ( 1 No. 
( ) a. Coil Winders. 
( ) b. General Production 

Machy. 
( ) c. Marking & Engraving 

Machy. 
( ) d. Soldering Irons & 

Guns. 
( ) e. Tube Machinery. 
( ) f. Vacuum Pumps. 
( ) g. Welders-Brazers. 
( ) h. Other. 

39. Magnets. 
In Stock ( 1 Yes ( 1 No. 
( ) a. Electro. 
( ) b. Permanent. 
Measuring Equipment, see 
68, 69. 
Metals: 
In Stock 
( ) a. 
( ) b. 
( ) C. 

( ) d. 
( ) e. 

40. 

41, 66, 67, 

Base. 
( I Yes ( I No. 
Copper. 
Ferrous. 
Non-ferrous,  exclud-
ing Copper. 
Powdered. 
Precious & Rare. 

41. Meters. 
In Stock ( I Yes ( 1 No. 
( ) a. Ammeters. 
( ) b. Elapsed Time. 
( ) c. Frequency Indicating. 
( ) d. Voltmeters. 
( ) e. Volume level 

Meters (db & vu). 
Wattmeters & Watt 
Hour Meters. 

Vacuum tube Voltmeters, see 671 

42. Microphones. 
In Stock ( ) Yes ( 
( ) a. Carbon. 
( ) b. Condenser. 
( ) c. Crystal. 
( ) d. Magnetic. 

( ) f. 

No. 



43. Monitoring Equipment. 
In Stock I I Yes ( I No. 
(  ) a. Frequency. 
( ) b. Modulation. 
( ) c. Television. 

44. Motor Generators. 
In Stock ( ) Yes ( I No. 
(  ) a. Dynamotors. 
( ) b. Frequency 

Changers. 
( ) c. Motor-Generators. 
( ) d. Rotary Converters. 

45. Motors: Very Small. 
In Stock ( ) Yes ( I No. 
(  ) a. Blower Motors. 
( ) b. Syncro Controls. 
( ) c. Timing Devices. 

46. Moulded Products & Serv-
ices. 
In Stock ( 1 Yes ( I No. 
(  ) a. Cabinets. 
( ) b. Insulators. 
( ) c. Knobs & Parts. 
( ) d. Proprietary Mould-

ings. 
( ) e. Special Fabrication. 

47. Optical Systems, Mirrors, 
Screens, & Accessories. 
In Stock ( I Yes ( I No. 

Oscillators. see 66a, 69b, c, d, e 

48. Oscillographs & Acces-
sories. 
In Stock ( I Yes ( I No. 
(  ) a. General Purpose, 

Cathode Ray. 
( ) b. Recording. 
( ) c. Recording Cameras. 
( ) d. Synchroscopes, 

Cathode Ray. 
( ) e. UHF C-R Equip. 
Panels, see 13. 

49. Phonograph & Transcrip-
tion Reproducing Equip-
ment. 
In Stock ( ) Yes ( I No. 
(  ) a. Crystal Pick-ups. 
( ) b. Magnetic Pick-ups. 
( ) c. Phonograph Motors. 
( ) d. Playback Arms. 
( ) e. Record Changers. 
( ) f. Styli. 
( ) g. Turntables, complete. 
Pre-Amplifiers, see Ii. 

50. Pilot Lights & Assemblies. 
In Stock ( ) Yes ( ) No. 
(  ) a. Incandescent. 
( ) b. Neon. 

51. Plastics. 
In Stock ( ) Yes ( ) No. 
(  ) a. Raw Powders, for 

Moulding. 
( ) b. Rods. 
( ) c. Sheets. 
Plugs, see 16, 33. 

52. Point To Point Communi-
cation Equipment. 

Stock ( ) Yes ( I No. 
) a. Aircraft & Airport 

Equipment. 
) b. Citizen Radio. 
) c. Emergency Communi-

cations. 
) d. Fleet Dispatching. 
) e. Police 8c Fire Depart-

ment Equipment. 
( ) f. Ship to Shore Equip. 
( ) g. Telemetering Equip. 

53. Power Supplies. 
In Stock ( ) Yes ( ) No. 
(  ) a. Electrically Powered. 

( ) b. Gasoline Driven. 
( ) c. Voltage Regulated 

Output types. 
Printed Circuits, see, 10g. 36a, 60e. 

54. Receivers. 
In Stock ( ) Yes ( I No. 
(  ) a. Broadcast. 
( ) b. Communications. 
( ) c. Fixed Frequency. 
( ) d. Frequency Modula-

tion. 
( ) e. Radar. 
( ) f. Special Purpose. 
( ) g. Television. 
( ) h. UHF-VHF 
Racks, see 13. 
Radar, see 54e, lid. 

55. Recording Equipment. 
In Stock ( I Yes ( I No. 
(  ) a. Disc Recorders. 
( ) b. Magnetic Tape 

Recorders. 
( ) c. Magnetic Wire 

Recorders. 
56. Recording Accessories & 

Supplies. 
In Stock ( ) Yes ( 1 No. 
(  ) a. Blanks. 
( ) b. Cutting Needles. 
( ) c. Disc Recording 

Heads. 
( ) d. Magnetic Recording 

Playback & Biasing 
Heads. 

e. Magnetic Recording 
Tape. 

f. Magnetic Recording 
Wire. 

57. Rectifiers. 
In Stock ( I Yes ( I No. 
(  ) a. Metallic. 
( ) b. Vacuum Tube. 
Regulators, Voltage, see 74 

58. Relays. 
In Stock ( I Yes ( I No. 
(  ) a. Hermetically sealed. 
( ) b. Instrument. 
( ) c. Keying. 
( ) d. Mercury. 
( ) e. Power Control & 

Overload. 
( ) f. Stepping. 
( ) g. Telephone Types. 
( ) h. Time Delay. 

59. Remote Controlling Equip-
ment. 
In Stock ( 1 Yes ( I No. 

(  ) a. Automatic Tuning 
Mechanisms. 

( ) b. Flexible Shafts. 
( ) c. Remote Controls. 
( ) d. Switching Functions. 
( ) e. Servo-Mechanisms. 

60. Resistors. 
In Stock ( 1 Yes ( I No. 
(  ) a. Carbon Fixed. 
( ) b. Carbon Variable. 
( ) c. Potentiometers. 
( ) d. Precision. 
( ) e. Printed Circuit. 
( ) f. Rheostats. 
( ) g. Vacuum Sealed. 
( ) h. Wire Wound. Fixed. 
( ) i. Wire Wound, 

Variable. 
61. Schools & Institutions, 

Technical. 
62. Sockets, Vacuum Tube. 

In Stock ( I Yes ( I No. 
(  ) a. Receiving Tube 

Types. 

( ) 

( ) 

( ) b. Transmitting Tube 
Types. 

( ) c. Underwriters Labora-
tories Approved 
Types. 

63. Solder. 
In Stock ( I Yes ( ) No. 
(  ) a. Acid Cored. 
( ) b. Plain. 
( ) c. Precious Metal. 
( ) d. Pre-forms. 
( ) e. Rosin Cored. 
Speakers, see 37. 

64. Switches. 
In Stock ( I Yes ( I No. 
(  ) a. Band Switches. 
( ) b. Circuit Breaking. 
( ) c. Key. 
( ) d. Mercury Switches. 
( ) e. Momentary Contact. 
( ) f. Power. 
( ) g. Precision Snap-

Acting. 
( ) h. Rotary. 
( ) i. Time Delay. 
( ) j. Toggle & Push 

Button. 

65. Television Equipment. 
In Stock ( ) Yes ( I No. 
(  ) a. Cameras. 
( ) b. Camera Chains. 
( ) c. Color Adaptors. 
( ) d. Color Converters. 
( ) e. Projectors. 
( ) f. Studio Lighting 

Equipment. 
( ) g. TV Tuners. 
Also see, II, 29, h, 43c, 549, ed, 71f, 
and 72c, d, f, 9. 

66. Testing & Measuring 
Equipment: Audio Fre-
quency. 
In Stock ( ) Yes ( ) No. 
(  ) a. Beat Frequency 

Oscillators. 
b. Distortion & Noise 
Analyzers. 

c. Intermodulation 
Distortion Analyzers. 

d. Resistance Capacity 
Oscillators. 

e. Square Wave 
Generators. 

f. Wave Form Analysis 
Equipment. 

67. Testing & Measuring 
Equipment: General. 
In Stock ( I Yes ( I No. 
(  ) a. Bridges, all types. 
( ) b. Capacitance Decades 
( ) c. Capacitor Testers. 
( ) d. Multi-meters. 
( ) e. Resistance Decades. 
( ) f. Resistor Testers. 

Ohmmeters. 
( ) g. Stroboscopes. 
( ) h. Tube Testers. 
( ) i. Vacuum Tube 

Voltmeters. 
( ) j. Vibration Testing 

Equipment. 

68. Testing & Measuring 
Equipment: Nuclear. 
In Stock ( ) Yes ( 1 No. 
(  ) a. Dosimeters. 
( ) b. Ionization Chambers. 
( ) c. Scalers. 
( ) d. Scintillation 

Counters • 

• 

( ) e. Survey Meters. 
Geiger-Mueller tubes, see 721). 

69. Testing & Measuring 
Equipment: Radio Fre-
quency. 
In Stock ( I Yes ( 1 No. 
(  ) a. "Q" Meters. 
( ) b. Signal Generators, 

AM. 
) c. Signal Generators, 

FM. 
) d. Signal Generators, 

TV. 
) e. Standard Frequent 

Generators & 
Multi-Vibrators. 

( ) f. Sweep Generators 1 
Calibrators. 

( ) g. Wavemeters. 

70. Transformers. 
In Stock ( ) Yes ( I No 
(  ) a. Audio Frequency. 
( ) b. Hermetically Seale 
( ) c. High Fidelity Aud. 
( ) d. Power Components, 
( ) e. Pulse Generating. 
( ) f. Radio Frequency. 
( ) g. Voltage Regulatin4. 

71. Transmitters. 
In Stock ( I Yes ( 1 No. 
(  ) a. AM Broadcast. 
( ) b. Communications. 
( ) c. FM Broadcast. 
( ) d. Radar. 
( ) e. Special Types. 
( ) f. TV Broadcast. 
( ) g. UHF-VHF 

72. Vacuum Tubes. 
In Stock ( ) Yes ( ) No 
) a. Cathode Ray. 
) b. Geiger-Mueller. 
) c. Iconoscopes. 
) d. Image Orthicon.  1. 
) e. Industrial Types. 
) f. Kinescopes, Black & 

White. 
) g. Kinescopes, Color. 
) h. Klystrons & 

Magnetrons. 
i. Phototubes. 
j. Pirani Tubes. 
k. Receiving Types. 
I. Rectifiers. 
m. Special Purpose. 
n. Thyratrons. 
o. Transmitting Types 
p. Voltage Regulators., 

73. Vacuum Tube Componet 
Parts. 
In Stock ( I Yes ( I No. 
(  ) a. Anodes. 
( ) b. Envelopes, Glass. 
( ) c. Envelopes, Metal. 
( ) d. Grids. 
( ) e. Guns -Gun Parts. 
( ) f. Pins -Prongs. 
Varnishes, see 36. 

74. Voltage Regulators. 
In Stock ( I Yes ( 1 No. 
(  ) a. Automatic. 
( ) b. Manually Controllei 

75. Waveguides. 
In Stock ( ) Yes ( I No. 
(  ) a. Couplings. 
( ) b. Flexible Types.  , 
( ) c. Rigid Types. 

76. Waxes, Potting & 
Compounds. 
In Stock ( ) Yes ( ) No. 

Send to: Industry Research Div., Proceedings of the I.R.E. 
Rm. 707, 303 West 42nd St., New York 18, N.Y. 

Firm Name: ...................................................................... Phone No.   

Address:  Place  Zone  .State   

To whom in your organization should we direct correspondence concerning: 

Product Data   

IRE Yearly Convention  Advertising ..   
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SOLVE 
YOOUR   RADAR CALL PAUL J. PLISHNER SONAR 

SUPPLY 
PROBLEMS 

3000 Mc BENCH TEST PLUMBING 

SIGNAL GENERATOR. using 417A klystron. 2700-3300 me. 
Output approx. 50 mw. 115 vac power supply. With tubes, 
new   $425 
10 CM RF PACKAGE, using 2.122 magnetron. freq. range 
3267-3333 mc, complete with power supply and pulser giving 
apx, 20 ky OP 30 A, 1 usec, 1000 PI'S. Power output 205 
kw. 14" rigid coax plumbing thruout. Uses 4I7A klystron 
mixer, 6Acl preamp. Pigott Is 715 B hard tube. Complete 
BF unit, pulser unit, receiver front end, new, with tubes 
Requires 115y. 400 cy ac primary source  $385.00 

RECEIVER POWER SUPPLY for GL 446 type lighthouse 
tubes (2C40, etc.) 115 vac, 60 cycles. Panel mounting. Leas 
tubes  $32.50 
10 CM DISH AND DIPOLE ASSY: apx. 30" parabola, with 
360 deg.  rotating mechanism, and approx. 10 deg. tilt 
mechanism. Operating from 24 ode. With selsyn  $85 
10 CM LOW POWER tunable load with elm. cover  $225 
COAX. CRYSTAL MOUNT. type N connectors  $17.50 
RT-39/APG.5 10 cm. lighthouse BF head c/o Xrntr.-Recvr-TIt 
cavity, comp!. recvr & 30 MC IF strip using SAKS. (2C40, 
2C43, 1B27 lineup) w/Tubes. 

72IA TR BOX complete with tube and tuning plungers -112.50 
MeNALLY KLYSTROff CAVITIES for 707B or 2K28. Three 
types available  $4.00 
F 29/SPR-2 FILTERS. TYPO "N" Input and output -.512.50 
WAVEGUIDE TO %" RIGID COAX "DOORKNOB" ADAPT-
ER CHOKE FLANGE. SILVER PLATED BROAD BAND 
 $32.50 

WAVEGUIDE DIRECTIONAL COUPLER. 27 db. Navy type 
CABT 47 AAN, with 4 in. slotted section  $32.50 

SQ FLANGE to rd choke adapter. 18 in. long OA 1% in. x 3 
In. guide, type "N" output and sampling probe  $27.50 

AN/APR5A 10 cm antenna equipment consisting of two 10 cm 
waveguide sections, each polarized. 45 degrees $75.00 per ger. 

POWER SPLITTER: 726 Klystron input dual "N" output 85.00 
MAGNETRON COUPLING FOR TYPE 720 MAO. to 
x 3" Wavegulde  $335.00 

ID CM WAVEMETER WE type B43549 Transmission type. 
Type N Fittings Veeder Root Micrometer dial. Gold Plated 
W/Callb. Chart P/o Freq, Meter 7166404-A. New  $99.50 

A/MIA/AP-10 CM Pick up Dipole with "N" Cables .•••54.50 
LHTR. LIGHTHOUSE ASSEMBLY Part of RT39 A DO 5 & 
A DO 15. Receiver and Trans Cavities w/assoc. Tr Cavity and 
Type N CPU). To Re m. Uses 2C40, 2C43, 1B27, Tunable 
APX 2400-2700 MCS. Silver Plated  $49.50 

BEACON LIGHTHOUSE cavity 10 ms with miniature 28 volt 
DC FM motor, Mfg. Bernard Rice  $47.50 se. 

MAGNETRON TO WAVEGUIDE Coupler with 72IA Duplexer 
('a,itv, gold plated  $45.130 

7/4" RIGID COAX - 3/4 " I.C. 
7/." RIGID COAXIAL TUNING STUBS with vernier stub 
adjustment. Gold Plated  $17.50 

7/is RIGID  COAX.  ROTARY  JOINT,  Pressurize19.  Sperry 
5810613. Gold Plated  $27.50 

DIPOLE ASSEMBLY. Part of SCR-584  $25.00 ea. 
ROTARY JOINT. Part of SCR-584  $35.00 ea. 
RIGHT ANGLE  BEND, with flexible coax. output pickup 
loop  $3.00 

SHORT RIGHT ANGLE BEND. with pressurizing nipple $3.00 
RIGID COAX, to flex coax. connector  $3.50 
STUB-SUPPORTED RIGID COAX, gold plated 5' lengths. 
O'er length  $5.00 
RT. ANGLES for above  $2.50 
RT. ANGLE BEND 15" L. OA  $3.50 
FLEXIBLE SECTION, 15" L. Male to female  14.23 
MAGNETRON COUPLINGS to 14" rigid coax. with TR, pickup 
loot,, gold plated  17.50 
FLEX. COAX. SECT. APProx, 30 IL  $18.50 
CO 54/U-4 foot flexible section 34" IC pressurized - $15.11 
7/. RIGID COAX. Bead Supported  $1.29 
SHORT RIGHT ANGLE BEND  $2.50 

6000 Mc to 8500 Mc 
BENCH TEST 

PLUMBING 

11/2  " x 3/4" Waveguide 
Klystron Mount. 1/11350 corn 
Pieta with shield and tunable 
termination  $125.00 
Flap Attenuator. 1)13361 $45.00 
Variable Stub Tuner ....$90.00 
Wired. to Type "N" Adapter 

p8101.50 
Wavemeter Tee.  13B352 .. 2.50  
Magic Tee   oo 
Directional Coupler, two hole 
251)13 coupling, type "N" out-
put  $25.00 
Protision Crystal Mount. Equip-
ped with tuning slugs and tun-
able termination  $125.00 
Tunable Termination. Precision 
adjust  $70.00 
Low Power Load  $35.00 

4000 to 6000 Mcs 
BENCH TEST 
PLUMBING 

2" x 1" Waveguide 
Flap Attenuator  $48.00 
Variable Stub Tuner and Low 
Power Termination  $48.00 
Wavemeter Tee  $48.00 
Adapters: Choke to choke $18.00 

Cover to cover $14.00 
Choke to cover $16.00 

Waveguide to Type "N" Adapter 
$45.00 

Directional Coupler. Two hi'-
type "N" output  $48.00 
Kiystron Mount. Equipped with 
tunable termination and mi-
crometer adjust. Klystron an-
tenna tuning  $110.00 
Crystal Mount. Equipped with 
tunable termination and mi-
crometer adjust crystal tuning 

8125.00 
Tunable Termination. Precision 
adjust  1190.00 

23,000 to 27,000 Mc BENCH TEST PLUMBING 

1/2 " to 1/4" Wavegulde 

Low Power Load  $20.06 
Shunt Tee  535,00 
Waveguide Lengths, 2" to 6" 
long, gold plated with circular 
flanges arid coupling nuts 

$2.25 per inch 
AP8.34 Rotating Joint .349.50 
Right Angle Bend F. or If Plane. 
specify combination of couplings 
desired  $12.00 
45' Bend E or II Plane, Choke 
to corer  $12.00 
Mitered Elbow. cover to rover 

$4.00 

TR-AIR-Section. Choke to curer 
$4.00 

Flexible Section 1" choke to 
littke   WOO 
"S" Curve Choke to ',ter $4.50 
Adapter, round to square cover 

$55.00 
Feedback to Parer.,Li Born with 
preasurl/eri window  $27.50 
90' Twist .    $10.00 
"K" Band Directions! Coupler 

$45.50 ea. 

