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Piiilco Corporation 

This magnified cutaway view shows a silicon wafer that has been electrolytically 
etched to a thickness of 0.5 mils. The top and bottom leads terminate at the 
scarcely visible electroplated emitter and collector contacts which have been de¬ 
posited on each side of the wafer. The inset at top shows the completed transistor 
unit with and without the container top. 
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LARGEST PRODUCERS IN THIS FIELD FOR TWO DECADES . . . 

HIGH Q INDUCTORS 

MQ Series 

case structure. 

VIC case structure 

01 DECADE 

1-13/16 dia. X 2-1/2" H. 

150 Varick Street, New York 13, N. Y. EXPORT DIVISION: 13E.40th St., New York 16, N. Y. CABLES: "ARLAB" 

Width 
111/32 

MQE 
MOA 
MOD 

MOL-’ 
MQL-2 
MOL-3 
MU-4 

MO drawn 
Length 

11/16 
1-5/16 

1-7/32 
1-23/32 
2-13/16 

2 
5 

11 
30 
70 

200 
500 

Length 
1-1/4 

Height 
1-7/16 

Type 
No. 

HVC-1 

HVC-2 
HVC-3 
HVC-4 
HVC-5 
HVC-6 
HVC-7 
HVC-8 
HVC-9 
HVC-10 
HVC-11 
HVC-12 

Mean 
Hys. 
.006 

.015 

.040 

.1 

.25 

.6 
1.5 
4.0 
10 
25 
60 
150 

Width 
1-1/16 
1-9/32 
2-9/16 

Ten 10 Mhy. steps. 
Ten 100 Mhy. steps. 

Ten 1 Hy. steps. 
Ten 10 Hy. steps. 

VIC Variable Inductors 

The VIC Inductors have repre¬ 
sented an ideal solution to the 
problem of tuned audio circuits. 
A set screw in the side of the 
case permits adjustment of the 
inductance from +85% to -45% 
of the mean value. Setting is 
positive. 

Curves shown indicate effective 
Q and L with varying frequency 
and applied AC voltage. 

Toroid Inductors 

The MQ permalloy dust toroids 
combine the highest Q in their 
class with minimum size. Stability 
is excellent under varying volt¬ 
age, temperature, frequency and 
vibration conditions. High perme¬ 
ability case plus uniform winding 
affords shielding of approximately 
80 db. 

.41/!" 

.4%" 

.2%" 

2.5/10 Hys. 
5/20 Hys. 

50/200 Hys. 
100/400 Hys. 

MOL case 

DI Inductance Decades 

These decades set new standards of Q, stability, 
frequency range and convenience. Inductance values 
laboratory adjusted to better than 1%. Units housed 
in a compact die cast case with sloping panel ideal 
for laboratory use. 

The MQL series of high 0 coils employ special 
laminated Hipermalloy cores to provide very high 
Q at low frequencies with exceptional stability for 
changes of voltage, frequency, and temperature. 
Two identical windings permit series, parallel, or 
transformer type connections. 

from 7 Mhy 
to 22 Hy. 

SPECIAL UNITS 
TO YOUR NEEDS 

Send your 
specifications 
for prices. 

Mln. 
Hys. 

.002 

.005 

on 
.03 
.07 
.2 

.5 

Max. 
Hys. 
.02 

.05 

.11 

3.0 
7.0 

20 
50 

HVC Hermetic 

Variable Inductors 

A step forward from our long 
established VIC series. Hermeti¬ 
cally sealed to MIL-T-27 ... ex¬ 
tremely compact... wider induc¬ 
tance range... higher Q... lower 
and higher frequencies... super¬ 
ior voltage and temperature 
stability. 

Length 
Width .... 
Height 

HVC case structure. 
Width Length Height 
25/32 1-1/8 1-7/32 

FROM STOCK... ITEMS BELOW AND 650 OTHERS IN OUR CATALOGUE B. 

Type 

VIC-12 
VIC-13 
VIC-14 
VIC-15 
VIC-16 
VIC-11 
VIC-18 
VIC-19 
VIC 20 
VIC-21 
VIC-22 

MQE 
15 stock values 
from 7 Mhy. 
to 2.8 Hy. 

MOB 
12 stock values 
from 10 Mhy, 

to 25 Hy 

Mean 
Hys. 

0085 
013 
021 
034 
053 
084 
13 
21 
.34 
.54 
.85 

Mean 
Hys. 

1.3 
2.2 
3.4 
5.4 
8 5 

13. 
21. 
33. 
52. 
83. 

130. 



Here is another new 

series of reliable 

conservatively rated 

Sprague capacitors. 

SPRAGUE 

SMALL DRAWN 
RECTANGULAR CASE 

CAPACITORS 
FOR 125°C 

FOR MANY YEARS Sprague Vitamin Q 
Capacitors have proven their ability to 
operate at high temperatures. Continued 
improvement in processing techniques 
and closer control of the materials used 
have permitted Sprague Engineers to de¬ 
sign capacitors which exceed the per¬ 
formance requirements for Characteristic 
"K” of Military Specification MIL-C-25 A. 

Of particular importance to equipment 
designers specifying 12 5°C capacitors is 
the proven chemical inertness and sta¬ 
bility at high temperatures of the Vitamin 
Q imprégnant used. Consequently there 
is no degradation experienced in electri¬ 
cal characteristics following storage at 
high temperatures for long periods. 

EXCEED REQUIREMENTS OF 
MIL-C-25A (CHARACTERISTIC 

All Type 93P, 94P, and 95P Vitamin 
Q capacitors are, of course, hermetically 
sealed. The terminal bushings and me¬ 
chanical case closure have been designed 
to withstand low barometric pressures at 
high ambient temperatures. 

Sprague, on request, will provide you with 
complete application engineering service for 
optimum results in the use of Vitamin Q 
capacitors 

SPRAGUE 
0.5-SWVDC 

IJS’C 

Complete information on these new 
Vitamin Q capacitors is provided in 
Engineering Bulletin 231, available on 
letterhead request to Sprague Electric Co., 
235 Marshall Street, North Adams, Mass. 

Type 95P capacitors are inter¬ 
changeable with MIL case 
styles CP67 and CP69 

Vitamin Q News 
swotuE 

I.0-6Q0VDC 
125 C 

Export for the Americas: Sprague Electric International Ltd., North Adams, Massachusetts. CABLE: SPREXINT 
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HOW 

BUSS FUSES 

all 

ftfcraiCAt MoncnoN 

IRE-655 
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USETRO 

MAKERS OF A 
COMPLETE LINE 
OF FUSES . . . 

. . . FOR HOME, 
FARM, COMMER¬ 
CIAL, ELECTRONIC, 
AUTOMOTIVE AND 
INDUSTRIAL USE. 

tection. They can help you 
the right fuse for the job . 
possible, a fuse available in 
wholesalers’ stocks, so that 
device can easily be serviced. 

help You guard against 
loss of customer Good Will 

select 
. . if 
local 
your 

To make sure of unfailing de¬ 
pendability — every BUSS fuse, 
normally used by the Electronic 
Industries, is tested in a sensitive 
electronic device that rejects any 

When there is trouble on the 
circuit, BUSS fuses open and pre¬ 
vent further damage to equipment— 
saving users the expense of replac¬ 
ing needlessly burned out parts. 

However, BUSS fuses won’t give 
a "false alarm” by blowing when 
trouble doesn’t exist. Users are not 
annoyed with shutdowns caused by 
needless blows. 

Dependable BUSS fuses can help 
safeguard your product or service 
against loss of user satisfaction be¬ 
cause . . . 

fuse not correctly calibrated, prop¬ 
erly constructed and right in 
physical dimensions. 

Save engineering time 
on new products 

The BUSS fuse research labora¬ 
tory and its staff of engineers are 
at your service to help you with 
problems involving electrical pro-

BUSSMANN MFG. CO 
(Div. .McGraw Electric Co.) 

University at Jefferson St. Louis 7, Mo. 



« w3-|M TTata. 
miniaturized axial-lead wire wound resistor 

This power-type wire wound axial-lead 
Blue Jacket is hardly larger than a match 
head but it performs like a giant! It’s a 
rugged vitreous-enamel coated job—and 
like the entire Blue Jacket family, it is 
built to withstand severest humidity per¬ 
formance requirements. 

Blue Jackets are ideal for dip-soldered 
sub-assemblies . . . for point-to-point wir¬ 
ing . . . for terminal board mounting and 
processed wiring boards. They’re low in 

cost, eliminate extra hardware, save time 
and labor in mounting! 

Axial-lead Blue Jackets in 3, 5 and 10 
watt ratings are available without delay 
in any quantity you require. * * ★ 

SPRAGUE WATTAGE DIMENSIONS MAXIMUM 
TYPE NO. RATING L (inches) D RESISTANCE 

151E 3 % 'Ms 10,000 0 

27E 5 1A ¥» 30,000 U 

28E 10 17s Ms 50,000 2 

Standard Resistance Tolerance: —5% 

SPRAGUE WRITE FOR ENGINEERING BULLETIN NO. 111 B 

SPRAGUE ELECTRIC COMPANY • 235 MARSHALL ST. • NORTH ADAMS, MASS. 
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Hundreds o£ thousands of telephone conversations or 
hundreds of television programs may one day travel together 
from city to city through round waveguides—hollow pipes— 
pioneered at Bell Telephone Laboratories. 

Pipes 

of 

Round waveguides offer tremendous possibilities in the 
endless search for new ways to send many voices great dis¬ 
tances, simultaneously, and at low cost. Today, Bell Labora¬ 
tories developments such as radio relay, coaxial cable and 
multivoice wire circuits are ample for America’s needs. But 
tomorrow s demands may well call for the even greater 
capacity of round waveguides. 

Progress Unlike wires or coaxial, these pipes have the unique 
property of diminishing power losses as frequencies rise. 
This means that higher frequencies can be used. As the 
frequency band widens, it makes room for many more voices 
and television programs. And the voices will be true, the 
pictures faithfully transmitted. 

These studies illustrate once more how Bell Telephone 
Laboratories scientists look ahead. They make sure that 
America’s telephone service will always meet America’s 
needs, at the lowest possible cost. 

New type of waveguide pipe formed of 
tightly wound insulated wire trans¬ 
mits better around corners than 
solid-wall pipes. 

Testing round waveguides at Bell Telephone Laboratories, Holmdel, New Jersey. 
Unlike coaxial cable, waveguides have no central conductor. Theoretically, 
voice-capacity is much greater than in coaxial cable. 

New type waveguide is bent on 
wooden forms for study of effect 
of curvature on transmission. The 
waveguide itself is here covered 
with a protective coating. 

Bell Telephone Laboratories 
Improving America's telephone service provides careers for creative men in scientific and technical fields. 



♦PATENTS 
PENDING¬ 
ALL RIGHTS 
RESERVED 

FOR HERMETICALLY SEALING 
CONDENSERS, RESISTORS AND 
OTHER TUBULAR COMPONENTS 

E-l standardization now makes it possible to 
offer designers and engineers the economy of 

standard components in a wide selection of types 
and sizes. These rugged compression type end 

seals are available in a broad range of dimensions, 
in either flared tube or pierced terminals, with single 

or multiple lead terminations. Inquiries invited. 

COMPRESSION 
TYPE 

. END SEALS 

-Zielet Zutat 
COMPRESSION 
CONSTRUCTION 
PROVIDES THE 
TIME-PROVEN 
LASTING SEALS 

In this exclusive E-I 
compression construc¬ 
tion, the glass remains 
under constant com¬ 
pression and is there¬ 
fore extremely strong. 
These seals possess ex¬ 
traordinary immunity 
to shock, vibration and 
pressure changes. For 
all practical purposes 
E-l Compression Seals 
are indestructible. No 
special skill is required 
to apply and assembly 
is rapid as all metal 
parts are tin dipped 
for easy soldering. 

E-I Leadership —in the field of 
hermetic sealing assures dependability, economy and fast delivery . . . 
specify E-I for multiple headers, octal plug-ins, transistor bases and 
closures, sealed terminals, end seals and color coded terminals. 

ELECTRICAL INDUSTRIES 
QirÍMn Election"* ^fiolation . 44 SUMMER AVENUE, NEWARK 4, NEW JERSEY 



REGULATION: — % % (a) from ro load 
to full load. |b) from 24-32V DC. |c) for 
230’ (or 460) V ± 10%. 
DC OUTPUT: 24-32V @ 100 amps. 
AC INPUT; 230 or 460V ± 10%, 3 
phase, 60 cycles. 
RIPPLE: 1 % rms. RESPONSE TIME: 0.2 sec. 
MOUNTING: Cabinet or 19" rack panel. 
WEIGHT: 250 lbs. 
DIMENSIONS: 25" X 15" X 15" 
•This unit will be supplied for 230V AC Input 
unless 460V is specified. 

ALSO AVAILABLE Standard 6 and 115 
volt models, G’Ound and Airborne Radar 
and Missile Power Supplies — Write for 
Perkin Bulletins, 

REGULATION: ± 1% (a) from 5 32V 
DC (b) from 1.5 to 15 amps, (c) from 
105-1 25V AC. (single phase, 60 cps.) 
RIPPLE: 1 % rms @ 32V and full load, 
increases to max. of 2 % rms @ 5V and 
full load. RESPONSE: 0.2 sec. 
METERS: 4 'A " AM and VM; 2 % accuracy. 
MOUNTING: Cabinet or 19" rack panel. 
FINISH: Baked Grey Wrinkle. 
WEIGHT: 150 lbs. 
DIMENSION: 22" x 17" x 14’/," 

REGULATION: ± 1 % • (a) at 28V DC; 
increases to 2 % max. over the range 
24-32V; does not exceed 2V regulation 
over the range 4-24V DC (b) from 1/10 
full load to full load (c) at a fixed AC 
Input of 1 15V. 
RIPPLE: 1 % rms @ 32V and full load; 
2 % rms max. @ any voltage above 4V 
AC INPUT: 115V, single phase, 60 cps. 
FINISH: Baked Grey Wrinkle. 
WEIGHT: 130 lbs. 
DIMENSIONS: 22" x 15" x 14’/," 

REGULATION: i 1 % (a) from 10 to 40V 
B DC (b) from 100 to 130V AC (c) from 3 
I to 30 Amps DC. RIPPLE: 1 % rms. 

AC INPUT: 100-130V, 1 phase, 60 cycles. 
RESPONSE: 0.2 sec. METERS: 4’/," AM 

æ and VM. 

DIMENSIONS: 22" x 15" x 23" 

MOUNTING: Cabinet with 19" rack panel. 
FINISH: Baked Grey Enamel. 
WEIGHT: 200 lbs. 

ytRK/jy 
PERKIN 

TUBELESS!! 
MAGNETIC AMPLIFIER 

REGULATED DC 

POWER 
SUPPLIES 

PERKIN... HAS A STANDARD POWER SUPPLY FOR YOUR EVERY NEED 

IMMEDIATE DELIVERY!! 

345 KANSAS ST. • EL SEGUNDO, CALIF. • 

MODEL 

MtO VMC 

0 TO 32 ï. 

@ 25 AMP. 

(CONT.) 

MODEL 

MR1040 30 

10 TO 40 V. 

@ 30 AMP. 

(CONT.) 

MODEL X 

MI2432-100X 

24 TO 32 V. 

@ 100 AMP 

(CONT.) J 

ORegon 8-7215 or EAstgate 2-1375 

MODEL I 

MR 532-15 

5 TO 32 V. 

@ 15 AMP. 

(CONT.) 

• As a service both to Members and the 
industry, we will endeavor to record in 
this column each month those meetings of 
IRE, its sections and professional groups 
which include exhibits. 

A 
Aug. 24-26, 1955 
Western Electronic Show & Conven* 

lion. Civic Auditorium, San Francisco, 
Calif. 

Exhibits: Mr. Mal Mobley, 344 N. La-
Brea, Los Angeles 36, Calif. 

Sept. 12-16, 1955 
Tenth Annual Instrument Confer¬ 
ence Ä Exhibit, Shrine Exposition 
Hall & Auditorium. Los Angeles, Calif. 

Exhibits: Mr. Fred J. Tabery, 3142 So. 
Hill St., Los Angeles 7, Calif. 

Sept. 26-27, 1955 
IRE Sixth Annual Meeting of the 
Professional Group on Vehicular 
Communications, Hotel Multnomah, 
Portland, Ore. 

Exhibits: Mr. Henry S. Broughall, Gen¬ 
eral Electric Co., 2727 N.W. 29th Ave., 
Portland, Ore. 

October 3-5, 1955 
National Electronics Conference, 

Sherman Hotel, Chicago. Ill. 
Exhibits: Mr. G. J. Argali, c/o DeVry 

Technical Institute, 4141 Belmont Ave., 
Chicago 41, Ill. 

Oct. 31-Nov. 1, 1955 
IRE East Coast Conference on Aero¬ 
nautical Navigational Electron¬ 
ics, Lord Baltimore Hotel, Baltimore, 
Md. 

Exhibits: Mr. C. E. McClellan, Westing¬ 
house Electric Corp., Air Arm Div., 
Friendship International Airport, Balti¬ 
more, Md. 

Nov. 3-4, 1955 
IRE Annual Electronic Conference, 

Kansas City, Mo. 
Exhibits: Mr. Charles V. Miller, Bendix 

Aviation Corp., P.O. Box 1159, Kansas 
City 41, Mo. 

Nov. 7-9, 1955 
Eastern Joint Computer (Conference 
(IRE-AIEE-ACM), Hotel tSatler, 
Boston, Mass. 

Exhibits: Mr. J. D. Porter, Digital Com¬ 
puter Lab., Barta Building, M.I.T., 
Cambridge, Mass. 

Nov. 28-30, 1955 
IRE Data Processing Symposium, 
Hotel Biltmore, Atlanta, Ga. 

Exhibits: Dr. B. J. Dasher, School of 
Electrical Engineering, Georgia Tech., 
Atlanta, Ga. 

Feb. 941, 1956 
Eighth Annual .South western IRE 
(Conference and Electronics Show, 
Municipal Auditorium, Oklahoma Citv, 
Okla. 

Exhibits: Mr. Charles E. Harp, P.O. Box 
764, Oklahoma City, Okla. 

Note on Professional Group Meetings: Some 
of the Professional Groups conduct 
meetings at which there are exhibits. 
Working committeemen on these groups 
are asked to send advance data to this 
column for publicity information. You 
may address these notices to the Ad¬ 
vertising Department, and of course 
listings are free to IRE Professional 
Groups. 
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• Continuously Tunable Thru 
Video VHF and UHF Frequencies, 
50KC-950MC Range 

• Sweep Widths to 40 MC 

» 
SWEEPING OSCILLATORS 

for every application 

• Single Dial Tuning 

Used with a standard cathode ray oscilloscope, 
the Kay Calibrated Alr^-Su'Crp will display the 
response characteristic of wide band circuits over 
the frequency range of approximately 50 kc to 
950 me. It features a calibrated dial indication 
of the approximate output frequency. The cen¬ 
ter frequency of the sweeping output voltage 
may thus be set to an accuracy of about 10%. 
The calibrated ^trffa-Surrp is the ideal instru¬ 
ment for use in alignment of amplifiers and fil¬ 
ters ... also as an FM source of wide range for 
instructional and lab purposes. 

SPECIFICATIONS 

Freq. Range: 50 kc to 1000 me. 
Freq. Sweep: Sawtooth, adjustable to 40 me. 

.Repetition rate, 50 to 100 c/s. 
RF Output: High, approx. 100 mv max. into open 

circuit. Low, 5 mv into open circuit. 
RF Output Control: Microwave attenuator con¬ 

tinuously variable to 26 db. 
Output Waveform: Less than 5% harmonic dis¬ 

tortion at max. output. 
Meter: Provides crystal detector current for peak 

output. 
Regulated Power Supply: 105-125 V., 50 to 60 

eps. Power Input, 100 watts. 

Send for Catalog 1J0-A 

$495 f.o.b. factory 

KAY ELECTRIC COMPANY De P‘ 

14 MAPLE AVENUE PINE BROOK, N. J. 

KAY 

Mega-Sweep 
Widest range of the Kay line of sweeping 
oscillators. Provides continuous frequency 
coverage up through UHF-TV bands — 
50 kc to 1000 me. Widely used in radar 

system development and in alignment and testing of TV 
and FM systems and components, as well as wide band IF 
and RF amplifiers and filters. Freq, range, 10 me to 950 
me. Write for Catalog 100-A. Price, $465 f.o.b. factory. 

KAY 
111-A CALIBRATED 

Mqp?-Sweep 
Higher output model calibrated Mega-Sweep, with zero 
level baseline. Higher output facilitates frequency response 
testing of UHF converters or tuners. Wider sweep width 
permits multi-channel response viewing. Zero level base¬ 
line is convenient means of measuring gain of test circuit. 

Frequency Range 

1. 10 me—950 me 

2. 450 me—900 me 

SPECIFICATIONS 
Output Impedance 

70 ohms unbalanced 

300 ohms balanced 

Output Voltage 
(Info Load) 

0.15 Volts 

0.3 Volts 

Sweep Width: Continuously variable to approx. 40 me max. 

Write for Catalog 111-A Price, $575 f.o.b. factory 

KAY 112-A CALIBRATED 
Same as 111-A, except total frequency range is 800 me to 
12C0 me. Catalog 112-A. Price, $575 f.o.b. factory. 

PROCEEDINGS OF THE I.R.E. June, 1955 7a 



VOU FURNISH THE PRINT, WE’LL FURNISH THE PART 

OF SYNTHANE LAMINATED PLASTIC 

MEETS MANY ELECTRICAL, MECHANICAL REQUIREMENTS 

This contact block—for an electronic device—illustrates 
the rising demand for materials with many properties 
in combination. High dielectric strength, mechanical 
strength and dimensional stability are essential for the 
application; accurate machining is a must for proper 
mating of components. 

SYNTHANE CORPORATION, a River Road, Oaks, Pa. 

Please send me more information about Synthane laminated 
plastics and the Synthane fabrication service. 

Name____ 

Title____ 

Company ____ 

Address — _ 

Ci ty---Zone_St a te_ 

The customer supplied the blueprint; Synthane Cor¬ 
poration did the rest—first producing the proper grade of 
material and then fabricating—accurately and without 
waste or delay. 

The more than 33 grades of Synthane laminated plastics 
offer you a very wide range of properties in combination— 
physical, mechanical, electrical, and chemical. And good 
service and quality characterize Synthane fabrication. 
The coupon will bring you further information and 
technical data covering Synthane sheets, rods, tubes, and 
molded parts, and Synthane service. 

[SYNTHANE] 
—* LAMINATED |S| PLASTICS 

SYNTHANE CORPORATION • OAKS, PENNSYLVANIA 
8a WHEN WRITING TO ADVERTISERS PLEASE MENTION — PROCEEDINGS OF THE I.R.E. June, 1955 
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STEAFIX capacitors resist time and weather 

5TÊÃÕX 

3KAKD0WNS COST PUNTY 

price of capacitors is very small compa¬ 
to that of the complex equipment they 
used in. The smallest trouble in the 

The 
red 
are 

Using cheap capacitors with insufficient die¬ 
lectric thickness is not a real saving. Take 
insurance against repair expenses by choosing 
STEAFIX silvered mica capacitors. Absolutely 
stable, totally damp-proof, liberally designed, 
STEAFIX capacitors give you years of service 
life without trouble and thus prove not only 
the best but also the most economical. 

functioning of a capacitor — instability, pene¬ 
tration of humidity, or even sudden break¬ 
down of a dielectric too sparingly designed — 
causes important disturbances which often 
can be found out only by a long study. This 
can be still more expensive if instead of 
staying in the home country, the equipment 
has been shipped overseas or sent to a 
foreign country. In this case a visit of 
Engineers and technical people is necessary. 

Société Anonyme au copital de 65.000.000 de Francs 

17. RUE FRANCŒUR, PARIS 18' - FRANCE 
TÉL. MONtmartre 02-93 

»'a'5*5.
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«K 

■ ■ 

EAST. 

MIDWEST_WHiteholl 4-2900 

WEST 

Or write RCA, Commercial Engineering, 

Position. 

Company. 

Address. 

n‘‘ 
rus For technical information on all products 

shown here call your RCA Representative: 

.HUmboldt 5-3900 
744 Broad St 

Newark 1, N. J. 

Suite 1181, 

Merchandise Mart Plaza 
Chicago 54, III. 

.MAdison 9-3671 

420 S. San Pedro St. 

Los Angeles 13, Calif. 

Section 
coupon. 
2N77 
2N104 
2N105 

Name_ 

VACUUM PHOTOTUBE 
FOR INDUSTRIAL 

SERVICE EQUIPMENT 

RCA-6570 ... especially useful in 
industrial appl'cations critical as to 
microphonics and sensitivity gradi¬ 
ent. Features high sensitivity to red 
and near-infrared radiant energy 
and is, therefore, suitable for use 
with an incandescent light source. 
Has maximum anode-supply voltage 
rating of 500 volts; maximum aver¬ 
age cathode-current rating of 5 
^amperes; and average luminous 
sensitivity-30 ^amperes per lumen. 

NEW VIEW-FINDER KINESCOPE 
FOR PORTABLE TV CAMERAS 

RCA-5AYP4 ... electrostatically focused and mag¬ 

netically deflected, this 5-inch cathode-ray tube 

offers high resolution and good uniformity over the 

entire picture area. It has a high-efficiency, alumi¬ 

nized white fluorescent screen which eliminates 

need for an ion-trap magnet and improves contrast 
and brightness. 

NEW TRIODE-PENTODE 
FOR VARIETY OF 

TV RECEIVER APPLICATIONS 

RCA-6AZ8.. . general-purpose, 9-pin 
miniature type containing a medium-
mu triode and semiremote-cutoff pen¬ 
tode in one envelope. Triode section is 
useful in low-frequency oscillator, sync¬ 
separator, sync-clipper, and phase 
spiltter circuits. Pentode section which 
features high trans-conductance, and 
semiremote-cutoff characteristics to 
minimize cross-modulation effects and 
overload distortion in picture-if stages, 
may be used as an if, video, or age 
amplifier, and as a reactance tube. 

ELECTRON TUBES-SEMICONOUCTOR DEVICES—BATTERIES— 
TEST EQUIPMENT—ELECTRONIC COMPONENTS 

NEW POWER TRIODE FOR INDUSTRIAL 
HEATING AND GENERAL 

COMMUNICATION SERVICES 

RCA-56O4-A ... a forced-air-cooled power triode 
with improved heat-radiation design that reduces 
forced-air requirements. Well suited to “on—off” 
industrial operations. Features include: single¬ 
phase, multi-strand tungsten filament ; sturdy Kovar 
anode, grid, and filament seals; heavy-wall copper 
anode. RCA-5604-A has a plate dissipation rating 
of 10 kw—can be operated with full ratings at fre¬ 
quencies as high as 25 Me. When operated in un¬ 
modulated class C service at a plate voltage of 
12 kv, a single 5604-A can deliver 22.5 kw approx. 

J. using this 
interested in. 
6521 6655 
6570 6694 

F35R, Harrison, N. 
Circle types you are 
2N109 5604-A 
3B2 6AZ8 
5AYP4 
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RADIO CORPORATION of AMERICA 
TUBE DIVISION HARRISON. N.J. 

NEW MULTIPLIER PHOTOTUBE 
FOR GAMMA-RAY SPECTROSCOPY 
AND SCINTILLATION COUNTERS 

RCA-6655 ... a 10-stage, flat face, head-
on type with l-ll/16'-diameter cathode; 
focusing electrode foroptirr-zing magnitude, 
uniformity, or speed of response; 3000 to 
6500 angstroms spectral-response range 
(max. at approx. 4400); cathode luminous 
sensitivity of 50 ^amp/lumen; short pulse 
resolving time at relatively low supply volt¬ 
age of 1000 volts; and sturdy structure to 
withstand the rigors of field use. 

NEW PHOTOCONDUCTIVE CELL FOR 
LIGHT-CONTROLLED RELAYS, 

COMPUTERS, AND LIGHT METERS 

RCA-6694 .. .verytiny, cadmium-sulfide, 
head-on type featuring high luminous sen¬ 
sitivity, very low dark current, extremely 
low background noise, ard signal output 
directly proportional tc incident light inten¬ 
sity. Characteristics not substantially affect¬ 
ed oy wide temperature changes. Spectral 
response covers range f'om 3500 to 5500 
angstroms with peak at about 5000. Lumi¬ 
nous intensity sensitivity is 3 Mamp/ft-c 
at 90 volts. 

NEW “C” BAND MAGNETRON 
FOR AIRCRAFT WEATHER RADAR 

RCA-6S21 ... for service as pulsed oscillator at 
fixed frequency of 5400 * 20 megacycles. It is 
designed and conservatively rated to insure long, 
reliable performance. Operates with high efficiency 
at pulse durations up to 2.2. microseconds. Has 
peak input power rating of 25.6 kw, peak anode 
voltage rating of 16 kv, and peak anode current 
rating of 10 to 16 ^amperes. Peak power outputs 
up to about 100 kw may be obtained. 

PROCEEDINGS OF THE I.R.E. June, 1955 

New RCA Transistors 
shown twice actúa size 

NEW HALF-WAVE 
VACUUM RECTIFIER FOR 

PULSED-RECTIFIER SERVICE 

RCA-3B2.. .aglass-octal.high-voltagerec-
tifier of the heater-cathode type for use in 
the scanning systems of modern black-and-
white and color-TV receivers. Rated at a 
maximum peak inverse plate voltage of 
35,000 volts (absolute), maximum peak plate 
current of 80 ma., and maximum average 
plate current of 1.1 ma. 

FOUR NEW 
ALLOY-JUNCTION TRANSISTORS 

Hermetically sealed, germanium, p-n-p types offer¬ 
ing extreme stability and uniformity of character¬ 
istics—initially and during life. RCA-2N104 for low-
power, audio-frequency applications; RCA-2N109 
for large-signal applications, such as class B audio 
service; RCA-2N77 and -2N.05 for hearing-aids. 



In DESERT HEAT 

HUMID-TROL 

SURGICAL INSTRUMENTS 

DIES TOOLS 

ELECTRONIC 

RIFLES AND 

Get the focti on 

consult with our 

EQUIPMENT 

SMALL ARMS 

NAVIGATION EQUIPMENT 

RESCUE EQUIPMENT 

will preserve, ready 
for instant use: 

In ARCTIC 
COLD 

be customized to meet special requirements of 
hyg-ometer is optional equipment. 

FILM • DRAWINGS • DRUGS 

ENGINES • MISSILES 

various' industries. A built-

HUMID-TROL; write for complete dota or 

engineers regarding your requi'ements. 

LONG TERM STORAGE SEAL \ 
Maintains Any Desired Moisture Level \ 
from 1% to 90%/?//-ALWAYS! 

In the search for better packaging for our own electronic devices, Lavoie \ 
í research scientists have developed a combination of material and method ' 

that has given us a long term storage container jn which moisture is reduced to 
the unprecedented low of l%...and maintained, without variation, over long 
periods of time. Once attaining the desired results for our own purposes, 

i further tests indicated a much broader latitude in which the HUMID-TROL 
method maintained, indefinitely, a specified degree of relative humidity 
for long term storage of a variety of products. 

We now offer Lavoie HUMID-TROL to industry seeking long term protection against 
unstable humidity, dehydration, corrosion, fungi and other causes of deterioration. 
HUMID-TROL has no size limitations and may be used to protect small components 
as well as large assemblies, including engines, missiles and even heavy tanks. 
HUMID-TROL withstands submersion; altitude up to 100,000 feet. Re-sealable and 
re-usable for storage at —80' F o- +180°F .. . withstands thermal shock and it may 

HUMID-TROL 

MORGANVILLE, NEW JERSEY 
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Direct reading, wide range, outstanding value 

SIGNAL 
GENERATORS 

NEW! -hp- 628A shf Signal Generator 

15 to 21 KMC, 10 dbm output 

SWR 1.2, high accuracy 

No calibration charts 

Pulse, FM, square wave modulation 

Typical -hp- signal generators 

-hp- 608D vhf Signal Generator 

-hp- 61 2A uhf Signal Generator 

-hp- 624C X Band Test Set 

New -hp- 628A is the first commercial signal generator to bring the wide range, high 
power, convenience and accuracy of lower-frequency signal generators to the 15 to 21 
KMC range. 
Operation of the instrument is typical of -hp- generators. Frequencies are directly set 
and read on one dial. No calibration charts are required. Output voltage is directly set 
and read. Output is 10 to 20 db better than previous spot-frequency generators. SWR 
is better than 1.5 at full power, and better than 1.2 at levels of 4-7 dbm and less. In¬ 
ternal pulse, FM or square wave modulation is provided, together with provision for 
external pulsing or FM’ing. Model 628A, $3,000.00. 

Data subject to change without notice. 

WRITE FOR COMPLETE SPECIFICATIONS 

HEWLETT-PACKARD COMPANY 

Instrument Frequency Range Characteristics Price 

-hp- 608C 10 to 480 MC 
Output 0.1 pv to 1 V into 50 ohm load. 
Pulse or CW modulation. Direct calib. 

$ 950.00 

hp- 608D 10 to 420 MC 
Output 0.1 pv to 0.5 V. Incidental 

FM 0.002 entire range. 
1,050.00 

■ hp- 612A 450 to 1,200 MC 
Output 0.1 pv to 0.5 V into 50 ohm load. 
Pulse, CW or square wave modulation. 

Direct calibration. 

1,200.00 

-hp- 6*4A 800 to 2,100 MC 
Output 0.1 pv to 0.223 V into 50 ohm load. 
Pulse, CW or FM modulation. Direct calib. 

1,950.00 

-hp- 616A 1,800 to 4,000 MC 
Output 0.1 pv to 0.223 V into 50 ohm load. 
Pulse, CW or FM modulation. Direct calib. 

1,950.00 

-hp- 6’88 3,800 to 7,600 MC 
Output 0.1 pv to 0.223 V into 50 ohm load. 
Pulse, CW, FM or square wave modulation. 

Direct calibration. 
2,250.00 

-hp- 620A 7,000 to 11,000 MC 
Output 0.1 pv to 0.071 V into 50 ohm load. 

Pulse, FM or square wave modulation. 
Separate power meter and wave meter section. 

2,250.00 

-hp- 623B 5,925 to 7,725 MC 
Output 70 pv to 0.223 V into 50 ohm loa 1. 

FM or square wave modulation. 
Separate power meter and wave meter section. 

1,750.00 

-hp- 624C 8,500 to 10,000 MC 
Output 3.0 pv to 0.223 V into 50 ohm load. 

Pulse, FM or square wave modulation. 
Separate power meter and wave meter section. 

2,265.001 

DEPT. W, 3340D PAGE MILL ROAD, PALO ALTO, CALIFORNIA, U.S.A. 

Cable "HEWPACK" 

úRack mounted instrument available for $15.00 less. FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS 

COMPLETE COVERAGE, HIGHEST QUALITY 
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AT G.E, 
FURTHER 

SEPARATE LARGE G-E FACTORY BLILDING at Owensboro, Ky., is devoted to the 
production of 5-Star miniature and subminiature tubes for military, 
communications, and industrial uses. Dust control and air-conditioning 
during assembly and inspection help to assure G-E 5-Star Tube reliability. 

OPERATION SNOiy WHITE 
RESTRICTED AREA 

LINT CAUSES GRID SHORT. This unre¬ 
touched photograph of a tube grid 
magnified some 40 times, shows 
a stray particle of lint which can 
easily cause an inter-electrode 
short-circuit. Dust often causes a 
similar conductive path to form be¬ 
tween closely-spaced tube elements. 

LINT, DUST ARE SEALED OFF FROM 5-STAR 
PARTS. G-E tube grids are given a 
special cleaning, and then are 
rinsed, dried, inspected, and 
sorted. Afterwards G-E employees ' 
enclose them in treated paper bags, 
and fold and staple the ends of the 
bags so no lint or dust can enter. 

AIR-LOCKS AT ALL DOORS. Employees and other persons entering, pass 
through air-locks, with a grating underfoot through which powerful 
suction removes any loose dirt from their shoes. All outer garments, 
lunches, and personal articles are left outside, in a separate cloak-room. 
Traffic is closely controlled, and those permitted to enter must wear 
lint-free clothing. Incoming mail is left in the air-locks, for pick-up and 
delivery later on by employees who work inside the “Snow White” area. 

__ 

/ >. e ‘ .i 



“OPERATION SNOW WHITE” 
INCREASES TUBE RELIABILITY 

5-Star Tube inoperatives are greatly reduced by ridding 
assembly and inspection areas of lint and dust! 

Optimum cleanliness during manufacture 
has resulted in a two-thirds drop in G-E 5-Star 
Tube inoperatives—mainly caused by intermit¬ 
tent short-circuits from lint. 100% factory tests 
prove this gain in dependability. 
G-E “Operation Snow White” shields the 

work of 750 skilled employees from lint, dust, 
and dirt; involves the operations of a whole 
tube factory; helps assure the reliability of 
5-Star types—both miniatures and subminia¬ 

tures —in many million critical military, com¬ 
munications, and industrial tube sockets. 
The extensive and important story is told 

briefly in the pictures and text on these pages. 
Ask for additional 5-Star Tubes information! 
Learn why G-E 5-Star Tubes—specially de¬ 

signed, built, and performance-tested—are the 
most dependable tubes you can specify and 
install! Tube Department, General Electric 
Company, Schenectady 5, New York. 

WHITE LINT-FREE UNIFORMS of Nylon and Dacron are worn 
by the 750 selected, trained employees who assem¬ 
ble and inspect G-E 5-Star Tubes. The entire work¬ 
ing area, a part of which is shown above, is pressur¬ 
ized to keep out dust, with air that first has been 
thoroughly filtered, then dehumidified, and cooled. 

ASSEMBLY, INSPECTION UNDER GLASS. G-E 5-Star Tube as¬ 
sembly and microscope inspection are carried out 
under special protective hoods that are glass-
paneled for work observation. Employees wear rub¬ 
ber finger cots—changed every hour—to avoid con¬ 
taminating the tube parts with any dirt or moisture. 

Progress Is Our Most Important Product 

GENERALS ELECTRIC 
162-1B3 



Mighty midget ’’tunes up” for major performance 

This miniaturized CST-50 variable ce¬ 
ramic capacitor outperforms capacitors 
several times larger. C.T.C.’s unique de¬ 
sign includes a tunable element which vir¬ 
tually eliminates losses due to air dielectric. 
This results in wide minimum to maximum 
capacity range of 1.5 to 12 MMFD. 

This tuning sleeve is at ground potential 
and can be locked firmly to eliminate un¬ 
desirable capacity change. Each CST-50 is 
provided with a ring terminal with two 
soldering spaces. 

This is but one of a versatile family of 
C.T.C. ceramic capacitors of this type, 
built to C.T.C.’s quality control production 
standards for guaranteed performance. 

All C.T.C. components — standard or 
custom — are subject to this precision 
manufacture. Other C.T.C. components 
include coil forms, coils, terminal boards, 
terminals, diode clips, insulated terminals 
and hardware. C.T.C. engineers are glad 
to consult on your component problem. 
Write note for sample specifications and 

prices to Sales Engineering Department, 
Cambridge Thermionic Corporation, 456 
Concord Ave.. Cambridge 38, Mass. On 
West Coast, contact E. V. Roberts, 5068 
West Washington Blvd., Los Angeles 16 
or 988 Market St., San Francisco, Calif. 
C.T.C. Capacitor Data: Metallized ceramic forms. 
CST-50, in range 1.5 to 12.5 MMFDs. 
CST-6, in range 0.5 to 4.5 MMFDs. 
CS6-6, in range 1 to 8 MMFDs. 
CS6-50, in range 3 to 25 MMFDs. 

CST-50-D, a differential capacitor with the top half 
in range 1.5 to 10 MMFDs and lower half in 
range 5 to 10 MMFDs. 

CAMBRIDGE THERMIONIC CORPORATION 

makers of guaranteed electronic components, 
custom or standard 
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Since the beginning of time man has sought to 
escape the limitations of the known. Though his feet 
are planted on the ground, his vision goes beyond 
the range of sight to limitless space . . . dwelling 
place for a hundred million universes. 

Exploring these realms of the unknown ... 
wresting the electron's secrets from Nature has been 
Farnsworth's sole function for over a quarter of a 
century.. .the last ten years continuously participating 
in the design, development and production of 
guided missile systems such as Talos, Terrier, 
Sparrow and others. 

We hope our contributions to this country's 
defenses act as deterrents to aggression and help 
influence the peaceful settlement of differences 
between nations. 

The next decade, added to this vast storehouse of 
electronic knowledge, will bring man's age-old vision 
of reaching the stars into closer focus. 

Farnsworth Products and Activities include: 

Research—Applied Physics. Circuit Research, Solid State 
Physics, Low Temperature Physics. 

Radar—Transmitters and Receivers, Computers, Microwave 
Components, Pulse-Coding and Circuitry. 

Electron Tubes—Photomultipliers, Storage Tubes, 
Image Tubes, Infrared Tubes. 

Missile—Guidance and Control Systems, Test Equipment. 

FARNSWORTH ELECTRONICS COMPANY * FORT WAYNE, INDIANA 
a division of International Telephone and Telegraph Corporation 
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NEWS and NEW PRODUCTS 
June 1955 

High Temperature Tantalum 
Capacitors 

Cornell-Dubilier Electric Corp, has an¬ 
nounced the development of a new Tan¬ 
talum slug type electrolytic capacitor de¬ 
signed to operate unde- wide temperature 
ranges. 

These new type “TH” Tantalums are 
rated from — 55°C to + 125°C. Units rated 
to +175°C can be supplied on specific 
order. Standard case size j inch X J inch to 
120 ßgi; only slightly arger to 240 ggf. 
Series combinations can be supplied at 
higher capacities and voltage ratings. 
These new capacitors are suited for opera¬ 
tion under conditions of high G shock, high 
thermal cycling, and severe vibration. 

Standard units range from 25 to 120 
with a voltage range of 18 to 100 volts 

dew. Higher capacitances and voltages to 
630 volts dew, can be supplied. For further 
information send for Engineering Bulletin 
No. 529. 

Optical Sub-assemblies 
Zenith Optical Laboratory, Copiague, 

L. I., N. Y., has in operation an extensive 
department devoted to the design and 
fabrication of Lenses, Prisms, Optical 
Flats and Windows, as well as complete 
Optical Sub-assemblies. The fabricating, 
grinding, and polishing activities are di¬ 
rected by J. Balaze, an experienced pro¬ 
duction engineer in the optics field. 

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

Another feature of the expanded Zenith 
facilities is their high-vacuum coating de¬ 
partment. Among the materials evapo¬ 
rated are Magnesium Fluoride, Aluminum, 
Silver, and Gold. Dichroic Coatings and 
Vignetted Coatings are also produced to 
specifications. 

An enlarged designing and engineering 
department is available for the solution of 
optics problems. Co-operation on proto¬ 
types will be gladly extended. While their 
factory is geared for production runs, small 
quantity orders are readily accommodated. 
For additional information write to M. 
Hoffman, Mgr. 

Remote Control RF 
Attenuator 

A new remote control adaption of its 
standard rf attenuator has just been de¬ 
veloped and made available by the Daven 
Co., Dept. RH, 195 Central Ave., Newark 
4, N. J. The new unit, Series 544, is cam 
operated and solenoid driven. Its salient 
feature is a special arm which permits re¬ 
mote selection of an}' of the following cam 
operated positions on the attenuator, first 
position and second position, entirely out 
of circuit. First attenuation position in the 
circuit, and second attenuation position 
out of the circuit. Both attenuation posi¬ 
tions in the circuit. This cycle can be re¬ 
peated indefinitely. 

This new type features all of the char¬ 
acteristics of the standard Daven unit that 
is, it is flat from de to 225 me and main¬ 
tains a resistance accuracy to ±2 per cent. 
Power rating is 0.25 watt. The unit op¬ 
erates on 115 volts and measures 5, inches 
highX5j inches longX2J inches wide. Al¬ 
though the unit shown has 3 steps, varia¬ 
tions can be provided with up to 5 steps 
plus zero attenuation. A maximum of 20 
db per step can be supplied. For further 
information write to the company. 

Transistor Curve Tracer 

Polyphase Instrument Co., Bryn Mawr, 
Pa., announces its Model TA-3A Transis¬ 
tor Analyzer, a transistor family curve 
tracer. It displays on an oscilloscope the 
R12, R22, and 7/12 families in the grounded 
base connection and the family in the 
grounded emitter connection. Either N, P, 
NPN, or PNP transistors can be tested. 
Collector current power supply has a peak 
rating of 100 ma at 100 v enabling the in¬ 
strument to be used for testing power 
transistors as well as conventional transis¬ 
tors. 

Universal Cabinet Racks 
The Par-Metal Products Corp., 32-62 

Forty Ninth St., Long Island City 3, N. Y., 
line of completely assembled racks now in¬ 
cludes the universal type which has pro¬ 
visions for mounting chassis supports, 
shelves, sliding shelves, and standard 
sliding devices. These racks, in addition 
to being available with or without front 
doors, are also available with or without 
detachable side panels, and may be used 
singly, or in rows. 

The racks are made in standard units 
of 19 and 24 inch wide panels, in 18 and 24 
inch depths, and in 48J, 67|, 76J- and 83j 
inches standard heights. Panel spaces are 
42, 61i, 70 and 77 inches; clear inside 
depths are 16J and 22j inches for units 
with front and rear doors, and 16J and 22| 
inches for units with rear doors only. 

A unique feature of the racks is that 
intermixing of similar height racks with 
any combination of 19 and 24 inch wide 
panels are possible. 

The racks range in price from $70.00 to 
$180.00. For additional information write 
for a copy of the latest Par-Metal catalog. 

(Continued on page 20A) 
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Because 
makes the most 

ATTENUATORS 
LOSS 

in the world! 

àlTfMMTM* * DECKEL* 

TYPE 

complete, the most 
accurate line of 

In addition to Daven being the leader in audio 
attenuators, they have achieved equal promi¬ 
nence in the production of RF units. A partial 
listing of some types is given below. 

These units are now being used in equip¬ 
ment manufactured for the Army, Navy 
and Air Force. 

Standard impedances are 50 and 73 ohms, with 
special impedances available on request. Resistor ac¬ 
curacy is within ± 2% at DC. An unbalanced circuit 
is used which provides constant input and output 
impedance. The units are supplied with either 
UG-58/U* or UG-185/U** receptacles. 

DAVEN Radio Frequency Attenuators, by combining 
proper units in series, are available with losses up 
to 120 DB in two DB Steps or 100 DB in one DB 
Steps. They have a zero insertion loss and a frequency 
range from DC to 225 MC. 

Write for Catalog Data. 

195 CENTRAL AVENUE 
NEWARK 4, NEW JERSEY 

TOTAL STANDARD 
DB IMPEDANCES 

«F 

the” 3*vK?oiP4>lV 

WHY»««! 

RFA* & RFB 540” 12, 3,4DB 10 50/509 and 73/739 

RFA & RFB 541 10,20, 20, 20 DB 70 50/509 ard 73/739 

RFA & RFB 542 2,4, 6, 8 DB 20 50/50 9 and 73/739 

RFA & RFB 543 20,20, 20, 20 DB 80 50/509 and 73/73 9 

RFA & RFB 550 1,2,3,4,10 DB 20 50/509 and 73/739 

RFA & RFB 551 10,10,20, 20, 20 DB 80 50/509 and 73/739 

RFA & RFB 552 2,4,6, 8,20 DB 40 50/509 and 73/739 



Save time... reduce costs ... avoid design head¬ 
aches. Empire Devices offers a wide variety of 
standard broad band, fixed tuned coaxial crystal 
mixers to meet your needs. Specialized manufac¬ 
turing facilities and techniques result in economy, 
and a high degree of quality control by competent 
engineers assures uniformity in manufacture. 
Immediate delivery in many instances. 

Select one of 8 models in the CM-107 Series, cover¬ 
ing the entire frequency range from 225 to 5600 
me. Input VSWR of any crystal mixer in the line 
is better than 2:1, without adjustments, for all 
frequencies within its rated range. Local oscillator 
input requires 10 milliwatts, has a VSWR of 2:1 
or better with any injector adjustment. A choice of 
input connectors is available. Standard models 
can be modified for special purposes ! 

For complete engineering data, ask for our free 
catalog P2. 

NEW YORK—Digby 9-1240 • SYRACUSE—SYracuse 2-6253 • PHILA¬ 
DELPHIA—SHerwood 7-9080 • BOSTON—WAItham 5-1955 • WASHING¬ 
TON. D.C.—DEcatur 2-8000 • DETROIT—BRoadway 3-2900 • CLEVE-
LAN D—EVergreen 2-4114 • DAYTON—FUIton 8794 • CHICAGO— 
COlumbus 1-1566 • DENVER— MAin 3-0343 • FORT WORTH—WEbster 
8811 • ALBUQUERQUE 5-9632 • LOS ANGELES—REpublic 2-8103 • 
CANADA: MONTREAL—UNiversity 6-5149 • TORONTO—WATut 4-1226 
• HALIFAX 4-6487 • EXPORT: NEW YORK—Murray Hill 2-3760 

EMPIRE DEVICES 
PRODUCTS CORPORATION 

3815 BELL BOULEVARD « BAYSIDE 61 • NEW YORK 

manufacturen of 

FIELD INTENSITY METERS • DISTORTION ANAIYZERS • IMPULSE GENERATORS • COAXIAL ATTENUATORS • CRYSTAL MIXERS 

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

(Continued from page 18A) 

Logarithmic-Linear Amplifier 
Logarithmic functions, such as gain 

and attenuation expressed in decibels, are 
rapidly plotted on linear paper using a 
standard recording milliammeter in con¬ 
junction with the Logarithmic-Linear 
Amplifier, Model 120A developed by Color 
Television, Inc., 974 E. San Carlos Ave., 
San Carlos, Calif. Complete antenna radia¬ 
tion patterns have been obtained in less 
than two minutes using the Log-Linear 
Amplifier in automatic antenna pattern 
recording systems the firm claims. 

Designed primarily for use with an rf 
source modulated at 1000 cps, the input 
provides a metered, variable 0 to 10 ma de 
supply for bolometer operation. Alterna¬ 
tively, the instrument can be supplied 
with a crystal input. 

The output is presented on a 4-inch 
meter and is also available at a meter jack 
for driving either a 1-ma de recording 
milliammeter or a high-impedance re¬ 
corder. The logarithmic channel has a 
dynamic voltage range of 100 db, equiva¬ 
lent to a 50-db power change in a square¬ 
law detector. The corresponding meter 
scale reads attenuation from 0 to 50 db in 
equally spaced 1-db graduations. When 
the linear channel is used, the output is 
read on a typical db scale with 3 db at ap¬ 
proximately mid-scale so that antenna 
half-power points can be accurately deter¬ 
mined. 

Microwave Antenna 
Test Rooms 

McMillan Industrial Corp., Ipswich, 
Mass., has recently put on the market a 
new type of self-contained “free space” 
room for microwave antenna testing. 
These are prefabricated units which can be 
easily assembled for either indoor or out¬ 
door installation, and can be used as bore¬ 
sight tunnels or test ranges as well as for 
pattern or other measurements where 
microwave energy absorption is required. 

Each construction is completely self-
supporting and needs no other structural 
members. It consists of a metal framework 
and plywood panels with microwave ab¬ 
sorbing material permanently attached. 
Standard panel sizes are 4X6 and 4X8 
feet, but any size panel can be built for a 

(Continued on page 90 A) 
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Raytheon — World's Largest Manufacturer of Magnetrons and Klystrons 

1,000 me. 
VOLTAGE TUNABLE 

Frequency: 2,000-4,000 mes. 

Rapid electronic tuning by vary¬ 
ing delay line voltage from 150-
1,500 Volts. 

Power output: 0.1 to 1 watt 

Complete with compact perma¬ 
nent magnet 

Approximate maximum dimen¬ 
sions: 10" long, 4%" high, W 
wide. 

QK518 
specifications 

16,000 me. 

NEW Raytheon Backward Wave Oscillator Series 
for wide, rapid electronic tuning-1,000 me. to 16,000 me. 

The tubes in this revolutionary new line of Raytheon Backward Wave Oscillators give you 
four outstanding performance advantages: 

1. Electronically tunable over an extremely wide range of frequencies 
2. Frequency insensitive to load variations 
3. High signal-to-noise ratio 
4. Can be operated under conditions of amplitude or pulse modulation 

These new tubes are finding fast-growing applications in microwave equipment, including radar 
and signal generators. 
Write today for free Data Booklet on the QK518 (above) which is available 
for delivery. We’ll also be happy to answer any questions you may have 
on this new line. 

RAYTHEON MANUFACTURING COMPANY 

Microwave and Power Tube Operations, Section PL-30, Waltham 54, Mass. Excellence in Electronics 

Raytheon Makes: Magnetrons and Klystrons, Backward Wave Oscillators, Traveling Wave Tubes, Storage Tubes, Power Tubes, Receiving Tubes, Transistors 



^^^lENEVER you need a power supply for batterv-
operated electronic equipment . . . mobile transmitters 
and receivers, PA amplifiers, direction finders or similar 
apparatus . . . vou will find the right combination of 
performance and economy in Mallory Vibrapacks. 

A completely new series of these vibrator power sup¬ 
plies, incorporating improved features of design, is now’ 
available for electronic designers. 

PROVED DEPENDABILITY. Built of precision-made 
Mallory components, Vibrapacks have earned a reputa¬ 
tion for reliable service in thousands of applications, 
under the most severe conditions of use. 

ECONOMY. First cost is low. You gain the economies 
of Mallory standardized designs and efficient produc¬ 
tion. Maintenance costs are practically zero. 

FLEXIBILITY. Vibrapacks come in a variety of ratings, 
capable of delivering up to 60 W’atts of DC power at 
300 to 400 volts. Each model is adaptable to a broad 
range of applications. 

HIGH EFFICIENCY. Circuits are designed to give mini¬ 
mum battery drain . . . maximum power conversion. 
All components are matched for peak performance. 

Check through the specifications for the eight standard 
Vibrapaek models when you begin your next mobile 
equipment design. You will probably find the exact 
power supply you need. And if you need a special type, 
Mallory will be glad to design and produce it for you in 
quantity to your requirements. Write for our latest 
Technical Bulletin for complete data. 

Parts distributors in all major cities stock Mallory 
standard components for your convenience. 

Serving Industry with These Products: 

Electromechanical—Resistors • Switches • Television Tuners • Vibrators 

Electrochemical — Capacitors • Rectifiers • Mercury Batteries 

Metallurgical — Contacts* Special Metals and Ceramics* Welding Materials 

Expect more... Get more from 

I MallorY 
P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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NEW SIZES 
AVAILABLE 

NOW! 
STANDARD 

ROUND CASES 

HU-693: 
OUTSIDE DIA. I 5/16" 
LENGTH I 7/16" 

HU-703: 
IOUTSIDE DIA. I 23/32" 
LENGTH I" 

HU-694: 
OUTSIDE DIA. I 49/64" 
LENGTH 5 1/4" 

HU-695: 
OUTSIDE DIA. 2 15/32" 
LENGTH 6" 

STANDARD 
RECTANGULAR 

CASES 

HU-714: 
DIMEN. A 
DIMEN. B. 
LENGTH 

HU-690: 
DIMEN. A 
DIMEN. 8 
LENGTH 

HU-704: 
DIMEN. A 
DIMEN. 8 
LENGTH 

HU-705: 
DIMEN. A 
DIMEN. 8 
LENGTH 

HU-720: 
DIMEN. A 
DIMEN. B 
LENGTH 

HU-710 
DIMEN. A 
DIMEN. 8 
LENGTH 

HU-716: 
DIMEN. A 
DIMEN. 8 
LENGTH 

HU-701: 
DIMEN. A 
DIMEN. B 
LENGTH 

HU-712: 
DIMEN. A 
DIMEN. 8 
LENGTH 

11/32" 
17/32" 

I 1/8" 

3/4" 
I 41/64" 
I 1/32" 

59/64" 
I 25/64" 
I 3/16" 

29/32" 
I 15/32" 
I 5/16" 

I 1/32" 
I 3/16" 
2 1/2" 

2 1/4" 
3 3/4" 
4 1/4" 

2 5/8" 
2 57/64" 
2 5/8" 

2 13/16" 
3 5/16" 
4 7/8" 

3 1/16" 
3 9/16" 
4 7/8" 

CLIP THIS PAGE AND 
FILE WITH YOUR NEW 
HUDSON CATALOG! 

...THREE COMPLETE SERVICES! 

Hudson Standard Metal Closures 
Over 1000 economical standard types mean HUDSON can 

supply precision components at commercial prices. A wide 
variety of optional features make it possible to solve 
all but the most unusual closure requirements with 

standard types selected from HUDSON stocks. 

Hudson Quality Metal Stampings 
Metal parts produced to your exact specifications at prices 

that reflect the economies of mass production methods. 
Hudson can work to close tolerances and maintain 

uniformity throughout production runs. Quotations supplied 
promptly on receipt of drawings. 

Hudson Sheet Metal Facilities 
Depend on HUDSON for expert fabrication of simple or 

complex sub-assemblies. Facilities include certified welding 
of alloys, silver soldering, brazing and chrome plating. 

is contained in one handy 
catalog. Full descriptions of 
all standard items and com¬ 
plete information on Hudson 
metal working facilities. Call 
or write for your copy, nowl 

Precision Components of 
Steel, Aluminum, Copper, 

Brass, Mu Metal 

HUDSON 
TOOL & DIE COMPANY 
118-122 SOUTH 14th ST., NEWARK 7, N.J. 

INC 
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“Eimac 450TH in excellent operating condition 
after 49 months of dependable service” 
The 45OT power triode first designed and produced by Eimac in 1937 

is still a standard Eimac product widely acclaimed by the communications 
industry. It symbolizes the uncompromising quality, performance 

and reliability that has made Eitel-McCullough, inc. the 

world’s largest manufacturer of transmitting tubes. 

Ei tel-î.'cCullough, Incorporated 
San Pruno, California 

Gentlemen: 

December 6, 1954 

On November 30, 1954 I retired from service 
an Eimac 450TH, Serial Number C9-2416. 

This tube was used as the Power Amplifier in 
the Gates RC-500D transmitter operated at this 
station. 

It was installed in the transmitter and put into 
operation on November 1, 1950. The total hours 
of operation obtained before replacement amounts 
to 17,892. 

P JR/pa Chiefi 

Now to further explain the reason for this letter 
I must tell you that the tube is still in excell¬ 
ent operating condition as far as I am able to tell 
by its daily performance. It was replaced Just on 
general principles after 49 months of dependable 
servIce. 

Mr. Paul J. Ripple, chief en¬ 
gineer, Station WBKV, West 
Bend, Wisconsin, holds Eimac 
450T that he retired, “just 
on general principles after 
17,892 hours of depend¬ 
able service.” 

EITEL-McCULLOUGH, INC. 
SAN BRUNO «CALIFORNIA 
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^FAMOUS Äi/COMPONENTS ARE READY TO WORK FOR YOU 

AUTOTUNES AND AUTOPOSITIONERS 
By means of the Collins Autotune, shafts or devices requiring 
accurate positioning can be automatically reset to any of several 
variable positions. Autopositioners are used where up to 20 or 
more fixed positions are needed. Rotational reset accuracy .05°; 
Autotune Channels: 8-12 each independently variable over entire 
range, this may vary from a fraction of one turn to as many as 20 
turns. Output torque is available in the range from 'A-24 pound¬ 
inches. Operation time: as low as 1 sec.; System weights: as low 
as 2 lbs.; Power supply: 28 v de, 110 v ac 50/60 cycles or other 
conventional sources. 

MECHANICAL FILTERS 
The Collins Mechanical Filter is an electro-mechanical bandpass 
filter, smaller than the usual i-f transformer, but providing better 
i-f selectivity than several stages of conventional tuned i-f circuits. 
The Mechanical Filter, readily adaptable to existing or new i-f 
designs, can be supplied with bandwidths from 500 cps to 12 kc 
for center frequencies from 100 kc to 500 kc, with —60 db band¬ 
widths less than 3 times the —6 db bandwidths. Response varia¬ 
tion within the passband is less than 3 db. Performance is de¬ 
pendable from —40°C to 4-85°C with relative humidities up to 
95%. 

PRECISION TUNED OSCILLATORS 
Collins Precision Tuned Oscillators are permeability tuned and 
incorporate a precision lead screw. Mechanically rugged and 
sealed against atmospheric changes, these accurate R.F. sources 
are individually compensated for temperature and voltage varia¬ 
tions. Fundamental frequencies in the range of 450 kc to 4 me 
are covered and frequency multiplication may be employed to 
attain complete frequency coverage. R.F. output 1-30 v rms de¬ 
pending on model. Output is linear with lead screw rotation 
making dial design easy. Average short term (24 hr.) stability 
under specified condition is in the order of .003% after warmup. 

HYSTERESIS SYNCHRONOUS MOTORS 
Ideal for driving timing mechanisms, magnetic storage drums, 
recording charts and automatic frequency controls, Collins pre¬ 
cision built hysteresis motors feature high starting torques and 
superior efficiency. Synchronous performance is possible from 
zero to as high as 1000 cycles per second. Diameter 2", length 
2.3", torque up to 2 oz.-in. Some models have spilt windings for 
operation directly from plate circuits of 2 phase, direct-coupled 
push-pull amplifiers thus eliminating output transformers. Other 
models for 60 cps and 400 cps fixed-frequency operation from 
conventional power sources 

For complete information on any of these Collins 
Components contact your nearest Collins office. 

COLLINS RADIO COMPANY CEDAR RAPIDS, IOWA 

261 Madison Avenue. NEW YORK 16, NEW YORK 
1200 18th Street N.W., WASHINGTON. D. C. 
1930 Hi-Line Drive, DALLAS 2, TEXAS 
2700 W. Olive Avenue. BURBANK. CALIFORNIA 

COLLINS RADIO COMPANY OF CANADA, LTD. 
74 Sparks Street, OTTAWA. ONTARIO 
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REPRESENTATIVES: • Albuquerque • Atlanta • Baltimore • Bayonne • Bridgeport • Buffalo • Chicago • Dayton • Fort Worth • Los Angeles • New Yorl 
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MICROWAVE 
FIELD INTENSITY 

F X BROAD BAND 
■ W Cl I W EL BW 950—11,260 mes 

• Four interchangeable RF Tuning Heads 

• Uni Dial Tuning 

• Double Tuned RF Pre-Selection 

• Signal-Lock Automatic Frequency Control 

• All purpose AM, FM, Pulse 

The new Polarad Model R Receiver is a fully integrated unit 

which combines reliability, ruggedness and simplicity of opera¬ 

tion. Characterized by high sensitivity, low noise figure and 

excellent gain stability, this versatile instrument is ideal for 

communications, laboratory measurements, field intensity mea¬ 

surements. production testing, and automatic monitoring. 

Range 950 to 11,260 me with four (4) interchangeable, 

plug-in RF tuning units featuring direct reading UNI-DIAL 

control. 

Low noise figure. 

Excellent gain stability. 

Automatic frequency control. 

Direct reading output in db with provision for external 

metering and recording. 

Separate audio and video channels. 

Connectors for external IF attenuators. 

High sensitivity and broadband tuning achieved with double 

tuned cavity preselector which tracks automatically with 

the local oscillator. 

External type cavity klystron with non-contacting chokes. 

Klystron voltages regulated and automatically tracked with 
the oscillator. 

SPECIFICATIONS: 

Basic Receiver: Model R-B 

Tuning Unit Frequency Ranges: 

Model RL-T: 950 to 2,040 me 
Model RS-T: 1,890 to 4,320 me 
Model RM-T: 4.190 to 7,720 me 
Model RX-T: 7,260 to 11,260 me 

Signal Capabilities: 
CW, AM, FM, Pulse 

Sensitivity: 
-80 dbm or better throughout 
range on all models 

Frequency Accuracy: 
1% 

IF Bandwidth: 
3 me 

Image Rejection: 
Greater than 60 db 

Gain Stability with AFC: 
2 db fo' 24 hour period 

Automatic Frequency Control: 
Pull-out range 10 me off center 

Recorder output: 
1 ma full scale 

Trigger output: 
10 V. pulse across 100 ohms 

Audio output: 
5 V. undistorted across 500 ohms 

FM Discriminator 
Deviation Sensitivity: 

.7 volts/mc 

Skirt Selectivity: 
60 db to 6 db bandwidth 
ratio less than 5:1 

IF Rejection: 
50 db 

Input AC Power: 
105 to 125 V., 60 cps., 460 watts 

Input Impedance: (ANT) 
50 ohms 

ELECTRONICS CORPORATION 
43-20 34th STREET, LONG ISLAND CITY 1, N. Y. 

ewton . Philadelphia • San Francisco • Syracuse • Washington, D. C. • Westbury . Winston-Salem • Canada, Arnprior, Toronto-Export: Rocke International Corporation 
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SUPfRSíDÍS 1001000 MC 
SLOTTED SECTIONS/ 

• LOW IN COST 

The PRD Type 219 
Standing Wave Detector is the 

• READS VSWR 
AND REFLECTION 
COEFFICIENT 
ANGLE DIRECTLY 

• SMALL AND 
COMPACT 

SPECIF/CAT/ONS 

Frequency Range: 
1 00 to 1 000 mt/s 

Residual VSWR: 
Less than 1.05 

Accuracy of Reflection 
Coefficient Angle: 

Better than — 5® 

Characteristic Impedance: 
50 ohms 

Output Terminals: 
Type N ¡ack. 

Other interchangeable 

small package, low cost solution for 
making measurements easily and accurately in 
the 100 to 1000 mc/s region. By connecting the 
output to a VSWR indicator, such as the PRD 
Type 277, VSWR may be read directly on the 
indicator meter. No special detection equip¬ 
ment is required. The reflection coefficient 
angle is easily determined merely by rotating 
the top drum dial to a minimum indication on 
the meter and reading the angle on the dial 
directly in electrical degrees. No calculations 
are required. The probe and crystal detector are 
self-contained. 

connectors 

Min. Input Signal : 
Approx. 1 volt 
at 100 me/s, 

0.1 volt at 1000 mc/s 

Dimensions: 
8 I. X 5" w. X 5% ,z h. 

Weight: 4% | bs

Usually it is more convenient to work with 
VSWR and reflection coefficient angle directly 
instead of with other components of the mea¬ 
sured impedance. When other quantities are also 
of interest, they can easily be read from a con¬ 
ventional impedance chart. Only $475 f.o.b. 
N.Y. Write for PRD Reports, Vol. 3, No. 2, and 
for 1955 catalog. 

^^RESEARCH 
& DEVELOPMENT CO • INC 

Midwest Salti Office: 
I SO. NORTHWEST HWY., PARK RIDGE, ILL. — TAIcot 3-3174 

Salti Offict: 
741% NO. SEWARD ST.. HOLLYWOOD 38, CAL.-HO 5-5287 

202 TILLARY STREET -
BROOKLYN 1, N. Y. |» 

Telephone: 
Ulster 2-6800 

* 
¿31 Industrial Engineering Notes 

Aeronautics 
The Civil Aeronautics Board has an¬ 

nounced an amendment to the environ¬ 
ment test procedures for airborne radio 
equipment. The change was made in Sec¬ 
tion 16.30-3 of the CAB regulations. The 
section was changed as regards the refer¬ 
ence number of the Radio Technical Com¬ 
mission for Aeronautics’ paper covering 
environmental test procedures and clarifies 
the modification procedures of that sec¬ 
tion. The changes appeared in the Federal 
Register for March 25 (Vol. 20, No. 59) 
which is available from the Superintendent 
of Documents, Government Printing 
Office, Washington 25, I). C. . . . Another 
congressional probe, with a possible effect 
on the electronics industry, looms on 
Capitol Hill. The investigation, if it gets 
past the preliminary stages, will go 
into the relative merits of the two systems 
of radio navigational aids—VOR/DME 
and TACAN. The new controversy was 
touched off when the Air Navigation De¬ 
velopment Board, following an extensive 
study of the matter, issued a report in 
which the majority of the board favored 
the TACAN system. The Air Navigation 
Development Board is composed of repre¬ 
sentatives of CAA, DOD and user groups 
and is charged with developing common 
air navigational aids for use by both 
civilian and military air carriers. The 
VOR/DME system now is used exten¬ 
sively on civil airways and VOR installa¬ 
tions are virtually completed and DME 
ground installations are about 60 per cent 
completed. Tens-of-thousands of VOR 
equipments also have been installed in air¬ 
craft. The VOR/DME system was recom¬ 
mended in 1948 by Special Committee 31 
of the Radio Technical Commission for 
Aeronautics. The TACAN system was de¬ 
veloped by the Department of Defense. 

RETMA Activities 
The distribution of all RETMA tele¬ 

vision test charts now is being handled by 
the Engineering Department in New York. 
The following material is available at the 
prices noted (for overseas orders, add SI): 
Resolution Chart with Supplemental Gray 
Seales, $4.00; Resolution Chart without 
Supplemental Gray Scales, S2.00; Supple¬ 
mental Gray Scales for Resolution Charl, 
S2.00; Linearity Chart, S2.00; Registration 
Chart, S3.00; Linear Gray Scale, $6.50; 
Logarithmic Gray Scale, S6.50. . . . Estab¬ 
lishment of a joint technical consulting 
group comprising representatives of the 
Federal Communications Commission and 
the radio-TV-electronics industry, to be 
supported by appropriate joint industry-
FCC task forces as the occasion arises, was 
advocated by Dr. W. R. G. Baker, Director 
of the RETMA Engineering Department, 

(Continued on page 32A) 

* The data on which these Notes are based were 
selected by permission from Industry Reports, issues 
of March 14. 28. and April 4 and 11, published by 
the Radio-Electronics-Television Manufacturers 
Association, whose helpfulness is gratefully ac¬ 
knowledged. 

28a WHEN WRITING TO ADVERTISERS PLEASE MENTION — PROCEEDINGS OF THE I.R.E. June, 1955 



Digitized research or control! 

LEE s model 501 Time-Rate Indicator brings 
the advantages of high speed electronic counting to 
both instrumentation and automation. The broad 
applications of the 501 include research in the 
holds of frequency measurements, data recording, 
and process control. This unique counting tool will 
do more for less money than any similar device 
on the market. 

U rite to Laboratory for Electronics for their informa¬ 
tive folder "Erom Instruments to Automation". 

Check these features. 
Ability to count pulses up to the rate of 10.000.000 per 

second with a relative accuracy up to ±1 count. 
Ability to measure frequency in megacycles up to 10 

me with accuracy up to 1 part in 10 million with ability 
to totalize measurement. 

\bility to measure periodic functions in decade units 
from 0.1 /¿sec to 100 sec. 

Ability to make lime interval measurements in the 
range from 1 gsec to 0.1 jusec. 

\bility to do frequency ratio measurements between 
two input frequencies. 

Built-in temperature compensated crystal controlled 
timing pulse generator. 

Built-in wide band, high gain amplifier covering a 
bandwidth of 10 cps to 10 me and with a sensitivity of 
20 mv rms. 

Decade Scalers from S30.C0 Plug-in counter units including dec¬ 
ade scalers from 20 kc to 10 me, binary scalers that double the range of 
any particular unit, or pre-set scalers from 20 to 100 kc. 

Creative developments in the field of electronics . . . 

LABORATORY FOR ELECTRONICS, INC. 
75 Pitts Street Boston 14, Mass. 
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New Information OF INTEREST TO 

COMPUTER ENGINEERS »DESIGNERS 

RAYTHEON 

RAYTHEON RF TRANSISTORS ARE 

• completely interchangeable 
without selection of components 

• successfully field tested for an entire 
year. In mass production for 
several months. 

• made by the Raytheon perfected 
fusion process that has already 
produced nearly two million 
transistors 

•Cutoff current measured at Vc = —12 volts Note: above characteristics are average except where noted 

more in use than all other makes combined 

HIGH FREQUENCY TRANSISTORS — HERMETICALLY SEALED CASE 

RAYTHEON TRANSISTORS 

Type 
Collector Emitter Extrin. 

Base 
Resis. 
ohms 

Base 
Current 
Ampl. 
Factor 

Alpha 
Freq. 
Cutoff 
me. 

Max. 
June. 
Temp. 

°C 

Temp. 
Rise 

"C/mW 

Coll. 
Capac, 
ppf 

Volts 
Cutoff 
pA 

Cutoff* 
mA mA 

2N112/CK760 

2N113CK761 

2N114 CK762 

-6 

-6 

-6 

1 

1 

1 

-1.0 0.5 

-1.0 0.5 

-1.0 0.5 

75 

75 

75 

40 

: 45 
65 1 

5 

10 

20 

85 

85 

85 

0.62 

0.62 

0.62 

14 

14 

14 

30a WHEN WRITING TO ADVERTISERS PLEASE MENTION- PROCEEDINGS OF THE l.R.E. June. 1955 



CK1038 

GAS 
Filled 

TUBES 
PERFORMANCE TESTED and 
backed by over THIRTY YEARS 
OF EXPERIENCE in the manu¬ 

facture of gas tubes 

RAYTHEON 
CÍ5651WA 
MADE IN U.5A 

Listed are representative 
tubes in each group. All are stable, rugged, reliable 

— worthy of your complete confidence. 

CK1042 2800 volt inverse, 8ma.dç. 

CK5517 2800 volt inverse, 12 ma. de, 

CK6174 2800 volt inverse, 3 ma. dc. 

COLD CATHODE 

RECTIFIER TUBES 

RADIATION COUNTER TUBES 

Other counter types can be made to your order. 

CK1020 Thin wall beta, gamma counter, 900 volt 

CK1021 Thin wall beta, gamma counter, 900 volt 

CK1026 Halogen quenched, gamma counter, 900 volt J 

CK1H49 Halogen quenched beta, gamma counter, H 
900 voM 

CK IO«9 

OLTAGE 
ËFERENCE TUBES 

CK6213 130 volts, 1-2.5 ma. 

¿ÄK5651-CK5651WA 85 volts, 1.5-3.5 ma. 

FcK5783-CK5783WA 85volts, 1.5-3.5ma. 

à CORONA VOLTAGE 

$ REGULATOR TUBES 

700 volts, 2-55 m3 CK5962 
CK6437 (CK1037) 700 volts, 5-100 Ma 

900 volts, 5-100 pa 

CKG438 (CK1039) 1200 volts, 5-100 Ma 

k ' 500 to 3000 volt ratings 
■ available on special order. 

VOLTAGE REGULATOR TUBES 

0A2 150 volts, 5-30 ma. 

OB2-OB2WA 108 volts, 5-30 ma. 

CK5787-CK5787WA 98 volts, 1-25 ma. 

CK6542 150 volts, 5-25 ma. 

All except Radiation Counter 

RAYTHEON) 
RELIABLE SUBMINIATURE AND MINIATURE TUBES 

SEMICONDUCTOR DIODES AND TRANSISTORS 
NUCLEONIC TUBES • MICROWAVE TUBES 

RECEIVING AND PICTURE TUBES I 

/ iw//</i. v tn ¿fir/uniri 

RAYTHEON MANUFACTURING CO. 

Tubes shown actual size. 

Special Tube Division — nome Office: 55 Chapel St., Newton 58, Mass., Bigelow 4-7500 
For application information write or call the Hone Office or: 9501 Grand Avenue, Franklin Park (Chicago), Illinois, TUxedo 9-5400 
589 Fifth Avenue, New York 17. New York. PLaza 9-3900 • 622 South La Brea Ave., Los Angeles 36. California, WEhster 8-2851 
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For Printed Wiring Applications 

« J 

ERIE Tubulars offer added printed wiring layout flexi¬ 
bility. The smallest unit is capable of spanning a range 
from %" to 234" 

TUBULAR CERAMICONS" 

• Leads of ERIE Radial Lead Tubular Ceramicons are 
tinned with a minimum of .001" coating of solder to 
assure continued ease of soldering even after long 
storage. 

The uniform case size of the ERIE Molded Tubular 
Ceramicon is particularly adapted to automatic loading 
and is available packaged on tape,—2000 to a reel. 

£ ERIE Tubular dielectric design is inherently strong. 
Lead wires are wrapped around the dielectric and 
soldered. This feature assures unusual ruggedness in 
withstanding stress on leads in any direction. 

0 Temperature Compensating and General Purpose Tu¬ 
bular CERAMICONS are available in a wide capacity 
range with tolerances as close as ± 1% or + .1 mmf. and 
in Hi-K types for by-pass and coupling applications. 

Write for a copy of Bulletin 313-2 for a complete 
description of ERIE TUBULAR CERAMICONS. 

ERIE ELECTRONICS DIVISION 
ERIE RESISTOR CORPORATION 

Main Offices and Factories: ERIE, PA. 
Manufacturing Subsidiaries 

HOUX SPRINGS, MISSISSIPPI « LONDON, ENGLAND • TRENTON, ONTARIO 

Industrial Engineering Notes 

(Continued from page 28A) 

at a Symposium on Spurious Radiation 
during the recent IRE convention. Dr. 
Baker also stressed the necessity for FCC 
consideration of the interference problem 
“as one in which the interfered service as 
well as the interfering service has a distinct 
possibility to seek a solution.” Explaining 
the joint FCC-industry consulting group 
proposal, Dr. Baker said: “It would bring 
together the policy requirements of the 
FCC and the vast technical and economic 
resources of the industry, and would result 
in rules which would have the immediate 
acceptance of the entire industry.” Dr. 
Baker recalled that this procedure was 
tried in September 1950 when a RETMA 
engineering committee met unofficially 
with representatives of the FCC to discuss 
radiation limits for FM and TV receivers. 

Technical 
The Office of Technical Services, 

Commerce Department, has listed studies 
in the field of electronics in its February 
1955 issue of the “U. S. Government Re¬ 
search Reports," formerly titled the “Bibli¬ 
ography of Technical Reports." The follow-

1 ing government-sponsored research reports 
can be purchased from the Photo-duplica¬ 
tion Section, Library of Congress, Wash¬ 
ington 25, D. C., for the reported price: 
“Research and Development on Paper 
Dielectric Capacitors—Final Report,” 
PB 1 15977, microfilm, $3.75; photocopy, 

j $10.25. “Search for New Nongaseous, 
Nonliquid Rectifying Systems,” PB 115424 

[ microfilm, $3.75; photocopy, $10.25. “Con¬ 
trol of Self-Saturating Magnetic Amplifiers 
Using Rectified A-C with Varying Angle 
of Truncation,” PB 115875, microfilm, 
S4.75; photocopy, S14. “Electronic Wave 
Spectrum Analyzer and its Use in Engi¬ 
neering Problems,” PB 115917, microfilm, 

I $4.50; photocopy. SI2.75. “High Power 
Pulse Line Switching Devices,” PB 115980, 
microfilm, $4; photocopy, SI 1.50. “Probe 
Measurements of Potential Within High-
Density Electron Beams,” PB 115783, 
microfilm,$8.50; photocopy, $30.25. “UHF 
Filtering Networks,” PB 115939, micro-

I film, $3.25; photocopy, $9. “Resonatron 
Cavity Resonators,” PB 116039, micro¬ 
film, $5.75; photocopy, $1 7.75. “Reflection 
Measurements on Wire Grids and Mesh 
Angles at 2,000 and 3,000 me,” PB 115920, 

j microfilm, $2.75; photocopy, $6.50. “Re-
1 search in Physical Electronics—Quarterly 

Report 7,” PB 115548, microfilm, $3.75; 
I photocopy, $10.25. “Study of the Genera¬ 

tion and Detection of Electromagnetic 
Waves in the Millimeter Wave Region— 
Final Report,” PB 115914, microfilm, 
$6.25; photocopy, S2O.25. “Study of the 
Reflexion of Waves from an Inhomogene¬ 
ous Medium by Means of a New First Ap¬ 
proximation to a Solution of the General 
Linear, Second-Order Differential Equa¬ 
tion and by Means of Iterations with Con¬ 
vergence of the Second Order,” PB 115907. 
microfilm, $3; photocopy. S7.75. . . . Sev¬ 
eral new advances in the electronics field 

I (Continued on page 44A) 
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MEW Tektronix 
Portable Oscilloscope 

gives you Laboratory Performance 

...in the FIELD! 

IN THE FIELD 

IN THE LAB 

Wide Sweep Range 
0.5 /tsec/div to 0.6 sec/div, continuously variable. 

18 calibrated sweeps from 0.5 /tsec/div to 0.2 
sec/div. Accurate 5-x magnifier extends cali¬ 
brated sweep range to 0.1 /¿sec/div. 

Horizontal input 
Sensitivity — 1.2 v/div. 

Flat-faced CRT 
3WP with 1.8-kv accelerating potential. 

Edge-lighted graticule with ’// divisions. 

Versatile Triggering 
Internal, external, line...ac- or dc-coupled, and 
AUTOMATIC TRIGGERING. 

DC-Coupled Unblanking 

All DC Voltages Electronically Regulated 

Voltage Calibrator 
Square wave, approximately 1 kc— 

0.05 v to 100 v in 11 steps. 

Jewel Warning Light 
Indicates when controls are at non-calibrated 

settings. 

Power Requirements 
105 to 125 v, 60 to 800 cycles, 175 watts. 

Portability 
Overall dimensions—63/< wide. 

Id” high. 17" deep. 
Weight — only 23’/2M pounds. 

Transient Response 
Risetime — 0.09 /¿sec. 

Sensitivity 
DC to 4 me — 0.1 v/div to 50 v/div in 9 calibrated 

steps, 0.1 v/div to 150 v/div continuously vari¬ 
able. AC-Coupled — 3 db down at 2 cycles. AC-
Coupled only, 2 cycles to 3.5 me — 0.01 v/div 
to 0.1 v/div in 3 calibrated steps. 

The Tektronix Type 310 is fully capable of performing 
much of your laboratory work, yet has the physical 
characteristics desirable for work away from your 
bench. It handles easily and fits into tight spots, sim¬ 
plifying field maintenance of complex electronic equip¬ 
ment. The high performance of the Type 310 can help 
you speed up your field work...its low weight and 
small size can ease your equipment handling problem. 

Complete accessibility to tubes and components is 
maintained by a unique step-chassis construction, 
hinged at the rear. Accurate calibration and excellent 
linearity permit reliable quantitative measurements— 
you read time and amplitude directly from the screen. 
Functional panel design and versatile control system 
contribute to operator convenience, making this new 
oscilloscope an easy-to-use field and lab instrument. 

Type 310 Cathode-Ray Oscilloscope — $595 
f.o.b. Portland (Beaverton), Oregon 

Please call your Tektronix Field Engineer or Representative 

for complete specifications, or write to: 

Tektronix, Inc. 
P.O. BOX 83IB • PORTLAND 7, OREGON 

CYpress 2-2611 • CABLE: TEKTRONIX 
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MAGNETIC TAPE RECORDING 
helps Road-Test Timken Truck Axles 

Magnetic tape recordings are now being used to duplicate rugged 
road-tests at the Timken-Detroit Axle Division of the Rockwell 
Spring and Axle Company, Detroit, Michigan. A four hour tape 
cycle is made of actual road surface and driving conditions . . . 
then played back through torque and speed dynamometers — 
repeatedly — until a test axle breaks down. 
Result: more realistic and efficient testing — better axles for 
today’s trucks, buses and trailers. 

WHY TIMKEN CHOSE AMPEX 
Timken engineers required a recording and playback medium that 
could give near-perfect reproduction of the original road test 
phenomena . . . and would playback indefinitely without 
introducing errors through wear and speed irregularities. They 
found that the Ampex F-M recorder best met these exacting 
requirements. Its extreme stability of tape motion, precise timing 
and consistent accuracy produced laboratory "road-test" results 
within 1 % of actual conditions. 

CORPORATION 

, For further information, send for our 16-page illustrated bulletin, "Data Recording, Machine Control 
ond Process Regulation." Contact your nearest Ampex representative or write to Dept. G-1897. 

LET AMPEX STUDY YOUR REQUIREMENTS 
Ampex manufactures the most complete line of magnetic recorders 
for complex and sensitive automation, communication and 
data-handling systems. Why not let Ampex application engineers 
determine what magnetic tape recording can do for you? 

ANOTHER APPLICATION BY THE INSTRUMENTATION DIVISION OF 

AMPEX CORPORATION • 934 CHARTER STREET, REDWOOD CITY, CALIFORNIA 

Branch Offices: New York; Chicago; Atlanta; San Francisco; College Park, Maryland (Washington D.C. area). 

Distributors: Radio Shack, Boston; Bing Crosby Enterprises, Los Angeles; Southwestern Engineering & 
Equipment, Dallas and Houston; Canadian General Electric Company, Canada. 
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NEW! LAMBDA 1.5 AMP 
VERSATILE, HEAVY-DUTY 

Advanced packaging 
for optimum thermal 
and mechanical design 

Quarter-turn 
fasteners for easy 
access 

Excellent regulation, 
low output impedance, 
low ripple 

Dual heavy 
duty filament 
output 

Precision low 
temperature 
coefficient, wirewound 
reference networks 
and multipliers 

< 115V, 208V, or 230V 
operation 
available 

Compact—only 
12 'K " panel 
height 

Easy-to-read 
3 '/? " meters on 
M, MS and M-T 

models 

Stable 5651 

voltage 

reference 
tube 

Complete service 
access without 
removal from 
rack 

Resistor board 
construction for 
easy servicing 

Rated for 24-hour 
continuous 
duty 

Hermetically sealed 
transformers and 
chokes 

Sturdy gripping 
handles 

High efficiency, 
hermetically sealed 
semiconductor rectifiers 

Oil-filled, 
hermetically 
sealed capacitors 

Provision for 
remote power 
control 

Runners for 
easy sliding 

Every specification 
lab-checked 
before shipment 

Complete service 
access without 
removal from 
rack 

30-second 
time-delay 
relay circuit 

Quarter-turn 
fasteners for 

easy access 

Anti-tamper voltage 
control 
compartment 

Rated for 1.5 amperes 
over entire 
voltage range 

Calibrated 
output voltage 
controls 

Magnetic 
circuit 
breakers 
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REGULATED 
D.C. POWER SUPPLY SERIES 

COMPONENT POWER SUPPLY FOR ORIGINAL EQUIPMENT 

CHOICE OF 28 OUTPUT VOLTAGE RANGES, THREE STANDARD A. C. VOLTAGE SOURCES 

THREE SERIES: wide range (0-400 VDC); intermediate range (125 volt band); narrow 
range (50 volt band, centered at 25 volt intervals -from 25 VDC to 375 VDC). 

MODELS and PRICES* 
OUTPUT “BASE PRICE 

VOLTAGE RANGE’ (U.S. and Canada) 
at output currents INPUT F.O.B. Factory 

MODEL' from 0-1.5 amperes POWER1 Corona, N.Y. 

WIDE RANGE MODELS 
WIDE RANGE MODELS: Voltage range is completely 
covered in 16 continuously variable bands. Each band 
range is 50 volts ( — 25 volts). 

1500 0-400 VDC 1530W $695 

INTERMEDIATE RANGE MODELS 

INTERMEDIATE RANGE MODELS: Voltage range 
is completely covered in 4 continuously variable bands. 
Each band range is 50 volts ( — 25 volts). 

1510 O-125VDC 980W $595 

1511 25150VDC 1030W $595 

1512 50-175 VDC 1080 W $615 

1513 75-200 VDC 1130W $615 

1514 100-225 VDC 1180W $635 

1515 125-250 VDC 1230W $635 

1516 150-275 VDC 1280W $655 

1517 175-300 VDC 1330W $655 

1518 200-325 VDC 1380 W $655 

1519 225-350 VDC 1430W $665 

1520 250-375 VDC 1480W $665 

1521 275-400 VDC 1530W $665 

NARROW RANGE MODELS 

NARROW RANGE MODELS: Voltage range is 
continuously variable. 

1530 0-50 VDC 830 W $555 

1531 25-75 VDC 880 W $555 

1532 50-100 VDC 930 W $565 

1533 75-125 VDC 980 W $565 

1534 100'150 VDC 1030W $565 

1535 125-175 VDC 1080 W $585 

1536 150-200 VDC 1130W $585 

1537 175-225 VDC 1180W $605 

1538 200-250 VDC 1230W $605 

1539 225-275 VDC 1280W $625 

1540 250-300 VDC 1330W $625 

1541 275-325 VDC 1380 W $625 

1542 300-350 VDC 1430W $635 

1543 325-375 VDC 1480W $635 

1544 350-400 VDC 153OW $635 

'Model No. Meters Input Power Source Surcharge 
Suffi» (3’/i”l Single Phase (see chart above for price**) 

None - 105-125 V, 50-60 CPS None 
M 2 105-125 V, 50-60 CPS Add $30 to base price 
S - 190-225 V, 50-60 CPS None 
M-S 2 190-225 V, 50-60 CPS Add $30 to base price 
T - 210-250 V, 50-60 CPS None 
M-T 2 210-250 V, 50-60 CPS Add $30 to base price 

’Current rating of 0-1.5 amperes applies over entire 
voltage range except for voltages below 100 VDC 
where the rating of 0.1-1.5 amperes applies. 

3With all outputs loaded to lull ratings and input at 
125 VAC, 225 VAC or 250 VAC. 

'Specifications and prices effective May, 

SPECIFICATIONS* 
DC OUTPUT VOLTAGE:(regulated for line and load). At out¬ 
put currents from 0-1.5 amperes (see Note 2.) Refer to 
chart at left for voltage ranges of designated models. 

Regulation (line) . 0.15% or 0.3 volt (which¬ 
ever is greater). For input variations from 
105-125 VAC, 190-225 VAC, or 210-250 VAC. 

Regulation (load) .0.15% or 0.3 volt (which¬ 
ever is greater). For load variations from 
0 to 1.5A except as modified by Note 2. 

Internal Impedance .Less than 0.4 ohms. 
Ripple and Noise . Less than 5 millivolts rms. 
Polarity . Either positive or negative 

may be grounded. 
AC OUTPUTS 

(unregulated) . Two outputs, isolated and 
ungrounded. Each is 6.5 VAC at 15A (at 115 
VAC, 208 VAC or 230 VAC input). Allows 
for drop in connecting leads. May be con¬ 
nected in series for 12.6V (nominal) at 15A, 
or in parallel for 6.3V (nominal) at 30A. 

AC INPUT. 105-125 VAC, 50-60 CPS, 
single phase, 190-225 VAC, 50-60 CPS, single 
phase, or 210-250 VAC, 50-60 CPS, single 
phase. Refer to table at left for input power 
of designated models. 

AMBIENT TEMPERATURE 
AND DUTY CYCLE . Continuous duty at full 

load up to 50°C (122°F) ambient. 
OVERLOAD PROTECTION: 

External Overload 
Protection . AC and DC magnetic cir¬ 

cuit breakers. Trip-Free. Instant manual reset. 
Front Panel. 

Internal Failure 
Protection . Fuses, front panel access. 

INPUT AND OUTPUT 
CONNECTIONS . Heavy duty barrier termin¬ 

al block, rear of chassis. 8 foot heavy duty 
rubber covered line cord with integral molded 
plug, also supplied. 

METERS: 
Output Voltage . 3 %" rectangular voltmeter 

on metered models. 
Output Current . 3 %* rectangular ammeter 

on metered models. 
CONTROLS: 

DC Output Controls ....Located in recessed com¬ 
partment with access door on front panel. 
Calibrated in volts DC. 
Wide range units: Two band switches and 
continuously variable vernier-control. 
Intermediate range units: One band switch 
and continuously variable vernier-control. 
Narrow range units: Continuously variable 
vernier-control. 

AC and DC Power . ..Magnetic circuit breakers, 
front panel. 

VOLTAGE REFERENCE . A stable 5651 reference 
tube is used to obtain superior long-time volt¬ 
age stability. 

TIME DELAY 
RELAY CIRCUIT . A 30 second time delay 

circuit is provided to allow tube heaters to 
come to proper operating temperature before 
high voltage can be applied. 

PHYSICAL DATA: 
Mounting . Std. 19" rack mounting. 
Size ...12%" H X 19 W x 16>/2" D 

behind front panel. 
Weight . 175 lb. net, 225 lb. ship. wt. 
Panel Finish . Black ripple enamel 

(standard). Special finishes available to cus¬ 
tomer’s specifications at moderate surcharge. 

1955, subject Io change without notice 

A 1.5 AMP 

POWER SUPPLY 
FOR EVERY PURPOSE 

This new Lambda 
series gives you the 
economy of standard 
production models 
and the adaptability 
and precision engin¬ 
eering of custom units. 
Lambda’s advanced 
electrical design 
provides rugged, 
stable operation. 

Models in the 1.5 amp 
series are especially 
recommended as com¬ 
ponent power supplies 
for original equipment; 
in laboratories; for 
experimental models 
and prototypes; 
for computers; in 
industrial installations; 
for transmitters; and 
for use in the television 
and radio industries. 

\ LyVIMJBIIXA. Electronics Corp. 
THE FIRST NAME IN POWER SUPPLIES 

103-02 NORTHERN BOULEVARD • CORONA 68, NEW YORK • TWining 8-9400 
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G-E Miniature T/zãhSêC Rectifiers Provide 
60,000 Hours Life;-65C to 130C Ambient Range 
General Electric miniature Vac-u-Sel 

rectifier stacks provide outstanding ad¬ 
vantages in the areas of: 
• Long life expectancy—60,000 hours 

at 35 C 
• Broad ambient temperature range— 

— 65 C to 130 C 
• Wide adaptability—variety of stack 

ratings to 9250 volts peak inverse. 
Vac-u-Sel is the G-E trade-mark for 

a new line of metallic rectifiers with out¬ 
standing electrical characteristics. 
LONG LIFE EXPECTANCY Applications 
requiring 60,000 hours of life and more 
can be handled with assurance of highly 
dependable performance with these top¬ 
quality rectifier stacks. Long life is an 
inherent characteristic of these rectifiers. 
Aging (increase in forward drop) is ex¬ 
ceptionally low. 
BROAD AMBIENT TEMPERATURE RANGE 
—All G-E miniature Vac-u-Sel rectifier 

cells are specially processed to maintain a 
high stability of characteristics over an 
ambient temperature range from —65 to 
130 C. Full voltage ratings may be used 
in all high-temperature applications, and 
current need not be derated in cases 
where shorter life is acceptable. 

WIDE ADAPTABILITY -Miniature Vac-u-
Sel rectifiers are available in individual 
stacks rated up to 9250 volts peak in¬ 
verse (6500 volts RMS). Higher voltages 
may be obtained by using two or more 
stacks in series. Basic cell ratings are 2.5 
ma, 8 ma, and 25 ma (half wave). 

Vac-u-Sel rectifiers are available in a 
variety of housings. The ceramic-tube 
and metal-tube housings are hermetically 
sealed. Military specifications on pro¬ 
tective coatings are met by applying a 
special finish to the Textolite* tube stacks 
at additional cost, and by potting (seal¬ 

ing). Special housings can be offered for 
large-quantity applications. 

PROMPT SERVICE Immediate attention 
to any proposition can be obtained by 
contacting your nearest G-E Apparatus 
Sales Office, or by writing Section 461-37, 
General Electric Co., Schenectady 5, N. Y. 

*Reg. Trade-mark of the General Electric Co. 

VARIETY OF HOUSINGS available for Vac-u-
Sel rectifiers. 1) Metal-clad casing, 2) Tex¬ 
tolite tube, 3) Ceramic tube, 4) Nylon tube, 
5) Slotted Textolite tube. 

T^ogress Is Our Most Important Product 

GENERAL ® ELECTRIC 
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/or exacting design 

«MC 

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

DISCAP 
CERAMIC 

CAPACITORS 

A000 
aky 
6 &0 

POWER FACTOR: 1.5% Max. @ 1 KC (initial] 

INSULATION: Durez phenolic— vacuum waxed 

’A»' \ 
I W j 
\ V." 
\ y." 
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y." 
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recommended for deflection yokes or other 15,750 

cycle applications. 
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H.1500 

N-15°° 

« 
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H3 500 
H.1500 

N-15°° 
N'*005-20 \ 

2V1OO \ 

POWER 

\NS^tA

As a supplier of many types of ceramic 
capacitors to practically every major tele¬ 
vision manufacturer RMC can offer you 
high voltage DISCAPS that will con¬ 
sistently meet and exceed the most exact¬ 
ing design specifications. 

Rated at 2000, 3000, 4000, 5000, and 
6000 V.D.C., RMC high voltage DIS¬ 
CAPS provide the safety factor neces¬ 
sary in yoke and other critical voltage 
applications. They are the proved 
answer to problems encountered in the 
design of standard or special purpose 
electronic equipment. 

Write today on your company letter¬ 
head about your specific requirements. 

5-56 
57-180 

RMC HIGH VOLTAGE 
DISCAPS 

1 200 K or over are not 

no7 G^^ 

5-1°-2°^ 
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Discaps with a dielectric of 

FACTORIES AT CHICAGO, ILL. AND ATTICA, IND. 

Two RMC Plants Devoted Exclusively to Ceramic Capacitors 
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capacity DIELECTRIC SIZE 
available capacity 

TOLERANCES 

2-KV 

331-470 
471-1000 
1001-2700 
2701-5000 
5001-10000 

1 200-K 
1 200-K 
HI K 
HI K 
HI K 

’/U" 
%’ 

y." 
%' 

+ 20% GMV 
± 20% GMV 

GMV 
GMV 
GMV 

3-KV 

241-500 
501-1000 
1001-5000 

1 200-K 
1 200-K 
HI K 

y." 
y.’ 
%' 

±20% GMV 
±20% GMV 

GMV 

4-KV 

181-680 
681-1000 

1 200-K 
HI K y." 

±20% GMV I 
GMV 

5-KV 

131-330 
331-1000 

1 200-K 
HI K 

y.” 
y." 

±20% GMV I 
GMV 

6-KV 

101-220 
221-470 
221-1000 
471-1000 

1 200-K 
1 200-K 
HI K 
HI K 

%' 
y.’ 
y." 

±20% GMV I 
±20% GMV 

GMV 
GMV 
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NEW...OFFNER PORTABLE DYNOGRAPH 
This high speed, direct writing 
oscillograph recorder pro¬ 
vides exceptionally high, ab¬ 
solutely stable, d-c or a-c am¬ 
plification. It may be used 
with reluctance type gauges 
without auxiliary equipment. 

The exceptional stability, sensitivity, and versatil¬ 
ity of the Dynograph are made possible by the ex¬ 
clusive, patented chopper amplifier. It is used for 
recording a wide variety of transient variables, 
such as strain, vibration, temperature, analog com¬ 
puter write-out, etc. 

The performance specifications of the Type P 
Portable Dynograph are identical with those of 
the Type M Console model, but it is mounted in 
two convenient carrying cases as illustrated. The 
Type P is available with one or two channels. 

Write for your copy of Bulletin L-742. It gives 
you complete details and application informa¬ 
tion on both portable and console models of 
the Offner Dynograph. 

Check these exclusive features: 

Speed plus sensitivity. The Dynograph gives 
you the maximum in speed and sensitivity—15 
microvolts d-c per millimeter deflection with a 
response speed of less than 1/120th second. 

Large easy-to-read records. Over 8 cm excur¬ 
sion. permitting the recording of large dynamic 
variations. Chart speeds 1 to 100 mm per second. 

Absolute non-drifting stability. The Dynograph 
is absolutely stable and non-drifting—it is stable 
when it starts working and has absolutely zero 
base line drift. 

No Hysteresis. The high-torque movement al¬ 
ways returns the stylus to the base line—even 
with the paper stationary. Linearity is within 
one percent for four cm. 

OFFNER ELECTRONICS INC 
5328 N. Kedzie Avenue, Chicago 25, U. S. A. 

40a WHEN WRITING TO ADVERTISERS PI.EASE MENTION PROCIRDIXCS HP TUP. I.R.F June, 1955 



Nona 

Unit 

nCHNICAl DATA 

SISiMw 555 

TtCHNICAV 

62}* 
tfSilM 

*&Ot

AM«'C**A**^^ Ci 
wW1O«*»■, °* “'"’“'O ><n • €*»”•••••* *' -_ 

AMIC MATERIALS 
TEST SAMPLES CAN BE MADE TO YOUR 

SPECIFICATIONS AT REASONABLE COST 
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Most of our customers find the exact ceramic 
for their needs on property chart No. 551. This 
handy chart (sent free on request) gives me¬ 
chanical and electrical data on the most fre¬ 
quently used AlSiMag materials. But this is by 
no means the full selection. AlSiMag offers the 
widest choice of ceramic materials in the indus¬ 
try. It isn't practical to list them all on one chart. 

If you need a ceramic with unusual character¬ 
istics, tell us your requirements. We'll be glad 
to send you specification sheets (like those 
shown above) on the special purpose AlSiMag 

material that most nearly fills the bill. If we don't 
have the right material, perhaps we can develop 
one. Laboratory records from over 50 years of 
specialized experience often enable us to pro¬ 
duce promptly a new composition "tailor made" 
for your needs. 

Remember, the right ceramic can make all the 
difference in your product's performance. And, 
the best source for the right special purpose 
ceramic is AMERICAN LAVA CORPORATION. 
Write us today for detailed information on 
your requirements. 

54TH YEAR 

OF CERAMIC 

LEADERSH IP 

AMERICAN LAVA 
CORPORATION 

CHATTANOOGA 5, TENNESSEE 
A Subsidiary of 

Minnesota Mining and Manufacturing Company 

Branch offices in these cities (see your local telephone directory): Cambridge, Mass. • Chicago, III. • Cleveland, Ohio • Dallas-Houston, Texas • Indianapolis. 
Ind. • Los Angeles, Calif. • Newark N. J. • Philadelphia-Pittsburgh, Pa. • St. Louis, Mo. • South San Francisco, Calif. • Syracuse, N. Y. • Tulsa, Okla. 
Canada: Irvington Varnish & Insulator Div. Minnesota Mining & Mfg. of Canada, Ltd., 1390 Burlington Street East, Hamilton Ontario, Phone Liberty 4-5735. 



MODEL 121 

Logarithmic ANTENNA 
PATTERN Recorder 

Model 121-A is available complete with 

bolometer amplifier. 

SPECIFICATIONS 

1. Chart Systems: 

a. Input signals: Standard 1:1 and 36:1 out¬ 
put from Ketay 23CX6 Control Transmitters 
(or equivalent). 

b. Chart speeds of 20, 120 and 720 inches 
per antenna revolution (360, 60 and 10 de¬ 
grees per chart cycle). 

c. Chart may be moved forward or back¬ 
ward manually or by synchro control; synchro 
switching is provided to reverse direction of 
chart transport with respect to direction of 
antenna rotation. 

d. Maximum lag at chart speed of 4 inches 
per second is less than 0.3% of chart scale. 
Maximum chart speed is 6 inches per second. 

2. Pen Systems: 

a. Input signal: Approximately 1000 cycles 
per second, with an amplitude range of 
0.0005 to 5 volts for full scale pen deflection, 
into an impedance of 1 megohm. 

b. Pen position accuracy better than ± 0.25 
db. 

c. Pen deflection perpendicular to direction 
of chart motion. 

d. Maximum writing speed greater than 40 
inches per second. 

e. Pen lifting device provided to prevent 
inking while positioning paper. Pens easily 
removed and replaced for changing ink 
color or refilling. 

3. Mounting: 

Recorder system is housed in a standard desk 
panel cabinet rack. Overall dimensions are 
19 5/6 inches (height), 22 inches (width), and 
14% inches (depth). 

This time-saving instrument is priced con¬ 
siderably lower than any other existing 
machine of similar performance. 

An Automatic Precision 

Instrument for 

Obtaining Rapid, 

Accurate and 

Permanent 

Antenna Pattern 

Records 

SCIENTIFIC ASSOCIATES, Inc. 
X'xy engineering • development • manufacturing 

580 Virginia Avenue, N.E. e Atlanta, Georgia 
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CUT IRON CORE COSTS 
with | Stackpole 

PREFERRED TYPES 

Electronic Components Division STACKPOLE CARBON COMPANY 
St. Marys, Pa. 

Made to well-known Stackpole quality 

standards, these new “EE” Cores are 
available only in commonly needed grades 

and sizes. They’re ready for 

delivery from stock ... at low prices ... and 
without the usual set-up charge for 

custom-engineered cores. 

Mechanical specifications conform to 
the latest MPA recommendations. Electrical 

standards fully meet 8 out of 10 
requirements of radio, TV, and 

communications equipment. 
Write, wire, or ’phone for details. 

NGINEERED ECONOMY 

EE s e r * e s
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Precision Turning 
and Boring 

Precision Boring 

. . . from 

drawing board 

TO FINISHED PRODUCT, 

DAYSTROM DOES 

THE COMPLETE JOB 

A modern plant of 350,000 square feet 
...the finest machinery and equipment 

for the manufacture, assembly and test 
of precision electronic, electro-mechanical, 

mechanical and nuclear instruments... 
add to these a highly skilled staff of „ 

research, development, engineering 
and manufacturing specialists and 

an experienced management... 
means Daystrom can do the complete 

job, from drawing board to finished 
product... ALL UNDER ONE ROOF! 

Hobbing 56" 
Ring Gear 

Precision Gear 
Cutting 

Division of 
Daystrom, Inc. 

Daystrom Affiliates: 
American Gyro; Heath Company; 
Daystrom Electric Corp.; 
American Type Founders, Inc.; 

strument ï 

Archbald, 

Penna. 

Daystrom Furniture Div. 

. Industrial Engineering Notes 

(Continued from page 32A ) 

I have been announced recently by the De¬ 
partment of Defense. They cover the de¬ 
velopment of pocket-size radio equipment 
for the study of heart actions, a remote 
control system for jet aircraft, and the use 
of an airborne radar and radio wave 
propagation laboratory. The new’ flying 
laboratory was designed to permit study 

j of a wide variety of problems in two fields 
of general interest to the radio engineer— 
radar target properties and radio wave 
propagation. The Naval Research Labora¬ 
tory, Washington, D. C., instrumented the 
R5D aircraft, in which four radar sets are 
mounted in nacelles beneath the plane’s 
wing. The plane’s cabin contains four 
radar consoles, plus necessary control 
equipment, and high-speed motion picture 
cameras for recording data obtained during 
flights. Eight scientists and a crew of three 
are needed to man the aircraft. The new 
pocket-size radio equipment is expected to 
make a significant contribution to present 
knowledge of the heart and its functions. 
It was conceived by the Medical Corps, 
I . S. Navy, and developed under direction 

j by the Aviation Medicine Division of the 
Naval Medical Research Institute, Be¬ 
thesda, Md. The patient is supplied with a 
miniature radio the size of a package of 
cigarettes and a battery power supply of 
similar size. The miniature electronic de-

I vice, weighing less than one pound and 
carried by the patient, picks up the heart 
waves, heart sounds and breath sounds and 
changes them to electrical impulses that 
can be handled by the transmitter. This in 
turn sends the audio information to the 
doctor’s radio receiver located in his labo¬ 
ratory. The importance of the develop¬ 
ment, it was reported, lies in the fact that 
the patient can go about routine activities 
or take prescribed exercise while the small 
radio carried in his pocket sends continu¬ 
ous information to the physician. The re¬ 
mote control system for jet aircraft was 
developed under an Air Force contract by 
the Sperry Gyroscope Co. The Air Re¬ 
search and Development Command has 
reported that it can be adapted with ease 
to the control of either jet power or piston 
engine aircraft. The system provides auto¬ 
matic takeoff and landings, and exact split-
second control at all times of the aircraft 
by radio and radar during climbs and 
dives, cruising, orbiting or other aerial 
maneuvers. The new drone aircraft control 
system also protects the aircraft in case all 
control signals are cut off by ground power 
failure or bomb damage while the plane is 
airborne. The announcement stated that 
in less than five seconds an electronic 
“brain” takes over control of the plane and 
forces it to begin a full-power climb of 
seven degrees, retracts dive flaps if these 
are extended, and at 200 mph changes to a 
climbing turn to the left until proper alti¬ 
tude is reached. In the new control layout, 
the Air Force said, special care was given 
to accessibility of sub-systems and com¬ 
ponents for ease of maintenance and to de-

(Continued on page 48A ) 
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TYPICAL RECORDING FROM A LINE VOLTAGE VARIATION SURVEY: 
The chart at the top is representative of the average line voltage 
condition found in a comprehensive survey of commercial and 
industrial establishments. A tracing at the same point made at 
another time might show entirely different conditions, since periods 

of stable voltage are often followed by periods of violent transient 
fluctuations and/or large, gradual swings. The bottom chart, re¬ 
corded at the same time, shows the output voltage of a Sola Constant 
Voltage Transformer fed from this line. 

SOLA REGULATED LINE VOLTAGE 

End Fluctuating Line Voltage Handicap 
to Reliable Product Performance 

Where line voltage fluctuations impair the performance of voltage-sensitive 
electronic equipment, Sola Constant Voltage Power Transformers often provide 
a simple, economical solution. Stock or custom designed units are available. 

The Sola regulator has no moving parts and requires no manual adjustment 
or maintenance. Operation is automatic with response time 1.5 cycles or less. 
Regulates as close as ±1% with line voltage variations as great as 30%. 

To meet special load requirements or service conditions, units can be custom-
designed for production quantity orders. Variations available for special-order 
work include: 

TYPICAL CUSTOM-DESIGNED 
SOIA POWER TRANSFORMERS 

• Capacity ranges from a fraction of a va to 30kva 
• Wide variety of voltage inputs and outputs 
• Frequencies other than 60 cycles 
• Provisions for wide ambient temperature ranges 
• Structural features for installation as a component 
• Premium mechanical features for military service and other special duty 

The cost of Sola voltage regulation may be far less than you anticipate for 
two reasons: 1) installation of a Sola unit eliminates the need for the conventional 
non-regulating power supply transformer and any regulating components which 
you may currently use ... 2) your requirements may be satisfied by a stock 
unit or custom design already on file. A Sola sales engineer is always available 
to discuss your voltage regulation requirements with you. 

Il Æ 
TRANSFORMERS 

Write for Bulletin 1 F-CVES 
for facts on the complete line of Sota 
Constant Voltage Power Transformers. 

CONSTANT VOLTAGE TRANSFORMERS for Regulation of Electronic and Electrical Equipment • LIGHTING TRANSFORMERS for All Types of Fluorescent and 
Mercury Vapor Lamps. • SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, Illinois, Bishop 2-1414 • BOSTON: 272 Centre Street, 
Newton 58, Massachusetts • NEW YORK 35: 103 East 125th Street • LOS ANGELES 26: 2025 Sunset Boulevard • PHILADELPHIA: Commercial Trust 
Building • CLEVELAND 15: 1836 Euclid Avenue • KANSAS CITY 2, MISSOURI: 406 West 34th Street • TORONTO 9, ONTARIO: 617 Runnymede Road 

Penrecentntives in Cither Prineinal Cities 



experience. 
Send for Brochure 
...complete digest of Admi 
equipment and facilities. 

Admiral has built 
COMMUNICATIONS 

for a sky-ful of plan 
Standard communications equipment for nearly all 
military aircraft is the famed AN/ARC-27. This com¬ 
plex all-channel transmitter-receiver can be tuned to 
1,750 VHF and UHF channels. Containing 56 tubes 
and upwards of 3,000 parts, this unit is being produced 
in vast quantities to keep pace with America’s expand¬ 
ing air power. Approximately one out of every three 
transceivers completed to date has come out of Admiral 
plants. 

This particular assignment provides ample evidence 
of Admiral’s ability to produce in quantity... and to 
maintain the strictest quality standards. Production 
capacity has now been further augmented by means of 
the new automation equipment, designed and built by 
Admiral’s own engineering staff. Address inquiries to: 

ENGINEERS! The wide scope of work in progress at Admiral creates 
challenging opportunities in the field of your choice. Write Director 
of Engineering and Research, Admiral Corporation, Chicago 47, III. 

look to Admiral for 
RESEARCH • DEVELOPMENT • PRODUCTION 

in the fields of: 
COMMUNICATIONS, UHF and VHF, air-borne and ground. 
MILITARY TELEVISION, receiving and transmitting, air¬ 

borne and ground. 

RADAR, air-borne, ship and ground. 

RADIAC • MISSILE GUIDANCE • TELEMETERING 
• DISTANCE MEASURING • TEST EQUIPMENT 
,— • CODERS and DECODERS 

Admiral 
CORPORATION 

Government Laboratories Division 
Chicago 47, Illinois 
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Four new Microwave Signal Generators covering the range 950-11,500 mcs/sec. All with 

famous Polarad single dial operation. Each provides the maximum working range possible in 

one compact signal generator. And, additional Polarad Signal Generators are available to cover 12.4 to 39.7 kmc. 

These features on all MSG units assure fast and simple operation: direct reading, single dial frequency control that tracks reflec¬ 

tor voltages automatically ... direct reading attenuator dial ... conveniently placed controls, in logical sequence . . . high visibility 

on the face of each instrument. 

ERATORS 
with Polarad single dial operation 

ICROWAVE 
Complete coverage of 

the range 950-11,500 mes /sec 

Polarad Signal Generators are built to the same high standards required for military equipment. They are practical for the factory 

assembly line—engineered ventilation assures continuous and stable operation of all instrument functions. Components are readily 

accessible for easy maintenance. And laboratory accuracy is guaranteed under the most rigorous operating conditions. 

Write directly to Polarad or your nearest Polarad representative for details. 

Frequency Range 

Frequency Accuracy 

Power Output 

Attenuator Range 

Attenuator Accuracy 

Output Impedance 

Input Power 

Internal Pulse Modulation: 
Pulse Width 

Delay 
Rate 

Synchronization 

Internal EM: 
Type 
Rate 

Synchronization 
Frequency Deviation 

External Pulse Modulation, 
Polarity 

Rate 
Pulse width 

Pulse separation 

Output Synchronizing Pulses: 
Polarity 

Rate 
Voltage 

Rise time 

Size I Approx, weight 

950-2400 
MCS/sec. 

2150-4600 
MCS/sec. 

4450-8000 
MCS/sec. 

MSG 6950-10,800 
4 MCS sec. 

MSG 6950-11.500 
4A MCS/Sec. 

(Frequency set by means of a single directly calibrated control) 

±1% ±1% ±1% ±1% 

1 MW 1 MW .2 MW .2 MW 

120 db 120 db 120 db 120 db 

±2 db ±2 db ±2db ±2db 

50 ohms 50 ohms 50 ohms 60 ohms 

115V±10% 
50-60 cps 

115V±10% 
60-60 cps 

U5V±10% 
50-1000 cps 

115V±1O% 
50-1000 cps 

0.5 to 10 microseconds 
3 to 300 microseconds 
40 to 4000 pulses per second 
Internal or external, sine wave or pulse 

INTERNAL SQUARE WAVE 
(all models) 

Rate: 40-4000 cps 
Synchronization: Internal 

Linear sawtooth 
40 to 4000 cps 
Internal or external, sine wave or pulse 

±2.5 MCS ±2.5 MCS ±6 MCS ±6 MCS 

Positive or Negative 
40 to 4000 pulses per second 
0.5 to 2500 microseconds 
(For multiple pulses) 1 to 2500 microseconds 

Positive, delayed & undelayed 
40 to 4000 pps 
Greater than 25 volts 
Less than 1 microsecond 

17" long X 1314" high x ISVz" deep | 60 lbs. 17" long x 15" high x 19V4" deep | 100 lbs. 

“THE FINEST SIGNAL GENERATORS OF 

REPRESENTATIVES: • Albuquerque • 

THEIR KIND" Polarad ELECTRONICS CORPORATION 43-20 34th STREET 
ISLAND CITY 

Atlanta • Baltimore • Bayonne . Bridgeport . Buffalo • Chicago • Dayton • Fort Worth • Los Angeles • New York 

Newton . Philadelphia • San Francisco • Syracuse • Washington, D. C. • Westbury . Winston-Salem • Canada, Arnprior, Toronto-Export: Rocke International Corporation 
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-AN CONNECTORS 
^Industrial Engineering Notes 

(Continued from page 44A) 

make 

.MINIATURE AN-types 

-RF CONNECTORS 

Amphenol 

BLUE 

Sir individual catalogs present 
the Amphenol products. If you 
will give us a list of the 
Amphenol literature you now 
have we will bring this im¬ 
portant reference material up-
to-date in accordance with your 
designated product interest. 

AMERICAN PHENOLIC CORPORATION 

CHICAGO 50, ILLINOIS 

In Canada: AMPHENOL CANADA LTD., Toronto 

JAM PHENOL 

sign simplicity for manufacturing in pro¬ 
duction quantities. It also was stated that 
the size and shape of numerous elements 
have been reduced in order to retain the 
standard Lockheed F-80C cockpit ar¬ 
rangement, especially for all flight safety 
and emergency controls. . . . The National 
Bureau of Standards has announced the 
publication of a new volume containing 
descriptions and evaluations of three com¬ 
putational experiments in the general field 
of conformal mapping, which is of principal 
importance in electromagnetic theory, air¬ 
craft wing design and hydrodynamics. The 
61-page volume, “Experiments in the 
Computation of Conformal Maps,” is 
available from the Government Printing 
Office, Washington 25, D. C., for 40 cents 
each. . . . Since the National Bureau of 
Standards “Directory of Commercial and 
College Laboratories” has been withdrawn 
from circulation, an up-to-date revision of 
this publication now is available in the 
“Directory of Commercial and College 
Testing Laboratories," recently issued by 
the American Society for Testing Ma¬ 
terials. The society will undertake the re¬ 
sponsibility for compilation and publica¬ 
tion of the directory in the future, it was 
reported. The directory gives information 
regarding the location of testing labora¬ 
tories together with the types of commodi¬ 
ties and the nature of the investigations 
the laboratories are prepared to undertake. 
It is designed to be of assistance to the 
large number of purchasers who are not 
equipped to make their own acceptance 
tests and who therefore have hesitated to 
buy on specifications. It also shotdd be of 
value to small manufacturers and others 
who are seeking testing laboratory services 
in the evaluation of raw materials and 
finished products. The new directory may 
be obtained from the American Society for 
Testing Materials, 1916 Race St., Phila¬ 
delphia 3, Pa., at $1 a copy. 

Television 

The FCC has issued a notice of pro¬ 
posed rule making in which it requests in¬ 
formation on the feasibility of authorizing 
“booster" UHF television stations. As de¬ 
fined by the FCC, a “booster” is an ampli¬ 
fying transmitter operating on the same 
channel as the main transmitter and simul¬ 
taneously transmitting the same programs. 
As now proposed, a station authorization 
would cover the main transmitter and one 
or more boosters to fill “shadow” areas. 
The FCC already has authorized several 
booster operations on an experimental 
basis and said it is of the opinion that pro¬ 
ceedings looking towards permanent au¬ 
thorization of IT IF boosters now are war¬ 
ranted. For the purpose of determining 
whether its rules shotdd be amended to 
permit such operation, the FCC said it 
seeks views about booster equipment and 
cost, any effect on color or monochrome 

(Continued on page 50sl) 
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TTxigih.es Diodes 

Yau can depend on Hughes Diodes 
to stay within their published rating 
and specifications. In the field, they 
have long maintained an extraordinary 
record of failure-free service under 
varied and severe operating conditions. 
Such reliability is possible because 

FIRST OF ALL. FOR ALL DIODES MADE BY HUGHES ARE: 

STABILITY 
thoroughly tested —Diodes are tested 
100% for electrical and mechanical character¬ 
istics. They retain stability, operate faithfully 
over wide ambient temperature ranges. 
moisture-proof—Fusion-sealed in the fa¬ 
mous one-piece glass envelope developed at 
Hughes. This construction eliminates one major 
cause of diode failure. 

SEMICONDUCTOR SALES DEPARTMENT 

The Hughes line of semiconductor devices is 
being steadily expanded. It now comprises a 
wide selection of Germanium Point-Contact 
and Silicon Junction Diodes, and Photocells. 
When you need diodes with High Tempera¬ 

ture . . . High Forward Conductance . . . High 
Back Resistance . . . Computer Type . . . jan-
Approved . . . General Purpose, or other special 
characteristics, be sure to investigate Hughes 
Diodes. They arc first of all—for stability. 

HUGHES SILICON 
JUNCTION DIODE 
Maximum dimensions, 
standard diode glass 
envelope: 0.265 inch long 
by 0.105 inch diameter. 

isolated from damage or contamination, are un¬ 
disturbed by physical shock and vibration. 
subminiature—You can achieve phenom¬ 
enal component density with Hughes Diodes, 
even in miniaturized circuitry. 

Aircraft Company, Culver City, California 
New York Chicago 

Los Angeles 
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(Continued from page 48 A ) 

Industrial Engineering Notes 

transmission, minimum separation be¬ 
tween boosters and parent and other 
transmitters, interference safeguards, plans 
of proponents, hours of operation, whether 
boosters should operate unattended, mini¬ 
mum power and antenna height, whether 
their number should be limited as to areas 
and to main station, station identification 
and various technical considerations. . . . 
The Federal Communications Commission 

I has issued a request for comments on a 
proposal of the American Telephone & 

I Telegraph Co. whereby the firm would 
provide a low-cost, off-the-air television 
program relay service. The action is part 
of a rule making proposal instituted last 
September, wherein FCC invited com¬ 
ments on a proposal looking towards a 
review of the existing rides and policies on 
inter-city TV relay stations (Docket 
11164). In commenting on that docket, 
AT& 1 had suggested that it might furnish 
program service by an off-the-air pickup 
arrangement in which it would relay the 
programs over common carrier facilities of 
a lower grade than normally employed in 
the nation-wide network service. The ob¬ 
ject of this suggestion would be to provide 
network TV programs in remote areas at 
lower cost. 

ïïkicœ 

When you need a 

Non-Stock 

ask 

PRODUCTS CORPORATION 

2041 COLORADO AVE. 

SANTA MONICA, CALIF 

Manufacturers of 

Ultra High Precision Potentiometers 

Antennas and Propagation 
Chicago Chapter—December 17 

“1'he Application of Ferrite Rods as 
L sed in Receiving and Other Types of 
Radio Antennas,” by Frank Tatro, Henry 
L. Crowley Company. 

Audio 
Boston Chapter—March 10 

“A Compact Loudspeaker System for 
Low Frequency Reproduction,’’ by'Edgar 
\ illchur and Henry Kloss. 

Chicago Chapter—December 17 
“Circlotron Amplifier." by Howard 

Souther and A. M. Wiggins. 

Cleveland Chapter—February 24 
“The Circlotron Amplifier,” by A. M. 

Wiggins, Electrovoice, Inc. 

Automatic Control 
Dallas-Fort Worth Chapter -February 24 

“Mechanized Intelligence.” by William 
Kiester, Bell Telephone Laboratories. 

(Continued on page 5ÓA) 
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industrial power rectifiers 

RANGE 

n the INDUSTRY 

J The most widely used Industrial Power Rectifiers in industry today. 

International Rectifier 

International 

★ Power Ratings from Microwatts 
to thousands of Kilowatts! 

★ Efficiency to 87% 

COR PORATION 

EXECUTIVE OFFICES: 1521 E. GRAND AVE., EL SEGUNDO, CALIFORNIA • PHONE OREGON 8-6281 

New York Office: 501 Madison Avenue, Phone PLaza 3-4942 • Chicago Office: 205 West Wacker Drive, Phone FRanklin 2-3889 

In Canada: Atlas Radio Corp., Ltd., 50 Wingold Ave. W.. Toronto, Ontario • Phone RU 1-6174 

WORLD’S LARGEST SUPPLIER OF QUALITY INDUSTRIAL RECTIFIERS 
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Stoddart NM-lOA Radio Interference and Field Intensity 
Meter, covering the frequency range of 14 kc to 250 kc. 

CHANCES ARE YOU'LL NEVER SUBJECT YOUR 
NM-10A TO THIS KIND OF TREATMENT... 

BUT IT'S NICE TO KNOW THAT IT CAN TAKE IT IF IT HAS TO! 
We turned the hose on the AN/URM-6B — the Navy equivalent of the 
Stoddart NM-Î0A — in accordance with Navy specifications. Immediately 
afterward it was disassembled and found to be dry as a bone 
inside. And much to our satisfaction, the Navy inspector smiled I 

Whether you use this fine, rugged instrument for field intensity 
measurements of carrier current systems, Navy, maritime or other 
services ... or for surveys of conducted or radiated interference, 
you'll find that the NM-10A CAN TAKE IT... whether in the lab 
or in the field. 

A complete selection of accessories is available, expanding the 
utility of the NM-10A to make it one of the most versatile 
instruments you have ever used. 

Write today for further information. Learn about the excellent 
sensitivity . . . the "hand calibrated" accuracy . . . the sturdy, dripproof 
construction, enabling use in driving rain or snow . . . the A. C. 
power supply that permits operation from 105 to 125 volts or 
210 to 250 volts A. C., 50 to 1600 cps. 

The NM-10A is the identical instrument we supply to the Navy 
as the AN/URM-6B, a Class One instrument, as shown in MIL-I-16910 
(SHIPS). It was designed and is manufactured exclusively by 
Stoddart Aircraft Radio Co., Inc When you buy the NM-10A 
you're getting a quality instrument that meets the rugged requirements 
of the U. S. Navy I 

Stoddart RI-FI Meters Cover the Frequency Range of 14 kc to 1000 me 

NM-20B-HF 
15 kc to 25 me. Commercial 
equivalent of AN/PRM-1A. 
Self-contained batteries. 
A.C. supply optional includes 
standard broadcast band, radio 
range, WWW and communi¬ 
cations frequencies. Has BFO. 

NM-30A-VHF 
20 me to 400 me. 
Commercial equivalent of 1

AN/URM-47. Frequency 
range includes FM and 
TV bands. 

I 
I 

NM-50A — UHF 
375 me to 1000 me. 
Commercial equivalent of 
AN/URM-17. Frequency 
range includes Citizens band 
and UHF TV band. 

STODDART AIRCRAFT RADIO Co., Inc. 
6644-C Santa Monica Blvd., Hollywood 38, California • Hollywood 4-9294 

PANORAMIC i n  4 
SONIC I P-1 
ANALYZER ° 1

Many engineers find that Panoramic’s 
LP-1 expedites their entire measure¬ 
ments program. LP-1 analyzes sound 
vibrations and electrical waveforms 
quickly, conveniently, accurately. De¬ 
signed to eliminate the tedious prob¬ 
lems commonly associated with audio 
waveforms analysis, the Panoramic 
technique provides valuable visual 
information in seconds! 
• Visualizes frequency and ampli¬ 
tude of waveform components be¬ 
tween 40 and 20,000 cps; magnifies 
small portions of spectrum for de¬ 
tailed analysis; displays easily 
photographed; scans spectrum in 1-
second: analyzes changing and static 
phenomena. 

It will pay you to investigate the 

many unique advantages of LP-1. 

• SPECIAL APPLICATIONS 
• Investigations ol closely spaced sound 
and vibration frequencies. Harmonic 
analysis of waveforms having low fre¬ 
quency fundamentals. Spectrum analysis 
requiring constant band width. 
• Panoramic's LP-1 offers scores of 
unique advantages; it will pay you to 
check their application to your problems. 

^^WRITE TODAY for 
k7n\ Complete Specifications 

Made by the 
makers of 
Panadaptor, 
Panalyzor, 
Panoramic 
Sonic Analyzer, 
and Panoiamic 
Ultrasonic 
Analyzer 

12 South Second Ave., Mount Vernon, N.Y. 
Phone: MOunt Vernon 4-3970 

MIOWIIC 
RADIO PRODLCTS. INC. 
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DUAL TR AND ATR TUBES 

co Frequency Ce
nt

er
 

Fr
eq
ue
nc
y Power 

Level 
(KW 
Mai ' Type Description 

Tube 
Designation 

L 

S 

S 

C 

C 

C 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Ku 

1215 1355 

2600-30OC 

2650 2950 

5400 5900 

5400-5900 

5400-5900 

8490-9578 

8490-9578 
8490-9578 

8490-9578 

8490-9578 

8490-9578 

3490-9578 

8490-9578 

8490-9578 

8490-9578 

8500-9600 

8500-9600 

8490-9578 
15000-17000 

1285 

2800 

2800 

5650 

5650 

5640 

90C0 
9000 

9000 

9000 

90C0 

9000 

9000 

9000 

9000 

9000 

9050 
9050 

9000 

16000 

2000 

750 

750 

700 

3000 

300 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

250 

250 

250 

100 

TR 

TR 

ATR 

TR 

TR 

ATR 

TR 

TR 

TR 

TR 

TR 

TR 

TR 

TR 

TR 

TR 

TR 

TR 

TR 

Dual. Band Pass 

Dual. Band Pass 

Dual 

Dual 5865 

Dual 6568, Band Pass 
Dual. Fixed-Tuned, Contact Mount 

Dual 1B63A 

6334 tapped Flanges Both Ends 

6334 plus Separate Channel 1B63A 

6334 with Recovery Time 1 /asee at 
1 db 

BL84 with Heater 

6334 with Large X Flange Input and 
Small X Flarge Ou:put 

Dual 1B63A. 2 Msec Recovery Time 

BL6C4 with Heater 

6334 with Special Hde Dimensions 
for Aluminum Flanges 

6334 with Special Saddle Type Flange 

Large X Guide 

Four-Element Tube for LargeXGuide 

Integral 6334 Hybrid Duplexer 

Dual. Band Pass 

6634 /BL90 
6636/BL87 

BL92 

6640/BL60 

BL613 

BL63 
6334/BL27 

BL78 

BL81 

6643/BL84 

BL84H 

6642/BL600 

6646/BL604 

6647 BL604H 

BL607 

6648 BL615 

6501 
6564/BL71 

BL507 

6560,BL35 

Unlimited design possibilities are now afforded the 
systems engineers with Bomac’s complete line of dual 
TR tubes. 

Bomac dual tubes are designed for use with suitable 
short-slot hybrid ¡unctions to provide balanced duplexers 
of utmost simplicity. 

In operation, the balanced duplexer is similar to 
magic-T or rat race duplexers. The very low coupling 
between the transmitter and antenna eliminates the 
necessity of employing one or more ATR tubes and 
reduces the losses introduced in radar systems by 
these tubes. The features of compactness, weight and 
excellent performance with respect to both transmission 
and reception characteristics offered by these dual 
tubes hold many advantages for microwave systems 
designers and engineers. 

Bomac offers a complete line of hybrids to be used 
in conjunction with these dual tubes — the tubes can be 
supplied with integral shutters, offering continuous 
crystal pro‘ection. 

We invite your in¬ 
quiries regarding 

■ ENGINEERING 
■ DEVELOPMENT 
■ PRODUCTION 

Cornac Jtabo redoriez S ne. 
BEVERLY, MASSACHUSETTS 

GAS SWITCHING TUBES. TR, ATR and Pre TR DUAL TR and ATR TUBES SILICON DIODES WAVEGUIDE SWITCHES 

REFERENCE CAVITIES MAGNETRONS PRESSURIZING WINDOWS SHUTTER TUBES HYDROGEN THYRATRONS 

REFLEX KLYSTRONS TRAVELING WAVE AMPLIFIER TUBES SYSTEMS 

Catalog on request. 

Write(onyourcompany 

letterhead) Dept. P-6 

BOMAC Laboratories, 

Inc. Beverly, Mass., or 

phone Beverly 6000 



A w 

Wave Analyzer • Model 20 

Fourier amplitude analysis of complex 
waveforms. Direct percentage readings 
for components from 50 cps to 50 kcs. 
Extremely portable, minimum size and 
weight. 

Laboratory Oscillator • Model 10 

Six decade RC oscillator, 2 cps to 2 
mes. Stable operation, low distortion, 
20 volts output. 

Video Probe Amplifier • Model 50 

Zero loss accessory for all oscilloscopes, 
permitting circuit examination with only 
2 mmf loading. Frequency range 5 cps 
to 12 mes. Serves also as 40 X video 
amplifier. 

Comparator Bridge • Model 60 

Extremely precise potentiometric volt¬ 
meter, internal standard accurate to 
0.05%. Digital direct reading at null 
balance. Double utility, serving also as 
a precision voltage source. 

custom 

HYCOR 

Representatives in 

Principal Cities 

Model 4200 Variable Filter 
(Send for Bulletin S) 

The 4200 Variable Filter and 4201 
Program Equalizer are now available 
in component form, as illustrated, for 
the custom builder. 

In addition to the flexibility of 
installation, all the features and char¬ 
acteristics of the standard models are 
retained. 

The high and low sections of either 

Model 4201, Program Equalizer 
(Send for Bulletin E) 

Subsidiary of International Resistance Company 
11423 VANOWEN STREET 

NORTH HOLLYWOOD 6, CALIF. 

Complete wiring instructions included. 

Send for Bulletin TB-4 

9 f . f $ 
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PYRAMID SOLID DIELECTRIC GLASSEAL» CAPACITORS FOR 

® Mm 
Especially sturdy capacitors capable of with¬ 

standing vibrational stresses of high accel¬ 

eration and frequency, and severe shock 

conditions encountered in guided missiles 

and airborne equipment. 

Utilize new, rugged compression-seal type, 

glass-to-metal solder-seal terminals. Termi¬ 

nals will not work loose or rotate under 

any operating condition. 

Functional operating range from —55°C to 

+ 125°C. 

Capacitance range: .001 mfd. to 1.0 mfd.; 

voltage range: 100 to 600 V.D.C. operating; 

can be provided to standard tolerance of 

±20% or to closer tolerances, if desired. 

Operates normally under severe humidity 

conditions. 

Production tests for voltage breakdown, 

capacitance, power factor, insulation resis¬ 

tance and seal are performed on a 100% 

basis. 

1. Hermetically sealed in metallic cases. 

2. Power factor less than 1 %. 

3. Subminiature in size. 

4. Available in both inserted tab and extended 

foil constructions. 

tn 

For complete engineering information contact your 

local Pyramid representative or write to— 

CAPACITOR DIVISION 

PYRAMID ELECTRIC COMPANY 
1445 Hudson Blvd. • North Bergen, N. J. 



3ülse Cable 
assemblies? 

HHB assemblies prove 

outstanding in performance 

CORONA-FREE!. . . up to and including 
8 KV and ability to meet 12 KV breakdown 
test in normal service for most assemblies. 
Under special conditions they have been 
produced to meet higher corona-free re¬ 
quirements. 

COMPLETELY APPROVED!. . . HHB 
Cable Assemblies embody HHB Connec¬ 
tors. Both are factory-assembled and 
tested as complete units to provide assur¬ 
ance of outstanding service. Cables sup¬ 
plied in lengths as required. 

NEW!. . ."pressure correct" connection 
Bayonet-type connection for HHB Pulse 
Connectors was recently introduced to permit 
quick assembly and positive contact without 
excessive pressure by overtightening. 

Write for HHB Catalog Bulletin CA-33-36-53, and data on new Bayonet-type connectors. 

/Xt 
% Á^Prnímioiial Group Meetings 

f <-u .-

(Continued from page 50A ) 

Broadcast and Television 
Receivers 

Chicago Chapter—February 18 
“What is a Good Tube?” by Carl 

Atkins. 

Chicago Chapter—January 21 
“A Case History of the Application of a 

1'V Booster Station for Improved VHF 
Reception,” by Wendell C. Morrison, 
RCA Laboratories. 

Circuit Theory 
Los Angeles Chapter—March 10 

“Feedback System Design,” by R. A. 
Burt, Electronic Systems, Inc., and J. A. 
Aseltine, Lear, Inc. 

i Component Parts 
New York Chapter—March 3 

“A Forward Look in Tantalytic Ca¬ 
pacitors,” by D. F. Warner, General 
Electric. 

“Recent Advances in Pulse Forming 
Networks,” by A. Graydon and L. Swett, 
both of General Electric. 

Electron Devices 
Washington Chapter—February 28 
“The Magnetic Amplifier,” by Donald 

G. Scorgie, Naval Research Lab. 

Electronic Computers 
Washington Chapter—March 2 

“Magnetic Recording Devices for 
Business Machines,” by S. J. Begun, 
Brush-Clevite Development Company. 

Washington Chapter—February 5 
“The Lattice Videotron,” by F. B. 

Maynard, National Union Electric Corpo¬ 
ration. 

“The Anodyne Tube-A Versatile Beam 
Deflection Device,” by H. J. Wolkstein, 
National I ilion Electric Corporation. 

Washington Chapter—December 1 
“Diode Amplifiers,” by A. Holt, NBS. 

STANTON STREET TOLEDO 4, OHIO 

Skilled in 

RESEARCH • DESIGN 
ENGINEERING • MANUFACTURING 

of Electronic Components and Connectors 
for Communications and Industry 

Engineering Management 
Boston Chapter—March 10 

“Railroading Today and Tomorrow,” 
by Patrick B. McGinnis, New York, New 
Haven, Hartford Railroad. 

Chicago Chapter—January 21 
“Management from the Viewpoint of 

the Armed Services,” by Lt. Col. B. L. 
Mathews. 

San Francisco Chapter—March 8 
“The Intangible Factors in Engineer¬ 

ing," by Russell H. Varian, Varian Associ-
atrs. 

(Continued on page 60A) 
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Navigation and Control Devices 
for Missiles and Aircraft 

Kollsman has designed, developed and produced the fol¬ 
lowing navigation and control systems and components: 

Automatic Astrocompasses for precise auto¬ 

matic celestial directional reference and navigation. 

FOR NAVIGATION OR GUIDANCE 

Photoelectric Sextants for remote semi-automatic celestial navi¬ 

gation. Flight tests in jet aircraft gave an overall geographical 

positional accuracy of two miles. 

FOR CONTROL 

proven components 
now in production 

Pressure Pickups and 
Synchrotel Transmitters 

to measure and electrically transmit 

• true airspeed • indicated 

airspeed • absolute pressure 

• log absolute pressure • dif¬ 

ferential pressure • log differ¬ 

ential pressure • altitude 

• Mach number • airspeed 

and Mach number. 

Pressure Monitors — to provide con¬ 
trol signals for altitude, abso¬ 

lute and differential pressure, 

vertical speed, etc. 

Acceleration Monitors — for many 
applications now served by 

gyros. 

Pressure Switches — actuated by 
static pressure, differential 

pressure, rate of change of 

static pressure, rate of climb or 

descent, etc. 

Motors — miniature, special purpose, 
including new designs with in¬ 

tegral gear heads. 

Photoelectric Tracking Systems For many years Kollsman has 

specialized in high precision tracking systems. 

Photoelectric 
Sextant 

SPECIAL TEST EQUIPMENT 

optical and electromechanical for flight 

test observations. 

Periscopic Sextants for manual celestial observations. 

Computing Systems to provide precise data 

for automatic navigation and guidance, operated 

Please write us concerning your 
specific requirements in the field 
of missile or aircraft control and 
guidance. 

by optical, electromechanical, and pressure sensing components. 

80-16 45th AVE., ELMHURST, NEW YORK . GLENDALE, CALIFORNIA . SUBSIDIARY OF COIL 

kollsman INSTRUMENT CORPORATION 

Technical bulletins are available 
on most of the devices men¬ 
tioned. 

PRODUCTS CO. INC. 
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THE RECORD-SETTING G-12A 
This is the JK Glasline unit providing 

stability of 1 part in 10’ over a 24 

hour period, stability that requires 

the most accurate methods of meas¬ 

urement available. 

TO COMPLETE 
THE ENVIRONMENTAL 
PICTURE: 

THE NEW JK09 OVEN 

To the protection JK Glasline design provides against moisture, 
contamination, vibration and barometric pressure, the JKO9 
oven adds control of temperature. It is production tooled for 
economy and uniformity, is small and light (1.28" x 1.70* ; 1.5 
oz.), and is capable of maintaining a temperature constant to 
within ±J°C over a range of —55° to +100°C. Here is an 
oven that matches the performance of many, massive multi-stage 
heaters — an example of JK’s ultra-stable miniaturization pro¬ 
gram. 

JK-G9: 

Crystals for the Critical - Sandwich, Illinois 

Ultra-Precision frequency control requires that 
crystal oven, power supply and oscillator circuitry be 
compatible in design and construction for optimum pre¬ 
cision and reliability. The James Knights Company will 
combine their precision crystals and ovens with tried and 
proven circuitry in packages that will meet your mechanical 
layout requirements, at a saving of valuable customer en¬ 
gineering time. Precision frequency signal sources covering 
the wide frequency range of 60 cycles to 1 50 mes can be 
made available to meet your specific application. 

Engineering 

Facilities That Measure to 1 part in 10’ 
Back JK Research, Production and Certification. 

Just a short time ago a crystal offering the extreme sta¬ 
bility of the JK G-12A was viewed as a scientific curio. 

Even its measurement was a scientific effort; its first use 
limited to laboratory equipment. 

But today JK Glasline crystal units in these exacting 
stability ranges are meeting the demand for ultra stable 
frequency control in many field applications. They are be¬ 

ing production engineered, manufactured, tested, and per¬ 
formance certified in commercial production quantities for 
use as precision time base units, as long range navigational 
aids, and for spectrum conserving communications systems. 
They provide unprecedented stability and reliability, with 
the compactness and environmental protection that today’s 
field equipment requires. 

These advanced research, production and testing facilities 
are important to everyone concerned with frequency man¬ 
agement problems because they are the keys that can un¬ 
lock tomorrow’s door for you. The control of the quartz cry¬ 
stal, so long an art, has become a science. 

JK-G4: "Glasline" Crystal 
Filter Resonator. For broad 
Filter applications such as 
power line carrier communica¬ 
tions and telemetering. Fre¬ 
quency range 50 to 200 Ice. 

(ACTUAL SIZE) | 

JK-G3: 10 me to 150 me. Miniature 
size, minimum aging drift, high Q for 
maximum performance. JK miniaturized 
"Glasline" crystals meet the growing 
need for minimum size with maximum 
stability. 

JK "THERMYSTAL” 
AN ADVANCED FREQUENCY CONTROL DESIGN 

1. Higher Merit Factor: Vacuum enclosure in¬ 
creases Q of crystal. 

2. Calibration Accuracy: + (1 cycle + 
.0001 %) 

3. Temperature Stability: 30 to 900 kc + 
.0001%, 1000 kc to 150 me + .00005%. Oven 
temperature varies less than ± 1 °C over ambient 
range of -55°C to + 85 CC. 

4. Secular Stability: Less than .001 % per year. 
Crystal is specially processed and sealed in glass 
enclosed vacuum. 
5. Low Oven Power: 6.3 v @ 1.5 amp maximum. 
Thermostat cycles less than 3 times per minute at 
room temperature. 



that unlocks tomorrow’s door 

■'I often say that when you can measure what you 
are speaking about and express it in numbers you 
know something about it; but when you cannot 
measure it, when you cannot express it in numbers 
your knowledge is of meager and unsatisfactory 
kind; it may be the beginning of knowledge, but 
you have scarcely, in your thoughts, advanced to 
the stage of science, whatever ?he matter may be." 

Lord Kelvin, 1883 

The following JK equipment, used in combination, pro* 
vides means of certifying crystal performance to a sta¬ 
bility of one part in IO9. 

I. A special Sulzer-designed precision I me oscillator in¬ 
corporating a James Knights G-12/Í 1 me crystal in an 
electronically controlled oven holding temperatures to 
+ .00l°C.; with an overall frequency stability of better than 
one part in IOU for 24 hours. 

3. Electronically controlled multi-cavity oven, capable of hold¬ 
ing temperatures of crystals on test to within :£.00loC. 

2. A precision crystal impedance bridge capable of measur¬ 
ing parameters over the frequency range of .1 to 10 me. 
L/C products can be measured to an accuracy of one part 
in IO10, and resistance measurements to better than ±5%. 

JK STANDARD MILITARY AND COMMERCIAL TYPE CRYSTALS 

and 

Carefully oriented and 
variety of shapes with 

Quality and service are James Knights 
traditions that apply to the simplest JK 
crystals as well as to the most complex, and 
apply to our smallest customer as well as 
our largest. So whatever your requirements 
— look to James Knights as a dependable, 

ULTRA-SONIC TRANSDUCERS: 
processed to your specifications, in a 

MILITARY TYPES: 
Hermetic sealed, metal 
cased, in frequency ranges 
from 16 kc to 100 me. PRESSURE MOUNT¬ 

ED: A complete line of 
commercial and military 
types. 

cooperative source lot quality, price 
delivery. 

holes, dimples, soldered-on leads, and backing plates. Can be 
plated with a variety of metals. 

