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OUR MILLIONTH FILTER SHIPPED THIS YEAR... 

FILTERS 
FOR EVERY APPLICATION 

n1•117EMM3Vhs. 

TELEMETERING 

FILTERS 

UTC manufactures a wide variety of 
band pass filters for multi-channel 
telemetering. Illustrated are a group 
of filters supplied for 400 cycle to 
40 KC service. Miniaturized units 
have been made for many applica-
tions. For example a group of 4 cubic 
inch units which provide 50 channels 
between 4 KC and 100 KC. 

Dimensions: 
(3834) 11/4 x 17/4 x 2.3/16". 
(2000, 1) 11/4 x 13/4  x 15/s". 

CARRIER 

FILTERS 

A wide variety of carrier filt(.ations. 

, CENTRAL FREOENCY 

482E 1695 CPS 

4682F 2290 CPS 

AYAYAY 
46826 2990 CPS 
4682H 3890 CPS 

iii 
45821 5400 CPC-. 
46821 733 - EPE 
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Tor full data or sto.:k UTC transformers, 
reactors, filters, and high 1 coils, write 
for Catalog A. 

FREQUET 

15lEc3 

FREQUENCY 

10 SC 

FREQUENC Y 

MI1 
Dimensions, 

x (4682A) 11/2 /CRA  
.TERS 

Was produced the bulk of filters 
in aircraft equipme; t for over 

,:ade. The curve at de left is 
of a miniaturized ( 102') cycles) 

ige filter providing high attenua-
7 between voice and raige fre-

;ies. 

4 at the right are 1 ..': of our 
Zt 4 90 and 150 c .•; le filters 

;tide path ystems. 

Dimensions: 

limensions: 
6173) 1-1/16 x 13/4  x 3". 
(6174A) 1 x 11/a x /4". 

UNITED TRANSFORMEF co. 
New York 16, N.Y. ABLES 

150 Varicic Street, New York 13, N. Y. EXPORT DIVISION: 13 E. 40th St., . "ARLAB" 
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New York City 

Hotel Statler 

Four Sessions 0 16 Papers 

Nationally Known Speakers 

Luncheon 

Broadwav Hit Tickets Available. 

For information on Registration, 

hotel Rooms, Entertainment, 

write to Victor Monk, Publicity 

Chairman, lieta Electric Corp. 

333 E. 103rd Street, New York 29 

You are invited to the 

National Symposium 
on 

Quality Control and Reliability 

in Electronics 
Friday, Saturday 

November 12, 13, 1954 

Sponsored by IRE Professional 

Group on Quality Control and 

Co-Sponsored by the . Electronic 

Technical Committee of the 

American Society for Quality 

Control 

"A new giant is making its appearance on the American industrial scene." 

and it has announced its first trade expositi,n for November," says 

Pine INDUSTRIAL MARKETING. 

Volt, flhQ JJwJ1Q1L fo ,711(2, ;AIL 

INTERNATIONAL AUTOMATION 
EXPOSITION 

which will be held in the 244th Regiment Armory, 

125 West 14th Street, New York City, 

November 29th-December 2, 1954 

Electroni • anufacturers will be showing their 

products components, which have application 

in automatic production. 

FIRST INTERNATIONAL AUTOMATION EXPOSITION 

845 Ridge Pittsburgh 12, Pa. Fairfax 1-9831 

East Coast 

Conference 

on 

Airborne 

and 

Navigational 

Electronics 

• • 

November 

4-5 

Sheraton-

Belvedere 

Hotel 

Baltimore, Md. 

Jointly sponsored by the 

Baltimore Section of the 

IRE and the Professional 

Group on Airborne and 

Navigational 

Electronics 

IRE Members & Students $ 1.00 

Non-Members $ 3.00 
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RADA-NODE 
the ONLY COMPLETE 
RADAR NOISE FIGURE 
MEASURING SET 

Combines all elements necessary for making precise noise figure 
measurements. The central unit contains regulated power supplies 
for every type of noise generator, with precision calibrated meters; 
30 and 60 mc amplifiers; precision attenuators and DB meter. 
Accuracy + 0.25 db. 

The Rada-Node may be used, with its accessory noise sources, 
over the entire frequency range from 5 to 26,500 mc. Noise diodes 
are used for the lower ranges, fluorescent or argon gas tubes in 
waveguides for the higher frequencies. 

Noise Diode "A" covers the range from 5 to 400 mc, and is 
supplied as port of the Rada-Node together with a set of plug-in 
IF probes. 

Noise Diode "B" covers the range from 10 to 3000 mc. 
Gas-tube microwave noise sources start at 1200 mc and cover 

the range to 12,500 mc in eight bands. 

SPECIFICATIONS: 

Noise Figure 
Range: 0 to 21 db. 
Accuracy: To 025 db. 

Detection 
IF amplifier frequency: 

(1) 30 mc ( 2) 60 mc 
Amplifier Gain: 75 db 
Amplifier bandwidth: 

14 mc 
Input Impedance: 50 ohms 

Measurement 
Attenuators: 
1. 21 db main attenuator, 

steps 1, 2, 3, 5, 10 db. 
2. 3 db ( 2X-power) alien-

uator. 
3. 0-2 db interpolation 

control. 
Noise Factor Meter: Noise 
output meter in conjunction 
with noise-source current 
meters. 

PRICE: 

$1,395.00 with Noise Diode "A" and IF probe. $470.00 for Noise 
Diode "B". Consult catalog for prices of Microwave noise sources. 

Power Supplies 
1 Electronically regulated 

supply for IF amplifiers. 
2. Regulated supply, with 

variable control, for noise 
diodes. 

3. Regulated supply, with 
variable control, for gas 
tubes. 

Auxiliary Equipment 
1. IF probe. 
2. Noise Diode head "A" 
3. Noise Diode head "B" 
4 RF noise source ( gas tube) 

eight sizes, consisting of: 

a. Noise source waveguide 
and tube 

b. Waveguide termination 
c. Co-axial transition. 

AY ELECTRIC COMPANY 
14 MAPLE AVE. . Caldwell 6-4000 . PINE BROOK, N. J. 

PRECISION TE ,T AND MEASURING INSTRUMENTS FOR LABORATORY, PRODUCTION AND FIELD 

PROCEEDINGS OF THE I.R.E. 

Meetings with Exhibits 
e 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 

October 4, 5, 6, 1954 

National Electronics Conference, 
Sherman Hotel, Chicago, Ill. 

Exhibits: Mr. George H. Wise, c/o 

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

November 4 & 5, 1954 

East Coast Conference on Air-
borne and Navigational Elee-
ironies, Sheraton-Belvedere Hotel, 
Baltimore, Md. 

Exhibits: Mr. C. E. McClellan, Air 

Arm Division, Westinghouse Elec-
tric Corp., Friendship Airport, Bal-
timore, Md. 

November 18 and 19, 1954 

Sixth Annual Electronics Confer-
ence, Hotel President, Kansas City. 

Exhibits: Mr. Robert W. Butler, P.O. 
Box 8857, Kansas City, Mo. 

February 10, 11, 12, 1955 

Seventh Annual Southwestern IRE 

Conference, Baker Hotel, Dallas, 
Texas 

Exhibits: T. W. Sharpe, Collins Radio 
Co., 1930 Hi-Line Drive, Dallas 2. 

March 21-24, 1955 

Radio Engineering Show and 

I.R.E. National Convention, 
Kingsbridge Armory, N.Y.C. 

Exhibits: Mr. William C. Copp, In-

stitute of Radio Engineers, 1475 
Broadway, New York 36, N.Y. 

May 9-11, 1955 

National Conference on Airborne 
Electronics, Biltinore Hotel, Day-
ton, Ohio 

Exhibits: Mr. William Klein, 1472 
Earlham Drive; Dayton, Ohio 

Note on Professional Group Meetings: 
Some of the Professional Groups con-
duct meetings at which there are ex-
hibits. Working committeemen on these 
groups are asked to send advance data 
to this column for publicity informa-
tion. You may address these notices to 
the Advertising Department, and of 
course listings are free to IRE Profes-
sional Groups. 

October, 1954 



?SPRAGUE 

PERMASEAL accurate wire-wound resistors are 

ideal for point-to-point wiring, for terminal board 

mounting and for use on processed wiring chassis. 

Encapsulated for protection against high hu-

midity, these resistors will stand up in military 

and industrial electronic service. The protective 

housing also guards against physical damage 

during installation and during equipment 

maintenance. 

Standard designs are available in seven differ-

ent physical sizes for óperation at full rated watt-

85°C PERMASEAL t RESISTORS 

SPRAGUE SIZE RATED PAAR 

TYPE 0 t LEADS WATTS 02402 

200E y. y, No. n AWG .20 140,000 

101E .4 '4 No. 22 AWG .33 225,000 

202E 1/2  34 No. 20 AWG .50 500,000 
203E 3/. 1 No. 20 AWG .75 700.000 

204E 1/2 1/2  No. 20 AWG .75 1.2 MLI 

205E 1/2 1 No. 20 AWG 1.00 1.7 én 

206E 1/2 11/2 No. 20 AWG 1.50 2.8 MU 

125 C PERMASEAL RESISTORS 

MAX 

TYPE 0 LEADS WATTS OnAYE 

300E V, V, No. 22 AWG 10 140.000 

301E 1/, 1/4  No. 22 AWG .15 225,000 

302E '7. 1/4 No. 20 AWG .25 500,000 
303E No 20 AWG 30 700.000 
304E V, 1/4  No. 20 AWG 30 1.2 Mi! 

305E V, 1 No 20 AWG 40 1.7 Mi! 

306E V, 1 V, No 20 AWG .60 28 MI: 

age at ambient temperatures of 85°C and 125°C. 

Special units can be made for operation at 150°C 

ambient with full rated wattage dissipation. 

Unusual long-term stability of resistance is an-

other plus feature of Sprague Permaseal Resistors 

—as the result of careful matching of winding 

forms, resistance wire and encapsulating material 

—together with a thoroughly controlled aging 

process during manufacture. Permaseal Resistors 

are available in resistance tolerances 

down to 0.1%, when necessary. 

FOR COMPLETE DATA. WRITE FOR COPY OF SPRAGUE • 
ENGINEERING BULLETIN NO. 122. WITHOUT DELAY. 

SPRAGUE ELECTRIC COMPANY, 

235 Marshall Street, North Adams, Mass. 

111864.— 
iSOPRie 

. • 
e itee, 

,RESISIORS 

# 

PIONEERS IN ELECTRIC AND ELECTRONIC DEVELCr•MENT 
NORTH ADAMS, MASSACHUSETTS 

EXPORT FOR THE AMERICAS: SPRAGUE ELECTRIC INTERNATIONAL LTD., NORTH ADAMS, MASS. CABLE. SPREX1NT 



Zone Refining apparatus, showing tube and induction-heating coils. For transistors—tiny electronic 

amplifiers—germanium is made extremely pure. Then special impurities are added in controlled amounts 
for best transistor performance. 

It 

1 part in 10,000,000,000 4.b 

To make the most of their revolu-
tionary invention, the transistor, Bell 
Laboratories scientists needed ultra-
pure germanium. 

The scientists solved their problem 
by devising a radically new refining 
process. The germanium it yields 

may well be the purest commercially 
produced material on earth. 

It has only one part in ten billion 

of impurities harmful to transistor 
performance. That's about the same 

as a pinch of salt in 35 freight cars 
of sugar. 

Yet the new process, Zone Refin-
ing, is simple in principle. An ingot 

of germanium is drawn through a 

series of induction-heating coils that 

melt narrow zones of the substance. 
Since impurities are more soluble in 

the liquid than in the solid form of 

a metal, the molten zones collect 

impurities. They are swept along 

by the successive melts to the end of 
the ingot, which is finally. cut off. 

Zone Refining is also being applied 
to the ultra-purification of other ma-

terials useful to telephony. This 

single achievernént of research at 

Bell Telephone Laboratories clears 
the way for many advances in 

America's telephone system. • eic. 

BELL TELEPHONE LABORATORIES 

IMPROVING AMERICA'S TELEPHONE SERVICE PROVIDES CAREERS 

FOR CREATIVE MEN IN SCIENTIFIC AND TECHNICAL FIELDS 



12,800 To 50,1 

if integrated equipment for 
Extremely 
High 
Frequencies 

Now, Polarad has applied its advanced engineering techniques to 
produce fully self-contained microwave test equipment for use in the 
Extremely High Frequency region-- 12.800 to 50,000 MC 

This new line of Signal Generators, Signal Sources, and Spectrum 
Analyzers is designed to save engineering manhours in the laboratory 
and on production lines—obviating experimental test set-ups. 

The Extremely High Frequency Polarad Signal Generator, for example, 
furnishes monitored power output as well as measures external signal 
strength and frequency. 

Highest accuracy and reliability of operation are assured by 
careful engineering and the use of highest quality components. 
For complete information write to your nearest Polarad 
representative or directly to the factory. 

SIGNAL 
SOURCES 

oteeds —• 
te s 

• 
e 

41, 
411 1.do °"tele 

0 e 

SIGNAL 
GENERATORS 

SPECTRUM 
ANALYZERS 

SIGNAL GENERATORS SIGNAL SOURCES e SPECTRUM ANALYZERS 

Frequency Range Model Number Output Power Model Number Power (AverOaugtep ut ) Model Number (SiSensitivitygnal=Noise) 
Dispersion 
(Average) 

12.8 to 17.5 KMC SG 1218 —10 DBM SS 1218 15 mw SA 1218 —70 DBM 30 MC 

15.75 to 16.25 KMC SG 1516* —6 NM SS 1516 5 mw SA 1516 —70 DBM 45 MC 

16.25 to 16.75 KMC SG 1617* —6 DBM SS 1617 5 mw SA 1617 —70 DBM 45 MC 

18.0 to‘22.0 KMC SG 1822 —10 DBM SS 1822 10 mw SA 1822 —60 DBM 40 MC 

22.0 to 25.0 KMC SG 2225 —10 DBM SS 2225 10 mw SA 2225 —60 DBM 40 MC 

24.7 to 27.5 KMC SG 2427 —10 NM SS 2427 10 mw SA 2427 —60 DBM 40 MC 

A 27.27 to 30.0 KMC SG 2730 —10 DBM SS 2730 10 mw SA 2730 —60 DBM 45 MC 

29.7 to 33.52 KMC SG 3033 —10 DBM SS 3033 10 mw SA 3033 —60 DBM 45 MC 

33.52 to 36.25 KMC SG 3336 —10 DBM SS 3336 9 mw SA 3336 —50 NM 45 MC 

35.1 to 39.7 KMC SG 3540 —10 DBM SS 3540 5 mw SA 3540 —50 DBM 45 MC 

37.1 to 42.8 KMC External Source Power Measurement SS 3742 Approx. 3 mw 
I.F Gain Control: 0 to 40 DB 

I.F. Band Width: 50 KC 

Sweep Frequency: 5 to 40 CPS 

Range: +6 to + 30 DBM 
Accuracy with Correction: + 2 DB SS 4150 Approx. 3 mw 41.7 to 50.0 KMC 

Modulation: All units except the SG 1516* and SG 1617* can be modu-
lated as follows: 

1. Internal 
1000 CPS Square Wave 

2. External 
a. Pulse 

Pulse Width: 0.5 to 10 Microseconds 
PRF: 100 to 10,000 CPS 
Pulse Amplitude: 10 volts Pk to Pk Min. 
Polarity: Positive 

b. Sawtooth or Sinusoidal 
Frequency: 100 to 10,000 CPS 
Amplitude: 15 Volts RMS Min. 

• Internal variable pulse and FM modulation 

POIffif0 ELECTRONICS CORPORATION 100 METROPOLITAN AVENUE, BROOKLYN 11, NEW YORK 

REPRESENTATIVES • Albuquerque • Atlanta • Boston • Chicago • Cleveland • Fort Worth • Kansas City • Los Angeles • New York • Phila-
delphia • San Francisco • Seattle • St. Paul • Syracuse • Washington, D. C. • Canada, Arnprior—Export: Rocke International Corporation 
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BRUSH ELECTRONICS COMPANY, Dept. F- 10B 

3405 Perkins Avenue, Cleveland 14, Ohio 

Gentlemen: 

CI Please send bulletin on new oscillographs. 

D Please have your representative call. 

Naine   

Position  

Company  

Address   

  Stale  

New Brush 

Direct Writing 

Oscillographs 

WIDEST RANGE OF 
RECORDING CHART 
SPEEDS AVAILABLE 
From 10 per day to 10" per second 

'TITH THE NEW BRUSH 4- and 6-channel oscil-
Vi lographs you have a choice of up to 16 chart 
speeds— from 10 mm. per hour to 250 mm. per 
second. This permits excellent resolution of a 
great variety of signals—with economy in chart 
paper. From the various speeds available, you 
select the slowest speed that will give desired 
resolution of recorded signal. 

The chart drive is electricallz controlled; thus 
speeds can be changed instantaneously, from either 
local or remote locations. The high accuracy of 
the chart drive system provides a linear tizne base 
for all recordings at all speeds. With ink writing, 
the trace is uniform regardless of type of signal 
or chart speed. Electric writing is also available 
for unusual operating conditions. 

Get all the facts—send the coupon today, or call 
your nearby Brush representative. Brush Elec-
tronics Company, Cleveland 14, Ohio. In Canada: 
A. C. Wickman, Ltd., Toronto. 

BRUSH ELECTRONICS 
INDUSTRIAL AND RESEARCH INSTRUMENTS 

MEZO-ELECTRIC MATERIALS • ACOUSTIC DEVICES 

MAGNETIC RECORDING EQU.PMENT 

ULTRASONIC EQUIPMENT 

IIIMM 

INN 11. 131 

rime 

COMPANY 
The Brudt ,Ir6inent Cs. 

Brush Elerre ,, ers Cowden> 

an opera.. tend of 

Cletote 

4 è 
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WAR DECLARED ON 
DEALER CALL-BACKS! 

Other Sylvania types are vastly im-
proved, too! All have Sylvania's fa-
mous wafer stem construction, plus 
these additional design features: 
• Better Lead Spacing 
• Stronger Mount Supports 
• Stronger Micas 
• Firmer Filament and Plates 
• Greater Protection Against Shock 

and Vibration 
• Better Heat Dissipation 
• No Gloss Electrolysis 
• Fewer Burnouts e 
• Stronger, More Rugged Overall 

Construction 

NO MINOR SKIRMISH 
The Sylvania war on dealer call-backs 
is not a minor skirmish. It will con-
tinue until dealer call-backs on these 
and other receiving tube types are 
completely eliminated. The dealer's 

NEW TUBE TYPES FROM 
SYLVANIA SPEARHEAD ATTACK! 

The most important step in a concentrated campaign to eliminate 
dealer call-backs has been taken by Sylvania with the release of a 
group of new tube types. Sylvania's new 5U4GB leads the group. 

The 5U4GB attacks the call-back enemy on many different fronts: 

1. The tube has been re-designed. Now, plates are longer and heavier 
with twin wings for better heat dissipation, Sylvania's 5U4GB car-
ries increased ratings of 275 ma at 44 volts drop with 1.0 amp peak 
plate current. 

2. Wafer Stem Construction—originally developed by Sylvania for the 
lock-in tube—has been adapted to the 5U4GB. The wafer stem elimi-
nates electrolysis, provides stronger mount construction, permits 
better spacing. 

3. A new T-12 bulb provides greater heat dissipation, gives added 
strength, more rigidity because of its straight construction. 

4. Bottom mica has been added to make the tube stronger, improve 
filament alignment and eliminate arcing. 

biggest profit-robbing enemy can look 
forward only to an incessant, contin-
uing effort on the part of Sylvania to 
make his existence a thing of the past. 
These quality tubes are now at your 
Sylvania distributor's. 

SYLVANIA 
Sylvania Electric Products Inc. lit 1740 Broadway, New York 19, N. Y. 

In Conoda; Srivon;o Etectrk [ Conodo I Ltd , To.,er Bd g , St. Catherine Street, Montreol, P. 0. 

LIGHTIle • RADIO • ELECTRONICS • TELEVISION 

TO IDENTIFY SYLVANIA'S NEW 

RECEIVING TUBES LOOK FOR 

THE NEW CARTON! 

This new tube carton identifies Syl-
vania's new high quality, improved 
receiving tubes. It's assurance to 
dealers everywhere that inside is one 
of the finest receiving tubes made— 
unsurpassed for quality and perform-
ance. For further information write 
to Dept. 4R-3110 at Sylvaiii,.‘. 

PROCEEDINGS OF TIIE 1.R.E. October, .1954 7A 



G.E.'s LATEST CONTRIBUTION TO 

CUSTOM BUILT TO PROVIDE 

143 POWER COMBINATIONS! 

ir Smallest unit size yet developed! 

it. Most reliable performance of any rectifier 

within this category! 

ir Hermetically sealed for lifetime use! 

The following germanium rectifier stacks, each occupy-
ing a volume of only 1.62" x 2.5" x 6.00", are typical of 

the 143 standard stacks in G. E.'s new rectifier line. 

CIRCUIT D.C. OUTPUT (55°C Resistive Load) 

Half Wave   2 amps @ 280 volts or 3 amps @ 190 volts 

Full Wave Center Tap   2 amps @ 280 volts or 3 amps @ 190 volts 

Full Wave Bridge   1 amp @ 565 volts or 3 amps @ 210 volts 

Three Phase Half Wave  1  12 amps @ 420 volts or 4.5 amps @ 140 volts 

Three Phase Bridge   1.3 amps @ 575 volts or 2.6 amps @ 280 volts 

ihree Phase Star   1.8 amps @ 280 volts or 3.6 amps @ 140 volts 

-0( 
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THE PROGRESS OF POWER... 

6 

; ?ea IMMEDIATE DELIVERY 
General Electric leads the industry again! Announcement of this revo-

lutionary G-E Stacked Germanium Rectifier opens up new avenues of 

power progress that were heretofore thought impossible to travel. Now, 

the amazing total of 143 power combinations has been provided with this 

one product! Your specifications requiring series or parallel stacks in 

single or polyphase circuits are custom-completed at G-E's factory. 

This unit is silialler, weighs less, is more reliable, lasts longer, has 

better power ratings than any other dry rectifier made any place by any 

other company. AND, G.E. offers you immediate delivery. 

Designed and built to deliver new power performance, the G-E Stacked 

Rectifier is 75% less by volume and weight than any other comparable 

dry type rectifier. And, rectifier losses are reduced to one-third or less of 

those encountered witlipany other type of rectifier. You can count on ex-

treme reliability ... tested for compliance to 10,000-hour standards. Note 

also that there are no forming or aging effects. 

GENERAL 

WRITE US TODAY ! GET 

ALL THE FACTS ON THIS 

IMPORTANT NEW PRODUCT! 

General Electric Company, Section X52104, 

Electronics Park, Syracuse, New York 

ELECTRIC 
PROCEEDINGS OF TIIE I.R.E. Octaher, 1954 



HOW TO TAP THE BRAIN 

of a piece of metal 

SUPER-ELEVATION 

GUN 

In making computers, such information as mathematical functions can 
be stored in a precision-cut cam, thus allowing its follower to be displaced 
in accurate reply to the input position of the cam. Ford Instrument Com-
pany designs and makes cams of all sizes and shapes to achieve these 
results. To manufacture such cams with the precision demanded, the 
engineers of Ford Instrument have devised remarkable automatic ma-
chines which, by following a carefully plotted ink line on a roll of paper, 
cut the exact shape into the metal. Then, careful point-by-point checks, 
sometimes as many as 2000 measurements, insure finest accuracy. 

If you have a cam problem—call on Ford Instrument Company. 

You can ste why a job with Ford Instrument offers young 
engineers a challenge. If you can qualify, there may be 
a spot f.Dr you in automatic control development at Ford. 
Write for brochure about products or job opportunities. 
State you pieference. 

ELEVATiON 
of TA RGET 

RANGE 
of TARGE'!" 

28 

tim FORD INSTRUMENT COMPANY 
DIVISION OF THE SPERRY CORPORATION 

31-10 Thomson Avenue, Long Island City 1, N. Y. 
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As a graphic example of the design idea 
that has brought new versatility to industrial 
recording, a Carrier Preamplifier (A) is 
shown above in position to plug into a 
Driver Amplifier in framework with Power 
Supply ( B1 which are normally already in 

place in the Basic Cabinet Assembly. 
The identical design principles of the 

four-channel system ore provided in the 
two .channel, the only difference being the 

number of channels. 

"150" 

COMPLETE FOUR-CHANNEL SYSTEM 
FOR USE WITH ANALOG COMPUTERS 

This " 150" system consists of a Cabinet 
Assembly, a four-channel Recorder, and two 
dual channel DC Amplifiers. Each amplifier 

is complete with a common power supply. 
Each measures and records two separate 
single-ended signals, at sensitivities between 
one and one hundred volts per centimeter. 

The two-channel 
version of this 

system will 
comprise Cabinet, 

two- channel 
Recorder,and 

one dual channel 
amplifier. 

• 

Ask, also, for a copy of the 

Right Angle — a Sanborn pub-

lication devoted to oscille -

graphic recording in industry. 

PROCEEDINGS OF TIIE I.R.E. 
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fits your 

oscillographic 

recording need? 

Sanborn " 150" Recording Systems that put to use the original 

design concept of amplifier interchangeability (illustrated at the 

left) start with either a four-channel or two-channel standard 
Basic Assembly, to which the user adds 

whatever selection or combination of pre-

amplifiers (A) are needed for his recording 

problem. The standard Basic Assemblies 

comprise a metal Cabinet, Recorder, and 
a built-in Driver Amplifier and Power 

Supply (B) for EACH channel. Presently 

available Preamplifiers are: AC-DC, Car-

rier, DC Coupling, Servo Monitor, Log-

Audio, and Low Level Chopper. 

Advantages common to ALL Sanborn 

Recorders are: inkless recording (by 

heated stylus) on plastic coated strip 
chart paper, and in true rectangular 
coordinates . . . high torque galvanometer 

movement ... time and code markers.... 

numerous paper travel speeds. 

2—CHANNEL 

•0150 •• 

SINGLE-CHANNEL RECORDER 

A compact, lightweight unit for use when only 

one channel is required — provides permanent, 

inkless recording in true rectangular co-ordinates; 
five paper speeds (5, 10, 25, 50, 100 mm/sec.); 
extra stylus for either manual or remote timing 
and coding marks. Designed for simple, patch 

cord connection to any of the several "150" 
preamplifiers (plus driver amplifier and power 

supply), avail-
able soon in 
portable metal 

cases. 

Catalog und technical 

data on all " 150" equip-

ment available on re-

quest.* 

e 
SANBORN COMPANY 

9eiciusbziat eziiio 

CAMBRIDGE 39, MASS. 



PLUG-IN UNITS 

• 

o 
TYPE 53A — DC to 10 mc, 0.035 
itsec risetime; 0.05 v cm to 50 
v cm, calibrated  $85 

TYPE 53B — Same as Type 53A 

with additional calibrated ac-
sensitivity to 5 mv, cm . . $ 125 

11 .711111L 

TYPE 53C—Dual-trace unit. Two 
identical amplifier channels, dc 
to 8.5 mc, 0.05 v,/cm to 50 v/cm. 

Electronic switching triggered by 
oscilloscope sweep...or free run-
ning at about 100 kc $275 

o.s. 

• 1 

Oe• 

.> 

TYPE 53D — Differential input, 
high gain. DC to 350 kc at 1 
mv cm — pass-band increasing 
to 2 mc at 50 mv cm. Full range 

—1 mv cm to 125 v cm ...$ 145 

0/10EASY? 

• • 
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RIGHT! But there's more here than convenience. There s 
better performance than you've known...over a far wider range 

than you'd expect. This method of quick conversion provides for 

the future, too ... offering adaptability to new work at the mod-
erate cost of a new plug-in unit. 

You'll save valuable engineering time and accomplish much 

more with a Tektronix Type 531 or Type 535. The money you 

invest will work harder, longer. 

OSCILLOSCOPE CHARACTERISTICS 

Wide Range of Triggered Sweeps 

0.02 /, sec/cm to 12 sec cm, continuously 
variable. 

24 calibrated sweeps from 0.1 psec/cm to 
5 sec; cm, accurate within 3%• 

Accurate 5-x magnification. 

High Writing Rate 

10 kv on new precision crt—permits 
photographing single sweeps at the 
fastest sweep speed. 

Wide-Band Output Amplifier 

DC- coupled amplifier designed for use with all 
Type 53- Series Plug- In Units. 

Balanced Delay Network 

0.25 µsec signal delay in vertical amplifier. 

Sensitive Horizontal Amplifier 
0.2 v/cm to 20 v/cm sensitivity. 

Versatile Triggering 

Internal or external, with amplitude level 
selection or automatic triggering. 

Square- Wave Amplitude Calibrator 

0.2 mv to 100 v in 18 steps, accurate 
within 3%. 

DC- Coupled Unblanking 

CRT Beam Position . ndicators 

Electronic Power-Supply Regulation 

TYPE 531—$995 plus price of desired plug-in units. 

TYPE 535 — same characteristics — plus delayed sweeps. 1 psec to 0 I sec calibrated delay in 12 
ranges, incremental accuracy within 0.2% of full scale. Conventional or triggered operation ... 

$1300 plus price of desired plug-in units. 

Prices f.o.b. 

Portland (Beaverton), Oregon 

Your Tektronix Field Engineer or Represent-

ative will gladly arrange a demonstration 

at your convenience . . . Call him today. 

Tektronix, Inc. 
P. O. BOX 831B • PORTLAND 7, OREGON 

CYPRESS 2-2611 • CABLE: TEKTRONIX 

PROCEEDI.V,, ,I•• I 0.1.,beo 195-1 
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AMERICA'S LEADING EQUIPMENT MANUFACTURERS 
USE AMERICA'S BEST INDUSTRIAL TUBES... 

...that's why you'll find 

Amperextuto 
in some of the finest 

, INDUCTION and 
DIELECTRIC HEATING 

EQUIPMENT 
in the country! 

• There can be no question about it. 
AMPEREX tubes deliver outstanding 
performance at lower operating cost. 

Because of Ruggedizing and other ex-

' elusive techniques, AMPEREX tubes 
have a substantially longer life and 
withstand heavy, industrial use much 
better . . . both physically and electri-
cally. Whether you manufacture or use 
Induction and/or Dielectric Heating 
Equipment, you will obtain smoother, 

more reliable pèrformance at lower 
maintenance cost with AMPEREX 

tubes. 

Technical Data and Brochures Ave Avail-
able on Request from our Application 
Engineering Department. 

I 

5870/AGR — 9951 

575A 

5619 • 6446 6333 

A11111111111111.11111111111111111111111.1” 

11 

5924/AX — 9904R 

In Canada, Rogers Majestic Electronics Ltd 

8578 

• 11•1 Brentcliffe Road leaside rfnron 

8698 



LABORATORY DELAY LINE STANDARDS 
The Millen delay line kit effectively provides a means for the 
development and design engineer to check the affect of various 
delays in their actual developmental setups without the time loss 
and expense of producing separate lines for each trial. Increased 
requirement for time delay circuits in radar, color teleN ision and 
other modern electronic applications has presented a problem to 
the design and development engineer as it has been both time 
consuming and expensive to obtain delay lines for developmental 
work as each line was necessarily cut to the estimated delay and 
any change in requirements necessitated the fabrication of a new 
delay line. The Millen delay line kit is designed to provide a ready 
means of obtaining various delays from . 10 microseconds through 
2 microseconds in increments of .05 microseconds except at the 
extreme ends of this range. The lines may be used repeatedly 
without deterioration as they are hermetically sealed, the smaller 
lines in glass tubes, the 1 microsecond line in a metal container. 

Each set consists of: 

NOMINAL 

DELAY TOL. 

2-0.10 ms. 0.01 us. 
2-0.25 us. = 0.025 jas. 
1-0.30 us. 0.03 µs. 
1-1.00 us. = 0.05 us. 

CALIBRATION TOLERANCE 

= 0.002 µs. 
0.002 us. 
0.002 us. 

.4. 0.01 ss. 

Actual delay as measured by phase shift method are marked on 
each delay line. The laboratory calibration of each delay line is 
accurate to 0.002 microseconds on all of the . 10 microsecond, 
.25 microsecond and .03 microsecond lines and 0.01 microsecond 
on the 1 microsecond line. Combination of delay lines supplied 
makes possible the following delays: 

0.10 us. 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 

0.55 us. 
0.60 
0.65 
0.70 
0.75 
0.80 
0.90 
1.00 

1.10 /Is. 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 

Characteristic impedance -  1350 ohms 20%. 

PHYSICAL DIMENSIONS: 

0.1 us.-15,32" die. X 41/4 " long, 
0.25 us.--E1/4 2" dia. x 73/s" long 
0.30 ps.-%" dig. x 71/4 " long 
1.00 us.-4%" x 41/4 " x 1" 

1.55 us. 
1.60 
1.65 
1.70 
1.75 
1.80 
1.90 
2.00 

All seven lines are mounted in a metal case 9%" xt" lc 1,4" 
for convenience in storing and safety in handling. 

14A 
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Military Equipment Oesigners: 

gfr GET POWER GAIN Moroi AND UP 
WITH GL-6283 U-H-F TETRODE! 

Wide frequency range a feature! 

Tube will operate anywhere between 

low audio bands and 900 mc at full input— 

above 1,000 mc at reduced input. 

(ZET 150 w of useful CW power— 
dependably, with 300 w plate dissipation to 

back up performance! Apply this output, as 
oscillator or amplifier tube, at any frequency 
from kilocycles up to 900 mc! Type GL-6283 
meets both these design needs . . . does so 
efficiently, with a 10-to-1 or better power 
gain (depending on the circuit) that 
spells real economy. 

Forced-air-cooled; compact; easy to plug 
in or remove—these are GL-6283 
installation advantages. The tube is 
ideal for voice-communication 
transmitters. coded-communication 
transmitters which control pilotless 
planes and guided missiles . . . other 
military circuits calling for a tube 
with low-to-medium power that's versatile, 

efficient, and rugged. 

G-E Tube Design Service developed the 
GL-6283 with your power needs directly in 
mind. Full ratings, performance curves, 
and descriptive facts will be rushed on 
request. Wire or write Tube Department, 
General Electric Co., Schenectady 5, N. Y. 

R-F 
FIELD 

---7171111111111111 

GENERAL ( ELECTRIc 
nic 'TUBE 

R- F EFFICIENCY IS 

DESIGNED IN! 

Note how radiator area of G.E.'s GL-6263 

is completely external to r-f field (termi-
nals and tuned circuitry) ... so that the 
i-f paths are short and uninterrupted. 

* Gives a DEPENDABLE 150 w of useful CW output. 

*  3004, plate dissipation means extra margin of operat-

ing safety. 

*  Forced-air-cooled for convenience. Only 23 Cu. ft. per 

min. required. 

*  lntalls in 'Se'c'onds. Just grasp tube by handle and lower 
into cavity. 

*  Wide areas for spring-finger contacts assure good 

electrical connections. 

*  Compact— less than 21/2 " wide, 41/2 " high. Weighs 

approx 1 pound. 

*  Sturdy, shock- resistant, with strong internal supporting 

members. 

*  Long-lived Durable ceramic construction; high-efficiency 

ceramic-to- metal seals 

Tkogress Ic Ovr Most imporiant %duct 

GENERAL ELECTRU 



Base for Broadcasting 
This is the base of a Truscon Self-Supporting Steel Tower. Standing sturdy 
and staunch astride the heart of the wheat country, it helps broadcast the AM 
signal of KFRM, Concordia, Kansas. 
This picture of a firm, solid base, sreurely anchored, is but part of the story of 
Truscon "towers of strength." From this base rises a beautifully engineered, 
precision-manufactured steel spire that stands strong and steadfast against 
wind and weather. 
Truscon knows towers. Truscon builds them for you tall or small... tapered 
or uniform in cross sectioh ... guyed or self-supporting ... for AM, FM, TV, 
and Microwave broadcasting. Your phone call or letter to any Truscon dis-
trict office, or to "tower headquarbers" in Youngstown, will get your tower 
program under way without delay: Truscon 'e is a name you can build on. 

TRUSCON 

V 1072 teed St., Youngstown, 1, Ohio 
ixport Department: Chrysler Building, New York 17. N. Y. 

TRUSCON STEEL DIVISION 
REPUBLIC STEEL 

TR liCON STEEL TOWERS • AM • FM • Ty, • MICROWAVE 
I ROCEEDINGS OF THE I.R.E. 



5 3RD YEAR OF CERAMIC LEADERSHIP 

Tetek Are, 

so many buyers insist on 

Tech,eicee.É'CeA.antics 

because ... AlSiMag is manufactured 
under strict quality control from the best 
materials available. 

because ... Precision tolerances and su-
perior workmanship are matters of routine 
with AlSiMag. 

because... Thoroughly trained Re-
search and Engineering Staffs are available, 
without charge, to help with customer's de-
sign and application problems. 

because ... AlSiMag represents the net 
result of over 53 years of specialized experi-
ence in the technical ceramics field. 

because ... With AlSiMag, you can be 
sure of receiving as many parts as you want 
—when you want them. Four large plants 
house an abundance of the most up-to-date 
mixing equipment, high-capacity presses, 
die and tool shops, huge kilns, skilled man-
power. 

Your own experience will add many more reasons. 
specify AlSiMag on your next order for precision 
pressed or extruded ceramics . . . see how easy your 
buying job can become! 

AMERICAN LAVA CORPORATI N 
CHATTANOOGA 5, TENNESSEE 

A SUBSIDIARY OF MINNESOTA MINING 

AND MANUFACTURING COMPAN 

11 

Branch offices in these cities (see your local telephone directory): 

Cambridge, Mass. • Chicago, Ill. • Cleveland, Ohio • Dallas-Houston, Texas • Indianapolis, Ind. • Los Angeles, Calif. • Newark, N. J. 
Fit ladelphia-Pittsbure, Pa. • St. Louis, Mo. • South San Francisco, Calif. • Syracuse, N. Y. • Tulsa, Okla. 



COMPLETELY 

SELF-CONTAINED 

FIELD TEST INSTRUMENTS 

by 

FREQUENCY 
STANDARDS 

These precision-built field test instruments were designed by 
Frequency Standards to provide rapid and accurate means of 
frequency measurement in the field. Frequency is determined 
by means of a micrometer dial. This reading is•translated to 
frequency by accurate individual calibration charts or curves. 
Transducers, fittings, and cables can be supplied to meet the 

requirements of customers and convenient storage space for 
these items is provided in the lid. of the instruments. 

MODEL FREQUENCY RANGE ACCURACY 

912-4 900-1200 MC  .01%  

1217-4 1200-1700 MC  .02%  

1723-4 1700-2300 MC  .02%  

2335-4 2300-3500 MC  .02%  

3545-4 3500-4500 MC .01%  

4458-4 4400-5800 MC .01%  

5882-4 5800-8200 MC .01% 

ILLUSTRATED 
BULLETINS 
SENT ON 
REQUEST Address inquiries to 

BOX 504 

a 
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Revere Extruded Shape 

jgr Founded by Paul Revere in 1801 
I,Y 230 Park Avenue, New York 17, N. Y. 

• • • 

For Brush 

Brush Type BK-I514, a 11-channel re-
cording-reproducing head for use with 
magnetic tape. 

Revere Extruded Shape used for the base 
of the head. 

The base of the magnetic recording-reproducing 
head shown here is a Revere brass extruded shape. 
You can see that it is rather simple in design, yet 
Brush Electronics Co., Cleveland, Ohio, reports 
that the shape saves 15¢ per piece ne long) 
over the previous method of milling the piece out 
of solid bar. There were three operations required 
on the bar, which weighed 1.61 lb. per foot, against 
1.22 lb. per foot for the shape. Eliminating the 
machining operations, and reducing scrap lmost 
to the vanishing point, produced the economy. 

The head in question can record and reproduce 
signals from 14 channels, at frequencies within, 
below, or above the audible range. Such a head is 
being increasingly employed to handle informa-
tion to be used for computation, telemetering, 
inventory records, process control (automation) 
and similar purposes. 

Extruded shapes by Revere should be looked 
into if you are doing any extensive machining of 
raw stock in copper and its alloys, and aluminum 
alloys. The extrusion process is much like squeez-
ing paste from a tube. Much more intricate shapes 
than the one shown here are possible. Naturally, 
all design lines must be parallel to the axis of 
extrusion. Get in touch with the nearest Revere 
Sales Office, and see if Revere Extruded Shapes 
may not save you money. 

REPERE 
COPPER AND BRASS INCORPORATED 

Mills: Baltimore, Md; Chicago and Clinton. III.; Detroit, Mich.: Los 
Angeles and Riverside, Calif.; New Bedford. Mass.: Rome. N. Y.— 

Sales Offices in Principal Cities, Distributors Everywhere. 

SU "MUT THE PRESS" ON RIC TELEVISION, SUNDAYS 
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NEWS and NEW PRODUCTS 
October 1954 

Digital Converter 

A new digital converter, for digital 
data reduction and handling, has just been 
introduced by the recently-formed Data 
Reduction and Automation Div., Fischer & 
Porter Co., 22 Jacksonville Rd., Hatboro, 
Pa. 

The function of the Digi-Coder is to 
convert into a digital signal the analog 
output of primary sensing devices, such as 
flow meters, thermocouples or pressure 
transducers, and so forth. Digital signals, 
represented by discrete contact positions 
in the Digi-Coder, are the required input 
to electric typewriters, digital computers, 
punched card equipment, and other data-
handling equipment. 

Two basic types of Digi-Coder are of-
fered. One type converts a mechanical mo-
tion, delivered to its input shaft from a 
pneumatic or other receiving mechanism, 
into a digital output signal. Torque re-
quirements are less than 0.20 inch/ounce. 
Low moment of inertia makes the con-
verter adaptable to any servo instrument. 
The second type of Digi-Coder, which con-
tains an integral self-balancing potenti-
ometer, converts an analog voltage input 
into the digital signal. The voltage-input 
type will operate on a 0-1 millivolt input 
and up, with either a linear or nonlinear 
relationship maintained between input and 
output signals. 

The Digi-Coder is accurate to the near-
est digit, regardless of the number of 
digits in the output. In a 5-drum train, 
demonstrated accuracy is better than 1 in 
34 billion parts. The Digi-Coder may be 
obtained %kith a hysteresis- free input 
coupler than enables the feelers to operate 
without interrupting the motion of the 
input shaft. The device can operate at 
speeds uo to 5,000 counts per second. 

Miniature Transformers 

A recent announcement by the Audio 
Development Co., 2833 13 Ave. S., Minne-
apolis, Minn., covers a new line of minia-
ture hermetically-sealed transformers and 
chokes. Suitable for use in circuitry such as 
geophysical or transistor application, 
these compact transformers and chokes 
measure t X+1 XII inches. Available in 
both standard steel and nu metal, they are 

20A 

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

classified into the following groups: input 
500 ( 125) ohms to 150,000 ohms C. T., 
primary inductance 8.5 henries + 5 per 
cent; output, 20,000 ohms C. T. to 
16/8/4/2 ohms, primary inductance 1,200 
henries; inductors, 1,500 henries, with two 
2 per cent taps. 

Special designs are also available up to 
10-watt, 400-cps power transformers, audio 
transformers and inductors with ratings 
similar to those shown above. For addi-
tional information address your inquiry to: 
Industrial Sales Div., Audio Development 
Co. 

Computer Power Supply 
Magnetic Research Corp., 318 Kansas 

St., El Segundo, Calif., has developed a 
magnetic regulated dc power source for 

digital and analog computers, called the 
stabevolt type C. It is doubly magnet-
ically regulated and has low internal im-
pedance and close dynamic regulation. 

PRO 

Dynamic regulation is better than 0.1 
per cent for step change of ac line voltage 
from 95 to 135 volts, and better than 0.1 
per cent for line frequency variations from 
57 to 63 cps. For output load variations 
from zero to full load the static regulation 
is better than 0.15 per cent and the dy-
namic regulation is better than 0.2 per cent 
for step change of 20 per cent in de load 
current. The ripple is less than 0.2 per cent 
RMS and can be reduced to 0.01 per cent 
if required. This type of power source can 
be supplied in ratings ranging from 1.5 to 
500 volts and 1 to 100 amperes outout. 

Field-Test Frequency 
Meters 

Frequency Standards, Box 304, As-
bury Park, N. J., has recently announced 
a new line of field test frequency meters in 
addition to their standard line of wave-
meters. The ranges covered by these in-
struments are: 900 to 1,200 me, 1,200 to 
1,700 mc, 1,700 to 2,300 mc, 4,400 to 5,800 
mc, 5,800 to 8,200 mc. 

Accuracy of models 1217 and 1723 is 
0.02 per cent; in all others it is 0.01 per 
cent. 
A usable indication on the self-con-

tained micro-ammeter is obtained with 1 
milliwatt input. 

All models have type BNC input and 
accessories such as coax-to-waveguide 
transducers and cables, which are avail-
able for the particular requirements of the 
customer. Each meter is individually cali-
brated and charts or curves are supplied. 
The frequency-determining elements of the 
wavemeters are made of invar to keep the 
temperature coefficient of the instruments 
as low as possible. 

Models Nos. 4458 and 5882, which op-
erate in the TEnt mode, are sealed and 
feature a built-in desiccator to eliminate 
the effect of varying relative humidity on 
the calibration of the instrument. Readers 
are invited to request new bulletins from 
the firm. 

(Continued on page 27,4) 
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Vacuum-Tsibé Voltmeter. . 
, 

Audio Oscillator'-.. 

Equalization Filters 

1,8 

ÁfirEN 
TRANSMISSION 
MEASURING SET 

TYPE 12-A 
For Measuring the 
Characteristics 
of Microwave 
Relay Systems 

Three- in-one• 
This unit provides the necessary information on transmission character-

istics for the installation of terminal equipment, for the maintenance of termi-
nal equipment, and for the field service of transmission lines and terminal 
equipment for microwave relay systems. 

In one portable unit for efficient field use are combined the functions 
which normally would be performed by a separate Vacuum Tube Voltmeter, 
Audio Oscillator and Equalization Filters. 

This unit has filters for providing response curves for accurate indication 
of 144, FlA or flat transmission lines. The 12-A also has provision for measure-
ment of harmonic distortion and has its own self-contained low distortion 
1000 cycle oscillator with variable amplitude. 

The amplifier of the 12-A provides range levels from plus 20 to minus 
80 DBM in calibrated steps of 10 Db. The associated meter is calibrated in 
0.5 Db steps. The dynamic characteristics of the indicating meter are such 
that its response approximates the speed of appreciation of sounds by the ear. 

This unit has line blocking capacitors for use across central battery 
and dial telephone lines. 

Write for additional specific information and for catalog material. 

THE VEN co 195 Central Avenue 

Newark 4, New Jersey 

WORLD'S LARGEST MANUFACTURERS OF ATTENUATORS 



and coils; F. coil kit; G. RF chokes; H. diode clips; I. panel hardware; 
J. standard and custom terminal boards; K. ceramic board. 

CTC Components shown include: A. capacitor; B. standard and in-
sulated terminals; C. coil form kit; D. IIF choke kit; E. coil forms 

One big family with a single thought 

Whether you need terminals, clips, 
coils, chokes, capacitors — or any of a 
number of electronic components — 
you can be sure they're right if they're 
made by CTC. 
One continuing basic idea governs 

the manufacture of every CTC prod-
uct. And that idea is: quality control. 
We could not guarantee our products 
as we do without a constant check of 
numerous details that determine reli-
able performance. Our quality control 
engineers see to it that these manufac-
turing standards are consistently main-
tained — right through to periodic mi-
croscopic inspection. 

Pictured here are a number of com-
ponents available at CTC including our 
three kits. These items come in stand-
ard forms and are also custom engi-
neered to meet your particular require-

ments. We would be glad to give you 
complete details, including specifica-
tions and prices, on any or all CTC 
units — as well as information on how 
CTC components can be specially de-
signed to solve your individual elec-
tronic components problems. 
You will find it well worthwhile to 

CAMBRIDGE 

use components that are guaranteed. 
Write to Cambridge Thermionic Cor-
poration, 456 Concord Avenue, Cam-
bridge 38, Mass. West Coast manufac-
turers contact: E. V. Roberts, 5068 
West Washington Blvd., Los Angeles 
16 and 988 Market Street, San Fran-
cisco, California. 

THERMIONIC CORPORATION 

makers of guaranteed electronic components, 
custom or standard 
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BUSS ONE SOURCE 

TO MEET ALL 

YOUR FUSE NEEDS!... 

Constant research and engineering over the past 

39 years have resulted in a most complete line of BUSS 

fuses: dual-element (slow blowing), renewable and 

one time types ... in any size from 1/500 amperes up — 

plus a companion line of fuse clips, blocks and holders. 

To make sure that BUSS fuses meet the highest 

standards of dependability ... every BUSS fuse 

normally used by the Electronic Industries is tested in 

a sensitive electronic device that automatically 

rejects faulty fuses. 

Many manufacturers and service organizations 

have standardized on BUSS fuses to simplify their 

buying, stock handling and records — and to 

safeguard their good-will and reputation. You too, 

will find it good business to let BUSS meet all your 

fuse needs. 

Let BUSS save you engineering time 

If you should have a special problem in electrical 

protection, BUSS places at your service the 

world's largest fuse research laboratory and its staff 

of experienced engineers to help you determine 

the right fuse for the job and if possible, one 

available in local wholesalers' stocks. 

,  

Makers of a complete line of fuses for home, farm, commercial, electronic and industrial use. 

USETRO 
TRUSTWORTHY NAMES IN 

ELECTRICAL PROTECTION 

FOR MORE INFORMATION II 

MAIL THIS COUPON II 

BUSSMANN Mfg. Co. (Div. McGraw Electric Co.) 
University at Jefferson, St. Louis 7, Mo. 

Please send me bulletin SFB containing facts on BUSS 
small dimension fuses and fuse holders. 

Name Title  

Company  

Address  

City & Zone  lost 
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ONE IN A SERIES: discussing the importance of selecting the proper permanent magnet to use in your product 

Why SOUND, FUNCTIONAL MAGNET DESIGN 

guarantees superior product performance  

Magnets must be "tailored" to your 
product . . . tailored in size, shape, and the mate-
rial used . . . if greatest efficiency, at the lowest 
possible cost, is to be expected. 
The magnet assemblies shown above are typ-

ical of such "tailoring." Those used in test meters, 
for example, are designed specifically to maintain 
a magnetic field of uniform high energy, so neces-
sary to the precise operation of such meters. 
Others—for holding applications—are de-

signed so that their magnetic circuits provide the 

THE INDIANA STEEL PRODUCTS COMPANY 

Valparaiso, Indiana 

World's Largest Manufacturer 
of Permanent Magnets 

INDIANA 

PERMANENT 

MAGNETS 

greatest possible tractive pou er. In applications 
where the magnet acts on moving parts of an 
assembly, still different designs may be required. 
Our engineers—specialists in permanent mag-

net design and application—welcome the oppor-
tunity to assist you with your designs. For their 
recommendations—without cost or obligation— 
write us today. Or return the coupon below for 
a free copy of the helpful article, "Selecting 
the Proper Permanent Magnet Material for Your 
Product." 

The Indiana Steel Products Co.. Dept. LOG 

Valparaiso, Indiana 

Please send me a free copy of "Selecting the Proper Permanent 
Magnet Material for Your Product." 

Name  Title  

Company  

Street  

C-ty Zone State  
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Hoffman 
Admiral 

Maravox 

GREAT NAMES IN COMMUNICATIONS... 

CRYSTALS 

These companies— and many others in leadership position 

in the field-- depend on Midland crystals for completely 

reliable frequency control in their products. 

THAT FACT IN ITSELF is testimonial enough to the kind 

of performance Midland Quality Control has built into 

millions of crystals for every communications use. 

Cenut4e)ta 412ettert, 

,flibtLtheAtakvieteitytie,eettettt 

MANUFACTURING COMPANY, INC. 
3155 Fiberglas Road, Kansas City, Kansas 

WORLD'S LARGEST PRODUCER OF QUARTZ CRYSTALS 
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Tube life in time proved GATES 5/10kw 
AM transmitters "exceeds estimates" 

QUINCY 

titINOIS 
A 

MANUFACTURING 

ENGINEERS= 

si.4cE 1 9 2 2 

Eitel-McCullough, Inc. 

San Bruno,  C&1110rn53 

Gentle men: 
A few years ago our engineering departrrtent was requested to 
design several entirely new transmitters in the 5/10KW power 

range for both medium and short wave commercial service. — 
One of the requirements was the establishment of a modern tube 
complement that would substantially reduce tube cost both initially 

and in greater life expectanoV• 

After considerable investigation and exhaustive tees in our own 
development section, the Eimac 3X2500F3 was decided upon. 
Performance-wise, the results were excellent but even success-

ful abuse tests could not be a substitute for several years that 

must pass to obtain records on life expectancy. 

These several years have now passed. Gates transmitters employing 
the 3X2500F3 are all over the world in every kind of service including 

24-hour a day international communications, broadcasting and many 
5KW mobile units for military service. Checks indicate, as both radio 

f requency amplifiers and Class 13 modulators, the life expectancy is 

not only meeting our original estimates and expectations but in many 

instances far exceeding them. 

We congratulate you on an excellent product that has indeed saved 

the industry untold thousands in tube expense and again express 
our appreciation for the excellent cooperation of your engineering 

department. Your s very truly, 

EIMAC 3X2500F3's 
IN GATES 5/10KW AM TRANSMITTERS 

GATES 
TRANSMITTER MODULATOR PA 

BC-5B 2 Eimac Eimac 
3X2500F3's 3X2500F3 

BC- 10B 2 Eimac 2 Eimac 
3X2500F3's 3X2500F3's 

GATES RADIO OMPAIsfY 

P. S. Gates 
Pre side lit 

Eimac 3X2500F3's featured in 
Gates models BC- 5B and BC-10B 
the world over. 

EITEL-McCULLOUGH, INC.. SAN BRUNO. CALIFORNIA 
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News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 

information. Please mention your I.R.E. 
(( entinned frico page 20A) 

Analog-to-Digital Converter 
An antthtg-to-digital converter espe-

cially designed for use in data handling 
systems or digital complters has been an-
nounced by Librascope, Inc., 1607 Flower 
St., Glendale, Calif. 

Signal Ira\ els from shaft position I., 
code discs . 11111 iircnre to either a rela\ s\ — 
tern or a diode scanning network folloued 
by a single tlip-tlop. Time sharing of con-
trol circuits is possible for multi channel 
systems using isolat ion diodes in series wit h 
each pick-off brush. allowing control cir-
cuit to be' used fur scanning many con-
verters. 

Ambiguity is eliminated by using Iwo 
pick-off brushes ft n. each track of the code 
disc except the first, or least significant. 
Standard code discs are manufactured for 
binary operation. but Gray, decimal, or 
other systems may be ordered. Present 
models include 7, 13, 17, and 19 digit units, 
all 2 inches in diameter and varying in 
length front 2 49:64 to 4 13/16 inches. 

Conversion frcnit digital code to analog 
shaft rotation may be made, but with a 
slight increase in circuitry. 

Specifications: Input torque, under 0.2 
ounce inch. Current carrying capacity: 2 
ma per pick-off finish. Digit output fre-
quency may vary from 500 cps to 1 uric or 
higher. Stability: Operates indepetulent of 
vi dtage, temperature, frequency limita 
tions over a wide range. Lite Expectanc : 

Nlillion or more cyclings of input shaft at 
speeds of 1 to 2 I:1'S. Weight: 8 ounces. 

Color Bar White Dot 
Generator 

A new color television test instrument, 
designed to produce color bars, white dots, 
or a crosshatch pat tern, has just been an-

(C,Hritoted on page 32A) 

1 

HIGH GAIN INDUSTRIAL 

POCKETSCOPE 
by 

MODEL S- 14-A 

DC COUPLED 

10 mv/inch 

1/2 CYCLE SWEEP 

Size, 72" x 6" x 7" 

12 3/4 Pounds 

ANOTHER EXAMPLE OF Lijida/ZMILL PIONEERING... 

The HIGH GAIN POCKETSCOPE, model S- 14-A, is an outstanding 
achievement in the field of oscilloscopes. The high vertical and horizontal 
sensitivities of 10 and 15 millivolts rms/inch respectively; frequency re-
sponses within —2 db from DC to 200 KC; non-frequency discriminating 
attenuators and gain controls; plus individual calibration voltages are but a 
few of the heretofore unobtainable characteristics of DC coupled oscil-
loscopes. The sweep is operated in either a repetitive or trigger mode over a 
range from 0.5 cycles to beyond 50 KC with synchronization polarity 
optional. All this and portability too! The incredibly small size and light 
weight of the S- 14-A now permits. "on-the-spot" use of the oscilloscope in all 
industrial, medical, and electronic fields. Its rugged construction assures 
"laboratory performance" regardless of .-.,nvirontnent. 

WATERMAN PRODUCTS CO., INC. 
PHILADELPHIA 25, PA. 
CABLE ADDRESS POKETSCOPE 

WATERMAN PRODUCTS INCLUDE 

S-4-C SAR PULSESCOPE 

S- 5-A LAB PULSESCOPE 

S-6-A BROADBAND PULSESCOPE 

S-1 1-A INDUSTRIAL POCKETSCOPE"' 

S-1 2-B JANized RAKSCOPE' 

S- 14-A HIGH GAIN POCKETSCOPE 

S- 14-B WIDE BAND POCKETSCOPE 

S-1 5-A TWIN TUBE POCKETSCOPE 

RAYONIC" Cathode Ray Tubes 

and Other Associated Equipment 

PRinTEI)TVG.i id. THE I.R.E. 



ELECTRICALLY AND MECHANICALLY INTERCHANGEABLE 

MEETS ALL MIL-T-27 REQUIREMENTS 

Completely hermetically sealed tp meet MIL-T-27 speci-

fications. Military Standard types are included. Catalog 

Listing M I 

HOUSED IN CASES WITH STANDARD MU-T-27 DIMENSIONS, 

'• ,••••••:.•.1:•• • %-e. ;•• 

A complete line to MIL electrical specifications, housed 

in conventional cases. Satisfactory performance at sub-

stantial savings. Catalog Listing C I 

The new Kenyon Military and Commercial Lines feature the very latest practice, using the best class "A" 
wire and insulation now arailable, and the latest types of core material, to obtain minimum size at reasonable 
cost. • . . Cases are identical to the requirements in the MIL-T-27 specification and standard units are 

finished in a smooth, durable medium gray. Other colors are available on special order. Full rating information 
and schematic is furnished in the form of a stencil on each case.. . . Special units with other ratings and the same or 
similar cases are available on short delivery, in any quantity. Class B, class C, and class H units can also be delivered 
no special order. Where casing is not required yet sealing is important, we recommend our "Ken-Seal" molded 
transformers, available on special order. Write for catalog. Your inquiry will receive prompt attention. 

KENYON TRANSFORMER CO., INC., 840 Barry St., New York 59 
PRoc L111)1.V W.' 111!!: uctober, 1954 
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Find 
Facts 
Fast! 

on MEN • FIRMS • PRODUCTS • IRE 

in the IRE DIRECTORY 
Out October 15 for IRE Members above student 

grade in America. 

1. 32,647 Members names, firms and addresses 

2. 32,647 Members indexed geographically 

3. Biographies of 567 IRE Fellows 

4. IRE Constitution, By Laws and information 

5. 2760 Radio-Electronic Firms Indexed 

6. 128 Catalog pages of company ads in Multiple Page Section 

7. Apparatus Index, Audio, Broadcast, Communications 

8. Components Index, Classified as Engineers Think 

9. Instruments & Controls Index, Informative, detailed 

10. Materials & Services Index, easy to use 

A  THE INSTITUTE OF RADIO ENGINEERS 
1 East 79th Street, New York 21, N.Y. 
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NEW G-E LONG-LIFE 
RECTIFIER TUBES*! 

5AU4 

* 5U4-GA 

5Y3-GT 

Sturdy, resist shocks, dissipate heat 

efficiently...yet prices are unchanged! 

PTIHE improvements you can SEE in the new 

5U4-GA apply to all three new G-E rectifier 

tubes for television. G-E Design Service brings 

you, at no price increase, two rectifier tubes that are 
completely re-engineered, plus one brand-new 

type, the 5AU4. All are much more dependable 

than present types, so help reduce your TV 

producron-line rejects. The new tubes are 
longer-lived— they cut down on service 

call-backs, increasing the reputation of your sets. 

Recent introduction of new 6BQ6-GA and 
25BQ6-GA sweep tubes, and this announcement 

of new G-E rectifier types, are only the first 
steps in an extensive General Electric program 

to design and build greatly improved receiving 

tubes for T.V. Manufacturers of sets are asking 

for better tubes . . . G.E. is devoting every 

resource to the task of supplying them! 

Keep in touch with G.E. for new-design tubes 

that wiil mean new high quality, new value, 

new rel.able performance in the receivers you 

design end manufacture! Address 

Tube Department, General Electric Company, 

Schenectady 5, New York. 

NEW 5U4-GA 

You can SEE the improvements over prototype (left) 

The 5U4-G prototype, though it did a good electrical job, 
was subject to damage from shocks and vibration. G.E.'s 
new 5U4-GA withstands hard usage, g,/es long service. 
Arrows (above, right) point to reasons why: 

1. 

Substantial mica supports brace the tube st-ucture at both 
top and bottom, instead of at the top only. 

2. 
Glass bulb now is straight-side, compact, and strorg. Diame-
ter is 30% less than 5U4- G. 

3. 
New double-fin plate construction improves heat dissipation. 

4. 
Base construction now is button-stem, with the ! cads passing 
,hrough widely spaced individual seals at bottom of glass 
envelope. Adds strengh, gives shorter leads ard greater 
lead separation, atid brings about better heat conduction 
. which in turn reduces electrolysis and air-leakage. 

New G-E 5U4-GA has same base diameter and layout 
as prototype 5U4-G—is fully interchangeable. 

Progress /s Our Most /mporiant Product 

GENERAL   ELECTRIC 



All "SLUGS" look alike, but... 

ilt-C(CARTILUHEELS* 

have that unique sealing! 

Heavy ceramic body; positively-bonded electrodes 

intimately•jO;ned terminals— such details are common to all 

"slug" ceramic capacitors. The assembly s then sealed— and that's where 

Hi-Q " Cartwheels" are different. 

"Cartwheels" feature a cast casing, completely and permanently sea cd 

in one operation. The exclusive potting compound results in meticulous jacketing. 

Especially developed for Color-TV, Hi-Q "Cartwheels" mean ratings up to 30 KV; 

much higher corona-starting voltages; greatly increased dielectric strength; 

excellent arc- resistant properties; nsulation resistance greater than 

50,000 rregohms; power factor of 1.5% max. at 1000 cps; greatest 

immunity to humidity anti heat; outstanding service life. 

Get the FACTS' 

•Reg, trade mark 

(.2 
H 
DIVISION 

Latest literature on request. Hi-Q specialists 

will gladly collaborate on your high-voltage 
and other ceramic-capacitor requirements. 

AIR°V°X CORPORATION1 
OLEAN, N 

AEIRCDVOX 
CORPORATION 

NEW BEDFORD, MASS. 

ACME 
ELECTRONICS, INC. 
MONROVIA, CALIF. 

CINEMA 
ENGINEERING CO. 
BURBANK, CALIF. 

IA CAnsdo Oà1110VOR CANADA LTD . 141,4•411en. 

101111111 ADDRESS 7/0 lelleeile Ave. Mew Medford. MOS.. 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(.•,,rhurr/ t.pi. '7. r 

nounced by Ow Jackson Electrical Instr. 
Co., 16 S. Patterson Blvd., Dayton 2, 

Ohio. Designated the Model 712, the new 
generator is priced at app., imately 8350. 

The instrument is entirely self-con-
tained and provides a complete NTSC 
system color difference signal as well as all 
required synchronizing signals. A 4.5 mc 
crystal controlled oscillator pr' 'vides for 
accurate tuning of the color set's fine tun-
ing control. A 3.58 mc crystal controlled 
burst oscillator, with its associated Color 
Lock control, assures accurate locking with 
I he color burst generator in the set. 

When the generator is set to produce 
Color Bars, either single bars or a multibar 
pattern are available. Single bars, selected 
from a front panel switch include Red, 
Blue, or Green bars. In the " Multi" posi-
tion the instrument produces 5 simulta-
neous bars consisting of Orange (I signal), 
Red (R-Y), White ( multiple), Magenta (Q) 
signal, and Blue ( I3-Y). 

The new Jackson generator will also 
produce a white dot pattern nrade up of 
6 rows of 8 dots each for the tionvergence 
adjustments of tri-color Tlles.A cross-
hatch pattern is also a \ ilahle for linearity 
adjustments. 

Laminations Catalog 
Magnetics, Inc., i 1111'1 -, Pa., has just 

issued a new M,ti4tttli( Lamination Cata-
log describing the company's standard line 
of laminations. laminated cores, and discs. 

Ca tah'g NI!. 101, " Performance Guar-
anteed It  net ic Laminations," includes 
lamination specification sheets, showing 
both the individual laminations to actual 
scale, as well as properties of square cross-
›ect ion core stack,, tilt I weights and counts 
for different is it 

Sections are devoted to laminated core 
assemblies, mecjianical and magnetic 
parameters and lamination I'deraiices. 

The firm 'manufactures both pnigres-
sive tungsten-carleide dies (or high produc-
tion, and line tolerance laminations and 
hi-carb4 tn. hi-chrome dies for shorter pnt-
duction runs. These dies it )1- "Perform-
ance Guaranteed" laminations are de-
scribed. The catalog also includes a section 
On the proper information nmded in deter-
mining and ordering quani.ties of magnetic 
laminations. 

Copies may be obtained by writing on 
company let terhead. 
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News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from rage 32A) 

RMS Voltmeter 

Model 230, manufactured by Ballan-
tine Labs., Inc., Boonton, N. J., is a volt-
meter of t he ultra-sensitive type, de-
signed to measure true root-mean-square 
values of highly complex wave forms, and 
sinusoidal waves. It operates over a range 
of 100 mv to 320 volts and in a band of 
5 cps to 500 kc. Accuracy is better than 3 
per cent between 15 cps and 150 kc for any 
reading regardless of scale position. 

Other features include 10 megohm input 
impedance, provision for simiti ta neously 
observing the voltage reading and monitor-
ing the amplified signal with phones or 
CRO, and a built-in calibrator unit for 
correcting the effects of advanced aging of 
tubes. Accessories are available for extend-
ing voltage range to 20 mv and 10 kv and 
for measuring runs currents from 0.1 
microampere to 10 amperes. 

Boyers Heads National 
Recorder Division 

The appoi litown t of Mr. John S. 
Boyers to the National Co., Malden, Mass., 
as Chief Engineer of the Magnetic Mem-
ory evices Division was recently an-
noted by Paul H. Frye, Vice-President 
in charge of Engineering. 

/ 
(Continued on page 74A) 

AEROVOX 
TYPICAL TEMPERATURE 
CAPACITANCE CURVE 

TYPE P88 N CAPACITORS .. •  
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DURANITE* 
MOLDED TUBULAR PAPER CAPACITORS 

The new and improved Duranite (Type P88K paper tubulars 

still feature Aerolene*—the solid impregnant—combining the advantages 

of wax and oil impregnants. No need of stocking both types. 

No risk of shelf deterioration. 

And now Duranites are molded in blue non-inflammable plastic. 

Top eye appeal—and outstandingly rugged. Pigtails, centered 

and firmly imbedded, won't work loose or pull out. 

Units essentially immune to moisture penetration. Exceptional 

performance characteristics—insulation resistance; power factoi 

vs. temperature; 100° C. operating temperature. 

*Trade-mark 

Get the FACTS! 
Descriptive literature on request. Write on business 
letterhead for sample. Standard values stocked for 
immediate delivery. Let us quote on your needs. 

AER°VeY CORPORAnotv 

Hi-Q 
DIVISION 

OLEAN, N. Y 

ACME 
ELECTRONICS, INC. 
MONROVIA, CALIF. 

NEW BEDFORD, MASS. 

CINEMA 
ENGINEERING CO 
BURBANK, CALIF. 

Export: Ad Auriema, Inc., 89 Broad St., New York, N. Y. (able: Auriemo, N. Y.  
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700C Multi-Channel 

OSCILLOGRAPH 

4e44"frio Better Product 

Heiland's new 700C Recording Oscillograph enables 

the testing engineer and scientist to solve a wide variety of 

industrial and laboratory problems involving the measure-

ment and correlation of strains, stresses, vibrations, accelera-

tions, pressures, impacts, temperatures, etc. 

The 700C Oscillograph provides up to 60 separate 

recording channels, has record widths of 8 to 12 inches, 

'record speeds as high as 144 inches per second and as low as 

.030 inches per second. The 700C accommodates Heiland's 

new Sub-Miniature Galvanometers and temperature con-

trolled magnet assemblies in which a new high in stability 

and sensitivity has been attained. 

P fi n  Z Apm 

20TH ANNIVERSARY 

Reiland Research Corporation 130 EAST FIFTH AVE 
DENVER, COLORADO 

high quality 
at low cost! 

samples available for immediate 
shipment • quotations on request 

11"..• 
GENERAL PURPOSE ' 

SERIES KA 

Designed for either current or 
voltage actuation. Small size, high 
capacity and many contact com-
binations make KA series univer-

sal in application. 

APPLIANCE SERIES AB 

The AB relay is primarily designed 
for appliance applications to elim-
inate noisy and troubiesome clap-
per or solenoid type contactors. 

MULTIPLE LEAF 
SERIES GA 

The GA series permits a wide 
range of contact combinations fore' 
multiple circuit svy tching of 

power loads. 

POTTER & BRUMFIELD 
PRINCETON, IND 

subsidiary of 

NEW YORK. N. Y. 

Export: 13 E. 40th N , New York 
Sales offices in pr ncipal cities 

ANA 

'eeieN 
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CUT MOM CORE COSTS 
with [Stackpole 

"PREFERRED TYPES" 

7E9! SERIES... FOR 
ENGINEEREDECONOMY 

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 NIPA recommendations. Electrical 

standards fully meet 8 out of 10 

requirements of radio, TV, and 

conuriunications equipment. 

'Write, wire, or 'phone for details. 

Electronic Components Division 

re 

TACKPOLE CARBON COMPANY 
St. Marys, ea. 

PROCEEDINGS OF THE I.R.E. October, 19.54 35,t 



TECHNICAL LITERATURE 
AVAILABLE: 
Bulletin No. 47— Crystals, 

Ovens, Frequency Stand-
ards, MIL-type Specifica-
tion Index 

Bulletin No. 45-A—Solid 
Ultrasonic Delay tines 

Bulletin No. 46-A—"Bantam 
EX" Crystals 

Bulletin No. 44-B— Amateur, 
Standard Frequency, Ship-
To-Shore, and TV Service 
Crystals 

Seel«, 

BANTAM BX 
CRYSTAL UNIT 

BANTAM IN EVERY WAY— 

BUT PERFORMANCE! 

The BANTAM BX is precision in pint-size! Meets all 
of the demanding specifications dictated by space 
limitations in portable and pocket size gear. 

In design, if the sub-miniature assembly calls for 
multi-channel operation, BANTAM BX crystals 
with wire leads may be conveniently mounted in a 
sub-miniature selector switch. Or, the BANTAM 
BX can be directly wired into printed circuitry. 
BANTAM BX crystals meet all performance re-

quirements of larger units such as the Bliley BH6A. 
Supplied in frequency ranges: 10 mc - 100 mc. 
Hermetically scaled. 
More technical information may be secured by 

requesting our Bulletin No. 46-A. Send your prints 
for a prompt quotation. 

Vedee, 

ELECTRIC COMPANY 
UNION STATION BUILDING 

ERIE , PENNSYLVANIA 

Industrial Engineering Notes 

it \Al Ill ..' 

Plans were completed by the Civil 
Aeronautics Administration and the Air 
Force for CAA operation of Radar Ap-
proach Control Centers (RAPCONS) at 
18 military bases, to serve both civil and 
military traffic, it was announced by F. B. 
Lee, CAA Administrator. Undur the pro-
gram, the CAA will operate the surveil-
lance radar units for approach control of 
all traffic in the vicinity, while the Air 
Force will operate the precision approach 
radar for actual landings by military craft 
at the air bases under instrument flight 
rules ( 1FIZ) conditions. All equipment for 
the RAPCONS will be pros ided by the Air 
Force, which cimsists of three surveillance 
and two precision apprc)ach radar scopes. 
The CAA tlso ; oinouneed tlw procurement 
of 75 pieces of equipment for two-way re-
cording tt some 25 busy towers and cen-
ters around the country. The equipment 
has already Isi-Ii installed at the Washing-
ton National Airport, now making it pos-
sible for the tit-st tinte to record all con-
versations between pilots atul CAA tower 
tittl center persmnsel. Previously, only - 
going CAA messages were recorded. 

FCC AcTioNs 

The Federal Communications Com-
mission adopted, with modifications, pro-
posals made September 4,1952, to provide 
for the operation of certain fixed radio 
(nonbroadcast) stations in the 72-76 mc 
band and, at the same time, afford ade-
quate protection to television operations on 
Channel 4 (66-72 mc) and Channel 5 (76-
82 mc) which straddle that band. The 
a snended rules were effective .:\ ngstst 9, 
1954. The resulting standards, designed to 
minimize the possibilities of interference to 
tek-Vision channels 4 :old 5. providu (1) 
that all operations its the 72 76 III(' band 
are subject tis the condition that no harm-
ful interference will be caused to TV re-
ception On the channels; 12) present fixed 
operations its that band will be permitted 
to coin Mite on a noninterference basis, but 
iiituricrciicu complaints must be cleared 
up within 90 days; that a fixed station 
would lw ttithorizeil between 10 and 80 
miles front such a transmitter only if it 
came within certain criteria established 
by charts provided tor this purpose; but 
(4) that no fixed station would be author-
ized for operation its this band when the 
proposed separation between its trans-
mitter and that of a TV station t ransmitter 
operation ins Channel 4 or 5 was 10 miles or 
less. 

FEDERAL P ERSON:7s. El. 

Several high-ranking Signal Corps 
officers have been reassigned, Maj. Gen. 
George I. Back, Chief Signal Officer, an-
nounced. Brig. Gels Wesley T. Guest, 

((_centinued ,,n page 48A) 

* Ti,,- data on which these Nuits are based weir 
selected by permission from Industry Reports, 
issues of July 5, 12. 19, 'It>, and August 2, published 
by t he Radio- Elect ri inics-Televish in Ma nu f act urers 
Association. whose helpfulness is gratefully acknowl-
edged. 

36 PROCEEDINGS' OF TIIE I.R.E. October, 1954 



Mcignete fèr rotors or stertots 
...any design orsize you may /equire 

r---4--teleeeebolize  \ .4e 
L. 

"MAGNETIC MATERIALS CATALOG" 
Write for your copy 

Contains handy data ort 'various types of 
Alnico Magnets, partial lists of stock 
items, and information on other perma-
nent magnet materials. Also includes 
valuele technical data on Arnold tape-
wound cores, powder cores, and types 
"C" and "E" split cores in various tape 
gauges and core sizes. 

ACDRESS DEPT. P-10 

The use of Alnico permanent magnets in rotor and stator assemblies 

of motors, generators, magnetoes and tachometers has revolu-

tionized the designs of these devices. Whatever your need may be 

—from a tiny rotor for a timing device to a large slab for power 

generators—Arnold can take care of your requirements, either for 

experimental samples or production quantities. 

• Let us work with you. You will have the advantage of working with 

a leading producer of rotor magnets, whose manufacturing and 

testing facilities—the most modern in the business—give you the 

best assurance of high quality standards and uniform performance. 

woos lad 

TH1 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. 

PROCEDINGS OF THE I.R.E. October, 1954 



COMMON CHARACTERISTICS OF ALL 
TYPE 2028B MOTOR GENERATOR UNITS 

Pinion Data  107.96P. 20° PA. 
O.D. of Case  1.000 inch 

Overall Length 2 37/64 inches 
Weight 5 ounces 

Frequency 400 cycles 
No. of Poles (Motor) 6 
No Load Speed (Min.) 6500 rpm 

Rotor Inertia 1.1 gram-cm° 

OUTSTANDING FEATURES OF 

TYPE 2028B MOTOR GENERATOR 

• New methods of manufacture result 

in high efficiency 

• ugh torque to inertia ratio to give 

4ast response 

• Available for 115 volt - 115 volt two 

phase or single ended tube operation 

• high impedance winding for direct 

plate to plate operation available 

• High generator output voltage with 

excellent signal to noise ratio 

• Zaro degree phase shift in generator 

• All metal parts corrosion resistant 

• Extremely wide operating temperature 

range 

kollsma 

ELECTRICAL CHARACTERISTICS 

OF TYPICAL TYPE 2028B MOTOR GENERATORS 

0411110 

0412120 

0413120 

0460600 

0470600 

EXCITATION INPUT  PER STALL 

FIXED I CONTROL PHASE TORQUE 

26 

26 

26 

115 

115 . 

26 

26 

26 

115 

P-P 

2.3 

4.0 

1.8 

4.0 

4.0 

volts watts 

0.4 

0.6 

0.3 

0.6 

0.6 

Theoretical 
Acceleration 
AT STALL 

25600 

38500 

19200 

38500 

38500 

Oz-n rod/sec' 

GENERATOR 

EXCI-
TATION 
FIXED 

26 

26 

26 

115 

115 

volts 

INPUT 

1.8 

2.2 

2.2 

2.6 

2.6 

watts 

OUTPUT 
PER 
1000 
rpm 

.51 

• .£8 

68 

1.00 

1.00 

volts 

a new peak of efficiency 

in small servo motors 
Input per phase only 1.8 watts 

A new line of units has been added to the Kollsman "Special Purpose 
Motors" family combining precision machining, advanced electrical 
design and the latest in new materials. This new line consists of 
Induction Motors and Induction Generators supplied separately or 
combined in a single case one-inch in diameter. The new motors 
have been designed to give the maximum torque per watt ratio 
with the minimum rotor inertia. The generators have been designed 
to give the maximum output voltage with the minimum, residual 
voltage and phase shift. 

One of the principal features of the Kollsman "Special Purpose 
Motors" is the interchangeability of parts which permits numerous 
electrically different combinations of motor and generator windings 
within the same case. 

Another unusual feature of the new line is the integral gear head 
unit. Contained within a single case is the gear train and motor; or 
gear train, motor and generator. Gear ratios as high as 300:1 can 
be supplied. 

Other models of one inch O.D. units 

TYPE NO. DESCRIPTION 

2103 Induction Motor 

2101 Geared Induction Motor 

2131 Geared Motor Generator 

n INSTRUMENT CORP. 
80.10 45th AVE., ELMHURST, NEW YORK • GLENDALE, CALIFORNIA • SUBSIDIARY or 

Latest catalog and/or com-
plete specification drawings 
will be sent upon request. 

cç.lafridaled COIL PRODUCTS CO. INC. 
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NEW 

MODELS 

RUGGEDIZED 
Now, completely new design extends the field of 
utility to applications where severe shock and vibra-
tion are prevalent. 

SHOCK VIBRATION 

Nr. WIDER RANGE OF OPERATING 
TEMPERATURES 

Range from — 55°F to + 180°F permits use in high 
temperature environments. 

-ve PERFORMANCE CHARACTERISTICS 
SAME AS STANDARD MODELS 

All new ruggedized models retain the desirable 
performance characteristics of their standard, 
equivalent frequency range, counterparts. 

FIVE MODELS AVAILABLE 

MODEL p88-96: 8.8 to 9.6 kmcs. 

MODEL R96-104: 9.6 to 10.4 kmcs. 

MODEL R69-74: 

MODEL R64-69: 

MODEL R59-64: 

6.9 to 

6.4 to 

5.9 to 

7.4 kmcs. 

6.9 kmcs. 

6.4 kmcs. 

MICROWAVE LOAD ISOLATOR 
A practical application of the Faraday rotation properties of 
ferrites at microwave frequencies. By its use, highly effective 
isolation is provided between source and load without the 
requirement of external power source or supplementary equip-
ment and with negligible loss of transmitted microwave power. 

SMALLER.. • 
Substantial reduction in physical size compared 
to standard models . . . readily installed in 
existing microwave systems 

STANDARD ".• 

RUGGEDIZED 

"illp AVAILABLE FOR USE IN 
PRESSURIZED SYSTEMS 

These new models can be supplied, modified, 
for use in pressurized systems. 

y  GREATLY EXTENDED FIELD 
OF APPLICATION 

For use in aircraft and missiles, for mobile and 
fixed microwave communications equipment. 

"or OTHER CASCADE FERRITE DEVICES 

Other CASCADE microwave ferrite devices in-
clude: UNILINES for other frequency ranges, 
and for high power applications.. GYRALINE, 
the microwave amplitude modulator. Com-
plete information on request. 

Write for descriptive bulletins. 

CASCADE RESEARCH 
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ALLEN- BRADLEY RADIO, ELECTRONIC, AND TELEVISION COMPONENTS 

BRADLEYUNITS—FIXED RESISTORS-1 2, 1, 2 WATT BRADLEYOMETERS—ADJUSTABLE RESISTORS-1 3 & 2 WATT 

4 Szu-1/4", 3/8, 
vie, 5/8" 

CERAMIC CAPACITORS-0.00001 to 0.022 MFD FERRITE QUARTER RING CORES AND U CORES 

BUILD QUALITY into your electronic equipment 

by standardizing on these time-tested quality units 

BRADLEYUNITS — Every radio, electronic, and 
television engineer is familiar with the QUALITY 
reputation of Bradleyunit resistors. Their extraordinary 
reliability is due to the fact that they are rated at 70C 
ambient temperature . . . not 40C. Under continuous 
full load for 1000 hours the resistance change is less 
than é %,. Available in 1/2, 1, and 2 watt ratings. 

CERAMIC CAPACITORS — Every step in making 
A-B ceramic capacitors is performed in the Alien-
Bradley plant . . . from the molding and sintering of 
the ceramic discs to the final impregnating and testing 
of the finished capacitors. Approved by the engineer-
ing departments of leading electronic and telephone 
laboratories. They are not low in price . . . but tops 
in quality and performance. 

Allen-Bradley Co. 
114 W. Greenfield Ave. 

Milwaukee 4, Wis. 

ALL 
RADIO 

BR ADLEYOMETERS — Now offered in two sizes 

— V3 and 2 watt. The solid circular resistor can be 
molded to provide any desired resistance- rotation 
curve. The shaft, cover, faceplate, and other metal 
parts are made of corrosion resistant metal. There 
are no riveted, welded, or soldered connections. Not 
affected by cold, moisture, or age. The sliding contact 
improves with age. 

FERRITE CORES — The production of Allen-Bradley 
ferrite parts is held to the same close standards as 
all other A-B radio and television components. The 
Allen-Bradley line of ferrite cores will meet all tube 
requirements. Television equipment manufacturers con-
sider Allen-Bradley as a major source of quarter ring 
and U cores. Prompt delivery can be made. 

In Canada— 
Allen- Bradley Canada Ltd. 

Galt, Ontari.,-
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GENERAL MAGNETICS INC. Introduces 
to the Temperature Control Field 

MTC 293 
MAGNETIC THERMOCOUPLE CONVERTER - AMPLIFIER 

ACTUAL SIZE 

.P C. 
/0 

C e ti 
a 

1— 
'.. "? 0 L 5 G tq L 
6 • I -4 2 

do 

THE GENERAL MAGNETICS THERMOCOUPLE 

CONVERTER IS DESIGNED TO CONVERT AND 

AMPLIFY LOW LEVEL DUAL POLARITY DC SIG-

NALS INTO 400 CYCLE SINUSOIDAL AC VOLT-

AGES OF CORRESPONDING AMPLITUDE AND 
PHASE SENSE. 

e. plizz/a/v/DE-fi.E.5 
-; 4 5 6 7 0 e 0 

4S 40 if .3o 2f lo 70 

D .C. CONTROL S / G ,N eq L 

We specia ize in control systems and magnetic amplifier 
components for Automatic Flight Control — Analog Com-
puters — Fire Control and Armament — Guided Missiles — 
Nuclear Applications — Magretic Voltage Regulators and 
Power Suppl es. 

Write on your 

GENERAL 

10 

letterhead 

/0 /5 20 25 Jo ..75 40 

P.C• /Y/LL / V O L TS 
IS $0 

MTE 293 
eenPe/TU.Of RE 5 PO/VJE CURVI".  

• Input Signal Resolution— 

Less than 5 microvolts 

• Greater Stability with 

Temperature 

• Higher Gain 

• Extremely Low Hysteresis 

• Negligible Time Delay 

• Clean Output Wave Form 

2. 

3. 

4. 

• No Moving Parts or Con-

tacts to Fall 

• Practically Unlimited Life 

• Operation in Temperature 

Ambiento from - 70 °C to 

+ 200 °C. 

• No Internal Rectitiers 

• High Shock and Vibra-

tion Resistant e 

SPECIFICATIONS 
Excitation: 12 V. RMS 

10% @ 400 CPS :1-.• 

10% 

AC input Impedance — 

About 2500 Ohms 

Output Impedance — 

About 10,000 Ohms 

No load voltage gain — 

250 

for further details 

5. 

6. 

7. 

8. 

Output at null: 30MV 

max. RMS ( Composed 

of even and odd har-

monies) 

Output phase: 0 or 180° 

10 ° 

Harmonic distortion in 

signal range: About 15% 

Overall dimension 170" 

I7i3" x 2" high 

MAGNETICS 

MAGNETIC MODULATORS AND AMPLIFIERS VOLTAGE REGULATORS 
135 Bloomfield Ave., Bloomfield, N.J. 

I'leo( II PI\ 

CONTROL SYSTEMS 

‘, () I.. 1 R 
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AVAILABLE CAPACITY 
CAPACITY DIELECTRIC SIZE TOLERANCES 

5-47 
48-68 
69-82 
83-130 
131-200 
201-250 
251-330 

5-15 
16-20 
21-56 
57-180 
181-240 
241-330 

N-750 
N-750 
N-750 
N-750 
N-1500 
N-1500 
N-1500 

N-750 
N-750 
N-1500 
N-1500 
N-1500 
N-1500 

5-10-20% GMV 
5-10-20% GMV 
5-10-20% GMV 
5-10-20% GMV 
5-10-20% GMV 
5-10-20% GMV 
5-10-20% GtAV 

5-10-20% GMV 
5-10-20% GMV 
5-10-20% GMV 
5-10-20% GMV 
5-10-20% GMV 
5-10-20% GMV 

5-20 N-1500 3/4" -10-20% GMV 
-10-20% GMV 

21-100 N-1500 Ye"  

C) 
POWER FACTOR: . 1% Max. 1M C 
INSULATION: Durez phenolic—vocuum waxed 

AVAILABLE CAPACITY 
CAPACITY DIELECTRIC SIZE TOLERANCES 

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

220-500 
501-1000 
1001-5000 

SCA 

CERAMIC 

CAPACITORS 

181-680 
681-1000 

131-330 
331-1000 

1200-K 
1200-K 
HI K 
HI K 
HI K 

1200-K 
1200-K 

HI K 

1200-K 

1200-K 

3/4  
s/8 
34 

101-220 1200-K 3/4' 
221-470 1200-K Ye' + 20% 

221-1000 111 K 
471-1000 HI K Ye" 
POWER FACTOR: 1.5% Max. ® 1 KC (initial) 

INSULATION: Durez phenolic—vacuum waxed 

±20% GMV 
GMV 
GMV 
GMV 

production costs go 
down 

down 

down with INC 
HIGH VOLTAGE DISCAPS 

tfte. 

In addition to lower initial cost, RMC high 
voltage DISCAPS, offer the advantages of 
smaller size and greater mechanical strength 
for faster production line handling. 
Rated at 2000, 3000, 4000, 5000 and 6000 

volts DC, RMC DISCAPS assure the volt-
age safety factor required in deflection yoke 
or special electronic applications. They are 
available in any capacity between 5 MMF 
and 10,000 MMF. 
RMC engineers are prepared to help you 

with your problems on standard or special 
ceramic capacitors. Write us today about 
your specific requirements. 

Discaps with a dielectric of 1 200 K or over are not recommended 
for deflection yokes or other 15,750 cycle applications. 

adage 
•M•••• ••••••• 

RADIO MATERIALS CORPORATION 

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

FACTORIES AT CHICAGO, ILL. AND ATTICA, IND. 
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COMPLETE 

COVERAGE 

Announcing 

DE 
CO 

unt rate 

I operate r order 

ow cost, high reliability 

Brilliant numerals 

Labeled, etched circuit 

Low temperature operation 

Fits all standard counters 

Ideal for special purpose 
applications 

I HEWLETT-PACKARD 
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il 

AC - 4A 

CADE 
E 

The unique etched circuit in -hp- AC-4A Counters sets a new standard 
of reliability and makes possible high speed counting to 120 kc. A stair-
case output voltage proportional to count is available to operate recorders 

et, or external equipment using coincidence detectors. The circuit is fully 
visible, accessible, labeled and arranged diagrammatically for simple serv-
icing. Mechanical layout permits maximum ventilation—lower tempera-
tures and longer life. Optically engineered illuminated numerals are clear, 
bright, easy to read under all light conditions. 

AC-4A Counters use binary flip-flop circuitry wherein each input pulse 
advances the count one numeral, and at "9" an output pulse actuates the 
next Counter for cascading. A reset terminal restores "0"; or the Counters 
will reset to "9" for special applications. Etched circuits give excellent 
balance and uniform incidental capacities for high 120 kc counting rate. 
Resistors are premium quality 5Ç tolerance units, coupling condensers 

are silver mica, and tubes are of the computer type. 

-hp- AC-4A.Counters are recommended replacement units for -hp- 522 
and 524 series Electronic Counters; and are ideal for experimental or 

special applications. 

SPECIFICATIONS 

Counting Rate: 120 kc max. 
Double-Pulse Resolution: 5 µsec 
Input: Approx. 80 y neg.; 1 µsec rise 

time 
Output: Approx. 80 y neg. to drive suc-

ceeding counter 

Reset: To 0 or 9 

Data subject to change without 

Staircase Output: 135 vat 0, 55 v at 9. 

Internal resistance 700 K 

Size: 5%" deep, 11/4" wide, 61/4 " high. 

Weight 1 lb. 

Mounting: Standard. Fits octal socket 

Price: $45.00. 

notice. Prices f.o.b. factory 

HEWLETT-PACKARD COMPANY 
3204 D Page Mill Road • Palo Alto, California, U.S.A. 

Export: 275 Page Mill Road, Palo Alto, California 

Cable: " HEWPACK" 

Sales engineers in all principal areas 

Versatile -hp-

ELECTRONIC COUNTERS 

-hp- 5243 ELECTRONIC COUNTER 

With this revolutionary new all-purpose 
Counter you by just the instrumentation 
you need now— later add other inexpensive 
plug in unit,, to double or tr;ple the instru-

ment's usefulness. The basic 5248 Comter 
measures frequency 10 cps to 10 mc, and 
period from 0 e ps to 10 kc with stability of 
1/1,000,000. Plug in Frequency Converters 
extend range to 100 or 220 mc white in-
creasing video sensitivity. Fo- low-level 
work, plug in Video Amplifier unit increases 
sensitivity to 10 mi'livolts, 10 cps to 10 
mc. Time- Interval plug in perneits Counter 
to measure interval 1 µsec to 100 days 
with accuracy of 0.1 ,usec 0.001 % . Read-
ings direct in seconds, milliseconds, micro-
seconds. -hp- 524B Counter, (without plug 
ins), $ 1,915.00. -hp- 525A/8 Frequency 
Converters, $ 225.00. -hp- 526A Video Am-
pliter, $125.00. -hp- 5268 Time Interval 

Unit, $ 150 00. 

-hp- 522B ELECTRONIC COUNTER 

Compact, low cost versatile irst•ument for 
frequency, period or time measurements. 
Range 10 cps to 100 kc. Reads direct in 
cps, kc seconds or milliseconds. Count: are 
ciutomatically reset, action es repetitive. 
Stability of time base is 5, 1,000,000. Dis-
play length variable at will; or may be 
"held" indefinitely. Easily used by non-
technical personnel. $ 915.00. 

#. INSTRUMENTS 
COMPLETE 

COVERAGE 
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TUNGSTEN AND CHEMICAL PRODUCTS 

WIRE... 

Sylvania Tungsten wire, rod, and 
components are quality controlled 
from ore to finished products and 
tested in the laboratory and in the 
field. Suppliers to all leading manu-
facturers in the radio and television 
industry, Sylvania off ers you tung-
sten and chemical products that meet 
the highest standards of purity, pre-
cision, and uniformity. 

Let Sylvania help you 

Sylvania maintains large diversified 
metallurgical and chemical labora-
tories for the development and per-
fection of its many products. Today, 

Initial sintering of a tungsten ingot formes 
by high compression of tungsten meto 
powder. 

ROD... 

these facilities are also available to 
help you. Sylvania engineers, Syl-
vania "know-how," and Sylvania 
equipment will aid you in product 
development or in the solution of 
tough manufacturing problems. 

If it's a question concerning any-
thing . . . from a precision, custom-
made tungsten wire to a specially-
ground tungsten part, or from a high-
purity phosphor to germanium di-
oxide for your crystals . . . put it up 
to Sylvania. A note on your letter-
head will bring you the information 
you require. Address: Department 
4T-3110, Sylvania Electric Products 
Inc., 1740 Broadway, N. Y. 19, N. Y. 

\COILS... POWDERS 

HIGH PURITY SYLVANIA 

TUNGSTEN and CHEMICAL 

PRODUCTS NOWAVAILABLE 

INCLUDE: 
Tungsten 

Radio Heater and Grid Wire 
Support Wire and Rod 
Gold Plated Wire 
Ground Seal Rod 
Formed or Ground Parts 
Cut and Bevelled Pieces 
Hand Wound Coils 

Molybdenum 

Wire, Rod 
Metal Powder 

Special High Puri'y 
Chemicals and Compounds 

Potassium Silicate • Etching Inks 
Carbonate Emission Coatings 
Mica Spray Coatings 
Basing Cements 

Metal Powders 

Silicon • Germanium 

Phosphors 

Cathode Ray Tube Phosphors 

e SYLVANIA 
LIGHTING • RADIO • ELECTRONICS • TELEVISION 

46A 
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Miniaturization 

with 

Hughes 

Diodes 

New computer matrix has high component density 

This experimental 
reading gate matrix for 
airborne computers effectively 
utilizes the subminiature size of 
Hughes Point-Contact Germanium 
Diodes*. Developed by the 
Miniaturization Group of Hughes 
Research and Development Labo-
ratories, the unit measures sYi by 
34 by 34 inches (excluding plugs 
and frame). It contains 504 diodes, 
209 resistors. Average component 
density: 94.5 per cubic inch! 

Reprints of a paper describing the 
packaging techniques of the sub-
miniature matrix are available, 

• too. Your copy will be sent 
promptly on request. 

Frequently, space requirements of 
conventitinal wiring techniques 
will not permit electronic equip-
ment to be miniaturized to the 
same extent as the components. 
However, spot-welded connec-
tions can effectively reduce wiring 
space ... and it is easy to spot-
weld the dumet leads of Hughes 
diodes. There is no adverse effect 
on diode characteristics, even when 
the connections are welded close 
to the diode body. With Hughes 

r —r-

1 i  Hughes 1 , 
, 
L J 
I 

Aircraft Company, Culver City, Calif 

diodes, desitzners can take full ad-
vantage of advanced packaging 
and wiring techniques. 

Hughes diodes are easy to mount 
in conventional assemblies or in 
subminiature equipment. In service, 
these diodes have earned a reputa-
tion for reliable performance and 
stahty under severe operating 
conditions. Make your selection 
from the many standard and special 
types available — all listed and de-
scribed in our new Bulletin, SP-2A. 

SEMICONDUCMR SALES DEPARTMENT 

o New York Chicago 

*Actual size, diode 
body: 0.265 by 0.130 

inches, maximum. 
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NO CliANCE FOR ERROR 

with a 

DIRECT READING 

HYCON 

DIGITAL 
VTVM 
MODEL 615 

/ 
ILLUMINATED DECIMAL POINT 

AND POLARITY SIGN 

The Model 615 VTVM is a precision instrument — 

functional in design . . professional in appearance. 

The direct-reading digital display eliminates most 

interpolation error — shortens costly "learning 

curve" in factory and assemb!y line inspection. 

Other features — never before offered in an 

instrument of comparable price — include 1% 

accuracy ( DC and ohms), and / millivolt 

sensitivity. Inspect the Model 615 at your Electronic 

Parts Jobber's. You'll agree the new standard is 

Hycon ..."where accuracy counts." 

• 12 RANGES: AC, DC, OHMS • AC FREQUENCY RESPONSE 

TO 250 MC ( with auxiliary probes) • OVERLOAD PROTECTION 

• LIGHTWEIGHT, STURDY STEEL CASE S PROVISIONS 

FOR BENCH STACKING 

The Model 615 VTVM is one of a matching set if 

preciston test instrumepts,,whieh includes 

Model 617 Oscilloscope ( designed for color TV) 

and the Model 614 Standard VTVM. 

4mK-
Serviçe facilities in your aren. 

e«Mfg. Company 

the 

s. 

791,1 EAST COLORADO STREET PASADENA 8, CALIIFORNIA 

• Where "la ttrucy Counts-

industrial Engineering Notes 

(Continued from page 

formerly Cqnnmandant of the Army Signal 
School at Fort Monmouth, N. .1., will be-
come Chief Signal Officer of ( ht.! European 
Command, succeeding Brig. Gen. Edward 
R. Petzing, who is returning to the Office 
of the Chief Signal Officer. 

Brig. Gen. Victor A. Conrad, Chief of 
t he Procurement and I ) it ri In ion Branch, 
OCSO, will succeed Gen. Guest in the Fort 
Nbsninnith School. Also returning to the 
Office of the Chief Signal Officer is Brig. 
Gen. Elton F. Hammond, who has been 
Signal Officer for Army Forces, Far East. 
Ile will be replaced in the Far East assign-
ment by Col. Albert F. Cassevant, who 
was Assistant Chief of the Procurement 
and Distribution Divisi,in of the OCSO. 
Col. William D. Hamlin, Army representa-
tive on the staff of the Defense Depart-
ment's Office of Transportation and Com-
munications, has been named Assistant 
Commander of the Signal Corps School at 
Fort NIonmouth. Succeeding Col. Hamlin 
will be Col. Kenneth F. Zitzman. Capt. 
John T. Hayward (USN) has been named 
Commanding Officer of the Naval Ord-
nance Lab., %Vhite Oak, Md. He succeeds 
Capt. Edward L. Woodyard, who retired 
after 30 years of service. 

;,1 

Television production during the first 
half of this year was reported as 2,845,147 
units compared with 3,834,236 sets manu-
factured in the same 1953 period. The six-
month radio production total was 4,886,559 
compared with 7,265,542 sets manufac-
tured in the comparable 1953 period. The 
report showed the production of 8,394 color 
sets in the first six months, of which 347 
were manufactured in June. The number 
of sets manufactured this year to tune uhf 
increased to 636,456 with the production 
of 99,404 receivers in June. 

:\ II mitm.vrtoN 

The Bureau of Aeronautics, Depart-
ment of the Navy, announced a new policy 
in which its various divisions having cog-
nizance over design and procurement of 
electronics are directed to encourage con-
tractors to produce equipment utilizing 
mechanized production techniques. This 
is particularly true, in the procurement of 
equipments with high mobilization re-
quirements. " Mechanically produced elec-
tronic equipment has shown many superior 
military qualities compared to equipment 

produced by conventional means," accord-
ing to the BuAer announcenient, "and 
progress in the field of mechanical pro-
duction has ilo w advanced sufficiently to 
warrant its use in field equipment for the 
fleet." The newly-announced policy, it was 
pointed out, "provides substantial incen-
tive for manufacturers to i,se the BuAer-
Bureau of Standards developed Tinker-
toy' process." 

Continued on page 584) 
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Look Who's In The Act! 

Starring 

in a 

COMMAND 

PERFORMANCE 

EXTREMELY SENSITIVE • 

RUGGED • SHOCKPROOF 

ACCURATE • 

DEPENDABLE • 

REASONABLY 

PRICED 

21044'1! Waell la 
'0•11344.4 

about this distinguished 
Oscilloscope and we have 
complete data in brochure 
form, ready to mail at 
your request. 

4. 4., 

MODEL LA-239C 

oscilloscope 
• 

In a project where there is no margin for error 
—where every element must perform with 
utmost accuracy and speed—the unique fitness 
of this Lavoie Oscilloscope merits a place among 
the elite in America's defense program. 

Here is a multi-purpose broad band test 
oscilloscope that is far ahead in technique and 
design . . . replete with exclusive features of 
Lavoie construction...yet so simple and access-
ible that engineers and technicians are instantly 
won by its facilnty of operation— its economy 
of valuable engineering man hours. 

Zeveic cZaiorateried,9n"c. 
MORGANVILLE, NEW JERSEY 



SILVERLYTIC* CAPACITORS 
New Ratings ... 

Smaller Sizes 

Expect More... 

Get More 

from 

MALLORY 

Mallory Sils-4.d% tic Capacitors are now available in the ratings and sizes 
listed below. They are ideal for transistor circuitry and other applications 
requiring miniaturized components. 

For extreme temperatures and wide range of ratings: Type TAP 

tantalum anode Silverlytics of the polarized type are capable of 

operating from —55° C to +85° C. Case measures 7,2" in diameter 
by %" long. These units exhibit extremely low DC leakage current 

and are noted for their long operating and shelf life. They are available 
in ratings from 2 mfd. at 100 volts to 30 mfd. at 6 volts. 

For moderate range of temperatures and ratings: Type ALA Silverly tics 

with aluminum anode structure cover ratings from 4 mfd. at 1 volts 
to 1 mfd. at 10 volts ... are also available in fractional capacities at 

10 volts. Their case size is the same as Type TAP. Their temperature 
range is from —30° C to +65° C. Lower in cost than Type TAP, these 
units have excellent characteristics within the temperature range 
specified. 

For complete specifications, prices and technical information, write or 
call Mallory today. 

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 

'Trade lark 

P.R.MALLORY&CO..Inc. 

ALLORY 
P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 

5CA 
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Tliset costs odown-mge 
eel? withTung-Sol 
"series string"TV tidies 

2AF4 
(Prototype -6AF4) 
Heater Current 0.6 A 
Heater Volts 2.35 

3AL5 
(Prototype-eAl5) 
Heater Current 0.6 A 
Heater Volts 3.15 

3AU6 
(Prototype- 6666) 
Heater Current 0.6 A 
Heater Volts 3.15 

3AV6 
(Prototype-6AV6) 
Heater Current 0.6 A 
Heater Vohs 3.15 

3BC5 
(Prototype-6005( 
Heater Current 0.6 A 
Heater Volts 3.15 

3BE6 
(Prototype-68E6) 
Heater Current 0.6 A 
Heater Volts 3.15 

306 
(Prototype- 6C86) 
Heater Current 0.6 A 
Heater Volts 3.15 

41307A 
(Prototype-6801A) 
Heater Current 0.6 A 
Heater Volts 4.2 

4BZ7 
(Prototype-6817) 
Heater Current 0.6 A 
Heater Volts 4.2 

5AN8 
(Prototype -6AN8) 
Heater Current 0.6 A 
Heater Volts 4.7 

Thermal characteristics of all the heaters are con-
trolled so that heater voltage surges during the 
- tn. yea are minimired, provided that these 

.ans oie used with other types similarly controlled. 

5AQ5 
(Prototype -6A0 5) 
Heater Current 0.6 A 
Heater Volts 4.7 

58K7A 
(Prototype - 68K7A) 
Heater Current 0.6 A 

Heater Volts 4.7 

518 
(Prototype - 6T8) 
Heater Current 0.6 A 
Heater Volts 4.7 

5U8 
(Prototype- 6U8) 
Heater Current 0.6 A 
Heater Volts 4.7 

5V6GT 
(Prototype - 6V6GT) 
Heater Current 0.6 A 
Heater Volts 4.7 

6AU7 
(Prototype -12A07( 
Heater Current 0.6 A 
Heater Volts 3.15* 

6AX7 
(Prototype-12AX1) 
Heater Current 0.6 A 
Heater Volts 3.15* 

6S4A 
(Prototype-654) 
Heater Current 0.6 A 
Heater Volts 6.3 

6SN7GTB 
(Prototype-69176TA) 
Heater Current 0.6 A 
Heater Volts 6.3 

12AX4GTA 
(Prototype -12AX4GT) 
Heater Current 0.6 A 
Heater Volts 12.6 

Heater ratings are based on 600 milliamperes of 
current with heater voltage adjusted for same power 
as in the prototype. All other characteristics and 
ratings identical to those of the prototype. 

1284A 
(Prototype-1284) 
Heater Current 0.6 A 
Heater Volts 6.3* 

12BH7 
(Prototype -128H7) 
Heater Current 0.6 A 
Heater Volts 6.3* 

128Q6GA 
(Prototype- 68066A) 
Heater Current 0.6 A 
Heater Vohs 12.6 

12BC16GT 
(Prototype- 68066n 
Heater Current 0.6 A 
Heater Volts 12.6 

12BY7A 
(Prototype- 12897) 
Heater Current 0.6 A 
Heater Volts 6-3* 

12L6GT 
(Prototype-25166T) 
Heater Current 0.6 A 
Heater Volts 12.6 

12W6GT 
(Prototype - 6W6GT) 
Heater Current 0.6 A 
Heater Volts 12.6 

19AU4 
(Prototype-66046T) 
Heater Current 0.6 A 
Neater Volts 18.9 

25CD6GA 
)Prototype -25(666) 
Heater Current 0.6 A 
Heater Volts 25 

*Using heaters 
connec fed 
in parallel. 

Use of these tubes provides completely satisfactory 
receiver characteristics during warm-up. 

(Other types are in development) 

*sr  

All the economies of series string design, with 
•or) sacrifice in reception quality, are available 
to TV set manufacturers who engineer their 
sets around this new line of Tung-Sol Receiving 
Tubes. 

The competitive position you achieve through 
savings in transformer and circuitry costs will 
be strengthened by the long life and high per-
formance of these Tung-Sol Tubes. 

The statistical quality control meth-
ods by which Tung-Sol maintains 

outstanding uniformity in tube production, 
make these new types your best assurance of 
utmost economy in series string TV set manu-
facture. For more information, write to Com-
mercial Engineering Department, Tung-Sol 
Electric Inc., Newark 4, New Jersey. 

Sales Offices: Atlanta, Chicago, Columbus, Culver City (Los 
Angeles), Dallas, Denver, Detroit, Newark, Philadelphia, 

Seattle. 

Tung-Sol makes All-Glass Sealed Beam Lamps, 
Miniature Lamps. Signal Flashers, Picture Tubes, 
Radio, TV and Special Purpose Electron Tubes 
and Semiconductor Products. 

arutle-soL Radio and TVTubes,Dial Lamps 
PROCFEI ,I.V(,..S OF TI!!? I.R.E. October, 1954 
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Silicone 

II Rubber 
(NATURAL AND SYNTHETIC 

Recommends Materials Best Adapted 
to your Vibration Control Requireme 

Metal — Natural Rubber — Silicone — Neo-
prene—Buna S—Buna N —and others are 
selected by LORD Engineers to satisfy your 
specific environmental conditions and as-
sure the most economical solution of your 

Over 27,000 basic designs and 

their variations are already 

available from which to choose. 

vibration control problem. 
LORD research is constantly deve'oping 

and evaluating new materials and processes 
to insure that the most complete line of vibra-

tion control mountings is at your disposal. 
LOS ANGELES 28, CALIFORNIA DALLAS, TEXAS PHILADELPHIA 7, PENNSYLVANIA DAYTON 2, OHIO 

7046 Hollywood Blvd. 313 Fidelity Union 725 Widener Building 410 West First Street 
Life Building 

DETROIT 2, MICHIGAN NEW YORK 20, NEW YORK CHICAGO 11, ILLINOIS CLEVELAND 15, OHIO 
311 Curtis Building 630 5th Avenue 520 N. Michigan Ave. 811 Hanna Building 

Rockefeller Center 

LORD MANUFACTURING COMPANY • ERIE, PA. 

fie ael gun' eke-J. for 
VIBRATION CONTROL 
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HOFFMAN LABORATORIES 
rlectronics leader in the heart of 

The Air- Frame Industry 

Electronics Research 

Guided Missile Development 
/IWO 046k, 9,11-"et( 

Military Test Sites sy 

-144 :e re 
reemee , 

LABORATORIES, INC. 
A DIVISION OF HOFFMAN RADIO CORP. 

3761 OUTH HILL STREET, LOS ¡NOEL, CALIFORNIA' 

f 

PIONEER 

IN WESTERN 

ELECTRONICS 
IF IT'S AN ELECTRONIC PROBLEM — SIMPLE OR COMPLEX — 

IF IT CALLS FOR RESEARCH, DEVELOPMENT OR PRODUCTION — 

CALL 

HOFFMAN 
THE INTEGRATED ELECTRONICS OPERATION 

Yes, Hoffman has established itself as a leader in the rapidly grow-
ing electronic industry in the West by doing progressively complex 

jobs — on schedule — to specifications — and to cost estimates. 

Hoffman Laboratories, Inc., is engaged in projects covering 
every phase of electronics — radar, sonar, guided missile controls, 
countermeasures, fire-control apparatus, noise reduction, com-
munications, navigation equipment, computers. Its long list of 

contributions to the electronics industries and to our national 
security is dramatic evidence that now, as in the past decade, 

Hoffman Laboratories gets things done. 

Hoffman has the facilities to design, develop, test and produce 
this equipment — with the added advantage of being located in 
the heart of the airframe and missile industries. Its close liaison 
with the research centers, air-frame plants, military installations 
and test sites in this area means that Hoffman gets things done 

— on the spot where they're most needed. 

Challenging opportunities for outstanding electronic and 

mechanical engineers. Write Director of Engineering. 

*Call Hoffman at Richmond 7-9661 in Los Angeles 

G • 0 iLA de.e  A 
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MULTIPLE-CONTACT 

PLUG RECEPTACLE 

UNITS FOR 

SECTIONALIZING 

CIRCUITS 

• For panel-rack or other sectionalized 

circuits, Lapp offers a variety of plug-

and-receptacle units, some of which 

are shown here. Any number of con-

tacts can be provided (in multiples of 

twelve). Male and female contacts are 

full-floating for easy alignment and 

positive contact. Contacts are silver-

plated, terminals tinned for soldering. 

Polarizing guide pins are provided 

where desired. Insulation is steatite, 

the low-loss ceramic . . . non-carboniz-

ing even under leakage flashover re-

sulting from contamination, moisture 

or humidity. Write for complete elec-

trical and mechanical specifications of 

available units or engineering recom-

mendations for an efficient component 

for your product. Radio Specialties Di-

vision, Lapp Insulator Co., Inc., 218 

Sumner St., Le Roy, N. Y. 

FEATURES ... 

• HYCOR telemetering filters 
have excellent characteristics 
due to the use of high "Q" 

toroid inductor elements. 
The filters may be used in 
low level circuits with 

negligible hum pickup resulting. 

• In addition, only the finest 
capacitors are employed 

to assure stability. 

• Available in standard 
RDB frequencies. 

GENERAL SPECIFICATIONS 

in/Krim/cc .500 .500 

TYPE BANDWIDTH ATTENUATION FREQUENCY RANGE 

1500 
+71/2 % 
— 

—3 db or less 
400 cgs to 14.5 kc +20% —30 db or more 

4300 +71/2 % 
— 

—3 db or less 1 400;cps to 960 cps 
+20% —40 db or more .1f 13Ukeps to 14.5 kc 

4000 

-_Ir 71/2 % —3 db or less 1 4110 cps to 960 cps 
±15% —45 db or more 1-1300 cps to 14.5 kc 
+  15% —3 db or less 

22 kc to 70 Kt +28% —45 db or more 

Other frequencies and i nuedances 
atonable on reg est. 

DISTRIBUTOR 
Hycor Sales of California 
11423 Vanowen St., No. Hollywood, Calif. 

REPRESENTATIVES 
Beebe Associates 
1155 Waukegan Rood, Glenview,Illinois 
Burlingame Associates 
103 Lafayette Street, New York City 
Harrison J. Blind, 1616 Cord St. 
Indianapolis 24, Indiana 
G. M. Howard & Associates 
734 Bryant St., San Francisco 7, Calif. 

EXPORT DIVISION 
Morhan Exporting Corporation 
458 Broadway, New York 13, N.Y., U.S.A. 
Cable: "MORHANEX" 
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RUOHM 
RHEOSTATS 

For Original Equipment or 
Replacement Applications 

manufacturers. We guarantee the finest RHEOSTATS . . . fastest de-

livery . . . smoothest variation of resistance under the most severe 

operating conditions. 

Available in 50 watts . . . 75 watts . . . 100 watts . . 150 watts 

and NOW in 25 watts ... TRU-OHM POWER RHEOSTATS are univer-
sally interchangeable. 

The next time its time to buy RHEOSTATS . SPECIFY "TRU-OHM—. 

We invite your inquiry for our latest catalog featuring TRU-OHM 
RHEOSTATS and RESISTORS. 