APS-2 

APS-3 

APS-4 

APS-6 

APS-6A 

APS-10 

APO-13 

APS-15 

APS-31 

CPN-8 

CEXH 

FD MK 4 

MARK 10 

SA 

SC 

SD 

SE 

SF 

SG 

Si 

SK 

SL 

SM 

SN 

SO 

SO 

SW 

SCR 
518 

SCR 
520 

SCR 
533 

SCR 
545 

SCR 
663 

MAGNETRONS 

Tube 
2J27 
2131 
2121 A 

2122 
2126 
2132 
2137 
2138 
2139 
2140 

2149 
2134 
2161 
2162 
3131 
5130 
714AY 
7I8DY 

720BY 

720CY 
725-A 

730-A 
728 
700 
706 

KLYSTRONS 

723A 

7075 
4I7A 
2K41 

TEST SETS 

IS 12 
TS 33 
TS 35 

TS 36 
IS 45/APM3 
TS 62 3CM 
IS 108 

SCR 584 
PARTS 

AVAILABLE 

BC 1 056A 
BC10511A 
BC 108611 
RA7IA 
BC 1090A 
BC 10909 

BCI096A 
BC1881 
8C1051111 
BC I094A 
BC10811A 

SONAR 
SYSTEMS 

GBP 
GBG 

GC 
QC1 
GCL 
QCO 
GCS 
GCU 
WEA 

8500 Mc to 9600 Mc BENCH TEST PLUMBING 

1" g 1/2 " Waveguide 

3 CM SIGNAL GENERATOR and thermistor bridge. using 
723AB oscillator, calibrated variable attenuator, direct read-
ing power meter; reg. 115 vac. 60 cy. power supply. Com-
plete with tubes  $425 

3 CM SLOTTED LINE, with probe, and including accessories. 
i.e. low power load, adaptors, etc. TS 12/Unit 2  $385 

AN/APS-I5A "X" Band compl. RF head and modulator, incl. 
725-A magnetron and magnet, two 723A/B klystrons (local 
osc. & beacon). 1B24, TB, recvr-ampl. duplexer. MV 
blower, pulse xtmr. Peak-Pwr Out: 45 KW spa, Input: 115, 
400 cy. Modulator pulse duration .5 to 2 micro-sec. atm. 
13 KV Pk Pulse, Compl. with all tubes Incl. 715-B, 829B. 
Milt 73, two 72's. Comet. pkg., new  $373 

COMPLETE 3 CM RADAR SYSTEM EQUIPMENT 
40 KW PEAK  TRANSMITTER, pulse modulator, receiver. 
using 72.1A11, power supply operating from 115V 800 Cycle, 
antenna system. Complete radar set neatly packaged In Ices 
than 16 cubic feet, less meg typo tubes, but incl. an others, 
in used but excellent condition-This price for laboratories. 
schools, and experimental purposes only  $350 

MAKE SURE YOU SEE 
OUR SPECIAL AD 
NEXT MONTH 

142 PULSE MODULATOR. 14 Kw max. rating, 7 kw mm . 
Plate voltage pulsed 5.5 kv, 6.5 amp, .001 duty cycle, 2.5 
used pulse length max, filament 6.3 v, .5 amp.  Includes 
magnetron mtg. and blower.  Requires 3C45 and 2-31324 
 $75.00 

3 CM SECTOR SCANNING ANTENNA, 18" dish, cutler feed 
dipole, 24 vdc drive motor  $75.00 

APS-3 RADAR, new and complete, using 725A magnetron 
 $950.00 

TS 36 X band power meter 1%" x ,fi" wavegulde; thermistor 
bridge with indicating meter, complete  $175.00 

TS 33 X band coax, freq. meter/with resonance indicating 
meter crystal mount, type N fitting  $225.00 

Wavemeter. 9500 to 0400 Mcs., 
with  calibration.  Micrometer 
adjust head. Reaction type 

$85.00 
90 Degrees Elbows. E or if 
plane, 214" radius  $12.50 
90 Depots Twist. 6" long .88.00 
Bulkhead Feed-Thru Assembly 

$15.00 
  Gauge Section 15 lb. 
gauge and press nipple ...$10.00 
Pressure Gauge. 15 lbs. _12.50 
Dual Oscillator-Beacon Mount. 
P/0 APS10 Radar for mounting 
two 723A/B klystron with crys-
tal mta, matching slugs, shields 

$42.50 
Dual Oscillator. Mount. (Back 
to back) with cornet mount, 
tunable termination attenuating 
slugs  $18.50 
Directional  Coupler,  UG-40/U 
Take off 20 DB  $17.50 
Directional coupler, APS-6 type 
"N" take off 20 DB calibrated 

$17.50 
Rotary Joint Choke to Choke 

$10.01) 
2K25/723 AB Receiver local os-
cillator Klystron Mount, com-
plete with crystal mount. Iris 
coupling and choke coupling to 
TOt   $22.50 
TR-ATR Duplex., section for 
above   $8.50 
CU  105/APS  31  Directional 
Coupler 25 DB  $25.00 
723AB Mixer-Beacon dual Ose. 
%Int w/xtal holder  $12.00 
TR-ATR Sect APR 15 for 1B24 
w/724 ATR rarity w/lB24 & 
724 Tithes Complete  $21.00 
Stabilizer Cavity with bellows 

521.50 
3 cm. 180° bend, with pressuriz-
ing nipple   es.  $8.011 
3 cm. 90* bend, 14" long 130* 
twist with pressurizing nipple 

ea. $8.00 
3 cm. "5" curve 10" long 

es. $5.50 
3 cm. "8" curve 6" long 

es. $3.50 
3 cm, right angle bends. "E" 
plane IR" long rover to cover 

ea. $0.00 
3 em. Cutler feed dipole. 11" 
Irvin parabola mount to feed 
hack  ea. $8.50 
3 cm. directional coupler. One 
way waveguide output ea. $15.00 
Circular Choke Flanges, solid 
',rasa   55e 
Sq. Flanges. Fist Brass ea. 550 
AP13-10 TR/ATR Duplexer sec-
tion with additional irk flange 

510.00 

"X" Band Preamplifier, con-
sisting of 2-723 A/B local os-
cillator-beacon  feeding  wave-
guide and TR/ATR Duplex sect. 
Mei. 60 plc. IF amp  $47.511 
15 Deg Bend 10" choke to cover 

$4.50 
5 Ft. Sections choke to cover. 
Sliver plated  $14.50 
18" Flexible Section  $17.50 
TR Cavity for 724 A TIt 'rube 

$3.50 
724 TR Tube (41 TR 1) ..$2.50 
SWR Meas. Section, & L with 
2 One "N" output probes MTD 
full wave apart. Bell size guide. 
Silver plated  $10.00 
Rotary Joint with slotted section 
and type "N" output Pickup 

$17.50 
W  ide Section  12"  long 
choke to cover 45 deg. twist & 
23k" radius, 90 deg. bend. $4.50 
Twist 90 deg. 5"  choke to 
cover w/prem nipple  $6.50 
Wavegulde Sections 21/4 ft long 
silver plated with choke flange 

$5.75 
Rotary joint choke to choke 
with deck mounting ... 317.50 
3 cm mitred elbow "E" plane 
unplated   $12.00 

11/4" x 3/4 " WAVEGUIDE 
Tunable Termination. Pric1slon 
adjust  $65.00 
Low Power Termination 525.00 
Magic Tee  $45.00 
90 Degree Elbows. E or H plane 

$12.50 
Waveoulde Lengths. Cut to size 
and supplied with 1 choke, I 
cover, per length .42.00 per ft. 
BI Mr-Coupler Wil output cali-
brated -25 db nominal. .517.50 
Flog  sections,  12"  Rubber 
Coated  $14.50 
Mitred Elbow R Plane C051-
UG52  $12.00 
8" St. sect choke to choke $3.50 
APQ 13 Conatant Z Rota, Oct. 

$22.50 
CO 911B/APQ 13 19" Flex, Sect. 
Ili" a %" OD  $10.00 
Wave lid Run 118" x %" Od. 
consists of 4 ft. sect, w/IIT 
angle bend on one end. 2" 45 
deg bend on other end ....18.00 
X Band Wave Od. 1%" a %" 
0.1). 1/18" wall aluminum 

Per ft. 754 
Slug, Tuner Attenuator W E. 
colic Unttl Plated  $8.50 

WAVEGUIDE 
4" I if" ID  $1.00 per loo 
1' 1 % ' .0D  $1.50 imr Om 

I 110" OD  $1.65 per foe 
%" 1 PA" OD Aluminum   .75 per loo 
17,1" I 3" OD  $3.00 per too 
21 " 3" OD  $3.50 per loo 
l' a %" OD Flexible  $4.00 per toe 
54'n rigid max SS" IC  $1.20 per km 
(Available in 10FT to 15 ft. lengths or smaller .I  $8.50 each 

All merch. guar. Mail orders promptly filled. All prices, F.O.B., N.Y.C. Send Money Order or Check. Only shipping charges sent C.O.D. Rated Concerns send P.O. 
MIN. 

(III 1R  CO M MUNICATIONS EQUIP MENT CO MPANY ORDER 03.00  1113.00 
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Need "SPECIALS" in 

ELECTRONIC COMPONENTS 

or METAL FABRICATION • 

Check BUD "STANDARDS" 
Your "SPECIAL" may be our STOCK ITE M 

*Many items which you may consider SPECIAL are regular stock items 
in the extensive BUD line. We manufacture over 2200 different elec-
tronic components and sheet metal products, any one of which may 
be just what you need. Regardless of whether you make these types 
of products or purchase them from outside suppliers, it will pay you to 
investigate our specialized production facilities. Do this now—and 
avoid costly delays when a SPECIAL is required. 

Since we make so many different sheet metal products and electronic 
components, you will find that one of our stock items will fulfill your 
requirements. In addition, a slight change in one of our standard models 
will eliminate your paying for and waiting for special tools, dies and 
other equipment. This means lower cosh and faster delivery for you! 

Whether your requirements are large or small, we save you time and 
money. Our engineering department is available without obligation 
for consultation on your problems. Send us your blue prints for esti-
mates, or our representative will call at your convenience. 

Write for free copy of new BUD catalog 

The Mark of 
Perfection  2110 East 55th Street 

BUD RADIO, Inc. 
Cleveland 3, Ohio 

SPECIAL LEADERSHIP TRAINING 
for the Technical Man Who Wants to 
Advance to a Supervisory or Managerial Job ta mes 

INSTITUTE 
Established and Endorsed by CAPITOL 
RADIO ENGINEERING INSTITUTE Pioneer 
Electronics Technical School since 1927 

• Investigate today: Holmes new 
streamlined methods for adding 
management - know - what to your 
technical know-how. 

Write for full information 
•  & free catalog: Dept. 265C 

33N 14th St., N.W., Washington 10, D.C. 

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 from (Page 474) 

Plant Expansion 

Pyramid Electric Co., 155 Oxford St., 
Paterson, N. J., recently purchased the 
Solar Mfg. Co., plant at 1445 Hudson 
Blvd., North Bergen, N. J. The plant has 
120,000 square feet of factory space and is 
located on a four-acre tract. Much of the 
original equipment was also purchased, 
and many of the old Solar employees will 
be employed here. 

Closed Circuit TV 
Transmitter 

"I he lUnnitter, just announced by the 
Television Transmitter Div., Allen B. Du-
Mont Laboratories, Inc., Clifton, N. J., 
permits TV camera signals to be distrib-
uted to a large number of standard TV 
receivers, over connecting cables. 

The Dumitter is a compact, completely 
portable unit. It takes the composite video 
signal from any standard TV camera 
chain, and feeds it via a single coaxial cable 
to the antenna terminals. A carrier signal 
of the frequency of either Channel 2 or 3 
(optional on the Dumitter controls) is 
used. Up to 125 receivers can be driven 
simultaneously, with transmission of over 
several thousand feet. 
The antenna lead-in is disconnected 

from the receiver, while the Dumitter sig-
nal is being received, by switching from 
Dumitter line to antenna lead-in, permit-
ting the receiver to function on either 
closed-circuit or standard telecasting at 
will. No circuit alterations or component 
changes are required. 
Since the signals travel through coaxial 

cables, reception is free from outside inter-
ference. No license is required, since the 
transmitter does not radiate. 

(Continued on Page 824) 
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Collins 2311) high fr eeeee cy Auto-stune  transmitter.  The  pows• 
output Is 2.5 to 5 kilowatts, de-
pending on fr eeeee cy and type 
of •mission. 

Collins  16F  high  fr eeeee cy 
Autotune•  transmitter.  The 
power  output  is 300  watts 
voice or PAC W, 500 watts CW 

Collins 716A fre-
quency shift receiv-
ing terminal for re-
ception and conver-
sion of single chan-
nel or multiplex 
print•r trans mis-
sions.  Top to  bot-
tom: two 51N-4 fre-
quency shift receiv-
ers, 706 A-2 fr•-
queasy shift con-
verter, and 707A-1 
power supply. 

04  .0 

I_  I5J mom 

RADIO - CANNY ARINC EMPLOYS 
COLLINS EQUIPMENT ON THE GROUND 

REAR VIE W 

FRONT VIE W 

Collins 7090 frequency shift keyer. A very simple, 
dependable unit for adapting existing transmitters 
to frequency shift operation. 

Collins 51N-2 high frequency radiophone receiver. 

"Canny" means careful in determining or acting; 
prudent; knowing; thrifty. Aeronautical Radio In-
corporated is all of that, particularly when it comes 
to radio communications for the airlines. 
So it is significant that ARINC chose Collins 

equipment of the types shown on this page for 
both its Pacific and Caribbean networks. 
The Pacific net includes ground based facilities 

at Los Angeles, San Francisco, Seattle, Anchorage, 
Shyma (Aleutians), Honolulu, Okinawa and To-
kyo. This net serves Pan American, Northwest, 
United, British Overseas, Trans Pacific, Philippine, 
Chinese National and Air France. 
The Caribbean net is based at Houston, New 

Orleans, Miami, Mexico City, Havana and San 
Juan. Its facilities are used by Pan American, AAL 
de Mexico, Eastern, Braniff, Chicago and South-
ern, LAV, British Overseas, KLM, Avianca and 
Panagra. 
In both areas ARINC conducts large operations 

connected with the airlines weather, en-route com-
munications and operational dispatches. Collins 
equipment is used for point-to-point phone, CW 
and typewriter transmission and reception, and 
ground-to-air voice communications. 
Write us about your requirements in ground 

based radio communications equipment. 

*Reg. U. S. Pat. Off. 

[ COLLINS RADIO CO MPANY, Cedar Rapids, Iowa 

IN RADIO COMMUNICATIONS, IT'S . 

11 West 42nd Street, NE W YORK 18  2700 West Olive Avenue, BURBANK 
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Anew family of cry 

4111 

fine-groove and standard caw' 
SPECIAL CRYSTAL MODEL W31AR and 

Ceramic Model WC31AR are unsurpassed 

for replacement of RCA "45" R.P.M. Changer 

Cartridges (ideal for 33 1/2  R.P.M. too)! 

9 
Unique needle design provides 
the easy needle replacement 
everybody has been looking 
for—and protects cartridge 
from mechanical shock. 

THESE NEWLY DEVELOPED CARTRIDGES PROVIDE: 
Easy Cartridge Installation • Maximum Fidelity • Easy Needle Replacement 

0 11111.r. L-
117., 

Universal, light-weight aluminum 
mounting ears will fit either V2 - or 
1/e mounting. 

Response-f requency characteristic de-
signed to complement record response 
for maximum rdelity and minimum noise. 

New, specially designed needle with 
brood shank and finger-moil grip bar. 
Long-life osmium point. 

THIS NEWLY DEVELOPED SERIES OF CARTRIDGES 
is the last word for first-place reproduction at low cost. So easy to install, the Service-
man will ask for them over and over again. High vertical compliance of the especially 
designed needle protects the crystal and ceramic elements from "drop-shock" damage. 

Model Type 
List 
Price 

Output 
Voltage 

Needle 
Force 

Shure 
Needle No. Code 

W31AR 
Crystal 

33% A 45 R.P.M. $6.50 2.1 V 7 grams A53MG RUGEB 

WC31AR 
Ceramic 

331/2  & 45 R.P.M. 6.50 .65 V 7 grams A53MG RUGED 

WC33B 
Ceramic 
78 R.P.M. 6.50 .75 V 9 grams A52A RUGE1 

W366 
Crystal 

All-Purpose 6.50 2.5 V 9 grams AS6U RUGEN 

WC36B 
Ceramic 

All-Purpose _  6.50 .7 V 9 grams AS6U RUGER 

Shure Pui•rste Perediny. 