TEMPERATURE CONTROL OVENS; Avail¬ 
able for a wide range of applications. 



VARIABLE 
DELAY 
NETWORKS 

Write for complete, new catalog I 

CORPORATION 

534 Bergen Blvd., Palisades Park, New Jersey 

A new series of Variable Delay Networks, 
designed for laboratory use to facilitate design 
and development of advanced computer and 
radar systems is now available. Compactly 
designed for front panel mounting (gussets 
provided as specified), these delay networks 
offer a variation of delay from 0 to .75 /zsec 
in 10 turns of a Vernier control shaft. 

r ^service and lab. work 

PRINTED CIRCUIT 

OSCILLOSCOPE KIT 
FOR COLOR TV! 

/ÎX Check the outstanding engineering design of 
xi/ this modern printed circuit Scope. Designed 
for color TV work, ideal for critical Laboratory ap¬ 
plications. Frequency response essentially flat from 
5 cycles to 5 Me down only 1 db at 3.58 Me ( TV 
color burst sync frequency). Down only 5 db at 5 
Me. New sweep generator 20-500,000 cycles, .5 
times the range usually offered. Will sync wave form 
display up to 5 Me and better. Printed circuit boards 
stabilize performance specifications and cut assembly 
time in half. Formerly available only in costly Lab 
type Scope. Features horizontal trace expansion for 
observation of pulse detail — retrace blanking am¬ 
plifier — voltage regulated power supply — 3 step 
frequency compensated vertical input — low ca¬ 
pacity nylon bushings on panel terminals — plus a 
host of other fine features. Combines peak perform¬ 
ance and fine engineering features with low kit cost! 

T V 

SWEEP GENERATOR KIT 
HFCTRON/C SWEEP SYSTEM 

A new Heathkit sweep generator covering all 
\ZZ frequencies encountered in TV service work 
(color or monochrome). FM frequencies too! 4 Me 
— 220 Me on fundamentals, harmonics up to 880 
Me. Smoothly controllable all-electronic sweep sys¬ 
tem. Nothing mechanical to vibrate or wear out. 
Crystal controlled 4.5 Me fixed marker and separate 
variable marker 19-60 Me on fundamentals and 57-
180 Me on calibrated harmonics. Plug-in crystal in¬ 
cluded. Blanking and phasing controls — automatic 
constant amplitude output circuit — efficient atten¬ 
uation — maximum RF output well over . 1 volt — 
vastly improved linearity. Easily your best buy in 
sweep generators. 

A SUBS/D/ARY OF DAYSTROM, /NC. 

BENTON HARBOR 4, MICH. 
WRITE FOR FREE CATALOG 

i À ̂Professional Group Meetings 

(Continued from page 56A) 

Microwave Theory and 
Techniques 

Northern New Jersey Chapter— 
February 16 

“The Nature of Ferro-Magnetism in 
Ferrites,” by J. Rowen, Bell Television 
Laboratories. 

Philadelphia Chapter -February 16 
“Antenna Systems for UHF TV 

Boosters,” by Bruce Rankin, David 
Sarnoff Laboratories, RCA. 

Nuclear Science 
Oak Ridge Chapter—February 16 
“Storage Devices for Digital Comput¬ 

ers,” by R. J. Klein, ORNL. 

Boston Chapter—February 10 
“Scanning of Radioactive Isotopes 

W ithin the Human Body,” by Gordon L. 
Brownell, Massachusetts General Hospi¬ 
tal. 

Telemetry and Remote 
Control 

Los Angeles—March 15 
“The APOTA Automatic Tracking 

Antenna System,” by James E. Palmer, 
Sandia Corporation. 

“Modifications to the RDB Telemeter¬ 
ing Standards Under Consideration by the 
Inter-Range Panel," bv R. E. Perry, US 
NAMTC. 

Vehicular Communications 
Detroit Chapter—February 16 

Each of the following speakers dis¬ 
cussed maintenance and performance 
problems and techniques common to their 
systems: T. P. Rykala, Michigan Consoli¬ 
dated Gas Company; F. M. Hartz, The 
Detroit Edison Company; O. L. Santi, 
Michigan Bell Telephone Company; J. E. 
McFatridge, Detroit Police Radio Bureau; 
F. L. Kahle, Mobile Communication 
Services. 

Section Meetings 
I1 ->5 

Akron 
“The Dawn of the Age of Space Travel,’’ by 

D. C. Romick. Goodyear Aircraft Corp.; March 15. 
1955. 

Albuqlerque-Los Alamos 
“Digitel—A Telemetering Data Digitizer.” by 

G. R. Bussey, Sandia Corp.; April 15. 1955. 

Baltimore 
“ Ferro- Electrics as Information Storage 

Media." by Prof. C. F. Pulvari, Catholic University 
of America; April 13. 1955. 

(Continued on page 62A) 
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He’s Proteus, Neptune’s son, a highly ver¬ 
satile character—hence the adjective protean. You 
never knew whether next you’d see him as a lion, 
a raging fire, a reptile, or an angry bull. 

Here at Driver-Harris, we do protean marvels 
too . .. with metals. For instance, Nichrome*, the 
unique heat-resistant, corrosion-resistant, elec¬ 
trical-resistance alloy known the world over, has 
long been the engineer’s yardstick of comparison 
not in one, but in at least 3 widely different 
applications. 

TO GENERATE HEAT: In all applications of 
producing heat by electricity, particularly to 
temperatures above 1700°F., Nichrome and 
Nichrome V set the quality standard. From 
simple electrical appliances such as ranges, 
broilers, toasters, etc. to giant industrial fur¬ 
naces, no other alloys enjoy such widespread 
recognition and use. 

TO RESIST HEAT: Because of its unsurpassed 
resistance to heat and corrosion, Nichrome is 
used for making massive furnace muffles and 

retorts often weighing tons, and work-loading 
fixtures of all shapes. The outstanding property 
of Nichrome here is its extremely long life, 
which results in low heat-hour costs. 

TO RESIST ELECTRICITY: The greatest contribu¬ 
tion to outstanding stability and miniaturiza¬ 
tion of resistors is made by Nichrome wire. 
Drawn to sizes as small as .0005 and finished in 
a variety of insulations, Nichrome is a boon to 
electronics in the manufacture of high toler¬ 
ance resistance units of all types. 

Added to the nickel and chrome of Nichrome 
and Nichrome V is always one exclusive ingredi¬ 
ent—the supreme mastery of the Driver-Harris 
specialists, gained in their 57 years of melting 
and drawing experience. 

In recognition of its unique properties, the 
United States Patent Office in August, 1908, 
granted solely and exclusively to us the trade¬ 
mark NICHROME. There is only one Nichrome, 
and it is made only by Driver-Harris. 

•T. M. Reg. U. S. Pat. Off. 

Driver-Harris Company HARRISON, NEW JERSEY 
BRANCHES: Chicago, Detroit, Cleveland, Louisville, Los Angeles, San Francisco 

In Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario 

MAKERS OF THE MOST COMPLETE LINE OF ELECTRIC HEATING, RESISTANCE, AND ELECTRONIC ALLOYS IN THE WORLD 
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circuits 

• Simultaneous contact of any number of 
leads can be made or broken by use of Lapp 
Plug-and-Receptacle units, for panel-rack 
assembly or other sectionalized circuits. Insu¬ 
lation is steatite, the low-loss ceramic—non¬ 
carbonizing, even when humidity, moisture 
or contamination sets up a leakage path. 
The unit shown here provides twelve con¬ 
tacts, rated for operation at 2.5kv peak 
terminal-to-terminal, 1.5kv peak terminal-
to-ground, 25 amps at 60 cps. All contacts 
are silver-plated; terminals are tinned for 
soldering. Polarizing guide pins assure posi¬ 
tive alignment. Write for specifications of 
this and other available units, or engineer¬ 
ing recommendations for special units for 
your product. Write Lapp Insulator Co., 
Inc., Radio Specialties Division, 251 Sum¬ 
ner St., Le Roy, N. Y. 

• STEATITE INSULATION 

• FULL-FLOATING 
CONTACTS 

Lapp 

(Continued from page 60A) 

Beaumont-Port Arthur 
“Transistor Application in Broadcast Radio.” 

by Roger Webster, Texas Instruments. Inc.; March 
30, 1955. 

Binghamton 
“Application of Glass to Electronic Com¬ 

ponents,’* by W. H. McKnight, Corning Glass 
Works; April 11, 1955. 

Buffalo-N iagar a 
“The TimeAlyzer,” by K. R. Wendt, Wendt-

Squires, Inc.; March 16, 1955. 

Cedar Rapids 
“Predicted Wave Signaling Systems,” by 

Donald Martin, Collins Radio Company; March 16, 
1955. 

“Scattering of Radio Waves,” by Dr. R. L. 
McCreary and “Aircraft Flight Simulator,” by W. 
T. Hedgcock, both of Collins Radio Company; 
April 13. 1955. 

Central Florida 
“Horizontal and Vertical Organization in 

Engineering Management,” by Charles Marshall, 
WPAFB; February 18, 1955. 

Chicago 
“The Bell Solar Battery,” by Dr. G. Raisbeck 

Bell Telephone Labs.; March 17, 1955. 

Cleveland 
“Class B Operation of Audio Frequency Junc¬ 

tion Transistors," by K. E. Loofbourrow; RCA 
Tube Division; March 31, 1955. 

Connecticut Valley 
“Hearing Processes,” by Dr. W. E. Kock, Bell 

Telephone Lab.; March 17, 1955. 

Dayton 
“Radio Astronomy,” by Donn Van Stouten-

berg, Ohio State University; April 10, 1955. 

Detroit 
“Recent Developments in Ferroelectric and 

Ferromagnetic Ceramics and Their Application as 
Nonlinear Circuit Elements,” by Dr. H. W. Welch, 
Jr., University of Michigan; March 18, 1955. 

Elmira-Corning 
“Color Television vs. Color Movies.” by D. G. 

Fink, Philco Corp.; February 21, 1955. 
“Synthetic Mica,” by Dr. W. G. Lawrence. 

Alfred University; March 14, 1955. 

Emporium 
“Radio Astronomy and the Sun," by O. C. 

Coates. Naval Research Lab.; March 22, 1955. 
“Television Pick-up Tubes for Black-and-

White and Color,” by Dr. P. K. Weimer, RCA; 
April 19, 1955. 

Evansville-Owensboro 
“High Fidelity Sound Reproduction—Past and 

Future,” by Marvin Camras, Armour Research 
Foundation and Hobby Talk by W. T. Millis. 
General Electric Company; April 13, 1955. 

Fort Wayne 
“Sampled-Data Control Systems,” by Dr. J. 

M. Salzer, Magnavox Labs.; March 10, 1955. 

(Continued on page 64 A) 
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Slope 

M410X 
e/h TUNER M312X 

M620X 
M621X 
M622X 

I UNE 

M623X 
M624X 
M631X 
M638X 
M780X 
X910X 

an» sionto stcnoH 

Sx tunabu M*" 

fXR M206X Tunable Detector 

frequency meter 

Regularity—102 v.wr, "'°*' 
Pickup Probe 

Write for catalog of complete line of 

FXR PRECISION MICROWAVE TEST EQUIPMENT 

Z815A Universal Klystron , 
Power Supply 

Z762A Klystron Tube Mount 
B830A Universal Power 

Ball Bearing Carnage 
Friction Drive _— 

Driven Choke 
Plungers 

Greater than 
X travel 

Matching—20 J to 
less than 1.02.» 

MT51X FLAP ATTENUATOR 

Max. vswr-> XU 

COMPONENTS 

90 Deg. E 
Short 

Harmonic Generator 
Transmission line. Stand 

IN53 Crysto' 

Micrometer Driven Choke Tunmg 

M501X TERMINATION 

Max. vswr—1-05 

TRANMISSION 

Series Tee 
Shunt Tee 
E/H Tee 

Micrometer Drive . 

X25' 5 millimeter* 
Precision Waveguide Test Equipment 

50.00 to 75.00 kilomegacycles 

with FULL SPECIFICATIONS 

Electrons & X-Ray DimAum 
F-R MACHINE WORKS, Inc. 

26-12 BOROUGH PLACE, WOODSIDE 77, N. Y. • ASTORIA 8-2800 
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Kearfott 
RDF Loops 
Exceed 
41,000 Hours 
Operation 

Test Made with Equipment 
Exposed to Full Range of 
Weather Conditions. 

The Kearfott AS-313 Radio Direction Finder Loop and the 
ID-90 Indicators withstood continuous operation for 41,977 
hours. This is over 40 times the 1,000 hours required by 
Air Force specifications for Sealed Aircraft instruments. 

The ability of Kearfott equipment to operate long beyond 
requirements is significant. The same hermetic seal principle 
employed in the construction of Kearfott Loops is also 
used to impart dependability and long life to Kearfott Gyros, 
Computers and Packaged Seno Systems. 

Section Mpetings 
( Continued from l'âge 62A ) 

Hamilton 
“Glass as an Engineering and Industrial Ma¬ 

terial," by J. L. Webb, Jr., Corning Glass Works, 
i February 14, 1955. 

“Practical Demonstration of Developments in 
Hi-Fi Sound.” by F. II. Slaymaker, Stromberg 
Carlson Company; March 14. 1955. 

“Nuclear Electric Power Stations,” by Dr. G. 
C. Laurence. Atomic Energy of Canada; April 18 
1955. 

Houston 
“A Proposed Analog to Binary Digital Con¬ 

verter," by C. E. Stevens, Rice Institute Student, 
i and “The Hall Converter.” by K. L. Scott, Student, 

A & M College of Texas; April 19, 1955. 

Indianapolis 
“Application of IBM Equipment to Engineer¬ 

ing and Statistical Problems.” by P. H. Sterbenz, 
I IBM Corp.; February 25. 1955. 

Ithaca 
“A System for Recording and Reproducing 

Television Signals by Means of Magnetic Tape.” by 
Dr. H. F. Olson. RCA Labs.; April 7, 1955. 

Little Rock 
“The Bell Solar Battery." by H. J. McMains. 

S. W. Bell Telephone Co.; zXpril 15, 1955. 

London 
General Business Meeting; March 22, 1955. 
“Recent Component Developments in Europe 

and the North American Continent.” by A. Ainlay. 
Rogers Majestic Electronics Ltd.; April 5. 1955. 

Long Island 
“Light Amplifiers.” by C. G. Fick. General 

Electric Company; April 12, 1955. 

Los Angeles 
Future Problems in Military Communica¬ 

tions," by Col. Taylor, “The Role of Telecommuni¬ 
cation in Air Transportation," by John Anderson, 
Aeronautical Radio, Inc., and “Improving Air-

I Ground Communications," by E. W. Pappenfus, 
Collins Radio Co.; April 5, 1955. 

The Kearfott organization is available to you to aid in meetinE 
instrumentation requirements of modern airborne equipment. 

KEARFOTT COMPONENTS 
INCLUDE : 

and Magnetic Amplifiers, Tachometer 

and 

ENGINEERS 

are open. Please write for details today 

A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 

other high accuracy mechanical, elec¬ 
trical aiui electronic components. Send 
for bulletin giving data of components 
of interest to you. 

KEARFOTT COMPANY, INC., LITTLE FALLS, N.J. 
Soles and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 

Midwes* Office: 188 W. Randolph Street, Chicago, HI. South Central Office.- 6115 Denton Drive, Dallas, Texas 

. West Coast Office: 253 N. Viñedo Avenue, Pasadena, Calif. 

Milwaukee 
“Sound Waves and Their Similarity to Micro¬ 

waves.” by F. K. Harvey. Bell Telephone Labs.; 
April 6. 1955. 

Pittsburgh 
“Ferromagnetism,” by Dr. L. J. Dijkstra. 

Westinghouse Electric Corp.; April 11. 1955. 

Princeton 
“Moment Detection,” by Prof. J. J. Slade. Jr., 

Rutgers University; April 14. 1955. 

Sacramento 
“N M R; What It Is—What It's For.” by Dr. 

Emery Rogers. Varian Associates; April 15. 1955. 

Seattle 
“An Introduction to the IBM 701 Computer." 

by Randy Porter. Boeing Airplane Co., and “Cali¬ 
bration of a Fuel Gauge on an 1 BM 701 Computer,” 
by Georges Brigham, Boeing Airplane Co ; January 
25, 1955. 

“Frequency Measurement Involving Digital 
Counting Techniques,” by Irwin Compton; Haw¬ 
thorne Electronics, March 3, 1955. 

Syracuse 
“Operations Research and Its Impact on En¬ 

gineering" by Dr. Andrew Schultz. Cornell Uni¬ 
versity; April 5. 1955 

(Continued on Page 66A ) 
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Power Meter Model P-2 
DC to 11.000 me 

MICRO 
POWER METER 
DC to 11,000 mo 

measures microwave power 
with only one probe 

Over the entire frequency range DC to 11,000 MC, Polarad’s new Micro 

Power Meter utilizes only one power probe, supplied as an integral part 

of the instrument. This unique power probe will sustain severe overloads 

without burnout since it does not contain hot wire barreters or other 

delicate components. 

This new rugged and stable instrument reduces microwave power readings 

to the simplicity of everyday low frequency measurements. It is a true rms 

milliwatt indicating meter accurately measuring CW ano pulse power, in 

milliwatts and dbm. Insensitive to line voltage changes. 

Because of its wide band coverage, the Polarad Model P-2 is outstanding 

as a general lab and field instrument, available for power measurements 

at all commonly used frequencies. The P-2 can be completely calibrated 

from its own self-contained DC source. 

Features and Specifications: 
• Single power probe for al frequencies. 
• 150% overload without burnout. 
• Direct reading. 
• Broadband Coverage .DC to 11,000 me continuous 

in single mount. 
• Multi-Power Range...0-1 mw, 0-10 mw, 

0-100 mw. 
0 dbm, + 10 dbm, 

+ 20 dbm. 
• Impedance ...50 ohms coaxial. 
• VSWR .—».-.Less than 1.4:1 from 

0 to 5000 me. 
Less than 2:1 from 

5000 to 11,000 me. 
• Accuracy .  ...± 1.0 db. 
• Connector .Type N plug. 
• Input Power Required .115v ±10%, 60 cps. 
• Dimensions .10" x 8" x 8", 
• Weight .14 lbs. 

Now, for the first time, you can test all commercially available klystron 

tubes, built-in cavity types as well as those requiring external cavities, 

just as easily as you make tests on vacuum tubes. 

Polarad’s new Model K-100 Klystron Tube Tester provides complete meter¬ 

ing facilities and control adjustments with a tube data chart to determine 

settings. Safety features protect personnel at all times when testing 

tubes requiring high voltages. 

AVAILABLE ON EQUIPMENT LEASE FLAN 

FIELD MAINTENANCE SERVICE AVAILABLE 
THROUGHOUT THE COUNTRY 

POLARAD ELECTRONICS CORPORATION 
43-20 34th STREET 
LONG ISLAND CITY 1, N. Y. • EXeter 2-4500 

Features: 
Performs the following basic tests: 

o. Filament continuity. 
b. Short circuit tests between all elements. 

e. Static d-c tests-measurement of rated d-c currents and 
voltages. 

d. Life test-relation of cathode current versus reduced 
filament voltages. 

e. Dynamic test—provision Is made for external modulation 
so that klystron tubes may be dynamically tested with 
external r-f measuring equipment. 

• Special adapter mount for all commercial types of klystrons. 

• Safety features protect personnel during tests. 

• Protective devices prevent misadjustment and save tubes from 
accidental burnout. 

• Built-in heavy duty blower provides forced air cooling of the 
klystron tubes. 

• Tester designed to be adapted for future tubes 

• Built-in Universal Power Supply may be used for klystron testing 
purposes outside the instrument. 

REPRESENTATIVES 
Albuquerque 
Atlanta 
Baltimore 
Bayonne 
Bridgeport 
Buffalo 
Chicago 

Dayton 
Fort Worth 
Los Angeles 
New York 
Newton 
Philadelphia 
San Francisco 
Syracuse 

Washington, D C. 
Westbury 
Winston-Salem 
Canada: Arnprior, 

Toronto 
Export: Rocke 

International 
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6 Instruments in 1 

Another BERKELEY first! Model 5571 offers for the first time the 
combined functions of six instruments in one compact, light weight 
unit —without plug-ins. Additional features include: 

1. 0-42 me frequency meter 
(extendable to 515 me) 

2. Frequency ratio meter 

3. 0-1 me period meter 

4. 1 n sec to 10,000,000 sec time 
interval meter. 

5. 0-2 me events-per-unit time 
meter. 

6. 1 me counter 

features 

• Frequency range extendable to 
515 me 

• Direct-coupled input amplifiers 
• Direct connections to digital printer, 

digital-to-analog converter, or data 
converters for IBM card punches, 
electric typewriters or telemetering 
systems 

• Provision for external frequency 
standard input 

• Coupling to WWV receiver 
• Relay rack mounting if desired 

CONDENSED SPECIFICATIONS 

Frequency Meas. Range: 0 cycles to 42 me 

Time Interval Meas. Range: 1 n sec. to 107 seconds 
Period Meas. Range: 0 to 1 me (Period x 10, C to 100 kc) 

Input Requirements: 0.1 v. peak to peak 

Time Bases: Frequency: 0.000002 to 20 seconds, decade steps. Time Interval and 
Period Meas: 1 me to 1 cps, decade steps 

Accuracy: ± 1 count of unknown (or time base) ± crystal stability 

Crystal Stability: Temperature stabilized to 1 part in 107 (short term) 

Display Time: 0.2 to 5 seconds 

Power Requirements: 117 v. ± 10%, 50-60 cycles, 260 watts 

Dimensions: 203/4" W x 19" H x 16" D. Weight, 100 lbs. 

Price: $1,650.00 (f.o.b. factory) 

Write today for complete technical data and application information; please address Dept. N6. 

(Continued front page 64A ) 

Toledo 
“Television Transmission." by Messrs. Clark 

and Hornhorst, American Telephone and Telegraph 
Co.; January 13, 1955. 

“Commercial Aircraft Control Radio,” by Fred 
Hjorgsberg, Toledo C.A.A.; February 10, 1955. 

“Electronic Counters and General Instrumenta¬ 
tion," by Seymour Sterling, S. Sterling Co.; March 
10, 1955. 

Toronto 
“Some Applications of Electronic Techniques 

to Measurements in Fluid Mechanics Research," by 
Dr. J. G. Hall, University of Toronto; March 28, 
1955. 

Tulsa 
“Push-Pull Single Ended Audio Amplifier,” 

(by tape) by Arnold Peterson and D. B. Sinclair, 
General Radio Company, and “The Physics of 
Music and Hearing,” (by tape) by Dr. W. E. Kock. 
Bell Labs.; March 17, 1955. 

Twin Cities 
“Analog Between Microwaves and Sound 

Waves,” by F. K. Harvey, Bell Telephone Labs.; 
April 5, 1955. 

Vancouver 
“Seismic Prospecting," by W. Dieteker and 

“Transistors,” by Messrs. C. Goodman and A, 
Csepe, all of U.B.C.; February 21, 1955. 

“Some Practical Aspects of Antenna Design,” 
by Prof. Kersey, University of B. C.; March 21. 
1955. 

“Communications System for the Trans Moun¬ 
tain Oil Pipe Line,” by J. S. Gray, Trans Mountain 
Oil Pipe Line Company; April 4, 1955. 

Washington, D. C. 
Capacitor Symposium: “Rolled Paper and Film 

Impregnated Capacitors,” by W. A. Allison, 
Sprague Electric Co.; “Capacitors Employing 
Metallized Organic Dielectrics,” by D. A. McLean, 
Bell Telephone Labs.; “Aluminum and Tantalum 
Electrolytic Capacitors,” by F. R. Flood, General 
Electric Co.; and “Titanate Ceramics for Capaci¬ 
tors.” by J. G. Breedlove. American Lava Corp.; 
April 11, 1955. 

SUBSECTIONS 

Berkshire County 
“Guided Missiles with Emphasis on Guidance 

Problems,” By A. W. Robinson, General Electric 
Company; March 7, 1955. 

“Applications of Engineering in Medicine,” by 
.1. H. Heller, M.D., N. E. Institute for Medical Re¬ 
search; March 16, 1955. 

Buenaventura 
“Engineers, Patents and Color Television," by 

II. R. Lubcke, Consulting Engineer; March 10, 
1955. 

Centre County 
“Printed Circuits,” (with Demonstration) by 

William Leiss, Pennsylvania State University; 
February 17, 1955. 

“The Penn State Computer Laboratory—Past, 
Present and Future,” by Dr. John Warfield. Penn¬ 
sylvania State University; March 22. 1955. 

BECKMAN INSTRUMENTS INC. 
2200 WRIGHT AVE., RICHMOND 3, CALIF. 

CONTROL SYSTEMS • COMPUTERS • COUNTERS • TEST INSTRUMENTS • NUCLEAR SCALERS 

Charleston 
“Paper Manufacture,” by M. R. Frierson, 

Public Relations Coordinator; February 8, 1955. 

Lancaster 
“Electronic X-Ray Screen Intensifications,” by 

Dr. R. M. Morgan and R. E. Sturm, Johns Hopkins 
Hospital; April 13, 1955. 

(Continued on page 68A) 
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ALLEN-BRADLEY COPPER CLAD MOLDED RESISTORS 

rated at 3 and 4 watts at 70C Ambient Temperature 

A new and important addition to the Allen-Bradley 

line of radio, electronic, and television compo¬ 
nents are these Types GM and HM copper clad 
Bradleyunits, each fitted with a heavily tinned cop¬ 
per clamp. These new resistors are designed to be 

attached to a metal panel or chassis with rivets, 
bolts, or self-tapping screws. If attached to a metal 

panel four inches square and 0.050 in. thick at an 

ambient temperature of 70 C, the maximum continu¬ 
ous wattage rating of the Type GM Bradleyunit 
is 3 watts; the Type HM Bradleyunit is 4 watts. At 

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

40C ambient temperature, the ratings are 4 and 5 

watts, respectively. However, if these copper clad 

Bradleyunits are suspended by their leads without 
being bolted to a metal panel, their respective rat¬ 
ings are 1 and 2 watts. 

The copper clamp does not completely encircle 
the Bradleyunit, thus leaving a slot through which 

the color-code bands are plainly visible. Type GM 

Bradleyunits are available in all RETMA values from 
2.7 to 22 megohms and Type HM Bradleyunits 
from 10 ohms to 22 megohms. 

Wis. • In Canada —Allen-Bradley Canada Limited, Galt, Ont. 

OTHER QUALITY COMPONENTS FOR RADIO, TV & ELECTRONIC APPLICATIONS 

BRADLEYUNITS 
'/2, 1, 2, 3 & 4 WATT 

BRADLEYOMETERS 
y2 & 2 WATT 

CERAMIC CAPACITORS 
0.00001 to 0.022 MFD 

FERRITE COMPONENTS 
HIGH EFFICIENCY 

ALLEN-BRADLEY 
RADIO, ELECTRONIC AND TELEVISION COMPONENTS 
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THESE DISHES STAND UP! 

5 

. . . built into all Kennedy antennas (even 
in a “crash program”) ! These 60-ft. diameter 
parabolic dishes, although designed for 1 inch of 
ice and a 116 mph wind, have repeatedly 
withstood ice loads in excess of 5 inches and 

PROOF of the "Extra Pius” 

winds over 150 mph. 

The installation shown is one of a series of 
Kennedy dishes forming the critical SCATTER 
communications link in our Northern Defense 
Perimeter. 

Antennas in 14, 18, 28, and 60-ft. diameters are 
presently in production. 

(Continued from page 66A) 

Monmocth 

“Human Engineering." by Dr. Jesse Orlansky. 
Dunlap and Associates. Inc.: April 20. 1955. 

Tvcson 

“Transistor Circuits and Applications,” by 
Dr. Virgil Bottom and Andrew Jacobsen, Motorola 
Research Labs.; January 28. 1955. 

“Methods of Network Synthesis,” by Dr. 
Louis Weinberg. Hughes Aircraft Co.; February 18. 
1955. 

“Developments in Magnetic Recording 
Heads.” by Dr. Otto Kornei, Clevite Research Lab.; 
March 11. 1955. 

The following transfers and admissions 
were approved and are now effective : 

Transfer to Senior Member 
Anderson. R. E.. 638 Brandywine Ave.. Schenectady 

8. N. V. 
Bahley, A., Box 77. Savannah, Ga. 

Bartels. W. S., Box 81. R.E.D. 1. Lexington Park 
Md. 

Bersbach. A. J.. 5326 E. Seventh St.. Tucson. Ariz. 
Blackwell. J. IL. Physics Department. Univers'ty of 

Western Ontario. London. Ont.. Canada 
Boots. W. K.. Box 88. Emporium, Pa. 
Braum, C. M., 1703 Black Oak La.. Silver Spring. 

Md. 
Caldwell. D. J.. 1211 Cedrow. High Point. N. C. 
Chynoweth. W. R.. 17 Memory La.. N. Syracuse. 

N. Y. 
Clary. W. T.. Jr.. 39 DeKalb PI.. Morristown. N. J. 
Cohen. J.. 4027—25 Rd., N.. Arlington 7, Va. 
Davis. B. L., Electricity and Electronics Division. 

National Bureau of Standards, Washing¬ 
ton 25. D. C. 

Davis. R., 2460 Silverlake Blvd.. Los Angeles 39. 
Calif. 

Dieli. F. J.. 363 Jackson Ave., Mineola, L. I. N. V. 
Erdle. P. J.. Sylvania Electric Products. In«-.. 

Emporium. Pa. 
Farnsworth. E. P. van T.. CBS Laboratories, 485 

Madison Ave., New York 22, N. Y. 
Fetter. R. W., 8111 W. 87 St.. Overland Park. Kans. 
Field. R. W.. R.F.D. 2. Owensboro. Ky. 
Ford, G. T., 1408 Marquette Pl.. N.E., Albuquer¬ 

que. N. Mex. 
Giacoletto. J. P., 1829 Grande Ave., Cedar Rapids. 

Iowa 
(îow. K. P.. 2138 W. Loch Lomond. Whittier. Calif. 
Grindle, C. E.. 6026 E. 21. Tucson. Ariz. 
Harrison, S. W., 35 31 212 St., Bayside 61, L. I.. 

N. Y. 
Hogan. E. V., Jr.. 40 Pearl St.. New Hartford, N. Y. 
Imboden. II. B., Box 2038. Gulf Research & De¬ 

velopment Co.. Pittsburgh. Pa. 
Jacobi. G. T., 237 Green St.. Schenectady 1. N. Y. 
Kagan. M. F., 3854 Alsace Ave.. Los Angeles 56. 

Calif. 
Karcher. E. R.. 2804 Burgener Blvd.. San Diego 17. 

Calif. 
Koerner. F. A.. 825 W. Lill Ave., Chicago 14. III. 
Krasik, S., 5621 Wilkins Ave., Pittsburgh 17, Pa. 
Lambert. C. O.. 1144 Roslyn Ave., Akron 20, Ohio 
La Rosa. R.. 317 Oak St., S. Hempstead. L.L, N Y. 

(Continued on page 70A) 
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RELATIVE REVERSE LEAKAGE CURRENT 

Life test curves comparing reverse leakage of 
3 Bradley vacuum processed selenium rectifiers 
|V with units produced by different processes by 

other manufacturers. 

LABOR 

** * 

Write for a set of life test curves. They prove the superiority 
of Bradley Laboratories' vacuum processed selenium rectifiers. 

What happens when you test a rectifier? You 
get an indication of forward and reverse current 
and power characteristics. But, the ultimate 
value of a selenium rectifier must be determined 
as a function of time plotted against electrical 
characteristics and environmental conditions. 

Adequate, long-lasting circuit control should 
be accomplished in the design stage, not by 
replacement every few hundred hours. 

On extended life tests Bradley vacuum proc¬ 
essed selenium rectifiers consistently outperform 
and outlast similarly rated rectifiers produced by 
other manufacturers using other processes. 

THE BRADLEY METALLIC RECTIFIER 
MANUAL is today's most comprehensive 
treatment of selenium and copper oxide 

rectifiers. Circuitry, applications, testing, 

construction, design considerations. $2.00 

BRADLEY LABORATORIES, INC 
170P Columbus Avenue, New Haven 11, Connecticut 

VACUUM PROCESSED FOR PERFORMANCE AS RATED 



RHEEM ELECTRONIC 
EQUIPMENT FOR 
OUTSTANDING QUALITY 

RHEEM SUBMINIATURE 
INSTRUMENTATION 

AMPLIFIER 
Model REL-12 

Specifications 

Size.7/8" X 2-5/16" x 4-3/8" 

Weight .7 ounces 
Frequency Response .. .5 to 20,000 cps with less than ±1% deviation 
Voltage Gain .Adjustable 5 to 500 

Linearity.Within ±1% 
Output.¡.Sv rms maximum 
Input Impedance.Over 100 megohms — shunted by 6 uuf 

Output Impedance ...Less than 100 ohms 
Load.33,000 ohms minimum 

Will maintain a constant output with B+ and filament variations 
of ±15%. 
Different models available with variations of frequency response and 
recovery time. Recovery time as low as 30 milliseconds. 

RHEEM SUBMINIATURE 
DC AMPLIFIER 
Model REL-15 

By the time you read this advertisement, the REL-15 Sub¬ 
miniature D. C. Amplifier will be ready for production. Speci¬ 
fications, prices, and delivery information will be supplied 
promptly. The REL-15 wil1 feature double ended input, 
chopper stabilization and ruggedized compact design. Please 
contact us for detailed specifications. 

(Continued from page 68 A) 

Leopard. G. W., Snow Hill Manor Rd., Park Hali, 
Md. 

Lesser, J.. 1715 Berkeley St., Santa Monica. Calif. 
Loofbourrow, R. J., Box 425. Bellaire, Tex. 
Mason, C. W., 141 N. Vermont Ave., c/o KEI, Los 

Angeles 54, Calif. 
Moore. D. G., RCA Laboratories. Princeton. N.J. 
Morrison. L. W., Bell Telephone Laboratories. Inc.. 

Whippany, N. J. 
Moynihan. J. D., Sprague Electric Co.. North 

Adams, Mass. 
Muldoon. W. J.. 21 Cambridge Rd., Whitesboro, 

N. V. 
Ocnaschek. E. J., 1937 Irving Blvd., Dallas, Tex. 
Rand. P. S., Redding Ridge, Conn. 
Ray. H. A., Jr., Suite 435. 1OO1 Bldg.. 1OO1 Con¬ 

necticut Ave., Washington, D. C. 
Schupp, G. A.. Jr.. 121 Clover Rd.. Syracuse. N. V. 
Stein. H. B., 2087 Parkdale Ave., Glenside, Pa. 
Tarpley. R. E., c/o Leeds & Northrup Co.. 4901 

Stenton Ave., Philadelphia 44, Pa. 
Townes. W. E.. 408 Ninth Ave., Belmar, N. J. 
Weedman. W. E.. 5235 Fisher Rd.. S.E.. Washing 

ton 22, D. C. 
Westover, T. A., 18 Leverich St., Hempstead 

L.I., N. Y. 
Wilder. M. P., 207 Stamford Ave., Stamford. Conn. 
Williams. B. M.. 1805 W. Way Ave.. Garland. Tex. 
Witt V. R., 10 Schoolhouse La.. Poughkeepsie. 

N. Y. 
Worthington J. W., Jr.. 318 Hamilton Ave., Rome. 

N. Y. 
Young. C. W., 495 St. Augustine Ave., Claremont. 

Calif. 

Admission to Senior Member 

RHEEM MINIATURE 
R. F. POWER AMPLIFIER 

Model REL-09 

Specifications 

Size .4.90" x 3.37" x 2" 

Weight . 16 ounces 
Controls . Plate tuning 

Grid tuning 

Filter. 85-db attenuation filter on all power leads 
Tuning Range.215 to 235 megacycles 
Power Output . 12 watts nominal 
Required Drive . 1 to 2 watts minimum 
Plate . 300 VDC @ 100m 
Filaments . 12.6 V @ 0.41 amp 

or 6.3 V @ 0 82 amp 
Bias . None Required 

RHEEM 
Instrumentation 

Units are: 

... Designed to operate unde' the most rigorous environ¬ 
mental conditions and to meet the most exacting specifi¬ 
cations required by modern systems. 

... Designed to fulfill the demands of industries for in¬ 
creased performance from existing instrumentation units. 

... Designed for compactness, simplicity, and versatility, 
and for integration into existing systems. 

... Designed and built with components of the highest 
quality for lasting accuracy and dependability. 

for complete information on these and other units or on 

specialized electronic design problems, contact: 

RHEEM 
Manufacturing Company 

Government Products Division 

9236 East Hall Road, Downey, California 

Adcock, W. A., Texas Instruments. 6000 Ummon 
Ave., Dallas 9. Tex. 

Broekhuysen. W. C.. 28 Hollywood Pl.. East 
Orange. N. J. 

Burgess. R. E., Department of Physics. University 
of British Columbia. Vancouver 8. B.C.. 
Canada 

Cockrell, W. D., Guidance Engineering Sub Section. 
Guided Missiles Department, General 
Electric Co., CAP #1, Schenectady, N. V. 

Dickerson, A. E., 2066 Fernwood Dr., Owensboro. 
Ky. 

Fentress. T. D.. Jr., Box 77F, R.E.D. 1. Eatontown. 
N. J. 

Fitts. S. M., 1421 Locust St.. Owensboro. Ky. 
Garfield. O. R., Bell Telephone Laboratories. Inc., 

Murray Hill. N. J. 
Grycko, S. R., 237 Oak St.. Elmhurst. Ill. 
Handelsman. M.. 705 Clinton St.. Rome. N. Y. 
Jennings, J. E., 970 McLaughlin Ave., San Jose, 

Calif. 
Johnson, K. D., 2005 Robin Rd.. Owensboro. Ky. 
Jordan. J. P.. 601 Hickroy St., Liverpool. N. V. 

1 Lainer, G. 1483 Shore Pkwy., Brooklyn 14, N. Y. 
, Landis, J. V., 1919 Grosse Ave., Pennsauken 8. 

N. J. 
Lewis. W. R.. 507 E. 44 St.. N.. Kansas City 16. 

Mo. 
MacMahon. A. E., 210 Pacific Ave., Piedmont. 

Calif. 
Maskell, W. A. C., 8 Park Ave., Solihull. Warwick¬ 

shire. England 
McAndrews. E. C., 6101 Hanover Ave.. Springfield. 

Va. 
Michaelis, M„ c/o Arthur D. Little, Inc., 30 Memo¬ 

rial Dr., Cambridge 42, Mass. 
Myers, F. G., 3709 Beech Ave. Baltimore 11. Md. 

I Payne. R. E.. Sharples Research Laboratory. 424 W. 
Fourth St., Bridgeport, Pa. 

Rosaler, R. C. Pitometer Log Corp., 237 Lafayette 
St., New York 12 N. Y. 

I Salis, A. E. 4400 Selkirk Dr. Fort Worth. Tex. 
1 Sorge. B. W.. 1065 Kendall Dr.. San Gabriel. 

Calif. 

(Continued on page 72A) 
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CLAROSTAT 
Reç U.S. Pot, Off 

Standee* power resistors. 10, 15, 20, 25 and 30 watts. 

POWER RESISTORS 

STAND PAT WITH 

Series ZT Stack Mounting resistors, 30 to 75 watts. 
Approved for RW-20 through RW-24 characteristics G 
and J of MIL-R-26A specifications. 

Glasohm* flexible power resistors. \ 
Winding on glass fiber core, protected V, 

by braided glass fiber sheathing. Xs" and 
%" dia., 1 and 2 watt per winding inch. Any 

length. Standard, IT2" No. 20 tinned leads. Other 
type terminals available. 

Fixed or adjustable "Greenohm" power resistors. 5 to 
200 watts. 

Greenohm Jr.* cement-cased tubular power resistors 
for point-to-point wiring. 5, 10, 14, 15 and 20 watts. 

Consider these three good reasons why your power 
resistor requirements are best met by specifying 
CLAROSTAT... 
1. Adequate choice of types, wattages, resistance 

values, terminals, mountings. No need to impro¬ 
vise. No wasted time and effort trying to make 
the wrong thing do. Rather, you can get the cor¬ 
rect Greenohm*, Glasohm*, Standee* or Series ZT 
Stack Mounting resistors for your exact needs. 

2. And you can make sure of the exact resistance 
value and wattage rating by using the Clarostat 
Power Resistance Decade Box. It inserts in the 
actual working circuit and under actual working 

WRITE for Engineering Bulletins. Let us collaborate on your 
resistor problems and needs, whether standard or special. 

CLAROSTAT MFG. CO. INC., DOVER, NEW HAMPSHIRE 
In Canada: Canadian Marconi Co., Ltd., Toronto 17, Ont. 

Manufactured under license in Great Britain by A. B Metal Products Ltd., 17 Stratton St.* 
London W. I, Concessionaires for British Commonwealth except Canada. 

Power Resistor Decade Box. 

conditions, any resistance value from 1 ohm to 
999,999 ohms, at the mere flip of knobs. When 
best operating conditions are attained, you read 
the inserted resistance value right off the six 
dials. No guessing. No calculating. Rather, the 
correct resistance value. 

3. Install the ‘‘Greenohm” or “Glasohm” or other 
Clarostat power resistor. You can now “Stand Pat 
with Clarostat.” For the millions of Clarostat re¬ 
sistors in daily use, month after month, year 
after year, in all kinds of radio-electronic and 
electrical assemblies, are proof sufficient that 
no tougher power resistors are available today. 

CLAROSTAT 
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Airtron offers you "standard" 
antenna plumbing ... or will 
engineer a new design to fit your 
antenna application, and deliver 

/(/ hether it is miniaturizing an 
airborne antenna down to fight¬ 
ing weight, or designing new 
ground based waveguide systems 
. . . Airtron’s complete antenna 
facilities . . . including research, 
design, testing and mass produc¬ 
tion of precision components . . . 
can substantially reduce the time 
and expense between concept 
and reality. 

miniaturizing 
your 

antenna xX 

it complete from flexible waveguide input to feed horn. What¬ 
ever your need, you’ll get components that meet your every require¬ 
ment for high power broadband operation, low VSWR, pattern 
accuracy, as well as special mechanical characteristics. 

For full details on Airtron’s microwave antenna facilities 
and their application to your antenna problems, 

write or call today. 

me 
1107 W. Elizabeth Ave. 

LINDEN, NEW JERSEY 
Linden 3-1000 

Branch Office»: 

Albuquerque 

Chicago 

Dallai 

Daytor 

Kansai City 

Loi Angelei 

San Franciico 

Seattle 

London 

(Continued from page 70A) 

Stokes. I., Box 184A. R.F D. 1, Keyport, N. J. 
Tiberio, U.. Facolta di Ingegneria. University of 

Pisa—Italy Pisa, Italy. 
Weibel. G. E.. 263 Manhasset Ave. Manhasset, 

L.I., N. Y. 
Wylde. R. J., 603 Jefferson St., N.E., Washington 

11. D. C. 

Transfer to Member 
Anderson, R. E., Box 274, Murray Hill, N. J. 
Ansorge, H. W., 767 Springfield Ave., Apt. 25, 

Summit, N. J. 
Caldwell, A., 11024— 100 Ave., Edmonton, Alta., 

C'anada 
Carney, D. A., 1133—35 St.. N.E., Cedar Rapids, 

Iowa 
Chapman. C. W., 3737 Bellaire Blvd.. Houston 25, 

Tex. 
Clark, J. V.. Box 478, Granville, Ohio 
Cooper, G. P., 709 N. Summit St., Barberton, Ohio 
Dworkin, A. E., 127 Ranee Ave., Wilson Heights, 

Toronto, Ont.. Canada 
Earshen, J. J.. Cornell Aeronautical Laboratory, 

Inc., Buffalo 21. N. Y. 
Edgar, G. M., 10312—121 St., Edmonton, Alta., 

Canada 
Evander, H. S„ 194 Denver Rd.. Paramus, N. J. 
Feltham. C. F., c/o J. B Dow. 18 Grosvenor Sq., 

London, W.l, England 
Field, T. O., 17 Sunnyvale Dr.. Tonawanda, N. Y. 
Foley, J. S., 2783 Cory Ave., Akron 14. Ohio 
Geddes, L. A.. Baylor Medical College. 1200 M.D. 

Anderson Blvd. 1, Houston 25. Tex. 
Gossard, W. IL, 12013 Berry St., Silver Spring, Md. 
Hartnett, G. C., 4 Cresthill Dr., Whitesboro, N. Y. 
Hill, D. M., 2118 Thoreau St., Los Angeles 47, 

Calif. 
Himes. H. D.. 1131 California Ave., Cincinnati 37, 

Ohio 
Hundley. T. C., 2625 Gehrum La.. Cincinnati 38, 

Ohio 
Katz, S., 923 E. Phil- El lena St., Philadelphia 19, 

Pa. 
Kemmerly, J. E.. 1009 Rose St., W. Lafayette, Ind. 
Key, C. L., 614 E. Foster Ave., State College, Pa. 
Knowlton, C. S., Box 293, Lucerne Valley, Calif. 
Krames, C. V., 1541 John Smith Dr., Irving, Tex. 
Larson. R. J., 6331 N. Lakewood Ave., Chicago 40. 

Ill. 
MacAskill, R. B.. Jr., 412 Elmhurst Ave., Mt. 

I'rospect, Ill. 
Marin. F. L.. 130 17—227 St.. Laurelton 13. L.L, 

N. Y. 
McCoy, J. F., 307 Crestwood Ave., Haddonfield, 

N. J. 
Mead, C. E., 935 Tribune St., Redlands, Calif. 

I Mertz, H. W.. 7683/X Washington La.. Elkins Park 
17. Pa. 

Neubauer. R. A., R.F.D. 1, Howe Rd., Akron, N. Y. 
I Peck, R. E.. 603 Welty Ave., Rockford. Ill. 

Pereda, E. F.. 609 Dawes Ave., Utica, N. Y. 
1 Regan, E. D.. 1907j N. Van Ness Ave., Hollywood 

28, Calif. 
i Rivers, R. A.. 354 Main St.. Winthrop 52, Mass. 

Sachs, M.. 1045 Eastern Pkwy , Brooklyn 13, N Y. 
Smedes, R. L., 154 Delaware Ave., Freeport, L. I., 

N. Y. 
Smith, R. E., Electrical Engineering Department, 

Carnegie Institute of Technology, Pitts¬ 
burgh 13, Pa. 

Snowdon, A. C., 315 N. 12 St., Milwaukee 1, Wis. 
I Sokol, G. M., 542 Concord Ave., Lexington 73, 

Mass. 
Walen, R. S., R.F.D. 1, Concord, Mass. 

! White. J. F., Jr.. 5485 N. Marmora. Chicago 30. Ill. 
I White. R. C.. 229 04 A—67 Ave.. Bayside 64. L.L. 

' Zippier. W. N., 1 Broadway. New York 4, N. Y. 

(Continued on page 74A) 
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Why accept costly shipping damage 
as a “necessary evil” when your equip¬ 

ment can be shipped safely with Lord 
re-usable Shock and Vibration Control 
Shipping Mountings? 

Available in standard models or 
specifically designed for extraordinary 
problems, these bonded-rubber mount¬ 
ings have practically eliminated costly 
shipping damage to such fragile units 
as electronic tubes and instruments, 
business machines, and other easily-
damaged equipment. 
Lord mountings effectively reduce 

shock damage with the proved com¬ 

bination of specially designed, shock¬ 
absorbing rubber bonded to metal 
for structural strength and mounting 

accuracy. 
Whether your “shipping-shock'* 

problems can be solved with standard 
Lord mountings or will require a spe¬ 
cial design, Lord engineers will gladly 
show you how Lord mountings can in¬ 
sure delivery of your equipment without 
damage to its accuracy or sensitivity. 
Remember—Lord Products are 

engineered to provide the best in shock 
and vibration control! Contact the 
Lord Field Engineer nearest you, or. 

LORD MANUFACTURING 

“In Canada—Railway & Power Engineering Corporation Limited" 

SINCE 1924 DESIGNERS AND PRODUCERS OF BONDED RUBBER PRODUCTS 

NEW YORK, N. Y. 
Circle '-3326 

DALLAS. TEXAS 
Riverside 3392 

CLEVELAND. OHIO 
SUperio.' 1-3242 

DAYTON, OHIO 
Michigan 8871 

DETROIT, MICH. 
TRinity 4-2060 

CHICAGO. ILL. 
Michigan 2-6010 

COMPANY, ERIE 

LOS ANGELES, CAL. 
Hollywood 4-7593 

PHILADELPHIA. PENNA. 
LOcust 4-0147 
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NO DOUBT 

ABOUT IT 

.. . with the 
versatile 

MULTI-RANGE 

METER TESTER 
Power Supply, 
and 
Limit Bridge 

Precise, self-contained unit 
for laboratory and production 
use. For DC instrument calibration 
from 25 ua full scale to 10 ma 
full scale, and 0-103 V DC; sensitivity 
and resistance measurement: DC 
current-voltage source; limit or 
Wheatstone bridge measurements 
from 0-5000 ohms. Regulated Power 
supply. Stepless vacuum tube voltage 
control. Accuracy exceeds ’4% (current), 
H ohm or (resistance). For 115 V, 
60 cycle AC. Complete — needs no accessori es. 

morion electrical instrument co. 
407 Canal St., Manchester, N. H., U. S. A. 

anon 
advancement 
in instrument 

design 

Manufacturers of Ruggedized and "Regular* 
Panel Instruments and Related Products. 

copyright 1956 M.E.I. Co. 

marión meters 

CUSTOM-DESIGNED 
CERAMIC CAPACITORS 

Among Hi-Q custom-designed units are ring capaci¬ 
tors tc fit around metal-tube sockets, multiple¬ 
section rectangular capacitors in metal cans for 
by-pass applications, and new stand-off and feed-
thru designs, all engineered to withstand severe 
mechanical and environmental stresses. These 
pieces reflect the skill of Hi Q engineers in produc¬ 
ing sturdy, compact components to meet the re¬ 
quirements of specialized applications. 

Catalog on request. Let 
us collaborate on your 
requirements. 

¡Off*Vgÿ cORPOSäU^ 
- ULtAN, N.Y. 

(Continued from page 72A) 

Admission to Member 
Adams, .1. C.. 178 Hicks St.. Brooklyn, N. Y. 
Allen. T. F., Remington Rand. Inc., Wilson Ave., 

S. Norwalk, Conn. 
Angus, A. C., Onondaga Pkwy. Apts., Apt. 3A. 

Liverpool, N. V. 
Anjou. L. A.. Telefonaktiebolaget L. M. Ericsson, 

Stockholm 32, Sweden 
Arnesen, R. F., 27 Nevada Rd.. Needham 94. 

M ass. 
Atkinson. R. L„ Box 3. Shalimar. Fla. 
Beechey. D. F., 20 Nash Dr.. Downsview, Toronto, 

Ont., ('añada 
Birman, G„ 345 Graham Blvd., Apt. 20. Montreal 

16. Que.. Canada 
Bond. D. W., 1350 Beaulieu St.. Montreal 9, Que.. 

Canada 
Boychenko, O„ 34-27—98 St., Corona 68. L. I.. 

N. Y. 
Brown, C. S., 2513 Lake Dr., S.E., Grand Rapids, 

Mich. 
Brown, W. IL, 808 E. Mullberry St., Goldsboro. 

N. C. 
Buehler. G. V.. 309 W. 87 St., New York 24. N. Y. 
Burt. R. A.. 2138 West wood Blvd., Los Angeles 25, 

Calif. 
Chenoweth, J. A., 628 S. Rock Hill Rd., St. Louis 

19. Mo. 
Coon, R. M., National Bureau of Standards, 

Boulder, Colo. 
Copeland, T. J., 1210 Merchant St.. El Campo, 

Tex. 
Courty, C. 11., Box 246, R.F.D. 3, Greensburg. Pa. 
Cutler. L. S.. 3159D S. Barrington Ave., Los An¬ 

geles 66. Calif. 
Dalzell. T. D.. “The Haven," Dean Row Rd., 

Wilmslow. Cheshire, England 
De Vries, A. J., 227 N. Marion. Oak Park, Ill. 
Drossos. ,1.. Box 218, Ronkonkoma, L.I., N. Y. 
Edelman, R. D.. 1008 Remington Rd., Philadelphia 

31, Ra. 
Erwin, J. A., Westinghouse Broadcasting Co., Inc., 

KEX, 1230 S.W. Main St., Portland 5, 
Ore. 

Feinerman, B., 286 Ft. Washington Ave., New York 
32, N. Y. 

Ferris. H., Westinghouse Electric Corp., Air Arm 
Division, Baltimore 3, Md. 

Fletcher, C. H., Box 9823, Arlington Heights 
Station, Fort Worth 7, Tex. 

Freer. A. H., Box 183. Fordsville. Ky. 
Gillespie, II. R., Jr.. 1026 S. Homan Ave., Chicago 

24. Ill. 
Gray, W. M., 3213 Fayette Rd.. Kensington. Md. 
Greene, C. E., 615 W. Sixth St., Silver City, N. 

Mex. 
Hager, C. K., 4711 Westridge, Fort Worth 7, Tex. 
Halvorson. R. L., 213 C Preston Ct.. Baltimore 28. 

Md. 
Haviland. R. T., 662—59 St., Brooklyn 20, N. V. 
Hawthorne, M. M., 1201 Elberta, Houston 21, Tex. 
Headstrom, R. L., 1004 Stansell Dr.. Midwest 

City, Okla. 
Isaacs, P. J.. 255-09—73 Ave., Glen Oaks, L.I., 

N. Y. 
Kerr, J. L., 10 Kelly Kenny St., Port-of-Spain, 

Trinidad, B.W.I. 
Kirkpatrick, C. H., 1617 Fourth Ave., S.E., Cedar 

Rapids. Iowa 
Krause. W. B., 17600 Gilmore St., Van Nuys. Calif. 
Kretzing, J. C., 33 Eleanor Rd.. Hicksville. L.I., 

N. Y. 
Leighou, R. O., 5 Bird St.. R.F.D., Needham 92, 

Mass. 
Leins. F. R., 755—15 St., Apt. 4, Beaumont. Tex. 
Lianides. C. W., National Co.. 51 Sherman St.. 

Malden. Mass. 
Lieberman. F., Jerrold Electronics Corp., 2222 

Chestnut St., Philadelphia 3, Pa. 

(Continued on fege 76A) 
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Ruggedized 
and aged 

RELIABLE” DOUBLE TRIODE 

Oo you have an aircraft or industrial 
application that requires utmost de¬ 
pendability in increasing or controll¬ 
ing alternating voltages or powers 
... in changing electrical energy from 
one frequency to another ... or in 
generating an alternating voltage? 

If so, specify the Red Bank RETMA 
6385 "Reliable” Double Triode. For 
it is specially ruggedized to perform 
at top efficiency longer, even under 
operating conditions of severe shock 
and vibration. And, as further assur¬ 
ance of its extra reliability, each 
RETMA 6385 is factory-aged with a 
45-hour run-in under various over¬ 
load, vibration and shock conditions, 
such as it might meet on the job. 

Whether you need tubes as amplifiers, 
mixers, or oscillators, it will pay you 
to investigate the superior, longer-
lasting performance qualities of the 
Bendix Red Bank RETMA 6385. 

West Coast Sales and Service: 117 E. Providencia, Burbank, Calif. 

Export Soles: Bendix International Division, 205 E. 42nd St., New York 17, N. Y. 

Canadian Distributor: Aviation Electric Ltd,, P.O. Box 6102, Montreal, P.O. 

RATINGS* 
Heater voltage-(AC or DC)**. 
Heater current. 
Plate voltage—(max.). 
Max. peak plate curren; per plate) .... 
Max. plate dissipation »per plate). 

Max. peak grid voltage. 

Max. heater-cathode veltage. 
Max. grid resistance 
Warm-up time 
(Plate and heater voltage may be applied simultane¬ 
ously.: 
*To obtain greatest life expectancy from tube, avoid 
designs where the tube is subject to all maximum 
ratings simultaneou tv. 

**Voltage should not fluctuate more than *-5%. 

PHYSICAL CHARACTERISTICS 

5ase . Miniature button 9-pin 
Bulb.. . T-6'/a

Max. over all length. 234 ¡n
Max. seated height. 1 jn’ 
Max. diameter . ft ini 
Mounting position. Any 
Max. bulb temp. 160° q 

AVERAGE 

ELECTRICAL CHARACTERISTICS 
Heater voltage. Ef. 6.3 volts 
Heater current, If. 0.50 amps 
Plate voltage. E», . 150 volts 
Grid voltage, E,. -2.0 volts 
Plate current, h, . 8.0 ma 
Mutual conductance. g m. 5000 Mmhos 
Amplification factor, M 35 
Cut-off voltage -10 volts 
Direct interelectrode capacitances (no shield 
Plate-grid per section )   17 mm! 
Plate-cathode per section). 1.1 MM f 
Grid-cathode per section). 2.4 uuf 
Plate-plate. O' 

6.3 volts 
0.50 amps. 

360 volts 
25 ma. 

1.5 watts 
/ + 0 volts 
I —100 volts 

300 volts 
1.0 megohm 

45 

76 a 
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Lindemann, A. W.. 3967 Hayes St., N.E., Minne¬ 
apolis 21, Minn. 

Little, R. V., Jr.. 413 Haverford Pl., Swarthmore, 
Pa. 

Luck, A. J., 520 Warren Rd., Ithaca. N. Y. 
Mackey. J. R.. 4040 Longford Dr., Cincinnati 36, 

Ohio 
Mahrous, 11., Electrical Engineering Department, 

Pratt institute. 215 Ryerson St., Brooklyn 
5. N. V. 

M-jor. S. S.. Jr., Southwestern College, Winfield. 
Kans. 

Maple. T. G., Microwave Associates, Inc., 22 Cum-
mington St.. Boston 15. Mass. 

Marsden, C. P.. Jr., Electron Tube Section 1.02, 
National Bureau of Standards. Washing¬ 
ton. D. C. 

Met oy. S. I*... 1610 Dexter Ave., Cincinnati 6, Ohio 
Miller, P. T., Stations WNAO AM-FM TV. 219 S. 

McDowell. Raleigh. N. C. 
Millies. 1’. G.. 1826 E. Locust St.. Milwaukee II. 

Wis. 
Mitchell. W. B., Department 2450, Receiving Tube 

Division. Raytheon Manufacturing Co., 
Newton. Mass. 

Morris. G. T.. 1304 Coral Sea Dr.. Rockville. Md. 
Neale, M. J. L., 108 Driveway. Apt. 3. Ottawa. 

Ont., Canada 
Newhouse. V. L.. 132 W. Maple Ave., Moorestown, 

N. J. 
' Niblock, P. A.. 598 W. 24 Ave., Vancouver 10. 

B. C., Canada 
Nichols. B. B.. 3287 McKinley St.. San Diego 4, 

Calif. 
I Norvell. J. B., 8122—14 St.. Hyattsville. Md. 

Ottensmeyer, R. M., Radio Division, AEEL, 
USNADEVCEN, Johnsville, Pa. 

Owaki, K., 17, Otowa Cho 5 Chome, Bunkyo-ku, 
Tokyo, Japan 

Pace, A. J.. 5439 Westford Rd.. Philadelphia 20. Pa. 
Pickar. A. D.. 2814 Adams Mill Rd.. N.W., Wash¬ 

ington 9. D. C. 
Piroumian. M. A.. 177 Spruce. Watertown 72, 

Mass. 
Powers. T. G.. 3558 Taylor Dr.. Lake Charles. La. 
Preschel. K. S., 103 Jackson Ave., Schenectady. 4 

N. V. 
Rattner. J.. 17 Frances La.. Hicksville. L.I.. N. Y. 
Rice, G. M., 606 Fourth. Doniphan, Mo. 
Rice. P. G., 1202 W. Watts, El Reno. Okla. 
Rightmyer. J. M., 1072 Paloma Rd.. Del Rey Oaks, 

Monterey. Calif. 
Rose. A. J.. 300 Broadway. Dobbs. Ferry. N. V. 
Sands. W. C., Quarters “I”. Portsmouth Naval 

Shipyard. Portsmouth, N. II. 
Schenker. B.. Sabin Dr.. Williamstown, Mass. 
Schulze. H. T., 2435-D—45 St.. Los Alamos. N. 

Mex. 
Shanahan. E. F.. 5123 Clinton St., Los Angeles 4, 

Calif. 
Sorg, L. F., Varian Associates. 990 Varian St.. San 

Carlos, Calif. 
Steinbeck. E. A.. 1426 Norma Ave., W. Covina. 

Calif. 
Stoffel. F. T., 422 North Ave., Weston 93, Mass. 
Stuntz, J. W., 5614 37 Ave., Hyattsville, Md. 
Suddjian, S. L.. 4700 Wissahickon Ave., Philadel¬ 

phia 44. Pa. 
Sykes, S. D., 5502 N. Tyler Ave., Arcadia, Calif. 
Toole, W. W., 1020 Columbia Dr.. Alexandria. Va. 
Traugott, R. D.. Box 612, State College. Pa. 
Tsao, C. K. IL. 636 Washington St., Brookline 46, 

Mass. 
Van Houten, R. G., Atomic Engineering Corp., 230 

Pitkin Ave., Grand Junction, Colo. 
Walters, C. C., 7046 Junius, Dallas 14, Tex. 
Warring, S. E., Telefonaktiebolaget LM Ericsson, 

Stockholm 32, Sweden 

(Continued on page 78 A) 
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ME WIDE P»™ 

FOR PRINTED CIRCUITS 

Type XGC-4S 

VARIABLE RESISTORS 
FOR SOLDERLESS “WIRE 
WRAP” CONNECTIONS 

FC UNDED UH 

ELKH/RT • INDIANA 

For applications using a mounting chassis I 
to support printed circuit panel. 

Threaded bushing mounting. 

Type U70 (Miniaturized) 
Threaded bushing mounting. Terminals 
extend perpendicularly 5/32' 

from control’s.mounting surface. 

Type UPM-45 
For TV preset control applications. Control mounts 
directly on printed circuit panel with no shaft extension 
through panel. Recessed screwdriver slot in front of control and 
3/8” knurled shaft extension out back of control for finger 
adjustment. Terminals extend perpendicularly 7/32" 
from control's mounting surface. 

Type YGCB45 
I Self-supporting snap-in bracket 
I mounted control. Shaft center spaced 
' 29/32" above printed circuit panel. 
Terminals extend 1-1/32* 
from control center. 

CANADIAN DIVISION 
C C Meredith & Co.. Ltd 
Streetsville. Ontario 
Phone 310 

SOUTH AMERICA 
Jose Luis Pontet 
Buenos Aires. Argentina 
Montevideo. Uruguay 
Rio de Janeiro, Brazil 
Sao Paulo. Brazil 

SOUTHWESTERN U.S.A 
John A. Green Company 
6815 Oriole Drive 
P.O. Box 7224 
Dallas 9, Texas 
Phone: Dixon 9918 

OTHER EXPORT 
Sylvan Ginsbury 
8 West 40th Street 
New York 18, New York 
Phone: Pennsylvania 6-8239 

Type XP-45 
For TV preset control applications. Control mounts 
on chassis or supporting bracket by twisting two ears. 
Available in numerous shaft lengths and types. 

EAST COAST OFFICE 
Henry E. Sanders 
130 North Broadway 
Camden 2. New Jersey 
Phone. Woodlawn 6-1668 
TWX No. Camden NJ 380 
Phüa. Phone: Market 7-3129 

WEST COAST OFFICE 
Robert A. Stackhouse 
928 S Robertson Blvd., 
Los Angeles 35, Calif. 
Phone. Crestview 4-5931 
TWX No. BEV H 7666 

Type GC-U45 
Threaded bushing mounting. Terminals 

extend perpendicularly 7/32" from control's 
mounting surface. Available with or without 

associated switches. I 

Type WGC-45 
Designed for solderless wire-wrapped connections 

1 with the use of present wire-wrapping tools. 
A Available with or without switch and in 
I single or dual construction. 

CHICAGO TELEPHONE SUPPLY 

The controls illustrated are typical constructions. 
CTS' years of engineering and technical experience makes available 

many other types for your automation needs. 
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for high voltage, airborne service 
Compact, fast action Eimac vacuum switches are custom 

designed for high voltage application. Single pole, double 

throw action contacts are precision spaced in high vacuum, 

permitting reliable performance regardless of ambient 

atmospheric conditions. In antenna switching service, RF 

peak potentials as high as 20kv may be applied between 

the switch terminals. Eimac vacuum switches are not limited 

to this service, however, as they will handle 1.5 amps at 

5kv in DC switching. Efficient operation in severe airborne 

conditions, small size and instant response give these switches 

a distinct advantage over conventional relays. Now avail¬ 

able are four Eimac switch types, including one for pulse 
service. 

For further information contact our 
Application Engineering department 

EITEL-McCULLOUGH, INC. 
SAN BRUNO, CALIFORNIA 

The World’s Largest Manufacturer of Transmitting Tubes 

Walkins. R. I.. 7733 Hermosillo Dr.. El Paso, Tex. 
Whelan. E. II.. 3rd AACS I&M Sq.. APO 862, 

New York, N. V. 
i Wiseman, S. D., 6823 Belice St.. Long Beach 15, 

Calif. 
i Witte, J. J.. 12107 Edgmont St., Silver Spring, Md. 

Wright, B. D.. 32 Kimball Ter., Newtonville 60, 
Mass. 

• Ziff. G. L., 40 Wall St., c/o Westinghouse Electric 
Corp.. New York. N. Y. 

The following admissions to the Associate 
grade were approved to be effective as of 
May 1, 1955: 

Abrath. C. E.. 250 W. 75 St.. Chicago 21. 111. 
Ainbender, N. K., 279 Henry St.. Brooklyn, N. Y. 

i Alexander, L. D., 613 Ninth Ave., Belmar, N. J. 
Alonso, R. L.. 8 Kensington Rd., Arlington 74, 

Mass. 
' Ashby. W. O.. 1300 Oakland Rd.. N.E.. Apt. 1403. 

Cedar Rapids, Iowa 
Aviles. H. N., 1607 Hardwick Rd.. Baltimore 4, 

Md. 
! Avrin, J. S., 552 E. El Morado Ct.. Ontario. Calif. 
■ Ball. L. W., 1595 E. Homewood. Altadena, Calif. 

Banhagel. E. W., 8212 Rathbone St.. Detroit 9, 
Mich. 

Banton. W. E.. 21 Walnut Ave.. North Andover, 
Mass. 

I Bar-Lev. A.. 14 Yael. Kiriat Motzkin, Israel 
Barrios. A. A.. 4 Belshaw Ave., Eatontown. N. .1. 

I Batterman. S.. 173 Garfield Ave.. Long Branch. 
N. J. 

Beattie, C. I,.. 4 Berchman Rd., R.D. 1, Ballston 
Lake. N. Y. 

. Beisel. E. A., 37-C Level Ct., Nutley’ 10. N. J. 
I Bellavia, L. J., 48 Katan Ave.. Staten Island. N. Y. 

Belluck. R. E.. 455 Linden Blvd., Brooklyn 3, N. Y. 
Bengston. P. S.. 3680 38 St.. N.W., Washington. 

DC. 
i Benjamin. L. I*.. 104 ( lark ( t.. Rutherford. N. J. 
I Bergstrom. C. J.. 3610 Western Ave., Park Forest, 

III. 
Beuche, G. R.. Mulheim/Ruhr. Flughafen. German 

Federal Republic 
I Bilocq. R. E., CBM Radio Station, Radio Canada. 

Marieville. Que.. Canada 
' Bitner, R. F.. c/o Prentice Hall. Inc.. 70 Fifth Ave., 

New York 11. N. Y. 
Bittianda, P. M.. Technical Assistant, W.P.C., 

Ministry of Communications, New Delhi. 
India 

Blum, C. M.. 635 Fariston Dr.. Wynnewood, Pa. 
Bobber. R. J.. Box 3629, Orlando, Fla. 
Bramble, C. A.. Jr.. 3924 Bangs Ave.. Neptune. 

N.J. 
Breier, A., 10341 82 Ave., Edmonton, Alta.. 

Canada 
Brisk. H. L., Suite 936, 12 S. 12 St., Philadelphia 7. 

Pa. 
Britton. E. R., 1479 Cromwell Ave., New York. 

N. Y. 
I Brockel. E. P.. 27 Cottage La.. Clifton. N. J. 
j Brown. L.. 31 Spring St.. Red Bank, N. J. 
I Buckler. P. F.. 2045 A Mather Way. Elkins Park 1 7. 

Pa. 
' Budde. E. V.. 471 Sumatra Ave.. Akron 5. Ohio 

Bullock. A. J.. Jr.. 16-C Flannery Ave., Poughkeep¬ 
sie, N. Y. 

I Bumstead, J. J., Box 95. Oyster Bay, N. Y. 
Burner, L. C., 2015 Northbourne Rd., Baltimore 14. 

Md. 
Bush. B. A.. Jr., 7404 W. Chester Pike. Upper 

Darby, Pa. 
■ Butler. J. E.. 2141 S. Avenue 20 Los Angeles, Calif. 
' Cabot. J. H . 3558-65 St.. Woodside 77. L.I.. N. Y. 
I Cairns. W. F., 2108 Shadford Rd.. Ann Arbor, 

Mich. 

(Continued on page 80A) 
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NUMBER 3 OF A SCRIES 

INTEGRATED 

ELECTRON ICS 
THE IMAGINATION FOR RESEARCH PLUS THE SKILLS FOR PRODUCTION 

Hoffman Laboratories maintains a highly specialized group of engineers 
whose entire efforts are devoted to the complex problem of developing 
and producing specialized tactical test equipment for airborne navigation radar, 
fire control, missile guidance systems, and other advanced electronic gear. 
To meet the high standards of quality and reliability set by Hoffman Laboratories, 
this test equipment group is an integral part of the engineering staff. 

For the past 13 years Hoffman Laboratories has been successfully solving 
advanced design and development problems in electronics. 
During this time Hoffman Laboratories has never undertaken a development 
program that has not successfully gone into production. 
Write the Sales Department for your copy of “Report From Hoffman Laboratories? 

Radar. Navigational Gear 
Missile Guidance & Control Systems A SUBSIDIARY OF HOFFMAN ELECTRONICS CORPORATION 

Noise Reduction 
Countermeasures (ECM) 
Computers 
Communications 
Transistor Application 

Challenging opportunities for outstanding engineers to work in an atmosphere of creative engineering. 

Write Director of Engineering, Hoffman Laboratories, Inc., 3761 S. Hill St., Los Angeles 7, California. 
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LOWER 

YOUR SET (Continued from page 78.1) 

COSTS 
WITH THIS 

LOWER-PRICED 

SPEAKER 

ï ow priced only because 
** of unusually efficient 
manufacturing techniques. 

■>roduced under rigid 
— • quality control. Metal 
stampings completely 
manufactured in our own Tool, Die and Punch 
ments. Exceptionally thorough final inspection. 

M line of 
speakers 

designed for peak 
performance. Break 
off or cast magnet 
may be used. 

>>lugs, transformers and/or brackets to your 
* specifications. 

¥ ower your set costs with this dependable speaker. Write for further in-
formation TODAY. 

HEPPNER 

Representatives^ 

OTHER HEPPNER PRODUCTS: 
Ion Traps, Centering Devices, Fly-
Back Transformers and Focomags. 

WILLIAM I. DUNCAN, JR., 3451 N. 10th St., Philadelphia 40, Penna. • RALPH HAFFEY, R.R. 1, 
U.S. 27, Coldwater Rd., Ft. Wayne 8, Indiana ■ IRV. M. COCHRANE CO., 408 S. Alvarado St., Los 
Angeles, Calif. • JOHN J. KOPPLE, 60 E. 42nd St., New York 17, N. Y. • BEN H. TOLLEFSON^ 144 
Collingsworth Drive, Rochester 10, N. Y. 

MANUFACTURING COMPANY 
ROUND LAKE, ILLINOIS 
(50 Miles Northwest of Chicago) 
Phone: 6-2161 
Specialists in Electro-Magnetic Devices 

Carlson. E. C , 1740 Broadway. New York 19. N. V. 
Castellucci. A. II. E . Hq 51st F ghter Interceptor 

Wing. Ai O 235. fan Francisco. Calif. 
J Cede*:berg. R. D.. 2817 N. Lakewood Ave.. Chicago 

13. HI. 
Chait. H. N., 2509 36 St.. S.E., Washington 20, 

D. C. 
Chambers. R. G„ c/o Bill Drline, Ltd., Box 458. 

Kingston. Ont., Canada 
• Chang. C. M.. 825 West End Ave.. New York 25. 

N. Y. 
! Chozzi. A. L.. Via Osimo 2. Milan, Italy 
I Chisholm. D. A.. 15-F 240 Mount Vernon PI., 

Newark 6. N. J. 
i Cilluffo, .1. S., 79-01—32 Ave., Jackson Heights 70, 

L.L, N.Y. 
I Clark. N. F.. 3 Norton St., West Lynn, Mass. 
I Clark. P. S.. 546 Warren Rd.. Ithaca. N. Y. 

Clemence. ('. R.. Radio & E.E. Division. National 
Research Council. Montreal Rd., Ottawa. 
Ont., ('añada 

Coleman. S. T.. 24 E. 39 St.. New York. 16. N. Y. 
Collins. M.. 35 Vernon Ter., Poughkeepsie. N. Y. 
Connelly. E. McD.. 1 7- B Oak Grove Dr.. Baltimore 

20. Md. 
Crane. J. II.. 107 Victory Village. Tempe, Ariz. 
Crawford. W. A.. WMCA, 62 Market St.. Pough¬ 

keepsie. N. Y. 
('rites. A. B.. 9145 S. Hoyne Ave.. Chicago 20. Ill. 
Curtiss, R. IL, 3500 Minikahda Ct., Apt. 24. 

Minneapolis 16, Minn. 
DaSilva. L. C. M., Rua Principal Da Lagoa 123, 

Senhora De Hora, Portugal 
Davis, J. M., Sr., Box 479, R.F.D. 6, Morgantown, 

W. Va. 
1 Davis. R. S.. 611 Camden Ave.. Moorestown. N.J. 
! DeFlorio. G. P., 66 Sycamore St.. Belmont 79. 

I Demarest. C. J.. 33-26 Jordan St.. Flushing 58. L.L, 
N. Y. 

I Desjardins. A. A.. 908 Dovercourt Rd.. Toronto 4. 
Ont., Canada 

i Devereau. J. F.. Jr.. 19 Roosevelt St., Baldwin, 
L.L. N. Y. 

I Dillon. M. M.. 3757 W. 113 St.. Inglewood Calif. 
( Di Nardo. A., Jr.. 264-45 Langston Ave., Glen Oaks, 

L.L. N. Y. 
I Donegan, E. V., 34 40—79 St.. Jackson Heights 

L.L. N. Y. 
I Dowling. T. J., 271 Summit Ave., Mount Vernon, 

N. Y. 
Drescher. N. W., Jr.. 33 Constable La.. Levittown, 

L.L, N. Y. 
* Duvall. T. E., 7745 N. Tripp. Skokie, Ill. 
I Dzik, A.. 134-30 Franklin Ave., Flushing 55. L.L. 

N. Y. 
j Falconea, S., 542 Broadway, Dobbs Ferry. N. Y. 
I Fallows. R. W„ 7521 Birch Ave., Hammond. Ind. 
I Finken. K. R., Jr., 211 Glengariff Rd., Massapequa 

Park, L.L, N. Y. 
I Fitch, J. B.. Jr.. 5 Eastern’Dr.. Ardsley. N. Y 

Fitzgerald, I. F.. 55 Parkview PI.. Baldwin. L.L, 
N.Y. 

Follmer, G. C., 215 S. 11 St.. Omaha. Nebr. 
Foster. R. C., Box 1081. Rochester 4. N. Y. 
Freymodsson, J. B., 232 N. Harvey Ave., Oak Park, 

Ill. 
Friedlander. E., 103-25—68 Ave.. Forest Hills. L.L, 

N. Y. 
Gage. N. C., 19930 Archwood St.. Canoga Park, 

Calif. 
Geronime, R. L.. Rosemount. Minn. 
Gil, R. A., Electrical Engineering Department. 

North Carolina State College, Raleigh, 
N. C. 

Giles, C. M., 141 Floyd Ave.. Utica. N. Y. 
Gish. C. G.. 737 S. Olive St.. Los Angeles 14. Calif. 
Goldsberry. P. E., 327 Taylor Ave., Endicott. N. V. 
Goss. J.. Hq. A.M.F.E., C.T.E. Division. General 

Electric Co.. APO 633. New York. N. Y. 

(Continued on page 82A) 
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Did you know that only 71UTOMAT/C 
makes K-CAP Ceramic Disc Capacitors? 

K-CAP* Ceramic Disc Capacitors 
are another mass produced elec¬ 
tronic product made by Automatic 
Manufacturing Corporation, orig¬ 
inators of the famous K-Tran* and 
J-Tban* I.F. Transformers...the first 
standardized I.F.'s in the industry. 

K-Cap capacitors, like K-Tran 
and J-Ttan, are manufactured com¬ 
pletely within our own plant from 
the basic powders to the completed 
capacitor. The high K ceramic bodies 
are developed in our own modern 
laboratory and produced under the 
exacting supervision of our quality 
control engineers. The silvering 
process is done by men with more 
than 20 years experience in silvering 
trimmers and condensers. 

K-Cap Ceramic Capacitors are 
distinguished by their black, wax im¬ 
pregnated, phenolic coating, stamped 
with red markings. All bear the reg¬ 
istered trade mark K-Cap. 

They are made in 4 standard types: 

☆ ☆ ☆ 

•T.M Re9 U.S. Pot. Off. 

GOUVERNEUR « 5 

Every part Automatic uses... Automatic makes. 

Available in either single capac¬ 
itor, dual capacitor unshielded, and 
dual capacitor shielded, in a range 
from 2. uuf to .02 uf. 

MASS PRODUCERS OF 

ELECTRONIC COMPONENTS 

For more information about 
K-Cap, K Tran and J Tran, write 
for a copy of the K-Tran—K-Cap 
Manual—56 pages of engineering in¬ 
formation, most valuable to you in 
Electronic designing. 

UTOMATIC 
MANUFACTURING 

HIGH STABILITY 
for elimination of drift 

GUARANTEED MINIMUM VALUE 
for bypassing, etc. 

GENERAL PURPOSE 
for coupling, etc. 

TEMPERATURE COMPENSATED 
in a range of T.C. from N.P.O. 

through N2200 
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BALLANTINE Model 300 

ÏÂ* À 

PRICE $210. 

" '••a«”’’;“ 
Voilage Scale ""d 

Unitorm Decibel Stole 

VOLTAGE RANGE .OOlv Io lOOv 
FREQUENCY RANGE 
ACCURACY . . . 
INPUT IMPEDANCE 

10 cps to 150 kc 
2% ENTIRE RANGE 
16 meg shunted by 30 uuf 

• Stability insured by the exclusive use of wire-wound resistors in the 
attenuator and feedback network. 

• Same accuracy of reading at ALL points on the logarithmic voltage scale 
and linear decibel scale. 

• Only ONE voltage scale to read with decade range switching. 
• No “turn-over” discrepancy on unsymmetrical waves. 
• Accessories available to extend the range to 20 pv and to 42,500 volts. 
• Available Precision Shunt Resistors convert voltmeter to microammeter 

covering range from 1 microampere to 10 amperes. 
• Provides 70 DB amplifier flat within 1 DB from 10 cps to 150 kc. 

For further information on this and other Ballantine instruments 
write for our new catalog. 

102 Fanny Road, Boonton, New Jersey 

BALLANT1MB LABORATORIES, 11/ 

(Continued from page 80A) 

Greene, A. A., 186 Bay State Rd., Boston, Mass. 
Greig, W. J., Jr., 1115 Second St., S. E., Wadena, 

Minn. 
Griffith, W. A., 315 Alliance St.. Havre de Grace, 

Md. 
Grimes, W. .1., 622 Tyler, Apt. 1, Tempe, Ariz. 
Gullatt, S. P., Jr., 713 Hanshaw Rd., Ithaca, N. Y. 
Haase. A. H.. Rm. 400 ,7 Dey St., New York, N. Y. 
Hall. R. W„ 4932 N. Hutchinson St., Philadelphia, 

Pa. 
Ham, C., Jr.. 1631 Stonewood Rd., Baltimore 12, 

Md. 
Hammer. W. H.. 16096 Wellington Way, San 

Leandro, ('alii. 
Hanel, R. A., 64 Mitchell Dr., Eatontown, N. J. 
Harjes, F. W., 134 Parkway Dr., Westbury, L.I., 

N. Y. 
Harris, E. L., 642 S. Champion Ave., Columbus 5, 

Chio 
Hastings, D. F., 4 Beach Rd., Great Neck, L.L, 

N. Y 
Hayblick, R. M., 5 Aima PI.. Oceanport. N. J. 
Hayward. W. S., Jr.. 810 Harding St.. Westfield, 

N. J. 
Henry, W. O.. 20 Lincoln Ave.. Saratoga Springs, 

N. Y. 
Herring. J., 3468 Dundas St., W., Toronto, Ont., 

Canada 
Himmell, I.. 7433 S. Constance Ave., Chicago 48, 

Ill. 
Hine, S. IL. 2538 John St., Fort Wayne, Ind. 
Hisey, B. L., Box 439, William Beaumont Army 

Hospital, El Paso. Tex. 
Hoffman. Q. J.. Jr., 65 Summit Ave., Sea Cliff, 

L.I., N. Y. 
Hoffer, J. J., South Cross Rd., Staatsburg, N. Y. 
Holden, S. E., 5000 New Hampshire Ave., N.W., 

Washington 11, D. C. 
Holland, R. J., 1936 Homeworth Dr., San Pedro, 

Calif. 
Holm, W. E., 30-B Flannery Ave., Poughkeepsie, 

N. Y. 
Hook, G. E., 2612 North Ohio, Arlington 7, Va. 
Hopper, C. J., 332 Bronx Ave., Winnipeg 5, Man., 

Canada 
Houser, B. E.. 188 Water St.. Perth Amboy, N. J. 
Hoyt. E. P., 4001 New Haven Ave., Fort Wayne. 

Ind. 
Hubbs, A. B.. Seaboard & Western Airlines. Inc., 

Luxembourg Airport, Luxembourg. G.D., 
Europe 

Huggard, R. F.. 70-35—260 St.. Glen Oaks. L.I., 
N. Y. 

Humble, R. S.. 1695 W. Second Ave., Vancouver 9, 
B.C.. Canada 

Humes, R. M., 1323 Fourth Ave., Ford City. Pa. 
Hunt. M. J.. 324 Forest Home Dr.. Ithaca. N. V. 
Hunter. H. H.. 1106 Carolyn Ave.. Columbus II, 

Ohio 
Hunter, S. P., 1334 Old Country Rd.. Belmont, 

Calif. 
Hutchinson, R., 508 Stanton Rd.. Mobile, Ala. 
Isbell. D. E., 150 Southberry La.. Levittown. L.L, 

N. Y. 
Iwasaki. T. F.. 425 Hubbs Dr.. Palmyra, N. J. 
Jarva. W., 367 Windsor Ave., Hatboro, Pa. 
Johnson, S. L., 5 Foundry Ave., Waltham, Mass. 
Jones, J. P.. 75 24-255 St.. Glen Oaks. L.I., N. Y. 
Kalbfleisch. A. M.. 926 Anchor Way, Uniondale, 

L.I.. N. Y. 
Kale. G. W.. 1413 N. Ada St.. Chicago 22. III. 
Kahnes. E. A. L., 230 Taylor St., Riverside. N. J. 
Kalnitsky. F.. 628 Belmont Ave.. Newark 8, N. J. 
Katzer. D. L., Box 88. Emory University, Ga. 
Kincheloe. P. P., Jr.. 518 Landon Dr., Nashville 4, 

Tenn. 
Kite. A. E.. Jr.. IBM. Endicott, N. Y. 
Koerting, L. E., Box 345, Ridgefield. Conn. 
Krakau. W. S., 401 Taft Ave., Hillside, Ill. 

(Continued on page 84A) 
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Variety that spurs 

imagination 

be positioned 

Vac-TIte is Hermetic’s new vacuum proof, 
compression construction glass-tometal seal. 

Design Variations ... Hermetic Condenser Seals 
are offered in 2-tube configurations from .377 
O. D. and 3-tube configurations from .477 O. D. 

Mounting Variations . . .These Condenser Seals 
can be supplied with mounting lugs attached 
to the tubular terminals or with flattened and pierced 
tubing. They can be mounted on flat sheet metal covers 
that have a recess in which the part can 
and the solder confined. 

Designed with either matched glass or Vac-Tite* 
compression construction .. .with O. D.’s that 
range from .152 to .962 ... these Hermetic 
Condenser Seals are produced to fit standard 
condenser cans. They provide the design 
engineer and manufacturer with an 
unprecedented variety of economical, low-cost 
packages for use in the design and 
production of impregnated paper 
capacitors, rectifiers and 
filter networks. 

FIRST AND 

Write for engineering data, drawings, prices 
and samples on these and the many other 
Hermetic standard parts available that satisfy 

the most extreme requirements of industry 

and the Services. 

Hermetic Seal 
Products Company 

South 6th Street, Newark 7, New Jersey 

FOREMOST 1 N MINIATURIZATION 

(a) 

(b) 

(0 

Iron, fiveneckeo spur. 
German, 17th Century. 

St. George, King’s 
Coronation spur. 

French ornamental spur, 
16th Century. 
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VARIABLE FREQUENCY 
GENERATORS 

"THE STANDARD OF THE INDUSTRY" 

MODEL 
I420B 

For shake table or general power requirements 
in the 300 V.A. class, the model 1420B has no equal. 

Whether supplied in the standard frequency 
range of 50-6000 cps or in any discrete portion ( 120 
to 1 frequency ratio) of the 20 cps to 60 KC range, 
this unit features low distortion, excellent output 
voltage regulation and low dynamic output imped¬ 
ance. 

For complete information about this and other 
CML generators in the power range of 50 to 13000 
volt amperes, single, two and three phase, write for 
Catalogue M. 

COMMUNICATION MEASUREMENTS 
LABORATORY. INC 

350 LELAND AVE., PLAINFIELD, NJ. 

for modem, profitable 

automatic production... 

.. .call on KAHLE 

Write for information 
on special experimental 

...world's leading 
exclusive 
manufacturer 
of production 
machinery for the 
electronics field 

If you’re making (or plan to make) diode», 
transistors, sub-miniature, miniature, 
cathode ray tubes, or other electronic tubes 
or component parts, take full advantage of 
Kahle’s invaluable experience. 
With Kahle methodsand ‘‘know-how’’ 
you're sure of getting exactly the right 
machinery to produce exactly what you 
want ...accurately, dependably, profitably. 
For more than a quarter of a century the 
leaders in the electronics field have relied 
on Kahle for production machinery. 
Typical production steps automatically 
performed by Kahle equipment include 
sealing, bulb making, stem making. 

and research services exhausting, grid winding, filament coll 
offered by Kahle. winding, lead wire welding. 

Write today tor additional details, equipment 
specifications, production data, and quotations. 

Kahle 
1310 SEVENTH STREET • NORTH BERGEN. NJ. 

(Continued from page 82A) 

Kuhn. C. W.. 384 E. 149 St.. Rm. 409, New York 
55. N. Y. 

Kuskowski, L. J.. Split Rock Rd.. Syosett. L.L, 
N. Y. 

Kuypers. M. W.. 7490 Technical Tng. Sq., APO 207, 
New York, N. Y. 

Lacarriere. C., 29 Ave. (Jeorges Mandel, Paris. 
France 

Landry, W. T.. 67 Creagan Ave., Gretna. La. 
Lapp. S. P.. Lapp Insulator Co., Inc., LeRoy, N. Y. 
Leahy, G. F., 226—78 St.. North Bergen. N. J. 
Lear, E. F., 876 Annette Dr., Wantagh, L.I., N. Y. 
Lehman, G. C., 45 Gates Ave., Montclair, N. J. 
Lindsay, P. A., 18 Aspley Rd.. London. SAV. 18, 

England 
Lippner, B., 7 Clark St., Cresskill. N. J. 
Lohkemper, O. A.. 46 Stanwood Rd.. New Hyde, 

L.L, N. Y. 
Lombardi. B. J.. 1959 McGraw Ave., New York 62. 

N. Y. 
Lozier, W. B., Jr., 329 Hoffman Ave., Vestal, N.rY. 
Lukianov, R. E.. 1637 Baxter St.. Los Angeles 26, 

Calif. 
Lyons. L. F.. Bendix Aviation, 166 W. Olive St., 

Burbank. Calif. 
Lyuta, G. R., Filterbed Rd., Wilton. Conn. 
MacColl. J. B., 4827 Hazelbrook Ave., Long Beach 

11. Calif. 
MacIntyre. E. R.. Radio Station CHUB. Nanaimo. 

B.C., Canada 
Mack, C. L.. Jr., 7 Notre Dame Rd., Bedford, 

Mass. 
Magnuson. J. E.. 57 Oak Grove, Plainville. Conn. 
Malone. M. H.. 11 Church St., Newton 58, Mass. 
Malvin, M. A., R.F.D. 3. Tonawanda Creek Rd.. 

Lockport. N. Y. 
Mangan. B. A.. 129 Vassar Rd., Poughkeepsie, 

N. Y. 
Marshall, J., 6356 Glove. Detroit 38. Mich. 
Martino. L. J.. 343 N. Craig Pl.. Lombard. 111. 
Massengale. W. B.. Box 3. Lamesa. Tex. 
Mayer. A. D.. 15 Hanot, Haifa. Israel 
Mayurnik, G.. 139 Union Ave., Garfield. N. J. 
McClelland, IL, 62 Tenth Ave., New York 36. N. Y. 
McDonald, J., Westinghouse Electric Corp.. 2-F 

Bldg., E. Pittsburgh. Pa. 
McLaughlin, E. J., 23 Cameron Ave., Cambridge 

40. Mass. 
McMurrough, R. W.. 23 Summit La . Levittown. 

L.L. N. Y. 
Mead, L. IL, 67-02-C--186 La.. Fresh Meadows 

65. L.L, N. Y. 
Metzelaar, P. N., 1227 S. Forest Ave., Ann. Arbor, 

Mich. 
Meyer, H. R.. 46 The Fenway. Boston 15. Mass. 
Mikulski. J. J.. 3218 N. Ridgeway Ave., Chicago 18. 

Ill. 
Millais. W. G.. 117 W. 70 St.. New York 23. N. Y. 
Miller. G. E., 10 Thimble La., Hicksville. L.L, 

N. Y. 
Millunzi, P. T., 730 N. Jackson St., Milwaukee 2, 

Wis. 
Miner, J. II., 238 Belmont Pl.. Munster, Ind., 
Mooney. M., Jr., Tape Recording. Severna Park. 

Md. 
Morey, G. A., 23 Swenson Dr.. Wappingers Falls. 

N. Y. 
Morgan, T. W., Jr.. 65 Manor Dr.. Apt. ll-K, 

Newark 6. N. J. 
Murray, D. W., Box 30. R.F.D. 3, Tarentum, Pa. 
Murray. J. II.. 4308 Carnegie Ave., Cleveland 3. 

Ohio 
Naqvi. I. IL. Department of Physics. University of 

Manitoba. Winnipeg. Man.. Canada 
Najita, K., 261-17 Langston Ave., (»len Oak. L.L. 

N. Y. 
Neumann. L. R., Wayne Gardens, Apt. 27-A, 

Collingswood 7. N. J. 
O'Connell. D. J., 833 Delafield Ave., Staten Island 

10. N. Y. 
O’Connell. R. E.. 1922 Langdon Farm Rd., Cincin¬ 

nati 37, Ohio 
(Continued on page 86A) 
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ONE INTEGRATED UNIT— no associated amplifiers and 
compensators needed because of the small variation in 
transformer ratio and phase shift with varying input voltage. 

EXCEPTIONAL ACCURACY: ± 2 min. null spacing, ±3 
min. interaxis error, 0.05% max. amplitude error. 

COMPACT—weighs only 5.87 oz. 

• 0-16V 400 CPS input voltage range. Special units may be 
designed for higher input voltages. 

• 740/79° input impedance. 
• Available with 1 and/or 2 input or output windings. 
• Transformation ratio: (S/P) .955 ± 015. 
• Phase shift: 4°3O'±30z. 
• Max. static torque (oz.in.2): .5. 

SIZE 15 DESIGN-COMPENSATED 

precision resolver 

Write for complete information on Type 3D-2348 today. For your 
special applications, send detailed design requirements to help us 
to help you faster. 

Other products include Actuators, AC Drive Motors, DC Motors 
for Special Applications, Motor-Gear-Trains, Servo Torque Units, 
Low Inertia Servo Motors, Synchro Differentials, Two-Phase Ref¬ 
erence Generators, Tachometer Generators and Motor Driven 
Blower and Fan Assemblies. 

C-1.437"-> 

Actual Size. Type 3D-2348. 

MANUFACTURING CO. 
AVIONIC DIVISION 
RACINE, WISCONSIN 

Your Rotating Equipment Specialist 
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Hew 
what's^in scope 

CUBIC’S New VSWR INSTRUMENTATION SYSTEM 
for continuous... 

automatic... 
measurement of VSWR 

The New Model 620 is CUBIC’S contribution to higher 
efficiency and higher economy in that new RADAR design 
you may be planning. Designed for field and production use — 
where frequent VSWR measurements of radar, and other 
amplitude modulated microwaves are required, it has 
certain important features entirely new: 

• Measurement of VSWR is continuous and automatic over two 
calibrated ranges, covering ratios 1.02 to J.2, and 1.2 to 00. 

♦ Can be used with CUBIC’S matched directional coupler— 
permanently or temporarily installed in waveguide run. 

• Available too as JAN AN/UPM-12 Military version. 

• And available in Model 621, for VSWR measurements at 
signal generator levels. 

• For x-band only, at present. RF components will be ready 
shortly for operation on S thru Ku band. 

New designs make new demands. CUBIC engineers are 
constantly conducting research to develop new products to 
enable those new Electronic designs—still on the drafting 
boards, to become reality. In this connection, our Engineering 
and service departments are always at your disposal on 
any Electronic problem. r® 

Write for latest edition of our catalog of microwave instruments I 

M ■ ■ 19 ■ M ELECTRONIC EQUIPMENT 0 I RESEARCH...DEVELOPMENT 

CORPORATION SAN DIEGO, 6, CALIFORNIA 

(Continued from page 84 A) 

O'Donnell, J. G., 63 Belton Park Rd., Donny* 
carney, Ireland 

O’Niel, C. R., Box 1052, Alamogordo, N. Mex. 
Orfano, R. D., 141 Border St., E. Boston 28, Mass. 
Paris, R., 2805 N. Franklin, Wilmington 2, Del. 
Pasquale, F. A., 274 Mott St., New York 12, N. Y. 
Pate, G. W., Jr., 52 Balsam La., Levittown, L.L, 

N. Y. 
Paterniti, A. R., 467 Third St., Niagara Falls, N. Y. 
Patersen, W. P., 2800 W. Broadway, Council 

Bluffs, Iowa 
Pendleton, A. D., 2200 Lamberton Rd., Cleveland 

Heights 18, Ohio 
Penland. C. H., Jr., Chief Scientific Relations Sec¬ 

tion (Pers), National Security Agency. 
Washington 25, D. C. 

Platt, J. F., Jr., 3118 E. Baltimore St., Baltimore 24. 
Md. 

Pocius, C. F., R.F.D. 1, Ironia- Mendham Rd.. 
Mendham, N. J. 

Polgar, E. A., 821 Gehrig Ave., Franklin Square, 
L.L, N. J. 

Porter, IL, Jr., 2615 Selvig Dr., Billings, Mont. 
Potvin, L. IL, 4574 Belmont Ave., Vancouver 8, 

B. C., Canada 
Powers, H. J., 95 Clunie Ave., Yonkers, N. Y. 
Powers, F. W., Ordnance Research Laboratory, 

Department of Physics, University of 
Virginia, Charlottesville, Va. 

Provost, Y., 6240 Ninth Ave., Montreal, Que., 
Canada 

Raduziner, D. M., 61 B Helms Dr., Eatontown, 
N. J. 

Rawdin, E., Box 52, Griffiss A B, Rome, N. Y. 
Rick, C. E., E. I. DuPont, Pigments Department, 

Newport, Del. 
Robbins, G. J., 222 Fulton St., New York 7, N. Y. 
Rolly, W. J.. Ampex Corp., 934 Charter, Redwood 

City, Calif. 
Romano, L. P., 9 Haddon St., Revere 51, Mass. 
Rosenthal, M. L., 12 Greenleaf Rd., Natick, Mass. 
Rothenstein, E. M., Arco Electronics, Inc., 103 

Lafayette St.. New York 13, N. Y. 
Rubeich, J. N., 315 Alliance St., Havre de Grace, 

Md. 
Sanders, J. J., 185 Del Balso Blvd., Wappingers 

Falls, N. Y. 
Schlagheck, 11. J., 1st P. B. Sqdn., APO 132, c/o 

Postmaster, New York, N. Y. 
Schmall, N., 67-34 Parsons Blvd., Fresh Measdows 

65. L.L, N. Y. 
Schodowski, S. S., 3 Helms Dr., Eatontown, N. J. 
Schomer, J. W., 197 Center La., Levittown, L.L, 

N. Y. 
Schwartz, A. M., 809 B Jordan Park Apts., Fuller¬ 

ton, Pa. 
Scorza, B. J., 12 Francine Dr., Amityville, L.L, 

N. Y. 
Searcy, J. H., c/o Radiation. Inc., Melbourne, Fla. 
Sebastian, G. J., 6 Wall St., Raritan, N. J. 
Shade, K. E., 230 N. Leonard St., Liberty, Mo. 
Sheldon, E. E., 509 Fifth Ave., New York 17, N. Y. 
Shelton, G. L., Jr., 136 Elmwood Pl., Utica 3, N. Y. 
Siegel. J. J.. WLOW, Portsmouth, Va. 

1 Sirkis. M. D., 1107 W. Green St., Apt. 522, Urbana, 
Ill. 

Smith, G. IL. 1318 -38 St., Lubbock. Tex. 
Sorenson. G. P.. 1405 Boone’s Hill Rd., S.E., 

Washington 27, D. C. 
Sornberger, E. A., 1 16 Ira Rd.. Syosett. L.L, N. Y. 
Sprouse. P. J.. 2324 E. Fourth St.. Mishawaka, Ind. 
Spruck, R. F., Goors Porcelain Co., Golden, Colo. 

1 Starace. N. L.. 4219 Monticello Ave., New York 66. 
N. Y. 

Stark. J. A.. R.F.D. 1. Cicero Manor, Clay. N.Y. 
i Stearns. G. D.. Box 34, Bowling Green, Ohio 
I Stepper, L. H., 150-63 —87 Ave., Jamaica 32. L.L, 

N. Y. 
Stevens, R. L., 9536 Terrace Rd., Falls Church, Va. 
Stimson. P. B.. 332 Surrey La., Hatboro, Pa. 

¡ Stone. G., Hazeltine Electronics Corp., 58-25 Little 
Neck Pkwy., Little Neck. L.L. N. Y. 

(Continued on page 88A) 
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takes over! 
Yes, after testing and retesting by 

our own engineers — careful analysis 
of Gothard engineering reports — and 
most important, investigating the de¬ 
gree of satisfaction that these products 
are capable of providing to you, the 
user — we decided this line is truly 
worthy of the name Sangamo. We will 
continue this line in larger quantities 
and greater varieties under the new cor¬ 
porate name of Sangamo Generators, 
Inc. Now you will receive the added 
advantage of Sangamo service, backed 
by the engineering and manufacturing 
experience and reputation of Sangamo 
Electric Company. 

SANGAMO DC to AC 
ROTARY CONVERTERS 
50 or 60 cycles, 115 or 
230 volts AC from 
available DC supply of 
6, 12, 24, 28, 32, 48, 
64, 115 or 230 volts. 

WE ARE CONVINCED -
that Gothard Converters, Dyna¬ 
motors, Motor-Generators, Gen¬ 
erators and special DC Motors 
have been engineered to the 
finest standards of any on the 
market. 

SANGAMO DC to DC 
DYNAMOTORS 

Series "S" — Military 
Series "G" — Commer¬ 

cial and Mobile 
Input voltages 
6 to 115 volts 
Output voltages 
to 750 volts 

Depend on Sangamo for all your power 
conversion requirements. 

Detailed information 

is yours 

for the asking — 

Write! 
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TYPE juuF/Ft IMPEDE O.D. 
Cl 7.3 150 .36 
Cll 6.3 173 .36 
C2 6.3 171 .44' 
C22 5.5 184 .44' 
C3 5.4 197 .64' 
C33 4.8 220 .64' 
C4 4.6 229 1.03' 
C44 4.1 252 1.031

Use Your 

IRE 

DIRECTORY 

It's Valuable! 

(Continued from page 86A) 

TRANSRADIO LTD. 138a Cromwell Rd. London SW7 ENGLAND CARLES: TRAMSRAß, LOKDOM 

Strain, R. J.. 1002 E. Maxwell La.. Bloomington, 
Ind. 

Stroud. J. C., 730-13, Boulder, Colo. 
Strumer, J. N., 10 Mirrielees Cir., Great Neck, 

L.I., N. Y. 
Sullivan, D. F., 210 Farmington Ave., Hartford 5, 

Conn. 
Swain, P. F., 14024 Remington St., Pacoima, Calif. 
Swain. W. IL, Box 127, Pleasantville. N. V. 
Sweeney. D. J.. 19 W. Mill Dr.. Great Neck, 

L.I., N. Y. 
Szuchy. N. C.. 1660 W. Sixth St.. Plainfield. N. J. 
Szupillo. R. E., General Electric Co., 3-204, Elec¬ 

tronics Park, Syracuse, N. Y. 
Taylor. A. I,.. Box91, Middletown. Pa. 
Tedeschi. A.. 6327 Upper Brandon. Berkeley 21. 

Mo. 
Templeton. H. S., Indian Rd.. Milton, N. Y. 
Terashi. T., 113 Osborn Rd.. Aberdeen. Md. 
Thorne. IL W.. 2701 Scott Ave., Fort Worth 3, 
'lex. , 

Torres. J. F., 2562 Rosecrans St.. San Diego 6, 
Calif. 

Treadwell, F. A., Box 597, Ft. Huachuca, Aria. 
Troupp. L. B., 1650 Prospect PL. Brooklyn 33, N. Y. 
Turchiano, M. W., 673 E. 176 St.. New York 57. 

N. Y. 
Twomey. J., All America Cables & Radio. Casilla 

2336. Lima. Peru 
\ itt. R. .1.. 5732 S. Troy St.. Chicago 29. III. 
Vought, T. B., 330 W. 42 St., New York 36. N.Y. 
Warner. J. IL. III. 24 Franklindale Ave., Wap-

pingers Falls, N. Y. 
Watkins. 1*. E.. 3051 N. Monitor Ave.. Chicago 34, 

111. 
Weidman. B.. 16X0 Vyse Ave., New York 60. N. Y. 
Weiss. A.. U. S. Naval Ordnance Laboratory. 

Corona. Calif. 
Weiss. S. R.. 2665 Grand Concourse, New York 68. 

N. Y. 
Werst. M. < .. Westinghouse Research Laboratories. 

E. Pittsburgh. Pa. 
W hite. J. I'... 706 Berry Rd., Glen Burnie, Md. 
White, W. F.. 3106 Parkway Terrace Dr.. Washing¬ 

ton 23. D. C. 
Whitehurst. W. R.. 1821st AACS Group. APO 125. 

New York. N. Y. 
Wolber, W. G., 8144 Greenlawn, Detroit 4, Mich. 
Wright. D. M., 706 Hutchinson St.. Kalamazoo. 

Mich. 
Wright. J. B.. Orchard St.. Athol, Mass. 
Wright. M. C.. Box 734, Cross City, Fla. 
Wright. W. L., 1014 Wallace Ave., Pittsburgh 21, 

Pa. 
Young. J. W., Jr.. 94 Lancaster Ave., Revere 51, 

Mass. 
Zola. M. J.. 1429 College Ave., New York 56. N. Y. 
Zschock, B. W.. 1329 Andrews Ave., Lakewood 7, 

Cleveland. Ohio 
Zukriegl, J. F., 34 Front St.. Port Arthur, Ont., 

Canada 

ultra low 
WE ARE SPECIALLY ORGANIZED 
TO HANDLE DIRECT ORDERS OR 
ENQUIRIES FROM OVERSEAS 

SPOT DELIVERIES FOR U.S. 

BILLED IN DOLLARS-
_ SETTLEMENT BY YOUR CHECK 
..’ll CABLE OR ARMAIL TODAY 

^attenuation 

Average Reading R. F. POWER METERS 

WRITE TODAY FOR COMPLETE INFORMATION 

ELECTRO IMPULSE Laboratory 
208 RIVER STREET RED BANK, N.J. Phone: Red Bank 6-0404 

These broad band R.F. power meters are of the ab¬ 
sorption type consisting of an oil filled, air cooled, 
coaxial load resistor and a voltmeter calibrated to read 
watts. The power meter is suitable for use as a field or 
laboratory test instrument, is completely shielded and 
non-radiating, permitting transmitter testing and ad¬ 
justment without interference. The meter box is easily 
detached, permitt ng location of the load resistor at a 
remote point. In cases where power measurements are 
not required the load resistor may be used as a dummy 
load. 

Type 
PM-IO 
shown 

lOOkc to 700mc 

1.5 watts to 2500 watts 

Mod •! 

Full Scale 
Power 

Measuring 
Ranges in 
Watts 

Max. 
VSWR Rang¿ 

Input 
Con¬ 
nector 

Imped¬ 
ance 
Ohms 

Supply 
Voltage Crystal 

Accu¬ 
racy 

Max. 
Power 
Dissi¬ 
pation 

External 
Cooling 

PM 6 
— 

1.5. 6 1.15 2-7OOMC Type N 51.5 None IN82 - 5 •. 10 W None 

PM-9 2.5. IO 1.15 ■ 2-7OOMC Type N 51.5 None IN82 ± 5 '; 10 W None 

PM-IO 15. 60 1.15 .2-7OOMC Type N 51.5 None IN82 i 5% 90 W Nore 

PM -7 150. 600 1.15 2 5OOMC Ty,.. N SIS None IN82 + 5 » ; 600 W None 

PM-17 1.5. 6. 15. 
60. 120 

1.15 .2 5OOMC 51.5 115 V 
60 cps. 

704 A ± 5'4 90 W None 

PM-14 1.5. 6. 15. 
60. 150. 
600. 1OOO 

1.15 ■ 2-5OOMC 

To be 

51.5 115 V 
60 cps. 

7O4A i srt 600 W None 

PM-15 150. 6CO. 
2500 

1.15 .2 500MC speci¬ 
fied 51.5 None IN82 ± s s; 2500 W 0

 

* 
0
 

X
 

PM-16 150. 600. 
1500 

1.15 .2 5OOMC 51.5 
51.5 

115 V 
60 cps 

7O4-A * 5 «5 1500 W None 

Al MXant,SM ’ SUBMINIATURE CONNECTORS 
W " Constant 50n-63n-70n impedances 
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Rectifiers in mass-production lots are placed in Life-Test 
Equipment and are tested to 10,000-hour life standards. 

Here rectifiers are automat¬ 
ically tested and inspected 
in mass quantities. 

How G.E. assures 85C operating reliability 
of the new 1N315 Germanium Rectifier 

This array of testing equipment mass-checks individual ger¬ 
manium rectifiers to 10,000-hour standards under maximum 
voltage and current conditions and at 85°C. Each rectifier is 
electrically connected to a testing circuit and any unit which 
falis below guaranteed limits is automatically rejected. 

This life test is only one of the many severe quality checks 
imposed on General Electric Semiconductor products. Preci¬ 
sion mass production coupled with precision mass testing as¬ 
sures uniform, reliable quality at low, mass-quantity prices. 

G.E.’s new 1N315 rectifier operates efficiently and with 
long life at 85°C because of new germanium crystal growing 
techniques developed by the General Electric Research Lab¬ 
oratory and improved junction forming methods. Controlled 
characteristics are assured by accurate machines which re¬ 
produce assemblies to extremely close tolerances. The high 
reverse resistance and low forward resistance characteristics 
make it specially adaptable for use in magnetic amplifiers or 
other circuits where high temperature and extremely low 
leakage current are required. 

Full details are available on request. Write or wire today 
to: General Electric Company, Section X5265, Semiconductor 
Products, Electronics Park. Syracuse. New York. 

Progress /s Our Most Important Product 

GENERAL ELECTRIC 

SPECI FICATIONS 
1N315 and 1N315A 

(Resistive or Inductive Load) 

Maximum allowable peak in¬ 
verse voltage. 

Maximum allowable D-C out¬ 
put current. 

Maximum full load forward 
voltage drop.4« .46 .44 V 

Continuous reverse working 
voltage . 150 l(M) 50 V 

1N315 minimum forward to re¬ 
verse current ratio (average 
forward average reverse at 
full load). 700 300 200 

1N315A minimum forward to re¬ 
verse current ratio (average 
forward/average reverse at 
full load). 1600 750 400 

C 85 C 

200 2(M) 1<M) V 

KM) KM) KM) ma 

Maximum operating frequency 
(70% rectification efficiency) 50 50 50 KC 

Storage temperature 95 95 95 °C 
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Alore Engineers on A-N and uvilian projects are proving— 

It pays to specify 

AMP ER ITE ] 
DELAY RELAYS 

and 1 
BALLAST REGULATORS i 
... they're finest * * * cost ^ess ’ 

STANDARD 

Thermostatic DELAY RELAYS 
MOST COMPACT, HERMETICALLY SEALED 
Provide delays ranging from 2 to 15 0 seconds. 
• Actuated by a heater, they operate on A.C., 

D.C., or Pulsating Current. 
• Hermetically sealed. Not affected by altitude, 

moisture, or other climate changes. 
• Circuits: SPST only — normally open or nor¬ 

mally closed. 
Amperite Thermostatic Delay Relays are com¬ 
pensated for ambient temperature changes from 
—55° to -|-70°C. Heaters consume approximately 
2 W. and may be operated continuously. The 
units are most compact, rugged, explosion-proof, 
long-lived, and — inexpensive! MINIATURE 

TYPES: Standard Radio Octal, and 9-Pin Miniature. 

PROBLEM? Send for Bulletin No. TR-81 

Also — a new line of Amperite Differential Relays — 
may be used for automatic overload, over-voltage, under¬ 
voltage or under current protection. 

BALLAST REGULATORS 
Amperite Regulators are designed to keep the 
current in a circuit automati¬ 
cally regulated at a definite 
value (for example, 0.5 amp). 
For currents of 60 ma. to 5 amps. 
Operates on A.C., D.C., Pulsating 
Current. 

Hermetically sealed, light, compact, 
and most inexpensive. 

simplest, most 

E 50% ■ 2 

Amperite Regulators are the 
effective method for obtaining 

VOLTAGE or 24V __ 
BATTERY A CHARGER ! VOLTAGE VARIES 

VARIES APPROX , ONLY 

automatic regulation of current or voltage. Her¬ 
metically sealed, they are not affected by changes 
in altitude, ambient temperature (—55° to 
4-90°C), or humidity. Rugged; no moving parts; 
changed as easily as a radio tube. 

Write for 4-page 

Technical Bulletin No. AB-51 

MPERITE CO. Inc., 561 Broadway, New York 12, N. Y. 

In Canada: Atlas Radio Corp., Ltd., 560 King St. W., Toronto 2B 

90 a 

tows -Sew Products 
These manu<acturers have invited PROCEEDINGS 

readers to wr te for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued front page 20A) 

particular installation. The microwave 
absorbing material can be of any type, 
including plastic foam, hairflex, or thin 
flexible material. To prevent disturbance 
from outside rf sources, the absorber mate¬ 
rial is backed with a copper screen. An 
ordinary room can be easily assembled by 
a few men in one day, with the use of a 
minimum of standard tools. McMillan 
also offers a complete design and engineer¬ 
ing service for special-type constructions, 
when needed. 

Electronic Chopper 
Avion Instrument Corp., 299 State 

Highway No. 17, Paramus, N. J. has de¬ 
veloped a new electronic chopper with no 
moving parts. Ihe new chopper, identified 
as Model 307, is able to modulate de to 
frequencies up to 400 cps, for a minimum 
life period of 3,000 hours. Modulation is 
accomplished by illumination of a photo-
conductive element in a typical voltage 
divider. 

I he new features which have been pro¬ 
vided, include: temperature insensitive 
operation over a range of —50 to 4-100°C; 
de to ac conversion ratio over 0.5; noise 
pick-up oi less than 200 pv rms; 115-V, 
3-ma, ac excitation. 

I he Model 307 chopper measures ¡ high 
Xi wideX2 inches long and weighs 1.6 
ounces. Further informa tien, including 
price and delivery, may be secured from 
the manufacturer. 

f Continued on page 92A) 
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Incorporated 
STEEL CASED TOROIDS 

MIL-T-27 Hermetically sealed 

stock. 

SUB-MINIATURE FILTERS 

DELAY LINES 
Designed to your specifications 

Ideal 

SATURABLE REACTORS 

TUNED 
REACTORS 

HI-CYCLE TRANSFORMERS 15/32" 

FOR ADDITIONAL INFORMATION CONTACT 

Communication Accessories Co 
HICKMAN MILLS, MISSOURI PHONE KANSAS CITY, SOUTH 5528 

rrost advanced mili-

Applications: x. 
• Servo Systems 
• Data Telemetering 
• Remote Frequency Control 

Illustrated—High Frequency Reac-
dor Tuned by Varying D.C. Current. 

lumped constant type, 
for sonar applications. 

All types of filters—toroidal induc¬ 
tors and special capacitors for maxi¬ 
mum stability, sharpness, and atten¬ 
uation—advanced design and printed 
circuit techniques make possible high 
k degree of miniaturization— 

hermetically sealed con-
struction. 

tary and domestic applications. Stocked 
units for immediate shipment. 

Transformers: Up to 12" OD x W 
ID x 4V2" high—handling 16 to 38 
wire on largest units—miniature 
transformers to 48 AWG. 

Range— 400-6000 cps 
Efficiency—up to 95% 
Wattage— 6 mw—200 watts 
Temperature —55° to 4-155° 
Depicted—6 KC 100 Watt Unit 
Less than 1.65 cubic inches 

specifications—mounting area min¬ 
imized— lo-hum pickup — hi-perm 
cases — standard inductances in 

PLASTIC CASED TOROIDS 
CAC compression molded toroids have 
become the standard of the industry. 

DISCRIMINATORS 
Linear frequency sensitivity 
and temp, compensated. 
May be packaged with MAG 
AMPS to produce control 
functions from small signals. 

UNCASED TOROIDS 
Basic inductor component. 
Plain, wax, or plastic dip 
with flex-leads. Hi Q values 
up to 10 me. Complete range 
of sizes: subminiature, wed¬ 
ding ring, etc. 

MAGNETIC AMPLIFIERS 
Toroidal construction and quality mat¬ 
terials provide: high gain per stage— 
fast, stable response. Multiple, elec¬ 
trically isolated input and output wind¬ 
ings—line frequencies 60 cycles, 400 
cycles and higher-operating tempera¬ 
tures — 55° to 4-100° C—hermetic 
sealing to MIL specs. 

TUNED CIRCUITS 
Printed Circuit Applications 
• Multiple Tuned Transformers 
• Delay Lines 
• Tuned Circuits 

PULSE TRANSFORMERS 
Customized toroidal units. Block¬ 
ing oscillator and pulse coupling 
transformers for specific appli¬ 
cations. Nth degree subminiaturi-
zation. 

In 7 short years, CAC has reached a 
dominant position as an exclusive toroidal 
coil winding and component producer. 

Why? 
We believe it is due to meticulous care, 
advanced research—and to the special¬ 
ized skill of our people. 
Thankful for the trust important customers 
have placed in us, we are ever mindful 
of a growing responsibility—YOU CAN 
DEPEND ON CACI 



Q SINCE 1915 LEADERS IN AUTOMATIC CONTROL 

HALF-WAVE FAST RESPONSE 
MAGNETIC AMPLIFIER CIRCUITS 

An important requisite of any practical amplifier is that it should 
be possible to cascade several units if more amplification is required 
than a single stage can offer. In usual magnetic amplifiers, this 
creates some practical difficulties because the inherently long time 
constants of each stage add up, and the cumulative time constant 
of the several stages may become excessive for practical applications. 

Ford Instrument Company has perfected and holds the basic 
patents on circuits which allow cascading magnetic amplifiers with 
stages operating on successive half-cycles of the a-c supply. 

In the circuit shown here, amplification in each stage of the 
amplifier is accomplished by pre-setting the core fluxes with the con¬ 
trol-winding signal during one half-cycle of the applied load-winding 
voltage. During the next half-cycle, when the load-winding conducts, 
the control winding contribution is negligible. In this mode of 
operation the control winding of each stage of the amplifier receives 
its signal during the reset or non-conducting half-cycle of that stage 
of amplification. The effect of this signal occurs during the next half-
cycle, thus the time constant in the stage is at a minimum of % cycle. 

The amplifier uses half as many elements (cores and rectifiers) 
as the conventional bridge (full-wave circuit), and has a constantly 
higher figure of merit (power gain per cycle of time constant). 

In amplification problems it will pay you to talk to the engi¬ 
neers of Ford Instrument Company. For forty years this company 
has specialized in designing and manufacturing special computers 
and controls. Send your problem to Ford. 

57 

FORD INSTRUMENT COMPANY 
DIVISION OF THE SPERRY CORPORATION 

31-10 Thomson Avenue, Long Island City 1, N.Y. 

ENGINEERS 

of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information. 

Wws-few Producís 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 90A ) 

Missile Relay 
Smaller than a cigarette, a new sub¬ 

miniature sensitive relay especially de¬ 
signed lor guided missile and other applica¬ 
tions requiring an extremely small, com¬ 
pact and sensitive relay has been designed 
bv the Price Electric Corp., Frederick, 
Aid. 

I he new mod-. 1, the 11 inky 503, is pro¬ 
vided with one set of single pole double 
throw contacts rated at 0.5 amperes, 120 
volts de non-inductive. 

\\ hen adjusted to a sensitivity of 0.05 
watts, the 503 will resist 30G vibration 
up to 2,000 cps. Il will withstand operating 
shock ol 50G for 0.011 second duration, 
mechanical shock of 2,000 foot poundsand 
1.000G rotary acceleration. 

I he relay contains a new internal 
mechanism and is less than 2 inches in 
length and 13/32 of an inch square. 

Full data is available on request. 

Daylight Viewing CRT 
National Union Electiic Corp., 350 

Scotland Rd., Orange, X. J., announces 
the type XI -DVI-3, a high brightness, 
daylight viewing, five-inch oscillograph 
presentation unit that uses both electro¬ 
static focusing and magnetic deflection. It 
presents a small brilliant spot and is 
capable of providing a sharply focused 
telev ision raster at high brightness levels. 

Ihe unit is designed to withstand MIL 
shock and vibration tests, and to facilitate 
mounting on aircraft instrument panels 
and for similar applications. The cathode¬ 
ray tube ami other components within the 
aluminum cylindrical container are treated 
to prevent corona at high altitudes. 

Ihe NU-DVI-3 weighs 4 pounds 8 
ounces, has a diameter of 5} inches and an 
over-all length of 10 inches. 

(Continued on page 94 A) 
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For all your Tape Wound 
Core Requirements, specify 

CO&CiyMM 

You’ll be assured of the performance and uniformity you want, when 
you use Arnold Cores as magnetic components in your amplifier, 
transformer and reactor assemblies. 
Our facilities for production and testing are highly modern and 

complete. Arnold is a fully integrated company, controlling every 
manufacturing step from the raw material to the finished core, and 
therefore best able to maintain high quality control. You’ll have at 
your command the most complete line in the industry . . . containing 
every type, shape or size core you may require to meet design needs 
or electrical characteristics. 
Many sizes of Arnold Tape-Wound Cores are carried in stock for 

immediate delivery. • Write for additional information, and let us quote 
on your requirements and help solve your problems. 

HERE'S DATA YOU NEED.., 

Write for these Booklets 

1 BULLETIN TC-101A . . . "Properties 
of Deltamax, 4-79 Mo-Permalloy and 
Super-malloy”—28 pages of technical 
data on Arnold Tape-Wound Cores of 
high-permeability alloys. 
2 BULLETIN SC-107 . . . "Arnold 
Silectron Cores"—round, square, rec¬ 
tangular, or C and E cores; 52 pages 
of data on shapes, sizes, properties, etc. 

ADDRESS DEPT. P-56 

Jhe Arnold Engineering Company 
SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 

General Office & Plant: Marengo, Illinois 
DISTRICT SALES OFFICES... New York: 350 Fifth Ave. 

Los Angeles: 3450 Wilshire Blvd. Boston: 200 Berkeley St. 
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407 Canal St., Manchester, N. H., U. S. A. 

Manufacturers of Ruggedized and ’ Regular" 
Panel Instruments and Related Products. 

copyright 1955 M.E.I. Co. 

marión 

ENGINEERS — 
Save your firm thousands of dol¬ 
lars in searching for data on 
ELECTRONIC TEST EQUIPMENT 
of interest to USAF. 

By special permis¬ 
sion data sheets on 
Research supported 
and monitored under 
our WADC, ARDC 
contract now avail¬ 
able to manufactur¬ 
ers at low cost. 

& Order your copy of a three volume 
set containing illustrated descrip¬ 
tive data sheets on 870 items 
procured for use by the U. S. Air 
Force. 

© Contains 2400 (8% x 11") 
pages, recently brought up-to-date, 
mounted in 3 post expandable hard 
back binders. 

O Price $100 per set plus postage 
while supply lasts. Orders accom¬ 
panied by check filled as received 
with postage paid. 

CARL L. FREDERICK 
AND ASSOCIATES 
Bethesda 14, Maryland 

no “ghosts” with WESGO 
decarbonized brazing alloy 

a Silver-Copper Eutectic 
brazing alloy by 

WESGO 
. . . producers of 
Nicoro, Nioro, In-
cosi/ and /ncoro 

high purity, low vapor pressure 
brazing alloys for high vacuum 
systems. 

Decarbonization ... an exclusive process for elimination of 
carbon and “dirt’ ever present in silver brazing alloy wires. No 
“leakers” due to non-wetting characteristics of carbon. No free 
carbon particles in electron beam. 

-Write for additional information-

WESTERN GOLD & PLATINUM WORKS 
589 BRYANT SAN FRANCISCO 7, CALIF. 

Yews-,Vew 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 92A) 

AM Signal Generator 
New London Instrument Company, 

Inc., 82 Union St., New London, Conn., 
announces the introduction of a new AM 
Signal Generator to its line of electronics 
precision measuring instruments. 

All components, with the exception of 
the power supply, are in the RF cavity. 
This minimizes leakage and decreases the 
number of filters needed. 

The Model 162 features negligible FM, 
and low drift with temperature and power 
line changes. Bands are changed by a 
rotating turret arrangement. Internal 
modulation is 400 and 1,000 cps from 0 to 
50 per cent. External modulation is 0 to 
80 per cent with 100-1,000 cps and carrier 
frequency up to 300 kc and 100-15,000 cps 
with carrier frequency of 300 kc to 50 me. 
The complete unit weighs 35 lbs. 

Lowell Appointed by Sorensen 
Henry T. Lowell, Jr., has been ap¬ 

pointed sales manager of Sorensen & Co., 
Stamford, Connecticut, manufacturers of 
electronic power regulating equipment. 

Mr. Lowell comes to Sorensen after 
serving with the Westinghouse Electric 
Corp, for 17 years. He is a graduate of the 
University of Maine with a B.S. degree in 
electrical engineering. 

(Continued on page 98A) 

94a WHEN WRITING TO ADVERTISERS PLEASE MENTION — PROCEEDINGS OF THE I.R.E. June, 1955 



Professional Group 
on 

4 ont nt un irai ions 
Systems 

The field of communications sys¬ 
tems is as old as radio itself. For 
three decades after Marconi first 
spanned the Atlantic by radio in 
1901 radio researchers devoted prac¬ 
tically all their efforts to developing 
and perfecting new systems for 
utilizing electromagnetic waves for 
communication purposes. 

Gradually, however, this new-
found knowledge opened the doors 
to other applications in industrial, 
military, scientific, and medical 
fields. Under the stimulus of war¬ 
time research these newer applica¬ 
tions multiplied and expanded at a 
tremendous rate so that at the end of 
World War II the complexion of 
the radio engineering field had 
altered drastically. 

What had once been a fairly small, 
homogeneous group with common 
technical interests had now become 
a large body of engineers and scien¬ 
tists working in at least a score of 
separate and distinct specialized 
fields. Communications engineers 
found it increasingly difficult to find 
the specialized technical informa¬ 
tion they urgently needed since the 
sources for such information now 
had to serve many other fields as 
well. 

On April 8, 1952, the IRE formed 
the Professional Group on Com¬ 
munications Systems. The response 
was almost instantaneous as com¬ 
munications engineers all over the 
U.S., and in other countries as well, 
realized that for the first time an or¬ 
ganization had been formed just to 
serve their particular technical 
needs. 

As membership increased, the 
Group began publishing its own 
TRANSACTIONS, which is now 
issued free to all members three 
times a year. The Group also has be¬ 
come very active in sponsoring meet¬ 
ings in various parts of the country 
throughout the year. The value of 
these activities is attested to by the 
fact that some 1100 engineers have 
joined the Group and have found 
this affiliation indispensable to their 
professional well being. 

Æ. J. ßakcA, 
Chairman, Professional Groups Committee 

At least one of your interests 
is now served by one of litios 
23 Professional Groups 

Each group publishes its own specialized papers in its Transactions, 
some annually, and some bi-monthly. The larger groups have organ¬ 
ized local Chapters, and they also sponsor technical sessions at IRE 
Conventions. 

Aeronautical and Navigational Electronics (Gil) Fee $2 
Antennas and Propagation (G 3) Fee $4 
Audio (Gl) Fee $2 
Automatic Control (G 23) Fee $2 
Broadcast & Television Receivers (G 8) Fee $2 
Broadcast Transmission Systems (G 2) Fee $2 
Circuit Theory (G 4) Fee $2 
Communication Systems (G 19) Fee $2 
Component Parts (G 21) Fee $2 
Electron Devices (G 15) Fee $2 
Electronic Computers (G 16) Fee S2 
Engineering Management (G 14) Fee $1 
Industrial Electronics (G 13) Fee S2 
Information Theory (G 12) Fee $2 
Instrumentation (G 9) Fee $1 
Medical Electronics (G 18) Fee $1 
Microwave Theory and Techniques (G 17) Fee $2 
Nuclear Science (G 5) Fee $2 
Production Techniques (G 22) Fee $1 
Radio Telemetry & Remote Control (G 10) Fee $1 
Reliability and Quality Control (G 7) Fee S2 
Ultrasonics Engineering (G 20) Fee $2 
Vehicular Communications (G 6) Fee $2 
IRE Professional Groups are only open to those who are 
already members of the IRE. Copies of Professional 
Group Transactions are available to non-members at three 
times the cost-price to group members. 

The Institute of Itadio Engineers 
/r9e\ I East 7»th Street, New York 21, N.Y. 

USE THIS COUPON 
Miss Emily Sirjane PG-6-55 

IRE—1 East 79th St., New York 21, N.Y. 

Please enroll me for these IRE Professional Groups 

. $. 

. $. 
Name . 
Address . 
Place . 

Please enclose remittance with this order. 
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RCA 21 COLOR PICTURE TUBES 
To meet your production-line requirements 
on color-TV sets, RCA’s extensive manufac¬ 
turing facilities are now turning out 21-inch 
color picture tubes—in quantity. And, these 
facilities are being expanded to keep pace 
with your needs. Now you can plan "21-inch 
color" with confidence! Now, you can capi¬ 
talize on the advantages of the RCA-21 AXP22 
in your color TV line Consider just a few 
features of this remarkable tube: 

• Brilliant, faithful colors. — Through 
unique shadow mask. 

• Big. life-size pictures — 255 sq. in. area 
• Bright, sharp pictures in color or black-

ami -white— Precise registration — uni¬ 
form color field. 

• Compact overall size for attractive cabi¬ 
net styling —70° deflection, plus short 
electron gun. 

• Proven performance—Acclaimed by 
thousands of satisfied viewers—backed 

by full 1 year warranty. 
• Light, strong metal-bulb construction— 

Weight 28 lbs.—no external magnetic 
shielding required. 

• Economical—All these features—and 
more—at moderate cost. 

For complete technical data on the con¬ 
tinuously produced RCA-21 AXP22 color 
tube—anil the other RC^ tubes needed to 
round out your design and production pro¬ 
gram—call your RCA Field Representative. 

RADIO CORPORATION of AMERICA 
ELECTRON TUBES HARRISON, N.J. 
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Secretary, 1955 

Haraden Pratt, Secretary of the IRE, was born 
in San Francisco, California on July 18, 1891. He 
commenced his career in radio as an amateur in 
1906, and became a wireless telegraph operator 
and installer of equipment for the United Wireless 
Telegraph Company and Marconi Wireless Tele¬ 
graph Company of America during the years 1910-
1914. 
Mr. Pratt, who received the B.S. degree in 

electrical engineering from the University of Cali¬ 
fornia in 1914, became a construction and operat¬ 
ing engineer for the Marconi Company’s 300-kilo-
watt spark-type Trans-Pacific radio stations in 
California. 

From 1915 to 1920 he was an Expert Radio Aide 
for the Navy Department and was primarily 
occupied with the construction and maintenance 
of its high-powered radio stations. Commencing in 
1920, he established the public service radiotele¬ 
graph system of the Federal Telegraph Company 
on the Pacific Coast. In 1925 he constructed and 
operated a radiotelegraph system between Salt 
Lake City and Los Angeles for the Western Air 
Express; this was followed in 1927 by develop¬ 
ment work on radio aids for air navigation of which 
he was in charge at the Bureau of Standards in 
Washington, I). C. In 1928 he became Chief 
Engineer, and later Vice-President, of Mackay 
Radio and Telegraph Company. He constructed 
its world-wide communication plant. 

In 1945 he became Vice-President and t hief 
Engineer of the Commercial Cable Company, All 

America Cables and Radio, Inc., and the American 
Cable and Radio Corporation. For many years he 
held offices in other companies of the International 
Telephone and Telegraph Corporation. He retired 
from these activities in 1951. 

Mr. Pratt has attended most international radio 
and telegraph conferences since 1926 as either a 
technical or industry adviser. He was a director of 
the American Standards Association from 1939 to 
1942, chairman of the Radio Technical Planning 
Board irom 1945 to 1948, and has been a member 
of the Joint Technical Advisory Committee. 

During World War 11 he became chief of the Na¬ 
tional Defense Research Committee's Division 13 
on Communications, and in 1948 was awarded a 
Presidential Certificate of Merit. In October, 1951 
Mr. Pratt was appointed by President Truman to 
the newly-created post of Telecommunications 
Advisor to the President. He has since retired from 
government service. 

Mr. Pratt is a member of Sigma Xi, Fellow of 
the American Institute of Electrical Engineers, 
Fellow of the Radio Club of America, Associate 
Fellow of the Institute of the Aeronautical Sci¬ 
ences, and a member of the Veteran Wireless 
Operators Association. 

He joined the IRE as an Associate in 1914, be¬ 
came a Member in 1917, and a Fellow in 1929. He 
has been a Director since 1935, Treasurer in 1941— 
1942, Secretary since 1943, and President in 1938. 
Mr. Pratt received the Institute’s Medal of Honor 
in 1944. 

Haraden Pratt 
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or IRE Section records. Why keep historical 
ords anyway? In the first place, you figure 
necessary to prove to the little woman just 
much she really spends on shoes each year. 

Records are history. 1'his is true whether you are 
trying to keep account of your wife’s shoe budget 

réc¬ 
it is 
how 
The 

reason for this is obvious. Why keep IRE Section 
Records? That is the subject of this discussion. 
Seriously now, how many IRE Sections look 

ahead and actually consider the need for historical 
records at some time in the future? 

The Cedar Rapids Section has just completed its 
tenth year of existence. We are still in our youth. 
Yet our section has lost four of the last ten chair¬ 
men. Soon we will not be able to sit around a 
table, depending upon our memories, to bring up 
the past. It seems necessary to provide assurance 
that those records we now have will be preserved 
and that proper records will be collected each year 
in the future. How might we best accomplish this? 

The Cedar Rapids Section created the office of 
Section Historian in 1953. It became obvious to the 
historian, from a review of the accumulation of 
records, that a uniform system of preparation, 
collecting and preserving records was necessary. 

Records should be kept permanently only if 
they will be used for some purpose at a later date. 
The question is, when and to whom would such 
section records prove valuable? 
The section nominating committee would do 

well to review the past participation of section 
members in section activities. What could be more 
helpful than a complete list of officers, committee 
chairmen and committee members for three or four 
years back. If the nominating committee were con¬ 
sidering a particular individual, would it not be 
helpful if it could refer to a permanent record card 
containing data on professional background and 
experience as well as full details of participation in 
local section activities? We can conceive of a 
“traveling” membership record card which follows 
a member from section to section as he changes his 
residence from one area to another. The newly 
elected section chairman and his executive com¬ 
mittee could make good use of such records in se¬ 
lecting committee chairmen. 
The incoming program chairman would find a 

chronological record of past programs very inter¬ 
esting in avoiding duplication of program ma¬ 
terial, selecting popular subjects and outstanding 
speakers. If appropriate comments were added, 

Merrill S. Smith 
Former Chairman of the Cedar Rapids Section 

other sections would find this record most useful. 
It would seem essential to preserve a financial 

history of the section. This might consist of the 
annual financial report as a minimum and, of 
course, would include the financial results of any 
special activities such as technical conferences. 
There is no need to preserve bank statements, 
cancelled checks, bills, etc. indefinitely. 

1'he Cedar Rapids Section has found Conference 
Reports very valuable. These reports consist of 
recommendations of all Technical Conference 
Committee chairmen and may be used in planning 
conferences for the future. In effect, a collection of 
these reports forms a “How to Run a Conference” 
instruction book. 

The minutes of section and executive committee 
meetings are a must for the permanent record. 
These minutes contain reference to all business 
transactions of the section. It is important, how¬ 
ever, to verify the quality of the minutes prepared 
by the secretary. Normally this is covered by the 
chairman, as the minutes are read during the 
regular business meeting. A standard form of 
minutes can be established to assure complete 
coverage. All minutes should be typed on a good 
grade, rag content paper for permanence. 

It is customary for retiring section chairmen to 
prepare a final report to the section for delivery at 
the annual meeting. With careful planning, this 
report can be made into a condensed historical re¬ 
view of the accomplishments of the section during 
this chairman’s term of office. A file of similar re¬ 
ports would present a continuous story on section 
history. Using such material, the Section Historian 
can readily complete his work with a minimum 
searching for information. 

Only a few examples of the use of permanent 
records can be given here. The purpose of this 
editorial is to start a discussion on the need for 
planning in the preservation of vital IRE records. 
Standardization of the form and content of records 
is needed to assure retention of proper informa¬ 
tion. Possibly a committee should be established 
on a regional or national level to study this prob¬ 
lem and make recommendations for inclusion in 
the Sections Manual. Such a committee might 
answer the questions of whether a Section His¬ 
torian is necessary, and whether the office of Sec¬ 
tion Historian should be established officially with 
firm responsibilities. What do you think on this 
subject? 
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A Developmental Pocket-Size Broadcast 
Receiver Employing Transistors* 

D. D. HOLM ES t, associate, ire, T. 0. STANLEYf, and L. A. FREEDMANf, associate, ire 

Summary—This paper describes a pocket-size developmental 
AM broadcast receiver which utilizes eight junction transistors. Its 
performance is comparable to that of conventional personal receivers. 
Emphasis has been given to developments which contribute to stabil¬ 
ity with respect to temperature, battery voltage, and variations among 
transistors. The superheterodyne circuit employed uses a single¬ 
transistor frequency converter to perform the functions of both mixer 
and oscillator. Refined detector and automatic-gain-control circuits 
and an audio amplifier embodying further development of the prin¬ 
ciple of complementary symmetry are incorporated. Reduction in 
physical size and battery requirement, as compared to conventional 
receivers, is substantial. 

The circuits are described in detail and certain aspects of com¬ 
ponents and of physical arrangement, which contribute to the small 
size, are discussed. Detailed performance data are also included. 

General Description 

r II i H E receiver is shown in Fig. 1. Operation of tuning 
and volume-on-off controls is accomplished by 
means of rim-drive wheels which protrude through 

slots at the end of the receiver case. The tuning indica¬ 
tion is marked on the tuning wheel and is viewed 
through the window at the lower right. A 2X3 inch 
speaker is located behind the lower portion of the deco¬ 
rative grille, and the back of the case is vented to im¬ 
prove acoustical performance. The 4-cell battery is con¬ 
tained in a compartment which is located at the rounded 
end of the receiver and provided with a snap-on cover. 

Fig. 1—Pocket-size broadcast receiver. 

The over-all dimensions of the receiver are: height 2| 
inches, length 5| inches, thickness 1| inches. The total 
weight of this unit is 17 ounces. The dimensions of the 
receiver are determined principally by the speaker, 
tuning condenser, antenna core and battery, i.e., the 

* Original manuscript received by the IRE, January 26, 1955. 
f RCA Laboratories Div., Princeton, N. J. 

transistors and small components occupy only a fraction 
of the total volume of the receiver. For pocket use, the 
thickness is an important dimension. In this receiver the 
desired minimum thickness was achieved by employing 
shallow (approximately 1 inch) versions of a conven¬ 
tional speaker and a conventional tuning condenser. 
The magnet structure of the speaker was rearranged to 
minimize the over-all depth. Approximately the same 
volumes of magnet and iron are employed in both the 
original and modified units; no degradation in perform¬ 
ance is introduced by the modification. The tuning con¬ 
denser was modified by removing some of the plates and 
shortening the shaft and frame. 

The salient performance characteristics of the re¬ 
ceiver are as follows:1

Sensitivity 100 /xv/m 
Noise performance 
ENSI 15 /xv/m 
Input for 20 db S/N 1,300 juv/m 

Power output 125 mw 
Selectivity (ACA) 28 db 
AGC (figure of merit) 37 db 

The battery life of the receiver shown in Fig. 1, em¬ 
ploying RM-1 cells, is approximately 50 hours. Alterna¬ 
tive battery cases housing battery complements repre-

Fig. 2—Receiver case with alternative battery 
case attached. 

senting different design compromises among battery 
life, size, weight, cost, etc., may readily be substituted. 
For example, the battery case shown in Fig. 2 (above) 

1 These data reflect the characteristics of the experimental tran¬ 
sistors used; units of exceptionally high and exceptionally low per¬ 
formance were avoided. 
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accommodates either RM-502 cells, providing a battery 
life of 120 hours, or conventional “pen-lite” cells, pro¬ 
viding a 36-hour life. This battery case increases the re¬ 
ceiver length by | inch. 

Circuit Description 

A schematic diagram of the complete receiver is 
shown in Fig. 3 on the following page. 

Transistors VI through V4 are experimental radio¬ 
frequency units,2 and serve as converter, first and second 
IF and second detector stages respectively. The inter¬ 
mediate frequency is 455 kc. Transistors V5 through V8 
are the audio-amplifier complement. Transistors V5 and 

A ntenna 

The receiver antenna consists of a ferrite-cored loop. 
The core is made up of four 4-inch sections of one-
quarter inch diameter ferrite rod placed side-by-side to 
form a flat structure. This arrangement provides a large 
antenna volume in a shape which is compatible with the 
remainder of the receiver. As large a volume as was con¬ 
sidered practicable was utilized since the power ex¬ 
tracted from a given radiated field by such an antenna 
is proportional to the volume of the ferrite core. 

The antenna loop and secondary winding serve as an 
impedance transformer; the turns ratio is designed to 
match the high tuned impedance of the antenna to the 

PRIM 9OT-7/4I LITZ 
CLOSE WOUND SINGLE-LAYER 
CENTERED ON CORE 

SEC -5T *36 FORMEX 
CLOSE WOUND OVER“R"END 
OF PRIMARY 

ANTENNA CORE —4-4* SECTIONS 
CROWLEY NO 20.0 25*0 FERRITE ROD 
CEMENTED TOGETHER,SIDE - BY - SIDE 

ON 0230 WIDE i O.I25D ARBOR SECONDARY WOUND UNDER 
PRIMARY-DISTRIBUTED OVER LENGTH OF COIL FINISHED 

TRANSFORMER CORES AND MECHANICAL ASSY 
MINATURE l-F TRANSFORMERS ( EXPERIMENTAL ) 

*36 SSE SINGLE-LAYER ON FERRITE 
TOROID SLICED FROM MINATURE IF 
TRANSFORMER CORE NUMBER OF TURNS 
ADJUSTED TO OBTAIN SERIES RESONANCE 
WITH CI3 AT 9I0KC 

COIL ASSY ENCLOSED IN 
CLOSE-FITTING COPPER 
BOX WITH ONE END OPEN 
FOR LEAD ACCESSIBILITY 

toroidal 
CORE 

ALL CAPACITANCE VALUES MMFD UNLESS OTHERWISE SPECIFIED 
ALL RESISTORS ’/3 WATT—107. TOLERANCE 

TRANSISTORS 

VI —V4(p-n-p) EXPERIMENTAL R-F ALLOY JUNCTION TRIODE 

V5-(p-n-p)   TYPE 2N34 
V6-(n-p-n)   TYPE 2N35 
VT-(p-n-p), V8<n-p-n) EXPERIMENTAL HIGH CURRENT ALLOY JUNCTION TRIODE 

Fig. 3—Schematic of pocket-size broadcast receiver. 

V6 are identified by the type numbers 2N34 and 2N35 
respectively. Transistors V7 and V8 are experimental 
high-current p-n-p and n-p-n junction units, respec¬ 
tively, connected as a class B complementary symmetry 
output pair working directly into voice coil of speaker. 

The 5-volt battery consists of four RM-1 Mallory 
Mercury cells. The positive side of the battery is set at 
+1 volt with respect to ground by the bleeder combina¬ 
tion of R7 and R8. The battery is centertapped to pro¬ 
vide the symmetrical supply required by output stage. 

2 C. W. Mueller and J. I. Pankove, “A p-n-p triode alloy-junction 
transistor for radio-frequency amplification,” Proc. IRE., vol. 42, 
pp. 386-391; February, 1954. 

low input impedance of the converter at approximately 
midband. This entails no appreciable sacrifice in per¬ 
formance at the extremes of the band. 

A grounded copper shield is located beneath the an¬ 
tenna between the antenna and the remainder of the re¬ 
ceiver to reduce feedback of IF and its harmonics from 
the detector circuit to the antenna. 

Converter 

Oscillator and mixer functions are performed by VI, 
the converter transistor. The oscillator transformer, Tl, 
provides tickler feedback from collector to base. The IF 
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take-off transformer, T2, is located in the collector cir¬ 
cuit in series with the oscillator transformer primary. 
Signal is applied to the converter base via the antenna 
secondary winding in series with the oscillator feedback 
winding. The input circuit is returned to chassis ground ; 
the collector voltage is —4 volts. The converter is con¬ 
stant-emitter-current biased at approximately 1 ma by 
means of the IK emitter resistor, RI, which returns to 
the +1 volt bus. The 1-volt bias supply is several times 
the emitter-to-base operating potential of the transistor. 
Thus, variations in emitter-to-base operating potential 
among transistors, or with temperature for a given 
transistor, have a negligible effect upon emitter current. 
The bleeder which fixes ground potential is relatively 
stiff (2 ma) so that base current variation with tempera¬ 
ture and among transistors does not shift the operating 
point. Constant-emitter-current bias provides stability 
of operating point over a wide temperature range and 
affords transistor interchangeability. 

The converter emitter is bypassed to ground by C5. 
Bypassing to ground in this manner (rather than to the 
+ 1-volt bus) provides effective rf isolation of the input 
circuit from the positive side of the battery. 