General Sales Office: 2800 N. Milwaukee Avenue, Chicago 18, III. 
•O(tty Hurehngten, Ineano 

"Largest producers of wire--wound resistors in the U.S.A.' . 

MANUFACTURERS: Power Rheostats, Fixed Resistors, Adjustable Resistors, "Econohm "Resistors, "Tru-rib" Resistors 

MIMI JAW 
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POLAR PATTERN 

t/ Precision performonce 

V. Rugged construction 

V Simple maintenance 

V 10 years oi PrOVEn Performance 

V Adoptable to special uses 

RECORDING SYSTEM 

Spherical radiation patterns f or antennas 
automatically d/-awn in standard polar coordinate forn-. 

SPECIFICATIONS 

Pen Positioning System 
INPUT 1. Audio-frequency voltage o fixed 

frequency between 500 and 1000 
cps. Amplifier bandwidth 35 cps. 
Maximum sens;tivity 100 microvolts 

for full scale deflection. 

2. Direct voltage of either polaity. 
Maximum sensitivity I volt for full 

scale deflection. 

PEN SPEED 15 inches per second. 

PLOTTING DIAMETER 12.1/2 in. 

ACCURACY + 2°x of full scale. 

Turntable Positionirg System 
INPUT 11 and,'or 36:1 s,nchro signals, 

115 volts 60 cps, size 5. 

TURNTABLE SPEED Maximum 7 rpm. 

ACCURACY 1/4 degree. 

Primary Power 

115 v, 60 cps, singe phase, 350 

watts. 

Size and Weight 

24 x 29 in. x 40 in. high, 250 

pounds. 

Price: $ 751)0 FOB Mineola 
PATENT NOTICE: Tac po'ar coordinate pattern recording 

equipment described herein uses invertions of UMted 
States Potents 2,602,924 and 2,681,264 owned by Airborne 

Instruments Laborato-y, 

AIRBORNE 
INSTRUMENTS 
LABORATORY 

160 OLD COUNTRY ROAD, MINEOLA, L. I., N. Y. 



advancement 
in instrument 

design 

MARION MODEL PM1 

INDUCTION SOLDERING UNIT 

Low cost, low powered and porta. 

ble.... Size 15 3/4" x 21 1,2" x 15". 

150 lbs. Power supply: 115 volts 

60 cycles. Draws 775 watts full 

load, 100 watts standby. 

MANUFACTURERS OF RUGGEDIZED AND " REGULAR" METERS AND RELATED PRODUCTS 

Copyright 1953 Marion Elec. Instr. Co. 

IMPROVED SOLDERING OF 

SMALL PARTS AND ASSEMBLIES 
Typical of the Marion developments that have he:ped make Marion stand for "advancement in 
instrument design" is the Marion Model PMI Induction Soldering Unit. Originally designed and 

presently used by Marion for true glass- to- metal hermetic sealing of Marion meters, it also has 

proven to be a valuable production tool for many purposes. Illustrated above, for example. is 

Marion's use of the PMI in the soldering of magnet assemblies where quality and uniformity result. 

Other manutactmers ase Maripn FMI units in the production of magnet 
assemhLes, relay armatures, connectors, capacitors, transformer cans, 
etc., as well as in other fields such as jewelry, watches, toys, and 
automotive parts. Shown here is a battery of Marion PM1 units at the 
Clyde, N. Y. plant of the General Electric Company where, on the 
whisker d:ode line, c small pellet of germanium metal is soldered to 
the end of a nickel pin. 

The Marion Model PMI speeds up production, reduces costs and improves quality. Heat is 
generated within the work itself — even in parts otherwise inaccessible. Oxidation, scaling and 
damage to surface finish are minimized. Soldering of an entire seam or several jig- located 
parts at one time is readily accomplished. 

This is an example of how Marion's belief in "Advancement in Instrument Design" has produced a pro-
duction loo? which not only improves Marion instruments but also provides other manufacturers with better 
soldering equipment. Marion Electrical Instrument Company, 407 Canal Street, Manchester, N. H. 
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Ruggedized 
and aged 

"RELIABLE" DOUBLE TRIODE 

Do 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. 

viggnes 

RATINGS* 
Heater voltage—(AC or DC)**  6.3 volts 
Heater current. 0.50 amps. 
Plate voltage—(max.)  360 volts 
Max. peak plate current (per plate)   25 ma. 
Max. plate dissipation (per plate)  1.5 watts 
Max. peak grid voltage  f -b 0 volts 

1-100 volts 
Max. heater-cathode voltage  300 volts 
Max. grid resistance  1.0 me ohm 
Warm-up time  45 sec. 
(Plate and heater voltage may be applied simultane-
ously.) 
*To obtain greatest life expertancy from tube, avoid 
designs where the tube is subject to all maximum 
ratings simultaneously. 

**Voltage should not fluctuate more than . 5%. 

PHYSICAL CHARACTERISTICS 
Base  Miniature button 9-pin 
Bulb  T-6l/2 
Max. over-all length  2% in. 
Max. seated height   11556 in. 
Max. diameter  7/• in. 
Mounting position   Any 
Max. bulb temp.   160° c 

AVERAGE 

ELECTRICAL CHARACTERISTICS 
Heater voltage, Ej  6.3 volts 
Heater current, If  0.50 amps. 
Pate voltage, Eb  150 volts 
Grid voltage, L.  —2.0 volts 
Pate current, lb..   8.0 ma. 
Mutual conductance, g.    5000 umhos 
Amplification factor, µ  35 
Cut-off voltage  —10 volts 

Plate-grid (per section, 1.7 mat 
Pate-cathode (per section)  1.1 maf 
Grid-cathode (per section)  2.4 ma 
Plate-plate  0.1 mat 

Direct intere ectrode capacitanies (no shield) 

Manufacturers of special-
Pu rpose Electron Tubes, 

Im•erters, Dynamotors and 
Fractional HP D.C. Motors 

'Weee"Vme 
EATONTOWN, N. J. 

DIVISION OF AVIATION 
CORIOgATICell 

West Coast Sales and Service: 117 E. Providencia, Burbank, Calif. 
Export Sales: Bondie International DiViSiba, 205 E. 42nd Si., New York 17, H. Y. 

Canadian Distributor: Aviation Electric Ltd., P.O. Box 6102, Monbeal, 

Industrial Engineering Notes 

(Continued from page 48A) 

RETMA ACTIVITIES 

The Joint Technical Advisory Com-
mittee, under the chairmanship of A. V. 
Loughren, Hazeltine Corp., has filed a 
10-page statement with the Federal Com-
munications Commission regarding the 
Commission's proposed rule-making pro-
ceedings on restricted radiation•devices. 
JTAC, a technical committee formed by 
RETMA and the IRE to advise., the 
government, commented on the FCC 
docket (9288) and brought the Commis-
sion up-to-date on the work done by the 
committee on spurious emissions in con-
nection with an earlier government re-
quest. On the general subject, JTAC ad-
vised the FCC that it is continuing a study 
program to determine presently anre-
spectively: (1) the intensity of interning 
signal that each service in each potion of 
the spectrum could feasibly be ex,...Xted to 
tolerate; ( 2) restrictions on spurs radia-
tions which would be necessary to avoid 
interference of more than these maximum 
amounts; (3) technical factors governing 
the cost of alternative methods delleting 
the resulting requirements; (4) simations 
which cannot feasibly be metAgy initial 
design or type modifications of apparatus. 
On completion of this program, JTAC told 
the FCC it would then be in a position to 
propose limitation standards for spurious' 
radiations by categories. Commenting on 
the specific proposals in the FCC rule-
making proceedings, JTAC felt that the 
Commission's definition of "harmful in-
terference" was too broad. JTAC also said 
that it felt that the FCC suggestion, re-
lating to field strengths permissible after 
June 30, 1956, were not based on known 
technical data. It also was pointed out 
that the committee did not feel that this 
reduction in field strength would solve 
an appreciable number of interference 
cases. JTAC suggested that the FCC might 
wish to consider withholding adoption of 
its Table until after June 30, 1956, and to 
state that periodic review will be made 
taking into consideration all new develop-
ments in the art. The technical committee 
noted that in some areas standardized 
measurement methods for spurious radio 
emission are not yet available. In conclu-
sion, JTAC said it will continue its in-
vestigations and that it hoped tharbefore 
the June 1956 effective date definite in-
formation permitting a more factual ap-
proach to these problems will be available. 
... A Symposium on Printed Wiring and 
Circuitry, under sponsorship of the RETM A 
Engineering Department, has been sched-
uled on January 27-28, 1955, at the Uni-
versity of Pennsylvania, Philadelphia, Pa. 
A task group from the Engineering De-
partment met on August 4 in the New 
York RETMA offices to make plans for 
the forthcoming symposium.. . . RETMA 
went on record as opposing a suggestion 
that the Attorney General be approached 
by a congressional subcommittee for an 

(Continued on page 60A) 
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RATIN.', of G-E drawn-oval capacitors range from 1 to 10 0, 600 to 1500 

volts d- c, and 330 to 660 volts a- c. 

G-E drawn-oval capacitors 
save space and cost less 

If you use fixed paper dielectric capacitors, G-E drawn-ovals 

offer you an opportunity to save up to 20% on weight, and as 

much as 10% to 20% on cost. The oval-shaped container, 

developed by General Electric, offers more capacitance per dollar 

than similarly rated rectangular capacitors. And, by conforming 

to the natural shape of the winding, it results in a smaller, lighter 

unit, too. They're available in ratings from 1 to 10 uf, 600 to 

1500 volts d-c, or 330 to 660 volts a-c, 60 cycles. 

G-E drawn-ovals feature: A double-rolled seam, between case 

and cover that makes a mechanically strong, hermetic seal which 

stays leak-proof even under severe operating conditions; a choice 

of eyelet, fork-type, or quick-connect (solderless) terminals; 

silicone bushings between terminal and cover, that effectively 

maintain a high insulation resistance despite long operation and 

wide temperature variation. 

General Electric drawn-oval capacitors are being used in room 

air conditioners, business machines, fluorescent lighting ballasts, 

and industrial and military control systems. If you would like 

specific application assistance, contact your local General 

Electric Apparatus Sales Office. General Electric Company, 

Schenectady 5, New York. 

73-ogress /s Our Most Impar/ant Product 

GENERAL ELECTRI,C 

IN ROOM AIR CONDITIONERS G-E drawn- oval improves 

power factor and reduces running current. 

IN ELECTRIC TYPEWRITERS AND BUSINESS MACHINES, 
the compact G-E drawn- oval is used wit, split- phase 

capacitor-run motors. 

IN FLUORESCENT LAMP BALLASTS, G-E drawn ovals 

(left) improve power factor. 

General Electric Co. 

Section 0442-19 

Schenectady 5, new York 

Please send me Bulletin GEA-5777. 

Name  

Position  

Company   

City    Zone State  
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Fansteel 
TANTALUM 
CAPACITORS 

• .Premiuut 

aPnedr formoneLife e 

• Minimum 
Space per mfd. 

eetesremperature 

e infinite Shelf Life 
• Proven o 
e: -• neigob:i• 
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Now, through the use of tantalum, new high standards 

of electrolytic capacitor performance are available. The 

tantalum oxide film is the most stable dielectric, chemi-
cally and electrically, yet discovered. As a result, Tan-
talum Capacitors offer advantages not found in any 

other electrolytic type — long life, space saving, wide 
temperature range excellent frequency characteristics, 

no shelf aging. 
Tantalum Capacitors are made 

by Fansteel and other leading capa-
citor manufacturers. Ask for current 

information bulletins on Fansteel 

Tantalum Capacitors. 

FANSTEEL METALLURGICAL CORPORATION 
NORTH CHICAGO, ILLINOIS, U. S. A. 

Tantalum Capacitors...Dependable Since 1930 

Industrial Engineering Notes 
(Continued from page 58A) 

opinion looking toward antitrust exemp-
tion for television set manufacturers who 
agree to produce only all-channel re-
ceivers. The Association also expreesed its 
opposition to a suggestion which would ban 
the interstate shipment of TV sets which 
are not capable of all-channel reception. 
The comments were submitted in a letter 
by RETMA President Glen :McDaniel 
to Senator Charles Potter ( It, Mich.), 
chairman of the Subcommittee on Cont-
munications of the Senate Interstate and 
Foreign Commerce Committee. 'I'he sub-
committee has conducted hearings recoil t Iv 
on the status of uhf telecasting and the 
suggested measures were presented by 
two different witnesses who appeared be-
fore the group. Mr. McDaniel said he 
would consider it a "serious mistake" for 
the subcommittee to seek an opinion from 
the Attorney General looking toward an 
antitrust exemption for set manufacturers 
who agree to make only all-channel re-
ceivers. He pointed out in his letter to 
Senator Potter that: "The basic purpose 
of the antitrust laws is to preserve free 
competition. The members of this industry 
are in full sympathy with that objective 
and believe that the antitrust laws are a 
necessary and valuable part of the laws 
of the United States. This industry, which 
has been referred to with good reason as 
being ' the most competitive of American 
industries,' adheres to both ibik,spirit and 
the letter of the federal antitrust laws. As 
I stated in my previous testimony (before 
the subcommittee): 'We believe that a 
system of free competition is best for the 
public in the long run.' In short, we believe 
any weakening of the application of the 
antitrust laws is contrary to the best in-
terests of the American public." As to the 
suggestion that the powers of Congress be 
used to prohibit the interstate shipment of 
TV sets which are not equipped for all-
channel reception, Mr. :McDaniel said: 
"We believe that acceptance of the sug-
gestion and exercise of such a power by 
Congress would be an abuse of federal 
power, would mean the intervention by 
government in the regulation of the manu-
facture of television sets and would be of 
doubtful constitutionality. Each of these 
consequences in itself is ample justification 
for rejection of the suggestion." The set 
manufacturers are aware of the prldilems 
confronting many broadcasters today, NIT-. 
McDaniel said, and are vitally concerned 
wit h their well being. He told Senator 
¡'otter that although it is the hope of the 
industry that the broadcasters' problems, 
can be solved: " l'nder no circumstance's do 
we believe that it would be proper or 
desirable to solve the problems by carving 
out exceptions to the antitrust laws or by 
imposing federal regulation on the manu-
facturer of television sets. -

TEcirsucm, 

The National Bureau of Standards is-
sued a new publication covering the second 
phase of a continuing program for the de-

(Continued on page 68.4) 
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The Only 
All Band 

The Model LSA provides direct means of 
rapid, accurate measurement of spectral dis-
play of r. f. signals from 10 to 33,000 MCS 

10 mc 
to 

33,000 mc 

SPECTRUM 
ANALYZER 

Model L SA 

Saves Engineering Manhours 
The Model LSA Spectrum Analyzer is 
Polarad's answer to rising engineering 
costs when high performance and 
economy are essential. 

This unique engineering tool helps 
get results faster with fewer personnel 
and in less space. Because of its ultra 
simplicity, tremendous frequency 
coverage and remarkable instrumenta-
tion the Model LSA can handle almost 
any problem in the radio spectrum ( 10 
mc to 33,000 mc) with the greatest of 
ease, reliability and accuracy. 

How The Model LSA 

Cuts Production Costs 

In the factory, Model 1,,SA's simplicity 
of operation, direct reading and "GO-
NO-GO" electronic display speeds 
production and cuts costs. Uniform 
quality and high performance of your 
complete equipment is assured by 
checking it with a Polarad Spectrum 
Analyzer. 

Expensive personnel training pro-
grams are eliminated by the Model 
LSA, which often actually takes the 
place of the microwave specialist and 
frees engineers for other work. For 
further details contact your nearest 
Polarad representative or write direct 
to us. 

\i t% RELIAB I 

FEATURES: 
Frequency Range 10 mc-
33,000 mc; 5 tuning heads 
Accuracy Frequency 
Calibration-1% 
Spectrum Display variable 
from 250 kc to 25 mc 
Frequency Marker for measur-
ing frequency differences 
of 0-25 mc 
Broad Band R.F. Attenuators 
10 mc-12,000 mc 
Automatic Voltage selector for 
each tuning head 
Single Dial Control 
Direct Frequency Reading 
Spectrum Displayed on 5" 
cathode ray tube 

USES: 
Examine pulse spectrum of 
magnetrons and klystrons 
Measure noise and inter-
ference spectrum 
Act as broad band receiver 
from 10 mc to 33,000 mc 
Observe and measure harmonic 
frequency differences 
Measure band width of 
microwave cavities 
Calibrate microwave oscilla-
tors and preselectors 

Available on Equipment Rental Plan 

Polarad Electronics Corporation 
100 Metropolitan Avenue, Brooklyn 11, N. Y. 

REPRESENTATIVES • Albuquerque • Atlanta • Boston • Chicago • Cleveland • Fort Worth • Kansas City • Los Angeles • New York • Phila-
delphia • Sari Francisco • Seattle • St. Paul • Syracuse • Washington, D. C. • Canada, Arnprior—Export: Rocke International Corporation 
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E A Conductance Measuring Instrument 

°ter 
• Type 192-A 

MEASURES: 

• Conductance values of low loss 
dielectric materials. 

• Q of small high quality capacitors. 

• Capacitance of dielectric materials 
and capacitors. 

• RF resistance of large value 
resistors. 

• Dynamic impedance of resonant 
circuits. 

The G Meter, 192-A, may be used to obtain values of 
dielectric constant and power factor of test samples to 
the degree of refinement required in standard testing 
methods such as ASTM specification D-150-47T. Test 
samples with very small losses and capacitances may be 
accurately measured. The instrument is self-contained 
and requires no external generator or detector for its 
operation. 
The G Meter, 192-A, employs a crystal controlled os-

cillator to supply a constant amplitude voltage to a high 
quality reference tuned circuit. A calibrated precision 
loss circuit and a differential VTVN1 are internally con-
nected across the resonant circuit. External means are 
provided for connecting test samples across the same 
resonant circuit. By substituting internally connected 
values of calibrated loss and capacitance for the test 
sample, to secure a reference voltage, the conductance 

BOONTO 

and capacitance of the sample may be determined. The àdi. 
differential VTVM provides very great sensitivity to 'We 
changes from the reference voltage allowing very ac-
curate settings of the conductance and capacitance dials. 

SPECIFICATIONS 

CONDUCTANCE RANGE: 0 to 35 micromhos—Direct reading in 
seven ranges. 

CAPACITANCE RANGE: 0 to 100 micro-micro-farads—Direct reading. 
(Simple indirect method allows measurements to 1000 mmf. ) 

FREQUENCIES: 1 mc. and 30 mc. crystal controlled. 

SENSITIVITY: 10% Deflection of Panel Meter results from conductance 
change of 0.003 micromhos at 1 mc. and 0.03 micromhos at 30 mc. 

VOLTAGE ON TEST SAMPLE: 20 to 35 volts RMS. 

LINE VOLTAGE: Internal regulation permits operation over range of 

105-125 volts. 

Write for further information 

(IÎADIO 
etrelwi-t 

BOONTON, N.J. U.S.A. 

62A 
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Pioneers 
of modern 
crystal 
developmént 

• more widely used for 

military applications 

•  -e widely used by the 

world's leading airlines 

• more widely used for 
rit ical fretiuency Con-

trol for practically any 

application 

NEW CRYSTAL J:e9 

CATALOG . . . 

just off press .. 

listing all stand-

ard crystal types. 

Write for your 

copy today. 

STANDARD PIEZO COMPANY 

Carlisle, Po. 

The world's largest, most 

complete line 

STANDARD 
PIEZO 

CRYSTALS 

eseee Rus,/ 
'the Nee/ Pie 

OG POINSIet 
s UPPOi 

- for general laboratory 

and production line use 

- power supply for many 

low voltage klystrons 

115/230V 

50/60 an 

sangle 
Phase 

booed ether 

0 to 4600V 
B SUPPt. Y at 200 ma 

6500 ohms max. 

to 

SUPPLY 

INPUT 

FILAMENT 
SUPPLY 

0 to-250V 
at 5 ma 

Reed -250 
at 50 ma 

63V a.c. 
at 10 amp 

Flexible ground permits stacking 
of supplies to provide up to — 600V. 
cathode voltage and an addi-
tional 0 to — 250V. for the reflec-
tor of low voltage klystrons. 

202 TILLARY ST. 
B'KLYN 1, N.Y. 

Telephone 

Ulster 2-6800 

• ea,» 

e9 
età 

Features: 
• Wider than usual output range: 

"B" supply 0 to ± 600V. at 200 ma. 
"C" supply 0 to —250V. at 5 ma. 

• Additional fixed supply —250V. at 50 ma. 
• Unregulated 6.3V., 10A. C.T. filament supply 
• Excellent voltage regulation (only ±--..25V.) 
• Low ripple (less than 4 mv.) 
• Input 115/230 Volts ac, 

50/60 cps, single phase 

The PRD Type 807 is a general purpose. 
constant voltage power supply, competi-
tively priced to fit any instrument budget_ 
It is conservatively rated for continuous 
service. Panel voltmeter monitors either 
supply voltage; milliameter indicates "Ir 
supply current. Write for bulletin. 

..à 

RESEARCH 

DEVELOPMENT CO • Inc 

$275.00 f.o.b. N. Y. 

Chicago Sales Office. 

1 SO. NORTHWEST HWY., PARK RIDGE, ILLINOIS—TAlcos 3-3174 

Los Angeles Sales Office: 
74Iy, NO. SEWARD ST, HOLLYWOOD 38, CAL.—H011ywecist S-$217 
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NEW LAMBDA POWER SUPPLIES 

Rack Model 60M (with meters) $289.50 
(Also illustrates Models 61M, 62M, 63M, 
64M and 65M. Models 60, 61, 62, 63, 64 
and 65 identical equipment without meters.) 

11411114710. MP* is wpm.? 
eionjqmo 

,11,1•111.04,11.1fflle WY/ 

ewsmenthe 

SPECIAL FEATURES 

• Time-delay tube protection 

filed condensers • Vernier high-voltage control 

reference tubes • Easy-to-read 31/2" meters 

SCHEDULE OF PRICES 

Model 60   $259.50 Model 63   $239.50 
Model 60M  289.50 Model 63M  269.50 
Model 61   249.50 Model 64   244.50 
Model 61M  279.50 Model 64M  274.50 
Model 62   239.50 Model 65   249.50 
Model 62M  269.50 Model 65M  279.50 
Available for Immediate delivery. Prices F.O.B. factory, Corona, N. Y. 

e Hermetically sealed oil 

• Stable 5651 

SPECIFICATI:ONS FOR "690 MA SERIES" 

Input: 

105-125VAC, 50-60C, 875W ( Model 60); 825W ( Model 61); 
775W ( Model 62); 715W ( Model 63); 675W ( Model 64); 
585W ( Model 65) 

DC Output (regulated) 
Voltage and currents; 

Models 
60 Es 60M 

Voltage range* 
345-405VDC 

61 es 61M 295-355VDC 
62 ils 62M 245-305VDC 
6311s 63M 295-255VDC 
64 is 64M 100-200VDC 0-600MA 
658s 65M 0-100VDC 50-600MA 

*Voltage range for any given model is completely 
covered in four continuously variable bands. 

**Current rating applies over entire voltage range. 
Regulation ( line)  Better than 0.15% or 0.3V 
Regulation ( load)  netter than 0.25% or 0.3V 
Impedence Less than 2 ohms 
Ripple and Noise Less than 5 r;:illivolts rims 
Polarity Either positive or negative may be grounded 

AC Output (unregulated): 
6.5VAC at 20A ( at 115VAC input). Allows for voltage drop in 
connecting leads. Isolated and ungrounded. 

Current range** 
0-600MA 
0-600MA 
0-600MA 
0-600MA 

FOUR MODELS, HIGHER 
VOLTAGE RANGES, ADDED 
TO "600 MA" SERIES 
Four new heavy-duty, precision-regulated 

LAMBDA power supplies are now available 

for installations which require voltages 
through 405V. 

Models 60, 60M, 61 and 61M are the newest 

additions to the LAMBDA catalog. Intended 

primarily for fixed voltage use, they are 

adjustable over the voltage ranges indicated 

for each model. Rated for industrial 
applications, and based on continuous-duty 

operation at maximum ratings. Representative 

applications are for television studio and . 

transmitter equipment, tube ageing apparatus, 

computer installations, and multi-channel 
equipment. 

COST LESS THAN 

BUILDING THEM YOURSELF 

LAMBDA power supplies are precision 
equipment. Engineers rank them first in both 

recent impartial preference surveys made 

among power supply users. You get quick 

delivery, dependable units, ready for 
immediate installation. You save design and 

supervision time which would be required if 

you built your own power supply. In most 

cases, the complete LAMBDA unit costs less 
than you would have to pay for the 
individual parts. 

Ambient Temperature and Duty Cycle: 
Continuous duty at full load up to 50°C ( 122°F) ambient. 

Controls, Terminals and Overload Protection: 
DC output controls: Band-switches and screw-driver 

adjusting vernier-control, rear 
of chassis 

AC and DC switches: Front panel 
External overload protection: AC and DC fuses, front panel 
Internal failure protection: Fuses, rear of chassis 
Input and output terminals: Barrier terminal block, rear of 

chassis 
Meters: 

3,/2" rectangular voltmeter and milliameter ( Models 60M, 61M, 
62M, 63M, 64M and 65M only). 
Voltage Reference Tube: 

A stable 5651 voltage reference tube is used to obtain superior 
long-time voltage stability. 

Time-Delay Relay Circuit: 
A 30-second time-delay relay circuit is provided to allow tube 
heaters to come to proper operating temperatures before high-
voltage can be applied. 

Size, Weight, Panel Finish: 
Size: Standard 19" relay-rack mounting 

12 1/4 " H x 19" W x 9" D 
Weight: 70 lb. net; 140 lb., shipping 
Panel Finish: Black ripple enamel ( standard) 

ILA_Mie DA_ Electronics Corp. 
1 0 3 0 2 

64A 

THE FIRST NAME IN POWER SUPPLIES 

NORTHERN BLVD. • CORONA 68, NEW YORK 
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IS A FACTOR 

G A & F, CARBONYL IRON POWDERS 

THE K-TRAN—made by Automatic Manufacturing Corporation 
—measures only U" across. Yet it is available in RF and II' trans-
formers covering frequency ranges from 20 KC to 30 MC and 
higher! For its size, it covers the widest range of uses in the IF 
field—and with unsurpassed stabilities. . . . As indicated, the 
makers credit K-TRAN's success, in large measure, to the con-
trolled uniformity of G A & F Carbonyl Iron Powders. 

Today there are ten types of iron powders made by the Carbonyl 
hen Process—with the particle sizes ranging from 3 to 20 microns 
in diameter. The iron content of some types is as high as 99.6 
to 99.9%. 

With quite different chemical and physical characteristics, the 
ten types lend themselves to many different uses— to increase Q 
values, to vary coil inductances, to reduce the size of 

ANTARA 

From Research to Reality 

coils, to confine stray fields and to increase transformer coupling 
factors. The Carbonyl Process assures the quality and uniform-
ity of each type. 

We urge you to ask your core maker, your coil winder, your in-
dustrial designer, how G A & F Carbonyl Iron Powders can in-
crease the efficiency and performance of the equipment or 
product you make, while reducing both the cost and the weight. 
We also invite inquiries for powders whose performance char-
acteristics are different from those exhibited by any of our 
existing types. 

This 32-page book offers you the most comprehensive 
treatment yet given to the characteristics and applications of 
G A & F Carbonyl Iron Powders. 80% of the story is told with 
photomicrographs, diagrams, performance charts and tables. 
For your copy—without obligation—kindly address Depart-
ment 90. 

ANTARA® CHEMICALS 
A SALES DIVISION OF GENERAL ANILINE & FILM CORPORATION 

435 HUDSON STREET • NEW YORK 14, N. Y. 
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Transactions 

At least one of your interests 
is now served by one of IRE's 

21 Professional Groups 
Each group publishes It. own • pecialired , Itter• in it. Transactions, 
some annually, and some bl-mo rtthly. The larger groups h•.• organ• 
ized local Chapter., and they also sponsor technical session• at IRE 
Coalicialloaids. 

Aeronautical and Navigational Electronics (G 11) Fee $2 
Antennas and Propagation (G 3) Fee $4 
Audio (G 1) 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 $2 
Engineering Management (G 14) Fee $1 
Industrial Electronics (G 13) Fee $2 
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 
Quality Control (G 7) Fee $2 
Radio Telemetry & Remote Control (G 10) Fee $1 
Ultrasonics Engineering (G20) 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 Radio Engineers 
East 79th Street. New York 2 I. N.1. 

USE THIS COUPON 
Miss Emily Sirjane 
IRE-1 East 79th St. 
New York 21, N.Y. 

Please enroll me for these IRE Professional Groups 

PG 10-51 

Name   
Address   
Place   

Please enclose remittance with this order. 

Professional Group 

Oil 

yen it Theory 

One of the most fundamental sub-
jects in the radio engineering pro-
fession is circuit theory. It forms 
a basic part of every engineer's 
schooling. The methods of analyzing 
the characteristics of circuits and 
the techniques of designing circuits 
for optimum performance find wide 
application in practically every 
branch of communications and elec-
tronics. It is not surprising, there-
fore, that a substantial portion of the 
technical literature is devoted to this 
important subject. 

While circuit theory is broad in its 
applications, the formulation of these 
methods and techniques is a sharply-
defined and well-developed field in 
its own right, requiring specialized 
knowledge of a high degree. The 
IRE Professional Group on Circuit 
Theory is playing a key role in fur-
thering the development of this field 
by making this specialized knowl-
edge readily available to those who 
need it. 

The Circuit Theory Group began 
operating in April, 1949 and since 
that time has become one of the larg-
est and most active Groups in the 
IRE. Its most important activity has 
been the publication of its own tech-
nical periodical, called Transactions 
Begun in 1952, the Transactions is 
issued quarterly to some 2500 mem-
bers as a part of their two-dollar 
assessment. An interesting and valu-
able feature of Transactions is that 
many of the issues are built around 
a special topic. Among the topics 
thus treated or soon to be covered 
are Servo-mechanisms, Circuit Sta-
bility, Network Approximation, 
Nonlinear Filters, and Time-Vari-
able Networks. 

The Circuit Theory Group has 
been active also in sponsoring meet-
ings and in organizing sessions at 
several national conferences. Nu-
merous meetings are also held in sev-
eral cities by local chapters of the 
Group. The net result has been to 
give engineers a gclden opportunity 
to keep fully informed of the many 
significant developments in this im-
portant field. 

CO. IL. elltdua_ 
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Chairman, Professional Groups Committee 
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Your SPECIAL flTbment 

may be eSTANDARD! Hudson 

4110 

e 

precision invir component ! 

Quality Metal Stampings 
To Exact Specifications 
Simple stamping or complex, multi. 
operation sub-assembly, Hudson can 
produce your parts, quickly and eco-
nomically. For quotations on specific 

components, send drawings mention-
ing quantities required. Call or write 
today for the new Hudson catalog. 

PRECISION DRAWN CLOSURES 
AND QUALITY METAL 

STAMPINGS EXCLUSIVELY 

When you need closures-

CONSULT HUDSON FIRST! 

The HUDSON system of standardized production methods 
makes it possible to supply even unusual closures, quickly 
from stock. The HUDSON standard catalog line of cases and 
covers includes hundreds of different shapes and sizes with 
numerous optional features. Sizes range from large to minia-
ture and unit costs reflect mass production savings. Check 
with HUDSON today, for closures of brass, copper, alumi-
num, steel and MU metal. 

HUDSON TOOL and DIE COMPANY • Inc 
118-122 SO FOURTEENTH ST, NEWARK 7, NEW JERSEY 
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Original 
Thinking 

plus 
Precision 

Components 

3 4" DIA SERVO MOTOR—FULL SIZE 

Kearfott Firsts 
1947 First with " Penny Size" Servo Motors 
.938" diem. x 31/32" long. 

1948 First with Servo Motors in Navy BuOrd 
Sizes 15 and 18 featuring straight-thru bores and 
integral (" potted")* stator-housing assemblies. 

1949 First with Navy BuOrd Size 11 Synchros 
featuring " potted .' stator construction and 
straight-thru bores. 

1950 First with Navy BuOrd Size 11 Servo 
Motors featuring "potted"* stator construction 
and straight-thru bores. 

1951 First with Navy BuOrd Sizes 15 and 18 
Servo Motor— Rate Generator combinations fea-
turing " potted"* stator construction and straight-
thru bores. 

1952 First with temperature stabilized Drag 
Cup Motor-Integrator Generator combinations in 
Navy BuOrd Size 15 featuring "potted"* stator 
construction and straight-thru bores. 

1953 First with Servo Motor-damping Gener-
ator combinations in Size 11 featuring "potted' 
stator construction and straight-thru bores. 

1954 First with 3/4" Diam. "Penny- Size" Servo 
Motors and Synchros. First with .05% linearity 
Tachometer Generators in Size 18. First with 115 
volt Servo Motor Generator .980" in diameter. 
All Featuring "potted' stator construction and 
straight-thru bores. 

5500 SYNCHRO-3 4 SIZE 

5804 SERVO MOTOR-GENERATOR—I 2 SIZE 

KEARFOTT COMPONENTS 

INCLUDE: 

Gyros, Servo Motors, Synchros, 
Servo and Magnetic Amplifiers, 

Tachometer Generators, 
Hermetic Rotary Seals, Aircraft 

Navigational Systems, and other 
high accuracy mechanical, 
electrical and electronic 

components. 

Send for Bulletin giving data of 
components of interest to you. 

3/4" DIA. SYNCHROS—FULL SIZE 

"Potted" construction for optimum performance 
at lowest cost. 

All items discussed and illustrated are in produc-

tion—available to you for your prototype, pre-

production or production systems. Write today 
for more detailed information. 

ear ott 

A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 

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

Midveest Off ke: 188 W. Randolph Street, Chicago, Ill. South Central Office: 6115 Denton Drive, Dallas, Texas 

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

Industrial Engineering Notes 
(Continued from page 60A) 

velopment of miniaturization techniques 
applicable to airborne military electronic 
equipment. The Publication, "Subminia-
turization Techniques for Low-Frequency 
Receivers," is Circular 545, and can be 
obtained from the Government Printing 
Office, Washington 25, D. C., for 50 cents 
a copy. The work was carried out by the 
General Miniaturization Group, Engineer-
ing Electronics Section of the NBS, under 
support of the Bureau of Aeronautics, 
Navy Department. Earlier NBS work was 
reported in the Office of Technical Services 
publications, covering miniaturization as 
applied to high-gain fixed-tuned inter-
mediate-frequency strips in the vhf band. 
This combines with the present develop-
ments to provide practical engineering 
treatment of a wide variety of electronic 
miniaturization problems over the radio 
frequency spectrum between 100 kc and 
100 mc, t he NBS announced.... 
DYSEAC, a high-speed digital computer 
designed to serve as the experimental nu-
cleus for a complex data-processing net-
work, has been completed by the NBS. 
The flexibility with which this machine 
controls and responds to a variety of ex-
ternal devices, which may include one or 
more full-scale computers of similar design, 
should enable scientists to explore diverse 
new areas of interest. Examples cited by 
the Bureau include the automatization of 
industrial and commercial operations, such 
as the "automatic factory" and the "auto-
matic office," or any field where rapid in-
formation-processing and real-time con-
trol systems are necessary. Details were 
published in the September issue of Tech. 
News NBS monthly publication. 

NBS also announced the development 
of a remote-control system which auto-
matically measures radiation intensities 
and other variables in the vicinity of an 
atomic explosion and transmits the data by 
radio to a centrally located headquarters. 
The system was designed at the request of 
the Atomic Energy Commission for use in 
nuclear tests. Though developed specifically 
for monitoring gamma radiation and 
weather conditions, it can be used with a 
wide variety of detectors to report many 
types of information. Except for the con-
trol station, the entire system is battery 
powered and will operate unattended for 
long periods. The radio link and the stztt ion 
interrogation system were designed and 
constructed by Motorola Inc., and are 
based largely on their t•-w portable trans-
mitter-receiver and other standard equip-
ment. The radio link is a frequency-
modulated system operating in the vhf 
band between 162 and 174 mc. Details on 
this new development were published in 
the August issue of the Tech. News Bull. 
. . . The Atomic Energy Commission last 
week released 22 additional patents, in-
cluding 11 in the electronics field. Non-
exclusive, royalty-free licenses on the 
listed patents will be granted by the Com-
mission as part of its program to make non-
secret technological information available 

(Continued on page 70,4) 
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et Hirmetic's Vac-tite* Headers 

win part of the race for you 

with mechanical designs to solve 

your problems. 

Here are just a few Hermetic Vac-Tite* 
seals that eliminate extra production 
operations and save you money! 

1. Unit Header with Studs Attached—Saves space; 

shaped to fit enclosu-ré or Can; eliminates 

extra welding and soldering operations. 

2. Weld Seals—Has the proper projections for 

leak-tight welds. 

3. Lock-Ring "Safety" Seal—Simple, sure method for 

installing headers that is not dependent on solder 

alone for mechanical security; removable. 

4. Threaded Bushing Seal—Firm mechanical connection 

has maximum shock and vibration resistance and 

adaptability for positioning and adjustment. 

5. Taper Tab Headers & Terminals—Quick, solderless 

connections adaptable to many applications. 

6. Terminal Strip—Pre-mounted terminals offer 

advantages of a conductive surface for heat 

dissipation, arc- resistance of glass, one piece assembly. 

7. Attached Bracket Seal—Supports entire assembly 

on built-in structural member. 

toe for engineering assistance, dota, prices 

HERMETIC SEAL PRODUCTS CO. 
29 South Sixth Street, Newark 7, New Jersey 

*VAC-TITE is HERMETIC's exclusive vacuum proof 
compression construction glass- to- metal seal. 

e> 

,FIRST AND FOREMOS MINIATURIZATIle-ON 
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POTTER 

POTTER 

can tell you "why" 

can tell you "how" 

and POTTER can make 
the FILTER that will 

confirm that "how" 

Once it's stated completely and correctly, 

a problem is half solved. 

Potter can put the facts and figures of 

your problem on paper . . . can 

chart its limits in laboratory tests . . . can 

engineer the solution. And Potter 

can embody that solution in 

subsequent design and production. 

Call Potter to engineer, design and 

produce the filter to solve your 

radio interference problem. 

Write for Bulletin 41E. 

1950 SHERIDAN ROAD 

NORTH CHICAGO, ILL. 

SPECIALISTS IN 

FIXED PAPER 

CAPACITORS 

SINCE 1925 

Industrial Engineering Notes 
(Continuued from page 68A) 

for use by industry. Applicants for licenses 
should apply to the Chief, Patent Branch, 
Office of the General Counsel, U. S. Atomic 
Energy Commission, Washington 25, D. C., 
identifying the subject matter by patent 
number and title. The following 11 patents 
of interest to the electronics industry were 
released: Phase Meter, 2,676,299; Elec-
tronic Scaling Circuits, 2,676,756; Ion 
Source, 2,677,061; Frequency Measuring 
Instrument, 2,677,104; Coincidence Cir-
cuit, 2,677,759; Ion Source, 2,677,771; 
Linear Cathode, 2,677,778; Head Seaming 
Device, 2,678,014; Ion Source, 2,679,597; 
Electrical Manipulator, 2,679,940, and 
Protective Circuit, 2,680,212. . . . The Of-
fice of Technical Services, Commerce De-
partment, has listed studies in the field 
of electronics in its June issue of the "Bib-
liography of Technical Reports." The fol-
lowing government-sponsored research 
reports can be purchased either from the 
Library of Congress or the Office of Tech-
nical Services, as indicated, and for the 
reported price: " High l'ower Microwave 
Facilities of the RADC Research and Ap-
plied Techniques Laboratory" PB 113484, 
microfilm, $2.25; photostat, $4. Library of 
Congress, Photoduplications Section, 
Washington 25, D. C. "Investigation of 
Electronics Targets in the Prague Area" 
PB 113407, microfilm, $3; enlargement 
print, $9. Library of Congress. "Mecha-
nized Production of Electronics" PB 
111278, mimeo, $4. Office of Technical 
Services, Commerce Department, Wash-
ington 25, D. C. "On Adiabatic Amplifica-
tion in the Microwave Region" PB 113571, 
microfilm, $2.25; photostat, $4. Library of 
Congress. "Beam-loading Effects in Small 
Reflex Klystrons" PB 113492, microfilm, 
$2.25; photostat, $4. Library of Congress. 
"Collinear Antenna Array: Theory and 
Measurements" l'B 113574, microfilm, 
$4; photostat, $ 11.50. Library of Congress. 
"Electronic Admittance of the Reflex 
Klystron in the Presence of Space Charge" 
PB 113505, microfilm, $3.75; photostat, 
$10.25. Library of Congress. "Explicit 
Forms of the Propagation Function of a 
Traveling-Wave Tube" PB 113499, micro-
film, $2.25; photostat, $4. Library of Con-
gress. "Observations of Space Charge 
Phenomena in a Diode Magnetron" PB 
113500, microfilm, $2.25; photostat, $4. 
Library of Congress. "Survey of Methods 
of Determining the Shunt Resistance for 
Klystron Resonant Cavities" PB 113497, 
microfilm, $3.25; photostat, $9. Library of 
Congress. "300-1000 Megacycle Travel-
ing-Wave Tube Amplifier" PB 113503, 
microfilm, $3; photostat, $7.75. Library of 
Congress. "New Shop Techniques and 
Developments" PB 111338, mimeo, $ 1. 
Office of Technical Services. . . . The OTS 
also has issued recently a new publication 
containing information on electronic 
capacitors. The volume, compiled by the 
Wright Air Development Center especially 
for electronics design engineers, brings to-
gether a wealth of information on fixed 
capacitors from such widely scattered 

(Continued on page 72A) 
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built-in " shock absorber!" 

HERIVI 
SEAL 

1r • 

Thousands of tiny air bubbles act as an effective shock 

absorber in the improved glass seal of the new 172 series 

of Hermetic Seal Receptacles! Under a new 

, manufacturing procedure which at last provides the 

electronics industry with a tough leak- proof hermetic 

connector, "'lard" glass is heated to around 1800°F and 

cooled under compression. The glass assumes a cellular 

structure which has a leakage rate of zero and a 

strength which will withstand thousands of 

pounds of pressure per square inch! 

corrosion- resistant surface! 
A sealing treatment of the electro tin-plated shells of 

the 172 series receptacles gives them a surface which 

will resist salt- spray for a period of 100 hours! This 

sealing treatment also offers an excellent soldering 

surface. Connectors are available in individual 

glass contact bead and compete glass insert 

bead. They mate with standard AN 

plugs with female inserts. 

complete glass insert bead 

individual glass contact bead 

Far more information on the 172 series of Hermetic 

Seal Receptacles write and request Amform • 2399 

AMERICAN PHENOLIC CORPORATION 
chicago 50, illinois 

In Canada: 

AMPHENOL CANADA LIMITED 

4MPHIEN9P 
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RADIO INTERFERENCE 
• and FIELD INTENSITY* 
. measuring equipment 

: Stoddart NM-50A • 375mc to 1000mc 
• 

• 
Commercial Equivalent of AN/URM-17 

ULTRA-HIGH FREQUENCY OPERATION ... Frequencies covered include UHF and 
color television assignments and Citizen's Band. Used by TV transmitter engineers for 
plotting antenna patterns, adjusting transmitters and measuring spurious radiation. 

RECEIVING APPLICATIONS... Excellent for measuring local oscillator radiation, 
interference location, field intensity measurements for fringe reception conditions 
and antenna adjustment and design. 

SLIDE-BACK CIRCUIT ... This circuit enables the meter to measure the effect of the 
peak value of an interfering pulse, taking into account the shaping due to bandwidth. 

QUASI-PEAK FUNCTION ... An aid in measuring pulse-type interference, the Quasi-
Peak function is just one of the many features of this specially designed, rugged 
unit, representing the ultimate in UHF radio interference-field intensity equipment. 

ACCURATE CALIBRATION ... Competent engineers "hand calibrate" each NM-50A 
unit. This data is presented in simplified chart form for easy reference. 

SENSITIVITY... Published sensitivity figures are based on the use of the NM-50A 
with a simple dipole antenna or RF probe. However, the sensitivity of this fine instru-
ment is limited only by the antenna used. The sensitivity of the NM-50A is better than 
ten microvolts across the 50 ohm input. 

Stoddart RI- F1* Meters cover the frequency range 14kc to 1000mc 

VLF 
NM- 10A, 14kc to 250kc 
Commercial Equivalent of 
AN/URM-6B. Very low frequen-
cies. 

HF NM-2011, 150kc to 25mc 
Commercial Equivalent of 
AN/PRM-1A. Self-contained 
batteries. A.C. supply optional. 
Includes standard broadcast 
band, radio range, WWV, and 
communications frequencies. 
Has BFO. 

VHF 
NM-30A, 20mc to 400mc 
Commercial Equivalent of 
AN/URM.47. Frequency range 
includes FM and TV bands. 

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

Industrial Engineering Notes 

(Cantu/lied / ram page ;04) 

sources as books, technical journals, and 
house organs. The publication, "Theory, 
Characteristics, and Applications of Fixed 
Electronic Capacitors," is available from 
the Office of Technical Services, I )cpart-
ment of Commerce, Washington 25, I). C., 
for $ 1.25 per copy, and should be ordered 
by code number I'll 111368. After in-
troductory chapters on quality factors and 
general capacitor use, the volume takes up 
specific applications in such equipment as 
radio receivers, radio transmitters, and 
time-delay circuits. A valuable dictionary 
of capacitor applicat ions and recommended 
types follows. Entries are arranged alpha-
betically by application— front audio am-
plifier through X-ray equipment. A ini-
cellaneous section discusses such topics as 
capacitor inductance, three-terminal (% tpae-
itors, buffer capacitors, dielectric al,,orp-
don and impregnants. Sample pr/ddein, 
relating to capacitor use and tiiitii ire 

included, along with their solliti,ns. A 
final section lists capacitor formula.- and 
useful constants. 

TELEvisioN 

The Federal Communications Commis-
sion on July 2, granted construction per-
mits to two commercial television stations: 
Southwestern Publishing Co., Inc., Hen-
derson, Nev., Channel 2 with 10.96 kw 
visual and 5.48 kw aural, and the Ohio 
Valley Broadcasting Co., Parkersburg, 
Clarksburg, W. Va., Channel 12 with 53 
kw visual and 26.5 kw aural. Special 
temporary authorizations were gntnted to 
three television stations: WNISI.-TV, De-
catur, Ala., Channel 23; WI.AC-TV, Old 
Hickory, Tenn., Channel 5, and KDRO-
Ty, Sedalia, Mo., Channel 6. One request 
to delete a previously authorized TV 
channel came from WI1B-TV, Kansas 

, Channel 9. 

Telephone 
Numbers 
of 2,200 

Manufacturers 
jet 9.101VI 
COM)12111.1211£12-

are given in the Alphabetical 
Index to Radio-Electronic 
Manufacturers in the 

91Qw 7954 

IRE DIRECTORY 
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custom ransformers: 

what's 

behind 

the 

swing 

to 

KEYSTONE answers the needs of 
engineers and designers who have 

special transformer problems — gives 
them a recognized and established 

source for dependable quality. 

KEYSTONE makes available special 
transformers of any type — 400 cycle, 

plate filament or bias, saturable reactors 
(magnetic amplifiers), instrument, 

precision matched, and many others — 
with operating characteristics suited 

to any unusual or difficult specifications. 

KEYSTONE transformers are tested 
under the most rigid conditions 
throughout production — can be 

qualified for approval under MIL-T-27 
and other military and civilian 

specifications right in the plant, 
saving delay and costs: 

When you have an unusual or difficult 
transformer application — when an 

ordinary transformer won't solve the 
problem — call on KEYSTONE for 

complete engineering and production 
to meet your exact requirements. 

»isms 
UNION CITY 2, N. J. LNion 6-5400 

PERFORMANCE AND OPER.ATtNG 

CHARAC - E1RISTICS OF THIS TYPICAL 

KEYSTONE TRANSFORMER : 

driver transformer: 

primary impedance: 

freq. response: 

ratio 

balanced windings 

pri. 

meinie 

met)a ce c nter: 

hartnonà distortion: 
mfg. in accordance with mil - t-27 

size: 

PRODUCTS COMPANY 
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Western Cistrict Office 

WITH THE feraik 
• 

The "Airbrasive" Unit can be 

operated manually or automati-
cally. It's ideal for both labora-
tory and production line work. 

INDUSTRIAL "AIRBRASIlie" PROCESS 
With this revolutionary new cutting 
technique, a tiny stream of finely 
graded abrasive particles traveling 
at ultra high speeds does the work. 
There's no heat, no shock and no 
vibration. Consequently, the crystal-
line structure and other character-
istics of the material remain unaf-
fected. What's more, the process is 
fast and accurate and can be readily 
controlled. 

Shown above is one of the many ap-
plications on which the "Airbrasive" 
process has been successfully used. 
In this case, the problem was to drill 
contact depressions .030" in diam-
eter and .015" deep in a quartz disc. 
With the "Airbrasive" process, this 
was just another routine operation! 

The "Airbrasive" process has solved 
many such "problem" jobs for elec-
tronics manufacturers — many of 
them considered impossible to do by 
conventional means. It has proved 
to be highly successful in cutting 
germanium and other hard, brittle 
materials—in "trimming" resistance 
elements on printed circuits—in re-
moving deposited surface coatings 
— and in shaping fragile crystals 
used in neutron diffraction work. 

Perhaps you have a similar problem. 
Why not arrange for a demonstra-
tion at our New York or California 
office. Or — if you prefer — we'll 
conduct tests on your samples and 
advise you as to the suitability of 
the process for your needs. 

GET THE FACTS. BULLETIN 5307 has full in-
formation on where and how the "Airbrasive" 
process can be used. Send for your copy today. 

INDUSTRIAL DIVISION 
Dept. GA, 10 East 40th St. 

NEW YORK 16, N. Y. 

Times Building, Long Beach, California 

News—New Products 
(Continued from page 3M) 

VTVM 
l'he Model 1060 High Impedance 

Vacuum Tube Voltmeter developed by 
Freed Transformer Co., Inc., 1715 Weir-
field St., Brooklyn ( Ridgewood), 27, N. Y., 
features: Input impedance of 50 megohms 
in parallel with 25 mmf capacitor; Accuracy 
of 2 per cent on all ranges with full wave 
average reading meter calibrated in rms; 
and Frequency range 10 cps to 30 kc. 

Specifications include voltage ranges 
of 0 001 volt to 100 volts in five ranges. 
Stability: Effect of variation in line voltage 
from 100 to 125 volts is less than 2 per cent, 
while effect in changes of tubes jgglIess than 

per cent. Scale: Logarithmic voltage 
scale calibrated from 1 to 10 plus a linear 
decibel scale calibrated from 0 to 20 db. 
Meter: 4 inch suppressed zero protected 
against overload. 

Double-Purpose Power 
Supply 

Suitable for a wide variety of labora-
tory power-supply applications, the new 
Spinco Duostat manufactured by Special-
ized Instruments Corp., 589 O'Neill Ave., 
Belmont, Calif., includes, in a single unit, 
facilities for both constant-current opera-
tion and constant-voltage operation. 

Energized from a standard 115-v 50/60 
cps power outlet, the Duostat is capable of 
providing currents ranging from 5 to 50 
milliamperes, automatically regulated to 
±2 per cent at voltages ranging from 100 
to 500 volts. In its constant-voltage mode 
of operation, the unit is self-regulated to 
+1 per cent from 160 to 500 volts, and 
over a load-current range of 0 to 50 ma. 
Output is relatively unaffected by line-
voltage changes between 105 and 125 volts. 

Housed in an easily portable metal 
cabinet 94 by 10} by 94 inches, and having 
a top-mounted carrying handle, the 
Duostat weighs 114 pounds. 

(Continued on page 76A) 
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DB-2 
(Fits TC-3 Case) 

6A-17W-SH 

SAS- 17W-SS 
(Compression) 

These precision made 
components for 

transistors and other 
assemblies requiring 
hermetic sealing are 

available in three elec-
trode, two electrode and 
single wire types. Where 
other than the standard 
types illustrated are re-
quired, E-I can custom de-
sign, and economically 
produce, special types in 
square, round or rectangu-
lar shapes. For complete in-
formation, call or write E-I 
—there is no obligation. 

•PATENT PENDING 

ALL RIGHTS RESERVED 

DIVISION OF AMPEREX ELECTRONIC CORP. 

MINIATURE 

TRANSISTOR 
COMPONENTS* 

TB-5 
(With TC•5 Case) 

TB-3 
(With TC•3 Case) 

TB- 1 Q 
(With IC- 1 Case) 

TB-6 
(With TC-6 Case) 

ALL COMPONEN-TS 
,ARE SHOWN ACTUAL 

SIZE — ALL OUTSIDE 
LEADS APPROX. 11/4 " 

c 

I I I LEADS 

THREE ELECTRODE TYPE — Supplied 
complete with case. Suitable for tran-
sistor and other assemblies. 

TB-3 21 
TB-5 . 132* 325 
TB-6 .398 300 
'010T,ter 

TWO ELECTRODE TYPE—Miniature • 

headers for diode assemblies and sim-
ilar applications. 

A 

.215 
DB-2 .217 19 
DC-5 .375 .275* 
•With .050- 0.0. and Projec 

'ion for Resistance Wetdrnç 

SINGLE WIRE TYPE — Standard sub-
miniature components available in 

compression and Kovar types. 

- 

ELECTRICAL INDUSTRIES 
44 SUMMER AVENUE, NEWARK 4, NEW JERSEY 

E- I. . Headquarters for: MULTIPLE HEADERS, SEALED TERMINALS, OCTAL HEADERS, E- I END SEALS, COMPRESSION 

TYPE HEADERS, LUG-TYPE, LEAD -THRU INSULATORS, MINIATURE CLOSURES, COLOR- CODED TERMINALS, etc 



Eimac High Vacuum 
Rectifiers 

-% 4, % % % 4, % % % 
4.0 % 

*WO% /84, 

1110%4410%.1%0%.% % 
‘04111111%..1%%, 

4 40%. 

HIGH CURRENT, HIGH VOLTAGE OPERATION 
Eimac's complete line of eight high 

vacuum rectifiers cover a wide range 

of average current, 50ma to 750ma 

and peak inverse voltages from 

25,000v to 75,000v. In power supply 

units, voltage multipliers, pulse serv-

ice or special applications, at high 

frequencies, extreme ambient temper-

atures and high inverse voltages, 

Eimac high vacuum rectifiers are 

ideal. They give reliable performance 

at high frequencies and high volt-

• For additional 
informatron about 
Eimac high quality, 
high vacuum rectifiers, 
contact our Technical 
Services department. 

* An Eimac trade name. 

ages without generating radio fre-

quency transients and have no lower 

limit to ambient operating tempera-

ture. Ruggedly constructed, Eimac 

high vacuum rectifiers contain many 

of the famous Eimac transmitting 

tube features such as an instant heat-

ing thoriated tungsten filament, that 

allows application of filament, plate 

voltages simultaneously; an exclusive 

radiation cooled pyrovac* plate; and 

elimination of internal insulators. 

EIMAC HIGH VACUUM RECTIFIERS 

PLATE FILAMENT 

Average DissiF a - Peal« 
Current liar Inverse 

TY PE MA Watts Voltage Volts 

2-25A 50 15 25,000 6.3 
2-50A 75 30 30,000 5.0 

8020 100 60 40,000 5.0 
2-150D 250 90 30,000 5.0 

250R 250 150 6C,000 5.0 

253 350 1CO 15,000 5.0 
2-240A 500 150 40,000 7.5 

2-2300A 750 1200 75,000 10.0 

Are as 

3.0 

4.0 

6.5 

13.0 

10.5 
10.0 

12.0 
25.0 

EITEL-McCULLOUGH, INC SAN BRUNO 
CALIFORNIA 

The World's largest manufacturer of transmitting tubes. 

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 frt,nz page 74.4) 

Thermal Relay 
Elly Electronics Corp., P.O. Box 395, 

Fairlawn, N. I.  has developed a thermal 
time delay relay. 

These Snapper relays have snap-action 
contacts in an inert gas-filled atmosphere. 
Time delay is from 2 seconds and up, the 
units are single-pole double throw, and are 
available in miniature or octal metal en-
velopes. They are designed for ambient 
temperature operation from — 60 to 
+80°C. They operate on 6.3, 26.5 and 115 
volts ac, or are built to requirements. The 
unit is capable of withstanding 30 G vibra-
tion at frequencies of from 5 to 55 cps. 

New Ferrite Width and 
Linearity Cores 

A new series of ferrite width and linear-
ity cores for television receivers and in-
dustrial cathode-ray apparatus is now 
available from Ferroxcube Corp. of Amer-
ica, 235 East Bridge St., Saugerties, N. Y. 
Technical information is available upon 
letterhead request. 

(Continued on page 107A) 

1955 

Radio Engineering Show 

March 21-25, 1955 
Kingsbridge Armory, 

New York 
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General Ceramics 
offering complete services... 

ENGINEERING-DESIGNING-PRODUCTION 

on these basic components... 
ELECTRICAL INSULATORS 
FERRAMIC R CORES 
SOLDERSEAL TERMINALS 

GENERAL 
CORPORATION 

1. ELECTRICAL INSULATORS 

STEATITE — For low power loss at high 
frequency. High dielectric strength 
through wide temperature range. Low 
thermal expansion. 

PORCELAINS— An economical high volt-
age material of great hardness. Low 
thermal expansion. Wet or dry process. 

ALUMINA— Characterized by great 
hardness and chip resistance. Will with-
stand very high temperatures. 

ZIRCON — Has low loss properties that 
vary inversely with frequency. An excel-
lent high frequency material having 
good thermal shock resistance. 

2. FERRAMIC CORES 

General Ceramics Ferramic Cores are 

available in standard toroid, cup core 

and TV components. Standardization sim-

plifies design problems, speeds delivery 

and lowers costs. The types illustrated 

are supplied in many grades of Ferram-

ics for specific applications. 

• • 

• 

3. SOLDERSEAL eRMINALS 

Featuring high mechanical strength, re-

sistance to thermal shock and permanent 

hermetic sealing. Installation is easy and 

fast. Terminals are made of glazed Alu-

mina Ceramic with lugs and eyelets hot 

tinned brass. Metallized areas are silver 

fired on ceramic, copper electroplated 

and tin fused for soft soldering. 

Makers of STEATITE, 

ALUMINA, ZIRCON, 
PORCELAIN, SOLDERSEAL 
TERMINALS, CHEMICAL 
STONEWARE, FERRAMIC 

MAGNETIC CORES 

gmod, 

o e e 9 e 
4, , 

jg 

) 

For complete information on standard components, and recommenda-
tions on specific applications, call or write today; there is no obligation. 

CERAMICS CORPORATION 
Telephone VAlley 6-5100   

GENERAL OFFICES and PLANT: KEASBEY, NEW JERSEY 
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IVIYCALEX 

-4eatouiteed.... 
Substantial 

Price Reductions 

Increased production of Mycalex 

410 Telemetering Commutators now 

brings new savings to the user. 

Universally accepted as the finest 

commutator plate in the field, 

this precision- built unit injection-

molded of Mycalex 410 glass-

bonded mica insulation assures 

permanent dimensional 

stability - provides a tenacious 

bond to the metal inserts 

on 

q'}11(eoiiAp4lo 
Temeemet 
Gmestirator 

çP&Drish-

4, *4  6 e 4e 

It t  

s. 

•• • • • 
% ••• • 

ele 
••• ***** 

Important MYCALEX features— 

no dimensional change with age, humidity or temperature 

contact flatness within 0002" 

permanently high inter-contact dielectric strength 

repeated solderability no loose contacts under vibration 
or shock 

1( high speed brush means no "bounce, no " hash", provides 
square wave switching 

Revised price lists are available now. 

Write for your copy today. 

MYCALEX 

ELECTRONICS 

CORPORATION 

Under exclusive license 
of Mycalex Corporation 
of America 

Executive Offices: 
30 Rockefeller Plaza, 
New York 20, N.Y. 

Address Inquiries to 
General Offices and Plant: 
Dept. Ill 

Clifton Boulevard 
Clifton, N.J. 

SINCE 1919 
MICALpt-è 

IT"HTINSULA77111% 

IRE People 

Clifton H. Davis (M'3) has been re-
cently appointed Assistant Chief Engineer 
of Neomatic, Inc., in Los Angeles, Cali-
fornia. He will serve 
directly under T. 
Ross Welch, -Presi-
dent and Chief En-
gineer, and will be 
concerned with cur-
rent design engi-
neering problems, 
new product re-
search, and de-
velopment work. 
Neomatic, Inc. de-
signs, engineers and 
produces high pre-
cision sub-miniature electronic relays for 
application in advanced electronic equip-
ment, computers, aircraft and guided mis-
siles. 

Mr. Davis has accumulated over 23 
years of engineering experihnce in the 
radio and electronics field. Tem•years of 
associal ion with the U. S. Navy culminated 
in graduation from the Navy Radio Ma-
tériel School. He spent three years as Elec-
tronic Project Officer on such missiles as the 
Glomb, Azon, Rason, Felix, Gorgon, Bat, 
Loon and Lark and two years as civilian 
head of the Guidance Laboratory, U. S. 
Naval Missile Test Center, Point Mugu, 
California. For five years he was Chief 
Electronics Engineer, Globe Corporation, 
Aircraft Division, Joliet, Illinois. While 
with the Globe Corporation. Mr. Davis 
was responsible for the guidance and elec. 
tronic components, instrumentation and 
flight tcsting of pilotless aircraft which in-
cluded the KDG-2, KD2G-1, KD2G-2, 
KD4G-1, XKD5G-1, XKD6G-1 and 
KD6G-2 Target Aircraft. He was also 
charged with maintaining the Electronics 
and Instrumentation Labora tories. 

CLIFTON H. DAVIS 

Thomas J. Killian (A'47-SM'47-F'51), 
Chief Scientist of the Office of Ordnance 
Research, U. S. Army, has been appointed 
Dean of the School of Engineering and-
Architecture at the Catholic University of 
America, Washington, D. C. Assuming his 
new ditties in September, he succeeds the 
Rev. Dr. Francis E. Fox, who died earlier 
this year. 

Dr. Killian was educated at the Massa-
chusetts Institute of Technology and at 
Princeton University. He taught at M.I.T. 
and later was dean of mathematics at 
Seattle University, Since 1941 he has 
served as engineer and scientist to both 
the Navy and the Army, and now holds 
the rank of Captain in the Nava, Reserve. 

Holding two American, a British, and 
a French patent, Dr. Killian is also 
contributor to many scientific journals. He 
is a member of Tau Beta Pi, Sigma Xi, and 
A IEE. He is a fellow of the American 
Physical Society and the American As-
sociation for the Advancement of Science, 
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Stuart L. Bailey was born in Minneapolis, Minnesota, on 
October 7, 1905. He received the degree of Bachelor of Scier.t.ce 
in Electrical Engineering from the University of Minnesota in 
1927 and the Master of Science degree from the same institu-
tion in 1928. During his undergraduate years he was active on 
the staff of W9X1, an experimental station run by the Univer-
sity, and while taking his graduate work he was chief engineer 
of WLB, owned and operated by the University of Minnesota. 
His master's thesis was on the subject of radio field-intensity 
measurement. 

In the summer of 1928, Mr. Bailey became assistant radio 
engineer with the airways division of the United States Depart-
ment of Commerce. His experience there included work on 
radio aids to marine and air navigation. He initiated and super-
vised the early work of the Lighthouse Service on radio-con-
trolled fog signals and he also participated in the development 
of the visual radio range for use on the airways of the United 
States. 

In the summer of 1929, Mr. Bailey went to Panama, where 
he installed two automatic marine radio beacons, one at the 
entrance to Cristobal Harbor and the other at Cape Mala, 120 
miles south of Balboa. 

In September 1930 he joined with C. M. Jansky, Jr., to 
form the consulting engineering firm of Jansky and Bailey. Mr. 
Bailey's activities in the consulting field have been on both 
general allocation problems and specific engineering guidance 

for broadcast stations and commercial operating companies. 
He has had charge of all of the laboratory activities of the firm. 

During World War II, Mr. Bailey was in charge of all gov-
ernment-contract work done by the firm of Jansky and Bailey, 
a great deal of which was done under the Office of Scientific 
Research and Development. This work involved a detailed 
study of all factors affecting mobile short-range radio commu-
nication, a study of the effect of hills and trees as obstructions to 
radio transmission from 4 to 116 megacycles, and detailed 
analysis of electronic equipment to determine certain char-
acteristics important to its operation by the armed services. In 
addition, under a Signal Corps contract, he supervised the 
work on measurement of many existing and proposed radio 
antennas for use by the ground forces. 

Since June 1953, Mr. Bailey has been President of Jansky 
& Bailey, Inc., successors to the firm of Jansky & Bailey. 

He became an Associate Member of The Institute of Radio 
Engineers in 1928, a Member in 1936, Senior Member in 1943, 
and was advanced to the grade of Fellow in 1943. He has been 
active on several IRE committees, and has served on the 
Board of Directors since 1943. He was a member of the Execu-
tive committee from 1945-1951, and has been a member now 
since 1953. He was appointed Treasurer of the IRE in 1948, 
and was elected President for the term 1949. 

He is a member of Sigma Xi, Tau Beta Pi, and Eta Kappa 
Nu. 

4. 

el* 



130ARD OF 
DIRECTORS, 1954 

William R. Hewlett 
President 

M. J. H. Ponte 
Vice-President 

W. R. G. Baker 
Treasurer 

Haraden Pratt 
Secretary 

John R. Pierce 
Editor 

D. B. Sinclair 
Senior Past President 

J. W. McRae 
Junior Past President 

1954 
A. N. Goldsmith 

J. T. Henderson (R8) 
A. V. Loughren 
C. A. Priest (R4) 

J. R. Ragazzini (R2) 
J. D. Ryder 

A. W. Straiton (R6) 
J. A. Stratton 
Ernst Weber 

1954-1955 
S. L. Bailey 

C. J. Marshall (R5) 
L. E. Packard (R1) 
J. M. Pettit (R7) 
B. E. Shackelford 
H. W. Wells (R3) 

1954-1956 
A. G. Jensen 

George Rappaport 

• 

George W. Bailey 
Executive Secretary 

• 

John B. Buckley 
, Chief Accountant 

Laurence G. Cumming 
Technical Secretary 

Evelyn Davis 
Assistant to the 

Executive Secretary 

Emily Sirjane 
Office Manager 

13) 

RYE 

Responsibility for the 
contents of papers pub-

lished in the 
PROCEEDINGS OF 

THE I.R.E. 
rests upon theauthors. 
Statements made in 

papers are not 
binding on the Institute 

or its members. 

PROCEEDINGS OF THE IRE® 
Published Monthly hy 

The Institute of Radio Engineers, Inc. 

VOLUME 42 October, 1954 NUMBER 10 

PROCEEDINGS OF THE I.R.E. 

Stuart L. Bailey, Director, 1954-55  
The International Radio Consultative Committee H. Faulkner 
5066. Beam Deflection Color Television Picture Tubes  
 James M. Lafferty 

5067. Correction to "Measurement of Resonant-Cavity Characteristics" 
 G. L. Hall and P. Parzen 

5068. Characteristics of a Transmission Control Viewing Storage Tube 
with Halftone Display. .... M. Knoll, H. O. Hook and R. P. Stone 

5069. IRE Standards on Electron Devices: Definitions of Semicon-
ductor Terms, 1954  

5070. Measurement of Circuit Impedance of Periodically Loaded Struc-
tures by Frequency Perturbation E J  Nalos 

5071. A Simple Microwave Correlator R. H. Wilcox 
5072. The Calibration of Amplitude Modulation Meters with a Hetero-

dyne Signal J  Ross MacDonald 
5073. A New Transducer Diagram R. N. Bracewell 
5074. A Method of Making a Radar Self-Calibrating E. A. Wolff 
5075. A Series Laminated Conductor for High Frequencies  

 Hikosaburo Ataka 
5076. Analysis of Transmission Line Directional Couplers  

 W L. Firestone 
5077. The Power Spectrum of a Carrier Frequency Modulated by Gaus-

sian Noise John L. Stewart 
5078. Step Discontinuities in Disk Transmission Lines  
 R. N. Bracewell 

5079. Correction to "The Parallel-T Resistance-Capacitance Network" 
 Laurence G. Cowles 

5080. Positive-Ion Trapping in Electron Beams  
 E. L. Ginzton and B. H. Wadia 

5081. Impedance Measurement by Means of a Broadband Circular-
Polarization Coupler Seymour B. Cohn 

5082. Weighting Functions for Time-Varying Feedback Systems  
J  A. Aseltine and R. R. Favreau 

5083. Analysis of Propagating Modes in Dielectric Sheets  
 Leonard Hatkin 

5084. Correction to "Generalized Equations for RC Phase-Shift Oscil-
lators" Sol Sherr 

1476 
1477 

1478 

1495 

1496 

1505 

1508 
1512 

1515 
1519 
1521 

1527 

1529 

1539 

1543 

1547 

1548 

1554 

1559 

1565 . 

1568 

Correspondence: 
5085. "A Note on the Analysis of Vacuum Tube and Transistor Cir-

cuits" J  Shekel 1569 
5086. "Rebuttal"  L  A. Zadeh 1569 
5087. "Finite Groups in Shannon Coding"   

D  A. Bell and T. C. Duggan 1569 
Contributors to the PROCEEDINGS OF THE I.R.E.   1570 

IRE NEWS AND RADIO NOTES SECTION 

IRE News  '   1573 
Seventh Annual Conference on Electrical Techniques in Medicine and 

fliology   1575 
Radio Fall Meeting Program  1576 
National Symposium of Quality Control and Reliability in Electronics  1577 
Symposium on Fluctuation Phenomena in Microwave Sources  1577 
Institute Committees  1580 
Technical Committees    1581 
5088. Abstracts of Transactions  1587 
5089. Abstracts and References  1589 
Meetings with Exhibits   2A Section Meetings  90A 
News and New Products  20A Student Branch Meetings  90A 

' Industrial Engineering Notes.. 36A Membership  93A 
Positions Open   126A 

I.R.F. People  78A Positions Wanted by Armed 
Professional Group Meetings 86A Forces Veterans 130A 

Copyright 1954. by the Institute of Radio Engirteeri. 

EDITORIAL 
DEPARTMENT 

Alfred N. Goldsmith 

Editor Emeritus 

.:'John R. Pierce 
Editor 

E. K. Gannett 

Managing Editor 

Manta D. Sands 
Assistant Editor 

• 

ADVERTISING 
DEPARTMENT 

ç'4.4 William C. Copp 
ksi 

Advertising Manager 

Lillian Petranek 

Assistant Advertising Manager 

• 

EDITORIAL BOARD 

John R. Pierce, Chairman 
D. G. Fink 

E. K. Gannett 
T. A. Hunter 
J. W. McRae 
J. A. Stratton 
W. N. Tuttle 

Changes of address (with ad-
vance notice of fifteen days) and 
communications regarding sub-
scriptions and payments should 
be mailed to the Secretary of the 
Institute, at 450 Ahnaip St., Me-
nasha, Wisconsin, or 1 East 79 
Street, New York 21, N. Y. 

All rights of publication, in-
cluding translation into foreign 
languages, are reserved by the 
Institute. Abstracts of papers 
with mention of their source may 
be printed. Requests for republi-
cation privileges should be ad-
dressed to The Institute of Ra-
dio Engineers. 



I 
1476 PROCEEDINGS OF THE I-R-E October 

Stuart L. Bailey 
DIRECTOR, 1954-1955 

Stuart L. Bailey was born in Minneapolis, Minnesota, on 
October 7, 1905. He received the degree of Bachelor of Science 
in Electrical Engineering from the University of Minnesota in 
1927 and the Master of Science degree from the same institu-
tion in 1928. During his undergraduate years he was active on 
the staff of W9X1, an experimental station run by the Univer-
sity, and while taking his graduate work he was chief engineer 
of WLB, owned and operated by the University of Minnesota. 
His master's thesis was on the subject of radio field-intensity 
measurement. 

In the summer of 1928, Mr. Bailey became assistant radio 
engineer with the airways division of the United States Depart-
ment of Commerce. His experience there included work on 
radio aids to marine and air navigation. He initiated and super-
vised the early work of the Lighthouse Service on radio-con-
trolled fog signals and he also participated in the development 
of the visual radio range for use on the airways of the United 
States. 

In the summer of 1929, Mr. Bailey went to Panama, where 
he installed two automatic marine radio beacons, one at the 
entrance to Cristobal Harbor and the other at Cape Mala, 120 
miles south of Balboa. 

In September 1930 he joined with C. M. Jansky, Jr., to 
form the consulting engineering firm of Jansky and Bailey. Mr. 
Bailey's acti‘ ides in the consulting field have been on both 
general allocation problems and specific engineering guidance 

for broadcast stations and commercial operating companies. 
He has had charge of all of the laboratory activities of the firm. 

During World War II, Mr. Bailey was in charge of all gov-
ernment-contract work done by the firm of Jansky and Bailey, 
a great deal of which was done under the Office of Scientific 
Research and Development. This work involved a detailed 
study of all factors affecting mobile short-range radio commu-
nication, a study of the effect of hills and trees as obstructions to 
radio transmission from 4 to 116 megacycles, and detailed 
analysis of electronic equipment to determine certain char-
acteristics important to its operation by the armed services. In 
addition, under a Signal Corps contract, he supervised the 
work on measurement of many existing and proposed radio 
antennas for use by the ground forces. 

Since June 1953, Mr. Bailey has been President of Jansky 
& Bailey, Inc., successors to the firm of Jansky & Bailey. 

He became an Associate Member of The Institute of Radio 
Engineers in 1928, a Member in 1936, Senior Member in 1943, 
and was advanced to the grade of Fellow in 1943. He has been 
active on several IRE committees, and has served on the 
Board of Directors since 1943. He was a member of the Execu-
tive committee from 1945-1951, and has been a member now 
since 1953. He was appointed Treasurer of the IRE in 1948, 
and was elected President for the term 1949. 

He is a member of Sigma Xi, Tau Beta Pi, and Eta Kappa 
Nu. 



1954 PROCEEDINGS OF THE I-R-E 1, 

The International Radio Consultative Committee 
H. FAULKNER 

Deputy Engineer-in-Chief 
Post Office Engineering Department, London, England 

There may be many members of the Institute of 
Radio Engineers and readers of its Proceedings 
who are not fully acquainted with the C.C.I.R. 
Since therefore the VIIth Plenary Meeting of this 
body was recently held in London, it may perhaps 
be an appropriate subject for discussion here. 
The International Radio Consultative Commit-

tee (C.C.I.R.) is an organ of the International 
Telecommunication Union (I.T.U.), one of the 
Specialized Agencies of the United Nations. The 
I.T.U., whose job it is to regularize and facilitate 
international communications of all kinds, includ-
ing radio, decided at its meeting in Washington in 
1927 that in order to carry out its work efficiently 
it needed authoritative technical advice on radio 
matters and therefore set up the C.C.I.R., the first 
meeting of which was held at The Hague in 1929. 

In addition to the ordinary Radio Administra-
tive Conferences at which the various radio regula-
tions, such as the allocation of frequency bands to 
the various services, the allocations of call signs, 
etc., are made, other Administrative Conferences 
are held from time to time at which plans are made 
assigning frequencies to individual stations for par-
ticular services such as broadcasting, marine, aero-
nautical, etc. The function of the C.C.I.R. is to 
formulate the technical basis on which these regu-
lations and plans are built up. Thus the principal 
object is to study how the frequency spectrum 
can be used to the greatest advantage of all con-
cerned, by reducing parasitic emissions from, and 
the bandwidths taken up by, radio transmitting 
stations, and by improving their frequency stabil-
ity; by improving the frequency selectivity, sen-
sitivity and stability of radio receivers, and by the 
use of directional aerials, etc. 

Close study is also made of the propagation of 
radio waves of all frequencies and propagation 
curves are drawn from whim service areas and in-
terfering effects of transmitters can be calculated. 
The work therefore can be viewed as of greatest 

importance to all radio communication users. 
The C.C.I.R. meetings are attended by delegates 

and experts from countries all over the world, as 
well as by representatives of the major Radio Op-
erating Agencies, whether Broadcasting, Radio, 
Telephone and Telegraph Fixed Services, Marine 
Services, or others, and thus become a clearing 
house for technical knowledge and experience from 
many diverse sources. 
The work is divided into fourteen different Study 

Groups, the International Chairmen of which are 
responsible for gathering together all the informa-
tion possible from their many National Corre-
spondents between the meetings. When considered 
advisable the Chairmen call additional meetings of 
their Study Groups in between the Plenary Assem-
blies which are now due to meet every three years. 
The Report of the Seventh Plenary Meeting 

which will shortly be published by the I.T.V. 
(Geneva, Switzerland) will contain all C.C.I.R. 
recommendations so far made, that are still valid, 
and will therefore be a valuable reference book 
for all radio engineers. 
The principal value of the C.C.I.R. is that it 

brings to a common international point the latest 
information on good practice for radio services. If 
full use is made of this information and operators 
all over the world design and work their equipment 
accordingly, the maximum use will be made of that 
great asset of mankind, valuable beyond price, the 
radio frequency spectrum. 

• 
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Beam Deflection Color Television Picture Tubes* 
JAMES M . LAFFERTYt, FELLOW, IRE 

Summary—The fundamental principles of color-switching at the 
screen by retarding or accelerating fields with a single electron beam 

are described. A mathematical analysis is made showing the effects 
and importance of various voltage and geometric parameters. The 
focusing effects of the apertures and the uniform fields are fully 
investigated. A new method of aperture-mask-voltage modulation 

is given for the accelerating-field case. Single gun tubes using these 
beam-deflection principles have the advantages of automatic color 
registry, simple monochrome presentation, short physical length, 
low color-switching electrode capacitanne, and equal numbers of 
each of the three-color elements. Tubes using the retarding field are 

advantageous for large size screens, but ones using the accelerating 
field make much more efficient use of the electron beam. A method 

of computing aperture positions to give uniform variation in spacings 
is described. Some of the techniques described in the construction 
of 16- and 24-inch reflection-type tubes include prevention of micro-
phonics in the screen; printing methods that make webbing lines in-
visible; glass spacer blocks that withstand high voltage gradients; 
a method of etching slits in the screen at an angle to reduce beam-
current interception; screen alloys that withstand high-power dis-
sipation; and a high-current electron gun. 

INTRODUCTION 

r 1HE METHOD of switching colors to be discussed 
ii_  here is one in which the color-control mechanism 

is located in the vicinity of the phosphor screen. 
In its simplest form, only one electron beam is re-
quired; however, multiple beams may be employed. The 
electron beam is deflected by means of an electric field. 
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Fig. 1—Electron trajectories in a uniform field. 

The incident beam is directed so that its initial velocity 
always has a component transverse to the electric field. 
Such an arrangement is shown in Fig. 1. A uniform 

* Decimal classification: R583.6 X R138.312. Original manuscript 
received by the IRE, May 24, 1954; revised manuscript received, 
August 6, 1954. 
t General Electric Res. Lab., Schenectady, N. Y 

electric field E is produced between two parallel-plane 
electrodes at potentials Vo and Vc and separated a 
distance d. An electron beam entering this field through 
an opening in one of the electrodes has a component of 
velocity, vo sin a, normal to the field. The disposition 
of the beam in this field will depend on the magnitude 
and direction of the field with respect to the velocity of 
the beam. If Vo = Vc, the electric field is zero, and the 
beam will continue on in a straight line, striking the 
upper electrode. If Vc> Vo, the electric field is negative, 
and the beam will be accelerated towards the upper 
electrode, following a parabolic path that is concave 
upward. If Vc< Vo, the electric field is positive, and the 
beam will follow a parabolic path that is concave down-
ward. It will be shown further that, if Vc> Vo sin' a, 
the beam will still strike the upper electrode, and if 
Vc< Vo sin' a, the beam will return to the lower elec-
trode. There are, thus, two modes of operation for this 
device; one in which the beam strikes the upper elec-
trode and the other in which it strikes the lower elec-
trode.' The exact point at which the beam strikes either 
of the electrodes may be controlled by varying the 
velocity (in magnitude and/or direction) of the electron 
beam or the electric field, ora combination of both. This, 
then, offers the possibility of having the electron beam 
excite a series of color phosphors in a sequential manner 
by variation of the proper parameters. 

ELECTRON BALLISTICS 

In order to determine the voltage required for switch-
ing colors, the screen configuration, and the limits on 
various tolerances, it is necessary to determine various 
mathematical relations between the electron motion, the 
applied voltages, and the tube geometry. 
The location of the Cartesian co-ordinates with re-

spect to the electrodes is shown in Fig. 1. It will be as-
sumed here that the space-charge effects are negligible. 
An electron beam from a gun with its cathode at poten-
tial Vk is directed through a flat aperture mask which is 
at a potential of Vo volts, by means of a conventional 
scanning system. Parallel to the mask, and spaced a 
distance d from it, is the transparent conducting elec-
trode at a potential Vc. These voltages produce a uni-
form field E= ( Vo— Vc)/d in the direction of the y-axis 
between the electrodes. The electron beam enters the 
field, making an angle of incidence a with the screen. 

A tube in which the beam strikes the lower electrode has been 
previously described in detail. See P. K. Weimer and N. Rynn, "A 
45-degree reflection-type color kinescope," PROC. I.R.E., vol. 39, 
pp. 1201-1211; October, 1951. 
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It can easily be shown' that the electron trajectory equa-
tion which applies between the electrodes is 

y = x cot a — x2(1 — Va/Vo)/4(1 — Vk/Vo)d sin «. (1) 

By letting Vk=0, differentiating ( 1) with respect to 
x, and setting the results equal to zero, it is found that 
x=(d sin' a)/(1 — V./ Vo). Substituting this value back 
in ( 1) gives the ordinate of the vertex of the parabolic 
trajectory: 

= (d cos' a)/(1 — Va/Vo). (2) 

If y,,.=d, then, on solving (2), V./ Vk=sin2 a and the 
beam is tangent to the upper electrode. If Va/ Vo < sin' a, 
the beam will be reflected and return to the lower elec-
trode, and if Va/ Vo> sin' a, the beam will strike the 
upper electrode. 
The displacement of the beam, i.e., the horizontal 

distance S or L (Fig. 1) between the point where the 
beam enters the electric field and the point where it 
strikes one of the electrodes, is found by setting y in ( 1) 
equal to zero or d, respectively, and solving for x. These 
two cases will be considered separately. 

Reflection Case, V,/ Vo < sin' a 

Setting ( 1) equal to zero and solving for x gives: 

1 — Vk/Vo  
S = 2d sin 2a. (3) 

1 — Va/Vo 

Let 

do = d/(1 — Va/Vo), (4) 

and, if Vk =0, then (3) becomes 

S = 2do sin 2a. (5) 

The physical significance of do may be seen in Fig. 1. 
It is the distance, measured parallel to the y-axis, from 
the mask to the zero potential plane in the electric field. 
If V, is negative, the zero potential plane lies between 
the two electrodes. If Va is positive, the zero potential 
plane is a virtual plane located outside the electrodes at 
a distance that can be determined by assuming that the 
electric field extends beyond the electrodes with the 
same value it has between them. 

From (5) it can be seen that the displacement of a 
beam that has an angle of incidence of 45 degrees is just 
twice the distance from the screen to the zero potential 
surface. This displacement will be called So. If the angle 
of incidence is made greater or less than 45 degrees, the 
displacement drops off symmetrically about the 45-de-
gree value. 
The displacement of the returning electron beam may 

be varied by changing the potential of the cathode, 
mask or the reflector (upper) electrode. The rate of 

I J. R. Pierce, "Theory and Design of Electron Beams," D. Van 
Nostrand Company, Inc., New York, N. Y., 1st ed., p. 21, eq. 
(3.11); 1949. 

change of displacement of returning beam with respect 
to cathode voltage is found by differentiation of (3): 

dS 2d(1 — Vk/Vo) sin 2a 

dVk Vo(1 — Va/Vo) (6) 

If Vk = 0, this reduces to 

dS S 
= - • 

dVk vo (7) 

The éffect of changes in beam or mask voltage for Vk= 0, 
may be found by differentiation of (5) with respect to 
Vo: 

dS SV. 

dVo (1 — V./V0)Vo2 

On modulating the reflector voltage, the rate of change 
of displacement of the beam is found by differentiation 
of (5): 

as 
dV. = Vo(1 — V0/Vo) 

A comparison of ( 7), (8), and (9) shows that 

dS dS Vc/Vo dS 
= (= V0/Vo) (10) 

dVo dV. 1 — V./Vo dVk 

If the reflector voltage is zero, the displacement of the 
beam is independent of beam voltage. If the cathode 
voltage and the reflector voltage are both equal to zero, 
then ( 7) and (9) reduce to the same value except for 
sign. This offers the possibility in certain applications 
of switching color by modulating the cathode voltage. 

Transmission Case, V,/ Vo> sin' a 

The distance L which the beam is displaced along the 
screen in the x direction is determined by setting y= d 
in (1) and solving for x: 

(1 — Vk/Vo)d sin 2« 

1 — Va/Vo 

[1 (Va/Vo — sin' a — (Vk/Vo) cos2 ay] 

(1 — Vk/Vo) cos' a 

(8) 

L = 

(9) 

If the cathode is at zero potential, this expression re-
duces to 

d sin 2« [ (Va/Vo — sin' a) 1/2] 
L =   1   . (12) 

1 — Va/Vo cos 

Under these conditions if Va/ Vo < sin' a, the electron 
beam will fail to reach the screen, and L becomes 
imaginary. 
The beam displacement L may be varied by changing 

the cathode, mask, or screen voltages. The rate of 
change of beam displacement with respect to the cath-
ode voltage is found by differentiation of (4): 



1480 PROCEEDINGS OF THE I-R-E 

d sin 2a Vo/V0 -1- cos 2« — 2(Vk/V0) cos' a 
  1   

d—V—k — (1 — V o/ V 0)V 0[ 2 [Ve/Vo — sin' a — (Vk/V0)(1 — Vic/Vo) coss aim cos J. 
For the case of zero cathode potential, this reduces to 

dL = —d sin 2a V./Vol-cos 2a 
  1—  . (14) 

d l'k (1 — Ve/Vo) Vo [ 2 [Ve/Vo— 4 112 cosa 

The rate of change of beam displacement with respect to 
the screen voltage for Vk = 0 is found by differentiation 
of (5): 

dL d sin 2a Ve/Vo+cos 2a -I 
  1   

dV, (1— V o/li 0)2V 0[ 2 [11 o/ V o — sin' «Pi' cos «J. (15) 

Differentiation of (5) with respect to Vo gives the rate 
of change of beam displacement with respect to the 
beam or mask voltage for Vk = 0. 

dL — d(V 0/ V 0) sin 2« 

dVo (1 — VG/V0)2170 

[1 VG/Vo -I- cos 2« 

2[V,,/Vo — sin' 4" cos J . 
(16) 

A comparison of ( 14), ( 15), and (16) shows that 

dL dL V o/ V o dL 
= dVo (V,,/Vo)=     ' (17) 

dVo 1— Vo/Vo dVk  

which is identical to ( 10) for the reflection case. 

FOCUSING ACTION 

The electric field has two focusing effects on the beam. 
The first occurs at the point where the beam enters the 
field through the aperture in the mask, and the second 
occurs throughout the trajectory as the beam traverses 
the field. 
The first focusing effect is caused by apertures in the 

mask acting as lenses by virtue of the difference in 
electric fields on the two sides of the mask. If the open-
ings are in the form of slits, the focal lengths is given 
approximately by 

f — (21' o cos' a) /E. (18) 

If the value of the electric field E is substituted in this 
expression, it reduces to 

—2d coss 
f =   - 2do cos' a. 1) 

1 — Ve/Vo 

If V,,< V0, the electric field is in the direction of the 
y-axis. This retarding field causes the slit to act as a 
diverging lens with a negative focal length. If VG> Vo, 
the accelerating field produces a converging lens action 
at the slit. 

In the second focusing effect a retarding field between 

This is a more general form of the well-known Davisson and 
Calbrick formula. It is derived in the Appendix. 

October 

(13) 

the mask and reflector plate produces a focusing action 
within the field in the plane of incidence of the beam. 
This may be seen by differentiation of (5): 

dS = 2So cos 2ada. (20) 

Electrons in a beam traveling with uniform velocity 
that are diverging from the axis of the beam with an 
angle da will, after traveling a distance So, be displaced 
transversely a distance dS=- Soda. If this criterion is ap-
plied to (20), it can be seen that, if 2 cos 2a is less than 
1, a focusing action occurs, and if this quantity is 
greater than 1, a defocusing action occurs. Thus, great-
est focusing action, due to the retarding field, occurs 
when the angle of incidence is 45 degrees, and defocusing 
occurs when it is less than 30 degrees or greater than 
60 degrees. 

Y 

ve d 

Vo 
Et 

da 

-f 

(o) 

Fig. 2—Focusing action in (a) a retarding field, and (b) an accelerat-
ing field, taking into account the lens field at the slit. 

Considering again the aperture lens effect, Fig. 2(a) 
shows an initially parallel beam passing through a slit 
of width 2 dx at an angle of incidence a, into a retard-
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ing field E. Electrons that pass through the center of the 
slit have their direction unaltered, while those that pass 
near the edge of the slit are given an angular divergence 
da, so that the beam appears to come from the focal 
point F. From the geometry of Fig. 2(a), it is seen that 
da= dx cos a/(-f/cos a) = -(dx cos2 a)/f. Substituting 
the value of the focal length from ( 19) in this expression 
gives da=dx/So. On combining this with the field 
focusing effect by substitution in ( 20), it is found that 

(L5' = 2 cos 2adx. (21) 

If the electrons which pass through the lens near the 
edge of the slit at x=dx are to strike the screen at the 
same point as those which pass through the center of 
the lens, their displacement must be shorter than those 
which pass through the center by the amount dx. Thus, 
for perfect focusing dS must equal -dx. When this 
substitution is made in ( 21), it is found that a= 60 de-
grees. Thus, optimum line-focusing occurs when the 
beam passes through the aperture mask at a 60-degree 
angle of incidence, as shown in Fig. 2(a). For angles 
greater than 60 degrees, over-convergence occurs, and 
for angles less than 60 degrees the beam fails to com-
pletely converge. However, for angles greater than 45 
degrees and less than 90 degrees, the width of the beam 
on returning to the mask will be less than the width of 
the slit. From the standpoint of focusing, the sweep 
angle should be centered about a 60-degree angle of in-
cidence. Centering the sweep angle about a 45-degree 
angle of incidence, as suggested by Weimer and Rpm,* 
will give an image whose width will be less susceptible 
to variations in the angle of incidence, but will not give 
an image of minimum width. 

If circular apertures are used in the mask in place of 
the slits, the focal length of the aperture is doubled and 
the beam fails to completely converge in the retarding 
field for all angles of incidence less than 90 degrees. 
However, for angles greater than 45 degrees, the return-
ing beamwidth will be less than the diameter of the 
aperture in the plane of the beam. 

Although it has no direct bearing on the problem at 
hand, it is of interest to examine the dimensions of a 
returning beam which enters parallel to the retarding 
field. From (21), if a = 0, then dS=2dx. Hence, the 
width of the beam will be three times the width of the 
slit. Similarly, for a circular aperture, the returning 
beam diameter is twice the diameter of the aperture. 

For accelerating field case in which V./ Vo> sin' a, 
differentiation of ( 12) with respect to a gives 

dL 2dolcos a[2 cos a - (Ve/Vo - sin' a)./2 

+ sin' a(Ve/V0- sin' a)-1/2] - 1 Ida. (22) 

Fig. 2(b) shows an initially parallel beam passing 
through a slit of width 2dx at an angle of incidence a 

" Weimer and Rynn, loc. Cit. 

into an accelerating field. On passing through the slit, 
the beam is focused toward the focal point F. From the 

geometry of Fig. 2(a), -da= (dx cos a)/(fIcos a) 
=(dx cos' a)/f. On substituting the value of the focal 
length from ( 19), this expression becomes da dx12do. 
Substituting this in (22) and letting dL= -dx for a line 
focus, it is found on solving for Vc/ Vo that 

Vc/Vo = 2(1 -I- cos a). (23) 

Thus, for any particular angle of incidence a, a sharp 
line-focus may be obtained on the screen by adjusting 
the voltage ratio Vc/Vo to satisfy ( 23). When the inci-
dent beam is parallel to the field, the screen voltage 
must be four times the beam voltage to obtain line-
focus. 

If the focus condition (23) is substituted in ( 22), it is 
found that 

(2 1 -I- 2cos a) 
dL = d   da. (24) 

This equation shows that if Vc/ Vo is always adjusted to 
give optimum focus, dL/da increases slowly with the 
angle of incidence from (2/3)d at a= 0 degrees to 2d at 
90 degrees. If the focus criterion that was applied to 
(20) is used here, and if d plays the same role as So 
in (20), it will be seen that a focusing action occurs 
when a is less than 60 degrees and a defocusing action 
occurs when a is greater than 60 degrees. 

It is of interest to note that when (23) is substituted in 
(12), ( 15), and ( 16), they simplify to 

2d sin a 
L -   (25) 

1 + 2 cos a 

dL d sin a 

dV, = (1 -I- 2 cos a)2(1 + cos a) 7 

and 

dL 2d sin a 

dVo = ( 1 + 2 cos a)2170 

MODULATION METHODS FOR THE TRANSMISSION 
TUBE CASE 

From (23) it is found that for, a-- 60 degrees, op-
timum post-acceleration focusing occurs when the screen 
voltage is 3 times the beam voltage. If this substitution 
is made, ( 17) gives 

(26) 

dL dL dL 
= Ti-7-0 = - 1.5— • 

dV, dVk 

(27) 

(28) 

Thus it is seen that, of the three methods of modula-
tion, the deflection sensitivity is least for the screen-
voltage modulation and greatest for the aperture-mask-
voltage modulation. The high sensitivity of this latter 
method results from the favorable combination of two 
effects. In Fig. 1, L may be increased by decreasing the 
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electric field E or by increasing the initial velocity of 
the electron beam as it enters this field. Increasing the 
beam voltage does both of these things simultaneously, 
while changing the screen or cathode voltage does only 
one of these at a time. 

Holding the screen and anode (aquadag wall coating) 
voltages constant, and modulating the mask voltage, 
would also simplify the shielding problem for high color-
switching rates. By keeping the wall coating at a con-
stant potential, the deflection sensitivity (at the yoke) 
will not change on modulating the aperture mask. There 
will, however, be a weak lens field established between 
the wall coating and the mask. This will cause a slight 
displacement and change in the angle of incidence of 
the beam as it strikes the aperture mask. Calculations 
made by A. B. Brown, Jr., of this laboratory, show that 
for a practical case this displacement may be the width 
of several raster lines and that the change in angle of 
incidence may be as much as 2 degrees. By placing a 
grid which is at the aquadag-coating potential near the 
mask, the fringing field may be confined and the beam 
displacement at the mask made negligible, while the 
change in angle of incidence remains the same. Under 
these conditions, modulation of the mask voltage will 
change the displacement of the beam at the screen be-
cause of three things: ( 1) change in the angle of inci-
dence a; (2) change in the initial velocity of the beam 
as it enters the accelerating field; (3) change in the 
accelerating field. This may be written 

or 

aL aL 
dL = —  da -I- — dVo 

aa avo 

dL aL da aL 

dVo— aa dvo+ avo• 

(a) (b) (c) 

(29) 

Terms (a) and (c) in this equation are given by (24) and 
(27), respectively. Term (b) may be found as follows. If 
the beam makes an angle of incidence ao with the grid 

which is at potential Vo', then by application of ( 1) it 
may be shown that the angle of incidence that the beam 
has on arrival at the mask is given by 

tan a = (Vo/Vo' — sin2 ao)-1/2 sin ao. (30) 

Solving this expression for Vo and differentiating with 
respect to a gives dVo/da= +2 Vo' sin2 a() cot a csc2 a. 
Since Vo' ree Vo and a e--,ao, this reduces to 

da = tan a 

dVo 2V0 
(31) 

thus giving term (b) for (29). Making the substitutions 
in (29) gives 

dL d tan a 2 sin a 

—   dVo Vo [ 1 + 2 cos a + (1 + 2 cos a)2]. (32) 

The first term of this equation, which gives the change 
in displacement of the beam due to the change in the 

angle of incidence, is always larger in magnitude than 
the second term and causes the beam displacement to 
change in the direction opposite to that given by the 
second term. At a = 60 degrees, the first term is just 
twice the second, so that the beam displacement is 
changed the same amount as given by (27), but in the 

2. 

0. 

o 

0. 

o 

' dL Vo 
d 3 dV° 

; 
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Fig. 3—Beam-deflection sens tivity as a function of the angle of 
incidence for aperture plate modulation. 

opposite direction. Hence, for values of a less than 60 
degrees, (32) gives changes in displacement that are less 
in magnitude than (27); and for a greater than 60 de-
grees, (32) gives values that are greater than (27). Eq. 
(32) is plotted in Fig. 3. Even at the expense of adding 

an extra grid, there would appear to be considerable 
advantage in switching colors by modulating the aper-
ture-mask voltage. 

An outline drawing of the proposed tube is shown in 
Fig. 4. It should be pointed out that an angle of inci-
dence of 45 degrees has no significance for this tube, and 
the greater the angle of incidence of the electron beam 
with the mask, the greater will be the deflection sensi-
tivity. How far one can go in this direction depends on 
a compromise of adequate focusing, sweep and keystone 
correction. The color-switching voltage for the case 
a= 60 degrees and Ve/ Vo = 3 is, according to Fig. 3: 

à/,170 
à Vo   

0.433d 
(33) 

As an example, consider the case in which Va= 20 kv, 
Vo= 6.67 kv, d = 1/2 inches and M=0.015 inches 
(phosphor-stripe spacing). Substituting these values in 
(33) gives 462-volts peak to switch from one color stripe 
to the next. Complete color-switching then requires a 
sine wave voltage of 327-volts rms on aperture mask. 
The capacitance of a 20-inch rectangular aperture 

mask for this case would be approximately 175 pgfd. 
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Thus, the power required to modulate the mask would 
not be excessive. 

It will be noted in Fig. 3 that the beam-deflection 
sensitivity changes rapidly with angle of incidence. This 
is undesirable from the standpoint of obtaining a screen 
with uniform phosphor-stripe spacing. This difficulty 
may be corrected to a large extent by tilting the screen 
with respect to the aperture mask, so that the spacing is 
increased for small angles of incidence and decreased for 

ALUMINIZED SCREEN 

APERTURE MASK 

ADUADAG COATING 

Fig. 4—Beam-deflection tube. 

Vc 

SINGLE BEAM GUN 

large angles of incidence. This difficulty may be even 
further improved by curving the aperture mask and 
screen to give a nearly constant angle of incidence for all 
points on the mask. 

APERTURE AND PHOSPHOR PATTERNS 

Reflection Case 

In Fig. 5 is shown a sketch of the mask ABCE in 
relation to the center of deflection 0 of the electron 
beam. It is obvious that, as the beam scans over the 
mask in the usual manner, the angle of incidence a is 
constantly changing. This means that, if d and Ve/ Vo 
are held constant, S is constantly changing, according to 
(5). Hence, it would be impossible to excite a single 
color over the entire screen with a uniformly-spaced 
array of holes and phosphor dots or straight slits and 
phosphor lines. If a uniformly-spaced array of apertures 
and phosphors is to be used, then S must remain con-
stant with changes in a. This could be accomplished by 
using a curved reflector plate or by modulating the re-

flector voltage, or by a combination of both. It would 
appear simpler, however, to keep d constant and, with 
a fixed value of V,/ Vo, let S vary with a according to (5). 
A pattern of apertures and phosphors could then be 
laid out in such a way that it would be possible to excite 
a single color when the mask was scanned. By changing 
the reflector voltage, the other colors could then be 
excited one at a time. 

Fig. 5—Geometric relations between the mask ABCE and the 
center of deflection O. 

It is possible to lay out this pattern in the form of 
narrow slits that follow contour lines of constant angle 
of incidence on the screen. In Fig. 5, a perpendicular is 
drawn from 0, the center of deflection, to the plane of 
the screen 0'. With 0' as the center, an arc LMN of 
radius R is drawn on the screen. When the beam enters 
the mask anywhere along this arc, it makes a constant 
angle of incidence a with the mask. It then returns to 
the mask at a constant distance S above the arc, meas-
ured along a radial line that passes through 0' and the 
point where the beam enters the mask. The value of S 
given by (5) may also be written in the form 

R/h 
S = 2.50  

(.10) 2 ± 

where So = 2do, i.e., equal to the displacement of the 
beam when a= 45 degrees. The length of the per-
pendicular 00' is h. In (34), sin 2a has been expressed 
in terms of R and h. 
The three phosphors that are to be excited by the 

electrons that pass through the screen at radius R are 
laid down in juxtaposition in the form of three stripes, 

(34) 
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which are arcs of concentric circles with O' as center. It 
can now be seen how the entire screen may be made up 
of interlaced slits and tricolor phosphor stripes, all of 
which are arcs of concentric circles with O' as center. 
The fact that displacement of the returning beam 

will be a maximum at an angle of incidence of 45 de-
grees, and will become less each side of 45 degrees, 
means that the slits in the screen will be separated 
farther near 45 degrees than for greater and smaller 
angles. It would be desirable to keep the variation in the 
spacings between the slits as small as possible. The 
smallest angle of incidence that the beam makes with 
the screen will be at point F, and the largest angle of 
incidence will be at points A and B. If the screen is 
positioned with respect to the center of deflection so 
that the angle of incidence is 45 degrees somewhere in 
the center region of the screen, the slits will be spaced 
closest together at point F and at points A and B. By 
more exact positioning of the screen, it would be pos-
sible to make the slit spacing at F equal to the spacing 
at A and B. However, from the focusing point of view, 
it is more desirable to center the mask about a 60-
degree angle of incidence and keep to the smallest angle 
of incidence at F greater than 45 degrees. Under these 
conditions, the slits will have their greatest spacing at 
F and their closest spacing at A and B. It is of interest 
to compute this maximum variation in slit spacings and 
the various deflection angles involved. 

Let it be arbitrarily assumed that the angle of in-
cidence is 45 degrees at F and 60 degrees along a radius 
whose value is the mean of R1 and R3. From the geom-
etry of Fig. 5, the following values are found. 

Distance from center of deflec-
tion to mask = h 

Maximum angle of incidence 
Minimum angle of incidence 
Top horizontal deflection angle = 271 =41t degrees 
Bottom horizontal deflection 
angle = 21,2 = 811 degrees 

Vertical deflection angle = az —al = 211 degrees 
Maximum ratio of slit spacings = S/So = 0.699. 

The value of Ys may be reduced and the value of S/So 
increased at the expense of focusing at the bottom of 
the mask by making the angle of incidence greater than 
45 degrees at F. 
The procedure for computing the slits in the mask will 

now be considered. The radius R1 of the first slit at point 
F is determined from the considerations given in the 
preceding paragraph. The beam, which enters the screen 
anywhere along this slit, returns to the mask at a dis-

tance SI from the slit measured along a radial line which 
passes through O' and the point where the beam enters 
the mask. The distance Sz may be computed from (34) 
by substituting the value of R1 for R. The radius R2 
of the arc where the returning beam strikes the mask is 

= 

= 0.463D 
= 68 degrees 
=45 degrees 

then given by Ri +SI. If a slit is placed in the mask at 
radius R2, the returning beam from the slit at radius RI 
will pass back through the mask, and a new beam which 
enters at radius R2 will return and strike the mask at 
radius R3. The value of R3 may be computed by sub-
stituting the value of R2 for R in (34) and adding the 
value of S2 thus obtained to R2. The general recurrence 
formula for computing the slit radii is 

where 

R, f = R. S„, 

1?„/h 

(R/h)2 ± 1 

(35) 

(36) 

With these equations, it is thus possible to lay out a 
series of slits which are arcs of concentric circles in such 
a way that the electrons that enter through the nth slit 
will pass back out through the (n + 1)th slit. 

Additional sets of slits must be interlaced between 
these so that not less than 25 per cent of the mask area 
is occupied by slits. The remaining area is provided for 
the color phosphors. The exact number of slits to be 
placed between slits of radius R1 and R2 will depend on 
the width of the slits and on the value of S. 
The positioning of the slits between R1 and R2 com-

pletely determines the position of the remaining slits 
on the screen by virtue of (35). It is desirable, therefore, 
to position the slits between R1 and R2 in such a way 
that the remaining slits will be uniformly spaced with-
out abrupt discontinuities in the spacing. M. H. Hebb 
of this laboratory has suggested that Newton's interpo-
lation formula may be used for this purpose. It is help-
ful in understanding this procedure to make use of the 
graphical interpretation shown in Fig. 6. In Fig. 6(a), 
S is plotted as a function of R according to (34). The 
value of R1 is located on the R-axis, and a vertical line 
is drawn to the curve. The length of this line is Si. A 
dotted line is drawn from point x to the R-axis, making 
an angle of 45 degrees with it. The intersection of this 
line with the axis gives the value of R2. A vertical line 
from R2 to the curve gives the value of Sz. This process 
may be continued until all the values of R are deter-
mined from R1 to R.. In Fig. 6(b), R is plotted as a 
function of n. Values of R for integral values of n are 
obtained from Fig. 6(a). If there are s — 1 slits between 
R1 and R2, their position can be determined by inter-
polation of the curve in Fig. 6(b) between R1 and R2. 
This can be done accurately by use of Newton's interpo-
lation formula: 

k(k — 1) 
= RI +   à2 

2! 

k(k — 1)(k — 2) 
  AS +  • • • y (37) 

3! 
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where k takes on the successive values 1/s, 2/s, 3/s, • • • 

—1)/ s and the A's are the tabular differences de-
termined from the known points on the curve in Fig. 
6(b). The recurrence formulas (35) and (36) are now 
used with the values of Rj+k computed from (37) to ob-
tain the positions of the remaining slits. 

2 3 4 5 

Fig. 6— Procedure for computing location of slits in the mask. 

Transmission Case 

In this case, the aperture pattern may also be in the 
form of slits that follow contour lines of constant angle 
of incidence on the mask. In Fig. 5, with O' as center, 
an arc LMN of radius R is drawn on the mask. When the 
beam enters the mask anywhere along this arc, it makes 
a constant angle of incidence a with the mask. On pass-
ing through the mask, it strikes the screen along the 
arc of a larger circle of radius RI- L, where L is given by 
(12). The three phosphors that are to be excited by the 
electrons that pass through the mask at radius R are 
deposited on the screen in juxtaposition in the form of 
three stripes which are arcs of concentric circles. It is 
thus possible to lay out both the apertures in the mask 
and the phosphor lines in the form of arcs of concentric 

circles. In general, for every slit in the mask of radius 
R„, there will be a set of three phosphor lines on the 
screen centered about the radius 

I?„„ = R„ L„, (38) 

where L„, given by ( 12) is written in the form 

2d R„ 
=   

(1 — V,,/Vo) (R„2 112) 

• 1h — 1h217„/ V o — R„2(1 — V,/ V OP!. (39) 

This type of mask and screen pattern would lend itself 
to a parallel-plane geometry. The apertures can also be 
made in the form of parallel horizontal slits by using 
grid wires. The mask could be curved in one dimension 
and the screen could be curved in two dimensions. The 
position of the phosphors could be determined by elec-
tron-photography methods. 

TOLERANCES AND DESIGN CONSIDERATIONS 

Reflection Case 

The successful construction and operation of this tube 
depends almost entirely on being able to maintain cer-
tain dimensional tolerances. Voltage variations are of 
some importance, but to a much smaller degree. The 
most critical requirement is that of maintaining parallel-
ism between the mask and reflector. The change in dis-
placement of the beam with change in reflector-mask 
spacing is found by differentiation of (5): 

dS 2 sin 2a 
 = 

dd 1 — 11„/Vo d 

It should be noted that dS/dd is greatest for electrons 
that pass through the screen at an angle of 45 degrees. 
For these electrons, dS/dd depends only on the ratio of 
17„1170, decreasing with smaller V,,! V0. It is impractical, 
however, to make the reflector voltage less than zero. 
Under these conditions, dS/dd=2. This means, for 
example, that if the reflector-mask spacing should 
change one mil, the beam will be displaced two mils. 
One can thus see the importance of maintaining d con-
stant over the entire screen area. Stated more precisely, 
the value of d as averaged by the electron in traversing 

its trajectory should be constant over the entire screen. 
Small variations in d of a localized nature, such as 
roughness of the screen surface, will not affect the beam 
displacement because they do not change the average 
field appreciably. 

It is of interest to plot (5), (9), and (40), as a func-
tion of V,/ Vo for a = 45 degrees. These curves are 

shown on the left side of Fig. 7. In the design of a tube, 
the beam voltage usually will be specified to give a cer-
tain brightness level. This leaves two parameters at 
one's disposal, namely, the reflector voltage and the re-
flector-mask spacing. From Fig. 7(c), it can be seen that 
dS/dd is independent of d and is reduced only by re-

(40) 
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Fig. 7—Curves showing various tube parameters as a function of 
the ratio of reflector voltage to beam voltage. 

ducing Va. A practical lower limit for V„ is zero. Fig. 7(b) 
shows that lowering V. also reduces the deflection sensi-
tivity. However, this may be increased by increasing d. 
There is a limit as to how far one can go in this direction 
because, as d is increased, the weak fringing-field region 
around the edge of the screen extends further into the 
center portion. It will be observed from Fig. 7(a) that 
increasing d also increases the beam displacement. A 
large displacement of the beam leaves a wide band of 
unused screen area at the bottom of the tube. Small 
variations in slit-spacing due to stretching or expansion 
of the screen are proportional to S and, hence, become 
more serious when the beam displacement is large. There 
is one advantage in having the beam displacement large, 
however, besides the reduction in color-switching volt-
age. Eq. (5) can be written in the form 

2V0 sin 2« 
S   (41) 

where E is the electric-field strength between the re-
flector and screen. It thus appears that the electric field 
varies inversely as the beam displacement. It is desir-
able to keep this field low to prevent field emission from 
the reflector plate and to reduce the electrostatic force 
that tends to bow the screen. The magnitude of this 
force is given by 

F = 4.51 X 10-" E2, (421 

where F is in grams per square centimeter and E is in 
volts per centimeter. 
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Fig. 8—Sketch showing the geometric relations used in computing 
the change in beam displacement due to a dislocation of the 
center of deflection. 

It will be helpful to determine how much the beam 
displacement will change at various points on the screen 
owing to dislocation of the center of deflection. It is 
convenient to break this dislocation up into two com-
ponents, one in the direction of the gun axis and the 
other, a radial component, at right angles to the gun 
axis. This first component will change as the deflection 
yoke is moved along the neck of the tube, and the second 
component may be changed by applying a traverse mag-
netic field to the beam before it traverses the deflection 
yoke. 

Since S is a function of both R and h, 

as  dS = (--) dR ± (---as -)dh. aR ah (43) 

Partial differentiation of (34) gives 

as 2s0  (R/h)2 — 1  
OR = h [(R/h)2 + 1]2 ' 

and 

OS 250(R\  (R/h)2 — 1  
Oh = h hi [(R/h)2 1]2 

(44) 

(45) 

From Fig. 8(a), it can be seen that 

dR = cos y cot Odh (46) 

and 

dh -= sin Ods. 

Substituting these quantities in (43) gives 

d5' 2S0 
= — cos' y(tan2 - 1) sin «tan « - cos y cot 0).(48) 

dz h 

4 

(47) 
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Similarly from Fig. 8(b), 

dR = (cos e sin O cos y — sin V/ sin 7)dr (49) 

and 

dh = — cos 4/ cos Odr. (50) 

Hence, 

dS 2S0 
—  = — cos4 7(tan2 a — 1) 
dr h 

• [sin ip sin -y — cos (tan a cos 0 -F cos -y sin 0)]. (51) 

In a practical tube design, the trigonometric function 
in (48) will not exceed about 0.1 for any point on the 
face of the tube. If d/h is assumed to be about 0.1 and 
IT.= 0, then dSldz= 0.04. This means that for every 25 
mils of motion of the deflection yoke along the neck of 
the tube, the beam will be displaced 1 mil near the 
corners of the picture. For similar assumptions, a radial 
displacement of the center of deflection can produce a 
beam displacement of about as much. Eqs. (48) and 
(51) show the advantage in keeping the beam displace-
ment small so far as tolerances in the location of the 

center of deflection are concerned. 

Transmission Case 

Plots of ( 12), ( 15), and the derivative of ( 12) with re-
spect to d, are made on the right-hand side of Fig. 7. 
For the same electrode spacing, it can be seen that the 
beam displacement and hence the deflection sensitivity 
and change in displacement with change in electrode 
spacing are much lower than for the reflection tube. 