Licen•ed Under Palenls of Br...A 14, 

SHURE BROTHERS, Inc. * Manufacturers of Microphones 
and Acoustic Devices 

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 from page 804) 

TV Field Strength Meter 

The Simpson Electric Co., 5200 W. 
Kinzie St., Chicago 44, III., has introduced 
a television field-strength meter which will 
measure television signals in any locality 
and in all types of installations. The new 

engineering design which has given special 
consideration to fringe area applications 
includes such functions as location of 
maximum signal areas, antenna orienta-
tion, comparison of antenna systems, ad-
justment of boosters, and checking an-
tenna and lead-in installations. 
Model 488 incorporates a 12-channel 

television tuner with each channel sepa-
rately adjustable, for maximum flexibility 
and uniform results. 
There are four ranges of sensitivity: 

50-, 500-, 5,000-, .and 50,000-microvolt 
range. 
A phone jack is included for making 

audible tests so that the operator can 
quickly identify the type of signal being 
measured. 

Crystalline and Plastic 
Phosphors 

Tracerlab, Inc.:130 High St., Boston 
10, Mass., now has available two versatile 
and efficient phosphorescent materials for 
use in scintillation detector units. One is 
the synthetically grown hydrocarbon crys-
tal known as Stilbene, and the other is 
Traces-lab's solid plastic phosphor. 

Stilbene is nonvolatile and is stable 
225 W. Huron St., Chicago 10, Illinois • Cable Address: SHUREMICRO  with respect to the water content of the at-

(Continued on page 844) 
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3Ittl-C-1 6 -7 
co,4,000. 10  

TIPES W , SR A and SON 

IN THE AIR 

• 1••• 

SI NCE  19 04 

IN  BUSI NESS 

\nglot Ideas Netts 1. 
HOOK-UP WIRES and CABLES 

for COMMUNICATIONS EQUIPMENT 

and ELECTRONIC INSTRUMENTS 

OR almost a half century Lenz has been producing iiiiiIated 'Wires and Cables for 

the Communications Industries, wires that are engineered and designed under ti 

Now, Lenz is prepared to furnish hook-up wire and cables for defense projects, con-high quality standards. 

forming to Government specification IAN -C-76 TYPES WL, SRIR and SRIIY. 
These Thermo -Plastic Insulated Wires, with or without Lacquered Braids, and the 

cables constructed of same, are- ava ilable for use  in Communications Equipment  and  

For a dependable so urce for your wire  and  cable  requirements, cons ult Lenz. Electronic Instruments. 

'-

II—  

- _ 
ON LAND 

LENZ ELECTRIC MANUFACTURING CO. 
1751 No. Western Ave.  • Chicago 47, Illinois 

1\ 

PROCEEDINGS OF THE I.R.E.  May, 1951 

44111 r=-. 
ON THE SEA 

83A 



Usually the tuning knobs on TV sets are down below 

the screen where you have to bend, stoop or squat to 

operate them. 

It's a simple matter to put an end to this "back-

ache" type of tuning. Just couple the knobs to the 

tuning elements with S.S.White remote control flexi-

ble shafts. This will allow you to place the knobs on 

top of the set where they are easily seen and operated 

from a comfortable standing position. Not only that, 

the shafts allow the knobs to be mounted in any de-

sired arrangement to conform with the cabinet design. 

S.S.White engineers will be glad to cooperate with you 

in working out the details of any flexible shaft appli-

cation. Call them in today —there's no obligation. 

WRITE FOR NEW BULLETIN 5008 

It contains the latest inform-
ation and data on flexible 
shafts and their application. 
Write for a copy today. 

V HS c a i O rr 

DENTAL INIFG.CO. 
IN DUST RI AL DI VISI O N 

Dept. G 10 East 40th St. 

NEW YORK  16, N. Y. 

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 Porn page 824) 

mosphere. Precisely formed phosphors of 
up to one inch in any dimension are readily 
machined from the colorless, optically 
clear, single crystal masses of Stilbene. The 
violet light emitted by this phosphor has 
the required intensity to operate modern 
counting equipment with efficiency, and 
uniform response to radiation results from 
all samples of this crystal. The time con-
stant of Stilbene is less than HP seconds, 
and it is less dependent upon temperature 
than most other phosphors. 
To supply a substitute for large costly 

phosphors, Tracerlab has developed an in-
expensive luminescent plastic which can be 
molded into a large variety of shapes. Thus 
for instance, the plastic phosphor can be 
molded so as to embed two I P21 photo. 
multiplier tubes operating in coincidence 
to reduce multiplier noise background, as 
is shown in the illustration. 
This phosphor is essentially a solution 

of Terphenyl in a styrene monomer, the 
whole mass being polymerized into a solid. 
The resulting clear mass resembles ordi-
nary polystyrene in both its physical and 
chemical properties. The phosphor pulses 
of this plastic are about one-quarter as 
large as those of Stilbene when viewed 
with the S9 spectral response of a 5819 
tube. Pulse duration is of the same order of 
magnitude as that of the organic crystal-
line phosphor, i.e., less than 104 seconds. 

Linear Amplifier for Propor-
tional Counting 

In order for users to adapt nuclear 
Geiger-Mueller scalers to proportional 
counting, a new Model 1061 linear ampli-
fier has been announced by Nuclear In-
strument and ChemiCal Corp., 223 W. 
Erie St., Chicago 10, III. 

This instrument is connected between 
the detector and a nuclear scaler, and pro-
vides convenient sensitivity adjustment, 
calibrated in millivolts, with a choice of 1-
or 10-millivolt maximum sensitivity. The 
instrument has a flat frequency response of 
10,000 cps to 1.5 Mc. A set of oscilloscope 
terminals are located on the front panel, 
while all other connections are on the rear. 
The instrument is so designed that the 
scaler may operate independently without 
disconnecting it from the amplifier. 

(Continued on page 86,1) 
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THE FINEST IN 

ELECTROSTATIC FOCUSING 

complete 
engineering data 
on request INt 

TUBE DIVISION, ALLEN B. DU MONT LABORATORIES, INC., CLIFTON, N. J. 
•Trode morh 
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News—New Products 

Microwave Equipment 

KINGS proudly introduces a new and complete 

line of microwave equipment. Many 

improvements in design and construction 

are your assurance of the finest in 

precision instrumentation. Our engineering 

department is ready to cooperate on your 

most exacting microwave and research 

problems. Inquiries are invited. 

CO., INC. 
SO Marbledale Road, Tuckahoo 7, N.Y. 

an affiliate of Kings Electronics Company, Inc. 

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

(Continued front page 84/1) 

100-A Dynamic Analyzer 
The 100-A, dynamic analyzer, inanu-

factured by Industrial Control Co., 1452 
Undercliff Ave., New York 52, N. Y., is an 
instrument that Ecilitates the measure-
ment of frequency and transient response 
of low-frequency systems by electrical 
methods. It is particularly applicable to 
the servomechanism, either as a closed 
loop, or in its individual components. 

Of chief interest is the flexibility of the 
device. The generating mechanics are 
mounted on a separate shock-mounted 
horizontal chassis, which is easily accessi-
ble thru panel cutouts in the case. The ele-
ments themselves are mounted with bread-
board apparatus. A vertically mounted 
electronic chassis furnishes the power for 
the speed drive, the excitation voltages, 
etc. This construction allows the user to 
quickly modify the unit for some special 
test, by changing gear ratios, adding signal 
generating components, etc. 
The range of modulating frequencies is 

from 0.1 to 50 cps for transfer function 
tests. Phase measurements can be made 
with accuracies of ±22. For the transient 
tests, the damped natural frequency and 
the height of the first overshoot can be 
measured. 

Plug-In Non-Interchangeable 
Base and Sockets 

Alden Products Co., 17 N. 'Main St., 
Brockton, Mass, announces the addition of 

44 11,1 

the Alden "20" noninterchangeable base 
and sockets to its line of plug-in compo-
nents. 

86A 

(Continued on page 87.4) 
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IThese manufacturers have invited PROCEEDINGS readers to write for literature and further technical 

, information. Please mention your I.R.E. affiliation. 

(Continued from page 86A) 

News—New Products 

The new 20-pin base, with matching 
sockets, was designed specifically for 
plug-in unit construction. The design of 
the base eliminates many of the difficulties 
encountered with conventional type bases. 

'" There is no molded center boss to break, 
pins are strong and stubby, do not bend or 
break out; by selecting variations of pin 
layout of less than 20 pins, critical voltages, 
and frequencies can be isolated and the 
base can be made noninterchangeable so 
that it will mate only with correct socket; 1' therefore prevents mismating and the  
danger of burned out units. The scope of 
the base for mounting electronic compo-

,. nents is wide, open units, shielded units, 
relays, filters, terminal cards for wiring 
complete assemblies, all mount easily with 
standard production tools and become 
compact plug-in units. 

Vacuum Test Chamber 
A vacuum test chamber, complete 

with pump and direct reading altitude 
gauge designed to test component parts 
performance at various altitudes or de-
grees of vacuum, is announced by Tenney 
Engineering, Inc., 26 Avenue B, Newark 5, 
N. J. 
By means of a pressure regulating 

valve, the chamber is capable of being 
evacuated and held at any desired equiva-
lent altitude up to 60,000 feet, it is 
claimed. 

The drum head is of welded construc-
tion; flanged circular door is heavy glass 
complete with sealing ring and latches for 
vacuum tight fit. A 1-inch utility port is 
provided for electrical leads etc. Inside di-
mensions are: 19i inches diameter X30 
inches plus additional space in drum head. 
The chamber comes equipped with pump 
in one unit or as a table top model, consist-
ing of chamber only with vacuum pump 
unmounted for installation under bench. 
All equipment is factory-tested prior to 
shipment. 

(Continued on page 88A) 
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UG-5B U 

UG-222/U  UG-174/U 

UG-571I/U  UG-271/U  UG-483/U 

i 
SO-239  UG-100A/U 

preferred  by  engineers  every where 

•  •  • 

From coast-to-coast, engineers in all fields look to 

Kings Electronics for the finest coaxial connectors. 
Special problems in design and fabrication receive 

the wholehearted cooperation of Kings own engineering department. 
For precision-made, pressurized R. F. Connectors 

call on Kings — the leader. Quotations on request. 

7 

40 MARBLEDALE ROAD, TUCKANOE, N.Y. 

IN CANADA  ATLAS RADIO CORP., TORONTO 
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News--New Products 

A Better WAY • • • 
joh LABORATORY OR PRODUCTION LINE! 

EPUT* to4 
• ELECTRONIC TACHOMETRY 

• FREQUENCY MEASUREMENTS 

• HIGH SPEED COUNTING 

THE BERKELEY EVENTS-PER-UNIT TIME' 
Meter will automatically count and dis-
play the number of events that occur dur-
ing a precise one second interval at rates 
up to 100,000 per second. Accuracy is ± 
one event. These events may be any me-
Lhanical, electrical, or optical occurrences 
regularly or randomly spaced that can be 
Lonverted into changing voltages. Thus 
the EPUT becomes an extremely flexible 
tool which may be used as a precision 
electronic tachometer, a secondary fre-
quency standard, a device for rapid de-
termination of unknown frequencies or 
simply a multi-purpose general labora-
tory instrument. 

AUTOMATIC: This unit will count for a 
pi ek ise one second interval, display the 

results in direct reading form for a pe-
riod variable from one to five seconds, 
and then automatically recycle. On "Man-
ual" operation the instrument will count 
for one second and display the result in-
definitely until the "reset-count" button 
is again depressed. 

MODIFICATIONS: Standard modifications 
available: a selectable 0.1, 1, and 10 sec-
ond time base; addition of mechanical 
register for extended range; addition of 
panel switch to permit use as straight 
counter; scanning feature to provide a 
time base in any multiple of 10 seconds. 
Special modification including accessories 
such as tachometer pickups and photocell 
arrangements can be supplied to meet 
specific requirements. 

TIM* 104 
• TIME INTERVAL MEASUREMENTS 

• PRECISE LO W-FREQUENCY 
MEASUREMENTS 

• HIGH SPEED COUNTING 

THE BERKELEY TIME INTERVAL METER*, 
Model sin, provides a direct reading of 
elapsed time between any two events in 
the range of 0.000010 to 1.0000 seconds. 
Accuracy of measurement is ± 10 u/secs. 
Any occurrences that can be translated 
into changing voltages may be timed. 
Timing may be started and stopped by 
independent voltages. The polarity of 
these control voltages may be selected by 
means of toggle switches so that the unit 
may be started and stopped by either pos-
itive or negative pulses. A sensitivity con-
trol permits selection of the amplitude of 
the start or stop voltages at optimum 
level for elimination of interference. 

OPERATION: By use of photocell attach-
ments the interval between two separate 
light flashes may be timed. Similarly by 
use of an added photochannel and a single 
photocell duration of a light period or a 
dark period may be determined. 

MODIFICATIONS: Standard modifications 
available: addition of a photocell chan-
nel; the addition of a mechanical register 
to extend range to 10 seconds; thresh-
hold control to permit selection of pre-
cise amplitude of input pulse so unit may 
be made to operate at any desired posi-
tion on sine wave; panel switch to permit 
use as straight counter. 

DIRECT READING: The only truly direct 
reading equipment of its kind, presenting 
results in decimal form on an illuminated 
panel. No interpolation, no lights to add. 
A convenience in the laboratory; a neces-
sity in production. 

COMPACT: The Models 554 and 510 are 
standard 19" single rack units mounted 
in Berkeley cabinets 203/4" wide x 101/2" 
high x 15" deep. Weight per unit, approx-
imately GO pounds. 

For complete information, write for Data Sheets IRE-510 and IRE-554 

 ov1204a44341 
2200 WRIGHT AVE. • RICH MOND, CALIF. 

A NATIONAL ORGANIZATION 

Berkeley Scientific Representatives: DALLAS, TEX. — John A. Green Co. • VANCOUVER, B. C. — Hugh M. 
Bach-Jones Co  • CLEVELAND — J. R. Dannemiller • MONTREAL, QUEBEC — Electrodesign • CHICAGO. 
KANSAS CITY — Everett Associates  • NE W YORK CITY  (Export)  — Frothom Co.  • NE WARK - 
WASHINGTON, D. C. - PHILADELPHIA — Gawler-Knoop Co. • MINNEAPOLIS, MINN. — Graybor Electric 
PORTLAND, OREGON — Hawthorne Electronics • DENVER - SALT LAKE CITY — Mine & Smelter Supply 
ATLANTA — Murphy & Coto • ROCHESTER, N. Y. — E. A. Ossman • LOS ANGELES — V. T. Rupp Co. 

DETROIT — S. Sterling Co. 

These manufacturers have  invited PROCEEDINGS 

readers to wide for literi.ture and furthei technical 

inloimation. Please mention your  affiliation. 
from page 87A) 

Preamplifier-Equalizers 

Brociner Electronics Laboratory, 154() 
Second Ave., New York 28, N. Y., is 
marketing new preamplifiers which are im-
proved versions of the Model A65 unit 
that is claimed to produce maximum 
quality obtainable from phonograph rec-
ords. 

They are mechanically very similar to the 
older unit and include the following new 
features: additional turnover step for exact 
low-frequency equalization of LP records; 
increased gain-90 times (39 db voltage 
gain) —permits use of new low-output dy-
namic pickups; lower output impedance, 
20,000 ohms, allows use of longer cable for 
output without loss of highs; three-stage 
amplifier. 

(Continued on Page 90A) 

Nickel alit sS  fila ment wire 

and ribbon:  Hat —grooved 

—crowned. 

Grid wire electroplated. 

Alloys for special require-
mcots. 

Pampldel  -rot upon re-
que.t. 

SECON METALS 
CORPORATION 
228 East 45th Street 

Ne w York  17, N.Y. 

Telephone  MUrray Hill 7-1594 
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When you are faced with specifications that place 
impossible requirements on dynamotors or small 
DC motors, according to World War II stand-
ards, take advantage of recently developed 
improvements in high temperature and high 
altitude techniques by simply outlining your 
requirements to Bendix. Model units exactly 
meeting your performance specifications will be 
developed and tested for pre-production use— 
production units will then follow in accordance 
with your manufacturing schedule. 

DYNAMOTORS 
Regular • Multiple output • Special purpose 

DC MOTORS 

1/100 hp -1/2 hp • Continuous and Intermittent Duty 
DC Servos and special motors 

WITH 

SPECIALIZED 
MAUS 

AND 

DC MOTORS 
RED  BANK  DIVISI ON  OF  BENDIX  AVIATI ON  CORP ORATI ON 

RED  BA NK,  NE W  JERSEY 

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

Write for this colorful and informative book 
—it's free. You'll And it loaded with fads 
and figures about all types of dynornotors. 

•VIA TOON CORPORATION 
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IN ST R U ME NTS 

TH AT BEL O N G 

IN q f 

LAB O R AT O R Y 

Type 310-A Z-Angle Meter — 
30 to 20,000 c.p.s. 

Measures  impedance  directly  in  polar  co-
ordinates as an impedance magnitude in ohms 
and phase angle in degrees ZL.+;_e. Measures, 
with equal ease,  pure resistance,  inductance, 
capacitance or complex impedances comprised 
of most any RLC combinations.  Range:  Im-
pedance (2), 0.5 to 100,000. ohms; Phase Angle 
(43), +90° (XL) through 0° (R) to —90° (Xc). 
Accuracy: Within  -±  1% for impedance and 

2° for phase angle. Price: $470.00. 