The turns ratios of the oscillator transformer have 
been determined experimentally to provide high operat¬ 
ing Q and near-optimum oscillator injection over the 
band. A representative value of optimum injection is 0.1 
volt rms at the converter base. The oscillator frequency 
is substantially unaffected by a 50 per cent reduction in 
battery voltage or a variation in ambient temperature 
from 0 degrees C. to 50 degrees C. 

The input impedance of the converter varies approxi¬ 
mately 2 to 1 over the broadcast band. An average value 
is 300 ohms. The converter output impedance at IF is 
approximately twice that of the same transistor as an 
IF amplifier, or about 40,000 ohms. A typical value for 
conversion gain is 22 db 

IF Amplifier 

The three IF transformers, T2, T3 and T4 comprise 
three single-tuned circuits which serve as interstage 
coupling networks, having essentially unity coupling 
between primary and secondary windings. These trans¬ 
formers embody an experimental arrangement and are 
ferrite cored. They are approximately $ inch in diameter 
by J inch high. For any given operating Q. minimum in¬ 
sertion loss is incurred by choosing the transformer turns 
ratios so that the reflected load impedance is equal to 
the transistor driving impedance. In this receiver, each 
transformer is designed for an operating Q of 35; the 
resulting insertion loss is 2.5 db per transformer. The dif¬ 
ferent operating conditions of the various stages give rise 
to differences in input and output impedances among 
stages; the various transformer turns ratios are chosen 
accordingly. 

The first IF transformer, T2, feeds the base of the 
first IF transistor, V2, the input impedance of which is 
150 ohms. A neutralized common-emitter connection is 

employed. The operation of the neutralizing circuit may 
be visualized by referring to the single-generator com¬ 
mon-emitter ^-equivalent circuit of the transistor, 
shown in Fig. 4. Feedback from the output to point b' 

Fig. 4—Single-generator common-emitter ir-equivalent circuit of ex¬ 
perimental radio-frequency alloy junction transistor. 

occurs via the parallel combination of Cb'c and rb-c. The 
transistor feedback capacitance and resistance are in the 
order of 15 MP-f and 0.1 megohms respectively. This feed¬ 
back may be neutralized by deriving a reverse-phase 
voltage from the output which is then fed back through 
a suitable parallel rc circuit to the base connection, point 
b. The presence of r^,- renders the neutralization slightly 
dependent upon driving impedance and frequency, and 
influences the requisite parameters in the neutralizing 
circuit. This effect is second order at 455 kc, however, 
and can be neglected. 

The first IF transistor is provided with an initial 
constant-emitter-current bias of 0.5 ma; choice of bias 
for this stage is dictated in part by AGC considerations. 
'Die operation of the AGC circuit is described in con¬ 
junction with the second detector. 

Neutralization is accomplished by utilizing feedback 
from the secondary of the second IF transformer, T3, 
through the 150-/z/zf neutralizing capacitor, C6, to the 
base. The proper primary-to-secondary polarity is as in¬ 
dicated on the schematic. Because the resistive com¬ 
ponent of transistor feedback is relatively small, resistor 
neutralization need not be employed. Since the primary-
to-secondary turns ratio of T3 is approximately 10 to 1, 
a neutralizing capacitor which is ten times the effective 
transistor feedback capacitance is used. T3 provides 
interstage coupling between the 20,000-ohm output im¬ 
pedance of the first IF stage and the 150-ohm input 
impedance of the second IF stage. An IF stage gain of 
approximately 28 db is realized.3

The second IF transistor, V3, is constant-emitter¬ 
current biased at 1.0 ma. The third IF transformer, T4, 
operates between the 20,000-ohm output impedance of 
the second IF stage and the 20,000-ohm input imped¬ 
ance of the second detector. This value of detector input 
impedance applies at receiver-sensitivity level; the de¬ 
tector input impedance decreases with increasing signal 
level. The primary-to-secondary turns ratio of this 
transformer is approximately 1 to 1 so that a 15-Mgf 
neutralizing capacitor, C9, is required. 

3 By way of example, IF transistors having ru/ = 75 ohms, ad, = 20, 
Cb't=M maT and Cb', = 0.001 ^f (“alpha cutoff” of 6 me) would give 
typical performance. 
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Automatic gain control of the first IF stage is ac¬ 
complished by varying its de emitter current as a func¬ 
tion of the signal level at the detector. The manner in 
which 455-kc gain, input impedance, and output im¬ 
pedance vary with emitter current is shown in Fig. 5. 
The transistor gain decreases rapidly as the de emitter 
current is reduced below 0.5 ma. The input and output 
impedances increase with decreasing emitter current so 
that the stage gain is further decreased by input and 
output circuit mismatches. A single-stage control range 
of approximately 45 db is obtained. It is evident that 
automatic gain control will result in a change in operat¬ 
ing Q; the effect of this change on over-all bandwidth is 
discussed below. 

Fig. 5—Typical variation of rf transistor characteristics 
with variation of emitter current. 

Second Detector and AGC 
The second detector transistor, V4, is driven by the 

third IF transformer secondary. This stage operates 
with the base and emitter at the same de potential for 
the zero-signal condition. As signal is applied to the de¬ 
tector, substantially three components of collector cur¬ 
rent are developed; these components increase with sig¬ 
nal. Included are a high-frequency component (IF and 
its harmonics), an audio-frequency component, and a de 
component. The return path for the high-frequency 
component is from the collector through the 910-kc 
series resonant circuit formed by C13 and LI, and thence 
through the series combination of R4 and R5 to the 
emitter. The 910-kc series-resonant circuit confines the 
IF second harmonic current to one return path: reduc¬ 
tion of IF second harmonic feedback to the antenna is 
simplified since the inductive field of the resulting single 
loop may then be readily shielded from the antenna. 
Resistor RIO blocks high-frequency components of col¬ 
lector current from the volume control and associated 
wiring. Audio-frequency components of collector cur¬ 
rent return via C12 through the series combination of 
R4 and R5 to the emitter. The degeneration provided 

by R4 and R5 serves to reduce detector distortion. 
The detector audio output is developed across the 

upper portion of the 5K volume control, Rll. The col¬ 
lector is returned to the volume control slider to provide 
a detector-circuit output impedance which is substan¬ 
tially independent of volume control setting; the collec¬ 
tor impedance is high compared to the volume control 
resistance. The desirability of a constant audio driving 
impedance for the particular audio amplifier utilized is 
discussed later. 

Curves of detector distortion and output voltage vs 
detector input are shown in Fig. 6. Distortion at ap¬ 
proximately receiver-sensitivity level is 11 per cent at 
80 per cent modulation, and falls to less than 2 per cent 
at a signal level corresponding to the knee of the AGC 
characteristic. 

The de component of detector emitter current is em¬ 
ployed for AGC purposes. The de emitter current return 
path is from the positive side of the battery through the 
resistor, R2, in the emitter circuit of the first IF stage, 
thence through R6 and R5 to the detector emitter. 
Negative feedback for de in the detector circuit is pro¬ 
vided by R5, introducing an effective delay in the AGC 
action of the detector. The 30-juf emitter bypassing 
capacitor of the first IF stage, C7, in combination with 
R6, serves to filter out audio-frequency components of 
detector emitter current. 

Fig. 6—Detector characteristics. 

The operation of the AGC circuit is as follows. For 
the zero-signal condition, the first IF stage is constant¬ 
emitter-current biased at 0.5 ma, and substantially no 
de emitter current flows in the detector circuit. As signal 
is increased, detector de emitter current is developed, 
and flows through the resistor R2, in the emitter circuit 
of the first IF stage. Since the bias arrangement of the 
first IF stage holds the current in R2 essentially con¬ 
stant, the detector may be considered to “rob” the IF 
stage of emitter current, i.e., the de emitter current 
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shifts from the IF stage to the detector. As the detector 
emitter current approaches 0.5 ma, the IF stage emitter 
current (and stage gain) approaches zero. Thus, the de¬ 
tector de emitter current at the flat portion of the AGC 
characteristic is equal to the first IF stage de emitter 
current at zero signal. The value of 0.5 ma is chosen as 
being high enough to insure operation of the first IF 
stage near maximum gain for zero-signal condition and 
low enough to prevent detector overload at maximum 
volume control setting under strong signal conditions. 

The detector circuit input impedance varies with sig¬ 
nal level, being about 20,000 ohms at receiver sensi¬ 
tivity level, and dropping to about 5,000 ohms at the 
knee of the AGC characteristic. This produces a lower¬ 
ing of the operating Q of the last IF transformer with 
increasing signal level. At the same time, however, 
AGC action increases the input and output impedances 
of the first IF stage; the operating Q’s of the first and 
second IF transformers are increased so that a negligible 
change in over-all bandwidth occurs. 

The first four stages of the receiver are decoupled 
from the battery by R9 and C15 which prevent audio¬ 
frequency components developed across the battery im¬ 
pedance from affecting the oscillator and AGC circuits. 
The +l-volt bus is bypassed to ground for audio and 
radio frequencies by C14. 

A udio 
The detector is followed by a three-stage audio am¬ 

plifier employing cascade complementary symmetry4 in 
the first two stages, which operate class A, and push-pull 
complementary symmetry in the output stage, which 
operates class B. The voice coil is driven directly from 
the emitters of the output stage. Signal feedback from 
the voice coil to the first audio transistor reduces distor¬ 
tion, relaxes the degree of match required in the output 
transistors, and enhances interchangeability of transis¬ 
tors. Stabilization of operating biases over a wide tem¬ 
perature range is achieved by over-all de feedback. 

The signal feedback from the voice coil to the emitter 
of the first stage, V5, attenuated by the R19 to C19-R14 
voltage divider, increases the input impedance of the 
audio section to about 10,000 ohms. For this type of 
feedback, the degree of degeneration is a function of the 
relative magnitudes of this input-impedance and the 
signal source-impedance. The particular arrangement of 
detector and volume control used here was chosen to 
provide constant source-impedance so that the degener¬ 
ation (10 db) would be independent of volume control 
setting. The increasing impedance of C19 at decreasing 
frequencies determines the low frequency roll-off of the 
amplifier. High frequency roll-off is controlled at input 
to audio section by the shunt 0.1-/zf capacitor, C16. 

The collector of the first audio transistor feeds the 
base of the second, or driver transistor, V6. Effectively, 
the collector of the driver works directly into the bases 

4 G. C. Sziklai, “Symmetrical properties of transistors and their 
applications,” Proc. IRE, vol. 41, pp. 717-724; June, 1953. 

of both output transistors. Actually these bases are 
separated only by a 22-ohm resistor, R16, which de¬ 
velops a small initial bias. The major portion of the sig¬ 
nal current of the driver is made to flow into the output 
stage bases by returning the coupling resistor, R17, to 
the common output stage emitters, via C20. Relatively 
little signal current flows through RI7, since only the 
output stage base-to-emitter voltage need be developed 
across this resistor, rather than the full output voltage. 
The de return path for the driver collector current is 
R17 and RI 8 (no appreciable direct current flows into 
the output bases). The quiescent driver current is made 
sufficiently large to permit the output bases to be driven 
to a peak-to-peak voltage equal to the battery supply 
voltage. The total resistance of resistors R16, RI7, and 
R18 is chosen so that the quiescent voltage developed 
at the driver collector by this current is approximately 
battery centertap voltage. 
The common emitters of the output stage directly 

drive the 12-ohm voice coil, which returns to the battery 
centertap. When the bases of the output stage are driven 
negative with respect to the battery centertap, the p-n-p 
transistor, V7, conducts, current being fed from the up¬ 
per half of the battery to the voice coil. The n-p-n tran¬ 
sistor, V8, and the lower half of the battery function 
similarly for positive excursions. The peak-to-peak volt¬ 
age available across the voice coil is less than the battery 
voltage by the required peak base-to-emitter voltages 
in the output transistors and by signal voltage developed 
in the dynamic battery impedance. The experimental 
output transistors employed are electrically similar to 
those described by Armstrong and Jenny,6 requiring ap¬ 
proximately 0.5 volt between base and emitter for 145 
ma collector current. Thus, with a nominal supply volt¬ 
age of 5 volts , a maximum peak-to-peak voltage across 
the voice coil of about 3.5 volts is realized, correspond¬ 
ing to a power output of about 125 mw. 

The three audio stages are de coupled to permit the 
use of over-all de feedback for stabilization purposes. 
Bias for the base of the first transistor is developed by 
a bleeder, R12 and R13, between the negative side of the 
battery and the battery centertap. The emitter of this 
transistor is returned to the battery centertap through 
R19 and the voice coil. Thus, any de voltage developed 
across the voice coil by unbalanced currents in the out¬ 
put transistors is subtracted from this bias, constituting 
de feedback. The collector current of the p-n-p first 
stage develops a voltage from base to emitter of the 
n-p-n driver stage, controlling the driver collector cur¬ 
rent. The magnitude of the driver collector current de¬ 
termines the voltages applied to the output stage bases. 
When these voltages bracket the battery centertrap 
voltage, balanced currents flow in the output transistors. 
Any departure from this balance, due to variations in 
characteristics among transistors or ambient tempera-

6 L. D. Armstrong and D. A. Jenny, “Behavior of germanium 
junction transistors at elevated temperatures and power transistor 
design,” Proc. IRE, vol. 42, pp. 527-530; March, 1954. 
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ture variation, is of the proper polarity to be self-correct¬ 
ing, through the previously mentioned de feedback to 
the first stage. The unbalance is held within + 10 ma 
from 0 degrees C. to 50 degrees C. For example, the re¬ 
placement of a normal driver transistor by one having 
three times the current gain results in an unbalance of 
only 3 ma. The maintenance of this balance avoids ex¬ 
cessive quiescent current drain on either half of the 
battery supply, and prevents loss of dynamic range due 
to asymmetrical overload. 

The collector current of the first stage is shared by the 
base of the driver and the shunting resistor, R15. The 
de feedback functions to adjust this current to that 
value which will bias the driver stage to 8 ma collector 
current. The component of current flowing into the base 
of the driver stage (for 8 ma collector current) dimin¬ 
ishes with increasing temperature, ultimately reversing. 
The component flowing into R15 remains relatively un¬ 
changed. This latter component constitutes essentially 
the total operating collector current of the first stage 
near the upper temperature limit of the amplifier. The 
value of R15 is low enough to insure adequate operat¬ 
ing current for the first stage to at least 50 degrees C. 

Threshold bias for the output transistors, which 
operate class B, is developed across RI 6. The choice of 
the magnitude of this bias represents a compromise be¬ 
tween (a) the appearance of “cross-over” distortion (in¬ 
sufficient bias), and (b) excessive quiescent battery 
drain (more than sufficient bias). The compromise 
chosen, good at room temperature, tends toward (a) at 
temperatures below 10 degrees C., and toward (b) at 
temperatures above 40 degrees C. 
The volume control and the bleeder for the first audio 

stage are returned to the junction of R20 and C18, de¬ 
coupling them from the negative supply with respect to 
the battery centertap, to which the emitter of the input 
stage ultimately returns. The base and emitter of the 
driver are both returned to the negative supply, and so 
require no decoupling. Voltage developed across the in¬ 
ternal impedance of the lower half of the battery, ap¬ 
pearing at the positive battery terminal and at ground 
with respect to the centertap, is not directly applied to 
the audio section. Paths for current do exist, however, 
through the 910-kc filter in the detector, and through 
the dynamic detector collector resistance. The audio 
impedance of these paths is sufficiently high (more than 
50,000 ohms) that negligible distortion is introduced. 

Power Supply 

The battery consists of four separate cells, grouped 
into two pairs of two cells each to provide a center¬ 
tapped supply for the output stage. The three-point 
power switch is located at the battery centertap, where 
it simultaneously connects the two halves of the battery 
to each other and to the centertap lead. The use of a 
three-point switch, instead of a double-pole switch, facil¬ 
itated the modification of a conventional hearing-aid 
vo\ume-contro\-and-single-pole-switch combination. 

The average battery drain on program material at 
typical listening level is about 20 ma. The first four 
stages require 5 ma; the first audio and driver require 8 
ma; the output stage draws about 7 ma. The zero-signal 
current of the output stage is a few ma; the current in¬ 
creases with signal to as much as 50 ma (average) for 
maximum output on a continuous tone. By the use of 
the class B output stage rather than a conventional 
class A output stage the over-all battery requirement 
has been reduced by a factor of more than three. 

As the battery voltage decreases and battery internal 
impedance increases with operating life, the maximum 
power output capability of the receiver decreases, ulti¬ 
mately determining the useful battery life. Appreciable 
degradation of receiver performance in other respects 
does not occur within this life. The battery life for dif¬ 
ferent types of cells and various maximum undistorted 
output-power end points is shown in Table I. 

TABLE I 
Battery Life Characteristics 

Cell Type RM-1 RM-502 “Pen-Lite” 

Initial maximum undistorted 
output power 

Life to 75 mw maximum undis¬ 
torted output power 

Life to 50 mw maximum undis¬ 
torted output power 

125 mw 

50 hours 

50 hours 

135 mw 

120 hours 

120 hours 

150 mw 

20 hours 

36 hours 

Performance 

The major receiver performance characteristics are 
shown in Fig. 7. These characteristics are generally com¬ 
parable to those of conventional personal receivers em¬ 
ploying vacuum tubes. 

The image rejection and sensitivity characteristics 
are shown in Fig. 7(a). The operation of the antenna 
circuit at approximately one-half its unloaded Q 
(matched condition) results in a steepening of the slope 
of the image rejection characteristic. Approximately 30 
db rejection is provided at the upper extreme of the 
band; rejection increases to 60 db at the lower extreme 
of the band. The IF rejection (not shown) is 30 db at 
600 kc. 

The AGC characteristic, and the signal-to-noise ratio 
as a function of signal level, are shown in Fig. 7(b). The 
AGC figure of merit is 37 db. The receiver noise per¬ 
formance, depending upon many factors (antenna effec¬ 
tiveness, receiver bandwidth, converter noise, etc.), is 
not readily compared with a conventional receiver on 
the basis of any one contributing factor. The signal-to-
noise ratio for a given signal level is in the order of 4 db 
lower than that of a conventional personal receiver. 

The IF selectivity, shown in Fig. 7(c), represents a 
design compromise between selectivity and gain for the 
three single-tuned circuits employed. The adjacent 
channel attenuation is 20 db. A requirement of more 
selectivity might justify the substitution of one or more 
double-tuned circuits. 
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(b) 

(f) 
Fig. 7—Major receiver performance characteristics, (a) Image rejection and sensitivity, (b) Signal-to-noise ratio and AGC characteristic, 

(c) IF selectivity, (d) Over-all selectivity, (e) Electrical fidelity, (f) Distortion characteristic. 

The over-all selectivity characteristic is displayed in 
Fig. 7(d). Over-all selectivity curves for two typical sig¬ 
nal levels are included, demonstrating that the selec¬ 
tivity change due to detector and AGC action is small. 

The electrical fidelity of the receiver is shown in Fig. 
7(e). The high frequency roll-off has been adjusted 

in listening tests to provide a pleasing tonal balance. 
The distortion-vs-power-output characteristic is 

shown in Fig. 7(f). This characteristic is influenced by 
the battery complement employed; the maximum 
power output obtained increases approximately as the 
square of the battery voltage, and decreases with in-
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creased battery internal impedance. For a battery com¬ 
plement, 4 RM-1 cells, (5.0 terminal volts under load) 
as shown, the maximum power output (10 per cent dis¬ 
tortion) is approximately 125 mw. Maximum power 
output achieved with 4 penlite cells (5.6 terminal volts 
under load) for example, is approximately 160 mw. 

The over-all acoustical performance of the receiver 
appears in Fig. 8. The curve shown was obtained in a 
free field sound room with the receiver placed on a table, 
as indicated in the sketch. 

TEMPERATURE (*C> 

Fig. 9—Audio amplifier performance vs ambient temperature. 

The performance of the converter, IF amplifier and 
AGC circuits is substantially unaffected by a variation in 
ambient temperature over the range from 0 degrees C. to 50 
degrees C. The detector (and thus the receiver ) sensi¬ 
tivity varies approximately 2 to 1 over this range, being 
higher at elevated temperatures. The performance of the 
audio amplifier as a function of ambient temperature is 

shown in Fig. 9. These data were taken on an experi¬ 
mental “breadboard” while the receiver was under de¬ 
velopment. The unbalance current remains within 
limits of approximately ± 10 ma over the temperature 
range from 0 to degrees C. 50 degrees C. The distortion, 
for a constant output of 125 mw, is substantially unaf¬ 
fected over this temperature range. 

Physical Details 

Front and rear views of the receiver with the covers 
removed are shown in Fig. 10. The ferrite-cored an¬ 
tenna may be seen at the top of a “chassis” which is 
essentially vertical and to which are attached, by means 
of brackets, the tuning condenser, speaker, and battery 
compartment. The eight transistors, mounted in sub¬ 
miniature sockets, occupy the space immediately below 
the antenna. The miniature oscillator and IF trans¬ 
formers are mounted on the chassis, which serves as an 
electrical ground for the rf and IF portions of the re¬ 
ceiver. The top of the chassis is bent over to form a 
horizontal flange. This flange, the subminiature sockets, 
a copper shield, fibre spacers, and the antenna are ce¬ 
mented together to form an integral sandwich. 

Fig. 10—Front and rear views of the receiver with 
covers removed. 

The tuning capacitor, supplied by Radio Condenser 
Corporation, Camden, N. J., is a modification of a 
capacitor employed in a conventional personal-portable 
receiver design. The oscillator and rf sections employ 
four stator plates each instead of five and seven respec-
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tively, providing the requisite reduction in capacitor 
depth. The resultant reduction in the ratio of maximum 
to minimum capacitance can be tolerated because of the 
relatively low shunt capacitance reflected across the an¬ 
tenna and oscillator-tuned circuits by the converter 
transistor. The tuning wheel is mounted on the rotor 
shaft, within the frame of the condenser. 

The speaker is a modified version of the RCA 214S1 
unit. Standard parts were used except for the field 
structure, arranged as shown in Fig. 11 at right. The 
structure was magnetized, after assembly, by the im¬ 
pulse method, using a ten-turn coil on each magnet 
(series-opposing) and a 4,000-ampere discharge. 

BRASS SPACING 

Fig. 11—Speaker, showing modified field structure. 

Fig. 12—Exploded view of modified volume-control-and-switch. 

The volume control as acquired (Centralab Model 1 
Radiohm, with switch) is equipped with a SPST switch, 
modified as shown in Fig. 12 to provide desired 3-point 
switch. Switch action is such that the movable contact 
is forced between the two stationary contacts. 

Three small 0.1-/xf ceramic capacitors of an experi¬ 
mental type are employed. The small size (0.2X0.50 
X0.03 inch) is achieved through the use of partially-
reduced barium-strontium titanate as the dielectric. 

The 30—/zf electrolytic capacitors are of the sintered-
tantalum type which is notable for its high capacitance-
to-volume ratio. These units were mounted by pressing 

them into holes in the chassis plate. In those instances 
where it was necessary that the outer case of the capaci¬ 
tor be insulated from ground, the unit was first covered 
with a plastic sleeve. 

The battery compartment and receiver case shown 
here were milled from linen-base phenolic stock. For 
convenience, the receiver case was milled in two sections 
which were then cemented together to form a slide-on 
unit which fits flush with the battery case and is screw-
fastened to a bracket on the bottom of the receiver 
chassis. Other experimental receiver cases have been 
constructed using resin-impregnated fibre-glass cloth. 
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An Experimental Automobile Receiver 
Employing Transistors* 

L. A. FREEDMANf, associate, ire, T. 0. STANLEYf, and D. D. HOLMESf, associate, ire 

Summary—This paper describes an experimental automobile 
broadcast receiver utilizing nine experimental junction transistors in 
a superheterodyne circuit. The receiver operates directly from the 
six-volt storage battery without vibrator, power transformer, or rec¬ 
tifier. The average current drain, including that for two pilot lights, is 
approximately one-tenth that of a conventional automobile receiver. 

The performance of this receiver is comparable to that of conven¬ 
tional automobile receivers. Particular emphasis has been placed on 
maintaining performance over a wide range of ambient temperature, 
both to accommodate the severe requirements specified for auto¬ 
mobile service, and to establish the operability over such a tempera¬ 
ture range of apparatus employing germanium transistors. 

The receiver circuits and performance characteristics, including 
performance data for the ambient temperature range —40 degrees C. 
to +80 degrees C., are described in detail. Techniques which render 
circuit operation insensitive to variation of ambient temperature and 
which permit interchangeability of transistors are discussed. 

General Description 

THE AUTOMOBILE receiver, shown in Fig. 1, 
uses nine experimental p-n-p alloy junction tran¬ 
sistors in a superheterodyne circuit employing a 

455-kc intermediate frequency. A permeability-tuned 
rf stage and a class-B transformer-coupled output stage 
are incorporated. The current drain of the radio is 250 
ma for the zero signal condition; an additional 300 ma 
are required by the two pilot lights. On a sustained tone, 
with maximum power output, total drain rises to one amp. 

Fig. 1—Experimental transistor automobile receiver. 

The performance characteristics of the receiver at 20 
degrees C. are summarized below:1

Sensitivity 2 gvolts 
Noise Performance 
Input for 20 db S/N 12 gvolts 
ENSI 0.4juvolts 

Power Output 2 watts 
Selectivity (ACA) 41 db 
AGC (Figure of Merit) 63 db 

* Original manuscript received by the IRE, January 26, 1955. 
J RCA Laboratories Div., Princeton, N. J. 
1 These data reflect the characteristics of the experimental tran¬ 

sistors used; units of exceptionally high and exceptionally low per¬ 
formance were avoided. Long-term life performance of the transistors 
was not evaluated. 

The operating temperature range of the receiver is —40 
degrees C. to +80 degrees C. Circuit techniques provide 
stabilization for the most part, and thermistors are used 
for temperature compensation in the audio amplifier. 
The receiver is constructed in three main sections as 

shown in Fig. 2. These sections are the tuner assembly, 
in the foreground ; the audio amplifier, mounted over the 
tuner; and the high-frequency part of the receiver, in the 
background. 

Fig. 2—Receiver with cover removed. 

Circuit Description 

A schematic diagram of the receiver is shown in Fig. 
3 (on the next pages). Transistors VI through V6 are 
experimental radio-frequency units2 and serve as rf 
stage, mixer, oscillator, two IF stages, and second de¬ 
tector. The audio complement, V7 through V9, are ex¬ 
perimental p-n-p transistors electrically similar to those 
described by Armstrong and Jenny3 but incorporate a 
mechanically and thermally improved mounting ar¬ 
rangement. 

Tuner Transformers 
The electrical elements of a push-button permeability 

tuner manufactured by Radio Condenser Corporation, 
Camden, N. J., were revised for operation in the transis¬ 
tor receiver. Three tightly-coupled transformers are em-

* C. W. Mueller and J. I. Pankove, “A p-n-p triode alloy-junction 
transistor for radio-frequency amplification,” Proc. IRE, vol. 42, 
pp. 386-391; February, 1954. 

3 L. D. Armstrong and D. A. Jenny, “Behavior of germanium 
junction transistors at elevated temperatures and power transistor 
design,” Proc. IRE, vol. 42, pp. 527-530; March, 1954. 
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Transformer cores and mechanical assembly miniature IF trans¬ 
formers described (experimental). 

IF TRANSFORMERS 

Fig- 3—(left half) Schematic of transistor automobile receiver. 

ployed in the antenna-to-rf input, rf-to-mixer inter¬ 
stage, and oscillator circuits. Maximum unloaded Q of 
these transformers is obtained by making the effective 
diameter of the windings as large as the tuner dimensions 
will permit. Tracking of the signal circuits is insured by 
maintaining equal effective diameters of the respective 
coils. Oscillator tracking is accomplished by approxi¬ 
mating a variable-pitch oscillator-transformer winding, 
the desired variable pitch being obtained by changing 
the coil-winder gear ratio at intervals along the coil. The 
pertinent data for the antenna, interstage, and oscillator 
transformers are shown on the schematic. 

Individual coil assemblies of tuner are enclosed 
in shield cans. Magnetite sleeves of |-¡nch inner diam¬ 
eter are provided for antenna and interstage transform¬ 
ers. Powdered-iron tuning slugs are 1.2 inches long by 
0.18 inch diameter; slug travel is about 1 inch. 

Tuner Circuitry 
A conventional automobile rod antenna is employed; 

this antenna feeds the tuned primary of the antenna 
transformer, Tl, as shown on the schematic, Fig. 3. 

Since the antenna is effectively a voltage source in series 
with a capacitor, the power fed to Tl will increase with 
increasing Q and decreasing shunt capacitance. The 
shunt capacitance includes the capacitance of the 
shielded lead from the antenna, the stray capacitance 
of the wiring, and the reflected rf stage input capaci¬ 
tance. The coil Q is limited by the winding dimensions 
to 50-70 across the band. The primary is designed to 
tune with a total of 75 /z/zf, allowing for the above shunt 
capacitance as well as the antenna capacitance and a 
trimmer capacitor, Cl, of 3 to 30 /z/zf-

The choice of operating Q for the antenna and inter¬ 
stage transformers represents a compromise between the 
rejection of image and intermediate frequencies, which 
increases with operating Q, and insertion loss, which 
also depends on operating Q. Mimimum insertion loss 
between the antenna and the rf stage input obtains for 
the “matched” condition, i.e., when the turns ratio of 
IT is adjusted so that the transformer tuned impedance, 
referred to the secondary winding, is equal to the input 
impedance of the rf stage. For this condition, the operat¬ 
ing Q is one-half the unloaded coil Q. For the compromise 
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AUDIO TRANSFORMERS 

Fig. 3—(right half) Schematic of transistor automobile receiver. 

used, the operating Q is eight-tenths of the unloaded Q, 
with an associated increase in insertion loss of 2 db above 
that applying for the matched condition. This compro¬ 
mise is obtained by adjusting the turns ratio so that the 
secondary tuned-impedance is one-fourth the input im¬ 
pedance of VI. A typical value for the input impedance 
of VI at midband is 75 ohms. 

The rf stage bias arrangement renders the stage rela¬ 
tively insensitive to changes in ambient temperature. 
The base is returned to a low resistance bias source of 
— 1.5 volts at the junction of R2 and R3. Below AGC 
threshold, constant-emitter-current bias of 1.3 ma ob¬ 
tains, via the emitter resistor, R4, in conjunction with 
R5, RIO and R20. Emitter is returned to ground for rf 
by C4. Bias conditions with respect to AGC action are 
discussed in connection with the second detector. 

The rf interstage transformer, T2, provides coupling 
from the collector of VI to the base of the mixer, V2. 
In the mid-frequency range of the broadcast band the 
output impedance of the rf transistor is 10,000 to 15,000 
ohms, and the mixer input impedance is typically about 
500 ohms. The operating Q of T2 is 15 to 20 and the 

transformer insertion loss is 3.7 db. This compromise 
between operating Q and insertion loss is obtained by 
adjusting the turns ratio of T2 so that the tuned primary 
impedance of T2 and the reflected input impedance of 
the mixer each equal the output impedance of VI. Tun¬ 
ing of the primary of T2 is provided by C6 and C7. The 
gain of the rf stage is about 20 db at midband. 

The collector circuit of VI returns to the tap on the 
bleeder formed by R6 and R7. The bleeder tap is by¬ 
passed to ground by C5. This arrangement decouples 
the collector circuit from the common supply, and serves 
as a voltage divider to reduce the collector voltage of the 
rf stage. An improved signal-to-noise ratio is obtained 
by operation at reduced collector voltage.4

The tuned primary of the oscillator transformer, T3, 
in the collector circuit of the oscillator transistor, V3, 
affords an unloaded Q of from 40 to 60 over the oscilla¬ 
tion frequency range. A relatively high tank capacitance 
is employed for stability. The number of secondary 
turns was determined experimentally for adequate 

4 Mueller and Pankove, toe. cit. 
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(a) (b) 
Fig. 4—Design curves for double-tuned IF coupling transformers, (a) Variation of adjacent channel attenuation with operating Q and co¬ 

efficient of coupling, for IF =455 kc, channel separation = 10 kc. (b) Variation of insertion loss with operating Q and coefficient of coupling, 
for unloaded Q = 160. 

mixer injection. The secondary applies feedback to the 
base of V3 and is returned to the —1.5 volt bias source 
at the junction of R2 and R3. The R10-C11 network in 
the emitter circuit of V3 introduces degeneration which 
reduces the net positive feedback in the oscillator cir¬ 
cuit. The loading of the oscillator tuned circuit by the 
oscillator transistor input circuit is thus reduced so that 
oscillator tuning becomes relatively independent of the 
oscillator transistor input impedance. The reactance of 
the effective transistor base-to-emitter capacitance is in 
series with the relatively high reactance of Cll. Thus, 
variation of the effective transistor base-to-emitter 
capacitance with frequency does not deteriorate oscilla¬ 
tor tracking. (A decrease of the effective transistor base-
to-emitter capacitance with increasing frequency arises 
from the presence of transistor base-lead resistance, 
which is in series with the emitter-junction capacitance. 
In the 1 to 2 me range, the base-lead resistance and the 
reactance of the emitter-junction capacitance are com¬ 
parable in magnitude.) The resistor RIO, in conjunction 
with the base bias, provides sufficient starting emitter 
current to initiate oscillation. 

The secondary of the interstage transformer, T2, is 
coupled to the base of the mixer, V2. The emitter is re¬ 
turned to ground by R8, which provides bias stability 
in a manner analogous to that provided by the emitter¬ 
return resistorsof theamplifierstages. Approximately 0.4 
volt rms of oscillator injection is applied to the emitter 
through capacitor C8; the corresponding average emit¬ 
ter current is 0.4 ma. The optimum magnitude of oscil¬ 

lator injection depends in part on the magnitude of the 
emitter-return resistor; in this instance optimum injec¬ 
tion is typically 0.35 volt rms. If injection decreases 
below this value, the conversion gain falls rapidly, while 
the conversion gain decreases relatively slowly with in¬ 
creasing injection. Somewhat greater than optimum in¬ 
jection insures interchangeability of mixer transistors 
and minimizes variation of conversion gain with small 
changes in oscillator injection. 

Since the coupling capacitor, C8, presents a low im¬ 
pedance at the intermediate frequency and the second¬ 
ary of T3 has a low impedance at both signal and in¬ 
termediate frequencies, R8 is effectively bypassed to 
ground for both the mixer input and output signals. 

The mixer output impedance is typically 60,000 ohms 
and is relatively independent of signal frequency, while 
the input impedance is about 500 ohms at midband and 
decreases somewhat with increasing frequency. The 
mixer stage conversion gain is about 20 db at midband. 

IF Amplifier* 

The three IF interstage coupling networks consist of 
two capacitively-coupled double-tuned transformers, 
T4-T4 and T5-T5 and a single-tuned transformer T6. 
These transformers embody an experimental arrange¬ 
ment and are ferrite cored. They are approximately f 
inch in diameter by | inch high. The IF amplifier con-

6 The IF, detector, and AGC circuits are similar to those de¬ 
scribed by the authors in a paper entitled “A developmental pocket-
size broadcast receiver employing transistors,” p. 662, this issue. 
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tributes 37 db of adjacent channel attenuation (ACA); 
the selectivity provided by the various interstage net¬ 
works is so apportioned as to minimize over-all insertion 
loss for this ACA. 

For the double-tuned circuits, the ACA is determined 
by the coefficient of coupling, k, as well as the operating 
Q's, as shown in Fig. 4(a). The insertion loss of the 
double-tuned circuits is determined by k, by the operat¬ 
ing Q’s, and by the unloaded coil Q, as shown in Fig. 
4(b). That optimum combination of k and operating Q 
which results in minimum insertion loss for a prescribed 
ACA may be determined from these curves. The varia¬ 
tion of minimum insertion loss vs ACA is shown in 
Fig. 5; a corresponding curve for a single-tuned circuit 
is plotted for comparison. 

Fig. 5—Minimum insertion loss vs ACA for double-
and single-tuned circuits. 

The ACA’s provided by T4-T4, T5-T5, and T6 are 
15.5 db, 15.5 db, and 6 db respectively, and the insertion 
losses are 5 db, 5 db, and 2.5 db respectively. The ampli¬ 
fier provides about 50 db gain from the base of the first 
IF amplifier, V4, to the base of the second detector, V6.6

Biasing of the first IF stage, to which AGC is applied, 
is similar to that of the rf stage. The second IF stage is 
constant-emitter-current biased by means of the emitter 
resistor, RI7. The IF stage bases return to the tap on a 
separate bleeder formed by R12 and R13. The bleeder 
tap is bypassed to ground by C17. This bleeder circuit, 
in combination with the collector-circuit decoupling of 
the second IF stage provided for by R16-C23, serves 
to isolate the IF amplifier from the rf and the mixer 
stages. Neutralization of the IF stages is provided for 
by C19 and C24. 

6 By way of example, IF transistors having ru,’ = 75 ohms, ay, = 20, 
Q'«=ll mmC and Co, = 0.001 gf (“alpha cutoff” of 6 me) would give 
typical performance. 

Second Detector and AGC 

As shown in the schematic, AGC is applied to the rf 
and first IF stages. Emitter current control is employed, 
and is obtained from the audio-AGC detector, V6, via 
R20, R15, and R5. The bias arrangement of VI and V4 
holds the currents in R4 and R14 essentially constant; 
the controlled stages are constant-emitter-current 
biased for the zero-signal condition. An increase in the 
detector collector current produces a proportionate de¬ 
crease in the emitter currents of the controlled stages. 
The magnitude of these currents at zero signal (about 
1.5 ma per stage) is sufficient that the initial decrease in 
current results in little change in gain, introducing the 
desired delay in AGC action. The control current at the 
flat portion of the AGC characteristic is 3 ma; an addi¬ 
tional 1 ma of detector current flows through the shunt 
resistor, R19. The total detector current of 4 ma is then 
sufficiently large to minimize the effects of elevated¬ 
temperature saturation current in the detector tran¬ 
sistor. In the design of an AGC circuit of this type, ad¬ 
justment of the zero-signal emitter currents of the con¬ 
trolled stages provides a convenient level control of the 
flat portion of the AGC characteristic. 

The rc networks in emitter circuits of detector, rf, and 
first IF amplifiers provide filtering of rf and audio com¬ 
ponents of AGC current generated in the detector. 

Detector linearity is improved by degeneration pro¬ 
vided by RI8, in the return path for the audio com¬ 
ponent of detector emitter current. Audio output is 
taken from the collector through the volume control, 
R22. Decoupling from the collector supply is provided 
by R21 and C30. 

Audio Amplifier 

The audio output of the detector is applied, via C31, 
to the base of the audio driver, V7. Since the dynamic 
output impedance of the detector transistor is high, the 
output impedance of the detector stage is essentially the 
resistance of the volume control irrespective of volume 
control setting. The current available for driving the 
following stage is therefore proportional to the resistance 
intercepted between the slider and the common supply. 
Nearly all of this available output current flows into the 
base of the driver, since the driver presents an input 
impedance on the order of 75 ohms. A base-to-collector 
signal current gain of 40 to 50 is realized. For medium 
audio frequencies, the emitter of the driver is bypassed, 
by C32, to the common supply. The low-frequency re¬ 
sponse of the amplifier is down 3 db at that frequency 
at which the input impedance at the base of the driver 
(the product of the driver current gain and the reactance 
of C32) equals the parallel resistance of the volume con¬ 
trol, R22, and the base-bias bleeder resistors, R23 and 
R24. The roll-off frequency, for operation into a 4-ohm 
dummy load, is approximately 120 cps. Response into 
speaker load remains elevated to below 80 cps due to 
mechanical low-frequency resonance of loudspeaker. 
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Control of the driver stage operating current is pro¬ 
vided by the base-bias bleeder in conjunction with the 
emitter resistor R25. The driver collector current is ap¬ 
proximately 15 ma at moderate temperatures; it in¬ 
creases to 30 ma at 80 degrees C. and drops to 10 ma at 
— 40 degrees C. 
The driver collector is transformer-coupled to the 

bases of the push-pull output stage by transformer T7. 
The interstage and output transformer data are given 
on the schematic. 

In addition to the usual transformer design com¬ 
promises, (efficiency, low-frequency response, etc.) the 
following requirements are met in the design of the in¬ 
terstage transformer: 

1. The impedance reflected to the driver collector is 
low enough that driver overload does not occur before 
overload of the output stage. 

2. The series resistance of the primary winding is low 
enough that the loss of driver supply voltage is tolerable. 

3. The two halves of the secondary winding are suffi¬ 
ciently tightly coupled together to avoid transient volt¬ 
ages when current shifts from one output transistor to 
the other. This is accomplished by bifilar winding of the 
secondary. 

A current gain of 5 is afforded by the interstage 
transformer from the collector of the driver to the bases 
of the output transistors. Nonlinearity in the cross-over 
interval is minimized by providing the output tran¬ 
sistors with a small initial threshold bias. Experiment 
indicates that there is an optimum value of threshold 
emitter current, about 20 ma, which results in minimum 
nonlinearity. While this optimum value of current is 
essentially independent of temperature, the correspond¬ 
ing required base-to-emitter bias voltage varies with 
temperature at a rate of approximately —0.0025 volt 
per degree C. The resistor-thermistor networks, R27 
through R33, provide a low-impedance bias source ex¬ 
hibiting the proper variation of voltage with tempera¬ 
ture. The transistor-thermistor mounting arrangement, 

Fig. 6—Power-transistor and thermistor mounting arrangement. 

shown in Fig. 6, provides for close thermal contact be¬ 
tween the transistor case and mounting bracket, and 
thermistor, mounting bracket, and chassis. 

The output stage affords large-signal current gain of 
20 to 30, and transconductance in excess of 1 mho.7

7 These characteristics were obtained with experimental tran¬ 
sistors having substantially better high-current performance than 
that described by Armstrong and Jenny, loc. cit. 

With a 6.6-volt collector supply voltage, a collector 
voltage swing of 6 volts peak is obtainable. The corre¬ 
sponding peak collector current, for 2.0 watts output 
(10 per cent distortion), is 0.67 ampere. The 4-ohm 
speaker voice-coil impedance is transformed to the re¬ 
quired 9-ohm collector load by transformer '1'8. The use 
here of a bifilar wound autotransformer provides close 
coupling and high transformer efficiency. The power 
gain of the output stage is on the order of 24 db. 

High-frequency roll-off of the audio amplifier is con¬ 
trolled by capacitor C34, which introduces inverse feed¬ 
back in the output stage at frequencies above 2 kc. 

The audio input circuits are decoupled from the power 
supply by R26 and C33. 

Power and Interference Considerations 

Conventional means are utilized to eliminate high-
frequency interference on the power lead. A spark plate, 
C36, and an rf choke and capacitor L2, C35, remove the 
vhf and mf components respectively. The receiver chassis 
is insulated from the receiver case. Power connection for 
operation in automobiles with positive or negative 
polarity battery ground is obtained by employing plug 
PIA or P1B, respectively. 

Rejection of high-frequency impulse type of ignition 
interference appearing on the antenna is accomplished 
by the choke, LI, in series with the antenna lead, which, 
together with the shunt capacitance across the antenna 
primary, forms a low-pass filter. 

An additional potential source of interference arises 
from the periodic current drawn by the automobile 
ignition system, which may produce a low-frequency 
voltage fluctuation on the power lead. The presence of 
more than a few millivolts of this type of interference 
appearing between bases and emitters of the gain-con¬ 
trolled stages would produce objectionable modulation 
of the received signal. This is avoided by returning the 
bias bleeders, as well as the collectors of VI through V6, 
to the decoupled voltage available at the junction of 
R26 and C33, and by the additional isolation of the base 
returns provided by C2. 

Performance 

Various receiver performance characteristics are 
shown in Fig. 7 on the facing page. 

The receiver sensitivity as a function of signal fre¬ 
quency appears in Fig. 7(a). The increase in sensitivity 
at the lower extreme of the broadcast band is due largely 
to the increased gain of the rf and mixer stages over that 
obtaining at the upper extreme of the band. The shape 
of this curve is also influenced by the tracking error of 
the oscillator transformer which is plus-or-minus 4 kc. 
This tracking error is due in part to the step approxima¬ 
tion to a variable-pitch winding employed in this trans¬ 
former. 

The IF and over-all selectivity at 1,000 kc, and the II’' 
and image rejection as a function of receiver tuning are 
shown in Figs. 7(b) and 7(c) respectively. These curves 
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SIGNAL FREQUENCY IN KILOCYCLES 

(C) 
Fig. 7 (above and right)—Receiver performance characteristics, 

(a) Sensitivity vs signal frequency, (b) IF and over-all selectivity, 
(c) IF and image rejection characteristics, (d) AGC and noise 
characteristics, (e) Distortion vs power output, (f) Distortion vs 
per cent modulation, (g) Electric fidelity. 

reflect the design compromises in the antenna, inter¬ 
stage, and IE coupling networks. The over-all adjacent 
channel attenuation at 1,000 kc is 41 db. Since the over¬ 
all selectivity is determined almost entirely by the IE 
coupling networks, the ACA is essentially independent 
of the signal frequency. The image rejection at 1,600 kc 
is 42 db and increases to about 60 db at the low end of 
the band. The IF rejection provided at 540 kc is 40 db 
and increases rapidly with increasing signal frequency. 

The AGC and noise characteristics are shown in Fig. 
7(d). The AGC figure of merit is 63 db. The signal input 

(e) 

(f) 

MODULATION FREQUENCY IN CYCLES PER SECOND 

(g) 

required for a 20-db signal-to-noise ratio is 12 /¿volts; the 
corresponding equivalent-noise-sideband input is 0.4 
/¿volt. 

The distortion vs power-output characteristic is dis¬ 
played in Fig. 7(e). Total harmonic distortion reaches 
10 per cent, mostly third harmonic, at approximately 
2 watts output. At this level, distortion arises almost 
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entirely from the curvature of the current-gain charac¬ 
teristics of the output transistors. Since the power out¬ 
put is not limited by the dissipation capabilities of the 
transistors, operation in automobiles with 12-volt elec¬ 
trical systems should permit a substantial increase of 
power output, utilizing the same transistors at the same 
peak currents. 

The distortion vs per cent modulation characteristics 
for 1.0 watt and 100 milliwatts output are shown in Fig. 
7(f). The distortion is substantially constant up to 50 
per cent modulation and increases above this level due 
to an increasing detector contribution. 

The electric fidelity into the speaker load and into a 
4-ohm dummy load is displayed in Fig. 7(g). The 
mechanical resonance of the 6X9-inch speaker and the 
series inductance of the voice coil account for the ele¬ 
vated response into the speaker-load in the vicinity of 
85 and 2,000 cps respectively. Volume-control compen¬ 
sation has not been employed; the electric fidelity is 
essentially independent of volume-control setting. The 
receiver acoustical performance is influenced by the 
effective baffle which is employed, and thus is different 
for various makes and models of automobiles. 

Curves illustrating the performance of the receiver as 
a function of ambient temperature are shown in Fig. 8. 

30/xv 

(a) lO/i» 

l/iv 

-40 -20 0 20 40 60 80 
AMBIENT TEMPERATURE IN DEGREES CENTIGRADE 

Fig. 8—Receiver performance as a function of am¬ 
bient temperature. 

Fig. 8(a) shows the receiver sensitivity and the signal 
required for 20-db signal-to-noise ratio as a function of 
ambient temperature. The sensitivity is 2.0 /xvolts at 
20 degrees C., and is below 10 juvolts over the range 
from —40 degrees C. to 80 degrees C. Loss of sensitivity 
at high temperatures arises from the reduced Q of the 
core materials in the tuned circuits, from detuning ef¬ 
fects, and from a decrease in gain of the high-frequency 
transistors of approximately 1 db per stage. The receiver 
noise performance is substantially unaffected over this 
range of temperature. 

Fig. 8(b) shows the receiver ACA as a function of 
ambient temperature. Differences in tuned-frequency 

shift of the individual IF interstages tend to reduce se¬ 
lectivity at the extreme temperatures. This tendency is 
offset bj' the increase in Q’s at reduced temperatures, 
and aggravated by the reduction in Q’s at elevated tem¬ 
peratures, resulting in a reduction in ACA from ap¬ 
proximately 40 db, at low and moderate temperatures, 
to 31 db at 80 degrees C. 

The variation of the AGC figure of merit with am¬ 
bient temperature is shown in Fig. 8(c). The figure of 
merit is approximately 65 db at low and moderate tem¬ 
peratures, and drops to 51 db at 80 degrees C. The shape 
of the AGC characteristic at any temperature in this 
range is essentially the same as that shown in Fig. 7(d). 
The reduction in AGC figure of merit at elevated tem¬ 
peratures arises from the corresponding reduction in 
receiver sensitivity. 

The total harmonic distortion at 1.0 watt output, 
shown in Fig. 8(d), and the maximum power output (10 
per cent distortion), are relatively unaffected over the 
temperature range from —40 degrees C. to 80 degrees C. 
The increase in distortion at extreme temperatures 
arises for the most part from the imperfect temperature 
compensation provided by the output-stage biasing net¬ 
work. Additional distortion at —40 degrees C. originates 
in the detector-AGC circuitry, and is due mainly to the 
increased impedance of the sintered tantalum electro¬ 
lytic capacitor, C29, in the AGC filter network. It is the 
use of this type of capacitor here, notable for good low-
temperature performance, that permits operation to 
— 40 degrees C. Substitution of a conventional alumi-
num-foil type capacitor restricts the useful lower-tem¬ 
perature limit to approximately —10 degrees C. 

The change in oscillation frequency with change in 
supply voltage, shown in Fig. 9, is about 0.2 per cent per 
volt. The frequency variation of the oscillator with re-

SUPPLY VOLTAGE 

Fig. 9—Oscillator frequency stability. 

spect to ambient temperature is also shown in Fig. 9. 
The difference in oscillator-frequency shift and in the 
frequency shift of the signal tuned-circuits is in the 
same direction and of approximately the same magni¬ 
tude as the shift in the IF tuned-circuits. The net track¬ 
ing error as a function of ambient temperature is there¬ 
fore smaller than either the oscillator- or intermediate¬ 
frequency shifts. 
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A Graphical Sinusoidal Analysis of a Nonlinear 
RC Phase-Shift Feedback Circuit* 

DOMENICK BARBIEREf 

Summary—In certain nonlinear systems, a form of frequency 
response has been observed in which the peak is bent over to the 
right or left depending on the type of nonlinearity. It will be shown 
that a similar response may be obtained in the RC phase-shift feed¬ 
back circuit by inserting a nonlinear resistor, such as a thyrite, in the 
feedback loop. This circuit is discussed with emphasis on a graphical 
sinusoidal analysis of some general applicability which predicts its 
frequency response. An informative physical interpretation is also 
obtained from the analysis of the triple-valued region in the response 
and of the “jump” phenomena. 

The method is essentially a graphical superposition of the voltage¬ 
resistance characteristic of the nonlinear resistor upon the voltage¬ 
resistance characteristics (with frequency as a parameter) of the 
circuit between the two points where the nonlinear resistor is in¬ 
tended to be placed. The points of intersection satisfy both sets of 
characteristics, and therefore yield the response of the circuit. The 
method is also applied to a series RLC circuit containing a nonlinear 
iron core inductor, for which current-inductance curves are super¬ 
imposed. 

Introduction 

Graphical Technique and Illustrative Circuits 

THE ANALYSIS of a nonlinear system generally 
presents an imposing problem. The familiar linear 
approaches, such as the Laplace transform or the 

principle of superposition, are not applicable. With the 
considerable interest in nonlinear analysis in recent 
years, various analytical and graphical methods have 
been developed. These methods have made possible the 
design of systems combining nonlinear with linear ele¬ 
ments for optimum performance. 

The graphical approach presented in this paper yields 
a solution for the first harmonic in a nonlinear circuit. 
In circuits of limited bandwidth and moderate non¬ 
linearity, this solution is often sufficient. The method is 
described below as applied to an RC phase-shift feed¬ 
back circuit containing a nonlinear resistor in the feed¬ 
back loop and to an RLC circuit with a nonlinear iron 
core inductor. The latter circuit is well-known and has 
various applications.1 Since the nonlinear RC phase¬ 
shift circuit was developed and investigated in this 
laboratory, this circuit and its analysis will be described 
in more detail. 

The RC phase-shift circuit which is shown in Fig. 1 
has been in use for some time as an audio oscillator. The 
oscillations are generated by a single amplifier tube and 
a phase-shift feedback network consisting of three or 
more RC sections in cascade. When the tube gain is 

* Original manuscript received by the IRE, September 7, 1954; 
revised manuscript received, February 9, 1955. 

f Formerly Johns Hopkins University Radiation Lab., Baltimore, 
Md.; now associated with Bendix Radio, Div. of Bendix Aviation 
Corp., Baltimore, Md. 

1 C. G. Suits, “New applications of nonlinear circuits to relay 
and control problems,” Trans. AIEE, vol. 51, pp. 914-922; 1932. 

maintained below the value necessary for oscillations, 
a frequency-selective response is obtained. In this ap¬ 
plication, however, the null type of feedback network 
such as the twin-T has been preferred. 

Fig. 1—Basic RC phase-shift feedback circuit. 

The introduction of a nonlinear resistor for one of the 
resistors in the feedback loop results in a bending of the 
frequency response peak to the right or left depending 
on the type of nonlinear resistor. In the region of bend¬ 
ing, the response curve is triple-valued with three possi¬ 
ble values of voltage for one of frequency. This phenom¬ 
enon, which is peculiar to nonlinear systems, has been 
observed in the RLC circuit with a nonlinear reactive 
element,1 in mechanical systems containing nonlinear 
springs,2 and in saturating servomechanisms.8 One may 
consider the nonlinear resistor in the feedback loop of the 
RC phase-shift circuit as equivalent to a nonlinear reac¬ 
tor in the RLC circuit, since the resistor exerts a tuning 
effect through its influence on the feedback phase shift. 
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F!g. 2—Circuit leading to curves in Figs. 3, 4, 5 and 6. 

The nonlinear version of the RC phase-shift circuit is 
shown in Fig. 2. The approach that first comes to mind 
for its analysis is to set up the differential equation for 
each node or mesh as in linear circuits. For the nonlinear 
resistor, some approximate volt-ampere characteristic 
must be assumed, such as several terms of a series ex¬ 
pansion. The mathematics in solving these nonlinear 
equations is considerably involved, and at best, only an 
approximate analytical solution can be expected. 

2 J. J. Stoker, “Nonlinear Vibrations in Mechanical and Electri¬ 
cal Systems,” Interscience Publishers, Inc., New York, N.Y., chap. 
IV; 1950. 

’ E. Levinson, “Some saturation phenomena in servomechanisms 
with emphasis on the tachometer stabilized system,” Trans. AIEE, 
vol. 72, part II, pp. 1-9; March, 1953. 
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In the graphical method, a variable linear resistor is 
first substituted between the two points of the circuit 
where the nonlinear resistor is intended to be placed, as 
shown by Ri in Fig. 2. For some constant value of input 
voltage to the circuit, curves are plotted of the voltage 
across the resistor as a function of resistance with fre¬ 
quency as a parameter. These curves shall be termed the 
voltage-resistance characteristics of the linear circuit, 
and may be computed by linear methods, if desired. 
Upon these curves is superimposed the voltage-resist¬ 
ance characteristic of the nonlinear resistor to an ac vol¬ 
tage. The resistance of the nonlinear resistor is defined 
here as the amplitude of an applied sinusoidal voltage 
over the amplitude of the fundamental component of 
current. The points of intersection between the linear 
circuit characteristics and the nonlinear resistor char¬ 
acteristic satisfy both and, therefore, represent the solu¬ 
tions for the first harmonic in the circuit. For a circuit 
with a nonlinear iron core inductor, current-inductance 
characteristics may be superimposed. Similarly, for a 
circuit with a nonlinear saturating capacitor, voltage¬ 
capacitance curves may be superimposed. 

The retention of only the fundamental component of 
current through the nonlinear resistor in defining its re¬ 
sistance, limits the method to circuits with moderate 
nonlinearity where the harmonics generated by the non¬ 
linear element are either small, or are attenuated by 
falling outside of the circuit passband. In the nonlinear 
RC phase-shift circuit the distortion was very small, 
except for low-frequency inputs to circuit where har¬ 
monics then happened to fall in the region of resonance. 

Comparison with Similar Methods 

Basically, the method above assumes that for the first 
harmonic in a circuit a nonlinear element behaves as if 
it were a variable linear impedance, and solutions are 
obtained by a graphical comparison with an actual vari¬ 
able linear impedance. This procedure was first sug¬ 
gested mathematically by Kryloff and Bogoliuboff,4 who 
derived formulas for the equivalent impedance of non¬ 
linear elements. Their analysis and results, which form 
a significant contribution to nonlinear theory, will be 
outlined very briefly. 

A nonlinear differential equation of the general form 

d2x / dx\ 
m- F e/( X, — J + kx = 0 (1) 
dr- \ dl / 

is considered, where the nonlinear terms in x and the 
damping terms are grouped in ef, which is assumed small. 
For the linear undamped case (e = 0), solution of (1) is 

x = a sin (wt + <T) (2) 

dx 
— = aw cos (wt + </>), (3) 
dl 

4 X. Kryloff and N. Bogoliuboff, “Introduction to Nonlinear 
Mechanics,” Translated from the Russian by S. Lefschetz, Princeton 
University Press, Princeton, N. J.; 1943. 

where w=y/k¡m and where a and d> are constants. For 
the “First Approximation” in a slightly nonlinear sys¬ 
tem, a solution of the same form as in (2) is tried, where 
a and d> are now allowed to be functions of time but are 
so selected that (3) is satisfied. A basic pair of equations 
is derived from which a and may be calculated and 
substituted in (2) for “First Approximation” solution. 

The surprising result of this solution is, it enables 
transformation of (1) to the familiar linear equivalent, 

d"-x _ dx 
m- F X-1- kx = 0 
dP dt (4) 

to terms of order e2. The equivalent dissipation factor, 
X, and the equivalent spring constant, k, are found to 
be given by 

t r 2r
X = - I J (a sin aw cos cos (5) 

irœa J o 

e f 2t
k = k -I f(a sin aw cos sin ¡/dip, (6) 

ira J a 

where k and X are thus functions of the amplitude a, 
rather than the instantaneous displacement x. 

By replacing the mechanical constants in (1) and (4) 
with their electrical analogs, the equivalent impedance 
of various types of nonlinear elements may be derived. 
Consider a nonlinear resistor, an iron core inductor and 
a saturable capacitor, with characteristics that may be 
approximated by the following cubics, respectively, 

e = Ri(\ + ai2) 

= Li(l - ßi2) (7) 

q 
e = — (1 + yq2), 

where T, e, i and q are the instantaneous total flux, volt¬ 
age, current and charge, respectively, and «, ß and y 
are constants indicating the degree of nonlinearity. By 
applying the electrical analogs of (5) and (6), the follow¬ 
ing equivalent constants for the nonlinear elements are 
obtained : 

where I is the rms current. The characteristic of a non¬ 
linear element, originally a function of the instantane¬ 
ous current or charge, has thus been transformed to a 
more workable form for ac circuits dependent on the 
rms current. Considering, as an example, a series RLC 
circuit containing a linear and a nonlinear inductor, we 
may write 
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" = 4/-V C^L + Le) 

(9) 

Kryloff and Bogoliuboff then show that the equivalent 
constants in (8) may be determined more directly from 
(7) by assuming i a pure sinusoid and solving for the 
first harmonic in e (orí). When an approximate mathe¬ 
matical expression, such as in (7), is not readily availa¬ 
ble for the nonlinear element, this approach may be 
carried out experimentally with a harmonic wave analyz¬ 
er. The nonlinear resistor characteristic, as defined in 
the graphical analysis above, is therefore a plot of Re, 
drawn versus Em, rather than Irme. It should be noted 
that Ce in (8) is a function w as well as the rms current, 
so that a family of curves with frequency as a parameter 
is required to represent a nonlinear capacitor. 

Mention should also be made of a similar technique 
which has been applied in an appropriate form to non¬ 
linear feedback control systems. 3 5 The equivalent trans¬ 
fer function of a nonlinear element, such as a relay or a 
saturating component, is determined for the funda¬ 
mental component in the system. This transfer function 
is generally referred to as the “describing function” and 
is a function of amplitude. The equation for the sta¬ 
bility or the closed-loop gain of the system is manipu¬ 
lated so that the describing function appears alone on 
the left-hand side, and the solutions are then obtained 
graphically. 

Procedure 

Nonlinear RC Phase-Shift Circuit 

The circuit shown in Fig. 2 was investigated for two 
types of nonlinear resistors in position Rr. a thyrite 
(General Electric No. 8399401G1) and a pair of 1N58A 
germanium diodes connected back-to-back. The circuit 
characteristics of the voltage across Ri versus linear re¬ 
sistance were measured by inserting a decade resistance 
box for Ri. Since this resistor is floating at both ends, it 
was found expedient to measure the voltage across it by 
feeding the voltages at its ends to a calibrated difference 
amplifier. An abritrary even value of input voltage to 
the circuit was chosen: E,„ = 100 millivolts. Since these 
curves apply to a linear circuit, appropriate scale manip¬ 
ulations may be applied for other inputs, i.e., halving 
the vertical scale adapts curves measured with Ein = 100 
mv to those for Ein = 50 mv. The voltage-resistance char¬ 
acteristics of the circuit in Fig. 2 are shown as the solid 
line curves in Fig. 3. 

The voltage-resistance characteristic of the nonlinear 
resistor was measured by applying a sinusoidal voltage 
of some reasonable audio frequency to the resistor and 

6 E. C. Johnson, “Sinusoidal analysis of feedback-control systems 
containing nonlinear elements,” Trans. AIEE, vol. 71, part II, pp. 
169-181; July, 1952. 

measuring the current component of the same fre¬ 
quency with a harmonic wave analyzer. Since the 
analyzer is a voltage-measuring device, a known neg¬ 
ligibly small resistor was placed in series with the non¬ 
linear resistor and the corresponding voltage developed 
across this small resistor was measured. The character¬ 
istics of the thyrite and of the diode back-to-back ar¬ 
rangement are shown as the broken line curves in big. 
3. These curves are independent of the circuit. 

Fig. 3—Superposition of nonlinear resistor characteristic (broken 
line curves) on circuit characteristics (solid line curves). Circuit 
is shown in Fig. 2. Thyrite is General Electric No. 8399401G1. 
Diodes are two IN58A's back-to-back. 

The broken line curves in Fig. 3 show that the thyrite 
and the diodes represent opposing types of character¬ 
istics. The resistance of the thyrite decreases as the ap¬ 
plied voltage is increased, while the resistance of the 
diodes increases with voltage. Referring back to (7) and 
(8), this is equivalent to a positive for the diodes and 
negative for the thyrite. Considering the back-to-back 
arrangement of the diodes more closely, we note that 
looking into this combination from either direction, the 
back resistance of one diode is seen with the forward of 
the other being negligible. Thus, the diodes character¬ 
istic shown in Fig. 3 represents the back resistance of a 
diode, symmetrically arranged. A characteristic similar 
to that of the thyrite is obtainable by working with the 
forward resistance of the diodes. This may be accom¬ 
plished through a parallel arrangement with plate con-
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nected to cathode. Looking into this combination from 
either direction, the forward resistance of one diode is 
seen with the back of the other being negligible. How¬ 
ever, the low impedance level of this combination re¬ 
sulted in loading difficulties, whence thyrite was used. 
The curve marked £,„ = 100 mv in Fig. 4 was plotted 

from the intersections of the thyrite characteristic with 
the circuit characteristics in Fig. 3. The curve for E,n 
= 50 mv in Fig. 4 was obtained by the simple manipu¬ 
lation of halving the vertical scale in Fig. 3 for the cir¬ 
cuit characteristics and drawing the same thyrite char¬ 
acteristic to this new scale. Fig. 5 shows the correspond¬ 
ing results for the diodes back-to-back arrangement. 

CYCLES PER SECOND 

Fig. 4—Response curves from intersections of thyrite characteristic 
with circuit characteristics in Fig. 3. For £¡„ = 50 mv, vertical 
scale in Fig. 3 was halved and thyrite characteristic drawn to new 
scale. 

Fig. 5—Response curves from intersections of diodes characteristic 
with circuit characteristics in Fig. 3 For £,„ = 50 mv, vertical 
scale in Fig. 3 was halved and diodes characteristic drawn to new 
scale. 

With the thyrite, therefore, the response of the circuit 
is bent over to the right, while with the diodes, the re¬ 
sponse is bent over to the left. A similar situation is 
found in mechanics, where nonlinear “hard” and “soft” 
springs result in responses like those in Figs. 4 and 5, 
respectively.2

In view of the unusual shape of the responses in Figs. 
4 and 5, it would be well at this point to consider what 
is actually observed experimentally as the frequency of 
the audio oscillator input to the circuit is swept. Con¬ 
sider the curve for £,„=100 mv in Fig. 4. For increasing 
frequency, the response rides along A-B until point C 
is reached. The response then suddenly jumps down to 
point E and continues on to F. For decreasing fre¬ 
quency, the response rides along the portion F-E until 
point D is reached. It then suddenly jumps up to point 
B and continues on to A. The points C and D are gen¬ 
erally referred to as the jump points of the circuit. The 
tangent to the response curve at these points is vertical. 
The region between points C and D is not observable 

experimentally, and therefore represents a set of un¬ 
stable solutions. By drawing a vertical constant fre¬ 
quency line at about 450 cps in Fig. 4, the distinguishing 
feature of the unstable region can be seen to be that as 
the input (£,„) to the circuit increases, the output 
actually decreases. 

The curves in Fig. 3 show in a striking manner why 
the triple values and the jumps occur. Following the 
diodes characteristic, we note that for each frequency 
parameter from 525 to 350 cycles, one point of inter¬ 
section occurs between the diodes characteristic and the 
circuit characteristic. At 325 and 300 cycles, three points 
of intersection are found. These points represent three 
possible solutions at a single frequency, one of which 
has been found to be unstable. At 275 cycles, only one 
point of intersection is again found and at a low value 
of voltage. Somewhere between 300 and 275 cycles, the 
voltage was forced to jump from a high value to a low 
value. Observing the relationship of the diodes charac¬ 
teristic to the peaks of the circuit curves, it can be seen 
that for some frequency parameter between 300 and 275 
cycles, there is a critical circuit curve for which the di¬ 
odes curve just glances off the peak. For the circuit 
curve corresponding to the next frequency decrement, 
the diodes curve is above the peak, and an intersection 
can occur only at some low voltage at the lower left¬ 
hand corner of Fig. 3. The frequency parameter of the 
critical circuit curve represents the jump frequency. It 
was estimated that the jump should occur at about 290 
cycles. When the circuit was put together with the di¬ 
odes in place, the jump occurred at 292 cycles. 

The above considerations suggest a quick graphical 
technique for obtaining the jump frequencies of the cir¬ 
cuit directly. If the envelope of the peaks of the circuit 
curves in Fig. 3 is drawn, then the intersection of the 
nonlinear resistor characteristic with this envelope 
represents the approximate jump point. The point is 
approximate in that the nonlinear resistor characteristic 
is actually tangent to the side of the peak of the critical 
circuit curve, rather than to the peak itself. The en¬ 
velope may be plotted directly by setting the variable 
linear resistor in Fig. 2 at some value and varying the 
frequency of the input audio oscillator until a maximum 
voltage across the resistor is noted. The value of this 
voltage and the frequency are recorded. The curve in 
Fig. 6 containing the frequency parameter was plotted 
in this manner for £,„ = 100 mv. Rather than re-plot 
this curve for £,„ = 50 mv and Ei„ = 200 mv, the simpler 
diodes characteristic was manipulated. The remaining 
three curves in Fig. 6 represent the same diodes charac¬ 
teristic as in Fig. 3, except that the curve for £,„ = 50 
mv was drawn with the vertical scale in Fig. 6 halved, 
and the curve for £,„ = 200 mv was drawn with the 
vertical scale doubled. Also shown in Fig. 6 is a com¬ 
parison of jump points as estimated from the figure with 
those actually measured when circuit was put together. 

Most of the labor in setting up the graphical construc¬ 
tion in Fig. 3 is concerned with plotting the circuit 
characteristics. These curves represent the linear circuit, 
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with which the engineer is more familiar. Once the cir¬ 
cuit characteristics are drawn, the effects of various 
types of nonlinear resistors may be investigated. 

Some generality may be ascribed to the circuit char¬ 
acteristics plotted in Fig. 3. The impedance level of the 
feedback loop in the circuit in Fig. 2 may be altered and 
the curves in Fig. 3 still apply as long as the two fixed 
resistors (J?) are maintained equal to each other, and the 
three condensers (C) are maintained equal to each other. 
Changing the value of the three condensers results only 
in a frequency shift. The generalization may be accom¬ 
plished by using the normalized variable Ri/R as the ab¬ 
scissa in Fig. 3 and wRC as the frequency parameter. 
These considerations permit the fitting of the im¬ 
pedance level of the feedback network to that of the 
nonlinear resistor without necessitating continual re¬ 
plotting of the circuit curves. 

JUMP FREQUENCIES 

Ein PREDICTED MEASURED 
50mv 325cps 325cps 
100 293 292 
200 266 270 

RESISTANCE 

Fig. 6—Curve containing frequency parameter is the envelope of the 
peaks of the circuit characteristics in Fig. 3. Remaining three 
curves represent the same diodes characteristic, except that the 
curve for £<„ = 50 mv is drawn to one-half the vertical scale of the 
figure and that for £¿„ = 200 mv to twice the vertical scale. 

The RC phase-shift circuit shown in Figs. 1 and 2 is 
generally referred to as the shunt-C type, since the re¬ 
sistors are floating and the condensers are placed to 
ground. By interchanging the condenser and resistor 
positions, the shunt-R form is obtained. Results similar 
to those discussed above have been obtained with the 
shunt-R form. 

Series RLC Circuit with an Iron Core Inductor 

The graphical construction for this circuit is shown in 
Fig. 7. The solid line circuit characteristics of current 
versus inductance were computed from the formula 

for E = 100 volts, R — 100 ohms and C = 2 mfd, where I, 
E represent rms quantities. A reasonable characteristic 
for the nonlinear inductor was assumed of the form 
(1—3/2/3I2) henries as in (8), and ß was set at 0.5. The 

inductance is therefore one henry for I small and de¬ 
creases to 0.25 henries for 1 = 1 ampere. The iron core in¬ 
ductor characteristic is shown as the broken line curve 
in Fig. 7. From the points of intersection of the inductor 

Fig. 7—Superposition of iron core inductor characteristic (broken 
line curve) on series RLC circuit current versus inductance char¬ 
acteristics (solid line curves). Response in upper right-hand 
corner was plotted from the points of intersection. 

characteristic with the circuit characteristics, the re¬ 
sponse curve in the upper right-hand corner of Fig. 7 
was obtained. As in the RC phase-shift circuit, the inter¬ 
section of the inductor characteristic with the envelope 
of the peaks of the circuit curves yields the approximate 
jump point. In this case, the envelope is a straight 
horizontal line equal to 1=1 ampere. The inductor 
characteristic intersects this line at ¿, = 0.25 henries, 
whence the jump frequency is established at 

1 
f = -= = 225 cycles (10) 

2ttVLC 

for ¿, = 0.25 henries and C = 2 mfd. 
The triple-valued I versus E curve for the circuit may 

be obtained directly as shown in Fig. 8. The solid line 

Fig. 8—Superposition of iron core inductor characteristic (broken 
line curve) on series RLC circuit current-inductance characteris¬ 
tics with applied voltage as a parameter (solid line curves). The 
curve in the upper right-hand corner was plotted from the points 
of intersection. 



684 PROCEEDINGS OF THE IRE June 

curves in Fig. 8 are the same as the 150 cycle curve in 
Fig. 7, except multiplied by an appropriate factor for 
different values of applied voltage. The intersections of 
these curves with the inductor characteristic yield the 
curve in the upper right-hand corner of Fig. 8. Large 
jump changes of current occur at the vertical tangencies 
of this curve with small changes of voltage. This phe¬ 
nomenon has been applied to the design of a voltage 
regulator.1

Conclusion 

The method in this paper may be applied to circuits 
containing a nonlinear element where the first harmonic 
is predominant. For more than one nonlinear element in 
a circuit, the method becomes cumbersome. The ex¬ 
perimental approach shows that the analysis may be car¬ 

ried out with a minimum of computation. In particular, 
the characteristic of the nonlinear element need not be 
known in mathematical form. The method is inapplica¬ 
ble to systems based on extreme nonlinearities, such as 
the rectifier where the de component is actually used, 
and the magnetic amplifier. 
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Backward-Wave Oscillators* 
H. R. JOHNSONf, senior member, ire 

Summary—The Pierce traveling-wave tube theory is modified to 
apply to the backward-wave oscillator. Theoretical dependence of 
both starting current and frequency upon space charge and circuit 
loss is calculated, as is the dependence of efficiency upon these pa¬ 
rameters. Good experimental confirmation is obtained with two 
tubes, one of which was of adjustable length. Pushing, pulling, sta¬ 
bility, frequency gaps, and spurious oscillations are described and 
explained. Lack of oscillation at low-voltage end of tuning range of 
some tubes is tentatively assigned to a velocity-distribution effect. 

Introduction 

THE BACKWARD-WAVE oscillator has several 
useful properties; it tunes fully electronically and 
rapidly over a very wide band of frequencies; it 

has an efficiency comparable to that of a reflex klystron; 
its frequency is rather independent of load impedance; it 
can be designed to be unusually stable in frequency. 

This paper contains a brief review of some of the 
literature bearing on the oscillator (called O-type Car¬ 
cinotron by the French) and a brief statement of the 
physical picture of backward-wave oscillator operation, 
followed by a derivation of the starting current, starting 
frequency, and efficiency of the device. Design curves 
based on this theory are presented, and some experi¬ 
mental results are compared with the theory. 

* Original manuscript received by the IRE, September 20, 1954; 
revised manuscript received, February 24, 1955. 

t Res. and Dev. Labs., Hughes Aircraft Co., Culver City, Calif. 

Past Works 

Several investigations of backward-wave interaction 
appear in the literature. The work of Pierce1 contains an 
arithmetical mistake in calculation of a graph which 
renders the conclusions invalid, and is, in any case, re¬ 
stricted to the case of zero space charge and zero dis¬ 
tributed circuit loss. Kompfner and Williams,2 3 Ep-
sztein,4 and Warnecke, Guenard and Doehler5 clearly 
explain backward-wave oscillation. The former assumes 
both loss and space charge equal to zero. Heffner6 com¬ 
putes starting current as a function of space charge, but 
does not consider loss and space charge simultaneously. 
In addition, he uses Bernier’s7 assumption that current, 
rather than the derivative of current, is the driving 

1 J. R. Pierce, “Traveling-Wave Tubes,” D. Van Nostrand Co., 
New York, N. Y., chap. II; 1950. 

2 R. Kompfner, and N. T. Williams, IRE Conference on Elec¬ 
tron Devices, Ottawa, Ont., Can.; June, 1952. 

3 R. Kompfner and N. T. Williams, “Backward-wave tubes,” 
Proc. IRE, vol. 41, pp. 1602-1611; November, 1953. 

4 B. Epsztein, I RE Conference on Electron Devices, Ottawa, 
Ont., Can.; June, 1952. 

6 R. Warnecke, P. Guénard et O. Doehler, “Phénomènes fonda¬ 
mentaux dans les tubes à onde progressive," l'Onde Électrique, no. 
325; April, 1954. 

6 H. Heffner, “Analysis of the Backward-Wave Traveling-Wave 
l ube,” Elec. Res. Lab. Rep. No. 48, Stanford Univ., Stanford, Calif; 
June 18, 1952, and Proc. IRE, vol. 42, pp. 930-937; June, 1954. 

7 J. Bernier, “Essai de théorie du tube électronique à propagation 
d’ondes,” Ann. Radioêléct., vol. 2, pp. 87-101; January, 1947. 
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term in the transmission-line equation. This leads to a 
small discrepancy between Heffner’s work and the pres¬ 
ent calculations; it may become large for large C and is 
consequently worth mentioning. The work of Walker8 

agrees with the present work despite his unusual nota¬ 
tion, but he does not show calculations for the cases of 
loss, and simultaneous loss and space charge. Muller’s 9 

paper extends the analysis to crossed-fields devices. 
Watkins and Grow 10 have applied Pierce’s 11 current¬ 

limiting assumption to calculating the efficiency of the 
backward-wave oscillator, but they do not consider loss 
and space charge simultaneously either, nor the transi¬ 
tion region between large and small space charge. 
Publication of experimental data has been 

limited.3’10'12’13 Our frequency pushing differs in sign 
from that observed by Kompfner and Williams.3 There 
is no published work designed to check the theory of 
backward-wave oscillator starting current and fre¬ 
quency, nor the effect of tube length and operating 
voltage upon efficiency. 

Physical Picture 

The structure of the backward-wave oscillator is 
elegantly simple. It is similar to the conventional 
traveling-wave amplifier in that it consists of an elec¬ 
tron beam and transmission line which interact for 
many cycles of the oscillation frequency, as shown 
schematically in Fig. 1. The main difference is that the 
circuit is capable of propagating a wave whose phase 
and group velocities are in opposite directions—a “back¬ 
ward wave.” Such a wave can be propagated by the 
lumped circuit, by any periodic structure such as folded 
line or helix, by certain smooth structures such as the 
helical sheath, and presumably by other structures. 

BEAM ENERGY BUNCHER END 

ELECTRON 
GUN 

V ï rilXl111111 1 
OUTPUT tHtt 

CIRCUIT ENERGY 

COLLECTOR 

CATCHER END 

INTERNAL 
TERMINATION 

Fig. 1—Schematic drawing of backward-wave oscillator. 

The principle of operation of this oscillator, as of most 
others, can best be understood by considering the 
buildup of oscillations. Suppose a small pulse of noise 
near a certain frequency f develops on the circuit at the 
end marked “internal termination” on Fig. 1; some of 

8 L. R. Walker, “Starting currents in the backward-wave oscilla¬ 
tor,” Jour. Appl. Phys., vol. 24, pp. 854-859; July, 1953. 

9 M. Muller, “T raveling-wave tube amplifiers and backward-wave 
oscillators,” Proc. IRE, vol. 42, pp. 1651-1658; November, 1954. 

10 D. A. Watkins and R. Grow, “Backward-wave oscillator 
efficiency,” IRE Conference on Electron Devices, Stanford, Calif.; 
June, 1953; and private communication. 

11 J. R. Pierce, loc. cit., chap. 12. 
12 D. A. Watkins, and A. E. Siegman, “Helix impedance meas¬ 

urements using an electron beam,” Jour. Appl. Phys., vol. 24, pp. 
917 922; July, 1953. 

13 J. W. Sullivan, “A wide-band voltage-tunable oxcillator,” 
Proc. IRE, vol. 42, pp. 1658-1665; November, 1954. 

this energy will propagate along the circuit toward the 
end marked “output.” This wave will have a phase 
velocity in the opposite direction, that is, from electron¬ 
gun end to collector end of the tube. If a small electron 
current at a velocity just greater than this phase veloc¬ 
ity is introduced, average kinetic energy of electrons will 
be converted into wave energy, increasing energy of cir¬ 
cuit wave and resulting in more energy appearing at 
“output” than before electron beam was turned on. 

So far, this action is quite similar to the action of an 
ordinary traveling-wave amplifier, except that wave 
energy and electron-beam energy are traveling in oppo¬ 
site directions; however, this “backward-wave ampli¬ 
fier” is inherently regenerative even when the circuit is 
matched perfectly at both ends. The circuit fields at 
“output” produce velocity modulation of the incoming 
electron beam the “buncher” end of the oscillator; this 
velocity modulation becomes current modulation to¬ 
ward the collector or “catcher” end of the tube. The 
current modulation induces energy in the circuit in the 
form of a wave whose phase velocity is nearly the same 
as the electron velocity or a wave whose energy is 
traveling back toward the gun or output end of the tube. 
This returned energy is not caused by reflection; if the 
output load is matched, there is no circuit energy at all 
traveling from “output” to “internal termination.” The 
returned energy produces further bunching, which in 
turn produces more returned energy. For low beam 
currents, regenerative amplification occurs; for higher 
beam currents, the tube will oscillate. 

The amplification frequency, and consequently the 
oscillation frequency, is restricted to that value for 
which the circuit velocity is nearly equal to the beam 
velocity. If the circuit wave is dispersive, as all back¬ 
ward waves must be, the oscillation frequency will be 
tunable over a wide range of frequencies through varia¬ 
tion of the beam voltage. Some feedback-type traveling¬ 
wave tube oscillators used in the past have had this 
property also, except for the objectionable characteristic 
of mode jumping. To stay in the same mode, an oscil¬ 
lator must have a fixed integral number of wavelengths 
around any feedback loop, a condition difficult to 
satisfy in previous traveling-wave tube oscillators, but 
automatically satisfied in the backward-wave oscillator. 
This tube may be imagined to contain many feedback 
loops, the net length of each being zero wavelengths. 
The condition that it remained zero is fortunately the 
condition for gain, namely that the average velocity of 
the electron beam be approximately the same as the 
phase velocity of the circuit. Thus, there is a mechanism 
for automatic mode selection. 

Starting Current and Frequency 

We now proceed to calculate the starting current and 
frequency for the backward-wave oscillator. Pierce 14 dis¬ 
cusses excitation of fields on a circuit by unidirectional 

14 J. R. Pierce, loc. cit., chap. 6. 
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current in a beam passing nearby. The current is as¬ 
sumed to be Re [ï exp (Jut— Fz)]. The power flow P in a 
backward wave is negative, or opposite in direction to 
the phase velocity; thus, to keep X>0 we must rewrite 
Pierce’s circuit equation (7.1) using the new definition 

K = - EJ/lß^P. 

E T PiÆ j2QK~\ . 

r - L r? - r2 ß, J 

(1) 

(2) 

expresses the electric field E produced by a stream cur¬ 
rent i. In (2) the first term is Pierce’s circuit voltage, 
and the second term is the voltage due to local space 
charge. Pierce also shows that a field Re [E exp (Jut 
— Tz) ] will produce a current i according to the ballistic 
equation 

2r.W. - r)> 

and a velocity 

(Jß. - r>oi 
V =-—-; W 

jß Jo 

here ¿/Z0«l and v/wo<Kl have been assumed (small¬ 
signal approximation) to render the ballistic equation 
linear. Eqs. (2) and (3) can be consistent only if the 
determinantal equation 

(jß. - vyw - r2) 
= - + 4r2c3Q(r12 - r2) (5) 

is satisfied, where 

C3 = A7o/4Fo. (6) 

To place this in a form so that the simplifying ap¬ 
proximation C«1 can be applied, define b and d with 

— Ti = — jßt(1 + Cb) + ß,Cd, (7) 

and 3 with 

- r = - jße + ß£ö. (8) 

Let X and y be defined by 

8 = X + jy. (9) 

Note that (7) differs in the sign of d from the definition 
used by Pierce for forward waves. Our definition is 
chosen so that d>0 corresponds to circuit attenuation 
for a backward wave. This will yield, for C«l, the 
small-C determinantal equation 

- 82 = t + 4QC. (10) 
- b - jd + JÔ 

Here the wave with phase velocity opposite to the elec¬ 
tron stream has been dropped, since in the approxima¬ 
tion C«1 it has the same velocity and rate of attenua¬ 
tion whether or not the electron stream is present. 

The three roots of (10), namely, 5i, bi, and b¡, deter¬ 
mine propagation constants of three waves. Associated 

with each wave is a circuit-voltage wave, beam-current 
wave, beam-velocity wave, and total-voltage wave. The 
left-hand side of (2) is called the total voltage of a wave, 
and the first term of the right-hand side is called the 
circuit voltage. Ui is the total voltage of the wave as¬ 
sociated with 3i, Vi, with 32, etc. The sum of the three 
total voltages is designated 

7 = 7, + 72+F3. (11) 

For computing the power delivered to the load when the 
latter terminates the helix, only fields associated with 
the circuit voltage should be considered. Ta is the circuit 
voltage of the wave associated with 3i, Va with 82, etc. 
The above verbal definition of circuit voltage is equiva¬ 
lent to 

(12 ) 
Vi 

and cyclic permutations. The voltage from which the 
actual circuit power should be computed is 

Vc = 7el + Vc2 + 7e3. (13) 

The stream current is, from (3) and (8), 

/ 27oC2\ . Fi 7s V» .... 
(-) 1 = —-— ; (14) 
\ Io ) 8i2 822 Ó32

and the stream velocity is, from (4) and (8), 

Inverting (11), (14), and (15) we find 

7 — (32 + Sj(juoC/n)v + 323,(— 27oC2/Zo)f 

~(1 - 32/5i)(1 - 5J5J 

and cyclic permutations. (It is hoped that use of 17 for 
charge-to-mass ratio of the electron will not conflict with 
later use of 77 for efficiency.) Eq. (16) is good for all 
values of z; we now apply it for z = 0 where the entering 
stream is unmodulated, or 

i = v = 0 at z = 0. 

Suppose some power is applied to the collector end of 
the circuit, traveling toward the gun end. We take the 
applied circuit voltage at the collector end of the tube 
(z = l) to be Vc(l), and the resulting circuit voltage at 
z = 0 to be 7c(0). The voltage gain of this backward¬ 
wave amplifier is | K(0)/Fc(/)|. Using (11) through (17) 
we may write 

VJl) (3? + 4QC) exp (2^30 
exp (i2xN)-=-—---

rc(0) (81 - 82)(3i - 5,) 
(322 + 4ÇC) exp (2-wCNbJ 

(32 — 83)(32 — 3i) 

(Ô32 + 4QC) exp (21rCïV5i) 

(83 - 80(83 - 82) 
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N is the length of the beam in electronic wavelengths, or 

0J = 2tN. (19) 

Let us take the distributed loss of the circuit as 

40tt 
L =-dCN = 54.575 dCN decibels. (20) 

In 10 

Given L and QC as parameters, (10) implicitly gives Si, 
S2, and Ô3 as functions of CN and b. Imagining these 
values for Si, bz, and S3 substituted into (18), we have the 
gain of the backward-wave amplifier in terms of CAT and 
b with QC and L as parameters. For each pair of values of 
the parameters, the gain proves to have an infinite 
value for certain critical pairs of values of CN and b. 
Consider a tube of certain length, with certain beam 
voltage Fo! as beam current Io is raised, a certain cur¬ 
rent I, will be reached which makes CN exceed the 
lowest of the critical values at the frequency appropri¬ 
ate for the necessary value of b. At this point, the tube 
will break into backward-wave oscillation. Accordingly, 
the conditions for backward-wave oscillation are the 
roots CN and b of the complex equation 

VM 
Vc(0) 

= 0, (21) 

in which QC and L are parameters. We have solved this 
equation numerically for the lowest mode of oscillation 
(root of smallest CN) for a grid of values of the parame¬ 
ters. The results are presented in tabular form in Table I 
(right) and also in Figs. 2 and 3, following page. Here II= 
2irNuQ/w,ß = — jTi,(ß— ß,)l = 2TtCNb,andut/u = \/ÍQC3; 
see Appendix for uses of some of these quantities. These 
results differ slightly from those of Heffner;6 they agree 
with those of Walker8 for the only cases he computes, 
namely various values of QC for L=0. 

No matter whether QC, II, or Q/N is used as a space¬ 
charge parameter, this start-oscillation condition di¬ 
vides the CN vs space-charge plane into two regions; in 
one, oscillation can occur. As current Io is increased in a 
tube, a locus of operating points will be described in the 
CN versus QC plane. The locus will be a straight line of 
unity slope, passing through the origin, since both CN 
and QC for the tube are proportional to Zo 1/3. Where this 
locus intersects the CN vs QC characteristic of Table I, 
oscillation will begin. When Q/N is used as the space¬ 
charge parameter, the locus of operating points is a 
vertical line, since Q/N is independent of Io. This prop¬ 
erty renders Q/N a useful parameter in design. It is 
interesting to note that the starting characteristic in 
this latter plane is a monotonically increasing function, 
and there exists a CN for every Q/N. This is in contrast 
to certain experimental results obtained with most 
backward-wave oscillators at low voltages; conse¬ 
quently, we look for another effect which may lead to 
an operating condition in which backward-wave oscilla¬ 
tion is impossible for any current when beam volt¬ 
age is low enough. This is described later under ve¬ 
locity distribution effects. 

The preceding information easily can be used to com¬ 
pute the starting current I, of a backward-wave oscil¬ 
lator of beam voltage Vo whose electron transit time is 
N cj cles. K, for a helix, can be determined from the 
paper of W’atkins and Ash 16 or from the approximate 
formulas 

16.7£a Zi2(?r) 
-— (unifilar helix) 
(1 - 0.923ka)2 h\ya) 

TABLE I 

Theoretical Starting Conditions for 
Backward-Wave Oscillator 

L b CN H (9-Ml QC/CN 

QC=0 

0 
2 
4 
6 
10 
15 
20 
25 
30 

1.522 
1.488 
1.457 
1.427 
1.375 
1.318 
1.271 
1.231 
1.197 

0.3141 
0.3275 
0.3414 
0.3556 
0.3847 
0.4229 
0.4627 
0.5040 
0.5470 

0 
0 
0 
0 
0 
0 
0 
0 
0 

3.003 
3.062 
3.125 
3.188 
3.324 
3.502 
3.695 
3.898 
4.114 

0 
0 
0 
0 
0 
0 
0 
0 
0 

QC=0.25 

0 
2 
4 
6 

10 
15 
20 
25 
30 

1.501 
1.472 
1.445 
1.421 
1.380 
1.341 
1.314 
1.294 
1.282 

0.3434 
0.3603 
0.3774 
0.3955 
0.4329 
0.4826 
0.5348 
0.5893 
0.6451 

2.158 
2.264 
2.371 
2.485 
2.720 
3.032 
3.360 
3.703 
4.053 

3.238 
3.333 
3.426 
3.531 
3.754 
4.066 
4.415 
4.791 
5.196 

0.7280 
0.6939 
0.6624 
0.6321 
0.5775 
0.5180 
0.4675 
0.4242 
0.3875 

QC = 0.50 

0 
2 
4 
6 
10 
15 
20 
25 
30 

1.533 
1.526 
1.526 
1.530 
1.543 
1.553 
1.555 
1.551 
1.547 

0.3990 
0.4237 
0.4483 
0.4731 
0.5207 
0.5775 
0.6344 
0.6934 
0.7554 

3.545 
3.765 
3.984 
4.204 
4.627 
5.132 
5.637 
6.161 
6.712 

3.843 
4.063 
4.298 
4.548 
5.048 
5.635 
6.198 
6.758 
7.343 

1.253 
1.180 
1.115 
1.057 
0.9602 
0.8658 
0.7881 
0.7211 
0.6619 

QC = 0.75 

0 
2 
4 
6 
10 
15 
20 
25 
30 

1.834 
1.838 
1.839 
1.833 
1.825 
1.818 
1.817 
1.818 
1.821 

0.4660 
0.4857 
0.5062 
0.5273 
0.5730 
0.6358 
0.7023 
0.7686 
0.8359 

5.071 
5.286 
5.509 
5.739 
6.236 
6.919 
7.643 
8.365 
9.097 

5.370 
5.609 
5.849 
6.073 
6.571 
7.263 
8.018 
8.780 
9.564 

1.609 
1.544 
1.482 
1.422 
1.309 
1.180 
1 .068 
0.9758 
0.8972 

QC=1.00 

0 
2 
4 
6 
10 
15 
20 
25 
30 

2.072 
2.064 
2.059 
2.058 
2.063 
2.067 
2.065 
2.063 
2.064 

0.4914 
0.5156 
0.5413 
0.5684 
0.6218 
0.6866 
0.7537 
0.8249 
0.8982 

6.1745 
6.479 
6.802 
7.143 
7.814 
8.628 
9.471 
10.366 
11.287 

6.397 
6.687 
7.003 
7.350 
8.060 
8.917 
9.779 
10.69 
11.65 

2.035 
1.939 
1.847 
1.759 
1.608 
1.456 
1.327 
1.212 
1.113 

QC=l.50 

0 
2 
4 
6 
10 
15 
20 
25 
30 

2.499 
2.498 
2.495 
2.491 
2.490 
2.493 
2.492 
2.492 
2.492 

0.5522 
0.5764 
0.6022 
0.6293 
0.6881 
0.7605 
0.8350 
0.9138 
0.9935 

8.498 
8.871 
9.268 
9.685 
10.59 
11.70 
12.85 
14.06 
15.29 

8.670 
9.047 
9.441 
9.850 
10.77 
11.91 
13.07 
14.31 
15.56 

2.629 
2.602 
2.491 
2.384 
2.180 
1.972 
1.796 
1.641 
1.510 

15 D. A. Watkins and E. A. Ash, “ The helcx as a backward-wave 
circuit structure,” Jour. Appl. Phys., vol. 25, pp. 782-790; June, 1954. 
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Fig. 2—Theoretical curve of CN vs Q/N at start of 
backward-wave oscillation. 

(23) 
18.4 

K =-(bifilar helix). 
1 - 1.224£a Z^ya) 

These are good approximations to the results of the 
paper mentioned above for 0.2 <¿a<0.6. We have as¬ 
sumed the tape width equal to the gap width, in addi¬ 
tion to the assumptions made in that paper. Q can be 
determined from the Appendix of this paper. Q/N is 
then calculated and CN obtained from Fig. 2. C and Io 
can be obtained using (6); then Fig. 3 determines the 
frequency of oscillation. 

the theory; in view of this possible use, and the con¬ 
siderable arithmetic labor involved in the computation, 
they are presented for reference as Table II (opposite). 

It is useful to note that asymptotic expressions6 for 
the starting conditions can be developed in the regime 
of large QC (QC>0.25). In this regime, the second term 
of (18) is negligible compared to the first and third, as 
can easily be verified numerically using the information 
in Tables I and II, as shown in Fig. 4. If circuit loss is 
assumed to be zero, 

02^jV4QC (24) 

so this wave is essentially the unperturbed fast space¬ 
charge wave of Hahn and Ramo.'6 The magnitudes of 
the three terms of (18) at the start of oscillation are 
plotted in Fig. 4. For large space charge, the second 
term is obviously negligible; i.e., the interaction is be¬ 
tween the slow space-charge wave and the circuit wave. 

Q/N 

Fig. 4—Relative magnitudes of the three partial waves in the back-
ward-wave oscillator at start of oscillation, vs space-charge 
parameter Q/N. L=0. 

Fig. 3—Theoretical curve of vs Q/N at start 
of back ward-wave oscillation. 

The computations for CN and (ß—ß^l necessitated 
calculation of the roots ôi, Ô2, and ô3 for each value of 
QC and L. These values are important for extensions of 

Furthermore, ôi and Ô3 are pure imaginaries so the mag¬ 
nitudes of the coefficients of the exponentials of the first 
and third terms of (18) must be equal in order that (21) 
can be satisfied. This can occur if 

b V4ÇG (25) 

or slow space-charge wave must be in exact synchronism 
with circuit wave. Thus, using (24) and (10), 

Ô. = - jV^QC [1 - 1/2(QC)^J (26) 

Ô3 = - [(1 + 1/2(QCW4]. (27) 

In order for (21) to be satisfied, the arguments of the 
exponential in the first term of (18) must differ from that 
of the last term by j(2n + l)ir, so 

Ç2n+l^QCy* 
CA = -> or (28) 

CN = [(2„ + (29) 

This expression agrees with Fig. 2 for L=0, Q/N> 1.4. 

16 S. Ramo, “Space charge and field waves in an electron beam,” 
Phys. Kev., vol. 56, pp. 276-283; August 1, 1939. 
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TABLE II 
Theoretical Propagation Constants for Waves in a Backward-Wave Oscillator at Start of Oscillation 

L 01
Fast space-charge wave 

«2 «3 

çc=o 

0 
2 
4 
6 
10 
15 
20 
25 
30 

0.72521 + .15046; 
0.74390 + .13938; 
0.76168 + .12775; 
0.77885 + .11591; 
0.81036 + .09118; 
0.84560 + .05976; 
0.87594 + .02827; 
0.90220 -.00246; 
0.92476 -.03180 

-.72521 + .15046; 
-.71527 +.16864; 
-.70537 + .18423; 
-.69589 + .19784; 
-.67805 +.21964; 
-.65872 + .23995; 
-.64244 +.25459; 
-.62890 +.26552; 
-.61775 +.27382; 

0 -1.82293/ 
0.083275 — 1.79602; 
0.15838 -1.76898; 
0.22624 -1.74075; 
0.34389 —1.68582; 
0.46303 -1.61770; 
0.55850 — 1.55386; 
0.63562 — 1.49407; 
0.69799 — 1.43902; 

QC = 0.25 

0 
2 
4 
6 
10 
15 
20 
25 
30 

0 -.35593; 
0.05419 -.34376; 
0.10593 -.3H55j 
0.15427 — .33672; 
0.24007 — .34616; 
0.32703 -.37039; 
0.39468 - .40127; 
0.44779 -.43302; 
0.48865 -.46539; 

0 +. 74479; 
-.01618 + .74146; 
-.03159 + .74044; 
-.04565 +.74147; 
-.06908 + .74741; 
-.08987 +.75792; 
-.10346 +.76862; 
-.11248 +.77793; 
-.11831 +.78592; 

0 —1.88986; 
0.06369 -1.86970; 
0.11985 —1.84789; 
0.16938 -1.82575; 
0.25231 -1.78125; 
0.33234 — 1.72853; 
0.39408 — 1.68135; 
0.44209 -1.63891; 
0.48166 —1.60254; 

QC = 0.50 

0 
2 
4 
6 
10 
15 
20 
25 
30 

0 -. 79876; 
0.04676 — .79680; 
0.08835 — .80145; 
0.12507 -.81025; 
0.18685 — .83442; 
0.24963 -.86576; 
0.30151 — .89517; 
0.34522 - .92156; 
0.38099 -.94662; 

0 + 1.28250; 
-.004494 + 1.28231; 
-.008465 +1.28272; 
-.011934 +1.28350; 
-.017663 + 1.28558; 
-.023288 + 1.28806; 
-.027729 +1.29016; 
-.031282 + 1.29186; 
-.034054 +1.29334; 

0 — 2.01674; 
0.04423 —2.01151; 
0.08361 — 2.00727; 
0.11926 — 2.00325; 
0.18272 -1.99415; 
0.24956 — 1.97530; 
0.30392 —1.95000; 
0.34666 — 1.92130; 
0.38076 — 1.89371; 

QC = 0.15 

0 
2 
4 
6 
10 
15 
20 
25 
30 

0 -1.19645; 
0.03810 — 1.19988; 
0.07316 -1.20315; 
0.10547 -1.20775; 
0.16333 -1.21765; 
0.22218 —1.23635; 
0.26825 —1.25934; 
0.30545 — 1.28430; 
0.33544 — 1.30921; 

0 + 1.64704; 
-.001933 + 1.64718; 
-.003706 + 1.64728; 
-.005329 + 1.64741; 
-.008181 + 1.64762; 
-.011015 +1.64811; 
— .013193 + 1.64874; 
-.014931 + 1.64942; 
-.016322 +1.65006; 

0 — 2.28459; 
0.039287 —2.28531; 
0.075342 — 2.28113; 
0.10826 — 2.27465; 
0.16465 — 2.25497; 
0.22113 -2.22975; 
0.22674 — 2.20640; 
0.30548 - 2.18412; 
0.33838 - 2.16285; 

QC=1.0 

0 
2 
4 
6 
10 
15 
20 
25 
30 

0 — 1.50029; 
0.036174 — 1.49754; 
0.069266 — 1.49845; 
0.099034 — 1.50294; 
0.15005 -1.51868; 
0.20269 — 1.54151; 
0.24689 — 1.56200; 
0.28204 —1.58323; 
0.31087 -1.60445; 

0 + 1.93663; 
-.001165 + 1.93652; 
-.002223 +1.93650; 
-.003173 +1.93656; 
-.004804 + 1.93685; 
-.006478 +1.93725; 
-.007839 + 1.93752; 
-.008909 + 1.93780; 
-.009779 +1.93807; 

0 — 2.50834; 
0.036061 —2.50298; 
0.068358 — 2.49705; 
0.097539 — 2.49163; 
0.14936 - 2.48117; 
0.20409 — 2.46373; 
0.24715 — 2.44052; 
0.28187 — 2.41857; 
0.31091 —2.39762; 

QC=1.5 

0 
2 
4 
6 
10 
15 
20 
25 
30 

0 — 1.99950; 
0.031861 —2.00014; 
0.061188 —2.00168; 
0.088230 — 2.00415; 
0.13464 — 2.01538; 
0.18205 - 2.03483; 
0.22132 — 2.05383; 
0.25274 —2.07319; 
0.27891 — 2.09223; 

0 +2.40753; 
-.0005534 + 2.40753; 
-.001060 +2.40752; 
-.001523 +2.40751; 
-.002319 +2.40758; 
— .003135 +2.40771; 
-.003798 +2.40782; 
-.004327 +2.40792; 
-.004764 +2.40802; 

0 — 2.90703; 
0.032273 -2.90539/ 
0.061572 — 2.90084; 
0.087993 -2.89437; 
0.13398 — 2.88220; 
0.18249 — 2.86588; 
0.22138 — 2.84599; 
0.25289 — 2.82673; 
0.27916 —2.80779; 

m=0 corresponds to the fundamental oscillation just 
discussed, whereas w = 1 corresponds to the first spurious 
frequency. It is interesting to note that the ratio of 
spurious to fundamental starting current at fixed Q/N 
is independent of Q/N, and equal to 81. This is the 
value which is approached asymptotically for large QC, 
as described in a later section. 

Effect of Velocity Distribution on 
Starting Current 

There is reason to believe that velocity-distribution 
effects can produce a significant increase of starting cur¬ 
rent for backward-wave oscillation; in fact, under cer¬ 

tain conditions the oscillation theoretically cannot start 
for any current. This velocity distribution arises be¬ 
cause negative charge in the beam depresses the poten¬ 
tial of the beam center below that at the outer edge, with 
consequent reduction in average electron velocity. 

If the beam current is considerably’ less than that 
corresponding to limiting perveance, solution of Pois¬ 
son’s equation can be carried out for a hollow beam of 
mean radius b and thickness t. The velocity-distribution 
function is rectangular, roughly centered near u0 and 
of total width Awo where 

Atto t / m Io - =-4/-— • (30) 
«o SttéoÍ 2e Po3'2
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Watkins and Rynn 17 and Pierce18 have analyzed the 
effect of a velocity distribution of the electron beam 
upon the gain of a traveling-wave tube. The secular 
equation is modified by the addition of a term entering 
just as QC\ the presence of a rectangular velocity dis¬ 
tribution may be taken into account approximately by 
replacing QC in the secular equation with 

Q'C = QC + (31) 

The starting current of a backward-wave oscillator is 
implied by Fig. 2 and Table I; let us represent this rela¬ 
tionship as 

CN =f’{Q'C,L}; (32) 

or using (6), (30) and (31), 

CN=f' 
Q 
— (CN) + D(CNY (33) 

where 

l2m 
D = ______ 

WiWeNWV, 

= 0.574 X 108/2/Z>2tV4Æ2F0. (34) 

This expression can of course be plotted as 

CN = j{Q/N, 79} (35) 

as has been done in Fig. 5. The interesting result should 
be noticed, when the velocity-distribution parameter 
D>16—no CN exists for backward-wave oscillation. 
That is, 

Fig. 5—CN vs Q/N at start of oscillation for backward-wave oscilla¬ 
tor, with velocity-distribution parameter D as parameter; D for a 
hollow beam is given by (34). Here L=0. 

Experimentally, we find that oscillation does indeed 
cut off at low voltages—there is a lowest voltage below 
which oscillation cannot be obtained. At the cutoff, we 
find N about four times the predicted value, so the 

17 D. A. Watkins and N. Rynn, “Effect of velocity distribution on 
traveling-wave tube gain,” Jour. Appl. Phys., vol. 25, pp. 1375-1379; 
November, 1954. 

18 J. R. Pierce, private communication. 

above theory is verified only qualitatively. Perhaps a 
theory based upon a more realistic model than the pre¬ 
ceding would improve the agreement. 
This phenomenon may have two applications. For 

higher modes of oscillation, using (28), we predict 
¿1/2 

N > 44(2» + 1)-, (37) 

so that for 

/H 2 tN2
132- > N > 44- (38) 

Jl/2^1/2^1/4 bll2Kll2Vol* 

fundamental oscillation should be possible but the un¬ 
desirable spurious oscillation ruled out. 

Sometimes a traveling-wave tube amplifiers employ 
circuits with unwanted backward-wave components 
which may lead to parasitic backward-wave oscillations. 
R. Weglein has suggested that if (37) is not satisfied for 
these backward waves, the parasitic may be suppressed. 

Efficiency 

The efficiency of a backward-wave oscillator is much 
more difficult to compute exactly than are the starting 
current and frequency, since nonlinear or limiting proc¬ 
esses are involved. Nevertheless, as Pierce 19 suggested, 
the linear theory may be used to shed some light on this 
important problem through the assumption that the 
linear equations apply up to the limit or saturation 
point 

la 

The linear ballistic equation (3) was derived from the 
nonlinear one by the assumptions i/Io<£l, v/uo^-i. 
Nevertheless, one might expect to obtain at least order-
of-magnitude efficiencies by letting a = l or thereabouts 

Fig. 6—Theoretical plot of alternating component of beam current 
I (2FoC2/Èc(O)/o)f| vs normalized distance z/l from gun end of 
tube. Pierce space-charge factor QC is parameter. Tube loss L =0 
is shown, but L = 2, and L = 4 were also computed. 

—Watkins and Grow10 have suggested a = 2 for 
QC<0.25 and a = l for 000.25. Their calculations 
were based on L = 0 and z = l (collector end of the tube), 
but they have suggested that the maximum value of | i| 
may, for intermediate values of QC, occur for 0<z<l. 

19 J. R. Pierce, loc. cit., chap. 12. 
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To calculate i as a function of z/l, (14) is combined 
with (16) with the result that 

exp (j’0,z) 
2VJJ2 \ . exp (ß,zSi) 

/oTc(O) / (3j — 3j)(3i — 5a) 

exp (3.z3s) 

(5a — — Si) 

+ . (40)
(3j — 3i)(3j — 3a) 

Fig. 6 (previous page) shows several curves of 
I [2 FoC2/K(O)Zo]iJ vs z/l to illustrate (T = 0, 2, and 4 
decibels were calculated, but only L = 0 is shown). These 
curves may have QC and L as parameter; under as¬ 
sumption (39) their maxima may be used to determine 
[using (1)] 

(41) 

(42) 

This derivation uses the fact that Fc = V where i=v = 0, 
which follows from (11) through (15) inclusive. Fig. 7 
shows r/lcru/Jj versus QC with L as parameter; the 
heavy line shows 7?=a2w9/w or n/ocC = \^QC-

uq/<¿ = x^4QC3 (43) 

is the ratio of plasma frequency to operating frequency. 
Reduction in efficiency in the presence of distributed 
loss of two and of four decibels is also shown in Fig. 7. 
The effect of this loss is equivalent to that of a lumped 
attenuation L' <L placed between a lossless tube and 
the load. The value of L'/L vs QC is plotted in Fig. 8. 

Experiments on Starting Current 
and Frequency 

An experimental check of the preceding theory for 
starting current and frequency has been carried out. A 
special tube constructed for this purpose is shown in 
Fig. 9. The slow-wave circuit was a helix, and a hollow 
annular beam of electrons was used. Interaction of the 

Fig. 7.—Theoretical plot of normalized efficiency vs 
Pierce space-charge factor QC, with total distributed loss L in 
decibels as parameter. 

Fig. 8—Theoretical plot of L'/L vs Pierce space-charge parameter 
QC. L' is the value of loss in decibels in an external pad which will 
degrade the tube efficiency by the same amount as a loss L decibels 
distributed along the internal circuit. Efficiency ijo in loss-free 
case is related to efficiency in presence of distributed loss L 
decibels through 

beam with the helix occurred over a length which could 
be adjusted while the tube was in operation. The inter¬ 
action took place from gun end of helix to collector, a 
movable iron affair (Fig. 10, next page) which could 
slide on ceramic rods when it was pushed by the mag¬ 
netic armature. This armature was moved by a small 
solenoid, operated on alternating current for ease of 
motion, and located outside the main magnetic focusing 
field. The helix was well terminated for rf by four 
ceramic rods coated with aquadag which slide along 
with the collector. 

The boundary of the helix at the collector end was 
taken as the position of these attenuator rods. Power 
from the collector end of the helix was matched to a 
coaxial line with a transition developed by B. Keach. 

ELECTRON 
GUN 
ENVELOPE 

R-F ACTIVE 
OUTPUT HELIX 

Fig. 9—Photograph of movable collector tube. 
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Fig. 10—Artist’s sketch of the movable collector. 

Pertinent dimensions are outlined in Table III. 
TABLE III—Helix and Beam Dimensions of Experimental Tubes 

Helix Pitch 
Helix Tape Width 
Helix Tape Thickness 
Helix OD 
Helix ID 
Beam OD 
Beam ID 
DLF at 3,555 me 

0.1429 inch 
0.060 inch 
0.020 inch 
0.508 inch 
0.468 inch 
0.444 inch 
0.364 inch 
0.923 

Starting current for backward-wave oscillation at 
2,965 me was measured as a function of length I and the 
normalized results compared with the theory in Fig. 11. 
CN values were computed from 

/ K \ 
XW 

506 
-— W. 
Xox/Fo 

(44) 

Fig. 11 -Experimental check of theory for starting current. Num¬ 
bers beside each point are length of tube in inches 

The agreement is seen to be excellent despite the wide 
range of starting currents, 1.8 to 150 ma. Data were 
taken cw for lengths between 5.66 and 3.16 inches in¬ 
clusive, and with 1-microsecond pulses for lengths be¬ 
tween 3.16 and 1.66 inches inclusive. Points taken in 
both ways are shown for the 3.16-inch length. CN was 
computed for each length using the impedance Ai = 5.63 
ohms chosen for best fit. K computed from Watkins 
and Ash 15 is 4.6 ohms. Q was obtained as outlined in the 
Appendix. 

Starting voltage was also measured for each length. 
These data were reduced to a form suitable for compari¬ 
son with the theoretical results of Table I, and plotted 
in Fig. 12. The agreement between theory and experi¬ 
ment is again good, except for the highest currents. The 
plot was made by noting that 

Fig. 12—Experimental check of theory for starting frequency. 
Numbers beside each point are length of tube in inches. 
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Fig. 13—Photograph of tube used for cw efficiency measurement of Figs. 14, 15, and 16. 

2^506 Z(V7o - VKo.) (45) 
\P Peji - - ) 

Xo V^oVo, 

where Vo, is the voltage necessary to accelerate electrons 
from rest to the phase velocity of the circuit at the free-
space oscillation wave-length Xo- Xo, I, and Vo are meas¬ 
ured experimentally. Vo. is inferred from experimental 
measurement of the helix pitch p (which was uniform to 
0.1 per cent) and the frequency/i for which ¿¿a = 0.5 in 
accordance with the equation 

Wo. _ pf (46) 

506 - c(l - f/2fÿ 

Here/ is the oscillation frequency./i could easily be de¬ 
termined as 3,555 me because of a gap in the oscillation 
spectrum about 50 me wide, centered on this frequency 
(see later section entitled “Point k,ia = 0.5”). The residt 
is \/Po« = 51.13. This, of course, assumes that the di¬ 
electric loading factor at the test frequency f is the same 
as at fi. 

An attempt has been made to reconcile the discrep¬ 
ancy occurring at highest currents by allowing for 
space-charge depression of average potential. The effect 
is in the right direction, but too small by a factor of 
about four. 

Experiments on Efficiency 

A set of measurements of the efficiency of a back¬ 
ward-wave oscillator was made to determine the range 
of validity of the preceding efficiency theory. The tube 
used (Fig. 13) is similar to the movable-collector tube, 
except that it has a fixed length of active helix and a 
large copper collector extending through the vacuum 
envelope. 

The results of the measurements are shown in Fig. 14, 
along with theoretical plots based on =wq/<¿ or 
a=1.2. Toward the higher-frequency end of the band, 
the agreement is seen to be fairly good. 

A possible reason for discrepancy observed at lowest 
frequencies might be distribution in electron velocity 
across beam because of space charge presence. As Wat-

Fig. 14—Power output vs frequency for backward-wave oscillator, 
beam current as parameter; theoretical curves based on efficiency 
equal to uju. 

kins and Grow20 pointed out, (31) suggests Auo/woC 
might be an appropriate parameter to use in an em¬ 
pirical search for such an effect. Hence, t?/(ws/w) is 
plotted vs huo/uoC in Fig. 15, next page. Simple theory 
predicts a straight line t?/(««/w) = l- Apparently there is 
a distinct correlation between large values of Au«/u0C 
and reduced efficiency. Fig. 16 contains a plot of helix 
loss vs frequency. 

Effect of Tube Length on Efficiency 

An empirical investigation of the effect of length of 
the tube on efficiency was made with the movable col¬ 
lector tube. This single run was made at a frequency of 
2,950 me and a beam current of 150 ma. Results are 
shown in Fig. 17. In this run, the pulse-power input was 
constant at 180 watts, and nothing was changed but the 
length of the tube. Evidently the output and efficiency 

20 D. A. Watkins and R. Grow, private communication. 
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Fig. 15—Experimental plot of normalized efficiency i)/(uQ/u) vs 
quantity Auo/uoC related to velocity distribution. 

were constant over a wide range of lengths. This plateau 
ends on the small-length side when the length is such 
that the beam current is about twice starting current. It 
ends on the great-length side when the second frequency 
of oscillation starts—the total power output abruptly 
rises because of additional power at the other frequen¬ 
cies. In this case, the second oscillation began when the 
length was such that the current was about 80 times 
starting current. The phenomenon of spurious oscilla¬ 
tion is more fully discussed in a later section. 

Frequency Pulling 

The backward-wave oscillator, if its internal load is a 
perfect match, should have very small frequency pulling. 
One tube showed, at 3,000 me, a frequency pulling of 
only 0.8 me as a short-circuited load was moved through 
all phases. 

Frequency Pushing 

Our experience has universally indicated frequency 
pushing such that higher beam currents at fixed helix-
to-cathode voltage produce a drop in oscillation fre¬ 
quency. This is in conflict with data reported by Kompf-
ner and Williams,3 but in agreement with that reported 
by Sullivan. 13 For the tube with the 5-inch helix on 
which the efficiency measurements were made, at 3,000 
me and 20-ma beam current, the pushing figure was 
1.25 mc/ma; with our electron gun, this is equivalent to 
0.16 mc/volt tuning rate for the gun anode. 

To summarize our results in more general terms, we 
find empirically that 

(ß — ß«)I = a2H + const, (47) 

provided Ia>21„ where a2 is generally about unity (1.5 
observed for Vo = 2OO volts, 1.4 for 400 volts, and 
0.8^a^ 1.0 for 600^ Vo^3,OOO volts). For I,<lo<21,, 

FREQUENCY, KMC/SEC 

Fig. 16—Plot of measured loss of live inches of helix with zero beam 
current, tube shown in Fig. 13 and movable-collector tube (Fig. 
9). Loss of movable-collector tube was 0.33 db/inch at 2,950 me. 

the empirical value of a2 at each voltage is larger than 
for the higher currents. It is interesting to note that the 
theory for (ß—ßjl vs II for start of oscillation (Table I) 
shows aj = 0 for small II, but (ß—ßJl^II for H>3. 
These pushing measurements were made on the same 
tube as were the measurements of Figs. 13 through 16. 

Point ¿da = 0.5 

Several of our experimental tubes show a frequency 
gap in tuning at the frequency for which kaa = 0.5. ka is 
k times the DLF or dielectric loading factor. One, the 
one with the smallest frequency pulling, has no fre¬ 
quency gap. Another was observed by Mr. Mukaihata 
of this laboratory to exhibit a peculiar hysteresis effect. 
Oscillation on the backward harmonic would occur pro¬ 
vided the &</a = 0.5 voltage range were approached with 
the tube oscillating. If this voltage were initially estab¬ 
lished with zero beam current, and the beam current 
raised, backward-wave oscillation would not start. In¬ 
stead. a forward-wave oscillation of the internal-feed-
back type, at a much lower frequency, would occur. 
This curious hysteresis was stable and repeatable. These 
effects are thought to be associated with coupling of 
forward and backward waves caused by imperfect 
matches and/or imperfect circular symmetry of the 
helix. 

Stability 

It appears that the backward-wave oscillator may be 
capable of unusual stability. Tests on two tubes at 
3,000 me with beam transit times of 30 and 60 cycles, 
respectively, showed drift less than 0.01 per cent over 
several weeks. Thermal stability better than that of a 
reflex klystron might be expected, since no power need 
be dissipated on the frequency-control electrode (the 
helix). As the magnetic field was changed from 750 to 
1,500 gauss, the longer of the above tubes changed fre-
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quency only 0.01 per cent. Stability measurements re¬ 
quire extremely stable power supplies because of the 
voltage-tuning feature of the tubes. 

Spurious Backward-Wave Oscillations 

If the beam current of a backward-wave oscillator is 
increased greatly above starting current, simultaneous 
oscillation at other frequencies may start. This was il¬ 
lustrated in the experimental plot of Fig. 17; spurious 
oscillation started when the beam current was 80 times 
the fundamental starting current. The text following 
(29) describes how the small-signal, large space-charge 
theory predicts the value 81. It is important to note that 
this number is obtained only when spurious and funda¬ 
mental CN values are compared for the same value of 
Q/N, since Q/N is a space-charge parameter which is 
independent of current. 

Fig. 17—Experimental plot of efficiency of movable-collector tube 
with beam current fixed at 150 ma, as tube length is changed. 
Abscissa is ratio of 150 ma to starting current for each length. 

The ratio of spurious to fundamental starting current 
has been calculated and presented as Fig. 18. The ab¬ 
scissa, QC, is the value appropriate to the fundamental 
at start of oscillation. The calculation was facilitated by 
extrapolation of a table appearing in Walker’s8 paper. 
The extrapolation was accomplished by noting that CN 
for the spurious oscillation is 3.00 times CN for the 
fundamental if QO0.25 and if the CN values are com¬ 
pared at the same value of QC. This factor of 3 can be 
explained physically by noting that a backward-wave 
oscillator operating in the first spurious mode is similar 
to a fundamental-mode oscillator of one-third the 
length, provided each is operating at the same value of 
QC. QC is the space-charge parameter which is inde¬ 
pendent of length. 

Putz 21 has observed that there is a disagreement with 
the theory in that spurious backward-wave oscillations 
appear on the high-frequency side as well as the low-
frequency side, whereas theory predicts them widely 
spaced in current, and only on the low-frequency side. 
We have made some observations which appear to re¬ 
solve this difficulty; all the frequencies save two are 

21 J. Putz, “Folded line traveling-wave amplifier,” IRE Con¬ 
ference on Electron Devices, Ottawa, Ont., Can.; June, 1952. 

simply intermodulation products of the original two. 
When the beam current was adjusted to a value barely 
sufficient to start the second oscillation (observed on a 
sensitive receiver), only one spurious frequency was ob¬ 
served. It was lower than the main oscillation frequency 
/ by approximately the predicted amount, say 5/. For 
beam currents slightly greater than this threshold 
value, new frequencies (/+S/), (/+2ô/), (J—28f), etc., 
were observed. The equal spacing of these frequencies 
was checked with an accurate wavemeter. All the fre¬ 
quencies are thus of the form nf—m(f—òf) as expected 
for modulation products (n and m are integers). Their 
amplitude is exceedingly small when the amplitude of 
the oscillation at (f—8f) is small. A final check showed 
that when the beam current was below the oscillation 
threshold but the collector end of the helix was excited 
from an external source with a frequency/— (ô/)', the 
oscillator output did indeed contain many frequencies 
of the form f+n(8fY. 

QC 

Fig. 18—Theoretical ratio I,'/I, of spurious to fundamental start-
oscillation currents in backward-wave oscillator, vs Pierce space¬ 
charge parameter QC appropriate to start of oscillation for the 
fundamental. 

Appendix 

Evaluation of Q and wq/w 

Many quantities are used to express space-charge 
density in traveling-wave tubes, the Pierce “cut-off 
mode parameter” Q and “space-charge parameter” QC, 
as well as w,/w, Q/N and II. Each of these can be useful 
in particular cases. QC is independent of tube length, 
Q/N is largely independent of beam current, and II is 
largely independent of circuit impedance. vju is the 
ratio of the frequency of Hahn-Ramo 22 plasma oscilla-

22 S. Ramo, toc. cit. 
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tion to the operating frequency. Let us derive the rela¬ 
tion between the Pierce parameters and ws/w. As 
Pierce 23 has pointed out, we might expect that when the 
circuit phase velocity is sensibly removed from the 
electron velocity (|ò|»l), the three waves of Pierce 
should be the circuit wave 

á - jb + d (48) 

and the two Hahn-Ramo space-charge waves. Indeed, 
for I ò| »1 the former is approximately a solution of 
(10). The other two are 

b + jV4QC' (49) 

corresponding to propagation constants for the space¬ 
charge waves of 

- r = - #,(i + v^*), (50) 

whence follows 

w8/« = a/4ÇC3. (43) 

Thus, can be evaluated from a knowledge of Q, a 
quantity evaluated for the circularly symmetrical mode 
of the sheath helix from field-theoretical considerations 
by Fletcher. 24 Pierce 26 has suggested that this value of 
Q, which we shall call Q,, shotdd be corrected to give the 
Q value appropriate to a component of impedance K 
through the equation 

(51) 

This can be justified by arguing that only in this way 
can w#/w be held constant, or Pierce's 26 capacitance C\ 
be held constant, as circuit impedance K is changed. K, 
above is the sheath-helix impedance in the circularly 
symmetric mode. 

1 ß, 
K.^—~-F3(y0a)I,M.y0b), (52) 

2 k 

where k is the free-space propagation constant yo=ße, a 
is the helix radius, b is the beam radius and 

F(yoa) = 7.154 exp (— O.6664y0a). (53) 

A plot of Qs calculated from Fletcher’s theory is pre¬ 
sented in Fig. 19. 

A plot from which w,;/w can be computed directly, 
based on the use of Fig. 19 plus (43), (51), (52), and (53) 
is given in Fig. 20. The ordinate of this figure, when 
multiplied by the square root of the beam perveance, 
gives Wg/w directly. 

Fletcher’s work, on which Figs. 19 and 20 are based, is 
restricted to the n =0 mode of the sheath helix, whereas 
backward-wave oscillators more nearly employ the 
n = — 1 mode. Also, Fletcher assumes zero thickness for 
his hollow beam. These considerations make little differ¬ 
ence if yoa is larger than about 2, and (51) is used. 

23 J. R. Pierce, loc. cit., pp. 126-127. 
24 J. R. Pierce, loc. cit., pp. 242-251. 
25 J. R. Pierce, loc. cit., p. 128. 
26 J. R. Pierce, loc. cit., pp. 109-110. 

Fig. 19—Theoretical plot, essentially Q, vs v»2, b/a as parameter. In 
most cases, 702 ~ßt- A zero-thickness hollow beam of radius b is 
assumed. 

Fig. 20—Theoretical plot, essentially (w»/w)/(/o/Fo3/s)1/2 vs to b, b/a 
as parameter. In most cases 70 ̂ ß,. A zero-thickness hollow beam 
of radius b is assumed. 

List of Symbols 

b Beam-velocity parameter defined by (7); 
beam radius for zero-thickness hollow 
beam. 

bmnX Outer radius of hollow electron beam. 
&min Inner radius of hollow electron beam. 
CJ = I0K/4V0. 
G Capacitance to account for effects of 

space charge; associated with equiva¬ 
lent circuit of Fierce. 26

c Velocity of light. 
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D 

DLF 

d 
E 

E, 

F 
fj' 

11 = 

/o 

I, 

I, 

I $ I max 

K 
K. 
k 

kd 

L 

L' 

I 
n 

N= 
P 

P 
Q 

Q' 

Velocity-distribution parameter defined 
by (34). 

Ratio of fundamental phase velocity with 
dielectric loading to that without, in 
absence of beam current. 

Circuit-loss parameter defined by (7). 
Total axial electric field acting on the 

stream. 
Axial component of electric field of the 

appropriate space-harmonic of the cir¬ 
cuit wave absence of beam, when the 
total power associated with the wave 
is P. 

Ciiven by (53). 
betters denoting functional relation, e.g., 
CN=f(QC, LY 

Frequency for which helix circumference 
is one free-space wavelength, times 
DLF. 

lirNuJu, transit angle of beam in radians 
of plasma frequency. This quantity, 
while not used by Pierce, is used by 
Heffner.6

Average beam current; Bessel function. 
Beam current for start of lowest, or 

fundamental, mode of oscillation. 
Beam current for start of first spurious 

mode of oscillation. 
Alternating current on stream is 

Re [z exp (jut — Pz)]. 
Maximum value of |r| along length of 

tube. 
Impedance parameter — E^/lß^P. 
Impedance of « = 0 mode of sheath helix. 
Propagation constant of free space, 2tt/Xo. 

Pierce uses ßo for this quantity, but 
most of the other literature uses k. 

Propagation constant of free space times 
DLF. 

'Total cold-circuit distributed loss in 
decibels. 

Loss in decibels of an external pad neces¬ 
sary to reduce efficiency of lossless tube 
to efficiency of tube of loss L. 

Length of active portion of circuit. 
Index equal to zero for fundamental mode 

of oscillation, and to one for first spuri¬ 
ous mode. 

ßj/2ir. 
Power flux associated with wave of propa¬ 

gation constant Pi, taken positive if in 
direction of increasing z, so negative for 
backward waves. 

Helix pitch. 
Passive mode parameter defined by 

Pierce. 
Total effective Q in presence of velocity 

distribution. 

Q. 

uo 
V 
Vo 

Vo. 

V 

Vh, Ví, V,3 

Vc
Vl, V», V, 

V(O) 

X = 

Q for n=0 mode of sheath helix, plotted 
in Fig. 19. 

Average electron velocity. 
Total voltage, defined by (11). 
Average voltage to accelerate the stream 

to velocity u0. 
Voltage to accelerate electrons to speed 

equal to circuit phase velocity. 
Alternating component of stream velocity 

is Re [a exp (jut — Pz)]. 
Circuit voltages associated with each of 

the three waves. 
Total circuit voltage. 
Total voltages associated with each of the 
three waves. 

Total voltage at z = 0, equal to circuit 
voltage at z = 0. 

Re 5. 
y — 
z 

« 

«2 

ß 

ß' 

r 

Pi 

7 

7« 

5 

V 

Xo 

w 

w. 

Im 8. 
Axial co-ordinate, measured from gun end 

of circuit. 
Factor equal to ratio between peak alter¬ 

nating current along beam at satura¬ 
tion, and average current; defined by 
(39). 

Empirical constant in (47). 
Propagation constant of the cold circuit, 
ß=-jW-

Propagation constant of electrons, 
ße=u/u0. 

Axial propagation constant of wave in 
presence of beam. 

Propagation constant of circuit in absence 
of electron beam; axial electric field 
component with which interaction oc¬ 
curs is Re [E, exp (jut— Tiz)]. 

Defined by — r2 = 72 + F. 
Defined by ß2 = 7n2 + P. 
Wave propagation parameter defined by 

(8). 
Charge-to-mass ratio of the electron; ef¬ 

ficiency, or ratio of rf power output to 
ZoVo. 

Wavelength in free space, hrc/u. 
Radian frequency of oscillation. 
Frequency of Hahn-Ramo plasma oscilla¬ 

tion. 
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Direction Sensitive Doppler Device* 
H. P. KALMUSf, senior member, ire 

Summary—A simple double-doppler device is described which 
makes it possible to determine the direction of motion in addition to 
measuring velocity. The same principle can be employed to measure 
distances, temperature, or small frequency differences. In addition 
an application of the device for moving-target indication is described. 

Introduction 

HE DOPPLER phenomenon has been used ex¬ 
tensively for detecting moving targets and for de¬ 
termining the radial component of the relative 

velocity between transmitter and target. Very often, it 
would be advantageous to determine not only this ve¬ 
locity, but to know whether the target is “coming or 
going.” This information is not furnished by a simple 
doppler device because it cannot distinguish between 
positive and negative doppler frequencies. 

Theoretically, the direction of motion can be found 
by determining exactly the frequency of the return sig¬ 
nal or by watching its amplitude. In practice, neither 
method can be applied. It is impossible to separate the 
return signal from the outgoing energy well enough to 
measure its frequency. Furthermore the amplitude can 
change at random during motion because of a changing 
aspect angle so that it is very well possible that the 
amplitude diminishes at a given instant while the target 
is approaching. 

A method without the above drawbacks will be de¬ 
scribed which makes it possible to determine direction 
with very simple means. 

The New Method 

Two signals at doppler frequency are produced. One 
is the standard doppler signal. For the second one, an 
additional phase-shift of 90 degrees is produced between 
the local signal and the return voltage. This way, a 
phase-shift of 90 degrees exists between the two doppler 
signals and it will be shown that, if this shift is positive 
for increasing distance it is negative for diminishing dis¬ 
tance. Hence, a synchronous two-phase motor will turn, 
say, clockwise for an approaching target and counter-

A T B 
- D->4< vt > 

■<--D‘ —-*■ 

Fig. 1—Location of transmitter and target. 

clockwise for a receding target. In big. 1, it is assumed 
that a cw transmitter is located at A. A reflecting target 
T starts moving at time zero from location B with a 

* Original manuscript received by the IRE, January 26, 1955. 
J Diamond Ordnance Fuze Labs., Washington 25, D. C. 

velocity V which is supposed to be positive for increas¬ 
ing, and negative for decreasing, distance. 

Ei is the transmitted signal voltage and E2 is the re¬ 
ceived voltage. 

Ei = E sin ail 

/ 2D\ 
Ei = KE sin w 1 1-I, 

X c / 

whereby K is an attenuation factor, c, velocity of light. 

D = D' + vt 

/ 2D'+ 2vl\ 
Ei = KE sin o; I /-I 

X c / 

/ 2D'u V \ 
Ei = KE sin ( ail - F 2 — «/ ) 

X c c / 

2D'u 
- = a represents a fixed phase angle. 

c 

2Çv/c)u =Ud represents the angular doppler frequency. 
The signals Ei and Ei are fed into a mixer so that a third 
signal Em is produced with the amplitude of the re¬ 
ceived signal Ei and with a phase-angle which is the dif¬ 
ference between the angles of Ei and E2. 

Em = KE cos (a + a>df). 

A second mixer is arranged in such a way that an addi¬ 
tional phase-shift of ir/2 is produced between Ei and E2. 

/ tt \ 
E'm = KE cos I a 4- + Wdt I-

X 2 / 

Neglecting the constant phase-angle a, we have the fol¬ 
lowing conditions. For increasing distance: 

Em = KE cos (<W) 

/ 7T \ 

E'm = KE cos I udt 4-)• 
X 2 / 

For decreasing distance: 

Em = KE cos (udt) 

/ 7T ' 

E’m = KE cos I Udi-

A rotating magnetic or electrostatic field can, therefore, 
be produced whose direction of rotation depends on the 
direction of the radial relative motion of the target. 

Fig. 2 shows a block diagram of the first experimental 
arrangement. An x-band klystron K is employed as the 
cw transmitter. The energy is radiated by horn Ar, re¬ 
flected by the moving target, and received by horn Ar. 
A small part of the transmitted signal is branched off 
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and fed to the two detectors D and D'. The delay line L 
produces a phase-shift of tf/2 between the two local sig¬ 
nals. The return signal is split symmetrically and fed to 
the detectors. The mixers produce, according to the 
theory described, the two doppler signals Em and E'm. 

Fig. 2—Block diagram of the first experimental arrangement. 

Instead of using mathematics, the operation of the 
device can also be explained by the use of rotating 
phasors as shown in Fig. 3. E\ and E\ represent the two 
local signals, tf/2 radians out of phase. Es and E's are 
the return signals. They rotate with the angular doppler 
frequency and the mixer output is represented by their 
projection on the local phasors Ei. 

Fig. 3—Phasor representation of the two doppler signals. 

Increasing distance corresponds to clockwise rotation 
and diminishing distance to counterclockwise rotation. 
Hence, the mixer output voltage Em is the same for both 
directions. E'm, however, is tf/2 radians advanced or de¬ 
layed with respect to Em, depending on the sense of 
rotation of E'2. A device as shown in Fig. 2 was built 
and performs according to theory. 

Single Antenna Device with Gyrator 

The first experimental setup had the disadvantage 
that two separate antennas had to be employed. A low-

loss duplexing scheme with a single antenna can be 
built, using a gyrator. 

Fig. 4 shows the block diagram and the position of the 
electric field vectors in space. K is the klystron, produc-

Fig. 4—Single antenna device with gyrator and position of 
electric fields in space. 

ing a horizontally polarized wave Ei which passes the 
rectangular waveguide Wi with the standard TEoi mode. 
Next, the wave transverses the round guide IF2 with the 
TEn mode. The gyrator F, consisting of a ferrite-rod, 
surrounded by the coil C, turns the polarization plane 
clockwise by 45 degrees, so that the energy is radiated 
by horn H, shifted by a 45-degree angle with respect to 
Wi. The two detectors D and D' are arranged to receive 
a very small part of Ei which serves as the local signal. 

Fig. 5—Photograph of the single antenna device with gyrator. 

The signal is reflected by the target and enters the 
horn with its plane of polarization shifted by —135 de¬ 
grees with respect to Wi. It is represented by vector E2. 
After passing the gyrator, the wave is again turned by 
45 degrees so that the plane of polarization is now verti¬ 
cal. The two detectors receive freely the reflected signal 
and the two doppler signals are produced. The detectors 
are spaced by the distance 5 = (2n+ l)X/8, so that, if the 
phase-shift between local and return signal is </> in D, it 
is 0 + (tf/2) in D'. It was shown before that this is the 
condition for the production of a rotating field by the 
two doppler signals. Fig. 5 shows the arrangement. 
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Single-Antenna, Single-Detector Device 

Duplexing schemes can be replaced by an arrange¬ 
ment in which the two doppler signals are produced al¬ 
ternately in quick succession. This method is especially 
applicable if vhf and uhf carriers are employed. 

Use of a triode oscillator, the rf output of which is fed 
to the antenna through transmission line L, is shown in 
Eig. 6. The reflected signal is mixed with the local signal 
by the diode action of the grid of the triode. The doppler 
signal is fed into amplifier A. There is a delay network 
N inserted in the transmission line which is switched in 
and out periodically at a rate much faster than the dop-
pler frequency. A synchronously-driven switch feeds the 
amplifier output alternately to the integrators A and A 
so that, from their terminals, the two doppler signals 
can be derived. The mechanical switch shown can, of 
course, be replaced by an electronic device with an in¬ 
herently higher rate. In this case, it is advantageous to 
employ saturable ferrite reactors in the delay line, so 
that the delay time can be changed alternately by ap¬ 
plying a square wave to the reactors. 

Fig. 6—Single antenna, single detector device. 

Applications 

Dista n ce Det er nt ¡nation 

I'he device can be used to measure the actual dis¬ 
tance from the antenna to the target if the original dis¬ 
tance is known. Hence, it can be employed as an altim¬ 
eter for an aircraft. The angular velocity of the syn¬ 
chronous motor is proportional to velocity, whereby, in 
distinction to conventional doppler devices, positive or 
negative velocity is measured by clockwise or counter¬ 
clockwise rotation. The number of armature revolutions 
is determined by a counter so that, by this integrating 
process, distance is measured. If an x-band generator is 
employed, one revolution is obtained for traversing a 
distance of 1.5 cm so that a high accuracy can be 
achieved. 

If the doppler frequency is so high that the motor re¬ 
sponse is limited by mechanical inertia, electronic phase 
comparison and counting devices can be applied. 

The new method is especially applicable for the alti¬ 
tude control of a missile in level flight. The motor shaft 
output can be used directly to correct the altitude (to 
control the hydraulic system). 

Moving-Target Indicator 

Continuous revolution of the armature is produced 
only by continuously moving targets. Hence, it becomes 
possible to discriminate against ground clatter. The 
armature inertia is actually put to good use in this ap¬ 
plication because it serves as a memory device for the 
doppler frequency. The same end can be achieved elec¬ 
tronically only by many narrow-band circuits (vibrat¬ 
ing reeds) or equivalent complicated arrangements. 

Temperature Measurement 

When a sonic wave is transmitted between two fixed 
transducers in a gas atmosphere, a change in the fre¬ 
quency of the received wave can be observed when the 
temperature is changed. This “doppler” effect is due to 
the change of the propagation velocity of sound.1 If now, 
instead of conventional doppler methods, the described 
double-channel system in combination with a synchro¬ 
nous motor is used, the temperature of the gas can be 
determined at any time if the initial temperature is 
known. 'I'he counter on the motor, or the cycle counter 
in an electronic system, acts as an integrator for tem¬ 
perature changes in such a way that the correct temper¬ 
ature is indicated independent of whether preceding 
changes were positive or negative. In this way, a fast, 
direct-acting thermometer can be designed, which 
makes it possible to measure temperature in a very 
short time. Work is now in progress to determine the 
temperature of the gas in the explosion chamber of a 
recoilless rifle or in the interior of cylinders in internal 
combustion motors. 

Frequency Measurement 

If the frequency of a wave has to be determined, it is 
normal to compare the unknown frequency with a 
known one by beat methods. This way, the difference 
frequency can be measured, but it is not easy to find 
out whether this difference frequency is positive or 
negative. By the use of two detectors, arranged in such 
a way that the two beat-notes are 90 degrees out-of-
phase, it becomes readily possible to determine the sign 
of the difference frequency. Again, a two-phase motor 
can be employed or an electronic equivalent thereof. 
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High-Stability Bridge-Balancing Oscillator* 
P. G. SULZERf, ASSOCIATE MEMBER, ire 

Summary—A crystal-controlled frequency standard having a fre¬ 
quency stability of a few parts in 10 to per day is described. The oscil¬ 
lator employs a 1-megacycle GT-cut crystal unit in a high-sensitivity 
bridge-balancing frequency-correction system. The crystal serves 
both as the resonant element for the oscilaltor and for a bridge whose 
unbalance is an indication of departure of the oscillator frequency 
from the crystal series resonance. The unbalance, greatly amplified, 
is used to AFC the oscillator. 

Introduction 

HIGH-STABILITY frequency standards are re¬ 
quired for use in navigation systems, precise 
clocks, and for many types of scientific meas¬ 

urements and experiments. A frequency stability of 
1 X10-9 per day is often desirable. The oscillator to be 
described here is of interest because its frequency is al¬ 
most entirely independent of tube, component, and 
supply-voltage changes. The first model, which employs 
relatively inexpensive, commercially available compo¬ 
nents, has a stability of a few parts in 10 10 per day. 

The resonant frequency of a quartz crystal-unit can 
be made to exhibit a high frequency stability. If it is 
connected to a suitable source of energy, such as an 
amplifier-limiter combination, a stable oscillator can be 
produced. Such an oscillator always departs from the 
resonant frequency of the crystal unit because of the 
phase shift present in the amplifier. There are two basic 
methods, which may be equivalent under some condi¬ 
tions, for decreasing the amplifier phase shift. 

Oscillator Systems 

One method employs a low-impedance coupling be¬ 
tween the resonator and the amplifier. 1-4 It can be 
shown that the phase shift is directly proportional to the 
magnitude of the coupling impedance. However, with a 
limited transconductance, this impedance cannot be de¬ 
creased below the point where gain is obtained. The 
second method employs inverse feedback in the ampli¬ 
fier to decrease the effective phase shift.6 Recognizing 
the fact that phase shifts add, but gains multiply, in a 
multistage amplifier, it might appear that a large feed¬ 
back factor could be employed to obtain excellent phase 
stability. Unfortunately it becomes difficult to control 

* Original manuscript received by the IRE, January 17, 1955; re¬ 
vised manuscript received, February 25, 1955. 

t National Bureau of Standards, Washington 25, D. C. 
1 J. K. Clapp, “An inductance-capacitance oscillator of unusual 

frequency stability,” Proc. I.R.E., vol. 36, pp. 356-358; March, 1948. 
2 W. A. Roberts, “An inductance-capacitance oscillator of un¬ 

usual frequency stability,” Proc. I.R.E., vol. 30, pp. 1261-1262; 
October, 1948. 

3 G. G. Gouriet, “High-stability oscillator,” Wireless Eng., vol. 
27, pp. 105-112 ¡April, 1950. 

4 J. K. Clapp, “Frequency-stable oscillators,” Proc. I.R.E., vol. 
42, pp. 1295-1300; August, 1954. 

• L. A. Meacham, “The bridge-stabilized oscillator,” Proc. I.R.E., 
vol. 26, pp. 1278-1294 October, 1938. 

the sign of the feedback outside the pass band of the 
amplifier, particularly if three or more interstage cou¬ 
plings are required, and instability may be encountered. 
In a practical system it is difficult to obtain a phase¬ 
shift reduction of more than 50 to 1 by using inverse 
feedback.6

It should be noted here that the fractional (percent¬ 
age) frequency change in a feedback oscillator is propor¬ 
tional to frequency, making it difficult to fully realize 
the capabilities of modern 1-megacycle and 5-megacycle 
AT-cut crystal units.7 The use of high-frequency crystal 
units is desirable because they are less subject to the 
effects of mechanical shock and aging than are 100-kilo-
cycle units. Furthermore they appear to be less expen¬ 
sive and more readily produced. 

Bridge-Balancing Oscillator 

The characteristics of a crystal unit can be measured 
to a high degree of precision in a resonance bridge. If an 
oscillator is adjusted to resonance with the crystal unit, 
frequency can be measured with a resolution of 1 X10-10 
or better.8 Such a system constitutes a useful frequency 
standard, particularly if continuous frequency adjust¬ 
ment is made by automatic means. 910 Fig. 1(a), next 
page, is a block diagram of a suitable system. The crystal 
unit is connected in a low-impedance bridge so construct¬ 
ed that the effects of parasitic reactances are very small. 
The output of the null amplifier is used, in conjunc¬ 
tion with a phase detector, to control the frequency 
of the oscillator exciting the bridge. In this manner 
the oscillator can be made to approach resonance 
with high precision. One limitation to the degree of 
precision is the noise in the system. In Appendix I it 
is shown that the equivalent fractional frequency devi¬ 
ation A/// resulting from bridge thermal noise is 

A/ 2 /kT 

where Q is the figure of merit of the resonator, k is 
Boltzmann’s constant, 1.37 X10-23 joule per degree 

6 P. G. Sulzer, “One-megacycle frequency standard.” To be pub¬ 
lished. 

7 A. W. Warner, “High-frequency crystal units for primary 
standards,” Proc. I.R.E., vol. 40, pp. 1030-1033; September, 1952. 

8 J. M. Shaull and J. H. Shoaf, “Precision quartz resonator fre¬ 
quency standards,” Proc. I.R.E., vol. 42, pp. 1300-1306; August, 
1954.' 

9 Such an oscillator was described by Norman Lea of British Mar¬ 
coni during his recent visit to the U.S.A. 

10 T. A. Pendleton, “A System for Precision Frequency Control 
of a One-Hundred Kilocycle Oscillator by Means of a Quartz-Crystal 
Resonator,” M.S. thesis, University of Maryland, May, 1953. (Sum¬ 
mary of work done at the National Bureau of Standards in fall of 1952 
and spring of 1953.) 
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Kelvin, T is the absolute temperature of the bridge, Pr 
is the power dissipated in the resonator, and t is the time 
required to make a measurement. For the oscillator to 
be described, Q = 106, T = 320 degrees K, Pr = 2.5 X 10~® 
watts, and /-0.06 sec. therefore, (A///) ~ 3 X IO-13 . 

Fig. 1—(a) Block diagram of bridge-balancing oscillator, (b) block 
diagram of temperature-control system, (c) simplified schematic 
diagram showing components of bridge-balancing oscillator. 