CONSTRUCTIONAL DETAILS 

General Discussion 

Only tubes of the reflection-type were constructed; 
however, both types of tube have some very definite 
advantages. Since only one electron beam is required, a 
single gun may be used in a neck of conventional size 
with standard sweep and focus coils. The procedure for 
gun alignment is greatly simplified and the probability 
of cathode failure is also reduced. Most important of 
all, auxiliary static and dynamic converging equipment 
is not required because the colors are always in registry. 
Since the gun arm makes an angle of less than 45 de-
grees with the screen, the projected length of the tube is 
decreased to approximately the face-plate diameter, 
thus permitting the tube to be installed in a shallow 
cabinet. Both types of tube display equal numbers of 
red, green, and blue phosphor lines, and the capacitance 
of the color-switching electrodes are within reasonable 

limits. 
An advantage of the transmission-type tube over the 

reflection-type tube is efficient use of the electron beam 
brought about by post-acceleration focusing. The mask 
for the transmission tube could be made about 80 per 

cent transparent, while the reflection tube is limited to 
a mask which is only about 25 per cent transparent be-
cause space must be provided on the mask for the three 

phosphors. 
The main advantage of the reflection-type tube is the 

screen assembly. Since the phosphors are printed on the 
aperture mask itself, accurate registry between the two 
is not required in the final tube assembly. The masks are 
printed before mounting, with the etching and printing 
all being done from the same masters, thus offering the 
advantages of mass production. In the reflection tube, 
the electron beam is reflected back and strikes the screen 
at positions that are displaced only about one inch from 
where the beam entered the screen. For this reason, 
only changes in the dimension per unit length of the 
screen are important in causing color distortion. In tubes 
in which the screen and aperture mask are separate, it 
is the total change in the dimensions of the screen which 
must be considered. Thus, in large screen sizes the re-
flection-type tube has a decided advantage. 

During the progress of our work on the reflection-type 
tube, Weimer and Rynn6 described a similar tube. The 
tubes made by them contained 7-inch screens and were 
of an experimental nature to demonstrate the reflection 
principle. We have made reflection tubes with 16-inch 
and 24-inch screens and, in doing this, have encountered 
and solved many problems not included in the prelim-
inary work of Weimer and Rynn. Among these were a 
method of preventing microphonics in the screen; 
printing methods that made webbing lines invisible; 
glass spacer blocks that would withstand high voltage 
gradients; a method of etching slits in the screen at an 
angle to reduce beam-current interception; screen al-
loys that would withstand high-power dissipation; and 
a high-current electron gun to increase brightness. 

Screen Materials and Processing 

The screen apertues are in the form of slits which are 
arcs of concentric circles, laid out according to the cal-
culations given above. The slits are interrupted peri-
odically with webbing lines which hold the screen to-
gether and give it strength. These webbing lines are 
radial lines that emanate from a point in the plane of 
the screen which is the projection of the center of de-
flection of the electron beam. The angular separation of 

the webbing lines is adjusted so that the spacing be-
tween them is approximately equal to the spacing be-
tween slits at the center of the screen. The line width 
has been varied from 5 to 11 mils, depending on the 
screen size. Screens have been made with various num-
bers of slits ranging from 25 to 40 per inch. The slit 
widths varied from 5 to 8 mils. The screen thickness 
has been varied from 3 to 6 mils. A convenient size to 
work with has been found to be 4 mils. Since the elec-

1 Weimer and Rynn, loc. cit. 
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trons pass through the screen at an angle, the slits are 
made oblique so as to intercept a minimum of beam 
current. This is done by etching the slits in the metal 
from both sides of the screen at once by a photoengrav-
ing process.6 By offsetting the patterns on the two sides 
of the screen, it is possible to obtain the oblique slits. 

The photographic master used in the photoengraving 
process was made from full-size rulings. These rulings 
were made on scribing plates consisting of plate glass 
coated with a red transparent film. Lines were scribed 
through this film with Carboloy tools. The rulings were 
made in the Physical Sciences Development Shops at 
the University of Chicago, through the courtesy of 
T. C. O'Donnell. The concentric arcs were ruled to an 
accuracy of a few ten-thousandths of an inch. The radial 
webbing lines were ruled on a second plate. Contact 
prints were made from these plates and combined to 
give a master positive. The screen metal was coated 
with a photosensitive resist and exposed to ultraviolet 
light through the master positive. 
A third plate was ruled with continuous arcs of con-

centric circles, which were midway between the slits. A 
contact print was made from this plate to give a master 
for making the zinc lithographic plate used in printing 
the phosphor lines on the screen. This process is de-
scribed in detail in the next section. For absolute ac-
curacy, three such plates should be made to give three-
sets of concentric lines equally spaced between the slits. 
The error resulting in using a single plate for printing 
is a crowding together of the lines in some areas. This 
crowding reaches a maximum at the lower corners of the 
screen, occurs to a somewhat lesser extent at the upper 
corners, and does not occur at all along the vertical 
center line of the screen. It can be easily shown that the 

spacing between the lines is reduced by a factor equal 
to the cosine of the angle formed between the vertical 
center line and a line drawn from the center of curva-
ture of the phosphor lines to the point in question. For a 
typical screen with the phosphor lines printed on 8 mil 
centers, the lines will be spaced only 7 mils at the lower 
corners. 

There are many factors that must be considered in 
selecting a screen material. It must be capable of being 
rolled into wide thin sheets and must etch readily. In 
addition, a low coefficient of thermal expansion and a 
high yield point are desirable. When the screen is 
stretched on the mounting frame, the amount of elonga-
tion that occurs is proportional to the tension, provided 
the elastic limits of the material are not exceeded. If AS 
is the amount the screen elongates when it is stretched 
from some minimum tension Wo, below which the screen 
would not remain flat, to the elastic limit Wm, then 

AS = (Wm - Wo)/M = à,W/M, (52) 

where .1! is the Young's modulus of the material. 

6 Screens of this type were made at Buckbee Nlears Company. 
St. Paul, Minn. 

In practice, the maximum tension that may be put 
on the screen will be determined by either the strength 

of the screen (yield point) or the amount of elongation 
AS occurring, depending on the value of the modulus M. 
If M is low, the screen may be stretched to the point 
where the elongation will be so great as to cause color 
misregistry due to change in the spacings between the 
slits and the corresponding phosphor lines. On the other 
hand, if M is very large, the screen may rupture on 
tightening before there is enough elongation to give 
trouble. In most screen materials, the latter will be the 
case. 

During tube operation, most of the beam power is 
dissipated at the screen in the form of heat. Nearly all 
this heat must be lost by radiation. This requires a rise 
in the screen temperature and results in expansion of 
the screen. If the temperature rise is AT, the expansion 
per unit length of the screen will be 

= ctAT, (53) 

where a is the coefficient of linear expansion. If AL ex-
ceeds AS, the screen will become loose and buckle. 
Combining (52) and (53) gives, for the maximum tem-
perature rise, 

T = 1W/Ma. (54) 

This equation expresses a figure of merit for the screen 
material. By assuming that the minimum tension is 
small and that the screen can be stretched to the yield 
point, it then follows that the power which the screen 
can dissipate without buckling, and hence the bright-
ness, will vary directly as the yield point divided by the 
product of Young's modulus and the coefficient of ex-
pansion. This, of course, assumes Newton's law of cool-
ing, which holds here because of the small temperature 
differences involved. 

A number of screen materials were tested, including 
copper, chrome-plated copper, Trodaloy I, Supernickel, 
cold-rolled steel, and Fernico. Although copper is easily 
etched, its yield point is too low to be of practical value. 

Trodaloy I, a copper-cobalt-beryllium alloy containing 
97 per cent copper, etches readily, and has about three 
times the strength of copper. The expansion7 is 15.8 
X10-6 per degree C., slightly less than copper. This 

material worked very well in practice. The greatest dif-
ficulty was in obtaining sheets of sufficient width. 
Supernickel, a 70-30 copper-nickel alloy, was compara-
ble to Trodaloy except for strength. The Trodaloy has 
about twice the strength of Supernickel. The strength 
of the copper screens could be increased by chrome-
plating. However, in order to get strengths comparable 
to Trodaloy's, the plating thickness had to be increased 
to the point where it was obstructing the slits in the 

screen. There was some roughness in the slits caused by 

These expansion measurements were made by E. E. Burger of 
this laboratory. 
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plating, which collected phosphors during printing; 
these phosphors were difficult to remove. Cold-rolled 
steel had the highest yield point but did not etch well 

and rusted very easily. Fernico, an iron-nickel-cobalt 
alloy, had a yield point equal to that of the steel and 
etched much more readily. Fernico does not rust and 
has the added advantage of having the very low expan-
sion coefficient of only 4.7 X10-6 per degree C. 
To further increase the power-dissipating ability of 

the screen, it was coated on the back side with carbon 
black. It was found that by this procedure the power dis-
sipation could be doubled without buckling the screen. 

Phosphor Printing 

The phosphors used to obtain the three primary colors 
were blue calcium magnesium silicate titanium ac-
tivated, green zinc silicate manganese activated, and 
red zinc phosphate manganese activated. Although the 
sulfide phosphors are brighter, the oxide phosphors were 
found to be more stable and to give color and bright-

ness values that were consistently of good quality. 
The phosphors were applied to the metal screen by a 

process similar to the thermograph process used for imi-
tation engraving. The process consists of printing a set 
of lines on the screen with a clear vehicle and then dust-
ing them with a phosphor powder. After the lines are 
completely covered, the excess phosphor is blown off 
with compressed air. The screen is then placed on the 
printing press again and a second set of vehicle lines is 
printed in juxtaposition to the first set. The second set 

is then dusted with the second color phosphor and the 
excess blow off. This procedure is then repeated for the 
third phosphor. The initial printing was done in a hand 
letter press which was built around a toolmaker's 
microscope. The copper engraving used in this press was 
inked with a hand brayer. It was found difficult to print 
vehicle lines of uniform width with the letter press be-
cause the screen and engraving were not absolutely 
flat. This condition was improved by backing the screen 
up with soft newsprint, but the condition could never 
be completely corrected. N. B. Mears, of the Buckbee 
Mears Company, tried an offset lithographic press in 
place of the hand letter press with much better results. 
In this press, the vehicle is picked up by a rubber 
blanket roll from a zinc etching and transferred to the 
screen. By proper adjustment of pressures on the roll 

and screen, it was possible to get a very uniform de-
posit of vehicle. To obtain the best results, it was found 
desirable to ink the clean roll twice before making an 
impression on the screen. The phosphor was dusted on 
the screen and the excess blown off with compressed 
air. The screen was baked in air to set the vehicle. This 
prevented the phosphor from sticking to the blanket 
when the next impression was made. Fig. 9 shows an 
example of this type of printing. This method has since 

been used successfully for printing phosphors for other 
types of color television tubes. 

This method of printing has an advantage in that the 
size of the phosphor particles is not critical. In the 
process of dusting, the large grains stick to the vehicle 
surface in a random way and the smaller ones stick in 
between, completely covering the surface. This printing 
process has the further advantage that continuous lines 
may be printed. This is necessary if the visibility of the 
webbing lines in the screen is to be kept at a minimum 

during tube operation. 
Attempts to suspend the phosphor as a pigment di-

rectly in the vehicle were not successful because the mix 
lost its ink properties and could not be printed. Spraying 
a vehicle or phosphor mix onto the screen through a 
stencil or mask did not give sharp lines because of tur-
bulence in the region of the screen and stencil. A method 
that did show some promise was that of dusting the 
phosphor through a stencil in close contact with a screen 
that had been completely covered with a vehicle. This 
method gave sharp lines as long as the stencil and screen 

made intimate contact. 
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Fig. 9—Photomicrograph of screen showing printed phosphor 
lines and oblique slits. 

Reflectors 

The 16- and 24-inch reflectors were made by the 
Corning Glass Works. Corning ground and polished t-
inch-thick Pyrex for the 16-inch reflectors, and then 
coated the reflectors with tin oxide. The light transmis-
sion was 66 per cent and the resistance was 100 ohms 
per square. The 24-inch reflectors were ground and 
polished by Plummer and Kershaw of Philadelphia, 
Pa., and the Corning Glass Works applied the tin oxide 

coating. These coatings were all extremely uniform, 
frequently showing only one interference color across 

the entire surface. 
A silver band around the outer edge of the reflector 

made electrical contact with the tin oxide. It was found 
inadvisable to coat silver on the side of the reflector 
facing the screen because field emission frequently oc-
curred from the surface, giving spurious light on the 
screen. This band was painted on the reflector before it 

was sprayed with tin chloride. 
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A high-resistance tin oxide coating of several thou-
sand ohms per square was placed on the side of the re-
flector that faces the envelope face plate. This was found 
necessary to prevent erratic charging of this surface. 

Fig. 10—Screen that has been stretched and is ready for 
clamping between the mounting frame and ring. 

Screen Mounting 

The screen is clamped between two thin rings. This 
assembly is fastened to a large ring by means of screws. 
The screen is drawn down over the large ring, stretching 
it tight. The action is similar to that of an embroidery 
hoop. The stretched screen is then tightly clamped be-
tween a heavy mounting frame and a mounting ring by 
means of screws. The three outer rings used to stretch 
the screen are then removed and the edge of the screen 
is trimmed even with the outside of the mounting frame 
and ring. Fig. 10 shows a screen that has been stretched 
and is ready for mounting. The three ears on the mount-
ing ring are used to hold the screen assembly in the tube 
envelope. For the Trodaloy screen and steel frame com-
bination, the screen has a higher thermal expansion 
than the frame. This caused slight wrinkles to occur at 
the corners of the screen when it was baked out. These 
stresses were prevented by slitting the edges of the 
screen. With the Fernico screens and frames, this was 
not necessary, and the screen was spot-welded to the 
frame along the outside edge of the mounting ring. 
The tension in the screen was controlled by measuring 

its resonant frequency. This is done by placing any 
small light object at the center of the screen and noting 
the lowest frequency at which it vibrates when the 
screen is excited acoustically. It was found that the 
16-inch Trodaloy screens would rupture at a tension 
corresponding to 250 cycles. The screens were usually 
adjusted to a tension corresponding to 210 cycles. The 
24-inch Fernico screens were clamped at a tension cor-
responding to 140 cycles. 

Reflector Screen Spacers 

To insure proper color registry, the spacing between 
the screen and reflector must be held to within 0.001 
inch. This spacing was made one-half inch for all tubes. 
This dimension was selected as a compromise among the 
many factors previously discussed. The reflector is bi-
ased at zero volts with respect to the cathode. Thus, the 
full beam voltage is applied across the i-inch gap be-
tween screen and reflector. The material used for ac-
curately spacing the screen and reflector must withstand 
this high voltage gradient and should have as low a leak-
age as practicable. 
The best material found for this purpose was a sur-

face-conducting lead silicate glass developed by Blod-
gett. These blocks measured I- by {- by 4- inch, with the 
high voltage being applied across the i-inch dimension. 
The resistance of each block was 3,000 megohms. 

The reflector is clamped at each corner between two 
of these blocks, as shown in Fig. 11. This places eight 
blocks in parallel between the screen and reflector. At a 
beam voltage of 20,000 volts, this gives a leakage cur-
rent of 53 pa. This is not considered excessive, since the 
beam current is more than twenty times this value. 

Fig. 11—Screen assembly showing method of supporting 
reflector-plate between surface-conducting glass blocks. 

To insure a uniform potential gradient along the 
blocks, aquadag is painted along the two edges of the 
block that are in contact with the reflector and with the 
metal clamp. 

Micro phonics 

A very close tolerance is required on the reflector-
screen dimension to keep the colors in proper registry. 
An average change of one mil in reflector-screen spacing 

8 K. B. Blodgett, "Surface conductivity of lead silicate glass after 
hydrogen treatment," Jour. Am. Ceramic Soc., vol. 34, pp. 14-27; 
1951. 
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will change the electron beam displacement by two mils. 
If the tube is subject to mechanical shock during opera-
tion, the screen may be set into vibration, causing beam-
displacement modulation and hence color dilution. 
Since the screen is mounted in vacuum, there is little 
damping present, and in some cases the vibration may 
become excessive. 

Fig. 12—Back side of screen assembly showing snare used to 
prevent screen vibration. 

To prevent this, a special type of snare was used. It 
can be seen in Fig. 12. It consists of a thin metal (0.006-
inch Trodaloy) strip stretched across the back of the 
screen, at right angles to it, and spaced about five mils 
from it. This strip is held under tension by means of 
spring steel wires mounted in blocks at the ends. The 
strip and screen are soldered together at their midpoint 
with a drop of indium. During bake-out, the indium 
melts and the screen may expand on the frame, becom-
ing buckled and distorted. When the assembly cools 
down, the screen tightens on the frame, becoming flat 
again. At 155 degrees C. the indium freezes, holding the 
screen rigidly in position. The snare is placed directly 
behind one of the webbing lines to make it inconspicu-
ous during operation of the tube. It can be shown that, 
if the snare is perpendicular to the screen and is placed 
along any radial line drawn from the point of projection 
of the center of beam deflection in the plane of the 
screen, the shadow will not exceed the thickness of the 
snare. Actually, since there is no focusing action of the 
retarding field in a direction at right angles to the snare, 
the beams spread slightly after passing through the 

screen on each side of the snare and overlap on striking 
the screen, thus eliminating the shadow for all practical 
purposes. Since the webbing lines are all radial lines, 
as described above, it is only necessary to place the 
snare over any webbing line to insure proper alignment. 

Tube Envelope 

The screen assemblies were housed in hemispherical 
shells. These shells do not necessarily represent the best 
shape, and certainly do not give the smallest possible 
volume for the tube envelope. However, since dies were 
readily available for pressing hemispheres, it was more 
economical to use this shape in the experimental tubes. 
The shells are made of the usual 17 per cent chrome-iron 
alloy used in making the cones of the conventional 
tubes. In the 16-inch tubes, a glass gun arm and funnel 
are sealed directly to the hemisphere. The reflector lead 
seal is also made directly to the side of the hemisphere. 
The screen assembly is held in position by three mount-
ing posts. These posts are fastened in place by screws 
welded to the hemisphere. 
The neck of the 24-inch tubes is made from a 16-inch 

cone. The face-plate flange is removed and the cone 
spun in the form of a cylinder at the end. A glass gun 
arm and funnel are sealed to the cone. The assembly is 
coated with aquadag and baked. The gun is then sealed 
into the neck assembly. The large cylindrical end of this 
assembly is welded into the 24-inch hemisphere with the 
aid of a jig attached to the mounting posts. The screen 
assembly is then mounted and the face-plate assembly 
welded to the hemisphere as described above. This type 
of envelope construction has the advantage that all of 
the glass work may be done on conventional production-
line equipment. 

Electron Gun 

Brightness appears to be a problem in all types of 
color television tubes at this time. With a single gun 
tube, the peak current requirements are rather severe, 
especially if rapid color-switching at megacycle rates is 
necessary. Under these conditions, sinusoidal waveforms 
are generally used on the reflector. This means that the 
beam can only be on about 40 per cent of the time. In 
practice, only about 25 per cent of the total beam cur-
rent goes through the slits in the screen and is useful in 
producing light. Thus, the beam current is reduced to 
about 10 per cent of its normal value. To get reasonable 
levels of screen brightness, it is necessary to increase the 
beam voltage and current. An upper limit of 20 kv was 
set for the beam voltage, and a special gun shown in 
Fig. 13 was designed to increase the beam current. 
The principle used in this gun is to focus the current 

from a large extended cathode area through a small, 
low-voltage, first-anode aperture; that is, to produce a 
high-perveance gun without provision for modulating 
the current density by the usual method of varying the 
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electric field at the cathode surface. The current density 
is modulated by a three-aperture einzel lens following 
the first anode. The two outer electrodes of this lens 
operate at first-anode potential. The inner central elec-
trode operates at a negative potential and is used to 
modulate the beam. This lens acts as a converging lens 
until the voltage on the central electrode is made suf-
ficiently negative to reduce the axial potential at the 
center of the lens below zero. At this point, the lens 
acts as a mirror, reflecting the electron beam. 
As the potential of the central electrode is gradually 

made more and more negative, electrons moving into the 
lens will not have enough kinetic energy to pass through 
it, and will be returned. At first, the marginal electrons 
are returned, but when the central electrode becomes 
still more negative, the axial electrons are also re-
flected. In this way, the einzel lens can be used to 
modulate the intensity of the electron beam. The lens 
acts as if it were being closed by an iris diaphragm when 
the central electrode is made more negative. 

FOCUS 
=NODE ELECTRODE 

I" ago« - 
2" ANODE 

HIGH WEAK 
PERVEANCE CONVERGING 
GUN LENS 

EINZEL 

LENS 

MODULATOR 

Fig. 13—High-current gun used in reflection-type color tube. 

The gun shown in Fig. 13 has a standard 1-inch-
diameter cathode. The emitting surface is made spheri-
cal, and current from the entire area is focused through 
a 28-mil hole into the einzel lens. There is a large 
variety of focusing electrode shapes that may be placed 
around the cathode to give good focusing action. The 
central electrode cut-off voltage is determined to a large 
extent by its thickness and hole diameter. The charac-
teristic curves shown in Fig. 14 are for a gun with a 
central electrode 30 mils thick and with a hole 60 mils 
in diameter. The spacing between the central electrode 
and outer electrodes is 30 mils. Making the central 
electrode thicker shifts the curves to the right with little 
change in slope, while making it thinner shifts the curves 
to the left and also reduces the slope to some extent. 
A small opening in the center of the cathode assists 

alignment and permits the positive ions to pass through 
without disturbing the cathode emission. 

The first aperture on the second anode is for the pur-
pose of increasing the strength of the weak lens action 
between the first and second anodes. This reduces the 
divergence of the beam entering the second anode and 
permits a larger fraction of it to pass through the final 
aperture. Magnetic focusing and deflection is used. 

In some of the tubes, the guns were made with two 
control grids. One grid was used for the video signal and 
the other for the 10-mc sampling frequency. The grids 
were constructed by inserting two adjacent einzel lenses 
into the electron beam. The maximum beam current 
for these guns was reduced from five to about three ma. 
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Fig. 14—Characteristic curves for the high-current gun. Dotted curve 
is for a standard gun used in black-and-white picture tubes. 

Results 

The sealed-off tubes shown in Fig. 15 were given pre-
liminary tests at the Research Laboratory and were then 
sent for further evaluation to the Electronics Division 
at Syracuse, N. Y., where complete color signals are 
available. In the Research Laboratory, the tubes were 
tested in a simple setup whereby a black-and-white 
video signal from a local TV station was applied to the 
tube. A keystoning correction circuit developed by 
W. N. Coffey was used with the scanning circuit to 
give a rectangular raster. By changing the reflector 
voltage, the picture thus obtained could be made all 
red, green, or blue. This made it possible to observe 
brightness, color purity, moiré effects, and resolution. 
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Nearly all of the 16-inch tubes gave a uniform color 
field in each of the three primary colors without the aid 
of correcting fields. For the larger tubes, a beneficial 
effect was obtained in some cases by placing a per-
manent magnet near the periphery of the face plate. 
The color purity was not measured quantitatively, but 
in general it appeared to be good. Moiré patterns result-
ing from the beating between the scanning lines and 
the slits in the. screen could be observed at very low 
beam currents, but at normal picture brightness they 
were absent. The contrast appeared to be good. How-
ever, on close examination, a faint greenish-white back-
ground could be observed, owing to scattered electrons. 

Fig. 15—Completed 16- and 24-inch tubes. 

The automatic registry of the three primary colors 
over all parts of the screen is an outstanding advantage 
of the reflection-type tube. Besides making the tube 
simple to adjust and operate, the automatic registry im-
proves the picture resolution. The webbing lines were 
not visible in the picture at normal viewing distance 
and did not appear to degrade the resolution. The tube 
could be operated with average beam currents from 14. 
to 3 ma without the 24-inch screens buckling. With the 
raster just filling the screen, the field brightness was 1 
foot-lambert per 100 ya beam current. The characteris-
tids of the 24-inch tube are listed below. 

First anode voltage (EG2) 
Cut-off voltage 
Beam current, zero bias 
Beam voltage 
Reflector bias 
Reflector color-switching voltage 
Reflector Q (at 3.6 mc) 
Reflector-screen capacitance 

250v 
—50v 

1.5 to 3.0 ma 
20,000v 
0±400v 

215v rms 
50 

225 µµf. 

The tube was tested further with a color-bar genera-
tor setup developed by Coffey. Four sets of three color 
bars were displayed on the screen, using a dot-sequential 

method in which the colors were switched at a 3.6-mc 

rate. A 3.6-mc sine wave was applied to the reflector and 
its third harmonic was applied through a phase-shift 
network to one of the control grids in the gun for gating 
the beam. It was found that, by gating the beam in this 
fashion, the color purity was improved considerably 
and the brightness maintained, particularly for low-
level video signals. The brightness was again found to be 
1 foot-lambert per 100 pa of beam current. 

APPENDIX 

A derivation of the Davisson and Calbrick formula 
for the focal length of a single aperture in which the 
electron beam is normal to the plane of the aperture is 
given in Klemperer's "Electron Optics."9 The deriva-
tion given here follows along similar lines for the more 
general case in which the incident electron beam makes 
an angle a with the normal to the plane of the aperture. 
This derivation was suggested to the author by J. R. 
Pierce in a private communication. 

Y 

Fig. 16—Derivation of the focal length of a slit. 

X 

If the aperture is in the form of a slit, the cylindrical 
lens field is symmetrical about a plane which passes 
through the y-axis normal to the x-axis (Fig. 16). Two 
electron paths will be considered; one through the center 
of the lens, and the other through the edge of the lens. 

If it is assumed that the electrons travel with a con-
stant velocity vo = (2e Vo/m)"2 through the lens field, 
then the angle of the path can be changed only through 
the impulse normal to the path, which produces a 
velocity change Avn normal to the path. Assuming 

' O. Klemperer, "Electron Optics," University Press, Cambridge, 
Mass., 2nd ed., p. 62; 1953. 
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straight-line paths of integration along AB and CD, 
these changes in velocity are given by 

and 

Avni = — e — f (—En)dt (along AB), (55a) 

= — — f E„dt (along CD), (55b) 

where En is the normal component of the lens field along 
these paths. Substituting dt=ds/vo and subtracting 
(55a) from (55b) gives the difference in the normal 
velocity components for the two paths: 

D 
aVn = — — f Ends + f Ends] • 

e 

MV0 A 
(56) 

These integrals can be evaluated with the help of 
Gauss's law according to which the surface integral 
over the normal component of flux density is equal to 
the inclosed charge. Since there are no components of 
flux parallel to the slit and there is no charge involved, 
integration over the path A BDCA gives 

14 D A 
Ends + f Ends + f Ends + f Ends = 0. (57a) 

D 

Since BD and AC are assumed to be far enough 
above and below the lens to be in regions of uniform 
fields E and 0 respectively, it follows that 

fc 

D 
Ends + f Ends = — Exo. 

A 

Substituting this in (56) gives 

e Exo 
AV,, = — 

M  Vo 

from which it follows that 

and 

e Exo 
3,z) = — cos a 

272 Vo 

e Exo 
AVv =  sin a. 

Vet 

(Sib) 

It should be noted that (21) and (23) may also be 
derived from transit-time considerations. Consider the 
accelerating-field case first. The displacement of the 
beam is given by 

L = vit, (62) 

where v. is the x component of the beam velocity and t 
is the transit time of the electrons in going from the 
mask to the screen. In passing through the aperture, 
the lens field will change the direction of the electrons. 
This change in direction changes both the x and y 
components of the initial velocity. A change in the y 
component of the initial velocity will change the transit 
time. Hence, from (62), 

dL = dv + v zdt. (63) 

The transit time is given by 

invo 
t = — [cos a — (V./Vo — sin' a) 1/2]. (64) 

eE 

The rate of change of the transit time with respect to 
the y component of the initial velocity is found to be 

COS 
dl =  ) do,. (65) 

eE (Vo/V. — sin' a)" 

From (59): 

and 

eE cos a 
do. — dx 

von 

— eE sin a 
(58) dv, —  dx. 

votn 

(59a) 

(59b) 

The resultant angular deviation of the electrons is 

tan ao = 
— Avn X0 cos a 

fo Vo 

which on substituting (58) and the expression 
velocity gives 

or 

Jo = 

f = 

2170 cos a 

E 

2170 cos° a 

E 

(60) 

for the 

(61) 

(66) 

(67) 

Substituting (64), (65), (66), (67) and vs=vo sin a in 
(63) gives 

dL = [cos' a — ( V./Vo — sin2 a) 112 cos a — sin' a 

sin' a cos a 
  dx. (68) 
(V,/Vo — sin2 a) 112 

On substituting the condition for focus, dL = — dx, in 
(68): 

sin' a 
0=2 cos a— (1'0/V0— sin' a)1/2+  (69) 

(V./Vo—sin2 a) 112 

Substituting X for ( V./ Vo—sin2 en in (69) and solving 
for X gives 

or 

X = 1 ± cos a 

Vc/Vo = 2(1 -I- cos a). (70) 
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Similarly, for the retarding field case: 

and 

where 

and 

I ence, 

s =- v11, 

dS = dvxt v xdt, 

2mvo 
I = cos a, 

eE 

2m 
dl = — dv„, 

eE 

= vo sin a, 

eE cos a 
dv1 - dx, 

vom 

eE cos a 
dv„ -   dx. 

Ve,,, 

dS = 2(cos2 a - sin2 a)dx; 

dS = 2 cos 2adx. 

Dressler" has also derived an expression for obtaining 
a line-focus with a post-accelerating field. His expression 
(eq. 2.7), IT,/ Vo = 3 cos2 a + 1, would appear to be in 
error because the field has not been integrated over the 
electron path and the second term in (63) has been 
neglected. For a = 0, his expression gives V, =4 Vo, the 
same as (23) and (70). For a= 0, his path of integration 
coincides with the electron path and the last term of 
(63) is zero. 
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1° R. Dressler, "The PDF chromatron—a single or multi-gun 
tricolor cathode-ray tube," PROC. I.R.E., vol. 41, pp. 851-858;July, 
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CORRECTION 

G. L. Hall and P. Parzen, authors of the paper, "Measurement of Resonant-Cavity 
Characteristics," which appeared on pages 1769-1773 of the December, 1953 issue of the 
PROCEEDINGS OF THE I.R.E., has brought the following correction to the attention of the 
editors: 
The value of R given in the third line of the first paragraph of page 1772 is incorrect. 

The correct calculation given in more detail is: 

[ f ( lic.o/w0)112ds] = - 5.97 X 10-' meters 2. 

Hence: 

— 1 rf 2 

R/QO (1.10)/(.00) 1 2dS] = 58.1 ohms, 
..71-Eowob 3 L 

and 

R = 1.66 X 10' ohms, 

where use has been made of the data of Fig. 4 (efficiency of the cavity = 38.8 per cent). 
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Characteristics of a Transmission Control Viewing 
Storage Tube with Halftone Display* 
M. KNOLLt, SENIOR MEMBER, IRE, H. O. HOOKt, ASSOCIATE, IRE, 

AND R. P. STONEt, SENIOR MEMBER, IRE 

Summary—A storage tube is described which maintains a bright 
visual display, using a charge pattern stored on an insulating layer 
to grid control the transmitted viewing beam. This insulating layer 
is a part of an image amplifier system, whose operation and charac-

teristics are discussed. The factors affecting background uniformity 
and viewing duration have been investigated. Methods of extending 
the viewing duration by electrically compensating for ion landing 
have been developed. Erasure, which prepares the surface for the 
writing of new information, may either be over-all erasure of the 

entire picture, or selective erasure of only that area where new in-
formation is to be written. The present tubes will display a halftone 

picture of good quality for 30 seconds without compensation, and for 
over 3 minutes with compensation, after writing has stopped. The 
writing process can be accomplished in 1/30 second for a complete 
halftone picture. The resolution is over 500 lines on a 4-inch diame-
ter screen, and there are at least 5 distinguishable halftone steps. 

As a radar indicator, this tube provides a flickerless display of the 
complete radar picture, which is bright enough for daylight viewing. 

INTRODUCTION 

VIEWING storage tubes are cathode ray tubes 

in which the visual display of pictures or oscillo-

grams can be maintained for an extended period 

after writing has ceased. Among different types of such 

electron devices' a grid control tube of the transmission 

type2-6 seems to be the most promising today, because 

of its high brightness and short-erasing time. A trans-

mission-type storage tube, which is capable of reproduc-

ing halftones, and permits simultaneous writing and 

viewing, has been developed.8.4.8 This paper presents 

several typical characteristics of the present viewing 

storage tube. 

DESIGN OF TUBE 

The basic principles of this type of tube have been 

discussed in an article in the RCA Review.° Within the 
last year a new experimental version of the tube has 

Decimal classification: R138.31. Original manuscript received 
by the IRE, May 10, 1954; revised manuscript received, July 6, 
1954. The work described in this paper was done at the David 
Sarnoff Research Center of the RCA Labs. Div., and was supported 
by a Signal Corps Contract, DA 36-039-sc-15532. A condensed ver-
sion was presented at the 1954 IRE Convention, New York, N. Y., 
on March 25, by M. Knoll. 

.1. Radio Corp. of America, RCA Labs. Div., Princeton, N. J. 
See, for example, the survey in M. Knoll and B. Kazan, "Storage 

Tubes and Their Basic Principles," John Wiley & Sons, Inc., New 
York, N. Y.; 1952. 

2 R. C. Hergenrother and B. C. Gardner, "The recording storage 
tube," PROC. I.R.E., vol. 38, pp. 740-747; July, 1950. 

3 For details, see M. Knoll, "Electron Lens Raster Systems," and 
M. Knoll and P. Rudnick, "Electron Lens Raster Viewing Storage 
Tubes," Washington Symposium on Electron Physics, NBS Circular 
No. 527; November 5-7, 1951. 

4 Knoll and Kazan, loc. cit., p. 79. 
' S. T. Smith and H. E. Brown, "Direct viewing memory tube," 

PRoc. I.R.E., vol. 41, pp. 1167-1171; September, 1953. 
M. Knoll, I'. Rudnick, and H. O. Hook, "Viewing storage tube 

with halftone display," RCA Rev., p. 492; December, 1953. 

been built, which is shown in Fig. 1. In addition to re-

finements which permit better uniformity and greater 

resolution, this tube differs from the previous one mainly 

by its cylindrical shape, the inclusion of a separate eras-

ing gun plus the viewing and writing guns, and a larger 

ratio of screen diameter to over-all bulb diameter. 

Fig. 1— Photograph of the direct-view storage tube. 

Fig. 2 shows the elements of the tube. The writing 

gun and the erasing gun both carry electrostatic deflec-

tion plates and produce focused scanning beams. The 

viewing gun produces a flooding electron beam. The 

collimating electron lens insures normal incidence of the 

viewing and erasing beam electrons at the storage grid. 

ERASING GUN 
CATHODE 

(NEAR ZERO) 
VIEWING GUN 

CATHODE 
(NEAR ZERO) 

COLL IMATOR 
PLANE 

LUM. SCREEN 
COLLECTOR GRID (2 TO 10 KV) 
CI TO 5 KV) 

VIEWING 
BEAM 

WRITING 
SEAM WRITING GUN 

CATHODE 
(- 1 TO- 55V) CONDUCTING COATING 

(0.2 TO I KV) 

COLL IMATOR 
STORAGE GRID 
(NEAR ZERO) 

Fig. 2— Direct-view halftone storage tube (transmission control 
type). 

And finally, at the front of the tube is the image ampli-

fier system, where the picture patterns are written, 

stored and displayed, and erased. 
In this tube the image amplifier system consists of 

three parallel, closely spaced, electrodes. A collector grid 

is mounted nearest the guns. The middle electrode is the 
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storage grid. A luminescent screen on a transparent con-
ducting plate is the third element. 
The storage grid is a fine mesh metal screen, in this 

tube 200 to 400 openings per linear inch. It is covered 
on the gun side with a thin insulating layer; for exam-
ple, silica or magnesium fluoride. The charging processes 
of writing and of erasing take place on this insulating 
layer, as described subsequently. The charge pattern 
established in writing modulates the transmission of the 
flood (viewing) beam over the storage grid surface, and 
thus a bright image of this charge pattern is produced 
on the luminescent screen. 
We call this target assembly an image amplifier be-

cause an increase in power takes place from the written 
to the viewed picture. Since the writing beam current is 
10 microamperes, and the anode current 1 ma, the 
power of the viewed picture is about 100 times larger 
than that of the written picture for same beam voltages. 
Because the stored pattern written in a fraction of a 
second may be observed for several minutes, the gain in 
work during such long storage is of the order of 106. 

IMAGING OF THE W RITTEN BY THE VIEWED PICTURE 

Proper imaging of the charge pattern on the storage 
layer by the picture as observed on the viewing (lu-
minescent) screen is achieved by using each of the storage 
grid holes as a small electron lens. Each opening focuses 
that portion of the viewing current passing through it 
into a separate beam, and to a single spot on the viewing 
screen. This requires a proper choice of the geometry 
and the potentials of the image amplifier electrodes. In 
general, the luminescent screen should be as close as 
possible to the storage grid to avoid overlapping of the 
elementary beams, which would produce a loss in useful 
resolution (see also later section on " Resolution, Half-
tones, and Brightness"). This image amplifier, there-
fore, represents in addition, a convenient very short 
electron optic-imaging system for large images, with the 
limitation that it gives only unity magnification with 
the usual parallel grid structures.' 

VIEWING CURRENT CHARACTERISTICS OF THE 
IMAGE AMPLIFIER SYSTEM 

Since the characteristics of the writing, viewing, and 
erasing guns are more or less conventional, this paper 
deals primarily with the viewing current characteristics 
of the image amplifier system.' 

Characteristics of a Space-Charge Grid Triode 

Neglecting for a moment the complications of a 
double-potential storage grid, we consider first the 
image amplifier system with a bare control mesh, i.e. a 
mesh without a storage layer. We may predict that it 
should have properties similar to Langmuir's9 space-
charge grid triode, which. consists of a cathode, one or 

7 Knoll, and Knoll and Rudnick, loc. cit. 
3 For the electron optic characteristics, see footnote reference 3. 

I. Langmuir, U. S. Patent 1,558,437. 

two accelerator grids, a control grid, and an anode. The 
characteristics of such a system as measured by Rothe 
and Kleen" are seen in Fig. 3. These authors found that 
the shape of these characteristics is quite different at 
high and at low current densities, depending whether 
electron optic or space-charge conditions prevail near 
the control grid. In addition, a typical shift of the cut-
off voltage takes place within the electron optic region 
for different maximum anode currents. Equations for 
characteristics of this kind of accelerating grid triodes 
exist for the space-charge case, showing the well-known 
Pi rise. For the electron optic range, useful equations 
have been developed only for the case where the field 
gradients on both sides of the control grid are equal." 

V, a 20V 

Vs•200V 
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o 

Fig. 3—Characteristic of a space-charge grid tetrode as e function 
of anode current (Rothe-Kleen). 

For the present tube, however, the gradient on the col-
lector grid side has to be low to obtain adequate view-
ing-beam collimation, and the gradient on the lumines-
cent screen side must be high to get adequate brightness 
and resolution, and to shift the control characteristic 
towards more negative V2-potentials. Because the anode 
current density of this tube is low (the order of 10 
µA/cm2), and the field gradient near the control grid 
holes is high (which presumably causes an "electron 
optic" current distribution), we expect to find charac-
teristics of the type shown in the left part of Fig. 3. 

Method of Measurement 

The phosphor in the tube described has a light output 
proportional to the incident current, within the range 
of current density used. Therefore, the characteristics 
may be measured with either brightness or current as 
the dependent variable. The total current is only an 
average of the individual characteristics for different 
sections of the target. By using a photomultiplier which 
is arranged to "see" only a very small area of the lu-
minescent screen, the characteristic of a particular area 
may be obtained. 

10 H. Rothe and W. Kleen, "Grundlagen und Kennlinien der 
Elektronenroehren," Leipzig, Ger., pp. 297-298; 1948. See also, 
H. A. Pidgeon, "Theory of multi electrode vacuum tubes," Bell Sys. 
Tech. Jour., vol. 14, pp. 44 and 72; 1935. 
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Measurements of the characteristics of tubes with 
bare grids are easily made by a point-by-point method. 
However, on tubes with storage layers, the viewing 
duration, due to ion bombardment of the storage layer, 
is too short for convenient point-by-point measurement. 
A more rapid method was devised for taking those data 
by applying a linear sawtooth of voltage from a motor 
driven potentiometer to the grid, and plotting the 
brightness or current with an electromagnetic recording 
oscillograph." A sawtooth period of 10 seconds was 
found to be a satisfactory compromise between phos-
phor lag and limited viewing duration." 

In recording such characteristics the insulator surface 
is first charged positive with respect to its backplate by 
secondary emission. The backplate is then switched 
negative and the sawtooth voltage started. At the posi-
tive excursion of the sawtooth the insulator surface is 
charged to viewing cathode surface potential which is 
taken as zero insulator potential. During the second 
sawtooth a recording is made. By shifting the backplate 
bias positive in steps a family of characteristics can be 
recorded. 

E23.15 kv/cm 

Ea' . 0 2kv/cm 

n=100 E.TCHED 

T. 30% 

I 

30 

20 

I 0 

o 

00 MESH 

37—I % TRANSMISSION 2 

v, 

12 

-4 -3 -2 -I 0 I 3 4 

Image amplifier grid potential—V2—volts 
(no insulator). 

Fig. 4—Viewing current characteristic for bare grids. 

Viewing Current Characteristics of Image Amplifier 
System 

The actual image amplifier characteristics for differ-
ent mesh without storage layers are shown in Fig. 4. As 
expected, there is close similarity to the low current 
density curves of Rothe and Kleen. However, there is a 
substantial shift towards positive grid potentials due to 
the high amplification factor ( 1,000-10,000) of the finer 
mesh, in spite of the 20 times larger gradient. 
As can be seen from the grid current curve, storage 

is possible up to an indicated voltage of +2 volts be-

" Sanborn 2 Channel Oscillograph. 
" This recording method proved to be more convenient than the 

oscillographic method used by Hergenrother and Gardner (loc. cit., 
app. C), which was devised for storage tubes with electrical output. 

cause the landing current starts only at this high value. 
This voltage is the sum of contact potential and cathode 
interface voltage drop. One reason for this high value is 
that the clean target grid metal is not contaminated by a 
barium layer as happens frequently in amplifier tubes. 
Also, since the viewing cathode current is nearly inde-
pendent of the target grid potential, the cathode inter-
face voltage drop remains high even at low viewing-
screen currents. 
We may conclude, therefore, that 400-mesh and even 

finer control grids which may be desirable for high reso-
lution may be suitable for image amplifiers, if the anode 
gradient is sufficiently high. However, such fine grids 
may not be necessary from the standpoint of resolution 
alone. A 250-mesh grid provides adequate resolution for 
displaying television pictures on a 4-inch viewing screen. 
Extrapolating to a 12-inch viewing screen, for example, 
indicates that an 80-mesh grid would suffice for this 
purpose. Furthermore, the choice of type of grid mesh 
and of hole spacing may depend on background dis-
turbance, which will be discussed. 

471"  n i. 
1 

!# 
123 ial 

30 

• E2-3 20 
12 kv/ern 

10 Ea.•0.2 kv/cm 

n .200 MESH 

-3 -2 -1 0 

Storage grid potential (172.... Vs) volts (recorded). 

Fig. 5—Viewing current characteristic for a coated grid with 
no gradient across the insulator. 

Fig. 5 shows the static characteristics recorded for a 
200-mesh grid where the storage surface and the metal-
lic grid supporting it are at the same potential. These 
characteristics were measured as described, making the 
positive excursion of the sawtooth voltage equal to 
viewing cathode potential. These curves are plotted only 
to 30 µamp. so that the region near cutoff may be shown 
in more detail. 

For the same anode gradient, this coated grid charac-
teristic has shifted to the left as compared to the bare 
grid characteristic. This is due to the method of meas-
urement in which the surface of the insulating layer was 
set at cathode surface potential by landing viewing-
beam electrons. This causes a difference in the zero 
points taken for the curves by an amount equal to con-
tact potential plus interface voltage drop at cathode." 

u If the diameter of the grid holes is appreciably decreased by 
the application of the storage layer, a shift of the corrected curves to 
the right may occur. 
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As in the bare-grid case, the characteristics show a 
typical shift to the left with rising anode gradient. From 
this shift, the amplification factor, µ, may be determined 
as ei Va/A V2, and compared with ti values estimated 
from 011endorff's formula." 

1 — ln 2z -F z2 

2a — 2z2 

where s=7 • cis (2c wire diameter; s hole spacing) and 
a =ird/s (d anode-grid distance). We introduce in this 
formula, which was derived for parallel round grid wires, 
the optical transparency T of the grid as T=1—A, 
where A is the fraction of light absorbing area of the 
grid. For parallel wires A is equal to the ratio of wire 
diameter to wire spacing. Therefore, A = 2c/s for paral-
lel wires, and 

ir ir 
z =  •A = —(1— T) 

2 2 

(1) 

where T may be measured directly by a photometer, 
which is more accurate than measuring the dimensions 
of a fine mesh. For different ratios of anode distance to 
hole spacing, we obtain a whole family of µ-curves 
(Fig. 6). 
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Fig. 6—Calculated amplification factor as a function of image 
amplifier dimensions. 

Formula (1) assumes relatively high-grid transparen-
cies such as occur in ordinary amplifier tubes. Because 
it is only valid in a range of T> 0.6, the question arises 
whether an extrapolation of these curves would also 
permit predictions for 12 within the low transparency 

14 See M. Knoll, F. 011endorff, and R. Rompe, "Gasentladungsta-
bellen," Berlin, Germany, p. 109; 1935, and Rothe and Kleen, loc. 
cit., p. 85. 

range (10 to 40 per cent) used in these image amplifiers. 
For a few grids, as shown in Fig. 6, full correspondence 
was obtained between their measured µ values (ob-
tained from characteristic shift) and the values indi-
cated by an extrapolation of curves calculated from 
(1). For others, deviations of ± 50 per cent have been 
observed. These deviations are possibly due to differ-
ences in the mesh pattern and profile, the effects of 
which become more important as the hole size becomes 
small compared to the hole spacing. Such curves, there-
fore, will probably give accurate µ values only if cor-
rected for a specific mesh pattern and profile. They are, 
however, very useful for estimates of characteristic 
shifts. 
One might assume that the dynamic characteristic of 

our image amplifier system is identical with the coated 
grid characteristic shown in Fig. 5 because only small 
voltages, of the order of several volts, are necessary to 
control the anode current. Actually, this is not the case 
because of the action of the gradient across the storage 
layer. Since the distance between storage-layer surface 
and metal backplate is only a few microns, gradients of 
106 v/cm arise across the storage layer. The action of 
this gradient near the grid holes shifts the characteristic 
towards negative V2-potentials, as if the anode voltage 
had been raised, for the usual case with backplate posi-
tive with respect to the storage-layer surface. 

4  
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V2 tiV 2s 

n. 400MESH 
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Storage surface potential— V2.—volts (recorded). 

Fig. 7—Viewing current characteristic for a coated grid with a 
gradient across the insulator. 
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In Fig. 7 a family of such static characteristics is 
shown in which the potential difference across the stor-
age layer ( V21,— V20) is kept constant while the storage 
surface potential V2. is changed. Comparing Fig. 7 
with Fig. 5, it can be seen that 10-volts change in the 
surface to backplate potential shifts the characteristics 
by an amount corresponding to an increase of anode 
voltage V3 of about 100 per cent. 
The dynamic characteristic, therefore, must have a 

smaller slope than the static characteristic. Its /3max is 
the intercept of the static characteristic corresponding 
to the backplate bias with the V2. = 0 ordinate. Its lower 
/3 values belong to other static characteristics with suc-
cessively higher gradients. 
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For example, the dynamic characteristic for V2b = 0 
is given by the following conditions: 172. = 0, V2t 
=0; V28= V2b«.- V28= + 1; V28 =- 2, V21,—. V28= + 2; 
V28 = — 3, V21.— V28= +3; etc. 
The smaller slope of the dynamic characteristic is 

advantageous with respect to the signal to disturbance 
ratio. Furthermore, the use of a higher potential differ-
ence, V2b— V28, than actually needed for grid control, 
presents a new possibility of shifting the dynamic char-
acteristic to more negative surface potentials. For a fine 
mesh grid this might prevent electron landing, and per-
mit using smaller anode gradients. For the grids inves-
tigated, the shape of the dynamic characteristics 
changes only slightly with increasing V22— V28. 
The characteristic of the over-all writing-viewing 

process is the product of the writing-gun grid-control 
characteristic and the image-amplifier dynamic charac-
teristic, assuming linear charging of the insulator sur-
face by the writing-beam current. With the writing-gun 
used in these tubes, the control-grid voltage range is of 
the order of 40 volts for complete writing in one tele-
vision frame time. 

BACKGROUND DISTURBANCES 

In the choice of fine mesh grids, resolution is not the 

only factor to be considered. Equally important is the 
background uniformity, which can be measured as the 
range in storage grid cut-off voltage for the various 
areas of the screen. This situation is similar to that of a 
variable mu receiving tube with a luminescent anode, 
where the cut-off voltages corresponding to areas of 
different grid pitch could be observed. 
The main causes of such background disturbances in 

image amplifiers are undesired deviations in storage grid 
dimensions, imperfect collimation, and stray magnetic 
fields. Storage grid imperfections usually appear as ir-
regular background blotches. Poor collimation usually 

causes axially symmetric shading. Stray magnetic 
fields may cause shading or streaks across the tube. 

Magnetic disturbances of the low velocity viewing-
beam electrons can be reduced sufficiently by demag-
netizing the grid frames and by proper magnetic shield-
ing of the bulb. Shadow and moire patterns can be con-
trolled by suitable choice of grid mesh and orientation. 
An extremely uniform storage grid mesh is needed to 
achieve good background uniformity." 
Other background disturbances occur during the 

writing process, and will be described. It is notable that 
in general axially symmetric background disturbances, 
especially shading, appear much more tolerable to the 
observer than nonsymmetric ones. 

W RITING PROCESS 

The present writing process is of the current modula-

is See M. Knoll, "Background Patterns in Storage Image Ampli-
fier Systems Due to Variations in Amplification Factor and Secondary 
Emission," N. Y. Nat'l. Conf. Elec. Tube Techs.; Oct. 15, 1953. 

tion, nonequilibrium type. It involves two steps: ( 1) 
The storage grid surface is shifted to a uniform potential 
of several volts negative with respect to the viewing 
cathode potential. This process is the over-all erasing 
process, which will be described. (2) The storage-grid 

surface is scanned by the current modulated writing 
beam. The writing-beam lands on the surface of the 
storage layer at a voltage between the crossovers of the 
insulator's secondary emission characteristic, thus caus-
ing each element to shift positive by emission of second-
ary electrons an amount proportional to the instan-
taneous value of this writing-beam current. The shift is 
only a few volts toward an equilibrium (collector) poten-
tial of the order of 100 volts, so that good linearity of 
charging is achieved. The useful range of storage grid 
surface potential is between the negative potential 
established in step ( 1) and zero, or viewing beam cath-
ode, potential. If the writing-beam current drives the 

surface more positive, viewing-beam electrons will land 
and return the surface to zero. 

In the charge pattern which controls the viewing-
beam, therefore, high writing-beam currents correspond 
to less negative storage surface potentials, and low 
writing-beam currents to more negative storage surface 
potentials. Thus, the viewing-current pattern is a "posi-
tive" of the writing-current pattern, and the tube writes 
white on a black background. The secondary electrons 
emitted during writing are collected by the collector 
grid, the backplate of the storage grid, and the con-
ducting luminescent screen. 

In order to limit background disturbances due to un-
wanted variations in the charge pattern, the charging 
of the storage layer during writing should be uniform 
over the target area for a constant writing-beam current. 
This charging, being a secondary emission phenomenon, 
is proportional to (6-1) and inversely proportional to 
the capacity of the storage layer. For a homogeneous 
insulator, uniform capacity implies uniform thickness 
of the storage layer over the surface. Because of the 
((3— 1) factor, the same percentage of variation in sec-
ondary emission factor (3 produces smaller variations of 
the charging current at high (3's. Therefore, the use of 
insulators with a (3 large with respect to one, and opera-
tion of the writing-beam near the maximum of the 
secondary emission curve are advantageous. These con-
ditions are also favorable for obtaining a high writing 
speed. Other factors which may affect the uniformity 
of the charge pattern are changing of the writing spot 
size with deflection, nonlinear deflection, and variation 
of (3 with angle of incidence of the writing-beam. 
The optimum voltage of the writing-beam is a com-

promise between electron optic requirements (small 
focus) and maximum secondary emission. Therefore, the 
insulator material is chosen to have adequate secondary 
emission at voltages high enough to produce a suf-
ficiently fine writing-beam. 

The writing process can be accomplished in these 
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tubes in 1/30 second for a complete halftone picture. 

As a single transient oscilloscope, usable traces have 
been written in a single sweep at the rate of 4 inches per 
microsecond. 

USEFUL VIEWING DURATION 

For this discussion we define" as useful viewing dura-
tion T„ the time required for the background brightness 
to increase to 10 per cent of the highlight brightness. 
In a halftone picture, this corresponds practically to an 
increase of the storage layer potential à V. of "dark 
areas" by an amount of 10 per cent of the useful charac-
Ieristic range. 

For most applications, including radar, viewing dura-
tions of 10 to 20 seconds are more than adequate. View-
ing durations of 0.1 second are adequate for television 
applications. Most insulators suitable for storage grids, 
like silica or magnesium fluoride, will maintain a charge 
of a few volts for weeks if the tube is not operated. The 
factor which limits the viewing duration in the normal 
operation of this tube is not insulator leakage, but the 
landing of positive ions produced by the viewing-beam, 
which discharge the storage grid capacitance. Therefore, 
the useful viewing duration is given by the equation 

.1172„ • Cg 
T„ =   [seconds] 

i+ 

where Cg is the storage layer capacity (insulator surface 
to backplate capacity) and i+ the positive ion current 
landing at the whole negative insulator surface, which 
is assumed to be constant during viewing duration. i+ 
can be measured as a function of tube potentials, tube 
pressure p, and viewing-beam current i„. 

For a particular tube (t V2. = 0.5 V, CI= 2 • 10-7F." 
i,.= 0.4 ma, p = 10-7 mm Hg, i+ =5 10-9 a) we find: 

0 . 5•2 • 10-7 
T„ -   = 20 sec. for halftone pictures. (3) 

5. 10-9 

(2) 

It can be seen from (2) that long useful viewing dura-
tions require low ion current, high-storage layer ca-
pacity, and a small slope of the control characteristic. 
A higher tolerable V2, can be obtained at the expense 
of resolution by using a coarser grid mesh, which has a 
longer control characteristic. Also, this tolerable i V24 
may be an order of magnitude higher for black and 
white than for halftone pictures. It should be noted 
that the relatively high-storage layer capacity of 0.2 
iF is important for obtaining a long-viewing duration. 
Thus, at present, viewing durations of much greater 
than 10 seconds (without some means of compensation 

" Viewing duration refers to the over-all performance of the tube, 
while decay time (see definitions on storage tubes to be published by 
the I.R.E. Electron Devices Committee) applies only to the storage 
layer. 

17 Cg = (kA/11.1 d)10-" F where k is the dielectric constant, A 
the storage grid area, and d the thickness of the storage layer. For 
k- 44, A 100 cm2, and d 2 • 10-4 cm, Ce = 2. 10-7 F. 

for ion landing) have to be paid for by lower writing 
speed, less brightness, higher vacuum, reduction of reso-
lution, or the abandonment of halftones. The require-
ment of high vacuum has been made feasible" by using 
a glass bulb which has a low diffusion rate for at-
mospheric helium," proper processing, and by using 
effective low pressure-getter processes. For example, the 
trapping of residual gas molecules by ionization and ac-
celeration towards a negative collector surface may be 
used. Such ionization may be accomplished by an 
ionization gauge built into the tube," or by the viewing-
beam itself with other carefully outgassed tube elements 
as collectors. 

COMPENSATION AND REGENERATION 

For a constant viewing current, the amount of posi-
tive ion current reaching the storage surface can be 
greatly reduced if the image amplifier collector grid is 
operated as an ion reflector (Fig. 8). However, the re-
maining ions coming from the spaces between this col-
lector grid and the phosphor screen still land on the 
negatively-charged storage layer surface or its back-
plate. 
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Fig. 8—Positive ion landing, and compensation by 
electron landing. 

Compensation by Backplate Potential Shifting 

A rather crude method of partially compensating for 
the ion landing is to continually shift the dc storage grid 
backplate potential to more negative values. This po-
tential may be manually adjusted by the operator to 
approximately compensate for the ion landing, by keep-
ing the dark background constant. Some extension of 
the viewing duration is possible, but the picture soon 
deteriorates due to the nonuniformity of the ion landing. 

Compensation by Electron Landing 

It is possible to compensate for the positive ions by 

IS For details, see R. P. Stone, "Some Problems in the Design 
of a Direct View Storage Tube; Techniques for Maintaining High 
Vacua," N. Y. Nat'l. Conf. Elec. Tube Techs.; Oct. 15, 1953. 
" See also Lord Rayleigh, Proc. Roy. Soc., London, Eng., vol. 156, 

p. 350; August, 1936. And D. Alpert and R. S. Burwitz, Jour. 
Appt. Phys., vol. 25, p. 202; February, 1954. 

10 See G. Krawinkel and T. F. Adams, Fiat Rep. 1021, PB-78273 ; 
April, 1947. And D. Alpert, Jour. Appt. Phys., vol. 24, p. 860; July, 
19.53. Also H. Schwarz, Zeit. für Phys., vol. 122, p. 437; 1944. 
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an equal net current of viewing-beam electrons landing 
below the first crossover of the secondary emission 
curve. Besides, since the ions are generated by the 
viewing-beam itself, the ions will land in a pattern 
which corresponds to the current density of the viewing. 
beam. Therefore, the electron landing will charge the 
storage-grid negative in approximately the same pattern 
that the positive ions have charged it positive. This 
landing may be achieved by pulsing the storage-grid 
positive (or viewing-gun cathode negative) at a repe-

tition rate high enough to avoid flicker. Using micro-
second pulses at a 60 per second repetition rate extended 
viewing duration for the same storage tube by a factor 
of six (from 30 seconds to 3 minutes). 

Fig. 9 shows the familiar monoscope test pattern. The 
first picture (#1) was taken immediately after writing. 
The second (#2) shows the deterioration by positive ions 
after 30 seconds storage. The third (#3) shows a similar 
stored halftone picture, with compensation by electron 
landing, after 3 minutes. 

Fig. 9—Illustration of the effect of various methods of extending the viewing duration. 
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Pulse Holding Method 

The fourth picture (#4) refers to another kind of pulse 
operation which may be called a "pulse-holding" meth-
od. This method also serves the purpose of increasing 
the viewing duration. The potential of the positive 
pulses applied to the storage grid (or negative pulses to 
viewing cathode) is chosen slightly higher than the first 
crossover potential of the secondary emission curve. 
During the pulse, viewing electrons will land with 
velocities greater than first crossover at "highlight" 
storage surface areas, and with velocities less than first 
crossover at dark storage surface areas. Thus, the more 
positive areas of the storage layer are driven towards a 
more positive, and the more negative storage layer po-
tentials towards a more negative potential during the 
pulse. This pulse-holding method, therefore, is distinct 
from the static-holding method proposed by Haeff," and 
the pulse-holding method of Smith and Brown." The 
latter improves the contrast of a held picture by pulsing 
the holding (viewing) beam so as to shift the negative 
("black") equilibrium potential still more negative. In 
contrast to Haeff's static method the authors' method 
may be called a "dynamic" holding method. 

Because of the nature of the holding process, this 
method will not preserve the halftones so effectively as 
does the compensation method. In the case presented 
in Fig. 9, it was found that the compensation by electron 
landing gave better stored pictures up to 3 minutes after 
which the compensated, picture deteriorated. The 
"pulse-held" picture soon lost much of its halftone qual-
ity, but it could be held for hours. Starting with a 
black-and-white pattern, viewing durations as long as 27 
hours have been observed with pulse-holding. 

ERASURE PROCESS 

Over-all Erasure 

The most simple method of erasure consists in switch-
ing the storage-grid backplate to a positive potential of 
several volts after each picture. This potential is below 
the first crossover potential of the secondary emission 
curve of the insulator. Viewing-beam electrons will then 
land and obliterate any charge pattern by charging the 
storage layer uniformly negative to viewing-cathode 
potential. If the viewing-screen potential is left on, the 
screen is illuminated over-all during this erasing process. 
After switching the storage-grid backplate to viewing-
cathode potential, a homogeneous negative potential of 
several volts remains on the storage surface. This cuts 
off the viewing beam, and the screen is dark over-all. 
The storage surface is then ready for the writing process 
where it will be discharged by an amount proportional 
to the writing-beam current. 

This "over-all erasure" is useful where one stored pic-
ture is looked at for a relatively long time. In some 

" A. V. Haeff, "A memory tube," Electronics, vol. 20, p. 80; Sep-
tember, 1947. 

22 Smith and Brown, loc. cit., p. 1171, operation method (d). 

cases, however, the flash produced by a long positive-
erasing pulse, and the loss of the whole picture instead 
of only the part which is no longer needed, are serious 
disadvantages. 
Such disadvantages are largely avoided if pulses are 

applied to the storage-grid backplate during the viewing 
of the picture, for example, at a repetition rate near 
television line frequency for a television display. For 
this purpose, short pulses (of the order of microseconds) 
are used, and less than one per cent of the picture is 
erased for each erasing pulse. Such "continuous" over-
all erasing was successfully employed for a bright re-
production of television pictures without noticeable 

"smear." 
Over-all pulse-erasing is also practical for radar when 

erasure over several frames is desirable. This incomplete 
erasure permits the observation of "tails" on moving 
objects. When tails are not required, i.e. complete 
erasure in one frame is desired, over-all erasure may pro-
duce objectionable shading at low repetition rates. 

.-WRITING BEAM TRACE 

.--ERASED SECTORI5 - 15') 

•----ERASING BEAM TRACE 

Fig. 10—Bright radar picture with line-by-line erasure. 

Line-by-line Erasure 

Therefore, a "line-by-line" erasure method was de-
veloped which makes use of a separate erasing-beam 
which may move a short distance in advance of the 
writing-beam (see Fig. 10). Careful collimation to insure 
perpendicular landing of the erasing-beam at the 
storage surface was found to be necessary. Moving ob-
jects may be recorded with or without tails, depending 
on the degree of erasure, which is proportional to the 
erasing-beam current. In a radar display of the ppi 
type, the erasing line is visible as a gray trace at the 
leading edge of the dark erased sector, which is 5 to 15 
degrees in width. The writing-beam trace, which moves 
along the trailing edge of the erased sector, is practically 
invisible. This is in contrast to present long persistence 
kinescopes, which write at high brightness, and soon 
decay. Thus, a flickerless bright display is achieved, 
which permits daylight viewing of the whole picture ex-
cept the few per cent of picture area lost in the erased 

sector. 

RESOLUTION, HALFTONES AND BRIGHTNESS 

Fig. 9 shows the present quality of the stored pic-
tures. As seen on the face of the tube, the resolution 
wedge showed a resolution of about 500 lines; in the 
Indian's head, the individual lines of the 525-line tele-
vision raster appear. There are also at least 5 dis-
tinguishable halftones. Halftones are essential not only 
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for applications such as television but also for detection 
of radar targets in noise by integration. The maximum 
contrast ratio of the stored picture (measured with a 
photomultiplier tube) is at present 20 db (100:1). A 
highlight brightness of 500-foot lamberts has been 
measured with 9 kv viewing-screen potential. 

In the original picture the focused elementary dots of 
the 250-mesh storage grid are also visible. This indicates 
that the image amplifier section is capable of consider-
ably higher resolution than is displayed in the over-all 
performance of the present tubes, where the writing-
beam spot size determines resolution. 

APPLICATIONS 

At present, the most promising applications of the 
viewing-storage tube are airborne, shipborne, and 
ground-based radar, where its high brightness permits 
direct viewing in full daylight. Another application is 
projection television, where this tube is capable of the 
same brightness as present projection tubes, at much 
lower anode voltage. Also, the storage properties of the 
tube make possible television systems conversion. As a 
single transient storage oscilloscope, usable traces have 
been obtained with single sweeps of 1 microsecond. 
Further applications can be seen in closed-circuit fac-
simile systems, narrow-band television systems, and 
telemetry. 

CONCLUSION 

The characteristics of the image amplifier system in a 
transmission control viewing-storage tube correspond to 
those in the "electron optic" region of the well-known 
space-charge grid triode. Static storage-amplifier char-
acteristics have been obtained by charging the storage-
grid surface to various control potentials with the aid 
of the viewing-beam. It was found for increasingly finer 
grids that the control characteristic was shifted toward 
the positive, as may be expected. By using high anode 

gradients the characteristic is shifted toward the nega-
tive. Also, by operating with a gradient across the 
storage layer, the characteristic is shifted still further to 
the negative. The effect of these parameters was ex-
plored within the useful operating range of the tube. 
Dynamic characteristics of the viewing process were 

obtained indirectly by photoelectric recording of the 
brightness of an anode area as a function of storage sur-
face potential. Lines of constant backplate potential 
(the dynamic characteristic) are plotted across the re-
corded characteristics. 

Viewing duration is limited by positive ion landing at 
the negatively-charged storage surface. The effect is 
minimized by low residual gas pressure, low viewing 
current, high storage-layer capacity, and a small slope 
of the control characteristic. By positive pulsing of back-
plate and thus compensating for ion landing, viewing 
duration was increased from 30 seconds to 3 minutes 
for halftone pictures of 500-line over-all resolution. 

Erasing of the entire picture can be effected by the 
viewing-beam, or individual areas can be erased in a 
line by line fashion by a separate erasing gun. In each 
of these modes of operation the erasure can be either 
complete or partial. Partial erasure produces "tails" on 
moving targets. 
This tube permits, for radar, a new type of flickerless 

display of the complete picture which is bright enough 
for daylight viewing. 
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Acceptor (in a Semiconductor)—See Impurity, Acceptor. 
Barrier (in a Semiconductor) (Obsolete)—See Deple-

tion Layer. 
Base Electrode (of a Transistor)—An ohmic or major-

ity carrier contact to the base region. 
Base Region—The interelectrode region of a transistor 

into which minority carriers are injected. 
Boundary, P-N—A surface in the transition region be-

tween P-type and N-type material at which the donor 
and acceptor concentrations are equal. 

Carrier—In a semiconductor, a mobile conduction elec-
tron or hole. 

Collector (of a Transistor)—An electrode through 
which a primary flow of carriers leaves the interelec-
trode region. 

Conduction Band—A range of states in the energy 
spectrum of a solid in which electrons can move freely. 

Conductivity Modulation (of a Semiconductor)—The 
variation of the conductivity of a semiconductor by 
variation of the charge carrier density. 

Conductivity, N-type—The conductivity associated 
with conduction electrons in a semiconductor. 

Conductivity, P-type—The conductivity associated 
with holes in a semiconductor. 

Contact, High Recombination Rate—A semiconductor-
semiconductor or metal-semiconductor contact at 
which thermal equilibrium carrier densities are main-
tained substantially independent of current density. 

Contact, Majority Carrier (to a Semiconductor)—An 
electrical contact across which the ratio of majority 
carrier current to applied voltage is substantially inde-
pendent of the polarity of the voltage while the ratio of 
minority carrier current to applied voltage is not inde-
pendent of the polarity of the voltage. 

Crystal Pulling—A method of crystal growing in 
which the developing crystal is gradually withdrawn 
from a melt. 

Depletion Layer (in a Semiconductor)—A region in 
which the mobile carrier charge density is insufficient to 
neutralize the net fixed charge density of donors and 
acceptors. 

Diffusion Constant (in a Homogeneous Semiconductor) 
—The quotient of diffusion current density by the 
charge carrier concentration gradient. It is equal to the 
product of the drift mobility and the average thermal 
energy per unit charge of carriers. 

Diffusion Length—In a homogeneous semiconductor, 
the average distance to which minority carriers diffuse 
between generation and recombination. 

Diode, Semiconductor—A two-electrode semiconductor 
device having an asymmetrical voltage-current charac-
teristic. 

Donor (in a Semiconductor)—See Impurity, Donor. 
Doping—Addition of impurities to a semiconductor or 

production of a deviation from stoichiometric composi-
tion, to achieve a desired characteristic. 
Doping Compensation—Addition of donor impurities 

to a P-type semiconductor or of acceptor impurities to an 
N-type semiconductor. 

Drift Mobility (in a Homogeneous Semiconductor)— 
The average drift velocity of carriers per unit electric 
field. 

Note: In general, the mobilities of electrons and holes 
are different. 

Electrode (of a Semiconductor Device)—An element 
that performs one or more of the functions of emitting or 
collecting electrons or holes, or of controlling their move-
ments by an electric field. 

Electrons, Conduction—The electrons in the conduc-
tion band of a solid, which are free to move under the 
influence of an electric field. 

Element (of a Semiconductor Device)—Any integral 
part of the semiconductor device that contributes to its 
operation. 
Emitter—See Emitter, Majority and Emitter, Minority. 
Emitter, Majority (of a Transistor)—An electrode from 

which a flow of majority carriers enters the interelectrode 
region. 

Emitter, Minority (of a Transistor)—An electrode from 
which a flow of minority carriers enters the interelectrode 
region. 
Energy Gap (of a Semiconductor)—The energy range 

between the bottom of the conduction band and the top 
of the valence band. 

Extrinsic Properties (of a Semiconductor)—The prop-
erties of a semiconductor as modified by impurities or 
imperfections within the crystal. 

Fermi Level—The value of the electron energy at 
which the Fermi distribution function has the value one-
half. 

Forming, Electrical (Applied to Semiconductor De-
vices)—Process of applying electrical energy to a semi-
conductor device in order to modify permanently the 
electrical characteristics. 

Generation Rate (in a Semiconductor)—The time rate 
of creation of electron-hole pairs. 

Hall Constant (of an Electrical Conductor)—The con-
stant of proportionality R in the relation 

Eh =R J XH, where 
Eh = Transverse electric field (Hall field) 
J = Current density 
H = Magnetic field. 
Note: The sign of the majority carrier can be inferred 

from the sign of the Hall constant. 
Hole—A mobile vacancy in the electronic valence 

structure of a semiconductor which acts like a positive 
electronic charge with a positive mass. 

Imperfection (of a Crystalline Solid)—Any deviation 
in structure from that of an ideal crystal. 

Note: An ideal crystal is perfectly periodic in struc-
ture and contains no foreign atoms. 

Impurity, A cceptor (in a Semiconductor)—An im-
purity which may induce hole conduction. 

Impurity (Chemical)—An atom within a crystal 
which is foreign to the crystal. 
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Impurity, Donor (in a Semiconductor)—An impurity 
which may induce electronic conduction. 

Impurity, Stoichiometric—A crystalline imperfection 
arising from a deviation from stoichiometric composi-
tion. 

Intrinsic Properties (of a Semiconductor)—The prop-
erties of a semiconductor which are characteristic of the 
pure, ideal crystal. 

Intrinsic Temperature Range (in a Semiconductor)— 
The temperature range in which the electrical prop-
erties of a semiconductor are essentially not modified by 
impurities or imperfections within the crystal. 

Junction (in a Semiconductor Device)—A region of 
transition between semiconducting regions of different 
electrical properties. 

Junction, Alloy (in a Semiconductor)—A junction 
formed by alloying one or more impurities to a semi-
conductor crystal. 

Junction, Collector (of a Semiconductor Device)—A 
junction normally biased in the high-resistance direc-
tion, the current through which can be controlled by 
the introduction of minority carriers. 

Junction, Emitter (of a Semiconductor Device)—A 
junction normally biased in the low-resistance direction 
to inject minority carriers into an interelectrode region. 

Junction, Fused (in a Semiconductor)—A junction 
formed by recrystallization on a base crystal from a 
liquid phase of one or more components and the semi-
conductor. 

Junction, N-N (in a Semiconductor)—A region of 
transition between two regions having different prop-
erties in N-type semiconducting material. 

Junction, P-N (in a Semiconductor)—A region of 
transition between P- and N-type semiconducting 
material. 

Junction, P-P (in a Semiconductor)—A region of 
transition between two regions having different prop-
erties in P-type semiconducting material. 

Junction (Semiconductor), Diffused—A junction which 
has been formed by the diffusion of an impurity within a 
semiconductor crystal. 

Junction (Semiconductor), Doped—A junction pro-
duced by the addition of an impurity to the melt during 
crystal growth. 

Junction (Semiconductor), Grown—A junction pro-
duced during growth of a crystal from a melt. 

Junction (Semiconductor), Rate-grown—A grown junc-
tion produced by varying the rate of crystal growth. 

Lifetime, Volume—The average time interval between 
the generation and recombination of minority carriers 
in a homogeneous semiconductor. 

Majority Carrier (in a Semiconductor)—The type of 
carrier constituting more than half of the total number 
of carriers. 

Minority Carrier (in a Semiconductor)—The type of 
carrier constituting less than half of the total number of 
carriers. 

Mobility—See Drift Mobility. 

Mobility, Hall (of an Electrical Conductor)—The 
quantity µg in the relation 12H = RE", where R=-• Hall con-
stant and (r = conductivity. 

Ohmic Contact—A contact between two materials, 
possessing the property that the potential difference 
across it is proportional to the current passing through. 

Photovaristor—A varistor in which the current-
voltage relation may be modified by illumination, e.g., 
cadmium sulphide or lead telluride. 

Point Contact—Pressure contact between a semi-
conductor body and a metallic point. 
Primary Flow (of Carriers)—A current flow which is 

responsible for the major properties of the device. 

Recombination Rate, Surface—The time rate at which 
free electrons and holes recombine at the surface of a 
semiconductor. 

Recombination Rate, Volume—The time rate at which 
free electrons and holes recombine within the volume of 
a semiconductor. 

Recombination Velocity (on a Semiconductor Surface)— 
The quotient of the normal component of the electron 
(hole) current density at the surface by the excess elec-
tron (hole) charge density at the surface. 

Semiconductor—An electronic conductor, with re-
sistivity in the range between metals and insulators, in 
which the electrical charge carrier concentration in-
creases with increasing temperature over some tempera-
ture range. Certain semiconductors possess two types of 
carriers, namely, negative electrons and positive holes. 

Semiconductor, Compensated—A semiconductor in 
which one type of impurity or imperfection (e.g., donor) 
partially cancels the electrical effects of the other type 
of impurity or imperfection (e.g., acceptor). 

Semiconductor Device—An electron device in which 
the characteristic distinguishing electronic conduction 
takes place within a semiconductor. 

Semiconductor Device, Multiple Unit—A semicon-
ductor device having two or more sets of electrodes as-
sociated with independent carrier streams. 

Note: It is implied that the device has two or more 
output functions which are independently derived from 
separate inputs, e.g., a duo-triode transistor. 

Semiconductor Device, Single Unit—A semiconductor 
device having one set of electrodes associated with a 
single carrier stream. 

Note: It is implied that the device has a single output 
function related to a single input. 

Semiconductor, Extrinsic—A semiconductor with elec-
trical properties dependent upon impurities. 

Semiconductor, Intrinsic—A semiconductor whose 
electrical properties are essentially characteristic of the 
pure, ideal crystal. 

Semiconductor, N-type—An extrinsic semiconductor in 
which'the conduction electron density exceeds the hole 
density. 

Note: It is implied that the net ionized impurity con-

centration is donor type. 
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Semiconductor, P-type— An extrinsic semiconductor in 
which the hole density exceeds the conduction electron 
density. 

Note: It is implied that the net ionized impurity con-
centration is acceptor type. 

Space Charge Region (Pertaining to Semiconductor)— 
A region in which the net charge density is significantly 
different from zero. See also Depletion Layer. 

Thermistor—An electron device which makes use of 
the change of resistivity of a semiconductor with change 
in temperature. 

Transistor—An active semiconductor device with three 
or more electrodes. 

Transistor, Conductivity Modulation—A transistor in 
which the active properties are derived from minority 
carrier modulation of the bulk resistivity of a semicon-
ductor. 

Transistor, Filamentary—A conductivity modulation 
transistor with a length much greater than its transverse 
dimensions. 

Transistor, Junction—A transistor having a base elec-
trode and two or more junction electrodes. 

Transistor, Point-contact—A transistor having a base 
electrode and two or more point-contact electrodes. 

Transistor, Point-junction—A transistor having a base 
electrode and both point-contact and junction electrodes. 

Transistor, Unipolar—A transistor which utilizes 
charge carriers of only one polarity. 

Transition Region—The region, between two homo-
geneous semiconductor regions, in which the impurity 
concentration changes. 

Valence Band— The range of energy states in the 
spectrum of a solid crystal in which lie the energies of 
the valence electrons which bind the crystal together. 

Varistor—A two-electrode semiconductor device having 
a voltage-dependent nonlinear resistance. 
Zone Leveling (Pertaining to Semiconductor Process-

ing)— The passage of one or more molten zones along a 
semiconductor body for the purpose of uniformly dis-
tributing impurities throughout the material. 
Zone Purification (Pertaining to Semiconductor Proc-

essing)— The passage of one or more molten zones along 
a semiconductor for the purpose of reducing the im-
purity concentration of part of the ingot. 

Measurement of Circuit Impedance of Periodically 
Loaded Structures by Frequency Perturbation* 

E. J. NALOSt, SENIOR MEMBER, IRE 

Summary—A method is described for determining the circuit 
impedance of a slow-wave structure from experimental measure-
ments of the perturbation in the resonant frequencies caused by 
passing small beads through the interaction region. From these 
measurements the gain parameter C of such a structure, when used 
as a traveling-wave tube, can be determined. The results agree with 
measured experimental gains as well as with theoretical calculations. 
The method is limited to periodic structures which can be short-
circuited and hence made resonant. The principles involved are not 
new, but their adaptation to traveling-wave tubes is not generally 
known. 

INTRODUCTION 

I
N ORDER TO evaluate the performance of a given 
traveling-wave tube, one must first determine the 
impedance of the propagating structure, since the 

gain in db is roughly proportional to the cube root of the 
impedance (see following section). For some simple 

* Decimal classification: R244.22 X R339.2. Original manuscript 
received by the IRE, March 30, 1954; revised manuscript received. 
June 1, 1954. This paper is the consequence of research carried on at 
the Microwave Lab., Stanford University, Stanford. Calif., under 
U. S. Navy Contract N6onr 25123. 
t Stanford University, Stanford, Calif. 

structures in which the fields are known, this quantity 
can be calculated, but for many useful slow-wave 
structures in which the fields are not known, the circuit 
impedance must be determined experimentally. Two 
methods are currently employed to determine the im-
pedance, and the purpose of this paper is to describe a 
third method useful for periodic structures which can 
be made resonant by placing short circuits at suitable 
symmetry planes. 
One method' depends on low-level interaction of two 

of the three propagating waves, whereby at some low 
beam current the waves all add to zero for a known 
value of CN. 
Another method consists of measuring gain as a func-

tion of beam current, and deducing the gain parameter 
C from the slope of this curve. 
A disadvantage of both these methods is the fact that 

tn electron beam must be made to pass through the 
structure. Perturbation techniques, on the other hand, 

' R. Kompfner, "On the operation of the traveling-wave tube at 
low level," Jour. Brit. I.R.E., vol. 10, p. 283; August/September, 
1950. 

•• 
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4 

offer possibilities of making impedance calculations from 
measurements on sample test cavities without the use of 
an electron beam. 
One way of applying this technique consists of meas-

uring the change in phase velocity (or guide wave-
length) at a given frequency due to the insertion of a 
perturbing rod along the interaction region. Some ex-
ploratory work in this direction is being done at Stan-
ford University at the suggestion of Prof. E. T. Jaynes. 

Perhaps an easier way of applying perturbation tech-
niques consists of measurements on a resonant section 
of the structure several periods long, from which the 
impedance can be deduced. Briefly, the method consists 
of: 

1. Measurement of the resonant frequencies of such 
a structure, from which the phase and group velo-
city can be obtained. 

2. Measurement of the relative fields in the interac-
tion region by measuring the change in resonant 
wavelength as a function of bead position. 

3. Measurement of the absolute value of the E-field 
at the symmetry plane for a given energy stored in 
the cavity by measuring the change in the reson-
ant wavelength as a small metallic perturbation 
is removed from the symmetry plane. 

Proper interpretation of these measurements leads to the 
value of the circuit impedance. 

DESCRIPTION OF METHOD 

From the simple theory of traveling-wave (TW) 
tubes, it is known that a beam interacting with a slow 
wave gives rise to three waves propagating along the 
structure. Of these, only one increases with distance. It 
is this wave which is of greatest interest, since it even-
tually dominates the others. Its amplitude increases 
exponentially with distance as e2rNCe, where 

N= length of the tube in guide wavelengths, 
x =a factor (tabulated by Pierce2) whose am-

plitude depends on beam velocity, circuit 
loss, and space charge, 

C =gain parameter (as given by Pierce, de-
fined by 

Circuit impedance /0K 
C3 = 1/4  

Beam impedance 4V0 

E„,2 Em2 
K =  2$.2p - - 219„,2wv, 
E„, =effective field seen by beam for the mth 

space harmonic, 
= ce/vp = phase constant, 
v„, V0 = phase and group velocities, 

zu = energy stored per unit length, 

• P = wv0=power flow, 
Vo = beam voltage, 
/0= beam current. 

(1) 

— circuit impedance, (2) 

The gain of the structure in dl) is obtained by taking 
the logarithm, 

G -=- A + BC N (3) 

where A is a factor accounting for the fact that only a 
portion of the applied wave sets up the growing wave, 
and B = (20) 2ir logioe = 54.5x. 
The gain in db per guide wavelength is thus BC. The 

factor B is known from theory, its accuracy depending 
on how closely operating conditions approach those 
assumed by theory; the gain parameter C is determined 
from the knowledge of the rf impedance of the slow-
wave circuit. 

A 

Fig. 1—Typical uniformly loaded slow-wave structure. 

Phase and Group Velocity 

Consider a section of a uniformly loaded slow-wave 
structure such as shown in Fig. 1. Form a multiple 
cavity, comprising n periodic sections, by placing short 
circuits at the symmetry planes A and B. Such a cavity 
will have (n+1) resonances whenever the total phase 
shift is mir(m-=0, 1, • • • n). The Brillouin diagram 
(frequency versus phase shift per section) could be con-
structed if one knew the phase shift corresponding to 
each of the resonances. This phase shift is obtained un-
ambiguously from the number of nodes in the standing-
wave pattern by using Slater's perturbation method' 
to determine the axial variation of the field. This is ob-
tained by moving a perturbing object along the direction 
of propagation and measuring the change in resonant 
wavelength AX. Slater's perturbation formula, re-
written in MKS units, states that 

1 

X 

(uF12 — EE2)dV f„  
f. eedV 

(4) 

where ar refers to the perturbing volume and V refers 
to the cavity volume. 

The modes of interest in TW tubes are TM modes 
which have strong E fields and zero H fields on the axis, 
and for small perturbing volumes (substantially con-
stant fields over the perturbation), at a given resonant 

2 J. R. Pierce, "Traveling-Wave Tubes," D. Van Nostrand Corn- J. C. Slater, " Microwave Electronics," D. Van Nostrand Corn-
pally, Inc., New York, N. Y., chap. II; 1950. patty Inc.. New York, N. Y., pp. 80-83; 1950. 



1510 PROCEEDINGS OF THE I-R-E October 

wavelength X, the relative E field is, from (4) 

Era ,---, VAX (5) 

since the denominator (energy stored in the cavity) is a 
constant. It is thus possible to obtain a plot of the rela-
tive E field along the axis as a function of distance. 
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Fig. 2—Field distribution on the axis of a 2-cavity 
section at the center of the passband. 

DISTANCE 

Such a curve is shown in Fig. 2 for one of the resonant 
frequencies of a multiple cavity two periods long. The 
usefulness of this E-field plot is two-fold: from the num-
ber of nodes of this curve, the phase shift per section can 
be determined (in this case one node is observed, i.e., 
total phase shift of w for 2 sections, or r/2 per section); 
and moreover, as described below, this curve is used to 
determine the effective field as seen by the electron beam. 
After identification of the phase shift at each resonance, 
a Brillouin diagram may be plotted. A typical curve is 
given in Fig. 3 showing the three observed resonant 
frequencies in a structure two periods long. Two of 
these frequencies correspond to the cutoff frequencies of 
the structure; and the third, near the center of the 
passband, corresponds to a phase shift of w/2 radians 
per section. With more sections, a larger number of 
resonances (i.e., points on this curve) is observed, giving 
greater detail of the shape of the passband. This tech-
nique has been used before in the design of linear accel-
erators.* The usefulness of the Brillouin diagram results 
from the fact that both the phase and group velocity, 
required to calculate the impedance, are directly ob-
tainable as a function of frequency from the relations 

VP 

vg 

c.o 

dw 

7179" 

For the case shown in Fig. 3, note that the group velocity 
(slope of the curve) is negative from 01=0 to 7r, whereas 

4 See for example, J. C. Slater, "The design of linear accelerators," 
Rev. Mod. Phys., vol. 20, p. 495; July, 1948. 

(6) 

the phase velocity is positive. Such a wave is known as a 
backward wave. A forward wave in the region of 01=0 
to w would have been obtained had the side holes been 
closed off in the structure shown in Fig. 1. 

Effective Field Seen by Beam 

The remaining quantity required to calculate the 
circuit impedance is the effective field seen by a beam 
in its travel through the structure. It is well known that 
for the unloaded waveguide the field on the axis is 
sinusoidal with distance and travels with a fixed phase 
velocity greater than the velocity of light. The loading 
obstacles not only slow the wave down (to synchronize 
with a beam of finite voltage) but cause the field on the 
axis to become nonsinusoidal as shown in Fig. 2 for the 
case of 0/ =7r/2. If this field is Fourier-analyzed, it is 
found to contain components each having a different 
phase shift per section (e„,i =7;12, 37r/2, 57r/2 • • • ). This 
is also seen from the Brillouin diagram (Fig. 3) by con-

• RESONANT FREQUENCIES 
OF A TWO- CAVITY SECTION 

FIRST HARMONIC 
(FORWARD) 

1 

/  i 
i 
i 1 

 FUNDAMENTAL I 
(BACKWARD) 1 

I i 
I 1 
I i 

MIRROR IMAGE 

O r 
3/r 
2 27r 

Fig. 3—Brillouin diagram (f vs. 01) for 
structure shown in Fig. 1. 

sideration of a straight line at the resonant frequency 
which intersects all the branches of the curve at the 
above phase shifts per section. The fundamental com-
ponent, which in this case is a backward wave, travels 
at a phase velocity corresponding to 00/ — 7r/2; the next 
component, known as the first space harmonic, travels 
with 1 of this velocity (corresponding to ell= 37r/2); the 
next, agáin a backward wave, travels with 1 of this 
velocity, etc. All these components must be present to 
make up the total field in the tube at this frequency. The 
beam may be synchronized with any component whose 
velocity is less than that of light by a simple adjust-
ment of the beam voltage. The remaining components 
travel at widely different velocities and their effect 
averages out to zero. The velocities of each component 
can be determined directly from the Brillouin diagram, 
but their amplitudes must be obtained from the Fourier 
analysis of Fig. 2. The effective electric field as seen by 
the electron is simply the peak value, E., of the par-
ticular space harmonic to which the beam is synchron-
ized, since it effectively sees a constant field of this am-
plitude. The ratio of E., to Eg, the total field at the 
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short circuit, can be obtained directly from the Fourier 
analysis of Fig. 2 for the desired space harmonic m. 

Perturbation Experiment 

We now relate the total field Et at the plunger to the 
energy stored in the multiple cavity, by means of a 
perturbation experiment. This part is closely related to 
the measurement of R/Q of a cavity.6 The experiment 
consists of moving a small cylindrical plunger at the 
short circuit, causing both positive and negative per-
turbations of volume Ar and recording the correspond-
ing changes in resonant wavelength AX. If we consider 
the slope of this curve at zero perturbation, ( X/ir)-0, 
and assume that the perturbation is sufficiently small 
so that H is essentially zero and E is constant 
(E= Et) over its surface, we can write (4) in the form 

Et2 4 ( AX 

k.( = Energy stored in cavity) Xe Ar 

which can be also written in the form 

(7) = 480r ohms 
X AT ar 

(7) 

where: 
Et = field at the perturbation, 
. / = periodic length, 
L= total length of the cavity, 
w„ = energy stored per unit length in the cavity, 
c =velocity of light, 

weL = energy stored in cavity, 
lice =377 ohms. 

The value of the constant in ( 7) is correct only for those 
shapes of the perturbing plunger which do not alter the 
fields at large distances away. A cylindrical plunger 
where Ar is made to approach zero by shrinking its 
height satisfies this condition. Since the energy stored 
per unit length in a traveling wave is given by w = 2wc, 
and the measurement of (AX/Ar)t,,,t, was done inside a 
cavity (i.e., with standing waves), one can write 

(Et212 (AX 
= 2407r — — ohms (8) 

which relates the field at the perturbation to the energy 
stored in a traveling wave. 

Circuit Impedance 

It now remains to tie all the results together. From 
the definition of circuit impedance [(2)], and after re-
arrangement, 

E„,2 
K —  

2,9„,22vvc, 

= 12 [() (et [Em]2(b) [En/J o (9) 

5 W. W. Hansen and R. F. Post, "On the measurement of cavity 
impedance," Jour. Appt. Phys., vol. 19, pp. 1059-1061; November, 
1948. 

Bracket (a) is obtained from the Brillouin diagram, 
and bracket (b) is determined from Fig. 2 by Fourier 
analysis of the axial E field. Bracket (c) is obtained from 
(8), by means of a perturFation experiment. 
Thus all the factors are known and the circuit imped-

ance can be calculated from cold measurements on a 
resonant section of the structure. The variation of im-
pedance with frequency can also be obtained by repeat-
ing the experiment at other resonant frequencies of the 
multiple cavity section. The gain parameter C for a 
given beam current and voltage is then obtained by di-
rect substitution in ( 1). 

EXPERIMENTS 

Table I summarizes the results of measurements on a 
disk-loaded type structure suitable for a space harmonic 
amplifier. 

TABLE I 

COMPARISON OF EXPERIMENTAL AND PREDICTED RESULTS 

Column 2 3 4 

o 
7r/2 

37r/2 
27r 
5r/2 

E„, 

Eg 

E,212 E„,212 E.'12 

214 

0.71 
0.67 
0.47 
0.30 
0.10 
0.05 

864 
660 
705 
660 
864 
660 

435 529 
296 295 
155 136 
60 90 
9 20 
1.6 2.3 

Columns 1 and 2 are obtained as described earlier. 
Column 4 gives a theoretical figure obtained from 

Pierce's " Pillbox" resonator calculation and transit 
time considerations6 for a structure closely resembling 
the one used. 
Agreement between columns 3 and 4 gives an indica-

tion of what can be expected, keeping in mind that the 
theroetical calculations of column 4 apply to a some-
what different structure. 

CONCLUSION 

A method has been outlined whereby the circuit im-
pedance of periodically loaded structures, which can 
be made resonant by placing short circuits at symmetry 
planes, can be evaluated from cold tests on a sample 
cavity. The results agree with measured values of gain 
on a disk-loaded type TW tube whose behavior was pre-
dicted by this method, as well as with theoretical cal-
culations on a disk-loaded structure in which the field 
distribution is reasonably well known. The method can 
also be extended to periodic structures in which there 
are no symmetry planes where short circuits can be 
placed. In this case one essentially ignores the fields in 
the vicinity of the end sections, and Fourier analyzes 
only the central portion of the fields. A sufficient number 
of sections must be used, so that the frequency of the 
mode is not perturbed by the shorts. 

• j. R. Pierce, "Traveling-Wave Tubes," D. Van Nostrand rn-
pany, Inc., New York, N. Y., pp. 73,93.234: 1950. 

cw X Ar )ar-o 



1512 PROCEEDINGS OF TIIE I-R-E October 

A Simple Microwave Correlator* 
R. H. W ILCOXt, ASSOCIATE, IRE 

Summary—A simple correlator employing the ring modulator 
circuit as a rapid-response multiplier has been developed which ac-
cepts signals on coaxial cables and which is usable over a wide range 
of microwave frequencies. The correlator output includes a bias term, 
but the value of this term can be predicted mathematically so that the 
correlator may be used for quantitative measurements. 

INTRODUCTION 

r I HE RECENT interest shown in electronic corn-
J[ computing and analysis has considerably in-

creased the demand for devices which will manipu-
late voltages and currents according to particular math-
ematical processes. In particular, the exploitation of the 
auto- and cross-correlation functions' (which require 
delay, multiplication, and averaging, in that order) as 
powerful means of studying signal characteristics has 
called for manipulating devices with unusually broad 
capabilities. The averaging is easily performed with 
low-pass filters, the delay can be achieved with real or 
artificial transmission lines or record-playback tech-
niques, but the multiplication of two signals poses diffi-
cult problems whenever the frequencies involved are not 
low. 
Most multiplying computers employ electromechani-

cal servomechanisms, but these are inherently limited 
to very low-frequency response. All-electronic multi-
pliers involving multigrid vacuum tubes have been de-
veloped, but they are complex, subject to drift, and 
limited to frequencies at which the drift time of the 
electron stream through the tube elements is of no 
consequence, i.e., to a few hundred megacycles. Obvi-
ously, for a system to perform successful multiplication 
at microwave frequencies it should be essentially insen-
sitive to frequency variations (no tuned elements, no 
critical drift times, and wide-band impedance matches); 
it should be capable of receiving signals from coaxial 
transmission lines; and it should be as simple as possible. 
in order to reduce drift and critical adjustments. A 
microwave correlation system has been developed2 
which employs frequency translation and compression 

* Decimal classification: 621.375.2. Original manuscript received 
by the IRE, March 10, 1954; revised manuscript received, June 21, 
154. The opinions or assertions contained in this manuscript are 
those of the writer and are not to be construed as official or reflecting 
the views of the Navy Department or the Naval Service as a whole. 
t Naval Research Laboratory, Washington, D. C. 
' H. M. James, N. B. Nichols, and R. S. Phillips, "Theory of 

Servomechanisms," Radiation Laboratory Series, McGraw-Hill Book 
Company, Inc., New York, N. Y., vol. 25, pp. 273-277; 1947. J. L. 
Lawson and G. E. Uhlenbeck, "Threshold Signals," Radiation Labo-
ratory Series, McGraw-Hill Book Company, Inc., New York, N. Y., 
vol. 24, pp. 33-39, 1950. 

2 R. M. Page, A Brodzinsky, and R. R. Zirm, "A microwave cor-
relator," PROC. I.R.E., vol. 41, pp. 128-131; January, 1953. 

to present the original microwave information at lower 
frequencies, where it is easily treated with conventional 
circuitry. However, if the input signals are of sufficient 
strength, they may be correlated at the original micro-
wave frequencies by means of the simpler passive device 
to be described. 

Fig. 1--Basic multiplier circuit. 

THE BASIC M ULTIPLIER CIRCUIT 

The well-known ring modulator circuit, when used as 
shown in Fig. 13, forms a simple multiplying bridge.' in 
which the current io flowing through the load resistor 
R is proportional to the product of the two applied 
voltages el and e2. This hypothesis can be explained by 
the following method, in which it is assumed that: 

a. The current through a crystal diode is a fixed ex-
ponential function of the voltage across it; i.e., 
= A (ev — 1), in which A and y are constant re-

gardless of voltage polarity (this is true for small 
values of current and voltage). 

b. The source impedances are negligible with respect 
to the crystal and load impedances (this can be 
made so). 

c. The four diodes in the bridge have identical cur-
rent-voltage characteristics (this condition can be 
approached by careful selection). 

The current io through the load resistor R must be the 
sum of individual currents following each of four possible 
paths, one through each diode. The voltage V across 
each crystal must be equal to the sum of the voltages 

It should be noted that the polarities and directions indicated in 
Fig. I are for the sole purpose of facilitating consistant analysis and 
do not necessarily bear any relation to actual voltage polarities or 
current directions. 

4 R. H. Wilcox, "Crystal Diode Ring Multipliers," NLR Report 
4385, June, 1954. 
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around the current path associated with that crystal, ac-
cording to Kirchoff's voltage law. Thus 

jo = ii 4- i2 ja  4, ( 1) 

but 

ce (71T" 

n! 

o 2 2 

el 

= + A E 
n=1 

e (7 1/2)n 
72= A (€ 7v 2 — 1) = -A E 

n! 

= — A E 
n=1 

11: 

e 
7"(----Fi0R+ 

2a)" 2  

(71 " 
i3= + A (€ 0'3 — 1),-= +A E 

n 1 

n! 

ea 
°' •y" (---FioR —l n 

2 2 
= + A E 

n! 

' (7174)"  
i4 = — A (e7v4 — 1) = — A E 

,, i n! 

( el e2y 

2 2 
= — A E   

n-1 n! 
(2) 

Since the value of -y for microwave crystal diodes is 
about 15, for V.≤. 0.1, all terms containing n > 4 will be 
at least an order of magnitude smaller than the n= 1 
term and can be neglected. Of the remaining terms in the 
four expansions, some cancel, some are sufficiently small 
to be neglected, and the rest sum to the expression: 

Ay' 
jo = [A72 ± (e2 €22)]ele2. 

24 
(3) 

ADAPTATION TO MICROWAVE OPERATION 

In adapting the multiplying circuit shown in Fig. 1 
to microwave operation, provision must be made to 
receive signals from coaxial transmission lines. How-
ever, if the two inputs el and e2 are applied to the bridge 
on coaxial cables, then one of the crystals will be shorted 
by the common ground of the cable outer conductors. 
If the input terminals marked ( — ) in Fig. 1 are con-

e nected to a common ground, then diode number 2 will 
be shorted, as shown in Fig. 2. Under this condition, the 
load current io will include a current 

S I ( el ea) ea — el 
(4) 

R 2 2 2R 

which will replace i2 in ( 1). When the remaining three 
exponential currents are summed with io the unbalanced 
condition results in the presence of several significant 
terms that do not appear in (3): 

ky 2 3A -y2 
io = A-yioR +   (e12 e22)   (e1e2) 

8 4 

A74 
32 (e/2 e22)(ete2) 

2ioR 
2 --- A-y (ea — el) +   (ea — ei) 

2 

Ay3eie2 ea 
  (ea el) +   
16 

— el 
• 

Fig. 2— Unbalanced multiplier circuit. 

(5) 

When this unbalanced bridge is followed by a low-pass 
filter, as is required for correlation, all the terms con-
taining odd powers of el or ea will average to zero, 
leaving only terms containing the product (e1e2) or the 

quantity (e12±e22): 

jo — 
A72[24 7 2(e12 €22)] 

32(1 — A-yR) 

A 7 2( e12 + € 22) 

(ele2) (6) 
8(1 — A-yR) 

The first, or product, term is a factor which is propor-
tional to the average of the instantaneous product of ei 
and ea; the second, or bias, term is a parameter which 
is proportional to the average values of e12 and e22. This 
bias parameter has the effect of displacing the output 
function from its normal axis; if the average values of 
e12 and e22 are the same (as when determining an auto-
correlation function) and do not exceed 0.1 volt then 
the average value of the bias term is approximately one-
third the maximum average value of the product term. 
It will be seen later that the displacement obtained 
experimentally under these conditions agrees quite well 
with this predicted value. 

For practical operation of this unbalanced bridge the 
experiment model was constructed. (Fig. 3, page 1514.) 
Resistances Ra' served to terminate the input transmis-
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sion lines (RG-8/U cable) in their characteristic im-
pedance (52 ohms). Originally, four quarter-watt carbon 
resistors were located symmetrically between the center 
and outer conductors, but it has since been found that a 
painted carbon film across the face of the dielectric in a 
receptacle connector (UG-58/U) results in an even 
lower VSWR and a wider bandwidth. The protruding 
center conductors were then connected through the 
blocking capacitors CB (100 µµf,) to the unbalanced 
bridge, in which germanium diodes (1N72) were em-
ployed. The center-tapping resistors RD (4700 14 were 
incorporated to locate the electrical mid-points of the 
input signals. In the original model, coaxial connectors 
were included at points A and A', so that a fourth diode 
could be added and comparisons made between balanced 
and unbalanced operation. Since four perfectly matched 
diodes are difficult to obtain, some displacement of the 
output axis was found even with the balanced bridge. 
This experimentally determined "balanced axis" was 
used as the zero axis for the measurement of displace-
ment due to unbalancing the bridge. 

y OUTPUT 

RD 

:DELAYED 11111 
...RESPECT TO CI 
.2 

Fig. 3—Microwave correlator. 

EXPERIMENTAL RESULTS 

The unbalanced bridge described above was used to 
measure the autocorrelation function of the 1.1-kMc 
sine wave. This signal was obtained from a signal gen-
erator, split with a coaxial "tee," and fed through two 
coaxial cables to the inputs of the unbalanced bridge. 
Delay was obtained by varying the length of one cable 
with respect to the other. The bridge output was aver-

aged and measured with an optical galvanometer. This 
experimentally obtained function is compared with the 
theoretical autocorrelation function of a 1.1-kMc sine 
wave in Fig. 4. By displacing the axis of the theoretical 
function 331 per cent of its maximum amplitude (the 
predicted amount), good agreement of the two curves is 
obtained. 

O. 
- 33 
-4 

-12 

-16 

-EXPERIMENTAL 

- - THEORETICAL 
(DISPLACED 33+ %) 

3 6 / 

r IN SECONDS X10-9 

DISPLACED AXIS 

12 IS 

OF THEORETICAL ICURVE 

ek(r)., iff(t)f(t.r)d t 

1.0 

f (* sine 2Y(1.1x109 )t 

Fig. 4—Comparison of experimental and theoretical determinations 
of the autocorrelation function of a 1.1-kMc sine wave. 

The signal generator was replaced with a random 
noise source whose output was roughly bandlimited be-
tween 1.0 and 1.2 kMc by filters. The autocorrelation 
function was measured as before and is shown in Fig. 5. 
It was assumed that the "balanced axis" remained the 
same as in the preceding experiment, and the predicted 
axis displacement of 331 per cent of the maximum am-
plitude was made from this predetermined level. The 
actual axis (the value at which the function went to 
zero) was displaced by 38 per cent from the balanced 
axis; the difference of 5 per cent could easily result from 
a lack of perfect crystal matching. 

5.0 

-3.3 

-5.0 

-10.0 

6 9 12 15 
T IN SECONDS X I0-9 

PREDICTED AXIS  _  

Fig. 5—Experimentally determined autocorrelation funrtion ot 
random noise bandlimited between 1.0 and 1.2 kMc. 

CONCLUSION 

The variation in current-voltage characteristics of 
available crystal diodes was found to be the greatest 
deterent to quantitative prediction of axis displacement. 
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This disadvantage is common to both the balanced and 
unbalanced bridges, but patient selection from a suf-
ficiently large supply of diodes should reduce it to a 
minimum. 
The dynamic power range of this correlator is rela-

tively small. If the input signal strength exceeds about 
±0.1 volt, the values of A and y in the crystal charac-
teristic change and distortion is introduced. Conversely, 
too small a signal is lost in the noise generated in the 
diodes. Also, since this correlator is a passive device, 
the output is of small magnitude (a few microamperes) 
and must be measured with a sensitive galvanometer or 
amplified with a differential dc amplifier. 

In the analysis of the unbalanced bridge operation it 
was shown that the output must be averaged over an 
interval which is long with respect to the input voltage 

variations, if the nonproduct terms in the output are to 
appear as a bias. Thus the unbalanced bridge is a rapid-
response multiplier, not an instantaneous multiplier. This 
limitation is no disadvantage, when bridge is included 
with prior delay and post averaging in a correlator. 
A correlator including this unbalanced bridge multi-

plier is usable over a very wide frequency range; the 
limits are those of the input cables themselves and their 
terminations. It is simple in construction and operation, 
and the constituent parts are not given to drift over long 
periods of time. 
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The Calibration of Amplitude Modulation Meters 
with a Heterodyne Signal* 
J. ROSS MACDONALDt, SENIOR MEMBER, IRE 

Summary—Errors which may occur in the calibration of peak or 
average reading amplitude modulation meters with a heterodyne sig-
nal are investigated in detail. Relations between the heterodyne-
amplitude ratio M and the true modulation factor in of a sinusoidally 
modulated wave are derived. Using these results, heterodyne cali-

bration of modulation analyzers to read in exactly can readily be 
carried out. 

INTRODUCTION 

AMPLITUDE-MODULATION ANALYZERS for 
intermodulation measurements at audio fre-
quency' ,2 or for the determination of modula-

tion depth in radio transmissions are commonly cali-
brated with a heterodyne signal produced by summing 
two signals of different amplitudes and frequencies 
whose frequency difference is small compared to their 
frequencies. The reason for the use of such a calibration 
signal in place of a truly sinusoidally modulated signal 
is that the latter is difficult to produce with known 
modulation factor ab initio, whereas the former is eas-
ily produced with an accurately known ratio between 
the amplitudes of the beating signals. Since it is appar-
ently not generally recognized that appreciable errors 

* Decimal classification: R254.111. Original manuscript received 
by the IRE, April 16, 1954; revised manuscript received, May 20, 
1954. 
t Texas Instruments Inc., Dallas, Texas 
I J. K. Hilliard, " Distortion tests by the intermodulation method," 

PROC. I.R.E., vol. 29, pp. 614-620; December, 1941. 
2 J. M. van Beuren, "Simplified intermodulation measurements," 

Audio Engineering, vol. 34, p. 24; November, 1950. 
3 F. E. Terman, "Radio Engineers' Handbook," First Edition, p. 

987, McGraw-Hill, New York, N. Y.; 1943. 

can arise when this calibration procedure is employed, 
this paper discusses how such errors occur and how they 
can be eliminated. 

PRINCIPLES OF MODULATION MEASUREMENT 

Most modulation analyzers read directly in terms of 
modulation factor and to do so perform the following 
operations on an input signal. First, the signal passes 
through a high-pass filter which removes any low-fre-
quency modulating component which may be present 
and leaves the higher-frequency modulated carrier in-
tact. In order to allow a final indication in terms of 
modulation factor alone, the average amplitude of the 
modulated carrier is set to a given level determined 
during initial calibration of the instrument. After nec-
essary amplification, the modulated carrier is then 
demodulated with either a half- or full-wave linear de-
tector. The rectified output of the detector then passes 
through a low-pass filter which eliminates unmodulated 
signal components at the carrier frequency and higher. 
The signal at the output of this filter then consists of the 
low-frequency modulating component of the modulated 
wave together with a dc component which is next 
eliminated by a series capacitor. 
The resulting output signal is the low-frequency 

modulation alone. By comparing its amplitude with 
that of the carrier, the modulation factor may be di-
rectly obtained. In intermodulation testing, the modu-
lating signal is usually rectified with a full-wave linear 
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rectifier and its rms amplitude read on a dc meter, which 
responds to the average value of the rectified signal. On 
the other hand, modulation analyzers for rf signals 
commonly provide means to measure the amount of 
positive and negative peak modulation separately. They 
therefore use a half-wave detector and peak reading de 
output meter which can be switched to read either 
positive or negative peaks of the modulating signal.' 

ANALYSIS OF HETERODYNE CALIBRATION 

In this section, we shall show that errors can arise 
from calibration with a heterodyne signal whether an 
output meter measuring the peak or average of the 
rectified-modulating signal is employed. The errors are 
appreciably smaller in the latter case but arise in both 
cases from the difference in waveshape between a true 
sinusoidally-modulated wave and a heterodyne wave. 
The equation for a sinusoidally modulated wave may 

be written 

e0(t) = A[1 m cos w„,1] cos wct 

= A[cos co,,t — cos 
2 

(wc + con.)1 

— cos (coc — co.)] , 
9 (1) 

where A is a constant and m is the modulation factor, 
which ranges between zero and unity. The modulation 
analyzer separates out the modulating signal 

ern(1) = Am cos w„,t, (2) 

and the output reading is proportional to its peak am-
plitude Am (the same for either positive or negative 
peaks) or its average amplitude, 2A m/ir for full-wave 
rectification, Am/7 for half-wave rectification. Assum-
ing that the modulation factor m of the above signal is 
known, we shall first discuss how the modulation ana-
lyzer can in theory be calibrated to read m directly, then 
compare the procedure necessary when a heterodyne 
signal instead of a sinusoidally modulated signal is used 
for such calibration. 

First, the signal of ( 1) is applied to the analyzer, 
whose gain is then adjusted so that the modulation 
meter reading corresponds to the known m. With the 
same gain, a reading R proportional to the average 
value of the modulated carrier ( 1) after rectification is 
then obtained either with a separate meter or by by-
passing the first detector and reading the result on the 
modulation meter. Since this average value is simply A, 
independent of m, the analyzer will now yield the cor-
rect value of m for any other modulated signal like ( 1) 
but with different A and m, so long as the gain of the 
analyzer is first adjusted to give the same reading R for 
the average value of the rectified-modulated carrier. We 
see that this calibration procedure effectively removes 
the factor 2A //r or A/7 occurring in the average value 
of the rectified-modulating signal by normalizing the 
average amplitude of the modulated carrier to a given 

value. A similar procedure may be used for a peak-read-
ing output meter. 
A pure, sinusoidally modulated signal of known modu-

lation factor is seldom available for calibration purposes. 
On the other hand, however, a heterodyne signal eh(t) 
may be readily formed by adding the two signals ei(t)= 
A cos coot and e2(t)= AM cos (, -1-o.)„,)t to yield 

A[cos wct -F — cos (w, cum)/ 
2 

en(t) = 

▪ — cos (w, com)t] 
2 

= A [(1 — M) cos (4 

+ 2M cos (-"17-) cos ( 2`tic ``1"1 /], 
2 2 )  (3) 

where M is the ratio of the smaller signal 82 to the larger, 
81.4 M may range between zero and unity, and the in-
correct assumption is often made that it is equal to the 
modulation factor m for a true sinusoidally-modulated 
wave. Comparison of the second form of ( 1) and the 
first form of (3) shows, however, that although the sig-
nals are very similar, the modulated wave has upper and 
lower sidebands, whereas the heterodyne wave has only 
an upper (or lower) sideband. We shall now derive rela-
tions between M and m for positive or negative peak or 
for average-reading modulation meters which will allow 
correct calibration to be achieved with a heterodyne-
calibrating signal for any value of M. 

In order to obtain relations between M and m, it is 
necessary to investigate in detail what happens to the 
heterodyne signal as it passes through the various stages 
in the modulation analyzer. Fig. 1, on the next page, 
gives a comparison of the forms of a sinusoidally modu-
lated wave with m = 1 in (a) and a heterodyne wave with 
M=1 in (b). The difference between these waveshapes 
is very small for m and M«1, and is a maximum when 
these quantities equal unity. After passing through a 
linear half- or full-wave detector and a low-pass filter, 
the waveform in (c) is obtained. The filter must, of 
course, have a sufficiently wide pass band that the sharp 
minima in (c) be passed with negligible distortion, yield-
ing an accurate reproduction of the positive envelope of 
the heterodyne wave. Its equation for arbitrary M, 
which is readily obtained by a vector addition of ei(t) 
and e2(t), is 

ee(1) = [A2 ± M4 2 -IL 2MA 2 cos 0.)„,d1/2. (4) 

If we let cot =20 and k2 = 4M / (1+ M) 2, (4) may be re-
written as 

e„(8) = A(1 31) [1. _ k2 sin2 o]1c. 

The average value of this envelope is 

(5) 

M.I.T. Electrical Engineering Staff, "Applied Electronics," p. 
699, John Wiley and Sons, Inc., New York, N. Y.; 1943. 
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Fig. 1—Waveshapes in modulation analyzer. (a) Sinusoidally modulated input signal. (b) Heterodyne input signal. (e) Envelope of rectified 
heterodyne signal. (d) Envelope of rectified heterodyne signal with dc component removed. (e) Full-wave rectified waveshape of signal in (d). 

é. = 2A(1 M) f ir/2 

[1 — sin2 OP/2d0 
ir Jo 

M) 
 E, 

where E is the complete elliptic integral of the second 
kind. Note that as M approaches zero, 2E/ir approaches 

unity and ée approaches A, the value obtained for a 
sinusoidally modulated wave. For M> 0, however, 
2E/ir is a function of M and is less than unity. 
When the waveform (5) is passed through a con-

denser, the dc component is eliminated and the equation 

for the resulting signal ef(0) is 

ef(0) = A(1 + M)[-V 1 — k2 sin' 0 — 2E/711. (7) 

The waveshape of ef(0) for M= 1 is shown in Fig. 1(d). 
It is now necessary to determine the value of O for which 
ef(0)=0; this value, 01, is readily found to be 

01 = sin--' {— [1 — (2E/7)2Pil . 
1 

(6) 

(8) 

C, approaches r/4 as If tends to zero and increases 
slightly above this value for nonzero M. The positive 

and negative peaks of the waveform of (7) occur at 
0=0 and at 0=7r/2 and are 

ef(0) = A(1 -I- M)(1 — 2E/r) (9) 

ef(r12) = A(1 ± M)(N/1 — — 2E/ir). (10) 

If the signal of ( 7) is full-wave rectified, the wave-
shape between 0=0 and 0=r/2 is given by 

er(0) = e1(0) O:g 0 ≤ 01 

= — e,(0) 0 0 

and is shown in Fig. 1(e) for M=1. A dc meter will re-
spond to the average value of this rather peculiar wave. 

This average value is 

è, = 2A ( 1 + M.) f  ri2 
er(0)d0 

7r o 

4A (1 + M) f 
e,(0)0. 