Old 
Power oscillator for use as bridge driver 

and general laboratory measurements. Fea-
tures: High stability, high output (approxi-
mate 30 volts), 50-60 fl output impedance, 
expanded frequency scale, direct reading out-
put voltmeter, compact design. Price: $385.00. 

Type 31I-A R-F Z-Angle Meter 
for radio frequencies — 100 kc to 2 mc. 

1 

Simplifies laboratory and field impedance and phase angle 
measurements. Ideal for checking impedance of coils, trans-
formers, coupling networks, lines, filters, antennas, etc. Direct-
reading Impedance Range: 10 to 5,000 ohms up to 200 kc, and 
10 to 1,000 ohms at 1 me.. Phase Angle: +90° (XL) through 
0° (R) to —90° (Xc). Accuracy: Impedance to within + 3%, 
and phase angle ± 4° Price: $385.00. 

Type 410-A R-F Oscillator — 
100 kc to 10 mc. (Special models 
46.5 kc to 4.65 mc available.) 

h JR' 
The first commercially available all-electronic in-

strument that directly measures the phase angle 
between two voltages in a simple operation. Ideally 
suited to applications in such fields as audio facili-
ties, ultrasonics, servomechanisms, geophysics, vi-
brations, acoustics and many others. 
Phase angle readings made directly without bal-

ancing . . . stable at frequencies as low as 2 to 3 
cycles. Voltage range: 1 to 170 peak volts. Termi-
nals for recorder . . . choice of relay-rack or cabinet 
mounting. Price: $525.00. Cabinet: $25.00. 

Type 320-A Phase Meter — 
frequency range 20 cycles to 100 kc. 

Type 500-A Wide Band Decade Amplifier 

Designed for use with the phase meter at voltage 
levels below one volt and as a general purpose labo-
ratory amplifier—features high gain negligible phase 
shift and wide band width. Unique circuitry—which 
employs three cathode followers—offers wider fre-
quency range, higher input impedance and lower out-
put impedance than other types. Panel switch selects 
proper feedback compensation when either optimum 
amplification or phase shift operation is desired. 
Outstanding specifications:  Amplification-10; 100; 
1000 selected by rotary switch . . . Accuracy-4-2% 
nominal .. . Frequency response—±-0.5db from 5 cycles 
to 2mc on gain of 10; -4-0.5db on 5 cycles to 1.5mc on 
gain of 100; +0.8db from 5 cycles to lmc on gain of 
1000 . . . Phase shilt—O±2  from 20 cycles through 
100kc . . . Gain stability—constant with line voltages 
(105-125v). 

Prices: Single Type 500-A in cabinet, 
$205.00 (Rack mount, $200.00): Dual 
Type 500-AR in cabinet, $425.00. 

Technical catalog—yours for the asking. Contains detailed information on all TIC Instru-
ments, Potentiometers and other equipment. Get your copy without obligation—write today. 

1—  1TECHNOLOGY INSTRUMENT CORP. 
531 Main Street, Acton, Massachusetts 

Engineering Repreienratives  Cleveland, Ohio FRospect 1-6171 
Chicago, 111.-UPtown 8-1141  Boonton, N.J. —Boonton 8-3097  Rochester, N.Y.-Munrose 3143 
Cambridge, Mass.-ELiot 4-1751  Canaan, Conn.-Canaan 649  Hollywood, Cal.-H011ywood 9-630$ 
Manhasset, N.Y.-Manh   7-3424  Dayton, Ohio-Michigan-8721  Dallas, Texas-Dlxon 9918 
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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 from tarp 884) 

Medium-Haul Carrier 
Telephone System 

To meet the need of organization re-
quiring a greater number of telephone 
channels over moderately long lines, 
Federal Telephone and Radio Corp., 100 
Kingsland Rd., Clifton, N. J., has de-
veloped a medium-haul carrier telephone 
system known as the FTR 9-H-2. This 
system which is stackable to three channels 
will operate on open telephone wire over 
distances ranging up to 225 miles. 

The 9-11-2 carrier system e.niploys 
single-sideband transmission and operates 
at frequencies that are co-ordinated with 
those of other carrier telephone. systems. 
The signal receiving circuit of the 9-H-2 
system has been specially designed to make 
it less sensitive to pulse ratio variations, 
and a new pulse ratio adjustment has been 
incorporated to permit optimum pulsing. 
Because of its compact design each of 

the 3-channel terminals of the new system 
can be installed ilt only 81 inches of rack 
space or 26} inches for a 3-channel sys-
tem. Another feature is the hermetic 
sealing of all magnetic components that 
might be adversely affected by moisture. 
The 9-H-2 channels are also suitable 

for the operation of multichannel voice 
frequency carrier telegraph systems oper-
ating in the 300- to 2,700-cps range. And of 
speech-plus-duplex telegraphy on either a 
two- or four-wire basis. 

Remote Mixer —Preamplifier 
Rauland-Borg Corp., 3515 Addison St., 

Chicago 18, Ill. introduces a new com-
pletely self-contained remote mixer and 
preamplifier. It is designed to mix four in-
puts (high or low impedance mikes and 
crystal pickups) and to feed the program 
over remote line to main amplifying equip-
ment located at any required distance 
away (up to several miles, if desired). The 
Model 1904 Mixer-Preamp may be in-
stantly converted for use with from one to 
four low-impedance mikes by inserting 
Rauland R1002 plug-in transformers. Other 

(Continued ON Page 92,4) 
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Tow to make OsciIIogramsfSfl 

Set up the camera. The Fairchild-Polaroid 
camera consists of three units: adapter ring, 
hood, and camera body. To set it up, you place 
the handy adapter ring over the oscilloscope 
bezel, slip the hood into the ring, then snap the 
camera into the bayonet lock on the hood. That 
supporting rod is a safety feature that protects 
both camera and oscilloscope. 

Pull the tab to finish exposed print. 
After a snap of the shutter, the exposure is made 
and you're ready to finish the print. If you want 
two exposures, it's easy to move the camera body 
down and make a second exposure. To finish the 
print, you merely pull tab at back of camera. 

Remove the finished print. A minute after 
you've pulled the tab, the finished print is ready 
for evaluation. Just open the camera back and 
there it is. An easy job, but you have a photo-
graphically accurate record of the trace in less 
time than you could sketch it from memory. 

—SET UP THE CAMERA 
—SNAP THE SHUTTER 

—SEE THE PRINT 

ALL IN 3 MINUTES-or even less 
with the Fairchild-Polaroid'R Oscilloscope Camera 
The easiest way is the fastest way when you're photo-
graphing oscilloscope images with the Fairchild-
Polaroid ® 'Oscilloscope Camera. 
No more darkroom processing! With this new camera 

it takes only two minutes (less if you're fast) to set up 
and snap the picture, one minute to finish a print. Each 
31/4 x 41/4  print records traces exactly one-half life size 
to make comparisons easy. 
Write for complete data and prices on F-284 Oscilloscope 

Camera Kit including camera, carrying case, and film. 
Fairchild Camera and Instrument Corporation, 88-06 Van 
Wyck Boulevard, Jamaica 1, N. Y. Dept. 120-14C1. 
---

SPECIFI 

LENS—Special 75 mm. f/2.8 
• Woilensak Oscillo-anastigmat. 

SHUTTER—Wollensak Alphax; 
speeds 1/25 sec. to f/100 sec., 
"time," and "bulb." 

FOCUS—Fixed (approx. 8 in.) 

PICTURE SIZE-314 x 4% in. 
2 or more images per print; 
16 exposures per roll of film.) 

CATI O NS 

IMAGE SIZE—One-half reduction of 
scope image. 

WRITING SPEED—to 1 in/sec at 
only 3000V accelerating potential; 
higher speeds at higher voltages. 

DIMENSIONS—Camera, 101/2 x 5'4 
x 6'., in.; hood, 11 in. length, 71/2 
in. dia.; adapter, 2 in. width, 
6% in. max. dia. , 

WEIGHT—Complete, 734 lb. 

Typical of the work 
being done with this 
camera is this 31/4  x 
4,'4 print of 35-milli-
second single-sweep 
transient—one of a 
series of accelerome-
ter-output recordings 
that made possible the 
completion of nine 
recorded "drop-tests" 
in 40 minutes. 

r-11110 
OSCILLOSCOPE RECORDING CCI MERRS 
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for Uninterrupted Communications 
across OCEANS and CONTINENTS... 

••••• 

k.Arl 
dependable 
ANDREW Rhombic Antenna Equipment 

Whether your problem is uninterrupted communication half-
way around the world . . . or only 100 miles . . . ANDRE W 
offers you (1) a world-wide reputation of reliability and (2) 
the convenience of obtaining all necessary equipment from 
one dependable source. 

• Receiver Coupling Unit efficiently distributes the output of one antenna 
among as many as 10 receivers. Interaction between receivers is held to neg-
ligible levels. Power gain is approximately unity (0 db) over the entire range 
of operation. A 4-channel unit is also available. 

• Rhombic Receiving Antenna Kit contains in one "package" everything you 
need for an antenna except poles. 

• Transmitting antennas available on special order. 

• Rhombic Antenna Coupling Transformer is a broad bond, low loss unit 
which matches the balanced impedance of the rhombic to the unbalanced im-
pedance of a coaxial line. 

• Transmitting Rhombic Tuning Units for single or multiple frequencies are 
available on special order. 

For Rapid, Frequent Changes in 
COAXIAL CIRCUITS... 

• (a) Coaxial Patch Panel has 24 jacks. Fits 19" relay rack. Facilitates 
switching coaxial circuits. 

• (b) ANDRE W Coaxial Jacks and Plugs are simple to install. No soldering 
through a window. Just remove one screw, slide the sections apart and 
solder. 

WORLD'S LARGEST ANTENNA EQUIPMENT SPECIALISTS 

TRANSMISSION LINES FOR AM-FM-TV • ANTENNAS • DIRECTIONAL ANTENNA EQUIPMENT 

ANTENNA TUNING UNITS • TOWER LIGHTING EQUIPMENT 

Write for further 

information TODAY-

92A 

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 from page 904) 

features include: master gain control, 
separate bass and treble controls, self-
contained 24-volt ac supply and switch for 
remote relay control of main amplifying 
equipment. 

Specifications: Output: measured at 
100, 400 and 5,000 cps-300 mw, 2 per 
cent at 600 ohms. Gain: microphones-
109 db (2 Mc), 96 db (100,000 ohms), 
96 db (150 ohm input); phono-73 db 
(i Meg. input). Master control -15 db. 
Frequency response: ± 1 db, 40 to 20,000 
cps. Output impedance-150/600 ohms. 
Hum and noise level: 47 db below rated 
output (unweighted) on mike, 60 db below 
rated  power output (unweighted) on 
phono. 

(Continued on Page 944) 

• Special Attention Given 
Prototypes 

• Development of Special 
Devices 

• Contract Manufacturing of: 

Aircraft Antennas 

Projection Equipment 

Magnetic Recording 

Audio, Video, and other 

Electronic Assemblies 

Inquiries given special attention. 

Write for full details our facilities. 

to 

ItlimIA „dame, 
1702 WAYNE ST., TOLEDO 9,0H10 
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HOPE TI-IIS DOEs7N'T 

WAKE THE BABY 

You can are a 
cannon cracker 
to make 

BUT it's simpler to design 
the radio around the battery! 
• The proper starting point in designing a 
portable radio is the batteries. Obviously, the 
efficient way is to pick good, reliable, long-last-
ing batteries and design the set around them. 
"Eveready" brand radio batteries are A-1 on all 

counts. The complete line includes batteries 
for virtually any set you may be planning. 
'Eveready" batteries are available everywhere. 
Users prefer sets with "Eveready" batteries 
which are easy to replace. 

CONSULT OUR BATTERY ENGINEERING 

DEPART MENT FOR CO MPLETE DATA ON 

"EVEREADY" BATTERIES. 

-Eveready", "Mini-Max", "Nine Lives" and 
the Cat Symbol are trade-marks of 

NATIONAL CARBON DIVISION 
UNION CARBIDE AND CARBON CORPORATION 

3G East 42nd Street. New York 17, N. Y. 
DiJirrct Sales Offices; Atlanta, Chn.ago, 

Kansas City, New York, Pittsburgh, San Francisco 

The No. 753 "Eveready" "A-B" bat-
tery pack provides plenty of power for 
compact, pick-up portables.For smaller 
portables, we recommend "Eveready" 
No.950"A" batteries and the No.467 
"B" battery. 

51 

E VE R E A DY  

NE C VES  

4-EvEREADY 
TRADE-MARK 

R ADI O  BATTE RIE S 
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Try Remler for Service-Tested 
"Hard-to-Get" Components 

Metal-plastic components 
designed and manufactured 
to order. Write for quota-
tions specifying electrical 
and mechanical character-
istics. Describe application. 

No obligation. 

Render Company Ltd. 2101 Bryant St. San Francisco 10, Calif. 

REMLER 

TUBE SOCKETS 
• STANDARD FOR 30 YEARS... 
THE BEST IN THE INDUSTRY 

Heavy duty phenolic sockets with high cur-
rent wiping action contacts ... for indus-
trial, transmitter and test applications. 
Rugged. Years of tube insertions and with-
drawals do not impair contact effectiveness. 
Black phenolic is standard, low loss phenolic 
or alkyd on order. 

(59;fee /9 474 PIONEERS IN ELECTRONICS AND PLASTICS 

ACME ELECTRIC CORPORATION •  445 Water St., Cuba, N.Y., U.S.A. 

You write the specifications and 

Acme engineers will design a trans-

former with the exact output char-

acteristics to provide "top" per-

formance for your product. And re-

member, in addition to quality per-

formance, Acme also can provide 

quality production in custom de-

signed electronic transformers. 

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

(Cntinued fre M, 92,1) 

New Electrometer 
The Model 361-20 dynamic condenser 

electrometer, designed for general labora-
tory measurement of small dc currents and 
voltages in high resistance circuits, is now 
available from the manufacturer Loudon 
Instruments, Inc., 5644 Lake Park Ave., 
Chicago 37, III. 

Typical applications are: ionization 
chamber measurements of radiation, mass 
spectrographs, biological potentials, chem-
ical titrations, and insulator and capacitor 
leakage measurements. 
Special features are stability of calibra-

tion and high response speed. Zero drift 
in the amplifier is eliminated by use of 
dynamic condenser which converts the dc 
input to an ac signal. High amplifier gain 
and high feedback ratio make calibration 
independent of component changes and 
supply voltage variations. 
Voltage ranges are 0-10,0-100, and 0-

1000, my with range selector switch. Multi-
ple input resistors (109,1010, and 10" ohms 
standard, others available) with selective 
switching and grounding key are built into 
the head. Provision is made for current, 
voltage, and rate of charge measurement. 
Terminals are provided for the connection 
of standard recorders. The sealed head 
unit containing the input circuits and pre-
amplifier can be located at the amplifier or 
remotely. A removable top plate provides 
for mounting of ionization chambers. The 
dynamic condenser is located in a separate 
hermetic sealed „inner shield. All high 
impedance surfaces, including the dynamic 
condenser plates, are gold-plated to mini-
mize contact potential problems. 
Accessories are available for complete 

measuring systems, such as ionization 
chambers, input switches, and recorders. 

Minimum-Adjustment FM 
Communications Monitor 
A new, low-cost FM communications 

monitor that requires no adjustment dur-

ing operation was announced this month 
by Hewlett-Packard Co., 395 Page Mill 
Rd., Palo Alto, Calif. 

(Continued on Page 96A) 
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I TEFLON 
has outstanding 

insulating properties 

Power factor, less than 0.0005; dielectric 
constant, only 2.0—over entire frequency 
measured to date. Excellent dielectric and 
mechanical strength; zero water absorption. 
Serviceable in the temperature range —90°F. 
to 500°F. Tough, resilient, unaffected by 
outdoor weathering, and completely 
chemical-proof. 

Teflon is ideal for 
high-voltage, high. 
temperature, high-
or ultra-high-fre-
quency service in TV 
transmitters,  radio, 
radar and other elec-
trical equipment. We 
supply Teflon spacers 
for coaxial cables, 

Teflon inserts for coaxial connectors, all 
types of molded and/or m zfhined Tttion parts. 

Teflon Stock and Fabricated Parts 

Sheets 
Cylinders 
Rods 
Tubing 

Bars 

A complete line of Teflon stock—experi-
mental or production quantities. Also, varia-
tions of stock shapes and sizes or special 
molded or machined parts exactly to spe-
cifications. We are the country's leading 
manufacturer of Teflon products. 

Teflon Products Division 

UNITED 
STATES 
GASKET 
C O M P A N Y 

611 N. 10th St. 

Ca mden, Ne w Jersey 

A Video Sweeping Oscillator 

With Frequency Marks 

NEW NEW 

THE MARKA-SWEEP MODEL VIDEO 
The Marka-Sweep Model Video is an electronically swept video sweep oscillator cover-
ing frequencies up to 20 mc. Crystal positioned marks of pip type are provided at 
I, 2, 5, 10, IS and 20 mc. By use of external signal generator a variable frequency pip 
type marker is available. Output maximum is 0.3 volt from a 72 ohm internal impedance. 

• Sweep Ranges: SO kc to 10 mc and SO kc to 20 mc. 
• Crystal positioned pip type MARKS connected directly to oscilloscope. 

• Separate attenuators on pip markers and video output. 
• Sawtooth sweep for sweeping video output and deflecting oscilloscope horizontal. 
• Produces Zero Level Baseline on oscilloscope. 
• Price: 5495.00 F.O.B. Factory. 