In Appendix II the feedback frequency-control sys¬ 
tem of Fig. 1(a) is analyzed, and it is found that the 
ratio of fractional frequency deviation with feedback 
(A///)c to that without feedback, Af/f, is given by 

A/ 1 
V = l-F-À’^lFr 
f 4 

(2) 

where Ki is twice the fractional frequency change pro¬ 
duced by the frequency control per unit control voltage, 
Q is the figure of merit of the resonator, A is the effective 
voltage gain from the bridge output to the frequency¬ 
control input, and Ki is the bridge-input voltage. For 
the experimental oscillator K\ = 10~7/volt, Q = 106, 
A = 107, and F = 0.01 volt. Therefore 

Af 2500 

It is comparatively easy to produce a simple oscillator 
with a stability of a few parts in IO7, and this can then 

(3) 

(4) 

where S is the ratio of an oven-temperature change to 
the corresponding temperature change outside the oven, 
and Ki is the power loss through the oven walls per unit 

be improved by a factor of 103 or more by a bridge¬ 
balancing frequencj' control, subject to the limitations 
of thermal noise and the stability of the crystal unit 
itself. 

where a is the temperature coefficient of resistance of 
the material used in two of the bridge arms, and Pb is 
the signal power dissipated in the bridge. (The other 
quantities are defined above.) Here Pb is a constant 
power applied to the bridge to produce a signal for 
driving the amplifier, and is to be distinguished from 
the output of the amplifier, which is a function of signal 
level. In the circuit to be described below, Pb is obtained 
from a small alternating voltage applied to the bridge, 
while the major part of the bridge power, which must 
necessarily vary as a function of the bridge unbalance, 
is obtained by rectifying and filtering the amplifier out¬ 
put. A temperature controller has been constructed with 
the following constants: a = 0.0045 per degree C., 
Pb = 0.02 watt, and / = 1 /10 second. Therefore AT ~ 1.4 
X10-6 degree C. This places a lower limit on the tem¬ 
perature resolution to be obtained with such a system. 

In Appendix IV the feedback temperature controller 
is analyzed, and it is found that the ambient-tempera¬ 
ture reduction factor S is given by 

Temperature Controller 

It must be pointed out that in order to realize the 
capabilities of such a system the crystal unit must be 
operated in a proper environment. Specifically, a con¬ 
stant, low driving power must be employed, and a con¬ 
stant temperature must be maintained. The crystal¬ 
unit power can be controlled by the use of the proper 
oscillator circuitry; however, the temperature controller 
deserves some additional consideration. The limitations 
and performance of a temperature controller are given 
below. Before proceeding with the analysis, however, 
it should be pointed out that such factors as bridge-arm 
instability and heat loss through leads entering the con¬ 
trolled chamber may make the performance of the oven 
poorer than an analysis assuming ideal conditions might 
indicate. 

A simple method is shown in Fig. 1 (b). A temperature¬ 
sensitive bridge is employed, and the output of a high-
gain bridge-unbalance amplifier is fed back to the bridge 
input to provide the necessary heating power. As in the 
crystal bridge, one limitation to the sensitivity of this 
system is the thermal noise from the bridge arms them¬ 
selves. In Appendix III it is shown that the thermal 
noise is equivalent to a temperature difference 

2V2 JkT 
AT =-A-, 

a y PbI 

1 / K. 
S = -A/-> 

Aay Pb(T\ - T^ 
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temperature difference Ti—T3. If A = 106, a = 4.5X10-3 
per degree C., Æ2 = 0.02 watt per degree C., _PB = 0.02 
watt, 71 — 72 = 25 degrees C., and S~ (1/22,000). Thus 
a 22 degree C. change in ambient temperature would 
produce a change of but 10-3 degree inside the oven. 

Practical Bridge-Balancing Oscillator 

There are many possible choices for the components 
to fill the blocks of Fig. 1(a). Thus it would have been 
possible to use a commercial high-quality oscillator to 
drive the bridge, with the addition of a motor-driven 
frequency control, and an ordinary communications-
type receiver might have been used as a null detector. 
However, in the interest of simplicity the circuits out¬ 
lined in the incomplete schematic of Fig. 1(c) were 
chosen. Here Vi is a single-stage amplifier, which is 
transformer-coupled to a bridge containing a one-mega¬ 
cycle AT-cut crystal X and a resistance R, which is 
made equal to the resistance of X. The other two bridge 
arms are equal resistors of a value somewhat higher than 
R. The oscillator alone tends to operate at the series-
resonant frequency of X, with an over-all frequency sta¬ 
bility of about one part in 107. Amplitude control is ob¬ 
tained by connecting a biased diode limiter across the 
plate circuit of Pi. The plate voltage of Vi is approxi¬ 
mately one volt rms. The tuned transformer decreases 
this to 10 millivolts at the bridge input. A crystal cur¬ 
rent of approximately 500 microamperes is obtained 
with a 10-ohm crystal unit. 

A small capacitor Ci is switched alternately across one 
or the other of the equal bridge arms by means of a chop¬ 
per to obtain the sense of the unbalance. The bridge 
output is amplified by a factor of 10’, rectified by V3, 
and capacitors C2 and C3 are charged synchronously 
with the switching of Ci. The difference of the voltages 
across C2 and C3 is used to drive a reactance tube V3 

which controls the frequency of the oscillator over a 
small range. If there is no difference in frequency be¬ 
tween the oscillator and the series-resonant frequency 
of X, equal outputs are obtained corresponding to the 
two positions of Ci, and the reactance tube is not actu¬ 
ated. If a frequency error does occur, a direct voltage 
of the proper polarity is applied to F3 to produce a cor¬ 
rection. The amount of correlation is given by (2), and 
the constants apply to this oscillator. Although the 
noise bandwidth of the null amplifier is approximately 
one kilocycle, the chopper and detector are followed by 
a resistance-capacitance filter with a band-width of ap¬ 
proximately 1 cycle. It can be shown that for small sig-
nal-to-noise ratios, the effective bandwidth reduction 
radio by post-detection filtering is the square root of the 
ratio of the pre- and post-detection filter bandwidths. 
Here the detector does not function as a carrier-
synchronous detector, but rather as a nonsynchronous 
detector during each chopper half-cycle. Here the band-
width-reduction factor is 63, with a resultant effective 
bandwidth of 16 cycles, and therefore the measurement 
time t is approximately 0.06 second. 

The switching of capacitor Ci should produce a 
square-wave modulation of the oscillator. The degree of 
modulation is very small, however, and the modulation 
has not been detected after multiplication to 1,000 
megacycles. 

One interesting feature of the oscillator is that the 
crystal unit is common to the bridge and the controlled 
oscillator, permitting some simplification of the equip¬ 
ment. 11 Another point worth mentioning is the use of a 
diode limiter rather than an automatic-gain-control 
system for amplitude control. The diode limiter main¬ 
tains the crystal current constant to ± 1 per cent over a 
two-to-one plate-supply-voltage range. An automatic¬ 
gain-control system would probably require two or three 
tubes for equal performance. It should also be men¬ 
tioned that the reactance-tube control voltage is me¬ 
tered, so that the departure from resonance is indicated 
at all times. The sensitivity of the meter is 1 X10-11 per 
small division. This permits the readjustment of the os¬ 
cillator if large, permanent phase shifts are encountered. 

Fig. 2 shows frequency change vs plate-supply voltage 
for the oscillator (Fi) alone, for the oscillator plus react¬ 
ance tube with the null amplifier disabled, and for the 
complete system. It will be noted that the reactance 
tube degrades the stability of the oscillator. The per¬ 
formance of a two-tube Meacham oscillator employing 
the same type of crystal unit is shown to permit com¬ 
parison. 

PLATE - SUPPLY VOLTS 

F!g. 2—Frequency change vs plate-supply voltage. 

Fig. 3 (next page) is a 24-hour section of a record of 
beat frequency between the 1-megacycle oscillator and a 
reference oscillator. The outputs of the two oscillators 
were mixed after multiplication to a frequency of 1,000 
megacycles, and the resulting beat was counted for 100-
second intervals, producing a resolution of 10~ 11. Each 
minor division represents a frequency change of 10-10 . 
It can be seen that the apparent stability of the oscil¬ 
lator, whose frequency changed ±2X10~ 10 during the 

11 N. Lea, “Quartz resonator servo,” Marconi Review, vol. 11, pp. 
65-73; 3rd quarter, 1954. 
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24-hour period, compares favorably with that of the 
other two oscillators whose records are shown. These 
two oscillators, as well as the reference oscillator, are of 
the Meacham type, employing high-precision GT-cut 
crystal units. Actually the short-time stability (15 min¬ 
utes) of the one-megacycle oscillator may be better than 
it would appear because of possible variations in the ref¬ 
erence oscillator. 

Fig. 4 is a schematic diagram showing the oscillator, 
reactance tube, and output (buffer) amplifier. Fig. 5 
shows the null detector, which contains a three-stage 
tuned-radio-frequency amplifier and detector. Although 
a crystal filter is shown, this was not used during the 
tests and could well have been omitted. Such a filter 
would be necessary with a higher-gain amplifier. Fig. 6 
is a schematic diagram of the temperature controller, 
which contains a conventional high-gain audio-fre¬ 
quency amplifier and phase detector. 

The bridge arms are noninductively wound on an 
aluminum cylinder of {-inch wall thickness containing 
the crystal unit and its trimmer capacitor. The oven is 
insulated by means of a Dewar flask, whose effective¬ 
ness is demonstrated by the fact that replacing the flask 
with one inch of felt increased the power consumption 
by a factor of 10 for a given temperature difference. 

Heat loss through the oven leads was minimized by 
the use of small-diameter wire. 

Fig. 4—Schematic diagram of the oscillator, reactance tube, and out¬ 
put amplifier. All tubes type 6AU6. Capacitances greater than 
1 in mmÍ; others in pf unless noted. x=lmc at cut crystal with 
resistance of 10 ohms (Q = 10s). C= 1,500 n/A to adjust crystal to 
operating frequency. 

Fig. 7, which appears on page 706, is a photograph 
of the experimental oscillation. 
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Fig. 5—Schematic diagram of the null amplifier and detector. All tubes type 6AU6. Capacitances greater than 1 in g/xf; others in juf. 

6AUb 
47 K IW 

6U8 6BL7 

115 V 
60 CPS 

Fig. 6—Schematic diagram of the temperature controller. All bridge arms = 2.5OOS2 at 50 degrees C. All capacitances in /xf. 
All paper capacitors 600 volts working. 
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Appendix I 

Crystal-Bridge Signal-to-Noise Ratio 

The available noise power from the bridge is P„ =kTB, 
where k is Boltzmann’s constant, T is the absolute tem¬ 
perature of the bridge, and B is the noise bandwidth of 
the null detector. Considering an equal-arm bridge, the 
equivalent bridge input voltage is Vi = 2\/PrR, where 
Pr is the power dissipated in the resonator, and R is the 
resistance of each arm. The open-circuit bridge-output 
voltage resulting from a small fractional detuning Af/f 
is then Vi=Qy/PRRAf/f, and the available signal power 
is P r (M/fY- It is assumed that the resolution 
of the system is limited to the condition of equal signal 
and noise powers, although this could be exceeded by 
special means. Equating the signal and noise powers, 
and assuming that making a measurement in t seconds 
requires a bandwidth B = cycles, 

A/ 
f 

2 /kT 

Q V Put 

This neglects the noise contribution of the null-detection 
system, which can be neglected because its noise figure 
can be made very low at medium frequencies. 

Fig. 7—Photograph of the experimental bridge-balancing 
oscillator. 

Appendix II 

Frequency-Control System 

The output voltage V2 of an equal-arm resonance 
bridge with input Vi is given by 

s  iQuVt (5) 

where 

U¡ Uq 
u =- » 

Wo w 

and wo is the resonant frequency of the resonator. 

The output voltage of V3 of the null-detection system 
is then 

Vs^lQuV^, (6) 

where A is the effective voltage gain of the null detector. 
A reactance tube is driven by Vt. The change pro¬ 

duced by the reactance tube is 

Ur = KxV3. (7) 

If the original (uncorrected) error is w0, the new (cor¬ 
rected) error is 

uc = Uo — Ur 

= Uo — RiV3 = «o — ̂ KiQueViA. (8) 

Solving for wc/wo, 

uc 1 
— --(9) 
«o 1 + 1K&AV! 

Since 

wo — w Aw A/ 
w = 2-= -—- = — ! 

Wo Wo / 

a . 
A/ 1 
— 1 + — KQAV3
f 4 

Appendix III 

Temperature-Control Signal-to-Noise Ratio 

The available noise power from the bridge is P„=kTB, 
where B is the noise bandwidth of the system following 
the bridge, and the other quantities are defined above. 
If the signal power supplied to the bridge is Pb, the 
equivalent input voltage Ri is Fi = \/PbR< when R is 
the resistance of each arm at the balance temperature. 
The open-circuit output voltage V2 is then V^laATE) 
= %aATy/PBR, where a is the temperature coefficient of 
resistance of the material used in two of the bridge arms, 
and AT is the difference between the balance and oper¬ 
ating temperatures. Thus the available signal power Ps 

is Ps= 3a2Pn(ATy. Equating Pn and Ps, and letting 
B = i/t, where t is time required for a measurement, 

2^2 /IT 
AT = —— 4/-

a V Pßt 

Appendix IV 

Temperature-Control System 

To = bridge-balance temperature 
Ti = bridge temperature (very nearly the oven tem¬ 

perature) 
T2=ambient temperature 
Pb = constant signal power supplied to bridge 
Ph = variable bridge-heating power 
R = resistance of each bridge arm at To. 
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V2 = bridge-output voltage (alternating) 
Vs = detector-output voltage (direct) 
X = 73/7t
a = temperature-coefficient of resistance of two op¬ 

posite bridge arms 
Ki =coefficient of power transfer through oven walls 
5 = ambient-temperature reduction factor. 

The temperature-sensing bridge is supplied with a 
small power PB at the line frequency. The bridge out¬ 
put voltage is amplified and rectified in a synchronous 
detector. The detector output, which is a direct voltage 
proportional to bridge unbalance, is filtered and applied 
to the bridge to supply the necessary heat, Ph. The prin¬ 
cipal advantage of rectification is the avoidance of oscil¬ 
lation at the signal frequency. An additional benefit is 
the fact that, with synchronous detection, the effective 
bandwidth of the system is twice that of the filter follow¬ 
ing the detector, rather than that of the audio amplifier 
preceding the detector. It is easier to obtain a narrow 
bandwidth with a low-pass filter following the detector 
than with a band-pass filter at the power line frequency. 
Actually the effective bandwidth of the system may be 

somewhat less than this because of the thermal inertia 
of the oven itself, which could produce some additional 
filtering. 

It is easily shown that the bridge output voltage is 

VPbR « 
IG = ---(To - TA (10) 

V2 = AV2 (11) 
power in = power out (12) 

Ph = - TA (13) 
K, = vra = y/RK^Ti - TA (14) 

Combining (10) and (14). 

2 /Kt 
To - Ti = — 4/ — (n - TA. (15) 

Aa V PB

Differentiating (15), the ambient-temperature reduction 
factor 5 is obtained, 

¿(To - TA _ 1 / K. 
d(J\ - TA ~Tay Pb{Tx - TA ' 

(16) 

An Inflection-Point Emission Test* 
E. G. HOPKINSf and K. K. SHRlVASTAVAf 

Summary—The paper describes a method by which the inflection-
point-emission of an oxide-cathode tube may be indicated as a meter 
reading after subjecting the tube to a single triangular current pulse. 
The testing current rises from zero at a constant rate and the anode 
voltage is differentiated twice with respect to time. The time which 
elapses between the commencement of the test and the appearance 
of the first positive voltage from the second differentiator is indicated 
on a meter calibrated directly in inflection-point emission. The test¬ 
ing current is arrested at the inflection point. An experimental equip¬ 
ment is described which tests receiving-tubes for inflection-point 
emission using a rate of current rise of 4 amperes per millisecond. 
The duration of the test is of the order of one millisecond and the 
emission readings tend towards pulse emission values rather than 
de emission values. Experiments are described which demonstrate 
the potential usefulness of the test for quality control in tube manu¬ 
facture and for taking readings of emission while subjecting a tube 
to particular operating conditions. 

Introduction 

HE CURRENT-VOLTAGE characteristic of an 
oxide-cathode tube executes a gradual increase in 
slope throughout the space-charge-limited region 

* Original manuscript received by the IRE, November 8, 1954; 
revised manuscript February 11, 1955. 

t School of Electrical Engrg., N.S.W. University of Technology, 
Broadway, Sydney, Australia. 

followed by a gradual decrease during transition to the 
temperature limited region. “Emission” can be defined 
only as the current corresponding to some arbitrarily 
chosen point on this characteristic such as “breakway 
point,” “inflection point,” or “flection point.” The loca¬ 
tion of such points has hitherto required the interpreta¬ 
tion of a simultaneous display of both current and 
voltage,1’2 over a large portion of the tube characteristic. 
This is too lengthy a procedure for the commercial test¬ 
ing of receiving tubes or for rapid observations of emis¬ 
sion during tube operation. 

The system of emission testing described in this paper 
enables inflection-point emission to be read directly on 
a meter by subjecting the tube under test to a single 
current pulse. It was developed to enable the emission 
of a self-heating tube3 to be measured with the minimum 
of interruption to the normal electron bombardment of 
its cathodes and is applicable to the investigation of 
oxide-cathode behavior under operating conditions and 

1 Standards of the IRE, Electron Tubes, Part I, “Methods of 
Testing,” Proc. I.R.E., vol. 38 pp. 922-924; August, 1950. 

2 L. A. Marzetta, “High-power pulser aids cathode studies,” 
Electronics, vol. 27, pp. 178-180; March, 1954. 

5 E. G. Hopkins, “Self-heating thermionic tubes,” Proc. A.I.E.E., 
Part III, p. 77; March, 1954. 
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to the high speed testing of receiving tubes. In particu¬ 
lar it could improve the emission testing of small high-
vacuum rectifiers. 

In the new method, a current which increases from 
zero at a fixed rate is passed through the tube under 
test. Current is therefore directly proportional to the 
time which has elapsed since the commencement of the 
test. The voltage across the tube is differentiated twice 
with respect to time and the time taken for the resultant 
voltage to reach zero is indicated on a meter calibrated 
directly in inflection-point emission current. The cur¬ 
rent through the tube is interrupted at the inflection 
point so that the cathode is never subjected to tem¬ 
perature-limited operation. Such operation rapidly im¬ 
pairs emission and its avoidance is therefore important 
if emission tests are to be made repeatedly to discover 
the effect on emission of other variables. 

Principle of Operation 

Consider the anode voltage versus anode current 
characteristic of a typical oxide cathode diode. In the 
space-charge-limited region, d-ev/dij which is propor¬ 
tional to ip~ il3 increases from its zero-current value of 
minus infinity but never reaches zero. With the onset 
of saturation, d?evldi¿ increases more rapidly and 
passes through zero to become positive at the inflection 
point. If a current which increases linearly with time 
(ip = K0 is passed through the diode and the voltage 
across it is differentiated twice with respect to time, the 
resultant voltage is proportional to dJep/dip- and the 
time at which this voltage reaches zero is I,/K where I, 
is the inflection-point emission current. This time and 
hence the inflection-point emission current may be 
measured by a combination of: (1) a current source 
having a constant known rate of rise from zero, (2) 
two differentiating circuits followed by an amplifier 
which will detect the appearance of a small positive 
second-differential of anode voltage, and (3) a time¬ 
measuring circuit which will indicate the time which 
elapses between the commencement of the test and the 
appearance of an inflection-point signal from the ampli¬ 
fier. The accuracy of such a system of measurement 
depends on the precision with which the inflection point 
may be located. The differentiators and amplifier must 
be capable of producing without significant delay a 
noise-free pulse in response to an increment of dJip/dt-
from zero to a positive value, during an increment of 
time which is small compared with the time required to 
reach the inflection point. 

Description of the Experimental Testing 
Equipment 

The operation of the experimental testing equipment 
is illustrated by the block diagram of Fig. 1. The testing 
current is obtained by discharging a 60 microfarad 
capacitor previously charged to 2,000 volts through a 
series combination of a thyratron, a 0.5 henry air-core 
inductance and the tube under test. The rate of current 

rise is assumed to be constant at 4 amperes per milli¬ 
second over the test period which always occupies less 
than 10 degrees of the test circuit discharge wave. Actu¬ 
ally, the curvature of the current wave is sufficient to 
cause a significant error through displacement of the 
inflection point when measuring tubes which exhibit a 
very gradual transition to the temperature limited 
region. The voltage across the tube under test (which 
may suitably rise to between 100 and 200 volts maxi¬ 
mum) is differentiated by an RC circuit (NET-1) whose 
output is amplified by a single pentode amplifier (BST-
1) which also reverses the polarity of the signal before 
passing it on to a second RC differentiator (NET-2). A 
second amplifier (BST-2) produces a positive output of 
100 volts in response to a 2-millivolt negative signal 
from the second differentiator. The test is initiated by 
firing the series thyratron and is ended by firing a second 
thyratron in parallel with the tube under test in response 
to either an inflection-point signal from the second am¬ 
plifier or a pulse from a timer which determines the 
maximum test period. 

Fig. 1.—Block diagram illustrating the operation of the experimental 
emission-testing equipment. The meters V, Ai, and A2 indicate 
the capacitor voltage, the inflection-point emission and the charg¬ 
ing current of the time-measuring capacitor. 

The second amplifier consists of two pentodes and a 
triode and is of conventional design with the exception 
that series grid resistors and large interstage coupling 
capacitors are used. This enables the zero reference level 
to be preserved over a period of several milliseconds in 
the presence of large signals from the second differenti¬ 
ator. The gain of the second amplifier is constant from 
ten cycles per second to 50 kilocycles per second and 
falls by 50 per cent at 100 kilocycles per second. 

A suppressor circuit applies a paralyzing voltage to 
the second amplifier for the first 20 microseconds of the 
test to render it insensitive to a large negative pulse 
from the second differentiator which accompanies the 
firing of the series thyratron. 

The time taken to reach the inflection point is meas¬ 
ured by charging a capacitor during the period of the 
test with the constant anode current of a pentode. The 
capacitor voltage is indicated unchanged for a period of 
at least 20 seconds after the test by a vacuum-tube 



1955 Hopkins and Shrivastava: An Inflection-Point Emission Test 709 

voltmeter (A^ using an inverted triode4 to attain the 
necessary low input leakage and having a linear scale 
reading 0 to 5 amperes. 

The equipment is controlled by a three position key 
switch 5. In the upper position, the time-measuring 
capacitor is short-circuited and the pentode bias removed 
to allow checking of the zero setting of the vacuum¬ 
tube voltmeter and the pentode anode current (X2). The 
timer and suppressor circuits are also reset in this posi¬ 
tion. As the switch is depressed through the center posi¬ 
tion all circuits are returned to their operating condition ; 
the lower position a single pair of contacts simul¬ 
taneously applies a triggering pulse to the series thyra¬ 
tron and the suppressor and timer circuits. 

I'he rate of current rise of 4 amperes per millisecond 
was chosen for the experimental equipment to facilitate 
observation of single oscilloscope sweeps and to enable 
relatively simple thyratron and amplifier circuits to be 
used. In any future designs it would be advisable to 
abandon the present method of current-control in favor 
of a high-vacuum tetrode circuit of the type used for 
radar modulation.6 Such a modification would allow 
greater utilization of storage capacitance with less 
curvature in the current waveform and would also 
make possible the use of higher rates of current rise 
leading to the possibility of testing larger cathodes. A 
higher rate of current rise might be desirable to bring 
about a reduction in the heating of the tube under test 
and so to permit more frequent readings of rapidly 
changing emission to be taken. 

Performance 

Commercial receiving tubes measured at their normal 
operating heater voltages by the experimental equip¬ 
ment give inflection-point emission densities of 2 to 8 
amperes/cm2. These values are greater by a large factor 
than the de emission usually obtained with commercial 
tubes, indicating that in the present method the cathodes 
are probably not greatly affected by the passage of the 
testing current.6 Readings on a particular tube may be 
repeated indefinitely with variations of less than 2 per 
cent, provided that the time between tests is greater 
than 10 seconds. 

The oscillograms of Fig. 2 show the anode voltage of 
the tube under test and the amplifier output as func¬ 
tions of time for two values of heater voltage when 
testing a Type 6X4 tube. To obtain these oscillograms, 
the amplifier output was disconnected from the parallel 
thyratron which was fired by the timer. Although the 
change in curvature is apparently very gradual at the 
higher filament voltage, a satisfactory inflection-point 
signal is produced by the amplifier. However, in most 

• F. E. Terman, “The inverted vacuum tube—a voltage-reducing 
power amplifier,” Proc. I.R.E., vol. 16, p. 477; April, 1928. 

6 G. N. Glasoe and J. V. I.ebancqz, “Pulse Generators,” McGraw-
Hill Book Co. Inc., New York, Ch. 3; 1948. 

" P. A. Wright, “A Survey of present knowledge of thermionic 
emitters,” Proc. A.I.E.E., Part III, vol. 100, p. 125; May, 1953. 

Fig. 2.—Oscillograms A and C of anode voltage verses time of a 
Type 6X4 tube undergoing test, with corresponding oscillograms 
B and D of amplifier output. Oscillograms A and B were made 
with a higher filament voltage than those of C and D. In obtain¬ 
ing these oscillograms the duration of the test pulse was set by 
means of the timer at 1.25 milliseconds for A and 0.9 milliseconds 
for C to prevent damage to the tube under test. In normal opera¬ 
tion the test pulse is terminated at the inflection point. 

of the tubes tested over a wide range of filament voltage, 
the inflection point signal decreased to zero above a 
certain critical filament voltage, which in a few tubes 
was as low as 6.3 volts, indicating that the negative 
curvature of the tube characteristic was, at the most, 
insufficient to cancel the small opposing curvature of 
the current pulse. 

Fig. 3—The values of emission amps and heater power watts 
refer to one square centimeter of cathode area. 

Fig. 3 is a plot of 

log, (emission) + 2 log. 
1 \ 1/4

heater power / 

against 

1 

heater power 

for one of a batch of Type 6X5-GT tubes tested over 
the range of filament voltage 5.4 volts of 6.6 volts. If it 
is assumed that the cathode work function and thermal 
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emissivity remain constant over this range, the experi¬ 
mental points might be expected to lie on a straight 
line.7 A straight line may be fitted to the points so that 
the maximum deviation from it corresponds to an error 
in emission-reading of 5 per cent. The other tubes of the 
batch either followed a similar linear law or smoothly 
departed from linearity in the direction of reduced 
emission above a certain heater power. 

The equipment was used to measure the variations in 
inflection-point emission which occur during the testing 
of Type 6X4 tubes by the conventional 50-volt 3-
second method.8 A mechanical relay was arranged to 
disconnect the tube from the 50-volt circuit one milli¬ 
second prior to the firing of the series thyratron. A num¬ 
ber of separate tests were made on each tube at various 
intervals up to 4 seconds after the application of 50 volts 
de to the anode, the tube being allowed to recover com¬ 
pletely its initial emission between tests. From these 
tests it was shown that the inflection-point emission of 
a typical tube fell to 45 per cent of its initial value 
within the first 0.5 second of the 50-volt test, rose 
between 0.7 second and 2 seconds to 100 per cent of the 
initial value and then fell steadily to less than 15 per 
cent at 4 seconds. This type of variation was observed 
in all the tubes and is thought to be due to the counter¬ 
acting effects of the poisoning of the cathode surface 
and an increase in cathode temperature. The above ex¬ 
periment demonstrates the ability of the new test to 
sample the emission of a tube rapidly while it is operat¬ 
ing under a particular set of conditions. By the use of 
suitable mechanical or electronic switching, standard 
production tests might be arranged to sample emission 
under any specified operating conditions or to observe 
the relative effects on emission of currents drawn to 
each electrode of a multi-electrode tube. 

A batch of Type 6X4 tubes known to be slightly 
gassy and having previously shown signs of sparking 
during a warming test contained some tubes having 
particularly high inflection-point emission readings. 
Oscillograms showed that the anode voltages of these 
tubes at any current were below normal and in some 
cases anode voltage tended to become independent of 
anode current in the region 3 amperes to 4 amperes. The 
fact that the presence of gas may increase the apparent 
inflection-point emission could prove to be a serious 
weakness in any attempt to rely solely on this or any 
other emission test as a measure of tube quality. 

The relatively large inter-electrode spacings of recti¬ 
fiers such as Types 6X4 and 6X5-GT preclude their 
being tested in the temperature-limited region by simple 
de tests, because of the excessive anode heating which 
would result. The 50-volt 3-second test referred to 
above is at present in widespread use for the commercial 
and governmental acceptance testing of these tube 

7 W. G. Dow, “Fundamentals of Engineering Electronics,” (John 
Wiley and Sons Inc., New York, N.Y. pp. 159-160; 1937. 

8 F. Langford-Smith, “Radiotron Designers Handbook,” Amalga¬ 
mated Wireless Valve Co. Pty. Ltd., Sydney, Australia (published 
in U.S.A, by R.C.A.), pp. 94-95; 1952. 

types. Although referred to as an “emission test,” it is 
recognized by the tube manufacturers to be a test of 
perveance which eliminates very poor tubes but which 
provides little information on the effects of changes in 
manufacturing procedures on cathode quality. The fol¬ 
lowing experiment demonstrates the potential superi¬ 
ority of the new test as an indication of cathode quality. 
One hundred Type 6X4 rectifier tubes taken from one 
production batch were tested both with the new equip¬ 
ment and the conventional 50-volt 3-second emission 
check. The distributions of the readings of both tests 
are illustrated by frequency diagrams in Fig. 4. A 
scatter diagram failed to indicate any noticeable rela¬ 
tionship between the two sets of readings. The fact that 
the equipment always functioned was checked by com¬ 
paring the inflection-point emission reading of each of 
the hundred tubes with an oscillogram similar to those 
of Fig. 2 taken immediately after the emission reading. 

Fig. 4—Frequency diagrams illustrating the distribution of inflection¬ 
point emission readings and 50-volt emission readings among a 
batch of one hundred Type 6X4 tubes. 

A number of types of multi-electrode tubes were 
tested with the equipment, using the diode connection. 
In the case of tubes having very high perveance it was 
necessary to connect a series resistor of 500 to 1,000 
ohms between the control grid and the other electrodes 
in order to produce sufficiently high anode voltages. 
While this procedure upset the mathematical correct¬ 
ness of the test, good comparative emission readings 
could still be obtained. The inability of the experimental 
equipment to test a high perveance tube is due to the 
fact that it was designed specifically for rectifiers and 
does not indicate an inherent weakness of the method. 

Conclusion 

The system described in this paper enables a rapid 
reading of inflection-point emission to be made without 
significantly heating the tube under test. Although it 
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cannot be assumed that al! commercial tubes exhibit a 
definite inflection point at the normal operating cathode 
temperature, an instrument based on the system would 
probably be of use to tube manufacturers for rapid fac¬ 
tory or laboratory measurements and investigating 
variations of emission occurring during tube operation. 
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X-Ray Emission from High-Voltage 
Hydrogen Thyratrons* 

S. SCHNEIDER! and B. REICHf 

Summary—In the operation of high-voltage hydrogen thyratrons, 
the bombardment of the anode by high-energy electrons causes the 
production of X-rays. The X-ray output of three types of high-voltage 
hydrogen thyratrons has been studied to determine the generation 
of X-rays as a function of the operating parameters. The beam pat¬ 
tern and the energy and intensity of the emitted X-rays are included. 
It has been deternined that emission occurs during the breakdown 
of the pulse and during the interpulse interval as a result of grid 
emission. The beam pattern is defined by the geometry of the tube 
and is a narrow beam emanating in a circle from the grid-anode 
region. Values for the X-ray energy and intensity and for protective 
shielding are given. 

Introduction 

IHE BOMBARDMENT of a substance by cath¬ 
ode rays causes the production of X-rays. In the 
operation of high-voltage electron tubes, this ac¬ 

tion is present where electrons emitted from the grid or 
cathode are accelerated by an electric field toward the 
anode. 

At the Signal Corps Engineering Laboratories, Port 
Monmouth, New Jersey, high-voltage thyratrons are be¬ 
ing tested. Personnel working with these tubes were 
therefore issued film badges to detect any X-radiation 
exposure. The results for the most part were negative. 
However, further examination showed that due to the 
physical configuration of the testing apparatus X-radia¬ 
tion was being emitted from these tubes at head level, 
and therefore never intercepted the film badges at chest 
level. A study was conducted to determine the radiation 
levels and characteristics of the X-rays emitted from the 
thyratrons. 

Operation of Thyratrons 

The hydrogen thyratron, as shown in Fig. 1, consists 
of an indirectly heated cylindrical cathode with an in-

* Original manuscript received by the IRE, October 14, 1954; re¬ 
vised manuscript received, February 3, 1955. 

f Sig. Corps Engrg. Labs., Fort Monmouth, N.J. 

ner and outer cathode shield and cathode baffle. The 
nickel grid structure consists of a cylindrical portion and 
a perforated grid disk with a solid grid baffle below it. 
The molybdenum anode is enclosed by the grid disk, the 

Fig. 1—Hydrogen thyratron. 

grid mesh, and the top of the grid structure, with the 
spacing between anode and grid less than one mean free 
electron path at a pressure of 500 microns mercury. The 
tube is operated in a line-type pulse-modulator circuit 
with resonant charging of the pulse-forming network to 
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a high peak forward voltage. A charging diode is used to 
maintain this voltage on the anode until the tube is 
fired. Fig. 2 shows voltage and current waveforms. 

G-hid Voltage 

Anode Current 

5000 «SK -

e 4 Current 

Re Iqtionshipj In A 

Line T^pe Pulser 

Fig. 2—Voltage and current relationships in a line-type pulser. 

X-Ray Output 

The X-ray output was studied using photographic 
and scintillation detectors to determine: 

1. The generation of X-rays as a function of the ope¬ 
rating parameters, 

2. The X-ray beam pattern, 
3. The energy and intensity of the X-rays emitted. 

Generation of X-Rays 

The generation of X-rays as a function of tube operat¬ 
ing conditions was studied, using a scintillation detec¬ 
tor. A 5819 photomultiplier tube with a sodium iodide, 
thallium-activated crystal for the conversion of the X-
ray pulses to light pulses was placed in the beam of the 
X-rays opposite the grid-anode region. The output of 
the photomultiplier was amplified and observed on a 
synchroscope. The charging cycle of the plate voltage 
applied to the thyratron was fed into the scope simul¬ 
taneously. Fig. 3 shows the observed pattern of the ra¬ 
diation output as negative pulses superimposed on the 
charging cycle. This photograph was taken of a hydro¬ 
gen thyratron type 1257 operating at 38 kilovolts peak 
forward voltage, 2,000 amperes peak forward current, 
with a 2.5 microsecond current pulse at a repetition rate 

Fig. 3—Observed pattern (scintillation detector). 

A n od 

Grid Baffle 

of 200 pulses per second. An analysis of the photograph 
shows at time zero, which corresponds to the initiation 
of the discharge, there is a sharp negative pulse of X-
rays. This is due to a considerable current being drawn 
to the anode before the anode voltage has dropped be¬ 
low the level where the X-rays can be detected. During 
the pulse there are no X-rays emitted since the anode 
potential is only several hundred volts. Immediately 

after the pulse, the plate voltage becomes negative, 6 
kilovolts, as a result of the mismatch between the load 
and the pulse forming networks. After this the pidse 
forming network recharges. Fifteen-hundred microsec¬ 
onds after the pulse, the plate voltage has risen to 18 
kilovolts and X-ray pulses are again observed from the 
tube and this continues during the entire interpulse in¬ 
terval until the tube fires again. The X-ray output during 
the period when the tube is not conducting is apparently 
due to thermionic emission from the grid as a result of 
migration of barium from the cathode during tube op¬ 
eration. It has been observed that tubes with excessive 
grid emission will generate considerable more X-rays 
than normal tubes. No measurement to completely 
correlate X-ray with grid emission has been made. 

rea Of Heaviest 
Disc harae 

Fig. 4—l ube discharge and X-ray output. 

Beam Configuration 

Since the generation of X-rays occurs in the grid 
anode region by bombardment of the anode with high-
energy electrons and since there is considerable shielding 
in the tube due to the massive grid structure, the major 
portion of the X-ray beam should emanate in a circle 
through the screen mesh of the grid-anode region, as 
shown in Fig. 4. The main area of generation of X-rays 
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should be at the point where the discharge is the heavi¬ 
est for the following two reasons: 

1. During the breakdown period of the tube, most of 
the current is being drawn at this point, 

2. Heavy localized heating in the area of heaviest dis¬ 
charge causes the greatest amount of grid emission dur¬ 
ing the interpulse interval. 

Fig. 5 X-ray pattern (photographic). 

Fig. 5 shows a typical X-ray pattern taken at one foot 
from the center of the tube (a type 1257). On the side 
where the discharge is heaviest, the beam is f inch wide. 
The opposite side is only tV inch. X-ray output was 
noted at other points, which were less intense than the 
main beam. 

X-Ray Energy and Intensity 

In energy and intensity measurements, dental films, 
Minimax Type EFS without lead, were used. 

Energy Measurements 

The films were set at an arbitrary distance from the 
center of the thyratron. The initial measurement was 
made without an external absorber, the remaining meas¬ 
urements being made with a series of calibrated alumi¬ 
num absorbers. In this manner the data for an absorp¬ 
tion curve was gathered. Eig. 6 is a graph of the absorp¬ 
tion curves of one each of three hydrogen thyratrons 
types 1257, 5948/1754, 5949/1907. It is noted that the 
curves plotted on semilogarithm paper are straight lines, 
indicating that the half-value layers of aluminum are 
constant. On this basis the exponential absorption law 
will be applied as follows: 

Fig. 6—Absorption curves for thyratron types 1257, 5948/1754, 5949/1907. 
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u 
I = Ioe-X, 

P 
where 

Zo = initial intensity, no external absorber 
1 = final intensity with absorber 

M//> = mass absorption coefficient (cm2/g) 
X = thickness of absorber (g/cm2) 

With this assumption of the exponential law, the fol¬ 
lowing sample calculation will be made. Considering the 
type 1257 hydrogen thyratron, the following informa¬ 
tion is available from Fig. 6. 

I 
— = 0.5 when X = 0.340 g/cm2
Io 

therefore 
0 5 — g-u/p(0.340) 

2.04 cm2/g = u/p. 

Consulting a table of mass absorption coefficients the 
effective energy of the radiating beam is found to be 25 
kilovolts.1 Similarly, the above calculations were applied 
to the other types. Table I is a summary of this data. 

TABLE I 
Effective Energies 

Tube Peak operating hvl of AL Effective 
type voltage (kv) (g/cm2) energy (kev) 

1257 38 0.340 25 
5948/1754 27.5 0.185 21 
5949/1907 27.5 0.185 21 

Intensity Measurements 

From the above information the dental films used to 
monitor the X-ray beam were calibrated. The reason for 
this calibration is that the films used are extremely en¬ 
ergy-dependent in this region and that in order to ascer¬ 
tain the dosage properly this calibration is necessary. A 
constant potential X-ray machine, General Electric 
Model XRD-1, was used. Table II is a listing of the ra¬ 
diation levels of one each of the three types of thyra¬ 
trons at various distances as noted. 

TABLE II 
Radiation Levels 

Tube Peak Distance Radiation 
type voltage intensity 

kilovolts feet milliroentgens 
per hour 

1257 42 1 1230 
42 2 360 
38 1 570 
38 2 120 

5948/1754 27.5 1 30 
5949/1907 27.5 1 30 

From the limited data in Table II, it is noted that the 
inverse square law seems to be valid for this experi¬ 
mental setup in the case of the thyratron type 1257. 

1 G. R. White, “X-Ray Attenuation Coefficients from 10 Kev to 
100 Mev,” National Bureau of Standards Report 1,003, May 13, 1952. 

There may be considerable variation in X-ray emis¬ 
sion from tube to tube under similar operating condi¬ 
tions due to variations in grid emission. It has been ob¬ 
served at other laboratories2 that tubes may emit con¬ 
siderably more X-radiation than that measured during 
these experiments. The greatest X-ray emission ob¬ 
served was in the case of a 1257 which could not operate 
for any long period of time due to excessive grid emis¬ 
sion. In this case the rate of emission was 10,000 milli¬ 
roentgens per hour. 

Protective Shielding 

In determining personnel exposure, it should be noted 
that there are important factors to be considered such as 
exposure distance, time, and protective shielding. In ad¬ 
dition to these it should be pointed out that the portion 
of the body that is irradiated and the area of exposure 
are important in determining any radiation damage. 

As stated in the earlier portions of the report, the ra¬ 
diation beam is relatively narrow. In the operational 
set up at these Laboratories, the beam intercepts the 
upper portion of the body, in some cases the eyes. 

In computing radiation intensity the exponential law 
is used and in addition suitable and convenient mate¬ 
rials should be chosen when necessary. 

A sample calculation will now be made to indicate the 
method of determining radiation intensity. 

From Table II the radiation intensity at one foot from 
the center of the tube operating at 38 kilovolts is 570 
milliroentgens per hour. Assuming that it was decided 
to reduce the level from 570 to 7.5 milliroentgens per 
hour, then 

7.5 
- = 0.0132. 
570 

For aluminum at 25 kev 

u/p =1.8 cm2/g, 

therefore 

4.3 
X =- = 2.4 g/cm2. 

1.8 

The density of aluminum is 

p = 2.7 gm/cm*, 

and the thickness 

Therefore to reduce the radiation intensity from 570 
to 7.5 milliroentgens per hour would require 0.89 centi¬ 
meters of aluminum. 

2 M. H. Shamos, Chatham Electronics, Livingston, New Jersey; 
private communication. 
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Conclusions 

It has been observed that X-rays are emitted from 
high-voltage hydrogen thyratrons. The X-Rays are inti¬ 
mately related to the mode of operation, the geometry 
of the tube, and the grid emission developed by migra¬ 
tion of barium from the oxide-coated cathode to various 
parts of the tube. There may be considerable variation 
in the intensity of the X-ray beam with variations in 
grid emission, which is the dominant factor in determin¬ 
ing intensity. Based on the most serious case of grid 
emission (10,000 milliroentgens per hour at one foot 

with an effective energy of 25 kilovolts), these Labora¬ 
tories have established a minimum shielding require¬ 
ment for the protection of personnel testing these tubes. 

The shielding is as follows. 
1. For viewing: J-inch lead glass which will attenuate 

10,000 milliroentgens per hour to a negligible quantity. 
2. For paneling: ¿^-inch steel housing which will at¬ 

tenuate 10,000 milliroentgens per hour to 0.45 milli¬ 
roentgens per hour. In case of inadequate shielding at 
the corners, 10 mil lead foil which has the same attenua¬ 
tion as the steel should be used. 

Analysis of a Broadband Detector Circuit* 
M. H. BROCKMANf, senior member, ire 

Summary—This paper presents a theoretical analysis of the 
steady-state behavior of an ideal linear detector with a broadband 
output circuit. Published analyses of a diode feeding a load resistance 
R, shunted by a capacitance C, show that detection efficiency D to 
the carrier frequency is a function of the ratio of Ri to the reactance 
of Ci, or of R.Ct to 1//, at the frequency of the applied signal, as well 
as of the ratio of Rt to the diode conduction resistance R.i. The broad¬ 
band detector circuit considered here extends the range, at low val¬ 
ues of Ry/Xc,, over which D is maintained practically constant for 
values of Ry/R.i less than ten. This constant carrier detection effi¬ 
ciency characteristic is realized by inserting the proper size induct¬ 
ance in the detector output circuit. 

The solution of the steady-state behavior of the broadband de¬ 
tector circuit is obtained by the method of successive approxima¬ 
tions. As a first approximation, carrier detection efficiency is calcu¬ 
lated for the case of an assumed infinite inductance in the output cir¬ 
cuit. To obtain a practical solution, a second approximation is made 
for the case of a finite inductance in the detector output circuit. This 
solution is compared with the solution obtained with the assumed in¬ 
finite inductance to obtain a safe minimum inductance value for any 
broadband detector design. Calculated data are presented for four 
values of the ratio R.Ri. 

Introduction 

ANALYSES have been made of a diode detector i feeding a load resistance Ry shunted by a capaci-
tance G. The analysis of such a second detector 

circuit is greatly simplified if it is assumed that (1) the 
current-voltage characteristics of the diode is a straight 
line, and (2) the capacitance shunting the detector load 
resistance is either negligible or infinite. Various analy¬ 
ses have been made where condition (1) has been allowed 

‘Original manuscript received by the I RI'.. October 18, 1954; 
revised manuscript received, February 24, 1955. 1 lie material in this 
paper was originally presented as a Master’s thesis in June 1953 and 
the basic data and conclusions are taken from the author’s disserta¬ 
tion submitted to the Polytechnic Institute of Brooklyn in partial 
fulfillment of the requirements for the degree of Master of Electrical 
Engineering. 

t Airborne Instruments Lab., Inc., Mineola, N. Y. 

but not condition (2). These analyses1-3 have shown 
that detection efficiency D to the carrier frequency does 
vary with carrier frequency for a given ratio of Ry to 
diode conduction resistance Rd for intermediate values 
of capacitance Cy or intermediate values of Ry/Xc^d'* 

The steady-state behavior of an ideal linear detector 
with a broadband output circuit is here analyzed theo¬ 
retically. The analysis is important because the output 
circuit extends the region of constant carrier detection 
efficiency (realized at higher values of Ry/Xcfl to con¬ 
siderably lower values of Ry/Xc, (or carrier frequency) 
than for an rc output circuit with the same value of 
load resistance and capacitance. This characteristic, 
which is realized for values of Ry/Rd less than 10, is ob¬ 
tained by inserting the proper size inductance in the de¬ 
tector output circuit. 

Results 

The results of this analysis are shown in Fig. 1. This 
figure presents, for the case of an ideal linear detector, a 
comparison of the carrier detection efficiency D of the 
broadband detector output circuit with that of the 
standard rc detector output circuit for values of Rx/Rd 
==2.5 and 5.0. (Equations used to obtain the detector 
conduction angles wty and w/2 by graphical means for the 
rc case and to calculate D from wty, wt^, and K = Ry/Xc, 
are contained in the literature.6

The lower curves of calculated carrier detection effi¬ 
ciency D for both the broadband and the rc detector 

1 Jean Marique, “Notes on the theory of diode rectification,” 
Wireless Eng., vol. 12, p. 17; January, 1935. 

2 K. R. Sturlev, “Radio Receiver Design,” vol. 1, John Wiley and 
Sons, Inc. New York; 1943. 

3 W. B. Lewis, “The detector,” Wireless Eng., vol. 9, p. 487; Sep¬ 
tember, 1932. 

* K. R. Sturley, loc. cit., Fig. 8.13(a). 
3 K. R. Sturley, loc. cit., pp. 367-369. 
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output circuits shown in Fig. 1 are plotted as a function 
of K (designation for Ri/Xc^ for Ri/Rd equal to 2.5. At 
K =4.67, the calculated D for the broadband detector is 
37 per cent and for the rc detector D is 36 per cent. At 
K = 2.59, the calculated D for the broadband detector is 
35 per cent while for the rc detector D is 30 per cent. In 
fact, carrier detection efficiency drops only to 33.5 per 
cent at A'= 2.0 (see Fig. 4) for the broadband detector 
circuit. As an example, if R¡ =820 ohms and Ci = 10 /xgf, 
values of K of 2.0 and 4.67 correspond to carrier signal 
frequencies of 38.8 and 90.5 me respectively. Fig. 1 
shows a similar effect on carrier detection efficiency D 
for the broadband and rc detector output circuits for 
R\/Rd equal to 5.0. In this case, the curve for the rc de¬ 
tector output circuit was copied from reference 2 for 
purposes of comparison. 

Fig. 1 

The broadband detector output circuit of Fig. 2(a) 
has been used as the output circuit of second detectors 
designed for operation with broadband high-frequency 
amplifiers. Whereas, to obtain a wide video band in the 
detector output circuit, the resistance and capacitance 
of the usual detector rc output circuit must be so chosen 
that detection efficiency varies with the frequency of the 
applied carrier. The broadband output circuit tends to 
eliminate this bandwidth restriction by maintaining 
constant detection efficiency within the amplifier pass 
band. 

Equivalent Circuit 

The equivalent circuit of the broadband detector cir¬ 
cuit during capacitor charge (diode conducting) is 
shown in Fig. 2(b); the equivalent detector circuit dur¬ 
ing capacitor discharge (diode nonconducting) is shown 
in Fig. 2(d). The behavior of this circuit is analyzed for 
a sinusoidal signal input by examining the relationship 
of the de component of the output voltage across de¬ 
tector capacitance Cj to the peak voltage of the applied 
signal as the signal frequency varies. The voltage wave¬ 
forms during capacitor charge and discharge are shown 
in Figs. 2(c) and 2(e) respectively. 

(b) EQUIVALENT BROAD-BAND DETECTOR 
CIRCUIT DURING CAPACITOR CHARGE 

(d) EQUIVALENT BROAD-BAND DETECTOR 
CIRCUIT DURING CAPACITOR DISCHARGE 

(e) VOLTAGE FOR + 

Fig- 2 

The applied signal, which is supplied from a constant 
voltage source, is 

7(f) = Vm sin (wt + wb). (1) 
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It is assumed that the diode is an ideal linear device 
whose resistance Rd is constant during conduction and 
infinite during nonconduction (detector capacitor dis¬ 
charge). In addition, it is assumed that there is no ca¬ 
pacitance across the diode. The constants in the detector 
output are designated as Ri, Ci and L. 

A general solution of the equivalent circuits during 
charge and discharge can be made separately7 to obtain 
expressions for the voltage across the detector capaci¬ 
tance as a function of time. However, the expressions 
are complicated and their simultaneous solution to de¬ 
termine the conduction period of the diode during 
steady-state conditions is not particularly attractive. 
Simplifying assumptions are made therefore and a solu¬ 
tion is evolved by successive approximations. 

As a first approximation, it is assumed that L is in¬ 
finite and therefore i2 is a constant direct current 7’20-
The solution obtained from this first approximation is 
used to examine the behavior of the broadband detector 
circuit. As a second approximation, it is assumed that L 
is finite and that it consists of two terms, a constant di¬ 
rect current 120 and an ac component at the applied sig¬ 
nal frequency. The behavior of the broadband detector 
circuit for this second approximation is compared with 
the behavior for the first approximation to obtain a safe 
minimum value for the inductance L. 

First Successive Approximation 

The applied voltage to the equivalent detector circuit 
during capacitor charge (diode conducting) is given in 
(1) [see Fig. 2(b) ]. The current i2 is constant at all times 
and is designated as ¿20- The circuit equation for the 
voltage across detector capacitor Ci becomes (during 
charge) from inspection 

qa If 1 f‘ 
Fci(0 — —— — I i^tydt + — I ift)dt. (2) 

Cj Ci Jo Ci J 0 

This expression is defined for 0^/^(/2 —/1). Initially at 
f = 0 (the beginning of charge), 

9o 
— = Fm sin w/i. (3) 
Ci 

The circuit equation for voltage across Ci during dis¬ 
charge (diode nonconducting) can again be written, 
from inspection of Fig. 2(d), 

Co 120 . 
IWO = — — (t — h). (4) 

Ci Ci 

This expression is defined for t2̂ t^ (/i + 2tt/w). Initially, 
at t —12 (the beginning of discharge), 

Qo 
— = Vm sin uh- (5) 
C1 

The solution of the two circuit equations above for 
steady-state conditions is outlined in Appendix 1. Solu¬ 
tion of (2) results in the following expression: 

Í20R1 
Sin <t> COS (uh — 0) d-^ll/tan « 

- F m R 1 — 

. , , i¡t>Ri 
= sin </> cos (0/2 — </>) H-^n/t.n 

Vm Ri_ 

where </> = tan -1 (Rd/Xc^). 
This is the equation during charge for steady-state con¬ 
ditions. Solution of (4) results in 

Í20R1 1/wCi 
sin (w/j) d-- (2ir T oi/i) 

Vm Ri 

Í20R1 1/uC, 
= sin (w/2) d-(w/2). (7) 

Vm Rl 

This is the equation during discharge for steady-state 
conditions. 

Examination of (6) and (7) reveals that there are 
three unknowns, wh (the angle at which detector ca¬ 
pacitor discharge ends and capacitor charge-diode con¬ 
duction starts), wt2 (the angle at which diode conduction 
stops and capacitor discharge starts), and (i2o^i)/Fm, 
which is the detection efficiency D. Now if the assump¬ 
tion is made that the average rectified voltage across Ci 
for the charge period is the same as for the discharge 
period the value of this average rectified voltage can be 
written from inspection of Fig. 2(e) 

Í20R1 sin co/i d- sin wt2

After substituting (8) into (6) and collecting terms, we 
obtain 

sin uti 

. 2 

7?d\ sin (2</> —oi/i) sinai/2 Rd~ 

Ri) 2 + 2 Ri. 
cot\ I tan 0 

sin (2<> —o>/2) 

2 

sin uh 

2 

Rf 

Ri. 

This equation during charge for steady-state conditions 
contains only two unknowns, uh and uh. Substituting 
(8) into (7) and collecting terms results in the expression 

sin (uh) 
l/uCl

(2tt d- uli) 
sin (o>/2) i/uCi 

1-R~ M

= sin (uh) 1 
1 1/wCi 
— -(ut2 — 2ir) 
2 Ri 

sin (uh) 1/uCi 
Õ ~~ñ— (“fa)-2 /vj 

(10) 

This equation during discharge for steady-state condi¬ 
tions also contains only two unknowns, uh and uh-

Since (9) and (10) contain transcendental functions, 
the variables uh and uh cannot be separated and a solu¬ 
tion cannot be obtained directly. Eqs. (9) and (10) are 
solved graphically in the following manner. 
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For a given K = Ri/Xcl and Ri/Rj, the left-hand side 
of expression (9) is plotted as a function of ut, for an as¬ 
sumed value of w/2 and the right-hand side is plotted as 
a function of ut2 for an assumed value of w/j. Eq. (10) is 
plotted in a similar manner. From these plotted curves, 
values of w/i and w/2 are obtained which conditionally 
satisfy (9) and (10). Now if these values w/i and ut2 are 
¡dotted one against the other, they will provide continu¬ 
ous curves which are in general as shown in Fig. 3. 

Fig- 3 

The point of intersection of these two curves provides 
the only value of wh and ut2 which satisfies (9) and (10) 
simultaneously. The value of wA and wh at this inter¬ 
section should agree with the assumed value of wA for 
the left-hand side of expressions (9) and (10) and the 
assumed value of «6 for the right-hand side of expres¬ 
sions (9) and (10) used to obtain the two curves. If they 
do not agree, the procedure outlined above is repeated 
assuming a different value of æA and a different value of 
uh until agreement is reached. If this process is re¬ 
peated for various values of K (K varies with fre¬ 
quency) keeping R\/Rj fixed, a series of plots are ob¬ 
tained which provide values of a>/i and wA which satisfy 
steady-state conditions. Such a series of plots are shown 
in Fig. 4 for the first successive approximation for a few 
specific Ri/Rd ratios. 

Second Successive Approximation 

As a second approximation, consider that A consists 
of a constant de term and a constant ac term. This is 
equivalent to assuming that L is finite and that higher 
order terms in i2 are ignored : 

¿2 — Ao 4“ Aac sin (ml + 0). (11) 

The expression for the voltage across Ci during capaci¬ 
tor charge (diode conducting) can now be expressed as 

Fc,(0 = Tejido) + Fc^ac) sin (ml + 9). (12) 

where Fc^ac) and 9 are obtained from the Fourier analy¬ 
sis of the voltage waveform across Cj for the first ap¬ 
proximation and / = 9-tan~1(uL/R¡). The circuit equa¬ 
tion for Vci(l) is shown in (2). The expression is defined 
for 0^/^A — h-

The circuit equation for the voltage across Ci during 
discharge (diode non-conducting) can be written from 
inspection of Fig. 2(d). 

?» 
Fc,W = y; 

Ci 
(13) 

This expression is defined for Aá¿á(fi4~27r/w). 
The solution of the two circuit equations, for this 

case, is obtained in a manner similar to that outlined in 
Appendix I. Solution of (2) results in the following ex¬ 
pression : 

sinw/i / 7?j\ sin (20—wA) sin mt2

2 \ + RJ + 2 2 

sin 0 sin ( — 0 + 0) e"<l/tan0 
i^Ri 1/mC 
F„, Ri 

“sinœA / sin (20 — <v/2) sin mh Rd 
-( 1 + — ) +-+--L 2 \ Rj 2 2 Ri 

^2&oR 1 l/wC, . 
-sin 0 sin (mt2 — w/i — 0 4” 0 
Ri 

tan <t> 

w here 

V c, (ao) 

VR12 + (uLy 

and 0=tan-1 {Rd/Xc^- This is the equation during 
charge for steady-state conditions for the second succes¬ 
sive approximation. Solution of (13) results in the fol¬ 
lowing expression: 

sin (mh) 
1/mCi 

1 4--— (2tt + mli) 
2R1 

sin mt2 1/mCi 
4--mt i 

2 Ri 

ilaeRl 1/mCi 
- -cos (mli + 0) 
F m Ri 

= sin (mt2) 
1/mCi sinwZ1 

1 4- (mF — 2tt) 4-
2R1 J 2 

Aac^A 1/mCi 
— cos (mt2 4“ 0). 

Vm Ri 
(15) 

This is the equation during discharge for steady-state 
conditions for the second successive approximation. 
Eqs. (14) and (15) are solved graphically in the same 
manner as expressions (9) and (10). In this case a value 
of L must be chosen. The manner of choosing a value 
for L will be discussed later. Values for 9 and Fq.ao are 
obtained from the Fourier analysis of the waveform 
across Ci from the solution by the first approximation 
for the same Ri, Rd and Ci with 0=0-tan -1 uL/Ri as be¬ 
fore. As in the first approximation, some repetition in 
calculations is required to obtain agreement between 
the assumed values of uh and ut2 and their final values. 
The results of the solution by the second approximation 
are plotted as Vs on Fig. 1 and Fig. 4 for particular 
choices of parameters. 

Discussion of Results 

In Fig. 4 are plotted curves (solid lines) which show 
the values of uh, and ut2 which satisfy steady-state con-



1955 Brockman: Analysis of a Broadband Detector Circuit 719 

ditions, that is, satisfy (9) and (10) simultaneously, for 
the case of an assumed infinite inductance (first succes¬ 
sive approximation) in the broadband detector circuit. 
Curves are shown for values of R\/Rd of 2.5, 5.0. 7.5 and 
10.0 and they were obtained by varying K{Ri/Xcf) as 
outlined above. The dashed lines represent curves 
which satisfy (8) for values of carrier detection effi¬ 
ciency D from 10 per cent to 90 per cent in 10 per cent 
steps. Eq. (8) is based on the assumption, which is very 
nearly true, that the average rectified voltage across the 
detector output capacitor Ci for the charge period is the 
same as for the discharge period. Eq. (9) and (10) are 
also based on the assumption expressed in (8). There¬ 
fore their solution for the values of uh and w/2 which 
satisfy steady-state conditions also provides the D 
which corresponds to these values of w/i and ut2. The 
plotted curves (solid lines) of Fig. 4 are then plots of 
carrier detection efficiency D as of function of both the 
angles uh and uh (at which diode conduction starts and 
stops respectively) and the dimensionless quantity 
K = Ri/Xcv Two of the curves of Fig. 4 (for values of 
R\/Rd of 2.5 and 5.0) are replotted in Fig. 1 asa function 
of K to present a comparison of the carrier detection 
efficiency D of the broadband detector output circuit 
with that of the standard rc detector output circuit. 

Fig. 4 

Because it is not practical to make inductance L in¬ 
finite, the question of how large L must be, practically 
speaking, arises. The solution obtained from the second 
successive approximation (where L is considered finite) 
provides a method of determining a minimum value for 
L. Carrier detection efficiency D was calculated for the 
case of Ri/Rd = 2.5 using (14) and (15), second succes¬ 
sive approximation, as outlined above. Calculations 
were made for values of K of 2.59, 3.53 and 4.67 with 
uL equal to 3 Ai at the lowest frequency considered 

{K = 2.59). Calculated values of D are plotted as x’s on 
Fig. 4 and Fig. 1. Comparison of results obtained using 
the solution from the first successive approximation and 
the second successive approximation shows only slight 
difference in D for the same values of K. It appears safe 
to assume, therefore, that the solution obtained by the 
first successive approximation represents the behavior 
of physically realizable broadband detector circuits for 
the case where uL is at least 3Ri at the lowest carrier 
frequency considered. 

Operation with a Modulated Input 

Let us examine the video bandwidth of the broadband 
detector output circuit with a signal applied to the de¬ 
tector from a constant voltage source. In the following 
discussion, simplifying assumptions have been made and 
a detailed analysis of detector operation to a modulated 
signal has not been attempted. Various authors6-8 have 
analyzed the factors which produce distortion of the 
modulation envelope in the detection process. 

Consider the case of a pulsed sinewave applied to the 
detector to produce a detected video output pulse. From 
the solution for the first successive approximation (in¬ 
finite inductance or practically speaking uL^iRi), 
with the detector diode not conducting, capacitor Ci 
discharges through Ri with a constant current 220- If the 
voltage across Ci (the amplitude of the detected pulse) 
is designated Vcv then 

¿20 = V cj Ri- (16) 

From the relationship 

V = Vc¡ — l/Ci^J* (17) 

dV/dt = — Í20/C1, (18) 

we see that the rate of discharge of Ci is 

VcJR^Cv (19) 

At the end of the pulsed sinewave, the average time re¬ 
quired for the voltage across Ci to drop to zero is 

t = R^v (20) 

This is compared to a rise (or fall) time of 2.2 rc to the 
90 per cent (or 10 per cent) point of a step function for 
an rc circuit. Because of the inductance L, there will be 
a tendency to continue charging Ci to an opposite 
polarity. This will cause the detector diode to conduct 
and with a zero (de) impedance signal source driving the 
detector, the voltage across Ci will go negative an 
amount iwRd- The time constant L/^Rif-R^ will then 
determine the duration of this effect. 

6 S. N. Van Voorhis, “Microwave Receivers,” Radiation Labora¬ 
tory Series, Vol. 23, McGraw-Hill Book Company, New York; 1948. 

7 F. E. Tennan, “Radio Engineers Handbook,” McGraw-Hill 
Book Company, New York; 1948. 

8 M. J. O. Strutt, “Ultra- and Extreme-Short Wave Reception,” 
D. Van Nostrand Company, Inc. New York; 1947. 



720 PROCEEDINGS OF THE IRE June 

Next consider an amplitude modulated signal 

= Fm(l + m sin a/) sin ut. (21) 

The function of the second detector is to provide an out¬ 
put that follows the envelope of this modulated signal; 
that is. its output must follow the expression 

1 + m sin al. (22) 

In particular, detector capacitor Ci must discharge at a 
rate equal to or greater than the maximum time rate of 
change of this expression to follow the modulation en¬ 
velope, practically speaking. The time derivation of this 
expression is 

— (1 + m sin al) = am cos al. (23) 
dl 

Remembering that a = 27r/mOd and that the above ex¬ 
pression is maximum when cos(a/) = l, we can write 

\/RiCi è 2irmfmod (24) 

or 

/mod is \/2irmRiCi. (25) 

This can also be written as 

Xc^mod/Ri è m. (26) 

Appendix I 

Circuit equation (2) is solved in the following manner 
for the first approximation. F"or 0^/^(/2—/i), during 
diode conduction, 

. , x <i) - 7C1 (/) 

-— 
(27a) 

and 

*2 — *20. (27b) 

After substituting (3), (27a) and (27b) into (2) and per¬ 
forming the necessary integration, (2) can be written as 

VciW-F 
1 

R¿\ 

V m *20 
= Vm sin o>hd-cos w/j— I 

R dC i« Ci 
V m r 

-[cos (uh) cos (co/) —sin (co/i) sin (w/) 
RjC\u 

(28) 

This expression for the voltage spectrum across Ci can 
be written in operational form by applying the LaPlace 
transform9'10 to both sides of (28). After rearranging 
terms, the operational expression becomes 

VCl(p) = 
1 

p + 1/RdCi 

9 M. F. Gardner and J. L. Barnes, “Transients in Linear Systems,” 
John Wiley and Sons, Inc. New York; 1942. 

10 G. A. Campbell and R. M. Foster, “Fourier Integrals for Prac¬ 
tical Applications,” Bell System Monograph B-584, 1931. 

1 *20 
•(Vm sin w/x)-

P Cl 

CO Vrn COS ulj 

P2 + CO2 R/J _ ' 
(29) 

The synthesis of this voltage spectrum into a time func¬ 
tion Vc^t) can be accomplished by applying the inverse 
LaPlace transform to both sides of the above expression 
using the relationship 

1 /• +;=o 

L-1»(/>) = v(l) = -; I v(p)e”‘dp. 
2rj J 

(30) 

The integral, applied term by term to (29), is evaluated 
by the Cauchy integral theorem (residue theorem). 

After rearranging and collecting terms, the expression 

»CKO 
sin </> cos (co/i — * 

iwRi l/coci 
- tan ó(l — ♦) 

Vm Ri 
+ cos </> sin (co/ + co/i — </>) (31) 

is obtained, where 

</> = 
co 

tan-1--
1/RdCi 

This expression, which is defined for 0^/^(/2 —fi), 
represents the normalized time expression for the volt¬ 
age across the detector capacitor during charge. 

The circuit equation during capacitor discharge is 
solved by substituting (5) into (4) and dividing both 
sides of the equation by Vm to obtain 

feno . iwRi 1/wci , 
— = sin co/2-(co/ — C0/2). (32) 
Vm Vm Ri 

This expression, which is defined for 

/2?r \ 
h I I — + /. J, 

\ w / 

represents the normalized time expression for the volt¬ 
age across the detector capacitor during discharge. 

During steady-state conditions, the voltage at the 
end of detector capacitor charge is equal to the voltage 
at the beginning of discharge and vice versa. By setting 
/=/2 —/1 in expression (31) for vct (t)/Vm during charge 
and /=/i + 2tf/« in expression (32) for Vcl (t)/Vm during 
discharge, two simultaneous equations are obtained 
which contain /2 and /1. 

Substituting /=/2 —h in (31) for vc, (l)/Vm and rear¬ 
ranging and collecting terms results in (6). Substituting 
/=/i-|-2*r/w in (32) for vc, (t)/Vm and rearranging and 
collecting terms results in (7). 
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The Excitation of Surface Waves 
by a Vertical Antenna* 

D. B. BRICKf, ASSOCIATE, IRE 

Summary—The excitation of surface waves by a vertical, linear 
antenna erected on an infinite, flat, perfectly conducting image plane 
coated with a thin layer of dielectric is investigated theoretically. 
Helmholtz-type integral expressions, derived through the use of the 
results of a previous paper, are utilized in the computation of numeri¬ 
cal data. The appendix is devoted to the development of an approxi¬ 
mate current distribution for the antenna. 

The far-zone fields for the configuration are composed of two 
types of waves—the radiated wave, a wave of spherical type, and one 
or more surface waves, waves of cylindrical TM type which attenuate 
exponentially with height above the dielectric surface. The theoreti¬ 
cal magnitudes of these two are combined to yield field patterns that 
show the large magnitude of the surface-wave component excited by 
the vertical antenna. 

The experimental approximation to the configuration consisted of 
a large ground plane enclosed by a microwave dark room. The ex¬ 
perimental data, in addition to being presented so as to verify the 
theory, were replotted in a form that yields convenient design curves 
for surface wave antennas of this type. 

Additional measurements were taken over partially coated sur¬ 
faces to aid in both the understanding of the phenomenon and its 
practical application to directive radiators. 

Introduction 

IN RECENT years much interest has been shown in electromagnetic waves guided by modified, per¬ 
fectly conducting or reactive surfaces. Initially this 

interest was concentrated on the cylindrical surface, 
such as the single-wire line studies of Goubau1 and 
Roberts.2 Attwood,3 who studied the phenomenon of 
waves guided by a plane, reactive surface, did so not 
with the intention of utilizing it as such, but with the 
idea of relating it to the cylindrical surface and of sug¬ 
gesting its use in waveguides. More recently, other 
authors have considered the reactive plane surface with 
the aim of using its properties to control radiation.4

* Original manuscript received by the IKE, December 27. 1954; 
revised manuscript received, February 23, 1955. This paper is part 
of a dissertation submitted in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy. This research was made pos¬ 
sible by support extended Cruft Laboratory, Harvard University, 
under contracts N5ori-76, T.O. 1 and A.F.19-(604)-786. 

t Cruft Laboratory, Harvard University, Cambridge, 38, Mass. 
1 G. Goubau, “Surface waves and their application to transmis¬ 

sion lines,” Jour. Appl. Phys., vol. 21, pp. 1119-1128; November, 
1950; “Single-conductor surface-wave transmission lines,” Proc. 
I.R.E., vol. 39, pp. 619 624; June, 1951 ; “On the excitation of sur¬ 
face waves,” Proc. I.R.E., vol. 40, pp. 865-868; July, 1952. 

2 T. E. Roberts, “Theory of the single-wire transmission line,” 
Jour. A ppi. Phys., vol. 24, pp. 57-67; January, 1953. 

3 S. Attwood, “Surface wave propagation over a coated plane con¬ 
ductor,” Jour. A ppi. Phys., vol. 22, pp. 504 509; April, 1951. 

4 See for instance: Walter Rotman, “T he Channel Guide An¬ 
tenna,” and “Metal Clad, Progressive-Phase, Dielectric Antennas,” 
Air Force Cambridge Research Center Reports Nos. E. 5054 and 
E 5081, Cambridge, Mass.; F. E. Butterfield, “Dielectric sheet ra¬ 
diators,” Trans. I.R.E., vol. AP-3, pp. 152-158; October, 1954; 
Progress and Final Reports on “Ridge and Corrugated Antenna 
Studies,” Stanford Res. Inst., Stanford, Calif.; M. J. Ehrlich and 
L. Newkirk, “Corrugated Surface Antennas,” 1953 IRE Convention 
Record, Part 2, “Antennas and Communications,” pp. 18-33. 

While the virtues of the plane-coated surface tire be¬ 
ing realized in practice, very little work of a rigorous 
nature has been done on the excitation problem, with 
the exception of that of Elliott,5 Lo,6 and Brick.7 The 
vertical dipole, the simplest and one of the more efficient 
surface-wave launchers, seems to have received little 
attention apart from the theoretical treatments of a 
Hertzian dipole in the presence of such a surface.6’7 This 
may be due to the fact that the theoretical analysis was 
in need of extension to the practical problem of the finite 
cylindrical antenna and of experimental verification, 
and the lack of adequate design data. The purpose of 
this paper is to provide these. 

Fig. 1—Theoretical model of the finite transmitting antenna. 

The configuration considered is that of a vertical 
cylindrical antenna erected on a plane conductor which 
is coated with a thin layer of dielectric, Eig. 1. It will be 
seen that such an antenna excites two types of waves in 
the space above the dielectric—-those of spherical type, 
the radiation or compensating field, and those of cylin¬ 
drical transverse-magnetic type, which attenuate ex¬ 
ponentially with distance z above the surface and 
propagate with velocity less than that characteristic of 

5 R. S. Elliott, “On the theory of corrugated plane surfaces,” 
Trans. I.R.E., vol. AP-2, pp. 71-81; April, 1954. 

6 Y. T. Lo, “Electromagnetic field of a dipole source above a 
grounded dielectric slab,” Jour. A ppi. Phys., vol. 25, pp. 733-740; 
June, 1954. 

’ D. B. Brick, “The Radiation of a Hertzian Dipole Over a Coated 
Conductor,” Monograph No. 113, The Inst. Elec. Engrs., December, 
1954, and Proc. I.E.E., Part C, 1955. 
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region 1. The latter are alternately called surface, 
guided, slow, or residue waves. The number of waves of 
this type which may be supported increases with dielec¬ 
tric thickness. All thicknesses considered here are 
limited to the region of single-mode propagation. 

A theoretical formula for the electric field will be de¬ 
rived. It will be of the form of a sum of integrals 
containing, as integrands, products of the antenna cur¬ 
rent and the responses to unit sources (the Green’s func¬ 
tions) which satisfy the same boundary conditions as the 
fields. These Green’s functions were derived in a previ¬ 
ous paper7 and will not be duplicated here. They are 
available in closed form only in the far zone of the unit 
source. The exact current distribution on the antenna is 
unknown. A method for approximating it is given in the 
Appendix. 

Although the theory is limited strictly to a surface of 
infinite extent, it will be shown experimentally that the 
coupling to the surface wave on a large but finite coated 
surface is closely approximated by the values obtained 
from the formulas. 

In order to conform with the usual field-pattern meth¬ 
od of displaying the radiating properties of an antenna, 
the 0-component of the total far-zone electric field has 
been numerically computed as a function of 9 at a spe¬ 
cific distance R (Fig. 1). It is important to note that a 
specific distance R must be chosen, since the propaga¬ 
tion constants and the radial dependences of the two 
types of waves, which comprise the total field, are dif¬ 
ferent. Another point of departure is that, unlike the 
radiated wave, the surface waves are of TM type and 
hence have radial components of the electric field in 
addition to 0-components. The relationship between the 
radial- and 0-components of the surface wave has been 
treated in the literature.7

The experimental measurements were performed to 
verify the theory. This was done in two ways—-first, the 
surface wavelengths were measured and compared with 
those resulting from the transcendental equation for the 
determination of the wavelength of the guided mode, 
and secondly, field patterns were measured and com¬ 
pared with the computed results. These patterns illus¬ 
trate the large distortions of the dipole fields caused by 
the presence of the dielectric layer. The large spikes in 
the patterns near the surface (0 = 90°) are due to the 
surface waves. 

The ratios of the maxima of the 0-components of the 
£-fields of the surface waves to those of the radiated 
waves are plotted vs dielectric thickness, with dipole 
length as a parameter, for all the cases measured. These 
are intended for use as design curves. In order to give 
additional physical interpretation to the phenomenon, 
curves of measurements taken over partially coated 
surfaces are also shown. 

The Theoretical Formulation 

In a previous paper7 the fields due to a vertical 
Hertzian dipole above or in a dielectric layer coating a 
flat, perfectly conducting plane were derived. If the 
dipole moment is set equal to —j/v, these are just the 

responses to infinitesimal unit current sources in the 
z-direction, i.e. —ju/j. times, the Green’s functions. Due 
to the linearity of the field equations, superposition pre¬ 
vails and the response to an arbitrary distribution of 
z-directed current densities is given by the integral of 
the product of the appropriate unit response function 
and the current density. 

King has shown that for thin, linear antennas the 
total current may be treated as if it were a current 
density lying along the axis of the antenna.8 Hence, if 
the assumption is made that ßa^ßh and ßa^i, the 
electric fields in regions 1 and 2 (Fig. 1) are given by: 

Region 1, Fig. 1, z^d 

E^R, 0) E(z')E(A)i(R, 0, z')dz' 

. d _k

I^E^^R, 0, z^dz' 
0 

(la) 

Region 2, Fig. 1, O^z^d 

E^R, 0) I,{z')EW 2{R, 0, z'^dz' 

* d _» 

7,(z')£(B)2(£, 0, z'^dz' 
0 

(lb) 

where £(z') is the total current on the antenna and 
£(A)1 , £(B)u £(A)2, E(B)2are the fields due to infinitesimal 
unit current sources. These are obtained from the corre¬ 
sponding fields in the previous paper7 by setting the 
dipole moment p equal to — j/u. The subscripts (A) and 
(5) refer to the region in which the unit source is placed, 
and subscripts 1 and 2 refer to the region of observation. 
ß—uy/en is the characteristic propagation constant in 
region 1, and w = 2tt times the frequency. 

- > 
At large distances from the antenna, E(A)i and E(B)i 

are composed of both surface and radiated waves, 
— > 1 > 

whereas E(aw and Eaw are composed of surface waves 
only.7 Due to the superposition properties of (la) and 
-——* • 

(lb), Ei is composed of both types of fields, while £2 is 
composed of only surface waves for large R. The propa¬ 
gation constants and functional forms of the surface 
modes are functions of the dielectric layer only and are 
hence identical to those due to a Hertzian dipole 
source.7 The determination of I^z') is discussed in the 
appendix. 

Numerical evaluations of (la) as a function of 0 have 
been made for ßh=ßd = A0ir, 15ir, wtt/4 and for ßh 
=ßdß-Tr/4, ßd-\-ir/2, ßd+ir with ßd — AQir and .15tt and 
m! = 2.54 (polystyrene) at ßR = 170.6 radians. Examples 
of these are displayed with the experimental results in 
Figs. 2-5. The values of the parameters ßd and n2 used 
for the theoretical curves were chosen to be slightly dif¬ 
ferent from those used for the experimental curves, so 
that the effects of the slight variations in these parame¬ 
ters could be observed, yet they were close enough so 
that the experimental results agreed well with theory. 

8 R. W. P. King, “Electromagnetic Engineering,” vol. 1, Mc¬ 
Graw-Hill, Inc., New York, pp. 242-243; 1945. 
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Fig. 2—Experimental and theoretical field patterns at ßR = 170.6 
radians. 
Experimental: 
0h=ßd = A34r, n2 = 2.58, 41 = 3.9 Polyrod—O Waveguide—X 
ßh = A34n, ßd=0, 41 = 3.9 (lOXscale) 

Polyrod—□ Waveguide—△ 
Theoretical: 
ßh=ßd, „’ = 2.54, 12 = » f/3d = .107r - - -

W=.15r -
[ßd = mA -

ßh = A34ir, ßd = O, S2=»o-(lOXscale) 

The quantity M(6) that is plotted on a logarithmic 
scale in Figs. 2-5, is the magnitude of the 0-component 
of the radiation wave. For Fig. 5, see page 724. 

As previously mentioned, it is necessary to choose a 
value for ßR when combining the fields, because the 
surface wave attenuates radially as l/Vr and propa¬ 
gates as a “slow wave,” while the radiated wave attenu¬ 
ates as l/R and propagates with velocity (/xe) -1/2. As 
ßR increases, the ratio of the magnitudes of the surface 
to radiated waves increases, and the minimum between 
the main regions occupied by the two waves decreases. 
ßR = 170.6 radians was chosen so as to agree with the 
experimental value. 

Experimental Equipment 

The infinite perfectly conducting plane assumed in 
theory was approximated in practice by a large (71.9X 
X81.5X), but finite, Dural image plane. It was equipped 
with a coaxial feed for the cylindrical transmitting an-

Fig. 3—Experimental and theoretical field patterns at ßR = 170.6 
radians. 
Experimental: 
ßh=x/4+ßd = .320n, ßd = .010x, n2 = 2.58, 12 = 5.7 

Polyrod—O Waveguide—X 
ßh = .320x, ßd = O, 12 = 5.7 (lOXscale) 

Polyrod—□ Waveguide—A 
Theoretical: 
ßh = ir/4+ßd, «’ = 2.54, 12 = x jßd = A0x -

(/3d = .15?r -
ßh = .320x, ßd=O, 12= oo-(lOXscale) 

Fig. 4—Experimental and theoretical field patterns at ßR = 170.6 
radians. 
Experimental: 
ßh=ir/24~ßd = .603tt, ßd = A93x, n2 = 2.58, 12 = 7.0 

Polyrod—O Waveguide—X 
ßh = M3x, ßd = O, 12 = 7.0 (lOXscale) 

Polyrod—□ Waveguide—A 
'Theoretical: 
ßh = ir/2+ßd, n2 = 2.54, 12= x fßd = AOir -

Vd = .157T -
ßh = .603ir, ßd = O, 12= »-(lOXscale) 
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tenna, a movable surface probe to measure surface 
wavelength, and a rotating frame to support a field pat¬ 
tern measuring antenna. The equipment was designed 
for Jf-band operation. To minimize reflections, the space 
above the ground screen was enclosed by absorbing ma¬ 
terial to form an electromagnetic anechoic chamber. 

Fig. 5—Experimental and theoretical field patterns at ßR = 170.6 
radians. 
Experimental: 
ßh = ir+ßd=\.\3iir, 0d = .134,r, n’=2.58, 0 = 8.3 

Polyrod—O Waveguide—X 
ßh = lA34ir, ßd = O, Í2 = 8.3 (lOXscale)-

Polyrod—□ Waveguide—A 
Theoretical: 
ßh = rr+ßd, n2 = 2.54, tl'= 21n[2(h-d)/a] = 8 

[ßd = . 1 Ott - — -
W^ISt -

Three thicknesses of dielectric were used to coat the 
ground screen. They consisted of Dow-Styron 475, a 
modified polystyrene (w2 = 2.58) of thicknesses d = .044", 
.065" and .084" or of electrical thicknesses, ßd= .070tt, 
0.103tt, and 0.134tt respectively at 9,450 mcps. The sheets 
were cemented with electrical varnish and the surface 
probe travelled through a slot in each dielectric layer. 

Although the direction of probe travel was not radi¬ 
ally outward from the transmitter, as may be seen in 
Fig. 6, the measuring apparatus attached to the probe 
allowed the desired radial separations to be measured. 
This was accomplished by fixing one end of a rigid steel 
rule to the travelling probe mount and allowing it to 
have rotational freedom about the probe axis. The other 
end of the rule was made to slide in a vernier scale 
which was mounted beneath the transmitting antenna 
with rotational freedom about the antenna axis. The 
ride was well below the probe and antenna feeds so as 
not to interfere with their operation. 

Measurements were taken with two field pattern an¬ 
tennas. For large distances above the ground-screen 
surface a polyrod antenna was used because if its high 
gain which discriminated against waves reflected by the 

absorbing chamber. Near the ground screen surface its 
use was not feasible due to its strong image coupling, 
large size precluding a close approach to the surface, and 
its large aperture which averaged the field over an elec¬ 
trically large region in both the angular and radial di¬ 
rections. Hence an antenna that did not have these 

Fig. 6—X-band ground screen and associated equipment. 

limitations was needed near the surface. A tapered 
waveguide antenna, consisting of an open-ended stand¬ 
ard size waveguide tapered to one-fifth its narrow di¬ 
mension at the aperture, was chosen. The external 
waveguide was covered with absorbing material to 
minimize external currents and concentrate the effective 
receiving area at the narrow aperture. A combined ex¬ 
perimental and theoretical method was used to calibrate 
variations of effective receiving length as a function of 
height for each dielectric thickness.9 This quantity has 
strong functional dependence on dielectric thickness. 

Fig. 7—Microwave anechoic chamber. 

Fig. 6 is a schematic diagram of the equipment and 
Fig. 7 shows the dielectric-coated ground screen, surface 
probe, anechoic chamber, and tapered-waveguide an¬ 
tenna covered with absorbing material. 

9 The method is described at length by D. B. Brick, “An Experi¬ 
mental Investigation of the Radiation of a Vertical Antenna over a 
Coated Conductor,” Technical Report No. 195, Cruft Laboratory, 
Harvard University, Cambridge, Mass.; 1954. 
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Experimental Results 

Surface Wavelength Measurements 

The surface probe mentioned previously was utilized 
as a standing wave detector to measure the radial sur¬ 
face wavelength. Although the vswr along the surface 
was initially very low indicating that the absorbing ma¬ 
terial at the edge of the screen provided a good match 
for the surface waves, a higher vswr was induced, for the 
purpose of wavelength measurements, by placing a 
small metal sheet at the edge of the slot in the dielectric 
through which the probe traveled. 

The results of these measurements for the three dielec¬ 
tric thicknesses are shown in 1'able 1. N indicates the 
number of half-surface wavelengths over which the 
measurements were performed while the error given is 
rms deviation. The theoretical values are those com¬ 
puted from the transcendental equation:6 7

n*Vßt* - 3* = Vn^ - 0/ tan {dy/n^ - ß^) 

where ß is the characteristic propagation constant in 
region 1 and ß0 is the surface-wave propagation con¬ 
stant. n and d are defined in Fig. 1. 

TABLE I 

ßd N 

Theoretical 
Surface 
Wave¬ 
length 
(cm) 

Experimental 
Surface 

Wavelength 
(cm) 

Theo¬ 
retical 

0 X, 

Experi¬ 
mental 
0. _ X 

0 x. 

0.134ir 
0.103tt 
0.070tt 

42 
28 
30 

3.069 
3.115 
3.152 

3.06±.008 
3.12±.014 
3.14 + .015 

1.036 
1.021 
1.009 

1.04 
1.02 
1.01 

In order to check the effect of the slots in the dielec¬ 
tric on the wavelength measurements, the wavelength 
was measured with the slot empty and with the slot 
filled with Vaseline, a material very similar electrically 
to the Styron, so that a homogenous layer was more 
closely approximated. To within the limits of measure¬ 
ment no differences in the average wavelengths could be 
detected. 

Field Pattern Measurements 

Experimental measurements of the magnitudes of the 
0-components of the electric fields were made for four 
antenna lengths, ßh =ßd, ßdf-ir/4, ßd + ir/2, and ßd+ir, 
relative to each of the three dielectric layers with and 
without the dielectric coatings on the ground screen. 
The patterns taken over the uncoated screen serve as 
comparison curves so that the distortions caused by the 
coatings may be more readily appreciated. Figs. 2-5 
contain examples of these patterns plotted on a loga¬ 
rithmic scale. The quantity given is again M(ß), the 
0-component of the electric field normalized to the 
maximum value of the radiated wave, at ßR = 170.6 
radians. The data taken with the tapered-waveguide 
antenna was corrected by the calibration curve of the 
variations of its effective length with height mentioned 
earlier.’ 

The experimental and theoretical data are in good 
agreement. The major deviations are due to the im¬ 
perfect absorbing qualities of the chamber.9 The results 
verify the existence of a large surface wave that causes 
a considerable distortion of the original dipole field. 

in Fig. 8, the quantity of design interest—the mag¬ 
nitude of the surface wave as a function of dielectric 
thickness with dipole length as a parameter—has been 
plotted. It is interesting to note that for thinner dielec¬ 
tric layers short antennas appear to be more efficient 
surface-wave launchers, while for thicker layers the 
longer antennas appear to be more efficient. This last 
relation is limited to the range of dipole lengths meas¬ 
ured, because as the electrical lengths of the antennas 
increase beyond ßd + ir the efficiency of surface-wave 
excitation falls off. 

Fig. 8—Experimental ratio, R of the maximum of the 0-component of 
the electric field of the surface wave to that of the radiation wave 
for a dipole of length h and a coating of thickness d at 0R = 170.6 
radians, «’ = 2.58. 

For the dielectric thickness ßd = 0. 103tf, field patterns 
were also measured with the ground-screen partially 
coated and partially uncoated, as shown in Figs. 9 and 
10 on the next page. 
These measurements were taken for several reasons: 

the first of these is to show that the excitation of surface 
waves is a phenomenon occurring continuously through¬ 
out the radial direction, but that its major contribution 
arises from the region within twenty wavelengths of the 
antenna. Hence, the excitation data obtained for an 
infinite coating is a good approximation for a large 
finite dielectric layer. One effect of increasing ßc in 
Fig. 9 is to decrease the magnitude of the surface wave 
while causing only minor perturbations of the shape of 
the pattern of the radiation wave, thus agreeing with 
the observations of Ehrlich and Newkirk. 10 They ob¬ 
served that for a surface wave antenna of a different 
type the radiation pattern is composed essentially of a 
linear combination of the radiation of the feed alone, 
and that of the surface. The constants in this combina¬ 
tion are determined by the degree of excitation of the 
surface waves and the geometry involved. 

10 M. J. Ehrlich and L. Newkirk, toc. cit. 
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Fig. 9—Measured field patterns over a partially uncoated ground 
plane, ßh ™0.603r, ßR = 170.6 radians, w2 = 2.58. 

The measurements of Fig. 10 were taken in order to 
display the directive effect that occurs beyond the edge 
of the dielectric. The large oscillations that appear in 
the curves for larger ßc are due to the fact that the meas¬ 
uring antenna was not sufficiently far from the combined 
dipole-dielectric surface radiator. The configuration of 
Fig. 10 has many possibilities in field pattern regulation. 
With proper shaping, choice of radius, and control of 
the dielectric properties, a highly directive antenna ap¬ 
pears to be feasible. One such possibility is a planar 
analogue of the polyrod antenna. No effort in that di¬ 
rection was made at this time. 

Discussion 

This research has served to verify the previously de¬ 
rived theories and has demonstrated that a vertical 
antenna excites a cylindrical-type surface-wave com¬ 
ponent that is large compared to the radiation field. In 
doing so, it has also shown that a dielectric layer, 
whether of finite or infinite extent, introduces a con¬ 
siderable degree of perturbation directed towards broad¬ 
side radiation. Data and theory have been provided 
as an aid towards the utilization of such a structure 
in the excitation of surface waves. Although a theo¬ 
retical analysis of the layer of finite extent has not been 
attempted, it has been shown that the degree of excita 
tion on a large surface is well approximated by that for 
an infinite surface. With this knowledge and the experi¬ 
mental and theoretical data made available, an analysis 
of the finite surface excited by a vertical antenna should 
not be difficult. 

Appendix 

Utilizing the z-components of the electric Hertz vec¬ 
tors for the configuration of Fig. 1 and the Hertz poten¬ 
tials for Hertzian dipole excitation, derived in a previous 
paper7 as unit source or Green’s functions, it is relatively 

Fig. 10—Measured field patterns over a partially coated ground 
plane, ßh = 0.603r, ßR = 170.6 radians, n2 = 2.58. 

straight forward to develop, in the usual manner, 11 a 
Ifallen-type integral equation for the antenna of Fig. I. 12 

Although the iteration of this equation to obtain higher-
than-zeroth order approximations to the current dis¬ 
tribution is possible in theory, the fact that the poten¬ 
tials for Hertzian dipole excitation6'7 are known only at 
large distances from the dipole precludes an iteration. 
The direct result of the integral equation is therefore 
limited to a zeroth-order distribution which is identical 
to that on an open-circuited, lossless, transmission line 
of length ßh driven at z = 0. This distribution is illus¬ 
trated in Fig. 11 for several antenna lengths and dielec¬ 
tric thicknesses. 

Guided by the integral equation and physical con¬ 
siderations of the problem, a better approximation to 
the current distribution was derived. The need for a 
better approximation is quite obvious if it is noted that 
the most important current elements for the excitation 
of surface waves are in the vicinity of the dielectric 
layer7 and that the departures between the zeroth-
order and exact current distributions on a dipole 11 are 
most marked in the region of the driving point. The ap¬ 
proximation which has been made assumes a thin di¬ 
electric coating and is described as follows: 

(1) The current distribution on the section of antenna 
in region 1, the space above the dielectric surface, is 
assumed to be essentially the same as if that section 
were half of a cylindrical transmitting antenna of total 
length 2(Ä — d) and radius “a" isolated in a space with 
characteristics, e, p., and zero conductivity. The King-
Middleton approximate second-order distribution 11 was 
thus assumed to exist on this section, and was graphi-

11 R. King and D. Middleton, “The cylindrical antenna, current 
and impedance,” Quart. Appl. Math., vol. 3, pp. 302-335; January, 
1946. 

12 For the details of this development and the approximate de 
termination of f.(z'), see reference 9. 
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F>g- 11—Zeroth order current distribution on antennas for which 
ß(h—d)=O, t/4, and ir/2; and ßd = .107r, and .15r. 

cally approximated by trigonometric and exponential 
functions that are easily integrable when substituted in 
equation (la). 

(2) The section of antenna in region 2 is assumed to 
be a very short half-section of top-loaded dipole isolated 
in the dielectric medium of region 2. The current dis¬ 
tribution is then described by the following linear com¬ 
bination of trigonometric functions appropriate to the 
zeroth-order distributions 

I, = A cos [nß^d - z) ] + B sin [n/3(i/ - z)]. 

The approximate distributions in regions 1 and 2 are 
related at z=d by 

I^z = d+) = I¿z = d-) 

irhl^z = d+) _ dl^z = d~) 

d, d. 

The first relation is due to the equation of continuity 
and the second is a relation satisfied exactly by the 
zeroth-order (transmission-line) distribution at the 
boundary and in good approximation by the exact dis¬ 
tribution.9 These relations determine the constants A 
and B and hence, these constants are independent of 
the dielectric thickness. 

For short antennas (ßh^ßd + ir/2) the distribution re¬ 
duces to the zeroth-order distribution but for larger 
antennas it is quite different. An example of this ap¬ 
proximate distribution, I = r+jT, normalized to the 
driving-point voltage, 7/, on a fairly long antenna is 
shown in Fig. 12. In that figure the antenna length is 
ßh =ßdf-7r, nßd = 75, n2 = 2.54, and the approximate 

(b) 
Fig. 12—(a) Assumed current distribution on the section of antenna 

of length ß(h—d) = jr, S21 = 2ln [2(ft— d)/a\ =8 above the dielectric 
layer; (b) assumed current distribution on the section in the 
dielectric layer of thickness d of an antenna of total length 
ßh = ir+ßd, „2 = 2.54, nßd = .75. 

current distributions are given here bv 

Region 1 d^z^h 

I" rcos/3(z — d) — cos/3(/z — d)~ 
- = 2.5 -
W  L 1 — cos ß(h — d) 

_ 6 j sinT 

Region 2 O^z^d 

2.5 cos nß(d — z) 

3.5 cos nß(d — z) + (6.1)» sin nß(d — z). 

The justification for this method of approximation is 
in the agreement of the field patterns with experiment, 
whereas for antenna lengths ßh>ßd+Tr/2, the zeroth-
order approximation yields results that only vaguely 
resemble the measured values. 
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Coding for Constant-Data-Rate Systems—Part II 
J * Multiple-Error-Correcting Codes 

M. BALSERf -and R. A. SILVERMANf, member, ire 

Summary—The study of coding for constant-data-rate systems 
begun in Part I is continued. A simple pulse model of such a system 
is introduced which is easier to visualize than the correlation detec¬ 
tion scheme of Part I. The Wagner code is extended to two multiple¬ 
error-correcting schemes. The efficiency of the Wagner code is 
evaluated by comparing it with Shannon’s ideal coding. It is shown 
that the Wagner code is just the minimum probability of error detec¬ 
tor for parity-checked sequences of independent binary digits. 

I. Introduction 

N PART I of this paper1 we introduced the Wagner 
code, a new means of correcting single errors in se¬ 
quences of binary digits (words). The Wagner code

differs from the Hamming code2 by being likely rather 
than certain to correct single errors, but may be prefer¬ 
able in certain communication applications because of 
its use of only one check digit. In Part I it is assumed 
that the time-bandwidth product (TIT) of the electrical 
signals representing the digits is large (so that there is 
a negligible increase in bandwidth when more check 
digits are accommodated in the same time interval), and 
that detection is by correlation. However, we might just 
as well represent the digits by positive and negative 
pulses of equal amplitude and use threshold detection. 
We must then assume that the system has extra band¬ 
width available to accommodate more check digits. It 
is shown in Appendix A that the analysis of Part I 
carries over intact for the simpler case of pulses. 

Two extensions of the Wagner code are given in this 
paper. In Section II the Wagner principle is applied to 
the Hamming single-error-correcting, double-error-
detecting code2 by using the extra parity check digit to 
correct double errors. In Section III we show the advan¬ 
tage of dividing a long word into separately Wagner-
coded subwords. 

The constant-data-rate comparison presented in this 
paper (except in Section V of Part II) came about in 
answer to the practical question of whether to encode 
for reduced error rate (and if so, how), when the data 
rate (information rate at the channel input) and trans¬ 
mitter power are fixed. We consider only codes such 
that the receiver computes its own replacements for 
detected errors. There are codes in use which have the 

* Original manuscript received by the IRE, July 12, 1954; revised 
manuscript received, December 10, 1954. 1 he research in this docu¬ 
ment was supported jointly by the Army, Navy, and Air Force 
under contract with the Massachusetts Institute of Technology. 

j Lincoln Lab., Mass. Inst. Tech., Lexington, Mass. 
1 R. A. Silverman and M. Balser, “Coding for constant-data-rate 

systems—part I. A new error-correcting code,” Proc. IRE, vol. 
42, pp. 1428-1435; September, 1954. 

2 R. W. Hamming, “Error detecting and error correcting codes,” 
Fell Sys. Tech. Jour., vol. 29, pp. 147-160; April 1950. 

receiver ask the transmitter for a replacement for a de¬ 
tected error. See, for instance, the work of J. B. Moore. 3 

A comparison oi codes on an efficiency basis rather than 
in terms of per-word probability of error at constant-
data-rate is possible, and is more pertinent from the 
standpoint of information theory. Section V is devoted 
to this complementary efficiency comparison. 

Though the Wagner code is more properly described 
as a detection scheme to be used with parity-checked 
sequences of binary digits than as a “code,” we feel that 
the phrase “Wagner code” is justified by its linguistic 
convenience.4 All statements made in this paper as to 
the relative merits of different codes (except in Section 
V of Part 11) apply only to a situation where the digits 
are converted into electrical signals and transmitted at 
constant-data-rate over a continuous channel perturbed 
by the addition of white Gaussian noise. The authors 
wish to avoid implying that the Wagner code is superior 
to the Hamming code in any over-all sense. 

11. The Hamming-Wagner Code6

To extend the principle of the Wagner code to the 
construction of a double-error-correcting code, we add 
further check digits to the Wagner-coded word with the 
purpose of revealing double errors as well as single 
errors. If a double error is detected, we change the two 
digits of the stored word which are most in doubt; if a 
single error is detected, we change only the most doubt¬ 
ful digit. 

The success of this scheme requires a system of check 
digits which indicates both single and double errors, and 
furthermore distinguishes between them. I he usual 
geometrical model of message space is well suited for 
examining the possibility of setting up such check digits. 
In this model the various coded messages of n binary 
digits are represented by the vertexes of a cube in n 
dimensions, and the distance between two vertexes is 
defined as the number of binary digits in which the cor¬ 
responding messages differ. The reader will easily see 
that a distance of at least four between the possible 
coded messages is required if both single and double 
errors are to be detected and distinguished. 

In a Hamming single-error-correcting, double-error¬ 
detecting code, all transmitted messages are separated 

3 J. B. Moore, “Accuracy and speed on short-wave teleprinter 
services,” Proc. Nat. Electronic Conf., vol. 9, pp. 927-934; February, 
1954 . 

4 The Wagner code is equivalent to the minimum probability ot 
error detector. (See Appendix B.) , „ 

6 The same reservation applies in calling this scheme a code as 
in calling the Wagner scheme a “code.” (See Section I.) 
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by at least distance four. This is just the distance re¬ 
quired for successful operation of a Wagner code that 
corrects both single and double errors. Thus the number 
of check digits needed to correct all single errors before 
applying the Wagner procedure to double errors is the 
same as the number required to apply the Wagner pro¬ 
cedure to both single and double errors. This suggests 
a “Hamming-Wagner code” which obviously corrects 
more errors than the corresponding “Wagner-Wagner 
code.” 

In this way we arrive at a code which is like the 
Hamming single-error-correcting, double-error-detect¬ 
ing code, except that if the code indicates a double error, 
we change the two most doubtful digits in the stored 
word. The analysis of this Hamming-Wagner code is 
completely analogous to that of the simple Wagner code. 
As we saw in Part I, the probability of error per Wagner-
coded word of m message digits is given by 

Pn- = 1 - q^a) - Um+M, (1-29)« 

where 

Cl — C2 
a = > (1) 

V2(ai* + 

if detection is by correlators with Gaussian outputs of 
means Ci and ci (cOc-l) and standard deviations ai and 
as; or 

(2) 
V 

V2N0W 

if pulses of amplitude ± V and bandwidth W are re¬ 
ceived in the presence of white Gaussian noise of power 
No per unit bandwidth. The definition of q(a) is 

?(“) = 1(1 + erf a). (1-14) 

where 

I'he quantity IT„(a) is the integral 

Expanding the term in brackets by the binomial 
theorem, we get7

* Equation numbers preceded by the Roman numeral I refer to 
correspondingly numbered equations in Part I. 

7 Eqs. (3) and (4) are to be preferred for their simplicity to (1-12) 
and (1-22). They are, of course, entirely equivalent. 

n " In — 1\ 
nn(a)=-E . Ji-l)-»/^), 

2n ,_i \i — 1/ 

where 

(4) 

2 cv
Ii(a) = —= I exp [ — (x+a)2] [erf (x— a)] i-1¿x. (1-23) 

V^Jo 

In an entirely analogous fashion we find that the prob¬ 
ability of error per Hamming-Wagner coded word is 

Phw = 1 — qm+k+1 (a) — (m T ¿ + l)çm+i («)/>(a) 

- =nm+t+1(a), (5) 

where k is the number of check digits required by the 
Hamming single-error-correcting code.2 The quantity 
2n„(a) is the integral 

n(n — 1) C°° r , 
2nn(a) = I exp [-(x+a)2] 

(Vf)n Jo 

• I exp [-(y+a)2]tZy 
J 0 

• exp [ —(z— a)2]¿z| dx 

2 n(n—\) r x
= —= —-- I exp [-(x+a)]2

y/ ir 2" Jo 

• [erf (x+a) — erf a][l — erf (x —a)]"“2Jx. (6) 

Expanding the term in brackets by the binomial 
theorem, we get 

n(n — 1) " In — 2\ 
2nn(a) = -4-- E . )(_!)« V,(a), (7) 

2" i_2 \i — 2/ 

where 

2 rx
2Ii(a) =—= I exp [ —(x+a)2|[erf (x+a)—erf a] 

J 0 

■ [erf (x— a)]*“2¿x. (8) 

P//n-(1.35) and Phjt(1.80) are tabulated in Table I 
(next page) for various values of m, also corresponding 
probabilities of error for uncoded, Hamming-coded, and 
Wagner-coded words. The values of a used in computing 
Pu, Pu, and Pw are chosen so that all words (message 
digits plus check digits) have the same duration, as 
required in a constant-data-rate system. Thus 

Pu (au) = 1 — </m(“c), 

/m + k + 1 
au = A/-a (9) 

I m 

Pa (a fl) = 1 — qm+k(an) — (m + k)qm+k-'’í(a¡t)p(an), 

/m + k + 1 
a" = V -i-T-“ ( 10) F m + k 

Pw(aw) = 1 — çm+1 (ajv) — IIm+1 (ajr), 

/m + k + \ 
aw = V -rr— a- <n) V m + 1 
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Table I shows that Ph eventually becomes less than 
Pir as m increases. This happens for two reasons: (1) the 
ratio k/m decreases with increasing m, so that the cor¬ 
responding values of a for the two codes become more 
nearly equal, which dissipates the advantage of the 
check-digit economy of the Wagner code; (2) the prob¬ 
ability that the Wagner code corrects single errors de¬ 
creases as m increases. Table I below also shows that 
Phw is less than Pw for m greater than about 15. 

III. The Syllabified Wagner Code 

If the probability of error per digit is held constant, 
the proportion of multiple errors increases as the length 
of the word increases. Consequently, any single error-
correcting code loses its effectiveness as m increases. 
One way to combat this effect without introducing a 
true multiple-error-correcting code is to divide each 
word into subwords or syllables separately coded for 
single error correction. In this way multiple errors can 
be corrected if no syllable contains an error in more 
than one digit. 

Suppose a word with m message digits is divided into 
^syllables, each containing Mi = w, + ^i digits, where 

i 
m = mi 

«—i 

and kt is the number of check digits required in the 

TABLE 1 
Comparison of Hamming, Wagner, and Hamming-Wagner 

Codes 

(a) a = 1.35 

m Pu Ph Pw Phw 

10 0.093 0.044 0.030 0.037 
11 0.111 0.050 0.038 0.043 
12 0.110 0.065 0.038 0.057 
13 0.128 0.073 0.047 0.064 
14 0.146 0.081 0.056 0.071 
15 0.165 0.090 0.067 0.079 
16 0.183 0.098 0.079 0.087 
17 0.202 0.107 0.092 0.096 
18 0.220 0.116 0.105 0.104 
19 0.239 0.126 0.119 0.113 
20 0.257 0.135 0.134 0.122 
21 0.275 0.145 0.149 0.132 

(b) a = 1.80 

m Pu Ph u

10 0.0091 0.0016 0.00067 0.00063 
11 0 0117 0.0018 0.00095 O.OOO76 
12 0 0109 0.0025 0.00081 0.00107 
13 0 0135 0.0029 0.00111 0.00124 
14 0 0163 0.0033 0.0015 0.0014 
15 0.0193 0.0037 0.0019 0.0016 
16 0 0224 0.0042 0.0024 0.0019 
17 0.0258 0.0046 0.0030 0.0021 
18 0.0292 0.0051 0.0037 0.0024 
19 0 0328 0.0057 0.0044 0.0026 
20 0.0364 0.0062 0.0052 0.0029 
21 0.0401 0.0068 0.0061 0.0032 
22 0 0439 0.0074 0.0070 0.0036 
23 0.0478 0.0080 0.0080 0.0039 
24 0.0518 0.0086 0.0091 0.0043 

Values of a are for a Hamming-Wagner code. 
m = number of message digits. 

r'th syllable by the single-error-correcting code in ques¬ 
tion. Let Q(nti) denote the probability that the ith 
syllable be correct after decoding. The probability of 
error for the syllabified word is then 

Ps(mt, m2, • • • , w,) = 1 - Q^h^m^ • • • (12) 

For a given number of syllables and a given probability 
of error per digit it can be shown that Ps is smallest 
when the syllables have equal length (or as nearly 
equal as possible). 

Under the assumption of constant-data-rate, syllabifi¬ 
cation is worthwhile only if the probability of error per 
digit is not increased excessively by the introduction of 
too many check digits. Because of its economy in the 
use of check digits (one per syllable) the Wagner code 
is well suited for syllabification. For Wagner-coded 
syllables, 

Q(m) = çm+1 (a) + nm+i(a). (13) 

The optimum number of Wagner-coded syllables is a 
compromise between lowering a excessively by intro¬ 
ducing too many check digits and having too small a 
probability of correction because of excessive syllable 
length. The optimum number of syllables is not neces¬ 
sarily critical or for that matter the same for all a. A 
syllable length of seven to ten digits seems to be the 
best, as illustrated in Table II. 

TABLE II 
Comparison of the Hamming-Wagner and Syllabified 

Wagner Codes 

anw = 1.80 

j «number of syllables. 

nt Paw Chw j Psw 

12 0.00107 0.77 1 0.0081 
2 0.0087 

14 0.00143 0.75 1 0.00148 
2 0.00144 

16 0.00186 0.73 2 0.00228 

18 0.00236 0.72 2 0.00322 
3 0.00342 

>0 0 00292 0.70 2 0.00438 
3 0.00449 

22 0.00356 0.68 2 0.00577 
3 O.OO57O 

•>4 0.00426 0.67 3 0.00700 
4 0.00735 

30 O.OO73O 0.62 3 0.00981 
4 0.00975 
5 0.01006 

42 0.0146 0.55 5 0.0200 
6 0.0201 

54 0.0244 0.50 6 0.0318 
7 0.0317 

72 0.0448 0.43 8 0.0468 

90 0.0688 0.38 10 0.0659 
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Table II presents a comparison of Phw and Psw (the 
per-word error probabilities for the Hamming-Wagner 
and syllabified Wagner codes) for a//n=1.80. Psjris cal¬ 
culated from (12) and (13), using 

/ m + k + 1 
asw = 4/ - omw- (14) 

y m + j 

At about n; = 80, F.sw becomes less than Phw- This is 
because Chw, the probability that the Hamming-
Wagner code corrects a detected double error, decreases 
as m increases, as shown in Table II. Chw is given by 

22II„(a) 
Cun (a) = --„ n\ ■ , 2 (15) 

n(n — l)ç" -(a)/>2(a) 

where n = m + k + l and p(a) = 1 — qM-

IV. Other Multiple-Error-Correcting Codes 

In addition to the Wagner-type multiple-error-
correcting “codes” described in Sections II and III, 
there exist algebraic multiple-error-correcting codes. 8-10 

We have made no systematic study of the operation of 
such codes in constant-data-rate systems. We have, 
however, made a few calculations using a Muller-Reed 
triple-error-correcting code which show that despite the 
use of a large number of check digits, this code has a 
lower per-word probability of error than any of the 
codes we have considered when the number of message 
digits is sufficiently large. 11 This suggests that further 
studies of such multiple-error-correcting codes would be 
profitable. It would also be of interest to calculate the 
quantity 

/ h\ 
P(n, k, a) = 1 — ) /»‘(a)?”-^«). U6) 

i-0 \ 2 / 

the residual error in sequences of n binary digits after 
all errors up to order k have been corrected. This could 
be used to determine the limiting number of check digits 
that can be profitably used (i.e., in comparison with 
a known code) at constant data-rate with a ¿-error¬ 
correcting code. 

V. The Efficiency of the Wagner Code 

Until now we have compared the performance of the 
Wagner code with other codes only on a constant-data-
rate (fixed source entropy) basis. From the standpoint 
of information theory, a natural measure of the effi¬ 
ciency of a code is the amount by which the signal-to-

8 D. E. Muller, “Metric Properties of Boolean Algebra and Their 
Application to Switching Circuits,” Report No. 46, Digital Com¬ 
puter Lab., Univ, of Illinois; April, 1953. 

9 I. S. Reed, “ A class of multiple-error-correcting codes and the 
decoding scheme,” Trans. IRE, PGIT-4; pp. 38-49; September, 1954. 

10 M. Plotkin, “Binary Codes with Specified Minimum Distance,” 
Research Division Report 51-20, Moore School of Elec. Eng., Univ, 
of Penna., January, 1951. 

11 R. A. Silverman and M. Balser, “Coding for constant-data-rate 
systems,” Trans. IRE, PGIT-4, pp. 50-57; September, 1954. 

noise ratio needed to achieve its signaling rate exceeds 
the signal-to-noise ratio needed to achieve the same rate 
with ideal coding. We now calculate this excess signal 
to noise ratio for the Wagner code and compare it with 
the corresponding quantities for other codes as pre¬ 
sented in a paper by Gilbert. 12 We use Gilbert’s notation 
in the discussion that follows. 

Suppose the transmitted alphabet comprises K words 
(waveforms) determined by D sample values 1 '(2 IF) sec¬ 
onds apart. The information rate per unit bandwidth, 
assuming negligible equivocation, is 

R 2 log K 
— = -• (17) 
W D 

The signaling rate for Wagner-coded sequences of D 
binary pulses is, by (17), 

since one of the D pulses is a check digit. Gilbert’s cri¬ 
terion for negligible equivocation is that the average 
probability of error per word is 

P = IO-6 log10 K. (19) 

(This convention corresponds to an average of one error 
per ten thousand ten-decimal-digit “telephone num¬ 
bers.”) The value of a [see (2)] required to achieve this 
error rate using the Wagner code is, by (1-29) and (19), 
the solution of 

10-5 (D - 1) log10 2=1- çü(a) - Ilp(a). (20) 

The corresponding value of signal-to-noise ratio is just 

F2
Y = - = 2a2. (21) 

AMF 

The signaling rate for ideal coding is, by a well-known 
theorem of Shannon, 

R 
- = log (1 + F). (22) 

We find the value of Y for ideal coding at the signaling 
rate given by (18) and find A F by subtracting it from 
the value of Y for the Wagner code, obtained from 
(20) and (21). (All values of F are in decibels.) This 
A Y is the measure of code efficiency referred to above. 
Table III, on the following page, shows values of A F for 
Wagner-coded sequences of various lengths. 

The closest approach to ideal coding occurs at about 
D = 25, where the code requires 6.56 db more power 
than the ideal for the same information rate. Moreover, 
the Wagner code is almost as efficient over a wide 
range of values of D. This is remarkable in the light of 
Gilbert's conclusion that “one cannot signal over a 
channel with signal to noise level much less than 7 db 

12 E. N. Gilbert, “ A comparison of signaling alphabets,” Bell 
Sys. Tech. Jour., vol. 31, pp. 504—522; May, 1952. 
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TABLE III 
Efficiency of Various Wagner Codes 

Length Information «ienal-to-noise Signal-to-noise 
of coded rate, g ratio in excess 
sequence, Ä/Wffbits/unit v , \ of ideal coding, 
D bandwidth) ' AT (db) 

5 1.60 10.44 7.36 
11 1.82 10.73 6.70 
19 1.89 10.92 6.58 
25 1.92 11.01 6.56 
33 1.94 11.10 6.58 
co 2.00 13.11 8.34 

above the ideal level of (22) without using an un¬ 
believably complicated alphabet.” 12 The only code con¬ 
sidered by Gilbert which is more efficient than the 
Wagner code is a ternary code devised by Slepian which 
requires 6.23 db over the ideal. 

It is of interest to note that the point D = oo corre¬ 
sponds to the case considered by Oliver, Pierce, and 
Shannon, 13 i.e., “uncoded” PCM. The fact that they ob¬ 
tained a value of AK = 9.2 db (8.3 times the power) 
rather than 8.3 db is due to a slightly different criterion 
for negligible equivocation. The Wagner code improve¬ 
ment of about 1.8 db over the uncoded case is the same 
using their criterion. 

VI. Conclusion 

In this paper we consider further aspects of the 
Wagner code introduced in Part I. Though the Wagner 
code is not a code in the usual sense, we regard the 
phrase “Wagner code” as a convenient abbreviation. 
We show in Appendix B that the Wagner code is just 
the minimum probability of error detector for parity 
checked sequences of independent binary digits. 

The performance of the Wagner code is evaluated in 
two ways. First, in Part I, we compare Wagner-coded 
sequences (words) with uncoded and Hamming-coded 
sequences of the same number of message digits, under 
the assumption of constant-data-rate (fixed information 
rate at the channel input regardless of the coding 
adopted). The fact that the probability of error of short 
Wagner-coded words is on this basis less than the prob¬ 
ability of error of Hamming-coded words with the same 
number of message digits is due to its economy in the 
use of check digits (only one parity check). Obviously, 
if the constraint of constant-data-rate is removed, the 
Hamming code corrects more errors (all single errors) 
than the Wagner code (only some single errors, albeit 
most of them in low noise). The second way we evaluate 
the performance of the Wagner code is by comparing 
it with ideal coding, as Gilbert has done for a variety of 
other codes. This comparison is made in Section V, 
where it is found that the Wagner code is almost as effi¬ 
cient as the best of far more complicated codes. This 
supports the intuitive notion that by making use of the 

u B. M. Oliver, I. R. Pierce, and C. E. Shannon, “The philosophy 
of PCM,” Proc. I.R.E., vol. 36, p. 1324-1331; November, 1948. 

magnitude of the difference between the a posteriori 
probabilities, the Wagner code recovers information 
that would otherwise be lost. 

In Sections II and III the principle of the Wagner 
code is used in two multiple-error-correcting schemes. 
I'he first uses the double-error-detecting feature of the 
Hamming single-error-correcting, double-error-detect¬ 
ing code to initiate a search for the two most doubtful 
digits when a double error is indicated. 1'he second con¬ 
sists of dividing long sequences into separately Wagner-
coded subsequences. In this way, many multiple errors 
(those in which only single errors occur in the subse¬ 
quences) can be corrected. Of course, such a subdivision 
into separately coded subsequences can be set up using 
any error-correcting code, but the Wagner code, 
because of its economy in the use of check digits, is 
especially suited for such subdivision. 

In Section IV we refer to sample calculations which 
suggest strongly that algebraic multiple-error-correcting 
codes of the type recently developed by several authors 
are most suitable at constant-data-rate if the number of 
message digits is rather large. 

In Appendix A we present a much simpler model of a 
constant-data-rate system than the correlation detec¬ 
tion scheme of Part I, namely, the model of binary 
pulses of bandwidth W. 

Appendix A 

A Simple Pulse Model 

It is asserted in the introduction that there is a com¬ 
plete correspondence between the correlation-detection 
scheme of Part I and the much simpler model of binary 
pulses of bandwidth W. We now exhibit this corre¬ 
spondence. 

Consider two pulses centered at t = 0: 

sin 2ttHT sin 2irlP/ 
Xi(<) = V- and x2(0 = — V-- (23) 

2rrWl 2rrWt 

Let the channel noise be additive white Gaussian noise 
with power No per unit bandwidth, i.e., the probability 
density of the noise is 

W(n) = ■■ -
V27rN0W 

(24) 

If Xi is sent, the received signal y = V-i-n is a Gaussian 
variable with mean V and variance VoIP. An error 
occurs if y<0. Thus there is a formal analogy between 
the correlation and pulse cases if for Az, Ac and a we 
substitute y, V and VAfoIP, respectively. In particular, 
the per digit probability of error is 

V 
eri a), (25) 

where now a is given by (2). (In the correlation detec¬ 
tion case, Az is the difference between two Gaussian 
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correlator outputs and a proof is required to show that 
Az is itself Gaussian (see Appendix of Part I); in the 
pulse case, the fact that y is Gaussian follows directly 
from the fact that the noise is Gaussian). 

If m-\-k pulses are compressed into an interval origi¬ 
nally containing only m pulses, the bandwidth needed 
to accommodate these mf-k pulses is W. The 
total noise power is now (m-\-k)m~xNaW, so that the 
new value of a is 

m V 

m -f- k V2AoH 

The first factor is just the one introduced in the correla¬ 
tion-detection case to account for shortening the digits. 
Thus the analogy between the two cases is complete. 

Appendix B 

The Wagner Code as a Detection Scheme 

Consider all possible sequences, X{, of m + 1 binary 
digits of which 2m (half) are allowed messages. Let the 
sequences be transmitted over a noisy channel. Upon 
reception of a perturbed sequence Y the probability 
P(Xi/ F) 14 may be computed for each sequence Xi if the 
a priori probabilities P(X.) and the noise statistics are 
known. Let us assume that we have a receiver which 
computes these a posteriori probabilities and picks out 
the allowed message with the largest a posteriori prob¬ 
ability. By definition, this receiver is a minimum prob¬ 
ability of error detector (or ideal observer), since the 
choice of any other message would result in a larger 
probability of error. It is easily seen that the Wagner 
code is a minimum probability of error detector when 
the allowed messages are sequences of independent 
digits, all with the same parity. For, since the digits 
are independent, the total probability is the product of 
the probabilities of the individual digits, so that either 

14 By P(Xi/Y) we mean the probability that if Y is received, Xi 
was sent. 

the sequence of individually more probable digits is an 
allowed message or, if not, the sequence with the digit 
changed which has the least difference between its a 
posteriori probabilities is an allowed message. 

If the receiver computes instead P(Y/Xi) for each 
sequence (it may, for instance, not know the a priori 
probabilities P(X<)), and picks out the maximum of 
these, we call it a maximum likelihood detector. We 
could have defined the Wagner code to operate in this 
way, but we wanted a code with a low probability of 
error and these two detectors are not, in general, equiva¬ 
lent. For the only case we computed, the a priori prob¬ 
abilities are equal, and the two detectors become 
equivalent. 

It should be noted that a minimum probability of 
error detector (and, of course, a maximum likelihood 
detector) can be defined for any set of 2”1 allowed 
sequences of the 2m+1 possible sequences. It can be 
shown that the symmetry given by our choice of se¬ 
quences with the same parity results in the lowest mini¬ 
mum probability of error. 

In defining the operation of the Wagner code, we 
need make no restrictions as to either the representation 
of the binary digits or the nature of the perturbing noise, 
provided that the receiver can compute the a posteriori 
probabilities P(X,/F). In this paper we have concerned 
ourselves exclusively with the case in which the binary 
digits are low-pass electrical signals of bandwidth W and 
the perturbing noise is Gaussian with constant spectral 
density over the band. Another application of the Wag¬ 
ner code is to the transmission of binary digits with 
unequal a priori probabilities over a discrete channel, 
with probability poi of changing a 0 to a 1 and pio of 
changing a 1 to a 0. 
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Correction 
V. H. Rumsey, author of the paper, “Part I—Transmission Between Ellip-

tically Polarized Antennas,” which appeared on pages 535-540 of the May, 1951 
issue of the Proceedings of the IRE, has brought the following correction to 
the attention of the editors. 

(/3) should be replaced by (—0). The direction of the x-axis in Figs. 2 and 3 
should be reversed. 
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The Excitation of Circular Polarization 
in Microwave Cavities* 

M. TINKHAMf and M. W. P. STRANDBERGf, senior member, ire 

Summary—The usefulness of exciting a single circularly-polar¬ 
ized mode in a microwave cavity is indicated. A matrix method is pre¬ 
sented then for the analysis of the operation of various components, 
such as transition pieces and differential phase shifters on waves 
propagating in waveguides with two degenerate orthogonal modes. 
This method is applied to describe three distinct systems for gener¬ 
ating the desired circular polarization in a cavity that is coupled 
directly to the side wall of a waveguide. The final system, which in¬ 
volves a minimum of critical adjustments, is described in more de¬ 
tail, and its performance is indicated. It is shown that purely circular 
radiation can be set up along the axis of the cavity. However, the 
largest preponderance of one rotating mode over the other which can 
be set up, if one averages over the entire cavity volume, is 11.5 to 1. 
This value is obtained with the TEn„ modes. 

Introduction 

NUM BER OF microwave experiments and appli¬ 
cations require, or would at least be facilitated 
by, the excitation of a single circularly-polar¬ 

ized mode in a resonant cavity. Examples from existing 
work are (1) determination of AMj selection rules in 
microwave paramagnetic resonance transitions,1 and 
(2) measurement of the complex permeability tensor of 
ferrite materials as a function of the static magnetic 
field.2 A possible future application would be in an 
oscillator magnetically tuned with a ferrite-loaded 
cavity. In all such applications, it is necessary to apply 
a magnetic field of the order of kilogauss along the axis 
of symmetry of the cavity. Since this requires that the 
cavity be placed between the polepieces of a magnet, a 
simple end-on feed to the cavity, from a waveguide in 
which a circularly-polarized wave is propagating, is im¬ 
possible unless a hole is bored along the axis of the 
polepiece, or unless the gap is made wide enough for 
bends which do not destroy the circidarity of incident 
radiation. These considerations indicate the desirability 
of a system for exciting a single circularly-polarized 
mode by coupling directly from the side of a piece of 
waveguide which is inserted in the gap. Several such 
systems are described in this paper. 

* Original manuscript received by the IRE, October 28, 1954; re¬ 
vised manuscript received, January 21, 1955. This work was sup¬ 
ported in part by the Signal Corps, the Office of Scientific Research, 
Air Research and Development Command, and the Office of Naval 
Research. 

t Dept, of Physics and Research Lab. Electronics, Mass. Inst. 
Tech., Cambridge, Mass. 

1 M. Tinkham and M. W. P. Strandberg, “Theory of the fine 
structure of the molecular oxygen ground state and the measurement 
of its paramagnetic spectrum,” Phys. Rev. (in press). More details are 
given in the Ph.D. Dissertation of M. Tinkham, Dept, of Physics, 
MIT; 1954. 

2 J. O. Artman and P. E. Tannenwald, “Measurement of per¬ 
meability tensor in ferrites,” Phys. Rev., vol. 91, p. 1014; 1953. H. G. 
Belters and J. L. Snoek, “Gyromagnetic phenomena occurring with 
ferrites,” Phillips Tech. Rev., vol. 11, pp. 313-322; 1950. 

The essential problem is that of establishing a purely 
rotating microwave H field at a point on the wall of the 
waveguide. If this is done, a single rotating mode may 
be excited in a cylindrical cavity with two degenerate 
modes in the following manner. The cavity is attached 
to the wall of the waveguide in such a position that the 
center of an end wall lies at the point where the micro¬ 
wave field is rotating in the guide, and coupling is 
accomplished by means of a circular hole in the wall at 
that point. Our theoretical treatment is to first order, 
that is, we neglect effect of aperture on waves in the 
guide. In this approximation electric field must be 
normal to the wall, and hence it could not be used to 
provide a rotating electric field in the plane of the hole. 

To demonstrate the operation of the systems to be 
described and to show how other such systems may be 
studied, we first present a matrix algebraic technique 
for concisely analyzing the behavior of microwaves in a 
(square or round) waveguide with two degenerate and 
orthogonal modes of propagation. It is well-known that 
waves that are circularly polarized about the axis of 
the guide may be set up in such a waveguide by simply 
retarding the phase of one component of a wave by 
7f/2 with respect to an equal orthogonal component. 3 

Our problem of establishing at the wall a field circularly 
polarized about an axis normal to the wall is sufficiently 
complex to justify setting up this formal technique for 
quantitative analysis of various configurations sug¬ 
gested by more qualitative considerations. 

Matrix Method for Bimodal Waveguide 

In this method we follow the scattering matrix ap¬ 
proach.4 The fields are expanded in terms of waves 
traveling along the guide (z direction) and polarized 
along X and y, respectively. Suppressing the universal 
transverse spatial dependence and the eiut time de¬ 
pendence, we have 

Ei = e~ lä-uu

Eu = (1) 

where the us are unit vectors, ß is the propagation con¬ 
stant 2tt/X„, and z is the distance along the guide from 
any convenient reference plane. The waves propagating 

’ J. R. Eshbach and M. W. P. Strandberg, “Apparatus for Zee-
man effect measurements on microwave spectra,” Rev. Sei. Instr., 
vol. 23, p. 623; 1952. 

4 C. G. Montgomery, R. H. Dicke, and E. M. Purcell, “Principles 
of Microwave Circuits,” MIT Radiation Lab. Ser., McGraw-Hill 
Book Co., Inc., New York, N. Y., especially ch. 5 and 10; 1948. As 
discussed further, our conventions in setting up the matrixes differ 
from those used in this reference. 
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in the reverse (left) direction would then be given by 

E* = E¡¡¡ and £*i=£vi. I hus the field in any region 
of undistorted guide may be expressed by four complex 
numbers giving the amplitude and phase of these four 
waves. These numbers are conveniently collected in a 
column vector, with their order defined as follows: 

Ci 

Cii 

Cm 

Civ i 

Vectors in various regions of guide will be related bv 
matrix operators that represent various types of ele¬ 
ments introduced. These matrixes are defined to have the 
property they yield the coefficients of the four outgoing 
waves when matrix is multiplied into a column vector 
composed of coefficients of incoming waves from both 
sides. To illustrate, if the situation is 

the matrix of A must satisfy the matrix equation 

I'he matrixes of various devices are readily tabulated 
by considering simple cases. To handle a complicated 
system, one then sets up a group of these equations, 
eliminates the undesired unknowns which describe the 
waves inside the unit, and one is left with a new matrix 
which describes the more complex system. 

Let us now list a few typical examples. If we introduce 
an element pF] which produces a phase shift 0 and a 
transmission factor a (depending on the mode), but no 
reflection or mode conversion, the matrix is simply 

aie^i 0 0 0 

0 ane'^i 0 0 

0 0 aie^i 0 

0 0 0 an«'*" 

We note that this matrix reduces properly to the unit 
matrix in the limit of no attenuation or phase shift.6 

Such a device 1^1 may be made by inserting dielectric, 
5 1 his desirable reduction does not hold with the conventians used 

by Montgomery, et al. (reference 4), since their matrixes differ from 
ours by an exchange of the upper and lower two rows. A more impor¬ 
tant advantage of our convention is that, by using wave coefficients 
rather than terminal voltages as the basis for the matrixes, we obtain 
a cleaner representation in the guide of the fields which are actually 
coupling into the cavity. 

conductive, or lossy vanes into the guide in one or the 
other of the planes of polarization. The quarter-wave 
pipe described4 for generating a circularly polarized 
traveling wave is an example of such an element with 
01 — 0II =7t/2. 

A short [S] converts waves propagating to the right 
to ones propagating to the left with a phase dependent 
on the location of the short. Since the two polarizations 
may be shorted independently by orthogonal vanes at 
zi and zu, respectively, the general matrix is 

0 0 -c»i 0 

0 0 0 -e™'" 

-c 0 (I () 

0 — g-Wai o () 

1 he factor ß is here the same for both modes, since we 
are considering the case with degenerate modes. 

If we introduce a “Babinet compensator” |~g] (in the 
form of a section of guide squeezed along the diagonal,6 

we may consider the wave expanded in terms of £ and 
0 components along the diagonals at 45 degrees to the 
X, y waves. These waves now propagate at different 
speeds because of the distortion that lifts the de¬ 
generacy. At the end of the distorted section having a 
length I, we re-expand in the original basic waves. 
Neglecting reflection and the mean phase shift, exp 
[f|(ß,+/3{)/], the matrix is 

B = 

cos S 

i sin t> 
0 

0 

i sin ô 
cos ö 

0 

0 

0 

0 

cos ô 

i sin ó 

0 

0 

i sin 5 
cos á J 

where ô is half the differential phase shift |(/3, — ßxßl; 
e.g., S=7t/4 for a quarter-wave plate. 

If we consider an ideal transition piece [T] which 
couples between two pieces of guide with axes rotated by 
an angle 0, the matrix is easily seen to be 

T = 

cos 0 sin 0 0 0 

— sin 0 COS0 0 0 

0 0 cos 0 — sin 0 

0 0 sin 0 cos 0 

where again we neglect reflection. The turnstile coupler 
discussed in a later section is a special form of such a 
device, with 0=+45 degrees and —45 degrees foi the 
two side arms. This matrix also represents the effect of 
rotating the reference axes in circular waveguid'e 
through an angle 0. 

Application of the Method to Circular 
Polarization 

In this section we shall give three arrangements in 
which the components described above may be used to 
provide the proper phase and amplitude relations to 

6 For example, Eshbach and Strandberg, toc. cit. 
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excite circularly-polarized radiation in a cavity coupled 
through a hole in the sidewall of the waveguide. 

The first arrangement one might try in analogy to the 
problem of generating circular polarization in wave¬ 
guides3 would be a Babinet compensator set as a quar¬ 
ter-wave plate with a movable short at the end of the 
line to aid in matching into the cavity. Assuming that 
purely vertically-polarized (1) radiation is incident, and 
that the two polarizations are shorted at the same point, 
z( =Zn =zOl our matrix method yields the fields indicated 
by the column vectors: 

I 

0 

0 

~^0
-ie 

cavity 

—-[U 
I \ 

-i 2^z0
-e 
-•2^zo 

\ -ie t

We note that purely horizontally-polarized (IV) radi¬ 
ation is reflected. From the vector at the right, we may 
then construct the following z-dependence of the electric 
field in the region where the cavity is coupled: 

—♦ — —> > 
E = \/2er&‘o sin /3(z — z0)(wI — iuv). 

From this expression, the z-dependence of II at the wall 
is easily shown to be proportional to 

Ï1 = sin 0(z - z0)w. - i cos ^(z - Zo)«,], (2) 

where f = (ZZ^max/^/Jmax. For this to be purely circular, 
we then must choose the position of the short (zo) with 
respect to the coupling hole (z) so that cot ß(z — zo) = ± f. 

Reference to the forms of the waveguide modes7 shows 
that f =Xi/Xc for square waveguide, and 1.841 Xa/Xc for 
circular waveguide (operating in the lowest mode in 
both cases). It is also useful to note that 

x„/xc = [(X./X)3 - l]'»« 

where the cut-off wavelength Xc is given by 2a for rec¬ 
tangular waveguide (a is the width) and by 3.41R for 
circular waveguide (R is the radius). Pertinent exam¬ 
ples are that f = l for 0.90X0.90 inch (l.D.) square 
guide at 9,300 me and f = 2.38 for 0.94 inch (l.D.) circu¬ 
lar guide at the same frequency. Thus for these typical 
dimensions, the short should be distant by an odd 
multiple of (Xo/8) from the hole with the square guide, 
and displaced approximately (X,/16) from these points 
for the circular guide. Although this method was suc¬ 
cessfully used in an early model, it suffers from the dis¬ 
advantage that the coupling fields at the hole have only 
1/^2 their maximum values and are therefore changing 
rapidly with position. This makes the positioning for 
exact circularity critical. 

’ H. R. L. Lamont, “Wave Guides,” Methuen and Co., Ltd., Lon¬ 
don, Eng.; 1949. 

One would expect to obtain less critical performance 
with the addition of a differential phase shifter pF| to 
achieve independent phase and amplitude control. This 
arrangement is 

For a quantitative investigation, we apply the matrix 
method, assuming vertically polarized incident radi¬ 
ation but leaving all other parameters general. After 
algebraic elimination of the unwanted variables efgh, we 
find that the field in the region of the cavity is given by 

a 

b 

c 

d 

e’*i 

ie'*" 

cos 5 

sin 5 

cos 5 

sin ò 

From these coefficients we may construct the E and H 
fields as in the previous example. The result for H is 

II — sin 5 sin ß(z — 

— i cos 5 cosß(z — z^e'^^'^Ux. (3) 

The strength of the matrix method is the ease with 
which it yields these general expressions which allow the 
full capabilities of an arrangement to be seen at once. 
Inspecting (3) we see that the conditions for circularity 
are 

d’n — ßzu = d>i = ßzi 

and 

f sin 8 sin ß^z — Zu) = cos 8 cos ß(z — zi). 

These may be satisfied by choosing </>i—^>n = ±tt/2, 
zi—Zu = ±Xp/4, and 5 = + cot“1 f. This choice allows the 
coupling window to be at the maxima of both coupling 
fields. The positioning is noncritical and a smaller 
coupling hole may be used. To carry out this choice of 
parameters, the two modes I and II are shorted a 
quarter-wave apart by orthogonal vanes, and the two 
varied together to the point of strongest coupling. The 
degree of phase shift required in the squeeze section | B | 
depends on the ratio f. For our example of the square 
guide with f = l, 8=+tt/4, and the device acts as a 
quarter-wave plate. For the circular guide example, 
however, 8=+22.8 degrees. In either case, the major 
fraction of the reflected power, y2 = (2f/l +f2)2, is in the 
IV mode. An apparatus of this type also was successfully 
tested, but the problem of coupling signal out of IV mode 
and adjustment of [g] and ph| are troublesome. 



1955 Tinkham and Strandberg: The Excitation of Circular Polarization in Microwave Cavities 137 

With the experience now obtained it will be realized 
that, essentially, one desires independent amplitude and 
phase control of the two modes. Simple ampl itude con¬ 
trol is obtained from a rotation section | 7~| . The 
orthogonal shorting vanes used in the second case 
(above) provide a simple method of phase control. These 
considerations lead to the final model, which may be 
symbolized as shown' 

covity 

-L® 
° 
b 

c 

d

Following the same procedure as above, we find 

H = f sin 6 sin ß(z — Zn')e~ ie‘iIu, 

— cos 0 cos ß(z — zije-^u*. (4) 

The conditions for circularity are Zi — zn = ±X„/4, and 
ö = cot-1 f. The shorts are located so that z — zi=z — Zn 
±Xe/4=nXi/2 at the hole, giving maximum and non-
critical coupling. For these settings, the values of |x| 
and I y| are (1 — f2)/(l +f2) and 2f/(1+f2), respec¬ 
tively. Thus for f near unity, the greater share of the 
reflected signal is again in the IV mode. This is no 
problem, however, with the turnstile transition coupler 
of the sort to be described. Also, the settings of 9 and 
Zi—Zu are simple mechanical properties, and the more 
subtle and troublesome squeeze and phase shift setting 
of the previously described method are eliminated. 

which leaves through the other arm. This output arm is 
oriented at exactly 90 degrees to the input arm to avoid 
direct cross-coupling. (The choke plunger is adjusted for 
optimum matching of the input and output arms. By 
symmetry, the same setting is best for both.) The inci¬ 
dent and reflected waves combine to set up a standing¬ 
wave pattern in which the vertically- and horizontally-
polarized waves are 90 degrees out-of-phase (in space 
and time) because of the Xs/4 difference in path lengths 
to the effective shorting position. The round coupling 
hole to the cavity is located on the center line of the wall 
of the square guide at such a distance from the end that 
it is at the maximum of both the longitudinal II of the 
horizontally-polarized standing wave and the transverse 
II of the vertically-polarized standing wave. Since f is 
assumed equal to 1, the two components are of equal 
intensity and 90 degrees out-of-phase. Thus we suc¬ 
ceeded in producing a circularly-polarized radiation 
field at the window that couples into the cavity. 

The circular excitation will not give circular radiation 
in the cavity, though, unless the cavity has two de¬ 
generate orthogonal modes differing only by a 90-degree 
rotation about the axis of the cavity. This will be the 
case with circular or square TE¡m„ or TMjmn modes. The 
two modes then may be considered to be excited inde¬ 
pendently and 90-degrees out-of-phase, with a circu¬ 
larly-polarized radiation field as the result. Along the 
axis, the field will rotate purely in one direction. How¬ 
ever, averaged over the cavity, this is not true. In fact 
if we use TM modes, the energy, on the average, is 
shared equally between the two senses of rotation. That 
this is so may be seen qualitatively by noting that the 
lines of II are closed. In a plane (TM) field, this implies 

Fig. 1—Schematic diagram of transition coupler for 
circular polarization. 

The Final Device 

Fig. 2—Photograph of transition coupler for 
circular polarization. 

In the previous section we have used a matrix formal¬ 
ism to indicate several methods for providing circular 
excitation to a cavity. We now describe the final device, 
shown in Figs. 1 and 2, in a more concrete manner and 
indicate its operation in nonmathematical terms for the 
simple case of a square guide with f = 1. 

The incident wave propagates down the square guide, 
polarized along a diagonal. At the far end, the vertical 
component is shorted by a conducting vane a quarter¬ 
wave in front of the end plate, which shorts the hori¬ 
zontal component. The reflected components combine 
to give a wave polarized along the other diagonal 

that there is as much rotation in one sense as in the 
other. If we go to a TE mode, however, longitudinal II 
is allowed, and the loops of II can close in the axial 
direction. This enables us to get a net circular polariza¬ 
tion over the cavity at the expense of acquiring some 
axial fields. If one is dealing with a magnetic material 
confined near the axis of the cavity the fields are purely 
circular over the sample, and these averages are of little 
relevance. However, if the material is a gas which fills 
the cavity, they are important. 

To render this discussion more quantitative, we may 
expand field in cavity in terms of rotating unit vectors, 
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and then, for example, define /+, the fraction of the 
energy stores in the II+ rotating fields, by 

For TM modes, f+ =f- = %,fz = 0. For TElm„ modes, the 
fractions depend on m, only w = l giving a large pre¬ 
ponderance of one sense of circular polarization over the 
other. For the TEnn modes, evaluation of the required 
integrals shows that 

f+ = 11.5/_ = 0.92(1 - /J 

/ eV 1 
f, = 0.086 ( — I --> 

\av/ 1 + 2.91 (an/iy 

where c is the velocity of light, a is the radius of the 
cavity, I is its length, and v is the resonant frequency. 
With the dimensions of the cavity actually used, 
/, = 0.26, /+ = 0.68, and /_ = 0.06. The ratio of 11.5 
between/+ and/_ is quite adequate to allow unambigu¬ 
ous results, even in this case of a cavity filled with the 
material under study. 

A photograph of the actual apparatus is given in Fig. 
2. Note the tuning screws in the cavity. They are re¬ 
quired to balance out the effect of coupling into the 
waveguide, which is not equivalent in the two orthogo¬ 
nal directions, and to compensate for any other imper¬ 
fections which destroy the exact degeneracy of the two 
modes. The coupling hole is precisely centered in the 
end of the cavity and is on the center line of the guide 
wall. A hole diameter of 0.25 inch gives sufficient cou¬ 
pling into the cavity at resonance to reduce the power 
at the exit arm to one-third of its value away from the 
cavity resonance frequency. In mounting the Xs/4 
shorting vane, one must remember that the effective 
shorting plane lies several millimeters behind the edge 

of the vane.8 An O-ring mica seal is used to isolate the 
gaseous samples studied with the apparatus. To reverse 
the sense of rotation, the assembly is unscrewed and 
turned through 180 degrees at the square-flange joint 
visible in Fig. 2. 

In the measurement arrangement for which it was 
actually designed, the device is used as follows. A chart 
recording is made of the damping of the cavity resonator 
by resonant absorption of the sample gas as a function 
of the static magnetic field. The dominant sense of rota¬ 
tion is then reversed and another chart is made. By 
contrasting the two charts one can readily distinguish 
which absorptions are caused by H+, II-, and II¡, since 
the strengths of the II+ and H_ absorptions change by 
factors of 11.5 in opposite directions, while the IIz ab¬ 
sorptions are unchanged. It should probably be repeated 
here that, for a sample which is localized on the axis of 
the cavity, perfect selection of II+ or II- is theoretically 
possible, and is nearly realizable in practice. 

As an indication of the degree to which our cavity 
circular polarizer approaches ideal behavior, we quote 
the following results. The vswr of the input or output 
with optimum adjustment of the choke plunger is 1.2. 
The cross-coupled power is down by 20 db. The full 
theoretical ratio of/+//_~ 12 was observed with gaseous 
samples. Thus this simple apparatus gives quite usable 
performance. Reduction of the cross-coupling could 
probably be obtained by tapering the input arms into 
narrower apertures in the cylindrical section, since this 
would reduce the distortion of the modes of the cylinder, 
leaving more complete orthogonality. 

If one wishes to operate at other frequencies, or if one 
uses circular rather than square guide, one must cope 
with f^l. In that case, the permanent rigid construc¬ 
tion shown in Fig. 2 would have to be modified by the 
insertion of a rotatable joint in the cylindrical section to 
allow the angle 0 in (4) to be adjusted properly. As this 
is a simple mechanical adjustment, it should introduce 
no uncertainty in operation. 

8 N. Marcuvitz, “Wave Guide Handbook,” MIT Radiation Lab. 
Ser., McGraw-Hill Book Co., Inc., New York, N. Y., ch. 4, p. 172; 
1951. 

Correction 
A. II. Zemanian, author of the paper, “Bounds Existing in the Time and Frequency Re¬ 

sponses of Various Types of Networks,” which appeared on pages 835-839 of the May, 1954 
issue of the Proceedings of the IRE, has brought the following correction to the attention 
of the editors. 

The definition of settling time appearing on page 839 should be changed to read: “The settling 
time to e, is the least time beyond which the step response remains greater than r(l— «) 
and the impulse response remains within the bounds + e/C, where e is a positive quantity less 
than unity, r is the final value of the step response and 1/C is the initial value of the impulse 
response. This assumes that the input functions are impressed at 1 = 0.” 
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The Ultra-Bandwidth Finline Coupler* 
S. D. ROBERTSONf, senior member, ire 

Summary—The finline coupler is a recently developed microwave 
circuit element with which it has been possible to assemble hybrid 
junctions, directional couplers, and polarization-selective couplers 
capable of operating over bandwidths of at least three to one in fre¬ 
quency. Constructional details and experimental results are given. 

HE ACCELERATED development in the past 
few years of modern communication technology 
has been characterized by two readily discernible 

patterns, the progression to higher and higher frequen¬ 
cies in the spectrum, and the corollary demand for 
greater bandwidths. The requirements of the latter have 
been met in part by the development of traveling-wave 
amplifiers and backward-wave oscillators capable of 
operating over enormous bandwidths of the order of 
two to one in frequency. It would appear that a point 
has been reached where further development in the di¬ 
rection of increasing bandwidths is being inhibited by 
the lack of sufficiently wide-band microwave circuit 
components, such as directional couplers, hybrid junc¬ 
tions, and waveguide bends. It is the purpose of the 
present paper to describe the finline coupler, a new 

immediate vicinity. This energy may then be removed 
from the circular guide by curving the finline and bring¬ 
ing it out through a small hole in the side wall. It may 
then be launched into another waveguide as shown. 
On the other hand, a wave characterized by the 

transverse field Er will pass on through the guide, rela¬ 
tively undisturbed by the presence of the fins, and will 
emerge as Et' . 

One can readily see that the finline coupler offers a 
means whereby it is possible to separate two waves per¬ 
pendicularly polarized to one another. 1 he fact that this 
is done with smooth tapers several wavelengths long 
suggests that the coupler ought to work over very wide 
bands. Such has been found to be the case.1

If only one wave is present in the guide, it is found 
that one may abstract any desired proportion of its 
energy by simply rotating the coupler about its axis so 
that the fins are inclined with respect to the plane of 
polarization of the wave. The abstracted field will then 
be proportional to the cosine of the angle. 

microwave circuit element, in a form, evolved jointly by 
H. '1'. Eriis and the author, with which it has been possi¬ 
ble to design hybrids, directional couplers, and polariza¬ 
tion-selective couplers capable of operating over band¬ 
widths of at least three to one in frequency. 