71' 

(12) 

The last equation follows because the area under the 
curve from 0=0 to 01 is necessarily equal to that from 
0=01 to r/2. The result of the above integration is 

é, = [4A (1 ± M)/7] [E(01, k) — 201E/r], (13) 

where E(01, k) is the incomplete elliptic integral of the 

second kind. 
We are now finally in a position to obtain the relation 

between the true modulation factor m and the hetero-
dyne signal ratio M. First, we shall consider an analyzer 
which measures the average value of e,(0). Part of the 

calibration procedure, as discussed above, involves ad-
justing the gain of the analyzer so that the rectified-
modulated carrier gives a certain set reading on a dc 



1518 PROCEEDINGS OF THE I-R-E October 

meter. For a sinusoidally modulated wave, this reading 
is independent of m, but for a heterodyne wave it de-
pends on M, as shown by (6). This dependence can in-
troduce error of its own into the calibration with a 
heterodyne signal unless it is properly taken into ac-
count. Because of this potential error and because of 
differences between the waveshape of a sinusoidally 
modulated wave and of a heterodyne wave, m is not 
equal to M. We define ?Tz in the present average-reading 
case as the true modulation factor for a sinusoidally 
modulated wave corresponding to a given M for a 
heterodyne wave. The calibration procedure using a 
heterodyne signal therefore consists of adjusting the 
analyzer gain so that the heterodyne signal gives a 
modulation reading of tTz (not M) and then reading a 
quantity R proportional to the average value of the 
rectified-modulated carrier é,. After such calibration, the 
analyzer will measure the true modulation factor m for 
a sinusoidally modulated signal when the carrier ampli-
tude is initially set to R. 

For the above type of analyzer which measures a 
quantity proportional to et, the actual modulation-
meter reading, after setting the rectified modulated-car-
rier-level to the proper value will be Ft, by definition, 
where ni is given by ér/é„. We therefore obtain 

77t = (2E/7)-1[2E(01, k) - 401E/r]. (14) 

The value of M corresponding to fft in ( 14) is, of course, 
implicit in E, E(01, k), k, and 01. 

For an analyzer which measures positive and nega-
tive peaks of the modulating voltage e,(0), the actual 
modulation-meter readings, again after setting the 
proper modulated-carrier level, are m+ for positive 
peaks, m- for negative, where these quantities are given 
by ef(0)/è, and - ef(7r/2)/ée, respectively. The results 
are 

m+= (2E/7)-1 - 1 (positive peak reading) ( 15) 

m- = 1 - 1 - k2 (2E/r) -1 (negative peak reading). ( 16) 

Eqs. ( 14), ( 15), and ( 16) are the most important re-
sults of this analysis and allow the different types of 
modulation meters to be calibrated to read m correctly 
with a heterodyne wave. In Table I we tabulate the de-
pendence of fft, m+, and m- on M for M=0 to 1. The 

TABLE I 

DEPENDENCE OF t, M+, AND tel- ON HETERODYNE SIGNAL 
RATIO M 

0 0 0 0 
0.007654 0.00765 0.007628 0.007680 
0.03110 0.0311 0.03084 0.03133 
0.07180 0.07160 0.07039 0.07302 
0.1325 0.1316 0.1276 0.1362 
0.2174 0.2136 0.202 0.2266 
0.3333 0.3183 0.2970 0.3515 
0.4903 0.4467 0.4045 0.5196 
0.7041 0.5796 0.5102 0.7378 

1 0.6613 0.5708 1 

percentage differences of these quantities from M are 
plotted versus M in Fig. 2. These calculations were 
carried out using the tables of elliptic functions given by 
Jahnke and Emde.5 Fig. 2 indicates that less than one 
per cent error in calibration will occur when M is taken 
equal to m in the range M<0.04 for m+ and m-, and 
M<0.17 for frt. In addition, a negative peak reading 
meter can also be calibrated with less than one per cent 
error with M taken equal to m- when 0.96 < M≤ 1. On 
the other hand, if meters reading m+ or ni are calibrated 
near M=1, the error in a modulation reading near 
M=1 will be of the order of 30 or 40 per cent if M is 
erroneously assumed to equal m. 
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Fig. 2-Percentage difference between true modulation factors Si, 
m+, and m- and heterodyne amplitude ratio M as functions of M. 

CONCLUSIONS 

The calibration of amplitude-modulation analyzers 
with a heterodyne-calibrating signal has been analyzed 
in detail and potential errors implicit in such calibra-
tion have been investigated. It has been found that the 
error may be as large as 40 per cent if the heterodyne-
amplitude ratio M is taken equal to the true modulation 
factor m of a sinusoidally modulated wave when M is 
near unity. 

Essentially errorless calibration with a heterodyne 
signal can be carried out in either of two ways. First, if 
M and m are assumed equal but a value of M much less 
than unity is used, negligible error will result. A second 
method, which is exact for any value of M, requires only 
that the value of m obtained either from Table I or cal-
culated from the formulae derived in this paper be used 
in the calibration procedure, instead of M. 

6 E. Jahnke and F. Emde, "Tables of Functions," Dover, N. Y.; 
1943. 
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A New Transducer Diagram* 
R. N. BRACEWELLt 

Summary—A simple diagram consisting of two graduated straight 

lines and a point, completely represents a loss-free transducer. By a 
simple projective construction the input reactance corresponding to 
any terminating reactance may be quickly obtained, and, by an ex-
tension of the construction, complex impedances may also be trans-
formed. The method allows a visual as well as numerical grasp to be 
obtained of the transforming action of the transducer. The construc-
tion depends on the principle that in any bilinear transformation of a 
function of a complex variable there are straight lines which trans-
form into straight lines, and that the relation between corresponding 
points on these straight lines is projective. 

INTRODUCTION 

T
HE WELL KNOWN circle diagrams of Kennelly 
and Smith have proved extremely useful in han-

  dling problems involving the transformation of im-
pedances by lengths of transmission line. To a great 
extent their value stems from the graphical nature of 
the procedure. It enables a quick and clear grasp of the 
transformation to be obtained, which is not afforded by 
the numerical methods using complex numbers. The 
present communication, which deals with a more gen-
eral problem than that of the uniform transmission line, 
presents a graphical procedure for transforming imped-
ances through an arbitrary loss-free transducer. 

For any such transducer there exists a particularly 
simple diagram (Fig. 1) based on ideas of projective 
geometry, which, when drawn, allows the input imped-
ance corresponding to any terminating impedance to be 
quickly deduced. 
To the knowledge of the writer, the only projective 

diagram previously published for performing this trans-
formation is that of Weissfloch.' The latter is consider-
ably more cumbersome to use and more susceptible 
to graphical errors than the one described below. The 
relation between the two diagrams is demonstrated 
later. The present diagram was originally described in a 
restricted wartime report.2 

ESTABLISHING THE DIAGRAM 

In order to specify a transducer completely, three in-
dependent measurements must be made on it. Let the 
transducer be terminated with three different reactances 
a, b, c, in turn and let the input reactances be measured. 

* Decimal classification: R145. Original manuscript received by 
the IRE, April 29, 1954. 
t Radiophysics Lab., Commonwealth Scientific and Industrial 

Research Organization, Sydney, Australia. 
1 A. Weissfloch, " Kreisgeometrische Vierpoltheorie und ihre Be-

deutung für Messtechnik und Schaltungstheorie des Dezimeter- und 
Zentimeterwellengebietes," Hochfrequenz. und Ekktroakustik, vol. 61, 
pp. 100-123; April, 1943. 

2 R. N. Bracewell, "A graphical means of investigating loss-free 
transducers," Radiophysics Laboratory Report T.I. 226, 1945. 

Fig. 1—The transducer diagram. 

Let these be A, B, C, respectively. In practice the ter-
minating reactances would often include 0 and co, i.e., 
measurements would be made with the transducers 
short-circuited and open-circuited. 
Now let the quantities a, b, c, A, B, C, be marked off 

on two linear scales whose scale factors and origins may 
be chosen at will to suit the values of the quantities. 
Lay one scale on the other, at any convenient angle, so 
that A and a coincide (Fig. 1). Then mark the point P 
which lies on the intersection of Bb and Cc. The two 
graduated scales and the point P then comprise the 
desired diagram. 

• 

We shall now prove that if the transducer is termi-
nated with any reactance d, then the input reactance is 
D, where D is the intersection of dP with AB. We shall 
assume without proof the following proposition from 
projective geometry. 

If the points of two straight lines a and are in ( 1, 1) 
correspondence, the general analytical relation between 
co-ordinates x. and xo on the two lines is bilinear, i.e., of 
the form 

d)+ xxa  
— 

± cox., 

where 4›, x, 1,11, w are real constants. 
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Now from the theory of linear transducers it is known 
that the input impedance Zi is a bilinear function of the 
terminating impedance Z2 with three independent com-
plex constants, i.e., 

c dZ2 
Zi =   

a ± bZ2 

where a, b, c, d, are the "linear parameters" as custom-
arily defined. As a particular case of this, the input im-
pedance to a loss-free transducer terminated in a react-
ance X2 is itself reactive (=PCI), and the relation be-
tween the reactances X1 and X2 is bilinear with three 
independent real constants. But this is a projective re-
lationship, and therefore if it is made to agree with a 
particular projective transformation in three independ-
ent instances, then it must do so in all. Hence the points 
d and D in Fig. 1 represent corresponding reactances. 

Although the data specifying the transducer have 
been presented in the form of electrical measurements 
of a certain kind, the transformation diagram may also 
be set up from any other specification of the transducer 
such as the equivalent-T impedances, or short and open 
circuit impedances; and conversely, beginning from the 
diagram, any other specification may be deduced. It is 
sufficient to note the simple constructions which give 
the open and short-circuit impedances Zol, Zn2 Zs19 Zs2 
(Fig. 2). 

z5, 

01 

Fig. 2—The short and open circuit impedances are obtained by join-
ing P to the zero points and points at infinity on the two react-
ance scales. 

TRANSFORMATION OF COMPLEX IMPEDANCES 

It remains to be shown how complex impedances may 
also be transformed by the diagram, and for this pur-
pose we shall need the following two results from the 
theory of functions of a complex variable. 

(1) The transformation w=f(z), where w is an analyt-
ic function of the complex variable z, is conformal; i.e. 
angles are preserved. 

(2) The conformal transformation represented by the 
bilinear relation 

a + /32; 
w =   

y + (5z 

transforms circles into circles. The constants a, 13, y, (5, 
may be complex. 

Let the terminating impedance Z2 ."". R2 +iX2 be rep-
resented by a point on the 02R2X2 plane (Fig. 3). It 
is required to find the point Z1 on the OIRIX1 plane 
representing the corresponding input impedance. The 
points of the two planes are in (1, 1) correspondence, but 
the correspondence, unlike that between the two react-
ance axes, is not projective. Since Z1 is a bilinear func-
tion of the complex variable Z2, the correspondence is 
the conformal one in which circles correspond to circles. 
These remarks lead to the following direct procedure 
for getting from Z2 to Zl. 

.z, 

X2 

Rs 02 

.22 

Fig. 3— The transformation of complex impedances. 

Place the two reactance axes in the correct projective 
correspondence with respect to the point P (Fig. 4). 
Through Z2, draw any two convenient semicircles, 
each with center on 02X2. (The construction has been 
simplified by making one of the semicircles of infinite 
radius.) Projectively transform the intersections of the 
circles with the 02X2 axis and construct two semicircles 
based on the points so obtained. The intersection of the 
two semicircles is the desired point Z1. 

Fig. 4— Construction for the transformation of complex impedances 

To prove this result we note that Zi must lie on the 
intersection of the transforms of the two circles through 
Z2. These two circles must themselves transform into 
circles. Since the reactance axis 02X2 transforms into the 
axis 01X1 and since the first pair of circles cut 02X2 at 
right angles, it follows that the transformed circles must 
cut 01X1 at right angles. Four points on 01X2 are thus 
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sufficient to construct the two transformed circles, and 

as they are on the reactance axis, they are within the 
scope of the projective transformation with respect to P. 

THE DUAL FIGURE 

It is of interest to consider the dual figure obtained by 
subjecting the transducer diagram to the plane recip-
rocal transformation, studied in projective geometry, in 

which points transform into lines and lines into points. 
The two sets of collinear numbered points representing 
the input and output reactances become two concurrent 
sets of numbered lines. The point P becomes a line p. 

Fig. 5— The dual-transducer diagram obtained by reciprocation. 

In Fig. 5 two graduated scales X1 and X2 serve to num-
ber the two pencils of lines through Uand V. Given X2t 
it is necessary to produce VX2 to its intersection with 
p at W, and then to read off the value of X1 correspond-
ing to the line UW. This is the diagram given by Weiss-
floch. 

DIscussioN 

From the point of view of graphical treatment of 
physical problems, projective constructions are particu-
larly simple. This holds both when accurate construc-
tions are made for numerical purposes and also when 
rough sketches or mental pictures are used for qualita-
tive thinking. 
The bilinear function of a complex variable may be 

found running through the whole of communications 
theory because of the property of linear networks, that 
one and only one terminating impedance can give rise 
to a given input impedance, and conversely. The ( 1, 1) 
correspondence property is characteristic of linear net-
works, and the bilinear function gives the most general 
relation between complex variables in ( 1, 1) corre-
spondence. But, under special conditions, the bilinear 
transformation of a complex variable can degenerate 
into a projective transformation of a real variable. 
Therefore, throughout the field where circle diagram 
techniques are used, there is the possibility of applying 
projective constructions. 

In the present paper, the fact that the reactance axes 
correspond enables a projective construction to be ap-
plied, but it can be proved that in any transformation 
in which circles go into circles, there are always two 
straight lines (and two only) which go into straight lines.' 
Each of these is in projective correspondence with its 
transform. Extension of the present ideas to pairs of lines 
of this kind in the various fields of use of circle diagrams 
might well lead to some useful developments. 

3 Consider a particular dissipative transducer. Let the circle Q on 
the Z1 plane correspond to the line R2 = 0 on the Z2 plane and let M 
be the point on Q corresponding to Z2 = 00 . Then the tangent to, and 
diameter of, Q at M correspond respectively to straight lines R2= 
const. and .1C2 const. on the ZI plane. 

A Method of Making a Radar Self-Calibrating* 
E. A. WOLFFt, STUDENT MEMBER, IRE 

Summary—A method of making a radar system self-calibrating 
has been developed to obtain the ratio of power received to power 

transmitted with minimum effort. A portion of the transmitter pulse 
is made to bounce back and forth in a long, short-circuited, micro-
wave-transmission line where it is delayed and attenuated. A portion 

of the power in the pulse is fed into the receiver at regular intervals 
to calibrate its output in terms of the transmitter power. Analytical 

expressions required for an understanding of the system have been 
developed. Several practical microwave-transmission lines have been 
studied. A self-calibrating system has been constructed, and the ex-
perimental results agree with theory. 

* Decimal classification: R537.3XR537.4. Original manuscript re-
ceived by the IRE, May 6, 1954; revised manuscript received, June 
16, 1954. ‘Vork performed in partial fulfillment of the requirements 
for the Master of Science Degree at the University of Maryland. 
t Naval Research Laboratory, Washington, D. C. 

INTRODUCTION 

ONE IMPORTANT APPLICATION of radar is 
the quantitative measurement of the radar area 
of targets. Radar area, cr, is defined as 4-ir 

times the ratio of the reflected power per unit solid angle 

in the direction of the source divided by the power per 
unit area in the incident wave. Thus, the determination 
of the radar area of a target involves the determination 
of the ratio of the power received at the receiver 
terminals, Pr, to the transmitter power, P. The radar 
area may be expressed as 

647r3R4 Pr Pr 
=   = K—, 

G'X' Pt Pi 
(1) 
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where G is the gain of the radar antenna, X is the free-
space wavelength, and R is the distance between radar 
and target. 

In order to use a radar for the precise measurement 
of the radar area of a target, it is necessary to calibrate 
accurately the radar receiver output in terms of the 
ratio Pr/Ps. Since it is difficult to measure absolute 
power accurately, calibration procedures should depend 
only upon relative values of power. Several methods 
have been used with varying degrees of success to ob-
tain an accurate, reliable calibration. These involve the 
careful measurement of the losses in each radar com-
ponent, the use of "standard" targets, and the use of 
signal generators and power meters. 
An echo box is sometimes used to give an indication 

of a radar's performance. It consists of a high Q resonant 
cavity which "rings" when excited by a portion of the 
transmitter pulse. The ringing produces an exponen-
tially decaying signal whose duration is an indication 
of the over-all system performance. Since this signal 
does not have discrete steps which can be used to de-
termine the ratio Pr/Pt, and it is difficult to keep the 
cavity properly tuned, the echo box is not suitable for 
accurately calibrating a radar in terms of the ratio 
Pr/Pe. 

In one calibration method now in use, successive pulse 
levels, separated in power magnitude by a few decibels, 
are fed from a standard signal generator, through a 
directional coupler, into the radar receiver, and re-
corded.' The signal generator power at a particular at-
tenuator setting is compared with the transmitter power 
by measuring both the transmitter and signal generator 
power with a common power meter. This process, along 
with the procedure to determine the ratio of the incident 
power at the antenna to the power at the receiver 
terminals, allows the construction of a plot of the re-
ceiver output vs cr. Relating the power at the receiver 
to the incident power at the antenna is a separate pro-
cedure which involves the measurement of the losses in 
the transmission lines and the insertion loss of the di-
rectional coupler.' 
The calibration method now in use has four disad-

vantages. First, it consumes considerable time. Secondly, 
it requires careful tuning of the signal generator to the 
transmitter frequency (which may drift). Thirdly, the 
calibration pulses from the signal generator usually do 
not have the same spectrum or shape as the transmitted 
pulses. In the fourth place, it requires manual or ma-
chine switching of microwave transmission lines with 
the accompanying possibility of error. It was the at-
tempt to devise a calibration procedure without these 
disadvantages that led to the development of the "self-
calibration" system to be described. 

1 M. Katzin, "Quantitative radar measurements," Pitoc. I.R.E., 
vol. 35, pp. 1333-1334; November, 1947. 

2 Ibid., loc. cil. 

SELF-CALIBRATION METHOD 

In the self-calibration method, a portion of the trans-
mitter pulse is made to bounce back and forth in a long 
microwave transmission line which has a short-circuit 
at each end. Each time the pulse reaches the input to 
the line, a portion of the pulse power is tapped off and 
fed into the receiver (Fig. 1). As the pulse travels along 
the line it is delayed and attenuated, so that the re-
ceiver picks up a succession of pulse-levels which form a 
calibration curve. The attenuation and delay will now 
be considered. 

ANTENNA 

'— DIRECTIONAL COUPLER 

SHORT CIRCUIT 

MICROWAVE TRANSMISSION LINE 

SNORT CIRCUIT 

Fig. 1—Block diagram showing location of short-circuited 
transmission line. 

With a rectangular radar pulse of duration ti„ the 
space distance between the leading and trailing edges is 

d = yt„, (2) 

where y is the velocity of propagation. Since the pulse 
travels up the transmission line and back (a distance 
equal to two line lengths) between steps, the minimum 
line length, 1,a., to separate two successive pulses is 

d vi,, 
Lmin = —2 — 

2 
(3) 

and the maximum attenuation per unit length of line, a, 
to produce an attenuation ao between steps is 

ao ao 

d yip 

The total attenuation per step (ao) will consist of the 
sum of the attenuations due to the line (a0), the direc-
tional coupler which feeds the line (ad,), and the dis-
continuities in the line (a,.). The attenuation of the line 
may be found from (4). The attenuations due to the 
directional coupler and to the discontinuities will now 
be considered. 

Since a portion of the pulse bouncing back and forth 
in the line is tapped off each time the pulse passes 
through the directional coupler, there will be an attenua-
tion of the pulse in the line due to the directional 
coupler of amount 

(4) 

ad. = 20 log   I db, (5) 
antilog (C/10) — 1 
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Fig. 2—Curve of attenuation of each output pulse as a function 
of directional coupler coupling. 

where C is the coupling factor of the directional coupler 
in decibels (db). This relationship is plotted in Fig. 2. 

If the transmission line contains a discontinuity, some 
of the power in the incident wave (Pin) will be reflected, 
and the transmitted power will be attenuated by an 
amount' • 

Pio 
= 10 log (—) 4n = 10 log [ (1 + n)2] db, (6) 

P t  

where n is the voltage standing-wave-ratio caused by 
the discontinuity. Since there is a short-circuit at each 
end, the line may be considered to be infinitely long 
with an infinite number of directional couplers placed 
along the line at regular intervals, as indicated in Fig. 3. 
The outputs of the directional couplers are in parallel 
at the receiver input. From Fig. 3 it can be seen that a 
discontinuity may be represented as an infinite number 
of discontinuities distributed along the line. The waves 
reflected from these discontinuities appear at the re-
ceiver input as spurious pulses. These spurious pulses 
generally will not coincide in time with the desired 
calibrating pulses and will lower the peaks and raise the 
valleys of the desired pulse train. In addition, standing 
waves produce regions along the line where the current 
is greater than in the absence of standing waves. This 
increases the conductor losses and raises the value of a 
by the factor (1 +n2)/2n.4 

G. L. Ragan, "Microwave Transmission Circuits," McGraw-
Hill Book Co., Inc., New York, N. Y., p. 34; 1948. 

Since reflections distort the output pulse train in a 
complicated manner and raise the value of a, construc-
tion of a good system in the beginning is simpler than 
trying to predict the results of a poorly constructed 
system. 

-DIRECTIONAL COUPLERS 
„ • 

Fig. 3—Diagram showing how a transmission line with a short-
circuit at each end may be represented as an infinite number of 
similar sections connected in series. 

The total attenuation between steps, ao, for a reflec-
tionless line will be 

ao = ao ado. 

From (4), (5), and (7), 

(7) 

[ antilog (C/10) 
ao = avt, + 20 log   db. (8) 

analog (C/10) — 1 

It is desirable to have the calibration pulses arrive at 
the receiver after the recovery time so that the re-
sponse of the receiver during the recovery time need not 
be determined. Since the pulses will be bouncing back 
and forth during the receiver recovery time, trr, an im-
portant consideration is the attenuation during the re-
covery time. The attenuation of the transmitter power 
during the recovery time, a,c, will be the attenuation 
caused by the line during the recovery time, arr, and by 
two trips through the directional coupler. Therefore, 

art; = are ± 2C = 2C db. (9) 

If the width of the transmitter pulse is greater than 
the maximum pulse width for which the transmission 
line is designed (3), successive pulses will overlap and 
produce a resultant signal which will depend upon the 
relative magnitudes and phase angles of the overlapping 
pulses, and the shape of the pulses at the output may 
appear distorted. 
The equations derived above provide the basis for the 

selection of practical transmission lines. As an aid to the 
calculation of parameters and the selection of transmis-
sion lines, a nomograph (Fig. 4, following page) has 

4 Ibid., p. 31. 
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Fig. 4-Nomograph for selecting transmission lines. 

NOMOGRAPH INSTRUCTIONS 
To select a suitable transmission line when values of X, t„, Ut, 

and Lroio are specified, the attenuation per unit length of line, a, 
and the group velocity, vo, or waveguide wavelength, X,„ are 
found by proceeding from column to column in the following 
order: 1-3-2-3-7-5-4-6. 

To evaluate the performance of a line when values of X, Xo, 
or v/c, to and a are known, the attenuation at the output, ae, and 
the minimum line length, Liolo, are found by proceeding from 
column to column in the following order: 4-6-5-7-3-2-1. 

To evaluate the attenuation which occurs during any time 
interval when to and cro are known, proceed from column to 
column in the following order: 7-11-9-8-10. 

been constructed. With the aid of the nomograph and 
published data on typical transmission lines, the line 
length, weight, and attenuation per step at the output 
for a one micro-second pulse were calculated and are 
given in Table I. This table has been used to aid in the 
determination of the stability of certain lines. 

TABLE I 

CHARACTERISTICS OF PRACTICAL MICROWAVE TRANSMISSION LINES 

Transmission 
Line 

f 
MC/s DB7100' 

Xis 

cm. 
Lm in 

ft/sec 
Cr 0 

DB/psec 
We 

lb/psec 

1? X3" rect 3300 0.55 11.7 385 4.6 320 
1"Xl¡" rect. 9375 2.5 3.86 410 24 112 
¡' XI" rect. 9375 3.4 4.48 352 26 57.4 
3" 0.D. circ. 3300 0.5 12.8 352 3.6 238 
1" 0.D. circ. 9375 3.0 5.17 310 19 35.1 
RG-19A/U 1000 3.4 47 390 24 291 
1" Styroflex 1250 4.1 - 450 37 46 
r Styroflex 3300 6.7 - 450 61 46 
r Styroflex 1250 3.2 - 450 29 72 
l" Styrofilex 1250 1.7 - 450 15 218 
1r Styrollex 1250 0.97 - 450 9 410 

The stability of lines in three frequency ranges has 
been studied. For this study only light, compact, com-
mercial lines suitable for airborne use were considered. 

While circular waveguide, due to its low attenuation, 
might be superior to other lines, it was not studied be-
cause of practical difficulties prevailing at the time. 
The variation of attenuation due to changes in fre-

quency, temperature, and humidity have been investi-
gated. The effect of the manufacturing tolerances on the 
theoretical attenuation has also been considered. The 
line considered for X band (9375 mc) was silver-plated 
rectangular copper waveguide ( 1" Xi"). The line for S 
band (3300 mc) was silver-plated rectangular copper 
waveguide ( 1i" X3'). The line for L band ( 1250 mc) 
was O.D. Styroflee coaxial cable. 
The attenuation in rectangular, silver-plated wave-

guide containing a lossless dielectric may be written as 

a - 

3.11\74--1 + (  
Lb 2a aVe, / 

V1 - 0.25 ( X_Y 
eVer 

db/100 ft., ( 10) 

where er is the dielectric constant of the material in the 
waveguide, a and b are the large and small waveguide 
dimensions respectively (in centimeters), and X is the 
free-space wavelength in centimeters. Using ( 10), the 
change in a for a 100 mc change in frequency for X-band 
waveguide is 0.03 db per 100 feet, and for S-band wave-
guide the change is 0.042 db per 100 feet. 
The attenuation due to water vapor6 (20 gm/cu. 

meter) within the waveguide at 73 degrees Fahrenheit 
is 0.00002 db per 100 feet at X band and less than this 
at S band. 

Generally, the effects of normal changes in frequency, 
temperature, and humidity upon attenuation may be 
neglected for X-band and S-band waveguide. 
Tabulated manufacturing tolerances substituted into 

(10) show that the maximum change in attenuation 
due to manufacturing tolerances for X-band waveguide 
is 0.04 db per 100 feet and for S-band waveguide is 0.02 
db per 100 feet. Thus, the attenuation predicted by (10) 
using the nominal dimensions will be accurate within 2 
per cent. 
At L band (1250 mc), I" O.D. Styroflex coaxial cable 

was investigated for stability. The attenuation due to 
conductor losses of a coaxial cable having different ma-
terials for the inner and outer conductors may be ex-
pressed as 

41.4 (10)6 
a, =    X db/100 ft. (11) 

) 

where a is the inner conductor outer diameter in cm, b, is 
the outer conductor inner diameter in cm, /.4, is the conduc-
tor permeability, is the conductor skin depth in cm, e, is 
the dielectric constant of the material within the cable. 

[  a b be. fsbmbi In (b/a 

O Manufactured in the United States by Phelps Dodge Copper 
Products Corp. 
• D. E. Kerr, "Propagation of Short Radio Waves," McGraw-Hill 

Book Co., Inc., New York, N. Y., pp. 660-661; 1951. 
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SUCRE CIRCUIT 
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SYYROFLEX COAXIAL CABLE 

Fig. 5— Block diagram of microwave portion of a 
self-calibrating radar system. 

Fig. 6—Photograph of Styroflex transmission line. 

and X is the free space wavelength. The attenuation due 
to the dielectric losses in the cable may be expressed as 

8.32 ( 10)4Ver tan y 
ad = db/100 ft., (12) 

X 

where tan y is the loss tangent of the dielectric. The 
effect of a change in frequency upon the value of a may 
be obtained from (11) and (12). For Styroflex, a 100 mc 
change in frequency changes the attenuation 0.042 db 
per 100 feet. The effects of temperature and humidity, 
small enough to be ignored for X-band waveguide, are 
even smaller for Styroflex and may also be ignored. 

This study indicates that the three lines selected from 
Table 1 for a calibration system are sufficiently stable. 
In order to verify these calculations experimentally and 
to utilize this calibration method, a self-calibrating 
system was constructed. This will now be described. 

CONSTRUCTION OF EXPERIMENTAL 
SELF-CALIBRATING SYSTEM 

The first experimental line and its requirements were 
selected after a study of Table I, the primary applica-
tion of the radar, and the limitations imposed by air-
borne use. The calibrating system had to satisfy three 

Fig. 7— Photograph of radar receiver A scope showing 
calibration pulses. 

2. 

2 
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Fig. 8—Calibration curve for L band radar. 

requirements. First, ittad to operate with pulse widths 
of at least microsecond. Secondly, the calibration 
curve had to contain at least eight "points" on order to 
yield the required accuracy. Thirdly, the system could 
not weigh more than 300 pounds for airborne use. 
The line selected to meet these requirements for L 

band was 4' O.D. Styroflex. In the self-calibrating sys-
tem, the Styroflex line replaces the signal generator and 
power meter. The microwave portion of the radar is il-
lustrated in Fig. 5, with the Styroflex line added to show 
its relation to the other components of the system. The 
Styroflex line weighs 110 pounds and is 225 feet long, 
enabling the line to separate a microsecond pulse. 
The line was wound in a coil with an outer diameter of 
23 inches and a length of 7 inches, Fig. 6. 
The performance of the calibration system may be 

evaluated with the aid of Fig. 7, which is a photograph 
of an oscilloscope presentation of the receiver output 
(A scope), when the Styroflex is connected as shown in 
Fig. 5. The picture shows the large, saturated trans-
mitter pulse followed by a succession of pulses (dimin-
ishing in magnitude) contributed by the Styroflex line. 
These pulses are separated in magnitude by 10.4 db and 
in time by microsecond. (The calculated value of at-
tenuation for a reflectionless line was 7.7 db per step.) 
The final result, the calibration of the receiver output 
in terms of the transmitter power, is plotted in Fig. 8 
from the curve in Fig. 7. 
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The performance of a line of half this length (which 
would separate a I microsecond pulse) was determined 
by placing a directional coupler at each end of the 
Styroflex line, feeding power into one end, and taking 
power out at both ends of the line. In this way a portion 
of the pulse bouncing back and forth in the line is 
tapped off whenever the pulse arrives at either end of 

Fig. 9—Photograph of radar receiver A scope showing the effect of a 
shorter pulse and transmission line. 

the line. Fig. 9 is a photograph of the receiver A-scope 
when using this arrangement. Because the directional 
couplers at each end of the line did not have exactly the 
same coupling, a large step in Fig. 9 is always followed 
by a smaller step. Thus, the steps at each directional 
coupler are equal, but the maximums of the pulses 
from one directional coupler do not appear half way 
between the pulses from the other directional coupler. 

Fig. 10—Photograph of radar receiver A scope for transmitter pulse 
widths of ¡, 2*, and 5 microseconds (top to bottom) and a 
microsecond transmission line. 

Fig. 10 shows the results when pulse widths of .1, 1, 
21, and 5 microseconds are used in the line designed to 
resolve a 1 microsecond pulse. The distortion on the 
tops of the pulses, as described earlier, appears in all 
photographs except for the microsecond pulse. The dis-
tortion in the 1 microsecond pulse is probably due to 
overlap of the tails of the neighboring pulses (caused by 

the lack of a perfectly rectangular transmitter pulse). 
Another interesting feature of Fig. 10 is the difference 
in slope of the echo decay between the various pulse 
lengths. Investigation showed that, as the pulse length 
was changed from to 5 microseconds the magnetron 
frequency was altered, so that the electrical length of 
the line was changed by more than a wavelength. Since 
the change of electrical length modifies the vector addi-
tion of the overlapping pulses, the absolute level of each 
pulse is shifted. A phase shifter may be used to com-
pensate for the change in frequency but, due to the long 
length of line, it would be very frequency-sensitive. 
Thus, the system may be used for pulse widths greater 
than those for which the line was designed, but the re-
sults must be interpreted carefully. 
When the Styroflex line was placed in a temperature-

controlled room and its attenuation measured at 
—20 degrees F. and 120 degrees F. to an accuracy of 
±0.1 db, the change in attenuation was too small to be 
measured. 

CONCLUSIONS 

The features of the self-calibration method are: 

1. It may be used to measure the radar input-output 
characteristic. 

2. It may be used to provide a measure of the over-all 
radar system performance. 

3. It is stable, as there are no active elements and no 
moving parts. 

4. A calibration takes very little time. 
5. It can be made relatively light in weight. 

A comparison of Figs. 7 and 9 shows that a shorter 
line may be used to obtain more calibration points. 
The accuracy of this method appears to be limited by 

the accuracy with which the A-scope deflection and 
transmission line attenuation can be measured. This 
should be + 1 db or less. 
The self-calibrating system should be useful in the 

measurement of the radar area of targets, and in the 
checking of the radar input-output characteristic. The 
system can be used to provide a frequent measure of the 
over-all radar performance of permanent installations 
(shipboard, airborne, landbased). The antenna can be 
included in the over-all radar performance check by 
placing the calibrating line, with its directional coupler 
and an antenna, at a reasonable distance from the radar. 
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A Series Laminated Conductor for High Frequencies* 
HIKOSABURO ATAKAt 

Summary—To reduce the effective resistance due to skin effect 
in the conductor carrying the high frequency current, it is proposed 
that the conductor may be laminated and insulated at right angles to 
flow of the current, and it is called a series laminated conductor. In 
the series laminated conductor, it is shown that the distribution of the 
current becomes skin effect in pieces of the conductor, while bone 
effect in layers of the dielectric, and it is concluded that its effective 

resistance will become smaller than that of the solid conductor. 

INTRODUCTION 

F THE ATTENUATION of a coaxial cable for high 

frequencies is analyzed in parts, it will be found 
  that more than fifty per cent of the attenuation is 
caused by the increase of the resistance of its inner con-
ductor, due to skin effect. Many attempts are made to 
reduce the resistance, caused by this phenomenon. 
Particularly Clogston and his colleagues have .proposed 
to laminate the conductor and to insert it in the proper 
dielectric medium.' In this case, however, the lamination 
is performed in parallel along the direction of the flow 
of current. For the sake of convenience, a conductor 
made of this type of lamination will, here, be called a 

parallel laminated conductor. 
Contrary to this lamination, as explained below, a 

conductor may also be laminated at right angles to the 
direction of the flow of current. A conductor made 
with this type of lamination will be called a series 

laminated conductor. 

Fig. 1—A series laminated conductor. 

A SERIES LAMINATED CONDUCTOR 

When the high frequency current flows through the 
series laminated conductor as shown in Fig. 1, it is 
natural to suppose that the current will distribute under 
the control of the skin effect, in the middle part of the 
pieces of the conductor between the dielectric layers. 

* Decimal classification: R117.2 X R144.2. Original manuscript 
received by the IRE, February 2, 1954; revised manuscript received, 
May 18, 1954. 
t Ibaraki University, Japan. 
1 A. M. Clogston, "Reduction of skin effect losses by the use of 

laminated conductors," Bell Sys. Tech. Jour., vol. 30, pp. 491-529; 
July, 1951. 

But it is also natural to suppose that the current will 
distribute under the different law, in the neighborhood 
of two ends facing dielectric layers. In order to consider 
the point, draw out this part of conductor as shown in 
Fig. 2, and rake the cylindrical shell of radius p, of 

thickness dp, and of length r. Let 

o- = the density of current at distant p, 
H= the magnetic force at distant p, 
cl)= number of flux interlinked with the shell, 
e = the impressed emf, 
co = the angular frequency of the emf, 
= the thickness of dielectric layer, 

k= the conductivity, 
E= the dielectric constant, 
= the permeability. 

Fig. 2—Part of the conductor near the dielectric layer. 
• 

The resistance R and the capacitance C of the shell is 

given by: 

R = T(1 — b)1(k2wpdp), C = e2irpdp/(ór); ( 1) 

and by Kirchhoff's law we have: 

ao 
erR271-pdp — — f o-27-pdpdt = e. (2) 

at C o 

Substituting ( 1) in (2) and differentiating with respect 

to p, we have: 

act k 320 ale f  00' k ae 
(1 — ô)—   — — dt = — — • (3) 

ap r apat e 0 ap T ap 

In the conductors facing on the thin dielectric, we may 

put ae/ap. Thus, 

Cr k 320 bk f ao-
(i — — — dt = O. (4) 

ap T 301 E 0 ap 

Next the relation between a- and 4, is given by Ampere's 

law, 

rt) = f pHrdr, 
34) 

ap 
(5) 
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CT' 

Co Ite:Z it-G to 4, 2".> et/emelic 

Fig. 3—Distributions of the density of current 
and of the lines of flow. 

and, 

1 
27rpH = f  P 6,27r-rdr, H = — f ordr. 

o P 

From (5) and (6) we get: 

= — — f° ardr. 
ap P 

Under the sinusoidal emf e, both u and 4) become also 
sinusoidal, so it may be put: 

act, 
— = iceo, 
at 

L e o. 

iw 
(i = 

By (4), ( 7), and (8), we get finally: 

d'cr 1 do- iwyk 
—   cr = 0, 
dp2 p dp (1 — eS) — « k45/we) 

which is Bessel's equation of the zeroth order. 
Solving (9) we have: 

J 0(1,p) 
= (0 < p < a), (10) 

fo(l'a) 

where a is the radius of the conductor, and cr a is the 
density of current at p = a, and 

=  1/ —iwyk 
(1 — (5) — i(kS / cue) 

(11) 

Now, if we put = 0, then we have: 

Jo(7P)  

e — ea .10(7a) 

In this ease, the conductor is continuous without being 
separated by dielectric layers and the distribution of the 

7 = 

(6) 

(7) 

(8) 

A co' 

A 

8 

30,Gtio-n. 23 
Fig. 4— Distribution of the density of current at Sections A and B, 

and distributions of the lines of flow of the series laminated con-
ductor. 

current becomes skin effect. On the contrary, if we put 
8=1, then we have: 

= w-VEY, 
0(7P) 

Cf = 0 

.3(70 

In this case, the conductor is replaced wholly by dielec-
tric layer and the distribution of the current becomes 
bone effect.' 
Thus, when the high frequency current flows through 

a cylindrical medium, the density cr and the lines of flow 
of the current will distribute as shown in Fig. 3, accord-

(9) ing to whether the medium is the conductor or the di-
electric. 

In the neighborhood of two ends facing the dielectric 
layer of the series laminated conductor, it may be put 
that, 

1 — i(ke5/coe) — i(la/we), .*. = — • 
Veil 

To get the concrete idea, some numerical values are 
put in these results. Let the conductor be of copper of 
the radius 1 mm, and the dielectric be a material of 
€8=2 and of the thickness S = 10-4. The frequency of 
the impressed emf is taken to be 100 mc. 

k = 5.70 X 10-7 T3/m, 

= 1.26 X 10-8 Fl/m, 

ô = 10-4, 

e = 2 X 8.86 X 10-12 F/m, 

w = 2ir X 108 C/s, 

a = 10-8 m. 

2 H. Ataka, "On the properties of an isotropic dielectric in the 
electric field of ultra high frequencies," Jour. IEE of Japan, no. 620, 
p. 116; 1940. 
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In this case, 

ieS/wE = 5.12 X 10e, 1 — i(kb/cue) — i(kb/coe). 

= co = 2.97 X 102 

Jo(29.7p) 
0" = G r a   ",z, (0 < p < -10-3). 

Jo(0.297) • 

Thus, in the series laminated conductor, the distribu-
tions of current and of the lines of flow will become as 
shown in Fig. 4. By inserting thin dielectrics, the skin 
depth in the pieces of conductor will become greater 
than that of the solid conductor. 

CONCLUSION 

The skin effect in the solid conductor is compensated 
by the bone effect, by cutting the conductor into pieces 
and separating with thin dielectric layers. The compen-
sation becomes clearly the more effective, the shorter 
the length of individual pieces. If the conductor is cut 
indefinitely short and separated with thin dielectric 
layers, then it can be proven that the current distributes 
almost uniformly throughout the section. From the 
practical standpoint, however, there is an optimum 
length for individual pieces. The determination of this 
length will need more elaborate analysis. 

Analysis of Transmission Line Directional Couplers* 
W. L. FIRESTONEt, SENIOR MEMBER, IRE 

Summary—Five different types of transmission line systems are 

analyzed and are shown to possess directional properties at the lower 
radio frequencies. The conditions of mismatch on either transmission 
line or on both transmission lines have been taken into account, as 
well as lengths of coupling greater than a fractional wavelength. A 
• new and more general scatter matrix for directional couplers which 
includes the condition of mismatch is developed. In addition, lumped 
circuit directional couplers have been developed as a consequence of 
the general transmission line theory. 

INTRODUCTION 

HE USE of directional couplers as a means of 
measuring reflections, monitoring power, mixing, 
and multiplexing has been well known for many 

years.' Although many different types of waveguide-
directional couplers are now in use, the purpose of this 
paper is to analyze the directional coupling effects be-
tween open-wire transmission lines which are used at 
the lower radio frequencies. 
Dv to the wide use of directional couplers, several 

definNions have come into being. However, the author 
wishes to propose the following definition, which will 
subsequently be justified. 
A direçtional coupler is defined as a junction of four 

transmission lines ( 1), (2), (3), and (4), terminated in 
such a way that the normalized impedance products 
ZnZ44 equal unity and Z22Z33 equal unity, and there is 
no coupling between ( 1) and (4), and (2) and (3), but 
coupling does exist between the other terminals. 
The above definition conforms to the text material 

but differs from the standard definition in that terminals 

* Decimal classification: R117. Original manuscript received by 
the IRE, June 26, 1953; revised manuscript received, June 14,1954. 
1. Motorola, Inc., Chicago, Ill. 
C. G. Montgomery, " Principles of Microwave Circuits," Lab, 

Series, McGraw-Hill Inc., New York, N. Y., vol. 8, pp. 148, 300-302; 
1948. 

(3) and (4) are reversed. It is to be noted that this defi-
nition does not carry the restriction of matched lines. 
Although many excellent papers2-9 on directional 

coupling have been published, relatively little work has 
been done with open wire lines"--'2 operating at the 
lower radio frequencies. 

BASIC RELATIONS FOR A FOUR WIRE SYSTEM 

The author has previously shown's," that a matched 
four-wire transmission line system will display direc-
tional coupling characteristics if the following relation-
ship is maintained, 

2 H. J. Riblett, "A mathematical theory of directional couplers," 
PRoc. I.R.E., vol. 35, p. 1307; November, 1947. 

3 Andrew Alford, "Coupled networks in radio frequency circuits," 
PROC. I.R.E., vol. 29, pp. 55-70; February, 1941. 

4 N. I. Korman, "Theory and Design of Several Types of Wave 
Selectors," National Electronics Conference; October 4, 1946. 

W. W. Mumford, "Directional couplers," PRoc. I.R.E., vol. 35, 
pp. 160-166; February, 1947. 
• S. Rosen and J. T. Banger, "A consideration of directivity in 

waveguide directional couplers," PROC. I.R.E., vol. 37, pp. 393-402; 
April, 1949. 

E. L. Ginzton and P. S. Goodwin, "A note on coaxial Bethe hole 
directional couplers," PRoc. I.R.E., vol. 38, pp. 305-310; March, 
1950. 

H. C. Early, "A wide band directional coupler for waveguide," 
PROC. I.R.E., vol. 34, pp. 883-886; November, 1946. 

H. J. Riblett and T. S. Saad, "A new type of waveguide direc-
tional coupler," PRoc. I.R.E., vol. 36, pp. 61-64, January, 1948. 

12 R. H. Miller, "A proposal for broad band coupling oc power line 
carrier equipment," Trans. A.LE.E., vol. 68, pt. 2, pp. 1028-1031; 
1949. 

".}1. J. Sutton, "Line tuning equipment used with coaxial cable for 
carrier current installation on power lines," Trans. A.I.E.E., vol. 68, 
pt. 1, pp. 44-49; 1949. 

12 E. Hancess, "Carrier current communications over high voltage 
transmission lines," Brown Boyen i Review, vol. 31, 10, pp. 335-339; 
October, 1945. 
" W. L. Firestone, "Transmission Line Directional Couplers," 

Doctoral Thesis, Northwestern University, May, 1952. 
" W. L. Firestone, "Directional Coupling with Transmission 

Lines," National Electronics Conference; September 28, 1953 and 
Tele. Tech., p. 95; October, 1953. 
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—= Zaps (characteristic equation), (1) 
Cm 

where M is the mutual inductance per unit length be-
tween the two coupled transmission lines, Cm is the 
mutual capacity per unit length, and Z01 and Z02 are 
the respective characteristic impedances. It was also 
shown that 

and 

4E40-7) 4 /D23D14 
Cm = in 

Z 01Z 02 D13D24 

D23D14 

M = 4(10-7) in VD13D24 (2) 

Furthermore, the coupling equation for such a system 
was given by 

I iDi4D23 
4w/(10-7) lne /V D13D24 

Db„ = 20 log i0 
VZOIZO3 

t < 0.1X. 

MISMATCHED TRANSMISSION LINES 

(3) 

Directivity 

Consider the arrangement shown in Fig. 1 in which 
Z L3 and Z14 are connected to terminals which are at 
some distance from the ends of the coupled section. 

1./g-ey 

Zz 3 

< O. f 0-2 401 

8 
Zz.4t 

Zz z 

Fig. 1—Configuration for reflections on both lines. 

It is desirable to refer all terminations to the ends of 

the coupling element itself. With the help of the stand-
ard transmission-line equations, ZL3 is referred to point 
A and Zu is referred to point B. Thus it is possible to 
restrict the discussion to a coupling circuit where 
everything is in phase. 
With the aid of the following relationships 

di 
es = — — 

dl 

dqw dvi2 
  — — C.— 
dl dt 

and Kirchoff's laws, it follows that 

dii 
(a) — M —  — (Zus' ZL4')ivit --- 0. (5) 

dl 

Eqs. (4) and (5) can be solved, respectively, for the in-
ductive and capacitive currents i33/ and i3c, which flow 
in the secondary line, yielding 

and 

since 

— MV0 
i3M = jweiwt 

(ZL3 ZL4)ZL2 

Cm 
isc = — 2 Vojweiwi, 

V12 = V Oe iwg and /0 = VoZn. 

(6) 

(7) 

(8) 

Since the two end sections act in a parallel sense in 
supplying induced charge, the amount supplied from 
each end will depend upon the relative impedance at 
points A and B. Hence, the amount of capacitive cur-
rent flowing to the left at point A may be expressed as 

3.30. = m 

La' ± ZL4f 

while that flowing to the right at point B may be ex-
pressed as 

i3cr = i 21)Cm 

é ZL3' 

Vt,a Z14' 

The total current to the left (ia.) is the sum of (6) 
and (9) while the total current to the right (i3r) may be 
expressed as the sum of (6) and (10). 

Since the powers delivered to junctions 3 and 4 are 
due to the magnitude of the respective currents squared 
times the real part of the terminating impedance, we 
may write after some algebraic manipulation the fol-
lowing directivity ratio. 

V0eiwt, (9) 

P L3 

P L4 

1 + Z 22'44 

1 — Z 22 7  441 

2 R33t 

R441 

Voeiwi. (10) 

where all the Z's and R's are normalized with respect to 
the proper characteristic impedance. 
The expression of ( 11) in decibels yields 

DBd = 20 log {V R33' 
R441 

Z 22Z 44' + 1 

Z22Z 331 — 1 

. (12) 

In the event that e/3= /3/4= 0 (as shown in Fig. 1) 
and Z a and Z  L4 and Z L2 are purely resistive, ( 12) be-
comes 

(4) DBd = 20 log 
/Z33 

("V Z44 

Z 22Z 44' + 1 1. All Z's 

Z20Z33' — 1 Resistive. (13) 
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Fig. 2 is a plot of (13) when only Z331 is mismatched 
and caused to vary. The experimental points corroborate 
the theoretical conclusions. 
A little consideration of (12) will show that, if 

Z22Z43 = 1, an infinite directional coupler will result re-
gardless of the other terminations. This is a surprising 
result and means that any degree of mismatch at 
terminals (2) or (3) is tolerable, providing Z22 and Z33t 
are reciprocals. In other words, the condition that 
Z2.2= Z33' = 1, or that matched conditions must be 
achieved, is strictly a special case of Z22Z33' = 1. If the 
input terminals are considered to be at terminals (4), 
then we can readily see that, if Z22Z32' = 1, an infinite 
directional coupler will still obtain. 

ell 

30 

25 

20 

10 

5 

o 

-/0 

- /5 

-20 

-25 

-30 

WA1Z-W Z33' = /. 0, 

x 38.32 
I I 
I 1 

X' 1x 

2E veesE 
coupzee 

(4,6,01/Ecog) X 

0.2 0.4 .26 0.8 0 £25 té7 2.5 5.0 

z 33 ' 

Z33 cos 543 tj.sm EFL3 

Z33, costitZ3 '4./2'13 ...1%/7 49Z3 

X 

1.44.VE2E: 233 = zzg/.203 

Z22 = Z44 te f.0 

Fig. 2-Db directivity vs normalized impedance. 

It is now easy to see that, if either terminals (2) or 
(3) are considered as input terminals, the necessary 
condition for infinite directional coupling to obtain is 
that Z2244' = 1. Fig. 3 adequately substantiates the 
preceding theory of reciprocal impedances. For Figs. 2 
and 3, Z„„,.'=Z„,„,. The possibility of having a direc-
tional coupler with infinite directivity, even though all 
the terminals are mismatched, has great practical ap-
plications. 

If in ( 13), all the terminations except Z22 are matched 
(i.e.: Z43 = Z44 = 1) we obtain: 

DBa = 20 log 
Z22 + 1 

Z22 - 1 

It is interesting and informative at this point to note 
that, if Z22 is replaced with its reciprocal (Z22)-1, the 
directivity is unchanged. Fig. 4 is a plot of ( 14). The 
added experimental points verify the basic theory of 
reflections on the main line. 

(14) 

For the coupling ratio we may write 

PL a i3:1 2R1,3'  

17121 2/Rt,2 

5.0 

2.5 

1.25 

0.4 

O. 4 

0.2 
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10 

pli 
(15) 

4/024,1.4L /ZED /MPED.4A/CE TE241/4/4770/1/ 
Fee Ti/E0eLer/C4Z /N/7N/TE DAPEC TI VIT Y 

- 771C-02ET/C.4Z 

X EXPE,e/MEA/TAL 

222 233 = f. 0 

111111 Ix \I  
0 0.2 0.4 0.6 0.8 1.00 1.25 /4,7 es 5.0 cpc, 

Z33 

Fig. 3-Normalized impedance termination for 
theoretical infinite directivity. 

08, =20 
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0231[Z22 # 

DC 024 2 V Zz2 

Z 22 = Z//Z17/ 
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Fig. 4-Db directivity vs normalized impedance. 

By use of the proper expression for i362, and by using 
rms values, we can obtain the coupling equation ex-
pressed in decibels as 

4\w//z(110z-1) 03 In V DDI3D4D23] 
DB„ = 20 log 

24 

N/R22R33 ( 1 + z44,) 

Z331 4- Z441 \ Z22 

We now observe that the part of the log term which 
is in the first rectangular bracket is identical to the case 
where no reflections are present. (See (3).) We therefore 
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see that the effect of reflections on the two lines is to 
add this second bracketed term. Furthermore, if 
Z22 = Z33' = Z44 = 1 (no reflections), this term reduces to 
unity, which is exactly what we expect to happen. 
We may call this our "general loss factor." If 
Z33' = Z44' = 1, the above factor reduces to 

R22 + 1 

2N/R22 

which we may call simply the " loss factor." The " loss 
factor" is obviously to be related to coupled transmis-
sion lines where reflections exist only on the main line. 
This loss factor has the characteristic that if Z22 is re-
placed by its reciprocal, the term remains the same. 
Fig. 5 shows the theoretical curve, as well as experi-
mental points which were taken as supporting evidence 
for the coupling equation when Z22 is varied. 

30 

Zzzr Zzz/Zo,. rmée2eeriedit 
x. exPeemexiT44 

0.2 0.4 0.6 0.8 1.0 ez5 1.67 Z5 .5.0 
Z22 

Fig. 5—Length of coupling. 

MC, 

For Z22= Z44' = 1, the General Loss Factor becomes 

2N/R33' 

1 ± L33 

In the preceding section we observed the interesting and 
valuable condition that an infinite directional coupler is 
obtained whenever Z22Z33' =1. It appears desirable to 
see what happens to the coupling whenever this condi-
tion obtains. 

The general loss factor mentioned heretofore re-
duces to a constant, namely unity, when Z22Z33 ' = 1. 
This means that the coupling remains a constant as, 
say, Z33' is varied, providing the reciprocal relationship 
between Z22 and Z33' is maintained. Because of space 
limitations, corroborating evidence of the above conclu-
sions will not be presented here.2 
The total power coupled to the secondary line in 

either direction can readily be found to be 

{[-tivlz(107-7) in ,V DDI3D4D23] 
DB. = 20 log 

4/Z222 ± 1 

Z22•  — }. 2  

October 

(17) 

SCATTERING MATRIX 

From the above, it is apparent then that a mismatch 
at one pair of terminals can set up a reflection which is 
cancelled (insofar as directional coupling is concerned) 
by a mismatch at another pair. Besides being a useful 
and instructive phenomenon, these relations permit us 
to formulate a more general scattering matrix than has 
been done in the past. The new scattering matrix, de-
rived in Appendix 1, is given below and includes the 
mismatched conditions. 

(18) 

The various elements of the matrix are scattering coeffi-
cients and are a measure of the amplitude of the wave 
scattered into one pair of terminals by an incident 
wave of unit amplitude on another pair of terminals. 
If we consider matched lines only, it can readily be 
shown2 that the above matrix reduces to the one given 
below, which up to now had been regarded as the 
standard form for a directional coupler. 

a • 0 jet 

O . ji 

• 0 a • 

O a 

(19) 

DIRECTIVITY AND COUPLING FOR ANY LENGTH 
OF COUPLED LINE 

The purpose of this section is to determine the direc-
tivity and coupling between two transmission lines 
terminated in their characteristic impedances without 
the restriction that the coupled section be small com-
pared to a wavelength. 
At any point on the secondary line where coupling 

occurs, waves are induced due to the mutual inductance 
and mutual capacitance effects. The mutual inductance 

effect results in waves traveling both to the right and 
to the left on the secondary line. The mutual ca-
pacitance effect also results in waves traveling to the 
right and to the left on the secondary line. However, it 
has already been shown that a phase difference exists 
between the waves traveling at the right of the coupled 
section, which results in cancellation to the right. To 

the left of the coupled section, however, these waves 
add and consequently a resultant wave travels to the 

left. This is true for every point of coupling. However, 
the manner in which these individual waves add to-
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gether at the left-hand termination will be a function 
of their relative phases. For a long coupling length, 

phase shifts will occur. 
At any point along the main line, the voltage may be 

expressed as 

VI2VoeiwtE-ex = (20) 

In each region along the main line from the point x, 
a resultant backward wave is induced on the secondary 
line. The voltage associated with this wave referred to 
x= o (i.e.: generator pt.) may be represented by 

de3 = Ii21712e-iordx = K3e-2i0edx, (21) 

where K3 is the resultant voltage induced on the sec-
ondary line per unit length, and e3 is the total induced 
voltage per meter of coupling length. If the coupling 
extends over a region from 0 to 1, the voltage of the re-
sulting wave on auxiliary line is given by above equation 
integrated from 0 to 1. After integration, this yields 

e3i = K3e-len 
(sin (04\ 

(22) 

To obtain K3, it is merely necessary to multiply the 
total current induced into line (3, 4), for a unit length of 
coupling, by Z03 and take the magnitude of the resultant 
equation. The total current induced into line (3, 4), 
per unit length of coupling is calculated as previously 
stated. It follows then that 

w!0 Di4D23 

= 4(10-i) In (23) 
N/2 Dj3D24 

Since P1,3= le32/Z03, the coupling ratio for any 
length is 

P L3 e3, 2 ZO1 
= - • 

P 11 17 12 ZO2 

phase shifters are introduced at 60-degree phase in-
tervals along the primary line. 

OTHER CONFIGURATIONS 

A. A Two Wire System with Ground Plane 

One conductor of both the primary and the secondary 
lines may be replaced by a ground plane. For a cross 
section of such a configuration see Fig. 6. The ground 
plane is used as a return circuit for both of the trans-
mission lines. 
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Fig. 6—Two single-wire transmission lines using a 
common ground plane. 
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The characteristic impedances of such transmission 

lines are given byn 

2h3 

Z03 = 138 logto 
r3 

and 

2h3 
(24) Zen = 138 logio -- • 

r 2 

After substituting (20), (22), and (23) into (24) and 
expressing ( 24) in decibels, we obtain 

DB, = 20 log 
jr 4w(10-7) 

N/ZoiZ02 
In 

Api4D2a  1 

Di3D24 J 

rsin  

L if' 
(25) 

\Ve now observe that when i31 is small, (23) reduces to 
(3), which is the expected result for small en. 
A plot of (22) and (22) squared is given in Fig. 5. 

Fig. 5 points to the feasibility of reversing the phase 
of coupling every quarter of a wavelength. Another 
possible arrangement that is even more effective in 
transferring power would be one in which 240-degree 

(26) 

By the method of imaging, the two-wire system can be 
treated mathematically as a four-wire system as shown 

in Fig. 7 on page 1534. 
It follows that the coupling and directivity equations 

are identical for the two systems (see ( 16) and ( 13)). It 
should be remembered that the values of the character-
istic impedances to be used in making computations of 
coupling and directivity for the two-wire system are the 
same as those used in making the same computations 
for the comparable four-wire system. 
Even though the coupling for the two-wire and four-

wire systems is the same, the power in the one-wire 
lines is 3 db less than the power in the comparable two-
wire lines. 

11 C. P. Harnwell, " Electricity and Magnetism," McGraw-Hill 
Inc., New York, N. Y., p. 38: 1938. 
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h3 

(a) TWO SINGLE- WIRE TRANSMISSION LINES USING 

A COMMON CND. PLANE 

161 TWO SINGLE-WIRE TRANSMISSION LINES WITH IMAGES 

Fig. 7—Two single-wire transmission lines with images. 

Fig. 8 is a photograph of an experimental set up for 
such a two-wire system. On Fig. 9, theoretical curves 
and experimental points representing Coupling vs Fre-
quency with line length as a parameter are shown. The 
experimental points verify the theory. 

Fig. 8 

B. A Three- Wire System 

The characteristic equation for a four-wire system 
under light-coupling conditions is given by ( 1). It is 
consistent with field theory to state that M and Cm 
under all coupling conditions under consideration in-
volve the distances D14, D23, D13, and D24 in the same 
way; hence the characteristic equation is independent 
of these distances. A three-wire directional coupler is a 
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Fig. 9—Db coupling vs frequency. 

special case of a four-wire coupler for which either Dlle 
or D24 approach zero. We would expect, therefore, a 
three-wire system as shown in Fig. 10 to exhibit 
directional coupling characteristics. 

There are two distinct methods of solving for the 
coupling of this three-wire system. The first method 
consists of finding the size and position of the images of 
the active wires in the grounded common wire. 
These images may be found readily by the use of the 

conformal transformation determined by 

1 
w = —z (27) 

This equation transforms circles into straight lines or 
circles. It is still, of course, necessary to leave the 
original configuration unaltered and merely replace the 
common wire with the proper images. Furthermore, the 
radius of the common wire must be multiplied by a 
proper factor so that it becomes unity, before the trans-
formation is applied. 

Reference is made to Fig. 10. Variation of this 
method is to transform the common wire into the upper 
half-plane by the conformal transformation: 

1 — Z 
W — i  

1 + Z 

and, by using the inverse transformation 

i — W 
Z=  

i W 

(28) 

(29) 

to transform back to the original configuration, except 
that the common wire has been replaced by two images 
whose size and position are completely known. This ap-
proach requires a knowledge of the impedance of un-

symmetrical two-wire lines which is given by Schel-
kunoff." 

le S. A. Schelkunoff, "Electromagnetic Waves," D. Van Nostrand 
Book Co., Inc., New York. N. Y.. p. 179; 1943. 
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It is quite apparent from Fig. 10 that the new Du 
dimension obtained by any of the image methods is 
very small; hence we would expect a much higher de-
gree of coupling for such a three-wire system than was 
found for an open four-wire system of comparable di-
mensions. This is, in fact, the case. For the arrange-
ments attempted, between 10 and 20 db more coupling 
was experienced. 

024 

ef2 

Fig. 10-3-wire directional coupler with images shown. 

The second method involves conformally mapping the 
three-wire system into the configuration of Fig. 11 by 
(28). Once this is done, the theory of images is applied 
and a four-wire system is arrived at. In this method of 
attack we do not transform back to a system as shown 
in Fig. 10 but apply our four-wire directional coupler 
equations directly. 

/4/ PL,41VE 
/f  / I/ / / / I / / / I 

.03/ 

L 

Fig. 11—Transformed 3-wire directional coupler. 

It has been shown by Spangenberge that, for a TEM 
mode on an open two-wire transmission line, LaPlace's 
Equation is satisfied, and that conformal mappings may 
be made with complete accuracy; consequently the 
above transformation is valid. 

Fig. 12 corroborates the preceding theory and pro-
vides for a comparison of a three-wire directional 
coupler with a comparable four-wire system. A 15.5 db 
improvement in coupling is observed for the three-wire 
system over the four-wire system. The calculation of 
the theoretical curves by any of the previously dis-
cussed methods yields identical results. As further veri-

17 K. Spangenberg, "The use of conformal transformations in ultra 
high frequency transmission line problems," PROC. I.R.E., vol. 37, 
p. 532; May, 1949. 

fication of the preceding theory, another configuration 
was tested wherein the center wire of a three-wire sys-
tem was grounded. The experimental points were in 
even closer agreement with theory than for Fig. 12. 

It can readily be seen that, whenever it is possible to 
use a three-wire system instead of a four-wire system, 
the three-wire system should be utilized because of the 
tremendous increase in coupling which results for a 
given frequency and coupling length. 

In order to utilize a three-wire system for power lines 
and not have the radio frequency carrier equipment at 
the high potential of the power line, it becomes neces-
sary to use a high voltage capacitor. This capacitance 
grounds the 60-cycle power line for radio frequencies 
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Fig. 12—Db coupling vs frequency. 

only, and thereby permits the carrier transmitter and 
associated equipment to be operated at ground poten-
tial. 
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preceding section. An experimental check on the sym-
metrical four-wire system is shown in Fig. 13 and the 
amount of coupling is obviously in excellent agreement 
with the theory. For the unsymmetrical case a little 
more consideration would be required. 
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D. A Shielded Two- Wire Directional Coupler 

A fifth configuration as shown in Fig. 14 was an-
alyzed and found to exhibit directional properties. Wire 
(1) and the grounded shield represent line (1, 2), whereas 

wire (3) and the grounded shield represent line (3, 4). 

Fig. 14— Shielded two-wire directional coupler. 

As before we may use the method of images by 
imaging the wires (1) and (3) into the shield. The prob-
lem, therefore, reduces to one of finding the size and 
position of the images outside the grounded shield. 
The same mathematics may be applied in either case, 
except that, instead of imaging two active wires into a 
ground wire, we have to image two active wires onto 
the outside of a ground wire. 

If the ground shield is replaced by the images of the 
two active wires, Fig. 15 results. Fig. 16 is presented 
as verification of the above theory. In Fig. 16 the images 
are on opposite sides of the vertical center-line, whereas 
in another configuration which was verified the images 
are on the same side of the vertical center-line. Ex-
perimental directivities with this system can be made 
to approach infinity over the entire tested frequency 

range. Directivities in excess of 50 db are not too dif-
ficult to achieve experimentally. 

Fig. 15—Transformed shielded two-wire directional coupler. 
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LUMPED CIRCUIT DIRECTIONAL COUPLERS 

If one considers that the coupling be done by lumped 
parameters, i.e., M and C. are lumped values, it is pos-
sible to arrive at the configuration of Fig. 17. This 
coupler will conform to the basic requirements of the 
characteristic equation whether one, two, or no trans-
mission lines are involved. Directivities greater than 45 
db and couplings of less than — 1 db are easily achiev-
able with it. Fig. 18 shows a typical input impedance 
plot versus frequency for such a coupler. 

CONCLUSIONS 

Analytical expressions have been derived for the di-
rectivity and coupling with and without reflections 
being present for six different types of transmission line 
systems. One of the most significant results has been 
the discovery which shows that, if certain impedance re-
lations are maintained, it is possible to mismatch com-
pletely the transmission lines and still obtain infinite 
directional coupling. 
The analysis of directional coupling with reflections 

present on both lines has permitted us to write a more 
general scattering matrix than has been done heretofore. 
Each of the directional couplers developed in this 

paper has certain advantages, namely: 
1. The four-wire system is most desirable for high-

voltage systems where voltage breakdown is a 
factor. 
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Fig. 17—Lumped circuit coupler. 

2. The two-wire system requires the least wire and is 
therefore desirable where the use of a ground plane 
is permissible. 

3. The four-wire system with two wires rounded is 
most desirable where the wires must be high off 
the ground, and the impedance of each line is de-
sired to be low. This arrangement yields much 
higher coupling than either of the above systems 
but requires two of the wires to be at a common 
potential. 

4. The three-wire system is best suited for applica-
tions where one wire may be used as a common 
wire and the coupling is desired to be high. 

5. The shielded two-wire system has practically no 
noise or other extraneous voltage and hence is de-
sirable whenever noise or pick-up voltage is im-
portant. 

6. The luznped circuit coupler has the highest amount 
of coupling, requires practically no coupling length 
and does so with a high directivity. 

One of the most desirable features of the open-wire 
transmission line direction couplers is its relative in-
sensitivity to variations in frequency (i.e.: its broad 
bandedness). If coupling sectilSns of one quarter wave-
length at the center frequency are utilized, then a fre-
quency range of approximately three to one will yield 
only 3 db of coupling variation. 

It is to be expected that other wire transmission line 
configurations will satisfy the "characteristic equation" 
and hence display directional characteristics. The ex-
tension of the art of directional coupling to the lower 
radio frequencies should prove of great value. 

Although most of the tests have been performed at 
relatively low radio frequencies, several of the couplers 
were tested at 30 mc. and operated in an entirely satis-
factory way. Also consideration of the basic equations 
for M and Cm shows that relative dielectric constants 
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o 

other than 1 make no difference as regards directivity, 
and hence dielectric-surrounded wire directional coup-
lers are feasible and practical. 

APPENDIX I 

Derivation of New Scattering Matrix 

In order to conform with standard directional coupler 
definitions, it is necessary to describe directional cou-
plers as having no coupling between terminals ( 1) and 
(3), and (2) and (4); therefore this will be done for the 
following section on matrixes only. 

Because of the preceding developments on mis-
matched transmission line directional couplers and the 
subsequent additional knowledge, it is possible to formu-
late a more general directional coupler definition and a 
more general scattering matrix than has been possible 
in the past. 
The scattering matrix of a four-terminal network is 

usually given by 

SII S12 ' • • Slit 

S2I S22 • • S2n 

S = (30) 

Snl • • • • Sn,, 

where the scattering coefficient, Sm,,, is a measure of 
the amplitude of the wave scattered into the mth guide 
by an incident wave of unit amplitude in the nth guide. 
In particular, therefore, the coefficient Sm„ represents 
the reflection coefficient at the terminal Tm when all 
other terminals are matched. It is well known that the 
scattering matrix is symmetrical and unitary for non-
dissipative structures, that is, 

Stan =  Snm (31) 
and 

I. if m= n 
Ess.essn = { 0 if m n. (32) 
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If the given structure possesses geometrical sym-
metries, it is possible to derive corresponding sym-
metry relations among the scattering coefficients. 

If a junction is "completely matched," the diagonal 
elements S„,„,-- 0. 
The relationship between the scattering matrix above 

and the impedances of the network may be shown by 
used of the following relationship: 

S = (Z — I)(Z I)-1, 

(b) S11* = — S14*S44/S14. 
(38) 

There is a great deal of arbitrariness in the phases of 
the elements S. This indeterminateness can be elim-
inated by the proper choice of reference planes. As an 
example, the location of the terminal plane (4) may be 
chosen in such a way that the Su is positive imaginary. 
If this is done, we may write the solutions of (38) di-
rectly, 

(33) = ai ± jab 

where Z is the impedance matrix of the network and I 
is the unit matrix. The term (Z+/)-1 is the inverse of 
the matrix (Z+/). 

If a four-terminal-pair network has certain physical 
characteristics and if each junction is terminated in a 
prescribed manner, it may display directional char-
acteristics. These directional properties may best be 
seen by considering the directional coupler definition 
given by the author of this paper. 
The scattering matrix for a four-terminal-pair net-

work with no coupling between junctions (1) and (3) 
and between (2) and (4) is given by 

S= 

Su 

S21 

o 
541 

512 0 

522 

532 

o 

523 

S33 534 

S43 544 

(34) 

The above matrix will represent a directional coupler, 
if the following conditions are met: 

(a) The region of coupling is small compared 
to a wavelength, 

(b) Z44Z22 = 1, (35) 
and 

(c) Z33Z11= 1. These conditions have been de-
rived in the text. 

and 

514 

o 

Eq. (32) may be put into a more customary form, if 
the conditions that the scattering matrix be sym-
metrical and unitary are utilized. From the unitary con-
ditions, (32), the following relationships may be written: 

(a) S,,J2 -F 1 512 12 + 1 S14 12 = 1, 

(d) 541 12 ± 1 .543 12 ± 1 544 12 = 

(a) .S'il*S12 S.21*S22 = 0, 

(36) 

(37) 

(e) SieSil S22*S21= O. 

All of the above equations are not independent. 
Solving the above equations for S44* and Su*, respec-

tively, we obtain 

(a) 544* = 5.4*511/514, 

provided 

514= 

S44= al — jab (39) 

(40) 

Similarly with the aid of the other equations, the 
following relationships may be obtained: Su 
522 =a1—j3,, if 

S12 = ji93, 

and 

S22 = a1 — jOb 

provided 

S33 = a + 01, 

523 = 04. (41) 

Furthermore, it can readily be shown that 

S11 -= 5330 544 = 522, 1 523 1 = 1 S14 It 1 512 1 = 1 534 1, = 04, 

and 
S34 = — 

For conciseness we let 

= al ja, and 5* = al — jfib (43) 

With the choice of reference planes as indicated 
above, the scattering matrix for our directional coupler 
becomes 

S 

5' .i,93 jo, 

ies 5* • 12  

O ji52 • ti 

./.02 — i/33 

— 
o 

(42) 

(44) 

In the customary definition of a directional coupler, 
it has been necessary to specify that every directional 
coupler is a "completely matched" unit with all lines 
terminated in their characteristic impedances. The con-
dition that a directional coupler be "completely 
matched" is a sufficient, but not a necessary condition 
insofar as mismatched sections may be directional 
couplers also, as evidenced by the development with 
respect to the author's definition. 
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The Power Spectrum of a Carrier Frequency 
Modulated by Gaussian Noise* 

JOHN L. STEWARTL MEMBER, IRE 

Summary—General expressions for the power spectra of carriers 
frequency and phase modulated by Gaussian noise are given as 
functions of the shapes of the power spectra of the modulating volt-

ages. Specific asymptotic (closed-form) expressions are obtained for 
the special case when the modulating voltage has a rectangular low-
pass power spectrum. This particular case corresponds to the use of 
maximally fiat and similar video amplifier tuning schemes. The half-
power bandwidths of the power spectra of the modulated carriers are 
obtained from these asymptotic expressions and are plotted as func-
tions of the root-mean-square frequency and phase deviations. The 

delta function at the carrier frequency (representing power remaining 

in the carrier) is evaluated for phase and frequency modulation 
where, in the latter case, the delta function exists only if the power 
spectrum of the modulating voltage does not extend to zero fre-

quency. 

INTRODUCTION 

A
KNOWLEDGE of the power spectra of phase-
and frequency-modulated signals is of consider-
able interest in the design of networks intended 

to accommodate these signals—in particular, when the 
modulating voltage consists of random Gaussian noise. 
In addition to interest in such signals per se, Gaussian 
noise is often a reasonable "signal" to assume as a re-
placement for many types of complex modulating waves 
such as those of voice and television. 
Many types of oscillators are subject to both ampli-

tude and frequency fluctuation noise—in some cases, 
frequency modulation noise may have far greater sig-
nificance as, for example, in magnetrons' and some re-
actance modulated oscillators. Frequency modulation 
noise in such devices is similar to that obtained by 
frequency modulating an oscillator with a low-pass band 
of Gaussian noise where the root-mean-square fre-
quency deviation is much less than the modulator band-
width. The result is a continuous power spectrum 
having skirts that fall off only as the square of the fre-
quency difference from the carrier. If applicable to the 
local oscillator of a superheterodyne receiver, the effect 
of such a noise spectrum is obvious. 

It should not be inferred that a knowledge of the 
power spectrum of a frequency- or phase-modulated 
carrier tells a great deal. In fact, the power spectrum 
of FM or OM yields much less (relative) data than that 
of an amplitude-modulated wave. For example, if the 
frequency deviation of an FM signal is larger than the 

* Decimal classification: R148.7. Original manuscript received 
by the IRE, May 4, 1954; revised manuscript received, June 10, 
1954. This paper is based on work done under U. S. Army Contract 
No. DA-36-039 sc-15358. 

University of Michigan, Ann Arbor, Mich. 
1 J. L. Stewart, "Theory of Frequency Modulation Noise in Tubes 

Employing Phase Focusing," Technical Report No. 28, Electronic 
Defense Group, University of Michigan, Ann Arbor, Mich.; March, 
1954. 

bandwidth of the modulating voltage, the shape of the 
spectrum is essentially independent of the bandwidth 
of the modulating signal. Yet a knowledge of whether 
the bandwidth of the modulating signal is, say, one 
megacycle per second rather than one cycle per year, is 
of obvious importance. 

Nevertheless, an important (albeit incomplete) piece 
of information relating to frequency- or phase-modu-
lated signals (modulated by Gaussian noise) is the 
power spectrum. It is the spectra of such signals that 
are of concern here. The problem solved in this report 
was solved in part by Middleton.2-4 The approach given 
here is a modification of Middleton's with the resulting 
answers applying to somewhat different situations. 
Middleton did not treat the case of a rectangular modu-
lating signal power spectrum—he solved for the Gaus-
sian case. Actually, the rectangular spectrum more 
closely corresponds to the use of maximally flat, shunt-
peaked, and similar amplifier tuning schemes. Middle-
ton presented his results in the form of power spectrum 
curves computed from infinite series. Here asymptotic 
(closed form) expressions are obtained with the half-
power bandwidth of the power spectrum ultimately ap-
pearing graphically. 

BASIC EQUATIONS 

It is the purpose of this section to set down some of 
the fundamental relations originally obtained by Mid-
dleton and at a later date by the author using a slightly 
different mathematical approach.' 
The voltage of an FM or cbM wave is given by 

V(t) = A o exp lj [coot + 4/(0]1 (1) 

where Ao is the peak amplitude, coo is the (radian) carrier 
frequency, and et) is the instantaneous phase-angle 
shift created by the modulation. In FM, 

ip(i) = f D(11)(11', (2) 

and in OM 

Ip(t) = D(l), (3) 

2 D. Middleton, "On the Distribution of Energy in Noise- and 
Signal-Modulated Waves," Technical Report No. 99, Cruft Labora-
tory, Harvard University, Cambridge, Mass.; March, 1950. 

D. Middleton, "The distribution of energy in randomly modu-
lated waves," Phil. Mag., Ser. 7, p. 689; July, 1951. 

4 D. Middleton, "On the distribution of energy in noise and signal 
modulated waves," Quart. A ppl. Math., Part I, vol. 9; January, 1952, 
and Part II, vol. 10; April, 1952. 

J. L. Stewart, "The Power Spectrum of a Carrier Phase or Fre-
quency Modulated by Gaussian Noise," Technical Report No. 23, 
Electronic Defense Group, University of Michigan, Ann Arbor. 
Mich.; 1953. 
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where D(t) is the modulating voltage. If a normalized 
modulating voltage 17 (t) is defined such that 

= 1, [v(i)] = 0, 

the total modulating voltage becomes 

D(1) = DV (t) 

(4) 

(8) 

where D2 is the mean-square deviation (from the carrier 
frequency) of the FM or the mean-square phase shift 
for OM. It is also the mean-square value of the modu-
lating voltage, if frequency and voltage are linearly 
related. 

The autocorrelation function of the modulated carrier 
R(r) can be obtained using a straightforward mathe-
matical attack as done by Middleton to obtain 

R(r) -= (.102/2) cos wor 

• exp — [ 2 — #(0,p(t + r) 11 (6) 

which applies to either FM or OM. 

With some difficulty, #(t) can be expressed in terms 
of the autoccrrelation function of the modulating 
voltage R„,(r). Then, the Wiener-Khintchine theorem 
can be applied to find the normalized power spectrum 
for frequency modulation Wp(Aco) as 

A02 e 

i'VF04.1) =  f COS &,r2r o 

W,0(w) 
• exp {— D' (1 — cos cor)dco} dr (7) 

where Wm(W) is the normalized power spectrum of the 
modulating voltage V(t) and where ,do.o is the differ-
ence frequency from the unmodulated carrier. The cor-

responding power spectrum for phase modulation 
W0(w) is the same as (7) except that the factor 11w2 
under the integral in the exponent does not appear. 
The only essential difference between FM and OM is 

the factor 1/co2. By taking an FM wave modulated 
with a voltage having the power spectrum 1,17„,(co) and 
changing the spectrum by means of a linear filter to 
WW„.(co) (a differentiating network), phase modulation 
is obtained. The converse also applies. The close rela-
tion between FM and OM is notable. 

FM SPECTRUM WITH RECTANGULAR MODULATION 
POWER SPECTRUM 

At this point, a specific (normalized) power spectrum 
can be assumed for 117„.(w) in ( 7) which leads to a spe-
cific expression for the power spectrum of a frequency 

modulated wave. A rectangular power spectrum will be 
assumed for the modulating voltage. This choice will 
simplify some of the relations while, at the same time, 

it is a fair approximation to many types of wide-band 
amplifier functions. 

Let Wm(w) be given by 

IV„,(0)) = 

1 
— 0 < < B 

(8) 

0, co > B 

where B is the radian bandwidth of the modulating-
voltage power spectrum. Using (8) in ( 7) results in 

A02 f  e  

Wp(ACO) = cos AWT 
27r 0 

•  { 
D2r f Br iTsin yr 

dr.   dy} 
B o exp — — L y 

Changing the variable Br to x, expanding [(sin y)/y]2, 
and integrating termwise, 

W,(&) = A02 f  " awl" cos  
2rB o B 

• exp { D2 r x 2 x 4 

B 2 L1 ±.2! 3.4! 3 (10) dx. 

For large D/B, the exponential is appreciable only 
for small x; thus, the asymptotic case exists: 

(9) 

A02 ilcox D2x 
W F(3,01) cos exp   dx. (11) 

2rB o [ 213 22] 

This integral is well known with the result 

exp (— Aco2/2D2) 
IVF.(Aco) (A02/2)   (12) 

(27rD2)1/2 

which is the Gaussian function. It is to be noted that 
the carrier has been smeared entirely into a continuum 
and the modulatcr bandwidth does not appear as a 
parameter. 
The Gaussian nature of the power spectrum is a 

more general ccnsequence of large D/B than might at 
first be thcught. In fact, by inspecting the nature of the 
expansion of ( 10), almost any "ordinary" sort of low-
pass spectrum shape for Wm() leads to the Gaussian 
power spectrum for Wp(w). 
The relative half-power point of ( 12) is given when 

WF(tIco) is half that at Aco= 0. If the frequency yielding 
this is called BF, there is obtained 

Bp = DV2 In 2 = 1.18D (13) 

which is one of the asymptotic expressions plotted in 
Fig. 1. 

At the other extreme is the spectrum W F'(co) as 
D/B—>0. In this case, inspection of (9) shows that only 
a small part of the total value of the integral in the ex-
ponent is made up of parts for which Br/2 is small. In 
the limit, the only significant contributions occur for 
large Br/2. Thus, the integral of [(sin y)/y]2 can be ap-
proximated by its asymptotic value of 2r/2 to give 

A02 f  e  AWX [ rD2x] 
11, F' (Au)) _'"-'   cos  exp   dx. (14) 

2rB o B 2B2 

This integral is also known with the result 

D2/2B 
IfY(Acty) -t•2 (A02/2)   (15) 

(rD2/2B) 2 + (Aco) 2 

which is the same as the output of a simple resistance-
capacitance filter with white noise at the input. 
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The half power point of ( 15) occurs for a Aci.) = Bp' of 

BF' rD2/2B = 1.57D21B. (16) 

Eq. ( 16) is also plotted in Fig. 1. In this figure, the 
dotted line shows the "estimated" true curve. 

Eqs. (13) and ( 16) yield the same value at the "cross-
over" point for a D/B of 

ED/B]. = (2/r) N/2 ln 2 = 0.751. (17) 

As a matter of classification, the usual frequency-
modulated signal can be said to persist for D/B> 0.751, 
whereas, for D/B < 0.751, the condition approaches that 
of narrow-Fand frequency modulation. 
An interesting effect also noted by Middleton occurs 

when the power spectrum of the modulating signal is 
zero at very low frequencies—if the spectrum is con-
stant for /31<w<B and zero otherwise, it has the form 
of a rectangular band-pass rather than low-pass spec-
trum. If B/Bi is large, the continuous part of the power 
spectrum of the modulated carrier will be little changed; 
however, a small delta function will be introduced at the 
carrier frequency having the form e 

3 

2 

o 

(A 02 / 2) exp ( — 2D2 / B 1B)b . 

LARGE D/B / / 

SMALL CUB 

/ 
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/ 
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/ 

2 

Fig. 1—Half bandwidth with frequency modulation. 

OM SPECTRUM WITH RECTANGULAR MODULATION 
POWER SPECTRUM 

In this section, the power spectrum of a phase-
modulated carrier with a rectangular modulation 
power spectrum will be obtained in close analogy to 
that done for the case of the frequency-modulated 
carrier. Substituting the modulation spectrum as given 
by (8) into ( 7) with the factor 1/ce in ( 7) deleted, one 
obtains 

A02 f  
W(w) = — COS ACOT 

-2r o 

4D21 BT/2 
• exp [— B—  sin2 ydy]dr. (18) 

r o 

Using a change of variable, this expression becomes 

Ao2 f àwx 
Wo(Aco) =   cos   

2rB o B 

4D2  x/2 

• exp [— -f sin' ydy]dx. (19) 
x o 

The integral in the exponent can be evaluated to give 

A02 f Acox 
W4,(Aw) =  cos   

2rB o 

D2 (1 _sin xyl dx. 
• exp [— (20) 

x n 

At Aco = 0, the integrand of (20) does not converge. 
This indicates the presence of a delta function at ,d‘co = 0. 
It is necessary to remove this singularity from the in-
tegral before the continuous part of the spectrum may 
be obtained. 
The number exp (—D2) may be added and subtracted 

in a factor containing the exponential in (20) as 

A02  r Ai.ox 
W.(Aco) = cos {exp (—D2) — exp (—D2) 

221-13 o 

exp D2 (1 sin 11} 
  dx (21) 

which gives 

A 02 °." 3,cox 
W4,(tko) =  exp ( D2) f cos dx 

2rB o B 

± A 02 r Awx 
cos  

2rB 0 B 

• {exp [ — D2(1 

— exp (— LP)} dx. (22) 

The first of these integrals is related to the half delta 
function and the second is convergent at ,Ceco =0 which 
indicated that it gives the continuous part of the power 
spectrum. Thus, 

A02 
W4,(Aw) = — exp (— D2)(3(&&) 

2 
A 02 f  àwx 

+   cos   
2rB o 

• {exp [—:D2 (1 

— exp (— D2)} dx. (23) 
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For large D, the power remaining in the carrier be-
comes quite small and can often be neglected. 
An interesting observation concerning FM and OM 

(also noted by Middleton), can be made by comparing 
(23) and (15). As the magnitude of the modulating 
voltage in FM is decreased, the spectrum becomes nar-
rower and narrower without limit, finally resulting in a 
delta function. However, the spectrum is continuous at 
all times. In phase modulation, on the other hand, re-
ducing the magnitude of the modulating voltage re-
moves power from the side bands and places it in the 
ever present delta function at the carrier frequency, 
causing the delta function to increase in included area. 
The second term of (23) gives the continuous part of 

the spectrum. For large D, the integrand of (23) is ap-
preciable only for small x. In this case 

exp D2(1 sin x)1 
exp (— D2) 

X2 X5 

= exp [— D2(-3! — —5! ± • • • )1 

2\ 

6 J• 
— exp (— D2) exp ( D2z (24) 

Using this in (23) and performing the integration, 

A w 2 \ 

A02[ exp 2D2 B2 / .3) 
IV 0 (3,(.0) — exp (—D2)e5(tico)-1-  . ( 25) 

2 (27rD2B213)" 

The half power point of the (again Gaussian) continu-
ous part of the power spectrum occurs at a Acú =Bo of 

J2 In 2 
Bo = DB V  = 0 . 68DB. (26) 

3 

Eq. 26 is one of the asymptotic expressions plotted in 
Fig. 2. 

For small D, there exist important contributions for 
large values of x in (21) as well as for small values. 
However, D2 (sin x)/x is always small; hence, the 
series expansion for the exponential may be used to ad-
vantage to give 

A02 
11 0(.1i.e) =- — exp (— D2)5(w) 

2 

A 02D2 Acex 
  exp ( D2) f cos 
27rB o 

rsin x D2 (sin X\ 2 

L 

D' (sin xy 
— 
3! x 

(27) 

Wo(aw) 

The integral of (27) becomes a sum of integrals. The 
first order term is a known integral, 

foe 

Awx 
sin x cos --

B 
dx = 

o, (-'11±1- 2> 1 

ir 

4 
-  = 1 (28) 

ir (Acor < 1. 

2 B 

To a first order, the spectrum consists of a delta 
function at ¿ w=0 and a continuous and flat spectrum 
over the range of frequencies occupied by the modulat-
ing signal. For this asymptotic case, bandwidth of con-

tinuous part of the spectrum is constant at Bo'=B and 
plotted as one of the asymptotic expressions in Fig. 2. 
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Fig. 2— Half bandwidth with phase modulation. 

The spectrum for small D can thus be written 

A02 
—  [exp (— D2)(54.0) 
2 

D2 
exp (— D2)] , zw < B. 

2B 

0, Aw > B 

(29) 

A second-order approximation for the continuous 
part of the spectrum for small D can be obtained by 
including the second integral of the series of (27). Only 
the general effect will be noted here. The function 

(sin x/x)2 can be approximated very roughly with the 
function a/(1 -1-x2), in which case, the correction term 
becomes an exponential function which is to be added to 
the rectangular first order spectrum. The approximate 
correction terni is (A 02,/ 2 ) (aD2 /2B) exp (—Aw/B). 
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I. 

E 

Step Discontinuities in Disk Transmission Lines* 
R. N. BRACEWELLt 

Summary—Step discontinuities in disk transmission lines may 
be approximately allowed for using the known results for steps in 
parallel plane transmission lines. A correction factor is calculated for 
the case of a disk line and shown to depend on whether the step up 
is away from or towards the center. The factor is given by 

Ki(nrj3) sin2 tira 

Ko(nr13) a2n 3 

co •  sin2 nra 

atns 

for an outward step up, where Ko and IC1 are modified Bessel func-
tions of the second kind. For an inward step up, Ko and IC1 are re-
placed by /c, and /I, the modified Bessel functions of the first kind. 
Graphical charts are given which allow the factors to be directly 
determined from the shape parameters a and a. 

INTRODUCTION 

A
SIMPLE DISK transmission line (or radial 
transmission line) is shown in cross-section in 
Fig. 1. The flow of current in the two conductors 

is along the radii and the lines of electric force are nor-
mal to the two conductors, the excitation and loading 
of the line being supposed circularly symmetrical. Disk 
transmission lines gain their importance from the fre-
quency with which they occur in microwave apparatus. 
Formulas and design charts for handling them have 
been given by Marcuvitz.' 

Fig. 1—Simple disk transmission line. 

Figs. 2 and 3 show tandem arrangements of two disk 
transmission lines with different spacings. We shall call 
arrangements of this kind stepped disk lines. This paper 
is concerned with calculating the effect of such steps and 
with presenting the results in a form that makes them 
easy to utilize. A considerable variety of apparatus in-
corporates disk lines with steps, a few examples being 
shown in Fig. 4. 
The mathematical procedure for dealing with steps in 

parallel plane transmission lines has been given by 
• Whinnery and Jamieson,' and has been extended by 

* Decimal classification: R117.13. Original manuscript received 
by the IRE, May 15, 1954. 
t Formerly Div. of Radiophysics, CSIRO, Sydney, Australia; 

now Visiting Asst. Prof. of Radio Astronomy at the Univ. of Cali-
fornia, Berkeley. 

N. Marcuvitz, "Principles of Microwave Circuits," McGraw-
Hill Book Co., Inc. New York, N. Y., chap. 8; 1948. 

2 J. R. Whinnery and H. W. Jamieson, "Equivalent circuits for 
discontinuities in transmission lines," PROC. 1.R.E., vol. 32, pp. 98-
114; February, 1944. 

Whinnery, Jamieson and Robbins' to the case of steps 
in coaxial lines. The mathematics of the present work 
follows a similar pattern and therefore need not be 
given in full detail. 

It may be shown that at a step discontinuity the 
potential difference between the two conductors is con-
tinuous, but that the current of the transmission line 

t B   A h I  

R 
—r 

Fig. 2—Stepped disk transmission line—Case 1. 

Fig. 3—Stepped disk transmiion line --Case 2. 

Li 

Fig. 4—Various forms of microwave apparatus embodying 
steps in the disk lines. 

mode is discontinuous. It is therefore possible to repre-
sent faithfully the system, insofar as its behavior at 
terminals well away from the step is concerned, by a 
tandem arrangement of transmission lines with a 
shunt susceptance at the junction. This susceptance 
is such that the potential difference at the junction 
would drive through it a current equal to the jump in 
current at the step. It is in fact now well known that a 
step has the effect of a shunt capacitor. 

Fig. 5 shows the magnitude of the shunt capacity 
Ca(a) for steps in parallel plane transmission lines. We 
have 

2E0 
Cd(a) = So(a) 

7r3 

3 J. R. Whinnery, H. W. Jamieson, and T. E. Robbins, "Coaxial-
line discontinuities," PROC. I.R.E., vol. 32, pp. 659-709; November, 
1944. 
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where Cd(a) is the discontinuity capacity in picofarads' 
per centimeter run of step, a is the ratio of spacings, eo 
is the permittivity of free space (0.08854 picofarads per 
centimeter) and So(a) is Hahn's function,2.5 

a° sin' mra 
So(a)=>2   6 

1 «2n3 

Clearly if a disk transmission line filled with a medi-
um of dielectric constant k has a step of amount a at 
radius R, then 27rRkCd(a) will be an approximation to 
the desired discontinuity capacity. The results of this 
paper are expressed as a correction factor to be applied 
to 2nRkCd(a). Where the correction factor does not 
depart significantly from unity, it is not necessary to go 
to the full theory, but the present work will be useful 
for determining the amount of error which the approxi-
mation involves. When the correction is important, it 
will be found to depend on whether the step-up is in-
wards or outwards. 

• 1 , 
= 

o 

5 K ................... 

o 

>5 

— 61 0, 04 

13,0.0 spoongs « hit 

Fig. 5—Approximate discontinuity capacity per unit length 
of step. 

PROCEDURE FOR USING THE CHARTS 

Let it be required to calculate the discontinuity ca-
pacity for a step such as shown in Fig. 2. First, find the 
ratio of the spacings a= h/t and read off Cd(a) from 
Fig. 5. Multiply by 271-R the circumference of the step. 
This is the approximate discontinuity capacity in pico-
farads. Now find 0 =R/h, and from Fig. 6 read off 
Bk(a, 0), the correction factor by which the approxi-
mate value must be multiplied. 
When the step is as shown in Fig. 3, obtain the cor-

rection factor Bi from Fig. 7. 
Readers whose interest is confined to using the charts 

for design will find the descriptions so far given suf-
ficient for their purposes. For those interested in solving 
similar problems, the method is given below. 

4 The term "picofarad" is the same as "micro-microfarad." 
W. C. Hahn, "A new method for the calculation of cavity resona-

tors," Jour. Appt. Ploys., vol. 12, pp. 62-68; January, 1941. 
6 From work by Marcuvitz it may be shown that the expression 

eln(4a/e) is a useful approximation to So(a) for a«1. 
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Fig. 6—Cylindrical spread correction factor Bk(a, 0). 
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Fig. 7— Cylindrical spread correction factor Bi(a, 13). 

THEORY 

For the sake of simplicity, only the first case of the 
stepped disk transmission lines, that shown in Fig. 2, is 
dealt with, but the results for both are stated. Let a 
stepped disk line be divided into two regions A and B 
by a cylindrical surface containing the step. Then the 
field may be regarded as being that of the usual radial 
transmission mode, appropriate to each section of the 
line, together with a local superimposed field confined 
to the neighborhood of the gap, which allows the bound-
ary condition to be fulfilled. It is assumed that the 
disks are close enough to prevent propagation of any 
but the principal wave, and that only circularly sym-
metrical modes are excited by the generator. The super-
imposed field is the sum of all circularly symmetrical 
modes, with axial components of electric field, which 
can exist between parallel conducting plates, each taken 
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with proper phase and amplitude. To find these fields 
we write Maxwell's equations in cylindrical co-or-
dinates (r, 0, z) and specialize them by putting a/ao =0 
(circular symmetry), and as only radial and axial com-
ponents of electric field will be required, we put E0= O. 
The magnetic field components H, and H. must then 
also be zero. This leaves three only of the original six 
partial differential equations, with the three simul-
taneous variables E,, Er, and Ho. Solving these gives the 
required fields. It will be noted that the angular co-
ordinate O is not involved, that axial variations are 
described by circular functions, and that radial varia-
tions are described by the modified Bessel functions of 
zero order (/o, Ko) and their derivatives (II, K1). The 
local fields are of the form: 

nrz 
E, = E E„ cos — [m„I0(P„r) — Ko(Pnr) .1 

nr nrz 
— En sin — [mnli(P„r) Ki(Pnr)] 
Pnt 

—jcoe nrz 
 En cos [m„Ii(Pnr) Ki(Pnr)J 
P„ 

2 nr 
P,2 = _ w 2e12, 

t is the separation of the planes, co, e, and µ have their 
usual meanings, and the E„ and m„ are constants of in-
tegration. For the appearance of the modified Bessel 
functions see Fig. 8. 

Fig. 8— The modified Bessel functions. 

In region A of Fig. 2, only the /'s are required and 
in region B only the K's, for the /'s have a singularity 
at infinity and the K's have a singularity at the origin. 
Thus in region B, for example, the local axial electric 
field is 

00 nrz 
E, = — E En cos — K0(P„r). 

n1 

Parts (a) and (b) of Fig. 9 show the electric field pattern 
corresponding to the first two terms of this infinite series. 

The component fields exhibit the familiar harmonic var-
iation axially but quickly die away in the radial direc-
tions. This behavior is analogous to the exponential at-
tenuation met with in uniform waveguides excited at a 
frequency lower than critical. However, the appropriate 
function in the present case must have a singularity at 
the origin. Moreover, the diminution with increasing 
argument must exceed that of the exponential law be-
cause of cylindrical spreading in two dimensions. The 
modified Bessel functions Ko(z) and Ki(z) have these 
properties. For large arguments both Ko(z) and Ki(z) 
have the asymptotic value 

V  2 

7rz 

Note the inverse square root factor which may be inter-
preted as attenuation due to cylindrical spreading, 
whilst the exponential core represents the usual attenu-
ation occurring in cut-off uniform transmission lines and 
waveguides. 

n = 2 
(b) 

Fig. 9—(a) A partial field in region B. This field pattern corresponds 
to the first term in the series expansion of the local field. (b) A 
partial field in region B. The pattern described by second term. 

Fig. 9(a) gives the field pattern of the first of the 
series of higher modes. It may be regarded as a radial 
transmission mode for which the conducting planes are 
too closely spaced to allow propagation. The critical 
spacing is the semi-wavelength of a plane wave in the 
medium. Still higher modes require even greater spac-
ings before they can propagate and therefore, for a given 
spacing, attenuate more rapidly. Between plates one 
centimeter apart the attenuation "constant" for the 
first attenuated wave, if IX>>1 (e.g. X = 3 centimeters), 
falls away to an asymptotic value of about 3 nepers 
per centimeter at distances greater than about one cen-
timeter from the axis. The attenuation is roughly pro-
portional to the order of the wave and inversely propor-
tional to the separation of the conductors. Fig. 10 (see 
following page) illustrates the general dependence of 
radial attenuation on the various parameters and allows 
it to be quickly determined in particular cases. 
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When we return to the system of Fig. 2, the problem 
is, with the partial fields at our disposal, to satisfy the 
boundary conditions at the radius of the step. On the 
surface of the post h < z <t we have E5=0 and E,. finite. 
In the gap (0 <z <h) we shall now assume E,.= 0 and 
E.= constant. It is not necessary to make this assump-
tion, but in many cases the gap is so small that the field 
in the gap is distributed in a virtually pure E0,no mode 
without axial variation. The assumption is equivalent 
to neglecting attenuated waves in region A. 

co 
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Fig. 10— Radial attenuation of higher modes in disk transmission 
lines. The attenuation "constant" a of the mode of order n, 
measured in units of t/n, is plotted against radial distance, also 
in 1/n-units, for various ratios of t/n to the wavelength X, where 
t is the separation of the conductors. 

Let the axial field in the gap at radius R be E(R) and 
let the field just outside the step be 

nrz 
E0(R) E E(R) cos — 

= E(R) (0 < z < h) 

= 0 (h < z < 

where E0(R) is the amplitude of the principal wave in 
region B at radius R, and E(R) is the amplitude of the 
axial field of the nth attenuated wave in region B at 
radius R. Let the voltage across the gap be 

V = E(R)h. 

Then this voltage appears in full across the mouth of 
disk line B, because the attenuated fields contribute 
nothing to the line integral of electric field across the 
cavity. Thus when nO 

Hence 

fo 
nrz 

En(R) cos — dz = 0. 

E0(R) + E E(R) cos —] dz = E0(R)1 
nrz 

= E(R)h = V. 

As the voltage of the principal waves in the two regions 
is thus continuous across the step, it follows that, any 
change in input reactance to the outer line due to the 
presence of the discontinuity, will appear as a difference 

between the current leaving region A, and the current 
of the principal wave in region B. The difference current 
may be taken to flow through a susceptance shunted 
across the junction of the disk transmission lines. 

Let the magnetic field just outside the step be 

nrz 
H(R) = 110(R) E L(R) cos — 

1 

where Ho(R) is the field of the principal wave in region 
B. Let the field just inside the step be 

nrz 
HA(R) = Ho,A(R) -F E H,4(R) cos —h • 

Since the fields must match at the gap, 

HA(R) = II(R), (0 < z < h). 

If we expand each side of this equation in Fourier series 
of interval h, it follows that the field of the principal 
wave in region A, Ho ,A(R) is given by the average of 
H(R) taken over the gap: 

Ho,A(R) =-1 f hH(R)dz 
h o 

= Ho(R) f ±*' H(R) cos —nrz dz. 
h o 1 

The discontinuity in current has the magnitude 

2rR f  h oc  nrz 
27r1Z[Ho,A(R) — Ho(R)] =   H(R) cos — dz 

h 0 1 

27rRoc t turh 
 E - Hn(R) sin 
h 1 nr 

Hence the shunt susceptance is given by 

21-R [Ho,A(R) — Ho(R)] 
jB =   

Eo(R)t 

It now remains to make the proper substitution for 
H(R)/E0(R) the relative amplitude of the higher 
modes with respect to the field of the principal wave. 
Omitting the proof, the result is 

L(R) jweKi(P,R)21 nrh 
  sin   

Eo(R) P„Ko(P„R)nrh t 

and hence for the shunt capacity 

nrh 
K1(PR) sin'   

4Rte 
C —  E  

rh2 1 Ko(P„R)n2P„ 

This formula is suitable for computing. If t<<X so 
that we may take P„=nr/t 
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Kt(nirO) 
  sin' nTa 

C = —  — 
4Re )2 zoo Ko(nrO) 

• where 

T2 h 

h 
a = — 

t 

13 = 7  • 

We may rewrite this result 

4RE 
C = — C(a, 13). 

T2 

n' 

Since the property of the C-function is that 

Hm C(a, 0) = So(a) 

where So(a) is Hahn's function of zero order, we nor-
malize C(a, 0) with respect to So(a) and write 

4Re 
C = So(a)Bk(a, ,g) 

2 ir 

and the new function Bk(a, 0) is defined by 

411 

• 

Ki(nr0) sin' lira 

1 Ko(nrO) «2n3 
Bk(a,I5) = 

So(a) 

A chart of this function is given in Fig. 6. 
There is a corresponding function which arises from 

the case illustrated in Fig. 3 and is defined by 

Bi(a, 0) = 

/i(nre) sin' era 

1 io(mr13)  

So(a) 

a 2/L8 

This function replaces Bk(a, 0) in formulas relating to 
the second sort of stepped line. A chart is given in 
Fig. Y. 
Now since 

C = IrRkCd(a)Bk(a, 0), 

Bk(a, 0) may be regarded as a curvature-correction 
factor to take account of the curvature of the step. It 
will be noticed that Bk(a, O) and Bi(a, 0) lie on op-
posite sides of unity. Consequently the capacity is 
greater in the one case, and less in the other, than that 
calculated on the parallel plane assumption. 

CORRECTION 

Laurence G. Cowles, author of the paper, "The Parallel-T Resistance-Capacitance Network," 
which appeared on pages 1712-1717 of the December, 1952 issue of the PROCEEDINGS OF THE 
I.R.E., has brought the following correction to the attention of the editors: 

In Eq. 6 on page 1713, the right side should be multiplied by I-, and r should be inserted in 
the last term of the denominator, to correct an obvious dimensional error. 

• 
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Positive-Ion Trapping in Electron Beams* 
E. L. GINZTONt, FELLOW, IRE, AND B. H. WADIAt, ASSOCIATE, IRE 

Summary—Residual gas within the envelope of an electron tube 
forms positive ions by electron collision. Ordinarily these ions are 
quickly lost to the cathode; however, if they can be held within the 
beam space, the spreading due to the space charge of the beam might 
be considerably reduced. A "trapping" electrode, with an appropriate 
positive Fotential, placed at the cathode end of the drift tube was be-
lieved sufficient to affect trapping. Since this simple method was first 
proposed, attempts to make the scheme work yielded inexplicable 
results. A detailed study of the phenomenon reveals that the trap-
ping process is more complex than was originally believed. A quali-
tative theory is advanced which is consistent with experiment and 
leads to suggestions for an improved performance. By a proper de-
sign of the trapping electrode, transmission through a drift space was 
improved from twelve per cent to eighty per cent. 

I. INTRODUCTION 

ii_ r 1HE EFFECT OF space charge in an electron 
stream is to produce forces which tend to in-
crease its cross section. Such beam spreading is 

often serious, and must be counteracted by some means. 
The common method in use today (in klystrons and 
traveling-wave tubes) is to subject the electron flow to 
an axial-magnetic focusing field. 
A simpler method, which has been known for some 

time,' consists of utilizing the unavoidable positive ions 
to neutralize the negative space charge of the electrons 
and thus to suppress the cause of the divergent forces. 
The positive ions are created within the electron stream 
by collision of the electrons with molecules of residual 
gas. There is a tendency for the ions so formed to mi-
grate towards the axis of the electron stream until it is 
over-neutralized and becomes positive. Such a neutral-
ized beam will then lose ions in several ways, the im-
portant one being the flow of positive ions towards the 
cathode. It has been suggested previously that if this 
loss towards the cathode could be eliminated by inter-
posing a suitable potential rise in the path of the ions, 
the electron stream would by necessity become over-
neutralized even at the very best vacuum. 
Such a rise in potential can be introduced by means of 

an electrode (placed near the cathode end of the drift 
space) which is concentric with the beam. This electrode 
may be in the form of a grid or may consist of a gridless 
structure. Gridded type of trapping electrode will not 

• Decimal classification: R138.1. Original manuscript received 
by the IRE, June 3, 1954. The research reported in this article 
was carried out as a project supported by Joint Services Contract 
N6 251, T.0.7. A more complete treatment appeared in Techni-
cal Report No. 74, "Influence of positive ions on electron-beam 
profiles," by B. H. Wadia, published at Stanford University (Elec-
tronics Research Laboratory) on January 28, 1954, and in a doctoral 
dissertation submitted to the Department of Electrical Engineering, 
Stanford University. This material was also presented as a paper 
before the 1954 IRE National Convention, New York, N. Y., March 
25, 1954. 
t Stanford University, Stanford, California. 
1 L. M. Field, K. R. Spangenberg, and R. Helm, "Control of 

electron-beam dispersion at high vacuum by ions," Elect. Comm., 
vol. 24, pp. 108-121; 1947. 

be considered in this article because of several reasons; 
first, considerations of power dissipation and noise often 
preclude the use of a grid, and secondly, the theory of 
the gridless trap is general and includes the simpler case 
of a grid stretched across the beam. 
Through private correspondence, we have knowledge 

of a few attempts to make use of gridless positive-ion 
traps; these, apparently, have not met with complete 
success. In fact, they have yielded results which were 
not explicable on the basis of the simple theory pre-
viously available. 

It was, therefore, our desire to understand more com-
pletely the mechanism of ion neutralization in gridless 
ion-trapped electron streams. We have found it possible 
to extend and modify the simple theory of Field et al.', 
and to obtain a nearly complete understanding of the re-
sulting phenomenon. Several experiments conducted 
during these studies agree with the theory which will be 
presented below. As will be shown, it is certainly pos-
sible to provide positive-ion traps which can assure 
complete neutralization of electron beams; but, as will 
also appear below, such ion traps are not universally 
useful. It will be found that it is extremely difficult to 
provide ion traps for beams that nearly fill the metallic 
tube through which the beam may be passing, but that 
it is relatively easy to provide such traps if the diameter 
of the beam is small in comparison with the diameter of 
the metallic walls. 

II. THE UNTRAPPED POSITIVE IONS 

A. Neutralizing Effect of Ions 

At the generally accepted good vacuums, a large 
number of gas molecules is ipsually present within the 
tube envelope; the presence of these molecules results in 
the formation of positive ions by virtue of their collisions 
with electrons. The rate of positive-ion formation de-
pends on the nature of the gas, its pressure, the number 
of electrons present in the beam, and their velocity. 

Since these ions are positively charged, they will 
move toward points of lower potential, near the axis of 
the beam. The slow electrons, which are the other prod-
uct of the ionizing collision, will move in the opposite 
direction (to the drift tube), and will be lost. The beam 
will thus form a core of positive ions clustered around its 
axis. If, for the present, we assume that only few ions 
are lost, a sufficient amount of positive charge must 
eventually collect within the beam to neutralize the 
electron charge completely. 
Any excess ions that are created constitute a net 

positive charge that results in a radial "hill" of poten-
tial down which these surplus positive charges are 

2 Ibid. 
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drained to the drift tube. Hence, under the assumption 
of no loss, the number of ions in the beam must closely 
approach the number of electrons if a sufficient amount 
of gas is available for ionization. 

B. Minor Causes of Ion Loss 

The assumption that no ions are lost from the beam 
space is, of course, not justified. Several processes which 
cause a continual removal of ions from the drift tube 
may be listed and their effects may be shown to be 
negligible by consideration of their magnitudes:8 

1. Ions and electrons recombine within the beam to 
form neutral molecules. However, at pressures in the 
vicinity of 10-7 mm Hg, the rate of ion formation far 
exceeds the rate of recombination. 

2. The thermal energy of the ions is of the order of 
kT, corresponding to about 0.025v. This is negligible 
when compared to the normal potential variations 
across the beam which tend to hold the ions together. 
The loss due to thermal energy might become im-
portant as one approaches the state of complete neu-
tralization because, under such conditions, the potential 
variation across the beam becomes vanishingly small. 

3. The impact energy given to the ion by the colliding 
electron is small when compared to the potential drop 
in the beam. Like the loss due to the thermal energy, 
this cause of ion removal will not assume serious pro-
portions until a nearly neutralized condition is reached. 

4. An insulator in the vicinity of the beam becomes 
negatively charged by picking up stray electrons and 
hence constitutes a sink for positive ions. This can be 
very serious; however, most electron beams can be sur-
rounded partially or completely by metallic structures 
and can, therefore, be shielded from the effects of the 
sinks described above. 

C. The Major Cause of Ion Loss 

A more careful consideration of the above discussion 
would make it seem that electron beams enclosed in 
metallic drift spaces should reach total neutralization 
even at pressures as low as 10-7 mm Hg since, at such 
pressures, a sufficient number of gas molecules is still 
available to form the required number of ions. 
That this is not the case was shown by Field, et al.,* 

who described a major source of ion loss that had not 
been considered previously in the literature. The ac-
celerating field from the cathode-anode region pene-
trates into the drift space via the anode aperture 
through which the beam must enter. This field is strong-
est at the axis near the aperture and is of such a polarity 
as to remove ions there. The removal of the ions at the 
head of the beam leaves a low-potential region to which 
ions must flow from parts of the beam further down 
the drift space. Thus, the effect of the draining field is 
felt for a substantial distance along the beam. 

L. M. Field, "Theory and measurement of electron beam dis-
persion phenomena at high vacuums," Stanford University Ph.D. 
Thesis; March, 1944. 

4 L. M. Field, K. R. Spangenberg, and R. Helm, op. cit. 

In fact, it can be shown' that only a slight amount of 
neutralization is possible when pressures lower than 
10-7 mm Hg are considered. Therefore, the spreading 
of an electron beam, under the pressure conditions 
normally available in commercial tubes, may be taken 
to be practically the same as in perfect vacuum. 

III. THE ELEMENTARY THEORY 
OF ION TRAPPING 

The principle first introduced by Field, which helps to 
eliminate axial drainage, may be explained by consider-
ing Fig. 1. A thin beam of paraxial electrons is flowing 
through a comparatively large drift space as shown. Let 
it be our intention to obtain a completely neutralized 
beam at all points to the right of section AA. Some 
means is then necessary to prevent the positive ions 
from flowing across section AA toward the cathode. 
When this is done, all the ions created in the beam to 
the right of AA will tend to be held within the beam 
boundaries. The removal of ions can then be caused 
only by the minor processes mentioned previously; the 
rate of removal due to these is so small that a sufficient 
number of ions should collect to neutralize the beam 
completely, even at very low pressures. 

_Drift tube 

vo-

ee  

""---Electron beam 

(0) 
1 
1I ,Hump needed for trapping 

Potential plot with full neu-
1 

— -7 —Dear^ 

I drop 
Potential plot without sons 

tralization beyond A A. 

'Mode  

Cathode Trap section 

lb) 
Fig. 1—Principle of axial ion trapping. 

To understand the stopping of ion flow across a given 
section, examine the potential distribution in that 
vicinity. On the left-hand side of AA, the positive ions 
are drawn rapidly toward the cathode so as to leave 
that part of the beam unneutralized. The potential on 
the axis there will always be less than Vo, the drift-tube 
voltage, by some amount which depends upon the 
parameters of the beam. If the beam holds ions to the 
right of AA, the potential on the axis to the right of AA 
approaches 170 to an extent dependent upon the degree 
of neutralization. For the case of "full" neutralization, 
all points to the right of AA should reach the potential 
Vo, since no net negative charge remains. 

In order to retain ions in this way, the potential on 
the axis at a must be raised above the value Vo, so that 
a hump of potential is interposed in the path of the ions, 
as shown in Fig. 1 (b). 

B. H. Wadia, "Influence of positive ions on electron-beam pro-
files," Stanford University Ph.D. Thesis; February, 1954. 
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A grid held just above the drift-tube potential is the 
simplest means of obtaining the potential hump. It will 
become clear subsequently that this is the only method 
which can give perfect ion trapping. However, con-
siderations of power dissipation often preclude the use 
of suitable grids. Aperture plates, cylinders, and ring 
electrodes concentric with the beam have been sug-
gested as alternative means of obtaining the required 
variation of potential along the axis. Such gridless ion 
trapping is the subject of the present discussion. As will 
be shown, many complications arise when this method 
of trapping is used; as a result, the design of such a 
system of beam control becomes extremely complex. 
The simple theory outlined above needs to be extended 
and modified in order to explain the behavior of gridless 
ion traps. 

IV. EXPERIMENTAL DATA ON GRIDLESS 
ION TRAPPING 

The basic theory was confirmed by Field by means of 
the following experiment. He produced an initially 
parallel beam at 7300v and 130 ma. This beam would 
normally spread to twice its starting diameter in a 
distance of 36 cm. By providing a trapping aperture at 
the entrance, a 15-v bias was found to be sufficient to 
accomplish complete neutralization; and such neu-
tralization was found to prevent the beam spreading. 
An increase in trapping voltage did not affect the be-
havior of the beam appreciably. 
Attempts to make use of the ion trap as described by 

Field have been made by several groups, but without 
any success.6 Additional experiments clearly indicated 
that something was missing from the idealized picture 
presented in Field's concept of ion trapping. 