KAY ELECTRIC COMPANY 
14  Maple Avenue 

flron• CAld-.11 6,1090 
Pine Brook, New Jersey 

AGASTAT 

11"1 " M WIL MS & 

• SMALL 

• CO MPACT 

WELL DESIGNED 

DEPENDABLE 

AGA5TAT 
TIME DELAY RELAY 

PROTECTS BIG INDUSTRY PROCESSES 
4( , A Al.,' 

..... 

% 

.41 

Addres. log0.1. in Sp4e14/ Iredurts OltrIolen 

A, , A 

UI 

American Gas Accumulator Company 
 1027 Newark Avenue, Elizabeth 3, New Jersey  
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AI& ACCURATELY . . . CONVENIENTLY! 1 0 FREQUENCY AND TIME MEASUREMENTS 

_Acing 

Model 801 
by 

Now, the Potter Instrument 

Company offers all in one 
equipment, the features here-

tofore  available  only in 
separate  counting  systems. 
Two complete counting chan-
nels, a 100 kc crystal oscillator 

time base and unique gating 

circuits are combined to pro-
vide the new FREQUENCY. 
TI ME COUNTER. 

Ivret 

ANY FACTOR 
MAY BE 
MEASURED 
FOR FIXED 
VALUE OF 
THE OTHER 

Universal 6-in-One 
MEGACYCLE 

FREQUENCY-TIME 
 COUNTER   
FREQUENCY 
MEASUREMENTS 

0 to I inc range by counting cycles 
per presselocted time or by meas• 
wing time per preselected count 
Accuracy 0.001% minimum 

TIME INTERVAL 
MEASUREMENTS 

0 to 10 s•conds ± 10 micro• 
seconds. 

FREQUENCY 
RATIO MEASUREMENTS 

Ratio of two external frequencies 
can be measured 

SECONDARY FREQUENCY 
100 he crystal oscillator with di-
vided frequencies available at 10. 
he and 100. 10, 1 cps 

TOTALIZING COUNTER Sin decodes. pulses 0 to 1 Inc. 
sine wave 10 cps to I nit 

DIRECT RPM READING 
TACHOMETER 

Through the use of on external 60 
count per revolution photoelectric 
disc generator on accuracy of ± 1 
rpm is obtained. 

Please address inquiries to Dept. 5-J 

POTTER  INSTRU MENT  CO MPANY 
I N C O R P O R A T E D 

11 5  CUTTER  MILL  RD.,  GRE AT  NECK,  NE W  YORK 

CONTINUOUSLY 

VARIABLE FILTERS 

"Another SKL first" 
The — SKL-- Model 302 includes two independent filter 

sections, each having a continuously variable cut-off range 

of 20 cps to 200 KC. Providing a choice of filter types each 

section has 18 db per octave attenuation. When cascaded 

36 db is obtained in the high and low pass setting and 18 

db in the band pass position. With low noise level and 0 

insertion loss this versatile filter can be used as an analyzer 

in industry and the research laboratory or to control sound 

in the communications laboratory, radio broadcasting, 

recording and moving picture industries. 

MODEL 302 
VARIABLE 

ELECTRONIC 

FILTER 

SPECIFICATIONS 

• CUT-OFF RANGE 
20 cps to 200 KC 

• SECTIONS 
2—can be high, low and 
band pass 

• ATTENUATIONS 
36db/octave maximum 

• INSERTION LOSS . 0 db 

• NOISE LEVEL 
70 db below 1 volt 

• FREQUENCY RESPONSE 
2 cps to 2 MC 

S Ki SPENCER-KENNEDY LABORATORIES, INC. 
Me  181 MASSACHUSETTS AVE., CAMBRIDGE 39, MASS. 

96 

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 from page 944) 

Designated -hp- Model 337A-I3 FM 
communications monitor, the new equip-
ment is designed for use by nontechnical 
personnel. It provides FM emergency and 
communications network, with a monitor 
equalling in performance and operation of 
much more expensive equipment used by 
commercial FM broadcasters. The new 
unit uses the same pulse-counter circuits 
employed in the company's monitor for 
commercial broadcasters. This eliminates 
troublesome tuning of discriminators and 
does away with frequent adjustment of 
voltage levels. No IF calibration is re-
quired because the IF is low (30 kc) and 
circuits are not sensitive to signal level 
changes. 
The monitor gives continuous indica-

tion of frequency and modulation swing, 
and monitors by transmitter output 
sampling or antenna pickup. It includes a 
peak modulation indicator and an audio 
output for aural monitoring. Frequencies 
from 30 to 175 Mc may be monitored, and 
the instrument is sensitive enough to pick 
up mobile units some distance away. 
The unit is available as Model 337A, 

operating on one crystal-controlled fre-
quency, or Model 337B, operating on any 
of four frequencies. 

Miniature PM Field-Type 
DC Motor 

servo-Tek Products Co., 4 Godwin 
Ave., Paterson, N. J., has recently begun 
production of a line of miniature perma-
nent magnet field type dc motors. These 
units are 11 inches in diameter by 1i inches 
long and weigh approximately 2i ounces. 
Motor voltage ratings from 6 to 28 volts 
are available for varied service applications 
ranging from fan or blower uses to tele-
metering sequence switch drives. Front 
flange or base mounting types are avail-
able. 

These motors employ many features 
not formerly available in precision minia-
ture motors of this general type. A 
cylindrical, or ring type, Alnico V field 
magnet is used in conjunction with a 
14-commutator segment armature. Long 
brush life and excellent commutation char-
acteristics are achieved, according to the 
manufacturer. 
All units employ precision ball bear-

ings and are available with high altitude 
brushes for aircraft and allied services. 
Full information and application engineer-
ing are available from the manufacturer at 
your request. 

(Continued on rage 984) 
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ALLIED CONTROL RELAYS 
iudt- with 

The Allied Control Co. has built a 

long and enviable record as a 

quality supplier of control relays to 

both private industry and govern-

mental services. 

PHENOLIC TUBES 
ensure 

* DEPENDABILITY 

PRECISION PERFORMANCE 

LONG LIFE 

* ECONOMY 

CUT-AWAY VIEW 
OF RELAY STACK. 

/10...4 Nit 

COSMALITE TUBING 

Their S K Relay shown above, is typical of 

the various Allied Relays in which CLEVE-

LAND CONTAINER tubing provides ex-

cellent service. 

It is likewise the answer for hundreds of 

other problems of manufacturers in the 

electrical industry. 

Write today for our new de-

scriptive brochure. Also ask 

for quotations and samples to 

meet your exact specifica-

tions. 

PROCEEDINGS OF TIIE I.R.E. May, 1951 

CLEVELITE and COSMALITE 
Laminated Phenolic Tubing 

combines electrical and physical properties to meet 
the most exacting requirements. 

CLEVELITE is produced in six grades ... 

COSMALITE in four grades ... 

A grade for EVERY need. 

Cleveland Container's large production facilities 
further ensure minimum production costs as well as 
dependable deliveries. 

Why pay more? ... for the BEST call CLEVELAND. 

• Trade Marks 

g•CLEVELAND CONTAIN ER 
6201 BARBERTON AVE.  CLEVELAND 2, OHI O 

PLANTS AND SALES Of ICES no Pip/loath, W.sr , Chicago, Detroit, Ogdensburg, N V Jonottbvig, N 

ABRASIVE DIVISION no Cleveland. Ohio 

CANADIAN PLANT  The Cleveland Container, Canada, Ltd , Pr•scoo, °Mario 

REPRESENTATIVES 

NEW TORS AlliA R. T MURRAY, 604 CENTRAL AVE., EAST ORANGE. N J. 

NEW ENGLAND  R. S PETTIGREW I CO.. IO N MAIN ST , WEST HARTFORD. CONN. 

CHICAGO AREA  PLASTIC TUBING SALES. 5215 N. RAVENSWOOD AVE.. CHICAGO 
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A Wide Band Sweep With Markers For Aligning 
Radar IF Amplifiers. Displays Amplitude vs. Fre-
quency Response on Standard Oscilloscope 

0001i0•C011• 

vas . .• • ane..ta• 

Defected Rada•Saattp 
Oaliout 

°unary. tayley 

FEATURES: 
• Increases Production Speed when substituted 
for comentional CM, point-by-point methods 

• Wide Band Linear Sweep 

• Pulse Type Crystal Positioned Marks at Sped-
tied Frequencies 

• Marks Individually Switched On or Off 
• Output Amplitude Remains Virtually Constant 
While Sweeping 

• Output Level Control on IF' and Pul,e Outputs 

14 Maple Avenue 

THE 

RADA-SWEEP 

NEW 

Designed specifically for producing a constant 
amplitude frequency modulated signal for ex-
ploring the frequency response of Radar IF 
amplifiers. Frequency marks of pulse type are 
connected directly to oscilloscope and are not 
affected by IF amplifier under test. These marks 
are controlled by front panel switches which turn 
them on or oft Individually Marks at any speci-
fied frequency can be supplied and frequency Is 
changed by changing pltig-in crystals. A wide or 
a narrow sweep mat he selected by front panel 
switch. 

Price: $395.00 F.0.11. Factory with marks as 
above. Special marks at $20.00 each. Prices 10% 
blather outside r  'int! Canada 

Phone CAldwell 6-4000 

COMPANY 
Pine Brook, N. J. 

n t /4111:6...  SENS/TIVE AND RELIABLE PO WER 

MEASUREMENTS IN THE M M W AVE 

REGION WITH THE 

GOLAY Pneumatic Detector 

In the frontier spectral region where radio meets infra-red, and where you can 
generate coherent radiation, but lack sufficient power for its electrical detection, 
your problem can be solved with a Golay Pneumatic Infra-red and Millimeter 
Waves Detector. Among the characteristics that render the Golay Detector 
useful for this and other purposes are: 

Write for 
Bulletin No. 10, 
or state your 
specific prob-
lem. 

1 Sensitivity of 6 x 10-" watts Root Mean  Square  Equ ivalent  Noise  Input  
•when used with the "chopped radiation" method and with a recording 
time constant of 1.6 second. 

Uniform sensitivity in the entire spectrum from the ultra-violet through 
the visible, the infra-red, and up to and including the millimeter waves 
region — subject only to window limitations. 

3 .1.inear response up to 1 microwatt input. 

4 When greater sensitivities are desired, the use  of an  R-C filter with a 
t.'  non. time constant will yield a RMSENI of 1 x 10-ll watt. 

THE EPPLEY LABORATORY, INC. 
NE WPORT. RHODE ISLAND, U.S.A. 

SCIENTIFIC 
INSTRUMENTS 

News—New Products 
These manufacturers have invited PROCEEDINGS 

i readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Confinord from Page 96,1 ) 

High-Fidelity Amplifier 

A new lost-cost amplifier has been 
added to the Rauland-Borg Corp., 3523 
Addison St., Chicago 18, III., high-fidelity 
line. Known as the Model 1810, the new 
unit is primarily designed for record repro-
duction in custom installations. The ampli-
fier is rated at 10 watts output, and is 
equipped with a 3-position input selector 
switch for magnetic or crystal pickup and 
high level for auxiliary input. 

Specifications: Output—measured at 
100, 400, and 5,000 cps-10 watts at 3 per 
cent harmonic distortion. Percentage inter-
modulation distortion taken at 60 and 
7,000 cps with 4 to 1 ratio-2 watts 1.5 
per cent (home level), 5 watts 3 per cent, 
10 watts 5 per cent. Gain: magnetic pick-
up-103 db (10,000 ohms); crystal pickup 
(aux.) input-80 db (500,000 ohms), 73 db 
(100,000  ohms).  Frequency  response: 
± 1 db, 40 to 20,000 cps. 

Double-Function Arc-Lamp 
Power Supply 

Either direct-current or single-flash 
operation of AH-6 ox BH-6 mercury-vapor 
arc lamps can be obtained from 115 volt 
60-cps power with the Model 1-BC power 
supply, a product of Huggins Laboratories, 
736 Hamilton Ave., Menlo Park, Calif. 
Direct-current operation  provides the 
steady light required for many research 
applications, while pulsed operation gives 
4 brilliance about 200 times greater, with 
a duration of 10 microseconds, approxi-
mately. Either mode of operation can be 
selected from a single switch. 
With dc setting, the power supply de-

livers one kilowatt-1.2 amperes at 800-v. 
open-circuit voltage of 1,700 volts is sup-
plied for starting the lamp. Standard dc 
ripple is about 5 per cent, but lower 
values can be supplied in special units. 
With flash operation, the 10-micro-

second pulse at a power of approximately 
2.5 watt-seconds is provided by a power 
capacitor discharging through the lamp 
by means of a thyratron-controlled spark 
gap. Maximum repetition rate is 6 pulses 
per minute. 

11 

98A 

(Continued on page 100A) 
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for your 

Raytheon 
Tube 

Requirements 
in the 

Metropolitan 
New York Area 

It 'S 

DAUS 
Phone 

Algonquin 

5-3000 

Serving the trade for 

over a quarter century 

itt• DA4ts 
d.dakDishautezd, 

EfazolikPeozA, 
(75 VARICK ST., 
NE W YORK I4,N.Y. 

-Laeittaztlkite "Dept /ND 

air-spaced aeficulated 
R.F. CABLES 

C 22 

THE LOWEST EVER 
CAPACITANCE OR 
ATTENU ATI ON 

Ite are 
spectafty oraatthea' to qii,e 

SPOT DELIVERIES TO U.S.A 
6:06/e yoar rash emvver for 
shipment 4 air frei@ht 
50Y/ement  yaw my/I /cheek 

TRANSRADIO LTD 
GO N TII • C T O R S  T O  N. M.  G O VE R N M E N 

13A CROM WELL ROAD•LONDON $W7 ENGLAND 

CA WS. IRAN:SWAP LONDON. 

LOW AT M IPAPED 
TYPES  OHMS 

A 74 

Pate,4 Rva' livde Mani' 

AT TEN LOADING 
dbiOON  /few 
0/ /00 A/0   

0 D" 

0.36 

A 2  74  1.3  0.24 0.44 
A 34  73  06  1 • 5 0.88  

LOW CADA( COM 
TYPES 

C 1 

PC 1 
C11 

C 2 

C 3 

C 33 

7.3 

10.2 
6.3 

6.3 

5.5 
5.4 

4.8 

PHOTOC EL L 
CABLE 

0 D' 

150  2.5  0.36 
3.1  0.36  

3.2  0.36 

2.55 0.44 
2.8  0.44 

1.9  0.64 

2.4 0.64 

2.1  1.03 

ea) BIRTCHER TUBE CLAMP 
FOR  MINIATURE TUBES 

POSITIVE PROTECTION 

AGAINST LATERAL AND 

VERTICAL SHOCK! 

The New Eiirtcher Type 2 Tube 
Clamp holds miniature tubes in their 
sockets under the most demanding 
conditions of vibration, impact and 
climate. Made of stainless steel and 
weighing less than 1/2  ounce, this 
New clamp for miniature tubes is 
easy to apply, sure in effect. The base 
is keyed to the chassis by a single 
machine screw or rivet...saving time 
in assembly and preventing rotation. 
There are no separate parts to drop 
or lose during assembly or during 
use. Birtcher Tube Clamp Type 2 is 

all one piece and requires no welding, brazing or soldering at any point. 
If you use miniature tubes, protect them against lateral and vertical shock 

with the Birtcher Tube Clamp (Type 2). Write for sample and literature. 
Builder of millions of stainless steel Locking Type Tube Clamps for hundreds 

of electronic manufacturers. 
Builder of Millions of stainless steel locking Type Tube 
Clomps for hundreds of electronic manufacturers. 

7Ze BIRTCHER eosizotatiog 
, I17  IIU NTI H OI O N  DIti vE  • LOS  AN GIltS  )2 
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( M I ME \ 

MASTER 

OSCILLATOR 
Type 115 

The Variable Oscillator with CRYSTAL STABILITY 
High versatility, plus wide range, plus crystal stability and accuracy—that's the 
unbeatable combination for the best in diversity reception. You get all three 
with the Northern Radio VARIABLE MASTER OSCILLATOR. The HFO's stability 
is  20 cps/mc for ambient change of  25°C.—matching that of any non. 
temperature controlled crystal. Its range is 2-32 mc continuous. Crystal check 
points, with 40 curves supplied, permit absolute frequency setting to = 25 
cps/mc. Three crystal-controlled frequencies provide fixed frequency reception. 
There's a LF crystal oscillator for BFO. 

And, this unit also serves as an excellent transmitter exciter and 
laboratory measuring standard. 

See the specifications on this outstanding model in the !950 IRE Directory. For complete 
data on the precision-built Northern Radio line, write today for your free latest Catalog P-5. 

NORTEMB RADIO CO' syy  inc  • 143.145 West 22nd Street 
' • New York 11, N. Y. 

Pace - Setters in Quality Communication Equipment 

CABINETS • CHASSIS • PANELS • RACKS 

Planning ELECTRONIC EQUIPMENT ? 

Investigate the ECONOMIES 
of PAR-METAL HOUSINGS ! 

We manufacture Metal Housings for every pur-
pose — from a small receiver to a deluxe broad-
cast transmitter. And the cost is low! 

Because we specialize in the Elec-
tronics field, Par-Metal Products 
excel in fundional streamlined 
design, rugged construction, 
beautiful finish, and economy. 

Remember, Par-Metal 
equipment is made by 
electronic specialists, 
not just a sheet metal 
shop. 

PrRatann 
PRODUCTS CORPORATION 
32-62 — 49th ST., LONG ISLAND CITY 3, N. Y. 
Export Dept.: RocLe International Corp. 