'Die basic finline coupler is shown in Eig. 1. The de¬ 
vice consists, in this particular case, of a length of circu¬ 
lar waveguide fitted with a pair of diametrically oppo¬ 
site, thin fins that taper in from the outer wall of the 
guide until their opposing edges arc separated by a small 
gap at the center. Thus, substantially all of the energy 
associated with the electric field Ep (where the subscript 
p denotes that the vector is parallel to the plane of the 
fins) is concentrated from the dominant mode of propa¬ 
gation in the circular waveguide to a finline mode in 
which the energy is largely confined to the gap and its 

* Original manuscript received, March 16, 1955. 
f Bell Telephone Labs., Holmdel, New Jersey. 

Eig. 2 shows how two finline couplers may be ar¬ 
ranged to form a hybrid junction. When the planes of 
the fins are inclined at an angle of 45 degrees, as shown 
in the figure, one obtains a 3 db hybrid. A wave entering 
at Ei passes through the left-hand coupler without 
modification. Upon entering the second coupler, how¬ 
ever, it is split into two equal components, one of which 
emerges at E3, and the other emerges at E«. Likewise, a 
wave entering Ej travels through the first coupler and is 

1 It may be noted that the finline coupler bears a superficial re-
semblence to the ridged waveguide-to-coaxial transitions described 
by S. B. Cohn, “Design of simple broad-band waveguide-to-coaxial-
line junctions,” Proc. IRE, vol. 35, p. 926; September, 1947. Atten¬ 
tion is called, however, to the fact that the particular geometry of the 
finline coupler permits it to be used as an eight-terminal circuit ele¬ 
ment whose four pairs of terminals are defined by Ep, Ec, Et, and Ep 
The latter two pairs are not permitted by the geometry of Cohn s 
transducer. In order to obtain the additional two pairs, it is necessary 
to use very thin fins and to select a waveguide cross section the cut¬ 
off frequency of which will allow the transmission of a wave polarized 
in the plane of Et. 
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Fig. 3—Dimensions of experimental (inline coupler. 

Fig. 4—Transmission properties of a (inline coupler. 

split by the second coupler into two equal components. 
Degrees of coupling other than 3 db may be obtained by 
inclining the fins at angles other than 45 degrees. 

In order to learn something of the performance of the 
coupler, an experimental model was built having the di¬ 
mensions shown in Fig. 3. The dimensions selected were 
obtained largely by guesswork, and the successful re¬ 
sults obtained with this coupler only serve to point out 
the fact that a truly broad-band circuit element must, 
by its very nature, be relatively uncritical in its dimen¬ 
sions. Other couplers have been made having a 1/32-
inch gap between the fins and a j-inch hole in the side 
wall which performed substantially as well as the one 
illustrated. It may be said in general that the required 
hole size is proportional to the gap spacing. 

No detailed study has yet been made to determine the 
optimum length and proportions of the fin tapers. 
Longer tapers would no doubt give lower standing wave 
ratios. The tapers are linear except at those points 
where they join the walls of the waveguides and where 
they meet the circular arcs at the turn-off. They were 

OUTPUT LEVEL 
ATTENUATED 30 DB 

•*- FREQUENCY 

OUTPUT LEVEL 

UNATTENUATED 

Fig. 5—Oscillographic traces of the transmission characteristics 
of the coupler in the 6 kmc band. 

curved at these points to provide a more uniform change 
of finline impedance. The input standing-wave ratios for 
these tapers were less than 3 db at all measured points 
in the band extending from 3.75 to 12.0 kilomegacycles. 

Fig. 4 is a plot of the measured transmission losses 
between the various terminals of the coupler. Losses 
measured from Ep to Ec are shown in the upper part of 
the figure. It will be noted that they are less than one db 
over the entire range of frequencies from 3.75 to 12.0 
kilomegacycles. Over most of the range the losses are 
only a few tenths of a db. The rise in loss at the higher 
frequencies is believed to be due in part to higher ohmic 
losses (perhaps 0.2 db) and to mode conversion losses. 
The latter have been reduced in several cases by giving 
careful attention to the measuring equipment circuit 
components, which suggests that not all of the rm de 
conversion losses may be due to the coupler itself, but 
rather to auxiliary circuit elements used in the measure¬ 
ment. Since one is dealing with waveguide dimensions 
that will support higher order modes at these frequen-
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cies, it is necessary to consider the coupler in relation to 
its environment of associated equipment. 

Losses of the transverse wave through the coupler 
from Et to Et' were measured and found to be of the 
order of 0.1 db or less and are not plotted in the figure. 

The points plotted in the lower parts of Fig. 4 repre¬ 
sent three of the six possible “crosstalks” which are be¬ 
lieved to be of particular interest. It will be noted that 
they are all in excess of 34 db. Other crosstalks such as 
Ep to Ep , Ec to Ep', and Et to Ep were also measured at 
a few frequencies and were found to be of the same 
order of magnitude as those plotted here. It is believed 
that the crosstalk discrimination can be increased sub¬ 
stantially by maintaining closer dimensional tolerances 
on the coupler and by lengthening the fin tapers. 

Fig. 5 (facing page) presents some oscillographic 
trace of the transmission characteristics given in Fig. 4, 
but confined to the frequency band from 5.8 to 6.6 kmc. 
These traces were made with a broad-band sweeper for 
this band developed by D. A. Alsberg.2 They are im¬ 
portant for showing that there are no serious “holes” in 
the loss measurements in this particular frequency band, 
which may have been missed in the earlier point-by-

2 This is discussed in a paper to be published in IRE, Trans. PGI. 

point measurements. To be sure, several sharp peaks are 
noted in the transmission levels of some of the crosstalk 
components, but they are still 35 db or more below the 
input signal. It should be pointed out that the Ep to Ec 

traces were obtained with an additional 30 db of rf 
attenuation in the circuit above that used in obtaining 
the crosstalk traces. 

Conclusion 

It appears that the finline coupler may be of consider¬ 
able utility as a basic ultra-bandwidth circuit element 
that may be used as a variable coupler, a hybrid junc¬ 
tion, or as a polarization selector. It is likely that other 
applications will be found. 
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Correction 
Mr. D. J. Nelson of the Bell Telephone Laboratories has pointed out to J. R. 

Macdonald, co-author of the paper, “The Charging and Discharging of Non¬ 
linear Capacitors,” which appeared on pages 71-78 of the January, 1955 issue of 
the Proceedings of the IRE, that the following correction should be brought 
to the attention of the readers. 

The integral J(i), %) defined in eq. 19 can be expressed in terms of exponential 
integrals. Equations (18), (22), and (25) can therefore be rewritten in the simpli¬ 
fied forms 

r = 1 — e~w + «"’[£¿(77) — S(x)], (18') 

T = [tj/2 sinh 7?][e’{Ei( —7?) — Ei(— IP)} 

+ e-'{£i(n) - Ei(W)} ], (22') 

t = [t?/2 sinh t;][Ei( — 77) — Ei( — x) + Ei(i¡) — Et(x)]. (25') 

Tables of the exponential integral of positive argument are given in footnote 
13 of the above paper. 
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Definitions Co-ordinator 

M. W. Baldwin, Jr. 

Achromatic Locus (Achromatic Region). Chromaticities 
which may be acceptable reference standards under cir¬ 
cumstances of common occurrence are represented in a 
chromaticity diagram by points in a region which may 
be called the “achromatic locus.” 

Note—The boundaries of the achromatic locus are 
indefinite, depending on the tolerances in any specific 
application. Acceptable reference standards of illumina¬ 

tion (commonly referred to as “white light”) are usually 
represented by points close to the locus of Planckian 
radiators having temperatures higher than about 
2,000°K. While any point in the achromatic locus may 
be chosen as the reference point for the determination 
of dominant wavelength, complementary wavelength 
and purity for specification of object colors, it is usually 
advisable to adopt the point representing the chroma-

* T his Standard, 55 IRE 22.SI, is an expansion and revision of an earlier Standard, 53 IRE 22.SI, entitled “Standards on Television: 
Definition of Color Terms, Part I, 1953,” which appeared in the March, 1953, issue of the Proceedings of the IRE. Reprints of 55 IRE 
22.SI are available and may be purchased while available from the Institute of Radio Engineers, 1 East 79 Street, New York 21, N. Y., at 
$0.60 per copy. A 20 per cent discount will be allowed for 100 or more copies mailed to one address. 

j Deceased. 
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ticity of the luminator. Mixed qualities of illumination, 
and luminators with chromaticities represented very 
far from the Planckian locus, require special considera¬ 
tion. Having selected a suitable reference point, domi¬ 
nant wavelength may be determined by noting the 
wavelength corresponding to the intersection of the 
spectrum locus with the straight line drawn from the 
reference point through the point representing the sam¬ 
ple. When the reference point lies between the sample 
point and the intersection, the intersection indicates the 
complementary wavelength. Any point within the 
achromatic locus, chosen as a reference point, may be 
called an “achromatic point.” Such points have also 
been called “white points.” 

Black and White. See Monochrome. 

Brightness. The attribute of visual perception in ac¬ 
cordance with which an area appears to emit more or 
less light. 

Note: Luminance is recommended for the photo¬ 
metric quantity which has been called “brightness.” 
Luminance is a purely photometric quantity. Use of this 
name permits “brightness” to be used entirely with 
reference to the sensory response. The photometric 
quantity has been often confused with the sensation 
merely because of the use of one name for two distinct 
ideas. Brightness will continue to be used, properly, in 
nonquantitative statements, especially with reference 
to sensations and perceptions of light. Thus, it is cor¬ 
rect to refer to a brightness match, even in the field 
of a photometer, because the sensations are matched 
and only by inference are the photometric quantities 
(luminances) equal. Likewise, a photometer in which 
such matches are made will continue to be called an 
“equality-of-brightness” photometer. 

A photo-electric instrument, calibrated in foot¬ 
lamberts, should not be called a “brightness meter.” 
If correctly calibrated, it is a “luminance meter.” A 
troublesome paradox is eliminated by the proposed dis¬ 
tinction of nomenclature. The luminance of a surface 
may be doubled, yet it will be permissible to say that 
the brightness is not doubled, since the sensation 
which is called “brightness” is generally judged to be 
not doubled. 

Brightness Signal—Deprecated. See Luminance Signal. 

Candle. The unit of luminous intensity. One candle is 
defined as the luminous intensity of l/60th square 
centimeter of a blackbody radiator operating at the 
temperature of solidification of platinum. Values for 
standards having other spectral distributions are de¬ 
rived by the use of accepted luminosity factors. 

Candlepower. Luminous intensity expressed in Candles. 

Chroma (Munsell Chroma). The dimension of the 
Munsell system of color which corresponds most closely 
to Saturation. 

Note: Chroma is frequently used, particularly in 

English works, as the equivalent of Saturation (q.v.). 

Chromaticity. The color quality of light definable by 
its Chromaticity Co-ordinates, or by its dominant (or 
complementary) wavelength and its purity taken to¬ 
gether. 

Chromaticity Co-ordinate. The ratio of any one of the 
Tristimulus Values of a sample to the sum of the three 
Tristimulus Values. 

Chromaticity Diagram. A plane diagram formed by 
plotting one of the three Chromaticity Co-ordinates 
against another. 

Note: The most common Chromaticity Diagram at 
present is the CIE (x, y) diagram plotted in rectangular 
co-ordinates (see Fig. 1). 

Chromaticity Flicker. That Flicker which results from 
fluctuation of Chromaticity only. 

Chrominance. The colorimetric difference between any 
color and a reference color of equal Luminance, the 
reference color having a specified Chromaticity. 

Note 1: In three-dimensional color space, Chrominance 
is a vector which lies in a plane of constant luminance. 
In that plane it may be resolved into components, called 
chrominance components. 

Note 2: In color television transmission, for example, 
the Chromaticity of the reference color may be that of a 
specified white. 

Chrominance Components. See Chrominance. 

Chrominance Demodulator. A demodulator used in 
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color television reception for deriving video frequency 
Chrominance Components from the Chrominance Signal 
and a sine wave of Chrominance Subcarrier frequency. 

Chrominance Modulator. A modulator used in color 
television transmission for generating the Chrominance 
Signal from the video frequency Chrominance Compo¬ 
nents and the Chrominance Subcarrier. 

Chrominance Primary. A Transmission Primary which 
is one of two whose amounts determine the Chromi¬ 
nance of a Color. 

Note: Chrominance Primaries have zero Luminance 
and are nonphysical. 

Chrominance Signal (Carrier Chrominance Signal). The 
sidebands of the modulated Chrominance Subcarrier 
which are added to the Monochrome Signal to convey 
color information. 

Chrominance Subcarrier. The carrier whose modulation 
sidebands are added to the Monochrome Signal to con¬ 
vey color information. 

CIE. Abbreviation for “Commission Internationale de 
1’Eclairage.” 

Note: These are the initials of the official French 
name of the “International Commission on Illumina¬ 
tion.” This translated name is approved for usage in 
English-speaking countries, but at its 1951 meeting the 
Commission recommended that only the initials of the 
French name be used. The initials “ICI” which have 
been used commonly in this country are deprecated be¬ 
cause they conflict with an important trademark regis¬ 
tered in England and because the initials of the name 
translated into other languages are different. 

Coarse Chrominance Primary. In the color television 
system at present standardized for broadcasting in the 
United States, that one of the two Chrominance Pri¬ 
maries which is associated with the lesser transmission 
bandwidth. 

Color. The characteristics of light other than spatial and 
temporal inhomogeneities. 

Note 1: The measure of color is three dimensional. 
One of the many ways of measuring color is in terms of 
Luminance, Dominant Wavelength, and Purity. 

Note: Inhomogeneities, for example, particular dis¬ 
tributions and variations of light, and characteristics of 
objects which are revealed by variations such as gloss, 
lustre, sheen, texture, sparkle, opalescence, and trans¬ 
parency, are not included among the color characteris¬ 
tics of objects. 

Color Breakup. Any fleeting and partial separation of a 
color picture into its display primary components 
caused by a rapid change in the condition of viewing. 

Note: Illustrations of rapid changes in the condition of 
viewing are: (1) fast movement of the head, (2) fast 
interruption of the line of sight, (3) blinking of the eyes. 

Color Burst. That portion of the Composite Color Signal, 
comprising a few cycles of a sine wave of chrominance 
subcarrier frequency, which is used to establish a ref¬ 
erence for demodulating the Chrominance Signal. 

Color Carrier. See the preferred term Chrominance Sub¬ 
carrier. 

Color Coder. In color television transmission, an ap¬ 
paratus for generating the Color Picture Signal (and 
possibly the Color Burst) from camera signals and the 
Chrominance Subcarrier. 

Color Contamination. An error of color rendition due to 
incomplete separation of paths carrying different color 
components of the picture. 

Note: Such errors can arise in the optical, electronic, 
or mechanical portions of a color television system as 
well as in the electrical portions. 

Color Co-ordinate Transformation. Computation of the 
Tristimulus Values of colors in terms of one set of 
primaries from the Tristimulus Values of the same colors 
in another set of primaries. 

Note: This computation may be performed electrically 
in a color television system. 

Color Decoder. In color television, an apparatus for de¬ 
riving the signals for the color display device from the 
color picture signal and the Color Burst. 

Color-Difference Signal. An electrical signal which when 
added to the Monochrome Signal produces a signal rep¬ 
resentative of one of the Tristimulus Values (with re¬ 
spect to a stated set of primaries) of the transmitted 
color. 

Color Encoder. See Color Coder. 

Color Flicker. That Flicker which results from fluctua¬ 
tion of both Chromaticity and Luminance. 

Color Fringing. Spurious Chromaticity at boundaries of 
objects in the picture. 

Note: Color Fringing can be caused by the change in 
relative position of the televised object from field to 
field or by misregistration and, in the case of small ob¬ 
jects, may even cause them to appear separated into 
different colors. 

Color Match. The condition in which the two halves of a 
structureless photometric field are judged by the ob¬ 
server to have exactly the same appearance. 

Note: A Color Match for the Standard Observer may be 
calculated. 

Color Mixture. Color produced by the combination of 
light of different colors. 

Note 1: The combination may be accomplished by 
successive presentation of the components, provided the 
rate of alternation is sufficiently high, or the combina¬ 
tion may be accomplished by simultaneous presentation, 
either in the same area or on adjacent areas, provided 
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they are small enough and close enough together to 
eliminate pattern effects. 

Note 2: A Color Mixture as here defined is sometimes 
denoted as an Additive Color Mixture, to distinguish it 
from combinations of dyes, pigments, and other absorb¬ 
ing substances. Such mixtures of substances are some¬ 
times called Subtractive Color Mixtures, but might 
more appropriately be called Colorant Mixtures. 

Color-Mixture Data. See Trislimulus Values, the pre¬ 
ferred term. 

Color Picture Signal. 1'he electrical signal which repre¬ 
sents complete color picture information, excluding all 
synchronizing signals. 

Note: One form of color picture signal consists of a 
monochrome component plus a subcarrier modulated 
with chrominance information. 

Color Signal. Any signal at any point in a color tele¬ 
vision system, for wholly or partially controlling the 
chromaticity values of a color television picture. 

Note: This is a general term which encompasses many 
specific connotations, such as are conveyed by the 
words, Color Picture Signal, Chrominance Signal, Car¬ 
rier Color Signal, Monochrome Signal (in color televi¬ 
sion), etc. 

Color Temperature. Temperature of the complete 
(blackbody or Planckian) radiator required to produce 
the same Chromaticity as the light under consideration. 

Color Transmission. In television, the transmission of a 
signal wave for controlling both the luminance values 
and the chromaticity values in a picture. 

Color Triangle. A triangle drawn on a chromaticity dia¬ 
gram, representing the entire range of chromaticities 
obtainable as additive mixtures of three prescribed 
primaries, represented by the corners of the triangle. 

Colorimetry. The techniques for the measurement of 
color and for the interpretation of the results of such 
measurements. 

Compatibility. That property of a color television sys¬ 
tem which permits substantially normal monochrome 
reception of the transmitted signal by typical unaltered 
monochrome receivers. 

Complementary Wavelength. The wavelength of light 
of a single frequency, which matches the reference 
standard light when combined with a sample color in 
suitable proportions. 

Note 1: The wide variety of purples which have no 
dominant wavelengths, including nonspectral violet, 
purple, magenta, and nonspectral red colors, are speci¬ 
fied by use of their complementary wavelengths. 

Note 2: Refer to Dominant Wavelength. 

Composite Color Signal. The color picture signal plus 
blanking and all synchronizing signals. 

Composite Color Sync. The signal comprising all the 
sync signals necessary for proper operation of a color re¬ 
ceiver. This includes the deflection sync signals to which 
the color sync signal is added in the proper time rela¬ 
tionship. 

Constant Luminance Transmission. That type of trans¬ 
mission in which the transmission primaries are a 
Luminance Primary and two Chrominance Primaries. 

Display Primaries (Receiver Primaries). The colors of 
constant chromaticity and variable luminance produced 
by the receiver or any other display device which, when 
mixed in proper proportions, are used to produce other 
colors. 

Note: Usually three primaries are used: red, green and 
blue. 

Distribution Coefficients. The Tristimulus Values of 
monochromatic radiations of equal power. 

Note: Generally represented by overscored, lower¬ 
case letters, such as x, ÿ, z in the CIE system. 

Dominant Wavelength. The wavelength of light of a 
single frequency, which matches a color when combined 
in suitable proportions with a reference standard light. 

Note: Light of a single frequency is approximated in 
practice by the use of a range of wavelengths within 
which there is no noticeable difference of color. Although 
this practice is ambiguous in principle, the dominant 
wavelength is usually taken as the average wavelength 
of the band used in the mixture with the reference stand¬ 
ard matching the sample. Many different qualities of 
light are used as reference standards under various 
circumstances. Usually the quality of the prevailing 
illumination is acceptable as the reference standard in 
the determination of the dominant wavelength of the 
colors of objects. 

Dot-Sequential. Pertaining to the association of the 
several primary colors in sequence with successive pic¬ 
ture elements. 

Examples: Dot-sequential pickup, dot-sequential dis¬ 
play, dot-sequential system, dot-sequential transmis¬ 
sion. 

Equal-Energy Source. A light source for which the time 
rate of emission of energy per unit of wavelength is con¬ 
stant throughout the visible spectrum. 

Excitation Purity (Purity). The ratio of the distance 
from the reference point to the point representing the 
sample, to the distance along the same straight line 
from the reference point to the spectrum locus or to the 
purple boundary, both distances being measured (in the 
same direction from the reference point) on the CIE 
chromaticity diagram. 

Note: The reference points is the point in the chro¬ 
maticity diagram which represents the reference stand¬ 
ard light mentioned in the definition of Dominant Wave¬ 
length. 
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Field-Sequential. Pertaining to the association of indi¬ 
vidual primary colors with successive fields. 

Examples: Field-sequential pickup, field-sequential 
display, field-sequential system, field-sequential trans¬ 
mission. 

Fine Chrominance Primary. In the color television sys¬ 
tem at present standardized for broadcasting in the 
United States, that one of the two Chrominance Pri¬ 
maries which is associated with the greater transmission 
bandwidth. 

Flicker. In television, a fluttering sensation which re¬ 
sults from the periodic fluctuation of light. 

Note: Flicker frequencies usually lie in the range from 
a few cycles per second to a few tens of cycles per 
second. 

Footcandle. A unit of illuminance when the foot is taken 
as the unit of length. It is the illuminance on a surface 
one square foot in area on which there is a uniformly 
distributed flux of one lumen, or the illuminance at a 
surface all points of which are at a distance of one foot 
from a uniform source of one candle. 

Footlambert. A unit of Luminance equal to 1/rr Candle 
per square foot, or to the uniform Luminance of a per¬ 
fectly diffusing surface emitting or reflecting light at the 
rate of one lumen per square foot. 

Note: A Footcandle is a unit of incident light and a 
Footlambert is a unit of emitted or reflected light. For a 
perfectly reflecting and perfectly diffusing surface, the 
number of Footcandles is equal to the number of Foot¬ 
lamberts. 

Frequency Interlace. In television, the relationship of 
intermeshing between the frequency spectrum of an 
essentially periodic interfering signal and the spectrum 
of harmonics of the scanning frequencies, which rela¬ 
tionship minimizes the visibility of the interfering pat¬ 
tern by altering its appearance on successive scans. 

Gamma. In television, the exponent of that power law 
which is used to approximate the curve of output mag¬ 
nitude vs input magnitude over the region of interest. 

Note: For quantitative evaluation it is customary to 
plot the log of the output magnitude (ordinate) versus 
the log of the input magnitude (abscissa), as measured 
from a point corresponding to some reference black 
level, and select a straight line which approximates this 
plot over the region of interest and take its slope. If the 
plot departs seriously from linearity it cannot be ade¬ 
quately described by a single value of gamma. Even 
when the plot is reasonably linear the procedure for de¬ 
termining the approximation should be prescribed. 

Gamma Correction. The introduction of a nonlinear 
output-input characteristic for the purpose of changing 
the effective value of Gamma. 

Hue. The attribute of color perception that determines 
whether it is red, yellow, green, blue, purple, or the like. 

Note 1: This is a subjective term corresponding to the 
psychophysical term Dominant (or Complementary) 
Wavelength. 

Note 2: White, black, and gray are not considered as 
being hues. 

ICI—Deprecated. See CIE. 

Illuminance (Illumination). The density of the luminous 
flux on a surface; it is the quotient of the flux by the 
area of the surface when the latter is uniformly il¬ 
luminated. 

Lambert. A unit of Luminance equal to 1/tt Candle per 
square centimeter, and, therefore, equal to the uniform 
Luminance of a perfectly diffusing surface emitting or 
reflecting light at the rate of one lumen per square 
centimeter. 

Light. The aspect of radiant energy of which a human 
observer is aware through the visual sensations that 
arise from the stimulation of the retina of the eye. For 
the purposes of engineering, light is visually evaluated 
radiant energy. 

Note 1: Light is psychophysical, neither purely physi¬ 
cal nor purely psychological. Light is not synonymous 
with radiant energy, however restricted, nor is it merely 
sensation. 

Note 2: The present basis for the engineering evalu¬ 
ation of light consists of the color-mixture data x, ÿ, z 
adopted in 1931 by the International Commission on 
Illumination. 

Lumen. The unit of luminous flux. It is equal to the flux 
through a unit solid angle (steradian) from a uniform 
point source of one Candle, or to the flux on a unit 
surface all points of which are at unit distance from a 
uniform point source of one Candle. 

Luminance. The luminous intensity of any surface in a 
given direction per unit of projected area of the surface 
as viewed from that direction. 

Note: See Note under Brightness. 

Luminance Flicker. That Flicker which results from 
fluctuation of Luminance only. 

Luminance Primary. That one of a set of three Trans¬ 
mission Primaries whose amount determines the Lumi¬ 
nance of a color. 

Luminance Signal. A signal wave which is intended to 
have exclusive control of the Luminance of the picture. 

Luminosity. Ratio of luminous flux to the correspond¬ 
ing radiant flux at a particular wavelength. It is ex¬ 
pressed in lumens per watt. 

Luminosity Coefficients. The constant multipliers for 
the respective Tristimulus Values of any color, such that 
the sum of the three products is the Luminance of the 
Color. 

Luminous Efficiency. The ratio of the luminous flux to 
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the Radiant Flux. 
Note: Luminous efficiency is usually expressed in 

lumens per watt of radiant flux. It should not be con¬ 
fused with the term “efficiency” as applied to a practical 
source of light, since the latter is based upon the power 
supplied to the source instead of the radiant flux from 
the source. For energy radiated at a single wavelength, 
luminous efficiency is synonymous with luminosity. 

Luminous Flux. The time rate of flow of light. 

Luminous Intensity (in any direction). The ratio of the 
luminous flux emitted by a source or by an element of a 
source, in an infinitesimal solid angle containing this 
direction, to the solid angle. 

Note: Mathematically, a solid angle must have a 
point at its apex; the definition of Luminous Intensity, 
therefore, applies strictly only to a point source. In 
practice, however, Light emanating from a source whose 
dimensions are negligible in comparison with the dis¬ 
tance from which it is observed may be considered as 
coming from a point. 

Matrix (noun). In color television, an array of coeffi¬ 
cients symbolic of a color co-ordinate transformation. 

Note: This definition is consistent with mathematical 
usage. 

Matrix (verb). In color television, to perform a color 
co-ordinate transformation by computation or by electri¬ 
cal, optical, or other means. 

Matrix Unit (Matrix Circuit). A device which performs 
a color co-ordinate transformation by electrical, optical, 
or other means. 

Mixed Highs. Those high-frequency components of the 
picture signal which are intended to be reproduced 
achromatically in a color picture. 

Moire. In television, the spurious pattern in the repro¬ 
duced picture resulting from interference beats between 
two sets of periodic structures in the image. 

Note: Moires may be produced, for example, by inter¬ 
ference between regular patterns in the original subject 
and the target grid in an image orthicon, between pat¬ 
terns in the subject and the line pattern and the pattern 
of phosphor dots of a three-color kinescope, and between 
any of these patterns and the pattern produced by the 
Chrominance Signal. 

Monochromatic. Referring to a negligibly small region 
of the spectrum. 

Monochrome. Having only one Chromaticity, usually 
achromatic. 

Monochrome Signal. (1) In monochrome television, ¿i 
signal wave for controlling the luminance values in the 
picture. (2) In color television, that part of the signal 
wave which has major control of the luminance values 
of the picture, whether displayed in color or in Mono¬ 
chrome. 

Monochrome Transmission. In television, the transmis¬ 
sion of a signal wave for controlling the luminance val¬ 
ues in the picture, but not the chromaticity values. 

Narrow-Band Axis. In phasor representation of the 
Chrominance Signal, the direction of the phasor repre¬ 
senting the coarse Chrominance Primary. 

Nonphysical Primary. A primary represented by a point 
outside the area of the chromaticity diagram enclosed 
by the Spectrum Locus and the Purple Boundary. 

Note: Nonphysical primaries cannot be produced be¬ 
cause they require negative power at some wave¬ 
lengths. However, they have properties which facilitate 
colorimetric calculation. Tristimulus 1 alues based upon 
them are derived from Tristimulus Values based upon 
physical primaries. 

Photometry. The techniques for the measurement of 
Luminous Flux and related quantities. 

Note: Such related quantities are Luminous In¬ 
tensity, Illuminance, Luminance, Luminosity, etc. 

Pickup Spectral Characteristic. The set of spectral re¬ 
sponses of the device, including the optical parts, which 
converts radiation to electric signals, as measured at the 
output terminals of the pickup tubes. 

Note: Because of nonlinearity, the Spectral ( haracter-
istics of some kinds of pickup tubes depend upon the 
magnitude of radiance used in the measurement. 

Planckian Locus. The locus of chromaticities of Planck-
ian (blackbody) radiators having various temperatures 
(see Fig. 1). 

Primaries. The colors of constant chromaticity and 
variable amount, which, when mixed in proper propor¬ 
tions, are used to produce or specify other colors. 

Note: Primaries need not be physically realizable. 

Purity (Excitation Purity). The ratio of the distance 
from the reference point to the point representing the 
sample, to the distance along the same straight line from 
the reference point to the Spectrum Locus or to the 
Purple Boundary, both distances being measured (in the 
same direction from the reference point) on the CIE 
chromaticity diagram. 

Note: The reference point is the point in the chro¬ 
maticity diagram which represents the reference stand¬ 
ard light mentioned in the definition of Dominant 
Wavelength. 

Purple Boundary. The straight line drawn between the 
ends of the Spectrum Locus (see Fig. 1). 

Radiance. The Radiant Flux per unit solid angle per 
unit of projected area of the source. 

Note: The usual unit is the watt per steradian per 
square meter. This is the radiant analog of Luminance. 

Radiant Flux. The time rate of flow of radiant energy. 

Radiant Intensity. The energy emitted per unit time, 
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per unit solid angle about the direction considered; for 
example, watts per steradian. 

Receiver Primaries. See Display Primaries. 

Reference White. The light from a nonselective diffuse 
reflector which is lighted by the normal illumination of 
the scene. 

Note 1: Normal illumination is not intended to include 
lighting for special effects. 

Note 2: In the reproduction of recorded material, the 
word scene refers to the original scene. 

Relative Luminosity. The ratio of the value of the lumi¬ 
nosity at a particular wavelength to the value at the 
wavelength of maximum luminosity. 

Saturation. The attribute of any color perception pos¬ 
sessing a hue that determines the degree of its difference 
from the achromatic color perception most resembling 
it. 

Note 1: This is a subjective term corresponding to the 
psychophysical term Purity. 

Note 2: The description of saturation is not commonly 
undertaken beyond the use of rather vague terms, such 
as vivid, strong, and weak. The terms brilliant, pastel, 
pale, and deep, which are sometimes used as descriptive 
of saturation, have connotations descriptive also of 
brightness. 

Spectral Characteristic. The set of spectral responses of 
the color separation channels with respect to wave¬ 
length. 

Note 1: The channel terminals at which the character¬ 
istics apply must be specified and an appropriate 
modifier may be added to the term, such as pickup 
spectral characteristic or studio spectral characteristic. 

Note 2 : Because of nonlinearity, some Spectral Char¬ 
acteristics depend upon the magnitude of radiance used 
in the measurement. 

Note 3: Nonlinearizing and matrixing operations may 
be performed within the channels. 

Spectrum Locus. The locus of points representing the 
Chromaticities of spectrally pure stimuli in a chroma¬ 
ticity diagram (see Fig. 1). 

Standard Observer. A hypothetical observer who re¬ 

quires standard amounts of Primaries in a color mixture 
to match every color. 

Note: Standard amounts of a particular set of pri¬ 
maries used by this observer can be computed, by 
established methods, from standard amounts of the 
standard (and usually nonphysical) primaries. The pres¬ 
ent standard primaries and standard amounts of them 
required to match various wavelengths of the spectrum 
were established in 1931 by the International Commis¬ 
sion on Illumination. 

Transmission Primaries. The set of three primaries, 
either physical or nonphysical, so chosen that each cor¬ 
responds in amount to one of the three independent 
signals contained in the Color Picture Signal. 

Note: The Chromaticities of two possible sets of 
Transmission Primaries are: (1) Those of the Display 
Primaries (Receiver primaries), (2) Those of a specified 
Luminance Primary and two Chrominance Primaries. 

Tristimulus Values. The amounts of the Primaries that 
must be combined to establish a match with the sample. 

Value, Munsell. The dimension of the Munsell system 
of object-color specification which indicates the appar¬ 
ent luminous transmittance or reflectance of the object 
on a scale having approximately equal perceptual steps 
under the usual conditions of observation. 

White. 
Note: In color television, the term White is used most 

commonly in the nontechnical sense. More specific 
usage is covered by the term Achromatic Locus, and this 
usage is explained in the Note under the term Achro¬ 
matic Locus. 

White Object. An object which reflects all wavelengths 
of light with substantially equal high efficiencies and 
with considerable diffusion. 

Wide-Band Axis. In phasor representation of the 
Chrominance Signal, the direction of the phasor repre¬ 
senting theyine Chrominance Primary. 

Zero-Subcarrier Chromaticity. The chromaticity which is 
intended to be displayed when the subcarrier amplitude 
is zero. 
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Correspondence 
Diffusion Capacitances and High-
Injection Level Operation of 
Junction Transistor* 

It has been observed that the emitter-
and collector-junction diffusion capacitances 
of a junction transistor do not vary with the 
emitter current as the theory for the low-
injection level operation predicts.1'2 In this 
note we shall calculate the diffusion ca¬ 
pacitances, using the results already ob¬ 
tained and following Hall-Johnson’s reason¬ 
ing.1 •’ 

The diffusion capacitance is due to the 
charge of holes4 stored in the base region and 
is expressed by the ratio of the increment of 
the charge to that of the voltage across the 
junction which caused the former. 

SASE 

± 
0 

Fig. 1—P-n-p junction transistor and 
co-ordinate system. 

When it is assumed that, in the base re¬ 
gion, recombination of holes is small and the 
electron current is so in comparison with the 
hole current, which are valid in ordinary 
transistors, the hole distribution in the base 
region is given by Rittner’s Eqs. (45) and 
(46)6 in the co-ordinate system in Fig. 1 : 

X = (qDpnBo/Ip)[2(Pi — P) 
+ In (1 + P) — In (1 + Pi)], (1) 

I„ = (qD^M [2P1 - In (1 + Pi) ], (2) 

where nao is the equilibrium electron density 
in the base region, P the hole density divided 
by tiBO, Ip the hole-current density, the sub¬ 
script 1 implies the emitter end of the base 
region and the hole density at the collector 
end is equated to zero, corresponding to the 
negative bias applied to the collector. The 
number of holes per unit area of the emitter 
junction, Np, in the base is obtained by in¬ 
tegrating (1): 

Np^nao fP‘x(P)dP 

-(qDpnBo'/Ip'HPt-PPOn (1+Pi)]; (3) 
therefore the charge of holes, Q, at given 
emitter and collector biases, Ve, Vc, is ex¬ 
pressed by 

♦ Received by the IRE. January 24, 1955. 
i R. L. Pritchard, “Frequency variations of junc¬ 

tion-transistor parameters,” Proc. I.R.E., vol. 42, pp. 
786-799; May. 1954. 

2 W. M. Webster, “On the variation of junction¬ 
transistor current-amplification factor with emitter 
current,” Proc. I.R.E., vol. 42, pp. 914-920; June, 
1954. 

’ C. W. Mueller and J. I. Pankove, “A P-n-P triode 
alloy-junction transistor for radio-freuqency amplifi¬ 
cation,” Proc. I.R.E., vol. 42, pp. 386-391; February, 
1954. 

« Speaking of a p-n-p junction transistor. 
6 E. S. Rittner, “Extension of the theory of the 

junction transistor,” Phys. Rev., vol. 94, pp. 1161-
1171; June 1, 1954. 

<2 = í^p 
= (q2DpnBo2/Ip)[Pi2 - Pl + InO + Pl)] 

(4) 

and (2), where Pi is a function of Ve and w 
of Vc. 

Using the following relation between Pi 
and Ve" 

Pi2 + Pi = {pBo/nso) exp (qVa/kT), (5) 

where Pbo is the equilibrium hole density in 
the base region, which is an extension of 
Shockley’s one for high-injection level, and 
noting Ip is a function of Pi by (2), we ob¬ 
tain as an emitter-junction diffusion ca¬ 
pacitance 

CdB= dQ/dVa 
= qnBow(q/kT)ÇPi/Z')(l + Pi) 
[l-fA/Z)], (6) 

where 

Z = IpivInDptiBo 
= 2P, - In (1 + Pi) (7) 

by (2). Eqs. (6) and (7) are plotted in Fig. 2 

Fig. 2—Dependence of the emitter-junction diffusion 
capacitance on the emitter current. Z is a param¬ 
eter nearly proportional to the emitter current: 
Z =wlEp/{PpnBo^- The capacitance is per unit 
area of the emitter junction. Straight lines are 
asymptotes at high or low injection levels. C'dE 
for Shockley's and CdE for the extended boundary 
condition. 

together with the capacitance Cje' derived 
by using Shockley’s relation (Pi = (pBonBo) 
exp (qVE/kTy. 

CdE' = qnBo^q/kTRPJZ^Ï + 2PJ 
• [1 - (Pi/Z)]. (8) 

Both CdE and Cíe' approach Johnson's re¬ 
sult3

CdEO = qnBow(.q/kT){Z/2) (9) 

when Pi is small, but their high injection 
level values are CdEo/k and Cdtoll, respec-

• T. Misawa, Jour. Phys. Soc (Japan), to be pub¬ 
lished. 

tively. CdE/CdBO and CdE ! CdEo are plotted 
in Fig. 3 as a function of Z. 

z— 

Fig. 3—“Fall-off” factor of the emitter-junction dif¬ 
fusion capacitances vs emitter current. 

The collector-junction diffusion capaci¬ 
tance is obtained by the similar method, not¬ 
ing Pi is dependent on w by (2) : 

Cdc = nBoqWdV^Pi. (10) 

This is approximated by Pritchard's one1

Cdco = nBoqkdiv/dVDZ (11) 

for small Pi, and CdCo/2 when Pi—>». Cdc 
and Cdc/Cdco are plotted in Figs. 4 and 5. 

Fig. 4—Collector-junction diffusion capaci-
tance vs emitter current. 

2.-— 

Fig. 5—“Fall-off” factor of the collector-junction dif¬ 
fusion capacitance vs emitter current. 
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Even at high-injection level the ratio of Cdc 
to the depletion layer capacitance Cc serves 
as a measure of injection level, 

Cdc/Cc = Pl (12) 

Toshio Misawa 
Central L.abs. 

Mastushita Elec. Ind. Co., Ltd. 
Kadoma, Osaka 

Japan 

Discussion on “Transient Response 
in FM,” by I. Gumowski* 
M. Nadler:’ As Mr. Gumowski was kind 
enough to call attention to my work in his 
article, I feel called upon to explain the 
method I have used, which is somewhat at 
variance with his. My article2 treated only 
phase jumps, corresponding here to the 
Dirac frequency modulation impulse con¬ 
sidered by Gumowski. I must admit that I 
have not studied the use of divergent in¬ 
tegrals in the sense of the distribution theory 
considered by Gumowski, but the results ob¬ 
tained seem to be equivalent to my results, 
attained by a more pedestrian means. In 
particular, Fig. 3 of Gumowski’s paper 
agrees rather closely with Fig. 3 of mine. 

fhe method I adopted was operational 
calculus based on the Laplace-Wagner 
transform, and involves a simple trigono¬ 
metrical substitution, after which the prob¬ 
lem simply falls apart. 

Consider a signal E sin ait which is sub¬ 
jected to a sudden change of phase at the 
moment when the instantaneous phase has 
any arbitrary value. The resultant signal is 
then expressed by the following pair of 
equations: 

5E sin (ul + & 1 = 0 r„ E() = ■< 0 — <4 = al. 
(Esin (at + e) IÏ0 1 V J

This pair of equations, however, can be re¬ 
placed by a single equation 

E(p = E {sin (ait T </>) 
+ H(t) [sin (wZ + 0) — sin (ait + </>)], 

where II(t) is the unit step function. Upon 
performing a well known trigonometric sub¬ 
stitution, we finally obtain 

A(Z) — E sin (ait -F </>) 

+ 2 sin — II (z) cos (ait + 0 + i. 

Now, the first term exists for all Z; there¬ 
fore the response to this term is obtained 
from steady state theory, whereas the second 
term must be solved by some method of 
transient analysis. However, since it is a 
simple trigonometric function of time, any 
method will do, and will not be elaborated 
on here. The response to the second term, 
added to that of the first term for ZSO ob¬ 
viously gives the response of the system to 
the phase jump at Z = 0. fhe result may be 
manipulated to yield the phase and ampli-

* I. Gumowski, “Transient response in FM," 
Proc. IRE, vol. 42, pp. 819-822; May, 1954. 

1 Institute of Computation, Czechoslovak Acad¬ 
emy of Science, Prague, Czechoslovakia. 

2 M. Nadler, “Transient frequency and amplitude 
modulation due to a phase jump” (in Czech), Slabo-
proudÿ Obtor. vol. 13, No. 1, p. 20; 1951. 

tude modulation directly, while the equiva¬ 
lent frequency modulation is obtained by 
derivation of the phase function, as in 
equation 15 of Gumowski’s paper. 

The extension to the unit step-frequency 
modulation is obvious; the new frequency 
appears in one of the factors of H(t), the old 
frequency in the other. Again a suitable 
trigonometric substitution yields us a 
manageable form. 

On the basis of the above substitutions, 
the analysis of an FM or PM system is re¬ 
duced to well known and rigorously estab¬ 
lished classical forms, as far as the unit im¬ 
pulse and the unit step of frequency is con¬ 
cerned. If we accept (or do we have to 
prove it?) that the FM network is a black 
box with a certain modulation at the input 
and another at the output, without regard 
to the mode (FM vs. AM), we need not go 
any further, for the response to these two 
forms can be used to infer the response to 
other functions, which are not so easily 
handled. The fact is that sinusoidal fre¬ 
quency modulation yields the infinite series 
known as a Bessel function no matter how 
you slice it. It is only Gumowski’s good 
fortune that the impulse and step functions 
yield a closed form; I dare to predict that 
the divergent integrals in the sense of the 
distribution theory would not work on 
sinusoidal modulation. I know that the 
subterfuge I have used here will not help in 
the latter case. 

I. Gumowski:’ The method proposed by Mr. 
Nadler is well known. It merely supposes 
that the response, ejt), to the signal 

e¿(Z) = e’"»‘ •«'<”<> (a) 

can be obtained from the differential equa¬ 
tion of the network. Let 11(D) be a linear 
differential operator of degree, n, in D; then 
this equation is 

IRtyeJt) = e'“o< •?«(<>. (b) 

If gW = 0 for Z<0, and g(t)^O for Z>0, then 
the general solution of (b) is, of course, 
given by 

"W = ¿ CrtJt) + —— e'"“ + G(Z), (c) 
*-i IKjam) 

where the first term represents the general 
solution of the homogeneous equation in¬ 
volving n arbitrary constants [effZ) =0], the 
second term represents the particular in¬ 
tegral contributed by the term e,(Z)=c’“"' 
(the steady state response), and G(t) repre¬ 
sents the particular integral contributed by 
the term, e¡(t) = F(Z)e»"e<[e>»«> — 1 ], where 
Y(t) is the unit-step function. To obtain the 
particular solution describing a completely 
defined circuit it is necessary to have some 
additional information in the form of initial 
or boundary conditions. In fact, n inde¬ 
pendent additional conditions are required 
to determine the n constants of integration, 
and thus assure a unique solution. 

The usefulness of the Fourier transforma¬ 
tion lies by no means in the fact that it 
renders possible the solution of problems 
which cannot be solved through the direct 

1 Dept, of Elec. Engrg., Laval University. Quebec, 
Canada. 

method illustrated by equations (a), (b) and 
(c), as Mr. Nadler seems to think. It is a well-
known fact that the Fourier transformation 
fails in numerous cases where the direct 
method can be applied without any difficulty 
of principle. Quite to the contrary, the use¬ 
fulness of Fourier's transformation lies 
mainly in the fact that it permits one to ar¬ 
rive directly at a particular solution, without 
having to evaluate any constants of integra¬ 
tion. A set of particular boundary conditions 
is implied in the property that a transform¬ 
able function, f(x), must be defined for all 
values in — oo <x< + «> . The above reason¬ 
ing is summarized in equation (10) of my 
paper, which expresses the response to a 
general signal, E(Z), in terms of the impulse 
response. Of course, equation (10) is only a 
particular form of equation (c), taking into 
account the particular set of boundary con¬ 
ditions mentioned above. Fourier’s trans¬ 
formation is also useful, because it permits 
one to deal with problems in which the 
differential operator, 11(D), is either un¬ 
known or cannot be expressed in an analytic 
form; for example, when the transfer func¬ 
tion, A(w), is given graphically or as a set 
of measured values. 

Suppose now that a network is given by 
specifying only its transfer function, A(ai) 
= II(jai). In order to calculate the network’s 
response. Ca(t), to a given signal, ejt), by 
means of the operational calculus based on 
the Laplace-Wagner transformation, it is 
necessary to set p=jai. This substitution is 
not always valid In fact, according to classi¬ 
cal theory, it may only be used if, and only if, 

I 
f e~’u,eMdt 
J o 

(d) 

exist in the Riemann, or at least in the 
Lebesgue sense, i.e. if, and only if, ejt) and 
eo(t) are both Laplace and Fourier trans¬ 
formable. Fhe above statement means 
simply that a function defined by an in¬ 
tegral must be invariant with respect to a 
transformation of variables performed on 
that integral. In particular this means that 
no transformation may be used if it renders 
divergent an originally convergent integral, 
or vice versa. If the substitution, p=jai, is 
used in cases where (d) is not satisfied, then 
this amounts simply to leaving the frame¬ 
work of classical theory without mentioning 
this fact. If distributions, or the equivalent 
thereof, are not used, there is no guarantee 
whatsoever that the results will be correct. 

If the modulating voltage, g(l), is a sine 
wave (defined for — w <Z< + °o), then the 
Fourier transform of ejt) =e>u•, e>’w re¬ 
duces simply to the well-known Fourier 
series involving Bessel functions. The dis¬ 
tribution theory neither helps nor hinders 
the process of obtaining this particular 
transform. 

The impulse and step responses of my 
paper occur in closed form because the cir¬ 
cuit of the numerical example was chosen 
with precisely this purpose in mind (note 
approximation used to pass from eq. (Ila) 
to (11b). Good fortune, to use Nadler’s 
words, had nothing to do with it. 
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M. Nadler:11n general, my only comment to 
Mr. Gumowski’s reply is to refer again to my 
previous letter. Aside from the trigono¬ 
metric manipulation which enables the phase 
jump to be handled by the operational cal¬ 
culus based on the Laplace-Wagner (-Car-
son) transform, there is nothing new in my 
method, nor do I make such claims. I still 
have not studied distribution theory, al¬ 
though I have made some inquiries about it. 
My conclusions for the time are that we 
can still solve a large number of problems 
without it, and not get into difficulty with 
the mathematicians, although I reserve a 
final judgement for the time when I shall 
have made closer acquaintance with the 
subject. 

As for the main assertion of Mr. Gumow¬ 
ski’s letter, that the substitution p=ju is 
invalid unless the time functions involved 
“are both Laplace and Fourier transform¬ 
able,” this could be true for active networks; 
but, for passive networks, no matter how 
defined, my own opinion is that the assertion 
is not true. Passive networks have analytic 
network functions in the right half-plane. 
Thus, whether we consider the Fourier trans¬ 
form, which must yield the inverse trans¬ 
form by integration on the axis —j » —[-j », 
or on an axis to the right, c-j^, c-Vj x , i.e. 
the Laplace transform, this cannot affect 
the result. Active networks, so long as they 
are stable, also must obey certain laws, and 
it can be shown that the same applies to 
them. 

Before I close, however, I wish to mention 
that the last three sentences of my original 
letter, on rereading, are not clear. What I 
wished to point out was that in using my 
trigonometric substitution, expressions are 
avoided which are very difficult to integrate, 
without some form of development in a 
series or the like. I was at that time under 
the impression that the distribution theory 
was aimed at this question also. Since then 
I have found out that the theory is only 
concerned with a mathematical justification 
of the Dirac function, so that my remark is 
rather pointless. 

As for Mr. Gumowski’s “good fortune,” 
the approximation used, to pass from (1 la) 
to (lib), also has nothing to do with it. I 
performed the approximation after integra¬ 
tion, and still had a closed form, namely, 
the full expression, which I then simplified 
by means of the given approximation, to ob¬ 
tain a simplified expression for high Q. 

I. Gumowski:3 Since Mr. Nadler contests my 
statement that the substitution p=jw is in¬ 
valid, unless the time functions involved are 
both Laplace and Fourier transformable, I 
feel that he misunderstands the nature of the 
problem in hand. 

In fact, consider an f(t), defined for all I 
in — oo <t< 4- co, and its associated Fourier 
transform 

= f e-^dt. (1) 
—00 

It is well known that the “frequency spec¬ 
trum” defines in its turn uniquely 

(I) = i [\“'gCw)da, (2) 
¿IT J 

provided (1) and (2) exist in the Riemann 
or, at least, in the Lebesgue sense. Eq. (2) 
is useful in linear transient problems because 
it represents the function f(t) as the super¬ 
position of sine waves, i.e. it permits to ex¬ 
press the desired transient response f(t) in 
terms of the easily obtainable “steady¬ 
state” sine-wave response. Unfortunately, 
(1) and (2) are difficult to use in practice, 
because, if the integrals are to converge, 
fit) must satisfy some very stringent condi¬ 
tions. In fact, most popular time-functions 
(the unit-step function, for instance) do not 
meet these conditions. The result is that the 
integral (1) defining their frequency spec¬ 
trum g(ju) diverges. By definition, this is in¬ 
terpreted to mean that such time-functions 
cannot be represented by the superposition 
of sine waves. It is obvious that the diver¬ 
gence of (1) depends only on the form of /(/). 
Whether such an f(t) represents a signal in 
an active or in a passive circuit, is rather ir¬ 
relevant. 

Consider now a function /(/), defined for 
all I in — + » but set identically 
equal to zero for all t in — » <t <0, and its 
associated Laplace transform 

= f e^f^dt. (3) 
J o 

If the integral (3) converges, then one has 
the well-known inverse relation 

1 pb" 
2nj 

e'^z^dz 
i 0 for t < 0 
ifll) for / > 0 j - (4) 

Let us now determine under what conditions 
the substitution p=ju implies the relation 

g(jw) = </>(/>). (5) 

Obviously, for (5) to hold, it is first necessary 
that /(/) be identically zero for all I in 
— oo <f <0, and, second, it is necessary that 
both the integral (1) and the integral (3) be 
convergent. The second condition means, 
simply, that/(f) must be both Laplace and 
Fourier transformable. It is difficult to take 
Mr. Nadler's remarks literally when he con¬ 
tests such an evident statement. If the f(t) 
is such that (3) converges and (1) diverges 
(the unit-step function, for instance), then, 
by definition g(ju) does not exist. It becomes, 
therefore, meaningless to affirm that the 
nonexisting g(ja) is related to an existing 
^(p) by the substitution p=jai, or for that 
matter, by any other substitution. 

Let us now indicate briefly where the 
distribution theory enters the above argu¬ 
ment. Since the integrals of the type (1) to 
(4) diverge for many potentially useful func¬ 
tions, it might be interesting to assign to 
such concepts as the integral a wider sense 
than that given to it by either Riemann or 
Lebesgue. There are, of course, many ways 
to carry out such an extension. A particular 
extension, which promises to be extremely 
useful in circuit problems, was elaborated in 
detail by the French mathematician 
Schwartz.4 But, as it is the accepted custom, 
Schwartz's theory in no way invalidates any 
previously established laws. It merely ex¬ 
tends some of these laws to two types of 
“generalized” functions, called, respectively, 
“measures” and “distributions.” The best 

4 L. Schwartz. “La Théorie des Distributions,” 
Hermann et Cie, Paris, France. 

known of those “generalized” functions is 
the Dirac measure MJ), which is called “unit 
impulse” in engineering literature. 

M. Nadler:1 It seems we have been talking 
about two different things. The substitution 
p = iu which I have been considering is that 
one necessary to adapt the network function 
for use with operational calculus, for the 
purpose of obtaining the time response to the 
given input. Mr. Gumowski is interested in 
obtaining the frequency spectrum of the out¬ 
put signal, i.e., the Fourier transform of the 
output signal. Naturally, if the Laplace 
transform is used to obtain a Fourier trans¬ 
form it must itself be a Fourier transform 
except for the trivial substitution p = iu. In 
this case Mr. Gumowski’s remarks are per¬ 
fectly acceptable. 

On the Performance of Reflex 
Klystrons* 

Generally the operation of reflex kly¬ 
strons is described by means of graphs giving 
frequency and output power as a function of 
the reflector voltage. More complete in¬ 
formation might be obtained by means of 
graphs giving families of constant frequency 
and constant output power curves in a re¬ 
flector voltage/beam voltage plane. For ex¬ 
ample, Figs. 1, 2 and 3 show such graphs 
respectively for the first, second and third 
mode of operation of the 723 A/B reflex 
klystron.1 In these diagrams the curve 
A/=0 refers to the frequency 9369 me, and 
the frequency difference between two ad-

Fig. 1—Performance diagram, first mode. 

jacent curves is 5 me. The output power 
values are normalized with respect to the 
reference 30 mw, which is the power oc¬ 
curring at Va = 300v on the curve, A/ = 0 for 
the first mode. 

These families of curves are very useful 

* Received by the IRE, November 22, 1954. 
1 G. Zito. “723 A/B reflex klystron performance," 

Zeit. Ang. Phys, und Math., vol. V, no. 3; 1954. 
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Fig. 3—Performance diagram, third mode. 

for the determination of operations with 
pure amplitude or with pure frequency 
modulation. For this purpose reflector and 
beam voltage should be varied simul¬ 
taneously so that the operating point re¬ 
mains on the prescribed curve of constant 
frequency or of constant output power. 
Another interesting application consists in 
the determination of optimum conditions of 
stable operation with respect to supply 
voltage variations. If the operating point is 
chosen in a region in which constant fre¬ 
quency and constant power curves are al¬ 
most parallel, simultaneous variations of F« 

and Vr, such that the ratio A U./A Vr remains 
constant, do not affect the stability of opera¬ 
tion. 

The previous curves have been obtained 
under static operation; slight variations 
might be expected under dynamic operation 
due mostly to temperature effects. 

G. Zito 
Microwave Research Inst. 

Polytechnic Inst, of Bklyn. 
Brooklyn, N. Y. 

Analysis of Propagating Modes in 
Dielectric Sheets* 

In the introduction to his paper1 Mr. 
Hatkin states that, although it has been 
generally recognized that the propagating 
wave can be broken up into two crisscrossing 
wave components, this fact has not been 
utilized previously in solving for the propa¬ 
gating modes. Furthermore it is explained 
that the solution he derived is obtained by a 
combination of geometric optics and trans¬ 
mission line analogies. 

In a paper2 published in March, 1954 
(manuscript received by the publisher, May 
17, 1953), I have already described a very 
similar method using the crisscrossing wave 
components and a combination of geometric 
optics and transmission line analogies. 

In this paper the method has been ap¬ 
plied to the modes in waveguides, to a type 
of transmission line partially filled with 
dielectrics and to a type of dielectric clad 
conductor. All of these meet some of the 
suggestions contained in the conclusions of 
Mr. Hatkin's paper. 

Alexis Guerbilsky 
Instituto de Eletrotécnica 
da Universidade do Brasil 

Rio de Janeiro, Brazil 
* Received by the IRE. December 13, 1954. 
1 L. Hatkin, “Analysis of propagating modes in 

dielectric sheets.” Proc. I.R.E., vol. 42, pp. 1565-
1568; October. 1954. 

2 A. Guerbilsky, “Estudo sintético dos Guias de 
Onda.”—Publicação no. 7, Instituto de Eletrotécnica 
da U.B.. Rio de Janeiro, Brazil; 1954. 

A Review of VHF Ionospheric 
Propagation* 

Following the appearance of my paper 
on this subject,1 I received a communication 
from E. 1’. McGrath, Divisional Engineer 
of the Postmaster-General's Department, 
42 Franklin Street, Adelaide, South Aus¬ 
tralia, citing the reception at Whyalla, 
South Australia, of 39.1 me police transmis¬ 
sions from North America in October-
December, 1947 and, with less intensity, 
during the same period in 1948. The signals 
were present from about 0800 hours to 1200 
hours local mean time and a period of two or 
three days of particularly strong signals was 
thought to recur at 27-day intervals. Whyal¬ 
la is at an elevation of 300 feet abo ve sea le vel 
on the west side of Spencer's Gulf, and the 
signals from North America were received 
there on a 32-element vertically-polarized 
array with reflectors, aimed at Crystal Brook 
on the east side of the Gulf, from which FM 
telephone traffic ( + 15 kc deviation) is re¬ 
ceived. On occasions the interfering signals 
w'ere sufficiently strong to take control of 

* Received by the IRE, February 2, 1955. 
» Proc. IRE, vol. 41, pp. 582 587; May. 1953. 

the circuit, notwithstanding the fact that 
Crystal Brook is but 45 miles away, is at an 
elevation of 600 feet, and was using 10 watts 
into a similar 32-element array. 

The texts copied suggested that the 
transmissions were originating with the 
South Dakota police radio communications 
system, and Mr. McGrath wrote to the 
Commissioner of Police in Pierre in Novem¬ 
ber, 1947 and again in August, 1948 to con¬ 
firm this fact. Neither letter was acknowl¬ 
edged and his purpose in communicating 
with me was to see if I might succeed in ob¬ 
taining verification. I wrote to the com¬ 
manding officer of the state highway patrol 
in October, 1953 and again the letter was 
not acknowledged. In November, 1953 1 
called upon E. W. Allen, Jr., Chief Engi¬ 
neer of the FCC and a member of the IRE 
Wave Propagation Committee, to ask if his 
field organization would assist in obtaining 
verification of Mr. McGrath’s log. In Au¬ 
gust, 1954 he was able to report that about 
half of the entries had been positively iden¬ 
tified as originating with the South Dakota 
police radio communications system. The 
texts copied suggest that the remaining en¬ 
tries may have originated in nearby states 
or Canadian provinces. The FCC’s inves¬ 
tigation also revealed that police in South 
Dakota were reported as having heard 
Australian stations during the same period 
although this point was not verified. 

The period of Mr. McGrath's log cor¬ 
responds exactly to the period cited in my 
article for the highest muf's over the North 
Atlantic path during the last sunspot maxi¬ 
mum, that is, the northern autumn of 1947. 
Further, the local mean time of reception in 
Australia corresponds to the interval 1130 
hours to 1530 hours at the midpoint of the 
South Dakota-South Australia path (near 
Fanning Island) which is consistent with the 
regular diurnal behavior of F2 ionization. 

M. G. Morgan 
Thayer School of Engrg. 

Dartmouth College 
Hanover, N. H. 

The Power Spectrum of a Carrier 
Frequency Modulated by 
Gaussian Noise* 

Mr. J. L. Stewart's analysis1 would ap¬ 
pear to show that while phase modulation 
by a band of white noise produces, when the 
rms frequency deviation is small, a spectrum 
of finite extent, frequency modulation by the 
same noise also for the case of small devia¬ 
tion produces a continuous spectrum un¬ 
bounded in frequency. This seems physically 
rather unlikely and comes about, I think, 
because of a rather too drastic limiting 
process in dealing with the frequency modu-
’ation case. 

Frequency modulation by flat noise cor¬ 
responds to phase modulation by noise 
whose amplitude is inversely proportional 
to frequency. The rf spectrum depends di¬ 
rectly on the phase modulation: in fact, it 
can be developed from a power series in the 
phase modulation. Now, if the spectrum of 
the frequency modulating noise extends 

♦ Received by the IRE, January 3, 1955. 
1 Proc. I.R.E., vol. 32, pp. 1539-1542; October, 

1954. 
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down to very low frequencies, the corre¬ 
sponding phase modulation contains low-
frequency terms of very high (in the limit 
infinite) amplitudes. Thus it would seem 
not unduly cautious if one first derives the 
rf spectrum when the minimum modulating 
frequency is not zero, and then proceeds to 
the limit, if it then turns out to be possible. 

Mr. Stewart suggests that when the min¬ 
imum modulating frequency is very small 
compared with the maximum modulating 
frequency, the continuous part of the small 
deviation rf spectrum is not very different 
from the form that he derives for zero mini¬ 
mum modulating frequency. In fact, it is 
hoped to show below that for finite mini¬ 
mum modulating frequency the spectrum is 
bounded, as in the phase modulation case. 

Let Bm and Bo be the maximum and min¬ 
imum modulating frequencies (radians/sec), 
so that Stewart's expression (9) (retaining 
his symbols) becomes 
H7(Aw) 

.4 o’ , 

( -Dh r 
exp - 5* Si (MS* (Bor) ’ Vm — no L 

where Si is the sine integral. For very large 
r, the exponent becomes 

-D2 D2 r 1 
B7B¡- (B„-B0)r LW Sln (B°t)

s‘n (B„,r)T (2) 

To make the integral converge we must sep¬ 
arate off the constant term, which is done, 
following Stewart’s procedure, by rewriting 
the power spectrum as 

11 f(Su) 
Jo2 / — D2\ r” 

= 27 expteH cosA“TdT

+—— I cos Sut 
2ir J a 

r ( -D2t r 
exP Si (Bmr)-Si (Bor) L ( nm — Bo L 
/ . Bmr V / . Bor\2
I sin —— I I sin —- I 

- 1- ——J f 
B„t/2 Bor/2 J ) 

—exp 

The first integral, expressed in trms of 
the Dirac delta function, is 

do2 / -D2 \ 

which gives the energy remaining in the car¬ 

rier. Stewart (p. 1541) writes down (without 
derivation) the delta function for this case, 
but his formula has an extra factor 2 in the 
numerator of the exponent. 

If D is sufficiently small, the two ex¬ 
ponentials in the second integral may be re¬ 
placed by the first two terms of their power 
series developments, the spectrum becomes 

IFf(Aw) 

/lo2 / -D2\ , ' 

/lo2 f” 
-|- I COS Sut 

2tt Jq 

i -D2t r 
• -- Si (B„t)-SÍ (Bor) 
’ Bm — Bo L 

(3) 

The second term, which leads to the con¬ 
tinuous part of the spectrum, may be dealt 
with by integration by parts. After some 
rather tedious algebra the final result is 

- sin (Sut) —-—— cos (Sut) f 
Su (Su)2 ) 
D2 ( cos (B„t) cos (Sut) 
Bm — Bol (Su)2B„t 
cos (Bor) COS (Sut) ) ”|" 

(Su)2Bot ) Jo 
do2 D2 r " Tsin (B„t) cos (Sut) 

+ 2? Bm-Bo Jo L (Su)2t 
sin (Bor) cos (Awr)-! 
- I (It. 

(Su)2t J 

The first expression vanishes at both upper 
and lower limits, leaving only the integral. 
This may be written as 

Ao2 D2 r " r sin (Bm—Sur) 
iir(Su)2'(Bm-Bo) Jo L ~ 

sin (Bm5~SuT) sin (Bo— Sut) 

sin (Bo+Awt)1 
i- I ar, 

and evidently leads to a bounded spectrum. 
We have, finally, 

•»(Aw) — exp ( —— ) Ä(Aw) +F(A«) (4) 
Z \ nmno/ 

where 

F(A«)=0 for Su<Bo or >B„ 
lo2 D2/2(B„-Bo) 
2 (Aw)2

for B0<Su<B„. 

If Bo is now made to approach zero, (4) will 
clearly not approach Stewart’s expression 
(15). Stewart’s spectrum, in fact, is derived 
by putting Bo identically zero in (1) above, 
so the quantity in square bracket becomes 

SÍ(B„t)~ 
Bmr/2 

which, when r—» » , approaches rr/2. But for 
any finite Bo, however small, the exact ex¬ 
pression cannot approach tt/2 with increas¬ 
ing r because a cancelling rr/2 will appear 
from the term Si(Bor). This is the root of 
the discrepancy between Stewart’s result 
and that derived above. 

A further point worth noting is that 
when Bo—>0 there is difficulty involved in the 
condition that D is to be “small,” since the 
validity of (4) depends on the function 
D2/BmBo being small. 

It now becomes apparent that (4) above, 
as well as Stewart’s (29) (the spectrum due 
to phase modulation by a flat noise band 
when the deviation is small) can be derived 
by strictly elementary methods, as can be 
seen by writing the frequency and phase 
modulation cases respectively in the forms 

!
Bm J 

<*>o/ 4“ a. V7 — cos (Bl 4" ^b) 
B-B* B 

and 

S
B 

Wot 4” CL K cos (Bl 4- </>b) 
B-B¡ 

where B is supposed to increase in steps of 1 
radian/sec, 4>b is a random phase angle and 
a involves the deviation. Rewriting each ex¬ 
pression as a sum of two products of co¬ 
sines, and expanding the cosine and sine of 
the modulation as power series, the continu¬ 
ous parts of (4) and Stewart’s (29) follow 
immediately. The power in the carrier is a 
little more awkward to extract, since it in¬ 
volves picking out the constant term from 
all even powers of the modulation, but the 
difficulty is not prohibitively great. This pro¬ 
cedure yields higher orders in the spectrum 
quite easily and naturally. To obtain such 
higher orders by the autocorrelation ap¬ 
proach [at least in the FM case, where it 
would be necessary to consider higher 
powers of the expression in square brackets 
in (3)] would seem excessively tedious. 

The limiting case of the Gaussian spec¬ 
trum for large deviations also follows im¬ 
mediately from a quasi-stationary argu¬ 
ment,2 in both PM and FM cases. 

Thus it would seem that in the limiting 
cases considered by Mr. Stewart nothing 
new comes out of the autocorrelation ap¬ 
proach. The derivation of the carrier power 
seems easier than before, but the continuous 
part of the spectrum emerges only after 
much more arduous labour. Perhaps the 
value of this method would be apparent for 
cases of intermediate deviation, which do not 
seem amenable to elementary analysis. Suc¬ 
cessful application of the method would pre¬ 
sumably depend on whether one could ap¬ 
proximate such terms as the exponential in 
(1) above by some simpler function giving a 
close fit over the whole range of r, as Middle¬ 
ton did for a noise-band modulation having 
a Gaussian amplitude spectrum. 

R. G. Medhurst 
Research Laboratories 

The General Electric Co., Ltd. 
Wembley, England 

1 A. S. Gladwin, “Energy distribution in the spec¬ 
trum of a frequency modulated wave—Part II.” Phil. 
Mag.. Ser. 7. XXXVIII, pp. 229-251 ; April. 1947. 
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Rebuttal3
Mr. Medhurst’s comments regarding my 

paper are of interest and value, as he has 
solved for one of the limiting cases that 1 
did not treat; that is, the shape of the power 
spectrum for D2<̂ BiB. The differences be¬ 
tween Mr. Medhurst’s results and my own 
stem from the nature of the limiting process 
and apply to different situations—my limit¬ 
ing expression assumes D2̂ BiB. However, 
in extending his results to vanishing Bi, Mr. 
Medhurst is not correct unless the deviation 
D also vanishes—the result of such a limit 
where D must be zero when Bi is zero is 
meaningless. Because of this, the “simpler” 
methods for determining the power spec¬ 
trum for small B, as suggested by Mr. Med¬ 
hurst are not applicable. 

My eq. (9), evaluated for lower and 
upper modulator frequencies Bi and B, re¬ 
spectively, is 

IF^Aœ) 

• exp 
D2t r Br 1 — cosy 
11^Bi 

dr. (1) 

The integral in the exponent can be ex¬ 
pressed as the sum of two integrals. The in¬ 
tegral of (cos yj/y1 vanishes for large r and 
that of 1/y2 does not. This latter integral 
gives the delta function carrier simply as 

do2
B7(Aw) = —exp 

D2 \ , , 

D\D / 

cos Awr 

If D^-^BiB, the exponential can be ex¬ 
panded with only its linear terms retained. 
In this case, Mr. Medhurst's results appear 
valid. If one should then go to the limit 
/^►O, it will also be required that D- >0 in 
order to maintain IB'BJi small. However, 
a limiting expression based on such a calcu¬ 
lation would not appear to be valid for any 
finite (albeit small) D: with D—>0, it is 
meaningless. That Mr. Medhurst's limiting 
results are not reasonable can be demon¬ 
strated by finding the area under his eq. (4) 
(the power of the modulated signal) which 
increases without limit as Bi—>0. 

By inspecting (2) above, it would appear 
that a unique expression for finite D with 
Bi->0 can be obtained only by assuming the 
lower limit of the integral in the exponential 
Bit/2 to be arbitrarily small for all t. Then, 
TPIBiB^m and the delta function carrier 
component tends to zero. Then, the second 
exponential in the second term of (2) can be 
neglected and, setting 5ir/2 = 0, my previ¬ 
ous results follow (except for the erroneous 
factor of two as pointed out by Mr. Med¬ 
hurst). Mr. Medhurst is correct in stating 
that Wp=0 for 0<Aw<Bi. However, that 
jyF = O for depends upon whether 
D2/BiB is large or small—if it is large as is 
always the case when Bi tends to zero with 
finite D, then will not be zero at fre-

Received by the IRE, January 20, 1955. 

quencies above B. 1 his can also be seen from 
elementary arguments. 

The power spectrum of a carrier fre¬ 
quency modulated at a sine wave frequency 

with a deviation Dm is 

II’(Aw) = E Jn2(Z?m/wm)ô(Aw — H<¿m) • (3) 
2 n-0 

Approximations valid for D,n/ small 
and large are 

-Io2 . 
B (Aw) S—E ———— 0(Aw-hwJ, 

2 n-o (m!)2

Dm ^«m (4) 
/l02 * COS2 (Pm/wm — H7t/2 —7t/4) 
s—E-777— 2 n*0 ^m¡ 

' ÔÍAcd—HWmli 

One can extend the reasoning using these 
equations to a continuous modulating power 
spectrum from B¡ to B by applying the 
equations to each frequency component in 
the frequency element Sam bracketing the 
frequency um. If Dm/wm is small for all 
modulating frequencies, then in any fre¬ 
quency element, the first-order component 
due to the modulating frequency will be 
far more important than higher-order com¬ 
ponents arising from modulating frequencies 
less than um that fall in the frequency ele¬ 
ment 5aim. In this case, D2¡BiB is small and 
the power spectrum has the form 1/Aw2 for 
B\<tsu<B and is zero elsewhere. This is 
essentially the complete derivation of the 
spectrum shape by simple methods as com¬ 
mented upon by Mr. Medhurst. 

On the other hand, if the deviation is not 
negligible compared to Bi, then there will 
exist at least some modulating frequency 
components that bring about large modula¬ 
tion indices—as Bi —>0 for any finite Dm, the 
various components in the modulating signal 
will residt in indexes ranging from a small 
value to infinity; in which case, the higher 
order components of the lower modulating 
frequencies become very important, D2/B\B 
becomes very large, and simple methods 
cannot be used to derive the power spec¬ 
trum. 

It might be added that the differences 
between Mr. Medhurst's power spectrum 
and my own within the region Bi<ãu<B 
are of second order—-neither of us consid¬ 
ered second-order terms. It would appear 
that the power spectrum is zero for Aw<Bi. 
The power spectrum may or may not be zero 
for Aw>B depending upon the value of 
IB/BiB. In the limiting case of vanishing 
Bi and finite D, my results are valid—that 
is, the power spectrum is smooth and con¬ 
tinuous for all Aw>Bi. 

J. L. Stewart 
Dept, of Elec. Engrg. 

University of Michigan 
Ann Arbor, Mich. 

tion of the idea of using cathode-followers 
between the sections of the phase-shifting 
network. It is shown, however, in a patent, 2 

the outgrowth of some experimental work at 
the Naval Ordnance Laboratory in 1944. 
The basic circuit is shown in Fig. 1. I he gain 
is concentrated in tube F, and the ampli¬ 
tude controlled by a thermistor TR. 

Fig. 1—Basic circuit of experimental phase-shift oscil¬ 
lator with cathode-follower coupling, for video fre¬ 
quency ranges. 

The cathode follower expedient did not 
appear to improve the circuit enough to 
make it important for application to a gen¬ 
eral-purpose instrument. Using an ordinary 
3-gang variable capacitor, the practical fre¬ 
quency range was from about 100 cycles to 
4 or 5 megacycles. Using potentiometers the 
frequency range can be extended downward, 
limited by the need for a reasonably short 
time constant in the thermistor. 

A very important limitation in the fre¬ 
quency range of practical phase-shift oscil¬ 
lators lies in the fixed stray phase-shifts, at 
low frequencies in the supply and bypass cir¬ 
cuits, and at high frequencies in the stray 
capacitance across the resistors R. Hence it 
is found that the shunt-R configuration 
works best at low frequencies and the shunt-
C configuration best at high frequencies. 
These effects have been discussed briefly and 
qualitatively by the writer3 and by Butler,4 

but do not seem to have been looked into 
quantitatively. Such an analysis would be 
valuable. 

Since each of the cathode followers re¬ 
quires a tube, the question arises whether 
these tubes might not as well be used also as 
the amplifiers. This takes us back to the 
original disclosure of Barrett;5 the gain pet-
tube needs only to be 2, and the maximum 
frequency attainable would appear to be 
higher than when all the gain is concen¬ 
trated in one stage. There appears, however, 
to be no analysis of the respective merits. 
The “ring” circuit is used to cover the dec¬ 
ade 1-10 me in a commercial oscillator, and 
a simplified version covering 0.6-6 me has 
been described.6 One disadvantage of the 
“ring” is that it is capable of generating re¬ 
laxation oscillations, while the regular phase¬ 
shift oscillator is not.7

L. Fleming 
Consultant, 

Falls Church, Va 

Cathode-Follower-Coupled 
Phase-Shift Oscillator* 

As Professor Reich indicates,1 the peri¬ 
odical literature appears to contain no men-

♦ Received by the IRE, February, 15, 1955. 
* H. .1. Reich. Proc. I.R.E., vol. 43, p. 229; Febru¬ 

ary, 1955. 

‘•L. Fleming, “Variable-Frequency Oscillator," 
U. S. Patent 2,565,490; August 28, 1951. 

• L. Fleming, “Thermistor-regulated low-fre¬ 
quency oscillator,” Electronics, p. 97, October, 1946. 

* F. Butler, “Variable-frequency r-c oscillator.” 
Electronic Eng., pp. 140-142; April. 1949. 

s R. M. Barrett, “A’-phase resistance-capacitance 
oscillators.” Proc. I.R.E., vol. 33, pp. 541-545; 
August, 1945. 

• L. Fleming. “A video test oscillator,” Electronics, 
vol. 27. p. 196, May. 1954. 

7 W. A. Edson, “Vacuum Tube Oscillators,” 
John Wiley and Sons, New York, p. 190, 1953. 
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Epsilon. 

P. G. Sulzer 

M. Tinkham was born in Green Lake 
County, Wis., on February 23, 1928. He re¬ 
ceived his A.B. from 

M. Tinkham 

Ripon College in 1951 
under a joint study 
program, after two 
years at Ripon and 
two years at M.I.T. 
He received his S.M. 
degree in physics 
from M.I.T. in 1951, 
and his Ph.D. in 
physics from M.I.T. 
in 1954. 

During the 1953-
1954 academic year 
he held a National 
Science Foundation 

Predoctora! Fellowship, and the same 
agency has awarded him a Postdoctoral Fel¬ 
lowship, which he is using for study and re¬ 
search at the Clarendon Laboratory, Ox¬ 
ford, England, during the 1954-1955 aca¬ 
demic year. 

Dr. Tinkham is a member of the Ameri¬ 
can Physical Society and Sigma Xi. 
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IRE News and 
PG on Electron Devices to Hold 
Washington Technical Meeting 

fhe Professional Group on Electron De¬ 
vices will hold its first Annual Technical 
Meeting October 24 and 25 at the Shoreham 
Hotel in Washington, D. C. It will be the 
first of the annual meetings on electron de¬ 
vices to provide an exclusive medium for 
exchange of engineering information. George 
D. O'Neill, of Sylvania Electric Products 
Inc., will be chairman of the symposium. 
Mr. O’Neill, in describing plans for the 
meeting, said that specialists will gather 
from government and industry for an ex¬ 
change of information on advanced develop¬ 
ments and applications of both electron 
tubes and transistors in radio, television, 
business machines, and military equipment. 

Approximately 1,000 engineers and scien¬ 
tists are expected to attend, with papers by 
scientists representing organizations in the 
I nited States and foreign countries. 

Symposium on Electronics and 
Automatic Production Will 
Meet Preceding WESCON 

Electronics and Automatic Production will 
be the theme of a national symposium to be 
held August 22 and 23 in San Francisco. 
Jointly sponsored by Stanford Research 
Institute and the National Industrial Con¬ 
ference Board, the meeting will immediately 
precede the Western Electronic Show and 
Convention scheduled for San Francisco the 
same week. 

William D. McGuigan will be general 
chairman for the symposium at which more 
than two dozen papers will be presented to 
the group. 

One section of the program will deal with 
the impact of automation on economic wel¬ 
fare, the use of leisure time, and personnel 
training in the future. Management con¬ 
siderations of capital and plant require¬ 
ments, production control, and marketing 
will be covered by another set of papers. 
How automation will affect the electronics, 
machine tools, and materials-handling indus¬ 
tries also will receive attention on the sym¬ 
posium program. 

A session will be devoted to automatic 
production systems, assessing them in terms 
of performance, quality control, the effect on 
personnel requirements, and management 
and organizational reorientation. Also cov¬ 
ered will be factors influencing product de¬ 
sign, materials used and the processing of 
electronic and mechanical products. Papers 
have been scheduled on electronic applica¬ 
tions to automatic control of machines, pro¬ 
duction lines, and quality. There will be re¬ 
ports on electronic automation development 
of new materials, components, product de¬ 
signs, and fabrication techniques, and new 
developments in automatic machinery. 

Additional information concerning the 
symposium is available from Stanford Re¬ 
search Institute at Palo Alto, Calif., and the 
National Industrial Conference Board, 247 
Park Avenue, New York City. 

PROCEEDINGS OF THE IRE 

Radio Notes— 
Vehicular Communications 
Paper Deadline Is Set for 
August First 

The Professional Group on Vehic¬ 
ular Communications will hold its 
Sixth Annual Meeting September 26 
and 27 at the Multnomah Hotel, 
Portland, Oregon. 

Deadline for papers is August 1 ; 
title of paper, abstract, full name and 
address should be submitted to New¬ 
ton Monk, Bell Telephone Labs., 463 
West Street, New York 14, N. Y. 

Institution of Telecommunica¬ 
tion Engineers in India De¬ 
livers Report on Progress 

The Annual Report of the Institution of 
Telecommunication Engineers reveals that 
the organization, inaugurated in New Delhi, 
India in November, 1953, has, in one year, 
grown remarkably in membership and ac¬ 
tivities. 

The Institution, a unique professional 
body comprising all the specialized branches 
of telecommunication engineering, already 
has more than a thousand members, and en¬ 
rolment is increasing rapidly. Its member¬ 
ship is drawn from various government 
operated communication agencies, the three 
defence services, research institutes, and 
industry. Run by a governing council of 24, 
the Institution, like most professional 
bodies, prescribes minimum educational 
qualifications and experience for entry into 
its several categories, but direct admission 
into the lower categories is also possible by 
passing the examinations which will be con¬ 
ducted. A quarterly, called the Journal of 
the Institution Telecommunication Engineers, 
has been proposed and the first issue is al¬ 
ready in press. Talks and discussion meetings 
are now arranged periodically at New Delhi, 
headquarters of the Institution, and similar 
activities are being planned at Bombay, 
Calcutta, Madras, Poona, Bangalore and 
Jabalpur. Further particulars about the In¬ 
stitution may be obtained from The Honor¬ 
ary Secretary, The Institution of Telecom¬ 
munication Engineers, Post Box No. 481, 
New Delhi, India. 

Symposium on Normal Mode 
Theory to Be Held in San Diego 

T he Office of Naval Research and the 
Navy Electronics Laboratory will co-spon¬ 
sor a symposium on Normal Mode Theory to 
be convened at the Navy Electronics Labo¬ 
ratory in San Diego, July 5-7, 1955. The 
symposium will be headed by S. A. Schel-
kunoff of Bell Telephone Laboratories and 
will consist of a round-table discussion on 
the present state of theoretical knowledge of 
tropospheric wave propagation, the known 
methods of attack, and the outstanding un¬ 
answered questions. Further information 
may be obtained from J. B. Smyth at the 
Navy Electronics Laboratory. 
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Calendar of 
Coming Events 

IRE-AIEE Symposium on Electronic 
Materials and Components, Un¬ 
iversity of Pennsylvania, Phila¬ 
delphia, Pa., June 2-3 

Conference of National Society of 
Professional Engineers, Bellevue-
Stratford Hotel, Philadelphia, Pa., 
June 2-4 

IRE-Rockefeller Institute meeting 
on Instrumentation in Electro¬ 
encephalography, Medical Elec¬ 
tronics Center, Rockefeller Insti¬ 
tute, New York City, June 14 

American Society for Engineering Ed¬ 
ucation Annual Meeting, Pennsyl¬ 
vania State University, State Col¬ 
lege, Pennsylvania, June 20-24 

URSI-U. of Michigan International 
Symposium on Electromagnetic 
Wave Theory, University of Mich¬ 
igan, Ann Arbor, Mich., June 20-
25 

Fifth International Aeronautical Con¬ 
ference, IAS Bldg., Los Angeles, 
California, June 21-24 

American Nuclear Society First An¬ 
nual Meeting, Pennsylvania State 
University, State College, Pa., 
June 27-29 

Ohio State U. and Wright Air Devel¬ 
opment Center Radome Sympo¬ 
sium, Columbus, Ohio, June 27-29 

IRE-West Coast Electronic Manu¬ 
facturers’ Association WESCON, 
Civic Auditorium, San Francisco, 
California, August 24-26 

Emporium Section Sixteenth Annual 
Summer Seminar, Emporium, Pa., 
August 26-28 

IRE-ISA Tenth Annual Instrument 
Conference, Shrine Auditorium, 
Los Angeles, Calif., Sept. 12-16 

IRE Professional Group on Nuclear 
Science—Second Annual Meet¬ 
ing, Oak Ridge National Labora¬ 
tories, Oak Ridge, Tenn., Sept. 
14-17 

PG on Vehicular Communications 
Sixth Annual Meeting, Mult¬ 
nomah Hotel, Portland, Ore., 
Sept. 26-27 

IRE-AIEE Conference on Industrial 
Electronics, Rackham Memorial 
Building, Detroit, Michigan, Sep¬ 
tember 28-29 

National Electronics Conference, Ho¬ 
tel Sherman, Chicago, Ill., Oc¬ 
tober 3-5 

IRE East Coast Conference on Aero¬ 
nautical and Navigational Elec¬ 
tronics, Lord Baltimore Hotel, 
Baltimore, Md., Oct. 31-Nov. 1 

IRE-AIEE-ACM Eastern Joint Com¬ 
puter Conference, Hotel Statler, 
Boston, Nov. 7-9 
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M.I.T. Offers Special I'wo Week 
Summer Program in Numerical 
Control of Machine Tools 

To assist in meeting the demand for 
technical information on automatic control, 
a two-week Special Summer Program in 
Numerical Control of Machine Tools will be 
presented by the Massachusetts Institute of 
Technology from Aug. 22 through Sept. 2. 

Professor J. Francis Reintjes, Director of 
the Servomechanisms Laboratory of the 
MLT. Department of Electrical Engineer¬ 
ing, will direct the program, in co-operation 
with James O. McDonough and other mem¬ 
bers of the Numerical Control Group. 

Lecture topics will include: principles of 
information—processing as applied to the 
use of machine tools; numerical-control sys¬ 
tems and their machine-tool applications; 
equipment design for numerical-control sys¬ 
tems; design considerations for system re¬ 
liability; and management, operation, and 
maintenance of numerically controlled ma¬ 
chine tools. 

Afternoon sessions will be devoted to pro¬ 
gramming techniques and will include such 
topics as mathematics of programming, 
practical procedures, and machine aids. The 
group will prepare a program for machining 
a work piece and actually execute operation. 

The number of registrants is limited, and 
preference will be given to applicants now 
engaged in the design or application of auto¬ 
matic machine-tool equipment or anticipat¬ 
ing entrance into this field. 

Full details and application blanks for 
this Special Summer Program may be ob¬ 
tained from the Summer Session Office, 
Room 7-103, Massachusetts Institute of 
Technology, Cambridge 39, Mass. 

Symposium <>n Electromagnetic 
Wave Theory Held this Month 

Ihe Symposium on Electromagnetic 
Wave Theory will be held June 20-25 at the 
I niversity of Michigan in Ann Arbor. K. M. 
Siegel, Willow Run Research Center of the 
Engineering Research Institute, will be 
Chairman of the symposium. Sponsoring 
groups include Commission Six of I RSI and 
the University of Michigan. 

Among the topics considered by the sym¬ 
posium will be: Houndry Value Problems of 
Diffraction and Scattering, Forward and 
Multiple Scattering, Antenna Theory, and 
Propagation in Doubly Refracting Media in 
Wave Guides. 

Plans have been made for a number of 
special events and the university itself offers 
many recreational opportunities. A recep¬ 
tion will be held on June 20, first day of the 
symposium. On June 22 there will be a trip 
to the Ford Rouge Plant. A party and a con¬ 
cert are also planned, and on June 23 there 
will be a banquet. 

I'he papers of the Proceedings of the 
Conference will be published by the IRE 
Professional Group on Antennas and Propa¬ 
gation. Copies will be distributed without 
cost to members of the Group and to non¬ 
members at a nominal cost. 

Further information may be obtained 
from J. T. Bolljahn, Stanford Research In¬ 
stitute, Menlo Park, California. 

Registration fee is five dollars. 
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Broadcast and 
Television 

Receivers 

Circuit Theory 
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PGA-5: A dynamic Aircraft Simulator for Study 
of Human Response Characteristics (6 pages) 
PGAE-6: Ground-to-Air Cochnnel Interference at 
2900 NC (10 pages) 
PGAE-8: June 1953 (23 pages) 
PGAE-9: September 1953 (27 pages) 
Vol. ANE-1, No. 1, March 1954 (51 pages) 
Vol. ANE-1, No. 2, June 1954 (22 pages) 
Vol. ANE-1, No. 3, September 1954 (27 pages) 
Vol. ANE-1, No. 4, December 1954 (27 pages) 

PGAP-4: IRE Western Convention, August 1952 
(136 pages) 
Vol. AP-1, No. 1, July 1953 (30 pages) 
Vol. AP-1, No. 2, October 1953 (31 pages) 
Vol. AP-2, No. 1, January 1954 (39 pages) 
Vol. AP-2, No. 2, April 1954 (41 pages) 
Vol. AP-2, No. 3, July 1954 (36 pages) 
Vol. AP-3, No. 4, October 1954 (36 pages) 
Vol. AP-3, No. 1, January 1955 (43 pages) 

PGA-5: Design Interrelations and Records and 
Reproducers (8 pages) 
PGA-7: Editorials, Technical Papers and News, 
May 1952 (47 pages) 
PGA-10: November-December 1952 (27 pages) 
Vol. AU-1, No. 1, January-February 1953 (24 
pages) 
Vol. AU-1, No. 2, March-April 1953 (34 pages) 
Vol. AU-1, No. 3, May-June 1953 (34 pages) 
Vol. AU-1, No. 4, July-August 1953 (19 pages) 
Vol. AU-1, No. 5, September-October 1953 (11 
pages) 
Vol. AU-1, No. 6, November-December 1953 (27 
pages) 
Vol. AU-2, No. 1, January-February 1954 (38 
pages) 
Vol. AU-2, No. 2, March-April 1954 (31 pages) 
Vol. AU-2, No. 3, May-June 1954 (27 pages) 
Vol. AU-2, No. 4, July-August 1954 (27 pages) 
Vol. AU-2, No. 5, September-October 1954 (22 
pages) 
Vol. AU-2, No. 6, November-December 1954 (24 

pages) 
Vol. AU-3, No. 1, January-February 1955 (20 

pages) 
PGBTS-: March 1955 (102 pages) 

PGBTR-1 : Round-Table Discussion on UHF TV 
Receiver Considerations, 1952 IRE National Con¬ 
vention (12 pages) 
PGBTR-3: June 1953 (67 pages) 
PGBTR-5: January 1954 (96 pages) 
PGBTR-6: April 1954 (119 pages) 
PGBTR-7: July 1954 (58 pages) 
PGBTR-8: October 1954 (20 pages) 

PGCT-1: IRE Western Convention, August 1952 

(100 pages) 
PGCT-2: Papers presented at the Circuit Theory 
Sessions of the Western Electronic Show & Con¬ 
vention, San Francisco, Calif., August 19-21, 1953 

(106 pages) 
Vol. CT-1, No. 1, March 1954 (80 pages) 
Vol. CT-1, No. 2, June 1954 (39 pages) 
Vol. CT-1, No. 3, September 1954 (73 pages) 
Vol. CT-1, No. 4, December 1954 (42 pages) 

j Vol. CS-2, No. 1, January 1954 (83 pages) 
] Vol. CS-2, No. 3, November 1954: IRE Symposium 
on Global Communications, June 23-25, 1954 
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Washington D. C., & IRE-AIEE Symposium on 
Military Communications, April 28, 1954, New 
York, N. Y. (181 pages) 
Vol. CS-3, No. 1, March 1955: Papers presented at 
the Symposium on Marine Communications & 
Navigation, October 13-15, 1954, Boston, Mass. 
(72 pages) 

PGCP-1: March 1954 (46 pages) 
PGCP-2: September 1954 Issue: Papers presented 
at the Component Parts Sessions at the 1954 West¬ 
ern Electronic Show & Convention, Los Angeles, 
Calif. (118 pages) 

Vol. EC-2, No. 2, June 1953 (27 pages) 
Vol. EC-2, No. 3, September 1953 (27 pages) 
Vol. EC-2, No. 4, December 1953 (47 pages) 
Vol. EC-3, No. 1, March 1954 (39 pages) 
Vol. EC-3, No. 2, June 1954 (65 pages) 
Vol. EC-3, No. 3, September 1954 (54 pages) 
Vol. EC-3, No. 4, December 1954 (46 pages) 
Vol. EC-4, No. 1, March 1955 (48 pages) 

PGED-2: Papers on Electron Devices presented at 
the IRE Conference on Electron Tube Research, 
Ottawa, Canada, June 16-17, 1952 & IRE Western 
Convention, Long Beach (84 pages) 
PGED-4: December 1953 (62 pages) 
Vol. ED-1, No. 1, February 1954 (72 pages) 
Vol. ED-1, No. 2, April 1954 (75 pages) 
Vol. ED-1, No. 3, August 1954 (77 pages) 
Vol. ED-1, No. 4, December 1954: Papers pre¬ 
sented at the 1954 Symposium on Fluctuation Phe¬ 
nomenon in Microwave Sources, November 18-19, 
1954, New York, N. Y. (280 pages) 

PGEM-1: February 1954 (55 pages) 
PGEM-2: November 1954 (67 pages) 

PGIE-1: August 1953 (40 pages) 
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Transistor Applications Sym¬ 
posium Will Meet Next Month 

I he University of Michigan Summer 
Transistor Applications Symposium will 
consist of a four-week lecture and conference 
program offered in co-operation with the 
Bell Telephone Laboratories, and partially 
supported by the Army. It will be part of the 
1955 summer session of the university and 
will adhere to the pattern of somewhat simi¬ 
lar programs held in Ann Arbor in 1937 and 
1950. Within the university, the symposium 
is operated by the Electrical Engineering 
Department and directed by Professor 
W. G. Dow. 

1'he core of the symposium will be two 
parallel four-week lecture sequences offered 
at 9:00 and 11:00 a.m. four days a week, 
beginning Tuesday, July 5, and extending 
through Friday, July 29. These lectures will 
treat various aspects of transistor circuit 
application. About half the lectures will be 
given by visiting lecturers of Bell Telephone 
Laboratories, and half by members of the 
faculties of various universities. In afternoon 
problem laboratory sessions, the lecture ma¬ 
terial will be worked into illustrative engi¬ 

neering problems. Opportunities for infor¬ 
mal conferences will be provided. 

The work of the symposium will be on 
the graduate level and will carry credit in 
the Horace H. Rackham School of Graduate 
Studies for those who desire it and, who 
qualify in advance for admission to the 
graduate school. 

The fee for the complete course will be 
$200. For those properly certified as full-
time faculty members or graduate students 
the fee will be $75. This reduced fee is pro¬ 
vided through the Bell Telephone Labora¬ 
tories. All fees are the same for residents of 
Michigan as for non-residents. 

Requests for additional information 
should be addressed to Professor W. G. 
Dow, Electrical Engineering Department, 
Room 2501 East Engineering Building, 
University of Michigan, Ann Arbor, Mich. 

Autumn Conference on Aero¬ 
nautical and Navigational Elec¬ 
tronics to Meet in Baltimore 

Plans for The ¡955 East Coast Conference 
on Aeronautical and Navigational Electronics, 

to be held October 31 and November 1, have 
been announced by the Baltimore Section 
and the Professional Group on Aeronautical 
and Na\ igational Electronics. The confer¬ 
ence will be held at the Lord Baltimore 
Hotel in Baltimore. 

I'he technical portion of the conference 
will be devoted to Aeronautical and Naviga¬ 
tional Electronics. Interested persons are 
invited to submit papers for consideration; 
150 word abstracts should be sent no later 
than July 1 to Norman Caplan, Bendix 
Radio Division of Bendix Aviation Corpora¬ 
tion, Towson 4, Maryland. 

Industrial exhibits are planned as an in¬ 
tegral part of the conference. During the 
two days in November, representatives of 
many East Coast industries and develop¬ 
ment organizations will be concentrated in 
Baltimore to view these exhibits. Organiza¬ 
tions interested in sponsoring exhibits should 
contact C. E. McClellan, Air Arm Division, 
Westinghouse Electric Corporation, Friend¬ 
ship Airport, Baltimore, Maryland 

In addition to the technical programs 
and exhibits, a banquet will be held on the 
evening of October 31. 

Information concerning advance con¬ 
ference registrations and hotel reservations 
may be obtained from G. R. White, Bendix 
Radio Division, Bendix Aviation Corpora¬ 
tion, Towson 4, Maryland. 

RETMA to Sponsor Automation 
Symposium in Philadelphia, Pa. 

A two-day automation symposium spon¬ 
sored by RETMA will present the current 
status of systems, machinery, and compo¬ 
nents to aid in the automatic fabrication of 
electronic equipment, and will show the part 
played by electronics in the automation of 
other industries. The theme of this year's 
symposium, to be held at the University of 
Pennsylvania in Philadelphia, September 
19-20, is “Electronics for Automation and 
Automation for Electronics.” 

Following is the program for the sym¬ 
posium, the chairmen of the five sessions, 
and a description of the proposed sessions: 

Monday, Sept. 19 —Session I: Mechani¬ 
zation of High Volume Assembly, J. Harring¬ 
ton, Jr. This session will discuss mechaniza¬ 
tion of assembly of electronic equipment in 
lot sizes found in the TV and entertainment 
radio receiver fields. Working systems will 
be described, with emphasis on the mechani¬ 
cal design characteristics necessary to insure 
reliable operation. The extension of these 
mechanisms to military and industrial elec¬ 
tronics applications of similar lot sizes also 
will be discussed. 

Session II: Data Sensing, Processing and 
Utilization, D. A. Griffin. Electronics opens 
horizons on methods of rapid data sensing 
and processing which are having profound 
effects on the progress of automation in 
business routines and in industries other 
than that of electronics itself. This session 
will give electronics industry engineers a 
look at the scope of electronics in automa¬ 
tion. 

Session III: The Future of Automation, 
W. R. G. Baker. Automation can be ex¬ 
pected to have a tremendous impact on our 
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PGIT-2: A Bibliography of Information Theory [ 
(Communication Theory-Cybernetics) (60 pages) 
PGIT-3: March 1954 (159 pages) 
PGIT-4: September 1954 (234 pages) 

PGI-2: Data handling Systems Symposium: IRE 
Western Electronic Show & Convention, Long 
Beach, Calif., August 27-29, 1952 (111 pages) 
PGI-3 : August 1954 (55 pages) 

Vol. MTT-1, No. 2, November 1953 (44 pages) 
Vol. MTT-2, No. 1, Papers presented at the Micro¬ 
wave Radio Relay Systems Symposium, New York, 
N. Y„ April 1954 (107 pages) 
Vol. MTT-2, No. 2, July 1954 (67 pages) 
Vol. MTT-2, No. 3, September 1954: Papers pre¬ 
sented at the Joint IRE Professional Group— 
URSI meeting, Washington, D. C., May 5, 1954 (54 
pages) 
Vol. MTT-3, No. 1, January 1955 (47 pages) 

Vol. NS-1, No. 1, September 1954 (42 pages) 

PGQC-1 : Papers presented at the 1951 Radio Hall 
meeting, and 1952 IRE National Convention (58 
pages) 
PGQC-2: March 1953 (51 pages) 
PGQC-3: February 1954 (39 pages) 
PGQC-4: December 1954 (56 pages) 

PGRTRC-1 : August 1954 (16 pages) 

PGUE-1: June 1954 (62 pages) 
PGUE-2: November 1954 (43 pages) 

PGVC-2: Symposium on What’s New in Mobile 
1 Radio (32 pages) 
PGVC-3: Theme Spectrum Conservation, Wash¬ 
ington, D. C., December 3-5, 1952 (140 pages) 
PGVC-4: Design, Planning and Operation of Mo¬ 
bile Communications Systems (June 1954) (98 
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way of life. This forum discussion, in con¬ 
trast to the technical papers of the other 
sessions, will explore via qualified panel of 
experts, the expected effects of automation 
on our society in management, education, 
sociology, economics and the military. 

Tuesday, Sept. 20—Session I\ : Auto¬ 
mation for Low Volume Production, D. 
Cottle. Contrasted to long run production 
systems, those designed for short run pro¬ 
duction stress versatility rather than 
specialization. The papers in this session 
will tiescribe several approaches to the prob¬ 
lem of building in this versatility while meet¬ 
ing speed and reliability requirements. 

Session T; Redesign for Automation of 
Components and Products, \\ . Hannahs. As 
automatic assembly of both high and low 
volume production becomes more common, 
the need for maximum efficiency and 
economy will stimulate new approaches in 
components and new approaches in design 
methods. This session presents some of these 
new components, new products, and new 
approaches already oriented to automa¬ 
tion. 

Technical Tape Recordings 
Now Available for Sections 

During the past eighteen months a num¬ 
ber of organizations, in cooperation with the 
IRE, have made tape recordings of technical 
talks for use by Sections and Student 
Branches. Full details on the subjects of the 
talks, length, number of slides, and how to 
obtain them are given in the IRE Tape¬ 
scripts Manual which is available on request 
from the Institute, 1 East 79 Street, New 
York City. A list of tapescripts and their 
sponsors is given below. 

Bell Telephone Laboratories, Inc.— Ex¬ 
periments With Linear Prediction in Tele¬ 
vision, C. W. Harrison. Statistics of Tele¬ 
vision Signals, E. R. Kretzmer. Efficient 
Coding, B. M. Oliver. The Physics of Music 
and Hearing, Winston E. Kock. Transistors 
in Negative Impedance Circuits, J. G. Lin-
vill. A Junction Transistor Tetrode for High 
Frequency Use, R. L. Wallace, Jr. Some 
Circuit Properties of Junction Transistors, 
!.. G. Schimpf. Ferroelectric Storage De¬ 
vices, J. Reid Anderson. The Bell Solar 
Battery, Gordon Raisbeck. 

General Electric—Germanium—The 
Magic Metal, J. S. Saby and J. P. Jordan. 

Naval Ordnance Laboratory New Mag¬ 
netic Materials, Carroll W. Lufcy. Magnetic 
Amplifier Analysis and Design, Carroll \\ 
Lufcy and Herbert H. Woodson. Physical 
Problems at Hypersonic Speeds, H. H. 
Kurzweg. 

Polytechnic Research and Devel. Co. 
—Microwave Techniques, IL C. Nelson. 

IRE PG on Audio—Method for Time or 
Frequency Compression—Expansion of 
Speech, Grant Fairbanks, W . L. Everitt and 
R. P. Jaeger. Magnetic Recording, Marvin 
Camras. Phonograph Pickups, B. B. Bauer. 
Push-Pull Single Ended Audio Amplifier, 
Arnold Peterson and D. B. Sinclair. An Ex¬ 
perimental Co-Channel 1 clevision Booster 
Station Using Crossed Polarization, John H. 
DeWitt, Jr. 

RCA Laboratories --Color Television, 
1). II. Ewing. The Germanium Story, S. M. 
Christian. A P-N-P Alloy Junction Transis¬ 
tor for Radio-Frequency Amplification, 
C. W. Mueller. An Experimental Transistor 
Personal Broadcast Receiver, L. E. Barton. 

Obituary 
Rear Admiral Stanford C. Hooper (F’28-

A’33-F’46) died recently at his winter home 
He was 70 years old. 

Admiral Hooper re¬ 
ceived many civilian 
and military honors, 
primarily for his con¬ 
tributions to the de¬ 
velopment of radio in 
Navy. I Ie was retired 
in 1943 because of a 
disability incurred in 
World War II. 

He was born in 
Colton, California in 
1884. In 1905 he was 
graduated from the 

United States Naval Academy and then in¬ 
structed there in physics, chemistry, and 
electricity. Later he served for two years as 
the first Fleet Radio Officer, resuming that 
post again from 1923 to 1925. He was in 
charge of the Radio Division of the Navy 
Department for eleven yearsand Director of 
Naval Communication from 1928 1934. 

Admiral 1 looper was a leader in develop¬ 
ing wireless radio communications in the 
Navy by carrying out pioneer tests, estab¬ 
lishing a chain of land stations for com¬ 
munication between fleet and land, and 
serving as technical advisor and head of 
many boards and committees dealing with 
communications. He suggested the position 
of Fleet Radio Officer as necessary to the 
new’ radio Communications, and served in 
this post for two years. In the first World 
War Admiral Hooper was awarded the Navy 
Cross for distinguished service as command¬ 
ing officer of the U.S.S. Fairfax. 

The Franklin Institute of Philadelphia 
presented him the Eliot Cresson Medal for 
research in radio electronics in 1945. In 1948 
Admiral Hooper received an honorary 
LL.D, from Drury College. He also received 
the French Legion of Honor, the Depart¬ 
ment of Navy Electronics Trophy, and one 
of few to hold the Marconi Medal of Merit. 

in Miami Beach. 

S. C. Hooper 
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Report of the Secretary—1954 
To the Board of Directors, 
The Institute of Radio Engineers 

Gentlemen: 

Another annual report is herewith sub¬ 
mitted which depicts the status of IRE af¬ 
fairs at the end of the year just closed. 

Your attention is directed to the in¬ 
creases in membership, both of the IRE and 
of the Professional Groups, which are larger 
percentagewise than normally. The National 
Convention was the most extensive held 
both for attendance and the number of ex¬ 
hibitors. In fact, all activities, as the report 
shows, are at an increased tempo. 

The housing situation for the head¬ 
quarters staff and for committee activities 
was alleviated during 1954 by the comple¬ 
tion of the new building and its facilities at 
5 East 79th Street, adjacent to the existing 
building. 

Respectfully submitted 

January 24. 1955 

Haraden Pratt 
Secretary 

Membership 
At the end of the year 1954, the member¬ 

ship of the Institute, including all grades, 
was 41,778, an increase of 4,644, or 12J% 
over the previous year. The 4,644 member 
increase in 1954 was more than 4,260 and 
3,466, the increases for 1953 and 1952 re¬ 
spectively. 1'he percentage increase was 
13% in 1953 and 12% in 1952. The member¬ 
ship trend from 1912 to date is shown 
graphically in Figure 1. 

Actual membership figures for 1952, 
1953, and 1954 are shown in Table I. Of the 
24,043 non-voting Associates, 6,244 have 
been in that grade for more than five years. 

It is with deep regret that this office 
records the death of the following members 
of the IRE during the year 1954. 

Fellows 
Armstrong, Edwin H. (AT4, F’27) 
Brennecke, Cornelius G. (A’36, M'46, F’51) 
Kilgour, C. E. (A’25, M’30, SM’43, F’51) 
Mouromtseff, Ilia E. (A'34, SM’45, F'47) 
Rush, Walter Albert (MT3, F'24, L’48) 

TABLE I 

Total Membership Distribution by Grades, 1952-1954 

* Includes 919 Voting Associates. t Includes 856 Voting Associates. Í Includes 803 Voting Associates. 

As of Dec. 31. 1954 As of Dec. 31. 1953 As of Dec. 31. 1952 
Grade ,, ~ " -

Number oFtS Number Number 

Fellow 489 1.2 425 1.2 379 1 2 
Senior Member 4,780 11.4 4,170 11.2 3 566 10 8 
Member 6,107 14.6 5,307 14.3 4,617 14 0 
Associate 24,8464 59.5 22,7O2t 61.1 20,029* 61 0 
Student 5,556 13.3 4,530 12.2 4,283 13.0 

Totals 41,778 37,134 32,874 

Jones, Walter Roy (A’26, M’32, SM’43) 
Lewis, Oliver Irving (M’45, SM’45) 
Parker, Thomas J. (SM’46) 
Tuller, W. G. (S’37, A’40, M’45. SM’48) 

Voting Associates 

Porter, Roland Guyer (A’26, VA’39) 

Senior Members 
Ainsworth, Archer L. (A’22, M’33, SM’43) 
Allison, John L. (SM'47) 
Babcock, Stuart M. (A’36, VA’39, SM’52) 
Beranek, Jerome A. (S’41, A’42, M’46, 
SM’48) 

Bernreuter, Herbert A. (SM’49) 
Burgess, Warren B. (A’20, M’31, SM’43) 
Fry, Howard M. (A’46, SM’51) 
Garrison, Millard M. (M’35, SM’43) 
Gunzbourg, Paul M. (M’43, SM’43) 
Hancock, George N. (M’43, SM’43) 
Herz, Armin J. (M’49, SM’53) 
Holborn, Frederick (M’23, SM’53) 

Members 

Cook, William F. (M’46) 
DeSutter, David IL (M’52) 
Goldin, Hyman C. (A’27, M’44) 
Groom, Bryan (M’46) 
Mack, Pearcy W. (M’47) 
Melnicoe, Samuel A. (A'41, M’46) 
Patremio, Salvatore R. (M’50) 
Robertson, Raymond D. (A’42, M’51) 
Slavin, Samuel (A’29, M'48) 
Tavaniotis, Constantine (A'47, M’48) 
Williams, Roger W. (M’50) 

Associatcs 

Belle Isle, Armand G, (A’41) 
Bonk, George V. (S’52, A’54) 
Briscoe, William C. (A’52) 
Budelman, Frederick T. (A’41) 
Clark, Bayard H. (A’46) 
Crockett, John E. (S’49, A'50) 
Daum, John A. (A’51) 
Fanyo, Wayne P. (A'51) 
Ferrell, Dewey (A’46) 
Fleer, William A. (A’52) 
Garland, O. K. (A’40) 
Green, Harry (A’48) 
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Hammond, Arthur I,. (A 44) 
Hanson, Louis W. (A'53) 
Harris, William C. (A’47) 
Hartmann, Charles L. (A’44) 
Helmers, Edgar C. (A'52) 
Hopf, Edgar W. (A’49) 
Hurford, Alvin C., Jr. (A’53) 
Jones, Robert E. (S’45, A’47) 
Jorgensen, Andrew C. (A’45) 
Kraus, Russell B. (A’52) 
Martin, William IL (A’49) 
Martinez, Clement I. (A’45) 
Neuman, Leonard J. (A’44) 
Paul, Fred Herman (A’53) 
Rogers, Keith Sinclair (A’47) 
Teeter, Albert A. (A’24) 
I indall, John Ronald (A’52) 
Vassian, Herbert J. (S'49, A'54) 
Voegtlin, Elmo (A'37) 
White, Robert H. (A’40) 
Winkler, William IL (S’49, A'53) 
Wolcott, Glenn W. (A’51) 
Woodman, Allan J. (A’53) 

Students 

Carrell, Sanford G. (S’52) 
Herzer, Melvin (S’53) 
Nye, Henry A., Jr. (S’53) 
Stewart, Phil M. (S’52) 

Fiscal 
A condensed summary of income and 

expenses for 1954 is shown in Table II, and 
in Table HI a balance sheet for 1954. 

Editorial Department 
IRE publication activities during 1954 

were marked by a large increase in volume 
and important service improvements. 

Due principally to the large growth of 
the transactions of the professional groups, 
which nearly doubled in volume, the total 
IRE publication output soared to 79 issues 
totaling 10,486 pages, a 25% increase over 
the previous year. It is interesting to note 
that as recently as 1951, the corresponding 
totals were only 19 issues and 3,914 pages, 
indicating that the IRE publication program 
has expanded 2 J times in the brief span of 
3 years. 

I wo noteworthy improvements in serv¬ 
ice were instituted during the year: a new 
publication for student members, the IKE 
Student Quarterly, was successfully launched; 
the average publication time of Proceed¬ 
ings papers was cut in half. 

Proceedings of the IRE 
The Editorial Board began a continuing 

study of the long-term roles of The Pro¬ 
ceedings and the transactions. As a result of 
their initial deliberations, several steps were 
taken to avoid an overlap of The Proceed¬ 
ings and the transactions and, at the same 
time, to strengthen the coordination between 
them. These actions involved placing 
stringent restrictions on reprinting transac¬ 
tions papers in The Proceedings,’participa¬ 
tion of professional group representatives in 
the review of Proceedings papers, and the 
publication in Proceedings of abstracts of 
all transactions papers. 

Table IV (next page) and Figure 2 

I ABLE II 

Summary of Income and Expenses, 1954 

Income 
Advertising 
Member Dues and Convention 
Subscriptions 
Sales Items —Binders, Emblems, etc. 
Investment Income 
Miscellaneous Income 

Total Income 

$774,765.52 
S46.892.17 
107,113.67 
63,338.89 
20,088.33 

874.84 

Expense 
Proceedings Editorial Pages 
Advertising Pages 
Directory 
Section and Student Branch Rebates 
Professional Group Expense 
Sales Items 
General Operations 
Convention Cost 

Total Expense 

Reserve for Enture Operations -Gross 
Reserve for Depreciation 

Reserve for Future Operations Net 

$287 ,831.1 7 
399,042.18 
153,633.38 
64,314.29 
68.563.34 
41,549.04 

316.002.34 
265,556.67 

$1 .813,073.42 

I,596,492.41 

$ 216.581.01 
13.469.05 

$ 203,111.96 

TABLE III 

Balance Sheet—December 31, 1954 

Assets 
Cash and Accounts Receivable 
Inventory 

Total Current Assets 

Investments at Cost 
Buildings and Land at Cost 
Furniture and Fixtures at Cost 
Other Assets 

Total 

Total Assets 

Liabilities and Surplus 
Accounts Payable 
♦Deferred Liabilities 
Professional Group Funds on Deposit 

Total Liabilities 

Reserve for Depreciation 
Surplus Donated 
Surplus 

Total Surplus 

Total Liabilities and Surplus 

$396.052.27 
17,451.96 

774.241 .75 
910,337.92 
166.649.93 
19.855.23 

$540,984.97 
1(N, 885.04 

595,286.61 
956,920.87 

$ 413,504.23 

1,871,084.83 

$2,284,589.06 

$ 21,662.30 

650,870.01 

672,532.31 

59,849.27 

1,552,207.48 

$2,284,589.06 

* 1955 Items, Proceedings for Members and Subscribers, Advertising and Convention Service. 

VOLUME OF TECHNICAL AND EDITORIAL MATTER 
PUBLISHED IN THE PROCEEDINGS 

1913 TO 1954 
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each show that the number of Proceed¬ 
ings pages published during 1954 remained 
about the same as the previous year, with 
the total of editorial pages showing a slight 
increase. However, the number of papers, 
177, was less than the previous year's total 
of 212. Nine IRE Standards also appeared. 
I he year’s highlight was the appearance of a 
special jumbo issue on Color I elevision in 
January. 

TABLE IV 
Volume of Proceedings Pages 

1954 1953 1952 1951 

Editorial 1884 I860 1804 1628 
Advertising 2072 2146 1800 1424 

Total 3956 4006 3604 3052 

Early in the year, the procedure for re¬ 
viewing papers was considerably stream¬ 
lined and, as a result, the average time re¬ 
quired for publishing Proceedings papers 
was reduced from 10 months to 5. In addi¬ 
tion, the backlog of accepted material await¬ 
ing publication was reduced from the equiv¬ 
alent of 2 issues to a small fraction of an 
issue, thus helping to speed up publication 
of papers. 

I he volume of material reviewed for 
Proceedings was less than in the previous 
year, reflecting the increasingly prominent 
role being played by the transactions. A 
total of 305 papers comprising 1,988 pages 
was considered, as against 376 papers and 
2,621 pages in 1953. Of the total, 38% of the 
papers were accepted, 30% were referred to 
the appropriate transactions for considera¬ 
tion, and 32% were rejected. 

The Annual Review of Radio Progress, 
which formerly appeared in April of each 
year, was discontinued. In its stead, a series 
of review papers, prepared by experts in 
various fields, was started. It is planned to 
publish additional review papers on each 
subject at appropriate intervals when suffi¬ 
cient progress has been made since the last 
paper was published. 

Transactions 
I he year 1954 saw the transactions out¬ 

put of the Professional Groups increase al¬ 
most 100%, the greatest increase since their 
inception three years ago. I he year also saw 
an improvement in the transactions them¬ 
selves, with 6 groups utilizing letterpress 
composition for improved appearance and 
10 groups issuing transactions on a regular 
schedule. 

As a result of this major increase in ac¬ 
tivity, the Editorial Department published 
51 issues of transactions totaling 3,714 pages 
for 18 groups during 1954, as compared with 
the 1953 totals of 32 issues totaling 1,798 
pages for 15 groups. A breakdown of trans¬ 
actions material published in 1953 and 1954 
is given in Table V. 

Convention Record of the IRE 
'I he practice of publishing the Conven¬ 

tion Record containing papers presented at 
the National Convention, begun in 1953, was 
repeated. I he 1954 Convention Record, con¬ 
taining 213 papers, 29 abstracts and totaling 
1,436 pages, was issued in eleven parts. 
Every paid member of a professional group 
received free of charge a copy of that part 

TABLE V 
Volume of Transactions Pages 

Group 
1954 1953 

Aeronautical and Naviga¬ 
tional Electronics 

Antennas and Propagation 
Audio 
Broadcast and Television Re¬ 
ceivers 

Circuit Theory 
Communications Systems 
Component Parts 
Electron Devices 
Electronic Computers 
Engineering Management 
Industrial Electronics 
Information Theory 
Instrumentation 
Medical Electronics 
Microwave Theory and Tech¬ 

niques 
Nuclear Science 
Reliability and Quality Con 

trol 
Telemetry and Remote Con¬ 

trol 
Ultrasonics Engineering 
Vehicular Communications 

4 144 

4 188 
6 208 
4 312 

4 256 
3 414 
2 172 
4 524 
4 228 
2 132 
0 0 
2 404 
I 60 
0 0 
3 244 

I 48 
2 104 

2 56 

2 116 
1 104 

3 84 

2 72 
6 180 
3 160 

I 112 
I 76 
0 0 
3 184 
4 136 
0 0 
1 44 
2 290 
1 116 
1 44 
2 l(M) 

0 0 
1 56 

0 0 

o o 
1 144 

Totals 51 3714 32 1798 

pertaining to the field of interest of his 
group. 

IRE Student Quarterly 
A new publication for student members, 

the IRE Student Quarterly, made its first ap¬ 
pearance in September, followed by a sec¬ 
ond issue in December. I he publication is 
sent free to all student members of the IRE 
as part of a program of increased services to 
students. 

Joint Conference Publications 
As a result of offering its services and 

facilities to conferences jointly sponsored by 
the IRE and other societies, the Editorial 
Department published the 132 page Pro¬ 
ceedings of the Eastern Joint Computer Con¬ 
ference, held in Washington, D. C., De¬ 
cember 8-10, 1953, by the IRE, AIEE, and 
the Association for Computing Machinery. 

IRE Directory 
The 1954 IRE Directory was published 

in October, containing 1,044 pages including 
covers, of which 429 were membership list¬ 
ings and information, and 615 were ad¬ 
vertisements and listings of manufacturers 
and products. 

IRE Cumulative Index 
IRE cumulative indexes were brought up 

to date with the publication of a cumulative 
index for 1948-1953, covering the transac¬ 
tions and Convention Record, as well as The 
Proceedings. 

Technical Activities 
Technical Committees 

During 1954, the 22 IRE technical com¬ 
mittees with their 89 subcommittees held 
197 meetings, of which 177 met at IRE 
Headquarters and 20 elsewhere. 

The Annual Review Committee was dis-
banded by the Executive Committee in 
April, 1954. Papers are now solicited by the 
Editorial Board to cover fields formerly 
covered by this committee. 

At the time of this report, the Standards 
Committee is considering the formation of 
new Technical Committees on Electromag¬ 

netic Interference and on Nuclear Science. 
Ihe subject of interference received wide 
attention in committee work in 1954 and the 
entire industry is concerned with the prob¬ 
lem. 

The Standards listed herewith were pub¬ 
lished in Tin Proceedings in 1954 and re¬ 
prints are now available to the public. 

March— 
53 IRE 4. SI 

Standards on Circuits: Definitions of 
Terms in the Field of Linear Varying 
Parameter and Non-Linear Circuits, 
1953. 
53 IRE 19. S2 

Standards on Sound Recording and 
Reproducing: Methods for Determining 
Flutter Content, 1953 (ASA Z57.1-1954). 
May-
53 IRE 3. S2 

Standards on American Recom¬ 
mended Practice for Volume Measure¬ 
ments of Electrical Speech and Program 
Waves, 1953 (ASA C16.5-1954). 
June-
54 IRE 21. SI 

Standards on Graphical Symbols for 
Electrical Diagrams, 1954 (ASA Y32.2-
1954). 
J uly— 
54 IRE 3. SI 

Standards on Audio Techniques: 
Definitions of Terms, 1954. 
54 IRE 23. SI 

Standards on Television: Methods of 
Measurement of Aspect Ratio and Geo¬ 
metric Distortion, 1954 (ASA C16.23-
1954). 
August— 
54 IRE 7. SI 

Standards on Electron Devices: Defi¬ 
nitions of Terms Related to Phototubes, 
1954. 
September— 
54 IRE 17. SI 

Standards on Receivers: Methods of 
Measurement of Interference Output of 
Television Receivers in the Range of 300 
to 10,000 kc, 1954. 
October— 
54 IRE 7. S2 

Standards on Electron Devices: Defi¬ 
nitions of Semi-conductor Terms, 1954. 

The IRE Standards on Radio Aids to 
Navigation: Definitions of Ternis, 1954 
(54 IRE 12. SI) were given final approval 
in December, 1954 and will appear in the 
February, 1955 Proceedings. 
During 1954 a new Measurements Index 

was set up to supplement the Master Index 
of IRE Definitions, first issued in 1949. The 
new document will appear in the Proceed¬ 
ings during the first part of 1955 with the 
title Index to Measurement Methods De¬ 
scribed in IRE Printed Standards. The 
fourth edition of the Master Index of IRE 
Definitions was distributed in January, 1955. 

IRE is represented on 27 American 
Standards Association Committees and 
sponsors two of them: the ASA Sectional 
Committee on Radio and Electronic Equip¬ 
ment, C16, and the ASA Sectional Commit¬ 
tee on Sound Recording, Z57. Six IRE 
Standards received approval of the American 
Standards Association as American Stand¬ 
ards in 1954, and are now available to inter¬ 
national standards organizations. 
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Interest in international standardization 
was renewed when many IRE committee 
members participated in the Golden Jubilee 
Meeting of the International Electrotechni¬ 
cal Commission in Philadelphia during Sep¬ 
tember, 1954. Several members of IRE par¬ 
ticipated in the meetings of I RSI at the 
Hague in August, 1954. 

Professional Group System 

General. 1'here are presently 23 Professional 
Groups actively operating within the frame¬ 
work of the IRE. Two new groups were 
established in 1954, the Professional Group 
on Production Techniques and the Profes¬ 
sional Group on Automatic Control. More 
than 50% of all IRE members have taken 
advantage of the Professional Group system 
which now has a total membership of 31,797. 
593 Student members of the IRE have 
joined the Groups at the Student member 
rate of $1.00 for one year covering their par¬ 
ticular field of interest. 

Twenty-one groups levy publications 
assessments and 28,158 members have paid 
these assessments and are receiving the 
pertinent group transactions regularly. In 
addition, 361 companies, university and 
public libraries have subscribed to the tran¬ 
sactions of all the Groups. 

The IRE has continued to leave the 
formation and activities of individual 
Groups to the initiative of interested IRE 
members. Supplementary financial assist¬ 
ance is provided by Headquarters and pro¬ 
vision has been made for reimbursing Sec¬ 
tions for Chapter meetings. Included in the 
many services rendered the professional 
groups during 1954 were 602 mailings by 
headquarters to the Groups' membership. 

Symposiums. The procurement of papers 
and the management of Symposiums is now 
entirely in the hands of Professional Groups. 
Each of the Professional Groups has spon¬ 
sored one or more technical meetings of na¬ 
tional import each year, and in addition, 
technical sessions at the IRE National Con¬ 
vention. the WESCON, and the National 
Electronics Convention, for a total of 70 na¬ 
tional meetings in 1954. 

Publications. The official publications of the 
Groups are called IRE Transactions. 20 
Groups are currently publishing transac¬ 
tions and to date 113 issues have appeared. 
In 1954 20 Groups published 53 transac¬ 

tions containing 3,490 pages. Ten of the 
Groups are now on a regularly stated publi¬ 
cation schedule. 

Professional Group Chapters. 1 he interest of 
Group members within Sections has re¬ 
sulted in the organization of 117 Professional 
Group Chapters in 27 IRE Sections to date. 
All of the Chapters are meeting regularly 
and sponsoring Section meetings in the fields 
of interest of their associated groups. 

A ppointed Institute Representatives on other 
Bodies 

The IRE appointed representatives on a 
number of other bodies for a one-year period : 
May 1, 1954 to April 30, 1955 (as listed on 
page 771 of this issue) and worked closely 
with international bodies such as I RSI, 
CCIR, and the International Electrotechni¬ 
cal Commission. 

The Joint Technical Advisory Committee 

The Joint Technical Advisory Commit¬ 
tee and its subcommittees held a total of 12 
meetings, in addition to a fiftieth meeting 
dinner. 

Volume XI of the JTAC Proceedings 
was published in 1954. This includes Section 
I—Official Correspondence Between the 
Federal Communications Commission and 
the Joint Technical Advisory Committee 
(IRE-RETMA) with Other Items of Corre¬ 
spondence Pertinent to the Action of the 
JTAC and Section II—Approved Minutes 
of Meetings of the Joint Technical Advisory 
Committee for the period 1 July 1953 to 
30 June 1954. 

The JTAC Subcommittee on Land-Mo¬ 
bile Channeling Arrangements submitted a 
report to JTAC on December 10, 1954, 
which was transmitted to the FCC Chair¬ 
man. This subcommittee was reactivated on 
February 12, 1954, in reply to the FCC 
inquiry of January 8, 1954, to Mr. A. V. 
Loughren, then Chairman of JTAC. Labora¬ 
tory tests had been conducted and data col¬ 
lected to assist in answering the questions 
posed in Mr. Hyde's letter to Mr. Loughren. 

The Interference Study established by 
JTAC in December 1952 at the request of 
Chairman Paul A. Walker of the FCC con¬ 
tinued during 1954. JTAC considered the 
FCC’s Notice of Proposed Rule Making in 
the Matter of the Commission’s Docket No. 
9288. The Committee reached conclusions 

which were considered pertinent to the pro¬ 
posed rule making and so presented these 
views to the FCC Chairman. 'These included 
opinions on (I) basic philosophy, (II) basic 
technical considerations, (the necessity for 
and practical limits of control) and (HI) spe¬ 
cific considerations arising under the pro¬ 
posed rules. 

Two new subcommittees were formed by 
JTAC. The Interference Analysis Sub-com¬ 
mittee 54.1 was organized on January 28, 
1954, to examine the material regarding 
interference cases and to advise JI AC of 
other possible sources of information. 

On September 23, 1954, a subcommittee 
54.2 on RF Interference from Arc Welders 
was formed as the result of an FCC request 
to JTAC asking their assistance and advice 
in connection with certain problems con¬ 
cerning radio frequency stabilized arc weld¬ 
ing apparatus. One meeting has been held so 
far. 

Section Activities 
We were glad to welcome three new Sec¬ 

tions into the Institute during the past year. 
They are as follow's: 

Israel October 1954 
Ithaca March 1954 
Northern New Jersey May 1954 
The total number of Sections is now 74. 

There has been a membership increase in 57 
of the 74 Sections. 

The Ithaca and Northern New Jersey 
Subsections became full Sections in the year 
1954. The Subsections of Sections now' total 
17, the follow’ing being formed in 1954: 
Berkshire County (Connecticut Valley Sec¬ 

tion) January 1954 
Northwest Florida (Atlanta Section) March 

1954 
Richland (Seattle Section) February 1954 
Tucson (Phoenix Section) January 1954 

Student Branches 
The number of Student Branches formed 

during 1954 was 3, 1 of which operates as an 
IRE Branch, and 2 of which operate as 
Joint IRE-AIEE Branches. The total num¬ 
ber of Student Branches is now' 121, 91 of 
which operate as Joint IRE-AIEE Branches. 

Following is a list of the Student 
Branches formed during the year: Colorado 
Agricultural and Mechanical College, Texas 
College of Arts and Industries, and Wash¬ 
ington University. 
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INSTITUTE COMMITTEES—1955 
Executive 

J. D. Ryder, Chairman 
W. R. G. Baker, Vice-Chairman 

Haraden Pratt, Secretary 
W. R. Hewlett A. V. Loughren 
A. G. Jensen J. R. Pierce 

Admissions 

G. M. Rose, Jr., Chairman 
H. S. Bennett 
*T. M. Bloomer 
C. M. Burrill 
L. A. Byam, Jr. 
L. J. Castriota 
*E. T. Dickey 
*J. S. Donal, Jr. 
*E. E. Ecklund 
* Jeróme Fox 
L. O. Goldstone 
J. A. Hansen 

*J.G. 

M. B. Kline 
F. S. Mabry 
H. G. Miller 
*C. R. Muller 
*O. D. Perkins 
C. E. Ramich 
W. L. Rehm 
N. B. Ritchey 
L. M. Rodgers 
•W. B. Sullinger 
‘Eugene Torgow 

Weissman 

* Alternates. 

Appointments 
J. W. McRae, Chairman 

J. F. Byrne 
J. N. Dyer 
J. T. Henderson 

A. G. Jensen 
L. E. Packard 
J. D. Ryder (ex-

officio) 

Awards 
Irving Wolff, Chairman 

R. D. Bennett 
R. M. Bowie 
W. E. Bradley 
J. F. Byrne 
E. B. Ferrell 

W. M. 

L. R. Fink 
D. E. Foster 
H. E. Hartig 
J. F. Jordan 
A. B. Oxley 

Rust, Jr. 

Awards Coordination 
W. L. Everitt, Chairman 

A. V. Loughren W. M. Rust, Jr. 

Constitution and Laws 
A. W. Graf, Chairman 

S. L. Bailey J. B. Coleman 
I. S. Coggeshall R. A. Heising 

J. V. L. Hogan 

Editorial Board 
. R. Pierce. Chairman 

D. G. Fink 
E. K. Gannett 
W. R. Hewlett 

Editorial 

W. R. Abbott 
M. A. Acheson 
R. B. Adler 
Robert Adler 
H. A. Affel 
H. A. Affel, Jr. 
W. J. Albersheim 
B. H. Alexander 
A. E. Anderson 

T. A. Hunter 
J. A. Stratton 
W. N. Tuttle 

Reviewers 

J. A. Aseltine 
W. S. Bachman 
H. G. Baerwald 
E. M. Baldwin 
J. T. Bangert 
W. L. Barrow 
J. M. Barstow 
B. L. Basore 
B. B. Bauer 

W. R. Beam 
L. L. Beranek 
P. P. Bcroza 
F. J. Bingley 
J. T. Bolljahn 
H. G. Booker 
J. L. Bower 
W. E. Bradley 
J. G. Brainerd 
D. R. Brown 
J. II. Bryant 
Werner Buchholz 
Kenneth Bullington 
I. H. Burnett 
R. P. Burr 
C. R. Burrows 
W. E. Caldes 
H. J. Carlin 
T. J. Carroll 
J. A. Chambers 
H. A. Chinn 
Marvin Chodorow 
J. W. Christensen 
L. J. Chu 
J. K. Clapp 
Edward Clarke 
L. E. Closson 
J. D. Cobine 
R. E. Colander 
J. W. Coltman 
J. M. Coombs 
Louis Coullard 
A. B. Crawford 
M. G. Crosby 
C. C. Cutler 
G. C. Dacey 
Sidney Darlington 
B. J. Dasher 
W. B. Davenport, Jr. 
A. R. D'Heedene 
A. C. Dickieson 
Milton Dishal 
Wellesley Dodds 
Melvin Doelz 
W. H. Doherty 
R. B. Dome 
H. D. Doolittle 
J. O. Edson 
W. A. Edson 
C. H. Elmendorf 
D. W. Epstein 
Jess Epstein 
W. L. Everitt 
R. M. Fano 
L. M. Field 
J. W. Forrester 
W. H. Forster 
G. A. Fowler 
A. G. Fox 
R. W. Frank 
G. L. Fredendall 
H. B. Frost 
E. G. Fubini 
LA. Getting 
L. J. Giacoletto 
E. N. Gilbert 
M. J. E. Golay 
Bernard Gold 
W. M. Goodall 
A. W. Graf 
J. V. Granger 
V. H. Grinich 

A. J. Grossman 
R. A. Gudmundsen 
Ernst A. Guillemin 
A. V. Haeff 
X. I. Hall 
W. W. Harman 
I). B. Harris 
A. E. Harrison 
L. B. Headrick 
P. J. Herbst 
W. R. Hewlett 
J. K. Hilliard 
C. J. Hirsch 
Gunnar Hok 
J. L. Hollis 
J. H. Howard 
W. H. Huggins 
R. G. E. Hutter 
D. D. Israel 
E. T. Jaynes 
A. G. Jensen 
R. L. Jepsen 
Harwick Johnson 
E. C. Jordan 
Robert Kahal 
Martin Katzin 
W. H. Kautz 
R. D. Kell 
C. R. Knight 
U.S. Knowles 
W. E. Kock 
Rudolph Kompilier 
J. B. H. Kuper 
A. E. Laemmel 
H. B. Law 
R. R. Law 
Vincent Learned 
M. T. Lebenbaum 
W. R. Lepage 
F. D. Lewis 
W. D. Lewis 
J. G. Linvill 
F. B. Llewellyn 
S. P. Lloyd 
A. W. Lo 
J. R. MacDonald 
Nathan Marchand 
Nathan Marcuvitz 
F. L. Marx 
W. P. Mason 
G. L. Matthaei 
W. J. Mayo-Wells 
E. D. McArthur 
D. 0. McCoy 
Knox McIlwain 
Brockway McMillan 
R. E. Meagher 
T. H. Meisling 
Pierre Mertz 
H. R. Mimno 
S. E. Miller 
A. R. Moore 
G. E. Mueller 
E. J. Nalos 
H. Q. North 
K. A. Norton 
W. B. Nottingham 
B. M. Oliver 
H. F. Olson 
G. D. O’Neill 
P. F. Ordung 
Dale Oyster 

C. H. Page 
R. M. Page 
R. C. Palmer 
C. H. Papas 
Ernest Pappenfus 
M. C. Pease, HI 
R. W. Peter 
A. P. G. Peterson 
H. O. Peterson 
W. 11. Pickering 
J. A. Pierce 
W. J. Poch 
A. J. Pote 
R. L. Pritchard 
C. F. Quate 
W. II. Radford 
J. R. Ragazzini 
J. A. Rajchman 
Simon Ramo 
H. J. Riblet 
D. H. Ring 
Stanley Rogers 
T. A. Rogers 
H. E. Roys 
V. H. Rumsey 
J. D. Ryder ’ 
R. M. Ryder 
Vincent Salmon 
A. L. Samuel 
H. A. Samulon 
O. H. Schade 
S. W. Seeley 
Samuel Seely 
O. G. Selfridge 
Samuel Sensiper 
R. F. Shea 
R. E. Shelby 
Donald Shuster 
W. M. Siebert 
D. B. Sinclair 
George Sinclair 
David Slepian 
R. W. Slinkma 
C. E. Smith 
P. T. Smith 

J. M. Pe 
G. R. Arthur 
V. A. Babits 
A. B. Bereskin 
W. L. Cassell 
D. II. Ewing 
R. M. Fano 
C. L. Foster 
A. W. Graf 
Ferdinand Ham¬ 

burger, Jr. 
A. E. Harrison 
H. E. Hartig 
G. B. Hoadlev 
A. H. Howell’ 
F. S. Howes 
T. A. Hunter 
Glenn Koehler 
H. A. Moench 

O. J. M. Smith 
L. D. Smullin 
R. A. Soderman 
A. H. Sommer 
R. C. Spencer 
J. R. Steen 
Leo Storch 
A. W. Straiton 
I). E. Sunstein 
Charles Susskind 
G. C. Sziklai 
G. K. Teal 
J. C. Tellier 
E. R. Thomas 
H. P. Thomas 
H. E. Tompkins 
J. G. Truxal 
D. F. Tuttle, Jr. 
L. C. Van Atta 
K. S. Van Dyke 
E. K. Van Tassel 
S. N. Van Voorhis 
O. G. Villard, Jr. 
R. L. Wallace, Jr. 
L. G. Walters 
C. C. Wang 
I). A. Watkins 
D. K. Weaver, Jr. 
S. E. Webber 
W. M. Webster 
P. K. Weimer 
Louis Weinberg 
J. R. Weiner 
H. G. Weiss 
J. O. Weldon 
J.M. West 
G. W. Wheeler 
H. A. Wheeler 
I. R. Whinnery 
W. D. White ’ 
J. B. Wiesner 
I rving Wolff 
G. O. Young 
L. A. Zadeh 

ÉDUCATION 

, Chairman 
P. H. Nelson 
R. E. Nolte 
J. L. Potter 
Albert Preisman 
L. R. Quarles 
J. R. Ragazzini 
V. C. Rideout 
J. D. Ryder 
Samuel Seely 
F. R. Stansel 
A. W. Straiton 
W. N. Tuttle 
D. L. Waidelich 
L. E. Williams 
D. G. Wilson 
A. H. Wing, Jr. 
A. L. Winn 
M. E. Zaret 

Finance 
W. R. G. Baker, Chairman 

W. R. Hewlett Haraden Pratt 
A. V. Loughren J. D. Ryder 
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J IlSTORY 

Haraden Pratt, Chairman 
Melville Eastham Keith Henney 
Lloyd Espenschied H. W. Houck 

M EMBERSHIP 

Kipling Adams, Chairman 
F. W. Albertson 
A. R. Beach 
T. H. Clark 

A. B. Oxley 
George Rappa|x>rt 
D. B. Sinclair 

G. R. Town 
(Chairmen of Section Membership Commit¬ 

tees Ex-Officio) 
(Regional Directors Ex-Officio) 

Nominations 
J. W. McRae, Chairman 

G. 11. Browning 
W. R. Hewlett 

F. H. R. Pounsett 
F. E. Terman 

C. J. Marshall D. J. Tucker 
11. W. Wells 

Policy Advisory 
J. T. Henderson, Chairman 

J. N. Dyer 
A. W. Graf 
Ferdinand Ham¬ 

burger, Jr. 

A. G. Jensen 
J. M. Pettit 
J. R. Ragazzini 
H. W. Wells 

Professional ('.roups 
W. R. G. Baker, Chairman 

A. W. Graf, Vice Chairman (Central Div.) 
M. E. Kennedy, 

Div.) 
Ernst Weber, Vice 
J. L. Callahan 
A. G. Clavier 
J. J. Gershon 
R. A. Heising 
J. T. Henderson 
F. S. Hird 

Vice Chairman (Western 

Chairman (Eastern Div.) 
J. C. McPherson 
Leon Podolsky 
W. M. Rust, Jr. 
W. E. Shoupp 
C. E. Smith 
L. C. Van Atta 

(Professional Group Chairmen Ex-Officio) 

Tellers 
B. F. Tyson, Chairman 

W. F. Bailey David Sillman 
P. G. Hansel X. A. Spencer 

C. M. Verenda 

Special Committees 
Armed Forces Liaison 

Committee 
G. W. Bailey, Chairman 

IRE-IEE International Liaison 
Com MITTEL 

F. S. Barton 
Ralph Bown 
R. IL Davies 
Willis Jackson 

F. B. Llewellyn 
C. G. Mayer 
R. L. Smith-Rose 
J. A. Stratton 

1 ’ROFESSIONAI R EC< )GNTTI( >N 

G. B. Hoadley, Chairman 
C. C. Chambers W. E. Donovan 
H. F. Dart C. M. Edwards 

Technical Committees 
20. STANDARDS COMMITTEE 

E. Weber, 
M. W. Baldwin, J 

R. F. Shea, I 
L. G. Cumming 

J. Avins 
W. R. Bennett 
J. G. Brainerd 
P. S. Carter 
P. S. Christaldi 
A. G. Clavier 
W. J. Dodds 
J. E. Eiselein 
A. W. Friend 
V. M. Graham 
R. A. Hackbusch 
IL C. Hardy 
P. G. Herbst 
Hans Jaffe 
Henry Jasik 
A. G. Jensen 

w. t. 

Chairman 
r., Vice Chairman 
'ice Chairman 
, Vice Chairman 
J. L. Jones 
J. G. Kreer, Jr. 
E. A. La port . 
A. A. Macdonald 
Wavne Mason 
I). É. Maxwell 
K. R. McConnell 
IL R. Minino 
M. G. Morgan 
(ï. A. Morton 
H. L. Owens 
C. H. Page 
R. Serrell 
R. M. Showers 
IL R. Terhune 
J. E. Ward 

, intringham 

Subcommittees 
20.5 Definitions Coordinating 

M. W. Baldwin, Jr., Chairman 
P. S. Carter P. G. Kreer, Jr. 

E. A. Laport 

20.8 Basic Terms 

J. G. Brainerd, Chairman 
M. H. Baldwin, Jr. C. H. Page 

2. Antennas and Waveguides 
Henry Jasik, Chairman 

G. A. Deschamps, Vice Chairman 
R. L. Mattingly, Secretary 

P. S. Carter 
H. A. Finke 
W. C. Jakes, Jr. 
E. T. Jaynes 
O. E. Kienow 
P. A. Loth 
A. A. Oliner 

M. S. 

K. S. Packard, Jr. 
D. C. Ports 
W. Sichak 
G. Sinclair 
P. H. Smith 
K. Tomiyasu 
W. E. Waller 

heeler 

Subcommittees 
2.2 Waveguide and Transmission 

Line Definitions 

G. Deschamps, Chairman 
W. Sichak 

2.3 Antennas and Waveguides West 
Coast Subcommittee 

E. T. Jaynes, Chairman 
S. Cohn T. Moreno 
R. S. Elliott S. Silver 
S. Kerber V. Twersky 

R. S. Wehner 

2.4 Waveguide and Waveguide 
Component Measurements 

A. A. Oliner, Chairman 
P. A. Loth K. Packard 

W. E. Waller 

3. Audio Techniques 
D. E. Maxwell, Chairman 

I. M. Korney, Vice Chairman 
C. A. Cady L. H. Good 

R. C. Moody 
L. D. Runkle 
F. IL Slaymaker 

G. H. Grenier 
F. K. Harvey 
F. L. Hopper 

Subcommittees 
3.1 Audio Definitions 

L. D. Runkle, Chairman 
W. E. Darnell W. F. Dunklee 
D. S. Dewire C. W. Frank 

R. E. Yaeger 

3.2 Methods of Measurement of 
Gain, Loss, Amplification 

Attenuation and 
Frequency Response 

L M. Kerney, Acting Chairman 

3.3 Methods of Measurement of 
Distortion 

R. C. ï 
L. H. Bowman 
F. Coker 
J. French 
L. D. Grignon 
F. Ireland 
E. King 

oody, Chairman 
J. J. Noble 
G. Sawyer 
E. Schreiber 
R. Scoville 
K. Singer 
A. E. Tilley 

4. Circuits 
W. R. Bennett, Chairman 

Vice Chairman S. J. Mason, 
J. T. Bangert 
L G. Brainerd 
A. R. D’Heedenc 
T. R. Finch 
R. M. Foster 
ILL. Krauss 
J. G. Linvill 

W. A. Lynch 
P. F. Ordung 
C. II. Page 
E. J. Robb 
W. N. Tuttle 
!.. Weinberg 
F. IL Williams 

Subcommittees 
4.1 Transistor Circuitry 

T. R. Finch, Chairman 
R. L. Bright A. W. Lo 
E. Gonzalez J. C. Logue 
R. A. Henle (alter- S. J. Mason 
nate) J. J. Suran 

F. P. Keiper, Jr. L. Weinberg 
J. G. Linvill F. H. Williams 

4.2 Linear Lumped-Constant Passive 
Circuits 

L. Weinberg, Chairman 
J. A. Aseltine G. L. Matthaei 
R. Kahal J. G. Truxal 

4.3 Circuit Topology 

R. M. Foster, Chairman 
R. L. Dietzold E. A. Guillemin 
S. Goldman J. Riordan 

4.4 Linear Varying-Parameter and 
Non-Linear Circuits 

W. R. Bennett, Chairman 
J. G. Kreer, Jr. C. H. Page 

J. R. Weiner 

4.5 Time-Constant Network Analysis 
and Synthesis 

W. H. Huggins, Chairman 
S. Goldman J. G. Linvill 
W. H. Kautz S. J. Mason 

D. F. Tuttle, Jr. 
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4.7 Linear Active Circuits Including 
Networks with Feedback 

Servomechanism 

W. A. Lynch, Chairman 
E. J. Angelo, Jr. J. M. Manley 
H. Levenstein E. H. Perkins 
J. G. Linvill C. F. Rehberg 

4.8 Circuit Components 

A. R. D'heedene, Chairman 

4.0 Fundamental Quantities 

II. L. Krauss, Chairman 
P. F. Ordung J. D. Ryder 

6. Electroacoustics 
H. C. Hardy, Chairman 

11. L. Barney 
B. B. Bauer 
M. Copel 
W. D. Goodale, Jr. 
ILS. Knowles 

W. F. Meeker 
H. F. Olson 
V. Salmon 
IL S. Seeley 
P. S. Veneklasen 

P. B. \\ illiams 

7. Electron Tubes 
W. J. Dodds, Chairman 

P. A. Redhead, 
E. M. Boone 
G. A. Espersen 
T. J. Henry 
FL O. Johnson 
W. J. Kleen 
P. M. Lapostolle 
C. G. Lob 
L. S. Xergaard 

Vice Chairman 
G. D. O’Xeill 
A. C. Rockwood 
H. Rothe 
R. W. Slinkman 
K. R. Spangenberg 
R. G. Stoudenheimer 
M. A. Townsend 
R. R. Warnecke 

Subcommittees 
7.1 Tubes in Which Transit-Time is 

not Essential 

T. J. Henry, Chairman 
T. A. Elder 
W. R. Ferris 
W. T. Millis 

R. W. Slinkman 
E. E. Spitzer 
A. K. Wing 

A. IL Young 

7.2 Cathode-Ray and Television 
Tubes 

C. G. Lob, Chairman 
J. R. Adams 
R. Dressier 
R. Kappelon 

A. S. Luftman 
J. C. Nonnekens 
G. W. Pratt 

D. Van Ormer 

7.2.2 Storage Tubes 

A. S. Luftman, Chairman 
A. Bramley 
J. Buckbee 
A. B. Haeff 
M. D. Harsh 
R. B. Janes 
B. Kazan 

M. Knoll 
C. C. Larson 
W. E. Mutter 
D. S. Peck 
R. W. Sears 
P. Youtz 

7.3 Gas Tubes 

M. \. Townsend, Chairman 
I. II. Burnett 
A. W. Coolidge 
E. J. Handley 
R. A. Flerring 

D. E. Marshall 
G. G. Riska 
W. W. Watrous 
FL II. Wittenberg 

7.3.1 Methods of Test for TR and 
ATR Tubes 

K. Garoff, Chairman 
J. Schussele, Secretary 

I. Birnbaum IL Heins 

F. Klawsnik 
F. McCarthy 

L. W. Roberts 
R. Scudder 

7.4 Camera Tubes, Phototubes, and 
Storage Tubes in which Photo¬ 

Emission is Essential 

R. G. Stoudenheimer, Chairman 
B. R. Linden B. H. Vine 

H. E. White 

7.5 High-Vacuum Microwave Tubes 

FL M. Boone, Chairman 
|. H. Bryant 
H. W. Cole 
G. A. Espersen 
M. S. Glass 

S. FL 

R. A. LaPlante 
R. R. Moats 
C. R. Moster 
M. Xowogrodzki 

Webber 

7.5.1 Non-Operating Characteristics 
of Microwave Tubes 

M. Xowogrodzki, Chairman 
R. L. Cohoon, Secretary 

F. E. Vaccaro R. C. Hergenrother 
M. S. Glass IL I). Reed 

7.5.2 Operating Measurements of 
Microwave Oscillator 

Tubes 

R. R. Moats, Chairman 
R. A. LaPlante, Secretary 

R. S. Briggs 
T. P. Curtis 
C. Dodd 

G. I. Klein 
B. D. Kumpfer 
E. C. Okrcss 

W. W. Teich 

7.5.3 Operating Measurements of 
Microwave Amplifier Tubes 

S. E. Webber, Chairman 
J. Berlin 
H. W. Cole 
H. J. Hersh 
P. M. Lally 

A. W. McEwan 
C. R. Moster 
R. W. Peter 
G. Weibel 

7.6 Physical Electronics 

P. A. Redhead, Chairman 
J. G. Buck C. T. Goddard 
H. B. Frost J. M. Lafferty 

R. M. Matheson 

7.6.1 Subcommittee 

R. M. Matheson, Chairman 

8. Electronic Computers 
R. Serrell, Chairman 

D. R. Brown, 
S. N. Alexander 
W. T. Clary 
R. D. Elbourn 
M. K. Haynes 
L. C. Hobbs 
J. R. Johnson 
M. Middleton, Jr. 
C. D. Morrill 

Vice Chairman 
G. W. Patterson 
J. A. Rajchman 
R. L. Snyder, Jr. 
W. H. Ware 
C. R. Wayne 
J. R. Weiner 
C. F. West 
Way Dong Woo 

Subcommittees 
8.3 Static Storage Elements 

M. K. Haynes, Chairman 
A. O. Black 
T. H. Bonn 
H. R. Brownell 
T. C. Chen 
FL Gelbard 

W. M. Papian 
J. Rajchman 
FL A. Sands 
R.'Stuart-Williams 
D. H. Toth 

8.4 Definitions (Eastern Division) 

L. C. Hobbs, Chairman 
R. D. Elbourn R. P. Mayer 
J. R. Johnson G. W. Patterson 

8.5 Definitions (Western Division) 

W. H. Ware, Chairman 
IL T. Larson 
W. E. Smith 

W. S. Speer 
R. Thorensen 

8.6 Magnetic Recording for 
Computing Purposes 

S. N. Alexander, Chairman 

9. Facsimile 
K. R. McConnell, Chairman 
D. Frezzolini, Tice Chairman 

H. F. Burkhard 
J. Callahan 
C. K. Clauer 

L. R. Lankes 
S. A. Lawson 
P. Merts 
K. W. Pfleger 
M. P. Rehm 
H. C. Ressler 

A. G. Cooley 
J. Hackenberg 
M. F. Hodges 
J. V. Hogan C. J. Young 
B. H. Klyce R. J. Wise 

K. Woloschak 

26. Feedback Control Systems 
J. E. Ward, Chairman 

Vice Chairman E. A. Sabin 
M. R. Aaron 
G. S. Axelby 
G. A. Biernson 
V. B. Haas, Jr. 