Anode 
14 

IVitrABCDEF 
Cathode 

Pump 
out 

Collector 

Ammeters 

-vo _ +vt 

Fig. 2—Beam-tester schematic diagram. 

It was, therefore, decided to perform an experiment 
to study more carefully the behavior of a beam con-
trolled by a gridless ion trap and operating at voltages 
and currents of interest in contemporary klystrons and 
traveling-wave tubes. The schematic diagram of Fig. 2 
shows the essential parts of the equipment used in our 
experiment. The beam-testing tube7 consists of a bom-
barded tantalum cathode injecting a beam of perveance 
1.07 X10-6 and an entrance angle of 2.5 degrees with 

6 Private communication with workers at Varian Associates, San 
Carlos and Palo Alto, California. 

7 The construction and processing of this beam-testing tube was 
made possible through the co-operation of Eitel-McCullough, Inc., 
San Bruno, California. 

O 

an initial diameter of 2.54 cm into a drift tube of the 
same diameter. Its anode is followed by ring electrodes, 
numbered one to six, to be used for trapping. The posi-
tion of the trapping section may be varied by suitably 
biasing one out of the six electrodes. The rest of the 
drift tube is broken up into six sections and a collector, 
insulated from each other by glass seals. 

Curves of the observed percentage of total current 
reaching the collector as a function of the trapping 
voltage for different positions of the trapping section 
are given in Fig. 3. A glance at these curves indicates a 
definite pattern of behavior which cannot be explained 
by the simple ion-trapping theory. 

Beam Voltage= 2000vi Pressure= 
2.6 x10-7 mm Hg. Circled figures 
indicate trap electrodes as 
numbered in Fig. 2. 

hi 4 

••...., 

*"---...................., , 

O 200 400 600 
Trap volt age 

Fig. 3—Percentage beam transmission as a 
function of the trapping voltage. 

It is to be observed that the current transmission im-
proves in all cases with application of trapping voltage, 
and that the transmission is best when the trapping is 
applied to bias ring No. 4—the place where the beam 
should reach its minimum diameter as predicted by the 
gun design; but, even at best, the transmission through 
the drift tube is only 25 per cent—far short of the ideal 
transmission that could be expected from a perfectly 
neutralized beam. 

800 

V. DETAILED CONSIDERATION OF 
GRIDLESS TRAPPING 

The process of ion trapping as discussed in section III is 
assumed to be a purely axial phenomenon; the move-
ment of the ions and the insertion of the potential hump 
are considered as being along the axis. While these as-
sumptions may hold for thin beams of low perveance, a 
more general theory should consider trapping as a 
volume phenomenon. Therefore, one needs to look more 
closely at the fields involved in the region around the 
trap and to study the effect which these fields have on 
the distribution of ions. 

A. Potential Distribution Around the Trapping Electrode 

The potential in the drift tube is the result of con-
tributions from three different causes. First, the posi-
tive voltage on the trapping electrode raises the poten-
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tial at every point in the drift space. Secondly, the pres-
ence of the negative particles in the beam tends to 
lower it. Thirdly, the combined effect of these two causes 
results in trapping positive ions, the presence of which 
will modify the potential due to the other two, depend-
ing on the particular distribution of the ions. 
The potential distribution due to the trapping-elec-

trode voltage VI (shown dotted in Fig. 4) can be ob-
tained by electrolytic-tank measurements. The dis-

tribution due to the beam may be obtained approxi-
mately by solving the problem of a cylinder of charge 
coaxial with a conducting wall. Since potentials are 
additive, these two may be added numerically (or 
graphically) in order to obtain the resultant potential 
distribution. 

0.2 
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Drift tube wall 

,ef II / 11 \ • 
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Trapping Egutpotentiols 

Fig. 4—Potential distribution near the trapping electrode. 

A 

It will soon be clear that the only equipotential con-
tour relevant to our discussion is the one having the 
same potential as the drift tube. Such an equipotential 
must exist, because there are points within the drift 
space where the increase in potential due to the positive 
trapping voltage just cancels the drop due to the nega-
tive space charge of the beam. The net potential at 
these points, in the absence of ions, will be equal to the 
drift-tube potential. 
The location of this contour line depends on the value 

of the trap voltage and the parameters of the electron 
beam being used; a separate set of çalculations must be 
made for each set of conditions. Figs. 4 and 5 show 
contours calculated for three values of trap voltage and a 
2000-v beam of perveance 1.07 X10-6, just filling the 

drift tube. 
The contribution made to the potential distribution 

by the presence of positive ions will alter the location 
of the Vo contour; but the position of this contour, as 
will be seen subsequently, determines the distribution 
of positive ions. This interdependence makes it im-
possible to determine the actual distribution of the ions 
and the final position of the Vo equipotential. Conse-
quently, the rest of the discussion is based on qualita-
tive arguments. 

B. The Trapping Phenomenon 

At all points in the beam, positive ions are continu-
ously being formed; their potential energies will de-
pend on the value of the potential at the place where 
they are created. Ions that are formed at a place where 

the potential is high with respect to its surroundings 
will tend to flow away from the point in much the 
same way as water flows away from tops of hills. The 
rate of formation of ions at pressures of the order of 
10-7 mm Hg is so slow that, under such pressure condi-
tions, the rate of ion drainage due to even the smallest 
fields can exceed the rate of formation; high-potential 
regions, such as the one mentioned above, may be taken 
to be virtually free of ions. Conversely, ions formed in 
places that are surrounded completely by a surface of 
higher potential cannot have sufficient energy to pass 
this bounding surface, and hence they must remain 
trapped therein. 

The distribution of ions within a given beam space 
therefore depends on the nature of the potential contours 
within that space. In order to get a qualitative idea of 
the disposition of the ions at different values of trap-
ping voltage, let us consider the potential contours 

shown for the three cases in Fig. 5. 
Fig. 5(a) shows the contour line which should, by the 

simple axial theory of section III, have trapped enough 
ions completely to neutralize the beam to the right of 
the trap. The portion of the diagram shown shaded is a 
region where the potential is higher than Vo; hence, all 
the positive ions formed in that region are drained away 
either to the walls or to regions of lower potential. The 
shaded region cannot, therefore, have its space charge 
neutralized to any appreciable degree. 
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Fig. 5—Movement of the trapping surface as the 
trapping potential is varied. 

The space that is left unshaded is essentially one of 
potential below Vo, and is also a region which is com-
pletely surrounded by the Vo equipotential; hence it is 
isolated from the draining field of the cathode. Positive 

ions found in this space will remain there and begin to 
neutralize the electron beam. As soon as neutralization 
starts, the Vo equipotential begins to shift toward the 
right because of the accumulation of positive charge to 
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the right of it. This shift makes the trapping region 
move down the drift tube as positive ions become 
trapped. Ions will continue to be trapped until the whole 
space enclosed by the new Vo equipotent ial has reached 
the drift tube voltage. After this, the positive charges 
will begin to move out to the drift tube and be lost. 

Fig. 5(b) shows the potential distribution when the 
value of Vg is below the minimum prescribed by 
the simplified theory of section III. The space shown 
cross-hatched is a region with potentials above Vo and 
hence must be essentially free of ions. The area marked 
with dots is below Vo in potential, but it has a direct 
connection with the unneutralized low potential part of 
the drift tube to the left of section AA where the cathode 
is continually removing ions. This region, therefore, can-
not retain ions. 
Trapping can only take place inside a space enclosed 

completely by some such potential contour as is shown 
dotted-and-dashed in Fig. 5(b). Let this potential be 
denoted by x Vo, where x<1. As before, when trapping 
begins, the xVo equipotential will begin to shrink be-
cause of the positive space charge enclosed within it. 
Some final equilibrium distribution will be established, 
consistent with the above considerations. Under such 
conditions, the neutralization cannot be very great: 
first, because the trapping space is small, and secondly, 
because trapping takes place within a contour of po-
tential lower than Vo. This is analogous to the fact 
that a small shallow bowl holds less water than a deep 
bowl does. 

Fig. 5(c) illustrates the potential distribution for high 
values of V. A little reasoning will show that, the higher 
one takes Vi, the farther to the right does the Vo equi-
potential shift, thus increasing the size of the unneu-
tralized portion of the beam. 
The treatment of the three cases above gives an idea 

of the disposition of the trapping zone with respect to 
the trap electrode for different values of voltage. Et 
must not be imagined, however, that ions attain a uni • 
form density at all points inside the trapping region. 
Their behavior in this space is more a matter of con-
jecture than of accurate mathematical calculation. The 
phenomenon might, perhaps, be more clearly under-
stood if one were to liken the trapping zone to a sunken 
area of ground being filled up by a slow seepage of water. 
The deepest portions of the hollow will, of course, be 
filled first and eventually will hold the largest depths of 
water, while the surrounding areas near the lip of the 
hollow will be filled last and will constitute the shallow 
region. In the electrostatic case, matters are further 
complicated by the effect which the positive ions 
themselves have in altering the potential distribution 
in the surrounding domain. Despite this complication, 
the same general reasoning holds, and the qualitative 
picture remains the same. 

C. Effect on Beam Transmission 

It has been established above that, for a given trap-
ping voltage, there exists within the drift tube a surface 

that encloses a certain volume of the drift space inside 
which positive ions are held. The positive ions will ac-
cumulate rapidly in that part of the beam, until the 
whole volume enclosed by the surface mentioned is prac-
tically at uniform potential, after which the excess pos-
itive ions will migrate to the drift-tube wall. 
An electron entering this neutralized space will be 

entering an equipotential region and must therefore 
maintain the magnitude and direction of the velocity 
with which it enters. The slope of the trajectory of each 
electron as it crosses into the trapping region is hence a 
parameter of great importance in determining the sub-
sequent behavior of the beam. 

1. The Perfect Ion Trap. It would be best to start out 
by examining what is needed in order to obtain a truly 
parallel beam by means of ion trapping. In view of what 
has been said above, the principle of focusing by trap-
ping pcsitive ions may be stated as follows: The various 
electrons comprising the beam must be made to enter the 

unipotenttal region when their paths have zero slope. If 
one can attain this condition, all the electrons of the 
beam must continue to travel from there on with zero 
slope, since no radial forces exist in a unipotential region. 
Perfect transmission should, therefore, be obtained if 
the minima of all the electron trajectories are made to 

coincide with the position of the trapping surface. 
2. Realization of the Ideal Conditions. In order to 

understand the extent to which perfect trapping may be 
achieved, the following two points must be considered: 

(a) The contour behind which ions are trapped is 
some surface of revolution (similar to the ones shown 
dashed in Fig. 5) the existence of which has been estab-
lished but the actual shape and position of which can-
not be determined by analytical, graphical or numerical 
methods. 

(b) In order that the minima of the trajectories.of 
the beam electrons may be made to coincide with the 
position of the trapping surface, the location of these 
minima should be accurately known. The most com-
plete treatment of this problem available to dates suffers 
from two drawbacks. First, an estimate of the position 
of the beam minimum obtained from this treatment is 
only an approximate one, due to the assumptions inher-
ent in setting up the problem. Secondly, the treatment 
only deals with the approximate behavior of the elec-
tron at the edge of the beam; no mention is made of 
the behavior of the electrons within the beam envelope. 
The reduction of electron velocities which accompanies 

the drop in potential in an unneutralized beam will 
cause an accumulation of charge in the regions where 
the velocity is reduced, ke., the charge density will be 
higher near the axis than at the edge of the beam. The 
inner electrons will be subject to greater repelling forces 

since their trajectories enclose a larger average charge 
density, and hence will go through their minima quicker 

8 L. P. Smith and P L. Hartman, "Formation and maintenance 
of electron and ion beams," Jour. Appt. Ploys., vol. 11, pp. 220-
224; 1940. 
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than the outer electrons; therefore, the minima will not 
all lie in the same cross-sectional plane. 

Fig. 6 shows a sketch of the relative positions of the 
trapping equipotential and the beam minima as they 
might possibly occur at some stage during the trap-
ping experiment. It is also shown in the figure that the 
different electron trajectories enter the neutralized zone 
at different slopes and hence behave differently subse-
quent to their entry. Therefore, while electrons at a 
particular radius will remain parallel to the axis, the 
rest of the electron paths are at different slopes. Cross-
overs could very well occur and complete transmission 
is improbable. 

ath of inner electrons 

th of edge electron 

ift tube 

z—axis 

Minima of electron Trapping contour 
poths lie here. 

Fig. 6—The trapping contour and the positions of the minima. 

VI. EXPLANATION OF THE EXPERIMENTAL RESULTS 

Inasmuch as a strict mathematical treatment of the 
4 trapping phenomenon is not possible, quantitative esti-

mates cannot be made to match with the values of 
transmission obtained by experiment. But the qualita-
tive argument of section V does indicate a definite trend 
of behavior which seems to be borne out by our 
experiment. 

• 

A. Effect of Trapping Voltage 

As the trapping voltage is increased from zero, a 
rapid rise in beam transmission is first observed, fol-
lowed by a slower fall. This is not entirely unexpected 
when one considers the phenomena outlined in connec-
tion with Fig. 5. 
At really low trapping voltages, the draining effect of 

the cathode field can still leak into the drift tube be-
yond the trapping ring, and only partial neutralization 
can exist as was explained in connection with Fig. 5(b). 
As one increases the trapping voltage, the larger value 
of Vi offers better opposition to the cathode drainage, 
and transmission improves. 

However, excessive trapping voltages have the effect 
of pushing the neutralized region down the drift space. 
The slope of the beam under such circumstances would 
be positive as it enters the trapping region, thus result-
ing in a diverging beam. 

Between these two effects, there results some "opti-
mum" condition where the transmission reaches its 
greatest value before beginning to fall. Such a peaked 
behavior is shown by each of the experimental curves. 

B. Position of Trap 

It is interesting to observe the effect of shifting the 
position of the trapping electrode. It is seen that, as one 
moves the trapping section closer to the cathode, the 
voltage VI required to achieve maximum transmission 
becomes higher. This is probably because as one gets 
closer to the cathode its draining effect becomes greater 
and one needs larger trapping voltages to counteract 
the unwanted field. 
Another effect seen from the family of experimental 

curves in Fig. 3 is that the value of maximum transmis-
sion obtained is different for different positions of the 
trapping ring. One may refer to section V-C-2 in order 
to find the explanation for this effect. It was pointed 
out there that the position of the trapping surface rela-
tive to the beam minimum has a considerable effect on 
the resultant transmission. If the trapping surface falls 
in the region where the beam diverges, the electrons will 
continue with the same positive slope and only a 
slight improvement can be expected. When the trap 
voltage is applied to the electrode close to the cathode, 
the beam is still converging as it enters the trapping 
zone and should continue to converge until it crosses 
over and then diverges. The position of the trapping 
ring which brings the trapping surface closest to the 
minimum will give the best possible results. 

VII. CONCLUSIONS 

It has been found possible to obtain an impeved 
understanding of the process of gridless ion trapping 
by considering it as a volume phenomenon. A detailed 
examination reveals that this method of controlling 
beam spreading involves more complications than are 
accounted for in the simple theory (which theory is only 
applicable in the special case of thin beams of low per-

veance). 
The conditions for perfect trapping can be simply 

stated; however, it is not very easy to achieve them with 
gridless traps. The main difficulty lies in the fact that 
the designer cannot predict the distribution of the posi-
tive charges within the beam; as a result, the position 
of the unipotential region (fcrmed by the accumulation 
of positive ions) is no longer a matter of deliberate de-
sign. Hence, it is not possible to obtain a trap configura-
tion which will assure that the various electrons in the 
beam will enter tF e trapping region precisely at the 
moment when the slopes of their trajectories are zero. 
There have been instances of efficient trapping with 

gridded drift tubes in some experimental klystrons. This 
is certainly understandable in view of what has been 
discussed. By positioning the grid at the estimated 
minimum of the beam, the trapping equipotential can 
be forced to stay close to the minima of the electron 

trajectories. 
' In the absence of a proper analytical design, several 
gridless electrode configurations can be tried out experi-
mentally. Chances of success should be better in the 
case of those electrode configurations having potential 
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distributions that come close to that of a grid (at drift-
tube potential) stretched across the beam at the point of 
its minimum radius. One such example would be that of 
an Einzel lens' around the minimum of a beam the diam-
eter of which is small compared to the drift space. 

Using the arguments discussed above as a guide, a 
tube was constructed as shown in Fig. 7. A beam of 
perveance 2.6 X10-8 and a minimum diameter of 5/32 
inch was injected into a drift tube of 0.5 inch diameter 
and 6 inches long. For a beam voltage of 300v, over 80 
per cent of the cathode current was received at the col-
lector when 95v was applied to a trapping electrode of 

Anode I 234pB 

i We A B C 
Cathode, 

•41-0.015 

Fig. 7— An experimental tube to test an improved trap design. 

Collector 

D E F\  
I fe 

the Einzel-lens type situated near the minimum of the 
beam. 

If it is desired to make an electron beam nearly fil I a 

R. R. Spangenberg, "Vacuum Tubes," McGraw-Hill Book Co., 
Inc., New York, N. Y., p. 386; 1949. 

metallic drift tube (as is usually required in a klystron), 
a constriction in tube diameter can be provided at some 
distance behind the gridless ion trap, as shown in Fig. 8. 
Thus, it is possible to achieve a configuration suitable 
for ion trapping and still have a metallic tube "hug" the 
eam as is needed in rf interaction regions. 

It is not unreasonable to expect that subsequent 
trials with different types of trapping devices could 
yield further improvements in beam transmission. 

Large diameter drift space 
, ,It`or efficient trapping 

mumu Vo\. 

j iathode Electron beam 

'Small diameter dnft 
space for rf inter-

Anode Trap action 
electrode 

Fig. 8—Trap design for a tube which requires that the beam 
fill the rf interaction space. 
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Impedance Measurement by Means of a Broadband 
Circular-Polarization Coupler* 

SEYMOUR B. COHNt, SENIOR MEMBER, IRE 

Summary—This paper describes a waveguide component par-
ticularly useful as a broadband impedance-measurement instru-
ment. The component consists of a length of circular waveguide at 
right angles to the broad wall of a rectangular waveguide, and 
coupled to it by three apertures. A probe rotated one turn in the cir-
cular waveguide will sample a field variation exactly equivalent to 
that in one guide wavelength of the rectangular waveguide. This 
condition may be maintained with high accuracy over approximately 
a 20-per cent bandwidth. The principle of operation of the device is 

discussed in the paper and design equations given. Several possible 
applications are described. 

INTRODUCTION 

r
il1HE BROADBAND waveguide coupling device described is particularly suitable for use in auto-

matic or manual impedance-measurement ap-
paratus. The device consists of a rectangular waveguide 
coupled by an arrangement of three apertures to a cir-
cular waveguide joined at right angles to the broad wall 

* Decimal classification: R244.21. Original manuscript received 
by the IRE, June 21, 1954. The work herein was performed by the 
writer while employed by the Sperry Gyroscope Co., and the in-
formation is published with their permission. 
t Stanford Res. Inst., Stanford, Calif. 

of the first waveguide (Fig. 1). A TEio wave traveling 
from left-to-right in the rectangular waveguide will ex-
cite a circularly polarized TEil wave in the circular 
waveguide. Similarly, a wave traveling from right- to-
left will also excite a circularly polarized wave, but one 
having the opposite rotation. By a proper co-ordination 
of three apertures, it is possible to maintain this circular 
polarization with high accuracy over approximately a 
20-per cent frequency band. Similar coupler designs us-
ing only one aperture have previously been proposed,'.2 
but are limited to a bandwidth of about two per cent. 
These earlier designs, therefore, have had little use. 
The basic property of this coupler that gives it value 

as an impedance-measurement instrument is its ability 
to reproduce a standingewave in the rectangular wave-
guide as a field-strength variation around the circum-
ference of the circular waveguide. This varying field, 

I G. E. F. Fertel, R. W. L. Batt, J. A. Barrable, and C. S. Wright, 
British Patent No. 592,224; September 11, 1947. 

I A. E. Laemmel and H. M. Altschuler, "Final Report of Im-
proved Impedance Measuring Methods Over the Frequency Range 
of 100-10,000 Mc," MR! Rep.; June 5, 1951. (Air Force Contract 
W33-038-ac- 18115). 
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which may be sampled by a probe rotated in a given 
transverse plane about the axis of the circular wave-
guide, has a maximum-to-minimum ratio equal to the 
vswr in the rectangular waveguide. A second important 
property of the coupler is that the angular position of 
the minimum varies linearly with the position of the 
minimum in the rectangular waveguide, with the 
former in mechanical degrees being equal to the latter in 
electrical degrees measured from a suitable reference 
plane. In other words, one rotation in the circular guide 
is exactly equivalent to one rectangular-waveguide 
wavelength at al frequencies in the operating band. 

Fig. 1—The circular-polarization coupler. 

These two properties make possible a multitude of 
different methods of measuring impedance. For ex-
ample, the probe may be operated manually to deter-
mine the vswr and minimum position, or it may be 
rotated at a constant speed and the standing wave dis-
played on an oscilloscope. With certain further com-
plications, the coupler may also be used to indicate or 
directly record the impedance as the frequency is swept 
over the 20-per cent operating range of the instrument. 
In addition, many other applications requiring phase 
and amplitude measurement are possible. 
A comparison of the new device with slotted-wave-

guide impedance meters and reflectometers is of inter-
est. As compared to the first, the circular-polarization 
coupler appears to be less expensive to manufacture, and 
has the operational convenience of rotary motion with 
maxima and minima always separated by exactly a 
quarter of a turn. Because of the rotary motion and 
constant equivalent wavelength, it is much more easily 
adapted to automatic instrumentation. As compared to 
the reflectometer, the circular coupler offers readily 
available phase data and does not require a well-

matched termination. Other advantages will appear in 
the remainder of this paper. The only important dis-
advantage appears to be a limitation of the bandwidth 
to about 20 per cent. 

QUALITATIVE EXPLANATION OF THE 
PRINCIPLE OF OPERATION 

The performance of the circular-polarization coupler 
will first be explained in simple terms, and then the 
design formulas will be given. In Fig. 1, slots 1 couple 
the Ilr fields in the two waveguides, while slot 2 couples 
the respective Hz fields. Hence, slots 1 and 2 excite 
TEn-mode waves in the circular waveguide that are 
orthogonal in space relationship. In addition, assuming 
a pure traveling wave in the rectangular waveguide, 
H1 and H, are 90 degrees out-of-phase, and therefore 
the two TE n waves are also 90 degrees out-of-phase. 
These facts, plus an additional stipulation that the 
amplitudes of the two TEil waves be equal, are well-
known conditions for the excitation of a circularly-
polarized wave. The equality of the amplitudes may be 
obtained by properly positioning and dimensioning the 
slots. 

Further thought shows that a TEio wave propagating 
in the +z direction will produce a right-hand circularly-
polarized wave (i.e., clockwise rotation viewed from 
behind), while a TEio wave propagating in the —z di-
rection will produce a left-hand circularly-polarized 
wave. If the rectangular guide is connected to a mis-
matched impedance, waves in both the +z and —z di-
rections are present, and hence both right- and left-hand 
circularly polarized components exist in the circular 
wave-guide. The combination of these components is an 
elliptically polarized wave whose axial ratio is equal to 
the ratio of the sum and difference of the component 
amplitudes, which in turn are proportional to the respec-
tive TE10 amplitudes in the rectangular guide. There-
fore, it follows that the axial ratio is equal to the stand-
ing-wave ratio in the rectangular waveguide. It is also 
clear that the angular position of the major or minor 
axis of the polarization ellipse will vary linearly with 
the angle of the reflection coefficient of the load, a 360-
degree change in the latter producing a 180-degree 
change in the former. From another viewpoint, the 
minor axis of the ellipse will vary linearly with the 
minimum position in the rectangular guide, a one guide-
wavelength change in the latter corresponding to a 360-
degree change in the former. It can, therefore, be seen 
that all information concerning vswr, impedance and 
reflection coefficient of a load connected to the rec-
tangular waveguide may be obtained by means of a 
probe rotated in a transverse plane of the circular wave-

guide. 
In addition to the arrangement in Fig. 1 many other 

aperture configurations are capable of producing circu-
lar polarization. A few of these possibilities are shown in 
Fig. 2, page 1556. The first two types are narrow-band 
designs yielding an axial ratio proportional to X. (wave-
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(0) (b) 

0 

0 0 

(c) (d) 

Fig. 2—Aperture configurations for use with the circular-
polarization coupler. 

length in the rectangular waveguide), as sketched in 
Fig. 3. The following two types yield a compensated 
axial-ratio response by means of a proper spacing of 
apertures along the z axis. In these cases the axial ratio 
is proportional to 

cos (27rzi/Xg) 

X, 

which is seen in Fig. 3 to provide a very close approxi-
mation to a unity axial ratio over a wide frequency 
range. Calculation shows that in the case of unity vswr 
the axial ratio may be held within plus and minus two 
per cent of unity over approximately a 20-per cent fre-
quency band. 

It is characteristic of an elliptically-polarized wave 
that the major and minor axes are fixed in direction at 
all transverse planes. The minimum-signal position of 
the rotatable probe is therefore independent of the par-
ticular transverse plane in which the probe is located. 
However, the probe should be far enough from the aper-
tures to insure that all higher modes excited by the 
apertures have decayed to negligible amplitudes. A dis-
tance of three times the waveguide diameter should be 
ample for this purpose. By measuring the angular posi-
tion of the minimum from an axis parallel to the x axis 
(Fig. 1), the angle of the reflection coefficient at z 
is equal to 24), and can be read directly (if desired) from 
a calibrated angle scale concentric with the drive shaft 
of the probe. This is a convenience unobtainable with 
a slotted line, due to the variation of guide wavelength 
with frequency. 
A matched load is not necessary at the end of the cir-

cular waveguide. It is merely required that the load be 
symmetrical with respect to the probe. This may be 
readily understood by representing the elliptical wave 
by two orthogonal linearly-polarized components, one 
parallel to the probe and the other at right angles to it. 
(This can always be done.) If the component parallel 
to the probe sees a mismatch, repetitive reflections will 
occur resulting in a certain degree of increase or de-
crease of the picked-up signal depending on the degree 
of mismatch and the length of the circular waveguide. 

o 
1.0 

o 
ce 

o 

o 

NARROW- BAND 
TYPE 

p BROAD- BAND 
TYPE 

0 2 

FREQUENCY 

OPERATING BAND 
OF BROADBAND TYPE 

Fig. 3—Axial-ratio vs frequency for the broadband and narrow-
band aperture configurations. 

Since the end wall containing the small apertures is 
virtually a perfect short circuit to a wave returning at 

any angle, the relative change in signal due to the reflec-
tions will be independent of the probe angle, and the 
axial ratio and minimum position indicated by the 
probe will be unaffected. The component perpendicular 
to the probe will be reflected repeatedly until it is dis-
sipated. Of course, if the load were not symmetrical with 
respect to the longitudinal plane through the probe, 
cross coupling between the components might occur 
with the result that errors would be introduced. The 

necessary symmetry is not believed to be difficult to ob-
tain. 

DESIGN RELATIONSHIPS 

The design formulas for the three-slot circular-polari-
zation coupler have been derived by the writer with the 
aid of Bethe's small-aperture coupling theory,3 but the 
analysis is omitted from this paper in order to avoid ex-
cessive length. This method is not an exact one, but it 
has the advantage of yielding relatively simple equa-
tions in closed form. 

The coupling through a small aperture is proportional 
to the "magnetic polarizability" M of the aperture. The 
ratio of the polarizabilities of the apertures in Fig. 1 
yielding circular polarization is given by 

M2 
- 

M1 

4x2aIi(azi) cos 
360z1 

X00 

PziXoili(ax2) sin 
180x2 

a 

(1) 

where a is equal to 27r/1.705D, x2, z1, a and D are dimen-
sions shown in Fig. 1, Ji(azi) and Ji(ax2) are Bessel 
functions of the first kind and first order, X00 is the guide 
wavelength in the rectangular waveguide at the design 
frequency, and p is a tolerance factor near unity de-
fined in Fig. 3. 
The axial ratio, A. R., has the following frequency de-

pendence 

3 H. A. Bethe, "Lumped Constants for Small Irises," Radiation 
Lab. Rep. 43-22; March 24, 1943. 
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• 

1 360z1\ 
A.R. cc — cos (  (2) 

X, X, 

which is sketched in Fig. 3 for an arbitrary value of p. 
In the case of p= 1.02, a tolerance of + 2 per cent is ob-
tained from X, = 8.82z1 to 6.28z1. Hence in this case z1 
should be selected so that the desired guide-wavelength 
range lies between these limits. The maximum point 
of the A .R. curve is found by differentiation to occur at 
360zi/Xgo = 49.3 degrees, or Xgo = 7.30z1. This is the value 
of X50 to be used in (1). It occurs very near the center 
frequency of the compensated band. 
The dimension x2 may be selected arbitrarily, but, of 

course, must locate slot 2 within the circular wave-
guide. The diameter D should be chosen so that the 
operating band lies between the cut-off frequencies of 
the TEn and TMoi modes in the circular waveguide, a 
1.307-to-one range. The following equation selects D so 
that the design frequency lies half way between these 

cut-off frequencies. 

D = 0.665X0 (3) 

where Xo is the free-space wavelength at the design fre-

quency. 
As an example, let fo =9,400 mc, p= 1.02 and x2 

-= 0.320 inch in a circular-polarization coupler for 1 XI 
inch waveguide. 
Then 

Xo = 1.257 inches 

D = 0.836 inch 

a = 0.900 inch 

X,0 = 1.753 inches 

z1 = 0.240 inch 

a = 4.41 radians per inch 

360zi/X go = 49.3 degrees 

and, with the aid of a table of Bessel functions, 

M2 
— = 1.640. 
M1 

This result stipulates the relative sizes of the aper-
tures. Next, actual sizes must be determined that will 
provide a satisfactory degree of coupling. Assuming cir-
cular polarization, the power coupled through aperture 
2 is equal to that through aperture 1, and is equal to 
the power available to a linearly-polarized pickup probe. 
The ratio of this power to the rectangular-waveguide 
power is given by 

6471.2x com22 sin2   Vi(ax2) 12 

Pout a 

Pin 3a3b/rApoia'x22 
(4) 

where b is the height of the rectangular waveguide and 
X„o' is the guide wavelength in the circular waveguide. 
In the above example, 

b = 0.400 inch 

X50' = 2.66 inches 

and 

Pout 
= 81 . 8M22. 

Pin 

Values of the magnetic polarizability of a slot are 
available.* For example, consider a slot with semi-circu-
lar ends, the over-all length being denoted by 1 and the 
width by w. If / = 0.300 inch and w = 0.094 inch, then 
reference 4 gives 

M2 = 0.0986/3 = 0.00266 inch* 

and 

Pout 
= 81.8 X 0.00266' = 0.000580 

Pin 

which represents a coupling loss of 32.4 db. 
In addition, wall thickness and large-aperture effect 

modify the coupling of an aperture somewhat.* If a wall 
thickness of 0.032 is assumed, the thickness increases 
the loss by about 5 db, and the large-aperture effect de-
creases it by about 2 db. The resulting coupling loss 
should therefore be approximately 35 db. 
To complete the above example, MI = M2/1.640 
= 0.00162. Reference 2 shows that this value of mag-
netic polarizability may be obtained from a slot having 
1=0.265 inch and w = 0.063 inch. 

EXPERIMENTAL TESTS 

A circular coupler having the dimensions computed 
in the above example has been constructed and tested. 
The circular waveguide contained a contacting rotary 
joint, and a pickup probe on the wall of the movable 
portion. [See Fig. 5(a)]. The circular waveguide beyond 
the probe was terminated by a conical wood plug. With 
the rectangular waveguide connected to a matched 
load, the axial ratio was measured by rotating the probe 
by hand around the circumference of the circular wave-
guide. The results of the initial test showed a minimum 
axial ratio of 1.11, indicating that the coupling through 
the transverse slots was too small by about one db. 
Also, the center frequency was several per cent lower in 
frequency than desired. These errors are considered to 
be reasonable in view of the approximations involved 
in the derivation of the formulas. After making a few 
small changes the considerably improved response 
shown in Fig. 4 (on the following page) was obtained. If 
desired, a further improvement in performance is be-
lieved to be possible. 

MEASUREMENT SYSTEMS UTILIZING THE CIRCULAR-
POLARIZATION COUPLER 

The circular-polarization coupler can be used to 
measure impedance in a variety of ways ranging from 
hand operation to fully-automatic Smith-chart record-
ing. Fig. 5(a) shows a simple arrangement suitable for 

4 S. B. Cohn, "Determination of aperture parameters by elec-
trolytic-tank measurements," PROC. I.R.E., vol. 39, pp. 1416-1421; 
November, 1951. 

le S. B. Cohn, "Microwave coupling by large apertures," PROC. 
I.R.E., vol. 40, pp. 696-699; June, 1952. 
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Fig. 4—Response of the latest design. 

hand operation. This manner of construction was used 
successfully in testing the original coupling-aperture de-
signs. The cable connection limits the rotation of the 
probe, but since two maxima and two minima occur per 
revolution, the prove need never be rotated more than 
a half-turn. The probe penetration should be large in 
order to make up for the 30 db or so attenuation of the 
apertures. As explained above, the reflection from the 
probe will not result in any measurement error. The 
termination may be a conical length of lossy material, or 
may be a pair of resistance cards intersecting on the 
axis of the circular guide and mounted parallel and per-
pendicular to the probe. 

In an experimental rotating-probe model [Fig. 5(b) ], 
the probe consisted of silver paint (DuPont No. 4929) 
on a polystyrene disc. The size of the probe and its spac-
ing from the end wall was selected to give a good match 
over the frequency range. Lossy resistance cards were 
mounted on the disc in order to absorb the TEll com-
ponent at right angles to the probe. 

Fig. 5(c) shows a possible dial arrangement for a 
hand-operated model. The dial is directly calibrated in 
hundredths of a rotation (or wavelength). Since im-
pedances repeat every half-wavelength, the scale is 
graduated from 0 to 50 hundredths twice per turn. If 
the vswr and the dial reading at Z for minimum signal 
setting is plotted on a Smith chart, the point will in-
dicate the correct impedance at a transverse reference 
plane in the rectangular waveguide passing through the 
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COAX -TO -WAVEGUIDE 
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CHOKE JOINT 

RESISTANCE CARDS 
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SCALE AND 
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TING WITH 
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CIRCULAR WAVEGUIDE 
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FREQUENCY OR OTHER 
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Fig. 5—(a) and (b) Two circular-coupler designs for impedance 
measurement; (c) A suitable dial arrangement for hand opera-
tion; (d) Probe arrangements for Samuel method. 

axis of the circular waveguide. If the dial reading is 
taken at position Y the plot will show the admittance 
at the same reference plane. An auxiliary semi-fixed 
scale may also be provided to give the correct value at 
another reference plane. This scale must be re-set at 
each frequency according to a calibration on the scale 
or on a separate chart. 
The circular-polarization coupler can be used to indi-

cate impedance automatically in many ways. For exam-
ple, it is readily adaptable to A. L. Samuel's four-probe 
method of automatic Smith-chart indication.' Samuel's 
method has been limited previously to narrow fre-
quency ranges due to the necessary 45-degree spacing of 
the probes. By placing the probes at 45-degree intervals 
around the circumference of the circular-polarization 
coupler [Fig. 5(d) ], this disadvantage may be elim-
inated over a 20-per cent bandwidth, since the 45-
degree phase differences will be maintained accurately 
over the design range of the coupler. Other automatic 
systems using servo or continuous rotation of a probe 
are possible, but can not be discussed in this paper. 

6 A. L. Samuel, "An oscillographic method of presenting im-
pedances on the reflection coefficient plane," PROC. I.R.E., vol. 35, 
pp. 1279-1283; November, 1947. 
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Weighting Functions for Time-Varying 
Feedback Systems* 

J. A. ASELTINEt, ASSOCIATE, IRE, AND R. R. FAVREAUI, ASSOCIATE, IRE 

Summary—The weighting functions for a linear time-varying 
system provide a means for determining system response to an arbi-
trary input, and also the mean square output with white noise input. 
The weighting functions as obtained by direct simulation are not in 

convenient form for such computation, but can be obtained in such 
form by use of the adjoint of the original system. 
A method is presented for the synthesis of the adjoint system for 

a given linear time-varying feedback system. The method is based 
on a physical argument in which outputs due to two inputs which 
place identical initial conditions in the system are equated. 

INTRODUCTION 

T
HE ANALYSIS of linear time-varying systems is 
inherently more difficult than the analysis of con-
stant coefficient systems. There are two reasons 

for this. In the first place, the response of a linear time-
varying system is a function of two variables, namely, 
the time at which a disturbance is applied, and the time 
at which the response is measured. This is contrasted to 
a constant coefficient system when the response is a 
function of only one variable, the time difference be-
tween the application of a disturbance and the measure-
ment of the response. In the second place, the response 
of a linear time-varying system must usually be de-
scribed by more complex functions than the exponential 
functions which describe the response of constant coeffi-

cient systems. 
The pencil and paper analysis of linear time-varying 

systems is usually ruled out because the complex func-
tions which are required to describe their response are 
either not known or not tabulated. For this reason, and 
because of time considerations, the analysis of linear 
time-varying systems is usually performed upon an 
analog computer. While the computer eliminates the 
difficulties associated with complicated functions re-
quired to describe the response, it does not overcome the 
added complexity involved, because the response is a 
function of two variables. In this paper we will describe 
a technique which may be used to instrument a linear 
time-varying system upon an analog computer which, to 
a certain extent, reduces the complexity associated with 
describing a system response that is a function of two 

variables. 

THE ANALYSIS OF LINEAR SYSTEMS 

There are two basic methods of analyzing linear con-
stant coefficient systems. The first method uses the 

* Decimal classification: R140. Original manuscript received by 
the IRE, April 12, 1954; revised manuscript received, June 7, 1954. 
t Formerly Res. and Dey. Guided Missile Div., Hughes Aircraft 

Co., Culver City, Calif.; now, Lear, Inc., Santa Monica, Calif. 
Formerly Res. and Dey. Guided Missle Div., Hughes Aircraft 

Co., Culver City, Calif.; now, Electronics Associates, Inc., Long 
Branch, N. J. 

steady-state response to a sine wave of various frequen-
cies to describe the system. The second method, called 
the weighting-function method, uses the transient re. 
sponse to an impulse or step function to describe the 
system. Once either of these characteristics is known, 
the response of the system to any arbitrary input may 

be determined. 
Either of these techniques may be used to analyze 

linear time-varying systems. However, the transient re-
sponse method is by far the simplest when an analog 
computer is used in the analysis. There are two reasons 
for this. In the first place, the frequency response of a 
linear time-varying system is a function of time. If the 
response of the system is to be analyzed at more than 
one instant, a variety of frequency response curves is 
necessary. In the second place, an analog computer 
operates in the time domain, and the obtaining of fre-
quency response characteristics, while possible, repre-
sents a long and tedious procedure. In addition, fre-
quency response curves cannot be operated upon by the 
computer for further system analysis. 
The transient response method for linear time-varying 

systems lends itself quite readily to an analog computer 
because a time-varying system usually appears to be in 
the transient state. In addition, the impulse or step 
function responses which are used to characterize the 
system are functions of time, and can therefore be oper-
ated upon by the computer for further analysis. 

W EIGHTING FUNCTIONS 

We will call the response of a system to a unit impulse, 
S(t), or any of its derivatives or integrals, a weighting 
function. For a fixed linear system the response, 00(t), to 
a general input, 0.(1) applied at 1= 0, can be written' 

00(1) = f O(r)h_1(1 — r)dr 
o 

(1) 

where h_1(1) is the response to a unit impulse. The nota-
tion for the weighting functions is tabulated below: 

Input 

doublet [Si(t) ] 
unit impulse WO 
step [u (t) = f(15(t)dt] 
ramp [nu(t)dt] 

Response 

h_2 

h--1 
ho 

When the system under study is time-varying, we 
must specify both the time of application of the input 
and the time of observation of the response. Thus, we 

I M. F. Gardner, and J. L. Barnes, "Transients in Linear Sys-
tems," John Wiley and Sons, Inc., New York, N. Y.; 1948. 
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speak of h_1(t, ti) as the response observed at time t to 
an impulse applied at time ti. The counterpart of ( 1) for 
a time-varying system (assumed to be at rest for t <0) is2 

00(t) = je 0.(ti)h_1(t, (2) 

If Oi is white noise with spectral density Wo(t), the 
standard deviation, a, of the output may be obtained 
from the impulse response,' 

1 f g 
u2(t) = o Wo(ti) [h_1(t, 

In practice, is usually assumed to be a Gaussian vari-
able. Then, since (2) represents a linear operation, Oo 
will be a Gaussian variable' and the response can be de-
scribed in terms of two parameters, mean and standard 
deviation. 

Eqs. (2) and (3) indicate the desirability of having the 
weighting function, h_1, available. However, if we at-
tempt to use an analog computer to perform the above 
mathematical operations we run into some difficulty. 
The reason for this is that the integrating procedures 
described above are with respect to ti, the time at which 
the impulse is applied. If our system is simulated upon 
the computer and an impulse introduced, the resulting 
weighting function is a function of t (the time of meas-
urement of the response) for a particular value of t1. The 
computer could be operated a number of times, always 
introducing the impulse at a different time ti and meas-
uring the response at a particular value of t. The weight-
ing function, h_1(t, ti), could then be determined point by 
point for a particular value of t as a function of Ii. This 
procedure is long and does not allow the computer to 
perform the integrations described in (2) and (3), except 
on a greatly expanded time scale. 
The analog of a linear time-varying system, therefore, 

does not provide us with the desired weighting function 
for easy system analysis. More desirable would be a sys-
tem which provides us with the impulse response as a 
function of the time at which the impulse is introduced. 
This new system is called the adjoint system, and its 
validity and instrumentation have been described by 
Laning and Battin.' 
Although the computer would probably not be used to 

perform the operation in (2), the weighting functions 
available as a function of time of application are very 
useful in predicting system behavior. Instrumentation 
of (3) on the computer, on the other hand, represents a 
large saving in time over methods that do not use the 
adjoint system. 

2 L. A. Zadeh, "Frequency analysis of variable networks," PROC. 
I.R.E., vol. 38, pp. 291-299; March, 1950. 

3 R. R. Bennett, "Analog computing applied to noise studies," 
PROC. I.R.E., vol. 41, pp. 1509-1513; October, 1953. 

4 00(0 will not be stationary, but at a given time, 12, it will be 
Gaussian over the ensemble if 0(12) is Gaussian. 

6 J. H. Laning, Jr. and R. H. Battin, "On an Application of the 
Use of Analog Computers to Methods of Statistical Analysis," Proj-
ect Cyclone Symposium II, Reeves Instrument Corp., New York, 
N. Y.; 1952. 

(3) 

We will show how the adjoint system can be synthe-
sized from the original system block diagram, using re-
lations between various weighting functions. Long 
mathematical argument is avoided so that the physical 
nature of the problem becomes more apparent. A short 
appendix contains a discussion of the mathematical as-
pects of the problem, but this material is not necessary 
to the development. 
The synthesis of the adjoint system is accomplished in 

the following way: 

1. The response of a system to a set of initial condi-
tions is independent of the manner in which these 
initial conditions are introduced into the system. 
It will be shown for a time-varying system that an 
initial condition can be introduced 
(a) by applying appropriate impulse functions at 

the input 
(b) by applying a constant input at an appropri-

ate place in the system. 
2. Since excitations (a) and (b) above produce the 

same result at the output, these outputs, which can 
be written in terms of weighting functions, are 
equated. 

3. By using derivative relations (developed in the 
next section) between weighting functions, the 
equation resulting can be written as a differential 
equation with impulse response as dependent vari-
able. The derivatives are with respect to ti, the 
time of application; the differential equation is 
shown to be that for the adjoint system. 

PRELIMINARY RESULTS 

It is the existence of derivative relations with respect 
to ti among the weighting functions that makes possible 
a system with ti as the independent variable leading to 
instrumentation of (2) and (3) on the analog computer. 
The relation between the response to a ramp (h1) and 
the response to a step (ho) is derived as follows. 

ej 

hi( t, 11) 

Response to Ramp 

ti 

Bi. (t-ti) u ( t-ti) 

Fig. 1—Response of a linear time-varying system to a ramp. 

In Fig. 1, a system is subjected to a ramp at time ti. 
The response is Mt, ti). In Fig. 2, ei is made up of the dif-
ference of two ramps of magnitude 1/Ati, the second 
ramp being applied at time ti+Ati. Because the system 
is linear and superposition holds, the response is also a 
difference. Now, we note that as Ati becomes small, 
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9, --> u(t — ti), unit step 

response = hm 
tI) — 1;1(1, ti st,) 

ti) 

at' 

a 
ho(t, = — — hi(t, ta• 

at' 

The general relation ic 

h„(1, 
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TIME-VARYING FEEDBACK SYSTEM 

Consider the feedback system in Fig. 4. Here l/p is 
the transfer function representing integration. There are 
two integrations in the above loop and the system in 
general would have two initial conditions. Let us deter-
mine two different driving functions which are equiva-
lent to a unit initial condition at point B at time ti. We 
will then equate the responses to these two inputs to 
form an equation describing the system. 

a 
—  hn+i(t, ti). (4) 
ati 

We note that these derivative relations between the 
weighting functions are all with respect to ti, the time 
at which a disturbance is applied. These relationships 
apply to all linear time-varying systems. It would now 

 > t 
t1+MI 

hi(tid-hi(i,ti +MO 

M I 

Fig. 2—Response of linear time-varying system to the difference 
111> of two ramps approximating a step function. 

seem reasonable to look for some relationship between 
the weighting functions that is particular to the system 
to be analyzed. If this can be done we may then formu-
late a differential equation with the desired impulse re-
sponse as the dependent variable and the time at which 
a disturbance is applied, ti, as the independent variable. 

• 

cr-td 

a —S ( t - r,) at, 

f ( t) 

(a) 

f (1) 

f 01)8(t-t1) 

f'( ti) S (t-ti)- f (ti) S'(t-11) 

(b) 

Fig. 3— Response of time-varying gain element to 
impulse and doublet functions. 

As was indicated in the previous section, part of the 
synthesis of the adjoint depends on the application of 
appropriate impulse functions at the input of a time-
varying system. The response of a time-varying gain 
element to an impulse applied at time ti is shown in 
Fig. 3(a). The response of the variable gain element to a 
doublet is found by differentiating input and output of 
Fig. 3(a) with respect to ti (a procedure justified by the 
superposition property). The result is shown in Fig. 3(b). 

Fig. 4—Linear time-varying feedback system. 

Suppose we have a 8 function at time ti at the input: 

0.(1) = 8(1 - 11)• (5) 

Referring to Fig. 4, we see that this becomes f (ti)8(t 11) 
at the output of the f(t) block, which is integrated to 
become an initial condition of magnitude f(ti) at point 
A. The initial value at B will be zero. 

Next consider a doublet at time ti at the input: 

ei(t) = si(t — = — —a  8(1 — 11). (6) 
ail 

The output of the f(t) block is [from Fig. 3(b) 

f(ti)8'(t — ti) — f(ti)8(t — ti). 

The input (6) produces an impulse of magnitude f(ti) 
and an initial condition of magnitude —J.' (ti) at point 
A. The impulse continues through the circuit to pro-
duce an initial condition of magnitude Kf(ti) at point B 
and magnitude —f(ti) at point A. The input required to 
produce a unit initial condition at point B alone can be 
made up of a combinatión of (5) and (6) in the following 
manner. To obtain the desired unit initial condition at 
B we need, referring to Fig. 5 on the following page, 

an input of 

1 

Kf(11) 

But this places at point A the initial condition: 

e(t — t1). 

f(ti) 1 1 (i±j1(4)\ 
— — — — --

Kf(ti) K K \ f(td . 

Now this can be cancelled if we introduce a 8 function at 

the input of magnitude 

1 [ 1 ( 
— 1 + —)] • 
K f(ii) 

Therefore, the total input required to place a unit initial 
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8.(m) 

f ( t) 

f(ti) 

f (t) 

-1.(1.) - 1(V 

Fig. 5—Initial conditions introduced by impulse and doublet inputs 

a 
[le(t — ti) = — b(1 — ti)]. 

at 

condition at B is 

1 1 
0,   fY(1 11) + (1 + f---'(11))6(1- ti). (7) 

Kf(11) Kf(11) 100 

The response due to this input can be expressed in terms 
of the weighting functions previously defined: 

h-2(1, ti) b-i(t, ti) J.' (11)  
00 = 11-1(1, ti). (8) 

Kf(11) Kf(11) Kp(11) 

A second and different way to put a unit initial condi-
tion at point B is to introduce a unit-step function as 
shown in step 1 of Fig. 6. This input can be moved 
around the loop as in steps 2 and 3 of Fig. 6 without 
changing the output. The net response, as in step 3 is 

00 = 14(1 - ti) - ho(t, ti). (9) 

Now, since this response (9) is due to a unit initial con-
dition at B, as was (8), the two can be equated. We call 
this the method of equivalent inputs. The resulting 
equation is 

h-2(1, ti) b-1(1, ti)  
  h-4(1, ti) 

Kf(11) Kf(11) Ki.2 (11) 

= 14(1 - ti) - ho(1, ti) ( 10) 
or, collecting terms 

1 a h_(1, to h-i(t, ii) 

K ati f(t1) icf(to 

ho(t, u(t - 

f ( t) 

Step , I 

Sn 2 

(Same) 

Step 3 

u(t-ti) 

u(t-t) 

u (WO 

(Same) 1 • +(!), 

—  — — — — 1 u ( t-td -ho(t,ti) 

Fig. 6—Steps leading to inputs equivalent to 
initial condition at point B. 

We note in passing that ( 10) gives a relation among 
weighting functions that can be used to find a third 
when two are already known. Now, differentiating with 
respect to ti and letting 12 be the time of observation, 
(11) becomes 

1 82 h_,(12, to 1 a h_i(t2,  

K ati2 f(11) K at 1(1) 

- h_1(12, = - 412 - to. (12) 

This is a differential equation with the impulse response 
function as the dependent variable and ti, the time at 
which an impulse is introduced, as the independent vari-
able. The time of observation 12 is a parameter of the 
equation. In order to put ( 12) into a form that is suita-
ble for computer instrumentation, we make the change 
of variable, 

t = ts - 

where t is real computer time. Then (12) becomes 

1 d2 h--1(12, 12 - t) 1 d 11_1(12, 12- t) 

K d12 1(12 - • K di 1(12- 1) 

▪ h_1(12, 12- t) = 8(1). ( 13) 

A block diagram of this equation is shown in Fig. 7, and, 
rearranging, we have finally the block diagram in Fig. 8. 

Fig. 7—Block diagram representation of ( 13). Fig. 8—Adjoint system for Fig. 4. 



1954 A seltine and Favreau: Weighting Functions for Time- Varying Feedback Systems 1563 

• 

original 

Comparing Fig. 8 with Fig. 4, we note the following: 

1. The order of elements around the loops is reversed. 
2. The time varying element in Fig. 8 starts with the 

value f(t2) which was its final value in Fig. 4. The 
argument (t2—t) decreases as time goes on. 

3. The positions of system inputs and outputs are 
reversed in the two figures. The inputs to both sys-
tems are impulse functions. 

4. There is available in the system of Fig. 8, the func-
tion h_1(12, t2 —t). This is one of the weighting func-
tions, but measured at t =12 for varying-time of ap-
plication of the impulse. This is a function that 
can be used in the way described in the introduc-
tion to find the response to a general input, or the 
mean square response to a statistical input. 

The properties listed above are those of the adjoint 
system described by Laning and Baffin.' The adjoint, 
therefore, has then been arrived at through a physical 
argument. A mathematical discussion of the adjoint and 
an example of the method of drawing the block diagram 
for an adjoint system will be found in the appendix. 

It is interesting to plot representative weighting func-
tions produced by the two systems—the original, Fig. 4, 
and the adjoint, Fig. 8. These might appear as shown in 
Fig. 9. 

h (tot%) 

A 

h(t2,;) 

tI t2 

system 

t2-ti 

adjoint system 

Fig. 9—Representative responses of time-varying 
system and its adjoint. 

CONCLUSION 

The method discussed has led to a development of the 
adjoint system by a physical argument, avoiding the 
discussion of Green's functions and the like. It may, 
therefore, provide more physical intuition in under-
standing the adjoint system. Eq. ( 10) can be used to find 
other weighting functions graphically from functions al-
ready computed. 
The system used for illustration of the method can be 

changed to fit specific problems. However, the adjoint 
system can be drawn immediately, and the counterpart 
of ( 10) found from it. 

J. H. Laning, Jr. and R. H. Battin, op. cit. 
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APPENDIX 

It has been shown7 that the adjoint system may be 
used to obtain the weighting function for a linear time-
varying system as a function of the time of application 
of the impulse. In this appendix we will show for a sim-
ple system how the adjoint is obtained from the block 
diagram; how the equation for the adjoint system is re-
lated to that for the original system; and how the solu-
tions of the two-systems equations are related. 

8 ( t-t,) 

Fig. 10—Simple time-varying feedback system. 

Let us consider the servo with varying gain shown in 
Fig. 10. The input is an impulse function at time 
The equation describing This system is 

1  do 
—  = 0, = 8(1 — ti). 

Kot dl 

The system could be simulated as shown in Fig. 11. 

Kot 

(t 

Fig. 11--Analog computer block diagram for Fig. 10. 

(14) 

ec, 

In Fig. 11, we define the impulse response as 

é-0(t) = h-.1(1, ti). 

Now the adjoint system is found from the original by: 

1. Turning each element in the loop around, and re-
versing the direction of signal flow. 

2. Letting the variation of time-varying elements 
start from some time /2, and run backwards relative 
to their action in the original system. 

3. Interchanging the input and output of the system. 
The new input is 8(1). We will show that the out-
put is 11_1(12, 12 

7 J. H. Laning, Jr. and R. H. Battin, op. cit. 
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Following these rules, we have in Fig. 12 the adjoint 
system for Fig. 11. We will call the impulse response of 
this new system 00(/). The equation for the system in 
Fig. 12 is 

flcr 

Fig. 12— Adjoint system for Fig. 11. 

.5(1) _ 00(1) = d r IC0(12 1 — t) 00(t)]. (15) 
dt L  

8(t) 

We change variable, x = to— t, 00(to— x) = (70(x, 12), and 
(15) becomes 

d [ 1 
 éo(x, 121 -I- Uo(x, 12) = 5(x — 12). ( 16) 

dx Kox 

This equation is the adjoints of 

1 d 
— h_1(x, ti) h_1(x, ti) = S(x — 4), (17) 

Kox dx 

where we have used h_1 for the solution, since the equa-

The adjoint equation is obtained by replacing each operator 
f,,(x)(dn/dx.) by ( —)*(c/^/dx")f„(x). 

tion is the same as ( 14). Now a property of the solutions 
of a pair of adjoint equations like (16) and (17) is 
(under certain conditions on initial values that are 
satisfied here)9 

so that 

or 

e2) = El) 

io(x, 12) = h_1(12, x) 

00(12 — x) = h_1(to, x). 

Now, letting x = /2-1, we have 

00(t) -= h_1(12, 12 — 1), 

which is the desired result. It may be helpful in under-
standing the relations between h_1, 00, and Uo to compare 
them with the solutions for the case being considered. 
The system is described by first order equations which 
can be solved by quadratures to yield an analytic solu-
tion. Solutions to (17), ( 15), and (16), are 

Ko 
h_1(t, ti) =- K011 exp (— — ( 2 t12)) 

2 

Ko 
00(0 = Ko(t2 — 1) exp (12 — 2121)) 

2 

Ko 
I-4(x, to) = Kox exp (— ___ (122 _ x2)) . 

2 

9 E. L. Ince, "Ordinary Differential Equations," Dover Publica-
tions, New York, N. Y.; 1944. This property and the conditions un-
der which it holds are discussed on pp. 254-256 in connection with 
the Green's functions for a system and its adjoint. More specifically, 
the conditions require that the original system and its adjoint as 
simulated are at rest before application of the impulse. 
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Analysis of Propagating Modes in 
Dielectric Sheets* 

LEONARD HATKINt, MEMBER, ERE 

Summary—A procedure is described for calculating the char-
acteristics of propagating modes in dielectric sheets. Specifically, 
if a required wavelength of the guided wave is given, the appropriate 
free space wavelength and thickness of the dielectric sheet can be 
readily obtained, and these variables are related through a single 

parameter. The methods used are those of geometric optics and 
transmission line analogies. 

INTRODUCTION 

IN RECENT YEARS there has been considerable interest in the propagation of electromagnetic 
energy in dielectric sheets. Although several solu-

tions for the propagating modes exist in the literature,' ,2 
all these solutions suffer from a number of deficiencies. 
In particular, the most convenient existing solutions 
involve the simultaneous solution of two equations, one 
of which is quadratic and the other transcendental.' 
As a result, given a particular geometry and frequency, 
it is not too difficult to determine the wavelength of the 
propagating mode. However, it is quite awkward to 
work in the reverse direction. That is, given a ratio of 
guide wavelength to free space wavelength, it is not 
easy to determine the necessary frequency for the geom-
etry involved. The method described below allows 
this latter objective to be achieved rather readily, and 
also relates all the variables involved through a single 
parameter, rather than two parameters, as in the other 
methods. Although it has been generally recognized 
that the propagating wave can be broken up into two 
criss-crossing wave components,' this fact has not here-
tofore been utilized in solving for the propagating modes. 
The solutions derived here make use of this character-
istic, and are obtained by a combination of geometric 
optics and transmission line analogies. 

DISCUSSION 

This paper considers only waves of the TE„0 and 
types (no variation in the y direction). The 

geometry involved is shown in Fig. 1. Consider a wave 
propagating down the dielectric by means of multiple 
reflections from the dielectric boundaries. This type of 
wave can be broken up into a wave traveling in the x 
direction (the propagating wave), and one traveling in 

* Decimal classification: R112.33 X R118. Original manuscript re-
ceived by the IRE, April 15, 1954; revised manuscript received, June 
23, 1954. 
t Evans Signal Laboratory, Belmar, N. J. 
1 J. A. Stratton, " Electromagnetic Theory," McGraw-Hill Book 

Co., New York, N. Y., p. 590, ex. 9; 1941. 
2 S. A. Schelkunoff, "Electromagnetic Waves," D. Van Nostrand 

Co., New York, N. Y., pp. 428-431; 1943. 
3 W. O. Schumann, "Elektrische Wellen," Carl Hanser Verlag, 

Munich, Ger., pp. 187-242; 1948. 
4 S. A. Attwood, "Surface wave propagation over a coated plane 

conductor," Jour. App!. Phys., vol. 22, pp. 504-509; April, 1951. 

the z direction. For propagation to take place, the air 
region must be below cut-off (angle of incidence must 
be equal to or greater than the critical angle), thus set-
ting up a standing wave in the z direction. From the 

Y 

- d 

X 

Fig. 1— Dielectric sheet geometry. 

(a) 

geometry and physics of the situation, a number of re-
lationships become apparent: 

X/X» = X/X. = NR -sin 01 

X/X. = Vircos 01 

sin 02 = 01 

zzdTE Ey/II.=Zh/Tcos01 
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Zza"  = Z/COS 02 = Z/V1 — e' sine 01 

Z.TE = = Z/Virsin 01 

cos 01  
Zsdni = E./ H„ — Z 

1/ei 

Zzanw =Zcos02 = — e' sin' 01 

sin 01 
L7. TM = Ez/II, — Z 

where 

Vè-> 

(5) 

(6) 

X is the free space wavelength, 
X, = X, is the wavelength of the propagation mode 

X, is the wavelength of the wave traveling in the 
z direction in the dielectric 

E/ is the relative dielectric constant of the di-
electric medium 

01 is the angle of incidence 
is the angle of refraction (imaginary in the 

cases here considered) 
is the intrinsic impedance of free space 
is the impedance of the TE wave traveling in 

the z direction in the dielectric 
is the impedance of the TE wave traveling in 

the z direction in the air region (imaginary 
in the cases here considered) 

is the impedance of the TE wave propagating 
in the x direction 

is the impedance of the TM wave traveling in 
the z direction in the dielectric region 

is the impedance of the TM wave traveling in 
the z direction in the air region (imaginary 
in the cases here considered) 

is the impedance of the TM wave propagating 
in the x direction. 

The analysis is similar to that sometimes used for 
modes propagating between parallel conducting plates. 
However, whereas for the parallel plate case the angle 
of incidence could vary from 0 to 90°, in the case of 
dielectric sheets the angle of incidence must be re-
stricted to angles between the critical angle, 

Oc = 

and 90°, so that the waves may be totally reflected 
and guided by the dielectric sheet. In keeping with the 
analogy, incidence at the critical angle corresponds to 
the cut-off frequency and incidence at 90° corresponds 
to infinite frequency. 
The reflection coefficient at the dielectric interface for 

the transverse field component which is parallel to the 
interface is 

z.arie _ zi,drE N/i' cos 01 + j\/€' sine 01 — 1 
RTE  — —  (10) 

Z„TE Z,JE Ve' cos 01 — We' sine 01 — 1 

for the Ey component of the TE waves, and 

02 

ZzdrE 

Z." 

z.re 

ZZdTM 

Z9TM 

ZITM 

RTM 
Z,dTM — Z19TM 

ZgdTM + Z gaTM 

cos 01/Ve' jVe' sine 01 — 1  
(11) 

cos 01/N/7 — We' sine 01 — 1 

for the H, component of the TM waves. The V .Z.1 has 
been taken as —j in order to cause an exponential de-
cay of the fields in the air region. 

These reflection coefficients always have a magnitude 
of one in keeping with the principle of total reflection, 
and a phase angle which varies from 0 at 01=0, to ir at 
01=90°. Thus a transverse standing wave will be set up 
in the dielectric which is co-sinusoidal for the odd num-
bered modes and sinusoidal for the even numbered 
modes. The electrical length cki of the standing wave 
from the midplane, z = 0, to the dielectric boundary, z = d, 
for the lowest mode (TE io or T3/10) can be obtained 
from the expression 

= cos-1 
1 + R 

2 
,O ≤ ≤ r/2. (12) 

R is determined from ( 10) or ( 11), depending on wheth-
er we have a TE or TM wave. The electrical length 
of the standing wave for the nth order mode (TES„ or 
TM„,) can be found by adding appropriate numbers of 
quarter wavelengths. Thus 

= — 1)7r/2 n = 1, 2, 3, 4, etc. (13) 

,114-R1 

4ci \\ 
.•-• 

• 
• 

Fig. 2—Determination of X, from R. 

From Fig. 2, the relationship 

Xzn/d = 27/0,. (14) 

is also apparent, where X. is the wavelength of the 
standing wave in the z direction for the nth mode in 
the dielectric, and 2d is the thickness of the dielectric. 
Combining (2) and ( 14) we have 

X/2d =   cos 01 
(15) 

4). 

At cut-off chi = 0, and cos 01= V(Ei'-1)/e', so that 

2 
X/2d —   — 1, n = 1, 2, 3, 4, etc. (16) 

n — 1 

where X,„ is the cut-off wavelength for the nth mode. 
Thus, given a X/Xg, the appropriate X/2d may be 

readily found through the single parameter 01. Families 
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Fig. 3— Plot of X/Xg and X/2d vs. Oi for TE waves in 
Lucite sheet. 
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Fig. 5— Plot of X/Xg and X/2d vs. 01 for 
TM waves in Lucite sheet. 
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of curves relating the variables X/Xg and X/2d may be 
drawn as in Fig. 3 and 4, which show the TE wave 
curves, and Figs. 5 and 6, which show the TM wave 
curves. These data have been calculated for Lucite 
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Fig. 4—Plot of X/2d vs. X/Xg for TE waves in Lucite sheet. 
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Fig. 6—Plot of X/2d vs. X/Xg for TM waves in Lucite sheet. 

sheets, assuming el= 2.56. In general, the procedure is 
to determine 01 from the given X/Xg. Once 01 is known, 
O. may be readily found and then X/2d calculated. It 
should be noted that although the cut-off relations are 
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the same for both the TE and TM waves, elsewhere the 
curves are different because the effect of e' is different 
in the two cases. 
The propagation constant for the wave traveling in 

the z direction in the air region is imaginary and is given 
by 

27 27 27   
—  = — cos 02 = — j — N,/e' sin201 — 1 • 
Xia X (17) 

The -j gives rise to the exponential decay character-
istic of evanescent waves. The field equations may be 
obtained by means of transmission line analogies or 
other standard methods and will not be included here. 
With the method described above, analytical rela-

tionships between X/Xg and X/2d have been rather di-
rectly and simply obtained for waves of the TE.. and 
TM.0 types through the use of a single parameter 01, 
which is the angle of incidence of the criss-crossing 
traveling wave components at the dielectric to air inter-
face. The salient expressions can be summarized as 
follows: 

= -Ve' sin 01 

1 + R 
= cos-1 

2 

(1) 

+ (n — 1)7/2 (12) and ( 13) 

IrVTCOS 01 
X/2d —   

(a. 
For TE waves, R is given by ( 10) and for TM waves, 

by ( 11). 

CONCLUSIONS 

Very often the important parameter in the design of 
a guided wave system is X/Xg. The method employed 
herein allows a direct, analytic determination of the 
required wavelength and geometry; i.e., X/2d. Although 
in this paper the method has been used only to derive 
the propagating modes in dielectric sheets, the method 
can be extended very simply to calculate the modes in 
waveguides and transmission lines partially filled with 
dielectric—cases which are more conventionally treated 
by the transverse resonance method.' Also, by resorting 
to geometries other than Cartesian, the cases of dielec-
tric clad conductors, or dielectric tubes of circular or 
other shape may be solved by this method. 
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CORRECTION 

Sol Sherr, author of the paper, "Generalized Equations for 
RC Phase-Shift Oscillators," which appeared on pages 1169-
1172 of the July, 1954 issue of the PROCEEDINGS OF THE I.R.E., 
has brought the following correction to the attention of the 
editors: 

In the drawing for Fig. 5(b), Z1 becomes Z1', and Z1' cor-
respondingly becomes Z1. 
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Correspondence  
Comment on "A Note on the Analy-
sis of Vacuum Tube and Transistor 
Circuits," L. A. Zadeh' 

In concluding the above titled paper, Dr. 
Zadeh remarks that "the method (of con-
structing admittance or impedance coeffi-
cients tables) can readily be extended to net-
works containing active elements other than 
three-terminal vacuum tubes and transis-
tors." It seems that although the extension 
is straightforward as far as admittances (for 
node equations) are concerned, there arise 
some essential difficulties in constructing 
impedance tables (for mesh equations) of 
elements having more than three terminals. 

Consider a general n-terminal network 
element, and suppose that one of its termi-
nals is used as a ground node in nodal anal-
sis. A total of (n — 1)2 admittances are then 
needed for complete specification of the ele-
ment. If none of its nodes is grounded, n2 ad-
mittances appear in the analysis, but the 
added 2n — 1 elements are redundant, be-
cause in the complete nxn array the sum of 
each row and each column is zero.' When 
any other terminal is grounded, the same 
array of admittances is used, after omitting 
the appropriate row and column. An admit-
tance table of n2 elements, with one re-
dundant row and one redundant column, 
thus contains all the values that may appear 
in nodal analysis. 

In mesh analysis, each mesh concerns a 
pair of terminals, and although not more 
than n meshes will be needed in any analysis, 
these n meshes may be chosen out of a set of 
4n(n — 1) possible terminal pairs. If the im-
pedance table is to contain all the imped-
ances that may appear in an analysis, it must 
be constructed in the following manner. 

Let I,, be a mesh current entering by ter-
minal i and leaving by terminal j, and let 
Vp.2 be the voltage terminal between p and 
terminal q. Then the impedance elements ap-
pearing in the mesh analysis are four-indexed 
quantities, as in 

V,, 

and the impedance "table" should be a four-
dimensional array of n4 elements. The case 
is not as bad as all that, for both fe and Vp, 
are skew-symmetrical, so that each of them 
represents only ¡n(n — 1) independent quan-
tities (disregarding the sign) instead of the 
full n2, and the impedances may therefore be 
arranged in a two-dimensional table of 
¡en — 1)2 elements. This table is already 
somewhat incomplete, because when ele-
ments are picked out of it to be inserted in 
mesh equations, the sign of each term is not 
given in the table; but even thus the table is 

• usually bigger—and more redundant— than 
the admittance table. 

The special case n =3 treated in the pa-
per has the simplifying property that 

n = 4n(n — 1) 

* Received by the IRE, February 8, 1954. 
PROC. I.R.E., vol. 41, pp. 989-992; August, 1953. 
J. Shekel. "Voltage reference node—its trans-

formations in nodal analysis," Wireless Eng., vol. 31, 
pp. 6-10: January. 1954. 

therefore both tables have the same number 
of elements. (This is analogous to the possi-
bility of representing a skew-symmetrical 
second order tensor by a vector— but in three 
dimensions only.) Moreover, in any ground-
ing position, each Z element is equal to one 
of the Y elements divided by the determi-
nant of the four Y's; and as this determinant 
is independent of the terminal chosen as 
ground,' all the Z elements are proportional 
to the Y elements. (Compare Tables II and 
IV in Zadeh's paper.) Therefore, in this spe-
cial case only, the structure of the 2 table is 
the same as that of the Y table, the sum of 
each row and column being zero. 

These remarks, as well as the fact that in 
mesh analysis external resistors must some-
times be used, point out that there is not a 
complete equivalence (or duality) between 
the methods of mesh and node analysis; the 
balance being in favor of the latter, at least 
for the analysis of general n-terminal net 
work elements. 

J. SHEKEL 
8 Ben Yehuda St. 

Haifa, Israel 

Rebuttal* 
Mr. Shekel is quite right in stating that 

there is not a complete equivalence (or dual-
ity) between the mesh and node variants of 
the method under discussion. He is not cor-
rect, however, in asserting that the equiva-
lence (or duality) holds only for n = 3, that 
is, in the case of three-terminal elements. It 
holds, more generally, when the network N 
is planar, and the meshes are chosen in the 
conventional manner. The number of termi-
nals, n, is immaterial. 

As to the fact that in mesh analysis ex-
ternal resistors must sometimes be used 
(e.g., when dealing with vacuum tubes hav-
ing infinite grid impedance), this is not really 
a difference between the two methods, since 
a similar situation is encountered in the node 
analysis when one deals with idealized tran-
sistors having infinite emitter admittance. 

The method described in the note under 
discussion and in Mr. Shekel's papers has 
long been used by the writer in his lectures 
on network theory in Columbia University. 
In the writer's experience, the use of tables 
of admittance and impedance coefficients 
greatly simplifies the analysis of active and 
passive circuits containing multi-terminal 
elements. While it is generally true that even 
in the case of planar networks the analysis is 
somewhat more readily carried out on the 
node basis, this fact has no relation to the 
number of terminals of network elements, as 
is implied by the discusser. 

In conclusion, the writer wishes to thank 
Mr. Shekel for his interesting comment on 
the writer's statement regarding the mesh 
analysis of networks containing n-terminal 
(n > 3) elements. 

• 

L. A. ZAHEIL 
Dept. of Elec. Eng. 

Columbia University 
New York 27, N. Y. 

: J. Shekel, "Two network theorems concerning 
change of voltage reference terminal." to be pub-
lished in PROC. I.R.E. 

4 Received by the IRE. March 3. 1954. 

Finite Groups in Shannon Coding* 

Shannon's well-known formula C= W log 
(1+P/N) for the maximum rate of commun-
icating digital information with negligible 
risk of error is dependent on sufficiently com-
plicated encoding.' The mathematical der-
ivation in terms of a multidimensional geo-
metric model requires as a necessary condi-
tion (though not in itself sufficient) that the 
number of dimensions in the model-space 
should tend to infinity, which corresponds 
to the number of digits in the message-group 
tending to infinity. Now the delay occa-
sioned by the use of a large number of digits 
in the message-group may not be prohibi-
tive, but the complexity of the decoding 
equipment increases with the number of 
digits in the message-group which must be 
stored so that the complete message can be 
identified by correlation with the vocabu-
lary of possible messages. For this reason 
coding in very large groups may not be prac-
tical, and one therefore considers what error 
rate is to be anticipated with a finite number 
of digits in the message-group, and how this 
may be improved by lowering the commun-
ication rate below the theoretical maximum. 

The crux of the matter is the decoding 
process, which in Shannon's geometrical 
model may be described colloquially as fol-
lows. We first tee our stand on the surface 
of an x-dimensional hypersphere of radius 
V[x(P-1-N)1, because with large groups al-
most all messages will have the maximum 
mean power (almost all the content of the 
message hypersphere in many dimensions is 
at the surface), and the mean noise power N 
of the system is assumed to be steady and 
known. We then fish into the interior of the 
hypersphere with a fishing line of length 
V(xN) and if the coding at the transmitting 
end has been properly arranged, there will 
be only the one correct message within the 
range of our line. 

The requirement that the mean message 
power shall always have the same value can 
always be met in the construction of the 
code: a known example is the error-correct-
ing 7-unit code. With small groups such a 
code has considerable redundancy (35 char-
acters are provided by a 7-unit code con-
strained to include always 3 mark units, 
compared with 128 for an unconstrained 
code of 7 binary digits), but with extremely 
large groups the proportion of possible mes-
sage-groups excluded by the power criterion 
is small, and the reduction of digit rate by 
this constraint is readily calculable. 

Assuming, then, that we have message 
power P and white noise with a mean power 
N, what is the probability that the vector in 
the Shannon model which represents the 
combination of noise and message will have 
the length V [x(P+/V) ] ? A qualitative idea 
of the answer can be obtained by considering 
separately first the angle between the noise 
vector and the message vector and then the 
amplitude of the noise vector. 

• Received by the IRE. July 29. 1954. 
C. E. Shannon, "Communication in the prestnce 

of noise," Pnoc. I.R.E., vol. 37, pp. 10-21; January. 
1949. 
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Thus in Fig. 1 we have assumed two 
vectors a and b, each of constant length and 
in ratio 10:1 (i.e., corresponding to sig-

Fig.1 

nal/noise ratio of 20 db), but with random 
angle between them. The length of the re-
sultant is denoted by R, and the curves show 
for various values of x the distribution func-
tion P(R), such that the probability of the 
resultant lying between R and R-1-81? is 
P(R)SR It can be seen that in order to con-

fine the probable resultant within bounds 
substantially closer than the arithmetic sum 
and difference of the two vectors, x must 

r • t ..... 
1, 

• t• 

e 

Fig. 2 

be of the order of 100 or more. (For x=82; 

the curve shows that the range of con-
siderable probability is about a quarter 
of that for x=2.) Fig. 2 shows the dis-
tribution functions P(r) for the normal-
ized amplitude of the resultant noise vectors 
for several values of x. (r = 1 is the most 
probable value in each case.) Again one has 
to go to large values of x before the bounds 
of the range of appreciable probability are 
less than plus or minus the rms noise value. 
This adds further uncertainty to the true 
magnitude of R when variable noise vector is 
substituted for constant vector b in Fig. 1. 

It appears likely that this need for large 
groups is the implicit reason for the neglect 
of systems based on linear transformations 
and the philosophy behind Shannon's de-
rivation of the maximum communication 
rate, and the practical development of non-
linear systems such as FM and pulsed sys-
tems which employ amplitude limiters and 
slicers. With white noise the latter are theo-
retically inferior to an ideal linear system, 
but they are very much simpler to construct. 

D. A. BELL AND T. C. DUGGAN2 
Elec. Eng. Dept. 
Univ. of Birmingham, Eng. 
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during World War 
II, he returned to 
school where he re-
ceived the B.S., M.S., 
and Ph.D. degrees in 
electrical engineer-
ing at Stanford Uni-
versity in 1948, 1949, 
and 1952, respec-
tively. 

From 1949 to 
j. L. STEWART 1951 Dr. Stewart was 

employed at the Cal-
ifornia Institute of Technology Jet Propul-
sion Laboratory and The Hughes Aircraft 
Co., Culver City, California. From 1952 to 
1953, he was a research associate at the 
Stanford University Electronics Research 
Laboratory. Since 1953, Dr. Stewart has 
been assistant professor of electrical en-
gineering at the University of Michigan and 
consultant to the Engineering Research In-
stitute at the University. 

Dr. Stewart is a member of Tau Beta Pi 
and Sigma Xi. 

•:* 

R. P. Stone (S'40—A'42—M'46—SM'50) 
was born on April 10, 1918, in Columbus, 
Ohio. He received the B.E.E. degree in 1940 

from the Ohio State 
University, the M.S. 
degree in 1941 from 
Purdue University, 
and the Ph.D. de-
gree in electrical 
engineering from 
Princeton University 
in 1949. 

Dr. Stone joined 
the Radio Corpora-
tion of America RCA 
Laboratories Divi-
sion, in 1941, work-

ing on various problems in the field of elec-
tron tube research. 

In addition to his I.R.E. activities he is 
a member of Sigma Xi. 

B. H. Wadia (S'50—A'53) was born on 
October 1, 1927 in Surat, India, He received 
the degree of B.E. ( Mechanical and Electri-

cal) at the Univer-
sity of Bombay in 
1948 and came to the 
United States for 
graduate work in 
Electrical Engineer-
ing at Stanford Uni-
versity, Stanford, 
California. After ob-
taining the M.S. de-
gree in 1950, he 
worked as a Research 
Assistant at Stanford 
and obtained his 

Ph.D. degree in April, 1954. 

R. P. STONE 

B. H. WADIA 

Dr. Wadia now is a Research Associate 
at the Microwave Laboratory, Stanford 
University. 

In addition to being a member of I.R.E., 
Dr. Wadia is a member of Tau Beta Pi and 
Sigma Xi. 

R. H. Wilcox (S'48—A'51) was born in 
Wooster, Ohio, on September 23, 1927. He 
received the B.S. degree in electrical en-

gineering from La-
fayette College in 
1951. 

Previous to this 
he was associated 
with the RCA Serv-
ice Company and All 
American Airways as 
an electronic techni-
cian, and he served 
two years as an 
Aviation Electronic 

R. H. W ILCOX Technician in the 
U. S. Navy. Mr. Wil-

cox has been employed by the Naval Re-
search Laboratory, Washington, D. C., since 
1951, where he has engaged in research on 
noise generation and electronic analog de-
vices for the computation of statistical signal 
parameters. At present he is associated with 
the Command Guidance Section of the Aviga-
tion and Transistor Research Branch, Elec-
tronics Division. 

Mr. Wilcox is an associate member of 
the A.I.E.E. and the U. S. Naval Institute, 
and a member of Tau Beta Pi. 

• 

E. A. Wolff (S'51) was born on October 
31, 1929 in Chicago, Illinois. He received the 
B.S. degree in Electrical Engineering from 

the University of Illi-
nois in 1951. In 1953 
he received the M.S. 
degree in Electrical 
Engineering from the 
University of Mary-
land. 

Since his gradua-
tion from Illinois, 
Mr. Wolff has been 
with the Wave Prop-
agation Branch of 

E. A. WOLFF the Naval Research 
Laboratory in Wash-

ington, D. C., where he has devoted his time 
to the development of experimental radar 
systems. 

Beside his Senior Membership in I.R.E., 
Mr. Wolff is an Associate Member of the 
AIEE. He also holds membership in Eta 
Kappa Nu and Sigma Tau. 
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IRE News and Radio Notes 
FIRST U. S. AUTOMATION SHOW 
To BE HELD 

The world of the future, in which facto-
ries which presently operate with 2,000 em-
ployees will be manned by a few hundred, 
and in which the three-day work week will 
be standard, will be previewed at the nation's 
first automation show, November 21-22 at-
the Waldorf-Astoria Hotel, New York, N. Y. 

Eighty companies in the field of control 
systems, components and services will be 
represented as exhibitors. The show will 
dramatize the enormous possibilities of com-
puters and control "hardware" and also 
demonstrate precisely what is being accom-
plished today. Called the Automatic Control 
Equipment Show, the gathering will be held 
for executives and engineers on a top man-
agement level rather than for technical spe-
cialists or the general public. 

Exhibitors will include instrument and 
computer manufacturers, firms which design 
and install complete automatic systems, and 
makers of the components comprising these 
systems. Additional information about the 
exhibit may be obtained from Strauss, Spig-
ler and Kline Corporation, Finance Building, 
South Penn Square, Philadelphia, Pa. 

CONFERENCE ON NUCLEAR 

ENGINEERING To BE HELD IN 1955 

An advance announcement of a 1955 
Conference on Nuclear Engineering on April 
27-29 at the University of California at Los 
Angeles, and an invitation to submit papers 
to be read at the gathering, have recently 
been issued by the Departments of Engi-
neering on the, Los Angeles and Berkeley 
campuses of the University. 

The Conference, offered through Univer-
sity Extension and sponsored by the out-
standing national engineering societies, will 

consist of three one-day sessions, each de-
voted to one of the following topics: Nuclear 
Reactor Power Extraction Systems and 
Auxiliaries (liquid metal systems, high pres-
sure water systems, etc.); Nuclear System 
Dynamics (power system dynamic behavior, 
reactor, kinetics, instrumentation and con-
trol, etc.); and Radiation Sources for Indus-
trial Applications. 

Any person wishing to present a paper on 
one of these topics should contact Professor 
T. J. Connolly, Department of Engineering, 
University of California, Los Angeles 24, 
California. A description of the AEC-ap-
proved security-clearance procedure for 
papers will be mailed with notice of tentative 
acceptance of these proposed papers. Pre-
prints of papers selected will be available at 
the Conference. 

FIRST MEETING BOSTON CHAPTER 

MICROWAVE THEORY AND TECH-

NIQUES GROUP 

The first official meeting of the Boston 
Chapter of the I.R.E. Professional Group 
on Microwave Theory and Techniques was 
held on June 3, 1954, at the Massachusetts 
Institute of Technology, Room 3-370 
Fifty-three people were present. 

The nominating committee, Merrill I. 
Skolnik, Sylvania, Boston; Leslie M. Vant, 
Diamond Microwave; and Daniel A. Lan-
ciani, Microwave Associates, approved the 
following selected candidates for office: 
Chairman Theodore S. Saad, Sylvania, 
Woburn; Vice-Chairman Walter Rotman, 
Cambridge Research Center; Secretary-
Treasurer Wilbur L. Pritchard, Raytheon, 
Newton. 

The latter half of the meeting was taken 
up by a very interesting paper, "Ferrites in 
Waveguides," given by Dr. Robert H. Fox, 
of the M.I.T. Lincoln Laboratories. 

Final Call For Papers 

IRE NATIONAL CONVENTION MARCH 21-24, 1955 
Prospective authors are requested to submit all of the following information: 
(1) 100-word abstract in triplicate with title, name and address of author. 
(2) 500-word summary in triplicate with title, name and address of author. 
(3) Indicate the technical field in which your paper falls: 

Aeronautical & Navigational 
Electronics 

Antennas & Propagation 
Audio 
Broadcast & Television Receivers 
Broadcast Transmission Systems 
Circuit Theory 
Communications Systems 
Component Parts 
Electron Devices 
Electronic Computers 
Engineering Management 

Industrial Electronics 
Information Theory 
Instrumentation 
Medical Electronics 
Microwave Theory & Techniques 
Nuclear Science 
Production Techniques 
Quality Control 
Radio Telemetry & Remote 

Control 
Ultrasonics Engineering 
Vehicular Communications 

Deadline for acceptance of papers: November 15, 1954 

Address all material to: Mr. J. Z. Millar, Chairman 
1955 Technical Program Committee 
Institute of Radio Engineers, Inc. 
1 East 79 Street, New York 21, N. Y. 

Calendar of 

COMING EVENTS 

IRE Professional Group on Vehicular 
Communications Meeting, Rice Ho-
tel, Houston, Texas, September 30-
October 1 

National Electronics Conference, Hotel 
Sherman, Chicago, Ill., October 4-6 

IRE Professional Group on Nuclear Sci-
ence Annual Conference, Sherman 
Hotel, Chicago, III., October 6-7 

Symposium on Marine Communication 
and Navigation, Hotel Somerset, 
Boston, Mass., October 13-15 

IRE-RETMA Radio Fall Meeting, Ho-
tel Syracuse, Syracuse, N. Y., Octo-
ber 18-20 

National Association of Educational 
Broadcasters 30th Annual Conven-
tion, Biltmore Hotel, New York, 
N. Y., October 27-30 

IRE Baltimore Section-PGANE East 
Coast Conference on Airborne and 
Navigational Electronics, Sheraton-
Belvedere Hotel, Baltimore, Md., 
November 4-5 

IRE-PIB Microwave Symposium, En-
gineering Societies Auditorium, New 
York, N. Y., November 8-10 

IRE-AIEE Conference on Electrical 
Techniques in Medicine and Biol-
ogy, Morrison Hotel, Chicago, 
November 10-11 

IRE Quality Control Symposium, Stat-
ler Hotel, New York, N. Y., Novem-
ber 12-13 

Symposium on Fluctuation Phenomena 
in Microwave Sources, Western 
Union Auditorium, New York, N. Y., 
November 18-19 

IRE Kansas City Section Annual Elec-
tronics Conference, Hotel President, 
Kansas City, Mo., November 18-19 

IRE-AIEE-ACM Eastern Computer 
Conference, Bellevue-Stratford Ho-
tel, Philadelphia, Pa., December 
8-10 

IRE-AIEE-NBS-URSI Conference on 
High Frequency Measurements, Ho-
tel Statler, Washington, D. C., Janu-
ary 17-19 

IRE National Convention, Waldorf-
Astoria Hotel and Kingsbridge Ar-
mory, New York, N. Y., March 21-
24 

IRE Seventh Region Technical Confer-
ence, Hotel Westward Ho, Phoenix, 
Ariz., April 27-29 

National Airborne Electronics Confer-
ence, Biltmore Hotel, Dayton, Ohio, 
May 9-11 
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AUTOMATION SYMPOSIUM IN 
PHILADELPHIA 

Six weekly lectures on automation, spon-
sored by the Philadelphia Sections of the 
IRE and AIEE, October 10-November 20, 
will cover: Automation in the Automotive 
Industry; Electronic Auto-Assembly; 
Etched Circuits; Modular Approach to 
Mechanized Assembly; Process Control; and 
Automation in Chemical Plants. 

For registration information, write the 
IRE Symposium on Automation, 1317 
Spruce Street, Philadelphia 7, Pa. 

COWAN AWARDED LAMME MEDAL 
Frank A. Cowan (M'30-SM'43) assist-

ant director of operations, Long Lines De-
partment, American Telephone & Telegraph 
Company, and holder of 17 patents in the 
communications field, has recently been 
awarded the 1953 Lamme Gold Medal. Spe-
cifically, Mr. Cowan was cited "for his out-
standing contributions to long distance com-
munication and the development of modu-
lating and transmission measuring appara-
tus of original design and application." 

The Lamme Medal is awarded annually 
to a member of the American Institute of 
Electrical Engineers "who has shown meri-
torious achievement in the development of 
electrical apparatus or machinery." It has 
been awarded annually since 1928. In the in-
terim some of the nation's top electrical engi-
neers have received it; Mr. Cowan is the first 
in the field of telephone engineering to re-
ceive the medal. 

Many of Mr. Cowan's inventions are 
widely used throughout the industry. Among 
them are bridge and ring type modulators 
and demodulators, used today in communi-
cations systems. Another of his inventions 
first built in his own workshop and now em-
ployed throughout the Bell System, is a di-
rect reading telegraph transmission measur-
ing set. 

Mr. Cowan is the author of many tech-
nical papers on telephone subjects, and is a 
Fellow of the American Institute of Electrical 
Engineers. 

WE STAND CORRECTED 

John D. Ryder has brought the following 
correction to the attention of the editors. 
In his biography under IRE People, p. 1034, 
June, 1954 issue of the PROCEEDINGS OF 
THE I.R.E. it was stated that "On July 1, 
John D. Ryder will take over his new duties 
as Dean of the School of Electrical Engineer-
ing at Michigan State College, East Lansing, 
Mich." 

Dr. Ryder's present position is Dean of 
the School of Engineering. The word "Elec-
trical" should not have appeared in the 
above information. 

SYMPOSIUM PROCEEDINGS ON AUTO-
MATIC PRODUCTION OF ELECTRONIC 
EQUIPMENT PUBLISHED 

Proceedings of the Symposium on Auto-
matic Production of Electronic Equipment 
held last April 19-20 in San Francisco, have 
been published by the Stanford Research 
Institute. The symposium was jointly spon-
sored by the Air Force and SRI. 

The 119-page bound volume contains 17 
papers and illustrations relating to the gen-
eral aspects of automation, product design, 
construction techniques, materials, compo-
nents and the design of automatic production 
lines; also a transcript of the symposium's 
concluding panel discussion. 

For information write Public Relations 
Office, Stanford Research Institute, Stan-
ford, Calif. 

DR. TULLER AIR CRASH VICTIM 

Dr. William G. Tuner of Falls Church, 
Virginia, died in the K.L.M. crash near 
Shannon Airport, Ireland, on Saturday, 
September 4, 1954. 

PAPERS INVITED FOR SEMI-
CONDUCTOR SYMPOSIUM 

The third annual Semiconductor Sym-
posium of the Electrochemical Society will 
be held this Spring, from May 2-5, at Cin-
cinnati, Ohio. Papers are invited for presen-
tation. Our early plans are to divide the 
sessions into two half-day sessions on semi-
conducting materials—elemental, alloys and 
compounds; a half-day session on surface 
controlled phenomena; and a half-day ses-
sion on chemical process technology. 

In each of the areas of interest we would 
like to present a balanced agenda, including 
one paper reviewing the state of each field, 
30-minute presentations (including discus-
sion time) of new information that can be 
scheduled by mid-winter 1954, and a num-
ber of shorter presentations of about 10 
minutes' duration of the "late news" type. 

Those wishing to present papers should 
notify the chairman, also providing the 
title of any proposed paper, as early as pos-
sible, and no later than November 15, 1954. 
Such information is needed for agenda plan-
ning purposes. An abstract of approximately 
75 words should be submitted no later than 
January 15, 1955. This will be printed in 
the general program for the meeting. A sec-
ond "extended abstract" of about 1,000 
words should be submitted, along with brief 
pertinent data, illustrations, curves, etc., 
not later than February 1, 1955. This ex-
tended abstract is "printed, but not pub-
lished" in a booklet entitled "Enlarged Ab-
stracts of Papers Presented by the Elec-
tronics Division," and will be available at 
the meeting at cost. 

The short "late news" presentations will 
necessarily be less publicized in advance of 
the meeting than are the longer papers. 
Nevertheless, they will be announced, to the 
division mailing list before the meeting. 

All communications should be sent to 
Mr. F. J. Biondi, Chairman, at Bell Tele-
phone Laboratories, Murray Hill, N. J. 

Professional Group News 

FIRST ANNIVERSARY OF THE PGUE 

The PGUE Administrative Committee 
held its fourth meeting in New York City 
on June 25, 1954, on the occasion of the 
first anniversary of the PGUE. Three new 
members to the Administrative Committee 
were elected by the holdover members. The 
three were chosen from a slate of six, nom-

inated by a Special Nominating Committee. 
The latter Committee consisted of David 
Arenberg (Arenberg Ultrasonic Laboratory), 
Donald Berlincourt (Brush Laboratories), 
and Walter G. Cady (California Institute of 
Technology). 

The three new members elected to three 
year terms are as follows: Warren P. Mason, 
Bell Telephone Laboratories; Julia Herrick, 
Mayo Clinic; Karl Van Dyke, Wesleyan 
University. 

The three retiring members of the Ad-
ministrative Committee are: W. G. Cady, 
W. J. Mayo-Wells, and P. L. Smith. 

Since the Group is just entering its sec-
ond year, the Committee decided to re-elect 
the same officers for another year. They in-
clude Amor L. Lane, chairman; Morton D. 
Fagen, Vice-Chairman; Morris Kenny, 
Secretary. In addition, Julius Bernstein was 
selected to be Treasurer. 

Likewise, the same Committee chairmen 
were retained: M. D. Fagen, Membership, 
and Oskar Mattiat, Papers Procurement. 
In addition, William J. Fry was appointed 
chairman of the Papers Study and Review 
Committee, Julius Bernstein taking over the 
Sectional-Chapters Activities Committee. 

Dr. Oskar Mattiat (Brush Laboratories) 
is the Editor-in-Chief of the PGUE TRANS-
ACTIONS (the first issue was published in 
July, 1954), with Donald Berlincourt 
nominated as Associate Editor. 

The PGUE Administrative Committee 
formally approved the Group Constitution 
and By-Laws, to be circulated to the mem-
ship in the near future. 

The meeting concluded by electing 
Francis X. Byrnes (USN Electronics Lab-
oratories, San Diego) as chairman of the 
Ultrasonics panel at the August, 1954 
WESCON. 

DUNMORE RECEIVES AERONAUTICAL AWARD 
• 

In 1951 the Professional Group of Aero-
nautical and Navigational Electronics estab-
lished an award for pioneers in the field of 
aeronautical and navigational electronics. 
The award this year was made to F. W. 
Dunmore. Mr. Dunmore was born January 
24, 1891, at Haverhill, Mass. He became a 
commercial radio operator in 1911-1913; re-
ceived the B.S. degree from Pennsylvania 
State College in 1915; was a student of en-
gineering at General Electric Company from 
1915-1917; joined the Research Depart-
ment, American Radio and Research Cor-
poration in 1918 for one year; and has since 
been a staff member of the National Bureau 
of Standards, Washington, D. C. 

Many new aids, such as the omnidirec-
tional radio range, have been installed in the 
United States through the NBS since the 
war. This facility is now beginning to come 
into routine use, and by far the greatest 
number of miles are flown in the United 
States by means of the four-course radio 
range system. The first unit of this system 
was installed in 1929. Work on it was 
started in the NBS, during 1922 and 1923, 
by F. H. Engelman and F. W. Dunmore. 
Thus, Mr. Dunmore played a very impor-
tant part in the development of the standard 
United States air navigational aid. 

Mr. Dunmore's work, however, does not 
cease with the development of the four-
course radio range. In 1930 he began work on 
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the fixed-beam low-approach system, com-
monly referred to as ILS. At the outbreak of 
the war, the Civil Aeronautics Administra-
tion had half a dozen ILS systems in opera-
tion, and were preparing to install this 
equipment throughout the country. During 
the war, the CAA system was modified by 
the Air Force and some 500 equipments 
were constructed for use of Air Corps air-
craft. Subsequent to the war, the ILS sys-
tem was standardized by the International 
Civil Aviation Organization for use through-
out the world. Thus Dunmore's work is guid-
ing aircraft to safe landing in low visibility 
throughout the world. 

The Professional Group on Aeronautical 
and Navigational Electronics is happy in-
deed to make the Pioneer Award to 1\4r. 
Dunmore. Without a doubt he is one of the 
most outstanding radio engineers working 
today who have contributed very substan-
tially to aeronautical electronic science. 

CUMULATIVE INDEX AVAILABLE 

The Cumulative Index for the 
PROCEEDINGS OF THE I.R.E., TRANS-
ACTIONS of the I.R.E. Professional 
Groups, and the CONVENTION REC-
ORD OF THE I.R.E., for the period 
1948-1953, is now available. The In-
dex will be sold to members at a price 
of $ 1.00, and to nonmembers at a 
price of $3.00. To receive a copy of 
the Index, send orders with payments 
to The Institute of Radio Engineers, 
1 East 79 Street, New York 21, N. Y. 

Obituaries 

Paul M. Gunzbourg (M'43-SM'43) con-
sulting engineer, died recently. 
A graduate electrical engineer of the 

Polytechnical Institute of St. Petersburg, 
Russia, Mr. Gunzbourg served in World War 
I as a member of the Supreme Council and 
Defense of the Imperial Territory, and until 
the Russian revolution, was chief engineer 
and manager of the Russian Siemens Com-
pany under goverment sequester. From 1926 
to 1940, he was president and general mana-
ger of the Belgian and French Siemens Com-
panies. At the beginning of World War II 

P. M. GUNZBOURG 

he represented the British government, His 
Majesty's Office of Works, in France. 

He arrived in the United States in 1940 
and in his capacity 
as consultant to the 
director of intelli-
gence of the U. S. 
Army Service Forces, 
at the end of the war 
was awarded a Cer-
tificate of Apprecia-
tion for his "patriotic 
services in a position 
of trust and responsi-
bility, whose advice 
on matters pertain-
ing to French electri-

cal, chemical, and mineral assets, as well as 
on problems encountered in connection with 
occupation, relief, and rehabilitation, was of 
invaluable assistance to the department." 

Mr. Gunzbourg was a licensed profes-
sional engineer in New York State, and a 
member of the ALEE, The French Society of 
Electrical Engineers, the Belgian Society of 
Electrical Engineers, the International Con-
ference of Power Grids in Paris, France, and 
the National Society of Professional Engi-
neers, New York Chapter. 

Lawrence V. Wells (A'29-SM'47) died 
recently at his home in Kalamazoo, Mich. 

Mr. Wells was born in Clyde, Ohio, in 
1906. He studied 
electrical engineering 
at Michigan State 
College, Lansing, and 
later joined the staff 
of radio station 
WREO, Lansing, 
during construction. 
He continued with 
WREO until 1927, 
when the license was 
surrendered and 
broadcasting aban-
doned. With a part-

ner he operated a radio business until joining 
the engineering staff at Wilcox-Gay at Char-
lotte, Mich. He became chief engineer and 
served Wilcox-Gay in that capacity until 
1947, when he resigned to take charge of 
engineering at Allen Electric Equipment 
Company, Kalamazoo. He entered selling 
in 1953, joining Haggerty Sales Company, 

e 

L. V. W ELLS 

Ferndale, Mich. After a brief period, a part-
nership, Haggerty-Wells Company was 
formed, and a branch at Kalamazoo set up. 
He was on the consulting staff of several 
prominent electrical and electronic concerns, 
and was widely known for his work in mass-
produced recorders, FM, AM, TV, elec-
tronic musical instruments, telemetering 
audio, and related equipment. 

Jerome A. Beranek (S'41-A'42-M'46-
SM'48) Manager of CBS Radio Technical 
Operations in Hollywood, died recently of a 
heart attack at the age of 38. 

Mr. Beranek was born in Saskatoon, 
Saskatchewan, Can. He had been with CBS 
Radio in Hollywood since his graduation 
from the University of Southern California 
in 1940, with the exception of three war 
years spent in the Bureau of War Research 
of Columbia University, New York. 

Cornelius G. Brennecke (A'36-M'46-
F'5 I), head of the North Carolina State 
College Department of Electrical Engineer-

ing, died recently. He 
was 47 years old. 

Dr. Brennecke, a 
native of New York, 
received the degrees 
of A.B., B.S., and 
E.E. from Columbia 
University. His grad-
uate work was done 
at New York Univer-
sity, where he re-
ceived the degree of 
Ph.D. in 1936. 

After several years 
with the engineering department of RCA, he 
accepted a fellowship in physics at New 
York University, leaving there in 1936 to 
join the engineering faculty of the Univer-
sity of Toledo. In 1942 he became an associ-
ate professor of electrical engineering at 
Lehigh University. In 1949 he was appointed 
North Carolina State College representative 
on the Oak Ridge Institute of Nuclear 
Studies. His investigations in atomic physics 
and in the properties of dielectrics have been 
published. 

Dr. Brennecke helped to organize the 
North Carolina-Virginia Section of the IRE, 
and served as its chairman in 1948, and as 
vice-chairman in 1949-50. 

C. G. BRENNECICE 

SEVENTH ANNUAL CONFERENCE ON ELECTRICAL 
TECHNIQUES IN MEDICINE AND BIOLOGY 

SPONSORED BY THE AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS, THE INSTITUTE or RADIO ENGINEERS, 
AND THE INSTRUMENT SOCIETY OF AMERICA 

Morrison Hotel, Chicago, Ill., November 10-12 

Wednesday morning November 10 

CIRCULATION AND CARDIOLOGY 

Chairman, Dr. Samuel A. Talbot 

• 1. "Normalization of Vector EKG Axes," 
Dr. Otto Schmitt, the University of 
Minnesota. 

2. "Computer Technics in Rapid Deter-
mination of Certain EKG Functions," 
Dr. Stanle3i Briller, Bellevue Hospital. 

3. "Synthesis of Electrocardiograph Leads," 
Dr. Richard McFee, Bell Telephone 
Laboratories, Whippany, N. J., and Dr. 
Franklin Johnston, University of Michi-
gan Medical School. 

4. " Determination of the Electrical Center 
of Ventricular Depolarization in the 
Human Heart," Dr. Ernest Frank, 
Moore School of Electrical Engineering, 
University of Pennsylvania. 

5. "Heart Cell Potential," Dr. E. E. Suck-
ling, New York State University. 
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Wednesday afternoon November 10 

ELECTRICAL PROPERTIES OF BIOLOGICAL 
MATERIALS 

Chairman, Dr. Otto Schmitt 

1. The Electrical Impedance of a Human 
Body Segment as Related to Impedance 
Plethysmography," Dr. Paul Albro, 
Hastings Instrument Co. 

2. "Electro-ionics of Nerve Action," Dr. 
Kenneth S. Cole, Naval Medical Re-
search Institute, Bethesda, Md. 

3. "The Application of the Electric Im-
pedance Method in the Study of the Nor-
mal and Hemolyzed Red Blood Cell," 
Dr. Hugo Fricke, Walter B. James Lab-
oratory for Biophysics, Cold Spring Har-
bor, N. Y. 

4. "Capacity of Erythrocyte Ghose Mem-
brane Measured over a Wide Frequency 
Range," Drs. Herman P. Schwan, E. L. 
Carstensen, and K. Li, Moore School of 
Electrical Engineering, University of 
Pennsylvania. 

Thursday afternoon November 11 

X-RAYS AND INSTRUMENTATION 

1. "Spectral Phonocardiography," Dr. G. N. 
Webb, Johns Hopkins Hospital. 

2. "New Developments in the Electronics 
Fluoroscope of the Television Type," 
Mr. Ralph Sturm and Dr. Russell Mor-
gan, Johns Hopkins Hospital. 

3. "Effects of X-Rays on Erythrocytes," 
Dr. Otto 131t1h, University of British Co-
lumbia, Vancouver, Canada. 

4. "Xerography," Dr. John Roach, Albany 
Medical School. 

5. Progress in X-Ray Movies," E. L. 
Webb, Westinghouse Electric Corp., Bal-
timore, Md. 

A dinner and evening meeting are 
scheduled for November 10th. The guest 
speaker will be Dr. T. E. Allibone, Director 
of Research, of the Associated Electrical 
Industries of Great Britain. Dr. Allibone is 
a Fellow of the Royal Society and known in-
ternationally for his work in fields pertinent 
to the Conference. 

Two laboratory field trips have been ar-
ranged. Registrants for the Conference will 
be given an opportunity to visit the Argonne 
Cancer Research Hospital on the morning of 
November 11th. On the morning of Novem-
ber 12th, they will have an opportunity to 
visit appropriate portions of the Argonne 
National Laboratory. Both these installa-
tions, operated by the University of Chica-

go for the United States Atomic Energy 
Commission, are engaged in important 
studies of the effects of radiation on living 
systems. 

The visit to the Argonne Cancer Hospi-
tal on the morning of the 11th will include 
inspection of the 50 mev microwave linear 
accelerator, the colbalt-60 rotational thera-
py unit, the thulium diagnostic unit, etc. 

The visit to the Argonne National Lab-
oratory will take place on the morning of 
November 12th. Transportation to and from 
this laboratory will be available and can be 
arranged for at the Conference registration 
desk. Maps and directions will be available 
for those having their own transportation. 
The visit will be planned to permit depar-
ture from Chicago by later afternoon train 
or plane. 

Visitors to the Argonne National Lab-
oratory will be asked to register for the tour 
before 3:00 P.M. of November 11th. Citi-
zens of countries other than the United 
States must give three weeks notice through 
the Conference Chairman so that admission 
to the Argonne National Laboratory may be 
arranged. 

Conference Chairman, E. D. Trout, 4855 
Electric Ave., Milwaukee I, Wis. 

RADIO FALL MEETING PROGRAM 
SPONSORED BY IRE, RETMA, AND RTMA oF CANADA 

HOTEL SYRACUSE, SYRACUSE, N. Y. OCTOBER 18-20 

Monday, 9:30 A.M., October 18 

General Meeting 

(Sponsored by the RETMA Engineering 
Department) 

W. R. G. Baker, presiding 

The program of this session will be com-
prised of reports by the Chairmen of the 
Sections and Staff Committees of the 
RETMA Engineering Department of ac-
tivities and plans of their respective groups. 

2:00 P.M. 

Reliability Control Session 

(Arranged by IRE Professional Group 
on Quality Control) 

J. R. Steen, presiding 

"Contributing Factors to Component Parts 
Reliability and Extended Service," J. A. 
Goetz, International Business Machines 
Corp. 

"More Protection From Small Samples 
Through Better Planning," B. P. Gold-
smith, Raytheon Manufacturing Co. 

"Cathode Interface Impedance Desimpli-
fied," H. B. Frost, Bell Telphone Labs. 

"Statistical Design—A Means to Better 
Products of Lower Cost," R. C. Miles, 
Airborne Instruments Lab. 

Tuesday, 9:00 A.M., October 19 

Television Receiver Session 

(Arranged by the IRE Professional 
Group on Broadcast and Television 

Receivers) 

E. I. Anderson, presiding 

"Optimum Crystal Mixer Operation—the 
1N82 Crystal," S. Deutsch, Polytechnic 
Res. & Dey. Co., Inc. 

"A UHF-VHF Television Tuner Using Pen-
cil Tubes," W. A. Harris and J. J. 
Thompson, R.C.A. 

"Color Purity in Ungated Sequential Dis-
plays," G. S. Ley, Westhinghouse Elec. 
Corp. 

"The Practical Aspects of Color Subcarrier 
Synchronization Problem," W. J. Gruen, 
General Electric Co. 

"A Simple Method of Phase Compensation 
of Video Delay Lines," D. A. Gillen, Ad-
miral Corp. 

2:00 P.M. 

General Receiver Session 

(Arranged by the IRE Professional 
Group on Broadcast and Television 

Receivers) 

D. W. Pugsley, presiding 

"New Converter for Broadcast Receivers," 
D. E. Sunstein, Philco Corp. 

"The Second Detector—A Determinant of 
Fringe-Area Performance," J. E. Bridges, 
Zenith Radio Corp. 

"Dynamic Diode Limiters in FM Demodu-
lator Circuits," F. Mural, Philco Corp. 

"Automatic Gain Control of Transistor 
Amplifiers," W. F. Chow and A. P. 
Stern, General Electric Co. 

Wednesday, 9:20 A.M., October 20 

Electric Devices Session I 
,Arranged by the IRE Professional 

Group on Electron Devices) 

G. A. Espersen, presiding 

"The Application of Frame Grids to Receiv-
ing Tubes," S. L. Pawlikowski, Sylvania 
Elec. Prods., Inc. 

"A High-Voltage Regulator Tube for Color-
Television Receivers," R. E. Byram, 
RCA. 

"The Noise Figure of Grid Controlled Elec-
tron Tubes," H. Rothe, Telefunken, 
Ulm/Donau, Germany. 

"Effects of Lead Inductance on the Per-
formance of Miniature Tubes in the UHF 
Television Band," R. N. Peterson and 
W. A. Harris, RCA. 

"A New Approach to Converter Tube De-
sign," R. J. Bisso, Sylvania Elec. Prods., 
Inc. 

2:00 P.M. 

Electron Devices Session II 

(Arranged by the IRE Professional 
Group on Electron Devices) 

J. S. Saby, presiding 

"Investigation of Noise in Audio-Frequency 
Amplifiers Using Junction Transistors," 
P. L. Bargellini and M. B. Herscher, 
RCA. 

"Class B Operation of Audio-Frequency 
Junction Transistors," K. E. Loofbour-
row, RCA. 

"Raytheon Ck 721 Transistor. A Service 
Reliability Report," F. M. Dukat, Ray-
theon Manufacturing Co. 

"Transistor Reliability," C. L. Rouault, 
General Electric Co. 
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NATIONAL SYMPOSIUM OF QUALITY CONTROL AND 
RELIABILITY IN ELECTRONICS 

SPONSORED BY PROFESSIONAL GROUP ON QUALITY CONTROL OF THE IRE AND 
ELECTRONIC TECHNICAL COMMITTEE OF THE ASQC 

Statler Hotel, New York, N. Y.—November 12 and 13, 1954 

SESSION I 

Friday, November 12, 1954 

QUALITY CONTROL IN ENGINEERING 
AND MANUFACTURE 

Moderator: To Be Announced 

9:00-9:45 A.M. 

1. "Statistically Designed Experiment of the 
Factorial Type Applied to Point-Contact 
Transistors," M. Eder, R. Warner, and 
F. Keene—Bell Telephone Labs. 

9:45-10:30 A.M. 

2. "The Bendix Radio Vender Rating Sys-
tem," R. Fitzgibbons—Bendix. 

10:30-10:45 A.M. 

Intermission 

10:45-11:30 A.M. 

3. "Sampling Procedures on Finished Chas-
sis and Equipment," H. Knapp— Federal 
Telephone & Radio. 

11:30-12:15 A.M. 

4. "Some Aspects of Quality Control in 
Computer Tube Applications," W. Hall— 
IBM. 

SESSION II 

QUALITY CONTROL AND ITS 
RELATION TO RELIABILITY 

1:30-2:15 P.M. 

1. "Technical Publications' Contribution to 
Reliability," J. Wight—McGraw-Hill 
Book Co., Inc. 

2:15-3:00 P.M. 

2. "Managing a Quality Program," H. New-
ton—Bendix Aviation, Towson, Md. 

3:00-3:45 P.M. 

3. "An Integrated Program for Reliability 
Improvement," G. M. Armour—General 
Electric Co., Syracuse, N. Y. 

3:45-4:00 P.M. 

Intermission 

4:00-4:45 P.M. 

4. "Electronic Product Reliability Through 
Quality Control," C. Ryerson—RCA. 

4:45-5:30 P.M. 

5. "Feedback Approach to Reliability," 
D. Hill and H. D. Voegtlen—Hughes 
Aircraft Co. 

SESSION III 

Saturday, November 13, 1954 

MILITARY ASPECTS OF RELIABILITY 

9:00-9:45 A.M. 

1. "The Navy Reliability Program and the 
Designer," E. J. Nucci—Navy Dept., 
Bureau of Ships, Washington, D. C. 

9:45-10:30 A.M. 

2. "Development of Techniques for Reli-
ability Measurement and Prediction," 
V. Harris and M. Tall—Vitro Corp. 

10:30-11:15 A.M. 

3. "Concepts of Failure Reporting and Its 
Relation to Reliability," C. E. McLaugh-
lin— Wright Patterson AF Dey. Center. 

11:15 A.M.-12:00 N. 

4. "Techniques in Putting Failure Data to 
Work for Management," F. A. Hadden 
and L. W. Sepmeyer—Rand Corp. 

12:15-2:30 P.M. 

Luncheon Session 

Speaker: To Be Announced 

SESSION IV 

AIRBORNE RELIABILITY 

2:45-3:30 P.M. 

1 "Designing Airborne Electronic Equip-
ment for Improved Reliability," R. N. 
White, Trans-World Airlines, Inc., Kan-
sas City, Mo. 

3:30-4:15 P.M. 

2. "The ARINC Military Electron Tube 
Project—Its History, Philosophy and 
Major Findings," E. Morse—Aeronau-
tical Radio, Inc. 

4:15-5:00 P.M. 

3. " Development, Implementation, and 
Utilization of the 'K' System Consoli-
dated Malfunction Report," F. Tonnies— 
Sperry Gyroscope Co. 

SYMPOSIUM ON FLUCTUATION PHENOMENA IN 
MICROWAVE SOURCES 

November 18-19, New York, N. Y. 

A Symposium on Fluctuation Phenom-
ena in Microwave Sources will be held at the 
Western Union Auditorium, New York 
City, on November 18-19, 1954, under the 
joint sponsorship of the IRE Professional 
Group on Electron Devices and the Advisory 
Group on Electron Tubes. 

The symposium has been organized with 
the following objectives in mind: (a) To ac-
quaint conferees with the noise require-
ments of various types of microwave equip-
ment; (b) to formulate plans for standardi-
zation of definitions of noise and noise 
measurements; and (c) to acquaint micro-
wave engineers with the types and relative 
amounts of noise to be expected from vari-
ous microwave sources. 

It is planned that all papers will be pub-

lished after the symposium in the Trans-
actions of the Professional Group on Elec-
tron Devices. 

No registration fee will be charged for the 
symposium. Those who wish to attend 
should write to Col. H. W. Serig, Chairman, 
Invitations Committee, Advisory Group on 
Electron Tubes, 346 Broadway (8th floor), 
New York, N. Y. 

The program and abstracts of papers are 
as follows: 

SESSION I 

NOISE REQUIREMENTS OF 
MICROWAVE SYSTEMS 

Session Organizer: W. M. Gottschalk, Ray-
theon Mfg. Co., Waltham, Mass. 

Session Chairman: W. C. Brown, Raytheon 
Mfg. Co., Waltham, Mass. 