13 East 40 Street, New York 16, N. Y. 

  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 Irons page 98/1) 

Microwave Test Equipment 
A new line of iiiicrtm.t‘e  cquip. 

ment has been introduced by Microlab, 
301 S. Ridgewood Rd., South Orange, 
N. J. The line features low-pass filters, 
fixed pad attenuators, and low-power 
terminations. 

ai m". I I I I I I 111 II I I I I m I I 11"2 

I 9"  Al  '"v'  

'on 

-,were.••••••••••—:̂ ,N 

The low-pass filters are designed to 
produce a sharp cutoff while minimizing 
pass-band attenuation. A special design 
reduces the over-all length of the filters, 
over previous designs, permitting much 
lower cutoff frequencies in small units 
than heretofore available. 
The fixed pad attenuators and low-

power terminations feature rugged con-
struction and usable frequency range up to 
3,000 mc. Type N fittings are employed. 

(Continued on page 102A) 

OPHAR 
--- WAXES 

--COMPOUNDS 

Anti-Corona high heat-resist-

ant compounds for Fly Back 

Transformers. 

Waxes and compounds from 

100° F to 285° F Melting 

Points for electrical, radio, 

television,  and  electronic 

components of all types. 

Pioneers in fungus-resistant 

waxes. 

Our efficient and experienced 

laboratory staff is at your 

service. 

ii1C7ru 
".• ZOPHAR MILLS, INC. 

112-130 26th Street, 
Brooklyn 32, N. Y. 
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ONE OF A LINE 

*\",4 

AN. CONNECTOR PLUG 
HER METIC SEALED 

CONTAINER 

CHOICE OF THE NAVY FOR Deitegettlide eoettott 

On peacetime boats of commerce and travel —on 
warcraft —Guardian Relays play major control 

roles, ranging from Marine radio to navy aircraft. 
The Series 335 D.C. approved Guardian Relay shown 
above is typical of Guardian units built to rigorous 
aviation standards. Meets the 10-G Vibration Test 
and the Mil-R-6106. Generous coil winding area 
permits single winding up to 15,000 ohms. Parallel 
and double windings available. 

The Series 335 D.C. approved Guardian Relay packs loads 
of power over a wide operating range, withstands moisture. 
salt air, temperature changes, dust, vibration and impact. 
Available in standard open model or with A.N. Connector 
Plug, Octal Plug and Lug Header hermetic seal containers. 

NE W CATALOG on Hermetically Sealed Guardian 

Series 610 A.C.-615 D.C. Series  30 A.C. Series 210 A.C.-215 D.C. 

GUARDIAN 

RELAYS 
Relays with various containers is yours 

Series 220 A C.  Series 595 D.C. 

for the asking, cost-free. 

WRITE OR WIRE... FREE CATALOG, SPECIFIC RECOMMENDATIONS, NO OBLIGATION. 

GUARDIAN  ELECTRIC 
I623-F W. WALNUT  STREET CHICAGO  12, ILLINOIS 

A COMPLETE LINE  AAAAA S SIIVINC  AmiltiCAA 

PROCEEDINGS OF THE IRE.  May, 1951 



SLO W SWEEPS 
HIGH SENSITIVITY 

1 1 ••,* ) 11,  

se • 04 "ii 
4 : 4.• 
• •44*** 
• • 46 • fiil • Sweeps —.3 sec/cm 

• to 3 psecicm 

• Band Pass —DC-2mc 

• Sensitivity -5mvicm 

maximum 

Type 512 Oscilloscope 

Accurate observation and measurement of slowly recurring phenomena is 

difficult, if not impossible, by conventional oscilloscopic techniques.  The 
Tektronix Type 512 Cathode Ray Oscilloscope, combining as it does direct. 

coupled amplifiers, slow sweeps and high accuracy, is recognized by a con-

stantly increasing number of researchers as being an indispensable laboratory 

tool. New and fruitful approaches to the problems encountered in research 

are permitted by these features.  $950.00 f.o.b. Portland, Oregon. 

Write today for detailed specification of T)pe 512 and other Tektronix instruments. 

TEKTRONIX  INC. 

SUPPRESS RADIO INTERFERENCE 
...Eliminate Errors in Critical RF Measurements 

Reduce the area background level of radio interference to a negligible 
minimum for critical tests and measurements! Ace Pre-Built Screen Rooms 

are moderately priced—suppress interference 
far more efficiently than ordinary screen rooms 
or enclosures—and provide for a high degree of 
accuracy by eliminating gross systematic errors 
in your test setup and calculations. They're easy 
to install and easy to enlarge or move. Write, 
wire or 'phone for further detail 

ATTENUATIONS of 100 to 140 db. 

FROM 0.15 to 10,000 mc. 

Telephone: 

REgient 9-1019 3644 N. Lawrence St.  Philadelphia 40, Pa. 

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

(Continued fr,mt page 100.-i) 

Miniature DC Multipole 
Relays 

A complete line of miniature dc relays 
in 2-, 2-, 2- and 6-pole units with double. 
throw contacts has been developed by 
Struthers-Dunn, Inc., 150 N. 13 St., 
Philadelphia 7, Pa., for reliable service 
under the extreme operating conditions 
encountered in modern high-altitude and 
jet-propelled aircraft and missiles. 
Designed to meet USAF Specification 

MIL-R-5757, the relays are supplied in 
type A style for operation at ambient 
temperatures up to 200°C, and type B for 
use where the ambient temperature is 
limited to 85°C. 
Up to 6-pole double-throw contact ar-

rangements are avilable in hermetically 
sealed metal containers 11 inches in di-
ameter, 1 inches long and weighing 3 
ounces. A rotating solenoid type of mag-
netic structure and balanced moving parts 
eliminate contact bounce of false contact 
operation even under as much as 50 G's 
shock or 10 G's vibration. 
Hermetic sealing makes the relays in-

sensitive to humidity changes and cap-
able of operation at any altitude. 
Palladium contacts are nominally rated 

2 amperes at 28 volts dc noninductive on 
permanent installations. 

(Continued on Page 103.4) 

Sy/VTR ON 

SELENIUM 
RECTIFIERS 

Made by a new process 

to a uniform, high quality 

for continuous, 

heavy-duty 

service. 

I" sq. to I 2" x 16" 

cells —in stacks, or single 

cells for customer assembly 

Write for literature 

SYNTRON CO. 
242 Lexington 

Homer City, Pa. 

col 
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• 

Use 
SILVER 
GRAPHALLOY 
For extraordinary 
electrical performance 

THE SUPREME BRUSH 
AND CONTACT MATERIAL 

for BRUSHES 
• for high current 
density 

• minimum wear 

• low contact drop 

• low electrical noise 

• self-lubrication 

for 

CONTACTS 
• for low resistance 

• non-welding 
character 

o soociol 

4,,, o,•..0 ,og ,o,•0 

Accumulated d•sign •Kperionce counts — 
call on us! 

GRAPHITE METALLIZING 
CORPORATION 

1001 NEPPERHAN AVENUE, YONKERS 3, NEW YORK 

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 from page 1024) 

Detent-Action Continuous 
Inputuner 

The new Series T3C inputner, an-
nounced by the Electronic Parts Div., 
Allen B. Du Mont Laboratories, Inc., East 
Paterson, N. J., is a ready replacement, 
both mechanically and electrically, for the 
. majority of switchtype tuners. 

The simplified dial covers all TV and 
FM channels in only four turns, and oc-
cupies the same panel area as indicating 
devices used on most switch-type tuners. 
The one-knob operation simply clicks into 
any TV channel and then fine-tunes for 
superlative results.. 
The Series T3C (jobber model, with 

dial) or Series T3B (manufacturer's model) 
utilizes the Mallory-Ware 3-gang spiral 
inductuner plus antenna tuning which 
provides 4-circuit performance without 
extending the physical length of the chas-
sis. Dimensions: 4 51/64 inches long, 3 
3/32 inches wide, 5 5/64 inches high. 
Shipping weight, 4 lbs. Available in four 
models; aligned for sound center IF of 
21.25 mc, with or without sound trap. 
Contact H. Van Rensselaer for details.. 

Miniature Metal Tubulars 
Miniature size Demicon paper capaci-

tors in tubular metal casings for various 
types of electronic equipment are now 
available in two types—Dykanol "C" im-
pregnated and high-temperature wax im-
pregnated. Both types are available in six 
basic styles of case and bracket mountings 
from  Cornell-Dubilier  Electric  Corp., 
South Plainfield, N. J. 
They are available with inserted tab 

construction for minimum size and ex-
tended foil construction to meet special 
circuit requirements. 
The types are: TWC or TWH unit, 

with both leads insulated from case; with 
both leads insulated from case and pro-
vided with plastic insulating sleeve; one 
lead grounded to case with threaded stud 
mounting; one lead grounded to case; with 
strap mounting bracket, and with one or 
both leads insulated from case; and one 
lead grounded to case with plastic in-
sulating sleeve. 

(Continued on page 1064) 

Need VOLUME 
on Small Parts 

Like 
These? 

TWICE 
SIZE 

Investigate 

MULTI-SWAGE 

• /dP.-4  

Economy Way to Get Volume! 

If it's VOLUME you need on small 
tubular metal parts similar to these, be 
sure to look into Bead Chain's MULTI-
SWAGE Process. Send the part (up to 
4" dia. and to 11A" length) and your 
specs for a quotation. Chances are 
you'll find a new way to effect im-
portant savings. 

Much Cheaper Than Solid Pins 

Many prominent users of solid pins for 
electronic and  mechanical  purposes 
have cut costs by switching to Multi-
Swaged tubular pins . . . without 
sacrificing strength or accuracy. Often 

this is possible to accomplish. 

Typical Applications — 

As terminals, contacts, bearing pins, 
stop pins, male-female connections, etc., 
in a wide variety of electronic and 
mechanical products: —Toys . . . Busi-
ness Machines . . . Ventilator louvres 
. . . Radio and Television apparatus . . . 
Terminal-boards . . . Electric Shavers 
. . . Phono Pick-ups, etc. For DATA 

BULLETIN, write to 

TRA DE M ARK 

The  BEAD CHAIN Mfg. Co. 

1 Mountain Grove St., Bridgeport 5, Conn. 

Manufacturers of BEAD CHAIN — the kink-
less chain of a thousand uses, for fishing tackle, 
novelty, plumbing, electrical, jewelry and in-

dustrial products. 
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NOW BUY 
TOWER LIGHTING EQUIPMENT 

COMPLETE KITS 
EVERYTHING NEEDED 
for ANY Tower 
150 to 900 Feet 

Exposed or Conduit Wired 

Don't let lack of some 

critical fitting hold-up 

completion of 

YOUR JOB! 

H&P Lighting equipment, 
consistently specified by 
outstanding electronic 
engineers, is furnish-
ed as standard 
equipment by most 
leading tower manu-
facturers. 

COMPLETE 

LIGHTING KITS 

SAVE... 
Purchasing Time! 
Erection Time! 
Completion 
Time! 

300 AM 
CODE 
BEACON 

Patented 
ventilolor 
domecirculates 
the air, assures 
cooler operation, 
longer lamp 
life. Concave 
base with 

- drainage 
port at low• 
est point. 

SINGLE and DOUBLE 

OBSTRUCTION LIGHTS 
Designed 
for standard 
A-21 traffic 
signal lamps. 
Prismatic globes 
meet CAA spe-
cifications. 

MERCURY 

CODE FLASHER 

No contact points 

to wear out. 1 4•52 
flashes per minute. 

PECA" SERIES 

PHOTO-ELECTRIC 

CONTROL 

1.ghts outornoticolly, if 
any part fails. 

PROMPT SERVICE and DELIVERY 
Order through your jobber or Tower Manufac• 
hirer. We will send his name on request. 

Send for FREE Catalog 
Gives complete bill of material for each of our 

7 kits, with itemized costs. 

HUGHEY ik PHILLIPS 
TO WER LIGHTING DIVISION 

•  •  • 
4075 BE  BOULEVARD 

LOS ANGELES 4, CALIFORNIA 

104A 

PRODUCTION LINE TESTING 

OF 

SERVOMECHANISMS 

SERVO CORPORATION/ 

OF AMERICA 
DEPT  IRE-5 

NE W HYDE PARK 

LONG ISLAND 

NE W YORK 

INVALUABLE IN RESEARCH 

RAPID INSPECTION ON THE PRODUCTION LINE 

A SERVO ANALYZER 

• STANDARD RANGE: .1 TO 20 CYCLES PER SECOND 

• SINE WAVE 

• MODULATED CARRIER 

50 TO 800 CYCLES 

1111111M 1111111111 .111MININIMMIIIIII MIII 

• SQUARE WAVE 

• READS DIRECTLY 

SERVO LAG OR LEAD 
IN DEGREES 

E.1 SEALI N G EALI N G 
C O M P O N E N T S 

ENGINEERS, DESIGNERS, PURCHASING 

AGENTS! SAVE TI ME AND 

with the E-11 
SAMPLE KIT! 

- 

EFFORT 

% ••• ••• 

C-

New designers kit contains 81 
standard terminals and 11 
different headers. These mass 
produced, economy-priced 
standard parts solve practically 
all problems requiring hermetic 
sealing. Transparent case with 
labeled bins makes it easy to 
select the correct component 
for your needs. The E-I 
SA MPLE KIT is available 
at the nominal price of 
$10.00. Send check 
with order or request 
the free E-I illustrated 
brochure today! 

Write for these descriptive bulletins: 
349 - Hermetically Sealed Terminals 
ISO- Hermetically Sealed Multiple Headers 
01-Gasket Type Bushings 

ELECTRICAL  INDUSTRIES 
I N C O R P O R A T E D 

44 SUMMER AVENUE • NE WARK 4, N. J. 
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4:06 

14 czar 

GRACOIL NO 11310462 
GRADE 1  CLASS A • 

46042199 

INPUT TRANS. 

FR 400  4000 CV 
HIPOT 500YR/415 

H at i a ti O N 
TO RECEIVE A 

PRODUCTION 
SA MPLE 

BUILT TO YOUR SPECIFICATIONS 

WE WILL, without cost or any obli-
gation whatever, design a PRODUCTION 

SAMPLE transformer (hermetically 

sealed to JAN-T-27 or MIL-T-27 Gov-

ernment specifications), or open type con-

struction, if unit is to be used for awarded 

prime or sub-contract work. Our approach 

stresses quality of product, efficiency in 

service and an alertness to techniques 

that discard the old for more functional 

methods. 

a40.121 4,4telalyz 
PRESIDENT 

SEND YOUR 
B/P 

SPECIFICATIONS 

GRAMER 
TRANSFORMER 
C O R  P O R  A T  1 0  N 
2734 N. PULASKI ROAD  • CHICAGO 39, ILLINOIS 
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A new, comprehensive Crystal 
Catalog by the JAMES KNIGHTS 
COMPANY is now oil the press. It 
contains the complete  JK line, lists 
modern up-to-the-minute crystals about 
which engineers will want inlormation in 
designing their new equipment 

Advances in crystals and holders have 
been tremendous during the past few 
years and this JK Crystal Catalog pre-
sents for your consideration new crystal 

types offering greater stability and pre-
cision. These new crystals mean improved 
performance for your new equipment( 

In addition to these newer types, 
JAMES KNIGHTS still offers a com-
plete line of standard crystals for re-
placement use. You'll find  descriptions 
of all, with dimension drawings, in the 
new catalog 

WRITE FOR YOUR COPY — TODAY! 

Yelevvei THE name for Synchros 
made ONLY by... 
FORD 

eliwyrio Generators and Motors for 

transmitting angular positions. 

eiv N Control Transformers for voltage 
indication and servo control. 

le Differential Generators and Motors 
for addition and subtraction. 

FIND OUT ABOUT FORD TELESYNS —WRITE FOR CATALOG 

FORD INSTRUMENT CO. 
Division of The Sperry Corporation 
31-10 Thomson Avenue, Long Island City 1, N. Y. 

News—New Products 
These  manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your 1.11.E. affiliatinn 

(Continued front page 10tA) 

A Survey of Advertising Pref-
erences of Members of 

The Institute of 
Radio Engineers 

In December, 1950, die Advertising 
Department of the Institute initiated a 
survey to determine what advertisements 
were most acceptable and helpful to the 
membership—and why. 
To obtain the information a l'ost Card 

(see illustration) was mailed to a portion of 
the membership representing a good cross-
section of the country. This will be done 
each month, until the entire roster has been 
polled. 
The reason why a member liked an ad-

vertisement fell into the following "pat-
tern" (not necessarily in order of prefer-
ence). 

I. Specifications or Data. 
2. Prices Quoted. 
3. Application Data. 
4. Engineering Drawing, Charts, Graphs, 
or Wiring Plan. 

5. Good Visual Display—Attracts At-
tention. 

6. Brief Yet Complete. 
7. Dignified Presentation. 
8. Generally Informative or Instructive. 
9. Performance Characteristics. 

(Continued on page 107A) 

no older 

tape mottle,' 

STANDARD OF THE GREAT RADIO SHOWS 

to 4 0,0 0 0 cps at 30 inches 
per second tape speed 

• 

to 15,000 cps half-track at 
71/2 inches per second tope 
;peed 

AMPEX ELECTRIC CORPORATION 
San Carlos, Col.I ornia 

tr-

0 

vs 

RING CROSBY ENTERPRISES, INC., Hollywood 

AUDIO-VIDEO PRODUCTS CORP..New York City 

GRAYBAR ELECTRIC CO., All Principal Cities 

TERMINAL RADIO CORP.. New York City 

RADIO SHACK CORPORATION, Boston 

NEWARK ELECTRIC CO., Chicago 

WESTREX CORP. (Export), New York City 

AX-9,1 
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News—New Products 
These manufacturers have invited PROCEEDINGS 

' readers to write for literature and further technical 
information. Please mention your I.R.S. affiliation. 

(Continued from page 106A) 

10. No Ballyhoo or Advertising Blurbs. 
11. No Answer. 
12. Definitely Negative. 
Other Reasons Infrequently Given— 
A. New Techniques. 
B. Order Blank in Ad. 
C. Physical Dimensions. 
D. New Product. 
E. Cut Away Drawing or Exploded 
View. 