D. L. Lippitt 
J. C. Lozier 
T. Kemp Maples 
W. M. Pease 
P. Travers 
R. B. Wilcox 
S. B. Williams 

R. J. Kochenburger 
D. P. Lindorff 
W. K. Linvill 

F. R. Zatlin 

Subcommittees 
26.1 Terminology for Feedback 

Control Systems 

M. R. Aaron, Chairman 
V. Azgapetian, Secretary 

G. R. Arthur J. C. Lozier 
G. S. Axelby C. F. Rehberg 
T. Flynn F. Zweig 

io. Industrial Electronics 
J. E. Eiselein, Chairman 

FL Mittelmann, Vice Chairman 
G. P. Bosomworth 
Cledo Brunetti 
J. M. Cage 
E. W. Chapin 
D. Cottle 
J. L. Dalkc 
C. W. Frick 
H. C. Gillespie 
T. P. Kinn 
H. R. Meahl 
J. H. Mennie 

P. E. Ohmart 
H. W. Parker 
S. I. Rambo 
W. Richter 
W. C. Rudd 
E. H. Schulz 
C. F. Spitzer 
W. R. Thurston 
L. P. Tuckerman 
M. P. Vore 
J. Weinberger 

Subcommittees 
lo.i Definitions for Induction and 

Dielectric Heating 

C. F. Spitzer, Chairman 
G. P. Bosomworth J. Dalke 
L’M Cage FL Mittelmann 

W. Richter 
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10.2 Dielectric Measurements 
J. Dalke, Chairman 

G. W. Klingaman J. H. Mennie 
U. R. Meahl C. F. Spitzer 

10.4 Methods of Measurements 
E. Mittelmann, Chairman 

J. M. Cage S. I. Rambo 
J. L. Dalke E. H. Schulz 

W. R. Thurston 

ii. Information Theory and 
Modulation Systems 
J. G. Kreer, Jr., Chairman 

M. J. E. Golay, Vice Chairman 

D. Pollack 

H. W. Kohler 
E. R. Kretzmer 
V. D. Landon 
N. Marchand 
L. Meacham 

P. L. Bargellini 
W. R. Bennett 
T. P. Cheatham, Jr. 
!.. A. DeRosa 
P. Elias 

Subcommittees 
n.i Modulation Systems 

D. Pollack, Chairman 

11.2 East Coast Information Theory 
P. Elias, Chairman 

11.3 West Coast Information Theory 

25. Measurements and 
Instrumentation 

P. S. Christaldi, Chairman 
J. H. Mulligan, 

M. J. Ackerman 
J. L. Dalke 
G. L. Fredendall 
W. D. George 
G. B. Hoadley 

R. 

Jr., Vice-Chairman 
W. J. Mayo-Wells 
G. A. Morton 
C. 1). Owens 
A. P. G. Peterson 
J. G. Reid, Jr. 

Showers 

Subcommittees 
25.1 Basic Standards and Calibration 

Methods 

W. D. George, Chairman 
S. L. Bailey G. L. Davies 

F. J. Gaffney 

25.2 Dielectric Measurements 
J. L. Dalke, Chairman 

C. A. Bieling F. A. Muller 

25.3 Magnetic Measurements 
C. D. Owens, Chairman 

W. Cairnes G. I. Gordon 
G. S. Fay P. H. Haas 

E. J. Smith 

25.4 Audio-Frequency Measurements 
A. P. G. Peterson, Chairman 

R. Grim R. A. Long 

25.5 Video Frequency Measurements 
G. L. Fredendall, Chairman 

J. Fisher H. A. Samulon 
R. Palmer A. J. Talamini, Jr. 

W. R. Thurston 
25.6 High Frequency Measurements 

R. V. Lowman, Chairman Joint AIEE-IRE 
Committee on High Frequency Measurements 

G. B. Hoadley, Chairman, 
IRE Subcommittee 25.6 

R. A. Braden I. G. Easton 

F. J. Gaffney D. Keim 
E. W. Houghton B. M. Oliver 

B. Parzen 

25.8 Interference Measurements 
R. Showers, Chairman 

S. J. Burruano 
H. R. Butler 
M. S. Corrington 
H. E. Dinger 
C. W. Frick 
A. B. Glenn 

E. W. Chapin 
F. M. Greene 
A. A. Macdonald 
A. W. Sullivan 
D. Talley (alternate) 
W. T. Wintringham 

25.9 Measurements of Radio Activity 

G. A. Morton, Chairman 
R. L. Butenhoff 
D. L. Collins 
L. Costrell 

R. W. Johnston 
M. A. Schultz 
W. W. Schultz 

25.10 Oscillography 

M. I. Ackerman. Chairman 
F. J. Bloom 
P. S. Christaldi 
H. F. Dart 
D. P. Heacock 
H. M. Joseph 
G. R. Mezger (;

ternate) 

T. B. Perkins 
X. E. Schick (alter¬ 

nate) 
A. L. Stillwell 
H. Voll urn 

25.13 Telemetering 
W. J. Mayo-Wells, Chairman 

J. L. Blackburn 
J. F. Brinster 
R. E. Colander 
A. P. Gruer 
R. L. Harding 
C. H. Hoeppner 
M. V. Kiebert 

W. A. 

F. W. Lehan 
E. E. Lynch 
M. G. Pawley 
W. E. Phillips 
G. M. Thynell 
F. L. Verwiebe 
G. F. C. Weedon 

Wildhack 

25.14 Electronic Components 

J. G. Reid 
M. B. Carlton 
G. B. Devey 
J. W. Gruol 
J. N. Hall 

Jr., Chairman 
A. E. Javitz 
J. H. Muncy 
F. A. Paul 
E. R. Schnauss 

16. Mobile Communication 
Systems 

A. A. Macdonald, Chairman 
D. Talley, Vice Chairman 

N. Caplan J. C. O'Brien 
D. B. Harris N. H. Shepherd 
N. Monk T. W. Tuttle 

A. Whitney 

12. Navigation Aids 
H. R. Mimno, Chairman 

W. Palmer, Vice Chairman 
R. E. Gray A. G. Richardson 
H. L Metz L. M. Sherer 

Subcommittees 
12.2 Standards DF Measurements 

E. D. Blodgett, Chairman 
J. Kaplan, Vice Chairman 
R. Silberstein, Secretary 

A. D. Bailey 
H. I. Butler 
J. J. Kelleher 
F. M. Kratokvil 
A. A. Kunze 
J. T. Lawrence 
H. R. Mimno 

W. M. Richardson 
J. A. Solga 
J. O. Spriggs 
C. A. Strom, Jr. 
S. R. Thrift 
J. H. Trexler 
H. W. von Dohlen 

12.3 Measurement Standards for 
Navigation Systems 

F. Moskowitz, Chairman 
S. B. Fishbein, Secretary 

P. Adams 
R. Alexander 
S. Anderson 
R. Battle 
S. D. Gurian 
P. Hansel 

G. Litchford 
J. T. MacLemore 
G. E. Merer 
J. S. Pritchard 
P. Ricketts 
Abe Tatz 

V. Weihe 

13. Nuclear Techniques 
G. A. Morton, Chairman 

14. Piezoelectric Crystals 
H. Jaffe, Chairman 

P. L. Smith, Vice Chairman 
H. G. Baerwald 
R. Bechmann 
W. G. Cady 
J. K. Clapp 
W. A. Edson 
I. E. Fair 

K. S. 

W. D. George 
E. Gerber 
R. L. Harvey 
W. P. Mason 
S. Roberts 
R. A. Sykes 

an Dvke 

27. Radio Frequency 
Interference 

R. M. Showers, Chairman 
S. J. Burruano, Vice Chairman 

C. C. Chambers 
M. S. Corrington 
E. W. Chapin 
H. E. Dinger 
A. B. Glenn 
J. A. Hansen 

A. E. Kerwien 
W. Mason 
J. M. Minter 
W. E. Pakala 
R. F. Shea 
D. Talley 

Subcommittees 
27.1 Basic Measurements 

M. S. Corrington, Chairman 
S. J. Burruano 
H. R. Butler 
E. W. Chapin 
H. E. Dinger 

A. B. Glenn 
F. M. Greene 
A. A. Macdonald 
A. W. Sullivan 

C. W. Frick D. Talley (alternate) 
W. T. Wintringham 

27.2 Definitions 

W. Mason, Chairman 

R. S. Yoder 

A. Augustine 
E. W. Chapin 
M. S. Corrington 
R. J. Farber 
A. M. Intrator 
E. O. Johnson 

W. R. Koch 
C. G. Seright 
P. Simpson 
W. S. Skidmore 
A. E. Smoll 
J. W. Stratman 

27.3 Radio and TV Receivers 
A. B. Glenn, Chairman 

27.4 Radio Transmitters 

A. E. Kerwein, Chairman 
27.5 Industrial Electronics 

S. J. Burruano, Chairman 
27.6 Recording Equipment 

M. S. Corrington, Acting Chairman 
27.7 Mobile Communications 

Equipment 

D. Talley, Chairman 
27.8 Carrier Current Equipment 

27.9 Community Antennas 
R. C. Abbett, Chairman 
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27.10 Test Equipment 

J. B. Minter, Chairman 

27.il Atmospherics 

H. E. Dinger, Chairman 

17. Radio Receivers 
J. Avins, Chairman 

D. E. Harnett, Vice Chairman 
K. A. Chittick 
L. E. Closson 
D. J. Healey HI 
K. W. Jarvis 
J. K. Johnson 
W. R. Koch 
I. J. Melman 
G. Mountjoy 

F. R. Norton 
L. Riebman 
J. D. Reid 
L. M. Rodgers 
S. W. Seeley 
W. O. Swinyard 
F. B. Uphoff 
R. S. Yoder 

Subcommittees 
17.8 Television Receivers 

W. O. Swinyard, Chairman 
J. Avins 
E. C. Freeland 
W. J. Gruen 
1. J. Melman 

B. S. Parmet 
E. Pufahl 
G. F. Rogers 
S. P. Ronzheimer 

17.9 Loop Receivers 

L. E. Closson, Chairman 
V. Beck W. R. Koch 
R. A. Bell J. R. Locke 
R. J. Farber C. G. Seright 

17.10 Automatic Frequency and 
Phase Control 

F. B. Uphoff, Chairman 
R. Davies D. N. Larky 
W. R. Koch D. Richman 

L. Riebman 

is. Radio Transmitters 
P. J. Herbst, Chairman 

H. Goldberg, Vice Chairman 
A. E. Kerwien 
L. A. Looney 
J. F. McDonald 

T. E. Ahlstedt 
J. H. Battison 
F. J. Bias 
M. R. Briggs 
A. Brown 
H. R. Butler 
W. R. Donsbach 
L. K. Findley 
H. E. Goldstine 
J. B. Heffelfinger 

S. M. Morrison 
J. Ruston 
H. B. Seabrook 
G. W. Sellers 
B. Sheffield 
N. B. Tharp 
I. R. Weir 

Subcommittees 
15.1 FM Broadcast Transmitters 

J. Ruston, Chairman 
J. Bose N. Marchand 
J. R. Boykin P. Osborne 

H. P. Thomas 

15.2 Radio-Telegraph Transmitters 
up to so MC 

B. Sheffield, Chairman 
H. R. Butler 
J. L. Finch 

J. F. McDonald 
F. D. Webster 

I. R. Weir 

15.3 Double Sideband AM 
Transmitters 

J. B. Heffelfinger, Chairman 
R. B. Beetham 
W. T. Bishop, Ji 
L. K. Findley 

D. H. Hax 
L. A. Looney 
E. J. Martin, Jr. 

15.4 Pulse-Modulated Transmitters 

H. Goldberg, Chairman 
R. Bateman G. F. Montgomery 
L. L. Bonham W. K. Roberts 

B. D. Smith 

W. B. Bruene 
J. P. Costas 
IL E. Goldstine 

J. B. Angell 
S. J. Angello 
A. C. Clarke 
A. G. Coblenz 
J. J. Ebers 
R. S. Fallows 
J. R. Flegal 
IL Goldberg 
J. R. Hyneman 

L. Kahn 
A. E. Kerwien 
E. A. Laport 

J. B. Singel 

15.5 Single Sideband Radio Com¬ 
munication Transmitters 

Adamant Brown, Chairman 

A. W. Lampe 
L. T. MacGill 
W. J. Mayo Wells 
C. W. Mueller 
H. Q. North 
W. J. Pietenpol 
R. L. Pritchard 
J. R. Roeder 
B. J. Rothlein 

R. M. Ryder 

28. Semiconductor Devices 
H. L. Owens, Chairman 

15.6 Television Broadcast 
Transmitters 

F. J. Bias, Chairman 
E. Bradburd L. A. Looney 

J. Ruston 

Subcommittees 
28.1 Methods of Test for Transistors 

for Linear CW Transmission 
Service 

C. L. Rouault, (A I EE) Chairman 
D. A. Alsberg A. Coblenz 
A. E. Anderson L. J. Giacoletto 

A. W. Lampe 

28.2 Semiconductors—Definitions 

S. J. Angello, Chairman 
J. M. Early B. J. Rothlein 
M. F. Lamorte J. S. Schaffner 

K. Uhler 

28.3 Methods of Test for Transistors 
for Pulse Service 

W. H. Lapham, Chairman 
R. L. Trent, Secretary 

A. W. Berger N. H. Odell 
C. Huang R. L. Wooley 

2i. Symbols 
H. R. Terhune, Chairman 

R. T. Haviland. Vice Chairman 
K. E. Anspach 
W. A. Ford 
O. T. Laube 
C. D. Mitchell 
C. Nietzert 

H. P. 

M. B. Reed 
A. C. Reynolds, Jr. 
M. P. Robinson 
M. S. Smith 
R. M. Stern 

Westman 

Subcommittees 
21.2 Graphical Symbols for 

Semiconductors 

M. P. Robinson, Chairman 
H. E. Corey 
R. A. Henle 
R. F. Merrithew 

H.. 

W. H, Miller 
C. D. Mitchell 
J. G. Weissman 
Woll 

21.3 Functional Representation of 
Control, Computing and Switching 

Equipment 

A. C. Reynolds, Jr., Chairman 
T. G. Cober 
C. W. Frank 
J. W. Gorgas 
H. F. Herbig 
C. W. Hobbs 
H. P. Kraatz 

F. T. Meyer 
E. W. Olcott 
J. S. Osborne 
G. Patterson 
S. W. Roberts 
F. J. Roehm 

F. M. Sokol 

21. New Proposals and Special 
Assignments 

M. P. Robinson, Chairman 

21.7 Letter Symbols 

C. Neitzert, Chairman 

19. Recording and reproducing 
A. W. Friend, Chairman 

M. S. Corrington, Vice Chairman 
S. J. Begun 
M. Camras 
F. A. Comerci 
E. W. D’Arcy 
S. M. Fairchild 
R. M. Fraser 
C. J. LeBel 

C. 

R. C. Moyer 
C. B. Pear 
A. P. G. Peterson 
H. E. Roys 
L. Thompson 
T. G. Veal 
R. A. VonBehren 

F. West 

Subcommittees 
19.1 Magnetic Recording 

R. C. Moyer, Chairman 
J. S. Boyers E. W. D’Arcy 
M. Camras W. H. Erikson 
F. A. Comerci C. B. Pear 

R. A. VonBehren 

19.2 Mechanical Recording 

L. Thompson, Chairman 
W. S. Bachman 
S. M. Fairchild 
A. R. Morgan 
R. C. Moyer 

F. W. Roberts 
M. F. Royston 
R. A. Schlegel 
A. S. R. Toby 

19.3 Optical Recording 

T. G. Veal, Chairman 
P. Fish J. A. Maurer 
R. M. Fraser E. Miller 

C. Townsend 

19.4 Distortion 

A. P. G. Peterson, Chairman 
M. S. Corrington C. J. LeBel 

19.5 Flutter 

H. R. Roys, Chairman 
F. A. Comerci U. Furst 
S. M. Fairchild C. J. LeBel 

CCIR Liaison Group of 
IRE Committee 19 

H. E. Roys, Chairman (Representative} 
A. W. Friend, (Alternate} 

W. S. Bachman R. C. Moyer 
R. M. Fraser L. Thompson 

22. Television Systems 
W. T. Wintringham, Chairman 
W. F. Bailey, Vice Chairman 

M. W. Baldwin, Jr. K. A. Chittick 
J. E. Brown ’ C. G. Fick 
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D. G. Fink 
P. C. Goldmark 
R. N. Harmon 
J. E. Hayes 
J. L. Hollis 
A. G. Jensen 
I. J. Kaar 
RD. Kell 

D. C. Livingston 
J. T. Lyman 
L. Mautner 
J. Minter 
A. F. Murray 
D. W. Pugsley 
D. B. Smith 
M. E. Strieby 

Subcommittee 
Television Picture Element 

D. C. Livingston, Chairman 
J. S. Bryan (Alter- S. Helt 

nate for Chatten) P. Mertz 
J. B. Chatten H. A. Samulon 

O. H. Schade 

23. Video Techniques 
J. L. Jones, Chairman 

S. Doba, Jr., Vice Chairman 
S. W. Athey 
A. J. Baracket 
J. M. Barstow 
J. H. Battison 
E. E. Benham 
K. B. Benson 
E. M. Coan 

J. R. DeBaun 
V. J. Duke 
G. L. Fredendall 
J. R. Hefele 
R. T. Petruzzelli 
C. G. Pierce 
W. J. Poch 

B. F. Tyson 

Subcommittees 
23.1 Definitions 

G. L. Fredendall, Chairman 
R. F. Cotellessa J. M. Eglin 
S. Deutsch W. C. Espenlaub 

23.2 Utilization, Including Video 
Recording: Methods of 

Measurement 

S. W. Athey, Chairman 
K. B. Benson V. J. Duke 
J. M. Brumbaugh G. Gordon 

H. Milholland 

23.3 Video Systems and Components: 
Methods of Measurements 

J. Hefele, Chairman 
1. C. Abrahams 
A. Lind 
N. E. Sprecher 

E. Stein 
J- F. Wiggin 
W. B. Whalley 

23.4 Video Signal Transmission 
Methods of Measurement 

J. M. Barstow, Chairman 
K. B. Benson 
R. D. Chipp 
E. E. Gloystein 
H. P. Kelly 

R. M. Morris 
E. B. Pores 
E. H. Schreiber 
B. F. Tyson 

24. Wave Propagation 
M. G. Morgan, Chairman 

E. W. Allen, Jr. 
S. L. Bailey 
A. R. Beach 
H. G. Booker 
K. Bullington 
C. R. Burrows 

M. Katzin 
D. E. Kerr 
M. Kline 
R. K. Moore 
K. A. Norton 
H. O. Peterson 

T. J. Carroll 
A. B. Crawford 
A. Earl Cullum, Jr. 
W. S. Duttera 
H. E. Dinger 
L H. Gerks 
F. M. Greene 

T. A. 

G. Sinclair 
N. Smith 
R. L. Smith-Rose 
H. Staras 
A. W. Straiton 
A. H. Waynick 
J. W. Wright 

Wright 

Subcommittees 
24.1 Standard Practices 

H. O. Peterson, Chairman 
W. S. Duttera G. Sinclair 
F. M. Greene J. W. Wright 

24.2 Theory and Application of 
Tropospheric Propagation 

I Carroll, Chairman 
II. G. Booker A. B. Crawford 

A. W. Straiton 

24.3 Theory and Application of 
Ionospheric Propagation 

M. G. Morgan, Chairman 
R. Bateman R. A. Helliwell 
K. L. Bowles C. W. McLeish 

J. H. Meek 

24.4 Definitions and Publications 

H. Staras, Chairman 
A. B. Crawford I. H. Gerks 
J. E. Eaton M. Katzin 
E. G. Fubini D. E. Kerr 

G. Sinclair 

24.6 Radio Astronomy 

C. R. Burrows, Chairman 
A. E. Covington F. T. Haddock, Jr. 

J. P. Hagen 

24.7 Terrestrial Radio Noise 

H. Dinger, Chairman 

INSTITUTE REPRESENTATIVES IN COLLEGES* 
•Agricultural and Mechanical College of 

Texas: H. C. Dillingham 
•Akron, Univ, of: P. C. Smith 
•Alabama Polytechnic Institute: R. M. 

Steere 
•Alberta, Univ, of: J. W. Porteous 
•Arizona, Univ, of: H. E. Stewart 
•Arkansas, Univ, of: W. W. Cannon 
•British Columbia, Univ, of: A. D. Moore 
•Polytech. Inst, of Bklyn. (Day Div.): R. D. 

Barnard 
•Polytech. Inst, of Bklyn. (Eve. Div.): G. J. 

Kent 
•Brown Univ.: C. M. Angulo 
•Bucknell Univ.: D. L. Bowler 
•Calif. Institute of Technology: L. M. Field 
•Calif. State Polytech. College: C. Radius 
•Calif., University of: H. J. Scott 
California, Univ, of at L. A.: E. F. King 
(Capitol Radio Eng'g. Institute: E. Rada-

baugh 
•Carnegie Institute of Technology: J. B. 

Woodford, Jr. 
•Case Institute of Technology: J. R. Martin 
(Central Technical Institute: J. E. Lovan 
•Cincinnati, Univ, of: A. B. Bereskin 
•Clarkson College of Tech.: R. J. Reich 
•Colorado, Univ, of: W. G. Worcester 
•Colorado Agri, and Meeh. College: C. C. 

Britton 
•Columbia University: P. Mauzey 
•Connecticut, Univ, of: J. L. C. Löf 

* Colleges with Approved Student Branches, 
f Technical Institutes. 

•Cooper Union School of Eng’g.: J. B. Sher¬ 
man 

•Cornell University: T. McLean 
Dartmouth College: M. G. Morgan 
•Dayton, Univ, of: L. H. Rose 
•Delaware, Univ, of: H. S. Bueche 
•Denver, Univ, of: R. C. Webb 
•Detroit, Univ, of: G. M. Chute 
•Drexel Inst, of Technology: R. T. Zern 
Duke University: H. A. Owen 
•Fenn College: K. S. Sherman 
•Florida, Univ, of: S. P. Sashoff 
(Franklin University: D. F. Yaw 
•George Washington Univ.: G. Abraham 
•Georgia Institute of Technology: B. J, 

Dasher 
Harvard University: R. W. P. King 
JHouston, Univ, of: T. N. Whitaker 
•Illinois Inst, of Technology: G. T. Flesher 
•Illinois, Univ, of: P. F. Schwarzlose 
•Iowa State College: G. A. Richardson 
•Iowa, State Univ, of: E. M. Lonsdale 
•John Carroll University: J. L. Hunter 
•Johns Hopkins University: F. Hamburger, 

Jr. 
•Kansas State College: J. E. Wolfe 
•Kansas, Univ, of: D. G. Wilson 
•Kentucky, Univ, of: N. B. Allison 
•Lafayette College: F. W. Smith 
(Lamar State College of Tech.: L. Cherry 
•Lehigh University: D. E. Mode 
(Lincoln Memorial University: Appoint¬ 

ment later 
•Louisiana State Univ.: L. V. McLean 

•Louisville, Univ, of: S. T. Fife 
•Maine, Univ, of: C. Blake 
•Manhattan College: T. P. Canavan 
Manitoba, Univ, of: H. Haakonsen 
•Marquette University: E. W. Kane 
•Maryland, Univ, of: H. W. Price 
•Mass. Institute of Technology: W. H. Rad¬ 

ford and E. A. Guilleinin 
•Mass. University of: C. S. Roys 
McGill Univ.: F. S. Howes 
•Miami, Univ, of: F. B. Lucas 
•Michigan College of Mining and Technol¬ 

ogy: R. J. Jones 
•Michigan State College: I. O. Ebert 
•Michigan, Univ, of: L. N. Holland 
(Milwaukee School of Eng'g.: W. A. Yan 

Zeeland 
•Minnesota, Univ, of: L. Anderson 
•Mississippi State College: H. H. McCown 
*Univ. of Missouri, School of Mines & 

Metallurgy: G. G. Skitek 
•Missouri, Univ, of: G. V. Lago 
•Montana State College: R. C. Seibel 
•Nebraska, Univ, of: C. W. Rook 
Nevada, Univ, of: I. J. Sandorf 
•Newark College of Eng’g.: D. W. Dickey 
•New Hampshire, Univ, of: A. L. Winn 
•New Mexico College of Agriculture & 

Mechanic Arts: H. A. Brown 
•New Mexico, Univ, of: R. A. Hessemer 
*New York, College of City of: H. Wolf 
•New York University (Day Div.): S. 

Shamis 
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‘New York University (Eve. Div.): S. 
Shamis 

Worth Carolina State College: E. G. Man¬ 
ning 

‘North Dakota State College: E. M. Ander¬ 
son 

‘North Dakota, I niv. of: C. I homforde 
Wortheastern University: J. S. Rochefort 
Worthwestern University: C. W. McMullen 
‘Notre Dame, Univ, of: H. E. EHithorn 
‘Ohio University: D. B. Green 
‘Ohio State University: C. E. Warren 
‘Oklahoma Agri, and Meeh. College: H. T. 

Ftistoe 
fOklahoma Inst, of Technology: H. T. 

F ristoe 
Oklahoma, Univ, of: C. L. Farrar 
‘Oregon State College: A. I.. Albert 
‘Pennsylvania, The State University: J. N. 

Warfield 
‘Pennsylvania, Univ, of: E. I. Hawthorne 
‘Pittsburgh, Univ, of: J. Brinda, Jr. 
‘Pratt Institute: D. Vitrogan 
‘Princeton University: X. W. Mather 
fPuerto Rico, Universidad de: J. L. Garcia 

de Quevedo 
‘Purdue University: W. H. Hayt, Jr. 
Queen’s University: H. JI. Stewart 

* Colleges with Approved Student Branches, 
t Technical Institutes. 

JRCA Institutes, Inc.: P. J. Clinton 
‘Rensselaer Polytechnic Institute: II. I). 

Harris 
‘Rhode Island, Univ, of: R. S. Haas 
Rice Institute: C. R. Wischmeyer 
‘Rose Polytechnic Institute: H. A. Moench 
‘Rutgers University: J. L. Potter 
‘St. Louis University: G. E. Dreifke 
‘San Diego State College: I). C. Kalbfell 
‘San Jose State College: II. Engwicht 
Santa Clara, Univ, of: H. P. Nettesheim 
‘Seattle University: Rev. F. P. Wood 
‘South Carolina, I niv. of: Appointment 

later 
‘South Dakota School of Mines & Technol¬ 

ogy: D. R. Macken 
‘Southern Calif. Univ, of: G. W. Rex molds 
‘Southern Methodist Univ.: P. Hartón 
tSouthern Technical Institute: R. C. Carter 
‘Stanford University: C. Susskind 
‘Stevens Institute of Technology: A. C. Gil¬ 

more, Jr. 
‘Syracuse University: H. Hellerman 
tI emple I niversity: Appointment later 
‘Tennessee, Univ, of: S. King 
‘Texas, University of : W. H. Hartwig 
‘ Texas College of Arts and Industries: J. R. 

Guinn 
‘Texas Technological College: H. A. Spuhler 
‘ Toledo, University of: R. E. Weeber 

‘Toronto, Univ, of: G. Sinclair 
* I lifts College: A. H. Howell 
‘Tulane University: J. A. Cronvich 
*U. S. Naval Postgraduate School: G. R. 

Giet 
‘Utah, Univ, of: C. L. Alley 
‘Utah State Agricultural College: C. Clark 
¡Valparaiso Tech. Institute: E. E. Bullis 
‘Vermont, Univ, of: W. L. Steinmann 
‘Villanova College: Rev. J. A. Klekotka 
‘Virginia Polytechnic Institute: R. R. 

Wright 
‘Virginia, Univ, of: O. R. Harris 
Washington, State College of: R. I). 

Harbour 
‘Washington University: II. Crosby 
‘Washington, Univ, of: F. D. Robbins 
¡Washington and Lee University: Appoint¬ 

ment later 
‘Wayne University: D. V. Stocker 
¡Wentworth Institute: T. A. Verrechhia 
¡Wesleyan University: K. S. Van Dyke 
Western Ontario, Univ, of : E. II. 'Tull and 

J. H. Blackwell 
‘West Virginia University: E. Kenner 
‘Wisconsin, Univ, of: G. Koehler 
Witwatersrand. Univ, of: G. R. Bozzoli 
‘Worcester Polytechnic Institute: H. II. 

Newell 
‘Wyoming, Univ, of: W. M. Mallory 
‘Yale University: J. G. Skalnik 

INSTITUTE REPRESENTATIVES 
ON OTHER BODIES 

ASA Conference of Executives of Organiza¬ 
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ACOUSTICS AND AUDIO FREQUENCIES 

534.2 1227

Air-to-Ground Sound Propagation—P. II. 
Parkin and W. E. Scholes. (Jour. Acousl. Soc. 
Amer., vol. 26, pp. 1021-1023; November, 
1954.) “The attenuation of sound in air, in the 
vertical direction, has been measured on six 
occasions using an aircraft flying at various 
heights over a microphone at ground level. It 
was found that there was always negligible 
attenuation at frequencies below 1,000 c/s even 
though the air was turbulent; at higher fre¬ 
quencies the attentuation was found to be of 
the same order as the Knudsen-Kneser results 
for attentuation due to molecular absorption. 

534.2-8 1228 
Absorption of Finite-Amplitude Sound 

Waves—F. E. Fox and W. A. Wallace. (Jour. 
Acousl. Soc. Amer., vol. 26, pp. 994-1006; 
November, 1954.) Measurements indicate that 
the absorption coefficient of CCh and water for 
ultrasonic waves increases with increasing in¬ 
tensity; the effect is attributed to waveform 
distortion. Theory is presented in which the 
medium is treated as the acoustic analog of a 
transmission line with nonlinear elements. 

The Index to the Abstracts and References published in the PROC. IRE from 
February, 1954 through January, 1955 is published by the PROC. IRE, April, 1955, 
Part II. It is also published by WireZess Engineer and included in the March, 1955 
issue of that journal. Included with the Index is a selected list of journals scanned 
for abstracting with publishers’ addresses. 

534.23 + 621.396.67 1229 
Maximum Directivity Index of a Linear 

Point Array R. L. Pritchard. (Jour. Acousl. 
Soc. Amer., vol. 26, pp. 1034-1039; November, 
1954.) The maximum directivity index of an 
array is computed as a function of number and 
spacing of elements. For spacings <X/2 a sig¬ 
nificant improvement of both directivity index 
and major lobe width may' be achieved by de¬ 
parting from uniform excitation. Numerical 
results are presented for three-, five- and seven-
element arrays. 

534.24-8 1230 
Reflection of Sound by Thin Plates in Water 

- L. M. Lyamshev. [Compt. Rend. Acad. Sei. 
(URSS), vol. 99, pp. 719-721; December 11, 
1954. In Russian.] The nonspecular reflection of 
sound from brass and aluminium plates im¬ 
mersed in water was investigated experimen¬ 
tally using waves of frequency 1 me in pulses of 
duration 30 jus and repetition rate 50 per second. 
Reflection at angles related to the velocity of 
propagation of longitudinal waves in the plates 
was observed, in addition to that related to 
flexural waves [611 of 1949 (Finney)]. In a 0.8-
mm-thick Al plate the respective angles were 16 
degrees and 43 degrees, in a 0.58-mm brass plate 
the reflection maxima due to longitudinal waves 
occurred at 23 degrees, those due to flexural 
waves at 66 degrees and 74 degrees; in a 0.38-
mm brass plate, where the velocity of flexural 
waves is lower than the velocity of sound in 
water, only the maximum due to longitudinal 
waves was observed, at 23 degrees. Experi¬ 
mental results are presented graphically. 

534.26+1535.42:538.566 1231 
Diffraction of Pulses by a Circular Cylinder 

-—F. G. Friedlander. (Commun. Pure Appl. 
Math., vol. 7, pp. 705-732; November, 1954.) 
Analysis for a sound-pressure field is presented 
for the two-dimensional case, i.e., uniformity in 
the direction parallel to the cylinder axis is 
assumed. The incident, reflected and dif¬ 
fracted fronts are shown diagrammatically. The 
interpretation of the problem in em terms is 
indicated. 

534.3/.4 1232 
The Transient Tones of Wind Instruments 

—E. G. Richardson. (Jour. Acousl. Soc. Amer., 
vol. 26, pp. 960-962; November, 1954.) “Oscil¬ 
lograph records of the initiation of sound in 
organ pipes and orchestral wind instruments 
show large variations from one instrument to 
another. The causes of these variations and 
their artistic effects are discussed.” 

534.6:621.395.61 1233 
Microphone Measurements in a Reverbera¬ 

tion Chamber—L. Keidel. (Arch. Tech. Messen, 
no. 226, pp. 249-252; November, 1954.) Ex¬ 
periments are described which indicate that 
reverberation-chamber measurements can be 

substituted for anechoic-chamber measure¬ 
ments without introducing large errors. Suit¬ 
able methods are outlined for determining 
microphone characteristics by comparison with 
a known microphone. Since the ratio of the 
sound pressure at the two microphones is 
measured, it is not necessary to maintain the 
sound level constant. 

534.614:621.3.018.75 1234 
Electronic Pulse Method for measuring the 

Velocity of Sound in Liquids and Solids— N. P. 
Cedrone and D. R. Curran. (Jour. Acousl. Soc. 
Amer., vol. 26, pp. 963-966; November, 1954.) 

534.75 1235 
Cumulative Effects of Repeated Bursts of 

White Noise on Threshold for 4000-c/s Tone 
Pips—C. Lightfoot and J. F. Jerger. (Jour. 
Acousl. Soc. Amer., vol. 26, pp. 1048-1052; 
November, 1954.) 

534.75 1236 
Masking of Speech by Repeated Bursts of 

Noise I. Pollack. (Jour. Acousl. Soc. Amer., 
vol. 26, pp. 1053-1055; November, 1954.) 

534.75 1237 
Intensity Discrimination Thresholds under 

Several Psychophysical Procedures I. Pol¬ 
lack. (Jour. Acousl. Soc. Amer., vol. 26, pp. 
1056-1059; November, 1954.) “Discrimination 
thresholds for the detection of a change in the 
sound level of a tone were obtained under five 
experimental procedures.” 

534.75 1238 
Method of Reproduction and the Identifi¬ 

cation of Elementary Auditory Displays— 
I. Pollack. (Jour. Acousl. Soc. Amer., vol. 26, 
pp. 1060-1063; November, 1954.) “A psycho¬ 
physical procedure which combines the salient 
features of the classical discrimination and 
identification experiments is described.” 

534.76:534.86 1239 
Effect of Arrival Time on Stereophonic 

Localization—W. B. Snow. (Jour. Acousl. Soc. 
Amer., vol. 26, pp. 1071-1074; November, 
1954.) Summarized report of experimental 
work previously published in U.S. Patent No. 
2137032. 

534.861 1240 
Radio Studios—W. Furrer. (Tech. Milt. 

Schweiz. Telegr.-TelephVerw., vol. 32, pp. 430-
436; November 1, 1954. In German.) A brief 
review of the requirements as regards electro¬ 
acoustic equipment and acoustic characteris¬ 
tics, with illustrations of studio details. 

621.395.623.5 1241 
Experimental Investigation of Wedge Horns 

used with Line Hydrophones—C. M. Mc¬ 
Kinney and C. D. Anderson. (Jour. Acousl. 
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Soc. Amer., vol. 26, pp. 1040-1047; November, 
1954.) Radiation patterns are presented for 
horns constructed of Al plates covered with 
cellular rubber set at angles up to 90 degrees. 
The frequency range investigated is 60-150 kc. 

621.395.623.5 1242 
Acoustical Studies of the Tractrix Horn: 

Part 1—R. F. Lambert. (Jour. A con st. Soc. 
Amer., vol. 26, pp. 1024-1028; November, 
1954.) By assuming the constant-phase sur¬ 
faces in the horn flare to be spheres, and the 
flow lines to be tractrixes, a one-parameter 
wave equation and Ricatti impedance equation 
are derived. Comparison of measured values of 
axial response and throat impedance with cal¬ 
culations based on a hemispherical and on a 
plane piston indicate that the actual configura¬ 
tion is intermediate between these two. 

621.395.623.5 1243 
Acoustical Studies of the Tractrix Horn: 

Part 2—A. O. Jensen and R. F. Lambert. 
(Jour. Acoust. Soc. Amer., vol. 26, pp. 1029-
1033; November, 1954.) Measurements of the 
free-field radiation characteristics are reported. 
Small and large baffle mountings were investi¬ 
gated. Results for two-cell units indicate a per¬ 
formance comparable with that of the expo¬ 
nential horn. Multicellular structures give im¬ 
proved uniformity of angular distribution at 
high frequencies, but exhibit undesirable band¬ 
rejection characteristics within the useful fre¬ 
quency range. Part 1: 1242 above. 

621.395.625.6 1244 
An Optical Method for Reducing the Noise 

inherent in Sound Films—V. S. Man'kovski. 
(Zh. Tekh. Fiz., vol. 24, pp. 2025-2035; Novem¬ 
ber, 1954.) A complex electrical device is nor¬ 
mally used in sound recording for varying the 
average density of the film with the modulation 
level. The same result can be achieved with the 
aid of a simple optical system in the light 
modulator, based essentially on the use of an 
additional wide slot. The theory of the method 
is discussed in detail and results are given of 
experiments indicating that the reduction of 
noise so obtained is equivalent to that given by 
the electrical method (10 db). 

ANTENNAS AND TRANSMISSION LINES 

621.315.212:621.397 1245 
Progress in the Statistical Treatment of 

Characteristic-Impedance Irregularities in 
Television Cables—II. Kaden. (Arch, elekt. 
Übertragung, vol. 8, pp. 523-529; November, 
1954.) Formulas obtained previously for the 
far-end effect (2070 of 1953) were based on the 
assumption of an exponential autocorrelation 
function for the cable irregularities. The theory 
is now generalized to apply to an arbitrary 
autocorrelation function, and the special case 
of a Gaussian error function is examined. Per¬ 
missible values of irregularity are tabulated for 
wideband and for feeder cable. For the latter 
type the outer conductor should be of such de¬ 
sign that the correlation range is >lm, in 
which case the requirements as regards uni¬ 
formity are not too stringent. The reflection 
coefficient at the antenna should be <1.6 per 
cent. A rms value of 1 per cent is assumed 
for the far-end effect in the tables. 

621.315.212.1:621.315.682 1246 
Coaxial Plug Connectors for Communica¬ 

tion Engineering--H. Larsen and F. Haas. 
(Frequenz, vol. 8, pp. 267-276; September, 
1954.) The construction of connectors for use 
at frequencies up to 3kmc is described and 
discussed. The particular problem of connect¬ 
ing 60-ii to 7542 lines is also discussed and cal¬ 
culations show that reflection can be neglected 
when using the 6/16-mm (internal/external 
diameters respectively) cable connectors. The 
characteristics of the 2.5/6.5-mm and the 11 /30-
mm standard connectors are also given. 

621.372.2 1247 
Electromagnetic Wave Propagation on Heli¬ 

cal Structures (a Review and Survey of Recent 
Progress) —S. Sensiper. (Proc. IRE, vol. 43, 
pp. 149-161; February, 1955.) Includes 58 
references. 

621.372.2 1248 
Electromagnetic Processes in a Multicon¬ 

ductor System—P. I. Kuznetsov and R. L. 
Stratonovich. [Bull. Acad. Sei. (URSS), 
Tech. Sei., pp. 3-23; September, 1954. In 
Russian.] The em field in a multiconductor sys¬ 
tem is determined by using Maxwell's equa¬ 
tions with boundary conditions given by a set 
of inequalities relating the electric and mag¬ 
netic constants of the conductor and the sur¬ 
rounding space. The impedance and admit¬ 
tance matrixes of the telegraphy equation are 
derived and the conditions for the equivalence 
of Maxwell’s and Kirchhoff's equations are 
deduced. The theory is applied to the case of a 
two-conductor system parallel to a plane 
ideally conducting surface, and simplification 
is obtained by putting a«Z, where a is the 
radius of the conductors and I is their separation 
or distance from the surface; the error intro¬ 
duced by this simplification is of the order of 
(a/l)2. The interaction of signals transmitted 
along two parallel conductors is also briefly 
considered. 

621.372.2:621.315.212 1249 
Coaxial Line with Helical Inner Conductor 

—W. Sichak. (Proc. IRE, vol. 43, p. 148; 
February, 1955.) Correction to paper ab¬ 
stracted in 3123 of 1954. 

621.372.43 125o 
Theory and Design of Wide-Band Multi¬ 

section Quarter-Wave Transformers—R. E. 
Collin. (Proc. IRE, vol. 43, pp. 179-185; 
February, 1955.) “A general theory of the n-
section quarter-wave transformer is presented. 
It is shown that optimum bandwidth with a 
minimum pass band tolerance is obtained when 
the power loss ratio is chosen to give Tcheby¬ 
cheff behavior in the pass band. A comparison 
is made of the Tchebycheff transformer and the 
maximally flat transformer, and shows that the 
former gives a large increase in bandwidth— 
e.g., up to 44 per cent for a 2-section trans¬ 
former and up to 75 per cent for a 4-section 
transformer. Design formulas are given for the 
2, 3 and 4-section transformers.” 

621.372.8 1251 
Propagation Constant in Rectangular Wave 

Guide of Finite Conductivity—D. M. Kerns 
and R. W. Hedberg. (Jour. Appl. Phys., vol. 
25, pp. 1550-1551; December, 1954.) A for¬ 
mula is presented which holds for frequencies 
both above and below cut-off. 

621.372.8 1252 
H-Plane Bifurcation of Rectangular Wave¬ 

guides—R. A. Hurd and H. Gruenberg. 
(Cañad. Jour. Phys., vol. 32, pp. 694-701; 
November, 1954.) “Using a method based on 
the calculus of residues, a rigorous solution has 
been obtained for the problem of the bifurca¬ 
tion of a rectangular waveguide. Expressions 
are given for the amplitudes of all the reflected 
and transmitted modes in the guide. A com¬ 
parison is made with results obtained by the 
transform method of Wiener and Hopf.” 

621.372.8 1253

Propagation in Curved and Twisted Wave¬ 
guides of Rectangular Cross-Section— 
L. Lewin. (Proc. IEE, part B, vol. 102, pp. 75-
80; January, 1955.) The problem is investi¬ 
gated by putting the wave equation in a form 
in which the coordinates in a waveguide cross 
section are also the independent variables in 
the differential equation. The wavelength is 
found for the E-curved and //-curved guides, 
and for twisted guides. In the latter case there 

is a degeneracy when the guide sides become 
equal. Curves are presented for the correction 
to the wavelength in a straight guide caused by 
the bending or twisting. 

621.372.8 1254 
Waveguide Phase Changer—R. E. Collin. 

(Wireless Eng., vol. 32, pp. 82-88; March, 
1955.) Various known types of phase changer 
are surveyed briefly and a description is given 
of a new type in which the phase shift is pro¬ 
duced by longitudinal displacement of a central 
dielectric strip in a rectangular waveguide with 
fixed side dielectric strips. Over the wavelength 
range 3-3.5 cm, the departure from linearity is 
<1 per cent and the swr is <1.05. 

621.372.8:621.317.7 1255 
Waveguides and Waveguide Junctions— 

J. M. C. Dukes. (Wireless Eng., vol. 32, pp. 
65-72; March, 1955.) Problems relating to 
microwave measurements made through mis¬ 
matched junctions are considered. The analysis 
is performed using simple plane geometry, the 
junction being shown to constitute a bilinear 
transformation. I he required measurement and 
calculation procedure is tietailed. See also vari¬ 
ous papers by Deschamps (e.g. 14 of 1954). 

621.372.8:621.318.134 1256 
Analogy of Ferrite in Waveguide—G. F. 

Nicholson. (Wireless Eng., vol. 32, p. 89; 
March, 1955.) Asymmetrical attenuation pro¬ 
duced by a ferrite rod in a waveguide with a 
steady transverse magnetic field is explained by 
using as model a gyroscope suspended at its 
center of gravity. 

621.372.8.012.3 1257 
Nomographs for Rectangular Waveguides 

■— T. S. Chen. (Electronics, vol. 28, pp. 172-
176, 178; January, 1955.) 

621.396.67 + 534.23 ¡258 
Maximum Directivity Index of a Linear 

Point Array—Pritchard. (See 1229.) 

621.396.677.71 1259 
The Slot Aerial— B. L. Morley. (Wireless 

World, vol. 61, pp. 129-131; March, 1955.) 
Slot antennas have been found effective for 
eliminating ghost-reception in television. Sim¬ 
ple theory and design details are given. The 
cavity resonator and skeleton slot are men¬ 
tioned as special cases. 

621.396.677.71 126O 
Radiation from a Slot on a Cylindrically 

Tipped Wedge—J. R. Wait and S. Kahana. 
(Cañad. Jour. Phys., vol. 32, pp. 714-721; 
November, 1954.) The system considered is an 
infinite wedge with the edge replaced by a por¬ 
tion of a concave cylinder with an arbitrary 
slot; it constitutes an idealized case of the 
winged-slot arrangement discussed by Alford 
(3034 of 1947). Radiation patterns arc calcu¬ 
lated for thin transverse X/2 slots in the equa¬ 
torial plane, for wedge angles of 90 degrees, 
180 degrees and 270 degrees. 

621.396.677.85:621.372.22:537.226 1261 
Some Experiments on Artificial Dielectrics 

at Centimetre Wavelengths—M. M. Z. El-
Kharadly. (Proc. IEE, Part B, vol. 102, pp. 
17-25; January, 1955.) A parallel-plate trans¬ 
mission line is found to be a convenient system 
for investigating artificial dielectrics. For the 
wavelength range 8-11 cm, the width of the 
plates is about 60 cm and the spacing between 
them about 3 cm to ensure that only the TEM 
mode propagates. Details are given of the line 
construction. The method was shown to be 
accurate to within about 2 per cent by making 
measurements on ordinary dielectrics. Results 
of refractive-index and impedance measure¬ 
ments are presented for arrays of spheres, 
disks and rods. Dispersion is related to (a) 
resonance of the array elements and (b) spacing 
between elements. 
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621.396.677.85:621.372.22:537.226 1262 
A General Experimental Method to deter¬ 

mine the Properties of Artificial Media at 
Centimetre Wavelengths, applied to an Array 
of Parallel Metallic Plates—R. I. Primich. 
(Proc. IEE, Part B, vol. 102, pp. 26-36; Janu¬ 
ary, 1955.) Measurements of refractive index 
and magnitude and phase of reflection coeffi¬ 
cient were made on an artificial dielectric com¬ 
prising a semi-infinite array of thin metal 
plates, using a parallel-plate transmission-line 
system as described by El-Kharadly (1261 
above). Use of the parallel-plate system permits 
precise location of the interface between the 
artificial dielectric and free space. Satisfactory 
accuracy is obtained at wavelengths between 9 
and 10 cm. 

621.396.677.85 I 263

Modified Luneberg Lens—A. S. Gutman. 
(Jour. Appl. Phys., vol. 25, p. 1553; Decem¬ 
ber, 1954.) Correction to paper abstracted in 
3472 of 1954. 

621.396.67.012.12 1264 
Antennas Diagrams. [Book Review]—In¬ 

ternational Radio Consultative Committee 
(C.C.I.R.). Publishers: International Tele¬ 
communication Union, Geneva, 52 pp., S.I*r. 
18.45. (Wireless Eng., vol. 32, p. 90; March, 
1955.) Contains formulas and power-distribu¬ 
tion diagrams for vertical, horizontal dipole, 
curtain and rhombic antennas and antennas 
for tropical broadcasting. 

AUTOMATIC COMPUTERS 

681.142 1265 
An Autocorrelogram Computer—G. Revesz. 

(Jour. Sei. Instr., vol. 31, pp. 406-410; Novem¬ 
ber, 1954.) A comparatively simple and inex¬ 
pensive instrument is described, with detailed 
circuit diagram. The signal, recorded on a 
magnetic tape, is played back through two 
separate heads, thus producing the functions 
/«) and/« — r). These are amplified, multiplied 
and then integrated by a modified de watt¬ 
hour meter. The computer was originally de¬ 
veloped as a yarn cross-section analyzer. 

681.142 1206
Frequency Analysis of Computer Systems— 

R. Boxer. (Proc. IRE, vol. 43, pp. 228-229; 
February, 1955.) 

681.142 I267
Australian Guided Weapons Analogue 

Computer—(Aust. Jour. Instr. Tech., vol. 10, 
pp. 145-146; November, 1954.) Brief descrip¬ 
tion of AGWAC, whose design is based on that 
of the Royal Aircraft Establishment simulator 
TRIDAC. The equipment is built up of 280 
plug-in units (“bricks”). 

681.142 1268
Differential Analyser: the N.P.L.’s New 

Analogue Computer for solving Differential 
Equations—[Engineering (London), vol. 178, 
pp. 659-660; November 19, 1954.] Brief de¬ 
scription of a large analyzer, recently brought 
into use. The machine is actuated by a motor-
driven shaft representing the independent 
variable. The three principal types of mecha¬ 
nism used are integrators, gear trains and dif¬ 
ferential gears. Function tables permit an 
arbitrary function of any variable to be in¬ 
serted from the graph and also allow solutions 
to be obtained in graphical form. Setting-up 
time is low, since all units are coupled by means 
of servomechanisms which may be connected 
in any combination through a telephone-type 
switchboard. 

681.142 1209
Algebraic Method of Synthesis of Multi¬ 

contact Relay Systems—V. I. Shestakov. 
[Compt. Rend. Acad. Sei., (URSS), vol. 99, 
pp. 987-990; December 21, 1954. In Russian.] 
A vector-algebraic method of synthesis of 

switching circuits suitable for computers is de¬ 
veloped theoretically. 

681.142:621.37 I 27» 
Note on the Resistance-Network Analogue 

Solution of Field Problems of Spherical Sym¬ 
metry—G. Liebmann. (Brit. Jour. Appl. Phys., 
vol. 5, p. 412; November, 1954.) Results of a 
previous paper (945 of May) are applied to the 
derivation of design formulas for a resistance¬ 
chain analog for solving the equation div K 
grad U — g in cases of spherical symmetry. 

CIRCUITS AND CIRCUIT ELEMENTS 

534.213 8:621.396.6 1 27 1 
Bibliography on Ultrasonic Delay Lines— 

M. D. Fagen. (Trans. IRE, no. PGUE-2, pp. 
3-8; November, 1954.) 78 references are listed. 

621.3.066.6:621.396.822 I 272

Current Fluctuation Phenomena in Current-
Carrying Sliding Contacts—G. W. Epprecht. 
(Jour. Appl. Phys., vol. 25, pp. 1473-1480; 
December, 1954.) An account is given of an 
experimental investigation of sliding contacts 
as sources of interference voltages. The de¬ 
pendence of the noise characteristics on sliding 
speed and current intensity is examined. Most 
of the observed phenomena have a thermal 
origin. Several ranges of operation involving 
different mechanisms are distinguished. 

621.314.263 I 273
Odd-Integer Magnetic Frequency Multi¬ 

pliers L. J. Johnson and S. E. Rauch. (Proc. 
IRE, vol. 43, pp. 168-173; February, 1955.) 
For various applications in the frequency 
range 400 cps-20 kc, frequency multiplication 
can be performed more efficiently by magnetic 
than by electronic equipment. The operation of 
the magnetic multiplier is analyzed and experi¬ 
mental units are described. For higher multi¬ 
ples, multistage arrangements are preferred. 
Harmonic distortion can be kept low by suit¬ 
able choice of core materials. 

621.318.5 1274
Component Design Trends—New Relay 

Materials improve Performance—F. Rockett. 
(Electronics, vol. 28, pp. 144-148; January, 
1955.) Tungsten-carbide contacts, nickel-iron 
armatures, stainless-steel springs, silicone 
damping fluids and self-shielded cores are 
among the materials discussed. 

621.318.57 I 273
Flip-Flop Counter has Expanded Range-

11. Beckwith. (Electronics, vol. 28, pp. 149-151; 
January, 1955.) Design procedure is indicated 
for counters having up to six stable states, 
without using feedback or matrixing. Long¬ 
term reliability is a primary objective. Crystal 
diodes are used in cross-coupling networks. 

621.318.57:621.314.7 1276 
Junction Transistor Switching Circuits— 

T. A. Prugh. (Electronics, vol. 28, pp. 168-171; 
January, 1955.) A 75-transistor experimental 
switching system includes blocking oscillator, 
multivibrator, flip-flop, gating and adding cir¬ 
cuits. 

621.318.57:621.314.7 I 277

A Method of designing Transistor Trigger 
Circuits -F. C. W illiams and G. B. B. Chaplin. 
(Proc. IEE, Part B, vol. 102, p. 74; January, 
1955.) Discussion on 2914 of 1953. 

621.319.4 I 278
The Behaviour of Polystyrene Capacitors 

under Alternating Voltage—A. P. Butra and 
V. T. Renne. (Zh. Tekh. Fiz., vol. 24, pp. 1974-
1982; November, 1954.) Experiments at 50 cps 
are reported. The main conclusions reached 
are: (a) heat treatment has no adverse effect on 
life; (b) for a given value of applied voltage the 
life is shortened if the voltage gradient is in¬ 
creased; (c) for a given ratio between applied 

voltage and initial ionization voltage the life is 
considerably shortened if ambient temperature 
is raised. Certain considerations regarding the 
impregnation of capacitors with mineral oil are 
discussed. 

621.319.4:621.372.54 1279 
Discoidal vs Tubular Feed-Through Ca¬ 

pacitors- H. M. Schlicke. (Proc. IRE, vol. 43, 
pp. 174-178; February, 1955.) Tubular and 
disk-type ceramic feed-through capacitors for 
filtering purposes are compared in respect of 
their coupling impedance and its frequency 
dependence. The disk type is superior as re¬ 
gards hf performance and mechanical rugged¬ 
ness. The necessary improved shielding meth¬ 
ods are described. 

621.37:621.314.7 1280 
Interesting Applications of Transistor Tech¬ 

nique—W. W. Diefenbach. (Funk-Technik 
(Berlin), vol. 9, pp. 621 622; November, 1954.) 
Circuit diagrams and photographs are pre¬ 
sented of various applications, including an 
af amplifier molded inside a record-player pick¬ 
up arm. 

621.37:621.314.7 1281 
Practical Circuits using Transistors— 

H. Salow. (Fernmeldelech. Z., vol. 7, pp. 581-
588; November, 1954.) Diagrams and descrip¬ 
tions of operation are given for amplifiers, 
oscillators and switching circuits. 

621.37.029.64.049 1282 
Integrated Microwave Circuits—E. Jamie¬ 

son. (Electronic Eng., vol. 27, pp. 60-63; 
February, 1955.) Use of a milled-block con¬ 
struction for producing microwave assemblies 
is shown to offer advantages over more usual 
waveguide assemblies. 

621.372 1283 
A Definition of Passive Linear Networks in 

Terms of Time and Energy—G. Raisbeck. 
(Jour. Appl. Phys., vol. 25, pp. 1510-1514; 
December, 1954.) 

621.372.413 1284 
Thermodynamic Consideration of Electro¬ 

magnetic Cavity Resonators—C. H. Papas. 
(Jour. Appl. Phys., vol. 25, pp. 1552-1553; 
December, 1954.) A simple method is pre¬ 
sented for calculating the shift of resonance 
frequency produced by introducing a foreign 
body into the cavity. 

621.372.413:621.385.029.6 1285 
Tunable Cavity for X-Band Oscillators — 

N. A. Spencer. (Electronics, vol. 28, pp. 135 
137; January, 1955.) A rectangular-waveguide 
tuner for external-cavity reflex klystrons is de¬ 
scribed. 

621.372.5 1286 
Equivalent Circuit for a Passive Nonrecipro¬ 

cal Network—H. A. Haus. (Jour. Appl. Phys., 
vol. 25, pp. 1500-1502; December, 1954.) A 
nonreciprocal quadripole is considered, com¬ 
prising an ideal amplifier and phase shifter. 
Compared with the gyrator representation, 
this method facilitates the linking of the net¬ 
work parameters with measurements. 

621.372.5:621.318.134 1287 
Behavior and Applications of Ferrites in the 

Microwave Region—A. G. Fox, S. E. Miller 
and M. T. Weiss. (Bell Sys. Tech. Jour., vol. 
34, pp. 5-103; January, 1955.) Both reciprocal 
and nonreciprocal devices comprising ferrite-
loaded waveguides are studied, the nonrecipro¬ 
cal effects in the latter being based on bire¬ 
fringence, phase shift, field displacement, and 
coupling through apertures, as well as on rota¬ 
tion of polarization. A method called “point¬ 
field” analysis facilitates qualitative investiga¬ 
tion. Definitions are given of the gyrator, the 
isolator and the circulator. Performance of 
some experimental devices is reported. 
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621.372.5.029.3.018.78 1288 
An Investigation of the Nonlinear Distortion 

of a Quadripole using a Continuous Spectrum 
Signal—V. M. Vol'f. (Zh. Tekh. Fiz., vol. 24, 
pp. 2054-2063; November, 1954.) For measur¬ 
ing the nonlinear distortion introduced by an 
af transmission system, it is necessary to use a 
continuous spectrum of frequencies with a 
given shape of the envelope. Relations are de¬ 
rived from which it is possible to calculate the 
spectra at the output of certain nonlinear sys¬ 
tems for input signals covering a continuous 
band of frequencies and having envelopes 
represented by an exponential function or a 
difference between two exponential functions. 
As compared with tests using one or two spot 
frequencies, the results so obtained are more in 
accordance with results of subjective listening 
tests. 

621.372.56.029.64:621.387 1289 
The Theory and Design of Gas-Discharge 

Micro-Wave Attenuators E. M. Bradley and 
1). II. Pringle. (Jour. Brit. IRE, vol. 15, pp. 
11 24; January, 1955.) “The theory of the 
interaction between a d.c. gas discharge and an 
r.f. field is considered and expressions developed 
for the complex conductivity of the discharge. 
The simple Lorentz theory is shown to give 
values of complex conductivity not very dif¬ 
ferent from those derived with more detailed 
analyses. Problems connected with the gas dis¬ 
charge including that of noise production are 
considered. Practical microwave attenuators 
developed by the authors are described in 
detail. Two main classes of device are consid¬ 
ered: (a) devices with resonant structures, and 
(b) distributed devices.” 

621.373:621.396.822:530.145 1290 
Vacuum Fluctuation Noise and Dissipation 

—J. Weber. (Phys. Rev., vol. 96, pp. 556-559; 
November 1, 1954.) Continuation of previous 
investigation (2603 of 1954) of the interaction 
of an electron beam with the field in an en¬ 
closed region. An expression is derived for the 
observable mean squared emf, and is used to 
calculate the fluctuations induced in the beam 
when interacting with a damped oscillator. As 
the damping becomes very large the fluctua¬ 
tions approach zero. 

621.373.4:621.375.232.3 1291 
Cathode-Follower-Coupled Phase-Shift Os¬ 

cillator— H. J. Reich. (Proc. IRE, vol. 43, p. 
229; February, 1955.) A note on the advantages 
of using cathode-follower amplifiers between 
the sections of the phase-shifting network. 

621.373.422 1292 
Circuits for producing High Negative Con¬ 

ductance—H. J. Reich. (Proc. IRE, vol. 43, 
p. 228; February, 1955.) Several arrangements 
using two triodes are illustrated; negative con¬ 
ductances of the order of 10 mhos can be pro¬ 
duced. Stable oscillators can be made to operate 
with a supply voltage of 10V or less. 

621.373.43:621.375.23 1293 
The Regenerative Pulse Generator—C. C. 

Cutler. (Proc. IRE, vol. 43, pp. 140-148; 
February, 1955.) Pulses are circulated re¬ 
peatedly in a feedback loop including an ex¬ 
pander and a filter, being alternately shortened 
in the expander and lengthened in the filter, 
and giving an output at each traversal. A loop 
gain of unity is maintained by age. For micro¬ 
wave pulses the nonlinear expander character¬ 
istic may be obtained by means of a crystal. 
Microwave pulses of duration down to 0.002ms 
and de pulses down to 0.005ms have been pro¬ 
duced. Possible applications include communi¬ 
cations, radar and measurements, where co¬ 
herent pulse trains are required. 

621.373.44 1294 
A Versatile Pulse Shaper G. E. Kaufer. 

(Electronic Eng., vol. 27, pp. 78 81; February, 
1955.) A triggered miniature-thyratron circuit 

is described for deriving sharp pulses with uni¬ 
form amplitude and duration from an input of 
nonuniform pulses. A table shows the output 
waveform for various circuit arrangements and 
component values. 

621.374.43 1295 
Frequency Multiplication by Regenerative 

Modulation I). Makow. (Cañad. Jour. Tech-
nol., vol. 32, pp. 206-219; November, 1954.) 
A multiple-frequency generator is discussed in 
which operation depends on mixing a feedback 
and an input voltage. Theory is presented for a 
circuit designed to produce four multiples of 
the input frequency; experimental confirma¬ 
tion of the results is reported. Multiples up to 
the 40th have been obtained with good ampli¬ 
tudes; maximum amplitudes can be arranged 
to fall in desired frequency ranges. Even and 
odd multiples can be made available at sepa¬ 
rate output terminals. Operation is unaffected 
by variations of anode, filament or input volt¬ 
age or by phase shifts due to aging of compo¬ 
nents in the feedback loop. 

621.375.2:621.3.018.75 1296 
Effect of Steepness of Rise and Fall of the 

Input Pulse on the Response of Pulse Ampli¬ 
fiers: Part 2—B. K. Bhattacharyya. (Indian 
Jour. Phys., vol. 28, pp. 371-395; August, 
1954.) The response of a shunt-compensated 
amplifier to ramp-function and triangular 
pulses is analyzed. Part 1: 2894 of 1954. 

621.375.2.024 1297 
A Stable and Sensitive D.C. Amplifier with 

High Input Resistance-- S.O. Nielsen and 
T. Rosenberg. (Jour. Sei. Instr., vol. 31, pp. 
401-404; November, 1954.) “A line-operated 
d.c. amplifier for automatic regulation using 
a.c. amplification and a breaker modulator has 
been designed with the following characteris¬ 
tics: direct reading instrument; zero drift after 
‘warming-up' less than 30 mV peak-to-peak in 
12 hours' test; sensitivity (short-time stability) 
usually 10 /A’; input resistance dXIO9!!; and 
damping about 1 sec with 3XtO!ii source re¬ 
sistance. ” 

621.375.2.029.3 1298 
New Amplifier has Bridge-Circuit Output— 

D. J. Tomcik and A. M. Wiggins. (Audio, 
vol. 38, pp. 17-19; November, 1954.) The basic 
circuit is described and complete circuit dia¬ 
grams are given of 20-w and 30-w af amplifiers. 
The advantages of the circuit include (a) ab¬ 
sence of switching transients, (b) absence of de 
current through primary of output transformer, 
and (c) low quiescent current. 

621.375.232 1299 
Differential-Amplifier Design—A. M. An¬ 

drew. (Wireless Eng., vol. 32, pp. 73-79; March, 
1955.) The possibility is discussed of providing 
good rejection of in-phase signals without 
using a balancing adjustment or specially se¬ 
lected components. To achieve the desired 
result by use of in-phase negative feedback, 
care must be taken that the feedback and input 
voltages are correctly combined. Two circuits 
are described illustrating the principles in¬ 
volved; both have the disadvantage of requir¬ 
ing floating batteries and isolated heater sup-
plies. 

621.375.234 1300 
The Possibility of adjusting the Internal 

Impedance and varying the Gain in Amplifiers 
with Combined Current and Voltage Feedback 
- w. Benz. (Fernmeldelech. Z., vol. 7, pp. 362-
370; July, 1954.) The internal impedance can 
be reduced to and maintained at any desired 
level Ri, independent of the gain or the amount 
of feedback, by using a fixed amount of the 
total feedback to achieve the impedance reduc¬ 
tion and apportioning the remainder so that 
r/k= Ri, where r and k are the current and 
voltage feedback factors of this remainder. 

Three commonly used circuits incorporating 
this feature are discussed. 

621.375.3:621.317.3 1301 
Magnetic Amplifiers and Weak Currents— 

R. Klein. (Bull. Soc. Franc. Élect., vol. 4, pp. 
649-674; November, 1954.) Particular atten¬ 
tion is devoted to the use of magnetic amplifi-
fiers for measurement purposes. 

621.375.4.029.3:621.314.7:621.396.822 1302 
Investigations of Noise in Audio-Frequency 

Amplifiers using Junction Transistors P. M. 
Bargcllini and M. B. Herscher. (Proc. IRE, 
vol. 43, pp. 217-226; February, 1955.) Noise-
factor measurements were made using various 
types of transistor in different circuit arrange¬ 
ments; the influence of input termination and 
operating point are discussed. Results are pre¬ 
sented graphically. Three distinct sources are 
identified; shot noise and thermal noise are in¬ 
dependent of frequency over the af hand, semi¬ 
conductor noise varies approximately as \Jf. 
Noise properties of transistors and thermionic 
tubes are compared. 

621.396.6 1303 
Economic Aspects of Printed Foil Circuits 

P. Eisler. [Research (London), vol. 7, pp. 441-
447; November, 1954.| 

GENERAL PHYSICS 

530.19 1304 
Search for a General Definition of Energy 

and of the Parameters of Extension and Inten¬ 
sity—P. Renaud, M. Joly and D. G. Der-
vichian. [Compt. Rend. Acad. Sei. (Paris), vol. 
239, pp. 1603-1605; December 8, 1954.] A 
scheme of relations between energy and exten¬ 
sion and intensity is presented which leads to 
definitions generally valid for all forms of en¬ 
ergy including those as yet unknown. 

534.21+538.566]:537.228.1 1305 
Conductivity and Viscosity Effects on Wave 

Propagation in Piezoelectric Crystals—J. J. 
Kyame. (Jour. Acoust. Soc. Amer., vol. 26, pp. 
990-993; November, 1954.) 

534.26 + (535.42:538.566 1306 
Diffraction of Pulses by a Circular Cylinder 

—Friedlander. (See 1231.) 

535.37 1307 
Electroluminescence with Nonsinusoidal 

Fields S. Nudelman and F. Matossi. (Jour. 
Eleclrochem. Soc., vol. 101, pp. 546-553; No¬ 
vember, 1954.) Experiments using pulses of 
rectangular, sawtooth and exponential form 
were made to supplement the information ob¬ 
tained by applying sinusoidal voltages [e.g. 
3439 of 1952 (Piper and Williams)]. The phos¬ 
phor investigated was ZnS:Cu, Pb, giving 
green and blue luminescent bands which were 
examined separately. Measurements were 
made of field and frequency dependence and 
decay law with square pulses; only qualitative 
observations were made with the other wave¬ 
forms. A theoretical interpretation of the re¬ 
sults is advanced. 

535.376 1308 
Voltage Dependence of Electroluminescent 

Brightness -B. T. Howard, H. F. Ivey and 
W. Lehmann. (Phys. Rev., vol. 96, pp. 799-800; 
November 1, 1954.) An equation of the form 
L = aV exp 6/(V+Vo)] relating the bright¬ 
ness I. to the voltage V is found to fit experi¬ 
mental data well, a, b and Vo being constants. 

537.21 1309 
The Two-Dimensional Electric Field of a 

Curved-Sided Wall or Groove or an Infinite 
Plane — N. H. Langton and N. Davy. (Brit. 
Jour. Appl. Phys., vol. 5, pp. 405-410; Novem¬ 
ber, 1954.) Results of a theoretical investiga¬ 
tion are tabulated and presented graphically. 
The calculation involves conformal transfor-
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mations and elliptic integrals for complex 
moduli; values of the latter are tabulated. 

537.226 1310 
Some Properties of Dielectrics with High 

Permittivity—M. Gourceaux. [Comfit. Rend. 
Acad. Sei. (.Paris'), vol. 239, pp. 1777-1778; 
December 20, 1954.] Analysis shows that for a 
conductor surrounded by a dielectric of suffi¬ 
ciently high permittivity, the depth of penetra¬ 
tion of hf current is dependent only on the con¬ 
stants of the dielectric. Formulas are derived, 
for solid and for hollow dielectric cylinders and 
spheres subjected to an alternating electric 
field, expressing the conditions under which the 
amplitude of oscillation of the bound electrons 
becomes infinite; the results can be stated in 
terms of characteristic radii for a given material 
and frequency. 

537.311.1 1311 
Theory of Electrical Conduction K. Ljolje. 

(Z. Phys., vol. 139, pp. 388-401; November 26, 
1954.) General theory of conduction in pure 
metals is developed without assuming spherical 
symmetry for the energy levels. This is applied 
to calculate the conductivity of the alkali 
metals. 

537.311.1 1312
The Theory of Electrical Resistance of 

Good Metallic Conductors—C. A. Busse and 
F. Sauter. (Z. Phys., vol. 139, pp. 440-447; 
November 26, 1954.) Reasonable values are 
obtained for the resistivity of the alkali metals 
(except Li) by calculation based on the propa¬ 
gation of compression waves in an ionic contin¬ 
uum. 

537.311.62:621.365.5 1313 
Electromagnetic Heating of Thin Layers of 

Conductors or Semiconductors; Generaliza¬ 
tions relating to the Problem of the Determina¬ 
tion of the Ideal Thickness—M. Gourceaux. 
[Comfit. Rend. Acad. Sei. (Paris), vol. 239, pp. 
1607-1609; December 8, 1954.] Formulas are 
quoted for the thickness of a cylindrical and of 
a spherical metal shell to make optimum use of 
the heating effect of a hf magnetic field. If the 
metal is replaced by a material which is both 
a conductor and a dielectric, the corresponding 
expressions are quite different though the ratio 
between them is the same. Consideration is 
also given to the case of a cylindrical shell ro¬ 
tated rapidly in a uniform constant transverse 
magnetic field. 

537.52 1314
Artificial Increase of Electrical Breakdown 

Strength of Air at Low Pressure in the Region 
of 300 Mc/s—G. W. E. Stark and G. L. 
Fougère. [Nature (London), vol. 174, p. 1066; 
December 4, 1954.] Measurements covering the 
pressure range 5-120 mm Hg, using gap widths 
of 1-4 mm and frequencies of 227 and 379 me 
are reported. Under these conditions, the 
superposition of a moderate direct voltage on 
the alternating voltage can increase the uhf 
breakdown stress quite considerably. Typical 
results obtained with direct voltages up to 125 
V are shown graphically; the effect is large 
enough to find practical application as an in¬ 
hibitor of breakdown in electronic equipment 
for operation at high altitudes. 

537.529:537.58 1315 
Theory of Electric Breakdown in the High-

Temperature Region and its Relation to Ther¬ 
mionic Emission K. Lehovec. (Phys. Rev., 
vol. 96, pp. 921-928; November 15, 1954.) Dis¬ 
cussion is based on consideration of the dis¬ 
tribution of electrons over the energy states, 
rather than the behavior of individual elec¬ 
trons. 

537.533.8 1316
Energy Distribution of Secondary Electrons 

from Magnesium and Beryllium Alloys—V. N. 

PROCEEDINGS OF THE IRE 

Lepeshinskaya and V. M. Tumorin. (Zh. 7 ekh. 
Fiz., vol. 24, pp. 1933-1941; November, 1954.) 
Experiments were carried out at a pressure of 
2-4X1O-6 mm Hg with alloys CuMg, AgMg, 
AlMg and CuBe activated by heating either 
in a vacuum or in an atmosphere of oxygen. 
Curves showing the dependence of the sec¬ 
ondary emission coefficient on the energy of pri¬ 
mary electrons and of the secondary current on 
the voltage at the collector are plotted. The 
mechanism of secondary emission from complex 
surfaces is not considered to be similar to that 
of the Malter effect; the role of the accelerating 
field is probably reduced here to the compensa¬ 
tion of local retarding fields above the in¬ 
homogeneous surface of the activated layer. 

537.533.8 1317 
The Secondary Electron Emission of 

Sodium and Zinc J. Woods. (Proc. Phys. Soc., 
vol. 67, pp. 843 844; November 1, 1954.) Ex¬ 
periments are described in which the metal to 
be examined was deposited on a copper target 
block in a tube with a guiding grid accurately 
aligned with a collector grid. The collector po¬ 
tential was high enough for saturation of sec¬ 
ondary current. To introduce the sodium an 
electrolytic method was used. For sodium, the 
maximum secondary emission factor reached a 
peak value of 1.2 during the coating process 
and then fell to a constant value of 0.82, oc¬ 
curring at a target potential of 300 v. For zinc, 
the maximum value of 1.15 occurred at a target 
potential of 200 v. 

537.56:538.63 1318 
Non-Maxwellian Theory of Homogeneous 

Anisotropic Plasmas K. Jancel and T. Kahan. 
(Nuovo Cim., vol. 12, pp. 573-612; November 
1, 1954. In French.) Using theory based on 
Boltzmann’s integro-differential equation, a 
calculation is made of the distribution of elec¬ 
tron velocities in an ionized gas subjected to a 
constant magnetic field, for non-Maxwellian 
conditions. Explicit expressions are derived for 
the magneto ionic conductivity, dielectric ten¬ 
sor, Hall effect, deflection of an electron beam, 
and a generalized form of Langevin’s mobility 
formula. Results are compared with those ob¬ 
tained by other methods based on mean free 
path. Wave propagation is studied, formulas 
being derived for refractive index, birefrin¬ 
gence, phase and group velocities, attenuation, 
polarization, and critical frequencies. Classical 
results of ionosphere theory are confirmed. See 
also 3196 of 1954 and back references. 

537.56:538.65 1319 
Magnetic Fields in Plasmas with Turbulent 

Motion—P. O. Schilling and W. Lochte-
Holtgreven. (Z. Naturf., vol. 9a, pp. 520-526; 
June, 1954.) When a plasma comprising elec¬ 
trons and ions is in turbulent motion, diffusion 
currents give rise to magnetic fields. These can 
be demonstrated by rotating the gases pro¬ 
duced by burning a mixture of oxygen and 
propane. An account is given of suitable experi¬ 
mental technique. 

538.221 1320 
Spin Precession in a Vibrating Bloch Wall 

at Small Amplitudes —I. Lucas. (Z. Naturf., 
vol. 9a, pp. 373-376; May. 1954.) The natural 
frequency of vibration of the wall is derived on 
the basis of an effective internal magnetic field. 
The formula obtained for a 180 degree wall is 
identical, except for a factor y/2, with that 
given by Döring (ibid., 1948, vol. 3a, p. 373) for 
a 90 degree wall, on the basis of the wall mass. 

538.3 1321 
Electromagnetism, Old and New—F. W. 

Warburton, P. Moon and D. E. Spencer. 
(Jour. Frank. Inst., vol. 258, pp. 395-400; 
November, 1954.) Comment on 2923 and 2924 
of 1954 and authors’ reply. 
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538.3 1322 
Energy of the Harmonic Oscillator in 

Vacuum—P. Braffort and C. Tzara. [Comfit. 
Rend. Acad. Sei. (Paris), vol. 239, pp. 1779-
1780; December 20, 1954.] Continuation of 
work abstracted previously [3200 of 1954 
(Brafford et al.)]. The “energy of the oscillator’’ 
is used to indicate the additional energy 
acquired by a free charge on passing into the 
oscillating state. The energy of the harmonic 
oscillator in the fluctuating field of the ab¬ 
sorber is equal to the product of its natural fre¬ 
quency and a universal constant. 

539.15 1323 
Electronic Band Structure of Solids C. A. 

Coulson. [Nature (London), vol. 174, pp. 949-
950; November 20, 1954.] Brief report of con¬ 
ference held at the Radar Research Establish¬ 
ment at Malvern in September, 1954, at which 
criticisms of the energy-band theory were ad¬ 
vanced. 

GEOPHYSICAL AND EXTRATER¬ 
RESTRIAL PHENOMENA 

523.16 1324 
The Isotropic Component of Cosmic Radio-

Frequency Radiation J. R. Shakeshaft. (Phil. 
Mag., vol. 45, pp. 1136-1144; November, 1954.) 
Possible sources of the isotropic component de¬ 
duced by Westerhout and Oort (419 of March) 
are discussed. The integrated radiation from 
normal extragalactic nebulas is shown to be in¬ 
adequate to account for the observations, 
which may’ be explained on the basis of colli¬ 
sions between galaxies. The intensity to be 
expected depends strongly on the cosmological 
theory assumed, hence accurate measurements 
of the extragalactic component may yield in¬ 
formation of value for distinguishing between 
different theories. 

523.746 1325 
Prediction of the Present Sunspot Cycle 

A. G. McNish and J. V. Lincoln. (Trans. Amer. 
Geophys. Union, vol. 35, pp. 709-710; October, 
1954.) The reliability of the prediction method 
presented previously (ibid., 1949, vol. 30, pp. 
673-685) is examined with reference to ob¬ 
served sunspot data for the period 1944-1954. 

523.78 1326 
Observation of the Total Eclipse of the Sun 

on 30th June 1954 at Hagaby (Sweden), and of 
the Partial Eclipse using the Radio Telescope 
at Meudon Observatory—M. Laffineur, B. 
Vauquois, P. Coupiac and W. N. Christiansen. 
[Compl. Rend. Acad. Sei. (Paris), vol. 239, pp. 
1589-1590; December 8, 1954 ] The curve ob¬ 
tained from the observations in Sweden at 545 
me was less irregular than that observed at 
Khartoum in 1952; this is consistent with the 
lower level of solar activity. At totality, the 
residual radiation was 11 per cent, compared 
with 19.5 per cent in 1952. 

550.3:551.5 1327 
Symposium on Scientific Aspects of the In¬ 

ternational Geophysical Year 1957-1958— 
[Proc. Nat. Acad. Sei. (Washington), vol. 40, 
pp. 922-982; October, 1954.] The text is given 
of a number of papers, including the following: 

“Morphology of Ionospheric Storms,”— 
H. G. Booker (pp. 931-943). 

“The Morphology of the Aurora, —A. B. 
Meinel (pp. 943-950). 

“Diurnal and Seasonal Variation of the Air¬ 
glow,”—F. E. Roach (pp. 950-956). 

“Transport Problems in the Atmosphere,”— 
H. Wexler (pp. 956-966). 

“Evidence for Winds in the Outer Atmos¬ 
phere,”—-F. L. Whipple (pp. 966-972). 

“Solar Activity and Terrestrial Disturb¬ 
ances,”—D. H. Menzel (pp. 973-978). 

“Geographic Basis for Antarctic Scientific 
Observations,”—P. A. Siple (pp. 978-982). 
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550.38 1328 
Homogeneous Dynamos and Terrestrial 

Magnetism -E. Bullard and II. Gellman. 
(Phil. Trans. A, vol. 247, pp. 213-278; Novem¬ 
ber 30, 1954.) Solutions of Maxwell’s equations 
are obtained for a sphere of electrically con¬ 
ducting Huid in which there are specified veloc¬ 
ities. Solutions exist when harmonics up to 
degree four are included, but for a greater num¬ 
ber of harmonics the convergence of solutions 
has not been proved. Orders of magnitude are 
derived for a number of quantities connected 
with the dynamo theory of terrestrial mag¬ 
netism. 

550.385.21:551.510.535 1329 
Possible Cause of Disturbance of Solar 

Diurnal Variation of Geomagnetic Field—B. E. 
Bryunelli. [Compt. Rend. Acad. Sei. (URSS), 
vol. 99, pp. 741-743; December 11, 1954. In Rus¬ 
sian.] A mechanism is considered whereby cur¬ 
rents in the ionosphere acquire a pattern such 
as to produce the observed S# variations of the 
geomagnetic field. 

550.388.8:551.510.53 1330 
Infrared Radiation of Night Sky—V. I. 

Krasovski. ( Uspekhi Fiz. Nauk, vol. 54, pp. 
469-494; November, 1954.) A survey. Produc¬ 
tion of infrared radiation in the upper atmos-
phere is discussed and the estimates given by 
various authors for the heights at which radia¬ 
tion is produced are quoted. The heights co¬ 
incide roughly with the D and E layers. 70 
references, including about 30 to Russian litera¬ 
ture. 

551.510.5:523.72 1331 
Seasonal Variation in the Absorption of 

Solar Radiation by Atmospheric Ozone at 9.6 
Microns—A. Adel. (Bull. Amer. Mel. Soc., vol. 
35, pp. 250 252; June, 1954.) 

551.510.52:551.594.13 1332 
Aircraft Investigation of the Large Ion Con¬ 

tent and Conductivity of the Atmosphere and 
their Relation to Meteorological Factors—R. C. 
Sagalyn and G. A. Faucher. (Jour. Atmos. Terr. 
Phys., vol. 5, pp. 253-272; November, 1954.) 
Continuation of work described previously 
[1289 of 1952 (Callahan et al.)]. Simultaneous 
measurements of conductivity, large-ion con¬ 
centration, temperature and humidity over the 
altitude range 700-15,000 feet are reported. 
The results indicate that over continental areas 
in fair weather there exists a layer adjacent 
to the ground, varying in height from 1,000 to 
10,000 feet, in which the vertical distributions 
of large ions and conductivity are controlled 
primarily by atmospheric turbulence. At the 
upper boundary of this layer there is a transi¬ 
tion region about 800 feet high in which the 
conductivity increases by a factor of 1.5-6 
while the large-ion content decreases by a factor 
of 1.5-100. Above this region the large-ion con¬ 
tent is reduced to a very low value and the con¬ 
ductivity is determined primarily by the in¬ 
tensity of cosmic radiation. 

551.510.53 1333 
Reviews of Modern Meteorology—11. The 

Physical State of the Upper Atmosphere—K. 
Weekes. (Quart. Jour. Roy. Met. Soc., vol. 80, 
pp. 2-15; January, 1954.) The composition of 
the atmosphere at various levels is discussed, 
mainly as regards the constituents N2 and O2; 
this provides an indication of the value to be 
assigned to the mean molecular weight in the 
formula for converting scale height to tempera¬ 
ture. Following the discussion of the properties 
of the static atmosphere, the evidence for 
movement in the high atmosphere is reviewed, 
and the complications to be expected in the 
upper levels of the ionosphere as a result of the 
interaction of the ionized gas with the earth’s 
magnetic field are considered. 

551.510.535 1334 
Determination of Electron Densities in the 

Ionosphere from Experimental (h',f) Curves— 
H. A. Whale. (Jour. Atmos. Terr. Phys., vol. 5, 
p. 351; November, 1954.) An error in the argu¬ 
ment used in the original paper (2177 of 1951) 
was pointed out by Kelso (2088 of 1954); it is 
suggested that it may nevertheless be possible 
to provide a rigorous argument justifying the 
use of the curves given. 

551.510.535 1335 
Concentration of Hydroxyl in the Upper 

Atmosphere—V. I. Krasovski. [Compt. Rend. 
Acad. Sei. (URSS), vol. 99, pp. 979-981 ; Decem¬ 
ber 21, 1954. In Russian.] A brief critical dis¬ 
cussion of possible reactions and their equilibria 
at heights of about 100 km. 

551.510.535 1336 
The Physics of the Ionosphere—J. A. Rat¬ 

cliffe. (Proc. 1EE, Part I, vol. 101, pp. 339-
346; November, 1954.) A brief survey of 
selected aspects of recent research on the iono¬ 
sphere. 

551.510.535 1337 
The Anomalous Equatorial Belt in the F2-

Layer—E. V. Appleton. (Jour. Atmos. Terr. 
Phys., vol. 5, pp. 348-351; November, 1954.) 
An examination has been made of the relation 
between Nm (the maximum electron density) 
and geomagnetic latitude for hours of the 
equinox day other than noon. The abnormally 
low values of Nm found over a 4,000-km-wide 
equatorial belt at noon tend to disappear dur¬ 
ing the afternoon and to be replaced by ab¬ 
normally high values during the evening; the 
anomaly disappears between midnight and 
0300 h. These variations appear to be due to a 
contraction of the vertical extent of the F 2 
layer during the first half of the night, and an 
expansion prior to noon. 

551.510.535 1338 
F ..-Layer Regularities at Ibadan -N. J. 

Skinner and R. W. Wright. (Jour. Atmos. Terr. 
Phys., vol. 5, pp. 290-297; November, 1954.) 
Analysis of records for the period December, 
1951-January, 1953 confirms that the daily 
variation of n (the total electron content in a 
column of unit cross section below the height 
of maximum ionization in the F2 layer) is rela¬ 
tively free from anomalies exhibited by the 
corresponding variation of Nm (the maximum 
electron density of the F2 layer). In calculating 
n, the nonparabolic electron distribution at 
Ibadan must be taken into account. Inclusion 
of the Fi-layer electron contribution has no ap¬ 
preciable effect on the regularity of the daily 
variation. A new method is described for de¬ 
ducing the recombination coefficient and the 
rate of ion production from the variation of n. 
The phenomenon of sunset minimum of ä'F2 is 
discussed; reasons arc given for considering it a 
spurious effect arising from errors in the re¬ 
duction of records. 

551.510.535:523.78 1339 
Preliminary Results of Ionospheric Ob¬ 

servations of the Solar Eclipse of 30th June 
1954—K. Bibi and F. Delobeau. [Compt. Rend. 
Acad. Sei. (Paris), vol. 239, pp. 1658-1660; De¬ 
cember 8, 1954.] Ionosphere soundings were 
made in the zone of totality, from a ship off the 
coast of southern Norway. A panoramic instru¬ 
ment was used covering the frequency range 
1-20 me in 12 seconds; a second instrument was 
used for absorption measurements at 1.43, 2.09, 
2.86 and 4.18 me. The variation of the maxi¬ 
mum electron concentrations for the different 
layers is shown graphically. The recombination 
coefficients are estimated (a) from the delay be¬ 
tween the optically and the ionospherically ob¬ 
serve 1 maximum phase, and (b) by trying 
different values in the equilibrium equation ex¬ 
pressing the dependence of electron concentra¬ 
tion on unobscured fraction of the solar disk. 
a2, the recombination coefficient for a normal 
law, is greater than or equal to 5X 10~8 cm3 for 

the E and F\ layers and over 5X10 9 cm3 for 
the F2 layer. 

551.510.535:621.396.11 1340 
The Physics of the Ionosphere - [Nature 

(London), vol. 174, pp. 866-868; November 6, 
1954.] Report of conference held at Cambridge, 
England, in September, 1954, at which papers 
were presented and discussed summarizing 
existing knowledge of the subject. 

551.510.535:621.396.11 1341 
Simultaneous Ionospheric Absorption 

Measurements at Widely Separated Stations — 
Beynon and Davies. (See 1469.) 

551.510.535:621.396.822 1342 
Ionospheric Thermal Radiation at Radio 

Frequencies: Part 2—Further Observations -
F. F. Gardner. (Jour. Atmos. Terr. Phys., vol. 
5, pp. 298-315; November, 1954.) Continua¬ 
tion of work reported previously [406 of 1952 
(Pawsey ct al.)]. Observations were made at fre¬ 
quencies near 2 me, over a period of about a 
year, at a site chosen to minimize man-made 
noise. The location of the absorbing regions was 
deduced from consideration of pulse-echo ob¬ 
servations of the D region made on 2.28 me 
[132 of 1954 (Gardner and Pawsey)]. The 
ionosphere temperatures deduced ranged from 
about 200 degrees to 250 degrees K, varying 
appreciably from day to day and being lower 
and less variable in winter. An increase of up to 
40 degrees during sudden ionospheric disturb¬ 
ances is probably due to a change of height of 
the 2-mc absorbing region. Polarization meas¬ 
urements in September, 1951 indicated that the 
absorbing regions were then located at a level 
where the temperature decreased with height. 

551.510.535:621.396.822:523.16 1343 
Effects of Solar Flares on the Absorption of 

18.3-Mc/s Cosmic Noise—C. A. Shain and 
A. P. Mitra. (Jour. Atmos. Terr. Phys., vol. 5, 
pp. 316-328; November, 1954.) Abnormal 
variations of ionospheric absorption were in¬ 
vestigated during the course of the observa¬ 
tions reported previously (1426 of 1954). Most 
cases of unusually high absorption appear to be 
associated with solar flares. Observations of the 
increases in absorption during the resulting 
sudden ionospheric disturbances are compared 
with observations of sudden phase anomalies in 
waves reflected from the ionosphere; a 1-db 
absorption difference appears to correspond to 
a phase anomaly of about 200 degrees at the 
frequency considered. As a method of detecting 
sudden ionospheric disturbances, observation 
of the absorption variation is as sensitive as and 
more convenient than observation of phase 
anomalies. Evidence was found of a delayed in¬ 
crease of absorption about 30 hours after some 
solar flares; the magnetic records showed no 
abnormal features at these times, and it is un¬ 
certain whether the excess absorption occurs 
within the ionosphere or outside it. 

551.593 1344 
Theoretical Considerations regarding the 

Dayglow—D. R. Bates and A. Dalgarno. (Jour. 
Atmos. Terr. Phys., vol. 5, pp. 329-344; No¬ 
vember, 1954.) Results of rocket observations 
made by Miley et al. (Trans. Amer. Geophys. 
Union, vol. 34, p. 680; 1953) are examined; 
the reported great altitude and luminosity of 
the emissive source cannot be reconciled with 
the assumption that dayglow is due to direct 
photo-action by incident solar radiation. A de¬ 
termination is made of the emission to be ex¬ 
pected from processes known to be operative, 
including resonant and fluorescent scattering, 
photo-dissociation, photo-ionization and re¬ 
combination. 

551.594.21 1345 
Chain-Process of Accumulating Charges in 

Thunderclouds—V. M. Muchnik. [Compt. 
Rend. Acad. Sei. (URSS), vol. 99, pp. 537-
538; December 1, 1954. In Russian.] Theoreti-
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cal considerations lead to the conclusion that 
the buildup of charge in a thundercloud follows 
an exponential law. 

551.594.21 1346 
Field Intensities and Charge Densities in 

Thunderclouds—H. Norinder and W. Pucher. 
(Ark. Geofys., vol. 2, pp. 97-107; November 22, 
1954.) Calculations based on the assumption 
that the thundercloud is ellipsoidal give the 
maximum field strength in the cloud as 1-5 
kv/cm and the charge density as 10~5—2.10 5 

esu/cm3. The conditions under which lightning 
discharges may be initiated are discussed. 

551.594.22:621.396.963.3 1347 
Radar Echoes from Lightning—Jones. (See 

1356.) 

551.594.6:621.396.11 1348 
The Wave-Forms of the Electric Field in 

Atmospherics recorded simultaneously by Two 
Distant Stations—H. Norinder. (Ark. Geofys., 
vol. 2, part 2, pp. 161-195; November 22, 
1954.) Electric-field variations were recorded at 
two stations, one near Uppsala, the other at 
Fotevik at the southwestern tip of Sweden, 
during September, 1949, and the variations 
were correlated with thunderstorms which oc¬ 
curred at distances between 240 and 2,400 km 
from Uppsala. In pre-discharge atmospherics a 
quasi-periodic variation was observed which 
corresponded, most frequently, to a wavelength 
of 11 km. The waveforms of the main dis¬ 
charges varied greatly with distance, often in a 
quasi-periodic manner. A unipolar form was 
also observed. The mean waveform, obtained 
from several hundreds of oscillograms, shows 
five pulses reflected from the ionosphere in 
addition to the ground pulse. Waveform 
changes with distance traveled can only be 
calculated by making large simplifications. Nu¬ 
merous oscillograms arc reproduced and dis¬ 
cussed. 

LOCATION AND AIDS TO NAVIGATION 

621.396.93 1349 
H.F. Direction Finding -C. G. McCue. 

(Wireless Eng., vol. 32, pp. 79-81; March, 
1955.) “Some night-time d.f. observations were 
made at the Radio Research Organization’s 
stations at Slough and Winkfield on h.f. radio 
signals from Sterling, Virginia, U.S.A., during 
February and March 1953. The purpose of 
these measurements was to test whether the 
observed bearings depended upon the direction 
of the transmitting aerial beam. No significant 
correlation of this nature was disclosed.” 

621.396.93(083.71) 1350 
I.R.E. Standards on Radio Aids to Naviga¬ 

tion: Definitions of Terms, 1954—(Proc. IRE, 
vol. 43, pp. 189-209; February, 1955.) Standard 
54 IRE 12S1. 

621.396.933 1351 
Radio Navigation Methods and their 

Evaluation—E. Kramar. (Fernmeldelech. Z., 
vol. 7, pp. 571-576; November, 1954.) A review 
of known systems of aircraft navigation aids, 
from the point of view of the operator. 

621.396.933.4 1352 
Ground-Controlled Approach Systems -A. 

Hunkeler. (Bull. Schweiz. Elektrotech. Ver., vol. 
45, pp. 1018-1023; November 27, 1954.) An il¬ 
lustrated description of civilian and military 
uses of G.C.A. 

621.396.96 1353 
Application of Radar in National Defence— 

J. H. Leutwyler. (Bull. Schweiz. Elektrotech. 
Ver., vol. 45, pp. 1009 1018; November 27, 
1954.) An illustrated account is presented of 
some ground and airborne radar equipment 
tested by the Swiss Army. Requirements for 
various units and for the coordination of units 
are outlined. 

621.396.96:519.21 1354 
On the Effect of Integration in a Pulsed 

Radar, Randomly Modulated Carrier—W. M. 
Stone. (Jour. Appl. Phys., vol. 25, pp. 1543-
1548; December, 1954.) Results obtained pre¬ 
viously (3602 of 1953) on statistical theory of 
detection are extended to include the case of 
integration of N pulses before a decision is 
reached by the detector associated with a 
pulsed radar system. Sets of curves show the 
probability of detection as a function of 
average signal/noise power ratio. 

621.396.96:621.396.621 1355 
Design of a Logarithmic Receiver S. 

Rozenstein. (Proc. IEE, Part B, vol. 102, pp. 
69-74; January, 1955.) A receiver of the suc¬ 
cessive-detection type for pulsed radar is dis¬ 
cussed. Details are given of an IF stage de¬ 
signed to maintain the screen-grid voltage con¬ 
stant. A video amplifier is described including 
a differentiating circuit for signals of large 
dynamic range with negligible overshoot. Con¬ 
clusions arc drawn for the practical application 
of this receiver with various indicators. 

621.396.963.3:551.594.22 1356 
Radar Echoes from Lightning R. F. 

Jones. (Quart. Jour. Roy. Met. Soc., vol. 80, 
pp. 579-582; October, 1954.) A-sco¡x‘ records 
are shown which were obtained in August, 1953 
using a wavelength of 10 cm and a stationary 
antenna. A possible distribution of the charge 
in a thundercloud is deduced. 

621.396.963.325 1357 
Suppression of Fixed-Target Echoes in 

Radar: Application of the Doppler Effect— 
M. Wildi. (Bull. Schweiz. Eleklrolech. Ver., 
vol. 45, pp. 1023-1047; November 27, 1954.) 
An outline of moving-target-indicator systems 
is given. Suppression is based on the electrical 
subtraction of two successive echoes; the effec¬ 
tiveness of this depends on the level of in¬ 
stabilities and these are estimated. Some 
measured values are also given. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

531.788.7 1358 
A Thermionic Ionization Gauge of High 

Sensitivity employing a Magnetic Field • 
G. K. T. Conn and II. N. Daglish. (Jour. Sei. 
Instr., vol. 31, pp. 412-415; November, 1954.) 
The gauge comprises a cylindrical anode, an 
axial filament and a pair of ion-collecting end¬ 
plates. In operation an axial magnetic field of 
the order of 150 oersted is used; the gas pres¬ 
sure is then determined by measurement of the 
ion current. The sensitivity is 800 ga per micron 
pressure at an emission corresponding to 1 ma 
anode electron current, with no field, and 7,000 
¿ta/micron at 2 ma; this is of the order of 100 
times the sensitivity of a conventional ther¬ 
mionic gauge. 

531.788.7 1359 
The Influence of the Ballast Resistance on 

the Performance of Penning Vacuum Gauges 
G. K. T. Conn and II. N. Daglish. (Jour. Sei. 
Instr., vol. 31, pp. 433-434; November, 1954.) 
A brief note. 

531.788.7:621.376.3 1360 
Recording Vacuum Gauge—D. T. Hurd 

and M. L. Corrin. (Rev. Sei. Instr., vol. 25, 
pp. 1126-1128; November, 1954.) The gauge 
described is a modification of the Langmuir 
type; the frequency of an oscillator is arranged 
to depend on the varying capacitance between 
a stationary electrode and an oscillating fiber 
whose damping is a function of the pressure of 
the ambient gas. 

533.5 1361 
An Instrument for Leak Detection and 

Pressure Measurement in High Vacuum Sys¬ 
tems -E. G. Leger. (Cañad. Jour. Tech., vol. 

32, pp. 199-205; November, 1954.) The in¬ 
strument described is suitable for measure¬ 
ments of gas pressure in the range 10_| —10“ 7 

mm Hg. Leaks are detected by spraying oxygen 
on the outside of the vacuum system and not¬ 
ing the decrease in electron emission from a 
tungsten filament in an ionization gauge when 
it is operated as a saturated diode. Indication 
is given either by a meter or by the variation of 
frequency of an af oscillator. 

535.37 1362 
Modifications of Electroluminescence under 

the Influence of Temperature J. .Mattier. 
{Com pl. Rend. Acad. Sei. (Paris'), vol. 239, pp. 
1616-1618; December 8, 1954.] Measurements 
were made on ZnS phosphors, variously acti¬ 
vated, over the temperature range —166 de¬ 
grees to -f-155 degrees C. An experimental 
arrangement was used which did not introduce 
temperature effects due to the supporting 
dielectric. The applied voltage ranged from 125 
V to 900 V. In one group of phosphors the 
electroluminescence decreased monotonically 
over the temperature range, in another group 
the electroluminescence passed through a maxi¬ 
mum value at room temperature. Variations of 
spectral distribution as well as intensity were 
observed. A theoretical interpretation of the 
results is outlined. 

535.376 1363 
Cathodo-Luminescence of MgO -B. D. 

Saksena and L. M. Pant. (Proc. Phys. Soc., 
vol. 67, pp. 811-816; November 1, 1954.) The 
effects on the luminescence spectra of exposure 
to cathode rays and of heating are examined 
experimentally and the results are interpreted 
in terms of impurity-center processes. 

535.376:546.47-31 1364 
Luminescence Mechanism of Zinc Oxide 

Phosphors -H. Gobrecht, D. Hahn and K. 
Scheffler. (Z. Phys., vol. 139, pp. 365-371; 
November 26, 1954.) Investigation shows that 
the decay of luminescence in the ultraviolet and 
green bands after electron-beam excitation and, 
down to —60 degrees C., in the green band 
after long-wave ultraviolet excitation is ex¬ 
ponential. A thermoluminescence maximum 
occurs at 118 degrees K. The temperature 
characteristic of luminescence is independent 
of the excitation intensity. This is not com¬ 
patible with a recombination mechanism sug¬ 
gested earlier [3442 of 1952 (Gobrecht et al.)] 
Similarity with the luminescence character¬ 
istics of barium platinocyanide is noted. 

537.226:621.315.612.4 1365 
Structural and Dielectric Studies in the 

System (Ba, Ca) (Ti, Zr)0.3—M. McQuarrie 
and F. W. Behnke. (Jour. Amer. Ceram. Soc., 
vol. 37, i>p. 539-543; November, 1954.) “The 
crystalline phases in the system (Ba, Ca) (Ti, 
Zr)O.3 were identified and their lattice dimen¬ 
sions were determined from X-ray powder 
patterns of fired ceramic disks. Compositions 
near the BaTiOs-BaZrOs and CaTiOa-CaZrOs 
sides of the composition square gave evidence 
of complete solid solution, whereas all inter¬ 
mediate compositions contained two separate 
phases. Variations in the temperature of the 
Curie point and in aging rate were found to 
correlate reasonably well with variations in the 
character of the crystal structure.” 

537.226:621.372.22 1366 
The Relative Permittivity of Tetragonal 

Arrays of Perfectly Conducting Thin Discs— 
J. Brown and W. Jackson. (Proc. IEE, Part B, 
vol. 102, pp. 37-42; January, 1955.) “The 
methods available for the calculation of the in¬ 
teraction field of an array of dipoles are dis¬ 
cussed with reference to an artificial dielectric 
formed from a tetragonal array of conducting 
discs. A modified method is described and used 
to derive a formula for the relative permittiv¬ 
ity, valid when the discs are not too closely 
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spaced. For closely packed discs, the fields due 
to higher-order multipoles become important 
and a second formula for the relative permit¬ 
tivity is obtained for this case. Comparison 
with experimental values already obtained 
shows that the two formulae together enable 
the calculation of the relative permittivity over 
the whole range of spacings likely to be used in 
practice to be made. ” 

537.226:621.372.22 1367 
The Properties of Artificial Dielectrics at 

Centimetre Wavelengths J. Brown and W. 
Jackson. (Proc. I EE, Part B, vol. 102, pp. 11 
16; January, 1955.) The properties of the 
artificial dielectric are compared with those of a 
solid dielectric, and possible definitions of re¬ 
fractive index and wave impedance are ex¬ 
amined. The latter is most appropriately de¬ 
fined in terms of the reflection coefficient at an 
interface between the dielectric and free space. 
The reactive fields set up near such an inter¬ 
face are examined qualitatively, and ways of 
representing them are discussed. Possible ap¬ 
plications of artificial dielectrics other than as 
antennas are mentioned. 

537.226:621.396.677.85:621.372.22 1368 
Some Experiments on Artificial Dielectrics 

at Centimetre Wavelengths El-Kharadly. 
(See 1261.) 

537.226:621.396.677.85:621.372.22 1369 
A General Experimental Method to deter¬ 

mine the Properties of Artificial Media at 
Centimetre Wavelengths, applied to an Array 
of Parallel Metallic Plates Primich. (See 
1262.) 

537.227 4- 621.315.612 1370 
Dielectric Properties and Phase Transitions 

of NaNbO.3 and (Na, K)NbOs — G. Shirane, 
R. Newnham and R. Pepinsky. (Phys. Rev., 
vol. 96, pp. 581-588; November 1, 1954.) Opti¬ 
cal, X-ray and dielectric measurements on 
single-crystal and ceramic specimens of 
NaNbO3 and solid solutions of (Na, K)NbO3 

are reported. No evidence was found of ferro¬ 
electricity in NaNbO3; a small addition of 
KNbO3 produced a ferroelectric phase. The 
phase transitions in NaNbO3 are quite differ¬ 
ent from those in KNbO3. 

537.227 1371 
Ferroelectric Properties of Single Crystals 

—C. F. Oxbrow. [Nature (London}, vol. 174, pp. 
1091 1093; December 11, 1954.] Report of a 
colloquium held at Christchurch, England, in 
September, 1954. 

537.227: [546.431.824-31 +547.476.3 1372 
Ferroelectric Ceramics with Very Pro¬ 

nounced Nonlinear Properties—T. N. Verbit¬ 
skaya. [Conipt. Rend. Acad. Sei. (URSS), vol. 
100, pp. 29-32; January 1, 1955. In Russian.] 
A comparison is made of the variation of the 
dielectric constant with applied electric field for 
Rochelle salt, BaTiO3, T-75OO, and Varikond 
VK-1. The last-mentioned is similar to 
Rochelle salt in respect of the large change of 
the dielectric constant in fields up to 1 kv/cm. 
Experimental results are presented graphically. 

537.227:546.431.824-31 1373 
Infrared Spectrum of Barium Titanate— 

R. T. Mara, G.B.B.M. Sutherland and H. V. 
Tyrell. (Phys. Rev., vol. 96, pp. 801-802; No¬ 
vember 1, 1954.) Observations are reported 
and are discussed in the light of theories about 
the ferroelectric character of BaTiO3. 

537.227:546.431.824-31:621.396.822 1374 
Noise Generation in Crystals and in 

Ceramic Forms of Barium Titanate when sub¬ 
jected to Electric Stress A. C. Kibblewhite. 
(Proc. ï EE, Part B, vol. 102, pp. 59-68; 
January, 1955.) Variation of the noise is in¬ 
vestigated experimentally as a function of the 
electric stress on the material and of its tem¬ 

perature relative to the Curie point. The ex¬ 
istence of a Barkhausen effect associated with 
the ferroelectric domain structure is estab¬ 
lished. From the results obtained on crystals an 
estimate is made of the effective volume of the 
individual domains. In ceramics additional 
noise is observed, the origin of which is not yet 
certain. 

537.228.1 1375 
Piezoelectrically Excited Vibrations of 

Plates and Rods, and Dynamic Determination 
of Elastic and Piezoelectric Constants—R. 
Bechmann. (Arch, elckt. Übertragung, vol. 8, 
pp. 481-490; November, 1954.) Two methods 
of determining the piezoelectric constants are 
discussed, (a) from equivalent-circuit dynamic¬ 
capacitance considerations, and (b) from meas¬ 
urements of resonance and antiresonance fre¬ 
quencies. Method (a) is independent of the di¬ 
electric properties of the material; method (b) 
depends on the parallel capacitance and hence 
on the dielectric properties, and permits evalua¬ 
tion of an equivalent dielectric constant whose 
value depends on the mode of vibration. The 
theoretical results are supported by’ measure¬ 
ments on ADP and BaTiO3 ceramic plates. 

537.228.1 1376 
Piezoelectric Effect in Minerals—M. P. 

Volarovich and E. I. Parkhomenko. [Compt. 
Rend. Acad. Sei. ( URSS), vol. 99, pp. 239-242; 
November 11, 1954. In Russian.] A mainly 
qualitative experimental investigation of piezo¬ 
electricity in natural minerals is reported. Os¬ 
cillograms are shown. The largest effect, ob¬ 
served in granite, is of the order of several 
hundredths of the effect in pure quartz. Small¬ 
er effects were observed in sandstone and 
quartzite; no effect in jasper, sienite, marble, 
dolomite, and limestone. 

537.311.31:539.23 1377 
Conductivity of Films in Longitudinal Mag¬ 

netic Field—M. Ya. Azbel’. [Compt. Rend. 
Acad. Sei. (URSS), vol. 99, pp. 519-522; 
December 1, 1954. In Russian.] A theoretical 
treatment of electronic conduction in metallic 
films, for the case of parallel electric and mag¬ 
netic fields. 

537.311.33 1378 
Electrical Conduction in Non-metallic 

Solids—C. W. Oatley. (Proc. I EE, Part B, 
vol. 102, pp. 7-10; January, 1955.) Conduction 
by electrons in nearly’ perfect crystals is con¬ 
sidered, a gravitational analog being used to 
explain the motion of the electrons in the elec¬ 
tric field. Production of free carriers by heating 
and by radiation is discussed. 

537.311.33 1379 
A Unidimensional Model of Semiconduc¬ 

tor Compounds of Type A,n Bv—B. Seraphin. 
(Z. Naturf., vol. 9a, pp. 450 456; May, 1954.) 
The main differences between semiconductor 
compounds of this type and semiconductors of 
Group-1V type arc increased energy gap and 
electron mobility, lower hole mobility, and in¬ 
creased bond strength. The one-dimensional 
representation of the potential variation 
through the lattice shows how these differences 
result from the presence of alternate shallow 
and deep troughs in place of equal-depth 
troughs. 

537.311.33 1380 
Measurements on some Semiconducting 

Compounds with the Zinc-Blende Structure 
F. A. Cunnell, J. T. Edmond and J. L. Richards. 
(Proc. Phys. Soc., vol. 67, pp. 848-849; No¬ 
vember 1, 1954.) The infrared transmission 
was measured for polished specimens of AlSb, 
GaSb, InSb, In As, InP and GaAs; the curves 
are shown and deduced values of the optical 
activation energy’ are tabulated. Hall constant 
and conductivity" were measured for GaSb, 
InSb and GaAs, and the electron concentra¬ 

tions and mobilities were determined; these 
figures are included in the table. 

537.311.33 1381 
Stability of Vertical Fusion Zones—W. 

Heywang and G. Ziegler. (Z. Naturf., vol. 9a, 
pp. 561-562; June, 1954.) Recrystallization of 
semiconductors from the molten lower end of a 
vertically held rod is considered. A brief 
analysis indicates a maximum height of the 
molten zone for stability at a given radius of 
the solid rod. 

537.311.33:535.215.3:538.639 1382 
Theory of the Photomagnetic Effect in 

Semiconductors in High-Intensity Magnetic 
Fields—A. I. Ansel’m. (Zh. Tekh. Fiz., vol. 24, 
pp. 2064-2069; November, 1954.) A brief re¬ 
view of theoretical papers on the subject is 
given, and a differential theory of the effect is 
developed, i.e. the value of the electric field 
along one of the axes is determined for a given 
gradient of the concentration of current carriers 
along this axis and a given value of the mag¬ 
netic field along the other axis. Differences in 
the results obtained for the ionic and atomic 
types of semiconductor are indicated and in¬ 
terpreted. 

537.311.33:537.213 1383 
The Potentials of Infinite Systems of 

Sources and Numerical Solutions of Problems 
in Semiconductor Engineering -A. Uhlir, Jr. 
(Bell. Sys. Tech. Jour., vol. 34, pp. 105-128; 
January, 1955.) “Tables and charts are given 
of mathematical functions related to the 
potential of a line of point charges. The use of 
these functions is illustrated by applications to 
semiconductor resistivity measurements and 
to calculations of the base resistance of point¬ 
contact transistors.” 

537.311.33:537.322.1:62 1.56 1384 
The Use of Semiconductors in Thermoelec¬ 

tric Refrigeration -Goldsmid and Douglas. 
(See 1465.) 

537.311.33:538.63:535.215.9 1385 
Origin of E.M.F. on Illumination of Semi¬ 

conductors in Inhomogeneous Magnetic Field 
—I. K. Kikoin, I. Kh. Ganev and A. I. 
Karchevski. [Compt. Rend. Acad. Sei. ( URSS), 
vol. 99, p. 51; November 1, 1954. In Russian.] 
Further investigation of the new photomag¬ 
netic effect reported by Kikoin (3580 of 1954) 
shows that the observed emf is caused by a 
temperature gradient in the specimen. The 
direction of this emf depends on the direction 
of the magnetic field and on the magnetic na¬ 
ture (paramagnetic or diamagnetic) of the sur¬ 
rounding gas. 

537.311.33:539.23 1386 
Titanium Nitride and Titanium Carbide as 

Semiconductors A. Münster, K. Sagel and G. 
Schlamp. [ Nature (London), vol. 174, pp. 1154-
1155; December 18, 1954.] Experiments arc 
described with thin films of TiN deposited on 
A1-»O3 and on SiO3. The former exhibited metal¬ 
lic and the latter semiconductor properties. 
Examination of the structure of the films by 
X-ray diffraction indicated no difference be¬ 
tween the two. Essentially the same behavior 
was observed with TiC and with mixed crystals 
of TiN and TiC. 

537.311.33:539.23 1387 
Thin Semiconductor Films on Glass — 

A. Fischer. (Z. Naturf., vol. 9a, pp. 508-511; 
June, 1954.) Oxide films having useful conduct¬ 
ing properties combined with good trans¬ 
parency are obtained by depositing suitable 
metallic compounds on heated glass surfaces; 
Zn and In give particularly good results. 

537.311.33: [546.28 +546.289 1388 
Aging of Crushed Silicon and Germanium 

Crystals—S. B. Brody’. [Ada Cryst. (Cam 
bridge), vol. 7, part 11, pp. 772-774; November 



780 PROCEEDINGS OF THE IRE June 

10, 1954.] Si and Ge have been investigated for 
the occurrence of time-dependent changes in 
the X-ray diagrams of freshly crushed crystals; 
Ge does not show these changes, Si does. 

537.311.33: [546.28 + 546.289 1389 
Elastoresistance in /»-Type Ge and Si— 

E. N. Adams. {Phys. Rev., vol. 96, pp. 803-804; 
November 1, 1954.) Formulas are derived for 
the energy states in the strained lattice and 
values are hence found for the three elasto¬ 
resistance coefficients, referred to as piezo¬ 
resistance coefficients by Smith (2418 of 1954). 

537.311.33:546.28 1390 
Hyperfine Splitting of Donor States in Sili¬ 

con—J. M. Luttinger and W. Kohn. {Phys. 
Rev., vol. 96, pp. 802-803; November 1, 1954.) 
A theoretical estimate of the hyperfine splitting 
of phosphorus donor states is derived giving 
reasonable agreement with experimentally ob¬ 
served values [453 of March (Fletcher et al.)]. 

537.311.33:546.289 1391 
Properties of Germanium Doped with Iron: 

Part 1—Electrical Conductivity—W. W. Tyler 
and H. H. Woodbury. {Phys. Rev., vol. 96, pp. 
874-882; November 15, 1954.) “Measurements 
of the temperature dependence of electrical 
resistivity in p- and «-type iron-doped ger¬ 
manium crystals indicate that Fe introduces 
impurity levels in Ge at 0.34 + 0.02 eV from the 
valence band and 0.27+0.02 eV from the con¬ 
duction band. Such samples show very high 
resistivity at 77 degrees K. At this temperature, 
M-type samples also show high photosensitivity 
and slow photoresponse, presumably because 
of hole traps.” 

537.311.33:546.289 1392 
Properties of Germanium Doped with Iron: 

Part 2—Photoconductivity—R. Newman and 
W. W. Tyler. {Phys. Rev., vol. 96, pp. 882-886; 
November 15, 1954.) Measurements were made 
on «-type and /»-type specimens at a tempera¬ 
ture of 77 degrees K. The spectral distribution 
of the photoconductive response due to the im 
purity is the same in both types, indicating 
ionization energies of about 0.3 ev. For a given 
incident power, the intrinsic photoconductive 
response was 10-104 times greater for M-type 
than for /»-type specimens; part of this differ¬ 
ence is probably due to a difference of time 
constants, while the remainder may be due to 
differences in the numbers of active centers and 
in their transition probabilities. Quenching phe¬ 
nomena are discussed in relation to trapping 
effects. 

537.311.33:546.289 1393 
Germanium Technology: Part 1—Prepara¬ 

tion of the Germanium—J. M. Mercier. {Bull. 
Soc. Franç. Élecl., vol. 4, pp. 629-644; Novem¬ 
ber, 1954.) Physical and chemical purification 
methods and the production of single crystals 
are described. See also 168 of February. 

537.311.33:546.289 1394 
Germanium Technology: Part 2—Measure¬ 

ment of the Semiconductor Properties of Ger¬ 
manium—B. Pistoulet. {Bull. Soc. Franç. 
Élecl., vol. 4, pp. 644-648; November, 1954.) A 
survey of methods for measuring resistivity and 
Hall coefficient. Part 1: 1393 above. 

537.311.33:546.289 1395 
Statistics of the Occupation of Dislocation 

Acceptor Centres—W. T. Read, Jr. {Phil. 
A/ag., vol. 45, pp. 1 119-1 128; November, 1954.) 
Continuation of work on dislocations in Ge 
reported previously (457 of March). Further 
approximations are developed taking account 
of nonuniform spacing of accepted electrons 
along the dislocation. The case where the dis¬ 
location acceptors have a range of energy 
levels rather than a single level is discussed. 
The various approximations are compared by 
plotting the fractions of filled acceptors against 
temperature for a particular dislocation in 1.7-
Ü. cm M-type Ge. 

537.311.33:546.289 1396 
Influence of Free Charge Carriers in Ger¬ 

manium on the Absorption in the Near Infrared 
Region—J. Jaumann and R. Kessler. {Z. 
Nalurf., vol. 9a, p. 476; May, 1954.) Meas¬ 
urements were made on p- and M-type speci¬ 
mens over the temperature range correspond¬ 
ing to intrinsic conduction, up to 300 degrees 
C.; large reversible variations of the carrier 
concentration and optical absorption are ob¬ 
tained on varying the temperature. The ab¬ 
sorption spectrum is structure free and indi¬ 
cates a value of 0.752 ev for the activation en¬ 
ergy, in agreement with the value found from 
measurements of conductivity and Hall con¬ 
stant. Anomalously high absorption in the 
asymptotic part of the curve must be due to 
impurities, and affords a method of measuring 
impurities much more sensitive than electrical 
methods. 

537.311.33:546.289 1397 
The Effect of Special Lattice Imperfections 

on the Electrical Properties of Germanium— 
K. Blank, D. Geist ami K. Seiler. {Z. Nalurf., 
vol. 9a, pp. 515-520; June, 1954.) An experi¬ 
mental investigation was made of the depend¬ 
ence of conductivity and carrier lifetime on 
imperfections such as individual misplaced 
atoms, dislocations and impurity centers. 
After 15 minutes heating at 800 degrees C. and 
cooling at the rate of 400 degrees/s, a sample 
which was initially an intrinsic semiconductor 
at room temperature contained fewer than 
10u ionized acceptors or donors per cm3 when 
impurities were excluded. A similar result was 
obtained with cooling at 40 degrees/s combined 
with plastic deformation. Carrier lifetime was 
unaffected by simple heating, but was con¬ 
siderably reduced when plastic deformation 
was superimposed. With doped Ge similarly 
heated and cooled at 40 degrees/s, fewer than 
10’5 acceptors and some 10 14 donors per cm3 

were produced which were not ionized at room 
temperature. 

537.311.33:546.289 1398 
On the Relation between the Sum of Donor 

and Acceptor Concentration and Lifetime in 
Single Crystal Germanium—P. Ransom and 
F. W. G. Rose. {Proc. Phys. Soc., vol. 67, pp. 
646-650; August 1, 1954.) An approximate 
relation between the total impurity concentra¬ 
tion, the activation energy of the traps, and 
the lifetime of minority carriers in M-type 
single-crystal Ge is derived. Lifetime measure¬ 
ments were made on samples of Sb-doped m-
type Ge in the temperature range 242 degrees 
K-302 degrees K, and on undoped samples in 
the range 242 degrees K-319 degrees K. Values 
of total impurity concentration are computed 
from resistivity measurements at various tem¬ 
peratures, and computations of other quanti¬ 
ties are made from the experimental data. 
These show that the approximations made are 
valid over a considerable range of temperatures. 
It therefore seems possible from resistivity 
measurements at various temperatures to 
determine directly the trap concentration and, 
in conjunction with lifetime measurements at 
room temperature, to differentiate between 
samples having different traps. 

537.311.33:546.289:541.135 1399 
Experiments on the Interface between Ger¬ 

manium and an Electrolyte—W. H. Brattain 
and C. G. B. Garrett. {Bell. Sys. Tech. Jour. 
vol. 34, pp. 129-176; January, 1955.) A report 
is presented of studies of Ge electrodes in con¬ 
tact with aqueous solutions of KOH, KC1 and 
HC1, with anodic and cathodic currents. The 
anodic current, apart from a small leakage 
term, is determined by the flow of holes to the 
surface, so that saturation occurs for M-type 
but not for /»-type material; the current gain 
is 1.4 1.8. The cathodic current is determined 
by the supply of electrons; the current gain is 
of the order of unity and the leakage term is 
larger than for anodic current. The effects of 

illumination are discussed. The results can be 
understood from simple thermodynamic con¬ 
siderations. See also 1698 of 1953 (Brattain and 
Bardeen) and 458 of March (Garrett and 
Brattain). 

537.311.33:546.289:548.7 1400 
Etching of Single Crystal Germanium 

Spheres—R. C. Ellis, Jr. {Jour. Appl. Phys., 
vol. 25, pp. 1497-1499; December, 1954.) As a 
result of etching, the spheres were transformed 
into solid figures bounded by characteristic 
polyhedra. The only twins found were of (111)-
plane type. 

537.311.33:546.289:621.314.632 1401 
Investigation of Change of Rectifying 

Properties of Metal-Semiconductor Point Con¬ 
tact under the Influence of Bombardment of 
Semiconductor by Alkali Metal Ions—M. M. 
Bredov, R. F. Komarova and A. R. Regel’. 
[Compt. Rend. Acad. Sei. {URSS), vol. 99, pp. 
69-72; November 1, 1954. In Russian.] An ex¬ 
perimental investigation is reported of the 
effect on an M-type-Ge/metal contact of bom¬ 
bardment by a monochromatic beam of K ions 
with energy in the range 1-4 kev and of the 
subsequent treatment of the surface. The ob¬ 
served decrease of the rectification property 
depends on the energy of the ion beam, but no 
effect was noticed when this was less than 1 kev. 
The treatment included polishing and immer¬ 
sion in a 30 per cent solution of H2O2. Results 
are presented graphically and discussed. 

537.311.33:546.472.21 1402 
On the Properties of Single Cubic Zinc 

Sulfide Crystals—S. J. Czyzak, D. C. Reynolds, 
R. C. Allen and C. C. Reynolds. {Jour. Opt. 
Soc. Amer., vol. 44, pp. 864-867; November, 
1954.) Optical and electrical properties were 
measured for five crystals with impurity con¬ 
tent <0.005 per cent. Conductivity is largely 
intrinsic, and there is a rapid rise and decay 
of the small photocurrents obtained. 

537.311.33:546.482.21:548.5 1403 
Microscope Observations and Conductivity 

Measurements on CdS Crystals—L. Herforth 
and J. Krumbiegel. {Z. Nalurf., vol. 9a, pp. 
432-434; May, 1954.) 

537.311.33:546.482.21:548.5 1404 
The Position of the Twinning Plane in 

Hexagonal CdS Crystals—K. H. Jost. {Z. 
Nalurf., vol. 9a, pp. 435-436a; May, 1954.) 

537.311.33:546.621.86 1405 
Electrical and Optical Properties of Inter¬ 

metallic Compounds: Part 3—Aluminum 
Antimonide—R. F. Blunt, H. P. R. Frederikse, 
J. H. Becker and W. R. Hosier. {Phys. Rev., 
vol. 96, pp. 578-580; November 1, 1954.) 
“Measurements of resistivity, Hall coefficient, 
and optical absorption of AlSb are reported. 
The width of the forbidden energy band, de¬ 
rived from electrical and optical data, is 1.6 ev 
at absolute zero. Absorption bands are ob¬ 
served at 0.75 ev in /»-type samples and at 0.31 
ev in tellurium-doped M-type specimens. An 
energy level diagram with several acceptor and 
donor levels in the forbidden energy’ band is 
suggested to explain these observations.” 

537.311.33:546.681.86 1406 
Electrical and Optical Properties of Inter¬ 

metallic Compounds: Part 2—Gallium Anti¬ 
monide—R. F. Blunt, W. R. Hosier and 
H. P. R. Frederikse. {Phys. Rev., vol. 96, pp. 
576-577; November 1, 1954.) “The Hall effect 
and resistivity of GaSb have been investigated 
over the temperature range 78 degrees to 750 
degrees K. Hole mobilities as high as 400 
cm2/volt-sec and a forbidden energy gap of 
0.775 ev at absolute zero were found. Optical 
absorption studies at temperatures between 10 
degrees and 300 degrees K confirm this value 
of the band separation.” 
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537.311.33:546.682.86 1407 
Electrical and Optical Properties of Inter¬ 

metallic Compounds: Part 1—Indium Anti¬ 
monide—R. G. Breckenbridge, R. F. Blunt, 
W. R. Hosier, H. P. R. Frederikse, J. H. Becker 
and W. Oshinsky. (Phys. Rev., vol. 96, pp. 571— 
575; November 1, 1954.) Measurements of con¬ 
ductivity and Hall coefficient over the tem¬ 
perature range 78 degrees-750 degrees K are 
reported. Values deduced for charge-carrier 
mobility and effective mass are in good agree¬ 
ment with results of other workers. The value 
0.23 ev is found for the width of the energy 
gap at 0 degrees K. A study of the optical 
absorption at temperatures between 13 degrees 
and 300 degrees K shows that the position of 
the absorption edge of degenerate »-type sam¬ 
ples depends on the impurity content and is in 
good agreement with Burstein's predictions 
(2134 of 1954). 

537.311.33:546.682.86 1408 
Electrical Properties of Indium Antimonide : 

Part 2—O. Madelung and H. Weiss. (Z. 
Naturf., vol. 9a, pp. 527-534; June, 1954.) 
Careful measurements of Hall constant and 
conductivity are reported. The value of the 
energy gap at absolute temperature T is found 
to be O.27-3.1O-, T ev. The electron mobility 
is about 65,000 (T/SOO)-166 cm per v/cm. The 
hole mobility is considerably lower and is 
strongly dependent on temperature. For previ¬ 
ous work see 2707 of 1954 (Weiss). 

537.311.33:546.72 1409 
Some Electrical Properties of Natural 

Crystals of Iron Pyrite—J. C. Marinace. (Phys. 
Rev., vol. 96, p. 593; November 1, 1954.) 
Measurements of Hall coefficient and resistivity 
were made on p-type and n-type specimens cut 
from natural single crystals. A value about 1.2 
ev is estimated for the width of the energy gap. 

537.311.33:546.817.221 1410 
Electrical Properties and the Solid-Vapor 

Equilibrium of Lead Sulfide—R. F. Brebrick 
and W. W. Scanlon. (Phys. Rev., vol. 96, pp. 
598-602; November 1, 1954.) “Natural PbS 
crystals were exposed to various pressures of 
sulfur-vapor near 500 degrees C and then 
quenched. Calculations based on the penetra¬ 
tion of p-n junctions gave an interdiffusion 
constant of 2X1O-6 cm2/sec at 550 degrees C. 
The temperature dependence of the Hall coeffi¬ 
cient and resistivity for several treated crystals 
was determined. A forbidden energy gap of 
0.37±0.01 ev and an electron to hole mobility 
ratio of 1.4 was obtained.” 

538.221 1411 
Reversible Susceptibility of Ferromagnetics 

—D. M. Grimes and D. W. Martin. (Phys. 
Rev., vol. 96, pp. 889-896; November 15, 1954.) 
Formulas are developed for both transverse 
and parallel reversible susceptibilities. Meas¬ 
urements on ferrite cores are reported. The 
theoretical and experimental results show 
satisfactory agreement. 

538.221 1412 
Ferromagnetic Properties of Oxidized 

Mn.Sh—G. D. Adam and K. J. Standley. 
(Proc. Phys. Soc., vol. 67, pp. 1022-1023; 
November 1, 1954.) The formula MnaSbO is 
tentatively assigned to a material which has 
been prepared by heating finely powdered 
Mn;Sb in air to temperatures between 200 de¬ 
grees and 350 degrees C. Measurements of 
magnetization, Curie point, and microwave 
resonance absorption, as well as X-ray powder 
photographs, indicate that the material is 
quite distinct from MnzSb. 

538.221 1413 
Magnetic Anisotropy Constants of Ferro¬ 

magnetic Spinels—R. S. Weisz. (Phys. Rev., 
vol. 96, pp. 800-801; November 1, 1954.) 

538.221 1414 
Ferromagnetic Resonance in Iron-Nickel 

Alloys—R. Hoskins and G. Wiener. (Phys. Rev., 
vol. 96, pp. 1153-1154; November 15, 1954.) 
Experiments were made with disk-shaped bulk 
specimens to verify the results obtained by 
Bagguley (443 of 1954) with suspensions of 
ferromagnetic particles. No evidence was found 
of a variation of g value with Ni concentration. 

538.221 1415 
Measurement of the Complex Tensor 

Permeability of Ferrites—J. II. Rowen and 
W. von Aulock. (Phys. Rev., vol. 96, pp. 1151-
1153; November 15, 1954.) Disadvantages of 
the cavity-resonator method described by 
Artman and Tannenwald (769 of 1954) are re¬ 
moved by using a disk in place of a spherical 
sample. 

538.221:538.652 1416 
Rapid Method of Evaluating Magnetostric¬ 

tive Materials for Electromechanical Trans¬ 
ducers—M. T. Pigott and P. M. Kendig. (Jour. 
Acoust. Soc. Amer., vol. 26, pp. 974-976; No¬ 
vember, 1954.) Methods described by van der 
Bürgt (3624 of 1953) are adapted for investi¬ 
gating metal laminations as well as ferrites. 

538.221:546.73 1417 
Magnetic Powder-Patterns on Cobalt and 

the Structure of the Elementary Domains— 
W. Andrä. [Ann. Phys. (Leipzig), vol. 15, pp. 
135-140; November, 1954.] Powder patterns, 
photographs of which are shown, are inter¬ 
preted to give an indication of the structure in 
depth of the magnetic domains. 

538.221:621.318.134 1418 
Investigation of Magnetic Properties of 

Co-Zn and Mn-Zn Ferrites—G. I. Dmitrakova. 
[Compt. Rend. Acad. Sei. ( URSS), vol. 99, pp. 
45-46; November 1, 1954. In Russian.] Graphs 
are presented showing the variation of magnetic 
moment and Curie point of the ferrites with the 
ZnO content, the temperature dependence of 
magnetization and the reciprocal susceptibility. 
The results are briefly discussed on the basis 
of Neel's theory (1171 of 1950). 

621.3 1419 
Materials used in Radio and Electronic 

Engineering—(Jour. Brit. IRE, vol. 15, pp. 
47-64; January, 1955.) This first part of a sur¬ 
vey of the materials most commonly used in 
electronic equipment deals with (a) aluminium 
and its alloys, and (b) piezoelectric crystals. 

621.315.612.4 1420 
Low-Temperature Sintering of Titanium 

Dioxide for Ceramic Capacitors—T. V. Rama-
murti, C. V. Ganapathy and S. Saran. [Notare 
(London), vol. 174, p. 1187; December 25, 
1954.] Experiments made at the National 
Physical Laboratory of India have resulted in 
the production of ceramic bodies with a typical 
permittivity value of 110 when fired at tem¬ 
peratures as low as 1,100 degrees C. The raw 
material was of rutile form, in a finely divided 
active state. 

621.315.616 1421 
Transition Temperature of Polymethyl 

Methacrylate at Ultrasonic Frequencies— 
P. Hatfield. [Nature (London), vol. 174, pp. 
1186-1187; December 25, 1954.] Results of 
measurements by various workers of the tem¬ 
perature variation of the velocity of ultrasonic 
waves in perspex are shown graphically and 
discussed. Ultrasonic frequencies up to 11 me 
were used. 

MATHEMATICS 
517 1422 

Symmetric Linear Transformations and 
Complex Quadratic Forms—C. L. Dolph, J. E. 
McLaughlin and I. Marx. (Commun. Pure 
Appt. Math., vol. 7, pp. 621-632; November, 
1954.) Discussion of application of the 
Rayleigh-Ritz method as an approximation 
procedure for investigating characteristic 
values and characteristic functions occurring 
in the theory of wave propagation. 

517.562 1423 
Locus Diagrams of some Elementary Trans¬ 

cendental Functions -H. Wahl. (Frequenz, vol. 
8, pp. 346-351; November, 1954.) The func¬ 
tions considered are evA and sin pA, where p is 
a real parameter and A is a constant which may 
be complex. The form of the curve, distribution 
of the parameters, special points on the curve, 
tangent and radius vectors, and the construc¬ 
tion of the curves are briefly discussed. 

MEASUREMENTS AND TEST GEAR 

621.3.018.41(083.74) + 621.396.91 1424 
C.C.I.R. Study Commission No. VII: Or¬ 

ganization of World-Wide Standard-Frequency 
and Time-Signal Service as Task of C.C.I.R. 
U. Mohr. (Fernmeldetech. Z., vol. 7, pp. 596-
598; November, 1954.) Important points from 
the report presented at the 1953 plenary ses¬ 
sion of the CCIR are summarized. It is sug¬ 
gested that reports in preparation regarding 
the derivations and corrections of standard¬ 
frequency transmissions should be directly ex¬ 
changed between interested stations. Possible 
improvements in the nature of time signals are 
indicated. Plans for a service within Western 
Germany are outlined; this would operate from 
a Post Office transmitter at Mainflingen (call 
sign DCF77) on a frequency of 77.5 kc con¬ 
stant to within 1 part in 10s. 

621.3.018.41(083.74) 1425 
World-Wide Frequency and Time Com¬ 

parisons by means of Radio Transmissions— 
J. A. Pierce, H. T. Mitchell and L. Essen. 
[Nature (London), vol. 174, p. 922; November 
13, 1954.] Results obtained at the National 
Physical Laboratory show that the standard 
frequency transmission MSF on 60 kc can be 
used in the United Kingdom with an accuracy 
of +1 part in 109 in an observation time of a 
few minutes; it has also been received and 
measured at Harvard with the same accuracy 
in a time of about 10 minutes. A typical photo¬ 
graphic record taken at Harvard shows vari¬ 
ations due to changes in the height of the re¬ 
flecting ionosphere layers. 

621.3.018.41(083.74) :621.373.421 1426 
High-Stability One-Mc/s Frequency Stand¬ 

ard—(Tech. News Bull. Nat. Bur. Stand., vol. 
38, pp. 162-163; November, 1954.) Portable 
equipment developed at the NBS to serve as a 
secondary standard for general laboratory and 
field use comprises a crystal-controlled 
Meacham-bridge oscillator. 

621.3.087.9:621-52:621.394.625.2 1427 
Automatic Recording and Analysis of Data 

using Teleprinter Technique—Nettell. (See 
1456.) 

621.314.7.001.4 1428 
A Versatile Transistor Tester—R. Bailey. 

(Electronic Eng., vol. 27, pp. 64-69; February, 
1955.) Equipment is described by means of 
which the characteristics of p-n-p or n-p-n 
transistors can be displayed as families of 
curves on the screen of a cro accurate to 
within about 10 per cent. Facilities for point-
by-point plotting with greater accuracy are 
incorporated. 

621.317.3:621.317.723 1429 
The Measurement of Voltage, Current, 

Power and Impedance at High Frequencies— 
D. Karo. (Beama Jour., vol. 62, pp. 33-35; 
November, 1954.) An electrometer is used with 
the four plates not connected in pairs, so that 
it forms a double electrometer with moving vane. 
Input resistance is ~ 35MÍ2 at 1 me and input 
capacitance ~ 3 pf. Asymmetry and contact 
potential effects are eliminated either by cali¬ 
brating one pair of plates against the other, or 
by using an electrometer with three pairs of 
plates. The method of use for each type of 
measurement and some of the forms the instru¬ 
ment may take are explained. 
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621.317.3:621.375.3 1430 
Magnetic Amplifiers and Weak Currents -

R. Klein. {Bull. Soc. Franç. Elect., vol. 4, pp. 
649 674; November, 1954.) Particular atten¬ 
tion is devoted to the use of magnetic amplifiers 
for measurement purposes. 

621.317.3:621.396.11.029.65 1431 
Experimental Equipment and Techniques 

for a Study of Millimetre-Wave Propagation — 
Willshaw, Lamont, and Hickin. {See 1476.) 

621.317.318:621.385.3 1432 
The Application of the Electrometer Valve 

to Charge Measurements—M. J. Morant. 
{Jour. Sei. Instr., vol. 31, pp. 391-395; Novem¬ 
ber, 1954.) 

621.317.33 1433 
Point Source and Sink in a Parallelepiped — 

A. C. Sim and L. Lewin. [Nature {London), 
vol. 174, p. 1155; December 18, 1954.] Analy¬ 
sis is presented relevant to the evaluation of 
the conductivity of semiconductors from meas¬ 
urements by the four-probe method. 

621.317.337 1434 
The Correction of Q Meter Readings— 

M. V. Callendar and J. P. Newsome. {Elec¬ 
tronic Eng., vol. 27, p. 92; February, 1955.) 
Comment on 3622 of 1954 and author’s reply. 

621.317.361:519.2 1435 
Application of Statistical Theory to the 

Measurement of Frequency H. Tanaka, 
G. Taguchi and M. Ota. [Rep. Elect. Commun. 
Lab. {Japan), vol. 2, pp. 9-14; August, 1954.] 
Frequency deviations of radio sw transmissions 
are considered. \ method is developed for ob¬ 
taining an unbiased estimate without assuming 
a normal distribution of the variation of oscil¬ 
lator frequency or of the error in the measure¬ 
ment equipment. This is applied in analyzing 
the results of measurements made on eight 
frequencies at three places simultaneously over 
a period of four days, to obtain probable values 
for the frequency stability of the transmis¬ 
sions and the accuracy of the measurement 
equipment. 

621.317.39:537.228.1 1436 
New Sensitive Piezoelectric Detector -

R. Pepinsky, J. Baecklund, H. Diamant and 
W. G. Perdok. {Rev. Sei. Instr., vol. 25, pp. 
1076 1078; November, 1954.) An instrument 
using the frequency-sweep technique of Perdok 
and van Suchtelen (1966 of 1950) is described. 

621.317.7:621.372.8 1437 
Waveguides and Waveguide Junctions— 

Dukes. {See 1255.) 

621.317.7.001.4 1438 
Test Methods and Construction of Shock-

Proof [electrical] Measurement Instruments—■ 
A. von Weiss. {Bull. Schweiz. Eleklrolech. Ver., 
vol. 45, pp. 972-977; November 13, 1954.) 
Usual test methods, such as subjection to ac¬ 
celeration, vibration, or shock, are compared 
and their practical value is discussed. New 
shock-proof constructions using pivot and 
strip suspension systems are described. 

621.317.715 1439 
Rapid-Oscillation Galvanometers: Part 1— 

Fundamental Theory—K. IL Winterling. 
{Arch. Tech. Messen., no. 226, pp. 259-262; 
November, 1954.) Galvanometers with oscilla¬ 
tion period <1 second are considered; these 
are used mainly as recording instruments. Fre¬ 
quency characteristics and delay times, opti¬ 
mum damping and power requirements are dis¬ 
cussed. 

621.317.715 1440 
The Response of String Galvanometers 

with Heavy Electromagnetic Damping —D. A. 
Senior. {Instr. Practice, vol. 8, pp. 968-974; 
November, 1954.) 

621.317.729:621.385.032.2 1441 
Use of a Rubber Sheet Model for Investiga¬ 

tion of Electron Trajectories—K. R. Allen and 
K. Phillips. {Electronic Eng., vol. 27, pp. 82-
85; February, 1955.) Experiments are re¬ 
ported which indicate that the rubber-sheet 
model can be used satisfactorily in the design 
of electron guns. A novel method of obtaining 
equipotentials is described. 

621.317.73 1442 
Direct-Reading Capacitance Tester—O. E. 

Dzierzynski. {Wireless World, vol. 61, pp. 141-
143; March, 1955.) The instrument described 
covers the range 10 pF-lmF. The basic circuit 
comprises a 50-cps source driving current 
through the capacitance in series with a resist¬ 
ance of magnitude such that the current is 
proportional to the capacitance. The voltage 
across the resistance is amplified and rectified 
to give direct readings on a milliammeter. 

621.317.73.029.55/.62 1443 
Theory of the Reflectometer -H. Wolf. 

{Arch, elckt. Übertragung, vol. 8, pp. 505-512; 
November, 1954.) Reflectometers comprising 
an auxiliary line arranged parallel to a main 
transmission line [477 of 1953 (Grosskopf)J are 
discussed. Differential equations are established 
from which voltage and current distributions 
are calculated. Approximate formulas are 
presented for the case of loose coupling. A 
numerical example is given. 

621.317.755 1444 
A Sensitive Continuously-Evacuated 

Cathode-Ray Oscillograph—L. J. Griffiths, 
R. M. Davies and D. A. Richards. {Elec¬ 
tronic Eng., vol. 27, pp. 48-52; February, 
1955.) An instrument for recording nonrecur¬ 
rent transients with peak values not exceeding 
100 mv and durations up to 100 /xs is described. 
The record is produced by direct action of the 
electron beam on a photographic emulsion, 
giving greater photographic sensitivity and 
lower distortion than when the trace is photo 
graphed from a luminescent screen. The 
apparatus has been used for measurements of 
stress waves in solids. 

621.317.755 1445 
A Portable High-Speed Cathode-Ray Os¬ 

cillograph —L. S. Allard. {Jour. Sei. Instr., vol. 
31, p. 433; November, 1954.) Note on precau¬ 
tions required to safeguard the cr tube in the 
oscillograph described by Waring and Murphv 
(1862 of 1954). 

621.317.772 1446 
Direct-Indicating Phase Meter for 50 c/s 

to 100 kc/s—H. Haller. {Frequenz, vol. 8, pp. 
325-333; November, 1954.) Rectangular waves 
derived from the signals under examination 
are applied to separate grids of a tube which 
conducts only when the two are of the same 
sign. The average anode current is then a 
function of their phase difference. A complete 
circuit diagram is given and briefly described. 
26 references to other phase indicators and 
comparators are also given and the various 
principles of operation are classified. 