Session Periods: 10:00 A.M.-12:15 P.M. 
Thursday, November 18, 1954. 

PAPERS 

Relation of Noise in Microwave Sources to 
System Requirements—J. B. Wiesner, 
Mass. Inst. of Tech., Cambridge, Mass. 

A brief survey is given of the noise char-
acteristics of the common microwave 
sources, including triode oscillators, magne-
trons, and klystrons; followed by a discus-
sion of the limitations which such electrical 
noises impose on communications and radar 
systems. The paper will include a discussion 
of the effects of additive noise, amplitude-
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modulation noise, frequency-modulation 
noise and flicker noise. 

The Influence of Noisy Components on the 
Sensitivity of Microwave Receivers—W. L. 
Pritchard and K. T. Larkin, Raytheon Mfg. 
Co., Waltham, Mass. 

The ultimate limitation on receiver sen-
sitivity is random noise. After establishing 
basic quantities such as bandwidth, type of 
modulation, etc., the remaining problem is 
to come as close as possible to the minimum 
theoretical noise level. 

We define noise figure and apply it first 
to cascaded networks and then to a super-
heterodyne receiver using a crystal converter. 
The following basic equation is derived: 

F = LRL.[(Fif — 1) ± — 1) + 1]. 

\Ve discuss the parameters in the above 
equation and show that, while these are 
often considered to be the published values 
for the crystal and if amplifier tube, they 
are actually significant functions of the as-
sociated rf and if circuitry. 

\Ve discuss the effects of extraneous fre-
quency generation and rf source impedance 
on conversion loss and noise temperature. 

We next consider the sources of noise in 
an if amplifier and show that there is an op-
timum if source impedance. The existence of 
an optimum if frequency is established and 
its dependence on the crystal and tube pa-
rameters is shown. We emphasize the criteria 
for correctly connecting the if amplifier to 
the mixer. 

We show how local oscillator noise con-
tributed to noise figure and how it varies 
with if and carrier frequencies. Experi-
mental data are presented showing the con-
siderable magnitude of the effect. 

Stabilization of Microwave Oscillators— 
E. J. Shelton, Raytheon Mfg. Co., Waltham, 
Mass. 

Frequency stabilization of microwave os-
cillators by the use of resonant cavities 
will be reviewed. The benefits of using a 
damping resistor to suppress unstabilized 
and unwanted modes of operation are in-
cluded. During the course of studying sys-
tem performance of a particular micro-
wave system, it was determined that unin-
tentional stabilization was seriously effect-
ing operation. This unintentional stabiliza-
tion can be either beneficial or detrimental 
in a particular instance, but if not recog-
nized and controlled the general result is 
adverse. Theory and experimental results 
are to be presented along with possible 
means of making use of the advantages of 
this effect to decrease frequency variations. 

SESSION II 

REPRESENTATION AND MEAS-
UREMENT OF FLUCTUA-

TION SIGNALS 

Session Organizers: H. D. Arnett, Naval Re-
search Lab., Washington, D. C.; R. T. 
Young, Diamond Ordnance Lab., Wash-
ington, D. C. 

Session Chairman: A. J. Ruhlig, Electron 
Tube Branch, Naval Research Lab., 
Washington, D. C. 

Session Period: 1:30 P.M.-5 :00 P.M., 
Thursday, November 18, 1954. 

PAPERS 

Noise Measurements of Microwave Local 
Oscillators—By Dr. R. Mueller, presented 
by H. J. Hersh, Evans Signal Lab., Belmar, 
N. J. 

A method for measuring spectral dis-
tribution of amplitude fluctuations and fre-
quency fluctuations in microwave oscillators 
is described. The method provides for evalu-
ation of amplitude fluctuations in terms of 
signal-to-noise ratio; frequency fluctuations 
in terms of two parameters: (a) rms devia-
tion, and (b) rms rate of change of deviation. 
In addition, the method permits estimation 
of the correlation between these two noise 
components. 

Some typical results of such measure-
ments are described, and certain impli-
cations of the effects of system parameters on 
interpretation of these results are considered. 

For a specific system, two measurements 
are shown to be sufficient to determine the 
effect of frequency noise on system per-
formance. 

Microwave Oscillator Noise Spectrum 
Measurements—G. C. Dalman and A. S. 
Rhoads, Jr., Sperry Gyroscope Co., Great 
Neck, L. I. 

Measurements, equipment and tech-
niques have been developed for determining 
the noise spectrum of a microwave oscilla-
tor. In this method the oscillator output is 
passed through a microwave filter which 
sharply attenuates the power at the oscilla-
tor frequency but passes the noise frequen-
cies. A noise-free local oscillator signal is 
added to the filter output and the oscillator 
noise spectrum is measured using a cali-
brated microwave receiver. A second micro-
wave rejection filter is used in the measure-
ments to eliminate one of the receiver re-
sponses. 
A detailed description of the equipment 

and past techniques will be presented. Ex-
perimental results obtained on two typical 
9 kmc. reflex klystrons operating at the 
center of the mode and electronically tuned 
to the half-power points, will also be de-
scribed. 

Theory of Phenomenological Models and 
Direct Measurements of the Fluctuating 
Output of CW Magnetrons—D. Middleton, 
Consultant, Research Div., Raytheon Manu-
facturing Co., Waltham, Mass. 

A complete macroscopic theory yielding 
the significant parameters which describe 
the coherent and incoherent output of a 
cw magnetron (e.g. modulation and "push-
ing" factors, bandwidths, carrier and noise 
levels, modulation indexes, etc.) is outlined. 
The theory on which measurement of these 
descriptive parameters depends, is also de-
scribed, as it is intimately related to the in-
terpretation of the data from which the de-
fining parameters of the phenomenological 
model are obtained. It is shown that the 
most satisfactory general model of cw op-
eration is that of a carrier or primary oscil-
lation simultaneously, amplitude and angle-

modulated by a band of shot or "primary" 
noise, and accompanied by a background 
noise essentially incoherent with the modu-
lated carrier. The chief effect is produced 
by the effects of angle-modulation, which 
even for relatively noisy tubes, occurs with 
a very low-modulation index; the amplitude-
modulation, while relatively weak, cannot 
be ignored, and must be included in the 
analysis. A technique of direct measure-
ment, using a waveguide filter and crystal 
detector for input waves of the above type, is 
briefly described, and it is shown how the 
descriptive parameters of the magnetron 
model may be observed experimentally. 
Particular attention is paid to the approxi-
mations and assumptions involved, and the 
theory is illustrated with a number of repre-
sentative data from a standard magnetron; 
applications of this general approach to 
other microwave sources is briefly con-
sidered. 

Direct Detection Measurements of the Out-
put of CW Magnetrons—W. M. Gottschalk, 
Research Div., Raytheon Manufacturing 
Co., Waltham, Mass. 

Apparatus will be described by means of 
which measurements have been made on the 
noise characteristics of cw magnetrons (not 
modulated). The resulting measurements 
show that the magnetron can be represented 
as an oscillator with the simultaneous ampli-
tude and angle modulation, with a pre-
dominance of the latter. Variations of char-
acteristics of the measuring equipment have 
disclosed certain properties. Numerical re-
sults on several tube types will be given and 
correlation with operating parameters will 
be shown. 

Development of a Low-Noise X-Band CW 
Klystron Power Oscillator—R. A. La Plante, 
Maps Laboratories, Inc., Irvington-on-
Hudson, N. Y. 

A cw klystron oscillator for X-band made 
by Philips Laboratories delivers more than 
100 watts at 9,600 mc/seconds. Using this 
tube as a prototype, alterations have been 
made in the tube design to reduce the fre-
quency fluctuation of the output due to 
microphonism. The frequency fluctuations of 
the output of these tubes are expressed by 
the rms frequency deviation of the output, 
and a system used for the measurement of 
this quantity is described. Comparisons of 
the rms frequency deviations of conventional 
and low-noise designs of the Philips tubes 
are given. 

The Measurement and Sources of Short 
Time Angular Instabilities—B. R. Mayo, 
H. H. Grimm, and J. K. Records, General 
Electric Co., Syracuse, N. Y. 

The residual phase and frequency varia-
tions associated with highly stable micro-
wave sources is discussed in this paper. The 
type of frequency and phase variations to be 
expected are listed and classified. 

Measurement methods capable of detect-
ing very small phase and frequency varia-
tions are described. The sensitivities obtain-
able are given. An objective of this work 
has been to find methods which are not too 
complex, but have adequate sensitivity for 
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facilitating the development of sources with 
unusually good short time stability. Short 
time frequency deviations of one part in 
10i° are easily observed. However, micro-
wave sources tested so far never show less 
than 1 part in 10 degrees frequency deviation 
in periods of the order of 10-2 seconds. 

Phase deviations of 0.1 degree can be ob-
served. Equipment under investigation or-
dinarily shows 0.5 degree to 5 degrees phase 
shift. 

Analysis is given relating the observed 
instabilities to some MTI problems. 

A Technique for Measuring FM Noise in 
Microwave Oscillators—E. F. McClain and 
W. R. Ferris, Naval Research Lab., Wash-
ington 25, D. C. 

Previous methods of analyzing the low-
frequency noise spectrum of microwave os-
cillators have employed the usual scanning-
type spectrum analyzer or an arrangement of 
fixed-tuned filters. The visual presentation 
of the spectrum analyzer makes high ac-
curacy difficult, while a series of filters does 
not provide the necessary frequency dis-
crimination. The present system makes use 
of a chart recorder to present noise level 
versus frequency as a continuous plot from 
0 to 16,000 cycles. 

National Bureau of Standards Noise Com-
parator—Dr. Charles Greenhow, Nat. Bur. 
Stand., Washington, D. C. 

This paper is concerned with the meas-
urements of the power spectrum of fluores-
cent tubes in the frequency range between 
6-10 kmc. It has two main purposes: to dis-
cuss the experimental set-up used for cal-
ibrating fluorescent tubes to be used as sec-
ondary noise standards; and to study ex-
perimentally the law of available noise 
power of a discharge tube. 

SESSION III-A 

NOISE GENERATION IN 
MICROWAVE SOURCES 

Session Organizers: C. F. Quate, Bell Tele-
phone Labs., Murray Hill, N. J.; 
J. Babakian, Central Sales & Mfg. Corp., 
Denville, N. J.; A. G. Peifer, Federal 
Telecommun. Lab., Nutley, N. J. 

Session Chairman: A. K. Wing, Federal 
Telecommun. Lab., Nutley, N. J. 

Session Period: 9:15 A.M.-12:15 P.M., Fri-
day, November 19, 1954. 

PAPERS 

General Sources of Noise in Microwave 
Tubes—J. R. Pierce, Bell Telephone Labs., 
Murray Hill, N. J. 

This paper will discuss various sources 
of noise which are found in microwave ampli-
fiers. The noise characteristics of the beams 
used in such amplifiers will be treated and 

• used as a basis to predict the amount of 
noise output which can be expected from a 
given tube. Also, the various methods of re-
ducing this noise output and a summary of 
the present state of low noise amplifiers 
will be presented. 

Noise Measurements on Long Electron 
Beams—L. D. Smullin, Mass. Inst. Tech., 
Res. Lab. of Electronics, Cambridge, Mass. 

Measurements of the microwave noise 
have been made on electron beams formed 
by several different guns. These have in-
cluded parallel beam guns with cathode 
emersed in the magnetic field; and converg-
ing flow guns with cathode outside the mag-
netic field. 

In general, two regions of behavior have 
been noted: one in which the noise current 
density varies sinusoidally with distance, 
and the other in which the noise current in-
creases rapidly with distance. The latter be-
havior has been called the growing noise 
wave. The way in which these two different 
noise regimes respond to various parameters 
will be described. 

Noise Characteristics of Carcinotrons— 
R. Warnecke, Compagnie Generale de la 
Telegraphic Sans Fils, Paris, France. 

(No abstract available.) 

The Small Signal Performance of the 416B 
Planar Triode between 60 and 4,000 mc— 
L. H. Von Ohlson, Bell Telephone Labs., 
c/o Western Electric Co., Allentown, Pa. 

In view of the interest in the application 
of planar triodes as broadband, small signal 
amplifiers, a study of the performance of the 
416B triode has been made between 60 and 
4,000 mc. It has been found that this tube, 
having a gain-band product of 1,200 and an 
easily obtainable gain of 10 db at the higher 
frequencies, is capable of operation with a 
noise figure making it attractive for low 
level operation. Typical high frequency op-
eration of the tube and a summary of the 
measurements made over a wide band of fre-
quency and their agreement with theory is 
discussed. 

Measurements of Traveling-Wave Tube 
Noise Figure—G. E. St. John, Bell Tele-
phone Labs., Murray Hill, N. J. 

The general structure of the tube is 
shown and a brief description of the elec-
trode disposition given. 

Variation of noise figure is described as a 
function of the first anode voltage with beam 
current as a parameter. The independence of 
current is pointed out. 
A plot is shown of noise figure as a func-

tion of the perveance of the cathode to first-
anode region and the possible significance of 
the beam shape in this region is described. 

The variation of noise figure with fre-
quency is described and some results are 
given on the effect of helix size. 

Noise Characteristics of a Voltage Tunable 
Magnetron—J. A. Boyd, Univ. of Michigan, 
Ann Arbor, Mich. 

The Michigan voltage-tunable magne-
tron is being studied to determine the noise 
characteristics of this tube. Amplitude of the 
noise as a function of frequency from the 
carrier is being investigated. Preliminary re-
sults indicate that the noise power is of the 
order of 100 db below the carrier at 30 mc 
from the carrier frequency. The tube is being 
used as the local oscillator in a microwave re-
ceiver and the noise contribution of this tube 

to the receiver output is being evaluated. An 
attempt will be made to correlate the experi-
mental results with theoretical predictions. 

Measurement and Analysis of Triode Noise 
—W. A. Harris, Tube Div., RCA, Harrison, 
N. J. 

Measurements of noise from triode am-
plifiers are reported, under conditions which 
permit description of the noise as if derived 
from two generators. The mean-square am-
plitudes and the correlation coefficient for 
these generators are given for several tube 
types, over a range of operating conditions, 
for frequencies between 500 and 900 mc. The 
results are discussed in terms of their rela-
tion to triode theory. 

SESSION III-B 

THEORY OF NOISE GENERA-
TION IN MICROWAVE 

SOURCES 

Session Organizers: C. F. Quate, Bell Tele-
phone Labs., Murray Hill, N. J.; J. Ba-
bakian, Central Sales & Mfg. Corp., 
Denville, N. J., A. G. Peifer, Federal 
Telecommun. Lab., Nutley, N. J. 

Session Chairman: A. K. Wing, Federal Tel-
ecommun. Lab., Nutley, N. J. 

Session Period: 1:30 P.m.-2:45 P.M., Friday, 
November 19, 1954. 

PAPERS 

Space Charge Waves on an Accelerating 
Stream of Uniformly Charged Square 
Laminae—W. E. Danielson, Bell Telephone 
Labs., Murray Hill, N. J. 

Using an electronic model which consists 
of a stream of uniformly charged laminae ac-
celerated in an electron gun, ac velocity and 
current at the anode will be given in terms of 
the corresponding quantities at the potential 
minimum. The physical principles on which 
the calculations are based will be sum-
marized, and possible application of the re-
sults to traveling-wave tube noise theory will 
be outlined. 

Observations on Ion Oscillations in a Cylin-
drical Beam Tetrode Under Hard Vacuum 
Conditions—W. E. Waters, Jr., Diamond 
Ordnance Fuze Labs., Connecticut Ave. at 
Van Ness St., N.W., Washington 25, D. C. 

Observations have been made on ion os-
cillations occurring in ion traps in a number 
of tubes, operating over a wide range of volt-
age and current. Several geometries and elec-
trode surfaces have been used; pressures 
have ranged from 5 X 10-8 mm Hg up to 
about 10-6 mm. Three distinct types of dis-
turbances have been observed, all having 
fundamental frequencies in the range of 0.5 
to 3 mc/seconds. Secondary electrcns have 
been found to have a large influence on the 
strength of these oscillations, but only a small 
influence on the frequencies. The relation be-
tween the phenomena in the cylindrical-
beam tetrode and sidebands occurring in the 
spectrum of a dc-operated reflex klystron has 
been examined; it seems clear that the ion 
oscillation produces simultaneous AM and 
FM of the klystron. A number of theoretical 
models have been examined, but none of 
them account for all the observations. 
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Noise Phenomena in the Region of the Po-
tential Minimum—J. R. Whinnery, Elec-
tronics Res. Lab., Univ. of Calif., Berkeley, 
Calif. 

Discussions are given on the importance 
of knowing noise behavior in the region of 
the potential minimum. Three attacks on 
this problem are described, a largely physi-
cal analysis, a series solution of the Liouville 
equation and other analytical attacks on this 
equation. Some of the phenomena yielded by 
these attacks are described with the serious 
problems which now prevent completing the 
solution. 

Noise in Electron Beams—H. A. Haus, 
Mass. Inst. of Tech., Res. Lab. of Electron-
ics, Cambridge, Mass. 

An analysis based on the one-dimen-
sional, single velocity assumptions leads to 
the result that all microwave amplifiers of 
the beam type (such as traveling-wave 
tubes, velocity jump amplifiers, klystrons, 
etc.) have a minimum obtainable noise fig-
ure of the form 

2n-
F.;.=14--K(S0-70) (1) 

kT 

where .30 and ro are parameters of the beam 
noise expressed in terms of the noise fluctua-
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M. B. Kline 
F. S. Mabry 
*H. G. Miller 
*C. R. Muller 
D. M. Pasek 
G. B. Riley 
*N. B. Ritchey 
G. M. Rose, Jr. 
*0. J. Sather 

L. 0. Goldstone H. R. Terhune 
C. A. Hachemeister *J. H. Vogelman 

*J. D. \Viner 

* Alternates 

APPOINTMENTS 

D. B. Sinclair, Chairman 

J. T. Henderson J. R. Ragazzini 
\V. R. Hewlett J. D. Ryder 
A. G. Jensen A. W. Straiton 

AWARDS 

W. M. Rust, Jr., Chairman 

R. D. Bennett J. F. Byrne 
R. M. Bowie D. E. Foster 

tions at a cross section slightly beyond the 
potential minimum in the electron gun, T is 
the temperature of the circuit, and K is a 
constant of the particular structure em-
ployed. Expression (1) holds for any opti-
mized noise reducing scheme. It includes, for 
instance, a prehelix which is excited by the 
noise in the beam and feeds into the main 
helix of a traveling-wave tube in an attempt 
to cancel part of the noise in the beam. The 
dependence of the constant K upon the par-
ticular structures used will be discussed. 

• 

The Signal to Noise Ratio in the M Car-
cinotron-0. Doehler and G. Convert 

In this paper measurements are repre-
sented concerning the signal to noise ratio in 
the M type Carcinotron. The method of 
measurements is described and the experi-
mental results are given. The signal to noise 
ratio is of the order of 3.10-'3/cc/sec for a 
few kc/su from the oscillating frequency, 
and 3.10-"/cc/sec for 10 Mc/s from the os-
cillating frequency. 

The signal to noise ratio increases ap-
proximately linearly with anode current. 

The analysis of the sole current indicates, 
that this current is detected noise and it is 
assumed that growing space charge waves 
(diocotron effect) are the origin of the noise 
in the M type Carcinotron. 

Physical Mechanism of Noise Generation in 
Magnetrons—C. G. Lehr and A. L. Collins, 
Res. Div., Raytheon Mfg. Co., Waltham, 
Mass. 

Measured space-charge admittance val-
ues are used to calculate the following quan-
tities associated with a traveling-wave cw 
magnetron: AM and FM noise; fluctuating 
anode current and voltage; and fluctuating 
rf voltage. All of these calculated quantities, 
except the rf voltage, are compared with 
measured values. 

An insight into the physical mechanism 
of magnetron noise generation is obtained 
from relations between the space-charge ad-
mittance values and the electron density on 
the one hand, and the rf voltage fluctuation 
and the electron temperature on the other. 

SESSION IV 

SUMMARY AND DISCUSSION 

Organizer and Session Chairman: W. H. 
Huggins 

Session Period: 3:00 P.M.-5 P.M., Friday, No-
vember 19,1954. 

Summary of Important Points of Papers— 
W. H. Huggins, 15-30 minutes 

Panel Discussion-30-60 minutes 
Open Discussion—Remaining time. 

Institute Committees-1 954 

H. E. Hartig J. D. Reid 
J. F. Morrison Ernst Weber 
A. B. Oxley J. B. Wiesner 

Irving Wolff 

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 

J. R. Pierce, Chairman 

D. G. Fink J. W. McRae 
E. K. Gannett J. A. Stratton 
T. A. Hunter W. N. Tuttle 

EDITORIAL REVIEW 

Robert Adler 
H. A. Affel 
Ben Akerman 
W. J. Albersheim 
A. E. Anderson 
W. S. Bachman 
J. T. Bangert 
W. L. Barrow 
J. M. Barstow 
B. L. Basore 
B. B. Bauer 
W. R. Beam 
L. L. Beranek 
L. V. Berkner 
P. H. Betts 
F. J. Bingley 
J. T. Bolljahn 
H. G. Booker 
J. L. Bower 

W. E. Bradley 
D. R. Brown 
Werner Buchholz 
Kenneth Bullington 
R. S. Burnap 
J. H. Burnett 
R. P. Burr 
H. J. Carlin 
T. J. Carroll 
H. A. Chinn 
Marvin Chodorow 
L. J. Chu 
J. K. Clapp 
J. D. Cobine 
R. E. Colander 
J. W. Coltman 
J. M. Coombs 
A. B. Crawford 
M. G. Crosby 

C. C. Cutler 
G. C. Dacey 
Siney Darlington 
W. B. Davenport, Jr. 
A. C. Dickieson 
Milton Dishal 
Melvin Doelz 
W. H. Doherty 
R. B. Dome 
H. D. Doolittle 
W. A. Edson 
C. H. Elmendorf 
D. W. Epstein 
Jess Epstein 
W. L. Everitt 
R. M. Fano 
J. H. Felker 
L. M. Field 
J. W. Forrester 
G. A. Fowler 
A. G. Fox 
G. L. Fredendall 
H. B. Frost 
E. G. Fubini 
I. A. Getting 
L. J. Giacoletto 
E. N. Gilbert 
M. J. E. Golay 
Benjamin Gold 
W. M. Goodall 
A. W.Graf 
J. V. Granger 
A. J. Grossman 
E. A. Guillemin 
A. V. Haeff 
W. W. Harman 
D. B. Harris 
A. E. Harrison 
L. B. Headrick 
P. J. Herbst 

J. K. Hilliard 
C. J. Hirsch 
J. L. Hollis 
J. H. Howard 
W. H. Huggins 
R. G. E. Hutter 
D. D. Israel 
E. T. Jaynes 
A. G. Jensen 
Harwick Johnson 
E. C. Jordan 
Martin Katzin 
W. H. Kautz 
R. D. Kell 
C. R. Knight 
H. S. Knowles 
W. E. Koch 
Rudolph Kompfner 
J. B. H. Kuper 
F. R. Lack 
A. E. Laemmel 
M. A. Lampert 
H. B. Law 
M. T. Lebenbaum 
J. G. Linvill 
C. V. Litton 
F. B. Llewellyn 
S. P. Lloyd 
A. W. Lo 
A. V. Loughren 
Nathan Marchand 
Nathan Marcuvitz 
F. L. Marx 
S. J. Mason 
W. P. Mason 
W. J. Mayo-Wells 
E. D. McArthur 
D. O. McCoy 
Knox McIlwain 
Brockway McMillan 
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R. E. Meagher H. A. Samulon 
T. H. Meisling O. H. Schade 
Pierre Mertz S. A. Schelkunoff 
H. R. Mimno H. H. Scott 
S. E. Miller S. W. Seeley 
A. R. Moore Samuel Seely 
J. F. Morrison O. G. Selfridge 
E. J. Nalos Samuel Sensiper 
D. O. North R. F. Shea 
H. Q. North R. E. Shelby 
W. B. Nottingham George Sinclair 
B. M. Oliver David Slepian 
H. F. Olson C. E. Smith 
P. F. Ordung P. T. Smith 
D. E. Oyster O. J. M. Smith 
C. H. Page L. D. Smullin 
R. M. Page A. H. Sommer 
R. C. Palmer J. R. Steen 
C. H. Papas Charles Susskind 
R. W. Peter G. C. Sziklai 
H. O. Peterson H. P. Thomas 
J. M. Pettit W. G. Tuller 
W. H. Pickering L. C. Van Atta 
J. A. Pierce K. S. Van Dyke 
W. J. Poch E. K. Van Tassel 
A. J. Pote S. N. Van Voorhis 
E. M. Purcell R. L. Wallace, Jr. 
C. F. Quate D. A. Watkins 
W. H. Radford W. M. Webster 
J. R. Ragazzini P. K. Weimer 
J. A. Rajchman J. R. Weiner 
Simon Ramo Louis Weinberg 
H. J. Riblet H. G. Weiss 
D. H. Ring J. M. West 
Stanley Rogers H. A. Wheeler 
T. A. Rogers J. R. Whinnery 
Albert Rose W. D. White 
H. E. Roys W. B. Wholey 
V. H. Rumsey J. B. Wiesner 
J. D. Ryder W. T. Wintringham 
R. M. Ryder Irving Wolff 
Vincent Salmon William Wright 

L. A. Zadeh 

EDUCATION 

J. D. Ryder, Chairman 

G. R. Arthur 
V. A. Babits 
W. L. Cassell 
C. C. Chambers 

D. H. Ewing 
R. M. Fano 
C. L. Foster 
A. W. Graf 

20. STANDARDS COMMITTEE 

E. Weber, Chairman 
M. W. Baldwin, Jr., Vice- Chairman 
L. G. Cumming, Vice-Chairman 

R. F. Shea, Vice-Chairman 

K. E. Anspach—Symbols 
J. Avins—Radio Receivers 
B. B. Bauer—Electroacoustics 
W. R. Bennett—Circuits 
J. G. Brainerd— Member-at-large 
H. Burkhard—Facsimile 

1111 P. S. Carter—Member-at-Large 
P. S. Christaldi—Measurements and Instru-

mentation 
A. G. Clavier—Member-at-large 
W. J. Dodds—Electron Devices 
J. E. Eiselein—Industrial Electronics 

A. E. Harrison 
H. E. Hartig 
G. B. Hoadley 
G. L. Hollander 
F. S. Howes 
Glenn Koehler 
A. W. Melloh 
H. A. Moench 
P. H. Nelson 
R. E. Nolte 

J. M. Pettit 
Albert Priesman 
L. R. Quarles 
J. R. Ragazzini 
F. R. Stansel 
W. N. Tuttle 
D. L. Waidelich 
L. E. Williams 
D. G. Wilson 
A. H. Wing, Jr. 

FINANCE 

W. R. G. Baker, Chairman 

S. L. Bailey 
W. R. Hewlett 

J. W. McRae 
J. D. Ryder 

HISTORY 

Haraden Pratt, Chairman 

Melville Eastham Lloyd Espenschied 
Keith Henney 

MEMBERSHIP 

W. C. White, Chairman 

Kipling Adams 
F. W. Albertson 
A. R. Beach 
T. H. Clark 

(Chairmen of Section Membership Commit-
tees Ex-Officio) 

(Regional Directors Ex-Officio) 

A. B. Oxley 
George Rappaport 
D. B. Sinclair 
G. R. Town 

NOMINATIONS 

D. B. Sinclair, Chairman 

A. V. Eastman J. W. McRae 
A. W. Graf J. R. Ragazzini 
J. T. Henderson A. W. Straiton 

Irving Wolff 

POLICY ADVISORY 

A. V. Loughren, Chairman 

K. C. Black 
A. W. Graf 
Ferdinand Ham-

burger, Jr. 

A. G. Jensen 
J. M. Pettit 
J. R. Ragazzini 
A. W. Straiton 

Technical Committees 
M AY 1, 1954 TO APRIL 30, 1955 

A. W. Friend—Recording and Reproducing 
V. M. Graham—Member-at-large 
R. A. Hackbush—Member-at-large 
P. J. Herbst—Radio Transmitters 
A. G. Jensen—Member-at-large 
J. G. Kreer, Jr.—Member-at-large 
E. A. Laport—Member-at-large 
A. A. Macdonald—Mobile Communications 
W. P. Mason—Piezoelectric Crystals 
Wayne Mason—Member-at-large 
D. E. Maxwell—Audio Techniques 
H. R. Mimno—Navigation Aids 
C. H. Page--Member-at-large 
W. J. Poch—Video Techniques 
R. Serrell—Electronic Computers 
R. E. Shelby—Television Systems 
N. Smith—Wave Propagation 
P. H. Smith—Antennas and Wave Guides 

PROFESSIONAL GROUPS 

W. R. G. Baker, Chairman 
A. W. Graf, Vice- Chairman (Central Div.) 
W. E. Noller, Vice-Chairman (Western Div.) 
Ernst Weber, Vice-Chairman (Eastern Div.) 

L. V. Berkner 
L. M. Clement 
A. A. Gerlach 
R. A. Heising 
J. T. Henderson 
D. D. Israel 

W. M. Rust, Jr. 
P. C. Sandretto 
J. A. Stratton 
L. C. Van Atta 
Ben Warriner 
A. H. Waynick 

(Professional Group Chairmen Ex-Officio) 

PUBLIC RELATIONS 

Lewis Winner, Chairman 

T. R. Kennedy 
H. S. Renne 
Bruce Robertson 

F. S. Barton 
Ralph Bown 
R. H. Davies 
Willis Jackson 

E. L. Bragdon 
W. C. Copp 
E. K. Gannett 

L. G. R. F. Guy Sands 
E. C. Tompson 

TELLERS 

W. F. Bailey, Chairman 

J. F. Bisby J. P. Molnar 
T. M. Ferrill, Jr. B. F. Tyson 

Special Committees 
ARMED FORCES LIAISON 

COMMITTEE 

G. W. Bailey, Chairman 

IRE-IEE INTERNATIONAL LIAISON 
COMMITTEE 

F. B. Llewellyn 
C. G. Mayer 
R. L. Smith-Rose 
J. A. Stratton 

PROFESSIONAL RECOGNITION 

G. B. Hoadley, Chairman 

C. C. Chambers W. E. Donovan 
H. F. Dart C. M. Edwards 

W. G. Tuller—Information Theory and 
Modulation Systems* 

J. E. Ward—Feedback Control Systems 

* Deceased. 

SUBCOMMITTEES 

20.4 Television Co-ordination 

M. W. Baldwin, Jr., Chairman 

J. E. Keister 

20.5 Definitions Coordinating 

M. W. Baldwin, Jr., Chairman 

P. S. Carter J. G. Kreer, Jr. 
E. A. Laport 
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20.8 Basic Terms 

J. G. Brainerd, Chairman 

M. W. Baldwin, C. H. Page 

2. ANTENNAS AND WAVE-
GUIDES 

P. H. Smith, Chairman 
Henry Jasik, Vice- Chairman 
R. L. Mattingly, Secretary 

P. S. Carter P. A. Loth 
G. A. Deschamps A. A. Oliner 
J. E. Eaton K. S. Packard Jr. 
H. A. Finke D. C. Ports 
E. T. Jaynes G. Sinclair 
O. E. Kienow W. Sichak 

W. E. Waller 

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 

H. Jasik, Chairman 

P. A. Loth A. A. Oliner 
W. E. Waller 

3. AUDIO TECHNIQUES 

D. E. Maxwell, Chairman 
I. M. Kerney, Vice-Chairman 

O. C. Bixler F. K. Harvey 
W. Lindsay Black F. L. Hopper 
C. A. Cady R. A. Miller 
L. H. Good R. C. Moody 
G. H. Grenier L. D. Runkle 

W. E. Stewart 

4. CIRCUITS 

W. R. Bennett, Chairman 
S. J. Mason, Vice- Chairman 

J. T. Bangert 
J. G. Brainerd 
A. R. D'Heedene 
T. R. Finch 
R. M. Foster 
W. H. Huggins 
H. L. Krauss 
J. G. Linvill 

W. A. Lynch 
P. F. Ordung 
C. H. Page 
E. H. Perkins 
E. J. Robb 
\V. N. Tuttle 
L. Weinberg 
F. H. Williams 

SUBCOMMITTEES 

4.1 Transistor Circuitry 

J. G. Linvill, Chairman 

T. R. Finch J. C. Logue 
R. A. Henle (alter- S. J. Mason 

nate) H. L. Owens 
F. P. Keiper, Jr. J. J. Suran 
A. W. Lo L. Weinberg 

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-Domain Network Analysis 
and Synthesis 

W. H. Huggins, Chairman 

S. Goldman J. G. Linvill 
W. H. Kautz S. J. Mason 

D. F. Tuttle, Jr. 

4.7 Linear Active Circuits Including 
Networks with Feedback and 
Servomechanism Circuits 

W. A. Lynch, Chairman 

E. J. Angelo, Jr. 
H. Levenstein 
J. G. Linvill 

J. M. Manley 
E. H. Perkins 
C. F. Rehberg 

4.8 Circuit Components 

A. R. D'Heedene, Chairman 

4.9 Fundamental Quantities 

H. L. Krauss, Chairman 

P. F. Ordung J. D. Ryder 

6. ELECTROACOUSTICS 

B. B. Bauer, Chairman 
H. C. Hardy, Vice- Chairman 

H. L. Barney H. F. Olson 
M. Copel V. Salmon 
W. D. Goodale, Jr. E. S. Seeley 
H. S. Knowles P. S. Veneklasen 
W. F. Meeker P. B. Williams 

7. ELECTRON DEVICES 

W. J. Dodds, Chairman 
W. G. Shepherd, Vice-Chairman 

E. M. Boone 
R. S. Burnap 
G. A. Esperson 
W. R. Ferris 
T. J. Henry 
E. O. Johnson 
S. F. Kaisel 
C. G. Lob 

L. S. Nergaard 
H. L. Owens 
D. G. O'Neill 
P. A. Redhead 
A. C. Rockwood 
R. M. Ryder 
R. W. Slinkman 
R. G. Stoudenheimer 

SUBCOMMITTEES 

7.1 Tubes in Which Transit-Time is 
Not Essential 

T. J. Henry, Chairman 

T. A. Elder R. W. Slinkman 
W. R. Ferris E. E. Spitzer 
W. T. Millis A. K. Wing 

A. H. Young 
J. Berlin 
H. Hersh 

7.2 Cathode-Ray and Television Tubes 

C. G. Lob, Chairman 

R. B. Janes K. A. Hoagland 
R. Stoudenheimer 

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 

E. O. Johnson, Chairman 

J. H. Burnett D. E. Marshall 
A. W. Coolidge G. G. Riska 
E. J. Handley M. A. Townsend 
R. A. Herring W. W. Watrous 

H. H. Wittenberg 

7.3.1 Task Group on Methods of Test 
for TR and ATR Tubes 

K. Garoff, Chairman 
J. Schussele, Secretary 

I. Birnbaum 
W. R. Hayter 
H. Heins 

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 
J. E. White 

7.5 Test Methods for High-Vacuum 
Microwave Tubes 

E. M. Boone, Chairman 

J. H. Bryant 
H. W. Cole 
G. A. Espersen 
L. M. Field 
M. S. Glass 
A. E. Harrison 

M. E. Hines 
R. A. LaPlante 
R. R. Moats 
C. R. Moster 
M. Nowogrodzki 
W. G. Shepherd 

7.5.1 Task Group on Non-Operating 
Characteristics of Microwave Tubes 

M. Nowogrodzki, Chairman 

B. Arfin 
E. M. Boone 

M. S. Glass 
R. C. Hergenrother 

E. D. Reed 

7.5.2 Task Group on Operating Measure-
ments of Microwave Oscillator Tubes 

R. R. Moats, Chairman 

R. S. Briggs 
T. P. Curtis 
C. Dodd 

G. I. Klein 
B. D. Kumpfer 
E. C. Okress 

W. Teich 

7.5.2 Consultants 

G. E. Hackley 
A. E. Harrison 
O. C. Lundstrom 

E. D. McArthur 
J. S. Needle 
W. G. Shepherd 

7.5.3 Task Group on Operating Measure-
ments of Microwave Amplifier Tubes 

H. W. Cole, Chairman 

R. G. E. Hutter 
P. M. Lally 
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01) 
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A. W. McEwan R. W. Peter 
C. R. Moster S. E. Webber 

Consultants 

J. H. Bryant A. E. Harrison 
M. Chodorow M. E. Hines 
C. C. Cutler V. R. Learned 
L. M. Field L. D. Smullin 

D. Watkins 

7.6 Physical Electronics 

P. A. Redhead, Chairman 

J. G. Buck C. T. Goddard 
H. B. Frost J. M. Lafferty 

R. M. Matheson 

7.7 Solid State Devices 

(Meets jointly with the AIEE Committee on 
Semiconductors) 

•R. M. Ryder, Chairman (IRE) 
J. P. Jordan, Chairman (AIEE) 

V. P. Mathis, Secretary 

J. B. Angell 
S. J. Angelo 
C. A. Clarke 
R. L. Crosby 
F. M. Dukat 
J. J. Ebers 
R. S. Fallows 
J. R. Flegal 
H. Goldberg 
W. R. Grantham 
H. F. Heath 
J. R. Hyneman 

W. H. Lapham 
C. W. Mueller 
H. Q. North 
W. J. Pietenpol 
R. L. Pritchard 
A. D. Rittmann 
J. R. Roeder 
B. J. Rothlein 
C. L. Rouault 
J. W. Sees 
H. V. Sachar 
A. G. Coblenz 

7.7.2 Methods of Test for Transistors for 
Linear CW Transmission Service 

C. L. Rouait (ALEE), Chairman 

D. A. Alsberg A. Coblenz 
A. E. Anderson L. J. Giacoletto 

A. W. Lampe 

7.7.3 Semiconductors— Definitions 

S. J. Angello, Chairman 

J. M. Early B. J. Rothlein 
M. F. Lamonte J. S. Schaffner 

K. Uhler 

7.7.4 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 

8. ELECTRONIC COMPUTERS 

R. Sorrell, Chairman 
D. R. Brown, Vice-Chairman 

S. N. Alexander C. V. L. Smith 
R. D. Elbourn R. L. Snyder, Jr. 
M. Middleton, Jr. W. H. Ware 
C. D. Morrill C. R. Wayne 
G. W. Patterson J. R. Weiner 
J. A. Rajchman .C. F. West 
N. Rochester Way Dong Woo 

SUBCOMMITTEES 

8.3 Static Storage Elements 

J. Rajchman, Chairman 

A. O. Black H. R. Brownell 
T. H. Bonn T. C. Chen 

E. Gelband 
M. K. Haynes 
C. G. Horstman 
M. Littmann 

A. Nyman 
W. M. Papian 
E. A. Sands 
N. B. Saunders 

D. H. Toth 

8.4 Definitions (Eastern Division) 

L. Hobbs, Chairman 

R. D. Elbourn G. W. Patterson 
R. P. Mayer N. Rochester 

L. D. Wilson 

8.5 Definitions (Western Division) 

W. H. Ware, Chairman 

H. T. Larson W. S. Speer 
W. E. Smith R. Thorensen 

L. D. Stevens 

8.6 Magnetic Recording for 
Computing Purposes 

S. N. Alexander, Chairman 

9. FACSIMILE 

H. Burkhard, Chairman 
A. G. Cooley, Vice-Chairman 

J. Callahan 
D. Frezzolini 
J. Hackenberg 
M. F. Hodges 
J. V. Hogan 
B. H. Klyce 
L. R. Lankes 
S. A. Lawson 

P. Mertz 
K. R. McConnell 
K. W. Pfleger 
M. P. Rehm 
H. C. Ressler 
C. J. Young 
R. J. Wise 
K. Woloschak 

26. FEEDBACK CONTROL 
SYSTEMS 

J. E. Ward, Chairman 

M. R. Aaron D. L. Lippitt 
G. S. Axelby J. C. Lozier 
G. A. Biernson W. M. Pease 
V. B. Haas, Jr. E. A. Sabin 
R. J. Kochenburger P. Travers 
D. P. Lindorff R. B. Wilcox 
W. K. Linvill S. B. Williams 

F. R. Zatlin 

SUBCOMMITTEE 

26.1 Terminology for Feedback 
Control Systems 

M. R. Aaron, Chairman 
V. Azgapetian, Secretary 

G. R. Arthur 
T. Flynn 

J. C. Lozier 
C. F. Rehberg 

F. Zweig 

10. INDUSTRIAL ELECTRONICS 

J. E. Eiselein, Chairman 
E. Mittelmann, Vice-Chairman 

G. P. Bosomworth P. E. Ohmart 
J. M. Cage 
E. W. Chapin 
J. L. Dalke 
C. W. Frick 
H. C. Gilespie 
T. P. Kinn 
H. R. Meahl 
J. H. Mennie 

H. W. Parker 
S. I. Rambo 
W. Richter 
W. C. Rudd 
E. H. Schulz 
C. F. Spitzer 
W. R. Thurston 
M. P. Vore 

J. Weinberger 

10.1 Definitions for Induction 
and Dieletric Heating 

C. F. Spitzer, Chairman 

G. P. Bosomworth J. Dalke 
J. M. Cage E. Mittelmann 

W. Richter 

10.2 Dielectric Measurements 

J. Dalke, Chairman 

G. W. Klingaman 
H. R. Meahl 

J. H. Mennie 
C. F. Spitzer 

10.4 Methods of Measurement 

E. Mittelmann, Chairman 

J. M. Cage S. I. Rambo 
J. L. Dalke E. H. Schulz 

W. R. Thurston 

11. INFORMATION THEORY 

AND MODULATION 

SYSTEMS 

. G. fuller, Chairman 
J. G. Kreer, Jr., nie-Chairman 

P. L. Bargellini D. D. Grieg 
\V. R. Bennett H. W. Kohler 
T. P. Cheatham, Jr. E. R. Kretzmer 
W. B. Davenport, Jr. V. D. Landon 
L. A. DeRosa N. Marchand 
P. Elias L. A. Meacham 

D. Pollack 

25. MEASUREMENTS AND 
INSTRUMENTATION 

P. S. Christaldi, Chairman 
J. H. Mulligan, Jr., Vice-Chairman 

M. J. Ackerman W. J. Mayo-Wells 
J. L. Dalke G. A. Morton 
G. L. Fredendall C. D. Owens 
W. D. George A. P. G. Peterson 
G. B. Hoadley J. G. Reid, Jr. 

R. 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. Biding 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 
R. Palmer 

H. A. Samulon 
A. J. Talamini, Jr. 

W. R. Thurston 
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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 E. W. Houghton 
I. G. Easton D. Keim 
F. J. Gaffney B. M. Oliver 

B. Pat-zen 

25.8 Interference Measurements 

R. Showers, Chairman 
F. H. Dickson C. W. Frick 
H. E. Dinger F. M. Greene 

A. W. Sullivan 

25.9 Measurement of Radio Activity 

G. A. Morton, Chairman 

R. L. Butenhoff D. L. Johnston 
D. L. Collins M. A. Schultz 
L. Costrell W. W. Schultz 

25.10 Oscillography 

M. J. Ackerman, Chairman 

F. J. Bloom G. R. Mezger (alter-
P. S. Christaldi nate 
M. E. Clark N. E. Schick (alter-
D. P. Heacock nate) 
H. M. Joseph A. L. Stillwell 

H. Vollum 

25.13 Telemetering 

W. J. Mayo-Wells, Chairman 
J. L. Blackburn F. W. Lehan 
J. F. Brinster E. E. Lynch 
R. E. Colander M. G. Pawley 
A. P. Gruer W. E. Phillips 
R. L. Harding G. M. Thynell 
C. H. Hoeppner F. L. Verwiebe 
M. V. Kiebert G. F. C. Weedon 

W. A. Wildhack 

25.14 Electronic Components 

J. G. Reid, Jr., Chairman 
M. B. Carlton 
G. B. Devey 
J. W. Gruol 
J. N. Hall 

A. E. Javitz 
J. H. Muncy 
F. A. Paul 
E. R. Schnauss 

16. MOBILE COMMUNICATION 

SYSTEMS 

A. A. Macdonald, Chairman 
J. Craig 
A. V. Dasburg 
D. B. Harris 
C. M. Heiden 
C. N. Kimball, Jr. 
N. Monk 

D. E. Noble 
J. C. O'Brien 
D. Talley 
G. Teommey 
R. W. Tuttle 
A. Whitney 

12. NAVIGATION AIDS 

H. R. Mimno, Chairman 
W. Palmer, Vice- Chairman 

W. B. Burgess H. I. Metz 
H. Davis A. G. Richardson 
R. E. Gray L. M. Sherer 

SUBCOMMITTEES 

12.2 Standard DF Measurements 

E. D. Blodgett, Chairman 
J. Kaplan, Vice Chairman 
R. Silberstein, Secretary 

A. D. Bailey F. M. Kratokvil 
H. I. Butler A. A. Kunze 
J. J. Kelleher 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. Alexandr 
S. Anderson 
R. Battle 
P. Hansel 

G. Litchford 
J. T. MacLemore 
J. S. Pritchard 
P. Ricketts 
V. Weihe 

14. PIEZOELECTRIC CRYSTALS 

W. P. Mason, Chairman 
H. Jaffe, Vice- Chairman 

R. Bechmann 
W. G. Cady 
J. K. Clapp 
W. A. Edson 
I. E. Fair 

W. D. George 
E. Gerber 
S. Roberts 
P. L. Smith 
R. A. Sykes 

K. S. Van Dyke 

17. RADIO RECEIVERS 

J. Avins, Chairman 
J. D. Reid, Vice-Chairman 

K. A. Chittick 
L. E. Closson 
D. E. Harnett 
K. W. Jarvis 
J. K. Johnson 
W. R. Koch 
I. J. Melman 
G. Mountjoy 

F. R. Norton 
L. Ribman 
L. M. Rodgers 
S. W. Seeley 
R. F. Shea 
W. O. Swinyard 
F. B. Uphoff 
R. S. Yoder 

SUBCOMMITTEES 
17.4 Spurious Radiation 

R. F. Shea, Chairman 
A. Augustine 
J. Avins 
E. W. Chapin 
K. A. Chittick 
H. E. Dinger 
R. J. Farber 
A. B. Glenn 
W. R. Koch 
T. S. Loeser 
R. A. Maher 

F. L. Pample 
L. M. Rodgers 
E. H. Schrot 
H. Schwarz 
S. W. Seeley 
C. G. Seright 
W. B. Smith 
J. W. Stratman 
W. O. Swinyard 
H. J. Tyzzer 

R. S. Yoder 

17.8 Television Receivers 

W. O. Swinyard, Chairman 
J. Avins I. J. Melman 
E. C. Freeland B. S. Parmet 
W. J. Gruen E. Pufahl 

G. F. Rogers 

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 L. Riebman 
L. Rodgers 

15. RADIO TRANSMITTERS 

P. J. Herbst, Chairman 
H. Goldberg, Vice-Chairman 

T. E. Ahlstedt M. R. Briggs 
J. H. Battison A. Brown 

H. R. Butler 
W. R. Donsbach 
L. K. Findley 
R. M. Gluyas, Jr. 
H. E. Goldstine 
J. B. Heffelfinger 
A. E. Kerwien 
L. A. Looney 

J. F. McDonald 
S. M. Morrison 
J.Ruston 
H. B. Seabrook 
G. W. Sellers 
B. Sheffield 
N. B. Tharp 
U. R. Weir 

SUBCOMMITTEES 

15.1 FM Transmitters 

J. Ruston, Chairman 

J. Bose N. Marchand 
J. R. Boykin P. Osborne 

H. P. Thomas 

15.2 Radio-Telegraph Transmitters 
up to 50 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, Jr. 
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 

15.5 Single Sideband Radio Communi-
cation Transmitters 

Adamant Brown, Chairman 
J. P. Costas 
H. E. Goldstine 
L. Kahn 

A. E. Kerwien 
E. A. Laport 
J. B. Singel 

15.6 Television Broadcast Transmitters 

T. M. Gluyas, Jr., Chairman 
F. J. Bias L. A. Looney 
E. Bradburd J. Ruston 

19. RECORDING AND 

REPRODUCING 

A. W. Friend, Chairman 
L. Thompson, Vice- Chairman 

M. S. Corrington, Vice-Chairman 
S. J. Begun 
M. Camras 
E. W. D'Arcy 
S. M. Fairchild 
R. M. Fraser 
C. J. LeBel 

C. B. Pear, Jr. 
A. P. G. Peterson 
H. E. Roys 
T. G. Veal 
C. F. West 
A. H. Willis 

A. Zuckerman (RETMA liaison) 

SUBCOMMITTEES 

19.1 Magnetic Recording 

R. C. Moyer, Chairman 
J. S. Boyers C. B. Pear 
M. Camras A. P. G. Peterson 
E. W. D'Arcy R. A. Von Behren 
W. H. Erikson A. H. Willis 

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 
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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. E. 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 

21. SYMBOLS 

K. E. Anspach, Chairman 
H. R. Terhune, Vice Chairman 

F. M. Bailey 
W. J. Everts 
W. A. Ford 
R. T. Haviland 
O. T. Laube 
C. D. Mitchell 

H. P. Westman 

SUBCOMMITTEES 

21.2 Graphical Symbols for Semiconductors 

M. P. Robinson, Chairman 

R. A. Henle C. D. Mitchell 
R. F. Merrithew J. G. Weissman 
W. H. Miller H. J. Woll 

L. B. Valdes 

21.3 Subcommittee on Functional Repre-
sentation of Control, Computing and 

Switching Equipment 

A. C. Reynolds, Jr., Chairman 

T. G. Cober F. T. Meyer 
C. W. Frank E. W. Olcott 

J. S. Osborne 
G. Patterson 
S. W. Roberts 
F. J. Roehm 

F. M. Sokol 

21.4 Subcommittee on Abbreviations, Letter 
Symbols, and Graphical Symbols for 

Feedback Control Systems 

F. M. Bailey, Chairman 

H. Freeman 

J. W. Gorgas 
H. F. Herbig 
G. W. Hobbs 
H. P. Kraatz 

C. Neitzert 
M. B. Reed 
A. C. Reynolds, Jr. 
M. P. Robinson 
M. S. Smith 
R. M. Stern 

V. J. Louden 
T. F. Mahoney 

21.5 Subcommittee on New Proposals 
and Special Assignments 

M. P. Robinson, Chairman 

21.7 Letter Symbols 

C. Neitzert, Chairman 

22. TELEVISION SYSTEMS 

R. E. Shelby, Chairman 
W. T. Wintringliam, Vice-Chairman 

W. F. Bailey A. G. Jensen 
M. W. Baldwin, Jr. I. J. Kaar 
R. M. Bowie R. D. Kell 
J. E. Brown H. T. Lyman 
K. A. Chittick L. Mautner 
C. G. Fick J. Minter 
D. G. Fink A. F. Murray 
P. C. Goldmark D. W. Pugsley 
R. N. Harmon D. B. Smith 
J. E. Hayes M. E. Strieby 
J. L. Hollis A. Talamini 

SUBCOMMITTEES 

22.1 Definitions 

M. W. Baldwin, Jr., Chairman 

A. V. Bedford D. L. MacAdam 
R. P. Burr H. A. Samulon 
S. Helt E. Sieminski 
J. M. Hollywood R. E. Waggener 

W. T. Wintringham 

22.2 Television Picture Element 

R. M. Bowie, Chairman 

W. E. Bradley 
S. Helt 
D. C. Livingston 

P. Mertz 
H. A. Samulon 
O. H. Schade 

23. VIDEO TECHNIQUES 

W. J. Poch, Chairman 
A. J. Baracket, Vice- Chairman 

S. W. Athey 
J. Battison 
E. E. Benham 
K. B. Benson 
E. M. Coan 
R. DeBaun 
S. Doba, Jr. 

V. J. Duke 
G. L. Fredendall 
J. R. Hefele 
J. L. Jones 
C. G. Pierce 
B. F. Tyson 
H. E. Weppler 

SUBCOMMITTEES 

23.2 Utilization, Including Video Recording: 
Methods of Measurement 

S. W. Athey, Chairman 

K. B. Benson R. L. Garman 
J. M. Brumbaugh G. Gordon 
V. J. Duke L. D. Grignon 

H. Milholland 

23.3 Video Systems and Components: 
Methods of Measurement 

A. J. Baracket, Chairman 

I. C. Abrahams J. R. Hefele 
R. Betts A. Lind 
G. L. Fredendall N. E. Sprecher 

J. F. Wiggin 

23.4 Video Signal Transmission: 
Methods of Measurement 

J. L. Jones, Chairman 

J. M. Barstow 
K. B. Benson 
R. D. Chipp 
S. Doba, Jr. 
M. E. Gloystein E. H. Schreiber 

B. F. Tyson 

L. R. Moffett 
R. M. Morris 
K. E. Mullenger 
R. S. O'Brien 

24. WAVE PROPAGATION 

N. Smith, Chairman 

E. W. Allen, Jr. 
S. L. Bailey 
A. R. Beach 
H. G. Booker 
K. Bullington 
C. R. Burrows 
T. J. Carroll 
A. B. Crawford 
A. Earl Cullum, Jr. 
W. S. Duttera 
H. E. Dinger 
R. E. Fontana 
I. H. Gerks 
F. M. Greene 

M. Katzin 
D. E. Kerr 
M. Kline 
R. K. Moore 
M. G. Morgan 
K. A. Norton 
H. O. Peterson 
G. Sinclair 
R. L. Smith-Rose 
H. Staras 
A. W. Straiton 
A. H. Waynick 
J. W. Wright 
T. A. 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 

T. Carroll, Chairman 

H. G. Booker A. B. Crawford 
A. W. Straiton 

24.3 Theory and Application of 
Ionospheric Propagation 

M. G. Morgan, Chairman 

R. Bateman 
K. L. Bowles 

R. A. Helliwell 
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 Inst.: R. M. Steere 

4 *Alberta, Univ. of: Appointment later 
*Arizona, Univ. of: H. E. Stewart 
*Arkansas, Univ. of: W. W. Cannon 
*British Columbia, Univ. of: A. D. Moore 
*Brooklyn Poly. Institute (Day Div.): 

L. Goldstone 

• Colleges with approved Student Branches. 

*Brooklyn Poly. Inst. (Eve. Div.): G. J. Kent 
*Brown University: C. Angulo 
*Bucknell Univ.: G. Irland 
*California Inst. of Tech.: Appointment later 
*California State Polytechnic College: C. 

Radius 
*California, Univ. of: H. J. Scott 
California, Univ. of at Los Angeles: E. F. 

King 
*Carnegie Inst. of Tech.: J. B. Woodford, Jr. 
*Case Inst. of Tech.: Appointment later 
Cincinnati, Univ. of: A. B. Bereskin 

1954* 
*Clarkson Coll. of Tech.: Appointment later 
*Colorado Agricultural & Mechanical Col-

lege: C. C. Britton 
*Colorado, Univ. of: W. G. Worcester 
*Columbia University: L. O'Neill 
*Connecticut, Univ. of: G. W. Johnson 
*Cooper Union School of Engineering: J. B. 

Sherman 
*Cornell University: T. McLean 
Dartmouth College: M. G. Morgan 
*Dayton, Univ. of: L. H. Rose 
*Delaware, Univ. of: H. S. Bueche 
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*Denver, Univ. of: R. C. Webb 
*Detroit, Univ. of: T. Yamauchi 
*Drexel Institute of Technology: R. T. Zern 
Duke University: H. A. Owen 
*Fenn College: K. S. Sherman 
*Florida, Univ. of: S. P. Sashoff 
*George Washington Univ.: G. Abraham 
*Georgia Institute of Technology: B. J. 

Dasher 
Harvard University: R. W. P. King 
*Illinois Inst. of Tech.: G. T. Flesher 
*Illinois, Univ. of: P. F. Schwarzlose 
*Iowa, State Univ. of: L. A. Ware 
*Iowa State College: G. A. Richardson 
*John Carroll University: J. L. Hunter 
*Johns Hopkins Univ.: 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 
*Lehigh University: D. E. Mode 
*Louisiana State University: L. V. McLean 
*Louisville, Univ. of: S. T. Fife 
*Maine, Univ. of: Appointment later 
*Manhattan College: T. P. Canavan 
Manitoba, Univ. of: H. Haakonsen 
*Marquette University: Appointment later 
*Maryland, Univ. of: H. \V. Price 
*Massachusetts, Univ. of: C. S. Roys 
*Massachusetts Institute of Technology: 

W. H. Radford, E. A. Guillemin 
McGill University: F. S. Howes 
*Miami, Univ. of: F. B. Lucas 
*Michigan College of Mining & Technology: 

R. J. Jones 
*Michigan State College: I. O. Ebert 
*Michigan, Univ. of: L. N. Holland 
*Minnesota, Univ. of: LeRoy Anderson 
*Mississippi State College: P. T. Hutchison 

*Missouri School of Mines and Metallurgy: 
G. G. Skitek 

*Missouri, Univ. of: G. V. Lago 
*Montana State College: R. C. Seibel 
*Nebraska, Univ. of: C. W. Rook 
*Newark College of Engineering: D. \V. 

Dickey 
Nevada, Univ. of: I. J. Sandorf 
*New Hampshire, Univ. of: A. L. Winn 
*New Mexico College of Agriculture & Me-

chanic Arts: H. A. Brown 
*New Mexico, Univ. of: Appointment later 
*New York, College of City of: H. Wolf 
*New York University (Day and Eve. Div.): 

S. Shamis 
*North Carolina State Coll.: G. B. Hoadley 
*North Dakota Agric. Coll.: E. M. Anderson 
*North Dakota, Univ. of: C. Thomforde 
*Northeastern University: J. S. Rochefort 
*Northwestern University: A. H. Wing, Jr. 
*Notre Dame, Univ. of: H. E. Ellithorn 
*Ohio University: D. B. Green 
*Ohio State University: R. A. Neubauer 
*Oklahoma Agri. & Mechanical College: 

A. L. Betts 
Oklahoma, Univ. of: C. L. Farrar 
*Oregon State College: A. L. Albert 
*Pennsylvania, Univ. of: D. F. Hunt 
*Pennsylvania, The State Univ.: J. N. War-

field 
*Pittsburgh, Univ. of: John Brinda, Jr. 
'''Pratt Institute: David Vitrogan 
*Princeton University: N. W. Mather 
*Purdue University: R. P. Siskind 
Queens University: H. H. Stewart 
*Rensselaer Polytechnic Inst.: H. D. 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: D. C. Kalbfell 
*San Jose State College: H. Engwicht 
Santa Clara, Univ. of: H. P. Nettesheim 
*Seattle University: Appointment later 
*South Carolina, Univ. of: Appointment 

later 
*South Dakota School of Mines & Technol-

ogy: Appointment later 
*Southern Calif., Univ. of: G. \V. Reynolds 
*Southern Methodist Univ.: Paul Harton 
*Stanford University: C. Suskind 
*Stevens Inst. of Tech.: A. C. Gilmore, Jr. 
*Syracuse, Univ. of: H. Hellerman 
*Tennessee, Univ. of: Sherwood King 
*Texas, Univ. of: H. W. Smith 
*Texas Technological College: H. A. Spuhler 
*Toledo, Univ. of: R. E. Weeber 
*Toronto, Univ. of: G. Sinclair 
*Tufts College: A. H. Howell 
*Tulane University: J. A. Cronvich 
United States Naval Post Graduate School: 

G. R. Giet 
*Utah, Univ. of: C. L. Alley 
*Utah State Agric. Coll.: Clayton Clark 
*Vermont, Univ. of: W. L. Steinmann 
*Villanova College: J. A. Klekotka 
*Virginia Polytech. Inst.: R. R. Wright 
*Virginia, Univ. of: J. C. Mace 
*Washington, Univ. of: Floyd D. Robbins 
*Washington University: Herbert Crosby 
*Wayne University: D. V. Stocker 
Western Ontario, Univ. of: E. H. Tull, J. H. 

Blackwell 
*West Virginia University: E. Keener 
*Wisconsin, Univ. of: Glenn Koehler 
Witwatersrand, Univ. of: G. R. Bozzoli 
*Worcester Polytech. Inst.: H. H. Newell 
*Wyoming, Univ. of: W. M. Mallory 
*Yale University: J. G. Skalnik 

INSTITUTE REPRESENTATIVES ON OTHER BODIES 1954 
ASA Conference of Executives of Organiza-

tion Members: G. W. Bailey; L. G. Cum-
ming, alternate 

ASA Standards Council: A. G. Jensen; Ernst 
Weber, L. G. Cumming, alternates 

ASA Electrical Standards Board: F. B. 
Llewellyn, A. G. Jensen, L. G. Cumming 

ASA Graphic Standards Board: K. E. Ans-
pach; H. R. Terhune, alternate 

ASA Sectional Committee (C16) on Radio 
(Sponsored by IRE): S. L. Bailey, Chair-
man, L. G. Cumming, Secretary; E. 
Weber, J. Avins 

ASA Sectional Committee (C39) on Electri-
cal Measuring Instruments: F. J. Gaff-
ney 

ASA Sectional Committee (C42) on Defini-
tions of Electrical Terms: M. W. Bald-
win, Jr., A. G. Jensen, H. Pratt, J. G. 
Brainerd 

ASA Subcommittee (C42.1) on General 
Terms: J. G. Brainerd 

ASA Subcommittee (C42.6) on Electrical In-
struments: Ernst Weber 

ASA Subcommittee (C42.13) on Communi-
cations: J. C. Schelleng 

ASA Subcommittee (C42.14) on Electron 
Tubes: G. D. O'Neill 

ASA Sectional Committee (C60) on Stand-
ardization on Electron Tubes: L. S. Ner-
gaard, C. E. Fay 

ASA Sectional Committee (C61) on Electric 
and Magnetic Magnitudes and Units: 

S. A. Schelkunoff, J. W. Horton, E. S. 
Purington 

ASA Sectional Committee (C63) on Radio-
Electrical Coordination: C. C. Chambers 

ASA Sectional Committee (C67) on Stand-
ardization of Voltages— Preferred Volt-
ages- 100 Volts and Under: No IRE 
Voting Representative; Liaison: J. R. 
Steen 

ASA Sectional Committee (C83) on Com-
ponents for Electronic Equipment: P. K. 
McElroy 

ASA Sectional Committee (YI) on Abbrevi-
ations: K. E. Anspach; H. R. Terhune, 
alternate 

ASA Sectional Committee (Y10) on Letter 
Symbols and Abbreviations for Science 
and Engineering: H. R. Terhune; K. E. 
Anspach, alternate 

ASA Subcommittee (Y10.9) on Letter Sym-
bols for Radio: K. E. Anspach, Chairman 

ASA Subcommittee (Y10.14) on Nomen-
clature for Feedback Control Systems: 
J. E. Ward, W. A. Lynch, George A. 
Biernson 

ASA Sectional Committee (Y14) on Stand-
ards for Drawing and Drafting Room 
Practices: Austin Bailey; K. E. Anspach, 
alternate 

ASA Sectional Committee (YI5) on Pre-
ferred Practice for the Preparation of 
Graphs, Charts and Other Technical Il-
lustrations: H. R. Terhune; M. P. Robin-

son, alternate 
ASA Sectional Committee (Y32) on Graph-

ical Symbols and Designations: Austin 
Bailey, K. E. Anspach, A. F. Pomeroy, 
alternate 

ASA Sectional Committee (Z17) on Pre-
ferred Numbers: A. F. Van Dyck 

ASA Sectional Committee (Z24) on Acousti-
cal Measurements and Terminology: 
Hugh S. Knowles; H. F. Olson, alternate 

ASA Sectional Committee (Z57) on Sound 
Recording: Neal McNaughten, Chair-
man, H. E. Roys, representative; A. W. 
Friend, alternate 

ASA Sectional Committee (Z58) on Stand-
ardization of Optics: E. Dudley Goodale; 
L. G. Cumming, alternate 

Joint IRE-AIEE-NEMA Co-ordination 
Committee on Commercial Induction 
and Dielectric Heating Apparatus: Jo-
seph E. Eiselein; George P. Bosomworth, 
alternate 

International Scientific Radio Union (URSI) 
Executive Committee: S. L. Bailey 

U. S. National Committee, International 
Electrotechnical Commission, Advisers 
on Symbols: Austin Bailey, Kenneth 
Anspach; A. F. Pomeroy, alternate 

U. S. National Committee, International 
Electrotechnical Commission, Advisers 
on Electrical Measuring Instruments: 
F. J. Gaffney 

U. S. National Committee of the Interna-
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tional Electrotechnical Commission: 
F. B. Llewellyn, A. G. Jensen, L. G. 

Cumming 
Joint IRE-AIEE Committee on High Fre-

quency Measurements: R. V. Lowman, 
R. A. Braden, I. G. Easton, F. J. Gaff-

ney, G. B. Hoadley, H. W. Houghton, 
David Y. Keim, B. M. Oliver, B. Parzen 

International Radio Consultative Commit-

tee, Executive Committee of U. S. Dele-

gation: A. G. Jensen; L. G. Cumming, 
alternate 

Joint IRE-SMPTE-NARTB Committee for 
Inter-Society Coordination (Television) 
(JCIC): W. J. Poch; M. W. Baldwin, al-

ternate 

National Electronics Conference: A. W. 
Graf ( 1954) 

National Research Council—Division of En-

gineering and Industrial Reserch: F. B. 
Llewellyn (7/1/54-6/30/57), 3 yrs. 

American Association for the Advancement 
of Science: Professor J. C. Jensen 
(7/1/54-6/30-56), 2 yrs. 

Abstracts of Transactions of the I.R.E. 

The following issues of "Transactions" have just been published, and are 
now available from The Institute of Radio Engineers, Inc., 1 East 79 Street, 
New York 21, N. Y. at the following prices. The contents of each issue and, 
where available, abstracts of technical papers are given below. 

Sponsoring Group Publication 

Aeronautical and Navi-
gational Electronics 

Antennas and Propa-
gation 

Electron Devices 
Electronic Computers 

Group IRE Non-
Members Members Members* 

Vol. ANE-1, No. 2 

Vol. AP-2, No. 4 

Vol. ED- 1, No. 3 
Vol. EC-3, No. 3 

$ . 95 

1.50 
1.40 
1.80 

$1.40 

2.25 
2.10 
2.70 

$2.85 

4.50 
4.20 
5.40 

* Public libraries and colleges can purchase copies at 

AERONAUTICAL AND NAVIGA-
TIONAL ELECTRONICS 

Vol. AXE- 1, No. 2, June, 1954 

Report on the Dayton Conference—K. C. 
Black 

The Long Quest—P. C. Sandretto (Edi-
torial) 

Radio Altimeter—M. Capelli 
This paper discusses the fundamental prin-

ciples underlying the operation of radio altim-
eters of the frequency modulation type. The 
discussion is related to work done by STC in 
development of an accurate short-range radio 
altimeter. Ideal and practical solutions of the 
problems involved are explained by means of a 
number of graphs and discussions of such 
points of interest as type of frequency sweep, 
instantaneous frequency measurement versus 
average rate counting, step effect and minimum 
range. The paper ends with a specification of 
operating parameters for a practical radio al-
timeter. 

Flare-Out Unit AN/ APN-71, an Aid to Air-
craft Instrument Landing—D. M. Pasek and 
W. J. Shanahan 

Navy's New Altimeter, the AN, APN-22— 
F. T. Wimberly and J. F. Lane, Jr. 

This paper describes a frequency modula-
tion type of radio altimeter developed for the 
Navy Department, Bureau of Aeronautics. It 
operates in the frequency band 4,200 to 4,400 
megacycles and has a range of 0-10,000 feet 
over land and 0-20,000 feet over water. The 
accuracy is ± 2 feet from 0 to 40 feet and ± 5% 
from 40 feet to 20,000 feet. The equipment is 
designed to meet standard Navy specifications 
as to environmental conditions. Total weight 
is 30 pounds. Altitude is displayed on a single 
dial indicator, linearly calibrated over 120 de-
grees for the range 0-200 feet, and approxi-
mately logarithmically for the remaining 190 
degrees. 

In addition to the indicator, the equipment 
comprises a transmitter-receiver and a control 

IRE Member rates. 

amplifier. The former is flush mounted and 
contains the antennas, transmitting magnetron, 
and receiver crystals. The latter generates the 
basic FM sweep voltage, provides synch signals 
to operate the indicator, and furnishes the 
power for the complete system. 
A feature of the system is a flag alarm warn-

ing which operates when the received signal-to-
noise ratio is too low for reliable indications. 
The system will operate in banks up to 50° and 
dives and climbs of 60°. 

Nonqualitized Frequency-Modulated Altim-
eter—H. P. Kalmus, J. C. Cacheris and 
H. A. Droplcin 
A new principle that makes possible non-

quantized altitude information so that the ac-
curate range of altimeters can be extended to 
include low-level operation is described. A fre-
quency shifter is inserted between the local os-
cillator and the mixer in order to remove the in-
herent error in conventional altimeters that 
makes them objectionable for low-altitude 
operation. The authors show how the character-
istic of the amplifier can be shaped differently 
and point out that the strength of the return 
signal and the inherent amplitude modulation 
determine the most suitable characteristic for 
any particular operating condition. 

ANTENNAS AND PROPA-
GATION 

Vol. AP- 2, No. 4, October, 1954 

News and Views 
Analysis of Helical Transmission Lines by 

Means of the Complete Circuit Equations— 
V. J. Fowler 
A set of integro-differential equations, called 

the "complete circuit equations," are derived 
from Maxwell's equations and applied to the 
solution of the parallel-wire transmission line, 
the double-helix transmission line, and the sin-
gle helix, or helical waveguide. These equations 
take into account the effects of inductance and 
capacitance distribution, retardation, and out-

ward radiation. A generalization of earlier 
concepts of distributed inductance and elast-
ance (or inverse capacitance) is manifest in the 
solution of the helical line, where these quanti-
ties become functions of the phase coefficient or 
wavelength of propagation and are Fourier 
transforms of certain closed-form distribution 
functions. In general, phase velocity is a com-
plicated implicit function of frequency, but 
under a hypothesis of "mode segregation on the 
basis of wavelength," the phase velocity and 
frequency can be obtained parametrically in 
terms of a third variable, called the phase 
parameter. Using this hypothesis, plots of phase 
velocity and characteristic impedance versus 
frequency were obtained for the double helix 
and the helical waveguide. 

Radiation From a Vertical Dipole Over a 
Stratified Ground—J. R. Wait and W. A. 
Fraser 

Further results are given for the problem of 
a vertical electrical dipole situated over a 
horizontally stratified conductor. It is pointed 
out that under certain conditions, the surface-
wave field intensity for a stratified conducting 
ground is greater than the corresponding case 
for a perfectly conducting ground. Numerical 
values for the attenuation factor are also 
given. 
A Waveguide Array for Solar Noise Studies 

—H. Gruenberg 
A description is given of a 150-foot slotted 

waveguide array which was built for solar noise 
studies at wavelengths near 10.3 centimeters. 
Some of the problems associated with the de-
sign of such an array are discussed. 

Dielectric Sheet Radiators—F. E. Butter-
field 
A class of electromagnetic radiators is de-

scribed which employs the principle of wave-
guiding along a flat surface by means of dielec-
tric coating. Radiation occurs as the result of 
nonuniformities in the guiding system. The 
efficiency of the feeding arrangements and dif-
fraction over the edge of the flat surface are fac-
tors in the side-lobe level observed. A unit is 
described which has been used aboard missiles. 
A series of tests are reported which illustrate 

some of the characteristics of the radiators. 
Data for comparison with corrugated surface 
antennas is given. Problems for further in-
vestigation are listed. 

An experimental unit is described with a 
gain of 25 db and an efficiency compared to 
conventional aperture radiators of about 60 per 
cent. This unit has linear dimensions compara-
ble to a horn producing the same beamwidth. 

Evaluation of Errors in an Eight-Element 
Adcock Antenna—J. R. Wait and W. A. Pope 

An analysis is given for the response of an 
eight-element direction finding antenna to a 
localized radio-frequency source. The error be-
tween the indicated and true bearing is evalu-
ated and illustrated by graphs. It is also shown 
that the additional error, introduced by bring-
ing the source into proximity of the antenna 
system is negligible if the antenna-source dis-
tance is greater than 5X. This is an important 
consideration in the calibration of the system. 

An Exact Step-Up Impedance Ratio Chart 
a Folded Antenna— Y. Mushiake 
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ELECTRON DEVICES 

Vol. ED- 1, No. 3, August, 1954 
Traveling Wave Tube Characteristics for 

Finite Values of C—C. K. Birdsall and G. R. 
Brewer 

Using the determinantal equation for the 
propagation constants of the waves in a travel-
ing wave tube, values of the Pierce wave pa-
rameter -= xl-jy have been found for finite 
values of the gain parameter C (up to C= .5) 
and over a wide range of values of the space 
charge parameter QC (up to QC = 2). Using the 
values of the wave parameters, graphs were ob-
tained of several derived quantities useful in 
traveling wave tube design. The following are 
given as functions of C and QC: (a) the initial 
loss factor (A1) and the space charge loss factor 
(A 2) where A A2 -= A of Pierce, (b) maximum 
values of the gain per wavelength parameter 

(c) maximum values of the gain per meter 
parameter xi/(1+ C5), (d) stream velocity 
parameter bat maximum gain per meter, (e) and 
(f) stream and growing wave phase velocity at 
maximum gain per meter as a function of 

N/4QC/(1- N/4QC3)mico/(cdc,C). 
Transistor Metrology—D. A. Alsberg 
The general transistor measurement prob-

lem is surveyed considering the transistor de-
signer, manufacturer and user. Several possible 
sets of transistor parameters in common use 
are discussed, stressing consistency between 
problems of measurement and the nature of 
transistors. For general small signal character-
ization, the hybrid parameters are proposed 
as the preferred set. For very high frequencies, 
finite termination, insertion type parameters 
are proposed. 

The relative merits of point by point and 
sweep type measurements are discussed. Prob-
lems in both recording and oscilloscopic sweep 
measurements are considered. Techniques orig-
inally developed for rapid, precise measure-
ment of long distance broad band transmission 
facilities may be adapted to precise transistor 
sweep instrumentation. This permits practical 
specification of transistors in terms of "regional 
specification" rather than the more conventional 
specification limits at discrete operating points. 

A Developmental Voltage-Tunable Micro-
wave Magnetron—J. S. Needle 

The paper concerns the results of design and 
performance of a low power coaxially inter-
digital magnetron with external coupled cavity. 
Special attention is given to the problem of 
wide-range tunability, in the microwave fre-
quency spectrum, using either mechanical or 
voltage-tuning methods. 

The basic structure of the magnetron con-
sists of a short, hermetically-sealed section of 
coaxial transmission line which contains six 
equally spaced radial vanes extending from the 
inner wall of the outer coaxial cylinder into six 
longitudinal slots in the inner coaxial cylinder. 
The cathode is symmetrically located within 
the inner coaxial cylinder at the position of the 
multi-anode structure. This sealed off multi-
anode system is used to excite a TEM mode in 
an external coaxial circuit. 

Experimental results on electronically and 
mechanically tunable operation are reported, 
with particular emphasis on voltage tuning. 

Measurement of Klystron Amplifier Param-
eters—C. M. Beronda 

This paper describes certain basic design 
measurements made on a high power klystron 
amplifier developed by Sperry under an Air 
Force (Rome Air Development Center) con-
tract. This work was done by the Electronic 
Tube Department at Sperry during 1948-1950. 

The klystron has a power output in the 
megawatt region and a high level gain of 38 db. 
The electron gun perveance is about 1 X 10-4 
ampvoltret. About 95% of the electron gun 
current reaches the collector under static con-
ditions while about 90% goes through under 

operating conditions. A plate efficiency of about 
43% has been measured with up to 4 mega-
watts of peak power output. 

Rather extensive engineering measurements 
were made on the klystron and these measure-
ments check rather closely with the original de-
sign parameters. Among the tests made on the 
tube were the following measurements which 
are described: 

1. The optimum drive 1st and 2nd resona-
tor voltage ratios. 

2. Beam loading measurements. 
3. Longitudinal debunching measurements. 
4. Large signal measurements. 
Calculations of Wave Propagation on a 

Helix in the Attenuation Region—S. E. Webber 
Calculations are made of the wave velocity 

and attenuation of a wave propagating on a 
helical current sheath in a housing. An attenua-
tor of variable conductivity is assumed to be 
coincident with the helical current sheath. Re-
sults show that the wave velocity increases 
with increasing conductivity while the attenua-
tion goes through a maximum value for a par-
ticular value of conductivity. These calcula-
tions are compared with measured values. 

Transistors and Their Applications (A Bib-
liography, 1948-1953)—A. R. Krull 

This bibliography consists of about 1,000 
items, 1948-1953, arranged by year and by 
author, with an appended supplement. No 
annotations or abstracts are given. 

ELECTRONIC COMPUTERS 

Vol. EC-3, No. 3, September, 1954 

The Editor 
A Permanent High Speed Store for Use 

With Digital Computers—R. D. Ryan 
A new type of high speed store is proposed 

for an electronic digital computer using inter-
pretive program techniques. The store is based 
on the flying spot technique used in television 
signal generation. The information in the store 
may be read rapidly but is nonerasable. This 
store has the advantages of high storage den-
sity, good reliability and nonvolatility of in-
formation. 

Application of Boolean Algebra to Switching 
Circuit Design and to Error Detection—D. E. 
Muller 
A solution is sought to the general problem 

of simplifying switching circuits that have more 
than one output. The mathematical treatment 
of the problem applies only to circuits that may 
be represented by "polynomials" in Boolean 
algebra. It is shown that certain parts of the 
multiple output problem for such circuits may 
be reduced to a single output problem whose in-
puts are equal in number to the sum of the 
numbers of inputs and outputs in the original 
problem. A particularly simple reduction may 
be effected in the case of two outputs. 

Various techniques are described for sim-
plifying Boolean expressions, called -I- poly-
nomials," in which the operation "exclusive or" 
appears between terms. The methods described 
are particularly suitable for use with an auto-
matic computer, and have been tested on the 
Illiac. 

An unexpected metric relationship is shown 
to exist between the members of certain classes 
of " -I- polynomials" called "nets." This rela-
tionship may be used for constructing error-
detecting codes, provided the number of bits 
in the code is a power of two. 

An Algebraic Theory for Use in Digital 
Computer Design—E. C. Nelson 

An algebraic theory of the logical opera-
tion of digital computers is developed. This 
theory takes into account the dynamic (time) 
behavior of computer processes. The computer 
signals and computer elements are described. 
Their properties which are pertinent to the 
logical operation of digital computers are ab-
stracted and formulated in mathematical terms. 

The signals are represented by algebraic sym-
bols, and the way they are transformed by the 
elements of the computer is represented in 
terms of algebraic operations and functions. 
This computer algebra is based on Boolean 
algebra. Time is treated as a discrete variable 
and a method of taking into account the time 
relationships in the computer process is de-
veloped. Specific components, such as gates, 
flip-flops, and magnetic drums, are analyzed, 
and an algebraic description of their operation 
is obtained. 

An Improved Reading System for Magnet-
ically Recorded Digital Data—Samuel Lubkin 

In magnetic recording of pulses, whether on 
drum or tape, the resulting flux pattern is af-
fected by proximity of adjacent pulses. The 
best defined region is that adjacent to the max-
imum. In reading, the signal is the derivative 
of the flux. In the best defined region, this is 
close to a straight line passing through zero 
when the flux is maximum. The slope of the 
curve at the zero changes sign with change of 
pulse polarity. A new method of reading is de-
scribed which examines the signal from the 
head for such transitions from positive to nega-
tive or reverse as indications that a positive or 
negative pulse had been recorded. This is done 
by gating the inverted signal with the delayed 
signal for positive pulse reading and the inverse 
of this for reading negative pulses. Besides pro-
viding sharply defined outputs, this method 
permits reading both positive and negative 
pulses from a single channel without interfer-
ence or ambiguity. Examples are given for us-
ing this facility for checking purposes and for 
storage of two types of data in a common 
channel. 
A Digital Voltage Encoder—J. R. Zweizig 
A two-channel voltage encoder having a 

sampling rate of 40 numbers/second in each 
channel has been designed for use in a data re-
duction system. The data are recorded on sin-
gle-channel magnetic tape in the form of 10-
digit binary numbers with an accuracy of ± 0.1 
per cent. The range of input voltage is 0 to 1 
volt and may be lowered to 0 to 10 mv through 
the use of chopper amplifiers. This lower range 
of input voltage covers the voltages generated 
by analog transducers commonly employed to 
measure temperatures, pressures, flow rates, 
and thrusts. 

A New Method of Generating Functions— 
Lazarus G. Polimerou 

As a result of a pressing need for function 
generators, a new method of function genera-
tion has been developed. The underlying prin-
ciple of this function generator is the applica-
tion of ordinary pulse techniques in such a way 
as to produce a function. The simplicity of de-
sign, the high accuracy attainable, the simple 
type of construction are the outstanding fea-
tures of this general-purpose function gener-
ator. 

In order to compare this new type of func-
tion generator with those presently being used, 
three important types are discussed. These 
generators are of the general-purpose, electric 
and photoelectric types; other comparable elec-
tromechanical types are excluded. 

A Function Generator for the Solution of 
Engineering Design Problems—C. J. Savant 
and R. C. Howard 

The solution of nonlinear engineering de-
sign problems demonstrates the need for a spe-
cial function generator. The generator de-
scribed in this paper satisfies this need. The 
basic components of the unit are discussed and 
the forms of functions which can be generated 
are shown. Accuracy is estimated by compari-
son of an oscillogram with the calculated 
curves. It is concluded from tests on the system 
that the function generator is a valuable aid in 
the handling of nonlinear design problems. 

News 
Contributors 
Review Section 
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ing the general technique of electromagnetic 
waves, oscillations, and pulses (i.e. transmission 
lines and circuits), as distinct from specific 
applications to telecommunications. The new 
section is numbered 621.37, with subdivisions. 
Full details of the new classification, and of 
the numbers which become obsolete as a result 
of its introduction, are given in PE Note 
535, obtainable from The International Federa-
tion for Documentation, Willem Witsenplein 6, 
The Hague, Netherlands, or from The British 
Standards Institution, 2 Park Street, London, 
W.I., England. 

Section 621.396.67, dealing with Antennas, 
has been modified and expanded; details of the 
new classifications are given in PE Note 519. 

Section 621.396.96, with subdivisions, has 
been introduced to cover Radar; details of the 
new classifications are given in PE Note 518. 

New Subject Section 

A section headed Automatic Computers has 
been introduced. 

ACOUSTICS AND AUDIO FREQUENCIES 

534.232:534.321.9 2550 
Devices for generating Ultrasonic Waves in 

Mr, using Vibrating Cylinders, Pistons, Spheres 
and Cubes—V. Gavreau and M. Miane. 
(Acustica, vol. 4, pp. 387-395; 1954. In French.) 
Electrodynamic types of ultrasonic generators 
are particularly suitable for laboratory acoustic 
measurements. Focused arrangements and re-
generative systems for high frequencies (77 kc) 
are described. Visual methods for studying the 
vibrations of the emitting surfaces are dis-
cussed. Application to the absolute calibration 
of microphones at ultrasonic frequencies is 
indicated. 

534.44 2551 
Investigation of Nonperiodic [noise] Proc-

esses by means of Autocorrelation and Fourier 
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Analysis—M. L. Exner. (Acustica, vol. 4, pp. 
365-379; 1954. In German.) The two methods 
were compared by analyzing filtered noises and 
hisses. For frequency and bandwidth determi-
nations the Fourier-analysis method is pre-
ferred, but for energy-distribution determina-
tions the autocorrelation method is better. 

534.614 2552 
The Effect of Slip on Sound Propagation— 

D. E. Weston. [Proc. Phys. Soc. vol. 67, p. 265; 
March 1 1954.] Comment on 615 of March 
(Caro and Martin). 

534.64 2553 
Acoustic Impedance Measurement using a 

Resonance Method—MA. Ferrero and G. G. 
Sacerdote. (Acustica, 1954, vol. 4, pp. 359-364; 
1954.) See 2545 of 1953. 

534.64 2554 
Determination of High Mechanical Input 

Impedances of Solid Bodies in the Frequency 
Range 50-3000 c/s—W. Elting. (Acustica, vol. 
4, pp. 396-402; 1954. In German.) An electro-
mechanical vibrometer is described and meas-
urements on walls, ceilings and Al plates are 
reported. The results show that the reactive 
part of the impedance of ceilings and walls is 
an inertance at low frequencies and a stiffness 
at high frequencies; the change-over occurs at 
about 150-300 cps, where the resistive part of 
the impedance is a maximum. 

534.78 2555 
The Experimental Study of Speech—D. B. 

Fry. [Nature (London) vol. 173, pp. 844-846; 
May 8, 1954.] A survey of recent work on the 
analysis and synthesis of speech. 

534.845 2556 
Improvement of the Effectiveness of Acous-

tic Panels by use of Resonators—G. Kurtze. 
(Tech. Mitt. schweis. Tekgr.-TelephVertv., vol. 
32, pp. 81-87; March 1, 1954.) The absorptive 
effect of the panel material is supplemented, 
particularly at low frequencies, by providing 
circular holes or slits, so as to form resonators. 
Empirical formulas are used for the calcula-
tions. Absorption/frequency characteristics 
and studio reverberation-time/frequency 
curves illustrate the improvement attained. 

534.846.6 2557 
Polycylindrical Systems and the Diffusion 

of Sound Waves—R. Lamoral. (Onde acct., vol. 
34, pp. 308-309; March, 1954.) A study was 
made of the suppression of echoes in rooms by 
means of polycylindrical surfaces, using 1:50 
reduced-scale models and frequencies between 
5 and 30 kc. The results are presented in a 
family of curves for different distances between 
source and reflecting surface. Echo suppression 
improves as this distance increases, and at all 

distances is best for wavelengths between 0.5 
d and d (I= cylinder chord). 

621.395.6 2558 
Developments in Sound Reproduction— 

(Wireless World, vol. 60, pp. 313-317; July, 
1954.) Review of products shown at exhibitions 
held by the Radio and Electronic Component 
Manufacturers' Federation, the Association of 
Public Address Engineers, and the British 
Sound Recording Association. 

621.395.61:621.391.5 2559 
The "Vagabond" Wireless Microphone 

System—Phinney. (See 2765.) 

621.395.625 2560 
Congress on Sound Recording—Paris 1954 

—H. J. Houlgate. (Wireless World, vol. 60, pp. 
348-350; July, 1954.) About 60 papers were 
presented and discussed at the "International 
Conference on Sound Recording Processes and 
their Extension to the Recording of Informa-
tion," held in April 1954. Points from the dis-
cussions and items of interest in the associated 
exhibition are noted. The full text of many of 
the papers and abstracts of others are given in 
Onde Ilea., vol. 34, pp. 193-294; March, 1954. 

621.395.625.3 2561 
Synchronized Magnetic Tape Recording— 

R. H. Ranger. (Trans. AIEE, Part I, Com-
munication and Electronics, vol. 72, pp. 581-
586; 1953.) The longitudinally-magnetized 
sound track on a 1/4-inch tape for use with film 
is synchronized by recording on the same tape 
a control track consisting of transverse-magne-
tization signals derived from the ac power 
driving both the tape and the camera. 

ANTENNAS AND TRANSMISSION LINES 

621.372 2562 
Coupled Wave Theory and Waveguide Ap-

plications—S. E. Miller. (Bell Sys. Tech. 
Jour., vol. 33, pp. 661-719; May, 1954.) 
Theory applicable to coupled transmission 
lines, including waveguides and helical lines, is 
developed. For loose coupling, when very little 
power is transferred, the length of the coupling 
region can be reduced by tapering the coupling. 
For tight coupling distributed uniformly in the 
direction of propagation, energy is exchanged 
periodically provided that the attenuation and 
phase constants of the two lines are equal or 
nearly so. Experiments have confirmed the 
theory. Applications include pure-mode coup-
lers in multimode systems, and wave filters. 

621.372.8:[537.562-I-621.318.134 2563 
Topics in Guided-Wave Propagation 

through Gyromagnetic Media: Part 1—The 
Completely Filled Cylindrical Guide—H. Suhl 
and L. R. Walker. (Bell Sys. Tech. Jour., vol. 
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33, pp. 579-659; May, 1954.) "The character-
istic equation for the propagation constants of 
waves in a filled circular guide of arbitrary 
radius is written in terms of magnetizing field 
and a carrier density, which are shown essen-
tially to determine the dielectric and perme-
ability tensors for a gas discharge plasma and 
for a ferrite. The complex structure of the 
spectrum of propagation constants and its 
dependence upon radius and the two parameters 
are analyzed by a semigraphical method, sup-
plemented by exact formulas in special regions. 
Thus the course of individual modes may be 
charted with fair accuracy." 

621.372.8:538.614 2564 
Gyrotropic Waveguide—M. A. Gintsburg. 

(Compt. Rend. Acad. Sci. (URSS), vol. 95, pp. 
489-492; March 21, 1954. In Russian.) The 
theory is developed of em propagation in a 
bounded anisotropic medium, in particular in 
waveguides which are partly or completely 
filled with a medium with Me and ea varying 
with direction. Such agyrotropic" (rotation-
producing) media can be obtained by using the 
Faraday or Kerr effects or similar phenomena. 
The final set of equations derived indicates a 
method of determining the components of the 
nonsymmetric tensors representing Pik and Ejk 
by means of a resonator. See also 2710 of 1952 
(Suhl and Walker). 

621.396.67 2565 
An Experimental Study of a Microwave 

Periscope—J. Drexler. (PRoc. I.R.E., vol. 42, 
p. 1022; June, 1954.) Experiments were made 
to test the validity of the theoretical result 
obtained by Jakes (1243 of 1953) that it is 
possible to obtain more power from a combina-
tion of antenna and reflector than from the 
same antenna located at the reflector position. 
For one particular case the gain of the combi-
nation was 2.3 db above that of the antenna 
alone. 

621.396.67:621.397.6 2566 
Cosecant Antenna aids U.H.F.-TV Cover-

age—J. E. Martin and J. Ruze. (Electronics, 
vol. 27, pp. 138-142; June, 1954.) An antenna 
designed to give uniform field strength over 
the service area comprises four vertical tubes 
of structural steel, of outer diameter 4 inches, 
arranged with their cross sections in a square, 
and their axes 5 inches apart. These tubes 
constitute the outer conductor of a coaxial 
system. Rings of slot radiators with centers 
spaced one wavelength apart are formed be-
tween steel welding members. Details are given 
of feed arrangements and radiation patterns ob-
tained. Coverage was tested by operation at a 
television station on 790 mc. 

621.396.67.012.12 : 517.864 2567 
The Maximal Directivity Coefficient of 

Linear and Plane Aerials—L. D. Bakhrakh. 
(Compt. Rend. Acad. Sci. (URSS), vol. 95, pp. 
45-48; March I, 1954. In Russian.) The radi-
ation-pattern function is given in terms of a 
series of Mathieu functions of antenna length, I, 
in wavelengths, X, and of direction angle, of 
orders up to the nth (see 1675 of June). The 
condition for the directivity coefficient to be a 
maximum in a given direction, for a given value 
of n, and expressions for the resultant field and 
antenna losses are derived. Results of calcula-
tions for //X = 10.58 are shown graphically. 

621.396.676:621.396.93 2568 
U.H.F. Omnidirectional Antenna Systems 

for Large Aircraft—W. Sichak and J. J. Nail. 
(Trans. I.R.E., vol. AP-2, pp. 6-15; Jan., 
1954.) Experiments have been made on models 
to investigate the siting of antennas on different 
types of aircraft. Analysis of results is based on 
the probability of attaining free-space-dipole 
range for all azimuth angles and ± 30-degree 
elevation. The operation of dual antenna sys-
tems for navigation and traffic-control equip-
ment is discussed. Direct parallel feed of dual 
antennas gives an interference region where in-
dividual radiation patterns overlap; in this 

region, a radar beacon may operate satisfac-
torily but the performance of dme is uncertain. 
Delay-line, switching and phase-shift systems 
of operation are considered. The simplest 
common-antenna arrangement is the operation 
of nose and tail antennas in parallel, with hy-
brid multiplexing. 

621.396.677.3 2569 
A Method for Calculating the Current Dis-

tribution of Tschebyscheff Arrays—D. Bar-
biere. (PRoc. I.R.E., vol. 42, p. 1021; June, 
1954.) Discussion on p. 1211 of 1952. 

621.396.677.43 2570 
Rhombic Antennas for Transmitting Sta-

tions—L. Long. (Brown Boyen i Rev., vol. 40, 
pp. 407-416; October, 1953.) The radiation di-
agram of a rhombic antenna is analyzed, taking 
account of the attenuation due to radiation. 
Values of maximum gain attainable with a 
single rhombic of characteristic impedance 
60011 are noted and the design and application 
of single and double rhombic antennas for 
point-to-point transmission and for transmis-
sion to a specific zone are considered. 

621.396.677.43.011.21 2571 
Mutual Impedance of Stacked Rhombic 

Antennas—J. G. Chaney. (Trans. I.R.E., vol. 
AP-2, p. 39; January, 1954.) A formula derived 
earlier (3199 of 1953) is integrated for the case 
of two identical rhombic antennas; the result-
ant expression involves associated sine and 
cosine integral functions. 

621.396.677.71 2572 
Mutual Coupling Considerations in Linear-

Slot Array Design—M. J. Ehrlich and J. Short. 
(PRoc. I.R.E., vol. 42, pp. 956-961; June, 
1954.) An experimental study was made of the 
external coupling between slots in adjacent 
resonant waveguides on a finite ground plane. 
Measurements were made of the field strength 
in one of the guides on exciting the other guide, 
and of the change in input admittance of the 
driven slot due to the presence of the parasitic 
slot, with matched termination of the parasitic 
waveguide. The results indicate that the slot-
coupling effect can generally be neglected in the 
design of linear-slot arrays. 

621.396.677.83:621.396.96 2573 
Torque Requirements of a Radar Antenna— 

M. Mark. (Elec. Eng., vol. 73, pp. 262-264; 
March, 1954.) Results are given of wind-
tunnel tests on an experimental radar antenna. 
The torque required to rotate the antenna 
varied with azimuth position, elevation angle, 
pivot location, speed of rotation, and wind 
velocity. The combined results are evaluated 
on the basis of dimensionless parameters. 

621.396.677.85 2574 
The Electromagnetic Field near a Dielectric 

Lens—D. C. Hogg. (Jour. Ape Phys., vol. 25, 
p. 542; April, 1954.) The field components along 
the electric and magnetic diameters differ con-
siderably near the lens surface. The spacing 
between successive maxima of field intensity 
along the magnetic diameter near the optic 
axis is of the order of the wavelength in the 
dielectric. Virtual sources along the aperture 
edge, as suggested by Andrews (3141 of 1950), 
can account for these observations. 

AUTOMATIC COMPUTERS 

681.142 2575 
Solutions of Boundary-Value Problems on 

Automatic Computing Equipment—F. M. Ver-
zuh. (Trans. A IEE, Part I, Communication 
and Electronics, vol. 72, pp. 813-821; 1953.) 
Report of an investigation in which five types 
of digital computer and one differential analyzer 
were compared as regards their suitability for 
solving boundary-value problems. 

681.142 2576 
A Progressive Code Digital Quantizer—F. 

Raasch. (Trans. AIEE, Part I, Communica-
tion and Electronics, vol. 72, pp. 567-571; 

1953.) Description of an analog-to-digital con-
verter which receives information from a graph 
reader and gives a corresponding numerical in-
dication. Several circuits are shown, based on 
the principle of comparing the analog voltage 
with the sum of a finite geometric series. 

681.142 2577 
The Manchester University High-Speed 

Digital Computer—D. B. G. Edwards. (Jour. 
Brit. IRE, vol. 14, pp. 269-278; June, 1954.) 
See 978 (Kilburn et al.) and 979 (Pollard and 
Lonsdale) of April. 

681.142 2578 
A Mercury Delay-Line Memory Unit—R. 

D. Ryan [Proc. IRE, (Australia), vol. 15, pp. 
89-95; April, 1954.] The storage unit in the 
CSIRO digital computer [1050 of 1953 (Beard 
and Pearcey)] is described; a method is dis-
cussed of interspacing the pulses of one loop 
between those of another loop, thus doubling 
the storage capacity. 

681.142 2579 
A Review of Magnetic and Ferroelectric 

Computing Components—V. L. Newhouse. 
(Elec. Eng., vol. 26, pp. 192-199; May, 1954.) 
High-speed digital storage devices may be 
classified as delay-line or random-access types, 
with subdivisions in each case for regenerative 
and nonregenerative devices. The more impor-
tant magnetic and ferroelectric storage units 
are critically discussed and possible future lines 
of development indicated. 26 references. 

681.142 2580 
An Arithmetic Unit for Automatic Digital 

Computers—J. R. Stock. (Z. angew. Phys., vol. 
5, pp. 168-172; March 15, 1954. In English.) 
Discussion of the requirements for the arith-
metic unit of a computer with magnetic-drum 
store, with particular reference to the computer 
for the Swiss Federal Institute of Technology. 
Operation with fixed or floating decimal point 
is provided for. 

681.142 2581 
Magnetic Switching Circuits—R. C. Min-

nick. (Jour. Appi. Phys., vol. 25, pp. 479-
485; April, 1954.) Magnetic circuits to produce 
the logical operations of «and" and "or" are 
described, which may be combined to produce 
any switching function of any number of input 
binary variables. The only components used 
are magnetic cores, wire, and resistors. There is 
no extremely sensitive parameter in these 
circuits which must be adjusted carefully in 
order to ensure proper operation. 

681.142:512 2582 
A Simplified Solution and New Application 

of an Analyser of Algebraic Polynomials—L. 
Lukaszewicz. (Bull. Acad. Polon. Sci., vol. 1, 
pp. 103-107; 1953. In English.) A description is 
given of an analyzer circuit in which complex 
numbers are represented by sinusoidal voltages 
of frequency cps, with amplitude corre-
sponding to the modulus and phase correspond-
ing to the argument of the number. 

681.142:621.385.832 2583 
An Electron-Beam Tube for Analog Multi-

plication—E. J. Angelo, Jr. (Rev. Sci. Instr., 
vol. 25, pp. 280-284; March, 1954.) An electron 
beam of large circular cross section and uniform 
current density is projected through an es de-
flection systen on to a metallic target made up 
of four quadrants insulated from one another. 
The currents collected by one diagonal pair of 
quadrants are arranged to oppose those col-
lected by the other pair, thus the algebraic sum 
of the currents in the quadrants is proportional 
to the product of the deflection voltages. The 
design and performance of the system is dis-
cussed. 

CIRCUITS AND CIRCUIT ELEMENTS 

621.314.2 2584 
Prevention of Ionization in Small Power 

Transformers—L. Medina. (Proc. IRE, (Aus-
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India), vol. 15, pp. 114-115; May, 1954.) The 
ionization-onset voltage is raised, for a given 
total thickness of insulation, by inserting foils 
in the insulation so as to split it into n sections 
with 1/n of the total voltage across each sec-
tion. Design details and test result , for a typi-
cal transformer are given. 

621.316.8+621.319.4 2585 
Some Characteristics and Limitations of 

Capacitor and Resistor Components—L. Podol-
sky and J. K. Sprague. (Trans. I.R.E., no. 
PGCP-1, pp. 33-46; March, 1954.) Six types of 
film-dielectric capacitors are examined with 
respect to their performance. Specifications for 
a new and reliable type of metallized paper 
capacitor, at the pilot- plant development stage, 
are given. A satisfactory method for power 
rating of precision bobbin resistors is explained. 

621.318.134:621.318.5 2586 
Stressed Ferrites having Rectangular 

Hysteresis Loops—J H. Williams, R. C. Sher-
wood, M. Goertz and F. J. Schnettler. (Trans. 
A I EE, Part I, Communication and Electronics, 
vol. 72, pp. 531-537; 1953.) To obtain the rec-
tangular hysteresis loop required in ferrite 
cores used in switching and storage devices, the 
cores are stressed by encasing them in plastics 
which shrink during polymerization. 

621.318.4 2587 
Temperature Fields in Electrical Coils: 

Numerical Solutions—P. J. Schneider. (Trans. 
A I EE, Part I, Communication and Electronics, 
vol. 72, pp. 768-771; 1953.) The computation of 
the steady temperature fields in coils by the 
relaxation method is described and illustrated. 

621.318.435 2588 
Saturable Reactors with Inductive D.C. 

Load: Part 2—Transient Response—H. F. 
Storm. (Trans. A I EE, Part I, Communication 
and Electronics, vol. 72, pp. 182-192; 1953.) 
Part 1: 3527 of 1953.) 

621.318.57 2589 
A Graphical Method for Flip-Flop Design— 

R. F. Johnston and A. G. Rats. (Trans. A I EE 
Part I, Communication and Electronics, vol. 72, 
pp. 52-56; 1953.) 

621.318.57 2590 
Switching in Bistable Circuits—R. S. 

Mackay. (Jour. Ape Phys., vol. 25, pp. 424-
429; April, 1954.) All triggering processes seem 
capable of description in terms of a curve with 
a region of negative slope, points on this curve 
representing unstable states, while points on a 
positive slope represent stable states. A nega-
tive-resistance circuit in which the voltage is a 
multiple-valued function of current was con-
structed so that details of the triggering process 
could be observed on an oscilloscope screen. 
By suitable periodic sampling a slow-motion 
representation of the transition between two 
states is obtained. 

621.318.57 2591 
An Electronic Random Selector—R. W. 

Walker. (Jour. Brit. IRE, vol. 14, pp. 262-
268; June, 1954.) Criteria for recognition of 
random series are stated and methods for pro-
ducing such series are discussed. A description 
is given of an arrangement in which pulses are 
applied to a circuit which is gated periodically; 
any pulse passing through the gate triggers a 
multivibrator which is in turn coupled to a pair 
of mechanical registers. Two such circuits make 
up the complete selector enabling four mechani-
cal registers to operate. Use of the selector in 
psychical research is mentioned. 

621.318.57:621.314.7 2592 
The Transient Response of Transistor 

Switching Circuits—I. L. Lebow and R. H. 
Baker. (Paoc. I.R.E., vol. 42, pp. 938-943; 
June, 1954.) Transient response of the point-
contact transistor in a grounded-base circuit is 
considered, using a linearized equivalent circuit. 
The required trigger voltages for both direc-
tions of switching are found experimentally to 

be greater than suggested by the static charac-
teristic, and to depend on trigger pulse width 
to a different extent for the two directions. To 
fit these findings it is assumed that cut-off 
frequency is high when the transistor is 
switched off and low when it is switched on. 
The one-shot multivibrator is discussed in the 
light of these assumptions. 

621.318.57: 621.387 2593 
A Cold-Cathode Scaling Unit—C. D. 

Florida and R. Williamson. (Elec. Eng., vol. 26, 
pp. 186-191; May, 1954.) The five-decade 
scaler uses dekatrons, interstage coupling being 
by cold-cathode gas-filled trigger triodes. The 
resolving time is as, which makes it suit-
able for application in conjunction with GM 
counter tubes. Operation under varying cli-
matic conditions has been satisfactory. 

621.319.4:621.315.612.4 2594 
The Effect of Minor Constituents in High 

Dielectric Constant Titanate Capacitors—W. 
W. Coffeen. (Trans. A I EE, Part I, Communi-
cation and Electronics, vol. 72, pp. 704-709; 
1953.) Ad ditives used to modify the dielectric 
properties of BaTiO3 are classified into two 
groups, those which alter the position of the 
Curie peak and those which lower its height. 
BaSnO3 and PbSnO3 are typical of the first 
group, while MgSn03, Bi3(SnO3)3, MgTiO3. 
and CaTiO3, are typical of the second. The 
effect of composition on nonlinearity and aging 
is discussed. See also 191 and 192 of January. 

621.319.4.001.4 2595 
Breakdown and Leakage Resistance Inves-

tigation of Metallized Paper Capacitors—J. 
Burnham. (Trans. I.R.E., no. PGCP-1, 3-17; 
March, 1954.) The basis of comparison between 
conventional paper and metallized-paper ca-
pacitors is discussed. Experiments on units 
with polyester impregnants suggest that, if 
self-healing is of primary importance, a pure 
aliphatic hydrocarbon type of impregnant will 
give best results. 

621.372: 517.948 2596 
Applications of Integral Equations to the 

Solution of Nonlinear Electric Circuit Problems 
—L. A. Pipes. (Trans. A IEE, Part 1, Com-
munication and Electronics, vol. 72, pp. 445-
450; 1953.) The technique described gives 
practical results in many cases where the 
approximate solution of the integral equation 
may be effected by means of Laplace trans-
forms. 

621.372.52+621.375.4 2597 
Junction Transistor Circuits—( Radio te 

Electronics ( Wellington, N.Z.), vol. 9, pp. 18-19, 
23; March 1, 1954.) Application of the CK722 
p-n-p junction-type transistor in single-stage 
and cascaded amplifiers and in lf and rf oscil-
lators, is described and illustrated by eight 
circuit diagrams. The transistor collector char-
acteristics, and operating data and typical 
circuit component values are given. 

621.372.55 2598 
Spectrum or Waveform Equalization?—D. 

A. Bell. (Wireless Eng., vol. 31, pp. 171-174; 
July, 1954.) The method of equalization in 
which signals obtained by differentiation or 
integration are added to the main signal [1936 
of 1953 (Gouriet)] is compared with the com-
moner method using filters. Empirical design is 
simpler with the former method, but the need 
for additional amplification at high frequencies 
is not avoided. The different requirements of 
communication and servo systems are indi-

cated. 

621.372.8:538.614 2599 
New Effect caused by Gyromagnetic Phe-

nomena—K. M. Polivanov. (Compt. Rend. 
Acad. Sci. (URSS), vol. 95, pp. 501-503; 
March 21, 1954. In Russian.) Theory is given 
of a device similar to that,deacribed by Kales 
et al. (2040 of July). 

621.373 2600 
Effects of Harmonics on the Frequency of 

Oscillation as well as on the Asymmetry of the 
Resonance Curves—A. E. Mostafa. (Trans. 
A I EE, Part I, Communication and Electronics, 
vol. 72, pp. 309-314; 1953.) The nonlinear equa-
tions representing the free and synchronized 
oscillations are transformed into linear equa-
tions with periodically varying coefficients, and 
complete solutions are obtained. The relation 
between frequency variation and harmonic con-
tent is derived. Experimental results supporting 
the theory are reported. 

621.373 2601 
The First Order Behavior of Separable Os-

cillators—D. C. dePackh. (Trans. A I EE, Part 
I, Communication and Electronics, vol. 72, pp. 
450-455; 1953.) Analysis is given for oscillators 
whose linear and nonlinear elements are sepa-
rable in the first order. Theoretical and experi-
mental results indicate that, apart from adjust-
ments of the linear elements, the major factor 
for obtaining frequency stability and smooth 
control is the suppression of the even-power 
terms in the amplitude characteristic. 

621.373:621.396.822:530.145 2602 
Quantum Theory of a Damped Electrical 

Oscillator and Noise: Part 2—The Radiation 
Resistance—J. Weber. (Phys. Rev., vol. 94, pp. 
211-215; April 15, 1954.) The results obtained 
in Part 1 (3243 of 1953) are extended to include 
damping and noise due to a radiation resistance 
and expressions for the mean square noise volt-
age and available noise power are derived which 
are shown to be the same as those previously 
obtained. They are also extended to apply to a 
single mode of a cavity resonator. 

621.373: 621.396.822:530.145 2603 
Vacuum Fluctuation Noise—J. Weber. 

(Phys. Rev., vol. 94, pp. 215-217; April 15, 
1954.) The possibility of observing vacuum 
fluctuations by measuring the resultant elec-
tron stream noise when an electron stream in-
teracts with a damped oscillator is discussed. 
An electron stream is shown to provide a means 
of precise measurement of the mean square 
noise emf for certain modes. The circuit must 
be at low temperature. 

621.373.421+621.375.231.001.2 2604 
Block-Diagram Solutions for Vacuum-Tube 

Circuits—T. M. Stout. (Trans. A I EE, Part I, 
Communication and Electronics, vol. 72, pp. 
561-567; 1953.) Full paper. See 1346 of May. 

621.373.421.13.029.65 2605 
Millimeter Waves from Harmonic Genera-

tors—G. M. Johnson, D. M. Slager, and D. D. 
King. (Rev. Sci. Instr., vol. 25, pp. 213-217; 
March, 1954.) Fundamental and harmonic 
powers obtainable at wavelengths down to 1.9 
mm using a Si-crystal frequency multiplier 
with different types of reflex klystron, have 
been measured. Three types of multiplier are 
compared; these are (a) a commercial Si crystal 
mounted upright on the exterior face of the 
harmonic waveguide; (b) a crystal with win-
dows cut in the face so that the tungsten 
whisker is exposed; (c) a whisker and Si block 
mounted in the waveguide. Arrangement (b) is 
the most satisfactory for wavelengths below 4 
mm. The performance of arrangement (c) as a 
detector is discussed. A crystal harmonic gener-
ator used with a narrow-band amplifier will 
furnish enough power at 3-mm wavelength to 
give a dynamic range of 50-60 db. 

621.373.424:621.396.621.54 2606 
Variable-Frequency Crystal-Controlled Re-

ceivers and Generators—Wadley. (See 2759.) 

621.373.431+621.373.444.1 2607 
A Modified Miller Timebase Circuit—R. D. 

Ryan. (Jour. Sci. Instr., vol. 31, pp. 73-75; 
March, 1954.) High linearity and rapid flyback 
are achieved by using a blocking oscillator to 
charge the feedback capacitor in the Miller-
type circuit. Compensation is provided for van-
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ations in the blocking-oscillator characteristics. 
A unit giving sweep durations of 5 µs-15 ms 
with either triggred or continuous operation is 
described. 

621.375.2.024:621.387 2608 
Transient Response of Glow Discharges 

with Applications—Mackay and Morris. (See 
2828.) 

621.375.223 2609 
L.F. Compensation for Video Amplifiers: 

Part 1—Amplifiers without Feedback— J. E. 
Flood. (Wireless Eng., vol. 31, pp. 175-186; 
July, 1954.) Response to unit-step input is con-
sidered. The departure from the ideal flat-top 
response caused by low-frequency distortion 
can be reduced by making the differential coeffi-
cients of the output function equal to zero at 
= O. The order of compensation is designated 
by the number of derivatives equal to zero. 
General theory is given and is applied to some 
typical resistance-coupled amplifiers. A single 
re-coupled stage can have second-order com-
pensation, and multistage amplifiers can have 
higher orders of compensation. Experimental 
results confirm the analysis. 

621.375.23: 621.317.44 2610 
An Electronic Voltage Integrator—R. 

Madey and G. Farly. (Rev. Sci. Instr., vol. 25, 
pp. 275-279; March, 1954.) A feedback-ampli-
fier integrating circuit is described. The ampli-
fier comprises a cascode-connected direct-
coupled circuit with filament drift compensa-
tion and internal positive-feedback adjustment. 
The integrator is used with a search coil for 
magnetic-field measurements in the range 500-
15000 gauss; accuracy is within I per cent. 

621.375.23.029.4 2611 
A High-Efficiency High- Quality Audio-

Frequency Power Amplifier— A. B. Bereskin. 
(Trans. I.R.E., I.R.E. Convention Record, 
Part 6, pp. 18-24; 1954. pp. 49-60; March/ 
April, 1954.) The circuit uses a Type-12AX7 
tube as phase-inverter-amplifier-driver stage 
direct-coupled to two output beam tetrodes 
operating in class B push pull, with 24 db of 
feedback. The output transformer has a bifilar-
wound primary, and the feedback winding is 
electrostatically shielded from the secondary 
but very closely coupled to it. Full-power out-
put is 60w at frequencies < 3000 cps. Design 
of the circuits and performance details are de-
scribed. 

621.375.23.029.4 2612 
The Cascode as a Low-Noise Audio Ampli-

fier—R. L. Price. (Trans. I.R.E., vol. AU-2, 
pp. 60-64; 1954.) 

621.375.3 2613 
The Influence of Magnetic Amplifier Cir-

cuitry upon the Operating Hysteresis Loops— 
H. W. Lord. (Trans. A I EE, Part I, Communi-
cation and Electronics, vol. 72, pp. 721-728; 
1953.) An analysis limited to the steady-state 
characteristics of single-phase self-saturated 
magnetic amplifiers. Only resistive loads are 
considered. 

621.375.3 2614 
High-Speed Magnetic Amplifiers— A. E. 

Maine. (Elec. Eng., vol. 26, pp. 180-185; May, 
1954.) Units based on Ramey's half-wave am-
plifier are discussed, and the development of a 
new series of amplifiers is described. The basic 
type is a reversing-phase-input/reversing-dc-
output amplifier. Circuit modifications are ex-
plained for obtaining (a) reversing dc output for 
reversing dc input, and (b) reversing-phase ac 
or reversing polarity de output. Other possible 
modifications are indicated. 

621.375.3: 621.318.1 2615 
Theory of Magnetic Amplifiers with Square-

Loop Core Materials—H. F. Storm. (Trans. 
AIEE, Part I, Communication and Electronics, 
vol. 72, pp. 629-637; 1953. Discussion, pp. 637-
640.) 