F. Invites Correspondence. 
The recipient of the card is requested 

to make a choice for the specific month, 
and then to state the reason for selection. INext, to choose an advertisement from the 
IRE Directory. Thirdly to state his type 
of business; and last to tell us if (A) he 
• makes purchases, (B) sets specifications, 
(C) can influence buying, (D) has no inter-
est in buying. Each of the last group is 

, given a numerical value which is totaled to 
I obtain a "point evaluation" of the men 
who prefer the ad. 
This is the result of the February 

study. (3rd report) 
' Firm & Page  Vote  Ans. Value 

Hewlett-Packard Co. 
Page 7A 

General Radio Co. 
Cover IV 

General Ceramics & Steatite 
Corp. Page 49A 

Centralab, Div. Globe-Union 
Inc. Pgs. 33. 34, 35A 

Helipot Corp. 
Page 15A 

A. B. DuMont Labs.. Inc. 
Page 12A 

Ballatine Labs., Inc. 
Page 38A 

Radio Corp. of America 
Page 32A 

Electrical Reactance Corp. 
Page 17A 

Bell Telephone Labs., Inc. 
Page 4A 

31  1 

12  1 

12  1 

10  8 

6  1 

6 8 

6  1 

5  1 & 5 

6  1 & 6 

5 5 & 8 

84 

32 

32 

28 

21 

15 

14 

10 

13 

9 

Only the top group of votes are reported. 

Mycalex Corps. of America 
Insert 

General Radio Co. 
Pages 234 & 235 

Communication Prods. Co. Inc. 
Insert 

Hewlett-Packard Co. 
Pages 232 St 233 

NOTE: 

• 

11  Directory 

6 Directory 

4 Directors, 

4 Directory 

Vote indicates total votes. 
Ans. indicates the answer most 
frequently given, or in a tie, both. 
Value indicates point evaluation 
total of voters. 
Directory refers to the IRE Di-
rectory. 

Dery • my ••• dr Tilt 11400 INTIIIISTING AND M I NI AD IA Dr... 
"Ponnio. el IAA" 

G E WE D 4A  Z D bf .  CO. 144.4mAnoteAr el Ian ' —I 

VA, I lied Areln,SE  h.r.ff • _ 
frIarilumemr, s•ore",..tri•4 r d. PR mg_ 

-  - - 

Is . Of DMICIOAY I Aro IA A A.• t irC AA 14  C .ir 
.  . _ 

imps  •••••••••1  tor 

O SCIA   

I 1-r.  •••• ar m-  %W Y 

• As. •• Awe. se Den 

More than one reason was given by 
most men as the basis for selecting an ad; 
To avoid making a prejudiced selection, 
the researcher took the first reason in 90 
per cent of the answers, on the basis that 
the most important factor would be stated 
first. This may be a fallacy, however, in-
terpretation was avoided, in an attempt to 
be factual. 

(Continued on page 1084) 

DESIGNS AND PRODUCES 

WAVEGUI 

Special Microwave 
Mixer-Duplexer Assembly 
DesIgned by AIRTRON 

Send for AIRTRON 
Engineering Data on 
Microwave Plumbing 

COMPONENTS 

ram the smallest waveguide com-
ponent to complete transmission systems... 
from the first "doodle" memo or blueprint 
to the finished precision product ... make 
AIRTRON your FIRST source for all types of 
microwave  plumbing.  Unique  in back-

ground, technical savvy, plant 
facilities and the WILL to 
SERVE,  this  organization  is 
prepared to engineer and 
manufacture your staple or 
special requirements in: 

Mixers 
Duplexer Assemblies 

Magic Tees 
Waveguide Switches 

Elbow Bends 
Elbow Miters 

Twisted Sections 
Rigid Twists 
Choke Fittings 

Flexible Woveguldes 
Straight Section 
Rotary Joints 

105 East Elizabeth Ave, Linden, New Jersey 
BRANCH OFFICES 

Baltimore  Los Angeles  New York 
Boston  St. Louis  Dallas  Dayton 
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MEASUREMENTS  CORPORATION 

Peak-to-Peak 
VOLTMETER 
.0005 -300 

VOLTS 

MODEL 67 

Designed for accurate indication 
of the peak-to-peak values of 
symmetrical and asymmetrical 
waveforms, varying from low 
frequency square waves to 
pulses of less than five micro-
seconds duration. 

.0005-300 volts peak-to-peak, 

.0002 -100 vets r. m. s. in five 
ranges. Semi- logarithmic, hand 
calibrated scales. 

Provision for connection to 1500 
ohm, 1 milliampere graphic re-
corder or milliammeter. 

INPUT IMPEDANCE: 1 megohm shunted by 30 mmfd. 

DIMENSIONS: Height 71/2 ", width 7", depth 81/2 ". 
Weight 8 lbs. 

POWER SUPPLY: 117 volts, 50-60 cycles, 35 watts. 

MEASUREMENTS  CORPORATION 
BOONTON  NE W JERSEY 

140 

t/01 

o C tsav‘‘)‘? G %•NG' l‘t1  ,  0.0°- °Ie 
t.VtC  .tiotis • • s • • 

*Olt • t‘04  1(00 44%  s . I., • • • 
vv., 00 • Nees 0.,•o-so‘o\oovi costs. 

s109  .Sv39\cieeose. ossef" _opt- vis,c, " 

c:09 doVe 63.10,0s.sc 

Blocks corns in 4 sizes — 
with 1-23 terminals. Brass 
screws and solder lugs. Lugs 
in several styles for all sizes 
— also eyeletted to block. 
Marker strips imprinted or 
plain, or blocks engraved. 

GET THIS 
CATALOG 

KULKA ELECTRIC MFG. CO. Inc. 

30 South St., Mount Vernon, N.Y. 

OFFICIALLY APPROVED 
by the Nation's Foremost 
ELECTRONIC MANUFACTURERS! 

* Exceeds 
ASTM 
Specifications 
* Conforms with 
JAN(AN-S-62) 
Specifications 

Activated Rosin-Core Solder 
The SHURFLO Rosati: Speeds up solder flow 
25 %. Spreads as much as 30',  further than 
ordinary rosin. Has superior wetting and oxide. 
removing action. Is non-corrosive, non-conduc-
tive, safe. Gives no unpleasant odor. Does not 
carbonize. 

Specially designed for al/ electronic needs. Makes 
perfect joints on common and difficult metals. 
30'; more economical to use. Supplied in 1, 5, 
20 lb. spools —gauges as finc as 0.020". 

Send NO W tor generous Free Sample and 
Catalog P-5. 

tiMETAL COMPANY 
87 Walker St.,N.1.13,N.Y. 
Phone WAlker 5-2569 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Confirmed from pope 107,1) 

Plugin Circuit Breaker 
A new plugin-type circuit breaker for 

15-to-50 ampere services, featuring quick. 
make, quick-break operation and thermal. 
magnetic projection, has been introduced 
by The Trumbull Electric Manufacturing 
Co., Plainville, Conn., for application in a 
new line of load centers and panelboards. 

The breaker is tripped by either of two 
impulses. Thermal action of the bimetal 
trip element responds to an overload con-
dition, although harmless temporary over-
loads will be passed without opening the 
circuit and magnetic action instantly opens 
the breaker in case of a short circuit. 
The breaker mechanism trips inde-

pendently of the handle and cannot be 
held in the ON position in case of an over-
load or short. 
The TQL Breaker also incorporates an 

arc, and an extended exhaust chamber for 
cooling the gases before venting. 

Grid-Controlled Rectifier 
A new Xenon gas-filled grid-controlled 

rectifier tube type EL.,CIK has been an-
nounced by Electrons, Inc., 127 Sussex 
Ave., Newark 4, N. J. 
The EL CIK, 

a temperature-free 
thyratron, may be 
used in applications 
such as motor con-
trol, high-speed 
or  synchronous 
switching, servo 
amplifiers, temper-
ature controls, and 
regulated dc power 
supplies. 
Electrical ratings and characteristics 

are: average anode current 1 ampere dc; 
peak anode current 8 amperes: maximum 
peak inverse voltage 1,250; maximum peak 
forward voltage 1,000. The average arc 
drop is 8 volts and the filament draws 6.3 
amperes at 2.5 volts with a heating time 
of 25 seconds. Grid shielding results in a 
grid-anode capacitance of only 1 Aspf with 
a grid-cathode capacitance of 10 Aimf. Criti-
cal grid current is less than 5 microam-
peres. Seated height 3i inches. 
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Two Important IRE Professional Group 

MEETINGS 
INDUSTRIAL ELECTRONICS CONFERENCE 

May 22, 1951 

Hotel Carter 
Cleveland, Ohio 

A protessional group on Industrial Electronics being 
formed by IRE men offer the following program. 

9:30 A.M. I. Eugene Mittelmann, Consulting Engineer, "Design Procedures in Industrial Elec-

tronic Process." 

2. Edward W. Chapin, Chief, FCC Laboratory, "WCC Interference Standards." 

3. Wilfrid L. Atwood, "Industrial Electronics in Automatic Controls." 

4. F. A. Friswold, N.A.C.A., "Some Research Applications of Industrial Television." 

12:30 Luncheon 
2 00 P M  I. Paul D. Zottu, President, Electronic Heating Corporation, "Dielectric Heating." 

2. E. R. Haberland, Naval Ordnance Laboratory, "A 40 DB Logarithm Range Polar 

Recorder." 

3. C. A. Tudbury, Chief Engineer. Tocco Division, The Ohio Crankshaft Co., "New 
Applications of Electronic Generators for Induction Heating." 

4. R. M. Byrne, J. F. Redmond, Goodyear Aircraft Corporation, "A High Performance 
Servo Multiplier and Function Generator for Use in an Electronic Analog Computer." 

Dinner Speaker—Marvin Hobbs, Chief, Electronics Division,  Munitions Board, "The Roll of 

Electronics in the Military Weapons Program." 

DAYTON 

NATIONAL CONFERENCE 

A MO S! ELECT Ml a, mi mi 

The IRE Professional group on Airborne Electronics joins with the Dayton Section in sponsoring 
the 1951 NATIONAL CONFERENCE ON AIRBORNE ELECTRONICS to be held at the BILTMORE 

HOTEL IN DAYTON, OHIO May 23-25, 1951. The Conference committee working with research 
laboratories, universities, and electronic and aircraft industries have made arrangements for the 

largest and best Conference held to date! Over 70 papers will be presented covering over 14 

general topics including communication, navigation, propagation, computers, instrumentation, 
antennas, components and vacuum tubes. Some of the titles to be presented are: 

Reliability Testing of Airborne Electronic Sys-
tems and Components 

Rating of Electronic Tubes at Very High Al-

titudes 

Long-Range Navigation Instrumentation 

Radiosonde Telemetering System 

The Use of Feedback Theory on the Remote 
Control of Aircraft 

Audio Problems in Aircraft Communication 

The Electronics Systems Engineer 

Fin Cap Zero-Drag Loran Antenna 

In addition to a high-powered technical conference, complete with a display of commercial 
equipment, there will be an excellent social program. 

For information write the Dayton Section, IRE c/o Far Hill, P.O. Box 44, Dayton 9, Ohio 
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GOT RECORDING , 
PROLEMS  

I, 2.and 4 
channel 

RECORDING 
SYSTEMS 

NO INK 

DIRECT WRITING 

• RECTANGULAR COORDINATES 

NI PERMANENT RECORDS 

Electrical phenomena from a few millivolts to over 

200 volts maybe readily and continuously recorded. 

Registration, by heated stylus on Nastic-coated 

paper, is clear, sharp, permanent Single-channel 

Model 128 (Fig .1) has standard speed of 25 mm/sec. 

(slower speeds available). Two-channel Model 60 

(Fig. 3) has ten speeds —0.5 to 100 mm/sec. Four-

channel Model 67 (Fig. 2) has eight speeds — 0.25 

to Si) mm/sec. Built-in timing and code marking, 

and ready interchangeability of Amplifiers (D.C. 

and Strain Gage) are features of all models. 

For complete description., 
illusirritions, tables of con. 
1110111A, and prices, send for 

cotalog, using coupon 
below. 

I. 

INDUSTRIAL DIVISION 
39 Osborn Si., 
Cambridge 39, Mass. 

Please send me complete catalog of Sanborn 
Industrial Recording Equipment. 

Nome 

Position 

Company   

Street   

City & Store 



PROFESSIONAL CARDS INDEX AND DISPLAY 
ADVERTISERS 

LESTER W. BAILEY 
Registered Patent Agent 
Sensor Member IRE 

PATENT OFFICE PRACTICE specializing In 
ELECTRONICS  MECHANICS 

RADIO 
LINCOLN-LIBERTY BUILDING 

PHILADELPHIA 7 
Broad & Chestnut Streets  Rittenhouse 6-3267 

ALFRED W. BARBER 
LABORATORIES 

Specializing in the Communications Field and 
in Laboratory Equipment 

Offices, Laboratory and Model Shop at: 

32-44 Francis Lewis Blvd., Flushing, L.1., N.Y. 
Telephone: Independence 3-3306 

W. J. BROWN, B.Sc. 
Fel.A.1.E.E., M.1.E.E., Sen.M.1.R.E. 
INDUSTRIAL ELECTRONICS, 
RADIO & TELEVISION 

Write 17th Floor, 100 Broadway, 
New York 5, N.Y. 

Specialist in Thyratron 6' Mercury 
Arc Controls 

EDWARD J. CONTENT 
Acoustical Consultant 

Functional Studio-Theater Design 
On contractual foreign assignment with In-
ternational Standard Electric Corporation un-
til January 1, 1952. 

STAMFORD, CONN. 

CROSBY LABORATORIES, INC. 
Murray G. Crosby & Staff 
Radio-Electronic Engineering, 
Research & Development 
FM, Communications, TV 

Test Equipment 
Offices, Laboratory & Model Shop at: 
126 Herricks Rd., Mineola, N.Y. 

Garden City 7-0284 

Richard B. Schulz 

Veer.Ao- Seevre% 
Radio-Interference Reduction; 

Development of 
Interference-Free Equipment, 
Filters, Shielded Rooms 

515 W. Wyoming Ave., Philadelphia 40, Pa. 
GLadstone 5-5353 

ELK ELECTRONIC LABORATORIES 
Jack Rosenbaum 

Specializing in the design and 
development of 

Test Equipment for the communications, 
radar and allied fields. 

333 West 52nd St.  Telephone: 
New York 19, N.Y.  PLAZA 7-0520 

GEORGE H. FATHAUER 

Development and Design 
of FM, TV, VHF Communications Equipment 
Complete Laboratory and Model Shop 

Facilities 

4005 E. Michigan St. 
Indianapolis 1, Indiana 

Telephone 
BLackstone 1330 

PAUL GODLEY CO. 
Consulting Radio Engineers 

P.O. Box J. Upper Montclair, N.J. 
Offs & Lab.: Great Notch, N.J. 

Phone: Montclair 3-3000 
Established 1926 

110A 

HERMAN LEWIS GORDON 
Registered Patent Attorney 

Patent Investigations and Opinions 

Warner Building 
Washington 4, D.C. 
National 2497 

100 Normandy Drive 
Silver Spring, Md. 
Shepherd 2433 

HOGAN LABORATORIES, INC. 
John V. L. Hogan,  Pres. 

APPLIED RESEARCH, DEVELOPMENT, 
ENGINEERING 

Est. 1929. Exceptionally competent staff. Elec-
tronics, Optics, Mechanisms, Facsimile Com-
munication, Electro-sensitive recording media, 
Instrumentation. 
155 Perry Street, New York 14 CHelsea 2-7855 

DAVID C. KALBFELL, Ph.D. 
Laboratory and Manufacturing Facilities 

Specializing in Electronic 
Instrumental and Industrial Problems 

1076 Morena Blvd.  San Diego 10, Calif. 

MEASUREMENTS CORP. 
RESEARCH & MANUFACTURING 

ENGINEERS 

Harry W. Houck  Jerry B. Minter 
John M. van Beuren 

Specialists in the Design and 
Development of Electronic Test Instruments 

BOONTON, N.J. 

PICKARD AND BURNS, INC. 

Consulting 

Electronic Engineers 

240 HIGHLAND AVE. 

NEEDHAM, MASS. 

SERVO 
CORPORATION OF AMERICA 

Henry Blackstone, President 

Consultants on 
Electronic Control Problems 

for Industry 
New Hyde Park  Long Island, N.Y. 

TECHNICAL 
MATERIEL CORPORATION 
COMMUNICATIONS CONSULTANTS 

RADIOTELETYPE - FREQUENCY SHIFT 
INK SLIP RECORDING  TELETYPE NETWORKS 

121 Spencer Place, Mamaroneck, N.Y. 

TELREX, INC. 
M. D. Ercolino, Pres. 