621.317.78 1447 
A Very-Wide-Band Dummy Load for 

measuring Power at Very-high and Ultra-
high Frequencies —W. Hersch. {Proc. I EE, 
Part B, vol. 102, pp. 96-98; January, 1955.) A 
dummy load is described consisting of a short 
coaxial line filled with carbon tetrachloride, 
the inner conductor being built up from short 
sections of thin gold-film resistors in which 
nearly all the power loss occurs. Its input 
impedance, of 75ß, is purely resistive, and it 
permits measurement of power from lOw to 
Ikw accurate to within ±(2| per cent of meas¬ 
ured power+ 3w) at frequencies over 100 me. 

621.318.4(083.74) 1448 
A Study of Absolute Standards of Mutual 

Inductance and in particular the Three-Section 
National Bureau of Standards Type F. W. 
Grover. {Jour. Res. Nat. Bur. Stand., vol. 53, 

pp. 297-320; November, 1954.) “The results 
of a study of the number and location of the 
circles of zero field surrounding a multisection 
coil are presented. The configuration of the 
field surrounding the equatorial region of sev¬ 
eral three-section coils has been partially 
mapped out. One arrangement yields a design 
in which the mutual-inductance contribution 
of any secondary turn differs but little from 
that of the median turn. By locating the sec¬ 
ondary symmetrically about the circles of zero 
field, the correction for winding distribution 
can be made small, and the effect of uncertain¬ 
ties in location of individual secondary turns 
minimized.” 

621.373.421 1449 
The Bridge-Stabilized Oscillator as Stand¬ 

ard Source of A.C. Voltage—G. Hoffmann. 
{Arch. Tech. Messen, no. 226, p. 263-266; 
November, 1954.) Methods of stabilizing the 
oscillation amplitude by means of barretter 
bridges are indicated, and applications of the 
circuit as a calibration source and as a standard¬ 
level source are described. 

621.397.5:535.623J.001.4 1450 
Phase Meter Analyzes Color TV Systems-

Houghton. {See 1495.) 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

534.1-8:621.9 1451 
Ultrasonic Machining—{Trans. IRE, no. 

PGUE-2, pp. 9 33; November, 1954.) The fol¬ 
lowing three papers are given: 
“An L’ltrasonic Machine Tool,”—N. Clark, Jr. 
, (pp. 10-18). 
“Ultrasonic Machining of Tungsten Carbide,’’ 

—D. Goetze (pp. 19-22). 
“Mechanical Impedance Transformers in rela¬ 

tion to Ultrasonic Machining,”—L. Bala-
muth (pp. 23-33). 

534.2-8:620.179.1 1452 
How to Check Accuracy of Ultrasonic Flaw 

Detection—N. Grossman. {Mater, and Meth., 
vol. 40, pp. 100-101; November, 1954.) Refer¬ 
ence blocks machined from regular production 
materials are used to provide a simple method 
of setting the equipment to detect flaws above 
a specified minimum size. 

535.4:537.533 1453 
An Electron Interferometer —L. Marton, 

J. A. Simpson and J. A. Suddeth. {Rev. Sei. 
Instr., vol. 25, pp. 1099-1104; November, 
1954.) The instrument described makes use of 
crystalline diffraction for beam splitting and 
recombining. 

535.4:537.533 1454 
The Theory of the Three-Crystal Electron 

Interferometer -J. A. Simpson. {Rev. Sei. 
Instr., vol. 25, pp. 1105-1109; November. 
1954.) 

621.3:621.791 1455 
Electronic Control of Resistance Welding -

C. R. Bates. {Jour. Brit. IRE, vol. 15, pp. 31-
46; January, 1955. Discussion, p. 46.) Basic 
circuits of timing and sequence controls are 
described and the principles of operation of 
complete control units are indicated. 

621.3.087.9:621-52:621.394.625.2 1456 
Automatic Recording and Analysis of Data 

using Teleprinter Technique —D. F. Nettell. 
{Instr. Practice, vol. 8, pp. 975-980 and 1078-
1082; November and December, 1954.) The 
principles and the advantages of the punched-
type system in continuous recording and 
processing of data are discussed and examples 
of applications in production-control are given. 

621.37/.38:531.383 1457 
A Precision Dynamic Balancer (for Small 

Gyroscopes)—D. Williamson. {Electronic Eng., 
vol. 27, pp. 53-59; February, 1955.) 
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621.384.613 1458 
Experimental Studies of Betatron Orbit 

Stability—G. C. Baldwin, F. R. Elder and 
W. F. Westendorp. (Jour. A ppi. Phys., vol. 25, 
pp. 1553-1554; December, 1954.) 

621.384.622 1450 
Strong Focusing in Linear Accelerators for 

Ions M. Y. Bernard. [.4mm. Phys. (Paris). 
vol. 9, pp. 633-682; November/December, 
1954.] The theory of the motion of heavy 
particles in a linear accelerator, and the strong¬ 
focusing principle, are examined in detail. 
Theoretical and experimental work is reported 
on the design of lenses for strong-focusing de¬ 
vices, both electrostatic and magnetic types 
being practicable. 

621.385.833 1460 
Some Properties of Symmetrical Slit 

(“Cylindrical ”) Electron Lenses -G. D. 
Archard. (Brit. Jour. Appl. Phys., vol. 5, pp. 
395 399; November, 1954.) “The focal lengths 
of a series of symmetrical slit (“cylindrical”) 
electrostatic electron lenses are determined as 
a function of aperture size and applied poten¬ 
tial. It is shown that all practical lenses may be 
represented on a single curve by means of a 
parameter simply related to potential and 
geometry. From this it is deduced that lens 
strength depends more on the size of the central 
aperture than on that of the outer apertures.” 

621.387.424 1461 
Time-Delay Distribution in Geiger-Müller 

Counters—E. Picard and A. Rogozinski. 
(Jour. Phys. Radium, vol. 15, pp. 767-775; 
November, 1954.) Statistical analysis of results 
of delay measurements shows that to minimize 
the response-time delay and make it largely 
independent of the sensitivity of the associ¬ 
ated amplifier the counter should have as 
small a diameter and as high an applied voltage 
as possible. 

621.387.424 1462 
The Ionic Multiplication Coefficient in CO_-

Filled Counters -R. Fourage and L. Mira-
mond. (Jour. Phys. Radium, vol. 15, pp. 780-
781; November, 1954.) 

621.387.424 1463 
Influence of the Limited Proportionality 

Region on the Value of the Geiger Threshold 
of Counters with Externally Graphited Glass 
Cylinders— I). Blanc. [Compl. Rend. Acad. Sei. 
(Paris), vol. 239, pp. 1621 -1622; December 8, 
1954.] 

621.387.464 1464 
The Scintillation Counter in Industry with 

Reference to Stability Problems -J. S. Epp¬ 
stein. (Jour. Brit. IRE, vol. 15, pp. 25-29; 
January, 1955.) A circuit is described for mini¬ 
mizing the effects of changes of photomultiplier 
gain. 

621.56:537.311.33:537.322.1 1465 
The Use of Semiconductors in Thermo¬ 

electric Refiigeration—H. J. Goldsmid and 
R. W. Douglas. (Bril. Jour. Appl. Phys., vol. 5, 
pp. 386-390; November, 1954.) Factors govern¬ 
ing the selection of suitable semiconductors are 
discussed. The material should have a high 
atomic weight and the thermoelectric power 
should lie between 200 and 300 pv per de¬ 
gree C. Calculations show that the maximum 
cooling obtainable with an M-type-Ge/metal 
junction is about 2 degrees C., but that cooling 
of as much as 28 degrees C. should be obtain¬ 
able with a ^-type-BiaTej/Bi junction; cooling 
of 26 degrees C. was actually obtained using 
elements of length 1 cm and respective cross¬ 
sections of 0.25 cm2 and 0.03 cm2, with a cur¬ 
rent of 6.5a. The calculated figure of merit was 
0.475. The possible application of the inverse 
effect in solar-energy thermoelectric generators 
is mentioned. 

PROPAGATION OF WAVES 

538.566 1466 
Reflection of Waves by an Inhomogeneous 

Medium—V. A. Bailey. (Phys. Rev., vol. 96, 
pp. 865-868; November 15, 1954.) New ap¬ 
proximations are proposed which give good 
agreement with the known fundamental pair 
of solutions for the general second-order dif¬ 
ferential equation of propagation, but which 
remain finite. A corresponding approximate ex¬ 
pression is derived for the coefficient of reflec¬ 
tion of plane waves by a specified inhomogene¬ 
ous medium; by means of an iterative process, 
a sequence of approximations is developed 
which converge rapidly on the true value. 

538.566:535.312 1467 
Statistics of Electromagnetic Radiation 

Scattered by a Turbulent Medium -R. A. 
Silverman and M. Balser. (Phys. Rev., vol. 96, 
pp. 560-563; November 1, 1954.) “The theory 
of Villars and Weisskopf [2747 of 1954] is used 
to calculate the univariate and bivariate 
amplitude distributions of electromagnetic 
radiation scattered from turbulent fluctua¬ 
tions. The univariate distribution is Rayleigh, 
and is in excellent agreement with measure¬ 
ments made on a 49.6- Mc/s ionospheric scatter 
link. Using the bivariate distribution, we 
relate the amplitude correlation function to a 
velocity correlation function which appears in 
the von Weizsäcker-Heisenberg statistical 
theory of turbulence. In this way the theoreti¬ 
cal velocity correlation can be compared with 
experiment.” 

538.566:535.42 1468 
Diffraction of Electromagnetic Waves at 

Non-ideally Conducting Wedge and Problem of 
Coastal Refraction—V. A. Il’in. [Compl. Rend. 
Acad. Sei. (URSS), vol. 99, pp. 47-50; No¬ 
vember 1, 1954. In Russian.] Results are given 
of the theoretical consideration of four cases: 
(a) diffraction of em waves from point or line 
source, (b) an alternative method for (a) for the 
particular case when the wedge angle is an in¬ 
tegral submúltiplo of 7T, (c) diffraction of a plane 
wave, and (d) coastal diffraction. The solutions 
are obtained by modification of the known 
solutions for an ideally conducting wedge as in 
17 of February. In case (d) the conductivity is 
assumed to vary continuously at the sea-land 
boundary; for waves with the electric field per¬ 
pendicular to the coastline the signal strength 
should increase towards the coastline, for the 
magnetic field perpendicular to the coastline 
it decreases. 

621.396.11:551.510.535 1469 
Simultaneous Ionospheric Absorption 

Measurements at Widely Separated Stations— 
W. J. G. Bey non and K. Davies. (Jour. Atmos. 
Terr. Phys., vol. 5, pp. 273-289; November, 
1954.) Noon vertical-incidence measurements 
for the period September, 1950-August, 1951, 
made at Slough and Swansea (230 km apart), 
are compared. The frequency used was 2 me. 
The average correlation coefficient is 0.85 for 
winter months and 0.81 for summer months. 
Oblique-incidence intensity measurements were 
also made on cw signals of equivalent frequen¬ 
cies from Skelton, about 366 km north of 
Swansea, and from Allouis, about 666 km 
southeast of Swansea. The observations give 
some indication of the progressive decrease in 
the degree of correlation with increasing dis¬ 
tance between stations. The use of simple field-
strength recording as a measure of the absorp¬ 
tion is briefly considered. 

621.396.11:551.510.535 1470 
The Physics of the Ionosphere—(See 1340.) 

621.396.11:551.594.5 1471 
Polarization of Radio Echoes from Aurorae 

—A. G. McNamara and B. W. Currie. [Nature, 
(London), vol. 174, pp. 1153-1154; December, 
18, 1954.J Observations made at Saskatoon are 
described and the results analyzed. Frequencies 

of 56 and 106.5 me were used. Horizontally 
polarized signals were transmitted towards 
magnetic north, and a multiple antenna system 
was used to determine the angle of arrival and 
the different types of polarization of the echoes. 
A histogram shows numbers of echoes for dif¬ 
ferent values of polarization ratio (ratio of hori¬ 
zontal to vertical component of field strength). 
A wide variation of this ratio was observed on 
56 me; on 106.5 me all the echoes were polarized 
in the same plane as the transmitted signals. 
Multiple scatter within the reflecting region is 
considered more likely than magneto-ionic 
effect to cause depolarization. 

621.396.11:551.594.6 1472 
The Wave-Forms of the Electric Field in 

Atmospherics recorded simultaneously by Two 
Distant Stations —Norinder. (See 1348.) 

621.396.11.029.6 1473 
Review of Long-Distance Radio-Wave 

Propagation above 30 Mc/s—W. J. Bray, H. G. 
Hopkins, F. A. Kitchen and J. A. Saxton. 
(Proc. I EE, Part B, vol. 102, pp. 87-95; Janu¬ 
ary, 1955.) Factors affecting normal propaga¬ 
tion are reviewed. Surface roughness modifies 
the structure of the refractive-index profile. 
Diffraction effects produced by single large 
obstacles and by groups of obstacles are indi¬ 
cated. Attenuation due to absorption by oxygen 
and water vapor, and to absorption and scat¬ 
tering by clouds, fog and precipitation, become 
significant at frequencies over 3 kmc. Iono¬ 
spheric propagation via the F« layer, via the Et 

layer, by scattering from the E layer and via 
the auroras, and tropospheric propagation by 
way of elevated inversions, under conditions of 
superrefraction near the earth's surface, and by 
way of scattering from atmospheric turbulence, 
arc discussed briefly. 61 references. 

621.396.11.029.62 1474 
Some Features of V.H.F. Tropospheric 

Propagation—M. W. Gough. (Proc. I EE, Part 
B, vol. 102, pp. 43 58; January, 1955.) An 
analysis is made of continuous vhf signal-
strength records over numerous and diverse 
paths in tropical and Mediterranean regions; 
the observed variations can be satisfactorily 
explained in terms of well-known tropospheric 
states. In some cases it is possible to reconstruct 
from the records the salient features of tropo¬ 
spheric Ai profiles operative during the tests. 
Prolonged measurements over a Mediterranean 
path have yielded statistics of variations of the 
effective earth-radius factor which should be 
useful for predicting the statistical behavior of 
other paths in that area. A limited connection 
is found between median path attenuation and 
fading range for paths experiencing comparable 
tropospheric influences; on this basis the statis¬ 
tical behavior of paths can be forecast approxi¬ 
mately without a preliminary radio survey’. 

621.396.11.029.62/.63:551.509 1475 
Propagation on 144 and 420 Mc/s—C. E. 

Newton, G. M. C. Stone, A. J. Worrall and 
H. W. Parker. (R.S.G.B. Bull., vol. 30, pp. 
210-215; November, 1954.) A simple introduc¬ 
tion is given to the interpretation of meteoro¬ 
logical conditions for forecasting anomalous 
propagation, with particular reference to the 
London region. 

621.396.11.029.65:621.317.3 1476 
Experimental Equipment and Techniques 

for a Study of Millimetre-Wave Propagation 
W. E. Willshaw, H. R. L. Lamont, and E. M. 
Hickin. (Proc. I EE, Part B, vol. 102, pp. 99-
111; January, 1955.) Report of a program of 
research, carried out between 1945 and 1949, on 
propagation at wavelengths of 4-6 mm. Crystal 
harmonic generators and pulse and cw magne¬ 
trons were used as generators; the design of 
crystal detectors and mixers is discussed. Meas¬ 
urements were made of attenuation due to 
oxygen absorption over paths of a few kilo¬ 
meters; values of the reflection coefficient of the 
sea surface were derived. 
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621.376.232.2.018.75 1477 
Pulse Response of Signal Rectifiers—W. B. 

Lewis. (Wireless Eng., vol. 32, p. 89; March, 
1955.) Comment on 849 of April (Callendar), 
referring to previously published partial solu¬ 
tions of some of the problems discussed (ibid., 
vol. 9, pp. 487-499; September, 1932.) 

621.396.62:621.314.63 1478 
Influence of Image Frequency in Microwave 

Receivers with [crystal] Detector Mixer—■ 
E. Willwacher. (Fernmeldelech. Z., vol. 7, pp. 
608 615; November, 1954.) Conversion loss and 
IF output admittance are considered; analysis 
is presented indicating how the terminating 
admittance for the image frequency should be 
taken into account in the design of the re¬ 
ceiver. A numerical example is given. Experi¬ 
ments with a receiver for the frequency range 
2. 1-2.3 kmc emphasize the importance of pro¬ 
viding a line of suitable length between the 
input filter and the mixing circuit in order to 
keep the noise factor constant. 

621.396.62:621.314.7 1479 
Transistor Radio Receiver—D. Nappin. 

(Wireless World, vol. 61, pp. 123-124; March, 
1955.) Details are given of a four-stage receiver 
with rf amplifier and push-pull output, using 
five point-contact transistors of which only that 
in the rf stage needs to be specially selected for 
a particular characteristic. The output is about 
50 mw. 

621.346.62.029.62:621.314.7 1480 
A Transistor Superregenerative Receiver 

for 10 and 6 Meters \V. A. Wadsworth. 
(QST, vol. 38, pp. 17, 134; November, 1954.) A 
two-transistor receiver is briefly described. The 
total power requirement of 0.06w is provided 
by two 7.5-v batteries. 

621.396.621:621.396.822 1481 
Recovering Hidden Signals—J. Franklin. 

(Wireless World, vol. 61, pp. 137-140; March, 
1955.) An outline is given of the use of correla¬ 
tion techniques, especially in relation to the 
detection of periodic signal components masked 
by random variations. 

621.396.621.54 1482 
Two-Valve Superhet R. C. Lever. (Wire¬ 

less World, vol. 61, pp. 145-146; March, 1955.) 
The circuit uses a Type-12AH8 triode-heptode 
as frequency’ changer and a Type-ECL80 
triode pentode as detector and af-amplifier. 
The conventional IF amplifier is omitted, and 
the required gain is provided by regeneration. 

621.396.621.54 1483 
The TLR 190: a Novel 4-Valve Super¬ 

heterodyne Receiver—J. Marsac. (Toute la 
Radio, no. 190, pp. 387-391; November, 1954.) 
Good sensitivity, selectivity and fidelity to¬ 
gether with simplicity are claimed for a re¬ 
ceiver using a high-slope IF amplifier with a 
cathode-loaded detector which is capable of 
producing an avc voltage for application to the 
IF suppressor grid. 

621.396.621.54:621.314.7 1484 
The Transistor as a Mixer—P. D. Strum and 

J. Zawels. (Proc. IRE, vol. 43, p. 230; Febru¬ 
ary, 1955.) Comment on 1898 of 1954 and 
author’s reply. 

621.396.812.3 1485 
Performance of Space and Frequency Di¬ 

versity Receiving Systems—R. E. Lacy, 
M. Acker and J. L. Glaser. [Proc. IRE (Aus¬ 
tralia'), vol. 15, pp. 313-317; December, 1954. 
Convention Record IRE, Part 2, 148-152; 1953]. 
Report of an investigation covering a period of 
four years, carried out over three different 
paths. Six different frequencies were used, in 
the range 2.63 22 me. With the space-diversity 
systems, little improvement was obtained on 
increasing antenna separation beyond about 
600 feet. Differences are indicated between the 

results for separation perpendicular to and 
parallel to the direction of propagation. The 
improvement in reception varied inversely’ as 
the frequency. With a dual frequency-diversity 
system operating at 11.66 me nominal, the 
improvement was only slightly’ less than with a 
dual space-diversity system with 600-feet 
separation. 

STATIONS AND COMMUNICATION 
SYSTEMS 

534.861 1486 
Radio Studios —W. Furrer. (Tech. Milt. 

Schweiz. Telegr.-TelephVerw., vol. 32, pp. 430-
436; November 1, 1954. In German.) A brief 
review of the requirements as regards electro¬ 
acoustic equipment and acoustic characteris¬ 
tics, with illustration of studio details. 

621.39.001.11 1487 
Information Theory and Knowledge— 

A. Gamba. (Jour. A ppi. Phys., vol. 25, p. 1549; 
December, 1954.) Comment on 3032 of 1954 
(MacDonald). 

621.39.001.11 1488 
Quantity of Information in a Gaussian 

Stationary Process contained in a Second 
Process Stationarily Connected with it — M. S. 
Pinsker. [Compt. Rend. Acad. Sei. (URSS), 
vol. 99, pp. 213 216; November 11, 1954. In 
Russian.] Formulas are derived for determining 
the entropy and quantity of information in a 
Gaussian stationary process, when the spectral 
functions are known. See also 3105 of 1951 
(Elias). 

621.396.44:621.395.82 1489 
The Influence of Radio Transmissions on 

Carrier-Frequency Telephony on High-Voltage 
Lines—J. Grosskopf. (Fernmeldetech. Z., vol. 7, 
pp. 623-636; November, 1954.) An extensive 
experimental investigation was made of the 
interference effect of communication and broad¬ 
cast transmissions in the frequency range 100 
kc-1.5 me, both by direct measurement of the 
interference voltage and by estimating it from 
the strength of the local rf field. The inter¬ 
ference voltages measured at the carrier¬ 
frequency input at the telephony stations were 
analyzed statistically and related to the dis¬ 
tance from the interfering transmitters and the 
position of the hv lines. 

621.396.712(494) 1490 
Extension of the Swiss National Broadcast¬ 

ing Station at Softens—R. Pièce. (Tech. Mitt. 
Schewiz. Telegr.-TelephVerw., vol. 32, pp. 409-
430; November 1, 1954. In French.) A short 
historical account is given of the development 
of the Sottens station, followed by a detailed 
description of equipment installed in 1951. The 
existing 100-kw transmitter has been supple¬ 
mented by two 100-kw units which can be 
operated in parallel or independently, thus 
avoiding a break in transmission if one of the 
units fails. 

SUBSIDIARY APPARATUS 

621.316.722.1:621.387 1491 
The Processing and some Characteristics of 

Coaxial Cylinder, Corona Stabilizer Tubes— 
A. J. L. Collinson and D. W. Hill. (Jour. Sei. 
Instr., vol. 32, pp. 13 17; January, 1955.) The 
running voltage of tubes filled with hydrogen 
has been found to be stable to within 0.02 per 
cent over 24 h and to within 1 per cent over 
1,000 h. The defiendence of slope resistance on 
pressure and current has been investigated. 
The temperature coefficient of running voltage 
is about +0.005 per cent per degree C. It may 
be possible to obtain higher current by’ glow 
discharge treatment. 

621.319.3 1492 
A New Type of High-Voltage Machine— 

R. E. D. Clark and F. T. Farmer. [Nature 
(London), vol. 174, pp. 1065-1066; December 4, 
1954.] A machine is described which operates 

on a principle related to that of the van de 
Graaff generator, with the difference that the 
moving belts carry not surface charges but 
capacitors which become charged on reaching 
a certain point and are then connected in series. 
Performance figures are given for an experimen¬ 
tal model in which the capacitors are stationary 
and the electrical contacts are rotated. 

TELEVISION AND 
PHOTOTELEGRAPHY 

621.397.242:621.376.2 1493 
Modulators and Demodulators for the 

Transmission of Television Pictures via Cables 
- W. Dillenburger. (Fernmeldelech. Z., vol. 7, 
pp. 589-596; November, 1954.) German prac¬ 
tice, where the distance between studio and 
transmitter is several kilometers, is to transmit 
the picture signal on a 21-me carrier. Systems 
with the modulation applied to the control grid 
arc preferred to those with the modulation on 
the suppressor grid. Automatic control of the 
synchronizing-pulse level at the demodulator 
output is necessary; the simplest method is to 
subject the synchronizing pulses to enhanced 
amplification followed by’ limiting. A magnetic 
voltage stabilizer is included in the tube-heater 
circuit. A simple black-level-setting arrange¬ 
ment including a keyed diode is used. 

621.397.5 1494 
Special Television Numbers—(Onde elect., 

vol. 34, pp. 824-945 and 958-1040; November 
and December, 1954.) Papers are included on 
numerous aspects of the subject, including the 
physiological optics of viewing, a spiral scan¬ 
ning system, transmitting-station equipment, 
the “cigar type” and related types of antenna 
for long-distance reception on meter wave¬ 
lengths, asymmetrical-sideband transmission 
systems, Euroiæan program-exchange arrange¬ 
ments, outside-broadcast equipment, cm-X link 
equipment, large-screen projection systems, 
telecine and telerecording equipment, and in¬ 
dustrial television equipment. 

621.397.5:535.623j.001.4 1495 
Phase Meter analyzes Color TV Systems 

R. W. Houghton. (Electronics, vol. 28, pp. 156— 
160; January, 1955.) The phase specifications 
for the NTSC system are discussed. To ensure 
that there is no perceptible color error, receiver 
phase errors must be below 5 degrees, corre¬ 
sponding to a time delay of 0.004 jus at the 
color subcarrier frequency of 3.58 me. Test 
equipment suitable for use in receiver factory 
or broadcast studio is described. 

621.397.5:778.5 1496 
The Recording, Reproduction and Process¬ 

ing of Sound Films for Television—H. Friess. 
(Fernmeldelech. Z., vol. 7, pp. 346-348; July, 
1954.) 

621.397.5(083.74)(94) 1497 
Australian Television. Revision of Technical 

Standards—[Proc. IRE, (Australia), vol. 15, 
pp. 318-320; December, 1954.] The revised 
standards issued on October 1, 1954 are pre¬ 
sented. 

621.397.5(083.74)(94) 1498 
Technical Requirements of the Australian 

Television System—A. J. McKenzie. [Proc. 
IRE (Australia), vol. 15, pp. 301-312; De¬ 
cember, 1954.] A table is presented of the tele¬ 
vision standards of various countries, including 
those for the projected Australian system. The 
latter are discussed in detail; they differ only 
slightly from the CCIR 625-line standards, the 
most important difference being that a channel 
width of 7.5 me is specified as compared with 
the CCIR 7 me; this is largely with a view to 
the later introduction of color television. 
Receiver IFs of 31.25 me and 37.25 me for 
sound and picture respectively are recom¬ 
mended. Frequency details arc given of vhf and 
uhf channel reservations. It is estimated that 
an allocation of three stations to each capital 
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city and one to each town with a population 
over 5,000 is reasonable, subject to economic 
considerations. 

621.397.6 1499 
Industrial Television Equipment using 

Spiral Scanning—A. V. J. Martin. {Toute la 
Radio, no. 190, pp. 357-363; November, 1954.) 
Description of equipment developed by Der-
veaux, in which the scanning waveform is a 15-
kc sine wave modulated with a 50-cps saw¬ 
tooth. 

621.397.62 1500 
The 625-Line C.C.I.R. System: a Line 

Timebase Investigation—R. R. Harman. {Jour. 
Telev. Soc., vol. 7, pp. 334-337; October/De-
cember, 1954.) From field trials in Holland of 
a prototype receiver which incorporated both 
normal and flywheel synchronization circuits, 
the necessity of providing a flywheel circuit in 
order to obtain acceptable pictures for input 
signals < 1 mv and its desirability even at 
higher input levels were established. The cir¬ 
cuit will also deal with pulse interference and 
receiver noise, when these are not severe. 

621.397.62(083.74) 1501 
An Intermediate Frequency for C.C.I.R. 

Television Standards- H. B. S. Brabham. 
{Jour. Telev. Soc., vol. 7, pp. 338-342, 346; 
October/December, 1954.) Conditions are dis¬ 
cussed for ensuring that a superheterodyne 
receiver shall be free from spurious response 
generated in the mixer and detector, shall not 
itself cause interference and shall be reasonably 
immune from outside interference. A chart is 
presented which shows that in order to avoid 
spurious responses, the IF must have a mid¬ 
band frequency between 36 and 39 me. 37.25 
me is recommended. This choice will also avoid 
local-oscillator radiation within band I. Field 
tests in Holland gave satisfactory results. Ex¬ 
ternal transmitter interference can be dealt 
with by providing a simple frequency-selective 
trap. 

621.397.621.2 1502 
Spurious Line Scan Resonances—K. G. 

Beauchamp. {Wireless World, vol. 61, pp. 109-
114; March, 1955.) The generation of various 
types of unwanted oscillation by the line-scan¬ 
circuit output tube is discussed and methods 
for reducing their effects on the picture are out¬ 
lined. 

621.397.7 4- 621.397.61 1503 
Rowridge Television Transmitting Station— 

[Engineer {London), vol. 198, p. 71 1 ; November 
19, 1954.] Brief details are given of this BBC 
station, where regular service was inaugurated 
in November, 1954. Operation is in channel 
3, with vision on 56.75 me and sound on 
53.25 me. Modulation of the main vision trans¬ 
mitter is at low level; peak-white output is 
5 kw; no separate filter is used for shaping the 
vestigial sideband. The sound transmitter is a 
conventional class-B modulated equipment 
rated at 2 kw output. The vision program 
reaches Rowridge from London via a repeater 
station and a microwave radio link; the sound 
program is conveyed by telephone circuits. A 
single tower carrier the microwave receiving an¬ 
tenna and the two-stack-dipole temporary 
transmitting array. 

621.397.7 1504 
Operating Experiences with the B.B.C. 

Television Studios at Lime Grove—D. C. 
Birkinshaw. {Jour. Telev. Soc., vol. 7, pp. 315— 
332; October/December, 1954.) Developments 
at Lime Grove since April, 1952 are critically 
discussed. Extra channels including a flying-
spot/M echau system have been added to the 
telecine equipment. For telerecording the in¬ 
verted Mechau system now has a better per¬ 
formance than the suppressed-frame system. 
Since all large studios have to be used for dif¬ 
ferent types of production, a compromise acous¬ 
tic treatment imparting a moderate degree of 

“aliveness” has been given by applying a cer¬ 
tain amount of plasterboard to the walls. 
Lighting technique is under review. Complex 
vision mixers are to be replaced by simpler 
units. Other equipment and problems are also 
discussed. 

621.397.7 1505 
Special Effects for Television Studio Pro¬ 

ductions—A. M. Spooner and T. Worswick. 
{Proc. I EE, Part B, vol. 102, p. 68; January, 
1955.) Discussion on 561 of 1954. 

621.397.7:535.623:628.972 1506 
Color Television Light Sources H. M. 

Gurin. {Jour. Soc. Mol. Pic. Telev. Engrs., vol. 
63, pp. 51-54; August, 1954.) Factors leading 
to the choice of tungsten illumination for use 
with the NTSC system are discussed. Operat¬ 
ing experience is described. 

621.397.743 1507 
LT.A. [Independent Television Authority] 

Transmitters—{Wireless World, vol. 61, pp. 
120-122; March, 1955.) Problems of siting the 
I TA band-Ill stations are discussed. Co-siting 
with BBC band-I stations leads to simplifica¬ 
tion of receiving antennas but involves diffi¬ 
culties in the design of the transmitting an¬ 
tennas. Because of the different population 
distributions in the service areas of the BBC 
stations, the desirability of co-siting must be 
considered separately for each case. 

TRANSMISSION 

621.396.61:621.373.42 1508 
Navy Transmitter uses Frequency Synthe¬ 

sizer—H. Romander and R. Watson. {Elec¬ 
tronics, vol. 28, pp. 138-143; January, 1955.) A 
transmitter for telegraphy or facsimile is set to 
any frequency from 30 to 600 kc, accurate to 
within 3 cps, by setting four dials. Details are 
given of the signal generator, in which the de¬ 
sired frequency is obtained by synthesis of 
selected multiples of 1 kc, using a continuously 
variable Wien-bridgc oscillator for interpo¬ 
lation. 

TUBES AND THERMIONICS 

621.314.63 + 621.314.7 1509 
Semiconductor Devices made with Single 

Crystal Germanium-Silicon Alloys—R. A. 
Logan, A. J. Goss and M. Schwartz. {Jour. 
A ppi. Phys., vol. 25, pp. 1551-1552; December, 
1954.) The formation of p-n junctions by solid¬ 
phase diffusion of impurities into the crystal 
[2226 of 1954 (Pearson and Fuller)] is well 
suited for use with Ge-Si alloys. Characteristics 
of some diodes and transistors are reported 
briefly. 

621.314.63:546.289 1510 
A Note on the Effect of Temperature Gradi¬ 

ents at Point Contacts on Germanium—II. K. 
Henisch and P. M. Tipple. {Proc. Phys. Soc., 
vol. 67, pp. 651-652; August 1, 1954.) The 
effect of a temperature gradient on the resist¬ 
ance of the point contact is shown graphically, 
data being obtained from pulse measurements 
and by inference from de measurement; for a 
given contact temperature the de reverse resist¬ 
ance increases with increasing temperature 
gradient. If there is any appreciable hole cur¬ 
rent at large reverse voltages, the current 
should be sensitive to changes in the hole re¬ 
placement rate. This should depend on tem¬ 
perature gradient as well as on actual contact 
temperature. An alternative explanation is 
considered, but it fails to account for the mag¬ 
nitude of the resistance changes. 

621.314.63:546.623.86 1511 
Use of AlSb for Crystal Valves—G. Zielasek. 

{Arch, elekt. Übertragung, vol. 8, pp. 529-533; 
November, 1954.) Properties of AlSb relevant 
to its use in diodes are compared with those of 
Ge and Si; operational and economic advan¬ 
tages are indicated. For small signals, the for¬ 
ward slope of the AlSb diode is higher than that 

of the Ge diode. The diffusion voltage of AlSb 
is less than that of Ge and Si. 

621.314.632:546.28 1512 
A New High-Temperature Silicon Diode— 

C. G. Thornton and L. D. Hanley. (Proc. 
IRE, vol. 43, pp. 186-188; February, 1955.) 
An account is given of the preparation of a 
point-contact diode by a process involving 
bombardment of the Si surface with oxygen 
ions, using technique described by Ohl (1337 
of 1952). The diode is characterized by (a) very 
low saturation currents, of the order of 1/za, 
(b) high in verse-vol tage operation (70-200 v), 
(c) low barrier capacitance (<0.3 pF), and (d) 
satisfactory operation at temperatures up to 
200 degrees C. 

621.314.632:621.372.632 1513 
Crystal Convertor—J. Shimizu. [Rep. Elect. 

Commun. Lab. {Japan), vol. 2, pp. 1-8¡August, 
1954.] The processing and design of a Si crystal 
for frequency conversion in microwave re¬ 
ceivers and transmitters are discussed. Experi¬ 
mental studies are reported on the effect of 
contact pressure and heat treatment on the 
de characteristic and in particular the influence 
of spreading resistance and barrier capacitance 
on the conversion loss. Results of measure¬ 
ments made at 4 kmc on a series of rectifier 
type IN23B and SH5A are given. 

621.314.7 1514 
Reliability of Quantity-Produced Transis¬ 

tors in Low-Power Audio Applications —F. M. 
Dukat. {Trans. IRE., no. PGQC-4, pp. 32-39; 
December, 1954.) A report based on the per¬ 
formance of about one million diffused-junction 
p-n-p transistors, with plastic encapsulation 
and leads sealed in glass, used in hearing aids. 

621.314.7 1515 
Theory of Diffusion-Type and Drift-Type 

Transistors: Part 3—Design—II. Krömer. 
{Arch, elekt. Übertragung, vol. 8, pp. 499-504; 
November, 1954.) In drift transistors with the 
drift field produced by nonuniform doping, 
undesirably high emitter capacitance can be 
reduced by using several different semiconduc¬ 
tors. The field can alternatively be produced by 
altering the width of the forbidden band, by 
preparing the base from a nonstoichiometric 
mixed crystal (e.g. Ge-Si) of graded composi¬ 
tion. Variants of this method are indicated. 
If the current density is above a certain value 
the drift transistor behaves as an ordinary dif¬ 
fusion type; high distortion is produced in the 
transition range. Requirements for avoiding 
this condition are indicated. The characteristic 
curves are examined; they are straighter and 
more nearly parallel for the drift transistor 
than for the diffusion type. The results indicate 
that for the same base thickness the drift type 
is superior as regards frequency cut-off, gain, 
and undistorted power. Part 2: 579 of February. 

621.314.7 1516 
Introduction to Transistor Electronics—■ 

H. K. Milward. (IFfr^ss World, vol. 61, pp. 
60-65 and 133 136; February and March, 
1955.) The operation of junction transistors is 
explained simply in terms of the potential 
gradients and current-carrier paths in the semi¬ 
conductor. 

621.314.7:546.289 1517 
On the Current Gain of Germanium Fila¬ 

mentary Transistors—R. Lawrance, A. F. Gib¬ 
son and J. W. Granville. {Proc. Phys. Soc., vol. 
67, pp. 625-635; August 1, 1954.) Current-
gain/temperature measurements were made on 
filamentary transistors of «-type Ge single 
crystals having resistivities between 2 and 8Ü. 
cm. Results indicate that hole trapping is re¬ 
sponsible for the high current gain observed 
at low temperatures and low emitter currents. 
Evidence from ion-bombardment and illumi¬ 
nation experiments suggests that the holes are 
trapped in a surface channel produced by the 
minimum potential energy for holes near the 
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surface. The mobility of a hole in the channel 
is believed to be very small and the lifetime of 
a hole in the channel very long. 

621.314.7:546.289 1518 
Current Multiplication Processes in n-Type 

Germanium Point-Contact Transistors -C. A. 
Hogarth. (Proc. Phys. Soc., vol. 67, pp. 636-
643; August 1, 1954.) Experiments are reported 
which indicate that, for type-A transistors, the 
rise in current gain associated with low emitter 
current is a feature of the collector contact and 
is not associated with the type of traps dis¬ 
covered by Lawrance (2332 of 1953 and 2130 
of 1954). The increase in current gain could be 
accounted for by a decrease in barrier height 
due to holes arriving in the vicinity of the 
collector. Experiments gave results supporting 
this theory. 

621.314.7:621.375.4.029.3:621.396.822 1519 
Investigations of Noise in Audio Frequency 

Amplifiers using Junction Transistors—Bargel-
lini and Herscher. (See 1302.) 

621.314.7.001.4 1520 
A Versatile Transistor Tester— Bailey. 

(See 1428.) 

621.383.5 1521 
Physical Properties of Thin Photosensitive 

Films of Cadmium Sulphide—G. Wlérick and 
F. Prcgermain. (Jour. Phys. Radium, vol. 15, 
pp. 757-764; November, 1954.) The suitability 
of CdS cells for measurements of low luminous 
intensities was investigated. For each cell 
tested a critical temperature seems to exist 
above which there is no equilibrium value of 
current. At lower temperatures photoelectric 
inertia is troublesome, and it is essential to use 
only cells that have been kept in the dark for 
at least 24 hours. A self-quenching effect at 
high intensities and anomalies in the initial 
slope of the decay curve after exposure to light 
before the commencement of the test were 
also observed. 

621.385.029.6 1522 
Complex-Frequency Analysis for Transit-

Time Valves F. W. Gundlach. (Fernmelde-
tech. Z. vol. 7, pp. 598-607; November, 1954.) 
Conditions for growth of oscillations in transit¬ 
time tubes arc analyzed in terms of complex 
frequencies and complex transit angles by 
extending the linear theory presented previ¬ 
ously (1825 of 1950). The solutions depend on 
the frequency variation of the admittance of 
the tube-circuit combination. The admittance 
variations with complex frequency are deter¬ 
mined for a number of passive circuit elements 
and are shown graphically. Types of tube con¬ 
sidered are (a) space-charge diode, (b) reflex 
klystron, (c) dynatron, and (d) traveling-wave. 

621.385.029.6 1523 
Noise in Cut-Off Magnetrons—R. C. Glass, 

G. D. Sims and A. G. Stainsby. (Proc. I EE, 
Part B, vol. 102, pp. 81-86; January, 1955.) 
Measurements have been made of the noise 
fluctuations in the anode current at anode 
voltages ranging from zero to the value at which 
oscillations start. Noise peaks are observed at 
frequencies which vary in a regular manner 
with anode voltage and with magnetic field 
strength. The results indicate that the space 
charge is in a state of oscillation even at very 
low voltages, and these oscillations explain the 
very high electron temperatures that have been 
observed. The results also explain the high 
rates of rise of rf amplitude obtained with 
pulsed magnetrons. It seems probable that the 
prc-oscillation modes largely determine the 
oscillation mode. An investigation of the 
influence of parameters such as cathode di¬ 
ameter on the space-charge oscillations should 
l>e useful. 

621.385.029.6 1524 
A Coupled-Mode Description of Beam-

Type Amplifiers 11. Heffner. (Proc. IRE, vol. 
43, pp. 210-217; February, 1955.) Analysis for 
klystron and traveling-wave tubes is presented 
in which the electron beam and the circuit are 
treated as coupled transmission lines. Expres¬ 
sions are derived for the ac power flow. 

621.385.029.6 1525 
On the Minimum Noise Figure of Travel¬ 

ing-Wave Tubes—S. W. Harrison. (Proc. IRE, 
vol. 43, p. 227; February, 1955. Sylvania 
Technologist, vol. 7, p. 123; October, 1954.) A 
general proof is given that minimum noise is 
attained at the same beam voltage as maximum 
gain, assuming absence of correlation between 
initial-velocity and initial-current fluctua¬ 
tions. 

621.385.032.216 1526 
International Congress to mark the Fiftieth 

Anniversary of the Oxide Cathode—(I.e Vide, 
vol. 9, pp. 224-316; November, 1954.) The text 
is given of the following further papers: 
“Properties of Hot Cathodes for Microwave 

Valves,”—D. Charles and H. Huber (pp. 
224-233). 

“Examples of Hot Cathodes for Microwave 
Valves,”—H. Huber and D. Charles (pp. 
234-243). 

“Cathodes for Magnetrons,”—A. Dubois (pp. 
244-248). 

“Conditions Imposed on Hot Cathodes forC.R. 
Tubes,”—C. Dufour and G. Wendt (pp. 
249-252). 

“Oxide Cathodes in Gas-Discharge Lamps,”— 
P. L. Voreaux (pp. 253-256). 

“A Self-Heating Emissive Electrode with F used 
Active Layer, for Luminescent and Fluores¬ 
cent Tubes,”—P. Delrieu and R. Penon 
(pp. 257-260). 

“Cathodes for Hydrogen-Filled Thyratrons,”— 
P. Leduc (pp. 261-265). 

“Active Cold Cathode for Gas-Filled Tubes,” 
C. Biguenet (pp. 266-268). 

“Applications of the L Cathode,” A. Venema 
(pp. 269-272). 

“Ionic Impact and Gas Contamination of the 
L Cathode,”—S. Fugawa and II. Adachi 
(l>p. 273-278). English version included. 

“Evaporation of the Barium from Capillary 
Metal Cathodes,”—H. Katz (pp. 279 283). 
German version included. 

“The ‘Impregnated’ Cathode and its Structural 
Characteristics compared with the ‘L* 
Cathode,”—R. Levi (pp. 284 289). English 
version included. 

“Thermionic Properties of Moulded Cathodes 
Made from Metal and Alkaline-Earth 
Oxides,”—R. Uzan (pp. 290 296). 

“Directly Emissive Sintered Thermionic Cath¬ 
odes,”—Nguyen Thien-Chi and P. Dus-
saussoy (pp. 297-301). 

“A New Type of Diffusion Cathode,”- A. H. 
Beck, A. D. Brisbane, A. B. Cutting and 
G. King (pp. 302-309). English version in¬ 
cluded. 

“Preliminary Work on Cathodes of the 
‘Barium-Salt-Based Moulded’ Type,”— 
II. Huber and J. Freytag (pp. 310-316). 

For previous lists see 1216 of May. 

621.385.15:621.318.57 1527 
Storage Tube employs Secondary Emission 

—W. E. M. Uhlmann. (Electronics, vol. 28, pp. 
161-163; January, 1955.) A switching tube 
(“memotron”) designed for telephone systems 
is described. The anode comprises a cylinder 
surrounding a coaxial squirrel cage, with the 
20 secondary emitting storage elements located 
in the annular space between them. 

621.385.3 + 621.385.5 1528 
Electron-Optical Treatment of Current Di¬ 

vision in Radio Valves—S. Deb. ( Indian Jour. 
Phys., vol. 28, pp. 348-364; August, 1954.) The 
method of investigation described previously in 
relation to the planar triode (1533 of 1953) is 
extended to the case of nonplanar triodes and 

pentodes. Formulas are derived for the focal 
lengths of the aperture constituted by adjacent 
grid wires and the ratio of grid current to total 
current in a cylindrical triode, and for the 
ratio of screen-grid current to anode current in 
a pentode. Experiments with rubber-membrane 
models are reported. 

621.385.832 1529 
Use of Electron Guns with Spherically 

Curved Electrodes in Cathode-Ray Tubes • 
J. Laborderie. (Ann. Radioelect., vol. 9, pp. 
366-373; October, 1954.) The design of a 
Pierce-type gun for low-intensity beams is 
considered, in particular the ratio of the radius 
of curvature of the cathode to that of the anode, 
which ratio must be large. In an experimental 
tube with cathode-target distance 20 cm and 
voltage 1 kv, spot radius was 0.15 mm with 
current density 50 ma/cm2. 

621.385.832:681.142 1530 
The Physics of Cathode-Ray Storage Tubes 

—C. N. W. Lifting. (Jour. Sei. Instr., vol. 31, 
pp. 351-356; October, 1954.) A nonmathemati-
cal account is given of the principal theories of 
the cr-storage-tube mechanism and of experi¬ 
ments made to test these theories. Theory 
based on the triode tube explains the experi¬ 
mental results obtained at Manchester and 
also explains the continued usefulness of the 
original theory of Williams and Kilburn (2258 
of 1949). 

621.387:621.318.57 1531 
A Novel Gas-Gap Speech Switching Valve 

—A. H. Beck, T. M. Jackson and J. Lytollis. 
(Electronic Eng., vol. 27, pp. 7-12; January, 
1955.) Cold-cathode gas-filled tubes are de¬ 
scribed, designed to give low noise (at least 60 
db below signal level) and low striking resist¬ 
ance (about 100 SI) independent of signal fre¬ 
quency up to at least 50 kc. The electrode 
arrangement comprises cathode and twin 
anodes; several practical forms are illustrated. 
Multi-gap and single-gap variants arc also 
discussed. The devices are intended for tele¬ 
phone switching applications. 

621.387.032.213 1532 
The Emission from Hot Cathodes in Gas 

Discharges—A. E. Pengelly and D. A. Wright. 
(Prit. Jour. Appl. Phys., vol. 5, pp. 391-395; 
November, 1954.) The emission was investi¬ 
gated experimentally for both directly and in¬ 
directly heated cathodes, over a wide range of 
current. The condition of zero-field thermionic 
emission was identified in the presence of a 
discharge in inert gas; emission from cathodes 
in Ar, at zero field, is generally equal to the 
emission in vacuum. At very high currents the 
total electron emission is greater than the 
thermionic emission, either because of field 
enhancement or because of the Townsend y 
multiplication process at the cathode. Results 
are tabulated and presented graphically. 

MISCELLANEOUS 

061.6: [621.396.9 + 681.142 1533 
Electronics Research Laboratory in Scot¬ 

land [Engineer (London), vol. 198, pp. 565-
566; October 22, 1954.] A brief account of the 
layout of the new Ferranti laboratory at Edin¬ 
burgh and mention of some of the items under 
investigation, including control of machines by 
digital computers, and radar development. A 
similar account is given in Engineering (Lon¬ 
don), vol. 178, pp. 537-538; October 22, 1954. 

621.396:061.24 1534 
The Seventh Plenary Assembly of the In¬ 

ternational Radio Consultative Committee -
E. W. Allen. (Proc. IRE, vol. 43, pp. 132-
139; February, 1955.) An outline is given of the 
organization and functions of the CCIR and of 
the discussions and recommendations of the 
Assembly held in London in 1953. 
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Wide field for industrial developments 
opened up by new ceramic transducer 

Where would extraordinary simplifica¬ 
tion of the transfer from electrical to me¬ 
chanical energy benefit an industrial or 
manufacturing project? Research and 
design ingenuity can undoubtedly come 
up with a multitude of possibilities. How¬ 
ever. a potentially fruitful and exciting 
answer to this basic question lies with 
the appearance of a new series of piezo¬ 
electric ceramic transducers developed 
by Guitón Mfg. Corp, under the trade¬ 
mark n.iixin CEIL* 

These transducers distort in bending, 
flexural, ami torsional modes with four 
distinct advantages, namely (1) low, 
sonic, resonant frequencies from 20 cps 
to 10 kilocycles. (2) high displacement 
amplitude per applied voltage. (3) small 
size, and (4 I only two electrodes re¬ 
quired. The three basic configurations 
used are the split cylinder, helix, and 
spiral, but other forms can be fabricated 
as well. 

Owing to the tremendous potential ap¬ 
plication of the flexducer, we invite ex¬ 
perimental cooperation with industry and 
the military faced with design problems 
where these transducers can serve to dis¬ 
tinct advantage. For instance, by using 
such transducers in resonance, low fre¬ 
quency filters and oscillators could be 
built. 

Then, has a sonic pump been consid-
♦Patent ape lied for 

ered using the split cylinder transducer 
which avoids all moving ami rotating 
parts in a completely enclosed circulat¬ 
ing system, and eliminating all leaks and 
contamination? The photo illustrates the 
basic principle by showing a fountain 
produced by a flexducer ring operating 
at 60 cps. 

Would the advantage of a low-imped¬ 
ance transducer appeal to the manufac¬ 
turer of loudspeakers who might wish to 
eliminate the need of matching trans¬ 
formers between the amplifier output and 
¡he loudspeaker diaphragm? 

It is also conceivable that the electric 
motor might be eliminated in an eleciric 
shaver by using the right transducer at¬ 
tached directly to the cutting blaues. 

Helix and spiral transducers which 
produce enormous displacement for a 
given DC voltage might be useful in the 
design of relays. 

Another useful application is foreseen 
in DC-AC choppers where DC is con¬ 
verted to AC for voltage change in trans¬ 
formers. 
Guitón Mfg. Corp, welcomes the op¬ 

portunity to work with interested organi¬ 
zations or individuals to provide them 
with experimental FLEXDUCER units and 
production flexducer elements intended 
as vital components in completely new 
products for the consumer, other indus¬ 
tries. or the military. 

New high frequency vibrator 
designed for tube testing 
and accelerometer calibration 

Tube manufacturers must determine 
vibrational resonances in electron tubes. 
Shock and vibration experts now require 
accelerometer calibrations up to 10 kc. 
Both will be interested in the new Glen-
nite piezoelectric vibrator (.Model AT-
10A) which has been specifically devel¬ 
oped for the generation of high fre¬ 
quency mechanical vibration in small 
structures and devices (pictured below). 

Utilizing a rigid stack of Glennite 
piezoelectric transducers, this device lias 
a fundamental resonant frequency of 27 
kc. It is the balanced inertia type, since 
the center of the vibrating structure does 
not move. Compliant support of the vi¬ 
brating stack at this node completely iso¬ 
lates vibrations from the housing. 

Resonant-free up to 27 kc. the AT-10A 
has been found extremely useful in cali¬ 
brating accelerometers up to 10 kc. and 
can also be used to determine vibrational 
resonances in small devices, such as elec¬ 
tron tubes. The stiff electromechanical 
design of this instrument minimizes the 
effect of loading masses, and the vibrator 
will handle masses up to 3 ounces. This 
unit is provided with titanium end plates 
for mounting various types of devices. 

Characteristics: resonant frequency 27 
kc; sensitivity 2.3 micro-inches per 55 
volts input; acceleration range up to fA g 
at 1 kc and 50 g at 10 kc; frequency 
range 1 kc to 10 kc; recommended load 
up to 3 ounces; size 4" x 6" x 4"; cali¬ 
bration-interferometer calibration fur¬ 
nished up to 9 kc. internal standard ac¬ 
celerometers furnished. 

For more information about Vibrator 
Model AT-I0A, write on your letterhead to 

Gulton Mfg. Corp. 
201 Durham Avenue, 
Metuchen, New Jersey 

14 » < * 

GULTON INDUSTRIES, INC. 
Gulton Mfg. Corp. • Glenco Corporation • Vibro-Ceramics Corporation 

Gre bach Instruments Corporation • Thermistor Corporation of America 
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To build a better flyback transformer... 

flyback transformer coil forms are fabricated from select 

materials and resin impregnated by a special process to provide 

optimum dielectric characteristics. 

In volume resistivity ... low power factor ... resistance 

to voltage break down ... excellent thermal properties ... and 

low moisture absorption .. . Resinite outperforms all 

other resinated products. 

Resinite flyback transformer coils are available in 

any size or shape and are notched to your specification. 

Delivery is prompt in any quantity. 

Request full information and samples 

RESINITE ! 

CORPORATION 

Sales Representatives in: 
New England: Framingham, Massachusetts, Trinity 3-7091 

Metropolitan New York, New Jersey: Jersey City, New Jersey, Journal Square 4-3574 

Upstate New York: Syracuse, New York, Syracuse 4-2141 

Northern Ohio, Western Pennsylvania: Cleveland, Ohio, Atlantic 1-1060 

Indiana, Southern Ohio: Logansport, Indiana, Logansport 2555 

Missouri, Southern Illinois, Iowa: St. Louis. Missouri, Sterling 2318 

Maryland: Baltimore, Maryland, Plaza 2-3211 

Philadelphia, Camden: Philadelphia, Pa., Chestnut Hill 8-0282 

California: Pasadena, California, Sycamore 8-3919 

Canada: Montreal, Quebec, Canada. Walnut 0337 

Division of 

PRECISION PAPER TUBE COMPANY 
2035G W. CHARLESTON ST. • CHICAGO 47, ILLINOIS 

News-New Producís 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 94A) 

Proportional Amplifier 
A new selective range de proportional 

amplifier, designed for use as a preamplifier 
in recording measurement systems or as an 
amplifier in highly sensitive control sys¬ 
tems, was recently announced by Doelcam, 
a division of Minneapolis-Honeywell 
Regulator Company, Soldiers Field Rd., 
Boston 35, Mass. 

A feature of the new instrument 
(known as Model 2HLA-4) is its use of the 
Doelcam second-harmonic magnetic con¬ 
verter as the input modulator. This con¬ 
verter avoids the inherent limitations of 
the usual vibrator-type converter and 
makes possible linear output, high sensi¬ 
tivity anti low noise level. 

Other features of the instrument in¬ 
clude extended frequency response, inter¬ 
changeable plug-in range units and op¬ 
tional isolated input. 

The optional isolated input is useful in 
temperature measurements using thermo¬ 
couples or thermistors. The plug-in range 
unit provides the desired combination of 
gain and bandwidth which is optimum for 
any given application. This range plug-in 
unit can be conveniently interchanged for a 
different combination of gain and band¬ 
width by merely replacing one plug-in unit 
by another. 

Full-scale voltage ranges as low as 100 
microvolts may be selected, and a gain as 
high as 105 may be provided. The noise level 
is less than 5 microvolts and long term 
drift is less than 10 microvolts. Linear 
response within ± 1 per cent may be ex¬ 
tended from de to as high as 80 cps. Over¬ 
range inputs up to 1,500 times full-scale 
input have no adverse effects. 

The Model 2HLA-4 is a portable in¬ 
strument, weighing 20 pounds and meas¬ 
uring 6g wide by 6| high by 14 inches 
deep. It can be bench or rack mounted. 

Transducer 
Technology Instrument Corp., 535 

Main Street, Acton, Mass., announces a 
dual element air flow differential pressure 
transducer. This small instrument is 
specifically designed for high output to 
speed-altitude-time computers, telemeter 

(Continued on page 100 A) 
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MILLIONS of crystals made to ANY 

specifications but only ONE standard quality 

Midland frequency control units are on the job in two-way communications 

on land, seo and in the air throughout the world. Now they're playing a leading 

role in color television. The range of applications Midland serves is wide, but 

every Midland crystal has one thing in common- a single level of quality. 

That one quality is simply the highest that modern methods and machines 

can produce. It's assured by Midland's system of critical quality control — 

exacting inspection and test procedures through every step of processing. 

Result: Your Midland crystal is going to give you the best possible service in 

frequency control —with stability, accuracy, and uniformity you can stake your 

life on ... as our men in the armed forces and law enforcement do every day. 

A/k ¡i Ud fe fe Cwúd 

MANUFACTURING COMPANY, INC. 
3155 Fiberglas Road. Kansas City, Kansas 

O R L D'S LARGEST PRODUCER OF QUARTZ CRYSTALS 
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Acute Eßechic wutkea 
EncapauMßd Ttmfcewe/u 

ACME ELECTRIC CORPORATION 
446 WATER ST. • CUBA, N. Y. 

West Coast Engineering Laboratories: 
1375 W. Jefferson Blvd., Los Angeles, California 

In Canada: Acme Electric Corp. Ltd. 
50 Northline Road, Toronto, Ontario 

• For applications where 
environmental conditions re¬ 
quire transformers of excep¬ 
tional resistance to climatic 
conditions, put your problems 
up to Acme Electric engin-
neers. Our facilities include 
equipment for encapsulating 
transformers in plastic resin 
compounds. 

We invite your inquiries. 

ÆÆWuhf MEGACYCLE METER 
With the Widest 

Frequency Coverage 
in a Single Band 

FEATURES 

• Excellent coupling sensitivity. 

• Fixed coupling point. 

• Small grid current variation 
over band. 

• Calibration point every 10 Me. 

• Uses split-stator tuning con¬ 
denser with no sliding metal 
contacts. 

• Standard camera socket for 
tripod fixtures. 

• Octagonal case for convenient 
positioning. 

• Useful in television transmit¬ 
ting and receiving equipment. 

SPECIFICATIONS 
FREQUENCY RANGE: 430-940 Me in a single band 

FREQUENCY ACCURACY: ±2% (Individually calibrated) 

OUTPUT: CW or 120-cycle modulation 
POWER SUPPLY: 117 volts, 60 cycles, 30 watts 

DIMENSIONS: Oscillator Unit 454" x 2’A" 
Power Unit S 1/«" wide x 6W* high x 7!/i" deep 

News4'ew 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 98 A) 

systems, electric recorders, servo systems, 
meter display or alarms. 

The pressure response movements of 
each of two metal bellows are translated 
into motion of sliders of paired precision 
potentiometers. One bellows is connected 

to the dynamic pick-up line from Pitot or 
Venturi; the other bellows is exposed to 
pressure from the pick-up line sampling the 
static or ambient pressure. The electrical 
outputs of each of the instrument’s four 
potentiometers are individually brought 
out to terminals, providing individual ac¬ 
cess to dynamic or to static data. Through 
an external electrical combining network, 
dynamic data may be automatically 
“normalized” or corrected with respect to 
static data as required by the application, 
limited only by the designer’s ingenuity. 

Typical application to speed-altitude 
measurement provides a range from 0 to 
580 knots over an altitude range of — 1,000 
to 20,000 feet. Potentiometer resistance 
ratio vs. pressures is linear within 0.5 per 
cent ; hysteresis within 0.5 per cent ; change 
with temperature (—55°C to +71°C) not 
over 0.5 per cent; resolution increment less 
than 0.2 per cent of pressure range. Con¬ 
struction withstands 40g shock; departure 
from static calibration not over 0.7 per 
cent under 10g vibration up to 200 cps. 
Size 2£X4 3/88X5Î; weight 1.3 lbs. 

Test Equipment Library 
Carl L. Frederick and Associates, 4630 

Montgomery Ave., Bethesda 14. Md., is 
now making available, for the first time 
commercially, descriptive data on elec¬ 
tronics test equipments. This comprehen¬ 
sive compilation (3 volumes; 2,300 pages; 
approximately 900 test equipments) is the 
residt of a research project originated and 
monitored by the Wright Air Development 
Center of the United States Air Force's 
Air Research and Development Command. 
The great need for a single reference source 
on such data with resultant savings to 
manufacturers was considered to be of such 
sufficient importance for the Air Force to 
authorize the contractor to publish and 
sell these volumes commercially. Further 
details upon request to firm. 

(Continued on page 102A) 
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DIAGRAPH and ADMITTANCE Measurements 

Direct reading on interchangeable charts 

Model FT-ZDU 
30 to 300 me 

Model FT-ZDD 
300 to 2400 me 

Combining speed and accuracy, the Dia-
graphs measure complex impedance and 
admittance . . . with results presented di¬ 
rectly in graphic form. Five different inter¬ 
changeable charts provide permanent rec¬ 
ords . . . for files or blueprint reproduction. 

Within minutes, complete impedance t s. 
frequency characteristics are obtained. Sim¬ 
plicity of operation facilitates use of the 
Diagraphs by personnel unskilled in high-
frequency techniques. Set-up and operation 
are reduced to routine adjustments through 

the use of a self-contained calibration sys¬ 
tem. Transmission characteristics of four-
terminal networks and phase angles be¬ 
tween voltages are also measured and pre¬ 
sented graphically . . . without accessories. 

High speed, accuracy, and elimination of 
calculations are the features which have 
made the Diagraphs so well accepted wher¬ 
ever high-frequency measurements are per¬ 
formed regularly . . . wherever reduction of 
costs and conserving of scarce engineering 
manpower arc important factors. 

SPECIFICATIONS: 

Characteristic Impedance: 50 ohms. 
Measuring Range: Impedance ... 1 to 
2500 ohms; Phase ... 0 to 360°; 
Attenuation ... 0 to 30 db. 
Accuracy Amplitude . . . ±3%; 
Phase...±1.5°. 

Terminals: Type N. 
Power Supply: 115 volts (or 220 volts), 
50 to 60 cycles. 
Dimensions : 22" X 14" X 19" 
Weight: 135 pounds. 

FEATURES: 

• Direct reading on standard charts 
prevents errors and saves valuable 
engineering time. 

• Rapid measurement of impedance and 
admittance of antennas, components, 
coaxial systems, cables, transistors, 
filters and attenuators 

• Rapid measurement of transmission 
characteristics of coaxial systems, 
cables, filters and attenuators. 

• Measures phase angle between 
R-F voltages 

• Self-calibrating—no external reference 
standards required. 

• Easily operated by untrained personnel. 

I “ -
I Federal Telephone and Radio Company. A Division of 

International Telephone and Telegraph Corporation 
Instrument Division. 100 Kingsland Road, Clifton, N. J. Dept. S-637 

I I Please send further informa- j | Please send latest 

tian on Diagraphs Instrument Catalog 

-V a me-_Position_ 
Company___ 

I Address__ 
City_Zone_State_ 
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DIRfCT TEMPERATURE MEASUREMENT 

o..3700°e 

SIGMUND COHN CORP 
Metallurgists and Producers of Small Wire 

121 South Columbus Avenue 
Mount Vernon, N. Y. 

SINCf IHI 

IRIDIUM vs. RHODIUM IRIDIUM 
THERMOCOUPLE WIRE 

The only thermocouple material 

which may be used at these 

very high temperatures in an 

oxidizing atmosphere. 

Ductile wire made possible by 

high purity and our advanced 

melting and drawing techniques. 

Output. Over 10 milivolts at 

3700°F. 

UNIFORM • REPRODUCIBLE 

Specialists in the 

for Radar • Communications • Laboratory • Computers 

SERIES M200 

Miniature i. f. Amplifiers 
Here's a brand new way to design i. f. strips! 
Simply reach for your purchase order pad, spec* 
ify the characteristics you desire, and mail to 
Instruments for Industries, Inc. Standard models 
are available from stock, special designs get 
prompt attention from our engineering and pro¬ 
duction staff. 
I. F. I.'s fast, convenient service on i. f. strips and 
other types of broad-band amplifiers has saved 
valuable design and production time for many 
leading companies. Write for complete details. 

Specifications of Standard Units 
M260 M230 M235 

Band center .60 me 30 me 30 me 
Band width .10 me 2 me 10 me 
Voltage gain .. 90 db 110 db 90 db 
Output power ...007 W .096 W .051 W 
Input impedance 50 ohms 50 ohms 50 ohms 
Input V.S.W.R. . 
less than .1.3:1 1.3:1 1.3:1 
Note: M230 model available with 1.5 db noise figure 

INSTRUMENTS FOR INDUSTRY, Inc. 
155 GLEN COVE ROAD. MINEOLA. N. Y. . PHONE- Pioneer 25300 

lews-lew Products 
These manufacturers have invited ’ROCEEDINGS 

readers to write for literature and further technical 

information Please mention your I.R.E. affiliation. 

(Continued from page 1ÜV/I) 

High Voltage Dual 
Power Supply 

A new Model 1)3-3001 ) power supply 
which provides two high-voltage output 
ranges, each independent of the other, is 
being produced by Dressen-Barnes Corp., 

250 X. Mnvdo Ave., Pasadena 8, Calif. It 
delivers 0 300 vdc at 300 ma maximum 
load, 0-300 vdc at 150 ma maximum load, 
de variable bias 0 150 volts at 5 ma maxi¬ 
mum load (regulated by \ R tube), and 
0-10 vac, unregulated, at 10 amperes 
maximum load which is variable with 
powerstat control. Regulation: for line 
voltage of 1 15 vac ± 10 per cent, the out¬ 
put voltage change is 0.15 per cent. For de 
regulated high voltage, the change from no 
load to full load is less than 30 mv. Ripple 
for both high voltage outputs is less than 
500 microvolts rms. Both positive or nega¬ 
tive of either high-voltage outputs may be 
grounded. All components in the unit 
arc derated for long service life. Literature 
on Mode’ 1)3-3001) will be sent on request. 

Satellite Transmitter 
I he Adler Communications Labora¬ 

tories, 1 LeFevre Lane, New Rochelle, 
N. Y., has announced the shipment of out* 
of its new products, a I ST-20 television 

satellite transmitter, to Manson, Wash¬ 
ington. This unit will be used in connection 
with the experimental Channel 16 satellite 
station. VHF signals on Channel 4 will be 
picked up, translated to Channel 16 and 
then re-radiated into the Manson area 
after amplification in the LSI -20. 

This ACL Satellite Transmitter con¬ 
sists of a wideband linear amplifier with a 

(Continued on page 1Ü-IA) 
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Du Mont’s business is cathode-ray 
equipment. Only Du Mont, with an 
intimate backg'ound in equipment design 
and manufacture, can build and 
recommend the right cathode ray tube to 
the equipment designer. Through years 
of consultation on all kinds of tube problems, 
Du Mont, working with the equipment 
designer, has been able to lead the way with 
such developments as the flat face plate, 
tight-tolerance glass-rod construction, mono¬ 
accelerator design, and many others. 
Development which leads the way toward 
the ultimate use of cathode-ray tubes 
as sensitive, p'ecision measur ng devices 
is our aim. Consult Du Mont for precision 
tubes to meet your exacting requirements. 
The best costs no more than the ordinary. 

IMPORTANT SPECIFICATIONS OF PRECISION 

Cathode-ray Tubes 

TvpC DEFLECTION DEFLECTION LINE ALIGNMENT 
TYPE FACTOR* UNIFORMITY WIDTH* BETwEEN PLATES OUTPUT* 

3JP-A 

Dl D2 D3 D4 

3% .03" max. 90° ± 1° 25 ft. L.Min. 150 dcv/in 111 dcv/in 

3WP- 69 dcv/in 47.5 dcv/in 2% .026" max. 90° ± 1° 7 ft. L. Min. 

5A0P- 45 dcv/in 35 dcv/in 2% .03" max. 90° ± 1° 15 ft. L.Min. 

5AMP- 45 dcv/in 22.5 dcv/in 1% .032" max. 90° ± 1° 15 ft. L.Min. 

5AQP- 45 dcv/in 35 dcv/in 1% .030" max. 90° ± 1° 15 ft. L.Min. 

5ARP- dual beam mono-accelerator — each gun equivalent to Type 5AQP — (see above) 

5ATP- 104 dcv/in 38 dcv/in 1% .035" max. 90° ± 1° 170 ft. L.Min. 

tions 
of Du 

to insure absolute accuracy 
Mont tubes. 

A precision jig is used to check 
angular alignment of electron guns. 
This is only one of many inspec-

duMont 
‘Under typical operating conditions (7-inch versions of the five inch tubes 

will be considered on request.) 

For further information write to: TECHNICAL SALES DEPT. 
ALLEN B. DU MONT LABS., INC., 760 BLOOMFIELD AVENUE, CLIFTON, NEW JERSEY 
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HIGH VOLTAGE RESISTORS 

-UP TO 125,000 VOLTS! 

RESISTANCE VALUES TO 
1 MILLION MEGOHMS! 

Widely renowned for stability and reliable performance, RPC’s High Voltage 
resistors are successfully used as VT voltmeter multipliers; high resistance 
voltage dividers; bleeders in high voltage power circuits; corona resistors and 
standards of high resistance value They are eminently suitable for use in tele¬ 
vision transmitters and receivers, cathode ray tube circuits, X-ray equipment, 
Van de Graff generators, electro-meter tube circuits, pulse circuits, dust precipi¬ 
tators, photo cell applications and high voltage circuit equipment. Leading 
laboratories, manufacturers and many government agencies specify RPC High 
Voltage Resistors. 

TYPE B. From 1 to 616 inches long; diame¬ 

ter 5/u to % inches. Voltages to 40 KV. 

High stability carbon coating on strong 

non-hygroscopic steatite rod. Very long 

effective resistor length in small space 

is due to application of coating as a helix 

on rod’s surface. Thus, resistance coating 

of relatively low specific resistance pro¬ 

duces stable resistors of high resistance 

value. Ends of resistors permanently con¬ 

nected with silver contact coating. 

Type B resistors are readily mounted on 

panel or stand-off insulators. Can be 

assembled as tapped resistors and 

matched pairs. Temperature and voltage 

coefficients are low. 

TYPE D. Provide voltage rating up to 

125 KV and load capacity up to 90 Watts. 

From 616 to 18’6 inches in length. Made 

on steatite rubes and can be supplied 

with silver contact bands, band type 

terminals or lug ferrules. 

In both types, B and D, standard resistors 

tolerance is +15%. Tolerances of +10%, 

+ 5%, or +3% can be supplied. A 

tolerance of +2% can be supplied in 

matched pair resistors. 

Write for additional details and catalog. 

Hermetically sealed and encapsulated 

resistors available. For special assemblies, 

special types and sizes consult our Engi¬ 

neering Department. 

Resistance Products Co. 
914 South 13th Street Harrisburg, Penna. 

Makers of Resistors—High Megohm, High Voltage, High Frequency, Precision Wire Wound. 

lews-New Producís 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.RE. affiliation. 

( ( ' Hfuiih il iroiii 1'nth' ¡"2.1 ) 

6 me bandwidth and a gain of 80 db. Il 
operate- Iront a I 111' l\ signal converted 
Iront \ III' and delivers 20 watts of peak 
visual power to a 50 ohm load. Both 
aural and visual carriers are amplified 
-imultaneously in the same system. 

I his I S I-20 satellite transmitter is 
¡denticalelectrically lothe>alellite/boo-ter 
transmitter (KC2XEE) now in experi 
mental operation al -talion \\ \TR TV in 
Waterbury, Conned ¡cut. 

Ihe new I ST 20 is part of ACL’s com 
píete line ol low power I \ equipment for 
both I III- and \ III-' Ihe I ST-150 ampli 
lier operate- in conjunction with this unit 
to produce 150 walls of \isual output. 
However. when used with special ACI 
IHE antenna >y-lems, up to 5.000 watt-
I.RI’ i- available. 

Power Amplifier 
Gotham Audio Development Corp., 2 

West 40lh Street. New York, X. Y. an 
I (ounces development of a new 150-walt 
power amplifier unit adaptable to many 
applications. 

Ihc ITB-150WI) power amplifier i-
designed lor opérai ions requiring high 
power output over a wide frequency range 
and at minimum distortion. The unit i-
suited to laboratory installations, public 
address systems, stereophonic speaker 
systems for motion picture project ion, pro 
gram distribution, de. 

I he rEB-150\\ l) delivers 150 wall-
with h ss than 7 10 per cent RMS har 
monic distortion Iront 40 to 15,000 cp-. 
and 10 wall- with Ie— than 0.15 per cent 
over the range 20 20,000 cps. IM distor 
lion is held below 1 per cent at rated 
power output, while the damping factor ex 
ceeds 40. Xoise level is 84 db below 150 
walls output. In-tantaneous peak power 
of 400 watts is available with perfect 
stability . Output ranges from 38 volt- al 
4 amperes to 125 volts at 1.2 .imps. 

Balanced and unbalanced input- of 
from 150 to 10,000 ohms are available, 

/nti>inr<l ■■it I'tiijr l"(>.l) 
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Styroflex Coaxial Cable 
FIRST CHOICE FOR 

After 5 Years of 
Rigorous Service in the 
Swiss Alps, the Electrical 
Characteristics of Styroflex 
are Unchanged! 

FM Installation of Styroflex Cable 
armored for 25-ton ice load 
at the Wendelstein Alp near the 
Swiss border. 
Aluminum sheath approximately 
1^8 inches OD. 

Inquiries regarding your 
particular problems will be welcomed 
by our engineering staff. 

Ideal for Remoting 
Video Circuits for both 
Television and Radar! 

( ourtcty triton æ Guilleaume, Cologne 

DIFFICULT MOUNTAINOUS CONDITIONS! 

sa phops m Nm producís 
CORPORATION 

40 WALL STREET, NEW YORK 5, N.Y. 
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TYPE F2 CARRIER-TELEGRAPH SYSTEM 
Provides up to 40 teletype circuits on a telephone 

channel. 

This compact, economical, high-grade, long-haul, main¬ 
line voice-frequency carrier-telegraph system is avail¬ 
able in two channel spacings. The type F2A system, 
employing 120-cycle spacing between channels, pro¬ 
vides up to 40 channels in the band of 300 to 4980 
cycles. The type F2B system, employing 170-cycle 
spacing, provides up to 28 channels in the band of 255 
to 4835 cycles. Up to 15 channels with oscillators, relay 
test and metering facilities, jacks and bay terminals 
will mount on a single 8-ft. bay. A channel-terminal 
panel containing send and receive circuits for one 
channel requires only 5 %" and four channel oscillators 
only 1 of space on a 1 9" rack. A highly-developed 
level-compensation circuit provides practically undis¬ 
torted signal reception over a wide variation of line 
net loss. Standard loop options are half- and full-duplex, 
battery normal and reversed. 

New and exclusive techniques in the design and 
manufacture of filters and oscillator networks provide 
a higher degree of frequency stability than has pre¬ 
viously been possible, with resultant reduction in signal 
distortion. This equipment is in current production, and 
early deliveries can be made of complete systems or 
of single panels. 

Typical 6-channel packaged termina of lype F2 equipment. This is the 
type AN FCC-12 (Channels 1-6) or AN FCC-13 (Channels 7-12) Tele-
graph Terminal, as manufactured for the U.S. Army Signal Corps. It is 
complete with regulated-tube rectifiers for plate and bias supply, and 
positive and negative telegraph loop-current supplies, jack field, relay 
test panel, monitor circuits, fuses, spares, etc. The equipment is mois¬ 
ture- and fungus-proofed, and meets military standards where appli¬ 
cable. Up to four cabinets may be*used together, to provide a completely 
self-contained 24-channel terminal. 

RADIO ENGINEERING PRODUCTS 
1080 UNIVERSITY STREET, MONTREAL 3, CANADA 

Telephone: UNIv.rsIty 6-6887 Cable Addre»»: Radenpro, Montreal 

MANUFACTURERS OF CARRIER-TELEGRAPH, CARRIER-TELEPHONE AND BROAD-BAND RADIO SYSTEMS 

BODNAR INDUSTRIES, Inc. 
leads in the field of 

PLASTIC LIGHTING PANELS AND DIALS 
BECAUSE OF Quality • Unifoimity • Performance 

Design & Layout “Know-How Service" 
Quantity Production Promptly 

NEW YORK —19 Railroad Ave., New Rochelle (Home Office) 

CALIFORNIA—4440 Lankershim Blvd., P.O. Box '»64, North Hollywood 

CANADA —44 Wellington St. E., Toronto 

SPECIMEN PANEL MIL-P-7788 (AN-P-8?) SENT ON LETTERHEAD REQUEST 

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

(Continued from page 104A) 

while output impedances range from 8 to 
93 ohms. A gain control adjustable in 2 db 
steps and direct output tube plate meter¬ 
ing are provided. Amplifier consists of 6 
push-pull stages balanced through use of 
1 per cent precision resistors, and features 
811 -A’s as output tubes biased positively 
for minimum distortion. Output trans¬ 
former is toroidally wound. 3B28's are 
used as rectifiers with choke input filter 
and oil filter capacitors. Warm-up time 
delay is accomplished through use of a 
thermistor and thermal delay relay com¬ 
bination. 

Unit mounts in standard relay rack, 
occupying 21 inches of vertical panel space. 
Weight of both power supply and amplifier 
together is 95 pounds. 

Color Bar Dot Generator 
The Chroma Dot, a new combined color 

bar dot generator with vertical sync and 
requiring one connection to the rf antenna 
or video amplifier, has been announced by 
Kay Electric Co., Pine Brook, N. J. 

The color bar generator has a hori¬ 
zontal sync pulse signal. It provides a 
vertical sync pulse and varying pedestals 
throughout each frame to test linearity of 
color receiver circuits. The dot section 
provides signals which contain horizontal 
pulse, dot pulses, and vertical sync, to 
display a stationary locked pattern with¬ 
out auxiliary signals. 

These signals are impressed as modula¬ 
tion on a picture carrier. A specific channel 
may be selected by customer. An associated 
sound carrier is provided for tuning. 

The color bar pattern produces a dis¬ 
play of 10 color bars with progressive 30° 
phase shifts from the color pulsed signal. 
This complete signal is suitable for the ad¬ 
justment of receivers using I, Q, and B-Y, 
and R-Y Matrix Systems. The output of 
the color burst and sync pulse is adjust¬ 
able to the industry standard. 

Specifications are as follows: Video 
output —0.6 volts peak to peak into 75 
ohms, 10 volts peak to peak into 5,000 
ohms. Positive or negative polarity sync 
pulses are provided. RF output —0.2 volts 
into 75 or 300 ohms provided. Price: $395. 
f.o.b. plant. For complete information, 
write Kay Electric. 

(Continued on page 108A) 
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Let North Ameritan Handle Your ELECTRONICS Exhibit! 

1 

Date 

Please send me your FREE Display Moving Service Brochure and name of my 

Product 

State 

NOW SERVING THE UNITED 

Look for this trade-mark un¬ 

der "Movers" in the yellow 

pages of your 'phone book. 

nearest North American Van Lines agent. 

Narre 

Company 

Address 

City 

* If you arc shipping a display to the Western Electronics 

Show or the National Electronics Conference, do it the new 
easy way . . . call your local North American \'an Eines agent. 

His door-to-door service in the same padded van eliminates 

drayage and minimizes costly crating. Supervision by NAVL’s 
experienced display men at both origin and destination saves 
you time, reduces over-all exhibit costs. Only North American 
Van Lines offers this special departmentalized service! 

4 Display and Exhibit Dept. IR 65 

North American Van Lines, Inc. 
Fort Wayne 1, Indiana 

• Experienced Supervision 

• Door-to-Door Service 

• Minimum Crating 

• Releases Your Personnel for 
Sales Work. 

SHIP YOUR DISPLAY 

THIS MODERN WAY 

Write Today for FREE Display Brochure — 

Use the Handy Coupon Below! 

J 

STATES, ALASKA, CANADA, HAWAII AND PUERTO RICO 

encan 
VAN LINES. Ihc. 
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RUGGED 

LABORATORIES 
COMPANY 

redwood city C A L ' f ° k n 1 A

KLYSTRONS • PARTICLE ACCELERATORS 

tub&ô 

Type SL24A—35 db 
minimum gain, 10 to 
100 milliwatts output, 

A series of tubes, as 
illustrated, is avail¬ 
able, operating from 
2 to 12 kilomegacy¬ 
cles—also complete 
amplifiers. 

Note that the unit 
shown combines so¬ 
lenoid and tube with 
a total weight of only 
four pounds. 

Write for detailed 
information. 

An unusually comprehen¬ 
sive research facility is 
maintained at SLC for con¬ 
tract work in many phases 
of applied physics. 

Jews Jew Producís 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from piffr PHi.d) 

Film Type Resistor 
The Daven Co., 191 Central Ave., 

Newark 4, N. J., announces the develop 
nient and availability of the new film type 
Davohm Series 850-1 Resistor. Ihe new 
resistors can be used at 150°C at full rated 
power. They derate linearly to zero power 
at 190°C. 

I he temperature coefficient of these re¬ 
sistors is unique for a film type resistor. 
I he temperature coefficient is below 4-400 
PPM/°C, is always positive in value, and 
is independent of resistance value. Any 
ohmic value of these Series 850-T resistors 
will track within approximately 4-2OPPM 
/°C of the normal temperature coefficient 
value over the temperature range. 

I he new hermetically sealed series 
850- I resistors otter excellent moisture 
resistance and load life stability. On a 
typical MIL cycle 1,000 hour load test of 
twelve 2 watt type 852-I, 200,000 ohm 
resistors, one had a maximum deviation of 
0.2 per cent and the rest had maximum 
deviations of 0.1 per cent. Ihe voltage co¬ 
efficient is below 0.0005 per cent per volt. 

The new Series 850-1 resistors arc 
available in } watt, 1 watt and 2 watts. 

Precision Delay Line 
Epsco, Inc., 588 Commonwealth Ave., 

Boston 15, Mass., has developed a new 
model DL 0510-400/125 Delav Line-a 

precision, low attenuation unit, developed 
for correlation measurements and wave 
form analysis cov ering sub audio and audio 
frequencies. Over-all delay is 5,000 ps; 
characteristic impedance 510 ohms; taps 
are available every 40 jus.; calibration ac-

(Continucd oh l'âge 110A) 
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RAYTHEON TRANSFORMERS 

designed for your specialized applications 

CUSTOM DESIGN 

To meet your need for specialized electronic signal and 
power range transformers, Raytheon offers exceptional 
standard transformers and custom design facilities. An 
unusually large and widely experienced engineering staff 
is at your service to design and develop transformers that 
best fit your particular applications. 

PERSONAL SUPERVISION 

Available to you are the resources of Raytheon's entire 
transformer engineering staff. Yet in order to best satisfy 
your needs, design, development and production of your 
transformers are turned over to an individual Raytheon 
engineer who sees your job through from start to finish. 

RAYTHEON MANUFACTURING 

PRODUCTION AND TESTING 

All types of winding, core processing, impregnation and 
baking equipment are available for model making or full 
production runs. Raytheon also offers complete facilities 
for testing. 

25 YEARS’ EXPERIENCE 
Raytheon has successfully custom engineered over 30,000 
transformer designs and millions have been produced. 
Proof of Raytheon quality is this fact: in 25 years less 
than % of one percent of all Raytheon transformers have 
been returned from the field for any reason. 

For full information write Department 6120. 
Request catalog 4-100 

COMPANY 

Equipment Marketing Division 
Dept. 6120, Waltham 54, Mass. Excellence in Electronics 
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JAMES MILLEN 

MFG. CO., INC. 
MAIN OFFICE AND FACTORY 

MALDEN 
MASSACHUSETTS 

towsNew Producís 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 108A) 

curacy at each of 125 taps is ±0.1 /is.; in¬ 
sertion loss is 1.7 db; cut-off frequency 9 
kc; phase linearity is ± 1 per cent up to 5 
kc. The unit size is 19X6X6 inches for 
relax- rack mounting. 

Blower Unit 
Light weight, long life, miniature tube 

axial blower units powered by a new one-
inch diameter motor have been produced 
by Eastern Air Devices, Inc., 357 Central 
Axe., Doxer, New Hampshire, for use in 
spot cooling of electronic equipment and 
tor air changing in small, equipment-filled 
boxes. 

These new tube axial blowers have no 
brushes, and operate without arcing and 
without radio interference. At speeds of 
11,000 and 20,000 rpm standard 400-cyde 
blowers produce 32 and 58 cfm (at 0" of 
static pressure). Variable frequency 360 to 
1,600 cycle units produce a minimum of 
about 25 clin at 0" of static pressure. All 
TAD tube axial blowers meet applicable 
MIL specifications for aircraft use. 

Typical EAD blowers measure two 
inches in diameter and have an over-all 

The No. 10000 

WORM DRIVE UNIT 

One of our original Designed For Appli¬ 
cation products, tried and proven over 
the years. Rugged cast aluminum frame 
may be panel or base mounted. Spring 
loaded nickel plated cut brass gears work 
with polished stainless steel worm to pro¬ 
vide low back lash. %" diameter stainless 
steel drive and driven shafts. Available in 
two ratios, 16:1 and 48:1. Specify ratio 
in ordering. 

length of 3J inches. 

Miniaturized Power Packs 
Electronic Research Associates, Inc., 

67 IL Centre St.. Nutley. N. L. announces 
a new two-sided catalog sheet covering 
their line of Transpac miniaturized power 
packs. This new catalog includes many new 
models coxering both 60 and 400 cps types 
as well as a new series of models which 
supply a combination of constant xoltage 
and constant current specifically for tran¬ 
sistor application. Other Transpac models 
include regulated low voltage types for 
reference and similar applications, con¬ 
stant xoltage types for general tube and 
transistor applications, constant current 
types, unregulated low. medium, and high 
voltage models, and high amperage de¬ 
signs. 

(Continued on page 114A) 
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CONTROLLED 

\ STEPPING 

Controlled shaft rotation in 2° incre¬ 
ments through 360° in both cw and 
ccw direction. Rates up to 60 steps 
per second. Standard models avail¬ 
able with any combination of the 
following features... 

Pulsed, con¬ 
trolled stepping — 
to 60 steps/second. 

Continuous 
automatic stepping. 
Automatic return 
to homing points. 
Potentiometer 
output optional. 

G. M. GIANNINI & CO., INC. 
PASADENA 1, CALIFORNIA 
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TRIPLETT IS WAY AHEAD IN 
PANEL METERS featuring 
Clear Front Plastic PL Styles with: 
1. Much longer scale 
2. More light on scale 
3. Clear, unbreakable front 
4. Regular panel space and mounting 
5. Improved panel appearance 

Triplett PL meters are now available in 5 styles 

. . . 2" and 3" round, plus 2", 3" and 4" square. 

Transparent plastic case front projects over the 

rim of the instrument, offering longer scale length 

and easier readability. PL meters are available 

in D.C. Permanent Magnet Moving Coil and A.C. 

Iron Vane types. 

TESTING EQUIPMENT 
When selecting your next piece of test equipment, look over Triplett’s 

complete V-O-M line ... it will prove Triplett’s ability to keep pace 

with your requirements. Below are examples of the complete V-O-M 

line. Look to Triplett for leadership. 
TRIPLETT ELECTRICAL INSTRUMENT CO. 

Bluffton, Ohio 

MODEL 631. Combination V-O-M 
and VTVM. 2-in-l battery oper¬ 
ated combination saves money 
—will do all your work easier 
at half the price. 

MODEL 630. Famous Volt-Ohm-
Milliammeter. Many features 
making this the favorite in a 
popular V-O-M line. 

MODEL 630 NA. The first V-O-M 
with all-in-one features. Does 
everything anybody ever wants. 
70 ranges, plus other unique 
features. 

TRIPLETT HAS SET THE STANDARD IN INSTRUMENTS FOR OVER HALF A CENTURY 
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how 
small 
can a 
wave 
guide 
get? 

Well, alongside some of the 
stuff we’re working with 
now, the radar plumbing we 
used during World War II 
gets to look like air-conditioning 
duct. What’s more, some of 
our boys here seem to regard 
anything below S-band as 
practically pure D.C. 
Naturally, we’re up to our hips 
as usual in work on military 
equipment. However, we do 
occasionally have some 
extra creative capacity available, 
so if you have a problem 
involving something special in 
wave guide components 
(real small ones, too) and like 
that, maybe we can help. 
Drop us a line. 

L. H. TERPENING COMPANY 
DESIGN • RESEARCH • PRODUCTION 

Micro wave Transmission lines and Associated Components 
16 West 61st St. - New York 23, N. Y. • Circle 6-4760 

Ws-Xew Producís 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 110A) 

White Dot-Cross Hatch-
Bar Generator 

Electronic Measurements Corporation, 
280 Lafayette St., New York 12, N. Y., 
has recently announced the development 
of the Model 800 signal generator for color 
and monochrome servicing. 

The Model 800 produces white dots on 
the TV screens of any monochrome or 
color receiver for the adjustment of color 
convergency of the tri-gun color tube; it 
will also produce a cross hatch pattern 
and a variable number of bars for adjust¬ 
ment of width and height controls. The in¬ 
strument can also be used for localizing 
and identifying trouble sections in both 
monochrome and color TV receivers. 

The Model 800 comes completely wired 
and tested with all necessary leads for 
$39.90. 

Junction Transistor 
A general purpose of N-P-N grown 

junction transistor is now available in 
quantity from Bogue Electric Mfg. Co., 
Dept. \VNH-2, 52 Iowa Avenue, Paterson 
3, N.J. 

This transistor is intended for applica¬ 
tions at power, audio and radio frequencies 
up to 1,000 kc. It is particularly adaptable 
for use in control’and switching devices 
and is capable of power gains up to 32 
decibels. 

Since this Bogue transistor is her¬ 
metically sealed it is impervious to mois¬ 
ture and possesses good temperature char¬ 
acteristics. 

(Continued on f^oge 118A) 
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• Improved 
Performance 

• Greater Economy 
• Faster Delivery 

Specify thes 7 Components 
FOR: 

YOKE and FLYBACK CORES 
by General Ceramics 

•F-557 conforms to MPA Tentative 
Standard 18-55T for parts DY-3, DY-4. 

tF-558 conforms to MPA Tentative 
Standard 18-55T for parts OY-1, OY-2. 

part no. F-557’ F-558t 

A .960" .950" 

B 1.210" 1.215" 

r 1.125" 1.250" 
1.250" 1.375" 

OFFERING: 
• SOUND MECHANICAL 

DESIGNS 

• HIGH EFFICIENCY 

• EXCELLENT STABILITY 

• LIGHTWEIGHT 

• GREATER UNIFORMITY 

Standard Ferramic parts offer a dependable, 
quick solution to TV design and production 
problems. These preferred types give you all the 
electrical advantages of Ferramics, plus faster 
delivery and maximum economy. Call or write 
now for complete data on preferred TV Compo¬ 
nents or Ferramics for other applications. 

CERAMICS CORPORATION 
——TELEPHONE: VALLEY 6-5100 ■ »■ 

CES and PLANT: KEASBEY, NEW JERSEY 

MAKERS OF STEATITE, ALUMINA, ZIRCON, PORCELAIN, SOLDERSEAL TERMINALS, "ADVAC" HIGH TEMPERATURE SEALS, 
CHEMICAL STONEWARE, IMPERVIOUS GRAPHITE, FERRAMIC MAGNETIC CORES 
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Now combined 
with heavy industrial facilities 

Experienced electronic engineering... backed by 
diversified heavy industrial facilities... gives the 
Byron Jackson Co. Electronic Division an unusual 
ability to pioneer precision electronics in practical form. 

The engineering nucleus of this Electronic Division 
has, since 1944, been engaged in the development and 
manufacture of high power signal generators, 
precision slotted lines, miniature digital type 
transducers, and other precision electronic equipment. 
Now these electronic skills are teamed with 
the metallurgical, hydraulic, mechanical, chemical, 
nuclear, electrical and petroleum specialists and 
scientists of Byron Jackson Co. In addition, a multi¬ 
million dollar investment in plants and production 
equipment supports our specialized electronic 
manufacturing and testing facilities. 

This unique combination of engineering talent and 
production abilities is ready to work for you in the field 
of measuring and testing instruments, complete 
systems, or an entire development production project. 

ex 

C2I 

C915 
ai 

913 
vt:-

H Byron Jackson Co B ELECTRONIC DIVISION 

2010 LINCOLN AVENUE, PASADENA 3. CALIFORNIA • TELEPHONE: RYAN 1-7134 

SINCE 1872 

• I00K 



COMPARISON BRIDGE 

News-New Producís 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 114/1) 

Silicon Junction Diodes 
A new line of silicon junction diodes 

has just been announced to the industry. 
Manufactured by the Semiconductor Div., 
Hughes Aircraft Co., Florence Ave. at 
Teale St., Culver City, Calif., the devices 
are described as having high forward con¬ 
ductance combined with extremely high 
back resistance. In several of the diode 
types, this resistance is in the order of 
10,000 megohms. In many applications, 
this is essentially an open circuit. Accord¬ 
ing to the Hughes research engineers, this 
back resistance makes it possible to use 
these silicon diodes in many entirely new 
circuit applications, in addition to those 
now closed to germanium through tem¬ 
perature limitations. 

These diodes include the previously an¬ 
nounced Types HD6001, HD6002, and 
HD6003, plus new Types HD6005 through 
HD6009. All of these types have an am¬ 
bient operating temperature range of front 
— 80 to 200°C. Physical features: fusion-
sealed in a one-piece glass body, im¬ 
pervious to moisture: flexible dumet leads, 
tinned for soldering or spot-welding; 
diode envelope externally coated with 
black silicone enamel to shield crystal from 
light. Dimensions, glass body: 0.265 by 
0.103 inch, maximum. Specification sheets 
available upon request. 

Right Angle Drive 

The National Company, Inc., 61 Sher¬ 
man St., Malden 48, Mass., has announced 
production and distribution of a new addi¬ 
tion to the National line of precision com¬ 
ponents. It is a right angle drive, model 
RAD. This drive features unusually sturdy 
construction with die cast zinc housing and 
gears. It is ideal for ganging condensers or 
potentiometers or other parts located in 
hard-to-reach locations on a chassis. Total 
length including shaft is 4} inches. Shaft 
is standard J inch diameter. Action is 
smooth and free from backlash. 

(Continued on page 120/1) 
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BRIGHTER-SHARPER' 
MORE DETAIL 

* MORE CONTRAST-

TUNG-SOL 

W, 
Mirror_ 

PICTURE TUBE 

The “Magic-Mirror” Aluminized Picture Tube pro¬ 
duces the brightest, most realistic picture ever seen in 
the American home. The “Magic-Mirror” tube effec¬ 
tively utilizes all the light generated by the phosphor 
screen. 

Tung-Sol has developed a unique “fogging” 
method of backing up the phosphor screen with a 
mirror-like aluminum reflector. This reflector prevents 
light radiating uselessly back into the tube. It brings 
out all the detail of which the receiver circuit is capa¬ 
ble. So smooth and true is the Tung-Sol aluminum 
reflector that mottling, streaks, swirls, “blue-edge”, 
“yellow center” and other objectionable irregularities 
are eliminated. 

Tung-Sol pin-point-focused electron gun assures 
a steady, brilliant picture—free from alternate fading 
and overlighting. Tung-Sol’s exacting standards of 
quality control, manufacture and testing further guar¬ 
antee die high uniformity and maximum performance 
of the “Magic-Mirror” TV Picture Tube. 

Let the superior qualities of “Magic-Mirror” Pic¬ 
ture Tubes add selling advantages to your set. 

MAGIC-MIRROR ALUMINIZED 
TUBE — Aluminized reflector 
allows electron beam through. 
Blocks wasted light from backing 
up into tube. Reflects all the light 
into picture. 

ORDINARY TUBE—Only W/the 
light produced by the phosphor 
screen is utilized in the picture. 
Other half radiates wastefully back 
into tube. 

RESULT—Pronounced increase in 
contrast to make a bright, clear, 
more realistic picture. 

RESULT—A light background 
within the tube which reduces 
picture contrast. 

TUNG-SOL ELECTRIC INC.,Newark 4, N.J. 

Sales Offices: Atlanta, Chicago, Columbus, Culver City (Los Angeles). Dallas. Denver, Detroit, Montreal (Canada), Newark, Seattle. 

Tung-Sol makes All-Glass Sealed Beam Lamps, Miniature Lamps, Signal Flashers. Aluminized Picture Tubes. Radio, TV and 
Special Purpose Electron Tubes and Semiconductor Products 
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MODEL E/AP-100 TYPE 202 
Maintain» a system pressure of 25 P.S.I.A. 
minimum. 
Motor is .03 HP.-10,000 R.P.M., 208 V., 3 
ph., 400 cy. 
Current draw is .7 amperes phase maximum 
under normal operating conditions 
Unit operates continuously 
Weight is 4% lbs. maximum 

with e 

units 1

and meets appropn^ B your spec,fic 
U™* Can"sbÆed modifications ^^ 

requiremen . compresso , change 

MODEL E/AP-150 TYPE 205 
• Operating pressure switch maintains a system 

pressure of 17 P.S.I.A. 
• Motor is 1/25 H P 7,500 R.P.M., 27 volts D C. 

- T.E.B.B 
• Current draw is 2.0 amperes maximum under 

normal operating conditions 
• life is 500 operating hours 
• Weight is 8 lbs. maximum 

MODEL E/AP-1500 TYPE 203 
• Operating pressure switch maintains a system 

pressure of 30 P.S.I.A. 
• Motor is 1/15 H.P nominal 24-28 volts D.C., 

5,000 R.P.M., continuous duty, shunt wound 
• Current draw is 3.4 amperes maximum under 

normal operating conditions 
* Life is 500 operating hours 
• Weight is 12 lbs. maximum 

MODEL E/AP-2400 TYPE 201B 

• Maintains system pressure of 31 P.S.I.A. 
• Motor is 1/10 H.P., 24-28 volts D.C., 5,000 

R.P.M. continuous duty 
• Current draw is 5.5 amperes maximum 
• Life is 500 operating hours 
• Weight is 10-3/4 lbs. maximum 

continuous operation 

amperes 

ON REQUEST 
HARDEN 

MODEL E/AP-3600 TYPE 200 

maximum under normal operating conditions 
Life is 1,000 operating hours 
Weight is 8-1/2 lb. maximum 

Maintains system pressure of 31 P.S.I.A. 
Motor is 1/7 H.P., 10,000 R.P.M. 

COMPLETE 
AVIATION 
CATALOG #330-P 

( 208 V., 400 cy., 3 ph. I 
I 24-28 V.D.C. I 
Current draw is 

Vwsdew Producís 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

( ("ill illll.'d h, in f'tifji' IIXl) 

Pease Appointed by 
Feedback Controls 

William M. Pease has recently joined 
the staff of Feedback Controls, Inc., 1337 
X. Henry Si., Alexandria, Va., as \ ice-
President and General Manager. 

Pease was lormerlv Director oí the 
Servomechanisms Laboratory at Mil. 
and more recent ly \ ice-Presiden I and 
Manager of the Electronics Division of 
I lira sonics. 

Mr. Pease was instrumental in the de¬ 
velopment ol the M.I. I . numerically con¬ 
trolled Milling Machine. 

Sync Generator 

Standard Sv nc Generating Equipment 
is large. expensive, and generally not port 
able. This condition has complicated the 
routine checkout of video facilities, es¬ 
pecially from remote locations. 

I'he new. small, portable, and inex¬ 
pensive Model 302-AR Drive Generator 
developed by Telechrome, Inc., 632 Mer 
rick Road, Amityville. L. I.. X. V . pro 
vides blanking horizontal sync, vertical 
drive, and color burst flag lor driving most 
color and monochrome signal generating 
equipment where standard sync is not 
available. I he Model 302-AR Drive* 
Generator provides driving pulses lor sig 
nal generating equipment, such as Multi 
Burst. Window. Stairstep, and Line aril v 
Checkers I rom remote c heck points, mobile 
units, and transmitters where studio sync 
is not available. It is a non-standard gon 
erator for test purposes md other lune 
lions where .in ECG signal is not required. 
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Tube Tester 
HC-7 

SEVEN SIZES 

HC-1 

THEY’RE 

In addition, it h; 

R 
Huggins Laboratories, Inc., 711 Hamilton 

FILL OUT AND MAIL THIS COUPON TODAY FOR FULL DETAILS 

Name 

Title 

Company 

Street 
2.000 volts. 

City State_ 
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News-tow Products NEW 

ELECTRA 

Electronics Div. 

2537 Madison 

Kansas City, Mo. 

ARMORED ! 

Hor would hud its 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

Please send Bulletin #60 on Hermetically-Sealed Resistors ■ 

and/or Bulletin #50 on Standard Deposited Carbon Resistors ■ 

c 
H X-Band Backward 

Wave Oscillator 

adjintincut of a single voltage without any 
complementai y mechanical adjust incuts. 

Hermetically Sealed 
DEPOSITED CARBON 

Electra Hermetically-Sealed resistors are designed for those tough applications 
calling for a deposited carbon resistor that will really take it. They’re rugged 
and thoroughly insulated, ALSO give you all of the close tolerance charac 
teristics that have made E'ectra’s line of standard deposited caroon resistors 
the first choice on thousands of blueprints from coast to coast. Choose Electra 
and know you’ve got the best. 

SUPER PROTECTION 
AGAINST 

band transmitter-
receiver applications. The tube is ea|xtble 

All lead lengths are W. Resistors supplied in tolerances of 1%, 2%, 5% or 10%. 

High Temperature—Humidity 
Radical Temperature Change—Abrasion 

carbonZcoat 
PRECISION ZliSISTO« j 

I he approximate operating character¬ 
istics over this band are 300 to 3.000 volts, 
12 ma current, and 10 m\\ output. 

short check and the latest roll chart. The 
weight is 30 pounds and the uize is 14 by 
16 b\ 6 inches. 

Priced in kit form al $69.95 and fac¬ 
tory wired at $139.95, it will enable the 
user to check all tubes, including hearing 

Precise Development Corp., Oceanside, 
L. I., X. Y.. has available in wired form a 
unit which, checks both emission and 
mut ual conductance. 

MFG. CO. 

Maximum 
Rated Resistance 

Part No. Wattage Voltage Range Length (A) Dia. (B) 

4 Ohms 
HC 1 1/4 250 250K 15/32" 5/32" 

5 Ohms (
HC 2 1/3 300 1 Meg %" 3/16" 

3 Ohms 
HC 3 1/2 350 2.2 Megs 11/16" 1/4" 

3 Ohms 
HC 4 1 500 5 Megs %" 5/16" 

6 Ohms 
HC 5 1 500 5 Megs 1" 9/32" 

3 Ohms 
HC 6 2 500 10 Megs 1 Va" %" 

10 Ohms 
HC 7 3 1000 50 Megs 21/4" %" 



THERMISTORS 
for temperature measurement, control 

or compensation 
Stupakoff Thermistors are made from spe¬ 
cially formulated ceramic bodies. Furnished 
with radial or axial wire leads, and with 
reflective or moisture-proof coating, or un¬ 
coated as desired. Some general character¬ 
istics are: 
Resistivities: 10 ohms / cm3 and up 

Resistance: decreases approx. 3% for each degree C 
temperature rise (see curve) 

Made in the form of rods, tubes, bars, 
discs, washers, etc. 

Send for Thermistor Inquiry Questionnaire 
for prompt and accurate estimate. Above curve shows typical tempera¬ 

ture-resistance characteristic of 

WRITE DEPT. P 

^tupakoff 

Thermistor. Resistance drops approxi¬ 
mately 3% for each degree C temper¬ 
ature rise. As temperature varies up 
and down, resistance retraces its 
path precisely, regardless of number 
of reversals. 

CERAMIC & MANUFACTURING COMPANY . LATROBE, PA. 

Division of The CARBORUNDUM Company 

Vitramon Names Cornell 
Design Chief 

Edward S. Cornell was recently ap¬ 
pointed by Vitramon, Inc., P.O. Box 544, 
Bridgeport, Conn, to head up the com 
pany’s process-design department. 

Mr. Cornell brings to Vitramon an 
outstanding record in product, machine, 
and tool development. Of special impor¬ 
tance to Vitramon is Cornell's experience 
during World War II, when he was called 
to Washington as a chief production 
specialist to make a survey on the produc¬ 
tion of capacitors. 

Embedded Circuit 
Alcor Electronics Corp., 180 Lafayette 

St., New York 13, N. Y., introduces the 
new Lock-In and Plug-In Encapsor, a dur¬ 
able plastic embedded electronic circuit 
arranged in the form of a small cylindrical 
cartridge having means to accept a vacu¬ 
um tube and which plugs into and is 
securelv locked to a tube socket. 

Encapsors are used in place of con¬ 
ventional methods of assembly and w ¡ring 
components associated with vacuum tubes. 

Made of Alcorite plastic, gold plated 
receptacle contacts, plug pins of phosphor 
bronze, A-B type resistors, Mylar ca¬ 
pacitors, silicon diodes, and other high 
quality components, it is available for 
both standard and printed circuits appli¬ 
cation. 

Literature and schematics are available 
upon request. 

(Continued on page 124A) 
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in youi1 equipment 
design and layout 

SINGLE-ENDED 

with leads 

clipped for 
socket mounting 

ELpiolioatiorxs 

Sylvania offers you. at clioice 
in Silicon Junction Diodes 
featuring 
—high back resistance 
—high rectification ratios 
— sharp breakdown in 
saturation voltage region 

—ambient operating 
temperature to 150°C. 

Chassis layout call for conventional 
soldering-in of diodes? Sylvania of¬ 
fers double-ended package design. 
Or you can choose the single-ended 
diode package which can be socket-
mounted as wellassoldered-in. Broad¬ 

range diodes and narrow-range diodes 
are available in both packages. 

Broad-Range Diodes—back resist¬ 
ance of 1000 to 10,000 megohms. 
Low capacitance and moderate for¬ 
ward conductance make them highly 
useful in general and computer ap¬ 
plications as rectifiers, end gates, 
restorers, and clippers. 
Single-ended Double-ended 
IN137 IN409 
IN138A IN410 

Narrow-Range Diodes—controlled 
breakdown voltages from 2 to 600 
volts. These general-purpose diodes 

feature superior rectification ratios 
and an ability to function at elevated 
ambient temperatures. They have a 
very low impedance in the satura¬ 
tion voltage region. Low-voltage 
types make good voltage regulators 
for transistor power supplies. All 
types are applicable in magnetic 
amplifiers. 
Single-ended Double-ended 

IN200 to IN222 IN370 to IN400 
IN401 to IN408 

For complete data on all Sylvania 
Junction Diodes, address Depart¬ 
ment F32R. 

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

In Canada: Sylvania Electric (Canada) Ltd., 
University Tower Building, Montreal 

LIGHTING • RADIO • ELECTRONICS ♦ TELEVISION • ATOMIC ENERGY 
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ALLIED world’s largest distributor of 
ELECTRON TUBES FOR INDUSTRY 

RADIO ALLIED 
Everything 
Electronics from 
One Dependable Source 

ALLIED Catalog for 

all electronic sup¬ 

plies. Write today 

for a FREE copy of 

the complete 308-

page 1955 ALLIED 

Catalog. 

100 N. Western Ave. 

Dept. 35-F-5, Chicago 80, III. 

IMMEDIATE DELIVERY FROM STOCK 

allied stocks for quick 
shipment the world’s larg¬ 
est distributor inventory 
of special-purpose electron 
tubes. We specialize in 
supplying the needs of 
industrial, broadcast, 
governmental and other 
users. To save time, effort 
and money—phone, wire 
or write to allied for fast 
expert shipment. 

AMPERE* 

g.e. 
eiwac 
RCA 

RAYTHEON 

SYlV ANIA 

tavior 
TUNGSOL 

VICTOREEN 
WESTINGHOUSE 

Q„d others 

FOR PUBLIC 
ADDRESS, RADIO, 
and kindred fields, 

JONES ,???, 
PLUGS 8 SOCKETS 

of proven quality! 

P-406-CCT 

S-406-AB 

Double Contact Area 
Phosphor bronze knife-switch socket contacts engage boih 
sides of flat plug contacts. 

Socket contacts phosphor bronze, cadmium plated. Plug 
contacts hard brass, cadmium plated. Insulation molded 
bakelite. Plugs and sockets polarized. Steel caps with baked 
crackle enamel. 2, 4, 6, 8, 10, 12 contacts. Cap or panel 
mounting. 

Information on complete line, in Jones Catalog 20: 
Electrical Connecting Devices, Plugs, Sockets, Terminal 
Strips. V/rito 

News-New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

infcrmation. Please mention your I.R.E. affiliation. 

(Continued front l'apc 122.1) 

Pulse Generator 
Teletronics Laboratory, Inc., 51 Kinkel 

St.. Westbury. I.. I., N. Y., announces the 
availability of a new Pulse Generator and 
Calibrator Model PC-100A. 

The Model PC-100A produces two 
rectangular pulses having independently 
controlled amplitudes and polarities: po¬ 
larities are positive or negative and ampli¬ 
tudes are 0 75 volts, open circuit from a 
220 ohm source. Their repetition fre¬ 
quencies are adjustable at 50 5.000 pps, 
and paired pulse interval is adjustable at 
5 5,000 ps. l ime durations are 1 ps for 
sliding-pulse output, and 1 ps lor fixed-
pulse output synchronized from external 
source and 1.5 ps when operated self 
synchronous, l ime markers are prov ided 
at 1. 10. and 100 ps, for amplitudes of 0 10 
volts, open circuit. Square-wav e calibrator 
output is 60 cps, 0.1 to 100 volts. 

Multimeter 
Physics Research Laboratories, Inc., 

507 Hempstead Turnpike, West Hemp 
stead. L. I., N. Y., is making available the 
complete line of C. P. Goerz (Vienna) pre¬ 

cision electrical instruments. The I ni 
versal “HV" isa typical Goerz multimeter 
which measures voltage, current, resist-
.nice and capacitance. A high voltage probe 
permits measurements of de voltage to 
15,000 volts. Decibel scale for attenuation 
included. Accessories extend current and 
voltage ranges beyond scale values. Cur¬ 
rent transformer available for conversion 
of meter to ac ammeter. 

(Continued on l'apc 128.-1) 
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Improve quality, cut costs of high-volume TV output 
with G.Es new 600-Series Tubes 6BH8 and 6CN7! 

General Electric, originator of 600-Series Tubes for series-string 
circuits, announces the new 6BH8 and 6CN7, which bring to 50 its 
line of uniform-warm-up types. Use these new G-E miniatures for 
higher TV quality—you will have fewer production-line rejects, 
more reliable performance in set-owners’ homes! 

Use them for lower TV costs! Each of the new tubes will replace 
two single-purpose types—is in itself a low-price tube. Use them to 
reduce plant tube inventory ... the 6BH8 and 6CN7 can be applied 
in either series-string or transformer sets! 

Use the new G-E tubes for design versatility! The triode sections 
of both types can do a number of different circuit jobs. 

Wire or write for description, ratings, and prices! Tube Depart¬ 
ment, General Electric Company, Schenectady 5, New York. 

NEW GE 6BH8 . . . Medium-mu triode¬ 
pentode, for use as general-purpose 
triode, and video amplifier or i-f am¬ 
plifier. Has 600-ma heavy-duty heater 
with series-string warm-up time. 

NEW G-E 6CN7... Duplex-diode high-mu 
triode, with a separate cathode for the 
two diodes. Triode section is useful in 
many circuit applications. The tube 
has a 600-ma heavy-duty heater with 
series-string warm-up time. 

NOW 50 G-E 600-SERIES receiving tubes 
with uniform series-string warm-up 
time. And all G-E picture tubes have 
heaters with series-string warm-up! 
For top performance, specify G-E 
tubes throughout your circuit! 

Progress Is Our Most Important Product 

GENERALS ELECTRIC 
162 1 A3 



The 
IRE DIRECTORY 

alone 
furnishes facts 

radio-electronic 
engineers 

must have! 
So breath-taking is the pace of progress in the 

radio-electronic field, that 35,000 IRE members 

who spark new developments consume all the 

latest facts as creative fuel. The IRE DIRECTORY 

is their working encyclopedia ... it organizes, 

codes, simplifies and "indexes for use" a vast and 

complex industry. They look to its listing of men, 

firms and products as vital working information. 

Wherever you find IRE members, you'll find IRE 

DIRECTORIES close at hand for ready reference. 

FAST FACTS ON 
• 32,647 MEMBERS 

• 2,760 RADIO ELECTRONIC FIRMS 

• TELEPHONE NUMBERS AT YOUR FINGER TIPS 

USE YOUR IRE DI RECTORY . . . IT'S VALUABLE 

THE INSTITUTE OF RADIO ENGINEERS 
1 East 79th Street, New York 21, N.Y. 
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DIRECT 

STREET 
TO THE 
RADIO¬ 

ELECTRONICS 
MARKET! 

(one way< 

IRE DIRECTORY 
ALONE PROVIDES 
PRODUCT FACTS 
ENGINEERS NEED! 
35.000 IRE members are the engineers 
who spark new developments in the 
fast-paced, fast-growing radio-electron¬ 
ics industry. To feed the fires of their 
creative thinking, they must have the 
latest facts. That's why they turn first to 
IRE DIRECTORY — a working encyclo¬ 
pedia of products, firms and men. This 
vital working information remains 
within arm’s reach 365 days a year. 
When it's packed with facts, your prod¬ 
uct catalog in IRE DIRECTORY "tells 
and sells" the men who specify and buy 
— the IRE radio-electronics engineer. 

The Institute of Radio Engineers 
Advertising Department 

1475 Broadway, New York 36, N. Y. 

,Vm9 

and current rating 
physical space. 

1. TOP PERFORMANCE IN ALL CLIMATES 
They are impervious to dust and mois¬ 

ture and are self-healing after moderate 
overloads. 

4. SMALL PHYSICAL SIZE 
Their vacuum dielectric has in 

herent advantages of high voltag 

2. TROUBLE-FREE OPERATION 
They require no maintenance and are 

designed to last the life of the transmit-

3. WIDE CAPACITY RANGE 
They make possible a continuously 

variable frequency range of 2 to 22 
me without complicated switching 

1 circuits. 

[ j.i i 4-1 20 kw, 
2 to 22 me, 
Short Wave 
Broadcast 
Transmitter 
for Indonesia 

Send for our cafcloque sum-o Vme » 
mary or vacuum capacitors 
and switches. 

I*0'0 — 1 

Heu”0"1 A** 

GATES 

WHY 

JENNINGS VACUUM CAPACITORS 

FOUR REASONS 

GATES RADIO USES 

Two JCS 250 mmtd coupling capacitors. 

JENNINGS RADIO MFG. CORP. 970 Me LAUGHLIN AVE. 
POST OFFICE BOX 1278 • SAN JOSE 8, CALIFORNIA 
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Idea to Reality... 
Put WHEELER Microwave 
Experience to Work for You! 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

ESTABLISHED 1920 CAMDEN 4, NEW JERSEY 
UTH STREET AND FERRY AVENUE 

(Continued from page 124 A) 

Wheeler Laboratories’ outstanding aehievements in better 
engineered microwave components for radio and radar place 
it in a unique position to handle your microwave needs. 

Under the direction of Harold A. Wheeler, our competent 
engineering staff, with complete supporting facilities, is 
equipped to tackle your toughest design problem . . . and 
come up with positive results. 

Submit your idea for imme¬ 
diate analysis, or arrange a 
meeting with our engineers. 
A brief summary of our 
work is available on request. 

Ruehlemann New Chief Engi¬ 
neer for Roller-Smith 

Herbert E. Ruehlemann, a leading 
authority on electric fuses, has been ap¬ 
pointed Chief Engineer and Director of 
Research and Development at the Instru¬ 
ment Div., Roller-Smith Corp., Bethlehem, 
Pa. 

In 1947, Ruehlemann was brought to 
the I nited States by the U. S. Navy to 
become consultant to the Naval Ordnance 
Laboratory and was responsible for carry¬ 
ing out all of their research and develop¬ 
ment in the field of electric fuses. 

Glass Sealed Crystals 
I'he development by Rogers Majestic 

Electronics Ltd., 11 Brentdiffe Rd., 
Toronto, Ont., Canada, of an all-glass, 
military type quartz crystal which will 
overcome electronic equipment failures 
due to crystal aging is announced by M. C. 
Patterson, manager of the company’s Tube 
and Component Division. 

The new crystal now ready for mass 
production and use in ci\ ¡lian and military 
communications, was demonstrated re¬ 
cently to members of the Electronic Com¬ 
ponent Development Committee of the 
Defence Research Board. Its production in 
commercial quantities is made possible 
through the development by Rogers of 
machinery to evacuate the glass envelope 
containing the quartz crystal and provide 
an air-tight glass seal between the envelope 
and glass base. The quartz crystal is con¬ 
tained in a high vacuum where it main¬ 
tains its activity and frequency stability 
under external operating conditions which 
cause frequent failure to crystals in metal 
type containers. 

The new crystal is interchangeable 
mechanically and electrically with the 
most commonly used types of military 
crystals. It has the same shape and di¬ 
mension as the metal HC6/V holder which 
encloses types CR18/D, CR23/U and 
CR27/U. 

yyy? wheeler 

À i là Laboratories, Inc. 
H 1 U  122 Cutter Mill Road 
> 1 9  Great Neck, N. Y. 
uAj HUnter 2-7876 

Members of the engineering staff 
discuss a problem in antenna de¬ 
sign with Mr. Wheeler. 

PRECISION RESISTOR 
HEADQUARTERS 

MODEL 
NS-1 

ENGINEERING AND CONSTRUCTION COMPANY 

The NS-I is simple to operate, and has excellent 
stability. Controls can be reset, to repeat a de¬ 
sired network. The unit is comoletely self-powered. 

bined, to obtain 10 terms of a Fourier series or 
any 10-step approximation to a transient response 
function. Voltages can be added in accordance 
witn harmonic analysis schedule of any selectivity 

New network synthesizer and universal laboratory 
filter for experimental use. Accelerates network de¬ 
sign by eliminating time-consuming design calcula¬ 
tions. 

Fifty-section delay line permits rapid synthesis 
of filter characteristics. Ten cathode followers, 
each with attenuator and polarity selector switch, 
permit any 10 voltages to be selected and com-

SHALLCROSS 

industrial, JAN, and 
in precision resistors— 
CO., 524 Pusey Ave., 

All commerc al, 
MIL types. Pioneers 
SHALLCROSS MFG. 
Collingdale, Pa. 

“Akra-Ohm” ceramic wirewounds (Bul¬ 
letin L-35>; “P-Type” epoxy resin encap¬ 
sulated wirewounds (Bulletin L-30); 
Deposited Carbon film types (Bulletin 
L-33); “Castohm’’ lightweight cast ceramic 
power resistors (Bulletin L-29) 
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Sim-New Producís 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

Contact Terminals 
Two new styles of contact terminals 

that facilitate assembly wiring or increase 
the operating current of electrical connec¬ 
tors are now available in the miniature, 
quick-disconnect and small power con¬ 
nector class from Winchester Electronics, 
Inc., Dept O, Willard Road, Norwalk, 
Conn. 

H it 
Ideal for higher currents, the turret 

terminals (Fig. A) enable wrap-around 
wiring of two or more wires per contact, 
or, if preferred, allow the use of larger 
AWG wire than that formerly permitted 
by conventional solder cup terminals. 

Internally-tapered terminals (Fig. B) 
are designed for use with #53 AMP taper 
pins to speed individual wire attachment 
and permit selective engagement or dis¬ 
engagement of wires. 

One or both types can be provided on 
several of this manufacturer’s connector 
series. A complete technical bulletin is 
available from Winchester. 

Manual X-Y Plotter Keyboard 
Developed by Librascope, Inc., 1607 

Flower St., Glendale 1, Calif., a new 
manually operated decimal keyboard 
activates a plotter by supplying excitation 
for the X and Y input transducers. 

Self-wiping, slide-type contacts, linked 
directly to the keys, completely eliminate 
the necessity for any adjustments of the 
switches and contacts. 

Librascope’s keyboard simulates re¬ 
sistance potentiometers by means of two 
voltage dividers (one each for the X and 
Y axes), each consisting of three banks of 

(Continued on page 130A) 

PRESET COUNTERS 

1 megohm., 0.05 mf. 
Input 
Impedance 

input 
Sensitivity 

0-10 counts per second: 1 volt RMS 
10-20 counts per second: 0.5 volt RMS 
20-100 000 counts per second: 0.1 volt RMS 

Output Signal 50 volt positive pulse 

Recycling Rate 35,000 per second 

Relay Hold Time Manual: Until reset 
0.01 to 0.1 seconds 

Automatic: 0.1 to 1.0 seconds 
1.0 to 10 seconds 

Model DS-8600 Series (5 Models) 
Designed to control any operation 

after a preselected total count has beer, 
reached. Used to count pills, bottles, cans, 

machine parts, etc. for automatic packaging. 
If an event can be converted to an 

electrical impulse —it can be counted and 
controlled with a Detectron Preset Counter. 

Dual models available which provide output 
signals at any two preset totals. Write for 
catalog or contact nearest representative. 

SPECIFICATIONS DS-8602 

Decades 2 

Count Capacity 100 

Counts 
Per Second 0-100,000 

DS-8603 

3 

1000 

DS-8604 

4 

10,000 

6 

1,000,000 

DS-8606 

5 

100,000 

DS-8605 

Automatically count and control to 
1,000,000 events. 

M»n< HOUrwOOO- CAW-

FEATURES 

Absolute Accuracy 

High Speed 

Reliable 

Automatic 

Rugged 

Economical 

Small Size 

TECHNICAL 

REPRESENTATIVES: 

NEW YORK & 
NO. NEW JERSEY 
Gerard G. Leeds Company 
Great Neck, N.Y. HUnter 2-7784 

SO. NEW JZRSEYÄ 
EAST PENNSYLVANIA 
Louis A. Garten & Associates 
Montclair, N.J. MO. 3-0257 

MARYLAND. D.C., VIRGINIA. 
NO. CAR., TENN. 
S. S. Lee Associates 
Washington 8. D.C. EM. 2-8626 
Branch Office: 
Baltimore 29. Md. AR. 3742 
Branch Office: 
Winston-Sakm. N.C. 5-346» 

THE DETECTRON CORP. 
5528 Vineland Ave., North Hollywood, California 

OHIO. SO. MICH., 
W. V1R .W. PA. 
Michael J. Cudahy Company 
Chicago 40, III. SU. 4- .858 
NO. ILLINOIS. INDIANA. 
SO. W1S.. E. IOWA 
Warren B. Cozzens Company 
Evanston, III. DA. 8-4:00 
COLORADO. WYO.. 
E. IDAHO. UTAH. NEBR. 
Allen I. Williams Co. 
Denver 4. Colo. MA 3-1'343 
NEW MEXICO & 
EL PASO COUNTY. TEXAS 
Allen I. Williams Company 
Albuquerque, N.M. AL. 5-9632 

WASHINGTON. OREGON, 
W. IDAHO, MONTANA 
Testco 
Seattle 8, Wash. MO. 4!95 

CALIFORNIA, ARIZONA. 
NEVADA 
Koessler Sales Company 
Los Angeles 38, Calif. YO. 6271 
Branch Office' 
San Francisco 18, Calif. JO. 7-0622 

MINN., NO. WIS.. NO MICH., 
NO. & SO. DAK. 
Industrial Representatives Company 
Minneapolis 16, Minn. WE. 9-9019 

SO. CAR., GA., ALA. & FLA. 
Southeastern Industrial Instrumenta 
Atlanta, Ga. EX. 7801 

SO. ILL.. MO.. 
KANS., W. IOWA 
Engineering Services Company 
St. Louis 5. Mo. VO. 3-3661 
Branch Office: 
Kansas City. Mo. JE. 7765 

CANADA 
Electromechanical Products 
Agincourt. Ontario. 493-R-2 

EXPORT 
Frazar & Hansen. Ltd. 
301 Clay St.. San Francisco. Calif. 
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NEY’S small parts 
play a BIG part 
in precision instruments 
Reliability of many precision elec¬ 
trical instruments depends upon 
accurate transmission of electrical 
signals between moving parts. The 
Potentiometer Division of the Fair¬ 
child Camera and Instrument Corpo¬ 
ration has selected Ney Paliney #7* 
for use as wipers and sliders in their 
precision potentiometers because 

Paliney #7 provides the important advantages of a long life with excel¬ 
lent linearity and the ability to hold noise at a minimum. 

Ney manufactures many other precious metal alloys which, like 
Paliney #7, have ideal electrical characteristics, high resistance to tarnish, 
and are unaffected by most industrial atmospheres. Ney Precious Metal 
Alloys have been fabricated into slip rings, wipers, brushes, commutator 
segments, contacts, and intricate component parts and are used in high 
precision instruments throughout industry. Should you have a contact 
problem, a call to the Ney Engineering Department will result in study 
and recommendations which will improve the output of your electrical or 

Arrows point to Paliney #7 contacts 
used in this Fairchild Type 746 Pre¬ 
cision Potentiometer. 

electronic instruments. 
THE J. M. NEY COMPANY • 171 ELM ST., HARTFORD 1, CONN. 

Specialists in Precious Metal Metallurgy Since 1812 
* Registered Trade Mark 9ny55B 

VwsProducts 
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I series-connected precision resistors which 
are switched into the input circuit by 

I pressing the front panel keys. 
The quadrant in which an input signal 

is controlled by the position of two selector 
switches on the front panel, which reverse 
the positive and negative connections of 
the regulated supply across the voltage 
dividers. 

Pressing the plot bar on the keyboard 
I actuates relays which permit motors in the 

recorder to drive the pen to the correct 
position on the chart. Circuits in the key¬ 
board prevent the pen from marking the 
chart until the motors have positioned it 
in exact correspondence to the numerical 
value of the depressed switch keys. When 
the servos in the plotter reach the null, 
they cause a thyratron in the keyboard to 
fire, thereby triggering the pen-actuating 
mechanism in the plotter. 

Front-End Camera and 
Binocular Attachment 

MYI W hether you impregnate 
electrical windings, transformers, 

castings, paper tubes, etc.— 
with NYECO’s better equipment, 
you will get better impregnation 

and more production. 

The New York Engineering 
Company manufactures complete 

systems for vacuum-pressure 
impregnating. Tank sizes range 

from 24" diameter to 12' 6" 
diameter . . . depth to suit 

applications. 

BETTER 

IMPREGNATING 
EQUIPMENT 

MEANS 
BETTER PRODUCTION 

For prompt, reliable data and quotations 

where progress 

NEW YORK ENGINEERING CO. 
Dept. I 75 West Street • New York 6, N. Y. 

WRITE, 
PHONE 
or WIRE 

PHONE: WHitehall 4-5380 CABLE: NYECO. New York 

A new front-end plate camera and a 
new binocular attachment, both adaptable 
to all existing Philips EM-100 electron 
microscopes, have been announced by the 
Research & Control Instruments Div., 
North American Philips Company, Inc., 
750 S. Fulton Ave.. Mount Vernon, N. Y. 

T he new camera permits micrographs 
to be made direct magnifications up to 
100,000X direct at the viewing screen. 
Cassette holds five 31 by 4 inch or six 4 by 
5 inch cut films. 

Rapid single lever action removes the 
cassette from the field and presents fresh 
film in the automatic cassette. This 
eliminates double exposures. Camera is 
equipped with a direct reading exposure 
counter. 

The binocular attachment is available 
and fits over the flange ring of the Philips 
100 Kv electron microscope. Objective 
lenses provide 3.5 and 7X magnification 
and aid in determining accurate image 
focus. 
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Silicon Rectifier 
Transitron Electronic Corp., Melrose 

76, Mass., announces the availability of 
high power silicon rectifiers capable of con¬ 
tinuous operation at full rated power at an 
ambient temperature of 125°C. 

I hese new rectifiers overcome the 
basic disadvantages of selenium, ger¬ 
manium, and gas filled tubes, and provide 
reliable operation under wide variations in 
ambient temperature. Their high forward 
conductance and low leakage current allow 
operation at extremely high efficiencies. In 
most applications, efficiencies of 90 to 99 
per cent are easily achieved. 1'he new 
silicon rectifiers do not exhibit aging 
effects. I heir hermetically sealed construc¬ 
tion provides permanent protection against 
the environment. 

1 ypes range in power handling ability 
from 10 amperes at 50 volts PIV to 5 am¬ 
peres at 200 volts PIV, all rated at 125°C. 
Designed for conduction cooling, these 
rugged rectifiers provide major savings in 
both size and weight. 

AC Voltage Regulator 

El Mec Laboratories, Inc., 730 Blvd., 
Kenilworth, N. J., is announcing their 
Model E-80 ac voltage regulator, the com¬ 
mercially available package of a new type 
of ac regulation system, previously in use 
in precision production testing equipments 
and automation machines of El Mec de¬ 
sign. I he unit suppresses line harmonic 
distortion, maintaining a sine wave under 

(Continued on page 1S2.-Î) 

MODEL S-11-A 

ANOTHER EXAMPLE 0 PIONEERING.. 

DC-COUPLED 

WORK-HORSE OF 

INDUSTRY 

INDUSTRIAL 

POCKETSCOPE 

Size: 
11" x 5" X 7' 
8% Pounds 

The INDUSTRIAL POCKETSCOPE, model S-ll-A, has become 
America s most popular DC coupled oscilloscope because of its small size, 
light weight, and unique flexibility. This compact instrument has identical 
vertical and horizontal amplifiers which permit the observation of low fre¬ 
quency repetitive phenomena, while simultaneously eliminating undesirable 
trace bounce. Each amplifier sensitivity is 0.1 Volt'rms/inch. The frequency 
responses are likewise identical, within —2 db from DC to 200 KC. Their total 
undistorted outputs permit effective trace expansion of twice the screen 
diameter. The internal sweep generator is continuously variable from 3 cycles 
to 50 KC and can be synchronized from positive going signals. Return trace 
blanking is optional. Intensity modulation is accomplished by connecting 
either directly to the grid of the three-inch cat hode ray tube or thru an ampli-
fier haying a gain of approximately 10 and a flat response to 500 KC. Direct 
intensity modulation threshold voltage is approximately 1 volt rms Addi¬ 
tional provisions for direct access to all the deflection plates, the second 
anode, and the amplifier output terminals extend the usefulness of the S-ll-A 
many fold. 

WATERMAN PRODUCTS CO., INC. 
PHILADELPHIA 25, PA. 
CABLE ADDRESS: POKETSCOPE WATERMAN PRODUCTS INCLUDE 

S-4-C SAR PULSE SCOPE'S) 
S-5-A LAB PULSESCOPE 

S-6-A BROADBAND PULSESCOPE 
S-ll-A INDUSTRIAL POCKETSCOPEg) 

S-12-B JANized RAK SCOPE S’ 

S-14-A HIGH GAIN POCKETSCOPE 
S-14-B WIDE BAND POCKETSCOPE 

S-15-A TWIN TUBE POCKETSCOPE 
RAYONICS) Call-ode Ray Tubes 
and Other Associated Equipment 
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Resistance: ± 0.1% 
Capacitance: it 0.25% 
Inductance: :t 1.0% 

Resistance: 1 milliohm ta 
11 megohms 

Capacitance: 1 ßßt to 1100 #f 
Impedance: 1 /xh to 1100 henryt 

IMPEDANCE 
BRIDGE 

♦ Precise resistance, capacitance, inductance 
readings to four significant figures. 

♦ 9~x 1 l*x 11*over-all. Convenient operation 
from battery, or from AC power lines with 
ESI accessory amplifier as shown, 

PRICES 
♦ Model 855-Al Oscillator-Amplifier...$170 
♦ Model 250-C1 Impedance Bridge.... $340 
♦♦Team .$510 

FtT dekadial 
ELECTRO¬ 

MEASUREMENTS, 
INC. 

4312 ». t. STARK STREET 
FORTLAND 15, OREGON 

Nofionwid. Ktprttfnlolion 

lews New Producís 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 131 A) 

extreme half-wave loading, and it has a 
response time in the order of 1 ms, with no 
thermal or magnetic circuit lag. These 
characteristics, along with its low dynamic 
impedance, make this unit of value in 
work involving non-linear loads, such as 
are encountered in semi-conductor and 
magnetic circuit development and test 
applications. 

Models are available with fixed 115 volt 
output, or variable from 50-125 volts; 
for either 60 or 400 cps; and for various 
output currents. Further information can 
be obtained from El Mec Laboratories. 

TV Test Equipment 
A new instrument developed by Kay 

Electric Co., 14 Maple Avenue, Pine 
Brook, N. J., and named the Kay Keyd-
sweep, eliminates spot frequency checking 
in Video circuit evaluation. 

TOP HAT FOR PLUG-IN UNITS 
A widely used, dependable, 
improved clamp for electron 
tubes, relays and capacitors. 

WRITE FOR NEW 1955 CATALOG 

EASY TO APPLY 

INSTANTLY RELEASED 

POSITIVE LOCKING ACTION Bl 

_ - ■ ■ V M f* I AB I I Ia CORPORATION 
TIMES FACSIMILE 
SUBMINIATURE 

Field tested—used with transistors by leading 
manufacturers in large quantities. 

FRANK KESSLER CO. 
41-45 47th St., Long Island City 4, N.Y. 

Tel: STillwell 4-0263 

TRANSFORMER 

LEAD LENGTHS-4"long 

The Keydsweep provides internal sync 
pulses, and will operate with an external 
source of sync and blanking pulses giving 
pedestals and spacings in accordance with 
the source characteristics. It may be used 
with standard video sweep generators, 
several types of which are manufactured 
by Kay Electric Co. Also, provision for 
rack mounting is incorporated into the de¬ 
sign. 

Requirements for external sync and 
blanking source are: Sync, 0.5 v. neg. min. 
Blanking 0.5 neg. min. into 75 ohms. Price 
is $395.00 F.O.B. Plant. A complete de¬ 
scription may be had by writing the manu¬ 
facturer. 

Transistorized Servo Systems 
The first successful airplane flights 

with all-transistor-equipped automatic 
navigation and landing systems in place 
of vacuum tubes has been announced by 
Bendix Aviation Corp., Teterboro, N.J. 

The achievement was announced by 
Roy H. Isaacs, general manager of the 
Eclipse-Pioneer division, which last No¬ 
vember disclosed the first successful flight 
of a plane controlled by a transistorized 
automatic pilot. Now the new flights ex¬ 
tend transistor-equipped automatic flight 
to instrument landing approaches and 
cross-country flights on radio-marked air¬ 
ways. 

Developed by Eclipse-Pioneer’s auto¬ 
matic flight laboratory under the direction 
of Paul A. Noxon, chief engineer, the new 
automatic flight equipment culminates 
several years' research. The successfu 
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flight tests, which included eight auto¬ 
matic landing approaches as well as cross¬ 
country cruising on radio ranges, were 
made with engineering versions of a new 
autopilot, designated the PB-20, aboard 
Eclipse-Pioneer’s B-25 Flying Laboratory. 

1 he PB-20 is basically a transistorized 
autopilot with an integrated electro¬ 
mechanical computer requiring no addi¬ 
tional equipment for automatic response 
to radio flight aids, Isaacs explained. As a 
result of its successful flight tests, Bendix 
engineers are working toward equipment of 
all aircraft flight control systems with 
transistors. 

National Appoints Grant 
Announcement of the appointment of 

Eugene F. Grant as Director of Engineer¬ 
ing has been made by Joseph H. Quick, 
president of the National Company, I 
Inc., Malden & Melrose, Mass. Grant will | 
be responsible for all research, develop¬ 
ment and engineering activities at Na¬ 
tional. 

Prior to joining the National Company 
Grant was an Engineering Manager at the 
W. L. Maxson Corporation. Before joining 
W. L. Maxson he was Chief, Computer 
Branch, Air Defense Group, at the United 
States Air Force Cambridge Research 
Center, where he was in charge of the en¬ 
gineering of large-scale digital computers 
and system design of automatic radars. 

Capacitance Decade 
Dekapacitors are a new type of preci¬ 

sion decade capacitors which have been 
developed by Electro-Measurements, Inc., 
4312 S.E. Stark St., Portland, Ore. Any 
incremental capacitance value can be 
selected throughout the 0 to 1 microfarad 
range with ± 1 per cent accuracy by a new 
style Dekadial featured for the first time 
on these units. Dekapacitors are com¬ 
pletely shielded and are designed for simple 
installation in computers and other equip-

( Continued on page 134A) 

E. F. JOHNSON COMPANY 
2123 Second Avenue Southwest Waseca, Minnesota 

Completely insulated, this rugged tip plug 
is the pertect "mate” to the Johnson nylon 
tip ¡ack. Sleeve is molded of tough, durable 
nylon and will not chip or crack even when 
subjected to rapid or extreme temperature 
changes. Recessed construction prevents 
the exposure of metal surfaces when plug 
is engaged with any standard tip ¡ack. 
These new Johnson nylon tip plugs are 
available in 11 bright colors to match the 
Johnson nylon tip ¡ack series. Standard 
.081" diameter pin projects, 9/16"; sleeve 
length, %"; sleeve diameter, %". 

No exposed metal sur¬ 
faces— pin assembly is 
recessed, providing posi¬ 
tive insulation. 

New, simplified solder¬ 
less connection—up to 16 
gauge wire held securely 
with positive electrical 
Contact. 

Tough, durable molded 
nylon sleeve—won't chip 
or crack. 

NYLON INSULATED BANANA PLUGS 

New nylon insulated banana plugs are also available. Made of 
high grade, nickel plated brass with nickel-silver springs and a 
rugged nylon insulating sleeve. Designed for solderless connec¬ 
tion—accommodates up to 16 gauge stranded wire. 

NYLON TIP JACK AND INSULATING SLEEVE 

Complete assembly includes standard nylon tip jack with threaded 
ny’on insulating sleeve. This assembly may be used for patch 
cords or sleeve may be used instead of a nut to mount tip jack 
on panels, providing insulation for the rear connection. 

For complete information on these or other Johnson quality 
components write for your free copy of Components Catalog 976. 
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When 
Instruments 
Must Be 

Accurate... 
The Burlington Meter was chosen 
for this Bendix-Friez Laboratory 
Temperature Indicator because they 
found it met their requirements for 
an accurate, yet low cost, meter 
and enabled them to set a desirable 
price on their instrument. Other 
famous-name manufacturers have 
made their selection from the wide 
ranges, styles and sizes offered by 
Burlington. Or, let Burlington 
build a meter to your specifications. 

BURLINGTON INSTRUMENT CO. 
129 N. Third SI., Burlington, Iowa 

CUSTOM BUILTTO SPECIFICATION 

WRITE FOR 
CATALOG N1 

Rem-New Producís 
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(Continued from page 133A) 

ment which require wide range RC net 
works. 

The Dekapacitor-Dekadial combina¬ 
tion provides one thousand incremental 
steps of 0.001 microfarads each; direct 

capacitance readings are made on the 
stacked deck of dials. The Dekadial's outer 
and middle dials have nine clearly marked 
positions. Tenths and hundredths of micro¬ 
farads respectively are selected by these 
dials. The smallest capacitance increments, 
thousandths of microfarads, are selected 
by the inner dial which is provided with 
ten scale divisions. Solid silver electrical 
contacts on “dry-filmed” ceramic switches 
and a detent positioning structure assure 
accurate capacitance selection. r / ▼ rj * lef/on,.. 

•Trademark for DuPont 
tetrafluoroethylene resin. 

INQUIRIES INVITED ON 

TAPE • SHEET • ROD • TUBES 

Molded and Machined Parts 
O. J. Maigne Co. 

321 PEARL STREET • NEW YORK 38, N. Y. • WORTH 2-1165 

AN/APR-4 LABORATORY RECEIVERS 
Complete with all five Tuning Units, covering the range 38 to 
4,000 Me.; wideband discone and other antennas, wavetraps, 
mobile accessories, 100 page technical manual, etc. Versatile, 
accurate, compact—the aristocrat of lab receivers in this 
range. Write for data sheet and quotations. 

We have a large variety of other hard-to-get equipment, in¬ 
cluding microwave, aircraft, communications, radar; and labo¬ 
ratory electronics of all kinds. Quality standards maintained. 
Get our quotations! 

NEW TS-I3/AP X-BAND SIGNAL GENERATORS, with manual. 
$575.00 . . T-47A/ART-I3 Transmitters, $450.00 . . H-P, Boon¬ 
ton, G-R, Measurements, and other standard items in stock; 
also nucleonic equipment. 

ENGINEERING ASSOCIATES 
434 PATTERSON ROAD DAYTON 9, OHIO 

Ferrite Core Pulse 
Transformers 

The Gudeman Company of California, 
Inc., 9200 Exposition Blvd., Los Angeles 
34, Calif., has in production a new 7-pin 
impedance-matching ferrite core pulse 

transformer with an impedance ratio of 
10 to 1 for matching 1,000 ohms to 100 
ohms. The unit, GFZ 10-1, is Epoxy resin 
impregnated and cast, is designed to sur¬ 
pass MIL-T-27, grade 1, class A test speci¬ 
fications, and is useful for coupling a 2 
microsecond pulse with less than 5 per 
cent tilt and overshoot. Rise time is less 
than 0.07 microsecond. Size: 51 inches di¬ 
ameter by I A- inches. 

Complete data is available through 
Donald IL Allen at the company. 
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Standing Wave Detector 
The 219 Standing W ave Detector was 

designated by Polytechnic Research & 
Development Co., Inc., 202 Tillary St., 
Brooklyn 1, N. Y., to supersede bulky 

slotted sections in the range of 100 to 1,000 
me. It is the small package, low cost solu¬ 
tion for making impedance measurements 
easily and accurately in this region. By 
connecting the output to a \’SW’R indica¬ 
tor, such as the PRD 1'ype 277, VSWR 
may be read directly on the indicator 
meter. No special detection equipment is 
required. The reflection coefficient angle 
is determined by rotating the top drum 
dial to a minimum indication on the meter 
and reading the angle on the dial directly 
in electrical degrees. The probe and crystal 
detector are self-contained. 

For further information, please write 
to Raymond E. Jacobson, at the firm. 

TV Check Tube 
Sylvania Electric Products Inc., 174(1 

Broadway, New York 19, N. Y., has an¬ 
nounced a new television receiver check 
tube, designated the 5AXP4, a 5-inch, 

round, magnetically deflected tube using 
electrostatic self-focusing. 

The new check tube, intended pri¬ 
marily for the television serviceman and 

(Continued on page 136A) 

SIMPLE OR COMPLEX 
C/lUUd has the answer 

Sterling Engineering is daily designing and produc¬ 
ing products from Simple Single Spring relays to 
Complex Multi-Spring Stepping Switches. 
Type PS Series, heavy duty power relays, are built 

to the high standards of all Sterling products. Priced 
lower than competition, it’s in stock for immediate 
shipment. This relay is rugged and compact: size 
1%" X 1%" X 1J3" high. Contact capacity up to 20 
amperes. Available up to 230V AC or 220V DC. 
Type SS, bi-directional Stepping Switch is a mag¬ 

netically actuated device whose output shaft may be 
operated in either direction to drive wipers, poten¬ 
tiometers, servo mechanisms, or other control devices. 
Equipped with up to 4 switch banks maximum 12 
positions each. Contacts up 
to 3 amps per set. 

Write: 
Sterling Engineering Co., or 
Potter & Brumfield Mfg. Co., 

Princeton, Indiana 

WELOMAT1C 

whisker-wire 

welded directly 

to lead 6r stud 

precision stored-energy welding 

WELDMATIC MODEL 1015 welds molybdenum, tungsten, 

gold, iridium-platinum, or other fine wire to Dumet, 

Kovar, steel, etc. Diameters 0.0003 to 0.060 inch — 
I 1 ] . I I I. . I 

welded easily w'thout oxidation or annealing. 
lililí I I I ! 

U N I T E K Ç O_K P O R A T_l O N 
256 North Halstead • Pasadena 8, California 

Write for Complete Technical Information 

on Stored Energy Welding , 
i i ¡ i I i ” I I I ’ I I i I 
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Output Impedance . .Will not exceed 2 ohms from 1 cps to 200,000 cps 
Regulation 

Minimum DC Input Voltage 

ELECTRICAL CHARACTERISTICS 

—2 —3 

14 lbs. 27 V DC 27 V DC 27 V DC 

14 amps Input current 6 amps 10 amps 

RHEEM 
Instrumentation 

Units are 

RHEEM ELECTRONIC 
EQUIPMENT FOR 

il OUTSTANDING QUALITY 

‘REL 14-2 and REL-14-3 have 
slightly larger dimensions. 

150 V DC 
150 ma 
5 MV rms 
2 ohms 

250 V DC 
100 ma 

150 V DC 
300 ma 
5 MV rms 
2 ohms 

Ripple Reduction Factor 
Output Impedance. 

250 V DC 
100 ma 

250 V DC 
200 ma Special Features 

•Size 
Weight 

RHEEM AIRBORNE 
POWER SUPPLY 

Model REL-16 

Specifications 
Input. 
Regulated Output 
Regulation. 