621.375.4:621.314.7 2616 
Temperature-Stabilized Transistor Ampli-

fiers—H. J. Tate. (Electronics, vol. 27, pp. 144-
147; June, 1954.) Design equations are derived 
and monograms presented for determining the 
temperature variation of the operating point of 
a junction transistor amplifier. Application of 
the information for temperature stabilization 
is indicated. Numerical examples are given. 

621.375.4:621.314.7 2617 
Transistors in Amplifier Output Stages— 

M. J. O. Strutt. (Scientla elect., Zürich, vol. 1, 
pp. 2-17; October, 1953.) The optimum effec-
tive load impedance and the efficiency are cal-
culated using idealized characteristic curves. 
The results for point-contact and junction-
type transistors in class A and in class B push-
pull amplifiers are compared with the corre-
sponding formulas for triodes and pentodes. 
Distortion, the efficiency limit, and circuit 
design are also briefly considered. 

GENERAL PHYSICS 

530.112 2618 
Proposal for a New Aether-Drift Experi-

ment—L. Essen. [Nature (London), vol. 173, p. 
734; April 17, 1954.1 Comment on Furth's pro-
posal (1726 of June) and suggestion for an alter-
native experimental procedure. 

535.22 2619 
Precision Determination of the Velocity of 

Light Derived from a Band Spectrum Method: 
Part 2—D. H. Rank, J. N. Shearer, and T. A. 
Wiggins. (Phys. Rev., vol. 94, pp. 575-578; 
May 1, 1954.) From measurements of the rota-
tional constant Boo. for HCN by the method 
of exact orders (Jour. op:. Soc. Amer., vol. 43, 
p. 952; 1953.) and by a microwave method, the 
value of c is 299789.8 ± 3.0 km. 

536.49:621.319.4 2620 
Further Experiments on the Thermodielec-

tric Effect (Costa Ribeiro Effect)—A. Dias 
Tavares. (Ann. Acad. Bras. Sci., vol. 25, pp. 
53-59; March 31, 1953. In English.) The ex-
periments described establish that on solidifi-
cation of liquid naphthalene, negative charges 
are expelled from the solid into the liquid phase, 
the resultant positive charge being distributed 
within the solidified dielectric. See also 648 
of 1952 (Riberio). 

536.49:621.319.4 2621 
Further Quantitative Experiments on the 

Costa Ribeiro Effect—A. Dias Tavarse. (Ann. 
Acad. Bras. Sci., vol. 25, pp. 353-373; Decem-
ber 31, 1953. In English.) In an investigation of 
the thermodielectric effect (2620 above and 
back reference), measurements were made of 
the charge within a solidified naphthalene 
dielectric by means of a Faraday cage and 
electrometer. The relation between the charge 
and the mass is constant. For amall crystals 
this specific residual charge p is twice the 
induced charge per unit mass. Impurities alter 
the value of p considerably. 

537.221 2622 
Contact Charging between a Borosilicate 

Glass and Nickel—J. W. Peterson. (Jour. Appt. 
Phys., vol. 25, pp. 501-504; April, 1954.) Con-
tact charging of glass spheres rolling on clean 
Ni was studied under conditions of controlled 
cleanliness, humidity, and gas pressure. The 
effect of a transverse electric field is important 
only for high surface conductivity. Surface 
conduction limits the maximum charge, which 
also varies with pressure due to gaseous dis-
charge between the sphere and the metal. 

537.311.33 2623 
A Chemical Approach to the Treatment of 

Electronic Spin in Semiconductors—J. H. 
Crawford, Jr. and D. IC. Holmes. (Proc. Phys. 
Soc., vol. 67, pp. 294-295; March 1, 1954.) A 
method due to Fowler (Prot. Roy. Soc. A, vol. 
140, p. 505; 1933.), in which the electrons and 
the neutral and ionized donors are treated as 
chemical entities, affords a simple approach in 

the nondegenerate case. The results obtained 
agree with those of Landsberg (78 of 1953) when 
the occurrence of neutral donors containing 
unpaired and paired electrons is taken into 
account. 

537.311.62 2624 
Theory of the Anomalous Skin-Effect in a 

Magnetic Field—M. Ya. Azbel' and M. I. 
Kaganov. [Compe. Rend. Acad. Sci. (URSS), 
vol. 95, pp. 41-44; March 1, 1954. In Russian.1 
Extension of work by Reuter and Sondheimer 
(1354 of 1949) to take account of the effect of a 
steady magnetic field. 

537.311.62:535.137 2625 
The Effect of Relaxation on Microwave 

Measurements of the Anomalous Skin Effect— 
R. G. Chambers. (Physica, vol. 19, pp. 365-370; 
April, 1953.) The ratio of the conductivity to 
the mean free path of an electron in Bi at 
microwave frequencies estimated on the basis 
of Dingle's theory (2626 below) is 1.53 X 1079-I 
cm-I compared with 2.74X 10711 , cm-1 given 
earlier by Pippard and Chambers (996 of 
1953), neglecting relaxation effects. This dis-
crepancy and the discrepancy for normal metals 
are discussed. 

537.311.62: 535.137 2626 
The Anomalous Skin Effect and the Reflec-

tivity of Metals—R. B. Dingle. (Physica, vol. 
19, pp. 312-364, 729-736, and 1187-1199; April, 
August and December, 1953.) Expressions de-
rived by Reuter and Sondheimer (1354 of 1949) 
are considerably simplified. Numerical results 
obtained include calculated values of surface 
resistance and reactance in the microwave 
region for both specular and diffuse electron 
reflection. 

537.52 2627 
Some Aspects of Breakdown Streamers— 

L. B. Loeb. (Phys. Rev., vol. 94, pp. 227-232; 
April 15, 1954.) 

537.523 2628 
The Electric Strength of Air in Nonuniform 

Fields at Radio Frequencies—J. B. Whitehead, 
D. L. Birx, and C. F. Miller. (Trans. A IEE, 
Part I, Communication and Electronics, pp. 520-
524; 1953.) Measurements were made of the 
breakdown potential of atmospheric air be-
tween a cylinder and an axial wire, over the 
frequency range 2-16 mc. The breakdown volt-
age is about 30 per cent below the 60-cps value 
at 2 mc, and decreases at the average rate of 
120 per mc as the frequency is raised above this 
point. The results are explained by a modified 
Townsend theory. The discharge occurs during 
the part of the cycle when the wire is positive 
with respect to the cylinder. 

537.525 2629 
The Secondary-Electron Resonance Mech-

anism of Low-Pressure High-Frequency Gas 
Breakdown—A. J. Hatch and H. B. Williams. 
(Jour. Appt. Phys., vol. 25, pp. 417-423; April, 
1954.) Breakdown field strengths were meas-
ured in air and H2 at frequencies from 25 to 90 
mc between internal electrodes separated by 
1-4 cm. By suddenly applying a high voltage, 
and reducing it slowly, an upper breakdown 
curve was observed. This curve, the lower 
breakdown curve and cut-off frequency data 
together define a breakdown region. The sec-
ondary-electron resonance theories developed 
by Danielsson, and Gill and von Engel (1906 of 
1948) are extended. 

537.525.3:621.387.424 2630 
Dynamics of Corona Discharge between 0 

Cylindrical Electrodes—L. Colli, U. Facchini, 
E. Gatti, and A. Persano. (Jour. Appt. Phys., 
vol. 25, pp. 429-435; April, 1954.) The screen-
ing action of the space charge is responsible for 
the constancy and stability of the average dis-
charge current. Fluctuations are explained as a 
response of the system having a definite reso-
nance frequency to the statistical fluctuations 
of the photoelectric current. Theoretical predic-
tions are confirmed by experiment. 
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537.533 2631 
The Work Function of Irregular Metal Sur-

faces T. J. Lewis. (Proc. Phys. Soc., vol. 67, pp. 
187-200; March 1, 1954.) Calculation of the 
image potential for spherical and prolate 
spheroidal bosses on an otherwise smooth sur-
face shows that this potential might be reduced 
to 50 eé r cent of its value for an ideal plane 
surface. Since the image potential is likely to 
form a large portion of the work function for 
most metals, the work function will be signifi-
cantly reduced when the surface is rough. 

537.533.8 2632 
Effect of the Energy Distribution of Elec-

trons on the Average Secondary-Emission 
Yield of an Insulator— J. Salmon. (Jour. Phys. 
Rad., vol. 15, p. 190; March, 1954.) An ex-
pression for the average yield in terms of elec-
tron temperature is calculated for pyrex, the 
electron energy distribution being Maxwellian. 

537.56 2633 
A Model for Collission Processes in Gases: 

Part 1—Small Amplitude Processes in Charged 
and Neutral One-Component Systems—P. L. 
Bhatnagar, E. P. Gross, and M. Krook. (Phys. 
Rev., vol. 94, pp. 511-525; May 1, 1954.) 

537.568 2634 
Electron-Ion Recombination at Low Pres-

sures— S. Borowitz. (Trans. A I EE, Part I, 
Communication and Electronics, vol. 72, pp. 
430-435; 1953.) Experiments throwing light on 
the nature of the fundamental processes in-
volved are discussed; the molecular ion is 
thought to play a decisive part. The evidence 
is consistent with the hypothesis of dissociative 
recombinat ion. 

538.114 2635 
The Tensor Formulation of Ferromagnetic 

Resonance—J. A. Young, Jr. and E. A. Ueh-
ling. (Phys. Rev., vol. 94, pp. 544-554; May I, 
1954.) 

538.12:538.653.12 2636 
Twisted Magnetic Fields in Conducting 

Fluids— J. W. Dungey and R. E. Loughhead. 
(Aust. Jour. Phys., vol. 7, pp. 5-13; March, 
1954.) The formation of loops in the lines of 
force of a twisted magnetic field confined within 
a cylinder of radius R is discussed by the 
method of normal modes. The condition ob-
tained for loop formation is that the pitch of the 
twisted field be less than TIR. The velocity ot 
Alfvén waves in this model is also discussed. 

538.248 2637 
Diffusion After-Effect in Weak Alternating 

Fields. Validity of Rayleigh's Law— A. Marais. 
[Compt. Rend. Acad. Sci. ( Paris), vol. 238, pp. 
1782-1874; May 3, 1954.] 

538.561: 537.56 2638 
On the Excitation of Oscillations in a Ther-

mal Plasma— M. Sumi. [lour. Phys. Soc. 
(Japan) vol. 9, pp. 88-92; January/February, 
1954.] Plasma oscillations are considered for an 
arbitrary distribution of electron beams. The 
fundamental equations are derived assuming a 
weak signal and the absence of static fields. The 
dispersion relation derived is applied to the 
case of excitation of thermal plasma by an in-
jected electron beam, and the rate of wave 
growth is determined. The numerical results 
are compared with results obtained by Merrill 
and Webb (Phys. Rev., vol. 55, pp. 1191-1198, 
June 15, 1939). 

538.566:535.42 2639 
The Vector Wave Function Solution of the 

Diffraction of Electromagnetic Waves by Circu-
lar Disks and Apertures: Part 2—The Diffrac-
tion Problems— C. Flammer. (Jour. Ape 
Phys., vol. 25, p. 543; April, 1954.) Correction 
to paper abstracted in 708 of March. 

539.145 2640 
Determination of h/e by a New Method— 

F. G. Dunnington, C. L. Hemenway, and J. D 
Rough. (Phys. Rev., vol. 94, pp. 592-598; May 

1, 1954.) The method involves the determina-
tion of the excitation potential of He from the 
ground state to the lowest permitted singlet 
level. The value of h/e obtained is ( 1.3790 
± 0.0002) X 10-17 erg. seconds/esu. 

621.3.032.44 2641 
Temperature Distribution in an Electrically 

Heated Filament—K. S. Krishman and S. C. 
Jain. [ Nature (London), vol. 173, pp. 820-821; 
May 1, 1954.] A practical general solution is 
given for a filament of finite length heated in 
vacuo. See also 2375 of August. 

537.533.8 2642 
Physics and Applications of Secondary 

Electron Emission. [Book Reviewl—H. Bruin-
ing. Publishers: Pergamon Press, London, Eng., 
McGraw-Hill Book Company, Inc., New York, 
N. Y., 178 pp., 25s. or $5. (Jour. Aims. Terr. 
Phys., vol. 5, pp. 114-115; May, 1954.) The 
book "covers practically everything of im-
portance, and should serve as an admirable 
guide to workers in all branches of electronics." 

GEOPHYSICAL AND EXTRATER-
RESTRIAL PHENOMENA 

523.7:550.38 2643 
Relation between the Apperance of the Yel-

low Coronal Line and Geomagnetic Activity— 
J. F. Denisse and P. Simon. [Compt. Rend. 
Acad. Sci. (Paris), vol. 238, pp. 1775-1778; 
May 3, 1954.1 From observations of the yellow 
coronal line it is possible to identify those solar-
activity centers whose passage across the cen-
tral meridian is accompanied by an increase 
of geomagnetic activity. 

523.72:537.562 2644 
Space-Charge-Wave Amplification in a 

Shock Front and the Fine Structure of Solar 
Radio Noise— H. K. Sen. (Aust. Jour. Phys., 
vol. 7, pp. 30-35; March, 1954.) The disper-
sion equation corresponding to the non-Max-
wellian velocity distribution of the particles in 
a shock front is derived. The roots indicate fre-
quency bandwidths of space-charge wave am-
plification decreasing with the shock strength. 
It is suggested, in agreement with Denisse and 
Rocard ( 1900 of 1952), that the storm bursts of 
narrow bandwidth originating in shock fronts 
constitute the elementary fine-structure com-
ponents of solar radio noise bursts. 

523.72+523.741:621.396.822 2645 
Thermal Radio Emission from the Sun and 

the Source of Coronal Heating— J. H. Pidding-
ton and R. D. Davies. (Mon. Not. R. Asir. Soc., 
vol. 113, pp. 582-596; 1953.) A statistical analy-
sis is made of data obtained from measurements 
of solar radiation at frequencies between 600 
and 9400 mc. The total radiation is separated 
into a component associated with sunspots and 
a "basic" component showing no such connec-
tion. Results indicate that (a) sunspot radiation 
and the very hot regions responsible for it 
diminish less rapidly than the spot area and 
exist for a month or more after the spot has 
vanished; (b) the basic component at some fre-
quencies is much lower than previously be-
lieved; (c) S-regions above the sunspots are the 
source of coronal energy and gases spreading 
from them can completely replace the corona 
in about four days. 

523.72:621.396.822 2646 
Solar Radio Emissions at 4- Metres Wave-

length during 1947-50 inclusive and their 
Relations to Solar Activity— J. S. Hey. (Mon. 
Not. R. Aster. Soc., vol. 113, p. 653; 1953.) 
Summary of RRDE Rep. No. 372, October, 
1952. Bursts at X of duration>I minute 
and of intensity over a certain minimum, are 
analyzed for correlation with solar flares. The 
median lag of bursts behind associated flares 
is about a minute, but the dispersion of the time 
differences is such that an appreciable propor-
tion of the bursts precede the flares. Secondary 
controlling factors seem to exist both for the 
solar phenomena and the related ionospheric 
phenomena. Analysis of the distribution of 

bursts confirms that there is a greater chance 
of bursts in association with flares on the east-
ern half of the sun's disk than on the western 
half. 

523.72:621.396.822 2647 
Observation of the Partial Solar Eclipse 

(February 14, 1953) at the Wavelength of 10 
Centimeters (3000 Mc/s)—K. Aoki. (Rep. 
Ionosphere Res. (Japan) vol. 7, pp. 109-115; 
September, 1953.) The diameter of the sun 
observed at this wavelength is 5 per cent 
greater than that of the visual disk. Limb 
brightening is observed. Asymmetry in the 
eclipse curve is attributed to a local bright 
region round sunspots, where the values of 
electron density in chromosphere and corona 
are enhanced. 

523.72: 621.396.822 2648 
The Distribution of Radiation across the 

Solar Disk at Metre Wavelengths— P. A. 
O'Brien. (Mon. Not. R. As r. Soc., vol. 113, 
pp. 597-612; 1953.) Measurements were made 
at wavelengths of 1.4 3.7, and 7.9 m, using 
variable-aperture interferometers and phase-
switching receiver systems. The size of the emit-
ting disk increases with increasing wavelength. 
Experiments with interferometers inclined at 
various angles to the solar axis of rotation 
showed the radiating shape of the sun to be 
elliptical; the radial distance at which the 
brightness temperature was reduced to half was 
about 25 per cent greater at the equator than 
in the polar direction. 

523.72:621.396.822 2649 
Distribution of Radio-Frequency Brightness 

across the Solar Disk and the Derivation of a 
Model Corona— P. A. O'Brien and C. J. Bell. 
[Nature (London), vol. 173, p. 219; January 30, 
1954.] The derivation of a model consistent 
with observations previously reported (2648 
above) is discussed. 

523.72:621.396.822.029.62 2650 
Solar Radio Asymmetry at 4-Metres Wave-

length—J. S. Hey and V. A. Hughes. [Nature 
(London), vol. 173, p. 771; April 24, 1954.] The 
greater frequency of observation of solar bursts 
at 4.1 min association with flares on the eastern 
half of the sun's disk [1368 of 1949 (Hey et al)] 
may be due to absorption of bursts from the 
western half in ionized streams. This would 
account for the lack of evidence of asymmetry 
at 1.5 m, for which wavelength absorption is 
much less. An analysis of this asymmetry with 
reference to geomagnetic activity is being made. 

523.852:621.396.822 2651 
Intensities of Discrete Radio Sources in 

Cygnus and Cassiopeia at 22.6 Mc/s—J. S. Hey 
and V. A. Hughes. [Nature (London), vol. 173, 
pp. 819-820; May 1, 1954.] Measured intensi-
ties are 9.4X 10", and 4.6X 10-22W/m1.(cps) 
for the sources in Cassiopeia and Cygnus re-
spectively. Comparison with intensities meas-
ured previously at higher frequencies indicates 
that in the spectrum of the Cassiopeia source 
intensity is proportional to (frequency)-,4, the 
variation in the Cygnus source being similar 
except at lower frequencies where the rate of 
increase of intensity is reduced. 

523.852.3:621.396.822 2652 
Radio Emission from the Perseus Cluster— 

J. E. Baldwin and B. Elsmore. [Nature (Lon-
don), vol. 173, p. 818; May 1, 1954.] Results of 
observations at X, using radio-interferome-
ter apertures of 14 X and 157X, provide confirm-
ation for the identification of the radio source 
with NGC 1275. 

523.854:621.396.822 2653 
Galactic Radiation at Radio Frequencies: 

Part 7—Discrete Sources with Large Angular 
Widths— J. G. Bolton, K. C. Westfold, G. J. 
Stanley, and O. B. Slee. (Aust. Jour. Phys., vol. 
7, pp. 96-109; March, 1954.) Observations with 
a 72-foot reflector at a frequency of 150 mc, 
with the sea interferometer at 110 mc, and with 
the azimuth Interferometer at 100 mc, revealed 
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the existence of a number of sources of angular 
width > 1 degree. The observations are de-
scribed and discussed; the limitations of inter-
ference techniques are summarized. Part 6: 
1756 of June (Bolton, Slee and Stanley). 

523.854: 621.396.822 2654 
Galactic Radiation at Radio Frequencies: 

Part 8—Discrete Sources at 100 Mc/s between 
Declinations +50° and —50°—J. G. Bolton, 
G. J. Stanley, and O. B. Slee. (Aust. Jour. 
Phys., vol. 7, pp. 110-129; March, 1954.) One 
hundred and four discrete sources have been 
found. Individival sources are compared in po-
sition and flux density with those of previous 
surveys. The observed distribution of sources is 
discussed. Several identifications with visible 
sources are suggested. Part 7: 2653 above. 

523.854:621.396.822 2655 
A Comparison of the Intensities of Cosmic 

Noise observed at 18.3 Mc/s and at 100 Mc/s— 
C. A. Shain. (Aust. Jour. Phys., vol. 7, pp. 150-
164; March, 1954.) The principal conclusion of 
this comparison is that the background radia-
tion cannot be made up of the radiation from 
sources of the type observed so far, although a 
small polar component may be due to the extra-
galactic sources. Absorption in interstellar gas 
has a considerable effect on the intensity varia-
tions of background radiation with direction 
observed at 18.3 mc. 

523.854:621.396.822:550.510.535 2656 
Observations of the General Background 

and Discrete Sources of 18.3-Mc/s Cosmic 
Noise—C. A. Shain and C. S. Higgins. (Aust. 
Jour. Phys., vol. 7, pp. 130-149; March, 1954.) 
A survey of a broad strip of sky, centered on 
declination —32 degrees, has been made using 
an antenna with beam width to half power of 17 
degrees. Previous results concerning the back-
ground distribution of brightness have been 
confirmed and 37 discrete sources have been 
detected. The distribution of these sources is 
shown. No correlation was found between the 
occurrence of scintillations and published iono-
spheric data, but the observations are consist-
ent with an origin of scintillations in irregulari-
ties of dimensions about 4 km at a height of 
about 500 km. 

523.854:621.396.822.029.62 2657 
Galactic Radio Sources of Large Angular 

Diameter—R. H. Brown, H. P. Palmer, and 
A. R. Thompson. [Nature (London), vol. 173, 
pp. 945-946; May 15, 19541 Preliminary re-
sults are given of measurements of the apparent 
angular width of sources previously observed 
[1408 of May (Brown and Hazard)]. 

523.854.22:621.396.822:621.396.677.3 2658 
Wide-Band Radio Interferometer—V. V. 

Vitkevich. [Come Rend. Acad. Sci. (URSS), 
vol. 91, pp. 1301-1303; August 21, 1953. In 
Russian.] The use of a wideband amplifier, with 
the frequency characteristic given, in conjunc-
tion with an antenna system consisting of two 
or four antennas in line, or 16 antennas ar-
ranged symmetrically in a square, results in 
very high resolution. In the example quoted 
radio sources separated by an angle of 15' can 
be resolved. The theory of the interferometer is 
given and the general form of the directional 
characteristic is shown. 

550.384 2659 
Geomagnetic Bay Disturbances and their 

Nonuniform Induced Components within the 
Earth—H. Wiese. (Z. Met., vol. 8, pp. 77-79; 
February/March, 1954.) The bay disturbance 
is considered as the field of a traveling dipole 
in the auroral zone, the direction of travel de-
pending on time of day. The induced compon-
ent within the earth exhibits local variations 
depending on the conductivity; a "dynamic" 
anomaly is observed in an area in Central Eu-
rope, the vertical component being a maximum 
in the north, and a minimum in the south, when 
the ionosphere current is directed southward. 

550.385/.386:525.233 2660 
The Use of Earth-Potential Measurements 

for Magnetic- and Ionospheric-Storm Indica-
tion—A. H. DeVoogt. (Jour. Atmos. Terr. 
Phys., vol. 5, pp. 108-110; May, 1954.) Using 
the underground telephone cable system, poten-
tials are measured in directions as nearly paral-
lel and perpendicular to the magnetic meridian 
as possible. Each of the cable circuits is over 
100 km long and is provided with several earth-
ing points at the ends. The recorders are housed 
in the control room of the PTT station Radio-
Kootwij k. 

551.5: 621.396.11.029.6:061.3 2661 
Radio-Meteorology: Conference in Texas— 

Saxton. (See 2751.) 

551.510.3:535.325 2662 
A Preliminary Survey of Tropospheric Re-

fractive Index Measurements for U. S. Interior 
and Coastal Regions—C. M. Crain, J. R. Ger-
hardt, and C. E. Williams. (Trans. I.R.E., vol. 
AP-2, pp. 15-22; January, 1954.) Results of 
some 700 recordings made between July and 
December, 1952, using airborne refractometers, 
at heights up to 25,000 feet, are summarized. 
The existence of large differences in refractive 
index near certain cloud boundaries is con-
firmed. See also 1759 of June (Crain et al). 

551.510.535 2663 
Atmospheric Space Charge—W. D. Parkin-

son:J. A. Chalmers. (Jour. Atmos. Terr. Phys., 
vol. 5, pp. 106-108; May, 1954.) Comment on 
131 of January and author's reply. 

551.510.535 2664 
The Evaluation of Ionospheric Observa-

fions— G. Grawert and H. Lassen. (Z. angew. 
Phys., vol. 6, No. 3, pp. 136-143 March 1954.) 
A critical discussion of the various methods 
used in calculating the height distribution of 
the charge-carrier concentration and other pa-
rameters, from experimentally determined h'f 
curves. The corrections and the estimation of 
errors in the calculated F-layer height in the 
presence of an E layer and the effect of neg-
lecting the E layer in this calculation are dis-
cussed. An approximate method is indicated 
for taking the geomagnetic field into account. 

551.510.535 2665 
Semidiurnal Currents and Electron Drifts 

in the Ionosphere—J. A. Fejer. (Jour. Atmos. 
Terr. Phys., vol. 5, p. 103; May, 1954.) Correc-
tion to paper abstracted in 1420 of May. 

551.510.535 2666 
A Subsidiary Layer in the E Region of the 

Ionosphere—R. Naismith. (Jour. Atmos. Terr. 
Phys., vol. 5, pp. 73-82; May, 1954.) Echoes 
from sporadic-E can be distinguished from 
those from a layer at 90-100 km height. It is 
suggested that the ionization in this layer re-
sults from the impact of meteors on the atmos-
phere and that it may therefore be called the 
meteoric E-layer. The distinctive properties 
may be used to extend the use of the ionosphere 
for intermediate-distance radio communica-
tion. 

551.510.535 2667 
Origin of the Ionospheric E Layer— K. 

Rawer and É. Argence. (Phys. Rev., vol. 94, pp. 
253-256; April 15, 1954.) Critical discussion of 
theories of formation based on (a) ionization of 
02 by ultraviolet light, and (b) ionization by 
solar soft X-rays. The intensity of incoming ra-
diation seems insufficient, in view of absorption 
in case (a), but from Elwert's computations 
(Z. Naturf., vol. 7(a), pp. 202-204; 1952), suf-
ficient in case (b). Provided dissociation of 02 
occurs in a high transition layer of considerable 
thickness, both processes may be involved, but 
process (b) seems the more important. 

551.510.535 2668 
Multiple Stratification of the F Layer at 

Ibadan— N. J. Skinner, R. A. Brown and R. W. 
Wright. (Jour. Almos. Terr. Phys., vol. 5, pp. 
92-100; May, 1954.) Observations made during 

the period December 1951-January 1953 are 
reported. In the F2 layer there is a maximum 
occurrence of ridges around 1,000 and 1,500 
hours, the first maximum being the more pro-
nounced. A seasonal variation is found, a maxi-
mum number of ridges being observed when the 
midday minimum of foF2 occurs early in the 
day. A lunar semidiurnal variation is detectable 
during the morning hours. Formation of ridges 
is also observed in the F1 layer, but there is lit-
tle relation to those of the F2 layer. Possible 
phases of vertical drift velocities that could ex-
plain the observations are discussed. 

551.510.535 2669 
On the F2 Layer Distribution in Polar Re-

gion— T. Obayashi. [Rep. Ionosphere Res. (Ja-
pan), vol. 7, pp. 118-121; September, 1953.] 
Results of an analysis of monthly mean values 
of foF2, h' F2, foF1 and foE for March 1951 are 
summarized. In a region along the auroral zone 
where the h'F2 values are anomalously high, 
maxima occur at noon and midnight, and the 
region rotates round the earth with the sun. 
The increase of apparent height of the F2 layer 
is due to wave retardation in the F1 layer during 
daytime in high latitudes. 

551.510.535 2670 
A Theory of Distribution and Variation of 

the Ionospheric F2 Layers—K. Maeda. [Rep. 
Ionosphere Res. (Japan), vol. 7, pp. 81-107; 
September, 1953.] "A brief description is first 
given on the results of our recent studies, which 
have led to the conclusions of inhibition of ver-
tical ionospheric current, enhancement of con-
ductivity, dynamo current, and vertical drift 
of charged particles near the geomagnetic 
equator and suppression of daytime electron 
density of F2 layer caused by an upward drift of 
electrons. The treatment is extended to the case 
of ionospheric storm accompanied with geo-
magnetic atorm. The comparison of the theo-
retical and observational results is made for the 
cases of undisturbed as well as disturbed states 
of F2 layer. The agreement is generally good for 
undisturbed case, but not quite satisfactory for 
disturbed case. The mechanism of dynamo in 
the ionosphere is discussed and a hypothetical 
consideration concerning a wind system during 
a storm is given." 

551.510.535: 523.3 : 621.396.11 2671 
Lunar Radio Echoes and the Faraday Ef-

fect in the Ionosphere—Murray and Har-
greaves. (See 2748.) 

551.510.535:523.75 2672 
The Enhancement of Ionospheric Ioniza-

tion during Solar Flares—A. P. Mitra and R. E. 
Jones. (Jour. Atmos. Terr. Phys., vol. 5, pp. 
104-106; May, 1954.) Study of the recombina-
tion coefficient in the lower ionosphere, based 
on the decay of sudden phase anomalies at 16 
kc and on sudden enhancements of atmospher-
ics, gives values much smaller than those re-
ported by Bates and Seaton ( 1407 of 1950). 
Measurements of the delay between the time 
of maximum flare and the times of maxima of 
sudden phase anomalies and sudden enhance-
ments of atmospherics also suggest smaller val-
ues. These results indicate that for any height 
the value of the recombination coefficient re-
mains unaltered during a sudden ionospheric 
disturbance and that the sudden increase in 
electron concentration is due to an increase in 
the rate of electron production in the layer. 

551.510.535 : 523.78 2673 
Corpuscular Eclipse in the F2 Layer and its 

Association with Solar Flares and M-Regions 
—P. K. S. Gupta and S. N. Nitra. [Nature 
(London), vol. 173, pp. 814-816; May 1, 1954.1 
A survey of present knowledge on solar sources 
of corpuscular streams and on corpuscular ve-
locities. The drop in the Frlayer ion density 
occurring approximately five hours before the 
maximum of the optical solar eclipse is briefly 
discussed and it is suggested that in future Fr 
layer observations should commence at least 
seven hours before the moment of totality. 
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551.510.535:621.396.11.029.53 2674 
High Multiple Radio Reflections from the 

F3 Layer of the Ionosphere at Brisbane—Baird. 
(See 2750.) 

551.593 2675 
The Effect of Rayleigh Scattering and 

Ground Reflection upon the Determination of 
the Height of the Night Airglow—E. V. Ash-
burn. (Jour. Atmos. Terr. Phys., vol. 5, pp. 83-
91; May, 1954.) 

LOCATION AND AIDS TO NAVIGATION 

621.396.9:621.396.621 2676 
Aircraft Receiver for VOR-ILS and Com-

munications—G. W. Gray. (Electronics, vol. 27, 
pp. 180-184; June, 1954.) Description of com-
plete navigation and communication equip-
ment. Cro presentation of omnirange signal and 
cr indicator for instrument landing system 
right-left signals are provided. High sensitivity 
is achieved in the omnirange receiver by using 
the extremely low bandwidth of about 6 cps in 
order to reluce noise. Special arrangements are 
made to avoid errors due to possible phase shift 
resulting from use of this narrow band. 

621.396.93 + 621.398:621.396.665 2677 
Sequentially Gated Automatic Gain Control 

—M. Eliason. (Electronics, vol. 27, pp. 186-
188; June, 1954.) The arrangement described, 
which is applicable to navigation and telemetry 
systems, supplies a control voltage which holds 
receiver output constant within + 1 db when 
pulse signals are received from two or more 
transmitters in turn on the same frequency but 
with widely different strengths. Separate agc 
circuits corresponding to each transmitter are 
provided and are gated sequentially in syn-
chronism with the transmitters. 

621.396.933:621.396.621 2678 
Airborne Loran Receiver—the AN/APN-70 

—R. R. Freas. (Trans. I.R.E., vol. ANE-1, pp. 
17-25; March, 1954.) The AN/APN-70 equip-
ment was designed primarily for improved op-
erating convenience and reliability as compared 
with older types. Improvements introduced in-
clude (a) time-difference information presented 
directly on counter dials, (b) possibility of op-
eration on the new If channels, giving instan-
taneous indication of position, (c) afc of the tim-
ing oscillator, (d) independent gain control for 
signals from each ground station, (e) high-sen-
sitivity antenna coupler, and (f) all circuits and 
components selected for their reliability. 

621.396.96:621.316.726 2679 
Automatic Tuning for Primary Radar— 

S. Ratcliffe. ( Wireless Eng., vol. 31, pp. 122-
131, 153-165, and 187-192; May/July, 1954.) 
Research into the basic techniques of automatic 
frequency correction is reported and design 
principles are discussed with particular atten-
tion to the requirements of airborne microwave 
radar equipment. For convenience, the fre-
quency control is applied to the receiver rather 
than the transmitter, maintenance of the de-
sired IF being more important than the abso-
lute frequency. The frequency variations to be 
controlled may be either long-term, such as 
those due to changes in ambient temperature 
or pressure, or short-term, such as variations in 
magnetron freqency due to changes in the 
matching during rotation of the scanner. Re-
ceiver bandwidth and sensitivity are considered 
in relation to the conditions under which it may 
be economical to use an afc system with a re-
sponse rapid enough to deal with scanner pull-
ing. Circuits with the smallest possible number 

4 of pre-set adjustments should be used; adoption 
of a wide-band afc system is advantageous from 
this point of view. 

621.396.93:621.396.676 2680 
U.H.F. Omnidirectional Antenna Systems 

for Large Aircraft—Sichak and Nail. (See 2568.) 

621.396.962.3 2681 
Improved Demodulator for Radar Ranging 

—C. E. Goodell. (Electronics, vol. 27, pp. 170-

171; June, 1954.) Gaps due to loss of echo pulses 
as a result of scattering, absorption, etc. are 
filled in by pulses generated in the demodulator. 
Range errors are thus reduced. 

621.396.965 2682 
Antenna Scan Considerations—D. Levine. 

(Trans. I. R. E. , vol. ANE-1, pp. 26-40; March, 
1954.) Three types of scan are considered,(a) 
the spiral scan, (b) the simple conical scan, (c) 
sector scanning, the antenna having simple 
harmonic motion. In general a harmonic type 
of sector scan is to be preferred to a uniformly 
rotating system of n antennas, provided the 
total angle of scan is < 229.2 degrees/n. A fig-
ure of merit for a sector scan having nonhar-
monic motion is also derived. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

531.788.7 2683 
Pressure Measurement with the Pirani 

Gauge—K. D. Mielenz. (Z. angew. Phys., vol. 
6, pp. 101-104; March, 1954.) The design of a 
Pirani gauge is discussed on the basis of expres-
sions for the thermal losses of the heater wire 
and for the sensitivity of the gauge when used 
in a Wheatstone bridge. For maximum sensitiv-
ity the requirements include a galvanometer 
with high voltage sensitivity, low-resistance 
bridge arms, a low external temperature ob-
tained by immersing the gauge in liquid air, and 
low heater-wire temperature obtained by using 
high-resistivity wire. These requirements were 
confirmed experimentally by measurements at 
pressures down to 1.7+10-6 Torr. 

531.788.7 2684 
A Simple Thermionic Vacuum Gauge— 

G. K. T. Conn and H. N. Daglish. (Jour. Sci. 
Instr., vol. 31, pp. 95-96; March, 1954.) The 
gauge described is similar in essentials to that of 
Bayard and Alpert (2785 of 1950), but is much 
easier to construct. 

533.583 2685 
Influence of Electronic Impact on the Rate 

of Sorption of Gases on to Getter Materials— 
S. Wagener. [Nature (Iondon), vol. 173, pp. 
684-685; April 10, 1954.) Experiments made 
with Ba and Mg getters, using a Knudsen 
gauge and a special diode to produce electron 
impact, indicate that the introduction of the 
latter does not materially affect the gettering 
rate. 

535.215:538.632:546.311.12 2686 
Electronic Hall Effect in the Alkali Halides 

—A. G. Redfield. (Phys. Rev., vol. 94, pp. 537-
540; May 1, 1954.) The Hall mobility of elec-
trons in NaCI, KCI, KBr and KI was measured 
using the technique described in 2687 below. 

535.215: 538.632: 549.211 2687 
Electronic Hall Effect in Diamond—A. G. 

Redfield. (Phys. Rev., vol. 94, pp. 526-537; 
May 1, 1954.) The crystal is placed between 
two glass plates coated with a very thin semi-
conducting film. An electrometer is connected 
to the upper plate and the potential of the lower 
plate is varied. To make a measurement the 
magnetic field is applied in opposite directions 
alternately, the crystal being illuminated and 
the potentiometer adjusted to give zero de-
flection on the electrometer for each direction. 
The Hall angle can be obtianed approximately 
from the measured voltage change and the elec-
trode geometry. Sources of error and corrections 
are considered in detail. Electronic mobility 
varies as 7-3/2 and is about 1,800 cm/s per V/cm 
at 300 degrees K, the corresponding figures for 
holes being 7-3/2 and 1,200 cm/s per V/cm. 

535.215:546.289 2688 
Photoconductivity in Gold-Germanium Al-

loys—R. Neuman. (Phys. Rev., vol. 94, pp. 278-
285; April 15, 1954.) Photoconductivity in n-
and p-type gold-doped Ge was investigated at 
77 degrees and 22 degrees K. The low-energy 
thresholds for impurity photoconduction are 
compatible with the activation energies meas-

tired by electrical methods. In some n-type 
specimens quenching effects were observed, 
with prominent quench bands at 0.8 and 0.66 
eV. Characteristics of the quenching were meas-
ured as functions of light intensity, applied 
voltage and temperature. No complete explana-
tion is offered. 

535.215:546.431-31:539.234 2689 
External Photoemission of Thin Films De-

posited by Evaporation from Barium Oxide— 
S. Narita. [Jour. Phys. Soc. (Japan), vol. 9, pp. 
22-27; January/February, 1954.] Experimental 
investigation of films deposited on Mo and on 
Ta surfaces is reported. The variation of the 
energy distribution of the photoelectric emis-
sion and the thermionic work function with 
layer thickness is shown graphically and the 
change from metallic-type photoelectric emis-
sion, expressed by Fowler's equation, to the 
semiconductor type is noted. The dependence 
of photoelectric emission on the plane of polari-
zation of the incident light is also shown graph-
ically. 

535.37 2690 
Comparative Measurements of Electron-

Excited Luminescent Screens for Front View-
ing and for Back Viewing—B. Deubner and 
F. Hieber. (Z. angew. Phys., vol. 6, pp. 112-115; 
March, 1954.) Light-yield measurements were 
made on Cu-activated ZnS screens excited by a 
40-kV electron beam incident at 45 degrees. 
Screens of various thicknesses were used, with 
and without an Al base. Maximum yields in 
transmission-type screens, equal to those of 
front-viewing types, were obtained using an Al 
layer separated by collodion from the lumines-
cent material. The resolution at various grain 
sizes was also measured. The results are shown 
graphically. 

535.37:546.817.221 2691 
Photoluminescence of PbS in the Infrared 

Region of the Spectrum—L. N. Galkin and 
N. V. Korolev. [Compl. Rend. Acad. Sci. 
(URSS), vol. 92, pp. 529-530; September 21, 
1953. In Russian.] Brief account of method and 
results of an investigation of photoluminescence 
in the region 2-3.5 is. 

537.226 2692 
Photodielectric Effect [dielectric loss change) 

—J. Roux. (Jour. Phys. Rad., vol. 15, pp. 176-
188; March, 1954.) A critical survey of work 
done on this subject. Most crystalline phos-
phors exhibit the effect, the magnitude of which 
depends largely on the phosphor type and prep-
aration, and is greatly influenced by the nature 
and intensity of the excitation radiation, and 
by the intensity and frequency of the electric 
field applied to measure the capacitance of the 
material. A decay in the effect closely following 
the decay in phosphorescence is observed. 
Some relation between phosphorescence and 
dielectric loss change exists, but its exact na-
ture has not been established. 

537.226:538.56.029.4/.6 2693 
The Radio Spectrum and Structure of Sol-

ids: Part 1— Debye Absorption in Solids, at 
Frequencies within the Radio Spectrum, and 
Lattice Defects—M. Freymann and R. Frey-
mann. (Jour. Phys. Rad., vol. 14, pp. 203-211; 
March, 1953.) In the study of solids by exami-
nation of their dielectric properties, two types 
of dipole must be distinguished, (a) dipoles as-
sociated with orientation of molecules or groups 
of atoms, and (b) dipoles associated with lattice 
defects. Experimental methods used to measure 
absorption at frequencies between 300 kc and 
300 kmc are surveyed. 

537.226:538.56.029.4/.6 2694 
The Radio Spectrum and Structure of Sol-

ids: Part 2— Debye Absorption in Water in the 
Free and in the "Bound" State—M. Freymann 
and R. Freymann. (Jour. Phys. Rad., vol. 15, 
pp. 165-175; March, 1954.) Critical examina-
tion of experimental data with a view to extend-
ing the theory developed in Part 1 (2693 above) 
to ionic crystals and semiconductors. 
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537.311.3:539.23 2695 
Tentative Explanation of the Conduction 

Mechanism of Thin Granular Metal Layers— 
N. Nifontoff. [Compt. Rend. Acad. Sci. ( Paris), 
vol. 238, pp. 1870-1872; May 10, 19541 Experi-
mental results on the variation of the resistance 
of granular metal layers can be explained by as-
suming the existence of a more or less continu-
ous impurity-rich semiconductor layer between 
the grains. An electron passing from one grain 
to another then crosses two metal-semicon-
ductor boundaries, the resistance being localized 
almost entirely at the reverse boundary. 

537.311.3:539.23 2696 
High-Frequency Resistance of Thin Films 

—R. Broudy and H. Levinstein. (Phys. Rev., 
vol. 94, pp. 285-289; April 15, 1954.) Measure-
ments on evaporated Ge, Rh and Au films show 
that for uniform films the decrease of resistance 
with frequency is due to simple self-capacitance. 
When the ratio of the ac and dc resistances is 
plotted against the product of frequency and dc 
resistance, data for uniform films of each mate-
rial fall on a single curve. The presence of non-
uniformities in the film produces an additional 
decrease of resistance with frequency corre-
sponding to the degree of variation in resistance 
per unit length. 

537.311.3:539.23:621.383.4 2697 
High-Frequency Resistance of Photocon-

ducting Films—R. Broudy and H. Levinstein. 
(Phys. Rev., vol. 94, pp. 290-292; April 15, 
1954.) PbTe photocells were prepared by evap-
oration under controlled conditions, and the 
resistance/frequency characteristic measured 
for various types of illumination. The degree of 
irregularity in response correlated with the de-
gree of nonuniformity of the film, the nonuni-
formity detected decreasing on exposure to 
light. 

537.311.33 2698 
Semiconducting Compounds and the Scale 

of Electronegativities—C. H. L. Goodman. 
(Proc. Phys. Soc., vol. 67, pp. 258-259; March 
1, 1954.) In considering the relation between 
the ionic component of bonding and energy 
gap, suggested by Welker (1798 of June) a use-
ful guide to the ionicity of a binary compound 
can be obtained from the electronegativity dif-
ference of its element. Correlations between en-
ergy gap and electronegativity difference exists 
for certain compounds between groups III and 
V and between groups II and VI of the periodic 
table. Mobility values for HgSe, InSb and 
HgTe support this hypothesis. HgSe may be of 
particular interest for semiconducting devices 
such as crystal triodes. 

537.311.33:546.23 2699 
Experimental and Theoretical Investigation 

of the Isothermal and the Adiabatic Hall Ef-
fect in Se—R. Diestel. (Z. Naturf., vol. 8(a), 
pp. 453-457; August, 1953.) The isothermal 
and adiabatic Hall coefficients are calculated 
for a p-type semiconductor. The difference be-
tween the two values decreases rapidly with in-
creasing thermal conductivity of the lattice, 
but even for substances, such as Se, with low 
thermal conductivity the difference amounts to 
only about 1 per cent. This result is confirmed 
by measurements on Se. 

537.311.33:546.23 2700 
Hole Conduction in Crystalline Selenium— 

W. Schottky. (Z. Naturf., vol. 8(a), pp. 457-
459; August, 1953.) Results obtained by Diestel 
(2699 above) indicate that the value of the ther-
moelectric force for Se found from direct meas-
urement is more than twice the value found 
from Hall-effect measurements. It is tentative-
ly suggested that the discrepancy can be ex-
plained by assuming an impurity-band conduc-
tion mechanism rather than conduction by free 
holes. 

537.311.33: [546.24 -I- 546.3-1-24-23 2701 
Electrical Properties of Pure Tellurium and 

Tellurium-Selenium Alloys— A. Nussbaum. 
(Phys. Rev., vol. 94, pp. 337-342; April 15, 
1954.) Measurements of resistivity and Hall 
coefficient for pure single-crystal Te and for six 
different single-crystal TeSe alloys with a maxi-
mum Se content of about 15 per cent by weight 
were made over the temperature range 90 de-
grees and 550 degrees K. An increase in the for-
bidden-band width and a lowering of the upper 
anomalous Hall-coefficient reversal tempera-
ture with increased Se content was observed. 

537.311.33:546.24.03 2702 
Electrical Properties of Tellurium Crystals 

at Very Low Temperatures—T. Fukuroi, S. 
Tanuma, and Y. Muto. (Sci. Rep. Res. Inst. 
Tohoku Univ., Ser. A, vol. 6, pp. 18-29; Feb-
ruary, 1954.) The electrical conductivity, the 
Hall effect and the magnetoresistance effect 
were investigated in the temperature range 
from 1.7 degrees to room temperature, using 
both pure single crystals of Te and Te crystals 
including 0.01 per cent Sn. The results are tabu-
lated and shown graphically. 

537.311.33: 546.28 2703 
Hall Mobility of Electrons and Holes in Sili-

con—P. P. Debye and T. Kohane. (Phys. Rev., 
vol. 94, pp. 724-725; May 1, 1954.) Mobility 
/resistivity curves are shown, obtained at 295 
degrees K on single-crystal specimens of n and 
p type ranging in resistivity from 0.01 to 94 a 
cm and from 0.025 to 110D.cm respectively. 
For the highest resistivity values the mobility 
for electrons is about 1,900 cm/s per V/cm and 
for holes 425 cm/s per V/cm. 

537.311.33:546.289 2704 
Resistivity Striations in Germanium Crys-

tals—P. R. Camp. (Jour. App!. Phys., vol 25, 
pp. 459-463; April, 1954.) Variations in conduc-
tivity may be made visible by electroplating, 
with CuSO4 as electrolyte, since more copper 
will be deposited on regions having low resis-
tivity. Pulsed voltage is applied. Maximum vis-
ual contrast is obtained by suitably adjusting 
the resistivity of the electrolyte, the magnitude 
and duration of the pulses and the pulse repeti-
tion frequency. 

537.311.33:546.289:621.396.822 2705 
Noise in Germanium Filaments at Very Low 

Frequencies—B. V. Rollins and I. M. Temple-
ton. (Proc. Phys. Soc., vol. 67, p. 271; March 1, 
1954.) Measurements using the technique pre-
viously proposed (2039 of 1953) are reported. 

537.311.33:546.482.21.03:539.234 2706 
The Optical and Electrical Properties of 

Cadmium Sulphide Films—G. Kuwabara. 
[Jour. Phys. Soc. (Japan), vol. 9, pp. 97-102; 
January/February, 1954.] An experimental in-
vestigation of evaporated films shows that the 
optical properties are reproducible and similar to 
those of CaS single crystals, while the electrical 
properties depend on the conditions of evapora-
tion and after-treatment. A close correlation 
between dark conductivity and photosensitiv-
ity was found. The results are shown graph-
ically and are discussed. 

537.311.33:546.682.86 2707 
Electrical Properties of InSb—H. Weiss. 

(Z. Naturf., vol. 8(a), pp. 463-469; August, 
1953.) Continuation of work described by 
Welker ( 1798 of June). Measurements of con-
ductivity, Hall effect and magnetoresistance are 
reported. Both n- and p-type samples were ob-
served, depending on the impurity concentra-
tion. At room temperature, the highest value of 
electron mobility found was 41,000 cm/s per 
V/cm, and the greatest variation of resistance 
in a magnetic field of 10,000 gauss amounted to 
150 per cent. 

537.311.33:548.5 2708 
Crystal Growth by the Tip Fusion Method 

—P. H. Keck, S. B. Levin, J. Broder, and 
R. Lieberman. (Rev. Sci. Instr., vol. 25, pp. 
298-299; March, 1954.) The main feature of 

the method described is the fusion of the tip of 
the boule into a sessile drop by means of a 
tungsten ring heated by hf induction. A con-
tinuous stream of powder is supplied from 
above, and the growing crystal is withdrawn 
slowly downward from the hot zone. Polycrys-
talline Si boules about 1 inch long and inch in 
diameter were grown at a rate of 1 inch per 
hour. 

538.221:539.234 2709 
The Magnetization of Very Thin Iron Films 

—W. Reincke. (Z. angew. Phys., vol. 137, pp. 
169-174; March 15, 1954.) Iron films evapo-
rated on to glass plates were suspended by spun 
thread in a magnetic field and set in torsional 
oscillation. Susceptibility was calculated from 
the oscillation period, the field strength, the 
moment of inertia of the plates, and the volume 
of the film. Film thickness d was measured op-
tically. Results are in agreement with calcula-
tions of Klein and Smith ( 1675 of 1951). Magnet-
ization starts to decrease at a value d = 125 À, 
disappearing at d=11 À. For d < 100 À satura-
tion is reached at much lower field strengths 
than are required for thicker films. 

538.221:621.318.134 2710 
Magnetic-Dispersion Spectrum of a Ni-Zn 

Ferrite—L. Lucas. (Z. angew. Phys., vol. 6, pp. 
127-130; March, 1954.) The decrease of per-
meability with increasing frequency is explained 
on the basis of superposition of sharp spin-reso-
nances. From the distribution function of char-
acteristic frequencies, approximate formulas 
are derived for the observed relation between 
the static susceptibility and the lower limiting 
characteristic frequency, the dispersion of the 
loss factor at low frequencies and the decrease 
of permeability at high frequencies. The width 
of the dispersion spectrum is determined by the 
internal demagnetization at the Weiss-domain 
boundaries. 

538.221:621.318.134 2711 
Magnetic Behaviour of some Ferrites— 

K. F. Niessen. (Physica, vol. 19, pp. 1127-1132; 
November, 1953.) Calculations based on a se-
ries of measurements on mixed crystals of 
nickel ferrite and nickel titanate, Fe2_2«Nii+a 
Ti,,Cie with 0<a<0.5, show that the Ti appears 
to be distributed statistically amongst the tet-
rahedral and octahedral sites of the spinel when 
a«1 but appears to show preference for the 
tetrahedral sites as a increases. 

538.221:621.318.134.029.64/.65 2712 
Resonance Absorption in Ferrites— T. Oka-

mura. (Sci. Rep. Res. Inst. Tohoku Univ., Ser. 
A, vol. 6, pp. 89-108; February, 1951.) An ex-
perimental investigation over the frequency 
range 9.45 kmc-47 kmc at room temperature 
and at — 195 degrees C. is reported. The real 
spectroscopic splitting factor, g, which is inde-
pendent of frequency and temperature, was de-
termined for ferrites of Ni, Mn, Ni-Zn and Mn-
Zn by using the corrected Kittel resonance for-
mula. A semi-empirical formula for the internal 
field is given. Results for true g-values and the 
internal fields are tabulated and the latter com-
pared with calculated values. 

538.221:621.318.134.029.64/.65 2713 
The Effect of the Anisotropy and the Relax-

ation Phenomena on the Shift of Ferromagnetic 
Resonance in Polycrystalline Ferrites— M. 
Date. (Sci. Rep. Res. Inst. Tohoku Univ., Ser. 
A, vol. 6, pp. 109-113; February, 1954.) 

548.55:546.78 2714 
Thermionic and Surface Properties of 

Tungsten Crystals— G. F. Smith. (Phys. Rev., 
vol. 94, pp. 295-308; April 15, 1954.) The rela-
tion between the production process for single 
crystals and types of surface structure was 
studied, and thermionic constants were deter-
mined for various crystallographic directions. 

548.55:546.833 2715 
Growth and Surface Properties of Tantalum 
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• Crystals—M. H. Nichols. (Phys. Rev., vol. 94, 
pp. 309-313; April 15, 1954.) A study of Ta on 
the lines of 2714 above. 

621.315.612.4: 546.431.824-31 2716 
Anomalous Temperature Coefficient of 

Permittivitiy in Barium Titanate—K. W. Pless-
ner and K. A. Cook. [Nature (London), vol. 173, 
pp. 682-683; April 10, 1954.1 A negative tem-
perature coefficient of permittivity was ob-
served in a very pure ceramic BaTiOe sample 
subjected to alternations of temperature around 
the Curie point. The anomaly is related to the 
existence of the cubic and tetragonal phases. 
The observations support the view that the 
transition at about 120 degrees C. is a first-
order transition. 

MATHEMATICS 

519.2 2717 
Statistics of a Population with Creation and 

Recombination Dependent on Existing Num-
bers—D. A. Bell. (Proc. Phys. Soc., vol. 67, pp. 
227-231; March 1, 1954.) "Populations liable 
to loss by recombination are likely to have a 
rate of loss proportional to the square of the 
number present; and the distribution function 
is then related either to a Bessel function or to 
a Laguerre polynomial, according as the rate of 
creation is either constant or dependent on the 
complement of the number already present." 
Statistics of the number of particles present are 
then no longer the same as those of the density 
fluctuations in a perfect gas. 

MEASUREMENTS AND TEST GEAR 

621.3.014(083.74) 2718 
Preliminary Development of a Magnettor 

Current Standard—E. P. Felch and J. L. Pot-
ter. (Trans. A I EE, Part I, Communication and 
Electronics, vol. 72, pp. 534-531; 1953.) 

621.316.84(083.74) 2719 
The Behaviour of Gold-Chromium Stand-

ard Resistors under Load—A. Schulze and D. 
Bender. (Z. angew. Phys., vol. 6, pp. 132-136; 
March, 1954.) The effect of loads up to 1w on 
the resistance of 1-2, 10-11 and 10041 resistors 
was measured; the results are tabulated. 

621.317.335:537.228.1 2720 
Methods for Measuring Piezoelectric, 

Elastic, and Dielectric Coefficients of Crystals 
and Ceramics—W. P. Mason and H. Jaffe. 
(PRoc. I.R.E., vol. 42, pp. 921-930; June, 
1954.) Various methods are reviewed, with a 
view to standardization. For investigating 
small specimens, the click-oscillator method 
and the balanced-capacitance-bridge methods 
are suitable. The dynamic method involving 
measurements of resonance and anti-resonance 
frequencies, low-frequency capacitance, and 
resonance resistance is recommended as sim-
plest and most accurate for large-size specimens 
with high values of Q/r, where r is the ratio of 
the crystal capacitances. Quasi-static methods 
are useful for crystals having a low value of 
Q/r, for determining the sign of the piezoelec-
tric coefficients, and for production checks. 
Hydrostatic methods are useful for compli-
cated crystals and for measuring a sum of two 
of the coefficients of electrostrictive ceramics. 

621.317.373: 621.317.755 2721 
Cathode-Ray-Tube Protractor or Synchro-

scope—H. Sohon. (Elec. Eng., vol. 73, pp. 220-
221; March, 1954.) Description of a bridge-
type re phase-shifting network for use with a 
cro for measurement of the phase difference 
between two signals. The angle is indicated on 
the calibrated cr tube screen by the major axis 
of the elliptical trace. 

621.375.3.015.3.001.4 2722 
A Transient Analyzer for Magnetic Ampli-

fiers—J. E. Smith. (Trans. A I EE, Part I, 
Communication and Electronics, vol. 72, pp. 
461-465; 1953. Digest, Elec. Eng., vol. 73, p. 

218; March, 1954.) The response time of the 
magnetic amplifier is obtained directly by com-
paring the saturation phase angle with a refer-
ence phase angle marked by a train of pulses. 

621.317.41 2723 
An Automatically Recording Magnetic Bal-

ance—T. Hirone, S. Maeda and N. Tanya. 
(Sci. Rep. Res. Inst. Tohoku Univ., Ser. A, vol. 
6, pp. 67-76; February, 1954.) Description of 
instrument for determining the magnetization 
/temperature characteristics of small samples 
over the range from the temperature of liquid 
He to ,-,1000 degrees C. 

621.317.411+621.317.335.3:621.318 2724 
Theory of Measurement of jr and e of Semi-

conducting Ferromagnetics—K. M. Polivanov. 
[Comp,. Rend. Acad. Sci. (URSS), vol. 95, pp. 
61-64; March 1, 1954. In Russian.] The method 
used for determining the complex electrical im-
pedances of a specimen in an electric circuit or 
a magnetic field is analogous to the open- and 
short-circuit method of determining character-
istic impedance and propagation constant of a 
long line. Expressions for the complex impe-
dances in terms of the complex values of j.t and e 
are given. The advantages of using rod ring or 
specimens in a coaxial line are noted. 

621.317.7:621.396.822:621.397.828 2725 
Impulse Noise Generators—M. V. Callen-

dar. (Electronic Engineering, vol. 26, pp. 200-
203; May, 1954.) Two generators are de-
scribed, suitable for testing sound or vision re-
ceivers for their response to impulsive noise 
from car ignition systems and other sources. 
One is based on a spark plug with variable gap 
and controllable output. The other is a thyra-
tron generator, providing pulses with any de-
sired time relation to the synchronizing pulses. 
Calibration of these generators is considered. 

621.317.7.029.64 2726 
Integrated Microwave Test Bench—( Wire-

less World, vol. 60, pp. 351-352; July, 1954.) 
X-band test equipment comprising wavemeter, 
attenuator, slotted line, etc. is milled out of one 
solid block of light alloy instead of being assem-
bled from separate units. Losses and undesired 
reflections are thus reduced. 

621.317 7.029.64 2727 
Microwave Measuring Equipment—P. M. 

Ratcliffe. (Jour. Brit. IRE, vol. 14, pp. 243-
259; June, 1954. Discussion, pp. 260-261.) A 
survey dealing with instruments for field and 
factory, as well as for laboratory use, at centi-
meter wavelengths. The measurable quantities 
in this band are wavelength (in preference to 
frequency), power (with emphasis on heating 
effect), and normalized impedance (in terms of 
electric and magnetic field). Equipment de-
scribed includes capacitance-loaded-line and 
resonant-cavity wavemeters, thermistor-type 
milliwattmeter, neon-tube tester for swr, direc-
tional couplers, spectrum analyzer, noise gener-
ator and a complete radar test set for the 3-cm 
waveband. 

621.317.727.029.63 2728 
Accurate Radio-Frequency Microvoltages— 

M. C. Selby. (Trans. AIEE, Part I, Communi-
cation and Electronics, vol. 72, pp. 158-163; 
1953.) Coaxial-type rf micropotentiometers de-
veloped at the National Bureau of Standards 
(1712 of 1951) are described in detail. 

621.317.734.028.3 2729 
An Instrument for Measurement of Very 

High Resistance—F. J. Lynch and C. L. 
Wesenberg. (Rev. Sci. Instr., vol. 25, pp. 251--
255; March, 1954.) An instrument for accurate 
measurement in the range 109-101312 is de-
scribed. A constant current flows through the 
resistor under test and potential drop is meas-
ured by an electrometer. The constant current 
is the displacement current flowing through a 
standard capacitor when the potential differ-
ence across it changes linearly with time 

Provision is made for measuring resistance with 
3 mv-10v dropped across the resistor. Accuracy 
of the instrument is within about 0.5 per cent. 

621.317.755: 621.3.015.3 2730 
A Method for the Measurement of Phase 

and Amplitude Variations of Transient High-
Frequency Phenomena— A. Essmann. (Z. 
angew. Phys., vol. 6, pp. 115-120; March, 
1954.) A development is described of the 
method of Nijenhuis (2485 of 1941) for a con-
tinuous visual presentation of phase and ampli-
tude changes produced e.g. by an amplifier, 
by means of a brightness-modulated spiral 
cro trace. The complete circuit, operation and 
appliçation of this phase- and amplitude-
analyzer are given and the traces obtained with 
a two-stage amplifier and with a detuned 
single-stage amplifier are shown photographi-
cally. Phase angles can be read to within ± 1 
degree. 

621.317.78.029.64 2731 
40- to 4000-Microwatt Power Meter— R. W. 

Lange. (Trans. A I EE, Part I, Communi-
cation and Electronics, vol. 72, pp. 492-494; 
1953.) Description of an instrument for use at 
10 kmc, comprising a temperature-compen-
sated bolometer bridge using a bead thermistor 
as power detector. 

621.397.62.001.4:535.623 2732 
Color-Bar Generator produces I-Q Signals 

—A. F. Boscia. (Electronics, vol. 27, p. 143; 
June, 1954.) Test signals for alignment of the 
Q and I demodulators for reception of NTSC 
color-television signals are obtained from a 
color-bar generator by control of blue-green and 
blue-red overlap. 

621.317 2733 
Electronic Measurements (Book Review)— 

F. E. Terman and J. M. Pettit. Publishers: 
McGraw-Hill Book Company, New York, 
N.Y., 1952, 707 pp., 728.6d. (Jour. Atmos. 
Terr. Phys., vol. 5, p. 112; May, 1954.) The 
emphasis is "on the fundamental principles of 
measurement and of their synthesis into more 
elaborate techniques for specific purposes or 
circumstances. ... The presentation of the 
material is comprehensive and yet critical." 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

532.542 2734 
Electromagnetic Velometry: Part 2—Elimi-

nation of the Effects of Induced Currents in 
Explorations of the Velocity Distribution in 
Axially Symmetrical Flow—A. Kolin and F. 
Reiche. (Jour. Appt. Phys., vol. 25, pp. 409-
413; April, 1954.) No correction for the effects 
of induced currents is required if very fine un-
shielded wires can be used as electrodes. This 
is possible if the quantity measured is the po-
tential gradient along a cross-sect!on diameter 
at 45 degrees to the direction of the magnetic 
field. Part 1: 3981 of 1945 (Kolin). 

615.471 2735 
Determination of the Resultant Dipole of 

the Heart from Measurements on the Body 
Surface— D. Gabor and C. V. Nelson. (Jour. 
Appl. Phys., vol. 25, pp. 413-416; April, 1954.) 
Theory was developed and verified by measure-
ments in electrolyte tank models of the human 
thorax. 

621.372.029.64: 621.313.001.4 2736 
Microwaves Used to Observe Commutator 

and Slip Ring Surfaces during Operation— 
A. H. Ryan and S. D Summers. (Elec. Eng., 
vol. 73, pp. 251-255; March, 1954.) Variations 
in the position of a reflecting surface are used 
to change the effective length of the open 
collinear arm of a magic- T. A change of 0.5 
mil can be detected by means of the apparatus 
described operating at a frequency of 24 kmc. 
Typical records are ¡shown. 
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621.384.612 2737 
Overcoming the Critical-Energy Effect in 

the Strong-Focusing Synchrotron—E. Boden-
stedt. (Z. Naturf., vol. 8 (a), pp. 502-503; 
August, 1953.) At a critical energy value the 
stable equilibrium of the phase oscillation be-
comes unstable and the focusing action changes 
into a defocusing one. A theoretical estimation 
indicates that it is not possible to avoid the 
transition through this critical value. The diffi-
culty is overcome by using a large even number 
of accelerating gaps grouped in two systems, 
and distributing the phase of the accelerating 
voltages so that particles are focused in passing 
through the gaps of the first system and de-
focused in passing through the gaps of the sec-
ond system; when the particle energy reaches 
the critical value the two systems reverse. 

621.384.622.1 2738 
Alternating-Gradient Electrostatic Focusing 

for Linear Accelerators—L. C. Teng. (Rev. 
Sel. Instr., vol. 25, pp. 264-268; March, 1954.) 
Analytical study of the application of alternate 
convergent and divergent lenses to a stand ing-
wave heavy-particle linear accelerator. 

621.385.833 2739 
An Electron-Optical Method of Imaging 

Objects with Magnetic Inhomogeneities— 
G V. Spivak, N. G. Kanavina, I. N. Chernyshev, 
and I. S. Sbitnikova. [Compt. Rend. Acad. Sel. 
(URSS), vol. 92, pp. 541-543; September 21, 
1953. In Russian.] A secondary-emission elec-
tron microscope, by means of which both the 
geometrical and the magnetic irregularities of 
the specimen can be detected, is briefly de-
scribed, typical photographs are shown and the 
method of operation is briefly compared with 
the electron-optical shadow method used by 
Marton and Lachenbruch ( 1211 of 1950). 

621.385.833:061.3 2740 
Fifth Annual Convention of the German 

Association for Electron Microscopy, Inns-
bruck, 1953—(Optik (Stuttgart), vol. 11, pp. 
97-148; 1954.) The text is given of the following 
papers presented at the convention: 
"Image Formation in the Electron Micro-

scope,"—W. Glaser (pp. 101-117) 
"Report of French Work in the Field of Elec-

tron Microscopy during the Past Year," 
—R. Bernard (pp. 118-120) 

"Electron Microscopy at Cambridge,"—V. E. 
Cosslett (pp. 121-132) 

"Electron-Microscope Investigations at the 
A.E.I. Research Laboratory," Aldermaston, 
England—M. E. Haine (pp. 133-144) 

"Report of Swiss Work in the Field of Electron 
Microscopy,"—E. W. Schatz (pp. 145-
148). 

621.387.424 2741 
The Temperature Dependence of the Char-

acteristics of (self-quenching) Gas-Filled 
Geiger-Miller Counter Tubes—H. J. Mader. 
(Z. angew. Phys., vol. 137, pp. 216-227; March 
15, 1954.) 

621.387.424 2742 
Electron Transit Times in Geiger Counters 

- J. R. Heirtzler. (Rev. Sel. lusty., vol. 25, pp. 
243-245; March, 1954.) Using a photoemission 
technique, the transit time of an electron be-
tween the cylinder and the central wire of a 
self-quenching Geiger counter has been meas-
ured as a function of overvoltage for different 
vapor fillings at different pressures. Results 
are presented in graphs. 

621.387.424 2743 
Particle Detectors of Geiger-Millier (G-M) 

Counter Type—A. Benoit. (Le Vide, vol. 9, 
pp. 1475-1491; March, 1954.) Operating princi-
ples are outlined and technological aspects 
discussed. 27 references. 

621.398 2744 
Parachute-Borne Telemetering System— 

M. L. Greenough and C. C. Gordon. (Electron-

ics, vol. 27, pp. 148-151; June, 1954.) Descrip-
tion of a low-cost semi-expendable unit for 
transmitting data during the parachute de-
scent. Seven information channels are pro-
vided, each sampled 100 times per second. The 
operating range is 2-10 miles. For a shorter 
account, see Tech. News Bull., NBS, vol. 38, 
pp. 81-82; June, 1954. 

621.398+ 621.396.931: 621.396.665 2745 
Sequentially Gated Automatic Gain Control 

—Eliason. (See 2677.) 

PROPAGATION OF WAVES 

538.566 2746 
Some Stochastic Problems in Wave Propa-

gation—J. Feinstein. ( Trans. I.R.E., vol. AP-2, 
pp. 23-30 and 63-70; January and April, 1954.) 
"The effect of random height variations associ-
ated with a conducting surface upon the char-
acteristics of reflected wave energy is ascer-
tained by the methods of physical optics. Aver-
age received power, its variance, angular and 
frequency power spectra, and the field correla-
tion pattern are determined in terms of the sta-
tistical parameters of the surface. Volume type 
problems are treated by ascertaining the effect 
of refractive index fluctuations within a slab 
upon an emergent wave-front, and then gener-
alizing to a continuous medium. The results 
are applied to various problems encountered in 
tropospheric and ionospheric wave propaga-
tion." 

538.566:535.312 2747 
The Scattering of Electromagnetic Waves 

by Turbulent Atmospheric Fluctuations—F. 
Villars and V. F. Weisskopf. (Phys. Rev., vol. 
94, pp. 232-240; April 15, 1954.) "The statisti-
cal theory of turbulence is applied to the prob-
lem of density fluctuations in the troposphere 
and the ionosphere. For suitable wavelengths, 
for which the so-called similarity region 
(Kolmogoroff spectrum) of the spectrum of 
turbulence is relevant, a closed formula can be 
given for the scattering cross section. It con-
tains as only parameter the turbulent power 
dissipation S, and its angular dependence is 
given by (sini0) ,813, O being the scattering angle. 
The values of S required to explain ionospheric 
scattering are in excellent agreement with 
values found from investigations of meteor 
trails. Tropospheric data cannot be fitted with 
the assumptions of dry-air turbulence alone. 
The inference is that humidity fluctuations play 
an essential part in tropospheric scattering." If 
certain assumptions are valid, only a very 
small value of large-scale humidity fluctuations 
is required to account for the observed scatter-
ing. 

621.396.11 : 551.510.535: 523.3 2748 
Lunar Radio Echoes and the Faraday Effect 

in the Ionosphere—W. A. S. Murray and J. K. 
Hargreaves. [Nature (London) vol. 173, pp. 
944-945; May 15, 1954.] Fading of lunar echoes 
has been investigated at Jodrell Bank; the fre-
quency used was 120 mc. 50,000 echoes were 
photographed and analyzed. It is suggested 
that long-period fading observed during the day 
is due to rotation of the plane of polarization of 
the radio waves as they traverse the ionosphere 
in the presence of the earth's magnetic field; 
this view is supported by analysis based on the 
Appleton-Hartree magneto-ionic theory. Con-
firmation was obtained from experiments in 
which a vertical and a horizontal receiving 
dipole were alternately switched into operation. 

621.396.11: 621.317.353.2: 551.510.535 2749 
Effect of Nonlinearity of the Medium on 

Radio Waves Propagated in the Ionosphere— 
I. M. Vilenski. (Comp:. Rend Acad. Sci. ( URSS), 
vol. 92, pp. 525-528; September 21, 1953. In 
Russian.) Assuming a square-law nonlinearity 
of the ionosphere, and neglecting the effect of 
the geomagnetic field, the field strength of the 

third harmonic of a monochromatic radio wave 
is calculated. Substitution of numerical values 
in the approximate formula derived indicates 
that the effect should be measurable for a 500-
kw transmitter operating at ro = 108. A more ex-
act calculation is made of the effect produced 
by a modulated radio wave. The nonlinearity in 
this case causes not only a change of amplitude 
and phase but also a noticeable change of the 
depth of amplitude modulation, production of 
harmonics of the modulation frequency and the 
appearance of phase modulation which is large 
at low modulation frequencies and small at high 
ones. The expressions, which contain parame-
ters such as the effective number of electron-
molecule collisions, may be useful for determin-
ng the ionospheric parameters more simply 
than by the cross-modulation method. 

621.396.11.029.53:551.510.535 2750 
High Multiple Radio Reflections from the 

F2 Layer of the Ionosphere at Brisbane—K. 
Baird. (Aust. Jour. Phys., vol. 7. pp. 165-175; 
March, 1954.) Continuous night-time records 
of multiple F2 reflections at normal incidence 
have been made at 2.28 mc, and the echo pat-
terns have been classified. Statistical analyses of 
occurrences of up to the 10th multiple showed 
that (a) if no account is taken of the presence 
or absence of E., the frequency of occurrence 
increases towards dawn, (b) there is no correla-
tion between the number of reflections observed 
and the virtual height of the region, (c) there 
is no correlation with "range duplications," (d) 
inverse correlation between high multiple F 
reflections and presence of E. occurs only when 
the lower region is blanketing, and (e) there is 
no correlation between high multiples and the 
traveling disturbances described by Munro 
(2504 of 1950). High multiples show maxima at 
the equinoxes. Oblique incidence records indi-
cated no reflections beyond the fifth multiple. 

621.396.11.029.6: 551.5: 061.3 2751 
Radio-Meteorology: Conference in Texas— 

J. A. Saxton. [Nature (London), vol. 173, pp. 
761-764; April 24, 1954.] Report and comment 
on the conference held in November, 1953. 
Papers on tropospheric wave propagation dealt 
with propagation beyond the horizon, scatter-
ing by turbulent layers, measurements of at-
mospheric refractive index, research at 100-
1,000 mc by the National Bureau of Standards, 
prediction of propagation conditions and ex-
periments on 8-mm waves. Other sessions were 
devoted to thunderstorm and tornado atmos-
pherics, cloud and precipitation physics and 
weather forecasting from radar observations. 
See also 230 of January. 

621.396.81 2752 
The Mechanism and Distribution of Short-

Period Fading under Conditions of Ionospheric 
Turbulence—F. Minozuma and H. Enomoto. 
(Proc. Phys. Soc., vol. 67, pp. 211-216; March 
1, 1954.) "Fading phenomena are discussed in 
terms of the variations of optical paths pro-
duced by the turbulent ionosphere. A simple 
model of turbulence in the ionosphere can pre-
dict the fading speeds found in practice, and 
some of the physical constants involved can bs 
deduced from the variation of field intensity 
with time. The technique can be applied to de-
termine fading speed and the amplitude distri-
butions needed for communication purposes " 

621.396.812.029.62 2753 
V.H.F. Field Intensities in the Diffraction 

Zone—R. N. Ghose and W. G. Albright. 
(Trans. I.R.E., vol. AP-2, pp. 35-38; January, 
1954.) A solution of the general wave equation 
is obtained assuming a refractive-index/height 
variation of exponential form which fits the re-
quired boundary conditions. An expression for 
field strength as a function of the height and the 
separation of transmitting and receiving anten-
nas is derived. Calculated values of signal 
strength are compared with measured values. 
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toP 621.396.812.3.029.62 2754 
A Preliminary Study of Fading of 100-Mc/s 

F.M. Signals—R. L. Riddle and C. R. Ammer-
man. (Trans. I.R.E., vol. AP-2, pp. 30-34; 
January, 1954.) A statistical study is made of 
short-period fading over a mountainous path 
of about 120 miles under typical midday con-
ditions. Signal amplitudes have an essentially 
Rayleigh distribution; amplitude variations 
have a Gaussian distribution. Speed of fading 
and values of effective wind velocity are deter-
mined statistically; the latter are compared 
with measured values. 

RECEPTION 

621.396.621 2755 
The Response of a Panoramic Receiver to 

C. W. and Pulse Signals—H. W. Batten, R.A. 
Jorgensen, A. B. Macnee, and W. W. Peterson. 
(Paoc. I.R.E., vol. 42, pp. 948-956; June, 
1954.) A quantitative investigation is made of 
the dependence of output amplitude, output 
pulse width and apparent bandwidth of a pano-
ramic superheterodyne receiver on signal fre-
quency, input pulse width, actual bandwidth, 
sweep rate, and type of IF amplifier. The meas-
ured response of a receiver with single-tuned IF 
amplifier to rectangular-envelope pulses is com-
pared with the theoretical response of a re-
ceiver with a Gaussian-shaped IF characteristic 
to Gaussian-envelope pulses. The agreement 
between the two cases justifies the application 
of the Gaussian-case analysis to most practical 
design problems. 

621.396.621:621.396.812.3 2756 
An Analysis of Dual Diversity Receiving 

Systems—A. H. Hausman. (Paoc. I.R.E., vol. 
42, pp. 944-947; June, 1954.) "A method is 
presented for evaluating dual diversity re-
ceiving systems by relating the characteristics 
of the receiving equipment to the signal levels 
at both receiving antennas. The characteristics 
of the receiving equipment are described by 
relating the quality of the output traffic to the 
input signal level. The input signal levels are 
in turn described in terms of the bivariate 
Rayleigh probability distribution function. The 
method is sufficiently general to enable exten-
sion to evaluate triple diversity systems and is 
independent of the frequency range over which 
diversity fading phenomena occur. The method 
can also be simplified to examine the over-all 
effectiveness of a nondiversity receiving sys-
tem." 

621.396.621:621.396.9 2757 
Aircraft Receiver for VOR-ILS and Com-

munications—Gray. (See 2676.) 

621.396.621.029.55:621.396.662.076.2 2758 
Notes on Permeability Tuning for Short 

Waves—P. Rohan. (Psoc. I.R.E. (Australia), 
vol. 15, pp. 111-113; May, 1954.) Methods of 
achieving linear dial calibration are discussed. 
Formulas are derived for calculating the com-
ponents of the resonant circuits for band chang-
ing and band spreading. Numerical examples 
are given. 

621.396.621.54:621.373.424 2759 
Variable-Frequency Crystal-Controlled Re-

ceivers and Generators—T. L. Wadley. ( Trans. 
S. Afr. IEE, part 2, vol. 45, pp. 77-90; Febru-
ary, 1954. Discussion, pp. 90-99.) The systems 
described are based on heterodyning the har-
monic spectrum of a crystal oscillator by means 
of a vfo and mixer so that a fixed-frequency 
filter can be used and interpolation between 
harmonics is easily effected. General principles 
applied to generators and receivers are dis-
cussed. Detailed consideration is given to the 
design of (a) a generator for frequencies up to 
20 mc derived from a 100-kc crystal, and (b) a 
receiver operating at frequencies up to 30 mc 
with multiple heterodyning based on a 1-mc 
crystal. In the latter the local oscillator is a 
generator of the type described and the outputs 

from the vfo and the harmonic filter are ap-
plied respectively to the first and second 
mixers; a final IF of 456 kc is derived in a 2-3-
mc interpolation receiver. Alternative circuits 
are considered and performances discussed. 

621.396.621.54.029.5 2760 
Wide-Band Communication Receiver— 

(Wireless World, vol. 60, pp. 333-334; July, 
1954.) A 12-tube receiver, model CAT, de-
signed to an Admiralty specification for use in 
naval vessels, has a frequency range of 60 kc to 
31 mc, covered in eight switched ranges. The 
set is a double superheterodyne, but is switched 
to single-heterodyne operation on some of the 
ranges. The if bandwidth can be adjusted over 
a wide range in four discrete steps. 

621.396.621.59 2761 
A New Method for Treating Electron Tubes 

when used as Superregenerative Detectors— 
A. E. Mostafa and M. El-Shishini. (Trans. 
AIEE, Part I, Communication and Electronics, 
vol. 72, pp. 207-213, 283-289, and 290-297; 
1953.) Analysis is given based on treating the 
tube as a periodically varying element and ap-
plying the methods of superposition and suc-
cessive approximation used for the solution of 
circuits having periodically varying resistances. 
Multiple resonance, the characteristic noise, 
the building up of oscillations to an amplitude 
depending on the quenching source and the 
tube nonlinearity, and the condition for sta-
bility of superregeneration are discussed in re-
lation to the no-signal condition. The avc ac-
tion, sensitivity, selectivity, stability and syn-
chronization with the signal are considered. 
Numerical illustrations are given and experi-
mental investigations described. 

621.396.823:621.376.2/.3 2762 
Impulse Noise in Amplitude-Modulation 

and Frequency-Modulation Systems—D. 
Maurice. (Onde elect., vol. 34, pp. 303-307; 
March 1954.) Results of a B.B.C. survey are 
discussed. For a fm system with maximum fre-
quency swing of ± 75 kc and pre- and de-
accentuation with 50-µs time constant, the 
improvement in signal/noise ratio over a com-
parable am system with no accentuation is 26 
db for both impulse noise and circuit noise 
above a threshold value of signal intensity. The 
effect of impulse noise with peak values greater 
than and less than carrier level on arrival at 
the fm limiter is analyzed by the rotating-
voltage-vector method. A family of curves 
based partly on calculation and partly on 
measurement shows how the interference from 
motor cars in a city street depends on the maxi-
mum frequency swing of the fm receiver. 

STATIONS AND COMMUNICATION 
SYSTEMS 

621.376.5 2763 
Theoretical Fundamentals of Pulse Trans-

mission: Part 1.—E. D. Sunde. (Bell Sys. 
Tech. Jour. vol. 33, pp. 721-788; May, 1954.) 
Theory is given in a form useful both for inves-
tigating existing pulse transmission systems and 
for designing new ones. The relation between 
the pulse transmission characteristic and the 
frequency response characteristic is discussed, 
and characteristic distortion due to system im-
perfections is considered. Methods of evaluating 
pulse distortion from gain and phase deviations 
are presented, and the resulting limitations on 
pulse transmission rates in low-pass symmetri-
cal and asymmetrical sideband systems are 

examined. 

621.39 2764 
Communications for Civil Defense—C. A. 

Armstrong. (Trans. A IEE, Part I, Communi-
cation and Electronics, vol. 72, pp. 315-326; 
1953.) Discussion of the requirements for deal-
ing with attack warning and disaster control in 

the U.S.A. 

621.391.5:621.395.61 2765 
The "Vagabond" Wireless Microphone 

System—T. W. Phinney. (Trans. I.R.E., vol. 
AU-2, pp. 44-48; March/April, 1954. Proc. 
NEC, (Chicago), vol. 9, pp. 103-110; 1953.) 
Combined microphone and fm transmitter 
equipment for a public address system, de-
signed to be carried or worn, is described. The 
system uses inductive coupling between the 
transmitter and the receiver, and a carrier fre-
quency of approximately 2.1 mc. The sub-
miniature transmitter, which weighs < 1 lb. 
is contained in a stick-type microphone housing 
11 inches in diameter and 12 inches long. Two 
printed circuit plates form the main chassis, the 
unit, yofter assembly, being filled with casting 
resin. A microphone cartridge of special design 
provides the desired pre-emphasis. A ferrite-
core transmitting inductor 3 inches long is used. 
Battery life is 40 operating hours. 

621.394/.395 2766 
Telephony and Telegraphy—L. H. Harris. 

(Proc. IEE, part I, vol. 101, pp. 83-92; May, 
1954.) A survey covering developments in ma-
terials, components and equipment since 1946. 
100 references. 

621.396.1(94) 2767 
Frequency Bands allotted to Australian 

Radio Services as at 1/7/53—(Proc. I.R.E. 
(Australia), vol. 15, pp. 120-121; May, 1954.) 

621.396.44 2768 
Program Transmission over Type-N Carrier 

Telephone—R. L. Case and I. Kerney. (Trans. 
A IEE, part I, Communication and Electronics, 
vol. 72, pp. 791-795; 1953.) 

621.396.5 2769 
The New Jersey Turnpike—A Unique 

Highway Communication System—P. F. God-
ey, J. R. Neubauer, and D. R. Marsh. (Trans. 
A IEE, Part I, Communication and Electronics, 
vol. 72, pp. 360-369; 1953.) Description of the 
radio system for this busy road, comprising 
seven 950-mc stations forming the backbone of 
the system, five 150-mc stations for communica-
tion with mobile units, about 75 mobile units of 
the police, maintenance, etc., and about 86 toll 
booths at 17 interchange stations. 

621.396.61/.62 2770 
Ships' Lifeboat Radio—(Wireless World, 

vol. 60, p. 308; July, 1954.) A transmitter-
receiver approved by the British GPO and 
Ministry of Transport has an improved kite to 
raise the antenna to a height of about 200 feet. 
Daylight ranges of over 500 miles have been 
obtained with radiated power of 4w. An al-
ternative fixed antenna is supported on an 18-
foot mast. Brief details are given of the set, 
which transmits on 500 kc and 8.634 mc and 
receives on 500 kc only. Power is provided by a 
hand-turned generator. 

621.396.65.029.6 2771 
Microwave Radio Relay Systems Sym-

posium, New York, November 5-6, 1953— 
(Trans. I.R.E., vol. MTT-2, pp. 1-107, April, 
1954; vol. CS-2, pp. 1-107, July, 1954.) The 
text is given of the following papers presented 
at the symposium: 
"The Microwave System of the Michigan-Wis-

consin Pipeline Company,"—W. P. Ma-
ginnis and H. Place (pp. 1-8). 

"Microwave Site Selection in Undeveloped 
Country,"—R. D. Pynn (pp. 9-15). 

"Microwave Repeater Site Planning and De-
velopment,"—R. D. Chapman (pp. 16-31). 

"Remote Control of Standby Engine Generator 
Sets over a Microwave System,"—R. L. 
Halvorson (pp. 32-35). 

"Applications of Compandors to F. M. Radio 
Systems with Frequency Division Multi-
plexing,"—M. C. Harp, M. H. Kebby and 
E. J. Rudisuhle (pp. 36-40). 

"A Double-Sideband Amplitude-Modulated 
Multiplex System for Use over Microwave 
Radio,"—N. B. Tharp (pp. 41-49). 



1600 PROCEEDINGS OF THE I-R-E October 

"A Microwave System for Trunk Service," 
—J. J. Lenehan (pp. 50-59). 

"A Microwave Radio System for Pipeline 
Use," (abstract only),—E. Dyke (PP. 60-
62). 

"Microwave and V.H.F. Radio Installation for 
the Union Electric System,"—G. W. Fox 
(pp. 63-83). 

"Microwave Radio Relay Link for Military 
Use,"—S. Metzger (on. 84-88)• 

"Transco Microwave System,"—H. A. Rhodes 
(pp. 89-92). 

"Microwave Testing with Millimicrosecond 
Pulses,"—A. C. Beck (pp. 93-99). 

"Theoretical Aspects of Microstrip Wave-
guides (abstract only),—G. A. Deschamps 
(pp. 100-102). 

"Considerations in Klystron Design for Micro-
wave Relay Systems,"—R. W. Olthuis (pp. 
103-107). 

621.396.712 2772 
The Transmitting Centre of the Institut 

National Belge de Radiodiffusion (I.R.N.) at 
Wavre-Overijse—M. Dick. (Brown Boyeni 
Rev., vol. 40, pp. 370-394; October 1953.,) De-
tailed illustrated description of station layout 
and equipment. See also 1128 of 1953 (Hansen). 

621.396.933 2773 
The Information Content of Air-Ground 

Messages—G. W. Grier, Jr. ( Trans. I.R.E., 
vol. ANE-1, pp. 5-16; March, 1954.) Records of 
air/ground communication during the landing 
of aircraft were analyzed with a view to assess-
ing (a) the general reliability of the information 
conveyed, and (b) whether the best possible 
use was being made of the available channel 
space. It is suggested that the position- and 
altitude-reporting functions of the pilot be 
taken over by a transponder. 

621.396.933 2774 
Some Channel Allocation Problems in Air-

Ground Voice Communications—W. W. Felton. 
(Trans. I.R.E., vol. ANE-1, pp. 41-51; March, 
1954.) Discussion based on measurements of 
the factors limiting the number of aircraft un-
der simultaneous control per channel, including 
the maximum utilization of the channel, and 
the amount of communicating time per air-
craft. 

621.39.001.11 2775 
Communication Theory (Book Review)— 

W. Jackson (Ed.). Publishers: Butterworths 
Scientific Publications, London, Eng., 1953, 
532 pp., 65s. (Jour. Atmos. Terr. Phys., vol. 5, 
p. 111; May, 1954.) "The publication of this 
book constitutes a very satisfactory conclusion 
of a symposium on 'Applications of Communi-
cation Theory,' which was held at the Institu-
tion of Electrical Engineers, London in Septem-
ber, 1952. . . . The volume now available com-
prises the complete text of the thirty-eight 
papers presented at the various sessions to-
gether with the discussions, some of which 
are most illuminating and considerably en-
hance the value of the individual contribu-
tions." 

SUBSIDIARY APPARATUS 

621-526 : 061.3 2776 
Servomechanism Papers—( Trans. I. R. E., 

vol. OT-1, pp. 1-70; March, 1954.) Six papers 
presented at a convention held in San Fran-
cisco, August 1953, with editorial: 
"Trends in Feedback Systems,"-0. J. M. 

Smith (pp. 2-8). 
"Nonlinear Control Systems with Random In-

puts,"—R. C. Booton, Jr. (pp. 9-18). 
"A Method of Analysis and Synthesis of Closed-

Loop Servo Systems containing Small Dis-
continuous Nonlinearities,"—D. T. McRuer 
and R. G. Halliday (pp. 19-34). 

"Stability of Feedback Systems using Dual 
Nyquist Diagram,"—P. Jones (pp. 35-44). 

"Optimum Lead-Controller Synthesis in Feed-
back-Control Systems,"—L. G. Walters 
(pp. 45-48). 

"On the Comparison of Linear and Nonlinear 
Servomechanism Response,"—T. M. Stout 
(pp. 49-55). 

"Predictor Servomechanisms,"—L. M. Silva 
(pp. 56-70). 

621.3.013.783 2777 
The Use of Steel Sheet for the Construction 

of Shielded Rooms—A. M. Intrator. (Trans. 
A IEE, Part I, Communication and Electron-
ics. vol. 72, pp. 599-604; 1953. Discussion, pp. 
604-605.) 

621.316.722.1:621.385.3 2778 
Self-Heating Triode for Voltage Stabiliza-

tion—Hopkins. (See 2824.) 

621.35:537.311.33:535.21 2779 
Sun powers Telephone—(Electronics, vol. 

27, pp. 196, 198; June, 1954.) Brief description 
of a battery comprising an array of Si strips, 
each about inch X2 inches, which when ex-
posed to sunlight gives a current of 24 mA/cre 
at about 0.5v. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397.24/.26 2780 
European Television—J. T. Dickinson. 

(Wireless World, vol. 60, pp. 319-321; July, 
1954.) Discussion of engineering problems in-
volved in the recent international exchange 
experiments, in which networks operating on 
405-, 625-, and 819-line standards were inter-
connected. The main items of the agreed per-
formance specification are indicated. Results 
were promising. 

621.397.242:621.395.51 2781 
re.. The London-Birmingham Television-Cable 
System—T. Kilvington, F. J. M. Laver, and 
H. Stanesby. (Proc. IEE, part I, vol. 101, pp. 
117-119; May, 1954.) Discussion on 2625 of 
1952. 

621.397.26 2782 
Transmission Characteristics of the Berlin-

Leipzig Television Link—G. Megla. (Nachr-
Tech., vol. 4, pp. 98-102; March, 1954.) The 
technical and economic considerations which 
led to the adoption of a radio relay network 
operating with a frequency of about 1.5 kmc 
are discussed, and calculations of transmitter 
powers required for adequate point-to-point 
service are given. Distances up to 82 km are 
covered using a lOwfm transmitter with a 
parabolic-reflector antenna with a gain of 3.63 
neper. The effect of atmospheric conditions on 
field strength is briefly discussed. 

621.397.26:621.396.65.029.64 2783 
Microwave Relay for Japanese Television 

—T. Nomura, K. Suzuki, S. Mita, and N. 
Sawazaki. (Electronics, vol. 27, pp. 152-156; 
June, 1954.) Description of the seven-station, 
288-mile Tokyo-Osaka relay, which operates 
with alternate transmitting and receiving fre-
quencies of 4.000 and 4.045 kmc. The design 
had to take account of high free-space attenua-
tion and deep fades. Necessary gain was pro-
vided by incorporating a 3-stage traveling-wave 
amplifier giving an output of about 3w at each 
repeater, and by using high-grain paraboloidal 
antennas of diameter 13.1 feet. The repeaters 
are of double-heterodyne type, converting the 
microwave signal first to 70 mc and then to 115 
mc. 

621.397.26:621.396.65.029.64 2784 
The Manchester-Kirk o'Shotts Television 

Radio-Relay System—G. Dawson, L. L. Hall, 
K. G. Hodgson, R. A. Meers, and J. H. H. 
Merriman. (Proc. IEE, part I, vol. 101, pp. 93-
109; May, 1954. Discussion, pp. 109-114.) The 
link comprises seven intermediate stations for 
a total path length of 247 miles, and operates 

in the 3.9-4.2 kmc band. Duplicate equipment 
is provided at each station, with stand-by 
power supply and automatic changeover facili-
ties. All intermediate stations are unattended, 
a 4-wire line circuit for supervision and control 
linking them to the terminal points. Only two 
carrier frequencies are used, each repeater 
transmitting on one frequency in both direc-
tions and receiving on the other frequency from 
both directions. Fm is used; the over-all re-
peater bandwidth is 16 mc. A traveling-wave 
amplifier provides the output of each repeater. 
Transmitter power is lw. Details are given of 
equipment and propagation tests. Outage time 
from all causes was < 0.04 per cent in the period 
June 1953-January 1954. 

621.397.5 2785 
Development of Television Service Stand-

ards and Application to Design of a Television 
Broadcast Network—O. W. B. Reed, Jr. 
(Trans. A IEE, Part I, Communication and 
Electronics, vol. 72, pp. 838-850; 1953.) A dis-
cussion of frequency allocation and coverage 
problems in the U.S.A. 

621.397.61 2786 
Technical Characteristics of FTL Type No. 

20-B U.H.F. Television Transmitter—E. M. 
Bradburd. (Trans. A I EE, Part I, Communica-
tion and Electronics, vol. 72, pp. 555-561; 1953.) 
Details are given of both sound and picture 
transmitters. Fm is used for the sound trans-
mitter and grid modulation in a wide-band am-
plifier for the picture transmitter. Vestigial-
sideband filter and diplexer units are analyzed 
and the construction of the cavity resonators is 
described. 

621.397.62 2787 
Television I. F. Inquiry—G. H. Russell. 

(Wireless World, vol. 60, pp. 322-325; July, 
1954.) Review of a report prepared by the Eu-
ropean Broadcasting Union on the basis of re-
plies to a questionnaire, addressed to manufac-
turers in a number of countries, on television 
receiver problems. The relative importance of 
six major causes of interference listed varied 
according to local conditions; in Belgium, 
Denmark, Germany, Holland, and the U.S.A., 
the most important consideration was second-
channel interference, whereas in Sweden and 
the U. K. it was if breakthrough. Oscillator 
radiation from nearby receivers is considered of 
relatively little importance. Values of if in use 
and expected to be in use in the near future are 
tabulated. The different television standards 
used in Western Europe are summarized, and 
problems in the production of multistandard 
receivers are mentioned. 

621.397.62:535.623 2788 
Color Demodulators for Television Re-

ceivers—E. G. Clark and C. H. Phillips. (Elec-
tronics, vol. 27, pp. 164-166; June, 1954.) A 
circuit based on use of a split-anode heptode 
tube is described; this permits high-level de-
modulation using one tube only. Alternative 
cascode-connected circuits use double-triode 
and pentode-triode combinations. 

621.397.62.001.4:535.623 2789 
Color-Bar Generator produces I-Q Signals 

—Boscia. (See 273‘) 

621.397.82 2790 
The Measurement of Random Monochrome 

Video Interference—J. M. Barstow and H. N. 
Christopher. (Trans. A I E E, Part I, Communi-
cation and Electronics, vol. 72, pp. 735-741; 
1953.) Two problems are considered, (a) the 
relative importance of interference in different 
parts of the video spectrum, and (b) whether 
the visual mechanism sums the interference 
effects in various parts of the spectrum in such 
a way that the over-all effect can be uniquely 
related to an over-all measurement. Subjective 
tests are described; the results indicate that 
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• random television interference can be measured 
with a power meter having frequency weight-
•ing, with sufficient accuracy to be of value in 
the design and maintenance of television trans-
mission circuits. 

TRANSMISSION 

621.396.61 2791 
A Million-Watt Naval Communication 

Transmitter—J. C. Walter. ( Trans. A IEE, 
Part I, Communication and Electronics, vol. 72, 
pp. 369-374; 1953.) See 821 of 1953 (Hobart). 

621.396.61 : [621.373.421.13 + 621.375.2 2792 
A Survey of Quality Problems in Transmit-

ting Equipment—H. Neck. (Brown Boyen i Rev., 
vol. 40, pp. 395-400; October, 1953.) Tolerances 
in am transmitters are considered. The opera-
tion of a quartz crystal oscillator for maximum 
stability is discussed and principles of deter-
mining amplifier distortion by intermodulation 
measurements are illustrated. A method of de-
signing an af amplifier based on equivalent-
circuit analysis is outlined; it involves a certain 
mismatch of components but gives improved 
response at low and high frequencies at high 
modulation levels. 

621.396.61:621.385-712 2793 
Air Cooling of Medium- and High-Power 

Transmitters—Klein. (See 2803.) 

TUBES AND THERMIONICS 

621.314.632:546.289 2794 
The "Photo-Aftereffect" of Germanium 

Crystal Rectifiers—M. Kikuchi and T. Onishi. 
(Jour. Phys. Soc. (Japan) vol. 9, pp. 130-131; 
January/February, 1954.] The reduction of the 
rectifier resistance, as a result of illuminating 
the point contact for 90 seconds, was observed; 
experiments were made to elucidate the physi-
cal processes underlying this phenomenon. The 
results are briefly discussed. 

621.314.632:546.289 2795 
Germanium Diodes from Spherical Pellets 

—W. C. Dunlap, Jr. (Jour. App/. Phys., vol. 
25, pp. 448-451; April, 1954.) 15-mil Ge spheres 
are produced within a few minutes in very 
large quantities by blowing molten high-purity 
Ge from a graphite crucible. The spherical pel-
lets can be annealed, ground, etched, and as-
sembled into diodes by techniques easily adapt-
able to mass production. The diode has a 
sphere-plane contact in place of the conven-
tional whisker contact. Peak back-voltages in 
the range 50-100v are easily obtained. 

621.314.7 2796 
A Point-Emitter/junction-Collector Tran-

sistor—R. H. Kingston. (Jour. Appl. Phys., 
vol. 25, pp. 513-515; April, 1954.) A transistor 
structure using a planar p-n junction as a col-
lector, and a point contact as an emitter is 
analyzed. Theory indicates that for maximum 
frequency cutoff the plane containing the emit-
ter point should be nearly parallel to the collec-
tor junction. The base resistance is a critical 
function of the spacing between the emitter 
point and the collector junction. Experimental 
models with modified emitter collector con-
figuration approaching the p-n-p structure 
give improved frequency cetoff. 

621.314.7 2797 
411. The Effect of Junction Shape and Surface 

Recombination« on Transistor Current Gain— 
A. R. Moore and J. I. Pankove. (PRoc. IRE., 
vol. 42, pp. 907-913; June, 1954.) Current 
gain, a, of alloy-type transistors is calculated 

qr for some particular three-dimensional geome-
tries, using a method based on analogy with 
current flow in a conducting sheet, and as-
suming that surface recombination is the 
dominant factor in minority-carrier loss. The 
hole-flow field is plotted on a scale model. The 
method enables the surface recombination 

velocity s to be found from simple measure-
ments; s may be useful as a criterion of surface 
quality. A calculation indicates that transit-
time dispersion, due to unequal path lengths in 
transistors with nonparallel junctions, is not 
significant at frequencies below 1 mc. 

621.314.7 2798 
On the Variation of Junction-Transistor 

Current-Amplification Factor with Emitter 
Current—W. M. Webster. (PRoc. I.R.E., vol. 
42, pp. 914-920; June, 1954.) The modification 
of the field in the base region by the injected 
carriers decreases the mean carrier transit time, 
reducing the effect of surface recombination 
and leading to an increase of ad, as the emitter 
current increases. The simultaneous increase 
of conductivity of the base increases the rate of 
volume recombination and reduces emitter effi-
ciency. The combination of the two effects 
gives rise to the observed decrease of ad, at both 
high and low values of emitter current. The 
variation of ads with emitter current is about 
four times as great in p-n-p as in n-p-n type 
transistors. 

621.314.7 2799 
P-N-I-P and N-P-I-N Junction Transistor 

Triodes—J. M. Early. (Bell Sys. Tech. Jour., 
vol. 33, pp. 517-533; May, 1954.) A modified 
p-n-p junction transistor is described in which 
the n-type base region and the p-type collector 
region are separated by a relatively thick region 
of intrinsic semiconductor almost free of im-
purity centers. This permits establishment of a 
thick collector depletion layer at relatively low 
voltage, thus producing low collector capaci-
tance and high collector breakdown voltage, 
which in turn lead to an extension of the high-
frequency limit of operation and of the per-
missible power dissipation. Calculations based 
on theory indicate that oscillations at frequen-
cies as high as 3 kmc may be possible. Experi-
mental units have been produced with emitter 
diameter 0.01 inches and collector diameter 
0.015 inches, having stable gain without com-
pensation of 20.5 db at 10 mc and oscillating 
at frequencies up to 95 mc. The n-p-i-n type 
transistor is formed by a corresponding modifi-
cation of the n-p-n type. 

621.383.27 2800 
Investigations of the Dark Current of Sec-

ondary—Electron Multipliers with Cs-Sb Pyo-
tocathodes—N. Schaetti, W. Baumgartner and 
C. Flury. (Helv. Phys. Acta, vol. 26, pp. 380-
383; June 15, 1953. In German.) Continuation 
of investigations reported in 1518 of 1953 
(Schaetti and Baumgartner). Results for Cs-Sb 
photocathodes are compared with those previ-
ously obtained for Li-Sb. 

621.383.5 2801 
Tentative Electronic Interpretation of Iner-

tia Phenomena in Photocells—G. Blet (Come 
Rend. Acad. Sci. ( Paris), vol. 238, pp. 1704-
1705; April 26, 1954.] By assuming that the 
conductivity of the barrier layer is proportional 
to the number of free electrons per unit volume, 
curves are derived for the potential build-up on 
illumination, for various illumination intensi-
ties; these agree with experimentally obtained 
curves. The time constant is a characteristic 
intrinsic to the unilluminated barrier layer and 
independent of cell geometry and excitation 
wavelength. 

621.385 2802 
How to use Valves—(Elea. Times, vol. 125, 

p. 400; March 18, 1954.) A note summarizing 
the first two parts of British Standard Code of 
Practice C.P. 1005, covering general recom-
mendations and receiving tubes, cr tubes, and 
rectifiers. 

621.385-712:621.396.61 2803 
Air Cooling of Medium- and High-Power 

Transmitters—W. Klein. (Brown Boyen i Rev., 

vol. 40, pp. 401-406; October, 1953.) An illus-
trated description is given of different air-
cooling arrangements based on the radiator 
system described earlier [2933 of 1950 
(Schârli)]. For a I35-kw medium-wave trans-
mitter one low-pressure and two high-pressure 
blowers and an exhaust fan are used. More 
modern, simplified systems are shown in a 100-
kw long-wave and a 25-kw medium-wave instal-
lation. 

621.385.001.4 2804 
A Comparison of 6AK5 and 5654 Tubes— 

F. A. Paul. (TRANS. IRE., No. PGCP-1, pp. 
18-32; March, 1954.) Vibration and shock tests 
are reported. Type-5654 tubes, which are elec-
trically equivalent to Type 6AK5 but are de-
signed for increased reliability, gave very much 
better results, particularly in vibration tests. 

621.385.004.15 2805 
Reliability of Electron Tubes in Military 

Applications—E. R. Jervis. (PRoc. IRE., vol. 
42, pp. 902-906; June, 1954.) A statistical study 
was made of tubes removed from military 
equipment as unsatisfactory. The factors lead-
ing to the removal are grouped under (a) main-
tenance and operating conditions, (b) environ-
ment, (c) application, and (d) inherent tube 
weaknesses. About one-third of the tubes were 
found not to be defective. The results indicate 
the importance of adequate maintenance rou-
tine. Excessively high operating temperature is 
the predominant cause of tube deterioration. 
The removal rate of the improved "reliable" 
tubes is only between a quarter and a third of 
that for the corresponding prototypes. Further 
improvement in respect of reliability can be 
achieved by applying known methods. 

621.385.029.6 2806 
Miniature Radio Valves—V. Anisimov. 

[Radio (Moscow), No. 3, pp. 54-56; March, 
1954.] Graphs and tables are given of the char-
acteristics of a new series of Russian 6.3-v sub-
miniature tubes designed for use in usw receiv-
ers. The series includes two pentodes, two tri-
odes, a diode, a 150-v voltage stabilizer and a 
thyratron. The base connections are indicated 
on the tube label. 

621.385.029.6 2807 
Space-Charge Waves in Plasma Streams— 

J. Labus and K. Poschl. (Arch. elekt. über-
tragung, vol. 8, pp. 49-54; February, 1954.) Ex-
tension of analysis given previously [2182 of 
1953 (Labus)]. The phase velocities and phase 
eigenvalues are derived for the case of an elec-
tron beam in a finite magnetic focusing field. 

621.385.029.6 2808 
Application of Perturbation Theory to the 

Traveling Wave Tubes—M. W. Muller and 
W. L. Beaver. (Jour. Appi. Phys., vol. 25, pp. 
542-543; April, 1954.) An expression is derived 
for the incremental propagation constant as a 
function of the interaction term. 

621.385.029.6 2809 
Amplification of Electromagnetic Waves 

due to Displacement of an Electron Beam in 
Crossed Electric [and Magnetic Fields bound° 1 
by Resistive Walls-0. Doehler and G. Guil-
baud. (Comp!. Rend. Acad. Sci. (Paris), vol. 
238, pp. 1784-1786; May 3, 1954.] Small-signal 
analysis is presented for a particular arrange-
ment of the general type described by Birdsall 
et al. (3147 of 1953). Using values of the field 
given by Maxwell's equations, a second-degree 
equation is derived for the propagation con-
stant, the solution of which corresponds to one 
amplified and one attenuated wave. If one of 
the walls is perfectly conducting, one of these 
waves disappears. If the magnetic field exceeds 
a certain value two further waves are obtained 
with real propagation constants. 
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621.385.029.6:621.372.2 2810 
Transmission-Line Analog of a Modulated 

Electron Beam—S. Bloom and R. W. Peter. 
(RCA Rev., vol. 15, pp. 95-112; March, 1954.) 
The differential equations expressing wave 
propagation along an electron beam with lami-
nar flow and along a lossless nonuniform trans-
mission line are shown to be identical within 
certain limits. Conditions in the beam can hence 
be investigated by means of established trans-
mission-line theory and by measurements on a 
transmission-line model of the beam. The meth-
od is illustrated by a study of space-charge-wave 
propagation in a planar diode, using a slotted 
coaxial-line model with a tapered inner con-
ductor and making measurements of the stand- • 
ing-wave pattern. 

621.385.029.6:621.372.2 2811 
Space-Charge-Wave Amplification along an 

Electron Beam by Periodic Change of the Beam 
Impedance—R. W. Peter, S. Bloom, and J. A. 
Ruetz. (RCA Rev., vol. 15, pp. 113-120; 
March, 1954.) The common basis of various 
types of single-velocity space-charge-wave am-
plifier is established; the impedance of the 
beam can be changed by changing the beam 
voltage or diameter or the diameter of the sur-
rounding drift tube. The transmission-line anal-
ogy developed by Bloom ano Peter (2810 
above) is used to determine the amplification 
bands of the space-charge wave amplifier by 
analogy with the filter stop bands of the coe 
responding line. 

621.385.029.6:621.373.423 2812 
Analysis of the Backward-Wave Travelling-

Wave Tube—H. Heffner. (Paoc. I.R.E., vol. 
42, pp. 930-937; June, 1954.) For low>eam cur-
rents the tube acts as a high-gain high-Q volt-
age-tuned filter. As the beam current is in-
creased, self-oscillation is produced, the fre-
quency of which is controlled by the beam volt-
age to any value within the pass band. Analysis 
is presented for small-signal operation. See also 
587 of February. 

621.385.029.6.002.2 2813 
Manufacture of a Magnetron—(Elect. 

Commun., vol. 31, pp. 2-28; March, 1954.) 
Photographs illustrate various stages in the 
manufacture and testing of the Type-4J52 
magnetron. 

621.385.032.213.1.027.5/.6 2814 
High-Power Industrial Vacuum Tubes hav-

ing Thoriated-Tungsten Filaments—R. B. 
Ayer. (Trans. A IEE, Part I, Communication 
and Electronics, vol. 27, pp. 121-125; 1953.) 
Tubes of this type (2660 of 1952) have given 
uninterrupted service for periods up to 22 
months at anode voltages up to 17 kv. 

621.385.032.216 2815 
Negative Ion Emission from Oxide-Coated 

Cathodes: Part 1—F. A. Vick and C. A. Wal-
ley. (Proc. Phys. Soc., vol. 67, pp. 169-176; 
March, 1954.) Simple mass-spectrometer inves-
tigations are described. The predominant ions 
were Cl, originating mainly in the glass en-
velope. A correlation between Cl ion current 
and cathode poisoning was established, the 
poisoning being appreciable when the modula-
tor was more than 8v positive with respect to 
the cathode. 

621.385.032.216 2816 
Negative Ion Emission from Oxide-Coated 

Cathodes: Part 2—W. Grattidge and A. A. 
Shepherd. (Proc. Phys. Soc., vol. 67, pp. 177-
186; March 1, 1954.) Report on mass-spectrom-

eter investigation of the ions emitted on acti-
vation and during cathode life. The variation 
of Cl ion emission with temperature and field 
was studied. No correlation with electron emis-
sion was found. It is probable that Cl ions are 
mainly responsible for ion burn in cr tubes. 

621.385.032.216 2817 
The Activation of Thermionic Cathodes 

Coated with Thoria and Zirconia—G. Mesnard. 
(Jour. Phys. Rad., vol. 15, pp. 151-155; March, 
1954.) Experiments using ZrO2 on W and Mo 
bases, Th02 on Pt and Mo bases, and complex 
layers give results suggesting that dissociation 
of the oxide may be an important cause of ac-
tivation. For a more detailed account of the 
work see Le Vide, vol. 9, pp. 1448-1453; Janu-
ary, 1954. 

621.385.032.216 2818 
Moulded Thermionic Cathodes made of 

Nickel and Alkaline Earth Oxides— G. Mes-
nard and R. Uzan. (Le Vide, vol. 9, pp. 1492-
1507; March, 1954.) The method of preparing 
cathodes by compressing and sintering a mix-
ture of Ni powder and co-precipitated barium 
and strontium carbonates is described. Meas-
urements on experimental tubes are reported, 
for steady-state and fcepulsed operation. The 
effects of current activation and heat treatment 
are demonstrated. The influence of sintering 
temperature and atmosphere and of the com-
position of the mixture is investigated. 

621.385.032.216 2819 
On the Electron Bombardment Effect for 

Deposited Barium Oxide Films—T. Imai. 
[Jour. Phys. Soc. (Japan), vol. 9, pp. 28-37; 
January/February, 1954.] In tubes with oxide 
cathodes, oxide films are deposited on the other 
electrodes by evaporation during pumping, ac-
tivation, and normal operation. When these 
films are subjected to electron bombardment, 
as in the case of anode and screen grid, gas is 
liberated, and the cathode emission decreases 
in consequence. The emission from the films in-
creases or decreases on electron bombardment, 
according as the films are deposited at low or 
high cathode temperature. 

621.385.032.216: [546.431-31 + 546.431.64 2820 
Electronmicroscopic Observation of the 

Change of Forms of the Coated Oxide Particles 
of the Oxide Cathode by the Activation— 
T. Hibi. (Sci. Rep. Res. Inst. Tohoku Univ., 
Ser. A, vol. 5, pp. 573-580; December, 1953.) 
Results indicate that the degree of activity of 
oxide particles is related to structural changes 
occurring at various depths from the surface, 
as shown in 16 photographs. The changes in 
barium carbonate particles are also shown pho-
tographically and are briefly discussed. 

621.385.15 2821 
Potential Distribution and Prevention of a 

Space-Charge-Induced Minimum between a 
Plane Secondary Electron Emitter and Parallel 
Control Grid—G. C. Sponsler. (Jour. Ape 
Phys., vol. 25, pp. 282-287; March, 1954.) The 
critical electrode spacing required to avoid for-
mation of a minimum is derived from a poten-
tial-distribution analysis. 

621.385.15+621.385.8321: 621.3.018.75 2822 
Some Experiments on Beam-Deflection 

Devices and Electron Multipliers for Millimi-
crosecond Pulses—V. H. Vincent. (Onde elect., 
vol. 34, pp. 119-122; February, 1954.) "An ex-
perimental tube with two fast defleitor sstems 
has been built and used to indicate coincidences 
between pulses in coaxial lines with millimicro-

second accuracy. Another tube incorporating 
an electron multiplier is being constructed as a 
possible means of amplifying millimicrosecond 
pulses and for the purpose of studying the char-
acteristics of electron multipliers when deliver-
ing large current pulses of millimicrosecond du-
ration. 

621.385.15.032.23 2823 
Methods of Processing Silver-Magnesium 

Secondary Emitters for Electron Tubes— 
P. Rappaport. (Jour. Ape Phys., vol. 25, pp.., 
288-292; March, 1954.) Processing experiments" 
under controlled conditions involving various 
atmospheres, baking times and temperatures 
were carried out. To produce the best emitter, 
in which subsequent evaporation of Mg after 
overheating was almost eliminated, the Ag-Mg 
alloy was baked first in a low-pressure water-
vapouttmosphere for 30 minutes at 550 degrees 
C., then at standard pressure in an oxygen at-
mosphere for 5 minutes at 700 degrees C. 

621.385.3:621.316.722.1 2824 
Self-Heating Triode for Voltage Stabiliza-

tion—E. G. Hopkins. (Wireless Eng., vol. 31, 
pp. 169-171;"July, 1954.) The tube described 
has two planar oxide cathodes with a planar 
grid between them, and two auxiliary anodes 
which clamp the grid circuit alternately to the 
two cathodes. A circuit is shown in which the 
tube is connected between an ac supply and a 
small fixed load, and acts as a stabilizing varia-
ble resistance. 

621.385.3/.41001.4:621.396.822.029.45 2825 
Oscillographic Measurements of Valve 

Noise in Audio-Frequency Channels—G. V. 
Subhadramma. (Indian Jour. Phys., vol. 27, 
pp. 359-367; July, 1953.) Measurements made 
on one tetrode and several triode tubes over 
the frequency range 375-1320 cps are reported. 
For a given frequency channel, the triode curves 
for noise/filament-current exhibit a maximum, 
in some cases followed by a minimum, for a 
given anode voltage,' while the tetrode curve 
exhibits a saturation effect. The position of the 
maximum is the same for all frequencies, but 
the height of the maximum increases with fre-
quency. For given filament current the amount 
of noise varies inversely as anode voltage. The 
absolute values of equivalent noise voltage 
range from about 20 to 200 pv. 