H. F. ANTENNA SPECIALISTS 

• The Skill to Design 
• The Facilities to Produce 

• The Ability to Deliver 

Asbury Park, N.J.—Phone AP 2-7252 

W HEELER LABORATORIES, INC. 
Radio and Electronics 

Consulting —  Research —  Development 
R-F Circuits — Lines — Antennas 

Microwave Components — Test Equipment 

Harold A. Wheeler and Engineering Staff 
Great Neck, N.Y.  Great Neck 2-7806 

Section Meetings 

Student Branch Meetings 
Positions Open 
Positions Wanted 
Membership 
Professional Group Meetings 

36A 
44A 
50A 
60A 
66A 
I 09A 

Ace Engineering & Machine Co., Inc.  102A 
Acme Electric Corp.   .94A 
Aerovox Corp.   IBA 
Airborne Instrument Lab., Inc.  50A 
Airtron, Inc.   59A & 107A 
American Gas Accumulator Co   95A 
American Lava Corp.  25A 
Amperes Electronic Cor p.   Cover II 
Ampex Electric Corp.  5IA & 106A 
Anchor Metal Co.    108A 
Andrew Corp.  92A 
Arnold Engineering Co.  I4A 
Astatic Corp.   ..38A 

Lester W. Bailey  II0A 

7103AA 
Ballantine Labs., Inc. 
Alfred W. Barber Labs.  1  
Barker & Williamson, Inc.  ..46A 
Bead Chain Mfg. Co. .  103A 
Bell Aircraft Corp.   5IA & 58A 
Bell Telephone Labs.   . 4A 
Bendix Aviation Corp. JPacific Div.)  54A 
Bendix Aviation Corp. (Red Bank Div.)  89A 

Berkeley Scientific Corp.   88A 
Butcher Corp.   99A 

Blow-Knox Co.  . .43A 
Boeing Airplane Co.  ...55A 
W. J. Brown   II0A 
Brush Development Co.  40A 
Bud Radio, Inc.  80A 

Cambridge Thermionic Corp.  42A 
Canoga Corp.  70A 
Capitol Radio Engineering Institute .   80A 
Centralab Div. of Globe-Union, Inc.    

  33A, 34A, 35A 
Chicago Telephone Supply Corp. 56A & 57A 
Cleveland Container Co.  97A 
Sigmund Cohn Corp.   63A 
Collins Radio Co. ..   81A 
Communications Equipment Co.   79A 
Edward J. Content   • I A 
Continental Carbon, Inc.  712°A 
Cook Electric Co.   52A 
Cornell-Dubilier Electric Corp.  Cover III 
Crosby Labs., Inc.   110A 

H. L. Dalis, Inc.  .99A 
Dial Light Co. of America  ..63A 
Allen B. DuMont Labs., Inc.  6A, 5IA, 85A 

Eitel-McCullough, Inc.  27A 
Elco Corp.   '' 
Electrical Industries, Inc.  104A 
Electrical Reactance Corp.  . 21A 

j Electro Motive Mfg. Co., Inc.   I 7A 
Electro Search  .. II0A 
Electro-Voice, Inc.  74A 
Elk Electronic Labs,   110A 
Emerson Electric Mfg. Co.  IIIA 
Eppley Lab., Inc.  98A 

I 

Erie Resistor Corp.  I IA 

Fairchild Camera & Instrument Co.  9IA 
Fairchild Engine & Airplane Corp.  30A ) 
George H. Fathauer    I 10A 
Ferranti Electric, Inc.  65A 
Ford Instrument Co.  I 06A 
Freed Transformer Co.. Inc.  . 29A 
Furst Electronics   70A 

General Electric Co.  2A, 3A, 3IA, 37A, 62A 
General Precision Lab., Inc.  5A 
General Radio Co.  Cover IV 
G. M. Giannini & Co., Inc.  64A 

(Continued on page 111/1) 
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DISPLAY ADVERTISERS 
(Continued 

!Paul Godley   .110A 
1 Herman Lewis Gordon ..    1 10A 
i Gramer Transformer Corp.  105A 
i Graphite Metallizing Corp.  103A 
i Guardian Electric Mfg. Co.  10IA 

• Hewlett-Packard Co.   
Hogan Labs., Inc. 
• Hughes Aircraft Co. . 
Hughey & Phillips .. 

I5A 
II0A 
50A 
104A 

. Industrial Nucleonics Corp. .. ..  60A 
International Business Machines Corp 52A 
International Resistance Co.  8A, 9A 

Jacobs Instrument Co. .. 
Jennings Radio Mfg. Co. . 

.)FD Manufacturing Co. 
E. F. Johnson Co.   

 11IA 
  66A 

7IA 
49A 

i David C. Kalbfell   I 10A 
LKay Electric Co.  95A & 98A 
• Kenyon Transformer Co., Inc.  24A 
Kin gs Electronics  87A 
Kings Microwave Co., Inc.  86A 
James Knights Co.   106A 
• Kollsman Instrument Corp.   I9A 
Kulka Electric Mfg. Co., Inc.   108A 

Lambda Electronics Corp. .   69A 
Lenz Electric Mfg. Co. ..   83A 
Lockheed Aircraft Corp. .  54A 

Macmillan Co. ..  63A 
Magnecord, Inc.    22A 
P. R. Mallory & Co., Inc.  26A 
Manufacturers Thread Grinding, Inc.  72A 
Marconi Instruments, Ltd.  72A 
:Glenn L. Martin Co.  52A 
W. L. Masson Corp.   6IA 
Measurements Corp.  108A & II0A 
Melpar, Inc.   59A 
James Millen Mfg. Co., Inc.   67A 
; Motorola, Inc.   52A 
Mycalex Corp. of America ..  20A 

!National Carbon Div., Union Carbide 
Carbon Corp. 

iNational Union Radio Corp. .  60A 
North American Aviation, Inc.  58A & 60A 
'Northern Radio Co., Inc.   100A 

 93A 

Ohmite Mfg. Co.   I I 2A 

Panoramic Radio Products, Inc.  68A 
Par-Metal Products Corp.  .. ..100A 
Philamon Labs.  69A 
Pickard & Burns, Inc.  ...  I 10A 
Polytechnic Research & Development Co., 
Inc.  7A & 50A 

Potter Instrument Co.  96A 

from page 110.4) 

Radioactive Products, Inc.  58A 
Radio Corp. of America  32A, 39A, 53A 
Radio Receptor Co., Inc.  62A 
Rauland Corp.    4IA 
Raytheon Mfg. Co.  45A 
Remler Co., Ltd.   .94A 
Raymond Rosen Engineering Products, 
Inc.    47A & 54A 

Rowe Industries   92A 

Sanborn Co.   109A 
Sandia Corp.   7IA 
Secon Metals Corp. ..  88A 
Servo Corp. of America  104A & I 10A 
Shallcross Mfg. Co.  I2A 
Sheldon Electric Co.  23A 
Shure Brothers   82A 
Sorensen & Co., Inc.  65A 
Speer Resistor Corp.   28A 
Spencer-Kennedy Labs., Inc. .  96A 
Sperry Gyroscope Co.  6IA 

Sprague Electric Co.   
Stackpole Carbon Co. ... 
Standard Transformer Corp. 
Stayer Co.   
Stoddart Aircraft Radio Co. 
Superior Tube Co.   
Sylvania Electric Products, Inc. 
Syntron Co.   
Sarkes Tarzian, Inc. 

Technical Materiel Corp. .. 
Technology Instrument Corp. 
Tektronix, Inc.   
Tel-Instrument Co., Inc. 
Telrex, Inc.   
Titeflex, Inc.   
Transradio Ltd. 
Truscon Steel Co.   

United States Gasket Co.   
United Transformer Co.   
University of Michigan  59A 

1 A 
48A 
.36A 
69A 
44A 
 I 6A 
10A 
102A 

 64A 

  I 10A 
90A 
102A 
• 47A 
I 10A 
• 76A 
•99A 
75A 

95A 
I 3A 

Varian Associates  6IA 
Victoreen Instrument Co.   73A 

Wayne-Kerr Labs., Ltd.  ..72A 
Westinghouse Electric Corp.  59A 
Wheeler Labs., Inc.     I 10A 
S. S. White Dental Mfg. Co.  68A & 84A 

Zophar Mills, Inc.   100A 

The ELCO CORPORATION was erroneously 
listed as the ELCO Tool and Screw Corpora-
tion in the April issue. There is no connection 
between these two companies. 

ENGINEERS 
PHYSICISTS 
A major expansion of THE JACOBS 

INSTRU MENT COMPANY has made 
available a number of positions for men 

qualified to take responsibility as Sec-
tion Heads. A minimum of five years 

of experience, plus an outstanding rec-
ord of achievement, is required. Ex-

perience should be in high frequency 
circuit design, systems studies, aircraft 

instruments, aerodynamics, servomech-

anisms, gyroscopes, optical instruments, 
missile guidance, fire control, digital or 

analog computers, or related fields. 

These positions offer many unusual 

attractions including high salary, un-
usual  opportunity  in  military  and 
peacetime  fields,  security,  employee 

benefits, and pleasant working condi-

tions. 

Qualified individuals interested in ad-
vancing  themselves  now  should  not 
overlook these opportunities. 

JACOBS 
INSTRUMENT CO. 

Bethesda, Maryland 

Development Engineers 
for Electronic Aircraft Armament 
ELECTRONIC INSTRU MENTATION • ELECTRONIC CO MPONENTS • 

SERVO MECHANIS MS • RADAR • ELECTRONIC PACKAGING • 

CALIBRATION  AND  TESTING  ENGINEERS  FOR  PRODUCTION 

Job openings range from recent graduates to Engineers 

with years of experience. Send complete resume, listing 

salary requirements and availability, to: 

Technical Employment Supervisor, Station 483 

THE EMERSON ELECTRIC MFG. CO. 
8100 Florissant  • St. Louis 21, Missouri 

LEADERS  IN  THE  ELECTRI CAL  IN DUSTRY  SI NCE  1890 

PROCEEDINGS OF THE I.R.E.  May, 1951 



Style 
IW-29 
NW-30 
RW-31 
NW-32 
RW-33 
RW-34 

Overall 
length 
1 3 4 
1 
I-I 

- 

M OTE 
JAN-TYPE 
WIRE— WOUND 

RESISTORS 
STYLES AND SIZES 
TAB-TERMINAL TYPE 
f Characteristics G and J 

Diameter 
1 2' 
19 32' 
19 31' 
19 32' 
19 32' 
19 31' 

'Watts 

8 
10 
11 
16 
30 

TAB-TERMINAL TYPE 
with terminal hole to 
clear No. 8 screw 
t Characteristics G and J 

Overall 
Style  length  Diameter 
1W-40 19 32' 
RW-41  4' 19 32' 
IW-42 4" 
1W-43 
RW-44 
RW-45  11' 
RW-46 10.1 2 
1W-41  10 1 7 

IS i6" 
IS 16' 
I 5 16' 
I 5 16' 
I 5 16' 
1 9 16' 

'Watts 
24 
32 
49 
14 
100 
160 
135 
145 

Style 

IW-35 

-36 

W-3/ 

W-31 

39 

Overall 

length 

11" 

12' 

Diameter 

29 31" 

1 5 16' 

1 S 16' 

1 S 16' 

1 5 16' 

FERRULE-TERMINAL 
TYPE 

Characteristics G and J 

Style 

RW-10 

0W-Il 

1W-12 

RW-13 
1W-14 

RW-15 

1W-I' 

Overall 

length 
1I-1 16' 

9-5 C 

7-1 le 
5-1 C 

4-1 16" 

2-15 IC 

1-3 8" 

/or 

MEET REQUIREMENTS OF 

JOINT ARMY-NAVY SPECIFICATION JAN-R-26A 

Diameter "Watts 
1-S 16'  140 

1-5 16'  116 
1 5 16'  IA 

1 1 16'  50 
1 1 11' 40 

3 4" 20 

3 4"  14 

FLAT (Stack Mounting) 
TAB-TERMINAL TYPE 
Characteristics 0 and J 

Style 
RW-2I 
RW-21 
RW-22 
RW-13 
RW-24 

Overall 
length 
2- I 
3-1 4" 
4 3 C 
i" 

1-1 4" 

Width  Thkkness 
of (ere  al (ore 
1 3 16'  1 C 
1 3 16" 1 C 
1 3 16*  1 4' 
1 3 It' 1 4' 
I 3 16' 1 4' 63  •"2-1/2' wire Nods 

'Wens Ire, sir JAN Characteristic "6" 

t Also meet requirements of Characteristics 
F, H, E, and D which were recently removed 
from Spec. JAN-R-26A. (Amend. 2) 

'Watts 
IS 
22 
31 
4/ 

AXIAL-TERMINAL 
TYPE 

Characteristics 0 and J 

Length of 

Style Cere • Diameter "Watts 

101-55 1-31' sr  s 
erbs6  2.  sir to 

Ohmite offers an unusually complete line of resistors 

that meet the most rigid requirements (Characteristics 

"G" and "J") of Joint Army-Navy Specification 
JAN-R-26A. To meet these requirements, resistors must 

pass severe moisture resistance and thergial shock tests. 
They are required to it ithstand strenuous vibration 

applied for five continuous hours. And, they must satisfi 

the requirements of many other tests, including momentar 
overload, mechanical strength, and terminal strength. 

Of the 38 different resistor styles listed in JAN-R-26A, 

Ohmite offers 33 styles that meet these specifications. 

These styles represent the most popular resistors, and are 
available in a complete range of resistance values, in the 
types and sizes listed. 

OHMITE MANUFACTURING COMPANY 
4861 Flournoy St., Chicago 44, III. 

Ee R. • add... 

RHEOSTATS • RESISTORS • TAP SWITCHES 
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they 

may 

look 

alike, 

eat: 

there 

is 

only 

one 

A CED 
FILTER FOR 
EVERY 
APPLICATION! 

ts.ovike 
•• 

In a wide range of sizes and container shapes to meet every known interference 
filtering application. A few typical types are listed below. Thousands of other 
types on request. Our engineers will be glad to consult with you on your specific 
noise problems. Engineering bulletin on request. CORNELL.DUBILIER ELECTRIC COR-
PORATION, Dept. M51, South Plainfield, New Jersey. Other plants in New Bedford, 
Brookline and Worcester, Mass.; Providence, R. I.; Indianapolis, Ind., and sub-
sidiary, the Radiart Corp., Cleveland, Ohio. 

• 

600 r:C 33:14:1 

Capacitive inductive filters — single and multiple section 

pi circuits in hermetically sealed containers for aircraft, marine, 
and heavy-duty application requiring filters with high inser-

tion loss over temperature range from —55 to +85 °C. 

Feed-through capacitive TV and radio noise filters — 
Compocti Lightweight! Numerous insertion-loss patterns avail-

able. Hermetically sealed! Dykanol impregnation! 

Electrical appliance filters — for fluorescent lamps, food 
mixers, vacuum cleaners, business machines, and a wide 

variety of other electrical equipment available in many styles 
with both flexible lead and solder lug electrical connections. 

FOR EFFECTIVE NOISE ELIMINATION . . . FOR DEPENDABLE RESULTS 

. . . FOR PREMIUM QUALITY PERFORMANCE . . . ALWAYS SPECIFY C-D! 

V€ 4, 

1910-1951 

CO NSISTE NTLY  DEPE NDABLE 

CORNELL-DU M MER 
CAPACITORS  • VIBRATORS • ANTENNAS  • CONVERTERS 



o to Lutif 
covers half of the Scale! 

OUTPUT AD,L 

• e  

Pp CAPiCitANcE. II MI T Pt 
M R Ile  111 .4. 

The measurement of very small capacitances at radio frequencies 
is sometimes a difficult problem. To simplify this important meas-
urement, G-R has developed the Type 1612-AL R-F Capacitance 
Meter, having two ranges from zero to 10 micromicrofarads and 
zero to 100 micromicrofarads. 

Compact, very simple-to-use, accurate 
and reliable, this new meter fills a demand 
for many measurements of small capaci-
tances such as: 

Ceramic Capacitors — tubular ceramics (insu-
lated and uninsulated), disc-type cer-
amics, tubular ceramics included in v-t 
sockets 

Molded Mica Capacitors — foil- or silver-mica 

Variable Trimmer Capacitors — variable mica, 
variable plate-type, variable multi-cup-
type air, variable ceramic, and variable 
piston-type with glass dielectric 

Vacuum-Tube Sockets 
The operation of the instrument is very 

simple. Merely: (1) set the main dial to one 
of its two zero points, (2) turn "Zero Ad-
just" dial for maximum meter reading, 
(3) turn "Output Adjust" dial for full-
scale reading on meter. Connect the un-
known to the "X" terminals and retune 
the main dial to obtain maximum meter 

reading. The capacitance of the unknown 
is then indicated directly by the main 
dial setting. 
The capacitance accuracies are: LO W 

RANGE of 0 to 10 mpf: ±0.03 if below 
1 if, and ±3; between 1 and 10 pmf; 
HIGH RANGE of 0 to 100 golf: ±0.3 if 
below 10 µ pf, and ±3(,;, between 10 and 
100 ko,f. 
On the 10 A4/.4f range, the first ppf occu-

pies almost one-half of the scale length, and 
settings can be made to 0.002 ma! 
In addition, the meter can be used to 

approximate the dielectric loss by observ-
ing the amount by which the final tuning 
adjustment during measurement fails to 
reach full-scale on the indicating meter. 
Togetherwith itscompanionType 1612-A 

R-F Capacitance Meter (with ranges of 0 
to 1200 'Apt-and 0 to 80 miAf) this new meter 
provides an unusually simple, accurate 
and direct method for measuring capaci-
tances over a very useful range, at radio 
frequencies. 

TYPE 1612-AL R-F CAPACITANCE METER  $170 
TYPE 1612-A R-F Capacitance Meter   170 

For the measurement of r-f capaci-
tance of tube sockets, these adaptors 
are required. Three are available: 
Type 1612-PI for 7-pin miniature 
sockets, to measure "No. 4 contact 
to all"; Type 1612-P2 for octal 
sockets, to measure "No 4. contact 
to all"; Type 1612-P3 for 9-pin 
miniature noval socket, to measure 
"No. 5 contact to alt."- The adapt-
ors fit into and shield around the 
"X" terminals on the meter. They 
are priced at $9.00 each. 

In shifting from one range to an-
other, no extra panel switching is 
required. The change in range is 
accomplished automatically as the 
dial is rotated from one half of the 
scale to the other, the switch shown 
above automatically performing the 
operation. 

GENERAL RADIO Company 
275 Massachusetts Avenue, Cambridge 39, Mass. 

90 West St,.  NE W YORK 6  920S. Michigan Ave. CHICAGO 5  1000'N. *ward St LOS ANGELES 3$ 