Size. 
Weight. 
Environmental Operation 

Current. 
Ripple Reduction Factor 

Regulated output 
Voltage 
Current 
Ripple 
Impedance 
Regulation 
Unregulated output 
Voltage 
Current 
Power requirement 
Input voltage 

...Designed to fulfill the demands of industries for in¬ 
creased performance from existing instrumentation units. 

... Designed to operate under the most rigorous environ¬ 
mental conditions and to meet the most exacting specifi¬ 
cations required by modern systems. 

150 V DC 
250 ma 
5 MV rms 
2 ohms 
0.5% 

... Designed and built with components of the highest 
quality for lasting accuracy and dependability. 

... Designed for compactness, simplicity, and versatility, 
and for integration into existing systems. 

Specifications 

Size. 
Weight . 
Output Voltage 

You Can 
Rely on 

Within .05% for load variations of ±25% 
and input variations of ±20% 

.Equal to 100 volts greater than 
the regulated output voltage 

RHEEM SUBMINIATURE 
VOLTAGE REGULATOR 

Model REL-11 

.1-3/4" X 2-5/16" X 4-3/8" 

.14 ounces 
... .Any nominal voltage from 130 to 235 volts, 
adjustable range ±10% of the nominal voltage 
.Up to 200 milliamperes 
.5x10—4

Government Products Division 

9236 East Hall Road, Downey, California 

for complete information on these and other units or on 

specialized electronic design problems, contact: 

RHEEM 
Manufacturing Company 

. 115 V, 400 cycle, single phase 

.150 V, de at 200 ma 

. Within 0.05% for Load Variations 
of ±25% and input variations of ±20% 
. 5 X io-» 
. Will not exceed 2 ohms 

from 1 cps to 200,000 cps 
. 8-3/4" X 2-5/16" X 3-1/8" 
. 2 lbs., 13 ounces 
. Meets existing aircraft and missile 

environmental specifications of vibration, 
temperature, acceleration, shock and altitude. 

AIRBORNE POWER SUPPLY 
REL-14 (-1,-2,-3) 
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for TV equipment manufacturers, will now 
permit a cabinet-mounted picture tube to 
be left in the cabinet while the receiver is 
being serviced in the shop. It is also a uni¬ 
versal type of tube which can be inserted 
into any TV chassis while the set is being 
serviced. 

Since the tube has a focus system built 
into it, no focus mechanism needs to be 
used on the tube nor does the ion trap 
need to be installed while making tests 
on the receiver. The tube is so light that 
the yoke of the receiver will very easily 
support the tube. Only electrical connec¬ 
tions required are the high-voltage lead 
and the picture tube socket of the receiver. 
The tube may be used in any receiver re¬ 
gardless of the deflection angle. Further 
details can be obtained by writing the 
Advertising Department, Sylvania Elec¬ 
tric. 

Medium-Mu Twin Triode 
A new general purpose medium-mu 

twin triode tube, designated the 6CG7, has 
been added to the line of 9-pin miniature 
types, produced by Sylvania Electric 
Products Inc., 1740 Broadway, New York, 
N. Y. 

The 6CG7 is intended particularly for 
use as a vertical deflection oscillator and 
horizontal deflection oscillator in television 
receivers. It may also be used as a phase 
inverter, multivibrator, sync separator and 
amplifier, and resistance coupled amplifier 
in electronic equipment. 

The new type, similar to the 6SN7GT 
in characteristic, is in a T6J envelope. 

It is designed with a 600 ma heater, 
having a controlled warm-up time to in¬ 
sure dependable performance in television 
receivers employing a single series con¬ 
nected heater string including the heater 
of the picture tube. 

Design features of the 6CG7 include a 
structure which permits cool operation of 
the grids, with the result that emission 
from them is minimized. The structure also 
incorporates an internal shield which pro¬ 
vides effective shielding between the 
triode units that prevents electrical cou¬ 
pling between them. 

(Continued on page 152A) 
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New RC coupled, silicone transistor servo amplifier was developed for aircraft and guided missile applica¬ 
tions. Small size of six G-E Micro-miniature Tantalytic* capacitors permitted size reduction to .68 cubic inches. 

COMPACT SIZE, DEPENDABILITY, CREATE . . . 

New use for tiny G-E Tantalytic capacitors 
in subminiature plug-in servo amplifier 

Six G-E Micro-miniature capacitors rated at 8 micro¬ 
farads and at 4 volts are used by the engineers at 
Plastics and Electronics Corp., Buffalo, N. Y., in their 
new RC servo amplifier. The J s by 5 16 inch dimen¬ 
sions of the tiny capacitors enable the amplifier to 
be assembled and encapsulated in plastic in a 1 by 
2 by 1/3 inch space. 

Five of the capacitors (Cl to C5 above) are used 
for coupling while the sixth (C6) is for bypassing. 

Because the amplifier was designed for critical air¬ 
craft and missile applications, capacitors were needed 
which combined small size, high ratings, and reli¬ 
ability. 

“We chose G-E Tantalytic capacitors because they 

were the smallest, most dependable units with the 
★Registered trade-mark of General Electric Co. 

Progress /s Our Most Important Product 

G EN ERAL Ä ELECTRIC 

high capacitance required for low impedance transis¬ 

tor devices,” said Plastics and Electronics’ chief 

engineer, Thomas L. Robinson. 

If you have a design problem calling for an ex¬ 
tremely small, high microfarad capacitor (particularly 
for transistorized circuits) fill out the coupon below. We 
will send you complete specification data and descrip¬ 
tive information on G-E Micro-miniature Tantalytic 
capacitors. For specific application information, con¬ 
tact your nearest G E Apparatus Sales Office. 

I General Electric Co. 

Section A442-26 

Schenectady 5, N. Y. 

Please send me Micro miniature Tantalytic Bulletins GEA-6065 
and GET-2405. 

Name Title . 

Company .. 

Address 

City Zone State 
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LET’S 

CROSLEY 
DIVISION 

■ HERE’S 

J WHY 

J YOU 
SHOULD 

COMPARE 

y/ New engineering groups being 
established offering unusual oppor¬ 

tunities NOW . . . "on the ground 

floor.” 

V Greater advancement opportunities 
assured by the continued expansion of this 

young, vibrant engineering organization. 

FACE IT... 
there are thousands of 

' engineering positions 
open today... but — 

PRESENT 
REQUIREMENTS* 

Electronics and Mechan¬ 
ical Engineers,Physicists 
and Mathematicians: 

• Advanced Research • Research • Project • Advanced Design • Senior Design • Design • Junior 

CROSLEY ENGINEERING GROWTH IN PERSONNEL 

SOME OF THE FIELDS OF INTEREST TO CROSLEY: 

Radar — Servo-mechanisms — Fire Control — Digital Circuitry 
— Navigation — Communications — Countermeasures — Missile 
Guidance — Microwave Design — Telemetry 

SUBSTANTIAL BENEFITS AVAILABLE TO YOU: 

Excellent salaries, fully equipped modern laboratories, paid 
vacations and holidays, subsidized university educational pro¬ 
gram, group insurance program for you and your family, retire¬ 
ment plan and adequate housing in desirable residential areas. 

Investigate these opportunities 

by sending resume to: 

*U. S. Citizenship required 

DIRECTOR OF ENGINEERING 
Government Products — Crosley Division, 

AVCO Manufacturing Corporation 
Cincinnati 15, Ohio 

The following positions of interest to 
l.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 l.R.E. 
I East 79th St.. New York 21. N.Y. 

POWER SUPPLY ENGINEERS 
Graduate engineers with experience on tube¬ 

less regulated power supplies and magnetic am¬ 
plifiers are needed. Write company complete 
resume, or phone Philip Diamond. President, 
Perkin Engineering Corp., 345 Kansas Street, 
El Segundo, Calif. Oregon 8-7215. 

ELECTRONIC ENGINEER 
Excellent opportunities with expanding Radia¬ 

tion Instrument Development Group for recent 
graduates in E.E. or Physics and for engineers 
with 1-5 years experience. Send resume and 
salary required to Tracerlab, Inc., Western Div., 
2030 Wright Ave., Richmond 3, Calif. 

PROFESSOR 
Professorial position open on the faculty of the 

Dept, of Electrical Engineering of a midwestern 
university. Faculty rank and salary will be de¬ 
termined upon qualifications of the applicant se¬ 
lected. Position starts in September 1955. A 
Ph.D. degree is desirable, but not necessary 
if the applicant has a sufficiently strong re¬ 
search and publication record. Box 809 

SALES ENGINEER 
We bave an opening for a technical salesman, 

preferably with experience in the development 
and design of capacitors. Headquarters will be 
in Lee, Massachusetts. After a training period, 
the position will involve some traveling, prin¬ 
cipally in the east. The right man can ex|>ect an 
attractive fixed salary and expenses with an ex¬ 
cellent opportunity for advancement. All in¬ 
quiries will be treated in strictest confidence, 
and should be directed to the personal attention 
of Mr. Peter Schweitzer. Peter J. Schweitzer, 
Inc., 261 Madison Ave., New York 16, N.Y. 

ENGINEERS 
Several positions are available for engineers 

involving the fields of electronics, instrumenta¬ 
tion, mechanical engineering, etc. These posi¬ 
tions are in the engineering field and are asso¬ 
ciated with various programs involving special 
devices, equipment and material for military use. 
Salary ranges from approximately $4200 to $6000 
per year. Education, training and experience will 
be the significant attributes in determining which 
position the candidate qualifies for. The above 
positions are available in upstate New York area 
and interested applicants should supply a resume 
of their experience to Box 811. 

ELECTRONIC SALES ENGINEER 
A growing group of electronic manufacturers 

representatives serving in the southeast since 
1924 requires an electronic sales engineer. Ap¬ 
plicant should be married and be between the 
ages of 30-35, willing to travel two-thirds of the 
time. Contacts cover industrials and distributors. 
Prospects for partnership interest to qualifying 
applicant. Send complete resume with photograph. 
Box 812. 

(Continued on page 140A) 
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YOUR 
FUTURE I’N 
GUIDE® MISSILES 
wrr** 

If you are interested in guided missiles this book will interest you. Here is one of the 
most complete guides to job opportunities in the guided missile field yet published. In this book, you will find not only a 
complete outline of the objectives and accomplishments of the Bendix Guided Missile Section, but also a detailed back¬ 
ground of the functions of the various engineering groups such as system analysis, guidance, telemetering, steering 
intelligence, component evaluation, missile testing, environmental testing, test equipment design, reliability, propulsion, 
and other important engineering operations. Send for your free copy today. 

challenging opportunities in the 
newest and fastest growing branch of 
the aviation industry are now open 
Bendix job opportunities in guided missiles range from top 
senior engineers to assistant engineers, junior engineers, 
technicians, and a score of other assignments. 

Qualified men are given real job responsibility with 
Bendix and grow with the development of what is not only 
the nation’s most important weapon system, but a project 
that will undoubtedly lead to new and important long-
range commercial applications. 

And at Bendix you will be associated with top missile 
authorities and have at your command unexcelled engineer¬ 
ing and manufacturing facilities. 

If you are interested in a future in guided missiles, the 
first step is to fill out the coupon and mail it to us today. 

Missile Section, Employment Department M 

Bendix Products Division, Bendix Aviation Corporation 

401 Ncrth Bendix Drive, South Bend, Indiana 

Please send me a copy of the book 

’’Your Future in Guided Missiles." 

Name._-___ 

Address_ 

I 
---. I 

I 
State--- I 

I -— — —--- j 
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ENGINEERS 
(Continued from page 138A) 

How Would You Like 
to Tackle this Problem ? i 

ELECTRONICS 

CORPORATION 

OF AMERICA 

77 Broadway Cambridge 42, Mass. 

(Continued on page 144A) 
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ELECTRICAL ENGINEERS—PHYSICISTS 
Permanent staff positions are open for B.S. or 

advance degree electrical engineers or physicists 
with a minimum of 3 to 5 years electromagnetic 
and propagation experience in the fields of direc¬ 
tion finding, antenna design, microwave and 
radar techniques. Send statement of qualification.' 
and interest in industrial and defense research 
to S. J. Keane, Physics Dept., Southwest Re¬ 
search Institute, 8500 Culebra Road, San An¬ 
tonio, Texas. 

To instrument a system for testing propeller blades, measur¬ 
ing to 0.1 degree and 0.1 inch respectively, the angular and 
lateral deflection of a blade rotating at 8000 rpm —with all 
equipment OUTSIDE of the wind tunnel. 

PATENT ATTORNEY OR AGENT 
Capable and experienced man with good elec¬ 

tronics background. Chemical experience also de¬ 
sirable. To engage in patent work in electron cir¬ 
cuits and devices, in company carrying forward 
advanced research and development programs in 
monochrome and color TV, transistors and other 
semi-conductive devices, vacuum tubes, UHF 
and microwave systems, preferably with mini¬ 
mum of supervision. Prior experience and edu¬ 
cational qualifications will be recognized in scope 
of work, responsibility and compensation. Box 
814. 

This is just one example of the wide variety of proj¬ 

ects at ECA, and it was accomplished by an ingenious 
application and modification of a well-known device. 

To develop those automatic controls, electronic busi¬ 

ness machines, digital and analog computers that will 

best meet the increasing need for automation in busi¬ 

ness and industry requires engineering skill of the 

highest order...a well developed professional curi¬ 

osity... a diversity of personal interests. 

Men of this calibre come to ECA — and stay for more 

than one reason: there’s the freedom which encour¬ 

ages individual approach and initiative, the compen¬ 

sation high on the industrial scale, the stability based 

on the success of many established commercial 

products. 

And as ECA continues to grow, daily exploring new 

fields and enlarging its interest in old ones, there’s 

room for more exceptional engineers. Please send 

full details of your experience and education to Mr. 

W. F. Davis, Dept. 714. 

ENGINEERS 
Television receiver deflection systems engineers 

wanted. Development and product design. Both 
color and monochrome. Send resumes to Dept. 
RT-1, Technical Employment Office, General Elec¬ 
tric Company, Electronics Park, Syracuse, N.Y. 

WHEN WRITING TO ADVERTISERS PLEASE MENTION — PROCEEDINGS OF THE I.R.E. 

PRODUCTION ENGINEER 
Electronic engineer with production experience 

to supervise production and test personnel and 
to set up production and test facilities for small 
electronics manufacturer. Salary $4000 to $6000. 
Live in attractive small town with the opjiortunity 
of taking graduate work at the Pennsylvania 
State University. Reply to Community Engineer¬ 
ing Corp., P.O. Box 824, State College, Pa. 

TECHNICAL WRITERS & PUBLICATIONS 
ENGINEERS 

Electrical engineers to edit and write copy for 
instruction books and technical manuals. Creative 
opportunities for professional development and 
expression in large department. Direct inquiries 
to Mr. R. T. Hamlett, Publications Mgr., Sperry 
Gyroscope Co., Great Neck, N.Y. 

ENGINEERS 
The Diamond Ordnance Fuze Laboratories in 

Washington has vacancies primarily for elec¬ 
tronic scientists, electronic and mechanical engi¬ 
neers and physicists, with salaries ranging from 
$4035 to $8360 per year. These vacancies in¬ 
volve such work as design and development of 
electronic and electromechanical fuzes, testing of 
fuzes and related components, electron tubes and 
transistors, and research and development in the 
various physical science and engineering fields. 
Write to L. P. Conners, Civilian Personnel 
Office, Diamond Ordnance Fuze Labs., Washing¬ 
ton 25, D.C. 

ELECTRONIC ENGINEER 
Electronic engineer with audio experience de¬ 

sired on Consultant basis. Write, giving general 
information and fee expected. Box 813. 



Research Specialist Edward 
Lovick (right) discusses 

application of experimental 
slot antenna in the vertical 
stabilizer of a high-speed, 
aircraft with Electronics 

Research Engineer Fred R. 
Zboril and Electronics 

Research Engineer 
Irving Aine. 

i 

Lockheed antenna program 
offers wide range of assignments 
Airborne Antenna Design is one of the fastest-growing areas of endeavor 
at Lockheed. Advanced development projects include work on 
stub, slot, reflector-type, horn and various dipole antennas. 
These diverse antenna activities reflect the full scope of Lockheed’s expanding 
development and production program. For with 13 models of aircraft already in 
production and the largest development program in the company’s history 
underway, the work of Lockheed Antenna Designers covers virtually the 
entire spectrum of aircraft, commercial and military. 
Lockheed’s expanding antenna development has created a number of new 
positions on all levels for qualified antenna designers. Those interested 
are invited to write E. W. Des Lauriers, Dept. A-8-5. 

Lockheed increases engineers'salaries 
Salaries, rate ranges and overtime benefits have been increased. In addition, 
employe benefits add up to approximately 14% of each engineer’s salary in the 
form of insurance, retirement pension, etc. 
Generous travel and moving allowances enable you and your family to 
join Lockheed at virtually no expense to yourself. 
An address by Edward Lovick on “An Electronic Square-Rooter and 
Pattern Integrator for use with Antenna Range Systems” is available to 
interested engineers. Address inquiries to Mr. Lovick. 

Lockheed AIRCRAFT CORPORATION 
CALIFORNIA DIVISION BURBANK California 
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Take a look at the record. 

WITHIN THE LAST YEAR, 

MORE THAN 500 
EXPERIENCED ENGINEERS and SCIENTISTS* 

^DEVELOPMENT CAREERS CHOSE DESIGN AND 

RCA! WITH 

Today...RCA opens 

NEW EXTENDED 
SYSTEMS 

ENGINEERING 
CONCEPTS 

RCA advancement creates opportunities with a future ... openings which are available today for engineers and scientists who 

can move ahead professionally with the world leader in electronics. 

At the RCA engineering locations listed in the chart, you’ll find the kind 

of living and working conditions you and your family consider mcst 

attractive. 

NEW, 
MOST ADVANCED 
ELECTRONIC DATA 

PROCESSING 
SYSTEMS 

RCA Offers you ... facilities unsurpassed in the electronics industry . . . everyday 

association with top engineers and scientists. Plus RCA benefits that 

include: tuition refund plan, a company-paid insurance program for 

you and the family, modern retirement plan, relocation assistance. 

A carefully-planned advancement program helps you move ahead 

financially and professionally! 

AN ENTIRELY 
NEW PROGRAM 

IN 
GUIDED MISSILE 
ELECTRONICS 

NEW CHALLENGES 
IN 

AVIATION 
ELECTRONICS 

NEW FIELDS 
IN 

ELECTRON TUBE 
DEVELOPMENT 

new opportunities for you to join 

these progressive, creative engineers in.. 

* RCA was also chosen by several hundred recent engineering graduates, field service engineers and other categories of experienced 

professional engineers or scientists. 



. with your future in mind 

Check the chart below for 
positions which interest you most... 

FIELDS OF ENGINEERING ACTIVITY 
TYPE OF DEGREE AND YEARS OF EXPERIENCE PREFERRED 

Electrical 
Engineers 

Mechanical 
Engineers 

Physical 
Science 

Chemistr 
Ceramic 

G ass Techn 
Metallurg 

y 

y 
1-2 2-3 4 + 12 2-3 4 + 1-2 2-3 4 + 1-2 2-3 4 4-

SYSTEMS 
(Integration of theory, equipments, and environment 
to create and optimize major electronic concepts.) 

AIRBORNE FIRE CONTROL W W 

DIGITAL DATA HANDLING DEVICES c C c 

MISSILE AND RADAR M M M 

INERTIAL NAVIGATION M M M 

COMMUNICATIONS 
C 
0 

C 
0 

DESIGN « DEVELOPMENT 
COLOR TV TUBES—Electron Optics—Instrumental Analysis 
—Solid States (Phosphors, High Temperature Phenomena, 
Photo Sensitive Materials and Glass to Metal Sealing) 

L L L L L L L L L L L L 

receiving TUBES -Circuitry—Life Test and Rating—Tube 
Testing—Thermionic Emission H H H H H H H H H 

SEMI-CONDUCTORS—Transistors—Serr.-Conductor Devices H H H H H H 
MICROWAVE TUBES Tube Development and Manufacture 
(Traveling Wave—Backward Wave) 

H H H H h H H H 

gas, power and photo tubes—Photo Sensitive Devices— 
Glass to Metal Sealing 

L L L L L L L L L L L L 

AVIATION ELECTRONICS—Radar—Computers—Servo Mech¬ 
anisms—Shock and Vibration—Circuitry—Remote Control 
— Heat Transfer—Sub-Miniaturization—Automatic Flight 
— Design for Automation—Transistorization X 

F 
X 

M 
C 
F 
X X 

F 
X 

M 
C 
F 
X X 

F 
X 

M 
C 
F 
X 

radar—Circuitry—Antenna Design—Servo Systems—Gear 
Trains—Intricate Mechanisms— Fire Control 

X 
F 
X 

M 
C 
F 
X X 

F 
X 

M 
C 
F 
X X 

F 
X 

M 
C 
F 
X 

COMPUTERS Systems—Advanced Development—Circuitry 
— Assembly Design— Mechanisms—Programming C C 

F 

M 
C 
F 

C C 
F 

M 
C 
F 

C C 
F 

M 
C 
F 

communications—Micro wave—Aviation—Specialized 
Military Systems F 

M 
C 
F F 

M 
C 
F F 

M 
C 
F 

RADIO SYSTEM S— HF-VHF — Micro wave— Propagation 
Analysis—Telephone, Telegraph Terminal Equipment 

0 0 
F 

0 0 
F 

0 0 
F 

MISSILE GUIDANCE—Systems Planning and Design—Radar 
—Fire Control—Shock Problems—Servo Mechanisms F 

M 
F F 

M 
F F 

M 
F 

components—Transformers—Coils—TV Deflection Yokes 
(Color or Monochrome)— Resistors 

C C C C C C 

MACHINE DESIGN 
Meeh, and Elec.—Automatic or Semi-Automatic Machines 

H H H H H H 

Location 

Code 

C—Camden, N. J.—in Greater Philadelphia near many suburban 
communities. 

F—Florida—on east central coast. 

H—Harrison, N. J.—just 18 minutes from downtown New York. 

L—Lancaster, Pa.—about an hour's drive west of Philadelphia. 

M—Moorestown, N. J.—quiet, attractive community close to Phila. 

0—Overseas—domestic and overseas locations. 

W—Waltham, Mass —near the cultural center of Boston. 

X—Los Angeles, Calif.—west coast electronics center. 

Please send resume of education and Mr- John R. Weld, Employment Manager 
experience, with location preferred, to: 

RADIO CORPORATION of AMERICA 

Copyright 1955 Radio Corporation of America 

Dept. C-1F, Radio Corporation of America 
30 Rockefeller Plaza 
New York 20, N.Y. 



READ WHAT HAPPENED WHEN 
WE PUT OURSELVES IN THE 
"ENVIRONMENTAL TEST CHAMBER" 

Openings exist in the fields of— APPLY NOW 

TO APPLY-

BOMBER DEFENSE 
MISSILE GUIDANCE 
FIELD ENGINEERING 
TECHNICAL WRITING 

COMMUNICATIONS 
( Microwave ) 

FIRE CONTROL 
RADAR 
COMPUTERS 

Both the Electronics and the Air Arm Divisions of the West¬ 
inghouse Electric Corporation are expanding. We need experi¬ 
enced electronic engineers for advanced design and development 
work ... so we put ourselves in the "environmental test 
chamber" to see just what we have to offer the people we need. 

We found that we have a professional atmosphere that is 
ideal for the engineer. We offer advanced study at company 
expense and merit promotions that assure a good future. 

Our income and benefit advantages scored high on this test, 
too. Finally, there were many "extras," like the Westinghouse 
Patent Award Program, that make investigation of the current 
openings worthwhile for all electronic engineers. 

Send resume outlining education and experience to: 
Employment Supervisor 
Dept. 157 
Westinghouse Electric Corporation 
2519 Wilkens Avenue 
Baltimore 3, Md. 

Positions Open 
(Continued from page 140A) 

PHYSICIST OR ELECTRONICS ENGINEER 
Physicist or electronics engineer to design, con¬ 

struct and install setups to obtain data on engine 
ignition, performance. Diversified projects might 
require mechanical or electronic instrumentation, 
also design of auxiliary control circuits. Electric 
Auto-Lite Company, Toledo 1, Ohio. 

ENGINEERS 
Exceptional opportunity. If you have experience 

in design, construction and evaluation of high 
voltage, high frequency circuits. Requires ability 
to design circuits incorporating transistors, mag¬ 
netic amplifiers and semi-conductors. Electric 
Auto-Lite Company, Toledo 1, Ohio. 

INSTRUCTOR OR ASSISTANT PROFESSOR 
University in southwest has an opening for 

either an instructor or an assistant professor of 
electrical engineering in the communications field. 
Salary and title commensurate with education 
and experience. Instructor with BS permitted to 
take courses for an advanced degree. Box 817. 

ELECTRONIC ENGINEER OR PHYSICIST 
BSEE or BS physics. 2 years experience in 

acoustics, electronic instrumentation or equiv¬ 
alent. Imaginative, resourceful person with good 
working knowledge of electronic circuits and 
physics is needed for research in underwater 
sound and oceanographic instrumentation. Must 
be unusually versatile and have a sincere in¬ 
terest in the marine sciences. Occasional periods 
at sea. Faculty rating. Moderate salary. Send 
complete resume. Marine Laboratory, University 
of Miami, Coral Gables, Florida. Att: Dr. H. B. 
Moore. 

ELECTRONIC ENGINEER 
Openings for engineers with 1 to 5 years ex¬ 

perience in circuit design for communications, 
medical electronics instrumentation and computer 
fields. Small, rapidly growing electronics com¬ 
pany with unusual profit sharing and patent pro¬ 
gram. All voting stock owned by employees; tui¬ 
tion reimbursement plan; medical aid plan. Write 
or call American Electronic Laboratories, Inc., 
641 Arch St., Philadelphia 6, Pa. Att: Dr. 
Riebman. 

ASSISTANT PROFESSOR. 
COMMUNICATIONS, ELECTRONICS 

Real opportunity for young Ph.D. interested in 
both teaching and research. Rapid advancement 
possible for man with initiative and ability. 
Write: Chairman, Div. of Engineering, Brown 
University, Providence 12, R.I. 

INSTRUCTOR 
Instructor in electrical engineering beginning 

Sept. 1955. One interested in teaching funda¬ 
mental electrical engineering subjects. Salary de¬ 
pends on qualifications. Opportunity for advance¬ 
ment. New building and equipment. Apply Chair¬ 
man, Dept, of Electrical Engineering, Univer¬ 
sity of Nebraska, Lincoln 8, Nebraska. 

PROFESSOR 
Position as assistant professor in electronics 

at Middle Atlantic university. Undergraduate and 
graduate instruction. Doctorate in E.E. or physics 
preferred, but will consider experience as alter¬ 
nate. Salary $5000 for nine month session. Box 
No. 818. 

(Continued on page 146A) 
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Boeing electrical engineers work with superb equipment 

Boeing electrical engineers designed this 
computer—and use it to answer in sec¬ 
onds questions that formerly took weeks. 
It is one of many advanced facilities that 
help Boeing electrical engineers solve the 
challenging problems of tomorrow’s avi¬ 
ation, and maintain unsurpassed prestige. 

Electrical engineers at Boeing play a 
vital role in designing and developing 
high-performance airplanes, guided mis¬ 
siles and components of the future. They 
find truly creative opportunities in flight 
test instrumentation, acoustics, radar sys¬ 
tems design, autopilot development for 
guided missiles, and many other fields. 

The new multi-million-dollar Boeing 
Flight Test Center is the largest installa¬ 

tion of its type in the country. It houses 
the latest electronic data reduction equip¬ 
ment, instrumentation laboratories, and 
a chamber that simulates altitudes up to 
100,000 feet. Other facilities include 
the world’s most versatile privately owned 
wind tunnel, and laboratories for research 
in rocket, ram jet and nuclear power. 
A fourth of Boeing’s engineers have 

been with the company more than ten 
years. In addition to career stability, 
Boeing engineers find individual recog¬ 
nition in regular merit reviews and pro¬ 
motions from within the organization. 

At Boeing you will work in tightly 
knit design or project teams with the pick 
of the country’s engineers. You will help 

design worthy successors to the B-47 and 
B-52 global jet bombers, the 707 jet 
tanker-transport, and the Bomarc IM-99 
guided missile. You will join a progres¬ 
sive, solidly growing company that now 
employs twice as many engineers as at 
the peak of World War II. 

• JOHN C. SANDERS, Staff Engineer — Personnel 

à Boeing Airplane Co., Dept. G-40, Seattle 14, Wash. 

* Please send further information for my analysis. 
* I am interested in the advantages of a career 
* with Boe'ng. 

Name_ 

• University or 
• college(s)_ Year(s) Degree(s)_ 

• Address_ _ 

• City_Zone State_ 

BOE//VG 
Aviation leadership since 1916 

SEATTLE. WASHINGTON WICH1TA, KANSAS 
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ENGINEERS 

Dynamics Engineer 
A broad program involving analytical and experi¬ 
mental investigations of the complex dynamics 
problems associated with supersonic aircraft of¬ 
fers a real opportunity for young engineers with 
ability. You will gain invaluable experience un¬ 
der competent supervision to develop a profes¬ 
sional background in such areas as servomech¬ 
anisms, analogue computers, control system dy¬ 
namics, non-linear mechanics and hydraulic sys¬ 
tem analysis. A program of laboratory investiga¬ 
tions on actual systems in conjunction with ana¬ 
lytical work, as well as a coordinated lecture 
program, offers an outstanding environment for 
rapid professional development. A degree in ME, 
AE or Physics with good Math background is 
preferred. 

Antenna Engineer 
To conduct pattern studies, design prototype an¬ 
tennas and supervise flight tests of new antenna 
installations. College graduate in Physics, Math 
or E.E. 

Electronic Instrumentation Engineer 
Three to five years aircraft instrumentation ex¬ 
perience required. Knowledge of transducers, am¬ 
plifiers and recording equipment used in experi¬ 
mental research testing of hi-speed jet aircraft is 
essential. Knowledge of servo loop theory as ap¬ 
plied to aircraft systems coupled with ability to 
properly instrument, record and analyze is de¬ 
sirable. Graduate with E.E. degree preferred. 

Electronics Engineer 
Familiar with airborne electronic equipment (com¬ 
munications, navigation I.F.F., Radar and Auto¬ 
pilots), preferable with 2 to 4 years aircraft ex¬ 
perience. Should be a college graduate. Duties 
will include system investigations, establishing 
test procedures and conducting environmental 
tests on airborne electronic equipment and com¬ 
ponents. 

Computer Engineer 
To supervise maintenance and to design special 
circuitry for computers. Experience with either 
analogue or digital computers required. College 
graduate preferred. 

Please address complete resume, outlining 
details of your technical background, to: 
Assistant Chief Engineer 
Administration 
Mr. R. L. Bortner 

FARMINGDALE, LONG ISLAND, NEW YORK 

Positions Open 

(Continued from page 144A) 

RADAR. SERVO COMPUTER ENGINEERS 
Immediate openings on highest technical level 

with national leader in armament and commer¬ 
cial projects, in research, design and develop¬ 
ment of airborne fire control systems and guided 
missiles. Unlimited opportunity for rewarding 
career, with graduate study program, profit-shar¬ 
ing bonus, pension plan; accident, life, health 
insurance. Pleasant suburban location. Send 
resume to Engineering Personnel Manager, 
Emerson Electric of St. Louis, 8100 W. Floris¬ 
sant, St. Louis 21, Mo. 

PROFESSOR 
Associate and Assistant Professor in Elec¬ 

trical Engineering Dept, of State University lo¬ 
cated in the middle west. Specialization in elec¬ 
tronics and microwaves required. Ph.D. or S.D. 
in electrical engineering or physics desired but 
will consider M.S. Part time research available. 
Box 819. 

By Armed Forces Veterans 

In order to give a reasonably equal op¬ 
portunity 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. 

ADVERTISING & PUBLIC RELATIONS 
MANAGER 

BS Engr./Bus. Admn., MBA Marketing. 10 
years progressive experience all phases of indus¬ 
trial marketing. Program planning, budgeting and 
administration, market survey, agency liaison, 
media evaluation, copywriting and production. 
Pamphlets & brochures, catalogues and direct 
mail, trade shows and technical publicity. Media, 
industry, community and Government relations. 
Licensed radio operator with background in radio 
and electronic equipment promotion. Age 35. De¬ 
sires career position offering greater responsi¬ 
bilities and advancement. Box 811 W. 

PHYSICIST 
MS physics, 1952. Age 30, married. Research 

and development experience in electronics, ion 
devices, vacuum systems and instrumentation. 
Prefer location in southwest or Florida. Box 
813 W. 

(Continued on page 148A) 
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Planning a New England vacation ? 

Visit Raytheon 

Raytheon Missile and Radar Division’s new laboratory 
next to Hanscom Air Force Base, Bedford, Mass. Another 
engineering facility nears completion at Wayland, Mass. 

Following your visit with us, be our guest for lunch or 
dinner at the picturesque Wayside Inn, South Sudbury, 
Mass., immortalized by Henry Wadsworth Longfellow. 

If you vacation in New England this summer, 
we’d like to have you pay us a visit to 
talk over the interesting things we are doing 
and see how you might fit into our progressive 
engineering set-up. You will see some of our 
engineering and test facilities and your 
questions will be answered frankly. 

Research, development and engineering 
positions are open in the fields of missiles, 
radar, communications, semi-conductors, 
microwave tubes and industrial electronics. 

Write for FREE map 

Visit us at the Administration Building, 
Willow St., Waltham, Mass. — ask for or 
telephone L. B. Landall, Professional 
Personnel Section, Waltham 5-5860, ext. 412. 
Write him today for simplified map showing 
you the best routes to Waltham. 

You’ll find a friendly greeting awaiting you — 
be sure to drop in and see us. 

RAYTHEON MANUFACTURING COMPANY 

Waltham 54, Massachusetts 

PROCEEDINGS OF THE I.R.E. June, 1955 147a 



EXPANDM horiZON ï 
Bendix Radio 

ELECTRONIC ENGINEERS 
ELECTRONIC PHYSICISTS 

Baltimore 4, Maryland 

has new, exceptional 

opportunities for: 

Expand the horizon of your future with Bendix 

Radio—a leader and pioneer in the electronics field, 

one that has the knowledge, strength and resources 

to stay out front during the competitive days ahead ! Your 

part is EASY! Wire, phone, write ... or send us a post card. Simply state 

your name, address and phone number, your education and 

experience. We'll carry the ball from there ! All replies held in strictest 

confidence, and we guarantee speedy action! 

Address: Mr. L. H. Noggle 
Dept. M 

Phone: VAlley 3-2200 

ELECTRONIC and ELECTROMECHANICAL ENGINEERS 
PERMANENT POSITIONS IN SOUTHERN CALIFORNIA 

We are now staffing the new Electronics Laboratory of our Aeronautical 
Division in Anaheim, California. 

Are you interested in a progressive and mature organization where these 
features are considered most important? 

Professional atmosphere with considered attention to both indi¬ 
vidual and organizational growth. 

Recognition of your special areas of interest and competence. 

Selected projects requiring engineering ingenuity and advance¬ 
ment of the state of the art. 

Consistent application of well considered administrative practices 
and effective engineering planning. 

Selection of associates based on careful evaluation of qualifications 
with respect to long-range laboratory plan. 

Subsystem research development work in these areas: 

RADIO AND RADAR SYSTEM APPLICATION 

MAGNETIC AMPLIFIER DEVELOPMENT AND APPLICATION 

TRANSISTOR AND TUBE CIRCUITRY 

ELECTROMECHANICAL CONTROLS AND ANALOGUE DEVICES 

Candidates must have at least a B.S. in Electrical Engineering or Physics. 
Appointments are being made at Junior and Senior levels. 

Write to Vernon Vogel 
ROBERTSHAW-FULTON CONTROLS COMPANY 

401 N. Manchester, Anaheim, California 

By Armed Forces Veterans 
(Continued from page 146A) 

SYSTEMS ENGINEER 
BSTE January 1949. Age 30, married, 1 

child. 6 years diversified experience: radar, auto¬ 
matic data reduction systems, digital computers, 
telemetering and instrumentation systems. De¬ 
sires similar project or systems engineering posi¬ 
tion. Box 814 W. 

ELECTRONIC ENGINEER 
BEE 1950, MEE expected 1955 from New 

York University. Age 30, married. 5 years ex¬ 
perience as electronic circuit and development 
engineer on automation. Considerable production 
and mechanical experience. Desires position in 
New York City area until June 1955 and then 
will relocate. Box 817 W. 

ELECTRONIC ENGINEER 
BEE 1955 (Jan.). Age 34, married. 3 years 

radio coils, 2 years radar, 2 years VHF com¬ 
munications, 2 years radio and TV service. 2 
years dial switching ckts., 3 years TV broadcast 
lab. (color), 2 years sales. Desires responsible 
position where broad experience can be utilized. 
Box 818 W. 

BROADCAST ENGINEER 
RCA graduate. 1st class ticket. Ambitious be¬ 

ginner. Desires position in radio or TV station 
anywhere, to start at bottom. Anxious to learn 
all aspects involved in broadcasting. Salary sec¬ 
ondary. Box 828 W. 

TRANSISTOR ENGINEER 
AB, BSEE, MEE, Tau Beta Pi, Eta Kappa 

Nu, Sigma Xi, pre-doctoral student and EE in¬ 
structor. 2 years experience design and teaching 
audio and pulse transistor circuits. Also several 
years vacuum tube circuit experience. Desires 
summer job in New York City. Box 829 W. 

RADIO ENGINEER 
BSEE 1950, Oregon State College, age 28, 

married. 4% years experience in airborne elec¬ 
tronics and radio aids to navigation, theoretical 
and practical. Desires position with future with 
a progressive company in the west, preferably 
the northwest. Box 830 W. 

ENGINEER 
(No license) 

Age 27, single. 3 years Army. 6 years civilian 
experience in electronics. Speak, read and write 
Spanish fluently. Desires position in Latin-
America. Box 832 W. 

ELECTRONIC ENGINEER 
Five years of missile, radar and fire control 

system study work, and four years of radar and 
missile component development prior to that. De¬ 
sires position in southern South America. Box 
833 W. 

RADIO-TV TECHNICAL DIRECTOR 
Six years experience in program production and 

direction. Education: BA in programming and 
production. Technical background includes control 
room operations, equipment design, construction, 
maintenance. 1st phone license. Age 26, married. 
Completing Army duty as microwave instructor at 
the Signal School in June 1955. Prefer Chicago or 
vicinity. Box 834 W. 

(Continued on page 150A) 
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ELECTRONIC ENGINEERS 
ADVANCE YOUR CAREER 

WITH A LEADER IN 

WESTERN ELECTRONICS 

An expanding program oft 

• research • development 
• production 

• specialized military 
equipment 

• advanced commercial design 
• real creative challenge 

Special receivers and trans¬ 
mitters, DF and DME, various 
instruments and Transistor 
applications—special devices. 
Studies in noise, radar, minia¬ 
turization and test equipment. 
Relocating expenses, good in¬ 
surance plan, central location, 
steady advancement. 

Send resumi to L D. Steams 

Engineering Employment Manager 

Huffman 
LABORATORIES, INC. 

(•UM I DIARV OR MORRMAM RAOtO OORP.) 

3761 6. HILL ST., LOS ANGELES. 
CALIF. 

< -• 

SUPERVISOR 
. Receiving-

Tube 
Design 

I Should have about 10 years’ ex- gs 
§ perience in this field. Salary | 
I B open. 
■ I w 

• Wonderful plant loca-
S  tion 

• Unusual benefits 

ï® • Good opportunities for g ' 
professional progress ¡a 

wæi Traveling and moving expenses 
paid. All replies will be handled in 
the strictest confidence. Send re- KiSi 

Ä sume, Box P.R.E. 310, 221 West 41st ||g 
St., N.Y.C. 

.. * • 

RELOCATION EXPENSES INTERVIEW AND 

Randall A. Kenyon 
175 Great Arrow Ave. 
Búrlalo 7, N. Y. 

Circuit Design 
Systems Development 
Pulse Techniques 
F.M. Techniques 
Equipment Specifications 
Components 
Microwave Application 
Servo Mechanisms 
Subminiaturization 
Mechanical Design 
Shock & Vibration 
Heat Transfer 

Thomas A. Tierney 
100 First St. 

Waltham, Mass. 

SPEEDY PATHS TO SUCCESS FOR MEN 
OF TALENT AT SYLVANIA 

BUFFALO 
Engineering 

Majors in E.E., M.E., 
or Physics. Experience 
in Product Design and 
Advanced Develop¬ 
ment in — 

and do go far. 

BOSTON 
Laboratory 

Majors in E.E., M.E., 
Math, Physics. Research 
& Development experi¬ 
ence in — 
Countermeasures 
Systems Analysis 
Transistor Applications 
Noise Studies 
Antenna Res. & Dev. 
Systems Development 
Mechanical Design 
Miniaturization 
Digital Computer 

Circuits & Systems 
Circuit Design 
Shock & Vibration 
Technical Writing 
Missile Analysis 

SYLVANIA 
SYLVANIA ELECTRIC PRODUCTS INC. 

Your inquiries will be answered within two weeks 

Career positions with 
electronic systems division 

Between 1947 and 1953, the electronics industry grew 
24% ...Sylvania grew 32%. 
That is why Sylvania today offers important paths 
to quick success for men of talent. 
Here, individual achievement is swiftly recognized 
and rewarded, as witness the fact that the average 
age of top level executives is only 45. In this stimu¬ 
lating Sylvania atmosphere, original thinkers can 

WILL BE PAID BY SYLVANIA 

Sylvania provides financial support for advanced 
education as well as liberal insurance, 

pension and medical programs. 
Please joruard resume to: 

Professional Placement Supervisor 

SYLVANIA ELECTRIC PRODUCTS INC. 
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If you can develop new computer cir¬ 
cuits using magnetic cores, transistors, 
printed wiring, and other new tech¬ 
niques, we have a good position avail¬ 
able for you. 

You will work with the outstanding 
computer men who developed the ERA 
1101, ERA 1102, and ERA 1103 Com¬ 
puter Systems, the Univac File Comput¬ 
er, ERA magnetic drum memories, and 
other equally famous Remington Rand 
systems. 

Computer experience is not necessary. 
Your proficiency in related fields will be 
rewarded from the start, and you will 
work in the fastest-growing organization 
in the data-processing field. Opportuni¬ 
ties for advancement will be numerous. 

Positions are also available for new 
engineering graduates and technicians 
who want to learn digital techniques and 
systems. Pay, special benefits, and 
opportunities for advancement are most 
attractive. 

ILLUSTRATED -

Designs for new Remington Rond ERA com¬ 
puters that are now under development. 
Upper: general purpose digit register. 
Lower: packaged transistor logic element. 

for experienced 

ELECTRONIC ENGINEERS 
and 

ELECTRONIC TECHNICIANS 

j Please send an out- j 
• line of your training i 
i and experience to ! 
! Mr. J. N. Woodbury: ! Engineering Research/Associates DIVISION 

1902 W. Minnehaha Ave. • St. Paul W4, Minnesota 

By Armed Forces Veterans 
(Continued from page 148A) 

ELECTRONICS RESEARCH 
BEE 1046. MEE 1950 electronics. Age 29, 

married. 1 child. 4 years experience hyperbolic 
radio navigation systems research, creative de¬ 
sign. construction, analysis, laboratory and field 
evaluation. Lieut. Naval Reserve. Member I.R.E. 
P.G.A.N. E and I.O.N. Presently Unit Head. De¬ 
sires similar position with advancement oppor¬ 
tunity industry or university research program. 
Box 835 W. 

ENGINEER 
Instructor of technical electricity and electron¬ 

ics with extensive field and teaching experience. 
Desires (within 25 miles of Poughkeepsie. N.Y.) 
a teaching position with some H. S. or college or 
some phase of technical-engineering work with 
a private firm. Box 836 W. 

ENGINEER 
BSEE 1952 communications option. 1% years 

graduate work in nuclear engineering and EE. 2 
years as electronics technician. Navy. 2 years in¬ 
dustrial experience in electronic design. Desires 
job placement in electronics work, possibly nu¬ 
merical controlled machine tools. Box 837 W. 

ENGINEERING PHYSICIST 
BS Physics, MS Math. 2 years graduate study 

in physics. Age 28, married. 4 years research 
experience in instrumentation, high speed pulse 
techniques, delay line design, and magnetic 
resonance phenomena. Patents. Desires research 
and/or development position with a challenge. 
Box 845 W. 

who want more room to grow 

Microwave Tower 
— 28 minutes 
From N.Y.C. 

Top opportunities for achievement and recog¬ 
nition are open at FTL ... key unit of the 
world-wide, American-owned IT&T System. 
FTL’s long-range development program offers 
stability and security. Finest facilities — plus 
broad and generous employee benefits. 

INTERESTING ASSIGNMENTS IN: 

Radio Communication Systems • Electron TUbes 
Microwave Components • Electronic Countermeasures 

Air Navigation Systems • Missile Guidance 
Transistors and other Semiconductor Devices 

Rectifiers • Computers • Antennas 
Telephone and Wire Transmission Systems 

SEND RESUME TO: 
PERSONNEL MANAGER, 

Box IR-6 

Federal Telecommunication Laboratories 
A Division of INTERNATIONAL 

TELEPHONE AND TELEGRAPH CORPORATION 
500 Washington Avenue, Nutley, N. J. 

Stability and Opportunity for 

ELECTRONIC ENGINEERS 

ELECTRICAL ENGINEER 
SB EE (MIT’45), MS, Ph.D.; honors; 

married; age 29; 3 years teaching, 5 years ap¬ 
plied research; PGAP, PGIT, PGCT, PGEM; 
papers. Desires opportunities for further creative 
professional development. Brochure available to 
companies on Eastern seaboard only. Box 846 W. 

ELECTRONIC ENGINEER 
BS Physics 1950. Age 28, married, one child. 

2 years Navy ETM. 4 years additional experience 
including component research and circuit work. 
Desires position in connection with long term 
basic research. Box 847 W. 

FIELD ENGINEER 
BSEE with broad background in field engi¬ 

neering including communications, radar and 
j navigational aids. Desires overseas position which 

will make full use of capabilities. Box 848 W. 

ENGINEER 
BEE 1951, MSEE expected in August 1955, 

communications option. Age 25. Married, 2 chil¬ 
dren. 1 year electronic design of radar equip¬ 
ment, 2 years military experience fire control 
equipment and digital computers. Interested in 
medical electronics. East preferred. Box 849 W. 

ASSISTANT SALES MANAGER 
Electrical engineer. Age 30. Good personal 

sales record, excellent on customer contact, ne¬ 
gotiations, product development, market analysis. 
Box No. 850 W. 

ENGINEER 
BEE, MBA. Age 33, married. Graduate work 

in transistors, receiving tube design and appli¬ 
cations: 5 years radar tech; 4 years in receiving 
tube design and applications. Desires challenging 
opportunity with aggressive company. Box 851 \V. 
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DU MONT 
Instrument Division 
needs additional high calibre 

engineers for 

Electronic Instrumentation 

Missile Work 

Test Equipment 

Timing and Pulse Circuits ' 

Video Circuits 

Electro-Mechanical Devices 

Recording Systems 

for both commercial 
and government output 

Contact 

William A. Pappamestor 

Employment Manager 

ALLEN B. DU MONT 
LABORATORIES, INC. 

35 Market Street 
East Paterson, New Jersey 

or at 
I 1845 Olympic Blvd. 

Los Angeles, California 

ENGINEERS 
MICROWAVE 

Development of microwave instru¬ 
ments & test equipment 

ELECTRONIC 
Development of electronic instru¬ 
ments 

Precision instrument manufacturer 

requires men with good academic 

& practical background. At least 

2-3 years design & development 

experience required. Should ex¬ 

hibit qualities of leadership, with 

the ability to meet & deal with 

people. Men who fill the bill will 

be substantially compensated. 

POLYTECHNIC RESEARCH & 
DEVELOPMENT CO., INC. 

202 Tillary St. 

Brooklyn 1, New York 

RADIO 

OF AMERICA 

PAN AMERICAN 

(ion for 20 years. CREI’s business is to help your business. 

NATIONAL BROADCASTING CO. 

CANADIAN BROADCASTING. CORP. 

FLORIDA POWER 
& LIGHT CO. 

T’ANSWORID 
v AIRLINES 

bell aircraft 
CORP-

These are just 15 of the many leading companies who upgrade 
their engineering and technical personnel with group training RADIO 
provided by CREI (founded 1927). CREI is seen each year at corP°RAT' 
our IRE Convention Booth, and has advertised in this publica-

AIRWAYS (ATLANTIC DIV.) .vertu 
UNITED AIR LINES COLUMBIA BROADCASTING 

, TABLES & RADIO, INC. DOUGLAS AIRCRAFT CO. TRANS CANADA AIR UNES 
ALL AMERICAN CABLE CANADIAN PACIFIC AIR iimcc , 
CANADAIR LIMITED GLENN t. MARTIN COMPANY ° * L NES UD ' 

Shortage of 
Engineering 
Personnel? 
We’ll help you 
upgrade from witbin 
TODAY’S recruiting efforts hardly help ease today’s 

shortage. But, what about the future? The scarcity 
shows no signs of letting up. 
We can help solve your present and future problems with 
CREI Group Training. This is the method many leading 
companies are using successfully to upgrade their engineer¬ 
ing and technical personnel from within. 
Among the group training enrollees with CREI are: 
• 20% of the electronic staff of a leading aviation manu¬ 

facturing company. ( . 
• More than 300 members of a leading airline’s technical 

staff. 
• Hundreds of others, employed by leading manufacturers 

and research laboratories. There are now approximately 
10,000 active CREI students employed professionally in 
the electronics industry. 

CREI’s instruction material is prepared and administered 
in a personalized style by engineers who know how to 
teach and who know the requirements of the electronics 
industry. 
Whether yours is a large company, or small, let us show 
you how CREI group training is working for others . . . 
how to set up a program that works . . . and how CREI 
can help you prepare for tomorrow’s continuing shortages 
by "developing your own.” 
Write, or phone, directly to: E. A. Corey, Registrar. 

Capitol Radio Engineering Institute 
ECPD Accredited Technical Institute Curricula 

3224 16th Street, N.W., Dept. 186B 

Washington 10, D.C. HObart 2-1520 
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ENGINEERS 
ELECTRONIC 

Experience in research & develop¬ 

ment of pulse circuitry, computing 

components and servo systems. 

SYSTEMS (E. E.) 

For work in the development of air¬ 

borne navigational equipment. 

MECHANICAL 

2-3 years’ experience in the design 

of precision instruments. 

DESIGNERS 
ELECTRONIC 

ELECTRO-MECHANICAL 
MECHANICAL 

1. Electronic or electrical packag¬ 

ing. Knowledge of sub-minia¬ 

turized techniques. Work is as¬ 

sociated with servos, amplifiers 

and computers. 

2. Mechanical or electro-mechani¬ 

cal packaging of precision flight 

instruments. 

The modern facilities and congenial atmosphere 
at Kollsman, designers of America’s finest aircraft 
instruments, provide an environment conducive to 
truly creative work. 

Please submit complete resumes 
to Employment Manager. 

80 08 45th AVENUE, ELMHURST, NEW YORK • SUBSIDIARY OF Staudwid COIL PRODUCTS CO. INC. 

kollsman INSTRUMENT CORPORATION 

Electronic Mechanical 

WHat's Ä at Melpar] 

¡diary ol Westinghoi Brake Co. 

KBIT laboratories 

opportunities 

M projects 

For personal interview send resume to 

Technical Personnel Representative, 

3000 Arlington Blvd., Dept. IRE-18 
Falls Church, Virginia 

or 11 Galen St., Watertown, Mass. 

ENGINEERS 
DESIGNERS-DRAFTSMEN 

Network Theory 
Systems Evaluation 
Automation 
Microwave Technique 
UHF, VHF, or SHF Receivers 
Analog Computers 
Digital Computers 
Magnetic Tape Handling Equipment 
Radar &. Countermeasures 
Packaging Electronic Equipment 
Pulse Circuitry 
Microwave Filters 
Flight Simulators 
Servomechanisms 
Subminiaturization 
Electro-Mechanical Design 
Quality Control & Test Engineers 

Melpar has just opened its new plant at Falls 
Church, Virginia, in a beautiful suburban 
location. We have also moved to larger 
quarters at Watertown, Mass., and opened 
a new research department at Cambridge, 
Mass. ___ 

Melpar's continued expansion offers new 
career opportunities for individual growth 
and recognition. Men of vision and imagina¬ 
tion who plan for the future are quick to 
sense the potential with this growing, 
dynamic organization. 

Continued leadership in electronic research 
and development is reflected in our current 
group of projects with long-range military 
and industrial application. 

Ws -New Producís 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 136A ) 

Direct-Coupled Amplifier 
I he new Model D-l direct-coupled am¬ 

plifier, manufactured by Southwestern 
Industrial Electronics Co., 2831 Post Oak 
Rd., Houston, Texas, has a maximum use¬ 
ful over-all gain of 80,000, while frequency 
response flat from zero to more than 100 kc 
is available at gain settings up to 10,000. 

Excellent signal-to-noise ratio, low 
drift, and wide dynamic range are 
achieved through advanced circuitry and 
careful mechanical design. High input im¬ 
pedance, with either single-ended or differ¬ 
ential connection, enable the D-l to am¬ 
plify signals from a wide variety of input 
transducers and other sources for presen-

(Continued on page 154A) 

Electrical Engineers 
and Physicists 

• Radar Simulation 

• Advanced Circuitry 

• Analog Computers 

• Ballistics 

• Mapping 

• Telemetering 

Senior and Junior Engineers 

Opportun ities 
Ultd. * 

We offer you an opportunity to grow 
with us ... an opportunity: for steady 
advancement . . . individual recogni¬ 
tion by working closely with technical 
management . . . rapid individual de¬ 
velopment by contact with all phases 
of projects ... an interesting and 
stimulating association with other 
engineers ... a suburban location for 
working and living ... to ally your¬ 
self with a firm with a future. If you 
are looking for opportunities un¬ 
limited . . . write: 

Industrial Research Laboratories 
Division of Acronca Manufacturing Corp. 

Dept. B-6, Hilltop & Frederick Rds. 
Baltimore 28, Maryland 

* Unlimited 
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LABORATORY 
CALIFORNIA 
INSTITUTE OF 
TECHNOLOGY 

Active in all phases 
of electronics and physics 
related to guided missiles 
and jet propulsion. 

A brochure describing 
opportunities and activities 
at the Laboratory will be 
sent upon request. 

The nation's foremost 

guided-missile research 

and d evelopm ent 

facility, established in 

1 940, offers excep¬ 

tional opportunity for 

engineers and research 

scientists in the fields 

of guidance and con¬ 

trol, information theory, 

computers, electro¬ 

mechanical devices, in¬ 

strumentation, and 

related aspects of elec¬ 

tronic research. The 

Laboratory offers an 

ideal blend of aca¬ 

demic and industrial 

environments and main¬ 

tains a high level of 

technical competence. 

Attractive salaries are 

offered. 

ION LABORATORY 

California Institute of Technology 

4800 OAK GROVE DR.. 

PASADENA 3, CALIFORNIA 

ENGINEERING 

OPPORTUNITIES 

CONVAIR-Pomona is engaged in develop¬ 
ment, engineering and production of elec¬ 
tronic equipment and complex weapons 
systems. The Convair-Pomona engineering 
facility is one of the newest and best equip¬ 
ped laboratories in the country. The work 
in progress, backed by Convair’s outstand¬ 
ing record of achievement, offers excellent 
opportunities for recent graduates and ex¬ 
perienced engineers in the following fields: 

ELECTRONICS 

DYNAMICS 

AERODYNAMICS 

THERMODYNAMICS 

OPERATIONS RESEARCH 

HYDRAULICS 

MECHANICAL DESIGN 

LABORATORY TEST ENGINEERING 

Generous travel allowance to engineers who 
are accepted. 

*For further information on Convair and its 
fields of interest, write at once, enclosing a 
complete resume to: 
Employment Department 3-E 

A DIVISION OF GENERAL DYNAMICS CORPORATION 

POMONA. CALIFORNIA 
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ELECTRONIC ENGINEERS 
and PHYSICISTS 

Io 01 

RELOCATION ALLOWANCES 

LIBERAL EMPLOYEE BENEFITS 

ADEQUATE HOUSING IN BEAUTIFUL SUBURBAN 

COUNTRY TYPE AREA 

TUITION REFUND PROGRAM (9 graduate schools 
in area of plant) 

MODERN PLANT WITH LATEST TECHNICAL FACILITIES 

ASSOCIATION WITH OUTSTANDING PROFESSIONAL 

PERSONNEL 

We invite you to investigate the fne professional opportunities at Sperry. An 
enviable record of 43 years consistent growth and expansion plus Sperry's 15 
year club of more than 1500 employees is ample evidence of opportunity, 
good salaries, benefits and fine working conditions that make for a bright 

future. 

Design Engineers — Klystron and traveling wave tubes. Magnetrons, Image 
orthicon, Solid state devices, Microwave measuring equipment. 

Production Engineers — Power tube operation. Knowledge of tube assembly 
and processing techniques is essential. 

Measurements Engineers — For microwave meqsurements on Klystrons and 
traveling wave tubes. 

Apply in person or submit resume to Employment Office 

SPERRY GYROSCOPE CO. (Division of the Sperry Corp.) 
Marcus Ave. and Lakeville Rood, Great Neck, Long Island, 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 152A) 

tat ion and recording on cathode-ray tubes, 
direct-writing recorders, galvanometer os¬ 
cillographs, and magnetic media. 

A fully regulated power supply is in the 
instrument and the complete unit is de¬ 
signed for rack or bench mounting at the 
user’s option. 

Germanium Diodes 
International Rectifier Corp., 1521 E 

Grand Ave., El Segundo, California, has 
announced the availability of its new ger¬ 
manium diffused junction power diodes 
which offer low leakage and high rectifica¬ 
tion efficiency. 

Reliability is featured in the design of 
these diodes as a result of complete her-

I metic sealing of the housing, consisting of 
glass-to-metal and welded metal-to-metal 
seals throughout. 

This technique and construction have 
been the subject of considerable study in 
the International Rectifier Research and 
Development Laboratory. Standard types 
such as 1N91, 1X92 and 1N93 diodes are 
now available from production. For 
special applications, send your require¬ 
ments to the Semiconductor Division, 
International Rectifier Corp. 

Signal Generator 
A new signal generator, Model 3432-A, 

is now in production by the Triplett Elec¬ 
trical Instrument Co., 286 Harmon Rd., 
Bluffton, Ohio. 

The new generator has complete fre¬ 
quency coverage from 160 kc to 110 me 

(Continued on page 156A) 
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How SYLVANIA 
Can Help You 
In the Missiles Field 
thru its Stability 
and Diversity 
Sylvania has established a Missile 
Systems Laboratory. New laboratory 
facilities are nearing completion. 
This 54 year old company, renowned 
for its consumer products, and 
supplying vital "heart" parts to 
other manufacturers, now brings 
its research, know-how, stability and 
diversity to the guided missiles field. 
Behind this important new Sylvania 
laboratory stands the versatility, 
drive and dedication that has seen 
Sylvania expand to 45 plants and 
16 laboratories, while doubling its 
engineering staff and almost 
tripling sales in the past 6 years. 

Permanent positions 

are now open in these fields: 

ANALYSIS & DESIGN OF 
SEARCH RADAR SYSTEMS 

ANTENNA THEORY 4 DESIGN 

ANALYSIS OF MISSILE 

GUIDANCE SYSTEMS 

MATHEMATICAL ANALYSIS 4 
SYSTEM DESIGN OF FIRE CONTROL 
& COMPUTER EQUIPMENT 

INERTIAL GUIDANCE OR 
INFRA-RED FOR DETECTION 
4 TRACKING 

SERVO SYSTEM 

DESIGN 4 ANALYSIS 

AERODYNAMICS 

PROPULSION 

AIRCRAFT OR MISSILE 
STRUCTURES 

Relocation and interview expenses will be paid. 

Please forward resume So: 

-Mr. Robert Koller 
Supervisor of Professional Placement 

missile systems laboratory 

> SYLVANIA 
ELECTRIC PRODUCTS INC. 

Needham Street, Newton, Massachusetts <4 suburban lotoh'on just 8 milti from downtown Boitant 

1BKASCOPE 

LIBRASCOPE, INC.. 1607 FLOWER ST., GLENDALE, CALIF 

IF YOU ARE AN ELECTRONIC ENGINEER 
concerned about "what direction” your present job is 

heading—consider this: 

LIBRASCOPE offers excellent career opportunities-in 

the right direction-to electronic engineers of creative 

ability and imagination. 

Experienced engineers who are qualified to contribute 

to our development program and are seeking profes¬ 

sional advancement and security-coupled with- fine 

Southern California living and working conditions-are 

invited to write today to Mac McKeague, Personnel 

Director, Librascope. 
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RAYTHEON’S MISSILE and RADAR DIVISION 

Bedford 
Mass. 

CAREER ENGINEERING POSITIONS 

RAYTHEON J M/SS/LE 
' & RRORR 
D/VfSfON 

• SENIOR RADAR SYSTEMS ENGINEER 

Attractive opening for engineer capable of advanced systems engineering for airborne radars. 

Strong background in electronic circuit design required. Experience in radar systems design 

and allied fields desirable. Long term developments involve application of interesting new 

techniques. 

• SENIOR MICROWAVE ENGINEER 

Must have wide experience in the application of microwave techniques to military radar and 

a keen appreciation of overall system design problems. Responsibility involves both system 

and component engineering. Will work with project engineers and department manager's office 

on a wide variety of microwave problems. Microwave tube design experience desirable but 

not essential. 

• MISSILE SYSTEMS ANALYSIS ENGINEER (Junior or Senior) 

For synthesis and analysis of guidance systems for antiaircraft missiles. Involves dynamics, 

circuit analysis, feedback systems, analog and digital computers and statistics. BS or MS in 

engineering or physics and I to 5 years relevant experience required. 

RAYTHEON'S MISSILE AND RADAR DIVISION is a well-established, progressive organization 

located 20 miles from Boston in an area offering excellent housing, recreational and educational 

facilities. 

Please write, or apply in person, giving full particulars concerning 

education, experience, and salary to Mr. A. H. Nile, Personnel Section. 

RAYTHEON MANUFACTURING COMPANY 
190 Willow Street, Waltham, Mass. 

from 

61 Sherman St. Malden, Mass. 
EST. 1914 

your 
seen 

National NATIONAL COMPANY, INC. 

share in the development of every project 
its inception. 

To Win Quick Recognition for Ability 
You will work closely with top men, where 
individual contributions can be immediately 
and rewarded. And since you have more respon¬ 
sibility, you have greater opportunities for 
advancement. 

A Warm & Friendly Atmosphere 
National's steady growth has been PLANNED — 
it has not been allowed to submerge the indi¬ 
vidual. If this personal emphasis appeals to you, 
and you have a B.S. or higher degree, you are 
cordially invited to send your resume to: 

Mr. John A. Bigelow 

Electronic & Mechanical 

ENGINEERS & PHYSICISTS 
Do You Want... 

Scope for Your Varied Talents 
National has pioneered in the research and devel¬ 
opment of electronic equipment and components 
for over 40 years. 

To Follow Projects Through 
At National, you can see the whole picture — 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 15JA) 

with no skips in frequency for AM-FM 
radio, monochrome or color TV servicing. 
The rf circuits are double shielded with 
copper steel shields, and a cathode follower 
output provides good stability by acting as 
a buffer to the oscillator. 

Jacks are provided for either internal 
modulation or audio output, and both are 
controlled by audio control to provide 
variable modulation or af output. 

The new generator, which has a step¬ 
type, three-position attenuator, weighs 12 
pounds, and -sells for a dealer net of 
$99.50. 

Comparison Bridge 
Southwestern Industrial Electronics 

Co., 2831 Post Oak Road, Houston, Texas, 
announces a new model of its Comparison 
Bridge, to be designated the E-2. 

The instrument can now be operated 
by means of an optional foot switch, as 
well as by the conventional push button. 
Improved stability, accuracy and sensitiv¬ 
ity enable resistors, capacitors and in¬ 
ductors to be compared over a range of one 
ohm to five megohms at sixty cycles. Dif¬ 
ferences as small as 0.1 per cent may be 
easily measured on the 1 per cent full 
scale meter range; other scale ranges of 
2.5, 5, 10 and 25 per cent are also provided. 

In addition to its use as a comparator 
and go-no-go gauge, the E-2 may be com¬ 
bined with a decade box to make quick 
and accurate measurements of absolute 
values. 

Grid Brochure 
Baker & Co., Inc., 113 Astor St., 

Newark 5, N. J., has published a new 
brochure on Platinum Clad Tungsten Wire 
for high power vacuum tube grids. Two 
charts illustrate relative sag of platinum 
clad tungsten at fixed and varying tem¬ 
peratures. 
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Color Phaze Analyzer 
Wickes Engineering and Construction 

Co., 12th St. & Ferry Ave., Camden, N. J., 
has designed the CPA-1 Color Phase 
Analyzer, a new color test instrument to 
analyze the chrominance components of a 
composite color video signal. 

The equipment compares the phase of 
the chrominance components with respect 
to the color synchronizing (reference sub¬ 
carrier) signal. The phase difference be¬ 
tween any two intervals of the composite 

(Continued on page 159 A) 

Apply 

Your 

Electronics 

Experience 

ENGINEERS AND 

PHYSICISTS WITH 

ELECTRONICS TRAINING 

ARE NEEDED TO 

CONDUCT CLASSROOM 

AND LABORATORY 

PROGRAMS ON ADVANCED 

SYSTEMS WORK IN THE 

FIELDS OF RADAR FIRE 

CONTROL, ELECTRONIC 

COMPUTERS, GUIDED 

M ISSILES. 

The proper functioning 
of the complex airborne 
radar and computer 
equipment produced by 
Hughes requires well-
trained maintenance crews 
in the field. 

At Hughes Research and 
Development Laboratories 
in Southern California 
engineers assigned to this 
program are members 
of the Technical Staff. 
As training engineers they 
instruct in equipment 
maintenance and operation 
for both military 
personnel and field 
engineers. 

Prior to assignment, 
engineers participate in a 
technical training program 
to become familiar with 
latest Hughes equipment. 
After-hours graduate 
courses under Company 
sponsorship are available 
at nearby universities. 

AND DEVELOPMENT 

LABOR ATOR I ES 

Culver City, Los Angeles County, California 
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ITHACA 

OWENSBORO 

ELECTRONICS PARK, SYRACUSE, N. Y. 

New 
GENERAL ELECTRIC 
Opportunities 
Throughout the Country 
In Advanced Electronic 
Developments 

At General Electric plants and laboratories 
from New York to California, G.E. engineers 
are constantly planning new and revolution¬ 
ary advances in the field of electronics. 
And with each new development, they are 
broadening the scope and opening new chal¬ 
lenges and new opportunities in this young 
and fast-growing field. 
Thus, the opportunity is ever-increasing at 
General Electric. If you are interested in tak¬ 
ing on new challenges... in working with the 
finest facilities... in growing along with this 
leader in industry, you are invited to apply 
now for positions open at Schenectady, Utica, 
Ithaca, Syracuse, and Clyde, New York; 
Owensboro, Kentucky; and Palo Alto, Calif. 

ENGINEERS . PHYSICISTS 
Positions available in the following fields : 

Advanced Development, Design, Field Service 
and Technical Writing in connection with: 

MILITARY RADIO & RADAR • MULTIPLEX MICROWAVE 
MOBILE COMMUNICATION • COMMUNICATIONS 

ELECTRONIC COMPONENTS 
TELEVISION, TUBES & ANTENNAS 

Bachelor's or advanced degrees in Electrical 
or Mechanical Engineering, Physics, and 
experience in electronics industry necessary. 

Please send resume lu: 
Pept. ts-p Technical Personnel 

SCHENECTADY 

UTICA-

SYRACUSE-

CLYDE 

ELECTRONIC ENGINEERS 

"a CAREER 
with a PRESENT 
as well as a FUTURE !" 

IN THE FIELDS OF 

FIRE CONTROL 

PULSE TECHNIQUES 

ANTENNAS 

RADAR 

ELECTRONIC COUNTERMEASURES 

MICROWAVE TECHNIQUES 

NETWORK THEORY 

OPERATIONS RESEARCH 

submit resume to 
Dr. R. E. Wilson 

r research laboratories 
)701 LAMONT STREET, N.W. WASHINGTON 10, D.C. 

‘Emerson, / 

a division of EMERSON RADIO & PHONOGRAPH CORPORATION 

Wire Line Carrier 
Systems Engineer 

wanted for high-level position with man¬ 
agerial responsibilities in established elec¬ 
tronics manufacturing company. Should 
have 5 years experience in wireline carrier 
telephone work with at least 2 years spent 
in applications, either with manufacturer or 
large carrier operator. Experience in carrier 
operation in armed forces is applicable. 
Bachelor’s degree or professional engineer 
status required. Some travel, about 10 per¬ 
cent of time, will be necessary. The right 
man for this job will find no quibbling 
about salary. 

Stromberg-Carlson Company has been 
pioneering in telephone industry for 60 
years, and is known for high quality of 
products. One of fastest growing companies 
in the industry, offering excellent opportu¬ 
nities for advancement. Liberal bonus. 
Other benefits. 

Located in Rochester, New York, in heart 
of beautiful Finger Lakes country. Com¬ 
munity noted for fine schools, cultural and 
recreational facilities. Also have openings 
for several carrier and microwave sales 
engineers. Must be free to travel in limited 
territory. Successful sales experience re¬ 
quired. There may be an opening in your 
area. If you qualify for either of above 
positions, send resume of experience to 
General Manager, Telephone Division, 

Stromberg-Carlson Co. 
Rochester 3. New York 
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signal can be measured also. Phase delay 
can be measured over the entire range of 0 
to 360°. The CPA-1 facilitates the align¬ 
ment of color coders, and assures accurate 
signal certification. The equipment also 
can be used to measure the differential 
gain of any amplifier or system. A five 
position function switch permits selection 
of the desired output signal, for compre¬ 
hensive analysis of the color signal. The 
complete equipment includes a CPS-1 
Calibrated Phase Shifter, a CSD-1 Color 
Signal Demodulator, and a PS-7 Regu¬ 
lated Power Supply, plus a cabinet rack 
and set of interconnecting cables. 

Test Speaker 
Authorized Manufacturing Co., of 919 

Wyckoff Ave., Brooklyn 27, N. Y., an¬ 
nounces that their new Model #401 Uni¬ 
speak universal test speaker is in produc¬ 
tion. 

Unispeak's flexibility is enhanced by a 
socket providing connections for most sets 
which are frequently encountered. An 

(Continued on page 161 A) 

Engineers 

JUNE IS 

BUSTING 

OUT ALL 

OVER 
? 

And opportunities are busting 
at the out all over, too 

NEW, EXPANDING 

ELECTRONIC TUBE DIVISION OF 

Westinghouse 
in Elmira, New York 

. Opportunities to advance in you 
recognition for youi sion. 

Openings for: 

Receiving, 
solid state devices. 

g 

g 
WESTINGHOUSE ELECTRIC CORP. 

Elmira. N.Y. Electronic Tube Div. 

ENGINEERS: 
vidicon tubes; 

I 

and APPLICATION 
Image orthicon or 

MICROWAVE TUBE DESIGN ENGINEERS: 2 
or more years experience, for designing mag¬ 
netrons, traveling-wave tubes, TR and ATR 
tubea, reference cavities, etc. 

Above openings are for Engrs & Physicists with 
bachelor's, Master's or Doctor's degree. Also: 

ELECTRICAL ENGINEERS for Equipment De¬ 
sign: Designing, costing & guiding construc¬ 
tion of processing and testing equipment, e g. 
atmosphere furnaces, electrical welders, in¬ 
duction heaters. X-ray seasoning & test units, 
wave-guide apparatus, transistor life test units. 
MANUFACTURING ENGINEERS: Electrical A 
Mechanical Engrs. and Physicists, to work on 
microwave, image orthicon, & other tube types. 
Exp In these fields desirable, not mandatory. 

Interviews in your area, or travel expenses 
paid for interviews in Elmira. Send resume. 

DESIGN, DEVELOPMENT, 

CAREER 
OPPORTUNITIES 
FOR... 

• mechanical engineers 
• electronics engineers 
• electrical engineers 
• physicists 
• mathematicians 
• aerodynamicists 
• quality control engineers 
• test engineers 

SANDIA CORPORATION, a subsidiary of the Western Electric Com¬ 
pany, operates Sandia Laboratory under contract with the Atomic 
Energy Commission. Sandia engineers and scientists work at the 
challenging task of designing and developing atomic weapons. 
Graduate engineers and scientists, with or without applicable exper¬ 
ience, will find excellent opportunities in the fields of component 
development, systems engineering, applied research, testing, and 
production. 

COMPENSATION is competitive with that offered in other industry. 
Ingenuity and initiative are valued highly, and opportunities for 
professional advancement are outstanding. Working conditions are 
excellent, and employee benefits are most liberal. 

SANDIA LABORATORY is located in Albuquerque — a modern, cos¬ 
mopolitan city of 150,000, rich in cultural and recreational attractions 
and famous for its excellent year-around climate. Adequate housing 
is easily obtained. For descriptive literature giving more detailed 
information on Sandia Laboratory and its activities — or to make 
application for employment — please write: 

professional employment 
division 1A 
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ENGINEERS 
for immediate placement 

ENGINEERING AT NCR: 

1. Immediate, permanent positions in Mechanical 
and Electrical Engineering Divisions. 

2. Engineering project work involving design and 
development oi mechanical, electronic, electromechani¬ 
cal devices, and the production engineering of elec¬ 
tronic data processing equipment in Business Machine 
applications. 

3« Some experience in development, design, and 
application, ol high-speed, light-weight mechanisms of 
the intermittent motion type is desirable, but not es¬ 
sential. 

4. Openings also for Mechanical and Electrical per¬ 
sonnel for writing technical and application literature 
describing newly-developed machines. 

5. Ample training and indoctrination is available to 
all employees. 

ELECTRICAL ENGINEERS 
MECHANICAL ENGINEERS 
ELECTRONIC ENGINEERS 
MECHANICAL DRAFTSMEN 

AS AN NCR ENGINEER you, with your family, will 
enjoy: 

1. UNLIMITED OPPORTUNITY in the broad, ever-
expanding field of Business Machine Engineering. 

2. AN EXCELLENT SALARY, plus exceptional 
benefits of lifetime value for you and your family. 

3. A RECREATIONAL PROGRAM for year-round 
enjoyment of the entire family including a new Country 
Club with 36 holes of golf, and a 166-acres park for 
outings with swimming, boating, and supervised play 
for the children. 

4. LIVING IN DAYTON . . . considered one of the 
cleanest and most attractive cities in the Midwest with 
outstanding school facilities. 

5. YOUR WORK AT NCR with its friendly, family 
atmosphere, with its employee morale at a very high 
level, and with people who, like yourself, have decided 
to build their professional future with NCR. 

ACT AT ONCE—Send resume of your education 
and experience to: EMPLOYMENT DEPARTMENT, TECHNICAL PROCUREMENT SECTION 

THE NATIONAL CASH REGISTER COMPANY 
Dayton 9, Ohio 

Particularly Interested in Spectroscopy? 
In the sensory" phase of automatic control Beckman provides equipment and 

instrumentation for quickly detecting and measuring electric currents as small as 
3 X 10 amperes. Beckman instruments detect and measure variations in chemical 
composition, color, acidity and alkalinity (pH), moisture content and other critical 
functions in chemical analysis and control. 

Beckman products that typify major advancement in the field of modern elec¬ 
tronic instrumentation are ultraviolet, visible and infrared spectrophotometers, colorim¬ 
eters, pH meters, aquameters, computers, synchros, and a wide range of special 
products. 

Significant growth in the application of "sensory" devices for process and labora¬ 
tory control for pushbutton factory operations and atomic research and development 
has created new positions in our Engineering Department. Engineers and physicists 
with experience in related fields or exceptional ability are invited to consider join¬ 
ing us. 

A Priority Opening 
SENIOR ELECTRONIC SPECIALIST 

The position calls for the highest creative engineering talent. Duties will include 
providing electronic know-how to engineering teams engaged in major projects and 
complete individual responsibility on some highly technical special assignments. 
Non-supervisory in nature, the position offers unusual promise in interesting work 
and salary equal to our top engineering and administrative classifications. 

Also urgently needed are a solid state physicist for crystal work and an electronic 
engineer with data handling experience. Send complete resume to 

BECKMAN INSTRUMENTS, INC. 
2500 Fullerton Road, Fullerton 1, California 

I Sales Promotion 
Expert 

FOR 
ELECTRONIC SYSTEMS 

• Must have scientific degree 
(preferably in electronics) or 
heavy background in complex 
electronic systems. Minimum 5 
years experience. 

To prepare advertisements, new 
releases, sales promotion copy, 
brochures, and proposals for new 
electronic computers and sys¬ 
tems. Write Personnel Manager. 

REMINGTON RAND, INC. 
ENGINEERING RESEARCH ASSOCIATES DIV. 

1902 W. Minnehaha Avenue 

St. Paul W4, Minnesota 
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adaptor cable is made up, and plugs in to 
the speaker and/or the set. This feature 
eliminates the need for pulling a speaker 
from the cabinet. 

Single ended or push-pull out trans¬ 
former circuits are accommodated, as well 
as direct voice coils, through the Vari-Z 
switch. The transformer is a universal type 
and allows impedance matching of all 
tubes. 

The unit includes a choke and a vari¬ 
able bleeder which permits correct match¬ 
ing for all electro dynamic speakers. These 
are also available at separate terminals for 
filter testing. 

Power Oscillators 
New Model DK-1 low distortion fixed 

frequency power oscillators which feature 
essentially pure, highly stabilized sine wave 
power at 10 volts, 2 watts, 0.03 ohm im¬ 
pedance for general laboratory and pro¬ 
duction testing, is available from Neucor, 
Inc., 45 W. Union St., Pasadena 1, Calif. 

Frequency is factory fixed to cus¬ 
tomer’s order in range 300 to 10,000 cps; a 
trimmer provides fine adjustment. 

Total harmonic content of sine wave is 
less than 0.08 per cent. Amplitude shift be¬ 

tween no load and full load or due to line 
voltage variations of 10 volts is less than 
0.18 per cent. Frequency shift between no 

(Continued on page 163A) 

Looking for 

NEW ELECTRONIC WORLDS 
to conquer? 

Beyond the range of sight lies the vast potential of 
tomorrow's electronic world. How this new world will 
affect the scientist, surgeon, farmer, housewife, busi¬ 
ness man, can only be surmised. But the possibilities 
are inspiring. The world of the electron is infinite. 

Wresting electronic secrets from Nature has been 
Farnsworth's sole function for over a quarter of a cen¬ 
tury. Expansive, aggressive diversification into new 
and challenging fields of activity, implemented by the 
addition of men with significant capacity for profes-
sonal growth, marks the direction of the Company's 
progress. Association with an organization slated for 
continuing major success can lead to highly satisfying 
individual responsibility and awards, and result in a 
stimulating and fruitful career. 

To scientists and engineers possessing the profes¬ 
sional potential and who are looking ahead to new 
electronic worlds to conquer, Farnsworth offers worth¬ 
while opportunities in these fields: Pulse Circuitry, 
Microwave Antennas, Information Theory, infra-Red 
Systems and Devices, Mechanical Packaging, Receivers, 
Optics, Date Recording, Transistor Circuitry, Micro¬ 
waves, Radar, Electronic Countermeasures, Operations 
Research, Missile Guidance and Control Systems and 
Test Equipment. > \ 
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ENGINEERS — PHYSICISTS 

Head for the Southwest 

. . . if you’re looking for a better career 
opportunity . . . and the kind of life that 
lets you enjoy it! Here in the Southwest 
(incidentally, it’s the nation’s fastest grow¬ 
ing industrial frontier) you'll find friendly 
people (including the boss), a more relaxed 
attitude toward the business of living, 

many cultural and recreational advantages, plus ready and wait¬ 
ing job opportunities in your specialized field. And the climate? 
Well, it’s the best one we know ... for success! 

If you’re a graduate engineer or physicist (B.S., M.S. or 
Ph.D) and want to engage in research or development work 
with transistors, radar, sonar, waveguide and transformer com¬ 
ponents, or geophysical equipment, send resumé to W. D. 
Coursey, Personnel Division. We’ll be glad to interview quali¬ 
fied applicants to discuss career opportunities at Texas Instru¬ 
ments . . . our Profit Sharing and other benefit programs . . . 
and to show you our interesting research and manufacturing 
activities. 

Texas Instruments 
INCORPORATED 

(000 LEMMON AVENUE DALLAS 9. TEXAS 

PHOTO-EMISSIVE EXPERIENCE 

Old established firm manufacturing electronic tubes desires serv¬ 
ices of several engineers or physicists familiar with photo-emis¬ 
sive and photo-conductive devices. Firm is embarking on manu¬ 
facture of pickup and storage tubes. Chance to get in at the start 
of a new operation. Location New England. State complete 
qualification, salary desired, citizenship status and references. 
Reply : 

Box 810 

INSTITUTE OF RADIO ENGINEERS 

1 East 79th Street, New York 21, N.Y. 

ELECTRONIC 
ENGINEERS 

SOUTHERN CALIFORNIA 

Vacancies exist at the Marine Physical Laboratory for men of origi¬ 
nality with sound scientific background in Physics and Mathematics. 
The Marine Physical Laboratory of the Scripps Institution of 
Oceanography is a unit of the University of California. 

The staff is small, the problems numerous and there is ample oppor¬ 
tunity for the conduct of individual research in underwater acoustics, 
electronics, "noise" backgrounds and other fields falling under the 
wide classification of Marine Physics. Salaries are based on the 
University of California scales. Applications with statement of quali¬ 
fication should be addressed to: Director, Marine Physical Labora¬ 
tory, San Diego 52, California. 

Unusual engineering positions in 
Radar, Sonar and Telemetering are avail¬ 
able at Pacific Division, Bendix Aviation 
Corporation in North Hollywood, California. 
These positions, which are directly asso¬ 
ciated with our long-range projects for 
industry and for defense, are available at 
all levels. 

Please address inquiries to: 
W. C. WALKER 

Engineering Employment Manager 

~~BendbC Aviation Corporation 
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load and full load is less than 0.16 per cent; 
shift to line fluctuations of 10 volts is nil. 

The unit is housed in a ventilated metal 
case 3} wide by 4| high by 8| inches deep. 

The circuit is an L-C, bridge type, in¬ 
corporating a high-Q toroid, combined 
with a self-balancing feedback amplifier. 

X-band VSWR Measuring 
System 

Retaining the speed and high accuracy 
of earlier models, the new CTI Model 
HOB X-Baud VSW R Measuring System 
produced by Color Television Inc., 974 
E. San Carlos Ave., San Carlos, Calif., has 
an added attenuation scale and new VSWR 
scales reading from 1.02 to 1.20 and 1.1 to 
2.50. The system includes a tunable oscil¬ 
lator permitting complete and continuous 
coverage from 8500 to 9600 me, an ac¬ 
curate wavemeter to supplement the di¬ 
rect-reading dial of the oscillator, a 
bi-directional coupler with bolometer de¬ 
tectors for incident and reflected power, 
and a direct-reading VSWR indicator. 

Employing a ratiometer type of indi¬ 
cator, the CTI system is “direct-reading,” 
as no adjusting or zero-setting is necessary 
when the oscillator is tuned through the 
X-band or the load is changed. 

The overall accuracy of the system is 
better than 2 per cent which makes it 
ideal for laboratory measurements. Sim¬ 
plicity of operation facilitates its use by 
unskilled personnel, making it excellent 
for production go/no-go tests as well. The 
accuracy is maintained throughout the 
frequency range because of the matched 
characteristics of the bi-directional coupler 
arms and integral bolometer mounts. 

Other specifications are: rf power 
source V-260 klystron; wavemeter ac¬ 
curacy, ±0.08 per cent; directivity of 
couplers, greater than 45 db; output wave¬ 
guide fitting, UG-39/U ; indicator cabinet, 
8J inch front panel for bench use or 
standard 19-inch rack; overall length of 
waveguide assembly, 31J inches, primary 
power, 115 v, 60 cps. 

(Continued on page 164A) 

TO THE FINE ENGINEERING MIND 

SEEKING THE CHALLENGING PROJECTS IN 

MISSILE TEST 
Fine career opportunities in Southern California and Florida exist now 
within our expanding Convair Engineering Department for engineers 
experienced in these areas of missile field test operations: 

ELECTRONICS ENGINEERS experienced in the installation, check-out and 
operation of missile guidance systems; installation, check-out, operation 
and maintenance of ground line and airborne telemetering equipment. 

PROPULSION ENGINEERS with experience in liquid rocket engine instal¬ 
lation, check-out, operation and maintenance. 

HYDRAULICS AND PNEUMATICS ENGINEERS with experience in 
hydraulic and pneumatic missile control systems (experience in handling 
liquefied gases advantageous). 

CONVAIR offers you an imaginative, explorative, energetic engineering 
department... truly the engineer's" engineering department to challenge 
your mind, your skills, your abilities in solving the complex problems of 
vital, new, long-range programs. You will find salaries, facilities, engineering 
policies, educational opportunities and personal advantages excellent. 

Generous travel allowances to engineers w ho are accepted. Write at 
once enclosing full resume to: 

H. T. Brooks, Engineering Personnel, Dept 806 

CONVAIR 
A Division of General Dynamics Corporation 

3302 PACIFIC HIGHWAY SAN DIEGO, CALIFORNIA 
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physicists and 
physical chemists 

... with baccaiaureate or advanced degrees and those with 
basic experience in these sciences now are offered an 
unusual opportunity to enter the new semiconductor field 
and at the same time become associated with General Motors. 

The scope of the semiconductor field is virtually limitless, 
and our new permanent program is to explore wide areas of 
it and engage in research and development-starting with a 
power transistor suitable for automotive use and continuing 
on toward basic research and the development of semi¬ 
conductor types suitable for military and other commercial 
uses. The work is independent of Government support. 

The most up-to-date research facilities for this type of 
work are provided, with leadership by a physicist with an 
outstanding record in this field. You also obtain the advan¬ 
tages of being among the first to join this new and vital 
General Motors activity. 

Location is the Midwest. Expenses for arranged interviews 
and relocation allowed. Unusual employe benefits of General 
Motors are included. 

If you find this of interest or if you wish further 
information, write, wire or telephone Mr. H. J. 
Claypool, Executive Engineer, Delco Radio Divi¬ 
sion, General Motors Corporation, Kokomo, Indiana 
(phone 2-8211). 

DIVISION OF GENERAL MOTORS 

GM 
GENERAL 
MOTORS 

tows-New Producís 
These manufacturers have invited PROCEEDINGS 
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Tape Recorder 
Premier Electronic Laboratories, 382 

Lafayette Street, New York 3, N. Y., 
has developed a recorder which pro¬ 
vides three separate heads for monitor¬ 
ing from tape while recording; and the 
A.B. switch permits comparison between 
original and recorded program. It is a dual 
track unit with 4| inch VU meter. Push 
button operation, using 7 electrically inter¬ 
locked de relays and 1 solenoid. Three 
speeds are provided: flutter and wow, 0.1 
per cent at 15 inches/sec.; 0.2 per cent at 
7| inches/sec.; 0.3 per cent at 3} inches 
/sec. It will play 4 hours at 3, inches/sec. 

The sound is high-fidelity, provided by 
a 10-tube 12 watts push pull amplifier. It 
has mixing channels for mike, radio or 
phono inputs. The frequency responses 
are: 40-16,000 cps at 15 inches/sec.; 40-
13,000 cps at 7| inches/sec.; 40-6,500 cps 
at 3J inches/sec. It has an 8 inch extended 
range speaker. Drive mechanism uses 
three heavy duty dynamically balanced 
motors. Fast forward and rewind, less than 
one minute for 10) inch reel. Electro dy¬ 
namic brake action and tape tension never 
requires adjustment. The recorder meas¬ 
ures 16X23X11 inches overall and weighs 
62 lbs. It comes in a portable case with 2 
covers and is priced at $368.50 net. Addi¬ 
tional information may be obtained by 
writing to S. Miller, at the firm. 

50-KV-Isolation Supply 
Developed to provide the flexibility of 

use necessary for experimental work with 
klystrons, traveling-wave tubes, and other 
microwave devices, a series of new power 
supplies is available from Levinthal Elec¬ 
tronic Products, Inc., 2979 Fair Oaks Ave., 
Redwood City, Calif. The unit is 50-kv iso¬ 
lation from ground on both sides of the 
high-voltage circuit so that several units 
can be operated in series where desired. 
Two of the models (illustrated) have con-
tinuously-variable output from 0 to 1000 
volts and from 0 to 2000 volts at 200 milli¬ 
amperes. Larger-capacity units of similar 
design up to 50 kv are also available. 

(Continued on page 168A) 
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CORNELL AERONAUTICAL 
LABORATORY NEEDS 

ELECTRONIC ENGINEERS 
You can work in the stimulating 
atmosphere of an applied research 
and development laboratory where 
ideas are important, initiative is en¬ 
couraged and associates are com¬ 
petent. The project areas listed 
below are typical of our extensive 
electronics interest; a complete list 
would include almost every branch 
of modern electronics. 

We are interested in men of all 
levels with sound training, imagina¬ 
tion and potential, regardless of 
their specialty. B.S. degree and ex¬ 
perience required; advanced degree 
with experience to back it up is even 
better. 

Communications 

Dynamic Control Systems 

Aircraft Instrumentation 

Radar 

Computers 

Electrical Measurements 

Varied Electronic Circuits 

Servo-Mechanisms 

Missile Guidance 

Microwave 

If you are interested in working at your 
maximum professional level in an or¬ 
ganization that combines the most de¬ 
sirable elements of academic and In¬ 
dustrial research and development, we 
invite you to communicate with our 
Employment Manager. 

Hospitalization, surgery; group life, 
sickness, accident and retirement in¬ 
surance is available with most of the 
cost paid by the Laboratory. Salaries are 
comparable with industry. Merit reviews 
occur semi-yearly assuring recognition 
of work well done and expediting ad¬ 
vancement. Other personnel policies are 
very liberal, such as our self-sponsored 
internal research program. Gradu¬ 
ate study at University of Buffalo is 
encouraged through generous tuition re¬ 
fund program. 

CORNELL AERONAUTICAL 
LABORATORY 

Buffalo 21, New York 

wholly owned by Cornell University 

for the price of a 

3 cent stamp 

Arc you aware of the big things that have been 

happening at Martin in recent months... anti that 

are happening today? 

Do you know what possibilities —futures—careers 

— those developments have created for engineers who 

value opportunity more highly than the status quo? 

For the price of a 3 cent stamp you can explore 

these possibilities. 

T he result is bound to be interesting—and may 

turn up the opportunity you’ve been waiting for! 

Write to J. M. Hollyday, Dept. P-6, The Glenn L. 

Martin Company, Baltimore 3, Maryland. 
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MISSILE 

SYSTEMS 
PHYSICISTS 

Research and development in the technology of 
guided missiles is not confined to any one field of 
physics. Broad interests and exceptional abilities 
are required by the participants. Typical areas at 
Lockheed Missile Systems Division include: 

• Neutron and reactor physics 

• Advanced electronics and radar systems 

• Applied mathematics such as the numerical 
solution of physical problems on complex 
computers 

• Analytical systems analysis of guidance and 
control problems 

• Ballistics and the integration of ballistic type 
missiles with vertical guidance 

• Electromagnetic properties of the upper 
atmosphere 

• RF propagation in microwaves as concerned 
with antenna and radome research 

• Experimental laboratory instrumentation 

Continuing developments are creating new positions 
for those capable of significant contributions to 
the technology of guided missiles. 

MISSILE SYSTEMS DIVISION 

research and engineering staff 

LOCKHEED AIRCRAFT CORPORATION • VAN NUYS, CALIF. 

/ The \ 
/ Norden \ 

Laboratories 

Offers Unusual 

Opportunities For 

Competent Engineers I 

\ / 
' ELECTRONIC / 
\ / ELECTRO- / 
X MECHANICAL / 

I For Research and 

i Development work on 

I 
I Radar 

Servo Mechanisms 

Microwave Equipment 

Antennas 

Infrared Equipment 

' Communications Equipment 

I Computers, Digital and 
I Analog 

’ Gyroscopes 

\ Television 
\ 
y • Liberal Employee 
I Benefits 
I • Merit Salary Reviews 
I • Excellent Working 
/ Conditions 

• Ideally located in 
I Westchester County 

Please telephone or send 
resume and salary requirements 
to the Personnel Department. 
All inquiries will be handled 

I in confidence. 

\ 
\ The Norden 

Laboratories 
\ 121 Westmoreland Avenue 

». White Plains, New York 

Ni WHite Plains 6-4300 

A division of 

^ORDEN'KeTAY 
Corporation 
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ENGINEERS 
THE APPLIED PHYSICS LABORA¬ 
TORY OF THE JOHNS HOPKINS 
UNIVERSITY offers an exceptional op¬ 
portunity for professional advancement 
in a well-established Laboratory with a 
reputation for the encouragement of in¬ 
dividual responsibility and self-direction. 

Our program of 

GUIDED MISSILE 
RESEARCH and 
DEVELOPMENT 

provides such an opportunity for men 
qu aliped in: 

DESIGN AND ANALYSIS OF 
PULSE CIRCUITS 

RESEARCH AND DEVELOPMENT IN 
RADAR AND MICROWAVES 
ELECTRONIC PACKAGING 

DEVELOPMENT OF TELEMETERING. 
DATA PROCESSING. ANO 

SPECIAL SWITCHING EQUIPMENT 
FLIGHT TEST CONDUCTION AND 

DATA ANALYSIS 
DEVELOPMENT AND APPLICATION 

OF PRINTED CIRCUITS 
SERVOMECHANISMS AND CONTROL-

SYSTEM ANALYSIS 

Please send your resume to 
Professional Staff Appointments 

APPLIED PHYSICS LABORATORY 
THE JOHNS HOPKINS UNIVERSITY 

8621 Georgia Avenue 
Silver Spring. Maryland 

ELECTRICAL ENGINEER 
for 

SERVOMECHANISM ANALYSIS 
Must have good background in 
complex variable theory and ex¬ 
perience in the use of Laplace and 
Fourier transforms. A good 
knowledge of statistical theory as 
applied to optimum filter design 
is desired. The applicant must be 
thoroughly familiar with transient 
and frequency response methods of 
servo system analysis and syn¬ 
thesis and be interested in apply¬ 
ing the theory to the design of 
practical servo systems of the type 
found in aircraft control systems. 

Service facilities include complete 
digital and analogue computation 
laboratories, a technical library 
and other specialized services. 

Send resume or request applica¬ 
tion from: C. G. Jones, Mgr., 
Salary Personnel 

The Goodyear Aircraft Corporation 

Akron 1 5, Ohio 

UNIVAC 
The FIRST Name 

in Complete Electronic Computing Systems 
As the UNIVAC takes its place in more and more industries, 
REMINGTON RAND has greatly expanded its research 
and development work in order to continue its leadership 
in electronic computing equipment. 

There are many positions recently opened at all levels 
in all phases of research, design, development, and 
application of computing and allied equipment. Even 
though your training and experience may not be con¬ 
nected with computers, we are willing in many cases 
to provide the necessary training. Individual cases can 
be evaluated during interview. 

• System Studies 

• Logical Design 
• New Components 

• Solid State Physics 

• Semi-conductors 
• Magnetic Materials 

• Storage Techniques 
• Circuit Design 

• Pulse Techniques 

• Input-Output Devices 

• Product Design 

• Test Equipment Design 

• Computer Development 
and Design 

• High Speed Electro¬ 

Mechanical Devices 

• System Test and 

Maintenance 

The rapidly expanding engineering program has created many perma¬ 
nent positions paying excellent salaries. These positions offer personal 
challenges as well as outstanding opportunities for professional de¬ 
velopment. The possibilities for graduate study in this area are excellent 
and the company has a liberal plan for reimbursement of tuition ex¬ 
penses. Other company benefits include retirement and group in¬ 
surance. 

Replies Kept Strictly Confidential 
FOR INTERVIEW, WRITE TO 

fle/runpian. TtawL 

ECKERT-MAUCHLY DIVISION 
2300 West Allegheny Ave. Philadelphia 29, Pa. 
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- Ä 

an outstanding firm in its field. 

• MECHANICAL • ELECTRONIC ELECTRICAL 

WHAT STAVID 
OFFERS Y0Ü 

LOCATION: 

ENVIRONMENT: 

Interviews in Your Community by Appointment 

STAVID ENGINEERING, INC 

Send resume, write or call 

for additional information. 

ABOUT THE 
COMPANY: 

Research, Development, De¬ 
sign & Field Engineering on: 

ITS 
BENEFITS: 

Navigation Systems 
Beacons 
Flight Simulators 

Guidance Systems 
Electronic Installation 
Antennas 

Radar & Sonar Trainers* Telemetering 
Circuit Design 

Countermeasures 
Fire Control Radar Systems 
Underwater Sound Systems 
Magnetic Amplifiers 
Communications Equipment 

• FIELD ENGINEERS 
(Local & Field Assignments) 

Challenging openings for experienced engineers 

with degrees or equivalent experience in: 

On U.S. Highway 22, thirty mile* (45 minute«) from New 
York City, near the beautiful Watchung Mountain«, and 
within one hour’« drive to the sea«hore. Enjoy all the ad¬ 
vantages of the city, the mountains, and the seashore, as 
well as excellent schools, homes, churche« and shopping 
facilities all conveniently located. 

One of the finest plants of its kind . . . spacious, modern, 
air-conditioned. Conducive to bringing out the be«t of your 
abilities ! 

Organized in 1945. Engaged in research, design and develop¬ 
ment for the Armed Services. The company has steadily 
progressed and grown since its inception, and now employ« 
over 400. Position« are permanent, with opportunities for 
your development matching our own constant expansion. 

• Pension Plan • Paid Vacations 
• Group Life Insurance * Education & Tuition 

Assistance 
• I aid Holidays • Other Group 
• Paid Sick Leave Insurances 

• Recreational programs: golf, softball, 
bowling, picnics, dances. 

DEVELOPMENT ENGINEERS 
Junior & Senior 

U.S. Highway 22, Watchung, P.O. Plainfield, N.J. Plainfield 7-1600 

üfws-kw Producís 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 164A) 

Operable from inputs of 105 to 125 
volts single-phase 60-cps power, these two 
supplies exhibit regulation to a maximum 
of J per cent over that input range, and 
ripple of less than 0.5 volts peak-to-peak 
at any output. 

Units include switches for line power 
and high voltage as well as continuously-
variable controls for coarse voltage and 
fine voltage. Suitable metering with 1.0 
per cent accuracy is included. Units are 
completely protected by inter locks and 
automatic shortcircuiting devices. 

Push-Button Oscillator 
Any of 2000 different frequencies are 

available on the Model 440-B Precision 
Push-Button Oscillator, designed and de¬ 
veloped by Krohn-Hite Instrument Co., 
580 Massachusetts Ave., Cambridge 39, 
Mass., which covers the frequency range 

from 0.5 to 1000 cps in | cps steps. Cali¬ 
bration accuracy is ±0.05 per cent and 
then drift per hour is less than 0.005 per 
cent. 

Distortion and hum are less than 0.1 
per cent at any output level. Amplitude 
varies less than ±0.25 db over the entire 

(Continued on page 170A) 
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FOR 

Write for Bulletin TTF 

Capac¬ 
ities: 
(0-200 in. 
lbs.) or 
(0-150 ft. 
lbs.) 

MANUFACTURERS 
DESIGNERS 
INSPECTORS 
TOOL ENGINEERS 
LABORATORIES and for 
PRODUCT CONTROL 
in assembly. 

SIurTevanT 
TORQUE TESTING 

FIXTURE 

PA FurIIvAnT¡CO 
A JD/SON /QUAL /TY/ ¡LL INOIS 

FOR TESTING Screws, thread-cutting 
and thread-forming screws—all types of 
threaded fasteners; threaded parts and 
threaded connections. 

vernistat . The Revolutionary 
New Precision Variable-Ratio Transformer 

LOW-LOSS LACQUER & CEMENT 
• Q-Max is widely accepted as the 
standard for R-F circuit components 
because it is chemically engineered for 
this sole purpose. 
• Q-Max provides a clear, practically 
loss-free covering, penetrates deeply, 
seals out moisture, imparts rigidity and 
promotes electrical stability. 
• Q-Max is easy to apply, dries quickly 
and adheres to practically all materials. 
It is useful over a wide temperature 
range and serves as a mild flux on 
tinned surfaces. 
• Q-Max is an idea! imprégnant for 
“high" Q coils. Coil “Q” remains nearly 
constant from wet application to dry 
finish. In 1, 5 and 55 gallon containers. 

Analog Computers? Servos? Control Systems? Vernistat 
is a completely different type of voltage divider combining low 
output impedance with an inherently high resolution and 
linearity not ordinarily attainable by precision potentiometers. 

The Vernistat consists of a tapped auto-transformer which pro¬ 
vides the basic division of voltage into several discrete levels. These 
levels are selected and further sub-divided by a continuous inter¬ 
polating potentiometer that moves between 30 transformer taps. 

Because of its unique operating principles, electrical rotation is 
held to close tolerances eliminating the need for trim resistors. In 
many applications there is also no need for impedance matching 
amplifiers. 

Specifications of the standard model Vernistat are shown below. 
Other versions are under development to meet specific end uses. 

What are your requirements for this unique precision voltage 
divider? Fill in the coupon now. 

vernistat division perkin-elmer corporation 
NORWALK, CONNECTICUT 

SPECIFICATIONS 

Linearity Tolerance 

better than it.05% 

Resolution better than .01% 

Output Impedance 

1 30 ohms (max.) 

Max. Output Current 50 ma 

Frequency . 50-3000 cps 

Other models including a mini¬ 

aturized 400 cps version will be 

available in the near future. 

NAME. 

TITLE 

COMPANY 

ADDRESS 

Send me more information on the Vernistat. 
The application I have in mind is as follows:.. 

vernistat division \/K\y PERKIN-ELMER CORPORATION 
614 Main Avenue, Norwalk, Connecticut 
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Protected under Stoddort Patents 

six-position 

TURRET ATTENUATOR 

featuring PULL-TURN-PUSH action 

FREQUENCY RANGE: de to 3000 me. 

CHARACTERISTIC IMPEDANCE: 50 ohms. 

CONNECTORS: Type "N" Coaxial female fit« 
tings each end. 

AVAILABLE ATTENUATION: Any value from 
1 db to 60 db. 

VSWR: 1.2 max., de to 3000 mc/s, values from 
10 to 60 db. As value decreases below 10 db, 
VSWR increases to not over 1.5. 

ACCURACY: ± 0.5 db. 

POWER RATING: One watt sine wave power 
dissipation. 

This new group of pads and terminations features 
i the popular Type C and Type N connectors, and 
I permits any conceivable combination of the two 
I styles. For example, the two connector types, either 
I male or female, can be mounted on the same atten¬ 

uator pad, with or without flanges, so that it may 
I serve as an adapter as well as an attenuator. 
I Frequency range, impedance, attenuation, VSWR, 

accuracy and power rating are as designated 
above. Send for free bulletin entitled "Measure-

I ment of RF Attenuation/* 
L__ 

SINGLE "IN-THE-LINE" ATTENUATOR PADS 
and 50 ohm COAXIAL TERMINATIONS 

PRECISION 

ATTENUATION 

TO 3000 me! 

STODDART AIRCRAFT RADIO Co., Inc. 
6644-C Santa Monica Blvd., Hollywood 38, California • Hollywood 4-9294 

News-New Producís 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 168A) 

frequency range. The output amplitude 
is adjustable continuously by a logarith¬ 
mical output level control with a scale 
calibrated in rms volts from 0.01 to 10 
maximum. Power output is 100 milliwatts 
into 1000 ohms. 

This stable low distortion oscillator is 
well suited as a secondary standard in lab¬ 
oratory, production and industrial use. Its 
uses include numerous special applica¬ 
tions, such as narrow band filter alignment 
and the checking, calibration and adjust¬ 
ment of various instruments. 

The unit sells for $950.00, f.o.b., Cam¬ 
bridge, Mass. 

Hermetically Sealed 
Differential Relays 

A new line of differential relays which 
may be used for automatic overload, over¬ 
voltage, under-voltage or under-current 
protection is being offered by Amperite 
Co., 561 Broadway, Xew York 12, N. Y. 
They reset automatically when the ab¬ 
normal condition is removed. 

Since the actuating element is a heater, 
the relay may be designed for time con¬ 
stants varying from approximately 3 to 30 
seconds. It will not respond to transients of 
shorter duration. Available in SPST—nor¬ 
mally open or normally closed. Completely 
isolated contacts makes many circuit vari¬ 
ations possible. The relays can be designed 
for currents from 10 to 1000 ma., voltages 
from 1 to 100 v. Higher currents can be 
handled by an external contactor. Ap¬ 
proximately 1 watt is required for the 
heater. However, the relay will withstand 
100 per cent overload indefinitely. 

It is available in either the standard 
octal base or nine-pin miniature. They are 
pre-set at the factory. Standard tolerance 
of voltage or current for opening and clos¬ 
ing is ± 10 per cent. Closer tolerances are 
available on special order. The relay is 
compact, light, rugged. Being hermetically 
sealed, they are not affected by changes in 
temperature, pressure, or humidity. List 
price is $4.00 each. In Canada write to: 
Atlas Radio Corp., 560 King St., W, 
Toronto 2B, Ontario. 
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RG48/U Waveguide 10 CM 

$7.50 

.79C 

Receiver and Trans. RT39 A PC 

HY114B 
RANGE CALIBRATOR, 

. $31.50 1 A Duplexer Cavity, RA-58 Power Suppls 

CONVERTER: 
..$4.00 2K28. 2700-2900 Me. 

ASI4A AP-10 CM Pick up Dipole with 
$4.50 

TEST OSCILLATOR TS-47/APR. 40 20(m • 

Provide 

3 CM.—RG 52/U Waveguide 
$14.50 

M6500APR Part $3.50 4.60 
CT-002 

db. 

interconnection! 

$2295
Cross-Guide Directional Coupler. 

flang» Lon: $27.50 PT- 07 

$22.50 20 db Nominal 8.70 TEL. REPEATER 
PT 167 

22.50 TEL. REPEATER. EE 99, with 1 
$49.50 PT 168 

2.36KVA 3I40/I570V. 
RADAR TRAINER. Model 15 C 

PT-38-2 
$150 

UNDERWATER MICROPHONES. Model .JR 

FT-463 3 cm. Horn, 1" x %", with twist and 
FT-55-2 7.2V/2I.5A. 6.5V/6.85A. 5V/6A. 5V/3A 1R0 

$14.50 FILTER CHOKES ASI4A/AP. 1*0 CM pick up dijiole assy, complete w/ 
$1.50 connectors 

AS46A/APG-4 Yagi Antenna. 5 element array ..$22.50 
DYNAMOTORS $4.85 30' Parabolic Reflector Spun Aluminum dish CH-CEC 117: 9-60H/.05-400 MA. 10 KV Test $14.95 

AN/APA-12 OUTPUT INPUT 
AMPS 

TPS-3. 10 Ft. Dish. '■Chicken Wire’’ Parabola. 
$125.00 

crate. 
6.95 LP-24 Alfold loop, for use with glide-path transmitters 10 28 DA-3A' 

$32.50 (MRN 1. etc.) 100-108 me. 

MIT. MOD. 3 HARD TUBE PULSER: Output Pulse 
144 KW Replacement for 

voltage 5.95 

$85.00 new, less tubes 3 unit. Brand 

,001 output at 
pulser unit and ail tube $32.50 500 cy 1500 Volt-ampere. NEW 

VACUUM TUBES SPECIALS MICROWAVE COMPONENTS 

POWER TRANSFORMERS 

MICROWAVE ANTENNAS 

PULSE MODULATORS 

I. F. AMPLIFIER STRIPS 

1.50 

POWER SUPPLY and modulator,’ \ 

.50 

PT 
PT 

FT-38 A 
FT-650 
FT-025 

3.65 
22.50 

CT-403 
CT-931 
CT-929 

913 
I2A 

i. )9 
1.95 

CT-479 
CT-013 

CT-965 
CT-004 

PT 
PT 
PT 

PT 
PT 

FT-140 
FT-157 
FT-IOI 
FT-924 
FT-824 

CH-113 
CG-044 
CH-291 
CH-322 
CH-141 
CH-69-1 
CH-8-35 
CH-776 
CH-344 
CH-43A 
CH-366 
CH-999 
CH-145 
CH-170 
CH-533 

034 
157 

371 
133 
801 

17.50 
1.15 

4.35 
2.75 
4.25 
5.35 

9.95 
5.19 
8.95 
2.79 
7.50 
6.95 

33.00 
9.45 

85.00 
I 15.00 
59.50 
4.95 
3.95 
2.15 

17.50 
2.95 
.79 

14.95 

5.75 
6.35 
12.50 
2.75 
4.69 
2.35 
1.79 
2.25 
2.35 
1.75 
6.95 
1.95 
1.39 
2.79 

29.95 

equipment. Ila 
amplifier input 

28 
14 
18 
12 
28 

19 
2.8 
3.2 
2.3 
3.25 

69.50 
4.49 
3.49 

TYPE 
Î5X.059 
POSX-15 
DA-7A 
DM 33A 
23350 
B-19 

Price 
$4.35 
8.95 
15.00 
3.95 
3.95 
6.95 

VOLTS 
405 
220 
1100 
540 
285 
275 
500 
300 
150 
14.5 

1000 
220 
450 
250 
375 

6.3V/2.5A. 2x2.5V/7A 5KV Test 
2.5V/I0A-3KV TEST LO-CAP . 
2.5VCT/I0A, I0KV TEST . 

QK vi 
qkgh 
QKGl 
QK6 

UG-40 output 
with 90 Deg. 

$1.79 
2.79 

17.50 
8.95 
2.50 
6.95 
6.95 

PE 94. 

¡9 B. 
$135 

PE 73 CM 
BD 69 1 
DAG-33A 
DM 25t 
BOAR 93 

Link 
RA-74 Power Supply for Super Pro . 
C48/ARC-5 Control Box for ARC5 

1 Less Filter, 
f Used. Excellent. 

PE 94-, Brand New 

90 degree elbows. 
ADAPTER, wav« 

transmitter. 
Output 540’ 

TU -6 Tuning 

VOLTS 
19 
14 
28 
28 
27 
12 

22.000V/234 MA.. 5.35 KVA 
7500 V/.06 A. Half Wave 
2500V/I2 MA H’SLD . 
280VCT/I.2A . 
37.5/40V AT 750 MA 

NAVY AD F Receiver DZ 1 
15 to 1750 ke in 6 bands. 

cables and instruction book .... 
ID-60/APA-I0 PANADAPTER, ma 

Stock 
CH-914 

Discone Antenna. AS 
supported with type 

Price 
$3.25 

deck mountings. With 1'G40 t 
Bulkhead Feed-thru Assembly 

FLEX. WAVEGUIDE SECTION. 1 ft. long. With 

.each. $17.50 

.$15.00 

I50-C-I50V/65M A. 6.3V/2.5A.6.3V/0.6A 
900V/25MA PK. 5V/2A. 2V/7.5A 
350-0-350V/I20M A. 5VCT/3A. 2.5VCT/ 
I2.5A. 2.5VCT/3.5A . 
78V/0.6A. 6.3V/2A 
350-0-350V/90MA. 5VCT/3A. 2.5VCT/ 
I2.5A . 
350-0350V/50MA. 5VCT/2A. 2.5VCT/ 
7.5A . 
7000V/.018V. 2.5V/5A/I7.800 V. Test . 
450-0450V to 200MA. I0V/I.5A. 2.5. 
3.5A, 5V/3A . 
350VCT .026A 5V/3A . 
585VCT .086A 5V/3A, 6.3V/6A .... 
4200V/.001 A. 2.5V/2A, 6.3VCT/.6A ... 

Me. New. 
... $15.00 

CT-133 
CT-127 
CT-006 

; KV. working. 
Mfg. Cardwell 

APR. 1000 
Connector 

0-200 me. with 
portable slatted 
. $27.95 

an adaptor for APS-2 radar 
. $37.50 

721A TR BOX complete with tube and tuning 
plungers .$12.53 

McNALLY KLYSTRON CAVITIES for 707R or 

Strip included, 
s .$17.50 

ystetns ..$47.50 
I new. complete 
main unit, all 
.$125 

RG52/U Waveguide in 5’ lengths, fitted with PG 39 
flanges to CG40. Silver plated ..per length $5.00 

Rotating-Joints supplied either with or without 

Lmp). Duty Ratio: 

FILAMENT—1 1 5V/60-INPUT 
5VCT @ I0A 25KV Test . 
4V/I6A, 2.5V/2.75A . 
6V/.25A . 
5.25A/2IA. 2X7.75V/6.5A 
2x26V/2.5A. I6V/IA. I.2V/7A. 6.4V/ I0A 
6.4V/2A . 
6.3VCT/IA. 5VCT/3A. 5VCT/3A . 

COMBINATION—1 1 5V/6O-INPUT 

p/o TS 12. TS 13. Etc. .. $7.50 
ADAPTER. UG-I63/U round cover to special BTL. 
Flange for TS-45. etc. $2.50 ea. 

1.02 ..’.$7.53 
3 CM ANTENNA ASSEMBLY: Uses 17" parab¬ 

oloid dish, oiieratlng from 24 vdc motor. Beam 
pattern: 5 deg. in both Azimuth and elevation. 
Sector Scan: over 160 deg. at 35 scans per 
minute Elevation Scan: over 2 deg. Tilt: Over 
24 deg.$35.00 

Cables . 
HOLMDELL-TO-TYPE ’’N’ 
5D167284 . 

I. F. AMP. STRIP: 30 MC 

power supply . 
Hydrophone. MODEL MI-2. 

duty. Complete with 
d, excel. $185.00 

ASD Modulator 

Airborne RF head, model AI A. 

Me. less on harmonies. C.W. 

Pressure Gauge Section with 15 lb. gauge . $10.00 
Directional Coupler. CG lu C Take off 20db $17.50 
MAGNET AND STABILIZER CAVITY For 2.141 
Magnetron .$24.50 

Rotary joint choke to choke with deck mount -

ui n niuaait' wi • i >•«” •• — * J 
omnidirectional. 50 ohm output .$27.50 

SA4A/APA-I Motor Driven Coaxial Ant. Switch DPDT. 
Continuous Operation from 24VDC. Completely En¬ 
closed .$24.50 

MP-22 MAST BASE Mobile Antenna Mount 4.59 

AN/CRW-3A Bemote control receiver, for operating tar 
get planes, etc. New, with soundproof mtg. box. $34.50 

Model 15: 30 Me center frequency. Bandwidth 
gain figure: 65 db. Uses 5 stages of 6AC7’s. II 

EE 89. complete with tubes ami 
.$17.50 

t ubes . 
CAPACITOR. Split 
MMF, |mt section, 
air space 0.168", 

NFI-I Noise Filters. 

complete with Filter. Starting Box. etc.$67.50 
WIRE: TYPE WD3/TT. Similar to W 130, except cot¬ 
ton-braid covered. on I mile reels .$5 per reel 

PANORAMIC ADAPTER AN /APA- 10. A combined Pan¬ 

bend. With dielectric 

Description 
I2HY/250 MA 2500 V. Test 

I0CM ECHO BOX: Tunable from 3200-3333 Me. 
For cheeking out radar transmitters, for spectrum 
analysis, etc. Complete with pickup antenna 
.Hui coupling devices . $17.50 

POWER SPLITTER for use with type 726 or any 
10 CM Shepherd Klystron. Energy is fed from 
Klystron antenna through dual pick-up svstem 
to type “N" com .$12.50 

LHTR. LIGHTHOUSE ASSEMBLY. Parts of 

PLATE—1 1 5V/60-INPUT 
400VCT/4.0 AMPS For RA43 . 
I25V/45MA (For Preamp) . 
660-0-660VAC (500VDC) or 550-0-550 
VAC (400VDC) at 250 MADC 
1400-0-1400 VAC (300MADC) or 1175-
0-1175 VAC (I000VDC) at 300 MADC 
2100-0-2100 VAC (I750VDC) or 1800-
0-1800 VAC (1500 VDC) at 300 MADC 
2I0-0-2I0V at 2.12 Amp. 

Input imitedance: 50 ohms. Less tulx^ 
60 MC. Miniature IF strip, using 6AK5’ 

Freq. Gain: 95 db at Bandwidth of 

Cavities w/assoc. Tr. Cavity and Type N CPLG. 
To Recvr. Uses 2C40, 2C43. 1B27. Tunable APX 
2400 2700 MCS. Silver Plated . $15.00 

BEACON LIGHTHOUSE cavity p/o UTN-2 Beacon 
10 cm. Mfg. Bernard Rico, each . $27.50 

MAGNETRON TO WAVEGUIDE Coupler with 

window .As shown $22.50 
AT49/APR Broadband Conical, 3oo 

3300 MC. Type N Feed .$8 95 

(lamentai coverage 
monies above 2000 

J-22/ARC-5 Junction Box 
T-21 Artillery Microphone complete with preamp, tube 
Condenser type .$24.50 

2.5H/700 MA. 2.5 KV Test . 
8.5H/350 MA. 3.5 KV Test . 
0.IH/I2 A. DCR: 0.3 Ohms . 
.35H/350 MA—10 Ohms DCR . 
Dual 7H/75 MA. 11 H/60 MA . 
Dual I20H/I7 MA . 
2X.5H/380 MA/25 Ohm» . 
I.28H/I30 MA/75 ohms . 
I.5H/I45M A/I200V Test . 
I0HY/I5 MA—850 ohms DCR . 
20H/300 MA . 
I5HY/I5 MA—100 ohms DCR . 
0.5HY/200 MA. 32.2 ohms. 3000 V.T. 
2xO.5H/38O MA, 25 ohm» 
I3.5H. 1.0 AMP DC. 13.5 KVINS . . 

Units, mfd. 
Pk. pulse of 144 kw. Similar to Mod. 

SAIA/APN-I Altitude Limit Switch for APN-I Altim¬ 
eter . 7.95 

ALTITUDE INDICATOR for APN-I 12.50 
C-387-D Final P.A. Coil for BC6I0 2-3.5 MC. Variable 

4.89 

3CM. DIPOLE FEED. 15" L. for APS 
MITRED ELBOW. Cast aluminum. 1 
W.E. Flanges. “E” Plane . 

Beautifully built with 
shielded tubes and coils. 

F.T.&R. 101-A. Two wire applique. 

AMPS 
.095 
.08 
.400 
.250 
.075 
.110 
.050 
.260 
.010 

5. 
.350 
.08 
.06 
.05 
.150 

500 MC. RECEIVER. Ty|»e ASB, 
Uses light nou>e ravi’v-tuned RF 
Amp. and Mixer, plus GL 146 
oscillator. I.F. is 60mc. New. less 

ipply ..$85. 
Input: IL* 

and Range Scoim^ 
$185. 

.$17.50 
radius ..$8.50 

tremely lightweight. iwutable ... 
AN-154 3 vertical di|M»les working 

lar mesh approx. 3*x4\ Freq 

Band-width, uses 6AC7’s—with video detector. 
A.F.C. less tubes .$17.50 

BEACON ANTENNA. AS31/APN-7 in Lucite Rall 
Tvpe “N” feed .$22.50 

ANTENNA. AT49A/APR: Rroadband Conical. 
300-3300 MC Tvpe ”N” Feed .$12.50 

"E” PLANE BENDS, 90 deg. less flanges .. .$7.50 

Male Adapters, W. E. 
. $2.75 
30 d.h. gain. 4 MC 

Me. Fun¬ 
ges. Hai 

INVERTERS 
800-IB Input 24 vdc. 62 A. Output: 115 V. 800 cy. 7A. 
I phase. Used, excellent .$18.75 

PE-2I8H : Input: 25/28 vdc. 92 amp. Output: 115V 350/ 

transmitter. Brand 
.$3.95 

”E” Plane bend at one end. and Is fitted with 
Std. UG 39/UG 40 flanges. Coupling figure: 

MAIL ORDERS PROMPTLY FILLED. ALL PRICES F.O.B. NEW YORK CITY. SEND M O. OR CHECK. ONLY SHIPPING SENT C.O.D. RATED 
CONCERNS SEND P.O. PARCELS IN EXCESS OF 20 POUNDS WILL BE SHIPPED VIA CHEAPEST TRUCK OR RAILEX. 

131 Liberty St., New York 7, N. Y. Dept 1-6 Chas. Rosen Phone: Digby 9-4124 
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PROFESSIONAL SE RVICES 
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.I., N.Y. 

Telephone: Independence 3-3306 

Edward J. Content, P.E. and Staff 
INTERNATIONAL RADIO CONSULTANTS 
Pan American Radio Tangier Int'l Zone 

Bldg., 16 Rue Delacroix Morocco 

Specialized in the design, construction, 
foreign. Electronic, projects, and advising 
governments at Int’l Telecommunications 
Union. 

CROSBY LABORATORIES. INC. 
MURRAY G. CROSBY & STAFF 

RADIO-ELECTRONIC RESEARCH 
DEVELOPMENT & ENGINEERING 

COMMUNICATIONS. FM 4 TV 

ROBBINS LANE 
HICKSVILLE. NEW YORK 

HICKSVILLE 3-3191 

TRANSISTOR ENGINEERING 
S. Moskowitz D. D. Greig N. J. Gottfried 
Product Transistorization. Complete service in 
consulting, research, development, and produc¬ 
tion on transistor circuitry, products and in¬ 
strumentation. 

c/o Electronic Research Associates, Inc. 
67 East Centre Street, Nutley, N.J. 

NUtley 2-S4I0 

ELK ELECTRONIC LABORATORIES, INC. 
Jack Rosenbaum 

Specializing in design and development of 

Test Equipment for the communications, 

radar and allied fields. 

333 West 52nd St., New York 19, PL-7-0520 

FREDERICK RESEARCH CORPORATION 
Carl L Frederick, D.Sc., President 

Bethesda 14, Maryland • O Liver 4-5897 

Engineering Research and Development, Eval¬ 
uation, Technical Writing and Publishing—Elec¬ 
tronic and Electro-mechanical Systems, Test 
Equipment, Radio Interference, Instrumenta¬ 
tion, Controls. 

HIGHLAND ENGINEERING CO. 
William R. Spittal & Staff 

Specialize in Design and Development of 
Transformers, Chokes, etc. 

for the 
Electronic, Industrial and Allied Fields. 

Westbury L.I., N.Y. EDgewood 3-2900 

HOGAN LABORATORIES, INC. 
John V. L. Hogan, Pres. 

APPLIED RESEARCH DEVELOPMENT. 
ENGINEERING 

Est. 1929. Electronics Optics, Mechanisms, 
Facsimile Communication, Digital Computers, 
Electro-sensitive recording media, Instrumenta¬ 
tion. 
155 Perry Street, New York 14 CHelsea 2-7855 

INTERFERENCE TESTING AND 
RESEARCH LABORATORY, INC. 

Rexford Daniels E. T. Buxton P. B. Wilson . 

150 Causeway Street, Boston 14, Mass. 
Lafayette 3-7826 

Specializing in the design and testing of 
equipment to meet Military and FCC specifica¬ 
tions for radio interference. 

LEONARD R. KAHN 
Consultant in Communications and Electronics 

Single-Sideband and Frequency-Shift Systems 
Diversity Reception - Modulation Theory 

Television Systems 

Elizabeth Bldg., 22 Pine St., Freeport, L.I., N.Y. 
Freeport 9-8800 

George W. Baker, Pres. 

KIP ELECTRONIC CORPORATION 
Electron tube consulting and design. 
Research and development and preparation of 
prototype electron tubes. 

29 Holly Place. 
Stamford, Connecticut 

DAvis 3-5116 

Harry W. Houck Martial A. Honnell 

John M. van Beuren 

RESEARCH ENGINEERS 
Specialists in the Design and 

Development of Electronic Test Instruments 

c/o MEASUREMENTS CORP. 
BOONTON, N.J. 

L. J. CASTRIOTA M. WIND 
S. w. ROSENTHAL P. G. MARIOTTI 

Microwave Consultants 
Radio Frequency and Microwave Components 

Cable—W7 aveguide— Coax 
Dielectric Evaluation 

Telephone G.P.O. Box 844 
BOulevard 3-2096 Brooklyn 1. N.Y. 

Olympic Radio & Television, Inc. 
Radio-Electronics 

Consulting—Research—Development 
Environmental Tests Performed 

for the Industry 

B. Parzen — E. Bradburd 

Olympic Building, Long Island City I, N.Y. 
STillwell 4-6961 

Advertising rates 

"Proceedings of the IRE" 
Professional Services Cards. 

1 insertion S 15.00 
12 insertions $120.00 

50% discount to IRE members on 3 
or more consecutive insertions. 

In IRE DIRECTORY $15.00 flat rate. 
1 inch only, no cuts or display. 

Advertising restricted to professional 
engineering and consulting services 

only. 

Use 

Your 

IRE DIRECTORY 

It’s valuable! 

EVERT M. OSTLUND 
Consulting Radio Engineer 

Radio—Microwave 
Communication—Control 
Systems and Equipment 

Planning, Research, Development 

ANDOVER, NEW JERSEY 
Tel.: Lake Mohawk 8635 

N. G. Parke S. J. O'Neil 
Parke Mathematical Laboratories, Inc. 

Specialists in engineering analysis and 
computation in the fields of electronics 

and aeronautics. 
Independence Court • Concord, Massachusetts 
Telephone Concord 827 

PENN-EAST ENGINEERING 
CORPORATION 

(Formerly—Atlantic Electronics Corp, 
of Port Washington, N.Y.) 

Designers of Industrial Controls 

Gereld L Tawney, Robert R. Sparacino, 
Warren M. Janes, Richard C. Tawney 

P.O. Box 240, Telephone Kutztown 2675 

PICKARD AND BURNS, INC. 
Consulting Electronic Engineers 

Analysis and Evaluation of Radio Systems 

Research, Development, Design and Production 
of Special Electronic Equipment and Antennas. 

240 Highland Ave. Needham 94, Mass. 

SIDNEY PICKLES 

Consulting Radio Engineer 
Antennas & Transmission Lines 

Phone: Post Office Box 643 

Monterey 5-3379 MONTEREY, CALIFORNIA 

Paul Rosenburg Associates 
Consulting Physicists 

100 STEVENS AVE. • MOUNT VERNON, NEW YORK 

cable: physicist Mount vernon 7-8040 

NORMAN B. SAUNDERS 

Circuit Engineering 
(Especially Transistor) 

WESTON 92. MASS. 

M. D. Ercolino and Associates 

ANTENNA CONSULTANTS 
Research and Development 

Communication Arrays 
Commercial and Amateur 

FM and TV 

c/o TELREX, INC. ASBURY PARK, N.J. 
Phone Prospect 5-7252 

WHEELER 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. HUnter 2-7876 
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ANYWHERE/ 

INDEX AND DISPLAY 
ADVERTISERS 

Meetings with Exhibits . .6A 

News-New Products.I8A 

Industrial Engineering Notes .28A 

Professional Group Meetings .50A 

Section Meetings .  60A 

Membership . .68A 

Positions Open .I38A 

Positions Wanted by Armed Forces 
Veterans. I46A 

DISPLAY ADVERTISERS 

Sx/Clttd 

diß 7^nadlet Sa¿e&! 

i 
I 
I 
I 

STANDARD and HEAVY DUTY I 

INVERTERS.1
For Inverting D. C. to A. C. ... Specially * 

Designed for operating A. C. Radios, 

Television Sets, Amplifiers, Address 

V NIW MODELS "A"BaHery Eliminator«, 

v' NEW DESIGNS 

V NEW LITERATURE 

DC-AC InyerMr», Auto 

Radio Vibrator« 

See <fowt yMct at unite ¿actat^ 

American Television & Radio Co. 
Suatcty P“tcducU Since f 931 
SAINT PAUL 1, MINNESOTA — U. S. A. 

¡ Acme Electric Corp. I00A 

¡ Admiral Corporation .46A 

I Advance Electronics Co.I73A 

Aerovox Corp. 74A 

Airborne Instruments Lab., Inc. . 75A 

1 Airtron, Inc.72A 

Allen-Bradley Co. 67A 

! Allied Radio Corporation.I24A 

American Lava Corporation.4IA 

I American Phenolic Corp.48A 

j American Television and Radio Co.I73A 

i Amperite Company .90A 

Ampex Corporation . 34A 

Arnold Engineering Co.93A 

Automatic Mfg. Corp. 8IA 

I Ballantine Laboratories, Inc.82A 

Barber Laboratories, Alfred W. I72A 

Beckman Instruments, Inc. (Empl.) . I60A 

Bell Telephone Laboratories . 4A 

Bendix Aviation Corp., Guided Missiles Div. 

(Empl.) . I39A 

1 Bendix Aviation Corp., Pacific Div. (Empl.) . .I62A 

Bendix Aviation Corp., Radio Communication 

Div. (Empl.) . I48A 

Bendix Aviation Corp., Red Bank Division .76A 

Berkeley Division, Beckman Instruments, Inc. . 66A 

Bodnar Industries, Inc. I06A 

1 Boeing Airplane Company (Empl.) .I45A 

i Bomac Laboratories, Inc.53A 

Bradley Laboratories, Inc. 69A 

Buggie, Inc., H. H. 56A 

Burlington Instrument Co. I34A 

Bussmann Mfg. Co.2A 

California Institute of Technology, Jet Propul¬ 

sion Lab. (Empl.) . I53A 

I Cambridge Thermionic Corp. I6A 

Capitol Radio Engineering Institute . I5IA 

i Chicago Telephone Supply Corp. 77A 

Clarostat Mfg. Co., Inc.7IA 

I Cohn Corporation, Sigmund.I02A 

Collins Radio Company .25A 

i Communication Accessories Co.9IA 

' Communication Measurements Lab., Inc.84A 

I Communication Products Company.I69A 

Communications Equipment Co............... I7IA 

Content, Edward J. I72A 

HERE 
IS THE 

ANSWER FOR 

CONTINUOUSLY 
VARIABLE 

TIME DELAY 

MINIATURE CONTINUOUSLY 
VARIABLE TIME DELAY 

TYPE 505 

Time. 

PRECISION NEW 
VARIABLE TIME DELAY 

TYPE 605 

delay tai time 

SPECIFICATIONS 

0 with 

2011, and up to 

Maximum 
Delay 

• Time delay ac¬ 
curacy ztO.5% 
at any point 

Type 

605a 
605b 
605c 
605(1 
605« 

Price 

$110 
$110 
$110 
$120 
$130 

10 Different models available with time 
delays of 0 to 0.75 us and impedance 
of 180 ohms to 580 ohms. 

• Over 15 MC Bandwidth. 
• For Phase Shift in Color TV. 

PRICE: 
$59.00 each 

ADVANCE 
ELECTRONICS CO., INC. 
451 HIGHLAND AVE. • PASSAIC,N.ij 

resolution time less than 5 x 
to II microseconds for Type 
16 microseconds for Type 
2012. No time jitter. Pass¬ 
ing signals of any wave¬ 
forms. Price—$245.00 for 
Type 2011 and $265.00 for 
Type 2012. 

WRITE FOR DATA! 

variable from 
0 to 10 us 
Resolution time 
1/60 of the to-

delay continuously variable from 
. " I0-’" seconds up 

1.5 us 
3 us 
6 us 

12 us 

PASSIVE 

Delay 
Per Step 
0.01 us 
0.025 us 
0.05 us 
0.1 us 
0.2 us 

NETWORKS 

5 x 10"' Sec. Resol. 
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Convair, Division of General Dynamics Corp. 

(Empl.) .I53A, I63A 

Cornell Aeronautical Lab., Inc. (Empl.) .I65A 

Cornell-Dubilier Electric Co.Cover 3 

Crosby Laboratories, Inc.I72A 

Crosley Div. of Avco Mfg. Corp. (Empl.) . I38A 

Cubic Corporation . 86A 

Daven Company .I9A 

Daystrom Instrument Division .44A 

Delco Radio Division, General Motors Corp. 

(Empl.) .164 A 

Detectron Corporation .I29A 

Donner Scientific Co.54A 

Driver-Harris Company. 6IA 

DuMont Laboratories, Allen B.I03A 

DuMont Laboratories, Allen B. (Empl.) .I5IA 

ESC Corporation .60A 

Eastern Industries, Inc.I20A 

Eitel-McCullough, Inc. 24A, 78A 

Electra Manufacturing Co.I2IA 

Electrical Industries.5A 

Electro-Impulse Laboratory .... 88A 

Electro-Measurements, Inc.132 A 

Electronic Research Associates, Inc.I72A, I74A 

Electronics Corp, of America (Empl.) .I40A 

Elk Electronic Laboratories, Inc.I72A 

Emerson Research Laboratories (Empl.) .I58A 

Empire Devices Products Corp.20A 

Engineering Associates .I34A 

Engineering Research Associates, Div. of Rem¬ 

ington Rand, Inc. (Empl.) .I50A. I60A 

Erie Resistor Corporation . 32A 

F-R Machine Works, Inc.63A 

Farnsworth Electronics Co.I7A 

Farnsworth Electronics Co. (Empl.) .I6IA 

Federal Telecommunication Labs., Inc. 

(Empl.) .I50A 

Federal Telephone & Radio Co. I0IA 

Ford Instrument Company .92A 

Frederick & Assoc., Carl L. 94A 

Frederick Research Corporation .I72A 

General Ceramics Corp.II5A 

General Electric Co., Apparatus Dept.38A 

General Electric Co., Capacitor Sales Dept. . . 137A 

General Electric Co. (Empl.) . |58A 

General Electric Co., Germanium Products 

DcPt. 89A 

General Electric Co., Tube Div. .. I4A & I5A, I25A 

General Radio Company .Cover 4 

Giannini & Co., G. M. .II0A 

Goodyear Aircraft Corp. (Empl.) . I67A 

Guitón Industries, Inc.97A 

Heath Company .60A 

Helco Products Corporation. 50A 

Heppner Mfg. Company . 80A 

Hermetic Seal Products Co.83A 

Hewlett-Packard Company . 13A 

Highland Engineering Co. I72A 

Hoffman Laboratories, Inc. (Empl.) .I49A 

Hoffman Laboratories, Inc.79A 

Hogan Laboratories, Inc.I72A 

Hudson Tool & Die Co.23A 

Hughes Aircraft Co. 49A 

Hughes Research & Dev. Labs. (Empl.) .I57A 

Hycor Company, Inc.54A 

ac 

tubeless 

0 

No Tubes, Long Life 

Zero 

Dual 

For 

output 

ohms. 

Less than 0.05% for DC output 

312 .. 
3I2M . 
3I2H . 
3I2MH 

Model 
Model 
Model 
Model 

Price $235 
Price $259 
Price $259 
Price $285 

Warm-up Time 

AC or DC Outputs 

RIPPLE ... 
FILAMENT 
SIZE . 

• High Conversion Efficiency 

• Low Heat Dissipation 

• Excellent Transient Response 

• Stable, Trouble-free Operation 

These Power Supplies eliminate the drawbacks in vacuum tube 
types. Line regulation is accomplished by passive magnetic elements. 

Germanium junction diodes and low resistance filtering components are used 
for the DC output. This results in long life operation, free from the conventional con¬ 
trol tube heat dissipation or Magnetic Amplifier transient limitations. In addition 
to the tubeless features this model provides regulated filament and variable AC 
voltages. Ideal for Life Testing Racks, Computers, Experimental Equipment. 

. 6.3 V AC a) 3 amps, line regulated 
Bench and Rack mounting. 8%" Panel 

TUBELESS DC/AC 
POWER SUPPLY 

General Power Application* 

(Model 3I2M. illustrated) 

All Prices FOB. Nutley. N.J. 

For more information about this 
model and other tubeless power 
supplies write to: _ 

LINE REGULATION . ...±0.5% change in 
for 100-125 V input 

INTERNAL IMPEDANCE ...DC, 10/15/75 
AC (60 cps) 10 ohms 

- SPECIFICATIONS -
INPUT .100-125 V. 60 cps. 
OUTPUT VOLTAGE ... 0-3/30/300 v DC or 0-130 

V AC variable 
OUTPUT CURRENT ...250 ma DC or 1.0 amp AC: 

Models 3I2H, I amp DC on 0-3/30 volt range 

Flectroric Research Associates, me. 
67 East Centre Street Nutley, New Jersey 

WRITE TODAY for your copy of the new Thomas & 
Skinner Bulletin No. L-355 on electrical laminations. 
Complete data with sketches, dimensions, and character¬ 
istics charts. Also, complete details on new T&S Test 
Procedure for Standard EI Laminations. 

Cull on your Thomas & Skinner engineering staff for ex¬ 
pert assistance on your lamination problems. 

Specialists in Magnetic Materials 

THOMAS & SKINNER 
Steel Products Company, Inc. 

1125 East 23rd Street, Indianapolis 7, Indiana 
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If you ore designing circuits in which reliability is a must, 

these electro-mechanical "Brain Cells” will serve 

swiftly and faithfully for a virtually unlimited life span. 

The fact that relays of this type are basic components of 

automatic telephone exchanges, is your assurance 

of time tested high reliability. They count, they 

memorize, they sequence operation in the most intricate 

systems. Their specialization is in "thinking through" 

orders flashed to them electrically in all kinds of 

control circuits, from simple power transfers to elaborate 

switching operations in tabulating machinery. 

NORTH RELAYS 

MANUFACTURING COMPANY 
THE NORTH ELECTRIC 

Complete line of North relays fully explained 

in catalog R-522-3. Available upon request. 

INDUSTRIAL DIVISION 

546 South Market Street, Galion, Ohio 
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North American Van Lines, Inc.I07A 
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Offner Electronics, Inc. 40A 

Olympic Radio & Television, Inc.I72A 

Oster Mfg. Co., John 85A 

Ostlund, Evert M.I72A 

Panoramic Radio Products, Inc..52A 

Parke Mathematical Laboratories, Inc. .I72A 

Penn-East Engineering Corp.I72A 

Perkin-Elmer Corp., Vernistat Div.I69A 

Perkin Engineering Corp. 6A 

Phelps Dodge Copper Products Corp.I05A 

Pickard & Burns, Inc.I72A 
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break the 
GLASS 
HABIT 

Brittle glass is fast being replaced 
by Chemelec Components, made 
with duPont Teflon, which permit 
compression mounting directly into 
punched chassis without additional 
hardware, facilitate miniaturization, 
greatly reduce assembly costs, with¬ 
stand shock and vibration in ser¬ 
vice, are unsurpassed for high fre¬ 
quency, high voltage, high tem¬ 
perature service. 
And Teflon Insulated Compo¬ 

nents are now competitively priced 
with those of lesser quality—due to 
simplified manufacturing tech¬ 
niques, mass production methods 
and declining material costs. Inves¬ 
tigate “price-wise”, too. 

Nineteen stock sizes of Chemelec 
stand-off and feed-through insu¬ 
lators, including sub-miniatures. 
Other dimensions feasible. Write for 
Chemelec Bulletin No. EC-1153. 

Fluorocarbon Products, Inc. 
Division of 

UNITED STATES GASKET COMPANY 
Camden 1, New Jersey 

with tough TEFLON 
Stand-off and Feed-
through Insulators 

USGl FABRICATORS OF FLUOROCARBONS & OTHER PLASTICS 
Representatives in principal 
cities throughout the world 
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Soaring to leadership in aviation or in the manufacture 
of capacitors takes the power of “know-how” that 
only a leader develops. Here, at Cornell-Dubilier, we 
take great pride in our long history of meeting the 
challenge of the future with the newest, most efficient 
capacitor ever produced. 

C D...45 YEARS OF FAMOUS FIRSTS 
Typical of these “famous firsts” are the three examples 
shown here ... proof that whatever your capacitor requirements 
may be, your needs can be filled by C-D. Write to 
Cornell-Dubilier Electric Corp., Dept. M65, South Plainfield, N.J. 

THERE ARE MORE C-D CAPACITORS IN USE TODAY THAN ANY OTHER MAKE 



7 ' ;

4o Years of Pioneering 
in Electronic Apparatus for Industry 

ADJUSTABLE TRANSFORMERS 
AIR CAPACITORS ☆ AMPLIFIERS 
AMPLIFIER AND NULL DETECTORS 
ATTENUATORS 
AUDIO FREQUENCY METERS 
BEAT-FREQUENCY OSCILLATORS 
BINDING POSTS AND ASSEMBLIES 
BOLOMETER BRIDGES 
BRIDGE TRANSFORMERS 
BROADCAST FREQUENCY MONITORS 
CAPACITANCE BRIDGES 
CAPACITORS 
COAXIAL CONNECTORS 
COUNTING-RATE METERS 
CRYSTAL GALVANOMETERS 
DECADE VOLTAGE DIVIDERS 
DIALS ☆ DIRECT CURRENT AMPLIFIERS 
DISTORTION AND NOISE METERS 
F-M MONITORS ☆ FILTERS 
FREQUENCY DEVIATION MONITORS 
FREQUENCY MEASURING EQUIPMENT 
FREQUENCY STANDARDS 
HETERODYNE FREQUENCY METERS 
IMPEDANCE BRIDGES 
INDUCTANCE BRIDGES 
INDUCTORS * KNOBS 
MAGNETIC TEST SETS 
MEGOHMMETERS 
MODULATION MONITORS 
OSCILLATORS £ OUTPUT METERS 
PARTS AND ACCESSORIES 
PIUGS AND JACKS 
POLARISCOPES £ RESISTORS 
SHIELDED CONDUCTORS 
SLOTTED LINES 
SOUND ANALYZERS * 
SOUND-LEVEL METERS 
STANDARD-SIGNAL GENERATORS 
STROBOSCOPES ☆ SWITCHES 
TELEVISION FREQUENCY MONITORS 
TUNING-FORK OSCILLATORS 
VACUUM-TUBE VOLTMETERS 
VARIACS ☆ VIBRATION ANALYZERS 
VIBRATION METERS 
WAVE ANALYZERS £ WAVEMETERS 

General Radio Company was organized forty years 
ago this month. As companies go, 40 years is not a 
long time; yet, in the highly specialized type of design 
and manufacture in which it is engaged, G-R is the 
only company of its kind which has been in business 
for forty years! 

General Radio Company’s list of “firsts”, both in 
1915 and in 1955, is a notable one. Included in the 
electronic apparatus first introduced by G-R are these 
essential instruments: 

FIRST Precision Capacitor 
FIRST Beat-Frequency Oscillator 
FIRST R-C Oscillator 
FIRST Standard-Signal Generator 
FIRST Harmonic Frequency Standard 
FIRST Continuously-Adjustable 

Autotransformer . . . the FA RI AC-
FIRST Electronic Stroboscope 
FIRST Universal Impedance Bridge 
FIRST U-H-F Admittance Meter 
FIRST Peak-Responding VTVM 
FIRST Frequency- Deviation Monitor 
FIRST Heterodyne Wave Analyzer 
FIRST R-C Degenerative Wave Analyzer 
FIRST In a continually-developing line of 

highest-quality precision instrumentation. 
Many more "firsts” are in our laboratories now. 

G-R apparatus is used throughout the 
world in the leading industrial, scientific, 
college and military laboratories and or¬ 
ganizations. 

G-R has pioneered these forty years in 
making available, at reasonable cost, in¬ 
struments of the highest quality obtainable 
ANYWHERE. 

The G-R line numbers hundreds of dif¬ 
ferent instruments ... a larger and more 
diversified line than that of any company 
in the world. Since the end of World War 
II, more than 150 major new items have 
been developed and made available. 

In electronic instrumentation where top 
quality, highest accuracy and greatest de¬ 
pendability are desired, continue to look 
to G-R as have thousands and thousands 
of engineers since 1915! 

GENERAL RADIO Company 
275 Massachusetts Avenue, Cambridge 39, Mass., U.S.A. 

NEW YORK 6 

CHICAGO 5 

WASHINGTON, D. C. 

LOS ANGELES 38 