621.385.3.029.62 2826 
V.H.F. High-Power Transmitting Tubes— 

R. Hubner. (Brown Boyen i Rev., vol. 40, pp. 
417-421; October, 1953.) Description of the 
construction of BTL-type triodes with thori-
ated tungsten cathodes and air cooling. 

621.385.832:681.142 2827 
An Electron-Beam Tube for Analog Multi-

plication—Angelo. (See 2583.) 

. 621.387:621.375.2.024 2828 
Transient Response of Glow Discharges 

with Applications—R. S. Mackay and H. D. 
Morris. (Paoc. I.R.E., vol. 42, pp. 961-964; 
June, 1954.) Experiments were made with neon 
and argon lamps, the discharge being main-
tained by a fixed voltage with a signal voltage 
superimposed; the voltage variation across a 
series resistance was observed oscillograph-
ically. Transient responses consistent with ob-
served frequency responses were obtained, the 
response time and characteristic óvershoot cor-
responding to an inductance approaching 1H. 
Application of standard neon lamps as level-
changing coupling elements in direct-coupled 
amplifiers is indicated. 
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Collins new research and development facility in Cedar Rapids. 

From COLLII\ 
Dallas, Texas, facilities. 

outstanding research 

and development facilities 

come these contributions to industry 

Burbank facilities. 

Collins' new research and development facility in Cedar 
Rapids (pictured top above) houses 12 ultra modern lab-
oratories, with especially designed equipment required 
by Collins in its diversified development program. It 
brings together, under one roof, highly trained engineer-
ing teams and the most advanced electronic re§earch tools. 
This new Collins facility•itt..Cedar Rapids is- supplemented 
by Dallas and Burbank laborefttiçs for the development of 
specialized electronic components e ittdustry. 
In addition to the finest facilities, Collies places even 
greater importance on engibee.rixig personnel.'Some of the 
hest engineering talent in the nation is at work on Collins' 
development projects. So today, with greatly expanded re-
search mid development laboratories, Collins is better • 
equipped than ever to assist the Electronic Industry. 
Technical literature is now available on the Collins com-
ponents shown, and your inquiry is invited. 

COLLINS RADIO COMPANY CEDAR RAPIDS, IOWA 

-er 

Mechanical Filters 

261 Madison Ave. 1930 Hi-Line Drive 2700 W. Olive Ave. 

.., NEW YORK 16 DALLAS 2 BURBANK 

Collins Rodio Company of Canada, Ltd., 74 Sparks St., OTTAWA, ONTARIO 

Hystersis Motors 

Autotunes and 
Autopositioners 

• 

Oscillators 
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TUBE TESTER 
ALL VOLTAGES VARIABLE AND METERED 

MODEL 7001 Null Reading Device: 
Provides tube test accuracy of 17'0. 

MODEL 700 
places and measures sepa-
rate voltage on each element 

of a tube. 

TESTS TUBES PER MANUFACTURERS 
MANUALS AND JAN SPECIFICATIONS 

Designed for precise laboratory measurement of 
the most important vacuum tube characteristic, 
Transconductance ( Mutual Conductance). 

This new instrument places a separate voltage on 
each element of the tube. These voltages can be 
varied and measured by means of separate vari-
able rheostats and meters in each circuit. AC 
ripple has been completely filtered out of the plate, 
screen and grid circuits. 

Invaluable for development and research work in 
studying the behavior of various tubes when used 
in non-conventional and special circuits. 

• Built with HICKOK Highest Quality hand calibrated elec-

trical indicating meters. 

• Micromho Ranges: 600, 1500, 3000, 6000, 15,000, 30,-
000 and 60,000. 

• Four Separate Signal Voltages: 1.0,0.5,0.1 and 0.05 volts. 

• This HICKOK Laboratory Tube Tester is supplied com-

plete and consists of power supply, tube sockets, all 

necessary leads and accessory material. No additional 

equipment is necessary. 

Write today ... for complete technical details on this most complete 
and accurate tube tester. 

THE HICKOK ELECTRICAL INSTRUMENT CO. 
10551 Dupont Avenue • Cleveland 8, Ohio 

IRE People 
(Continued from page 78A) 

Raymond E. Tarpley (A'30), a super-
visory research technologist with Leeds & 
Northrup Company, recently observed the 
twenty-fifth anniversary of his employ-
ment by the instrument manufacturer. 

He joined L&N in 1929 after receiving 
his Master of Science degree from the Uni-
versity of Illinois. 

Mr. Tarpley holds a number of patents 
in the field of woven-type resistors for elec-
trical measurements, and is joint author 
of a dozen or more papers for scientific 
magazines. He has served on several com-
mittees of the Leeds & Northrup Co-
operative Association, and is a member of 
the AIEE and Franklin Institute. 

Lloyd Arthur Ottenberg (S'49—A'51) 
recently has joined the Kahn Research 
Laboratories in Freeport, New York, as a 
Research Engineer. His duties include the 
development of television and single-
sideband equipment. 

In 1951, he received the B.E.E. degree 
from the College of Engineering, New York 
University. 

Before joining Kahn Research Labora-
tories, Mr. Ottenberg was a member of the 
engineering staff of Radiomarine Corpora-
tion of America, a division of RCA. 

W. Evan-Jones (A'43), Ontario Sales 
Supervisor with the Canadian Marconi 
Company, Toronto, Ontario, has been 
named Assistant Sales Supervisor of Com-
mercial Radio Communication Equip-
ment, and transferred to Head Office, 
Montreal. He will be supervising the sales 
engineering and sales promotion work of 
the company's district offices from coast to 
coast. 

Prior to joining the Canadian Marconi 
Company last year, Mr. Evan-Jones was 
with the Canadian Comstock Company 
Limited, Frequency Conversion Division, 
St. Catharines, Ontario; the Communica-
tions Group of the Hydro Electric Power 
Commission of Ontario; and Northern 
Electric Company Limited. 

He has been actively engaged in the 
communication field for the past 12 years 
and is an associate member of the Ameri-
can Institute of Electrical Engineers. 

Floyd A. Paul (S'46—A'50—M'52) until 
recently with the Missile Guidance De-
partment at Northrop Aircraft, has joined 
the Pacific Division of Bendix Develop-
ment Laboratories in Burbank, California. 
He is organizing an Electronic Reliability 
group concerned with Component Part 
activity as well as specifications and en-
vironmental testing. 

(Continued on page 84A) 
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ANALOG COMPUTER 
and SIMULATION 

FACILITIES 
now available 

MONTREAL * 

.*RICHMOND 

*LOS ANGELES 
BIRMINGHAM* 

NEW 
YORK 

CHICAGO* * 

DETROIT 

ROUGE* 

NATIONAL NETWORK OF 

EASE* COMPUTER FACILITIES 

OFFERS IMPORTANT BENEFITS 

LECTRONIC 
NALOG 
IMULATING 
QUIPMENT 

Now available for consultation and hire 
are competently-staffed independent or-
ganizations fully-equipped with EASE 
computers and linked in a network to 
provide full interchange of experience 
and operational techniques. 

Users of a local facility thus benefit by 
the availability of latest EASE equip-
ment at all times, and the pooled ex-
perience in techniques developed by all 
network members. 

You are cordially invited to discuss 
research, design or development prob-
lems involving mathematical analysis 
or system simulation with your nearest 
EASE facility. 

RICHMOND, CALIF. (San Francisco area) 
Berkeley division Beckman Instruments Inc. 
Chalmer Jones: LAndscape 6-7730 

LOS ANGELES, CALIF. 
Dynalysis, Incorporated 
E. Noneman: ARizona 7-6786 

BATON ROUGE, LA. 
Lousiana State University 
L. V. McLean 

BIRMINGHAM, ALA. 
Southern Research Institute 
A. J. Thomas, Jr.: 54-2491 

ROSELAND, N. J. (New York City area) 
Gawler-Knoop Co. 
Allyn W. Janes: Dlghy 4.8417 

ARLINGTON, MASS. 
Technical Operations 
J. tuvnll. ARlington 5-8381 

CHICAGO, DETROIT, MONTREAL— 
facilities open soon. 

Computer application bulletins available 
on request . . . please address Dept. N-10. 

Berkeley ce,i4tion  
BECKMAN INSTRUMENTS INC. 

2200 WRIGHT AVENUE, RICHMOND, CALIF. 

111-c VIDEll 
OSCILLOPROBE* LINE AMPLIFIER 

Permits examination of any signal under ob-

servation without the amplitude loss or wave-

form distortion generally experienced with con-

ventional R•C probes. The low input capacitance 
(less thon 2 MMF) results in a minimum of 

loading, particularly on high impedance cir• 

cuits. Invaluable for operational checks on com-

pute", TV sync amplifiers, and pulse circuitry. 

FEATURES: MODEL HF-3 
• Less than 2 MMF input capacitance. 

• Input Impedance: 4.5 megohms. 

• Output Impedance: 60 ohms. 

• Band Width: 10 cps to 10 mc. 

• Regulated supply: D.C. on filament. 

• 0.25 MV noise level. 
*TM Reg 

WEAR 
WRITE FOR 
CATALOG 

more 
Cannon lines 

now available 
at jobbers' 

shelves! 

get the full story... 

Write for ICC 

and MC catalogs TODAY! 

Twenty pages of 

information on 14 
different lines of 
Cannon connectors, 
including list prints 
on more than 850 
individual items. 
130 illustrations. 

Audio, military, general industrial. 
Get your copies.... NOW! 

Specifically designed for the transmission and 
distribution of color television signals in the 
studio, factory, or laboratory. Supplies several 
times the output of conventional video line 
amplifiers without compression or gamma dis-
tortion. Invaluable for piping color signals 
around the factory. Used by leading color TV 

manufacturers. 

FEATURES: MODEL LA-2 
• Overall Gain: Up to 5X, continu-

ously variable. 
• Bandwidth: 10 cps to 10 mc with-

in 3 db. 
• Output: 5 volts into 75 ohms; less 

than 5% compression. 
• Input Impedance: 200 ohms or 

matched. 
Hum and Noise: Negligible. 

WRITE FOR 
CATALOG R-10 

• 

[MAR EQUIPMENT LABORATORIES INC 
MASSAPEOUA, L._ I.. N.Y. 

o (11kri 

AN3108B Plug AN3102A receptacle 

-AN" (Air Force- Navy) Series Connectors 

Proved in military service. world-wide 
Standard. Ligetweigrit, » Mini td 
gloomy. interchangeable iftséttS. 
I hreadéd ebubling nut. Ram 
and easy disconnect. Cable 

clamps and other • 
accessories. 

typical lines newly offered... 

K-21C Plug IK-32S receptacle 

Lannon "A" Series 

All-purpose... Adapted to a variety of 

general electrical and electronic 

appliratinns Special Acme thread 

Runiged. 220 contact layouts 

available. 

When you write for our catalogs... Please refer to this magazine or Dep. 877 

P1253 
Ci CANNON ELECTRIC COMPANY 

3209 Humboldt St., Los Angeles 31, California 
Factories in Los Angel.; East Haven; Toronto. 
Canada; London. England. Representatives and 
distributors in all principal cities. 
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PROTECTED RADII! STODDART PATENTS 

Precision Attenuation 
to 3000 mc! 
TURRET ATTENUATOR featuring "PULL-TURN-PUSH" action 

SINGLE " IN-THE-LINE" 
ATTENUATOR PADS 
and 
50 ohm COAXIAL 
TERMINATION 

FREQUENCY RANGE: 
dc to 3000 mc. 

CHARACTERISTIC IMPEDANCE: 
50 ohms 

CONNECTORS: 
Type "N" Coaxial female fittings each end 

AVAILABLE ATTENUATION: 
Any value from db to 60 db 

VSWR: 
<1.2, dc to 3000 mc, for all values from 10 

to 60 db 
<1.5, dc to 3000 mc, for values from .1 to 
9 db 

ACCURACY: 
±-0.5 db 

POWER RATING: 
One watt sine wave power dissipation 

Send for free bulletin entitled 
"Measurement of RF Attenuation" 

• 
Inquiries invited concerning pads or 
turrets with different connector styles 

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

IRE People 
(Continued J.? ,n page 82/1) 

Mr. Paul received the B.E. degree in 
electrical engineering in 1951 at the Uni-
versity of Southern California. For two 
years, he was a research engineer in the 
field of component parts and reliability at 
the California Institute of Technology Jet 
Propulsion Laboratory. 

"Characteristics of Deposited Carbon 
Resigtors" and "Commercial, Ruggedized, 
and Premium Vacuum Tubes" are two of a 
number of technical articles he has pub-
lished. Mr. Paul was Secretary of the Final 
Steering Committee of the 1953 Electronic 
Components Symposium. 

.0> 

Chen To Tai (S'44—A'47—SM'50) has 
recently been appointed Associate Profes-
sor in the Department of Electrical Engi-
neering at Ohio State University, where 
he will teach antenna courses and do re-
search in the Antenna Laboratory. Dr. Tai 
is well known for his many papers on an-
tenna theory. 

Dr. Tai was born in 1915 at Soochow, 
China. He came to the United States in 
1943 and received his D.Sc. degree from 
Harvard University in 1947. From 1943 to 
1949, he was a teaching fellow and a re-
search associate at Harvard University, 
specializing in antennas. In 1949 he went 
with the Stanford Research Institute where 
he was Senior Research Physicist. 

Dr. Tai is a member of Sigma Xi and 
the American Physical Society. 

E. Finlay Carter (A'23—F'36), vice-
president and technical director of Syl-
vania Electric Products Inc., New York, as 
of October 1 has accepted the position of 
manager of research operations of Stan-
ford Research Institute. He will supervise 
the three research divisions carrying SRI's 
main programs and projects— Physical 
Sciences, Engineering, and Economics. 
Mr. Carter will retain in association with 
Sylvania, assisting in contacts with the 
Department of Defense and consulting on 
major research and development contracts. 
A native Texan, Mr. Carter was gradu-

ated with a degree in electrical engineering 
from Rice Institute in 1922. Shortly there-
after he joined the General Electric Com-
pany as a radio development engineer. In 
1929 he became director of the engineering 
division of United Research Corp., N. Y., 
a subsidiary of \Varner Bros. He went to 
Sylvania in 1932 as a consulting engineer, 
later becoming radio division engineer at 
Emporium, Pa., then assistant chief engi-
neer. In 1941 he was appointed Director 
of their new Industrial Relations Depart-
ment, subsequently being elected a vice-
president of the company. In 1946 he be-
came vice-president in charge of engineer-
ing, and in 1953 vice president and techni-
cal director. 

He is a member of Tau Beta Pi, the 
AI EE, and the Illuminating Engineering 
Society. 
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PRECISION IN 

MICROWAVE 

TRANSMISSION 

EEHNICRAF 
fl.Existt 

WAVEGUIDES 

TYPE V, Vertebra 

' 

TYPE L, Interlocked 

Three different basic constructions— 
to meet almost every installation re-
quirement. Unsurpassed electrical 
properties under deformation. They 
are advanced in design, proven in 
service. Write for literature and/or 
consult with our field Engineers. 

Technicraft also produces custom 
built microwave plumbing, and a line 
of microwave test components. 

Write for literature. 

1E(F-  NI T-1AF'ÍARORATORIE 
1525 Thomaston Road 

THOMASTON, CONNECTICUT 

I Westron, 6907 1/2 Melrose Ave., 
West Coast Office 

Los Angeles 38, California 

'N 
[The New Servoscope 0 

puts another engineer 

on your staff 

 .-) 

SERVOBIRD 

,,---"• 

1II I1 111111 

...but not 

on your payroll 

Are you engineering any type of feedback 
control system—regulators, governors, proceS9 
controls, positioning or speed servos? With 
a Servoscope an extra engineer will be working 
for you on design synthesis, analysis or 
production test. • Breadboard your intended 

servo system or other circuit 
designs—then, by either the 
frequency response or the 
transient response method, 
magnitude and phase curves 
can be obtained directly with. 
in minutes. • For detailed 
information on how this versa-, 
tile test instrument can save 
manpower, materials and 
money. write Dept. IRE- 10. 

f 
Output wave forms of Servoscope displayed against 

internal linear sweep generator, frequency 1/2  cps. s Elm CORPORATION OF AMERICA 
Nam Hyde Park, New York 

for all applications 

requiring exceptionally 

high insulation 

resistance and unusual 

stability at high 

temperature 

2082 Lincoln Ave., 
Altadena, Calif. 
SYcamore 8-1185 

Offices in 
WASHINGTON, D.C. 

and DETROIT 

SCI22A 

HOPKINS 

"HY-THERM" 
New sub- miniature 
high temperature 

CAPACITOR 
Hermetically sealed and metal 
encased, new HY-THERM capaci-
tors have been designed to meet 
or exceed military requirements 
(Mil-C-25A). Example: At 125°C 
the minimum insulation resist-
ance is 20 megohm-microfarads 
and maximum insulation resist-
ance is 500 megohms. Available 
in all standard values and tol-
erances. Variety of mounting 
and circuit combinations. Spe-
cial units designed to meet in-
dividual requirements. 

Have a special problem? Write, 
wire or phone for details, TODAY! 
Catalog available. 
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MINIATo RIZING 
YOUR EQUIPMENT: 

5fteceye SIMPLEST, MOST COMPACT 

A A1PERITE 
THERMOSTATIC 

MOST ECONOMICAL, HERMETICALLY SEALED 

STANDARD MINIATURE 

Provide delays ranging from 2 to 120 seconds. 
• Actuated by a heater, they operate on A.C.. D.C., or 

Pulsating Current. 

• Hermetically sealed. Not affected by altitude, mois-
ture, or other climate changes. 

• Circuits: SPST only — normally open or normally 
closed. 

Amperite Thermostatic Delay Relays are compen. 
sated 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! 

TYPES: Standard Radio Octal, and 9-Pin Miniature. 

PROBLEM? Send for Bulletin No. TR-81 

• Amperite Regulators are designed to keep the 
current in a circuit automatically 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. 

• Hermetical y sealed, light, compact, and most inexpensive. 

8 > 
1-

0 
VOLTAGE or 24V 

VARIFS Apple, 
BATTERY 6 CHARGER 

50% 

WITH AMPIRITE 

VOLTAGE VARIES 

ONLY 

2% 
Maximum Wattage Dissipation: T6 1/21,-5W. T9-10W. 

Amperite Regulators are the simplest, most effective method 
for obtaining automatic regulation of current or voltage. Her-
metically sealed, they are not affected by changes in altitude, 
ambient temperature (-55° to +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 

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 train page 76A) 

Bliley Appoints Kent 

Roscoe Kent, 495 43 Ave. N., St. 
Petersburg, Fla., has just been appointed 
to represent the Bliley Electric Co., Eire, 
Pa. 

Kent will cover the state of Florida 
with the Bliley line of quartz crystals, 
solid ultrasonic delay lines, crystal ovens, 
and frequency standards. 

Transformer Catalog 
Electran Mfg. Co., 1901 Clybourn 

Ave., Chicago 14, Ill., has a new catalog 
describing their line of transformers, sat-
urable reactors, chokes, special windings, 
and electronic devices. 

These components are custom en-
gineered and built, hermetically sealed, en-
capsulated, open style, oil filled, and vacu-
um varnished or waxed. 

(Continued an page 107A) 

ENGINEERING MANAGEMENT 

The Philadelphia Chapter, with Mr. 
A. Emurian presiding, met on June 15 at 
the Franklin Institute. Mr. Ralph I. Cole 
of Melpar, Incorporated spoke on "The 
Influence of Environment on Engineering 
Careers." Among the points brought out 
by Mr. Cole were that loyalty ties should 
be provided in both directions and that 
engineering staffs should be sounded on 
what they do not like as well as what they 
do. A lively discussion period followed the 
presentation. 

For the coming year, the following 
chapter officers were elected; Mr. A. H. 
Kettler, Chairman; Mr. J. R. \Veiner, 
Vice Chairman; Mr. G. J. Laurent, Secre-
tary. 

(Continued nn Mgr, 88.4) 
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only 

Sprague 

makes 

them all! 

YOU CAN CHOOSE FROM 

5 DIFFERENT STYLES OF 

TANTALEX* CAPACITORS 

Looking for tantalum electrolytic 
capacitors? You'll save time and trouble 
by checking Sprague's complete 
selection first. Sprague makes more 
types of tantalum capacitors than 
any other manufacturer. 

Sprague Tantalex capacitors provide 
maximum capacitance in minimum 
space ... exhibit no shelf aging under 
long testing periods ... have extremely 
low leakage current. And most 
important, they give unusually stable 
performance, because they're made 
with tantalum, the most stable of all 
anodic film-forming materials. 

There's a complete range of sizes and 
ratings available in Tantalex capacitors 
... from the ultra-miniature 10 mf, 
4 volt unit in a case only W in diameter 
by Yit3" long ... to the 7 mf, 630 volt 
unit in a case 1W in diameter by 
21%2" long. As for case styles, Sprague 
makes them all, from tiny tubular and 
cup units to the large cylindrical types. 

For complete details relating to your 
miniaturization or high temperature 
problems, write Sprague Electric Co., 
siz • Marshall St., North Adams, Mass. 

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

LSPRAGUE 

Especially useful for filter, toupling, and by-
pass applications in transistor electronics, these 
foil type miniature Tantalex capacitors were 
intended for use in hearing aids, pocket radios, 
and similar uses. Operating temperature range 
is —20 to +65'C. Request Engineering 
Bulletin 353. 

PE 102D for — SS'C to -- 8.5°C 
Ion for military use, 

Here are tubular capacitors berme' co ly sealed 
in cases of silver plated copper. Intended for 
applications from 3 to 150 vdc, their small 
capacitance drop-off at extremely low tempera-
tures, extremely low leakage current, and low 
power factor are of particular interest. Request 
Engineering Bulletin 351. 

NEW! 
Only ' 8- in diameter, and from 5/8" to 14" in 
length, these arc the smallest electrolytics 
made. Providing relatively large values of 
capacitance in the very minimum of space in 
bypass, coupling, and filter applications, they 
are ideally suited for transistor hearing aids 
and military amplifiers in which small size is 
all-important. 
Request Engineering Bulletin 352. 

NEW. 
YPE 104D miniature "cup" 

capacitor for military, 

These low-vo fine units consist of a sintered 
porous tantalum anode housed in a miniature 
silver thimble, which serves as both cathode 
and container for the electrolyte. Volume is 
less than 1 / 10 cubic inch; operating tempera-
ture range —55 to — 85' C, and up to 100 C 
with a voltage derating of 15%. Request 
Engineering Bulletin 354. 

TYPE 100D for — SS to +125' 

These hermetically sealed capacitors are avail-
able in voltage ratings up to 630 volts at 85 C 
or 560 volts at 125 C. They ore of the sintered 
porous tantalum anode type, with internal con-
struction to withstand high g shock, severe 
vibration, and thermal cycling. Request Engi-
neering Bulletin 350A. 

WORLD'S LARGEST CAPACITOR MANUFACTURER sminGuE 
*Trademark Export for the Americas: Sprague Electric International Ltd., North Adams, Mass. CABLE: SPREXINT 
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why 
design 
your 
own 

COAXIAL 
CRYSTAL 
MIXERS 

...you can buy them from stock! 

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 

mc. 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 Pl 

NEW TORK—DIgby 9-1240 • SYRACUSE—SYrocuse 2-6253 • PHILADELPHIA—SHet-

wood 7-9080 • BOSTON—KEnmere 6-8100 • WASHINGTON, D. C.—DEcattir 2-8000 • 
CHICAGO—COlumbus 1-1566 • DENVER—Min 3-0343 • FORT WORTH—WEbstet 
4254 • ALBUQUERQUE-5.9632 • LOS ANGELES—REpublic 2.8103 • PALO ALTO— 
DAvenport 5-6360 • CANADA: MONTREAL—UNiversily 6-5149 • TORONTO—WAIntd 
4-1226 • HALIFAX—HAlifox 4-6487 • EXPORT: NEW YORK—MUrray Hill 2-3760 

EMPIRE DEVICES 
PRODUCTS CORPORATION 

3815 BELL BOULEVARD • BAYS1DE 61 • NEW YORK 

manufacturers of 

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

(C. ,,itinued from page 36A) 

CIRCUIT TIIEORT 

The Seattle Chapter held a meeting on 
June 10 at Bagley Hall, University of 
Washington. The subject of transistors 
was presented from three different aspects. 
"The Physics of Transistors" was the 
name of the talk made by Mr. S. C. 
Lawrence of the Physical Research Unit, 
Boeing Airplane Company. Mr. R. L. 
Wallace, Jr., of Bell Telephone Labora-
tories, spoke on "A Junction Transistor 
Tetrode for High Frequency Use." The 
last presentation, "Subminiature Transis-
tor Circuits," was made jointly by Mr. 
R. L. Campbell and Mr. Kermit Thomp-
son, both of the Physical Research Unit, 
Boeing Airplane Company. 

COMPONENT PARTS 

The \Vashington, D. C. Chapter of the 
Professional Group on Component Parts 
met on June 23 at the National Bureau of 
Standards Lecture Room. Mr. Max M. 
Tall of the Vitro Corporation of America 
spoke to the group on "Component Speci-
fications; Their Significance and Limita-
tions." Presiding was Mr. Joseph Kauf-
man, Vice-Chairman. 

INFORMATION THEORY 

The Los Angeles Chapter held a meet-
ing at Truman's Restaurant on June 10 
with Chairman R. R. Bennett presiding. 
"After Information Theory" was the sub-
ject on which Dr. Simon Ramo, of the 
Ramo-Wooldridge Corporation, spoke. 
Dr. Ramo suggested that within the next 
ten years some of the limitations now re-
stricting information theory will be re-
moved by fundamental developments, and 
numerous applications, especially in the 
field of industrial management, will be 
found. 

NI ICROWAVE THEORY AND TECHNIQUES 

The Albuquerque Chapter of the Pro-
fessional Group on Microwave Theory and 
Techniques held a combined business and 
technical meeting on June 16, 1954. 

Mr, Ted Church led a discussion on 
"The Theory and Applications of Micro-
strip." The discussion was centered pri-
marily on the mechanical and electrical 
characteristics of commercially available 
components. 

For the coming year the membership 
elected the following officers: Burt J. 
Bittner, Chairman; Merrill C. Jones, 
Vice-Chairman; Sheldon Dike, Secretary-
Treasurer. 
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Direct, accurate measurements of 
signal components 15 to 500 kc 

Model 121 Wave Analyzer 

This new Sierra Wave Analyzer is designed to give you maximum operating ease, 

high accuracy and broad applicability in analyzing complex wave forms between 
15 and 500 kc. The instrument is particularly useful for carrier system frequency 
analysis and induction studies, for determining filter transmission characteristics, 
or for measuring distortion and intermodulation components of rf signal sources 

and transmitters. 

The NIode1121 makes possible direct measurement of signal components through-

out its range, and eliminates complex expensive setups with conventional receivers 
and signal generators. Input level range is -I- 42 to — 70 dbm at 600 ohms imped-
ance. Measuring accuracy is ± 2 db; selectivity is such that response is 45 db 
down at 1 kc off resonance. Input bridging impedance is 10,000 ohms in the 

pass band. 

Model 122 

LINE-BRIDGING 
TRANSFORMER 

The Sierra 122 Line-Bridging Transformer in-
stantly converts Model 121 Wave Analyzer from 
single-ended to balanced input. The transform-
er is a broad band ferrite core unit operating flat 
within 0.5 db. from 15 to 500 kc. It is compen-
sated so that Analyzer readings are corrected 
for the transformer's small insertion loss. 
Offered in three impedances: Model 122A, 
135 ohms; 122B, 500 ohns; I22C, 600 ohms. 

For complete information see your 
local Sierra sales representative 
or request Bulletin 103A 

sierra 

Sierra Electronic Corporation 
San Carlos 2, California, U.S.A. 

Sales representatives in major cities 
Manufacturers of Carrier Frequency Voltmeters 

Wave Analyz ers. Line Fault Analyzers, Directional 

Couplers, Wide - Band RF Transformers. Custom 

Radio Transmitters. 

Copyright 1953 Sierra Electronic Corp Data subject to change without notice. 

IRE 
provides all 
THREE 

"Proceedings of the I.R.E." 
puts your product promotion 
monthly before the "thinking 
and doing" engineers in the fab-

ulous, fast-moving radio-electron-
ic industry. Circulation 38,945 

(ABC). 

Founded in 1913, "Proceedings of the 
I.R.E." is the authoritative work-book of 
America's fastest expanding industry. In it, 
electronic advances, years ahead of the 
times, are published every month, thus keep-
ing engineers tip to the moment on all that 
is new in engineering research and applica-
tion. Its advertising is a constant product 
parade of the best this industry manufac-
tures. A vital service to all men who specify 
and buy, it is a proved vg.hicle for your 
consistent product promoti..0 with pres-
tige! 

IRE DIRECTORY 
provides 35,000 IRE members 

educated to buy and specify with 

your detailed product data for 
ready reference all year long. 

The IRE DIRECTORY is their working 
encyclopedia . . . it organizes, codes, sim-
plifies 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 mem-
bers, you'll find IRE DIRECTORIES close 
at hand for ready reference. The cost of 
keeping your product story before 35,000 
engineers is less than you'd expect. The 
price of one page is less than one-half the 
three cents postage required to mail 35.000 

letters. 

RADIO ENGINEERING SHOW 
. the eye-opening event of each 

radio-electronic year . . . where 

over 10,000 engineers come to 

you for all that's new. 

Bringing buyers and sellers face to face to 
discuss engineering needs and product per-
formance is one of I R E's great services to 
an industry %% here understanding is the key 
to progress. The Radio Engineering Show 
completes %% tilt actual product presentation 
the balanced promotion package of "Pro-
ceedings of the I.R.E." for product pro-
motion and the Radio Engineers Directory 
for product reference. 
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• Ten standard 28 Volt production 
models up to 1000 amperes, many 

others, mobile or stationary. 

POWER RECTIFIERS 

Closely Regulated 

by Magnetic 

Amplifier Control 

of unique and 

stable qualities. 

Low Ripple 

Fast Response 

• Amazing size and weight reduction 

made possible by use of latest core 
and insulation materials and 
aluminum construction. 

• Encapsulated components— shock 
mounted meters recessed behind 
plastic windows. 

• No tubes— lamps— carbon piles— 

commutators or moving contacts and 
no radio interference. 

• STAVOLT Rectifiers are rugged and 

can take heavy intermittent 
overloads. They meet MIL-E-7894 

with both ronge and characteristics. 

Engineers will be interested in learning more 
about the fine qualities of STAVOLT Rectifiers. 

Write for catalog with detail specifications. 

McCOLPIN-CHRISTIE CORP. 
3400 West 67th Street, Los Angeles 43, Calif. 

25//i eecet eye,Weciejei tWantifreitetbly 

A L/3101 TRW 'E- LOS ALAMOS 

Installation of officers; June 11, 1954. 
"A New Wide Band Cathode Ray Oscillo-

scope," by M. G. Scheraga, DuMont Laboratories; 
August 16, 1954. 

EL PASO 

"RCA Color TV," by J. W. Wentwoith, Radio 
Corp. of America; July 30, 1954. 

HUNTSVILLF 

"Present Development of the Transistor." by 

T. H. Weaver, Redstone Arsenal; June 29. 1934. 

"Phonetics and Communications--Some En-
gineering Aspects of Our Language," by Dr. B. J. 
Dasher. Georgia Institute of Technology; July 30, 
10 54 

INVOICERN 

"A High Power Magnetic Modulator." by E. R 

Ingersoll, North American Aviation Co.; August 9, 
1954 

ROME-UTICA 

"Plans and Programs," business met.: ing; July 
27, 1954. 

ST. Louis 

"High Fidelity Sound—Past and Future." 
with demonstration, by Marvin Camras, Armour 
Research Foundation; May 27, 1954. 

"Horizontal and Vertical Stability as Applied 
to the Radio Engineer," with demonstration and 
practical application" election of officers; June 15. 
1954 

SUBSECTIONS 

ERIE 

*Overtone Crystal Oscillator Circuitry." by 

G. H. Lister. Electronic Research and Development 
Company; January 21, 1954. 

"Color Television." by Karl Wendt, Wendt & 

Squires, Inc.; April 19, 1954. 

USAFIT 

Discussion and demonstration on reliability of 
aircraft systems and use of (a) computer, (b) digital 
autopilot developments, (c) magnetic amplifiers, 

(d) transistors, (e) system tie-in of design and de-
velopment of electronic equipment and (f) digital 
information transfer to operational characteristics; 

July 30. 1954. 

UNIVERSITY OF CINCINNATI (IRE-AIEE BRANCH) 

General meeting; June 22, 1954. 
General meeting; July 19, 1954. 

DREXEL INSTITUTE OF TECHNOLOGY 
(IRE-AIEE BRANCH) 

"Applications of Transducers to Electronic 
Eouipment." by Roy Bonsall, Brown Instrument 
Company; July 15, 1954. 

"An Insight into the Career Opportunities of 

Engineers," by Mr. Batchelder, General Electric 
Company; August 19, 1954. 

ILLINOIS INSTITUTE OF TECHNOLOGY 
(IRE BRANCH) 

"Elements of Transistor Circuits," by R. W. 
Bull, Armour Research Foundation; May 19, 1954. 

NORTH CAROLINA STATE COLLEGE (IRE BRANCH) 

Business meeting and installation of officers; 

May 19, 1954. 
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........... 

new ARC *s•., ss* 
course indicator : 

puts two instruments 
in ONE! .e 

ARC # 16706 

Now users of the light, compact 
A R C Type 15D navigational 
receiving equipment can employ 
a single panel instrument that 
performs the work of two units 
previously used. The cross-pointer 
meter and the course selector have 
been combined into one part that 
fits a standard 31/4 " instrument hole. 
This saving in instrument panel 
space is important, particularly now 
that dual VOR installations are 
so popular. In addition to the space 
saving, installation costs are cut. 
Ask your dealer to specify the new 
#16706 Course Indicator as part 
of your 15D Installation— whether 
single or dual. The indicator may 
be purchased separately for use with 
older Type C and D equipment. 
Write for complete data. 

Aircraft 
Radio 
Corporation 
BOONTON • NEW JERSEY 

• 
TYPE I 5D EQUIPMENT 
For Airborne Reception of 

• Omni- Directional Ranges 
• Visual- Aural Ranges • Runway 

Localizers • GCA Voice 
• Simultaneous Voice 

R-138 Receiver with D•10A Dynamotor 

8-13 Converter, E-14 Rack and M-10 Mounting li ., , C- 22A 

Control Unit, - - - 

M•18 Mounting 

A-138 Antenna 

..,„,.inet•: Automatic Measurement 
aitilow'r of Transistor Noise Figure! 

-a 

Model NFT Transistor NF Meter 

✓ For Laboratory and Factory Applications 
✓ Quality Control, Production Testing 
✓ Low Noise Figure Selection and Evaluation 
✓ Optimization of Circuit and Operating 

Parameters 
✓ Rating and Specification Checks 
✓ Trouble Shooting of Transistor Devices 
✓ Reliability Evaluation 

*Patents Applied For 

Now available, a new instrument for 
transistor Noise Figure measurement.* 
Automatically indicates Noise Figure 
of all types of transistors and tran-
sistor amplifiers on a continuous read-
ing basis. Just plug in the transistor or 
amplifier and read Noise Figure direct-
ly on the meter! 

Specifications 

Noise Figure Range .. .. 5 to 65 db 
Measurement Freq.   1000 cps center f. 
Type of Reading  Direct Reading 
Input Circuit ... 500 ohm emitter R. 
Emitter Supply  le, 0-1.0/10 MA 
Collector Supply  Ec, 0-10/100 volts 
Indicating Meters  41/2" meters 
Size Hardwood Case .. 83/4" Panel 

Price $625 FOB Caldwell, N.J. 

Used By Leading Laboratories and Factories 
For Additional Information Write for Bulletin PA 

Sales Engineers in all Areas 

ELECTRONIC RESEARCH ASSOCIATES, INC. 

MAILING ADDRESS: BOX 29, CALDWELL, NEW JERSEY 
715 MAIN STREET, NORTH CALDWELL N.J. CAldwell 6,6729 

101 t erie A  WE ARE SPECIALLY ORGANIZED 
TO HANDLE DIRECT ORDERS OR 
ENQUIRIES FROM OVERSEAS 

SPOT DELIVERIES FOR U.S. 
BILLED IN DOLLARS— 

SETTLEMENT BY YOUR CHECK 

CABLE OR AIRMAIL TODAY 

LOW 
capacitance 
e attenuation 

TYPE um Fitt IMPED..n O.D. 

C 1 7.3 150 .36' 

C11 6.3 173 .36' 

C 2 6.3 171 .44' 

C 22 5.5 184 .44' 

C 3 5.4 197 .64' 

C 33 4.8 220 .64' 

C 4 4.6 229 1.03' 

C 44 4.1 252 1.03' 

N w 'MX and SM' SUBMINIATURE CONNECTORS 
Constant 50n-65n-7Un impedances 

TRANSRADIO LTD.138A Cromwell Rd, London SW7 ENGLAND CA/LES. MAURO, LONDON 
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lecréters 

ON THE LATEST BALLOT: 

119 
41 
4 
73 

208 
382 
72 

Geophysical laboratories 

Automotive field 

experimentation groups 

Nuclear laboratories 

Chemical research 

installations 

Electronic research 

laboratories 

Colleges and universities 

(various departments 

cooperating with industry) 

Meteorological groups 

Use Hallicrafters communications 

equipment in testing, research and in 

the field. Are yoy familiar with the 

complete line of Hallicrafters com-

munications equipment for use in 

industry? 

hallicraffers 
4401 West 5th Avenue 

Chicago 24, Illinois 

1/P/ease send full information on Haiticrafters line. 

.. ..... • • • d 

plan your 

production 

with 

KAHLE 
machinery 

built specifically for our operation... 

kahle 
ENGINEERING 
COMPANY 

1.31 ,1 SEVENTH STREET 

NORTH BERGEN. N. J. 

Industry leaders in 
electronics, glass, and allied 
fields have continuously 
keyed their operations to 
KAHLE Machines for over 
a quarter of a century. 
Your production rate, your 
specifications, your require. 
ments—are "planned-in" 
KAHLE Machines. 

Call KAHLE for 

"machines 

that think for you I" 

;OR ALL YOUR REQUIREMENTS IN MAGNETIC HEADS 
• The performance of magnetic 
recording equipment depends on the 
quality of the magnetic head—which 
records, reproduces or erases. Brush 
offers a complete line of heads, out-
standing for precision alignment 

and balanced magnetic construction. 
For assistance in application, call on 
Brush's unequalled experience in this 
field. Write Brush Electronics Com-
pany, Department F-10A, 3405 
Perk ins Avenue, Cleveland 14, Ohio. 

BRUSH ELECTRONICS 
INDUSTRIAL AND RESEARCH INSTRUMENTS 

PIEZO-ELECTRIC MATERIALS • ACOUSTIC DEVICES 
MAGNETIC RECORDING EQUIPMENT 

ULTRASONIC EQUIPMENT 

92. 

ELECTRONICS 

COMPANY 
formerly 

The Brush Development Co. 
Brush Electronics Company 

is an operating unit of 
Clevite Corporation. 
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The following transfers and admissions 
were approved to be effective as of Sep-
tember 1, 1954: 

Transfer to Senior Member 

Arrington. J. L., H, Staff, Carrier Division 18, c/o 
FPO, New York, N. Y. 

Baum, S. H., 70-15 Fleet St., Forest Hills 75, L. I., 
N. Y. 

Beroza, P. P., 3872 S. Cochran Ave., Los Angeles 
56, Calif. 

Cummings, C. I., 1205 Medford Rd. Pasadena 8, 
Calif. 

Davis, V. M., 1197 Hilltop Rd., Kansas City 4, 
Kan. 

Doeleman H., 421 N. Taybr Ave., Montebello, 
Calif. 

Dow, O. E., 110 }Tenet Ave., Port Jefferson, L. I.. 
N. Y. 

Ebert, I. O., Electrical Engineering Department, 
Michigan State College, East Lansing, 
Mich. 

Ford. J. P., 392 Harvard St., Oxnard, Calif. 
Ganzenhuber, J. H., 3930 Los Feliz Blvd., Los 

Angeles 27, Calif. 
Greenwood, H. T., III, 310 Stanwick Rd., Moores-

town, N. J. 
Harmon, W. R., International Broadcasting Serv-

ice, APO 74, c/o Postmaster, San Fran-
cisco, Calif. 

Heim, H. J., 206 Dehart St., W. Lafayette, Ind. 
Kahn, L. R., 22 Pine St., Freeport, L. I., N. Y. 
King, L. H., Avien-Knickerbocker, Inc., 58-15 

Northern Blvd., Woodside 77, L. I.. N. Y. 
Lindenberg, E. C., 118 Edison Ave., Erlton, N. J. 
Matthews, A. R., Box 3400, USAFIT, Wright. 

Patterson AFB, Ohio 
Morita, T., Stanford Research Institute, Stanford, 

Calif. 
Mullins. F. G.. Jr., 318 Onklee Village, Baltimore 

29, Md. 
Owens, H. L., 1913 Marconi Rd., Belmar, N. J. 
Peters, J. L., 114 Dikeman St., Hempstead, L. I., 

N. Y. 
Price, G. W., 155 Jensen St., Livermore, Calif. 
Rosenberry, W. W., R.F.D. 2, 187 Edgewater 

Beach, Edgewater. Md. 
Rothenberg, S. M.. 120-24-222 St., St. Albans 11, 

L. I., N. Y. 
Thom/eon, M. F., 9230 Van Ruiten, Bellflower, 

Calif. 
Tomash, E., 2601 Wilshire Blvd., Los Angeles 5, 

Calif. 
Urkowitz, H., 1361 Wells St., Philadelphia 11, Pa. 
Weinstock. W. W., 8500 Provident Rd., Philadel-

phia 19, Pa. 
White, C. E., 818 N. Harrison St., Arlington 5, Va. 
Wilson, G. L., 198 Bold St., Hamilton, Ont., Canada 
Woodward, O. M., Jr., 27 Southern Way, Prince-

ton, N. J. 
Zarem, A. M., 2325 E. Monte Vista, Pasadena 8, 

Calif. 

Admission to Senior Member 

Bondley, R. J., 522 Sanders Ave., Scotia 2. N. Y. 
Boykin. E. M.. 651 El Medio Ave., Pacific Pali-

sades, Calif. 
Buck, L. G., Bell Telephone Company of Canada, 

Box 6074. Montreal, Que., Canada 
Councilman, C. L., 292 Louis St., Hackensack, N. J. 
Courtillot, E. P., 88 Rue Raynouard, Paris 16e, 

France 
Heacock, D. P., RCA Victor Division, Harrison, 

N. J. 
Kleinsteuber, W. G., 78, Sierenmoosstr., Konstanz, 

Germany 
McCallen. P. M., Major USAF, 504 S. Walnut $t., 

OTallon, Ill. 

(Continued on page 95A) 

Encapsulated Precision Wire Wound Resistors 

Defy Shock, Vibration and Extreme Changes 
Completely sealed in epoxy resin and wound on steatite bobbins, RPC 
has engineered Type L Resistors that are protected against extreme 
humidity, temperature and altitude conditions, mechanical damage, while 
maintaining dimensional stability. 

Type L Resistors, in many tests, have withstood 30 humidity cycles of 
MIL-R-93A moisture resistance tests without deterioration. They fully 
meet the requirements of U.S. Govt. Specifications MIL-R-93A. Not 
affected by extremes in humidity, altitudes, and corrosive influences; pro-
tected against outside elements. 

RPC can supply Type L on short notice with lug type terminals or wire 
leads; in a complete line of standard, midget and sub-miniature sizes. Wide 
range of performance! Write for catalog or additional details. 

Sales representatives in all principal cities of the U.S. 

RESISTANCE PRODUCTS CO. 
714 RACE STREET • HARRISBURG, PENNA. 

Makers of Resisrors — High Mego.hm, High Voltage, High Frequency, Precision Wire Wound 
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RASE METAL WIRES Very small 
diameter - - for filaments, thermo-

couples, resistance units. Available 
bare or enamelled. 

PRECIOUS METAL WIRES . 
Produced in Platinum, Gold, alloys 

and pure metals — small diameter. 
Platinum alloy resistance wire 
bare or enamelled. 

S1N(E 

COATED WIRES . . . Comprising 
an extensive range of wires, elec-

troplated with various metals, such 
as Gold, Silver, Rhodium, Platinum, 
Copper, Gallium, Indium and others 
. . . Enamel insulated wires for pre-
cision resistors and potentiometers. 

Write for latest List of Products. 

SIGMUND COHN CORP 121 So. Columbus Avenue • Mount Vernon. N.Y 

fri.:1.4 • • 
/ RAYMOND ROSEN ENGINEERING PRODUCTS, Inc. 

32nd & Walnut Streets • Philadelphia 4, Pa. 

Serving 
Government 

and Industry 

RREP has been the prime developer, designer, and pro-
ducer of precision electronic telemeter equipment since 
the industry's infancy back in 1942 ... 

RREP TELEMETRY systems are presently used by U.S. 
military agencies, many foreign governments, most major 
aircraft companies, and numerous research and industrial 
organizations ... This invaluable experience puts no prem-
ium on the cost of RREP equipment. Naturally, we will 
discuss your plans in complete confidence. 

PIPELINE TO 
PRECISION 

MODEL WWVR 
A receiver of the instrument class 

which is setting a new standard 
for the reception and presentation 

of the world's finest standards of 

time and frequency as broadcast 

by the National Bureau of Stand-

ards from WWV and WWVH. 

The fundamental use of this re-

ceiver is in the calibration of local 

equipment to the accuracy of 

these primary time and frequency 
standards. 

This time saving instrument 

incorporates all the latest tech-

niques for clear reception. A 

glance at the front panel will at 

once show the ease of operation 

and instant availability of the 

desired Radio and Audio fre-

quencies. 

Model WWVR allows the op-

erator full use of the world's finest 

primary standards of frequency 

and time. All frequencies broad-

cast from WWV (or WWVH) are 

accurate to one part in fifty mil-

lion. This instrument in your lab-

oratory Vill truly give you a ... 

PRIVATE PIPELINE TO PRECISION. 

Send for complete specifications, 

prices and delivery schedule. 

V 

SPECIFIC I PRODUCTS 
14515 DICKENS STREET 
SHERMAN OAKS 2, CALIF. 
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McLarren, R. H., 600 York Rd., Jenkintown, Pa. 
McCulloch, W. S., 20A-213, Research Labotatory 

of Electronics. Massachusetts Institute of 

Technology. Cambridge 39, Mass. 

Norton, R. S.. 9 Roosevelt St., Roseland, N. J. 
Simons, R. F., Peace and Plenty, R.F.D. 2. Hun-

tington, N. Y. 
Sollenberger, T. E., 729 Brownridge St., Pasadena 3, 

Calif. 

Suarez Diaz, J., Carretera a Contreras No. 458, 
Mexico 20 D.E., Mexico 

Tice, A. R., 820 E. Bailey St., Whittier, Calif. 
Walton, K. J., 4219 Thomason Ave., El Paso, Ti'. 

West, J. M., 186 Boulevard. Mountain Lakes. N. J. 
White, C. B., 141 Brewery St., New Haven il. 

Conn.1 

Transfer to Member 

Body. I., 238 Pinewood Ave., Elberon, N. J. 
Benassi. D. A., 2101 E. Cottage Ave., St. Paul 6, 

Minn. 
Blacksmith, P., Jr., Box 3307. USAFIT, Wright-

Patterson AFB, Ohio 
Colten, J. L.. 650 Eighth St., Oakmont, Pa. 
Flock, W. L., Department of Engineering. Uni-

versity of California, Los Angeles 24, Calif. 

Futterman, N., 1241 W. Boulevard, Los Auer:, 19, 

Calif. 

Gledhill, A. P., 56 Wilvon Ave., Westbury. L. I.. 
N. Y. 

Gordon, S. H., 6614 Fourth St., NW.. ‘Vashington 
12, D. C. 

Helwig, W. J., 94 King St., Kearney, N. I. 
Imboden, H. B.. Gulf Research and Development 

Co., Box 2038, Pittsburgh 30, Pa. 
Jones, L. G. F., 912 Plainfield St., Philadelphia 19, 

Pa. 
Miller, J. H., 1006 W. Market St., Akron 13, Ohio 

Mills, R. W., 1017 Eastern Pkwy., Louisville, 4, Ky. 
Olson, B. A., 114 Windsor Cir., Burlington, Iowa 

Price, R. E., 1706 Franklin Ave., Des Moines 14, 
Iowa 

Reichert, W. G., Jr., 35D Richland Ct., Clifton. 

N. J. 

Sibilia, L., 291 E. Foothill Blvd., Altadena, Calif. 
Steelman, A. T., Jr., 2602 Harding Ave., Broomall, 

Pa. 
\Veeks, A. D., 818 N. Second St., Alhambra, Calif. 
Weintraub, I A., 85 Bay 20 St., Brooklyn 14, N. Y. 
Whitten, G. A., 20116 Gault St., Canoga Park, 

Calif. 

Admission to Member 

Allen, W. G. D., 539 Dominion Public Bldg., Winni. 

peg, Man., Canada 
Anderson, L. F., 330 Clayton Ave., Williamsport. 

Pa. 

Banks, L., 11771 W. 39 Pl., Los Angeles 37, Calif. 
Bolton, R. A., 25 Kipling Ave., N., Toronto 18. 

Ont., Canada 

Bosch, E. I., 1621 E. Thackery Ave., West Covina. 
Calif. 

Bronson. R. D., 2227 Sixth Ave., Fort Worth 10, 

Tex. 
Carl, W. J., 4703 Rodeo La., Los Angeles 16, Calif. 

Collin, R. E., 4113 Boulevard des Allies, Quebec, 
Que.. Canada 

Dangl, J. R., 1735 Third Ave., York, Pa. 

Gibson, J. L., 863 Roanoke Rd., Cleveland Heights 
21, Ohio 

Greenberg, L. IL, 5814 Monticello Ave., Dallas 6, 
Tex. 

Greene, S. J., 104 Twin Lane. N., Wantagli, L. I., 
N. Y. 

Haalin, F. J., 826 Lea Rd., Dallas, Tex. 

Hammond, E. R., 89 High St., Gillingham, Kent. 
England 

(Continued on page 96,4) 

for SPECIFIC microwave information 
on "new" components or 

"standard" plumbing 

If you use microwave components 
. . . YOU can benefit from Airtron's 
broad range of engineering experi-

ence in designing and producing 
both advanced and so-called "stan-
dard" plumbing. For specific, 
helpful information . . . prepared 
by and for engineers . . . merely 
fill in the obligation free coupon 
below and send it to us. 

BRANCHING AND 

BALANCED DUPLEXERS 

Stuledurd Land speciul 

duplexers, from 6.66 x 3.41 

to . 360 x .220 0. D. Power, 

performance and packaging 
to meet your applications. 

Bulletin T-2200. 

AIRTRON PRECISION 
CASTING FACILITIES 

Precision castings, holding 
tolerances of ±.002" per 

inch of dimension, economi-

cally mode to your own 
specifications. Bulletin 6002. 

SHORT SLOT HYBRIDS 

Precision catt one piece 
hybrids. Low VSWR, ex-

cellent isolation and low 
attenuation over broad 

bandwidths. Used in bal-

anced mixers, duplexers, 

power splitters. Cot. 2361. 

0101141. 

DIRECTIONAL COUPLERS 

4 basic types in all wave-
guide sizes from 6.66 x 

3.41 to .360 x .220 0. D. 
Broadband couplings and 
directivities to meet your 

needs. Bulletin T•2400, 

FLEXIBLE WAVEGUIDE 

Available ' in all sizes for 

high power pressurized ap-

plications over wide tem-

perature ranges. Seamless, 

twistable, preformed and 
circular. Special wave-

guides to meet specific 

problems. Cat 1011 

K-BAND TEST HORNS 

For test purposes over the 

frequency range from 
12,400 to 40,000 mc. One 
piece aluminum castings to 

close tolerances. Low VSWR. 

Low secondary lobes. 
Cat. 3291. 

OTHER AIRTRON PRODUCTS 

COMAS 

linctige 
ikleaotd 

DI/nixie . 

gzsel,sioi 
Rtft„ 

Intiere v• s„,'« 

BALANCED MIXERS 

Mixers with waveguide 

crystal mounts or coaxial 

crystal mounts covering a 

frequency range from 400 

to 40,000 megacycles. 
"Standardiyed" and spe-

clad types. Bulletin 1 2e(n). 

TWO- POSITION 

WAVEGUIDE SWITCHES 

For rapid and/or cyclic 
switching to or from noise 

sources, signal generators, 

dummy loads, etc. Low 
VSWR, excellent crosstalk 
and high peak power per-

formance. Cat. 2331. 

WAVEGUIDE MAGIC TEES 

Hybrid junctions for power 

splitting with minimum 
energy loss. From 3.00 x 
1.50 to all smaller standard 

and military sizes. Low 

VSWR and excellent broad-
band isolation. Cat. 3330. 

Folded Hybrids • Quick Disconnects • VSWR Standards • High Power Dummy Loads 

• Antenna Horns • Waveguide Bends, Twists, Elbows and Transitions • Rotating Joints 
• RF and Pressure Gaskets • Aircraft Junction Boxes and Cable Assemblies 

— USE THIS HANDY COUPON  

AIRTRON, INC. 
1107 West Elizabeth Ave. 
Linden, N.J. 

ñA mrat_ INC. 
Linden, New Jersey 

Branch Offices 

ALBUQUERQUE 

CHICAGO 

DALLAS 

DAYTON 

KANSAS CITY 

LOS ANGELES 

SAN FRANCISCO 

SEATTLE 

Please send me without obligation information on  

NAME TITLE  

COMPANY  

STREET  

CITY ZONE STATE  

El Check here if you want Airtron representative to call. 
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MICROWAVE 
DEVELOPMENTS 

Wheeler Laboratories is an engineering organization offering consulting, 
research and development services in the fields of communications and radar. 
To fill the present need of the industry for a measurable, reproducible, and 

recognized standard of microwave power capacity, the simple waveguide spark 

gap pictured above has been developed and promoted by Wheeler Laboratories. 
At present, Wheeler Laboratories comprises a staff of twenty engineers 

under the personal direction of Harold A. Wheeler, with supporting facilities 

including a group of designers and a model shop. 
A brief summary of our work will be sent on request, and comprehensive 

engineering reports on some of our developments are available. Inquiries 

are welcomed regarding your particular problems in microwave design and 
development. 

Wheeler Laboratories, Inc. 
122 Cutter Mill Road, Great Neck, N.Y. 

HUnter 2-7876 

TOP HAT FOR PLUG-IN UNITS 
A widely used, dependable, 

improved clamp for electron 

tubes, relays and capacitors. 

WRITE FOR FREE CATALOG 
EASY TO APPLY 

INSTANTLY RELEASED 

POSITIVE LOCKING ACTION 411111 
TIMES  FACSIMILE 

CORPORATION 
$40 West 58 St., New York 19, N. Y. 
1523 L SI., N. W. Washington S, 11 C. 

AN/APR-4 LABORATORY RECEIVERS 
Complete with all five Tuning Units, covering the range 38 to 
4,000 Mc.; 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, 
$850.00 . . . TS- 175/U Frequency Meters, 85-1,000 Mc., $625.00 

. . T-47A/ART-13 Transmitters, $450.00 . . . and many morel 

ENGINEERING ASSOCIATES 
434 PATTERSON ROAD DAYTON 9, OHIO 

(Continued from page 95A) 

Johnson, O. A., 311 Bayshore Ave., Long Beach, 

Calif. 
Jucksch, W. J., 171 Pequot Ave., New London, 

Conn. 
Kessel, B., 28 Buena Vista Rd., Arlington 74, Mass. 
Langford, R. C., 920 Adams Ave.. Elizabeth, N. J. 
McCuaig, J. E., c/o Cal-Tech (J.P.L.), White 

Sands Proving Grounds. N. Mex. 
McElroy, E. J., Box 424, Scott AFB, Ill. 

Meersman, R. J., 151 N. Holliston Ave., Pasadena 
4, Calif. 

Mons, A. M., Patterson, Moos and Co., Inc., 90-28 
Van Wyck Expressway, Jamaica 18, L. I., 

N. Y. 
Nichols, J. S., do A. R. Nichols, R.F.D. 1, Forest 

Grove, Ore. 
Nygard, J. C., High Voltage Engineering Corp., 7 

University Rd., Cambridge 38, Mass. 

Penniman, I. B., 905-16 St., N.W., Canton 3, 

Ohio 
Peppiatt. H. J., 5 Joseph St., Newmarket, Ont., 

Canada 
Robinson, T. B., 11 Samoset Rd.. Winchester, 

Mass. 
Russell, W. S.. 912 Park Ave., Laurel. Md. 
Stillwell, H. F., 3228 Madison St., N.E., Cedar 

Rapids, Iowa 
Steve, W. T., Box 92, Hq. 314th T.C. Wing, Sewart 

AFB, Tenn. 
Sullivan. J. F.. 18 Rutgers Pl.. Bloomfield, N. J. 
Taylor, M. L.. Box 623, Langley AFB, Va. 

Thompson, J. P.. 14 Ontario Ave., Plainview. L. I., 

N. Y. 
Tichy, B. W., 55 Price La., Westbury, L. 1., N. Y. 

Vick, A. J., Apt. 103. 1340-21 St., NW.. Wash-

i news 6, D. C. 
Wallace, C. E., Jr., 816 Beulah, Lansing. Mich, 

Waugh, R. E.. Box 584, Cristobal, C. Z. 

Weingarten, M., Department 70, Bendix Radio. 
Greenspring and Smith Ayes.. Baltimore 

9, Md. 
Wilson, R. C., Jr., c/o The Chesapeake and Po-

tomac Telephone Co. of Va.. 703 E. Grace 

St., Richmond 19, Va. 

Winquist, R. T., 234 West Ave.. Bridgeport 3, Conn. 
Wright, W. F., 601 Winston Dr., Vestal, N. Y. 
Wulfmeyer, J. A., 9428 Brenda, Affton 23, Mo. 

Yackey, C. H.. 4429 Mariota Ave., N. Hollywood. 
Calif. 

Zettler, S. G., 1518 St. Peters Ave., New York 61, 

N. V. 
Zimmer, H. W., Sylvania Electric Productis. Inc., 

1740 Broadway. New York 19. N. Y. 

The following admissions to the Associate 
grade were approved to be effective as of 
September 1, 1954: 

Abend, D. L., 1057 Southern St., Seattle 8, Wash. 
Anderson, C. R.. 3070 Grape St.. Denver 7, Colo. 

Arrowsmith, N. M., 10616 McBroom St., Sunland, 

Calif. 
Baker, D. W., 56 Wigglesworth St. Malden 48. 

Mass. 
Barrow, E. M.. 415 Winston Dr.. San Francisco 27. 

Calif. 
%uglier, J. D.. $922 Gardendale St.. Hollydale. 

Calif. 
Beaulieu. D. E.. 230 D Gal field Ave.. Collingswood 

7. N. J. 
BeLusko, J. V., 2712 N.W. Raleigh St., Portland 10, 

Ore. 
Blatchford, D., 22134 Yharra Rd., Woodland Hills, 

Calif. 
Bohn, E. V., University of British Columbia. 5902 

University Blvd., Vancouver, B. C., 

Canada 

d 

q. 

I. 

(Continued on page 99A) 
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now 50 mc 
to 4000 mc 

WITH TWO TUNING HEADS 
Check these outstanding features: 

• Low noise input, less than 0.5 microvolts 
across 50 ohms, for high usable sensitivity 

• 10 MC maximum sweepwidth, continuously 
reducible to 0 MC 

• Continuously variable differential markers, 
50 kc to -1- 5 mc 

• Continuously variable resolution ( IF. 
bandwidth) 9 kc to 100 kc 

• 1 cps to 60 cps sweep rate, continuously 
variable with single control 

• DC coupled video amplifier for analysis of 
CW signals 

• Three selectable amplitude scales, 40 db 
log, 20 db linear and square law 

• Low frequency swept oscillator provides 
high inherent stability 

• Excellent construction and design make 
the equipment unparalleled for minimum 
down time 

• Optional bezels and CRTs for visual ex-
amination or camera use. 

• Low cost 

RF-2 
RF-3 

Tuning Heads 

50 mc-250 mc 
220 mc-4000 roc in five ranges 

Inquiries invited on Panoramic Spectrum 

Analyzers for special problems. Write 

today for descriptive literature. 

PANORàMIC 
RADIO PRODUCTS, INC. 

5 12 South Second Avenue, Mount Vernon. N.Y. 
MOunt Vernon 4-3970 

Makers of 
• Panadaptor 
• Panalyzor 
• Panoramic 

Sonic 
Analyzer 

• Panoramic 
Ultrasonic 
Analyzer 

A new, large size, 
flat bed, 
versatile 

2-axis recorder... 

AUTOGRAF 
trademark 

MODEL 2 

Curves are available for 
observation and labeling 

while they are being drawn. 

BOTH AUTOGRAF 

MODELS ARE OUTSTANDING 

FOR THEIR VERSATILITY 

NEW MODEL 20 SERIES 

DC VOLTMETER 

F. L. MOSELEY 

The versatility and labor-saving convenience 
of the original portable Autograf have now 
been built into an instrument which handles 
standard 11" x 161/2 " graph papers. Model 2 
has the same scales and ranges as Model 1 
(0-5 millivolts to 0-100 volts each axis); same 
speed (full scale X and Y in one second); 
same input impedance ( 200,000 ohms per 
volt). In addition, depressed zero available 
each axis, larger re-....-
cording area (twice as 
big), flat bed, easy-
reading design. 

THE AUTOGRAF 
MODEL 1 

general purpose 81/2 " 
x 11" X-Y recorder — 
is doing duty in hundreds of laboratory appli-
cations: chemical, electrical, electronic, wind 
tunnel, computer .... And on production lines: 
measuring motors, filters, tubes, transistors, 
airfoils, amplifiers, rectifiers, magnetic cir-
cuits and materials, nuclear devices, etc.... 

AUTOGRAF 
CURVE FOLLOWER 

plots or reads out Y vs. 
X. Either Model 1 or 
Model 2 can be fur-
nished as a recorder/ 
curve follower. 

AUTOGRAF 
POINT PLOTTER 

Models 1 and 2 may be 
fitted for point plotting 
from keyboard or other 
digital sources. 

A new high accuracy, 
easy-to-read, multi-
range servo-voltmeter 
with fast response. 
Scales 0-3 millivolts to 
0-300 volts. Zero left or 
zero center. Designed 
for indication, control, 
or analog to digital 
conversion. 

Bulletins describing these instruments 
are available, and we will be glad to 
send you the ones you want. Write... 

co., 409 NORTH FAIR OAKS AVENUE, PASADENA 3, CALIFORNIA 
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IT'S 

HARVEY 
FOR PROMPT 

OFF-THE-SHELF" DELIVERY 

WRITE 

PHONE 
or WIRE 

Telephone 

JUdson 2-1500 

Whether it's equipment, components or other 
electronic requirements, you will always find 

them in Harvey's extensive stocks, ready for 

immediate delivery to you anywhere. 

Harvey's twenty-five years of service to the in-
dustry are your assurance of understanding 

'know-how' and complete dependability. 

HARVEY 
RADIO COMPANY, INC. 
103 West 43rd St., New York 36, N. Y. 

NEY'S SMALL PARTS 
PLAY A B I G PART IN 

PRECISION INSTRUMENTS 

The accurate transmission of electrical im-
pulses through a movable contact is depend-
ent solely upon the properties of that contact. 
Illustrated at the right is a Ketay Synchro, 
which is the heart of many precision indicat-
ing, communicating and control devices. Ke-
tay is noted for Synchros and Resolvers cap-
able of extreme accuracy. Therefore, Ney 
Precious Metal Contacts have been selected 
because of their practically ideal physical and 
electrical properties. 
Ney Precious Metal Alloys have high re-

sistance to tarnish, are unaffected by most 
industrial corrosive atmospheres, and are fab-
ricated into slip rings, brushes, commutator 
segments, wipers, contacts and similar com-
ponents for use in electrical instruments. 
Call on the Ney Engineering Department for 
help in selecting the right Ney Precious Metal 
Alloy which will improve and prolong the 
life and accuracy of your instruments. 

7NY5.IB 

THE J. M. NEY CO 

1 7 1 ELM STREET, HARTFO 

MPANY 

RD 1, CONN. 

Specialists in Precious Metal Metallurgy Since 1812 

Neg tive temperature 
an voltage 

coefficients 

czif 80X 
I MOLDED R ISTORS 

RATING —3 watts — 100 to 100,000 
megohms 

SERVICE — High voltage equipment such 
as electrostatic generators, atomic energy 
equipment, etc. 

CHARACTERISTICS 

— Negative temperature coefficients 

— Negative voltage coefficients 

— Good stability, durability, mechanical 
strength 

— Non-deterioration of values due to age 

— Non-hygroscopic base specially proc-
essed against humidity 

— Compactness 
;411;4; 

BULLETIN 4906 

has full details. Send for a 
copy. Attention Dept. GR 

Ticileed» 

INDUSTRIAL DIVISION 
DENTAL PAM  CO. A\°& 

10 EAST 40th ST. 
NEW YORK 18, N.Y. 

Weitern District Office • Tones Builchng. Long 8PaCh. Cant, 
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Boothroyd, J. I-1., 6444 West 87 Pl., Los Angeles 45, 

Calif. 
Bracken, T. C., 108-26-271 Pl., Queens Village 

29, L. 1., N. Y. 
Brownlee, D. K.. 238 Roslyn Rd., Winnipeg 13, 

Man.. Canada 
Bucciero, J., 343 S. Clinton St., Baltimore. Md. 

Burch, C. E., 2016 Cedar La., Nashville, Tenn. 
Carpenter, J. J., 18 Whittier St.. Lynbrook. L. I., 

N. Y. 
Carpenter. M. L.. 3 Far View Ave., Binghamton, 

N. Y. 
Clark, J. T., Jr., 8-D Vale St.. Nutley 10, N. J. 
Clark, W. J., R.F.D. 1, Okawville, Ill. 
Daniels. R., Monument St., Concord, Mass. 
Davis, C. B.. 4160 Meadows Dr., Apt. D-2. In-

dianapolis, Ind. 
Derus. L. M., 3704 Moore St.. Venice, Calif. 
Egan, W. E., 1171 Clay Ave., New York 56. N. Y. 

Ensign. R. L., 2516 S. Pulaski Rd.. Chicago 23, 111. 
Fairey, T. E.. 1706 Parkline, Apt. 4, Pittsburgh 27, 

Pa. 
Fernald, A. F., 75 Savannah 1-hwy.. Charleston, 

S. C. 
Floyd, G. W., 8153 Kenyon Ave., Los Angeles 45, 

Calif. 
Gaudinier, B. J., Box 1108. 3337th T.T. Sqd., Scott 

AFB. Ill. 
Groon, J. G., 1935 N. Park Ave. Philadelphia 22, 

Pa. 
Gustafson. D. W., 9 Mechanic St., Attleboro, Mass. 

Hall, D E., "A" Co. 2dTkBn., 2dMarDiv. FMF, 
Camp Lejeune, N. C. 

Hammett, R. B., c/o College Relations, RCA. Cam-

den. N. J. 
Hardy, F. J., 12356 Addison St., North Hollywood. 

Calif. 
Harris, J. E., Box 536. 3337th TT Sq., Scott AFB. 

Harris, J. E., 22 Berwin St., Johnson City, N. Y. 

Hollinger, E. C.. 4990 Airway Rd., Dayton 3, Ohio 
Holt, T. C., The Superior Oil Co., Midland, Tex. 
Irvine, P. L., 677 Fifth Ave., New York 22, N. Y. 
Ivanhoe. L., 8A3 Redfield Village, Metuchen, N. J. 
Jacobson. T. R..1828 Andrews Ave.,. New York 53. 

N. Y. 
jansson. B. G., 350 Fifth Ave., Suite 7323, New 

York, N. Y. 
Wet, D., Jr., Fairchild Pl., Whippany. N. J. 
Jones, E., Jr., 108 S. First St., Belleville. 111. 
Keene, E. F.. 2 Cross St., Kingston, Mass. 
Keyser, K. E.. 4328 S.E. 47 Ave., Portland 6, Ore. 
Khan, M. J. D.. Assistant Engineer. Telephones. 

Cantonment Exchange, Karachi 4, West 

Pakistan 
Koller, E. L., 508 W. Lonnquist Pkwy.. Mt. 

Prospect, 111. 
Korlishin, L., 247 Chestnut Ave.. Kingston, Pa. 
Koschmann, A. H., 719 Erie St.. S.E., Minneapolis 

14, Minn. 
Kullback. S., 1259 Van Buren St., NM., Washing-

ton 12, D. C. 
Kuntz, H. A., Jr., 2908 Patria St., Winston-Salem, 

S. C. 
Leibfried, T. F., Jr., 201 West 85 St., New York 

24, INT. Y. 
Lima, T. F., 61 W. Harwood Ter., Palisades Park, 

N. J. 
Link. A. W. 3450 N. Lowell Ave.. Chicago 41. 111. 
Martel, A. J., 403 Nash. Akron 4, Ohio 
Martinez, A., 109 Brow St., Liverpool. N. Y. 
McCullough, O. C., 308 N. Oak St., Belleville, Ill. 

Mehan, T. 0., 614 Merrill St., Park Ridge. Ill. 

Monopoli. R. V., Hq. USAFIT, Wright-Patterson 
AFB, Ohio 

Monroy, J. E., International General Electric, 
Carrera 7 No. 22-80, Bogota Apartado 

Postal 1055, Colombia 

(Continued on page 100A) 

PROCEEDINGS OF THE I.R.E. October, 1954 

for 
your 
specictl 

JO!) . . • 

Now, a complete line of large-size 
microwave components is available from 

the Gabriel Laboratories. Whatever 

1-Band components you need ... stub 

tuners, power dividers, waveguide 

components, rotary joints, hybrid 

junctions, adjustable phase shifters ... 

Gabriel can supply them. If you have a 

special problem, our staff of designers 

and engineers is ready to meet your 

most exacting specifications. Extensive 

testing equipment and complete 

production facilities operated by 

highly-skilled personnel insure 

exceptional electrical performance and 

mechanical strength. 

Let us solve your mice-encore problem. ff rile. or phone NEedliarn 3-0001 

The Gabriel Laboratories 
THE GABRIEL COMPANY 135 Crescent Street, Needham Heights, Mass. 

99A 



12TH STREET AND FERRY AVENUE 

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 St., Burlington, Iowa 

CUSTOM BUILT TO SPECIFICATION 

MODEL 741 

SQUARE 

SEMI-FLUSH 

WRITE FOR 

CATALOG NI 

V IE IC if 4D II ., ID II 3 IP IL AT 

VDE— 4. 

MODEL- IE !II:UU II IP r\il IE 1%1 ir 
c> 

e-- t: 
I i 

PORTAISILE OR RACK MOUNTING 

A new, completely self-contained vector display monitor-
ing and test instrument for color. Built-in, high-definition 
display oscilloscope, with edge-lighted calibrated overlay. 
Camera mounting facilities for photographic records of 
vector display, plus continuous operating check. Complete 
self-checking features for accurate and dependable signal 
certification. Built-in power supplies. Brackets for optional 
rack mounting. Complete specifications on request. 

Data sheets are available on our complete line of 
color television instruments for signal generating, 
distribution, test, and measurement. 

ENGINEERING AND CONSTRUCTION COMPANY 

ESTABLISHED 1920 CAMDEN 4, NEW JERSEY 

.2„, Alwayi One C„ry -2eff 

BODNAR INDUSTRIES, Inc. 
leads in the field of 

PLASTIC LIGHTING PANELS AND DIALS 
BECAUSE OF Quality • Uniformity • 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 264, North Hollywood 
CANADA —44 Wellington St. E., Toronto 

SPECIMEN PANEL MIL- P-7788 (AN- P-89) SENT ON LETTERHEAD REQUEST 

(Continued from rage 99A) 

Nilsson, W. H., 2373 Palmetto Pl., Savannah, Ga. 
Palmer. D. R., 1401 S. Chandler. Denison, Tex. 

Parker, W. J., 2282 W. Dodge Rd., Clio, Mich. 
Propster, C. H., Jr., Parkway Apts., 50-D, Haddon-

field, N. J. 

Quinn, T. J., Jr., 36 Lambourne Rd., Towson 4, 
Md. 

Raper, J. A. A., 107 Roney La., Syracuse 5, N. Y. 

Rideout, H. A., 720 S. Jackson, Belleville, Ill. 

Rinn, E. J. J., 366 Windsor Ave., Windsor, Ont., 
Canada 

Rose, A. C., Bell Telephone Laboratories, Inc., 
Mountain Ave.. Murray Hill. N. J. 

Rose, T. L., 105 Pryor, Apt. 534, Scott AFB, Ill. 
Rust, D. C., 2919 Kipling St., Palo Alto, Calif. 

Sansevero, V. J., 43 Springdale Ave., White Plains' 
N. Y. 

Saures, H. L., Anaconda Wire and Cable Co.. 
Muskegon, Mich. 

Schlueter, A. W., 6073 N. Albany Ave., Chicago 45, 

Scull, R. C., 1311-23 St., Newport News, Va. 
Shoptaugh, J. R., Jr., 2617 Lapeyrouse St., New 

Orleans 19. La. 

Short, L. E., 3109 St. Clair Ave., East St. Louis. Ill. 
Smith, E. J., 492 Orange St., Newark 7, N.J. 
''mit h, P. G., 60 C Maim Pl.. Clifton, N. J. 

Stearns, L. D., 2744 Altura Ave., La Crescenta, 
Calif. 

Stewart, R. F., 9017 Pershing Dr., Playa del Rey, 
Calif. 

Taylor, L. S., 34 Summer St., Bedford, Mass. 

Thompson, F. T., 302 Glasgow Rd., Pittsburgh 21. 
Pa. 

Town, H. W., 1284 ‘Villiams St., Plymouth, Midi. 
Tyson, G., 3846 Berryman Ave.. Culver City, Calif. 
Villavan, Q., 350 N. Garey Ave., Pomona, Calif. 

Walley, W. E., 11-C Flannery Ave., Poughkeepsie, 
N. Y. 

Wasserman, J., 179A Lake Ave., Metuchen, N. J. 
Weber, J. E., 63 A Farragut St., China Lake. Calif. 
Waher, W. E., 4516 Brazil, Lus Angeles 39, Calif. 

Whalen, P. P., Research Center, Clevite Corp., 540 
East 105 St., Cleveland 8, Ohio 

White, R. A., Canadian National Steamship, S.S. 

Canadian Observer, Shed 29, Monteal, 
Que., Canada 

Wines, C. B., Jr., 412 Sixth St.. Apt, 5, San Antonio 
2, Tex. 

Wright, W. E., 1811 Lemoyne Ave., Syracuse. N. Y. 
Yeich, V. B., 39 E. Cassily, Springfield, Ohio 

Telephone Numbers 

of 2,200 Manufacturers 

3.ot YOWL. 

are given in the Alphabetical 

Index to Radio-Electronic 

Manufacturers in the 

9/12W 

1954 IRE DIRECTORY 
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E. 

SAVE TIME 
IN FREQUENCY 

ANALYSIS 
with the Audio Frequency Spectrometer, 

Model BL-2109 

This high-gain, precision instrument 
measures the amplitudes of the frequency 
components in complex a.c. voltages from 
35 to 18,000 cps. The Spectrometer saves 
hours of engineering time in electrical or 
acoustical testing. 

In addition to 27 fixed third-octave band 
pass filters covering the audio range, the 
Spectrometer provides the standard net-
works for sound level measurements. 
Any filter or network may be manually 
selected, or the filters and networks can be 
scanned automatically in sequence. When 
used with the Bruel & Kjaer Level Re-
corder, the audio frequency spectrum of 
noise, vibrations, strains, complex volt-
ages, tape recordings, etc. are plotted 
automatically on preprinted chart paper. 

For complete specifications on this and 
other Bruel & Kjaer instruments, write 
Brush Electronics Company, Dept F-10, 
3405 Perkins Avenue, Cleveland 14, Ohio. 

ACOUSTIC AND TEST INSTRUMENTS 

Bruel & Kjaer instruments, world famous 
for their precision and workmanship, are 
distributed exclusively in the United Slates 
and Canada by Brush Electronics Company. 
BL-1012 Beat Frequency Oscillator 
111.-1502 Deviation 'Test Bridge 
BL- 1604 Integration Network jar Vibration Pickup 

111.-4304 
BL-4304 Vibration Pickup 
BL-2002 Heterodyne Voltmeter 
BL-2105 Frequency Analyzer 
BL-2109 Audio Frequency Spectrometer 
BL-2304 level Recorder 
81-2423 Megohmmeter and D.C. Voltmeter 
BL-3423 Megohmmeter High Tension Accessory 
BL-4002 Standing Wave Apparatus 
BL-4111 Condenser Microphone 
BL-4120 Microphone Calibration Apparatus and 

Accessory 
BL-4708 Automatic Frequency Response Tracer 

BRUSII ELECTRONICS 

COMPANY 

formerly 
The Brush Development Company. 

Brush Elertronirs Company 
at an operating unit of 
Canute Corporation. 

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 

Microwave Transmission Lines and Associated Components 

16 West 61st St. • New York 23, N. Y. • Circle 6-4760 
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COMPLETE MILITARY LINE AVAILABLE. 

POPULAR MILITARY TYPES ILLUSTRATED. 

CORRESPONDING COMPLETE LINE FOR COM-
MERCIAL APPLICATIONS ALSO AVAILABLE. 

5 acres of plant area .. . over 1000 employees 
... making ALL TYPES of variable resistors 
by the million.... for ALL your require-
ments. CTS SPECIALIZES in precision mass 
production of variable resistors and asso-
ciated switches ... makes nothing else. 

Most controls available with switches and in 
concentric shaft tandems or with two con-
trols operating on one shaft. Also available 
with locking bushing, water sealed bearing 

and many other special features not illus-
trated. 

Immediate delivery from stock on many 
JAN-R-94, JAN-R-19 and other types. 

WRITE FOR ILLUSTRATED CATALOG-
Describes Electrical and Mechanical char 
acteristics, Special Features and Constru 
tions of a complete line of variable resistors 
for military and civilian use. Includes 
dimensional drawings of each resistor 

EAST COAST OFFICE 

Henry E. Sanders 
130 North Broadway 
Camden 2, New Jersey 
Phone: Woodlawn 6-1668 
TWX No. CAMDEN NJ 380 

WEST COAST OFFICE 

Robert A. Stackhouse 
928 So. Robertson Blvd. 
P. O. Box 35073 
Los Angeles 35, California 
Phone: Crestview 4-5931 
TWX No. BEV H 7666 

CANADIAN DIVISION 

C. C. Meredith IL Co., Ltd. 
Streetsville, Ontario 
Phone: 310 

SOUTH AMERICA 

Jose Luis Pontet 
Buenos Aires. Argentina 
Montevideo, Uruguay 
Rio de Janeiro, Brazil 
Sao Paulo, Brazil 

OTHER EXPORT 

Sylvan Ginsbury 
8 West 40th Street 
New York 18. New York 
Phone: Pennsylvania 6-8239 

SOUTHWESTERN U.S.A. 
John A. Green Company 
6815 Oriole Drive 
P.O. Box 7224 
Dallas 9, Texas 
Phone: Dixon 9918 

1 watt 70°C, 15/16' 
diameter variable 
composition resis-
tor. 

CHICAGO TELEPHONE SUPPLY 
eee»,/zetArdicet 

ELKHART • INDIANA 

1/2 watt 70°C, 3/4" 
diameter minia-
turized variable 
composition re-
sistor. 

TYPE 65 
(Miniaturized) 

TYPE C90-65 
Tandem 

UNPRECEDENTED 
PERFORMANCE 
CHARACTERISTICS 

Types 65, 90 and 95 are 
specially designed for 
military communi-
cationsequipmentsub-
ject to extreme tern per-
ature and humidity 
ranges: —55°C to +150°C 
...ariditytosaturation. 

WATER SEALED 

AND BEARING F 

ITYPE 90 

TYPE C2-90 
Tandem 

UNTING 

TYPE 65 

'MAKI 
Meets JAN-R-94 

type RV4 

2 watt 70°C, 1-1/8' 
diameter variable 
composition resis-
tor. Also available 
with other special 
military featu res 
not covered by 
JAN-R-94. 

TYPE 95 

TYPE GC-95 
With Switch 

TYPE C2-95 
Tandem 

;7'; weer ge•louLocer „F.:OW :: 1,4,12 

woymropeo Ins 

(CAN BE SUPPLIED WITHOUT THE WATER 

SEALED MOUNTING SHOULDER) 

WATER SEALED MOUNTING 

AND BEARING FOR TYPES 
45, 35. 90. 95. 25. 252. 



RESISTORS... FO 
Meets JAN-R-94 

type RV3 

1/2 watt 1-1/8' diameter 
variable composition 
resistor. Also available 
with other special mili-
tary features not covered 
by JAN-R-94. 

TYPE 35 

TYPE GC-35 
With Switch 

TYPE C2-35 
Tandem 

2P •-•2 TN. 

4..32P 5(0.2 IMO 

POO. 3ç TO IDEPT•I 

OF CONTROL BEHIND 

MOUNTING SURF.CC 'sr 
AND M IORTEN$ 

LOGII TINO LUG TO .0.0.t o s. 

LOCKING BUSHINGS FOR 

1/4 watt 15,16- diameter 
variable composition' 
resistor. Also available 
with other special 
military features not 
covered by JAN-R-94. 41 

TYPE 45 

TYPE GC-45 

iWith Switch 

II  

TYPE C2-45 
Tandem 

4. 
eeE 65 CONTROL 

R EVER) 
Meets JAN-R-19 

types RA25 and RA30 

4 watt 1-17/32" diameter 
variablewirewound resis-
tor. Also available with 
other special military 
features not covered by 
JAN-R-19. 

TYPE GC-25 
With Switch 

TYPE C2-25 (1-
Tandem 

LOCKING BUSHINGS FOR CONTROL 

(99/tecti eecieon atez4a eeductioei 1414ietéb 

10, 
to 

NEED 
Meets JAN -R-19 

type RA20 

waft ameter 
variable wirewound resis-
tor. Also available with 
other special military 
features not covered by 
JAN-R-19. 

TYPE 252 

TYPE GC-252 
With Switch 

TYPE C2-252 
Tandem 

327 Ne, •2 TMO 

ES 25. 252. 95. 35, 90. 45. 

gàffleirled18.96 



FIRST CHOICE 
where Zateieq counts 

"F" Series RACKS by PAR-METAL 
No. F-6618: Overall: 67% x 22" x 18" 

Panel Space: 61 1/4"X 19 

No. F-8318: Overall: 831/2 x 22" x 18" 
Panel Space. 77 x 19' 

Want "custom-quality" in a standardized, eco. 
nomical Rack? Here's the industry's top value. 

• Front and rear doors. 

• Streamlined, modern in design. Ruggedly 
constructed of furniture steel. 

• Entire cabinet is welded together into an 
integral unit. 

• Note: full adjustment of panel mounting 
angles is provided for, to position material 
at any distance from front or rear doors. 

• Finishes: black ripple, grey ripple, alumi-
num grey lacquer ( or prime coat only). 

Planning an electronic product? Consult Par-Metal for 

RACKS • CABINETS 
CHASSIS • PANELS 

Remember, Par- Metal equipment is made by 
electronic specialists, not just a sheet metal shop. 

wee& 4 
Seeetzesi4 

sftexialided 

CAPITOL 
RADIO 

INSTITUTE 
Advanced Home Study and Residence 
Courses in Practical Radio- Electronics 

and Television Engineering 

Request your free Home Study or 
Resident School Catalog by writing to: Dept. 26-410 

PreIMIR 
PRODUCTS CORPORATION 
32-62 — 49th ST., LONG ISLAND CITY 3, N. Y. 

Tel., AStoria 8-8905 
Export Dept.: Rocke International Corp. 

13 Eillt 40 Sweet, New York 16. N. Y. 

Pioneer in Radio Engineering Instruction Since 1927 

An Accredited 
Technical 
Institute 

3224 16th St, N. W. Washington 10, D. C. 
Approved for Veteran Training 

RACK MOUNTING MODELS 
105-125 V. 60C INPUT 
OUTPUT CURRENT MAY BE SET AT ANY 
VALUE FROM 0.2 TO 50 M.A. D.C. 
AS LOAD VOLTAGE VARIES BETWEEN 
0-150 V. MODEL IA-R IS CONSTANT 
WITHIN 1%, MODEL IB-R WITHIN 0.1%. 

IMMEDIATE DELIVERY 

MODEL 1A-R $112—MODEL 1B-R $245 
0.2-100 M.A. RANGE $ 13 MORE 

Other models to specifications 

ELECTRONICALLY REGULATED 

D.C. CONSTANT CURRENT 

POWER SUPPLIES 

OUTPUT CURRENT IS HELD 

CONSTANT AS LOAD VARIES 

OTHER •MODELS. AVAILABLE 

WRITE DEPT. 101 FOR- LITERATURE 

ASSOCIATED SPECIALTIES CO. 

1751 MAIN STREET 

OREFIELD, PENNSYLVANIA 

There are 

3 SPECIFIC WAYS 

in which "Proceedings of the 

I.R.E." serves the advertiser dif-

ferently and more effectiNeh than 

other publications. 

1. Pre-Specification Selling 

Because " Proceedings of the IRE." pub-
lishes basic research and engineering applica-

tion articles it is closely studied by those 
design engineers who must "keep ahead of 

the market." Often, the research published 
leads the industry ra-nduetion l'y fccea tw» to 
six years ! The alert eugilleor, who needs this 
amount of time for his own design applica-

tions and for tooling up and changing the 

Production in his own factory, studies the 
"Proceedings of the carefully. Its 

articles keep him abreast with the changes 
that will inevitably come and snake it pos-
sible for him to be ready for them. This is 

the time for you to sell the unknown engi-
neer designing the never-dreamed-of nroduct 
"before it happens!" it is an insurance that 
you will be ahead of the market instead of 
behind it. 

2. Per,onal Connection to the 

Indkidual 

The Institute of Radio Engineers is an 
engineering society for individual engineers 

who must qualify on their own education, 
experience and engineering work. Thus, the 
magazine follows the reader as his private 
possession, wherever he goes. Wherever new 

engineering progress is developing, the work 

is done by individual engineers— and it is 
these men that must he sold! Only the engi-
neer knows enough to specify and buy in a 
highly technical industry. Selling is a matter 
of reaching the minds of men because a 
company cannot sign a purchase order. Wher-

ever radio engineering activity is the greatest, 
companies employ IRE members, An engi-
neer moves into a new job in advance of 

production and with him goes " Proceedings 
of the ," with all the advertising you 

so urgently need to place where engineering 
activity is the greatest. 

3. Economy 

It is a specific purpose of the Institute of 

Radio Engineers that - its advertising rates 
should benefit and help the industry grow, 
by being economical. Part of the economy 

of a tax-free organization is thus passed on 
to advertisers in the form of low-cost ad-
vertising to a high-quality audience. The poet-
rate per thousand engineers of " Proceedings 
of the IRE." is the lowest in the radio-
electronic industry by deliberate intent. Thus, 

the Institute finds an extra way that it can 
help the firms that hire its engineers to gain 
new business at lower costs. 

THE INSTITUTE OF RADIO 

ENGINEERS 

ADVERTISING DEPARTMENT 

1475 Broadway 

New York 36, N.Y. 
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NEW PACKAGING METHOD 

FOR DISC CERAMICONS 
Pallet-Pak, ERIE's exclusive new packaging method 
for Disc Ceramicons, answers the need for mechan-
ically pre-aligned capacitors that can be fed into 
automatic assembly machinery. Hand assembly is 
also improved because of the ease of handling and 
the physical uniformity of the capacitor 

ERIE is constantly searching for new ways to 
assist manufacturers in reducing production costs. 
Pallet-Pak is a development by ERIE Industrial En-
gineers with this purpose in mind. 

The many other advantages of Pallet-Pak are 
noted at right. Write for our Pallet-Pak Bulletin 
with complete illustrations and advantages of 
this new packaging method that is currently 
available on a portion of ERIE Disc Ceramicon 
production. 

ERIE. 

RESISTOR CORP. 

Capacitors are held between 
die- cut cardboard strips. 

Strips are placed in carrier 

insert which fits in pallet. 

Strips, carrier, and pallet form 

one complete shipping unit. 

As many as three pallets 

can be shipped in this mul-

tiple drawer-type carton. 

e ep eeeeeeeee 

,* flk eeeeeeee • 

• • • • • • ge • • • • • • • • 

gagata .**, ••• • • • • 

ADVANTAGES FOR 

INVENTORY AND STORAGE 

• Known number in strip 
makes inventory control 
easier. 

• Count empty strips— 
multiply by number for 
usage control. 

• Markings all face one 
direction for easy 
identification. 

• Drawer type disposable 
pallet for storage and 
shipping. 

ADVANTAGES FOR 

YOUR PRODUCTION 

• Straight lead wires— no tangling— units easily 
removed by pulling from strip. 

• Uniform lead length. 

• Carrier insert acts as tote- tray for easy han-
dling. 

• Index holes in strip 11/2 " center to center for 
use in lead forming and cutting equipment. 

• Index holes are above carrier sides— rods 
can be inserted through holes and entire lot 
lifted easily in one operation. 

• Assurance of uniform quality, resulting from 
continuous production flow. 

ERIE RESISTOR CORPORATION ELECTRONICS DIVISION 

Main Offices and Factories: ERIE, PA. 
Sales Offices. Cliffside, N. J. • Camden, N. J. • Chicago, III. • Detroit, Mich. 

Cincinnati, Ohio • Fort Wayne, Ind. • Los Angeles, Calif. • Toronto, Ontario 

Manufacturing Subsidiaries. 

HOLLY SPRINGS, MISSISSIPPI • LONDON, ENGLAND • TRENTON, ONTARIO 



The new Type M Dynograph Recorder is a high speed 
direct writing oscillograph providing exceptionally high, 
absolutely stable, d-c or a-c amplification. It may be used 
with reluctance type pick-ups without auxiliary equipment. 
The exceptional stability, sensitivity, and versatility of the 
Dynograph allow simultaneous direct recordings of a very 
wide variety of transient variables such as temperature, 
speed, position, pressure, acceleration, vibration and strain. 

I. 

COMPARE AND YOU WILL SELECT 

THE DYNOGRAPH 

Eight page, 2 color bulletin 

describes technical details and 

application information. 

Write for your copy 

of Bulletin L-742. 

ID 

The Type M employs individual plug-in amplifiers; and 
input panels provide all connections for various types of 
signal pick-ups. It is the most advanced equipment for your 
direct-writing recording problems. 

.OFFNER TYPE IVI 

DYNOGRAPH RECORDER 
WHY THE DYNOGRAPH? For almost every application of direct writ-

ing oscillographs, those who have compared features of competitive 

instruments have chosen the Dynograph—because: 

The Dynograph provides thirty times the d-c sensitivity of competi-
tive instruments.* 

Instead of a barely readable record The Dynograph gives a large, easily 
like this: read record like this: 

Yet while competitive 
drift 1 mv per hour* 

recorders The Dynograph is absolutely non-
or more— drifting. 

Other recorders 
amplifiers 
erate gain 
for carrier 
gauges 

or 

or reluctance 

require 
preamplifiers 
-c; for 
applications 

additional 
for 

high gain 
(strain 

bridges). 

it  o 

With the Dynograph, 
mod- fier covers all 
d-c; does a better 

applications 
job 

one ampli-
—and 

on each! 

Pen friction and low 
hysteresis on many 

n 

torque gives There is no measurable hysteresis 
recorders, on the Dynograph. 

LI_ 

Limited pen travel 
ing of large dynamic 
ficult. 

makes record- Over 8 cm of pen excursion is avail-
variations dif- able in the Dynograph. 

MIMI Urdli 

MilMii linall 

•MMII »BB 
MIZE 

Even at moderate sensitivities, The Dynograph is stable as soon 
other assemblies require consider- as it is working. 
able warmup time for stabilization. 

too 0 

• Based on manufacturer's published claims. 

OFFNER ELECTRONICS INC. 
5320 N. Kedzie Ave., Chicago 25, U.S.A. 
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News New Products 
These martufacturerr have invited PROCPEDINGS readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 864) 

Color Band Printer 
A new semi-automatic color-banding 

machine, capable of simultaneously print-
ing up to six color coding bands on cylin-
drical resistors, capacitors and similar ob-
jects, is now available front the Markem 
Machine Co., Keene 42, N. El. Changes in 
all band colors, or in specific bands only, 
or from one size object to another, are 
readily made. 

The machine, designated Model 69A, 
bands components of the following dimen-
sions: -13i to 1 inch in diameter; / inch 
to 2: inches long (body only); 11 to 8 
inches long over all (wire end to wire end). 
Both color-band width and space between 
bands are readily adjustable. Operating 
speed is governed by the operator's loading 
speed, which is normally about 50 per 
minute. Feed from vertical chute to band-
ing position is automatic, as is ejection 
after printing to container or to conveyor 
belt (available as accessories). 

The machine may also be used for 
printing complete label detail in one or 
two colors, on cylindrical objects of the 
dimensions noted. Complete information 
is available on request. 

(Continued on page 108A) 

1955 Radio 
Engineering Show 
March 21-24, 1955 

Kingsbridge Armory 

New York 

*7 BRIGHT GOLD PROCESS 
NOW USED BY THE NATION'S LARGEST 

PRODUCER OF AN CONNECTORS 

Simplicity of operation 
. . . uniform, high quality per- - 
formance ... characteristics that can-

not be achieved with any other gold 
plating process—just a few of the rea-

sons why American Phenolic Corp. 

uses the SEL-REX BRIGHT GOLD 

PROCESS to electroplate high qual-
ity AMPHENOL AN Connector con-
tacts. 

SEL-REX PRECIOUS METALS, INC. 
Dept. IRE-10, 229 Main Street • Belleville 9, N.J. 

Hera are the advantages of plating 

'>,,w1th the Sel -Rex BRIGHT GOLD 

PROCESS: 

LONGER LIFE— extremely hard deposit 
is tss ice that of conventional gold, thus 
resists wear and abrasion even on slid. 
ing or wiping contacts. 
IMPROVED PERFORMANCE—the smooth. 
fine grained deposit assures a superior 
contact surface, both electrically and 
mechanically. 

GREATER ECONOMY — uniform metal 
distribution, even in deep recesses and 
interior surfaces, gives greater primer.. 
lion with less gold. The solution op-
erates at room temperature and is simple 
to maintain. 
BETTER APPEARANCE— the mirror-like 
finish will not corrode or oxidize—each 
part maintains a like.new appearance 
and has indefinite stock life. 
Packaged in I, 5 and 10 ounce boules. 

DC-AC CONVERTER 

COMPACT 
DEPENDABLE 
EFFICIENT 

These latest of all Carter DC to AC 
Converters are specially engineered 

for professional and commercial ap-
plications requiring a high capacity 

source of 60 cycle AC from a DC power 
supply. Operates from storage bat-

teries, or from DC line voltage. Three 
"Custom" models, delivering 300, 

400, or 500 watts 115 or 220 V. AC. 
Wide range of input voltage, 12, 24, 
32, 64, 110 or 230 V. DC. Unequalled 
capacity for operating professional 
recording, sound movie equipment 
and large screen TV receivers. Avail-

able with or without manual fre-
quency control feature. 

MAIL COUPON FOR CATALOG 
Carter Rotary Power Supplies are 
made in a wide variety of types and 

capacities for communications, labora-
tory and industrial applications. Used 
in aircraft, marine, and mobile radio, 

geophysical instruments, ignition, tim-
ing, etc. MAIL COUPON NOW for 
complete Dynamotor and Converter 
Catalogs, with specifications and per-

formance charts on the complete line. 

113 2645 N. Maplewood Ave. 
Chicago 47 

pUal MOTOR CO. 

Carter Motor Co. 

2645 N. Maplewood Ave., Chicago 47 

Please send new catalogs containing com-
plete information on Carter " Custom - Con-

verters and other Rotary Power Supplies. 

Name  

Address  

City State  
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RESINITE 
...can 

increase 

efficiency 

of your 

iron core 

insertion 

production 

by 20% 

EMBOSSED 

COIL FORMS 

,khvitirri, mag 

Special embossed construction eliminates torque control prob-

lems and stripping . . . prevents breakage or freezing of cores 
due to cross threading or improper starts. 

Custom fabrication to your exact specification assures correct 

dimensions to within the most critical tolerances, plus uni-

formity throughout. 

Threads are positioned in accordance with your requirement 

—full thread, each end, one end, center only. 

We will furnish—without charge—a pilot production run of 

custom-made embossed forms to fit your particular applica-

tion. We will also send a winding mandrel made to the speci-

fications you supply. 

Contact us now for full details about this special offer. 

Request technical bulletin, Use of Threaded Tubes, Threaded 

Iron Cores VS. Torque Control. 

RESINITE 
CORPORATION 

New England: 
Framingham, Massachusetts, Framingham 7091 

Metropolitan New York, New Jersey: 
Jersey City, New Jersey, Journal Square 4-3571 

Upstate New York: 
Syracuse, New York, Syracuse 76-8056 

Northern Ohio, Western Pennsylvania: 
Cleveland, Ohio, Atlantic 1-1060 

Indiana, Southern Ohio: 
Logansport, Indiana, Logansport 2555 

Sales Representatives in: 

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 2715 

PRECISION PAPER TUBE COMPANY 
2 0 3 5G W. CHARLESTON ST. • CHICAGO 47, ILLINOIS 

News—New Products 

These manufacturers have Invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your IR.. affiliat;on 

(Continued front pa ge 107,-1 

Wide Band Preamplifier 

Tektronix, Inc., P.O. Box 831, Port-
land 7, Oregon, has developed the Type 
53B wide-band high-gain preamplifier, 
the fourth of a series of plug-in units de-
signed for use with the Tektronix Type 
531 and Type 535 oscilloscopes. 

Characteristics provided by Type 53B 
are: 0.05 v/cm to 50 v/cm sensitivity, ac 
and dc, continuously variable with nine 
calibrated steps from 0.05 v/cm to 20 
v/cm, dc to 10-mc passband, 0.035-psec 
risetime) three additional calibrated sen-
sitivity steps, 5 mv/cm, 10 mv/cm, and 20 
mv/cm ac-coupled only, 5-cycle to 9-mc 
passband, 0.04-psec risetime; and two in-
put connectors with 80-db isolation. The 
unit weighs 31 pounds, and is priced at 
$125. 

New Plant 

AnnuunL,-1 unit has been made of the 
opening of Insulated Circuits, Inc., at 115 
Roosevelt Avenue, Belleville, N. J. 

The firm manufactures printed circuits 
and, in addition, their production sta if 
handles complete sub-assemblies. 

(Continued un page 110A) 
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Stand Pat with CLAROSTAT 

"Humdinger" Series 

MH ultra-compact po-

tentiometer. 10 to 

200,000 ohms.1 watt. 

"Humdinger" Series 39 

shaf ' less, screwdriver-

adjusted potentiom-

eter. 4 to 5000 ohms. 
2 watts. 

( 

Wire-
Wound 
CONTROLS 

Smaller or Series 43c 3-watt 

wire-wound controls. 5 to 

10,000 ohms. With or without 

switch. 

Miniaturized Series 49 wire-wound 

controls in single and dual units. 10 

to 20,000 ohms. 1.5 watts. Switches 

available 

Series 58 3-watt wire-wound 

controls. 1 to 50,000 ohms. 

With or without switch. 

Your wire-wound control needs 

— usual or unusual —are readily 

met by specifying CLAROSTAT. 

Here's why: 

For usual needs, the Clarostat line 

is outstandingly complete. It includes 

2-watt ( 1-1/8" dia.), 3-watt and 

4-watt ( 1-21/32" dia.) types; 25- and 50-watt 

power rheostats; miniaturized ( 3/4" dia.) 

1.5-watt controls; and the handy, space-

saving, cost-reducing "Humdingers"*. All 

these types, and many more, are standard and 

stocked, available for your convenience at the 

local Clarostat distributor or in quantities 

from Clarostat factory stock. 

And for unusual needs, Clarostat can design 

and put into production those special types 

— quickly, satisfactorily, economically — 

often based on ingenious adaptations 

of standard features and tooling. 

Send those wire-wound control 

requirements to us for 

engineering service and quotations. 

Literature on request. 

oeN 

Series 10 4-watt wire-wound 

controls. I to 100,000 ohms. With 

or without switch. 

Power rheostats, Series 25 

and 50, 25 and 50 watts. 

5,000 and 10,000 ohms max., 

respectively. Also aircraft 

type, encased in metal 

housing. 

CLAROSTAT MFG. CO., INC., DOVER, NEW HAMPSHIRE 
In Canada: Canadian Marconi, Co., Ltd., Toronto 17, Ont. 
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from tor gloms to half-inch midgets 
When you need coils .. . whether it be just a few for research 
and development or huge quantities for volume production 
. . . you'll find your needs right up B&W's alley. Regardless 
of size or type . . . from 6' x 48" variometer type loading coils 
down to half-inch miniductors, both shown above. 

And you'll value the top coil performance you get, based on 
two decades of specialized manufacture. B&W's twenty years 
of experience stems from the commercial manufacture of the 
world's first air-inductor through single layer solenoid coils . . . 
universal units with single, multiple pie, or progressive wind-
ings . . . r-f, i-f, and oscillator coils . . . traps, discriminators, 
toroids, filters, r-f and delay line chokes. 

Wherever your coil requirements lie, you'll find Barker & 
Williamson ready, willing, and able to solve them. Write now 
for complete information on B&W coil development and manu-
facturing facilities. 

Barker IL Williamson, Inc. 
237 Fairfield Ave., Upper Darby, Pa. 

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 108/1) 

Their technique carries the pattern of 
the printed circuit through the holes to the 
other side to maintain efficient continuity 
tor faster assemblies, and resulting econ-
omy because of the elimination of the usual 
hardware required. 

Quotations are made on design and de-
velopment, conversion and production. 
Each job is engineered and a formal quota-
tion is submitted. Large or small quantity 
orders are accepted. 

Oscilloscope 

The Type 531, a moderately-priced os-
cilloscope designed to use plug-in vertical 
preamplifiers, is available from Tektronix, 
Inc., P.O. Box 831, Portland 7, Ore. Pour 
calibrated plug-in units are available for 
use with the Type 5.31, providing vertical 
amplifier characteristics for wide-band ap-
plications (dc to 10 mc), high dc-sensitivity 
applications (1 millivolt/cm), and dual-
trace applications. 

Basic oscilloscope characteristics are: 
wide-range sweep circuit, 0.1 µsec/cm to 
12 sec/cm continuously variable with 24 
calibrated steps from 0.1 Asec/cm to 5 
sec/cm, accurate 5 X magnification on all 
ranges permitting calibrated sweep times 
to 0.02 msec/cm; trigger amplitude selec-
tion or automatic triggering; dc-coupled 
unblanking, 10 kv accelerating potential 
on new metallized Tektronix crt with heli-
cal post-accelerating anode; horizontal in-
put amplifier sensitivity 0.2 v/cm to 20 
v/cm continuously variable; 0.25 µsec. ver-
tical signal delay; square-wave amplitude 
calibrator, 0.2 mv to 100 volts; beam-posi-
tion indicators show location of the elec-
tron beam when it is positioned off the 
screen. 

The unit weighs 614 pounds, and is 
priced at $995, plus the price of desired 
plug-in units. 

(Continued on page 112A) 
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e-ae-cete:«9 5113 DEKADIAL 
Precise resistance, capacitance, inductance 
readings to four significant figures. 
Accuracy: resistance J. 0.1 °/0, capacitance 
-± 0.25 yo; inductance ± 1.0%. 

PRICES 
• Model 855-Al Oscillator-Amplifier $170 
• Model 250-C1 Impedance Bridge $340 

• • Team  $510 

round • 
au oval 

flat ma 
augrooved 
ribbon— 

bare • 
• insulated 
plated 

. .. wherever 
the element calls 

for PRECISION 

• all metals 
all alloys• 

Teamed To Exploit 
ACCURACY-

MODEL 855-Al 

rin OSCILLATOR AMPLIFIER 
• Complete operation of the 250-C1 bridge with AC power. 
• Highly stable oscillator providing any fixed frequency from 100 CPS 

to 10 KC with plug-in networks. 
• Maximum sensitivity. Visual null indicator driven by highly selective 

amplifier with over 65 DB gain. 

MODEL 250-C1 

MIMPEDANCE BRIDGE 
• Most accurate, widest range impedance bridge available. Resistance-

1 milliohm to 11 megohms. Capacitance- 1 ppf to 1100 pfs. 
Impedance-1 ph to 1100 henrys. 

• Simplified controls. Color index dials. Clearly marked terminals. 
• Compact, light, portable. 9"x 11"x 11" over-all. 

NATIONWIDE REPRESENTATION 

FORMERLY BROWN ELECTRO - MEASUREMENT CORP. 

4 312 S. E. STARK STREET • PORTLAND 15, OREGON 

Round Wire to 0.00015" 
diameter. Ribbon rolled to 
0.0001" in thickness. Close 
tolerances held on all spe-
cifications. 

development and production metallurgists 

SECON METALS CORPORATION 
7 Intervale Street, White Plains, New York 

WHite Plains 9-4757 
Write for Pamphlet P 

Over 85% of the torque wrenches 

used in industry are 

stillei." 
Read by Sight, Sound or Feel. 

• Permanently Accurate 

• Practically Indestructible 

• Faster—Easier to use 

• Automatic Release 

• All Capacities 

in inch groms...inch 
crences,..inch pounds 
...foot pounds 
(All sizes from 
0-6000 f?, !bp.) 

Every 
manufacturer, 

design and 
production man 

should hove 
this valuable 

data. Sent upon 
request. 
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UHF MEGACYCLE METER 
FEATURES 

Excellent coupling sensitivity. 

Fixed coupling point. 

Small grid current variation 
over band. 

Calibration point every 10 hic. 

Uses split- stator tuning con-
denser with no sliding metal 
contacts. 

Standard camera socket for 
tripod fixtures. 

Octogonal Gas e foi cull wt.niterll 
positioning. 

Useful in television transmit-
ting and receiving equipment. 

With the Widest 

Frequency Coverage 
in a Single Band 

MODEL 59 UHF 

The Model 59 UHF Megacycle Meter is specially designed to cover the UHF 
television band plus the many mobile and fixed communication services 
through its wide frequency coverage of 430 to 940 megacycles in a single 
range. It incorporates all of the quality features and the excellent perform-
ance of the popular Model 59 plus a unique design resulting in a maximum of 
convenience in use. It is an indispensable instrument for electronic engineers, 
researchers, experimenters and radio servicemen. 

USES 
• As a grid-dip oscillator for measuring the resonant frequency of passive 

circuits such as cavities, tank circuits, inductors, capacitors, chokes, trans. 
mission lines and antennas. 

• As an auxiliary signal generator for alignment and tuning of UHF receivers 
and transmitters. 

• As an oscillating or absorption marker for use with a sweep-frequency 
generator. 

• As a wavemeter or heterodyne frequency meter. 
• As a low sensitivity receiver or field-strength meter for tracing source of 

spurious oscillations in receivers and transmitters. 
• For adjusting antenna systems, wave traps, and filters. 

SPECIFICATIONS 

FREQUENCY RANGE: 430-940 Mc in a single bond 

FREQUENCY ACCURACY: * 2% (Individually calibrated) 

OUTPUT: CW or 120-cycle modulation 

POWER SUPPLY: 117 volts, 60 cycles, 30 watts 

DIMENSIONS: Oscillator Unit 41/4 " x 21/2 " 
Power Unit 51/4 " wide x 61/4 " high x 71/2 " deep 

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 110A) 

Hibshman Named Secretary 
of AIEE 

The appointment of Nelson S. Hibsh-
man, Brooklyn, N. Y., as Secretary of the 
American Institute of Electrical Engineers, 
was announced recently by Elgin B. 
Robertson, President of the Institute. He 
assumed his new office on May I. 

Mr. Hibshman, who has been Assistant 
Secretary since January 1, 1953, was 
named Secretary at a meeting of the 
Board of Directors in Chicago. He suc-
ceeds H. H. Henline of Scarsdale, N. Y. 

Printed Circuit Connectors 
An announcement has been made by 

the Circon Component Co., 17544 Raymer 
St., Northridge, Calif., that the new Circon 
® miniature and subminiature printed cir-
cuit connectors are now in limited pro-
duction. 

The Circon series consists of sixteen 
models in each of the miniature and sub-
miniature series in basic modules of two, 

(Continued on pago 114,4) 
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News New Products 
These manufacturers have invited PROCEEDINGS readers to write for literature and further technical 

information. Please mention your IRE, 

(Continued from page 86.4) 

Color Band Printer 
.\ new semi-automatic color-banding 

machine, capable of simultaneously print-
ing up to six color coding bands on cylin-
drical resistors, capacitors and similar ob-
jects, is now available front the Markem 
Machine Co., Keene 42, N. H. Changes in 
all band colors, or in specific bands only, 
or from one size object to another, are 
readily made. 

The machine, designated Model 69A, 
bands components of the following dimen-
sions: iag to 1 inch in diameter; inch 
to 2l inches bug (body only); 11 to 8 
inches long over all (wire end to wire end). 
Both color-band width and space between 
bands are readily adjustable. Operating 
speed is governed by the operator's loading 
speed, which is normally about 50 per 
minute. Feed from vertical chute to band-
ing position is automatic, as is ejection 
after printing to container or to conveyor 
belt (available as accessories). 

l'he machine may also be used for 
printing complete label detail in one or 
two colors, on cylindrical objects of the 
dimensions noted. Complete information 
is available on request. 

(Continued on page 108.4) 

1955 Radio 
Engineering Show 
March 21-24, 1955 

Kingsbridge Armory 
New York 

*7 BRIGHT GOLD PROCESS 
NOW USED BY THE NATION'S LARGEST 

PRODUCER OF AN CONNECTORS 

Simplicity of operation 
. . . uniform, high quality per-

formance . . . characteristics that can-
not be achieved with any other gold 

plating process— just a few of the rea-
sons why American Phenolic Corp. 
uses the SEL-REX BRIGHT GOLD 
PROCESS to electroplate high qual-
ity AM PHENOL AN Connector con-
tacts. 

SEL-REX PRECIOUS METALS, INC. 
Dept. IRE- 0. 229 Main Street • Belleville 9, N.J. 

Here are the advantages of plating 

with the Sel -Rex BRIGHT GOLD 
PROCESS: 

LONGER LIFE— extremely hard deposit 
is mice that of cons entional gold, thus 
resists wear and abrasion even on slid-
ing or wiping contacts. 
IMPROVED PERFORMANCE— the smooth, 
fine grained deposit assures a superior 
contact surface, both electrically and 
mechanically. 
GREATER ECONOMY — uniform metal 
distribution, even in deep recesses and 
interior surfaces, gives greater protec-
tion with less gold. The solution op-
erates at room temperature and is simple 
to maintain. 
BETTER APPEARANCE — the mirror-like 
finish will not corrode or oxidize—each 
part maintains a like-new appearance 
and has indefinite stock life. 
Packaged in I. 5 and In ounce bottler. 

DC-AC CONVERTER 

These latest of all Carter DC to AC 
Converters are specially engineered 
for professional and commercial ap-
plications requiring a high capacity 
source of 60 cycle AC from a DC power 
supply. Operates from storage bat-
teries, or from DC line voltage. Three 
"Custom" models, delivering 300, 
400, or 500 watts 115 or 220 V. AC. 
Wide range of input voltage, 12, 24, 
32, 64, 110 or 230 V. DC. Unequalled 
capacity for operating professional 
recording, sound movie equipment 
and large screen TV receivers. Avail-
able with or without manual fre-
quency control feature. 

MAIL COUPON FOR CATALOG 
Carter Rotary Power Supplies are 
made in a wide variety of types and 
capacities for communications, labora-
tory and industrial applications. Used 
In aircraft, marine, and mobile radio, 
geophysical instruments, ignition, tim-
ing, etc. MAIL COUPON NOW for 
complete Dynamotor and Converter 
Catalogs, with specifications and per-
formance charts on the complete line. 

FlUte MOTOR CO. 
264b N. Maplewood Ave. 

Chicago 47 
..  

Carter Motor Co. 

2645 N. Maplewood Ave., Chicago 47 
Please send new catalogs containing com-
plete information on Carter "Custom" Con-
verters and other Rotary Power Supplies. 

Name  

Address 

City  State  
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EMBOSSED 

COIL FORMS 

...can 

increase 

efficiency 

of your 

iron core 

insertion 

production 

by 20% 

Special embossed construction eliminates torque control prob-

lems and stripping . . . prevents breakage or freezing of cores 

due to cross threading or improper starts. 

Custom fabrication to your exact specification assures correct 

dimensions to within the most critical tolerances, plus uni-

formity throughout. 

Threads are positioned in accordance with your requirement 

—full thread, each end, one end, center only. 

We will furnish—without charge—a pilot production run of 

custom-made embossed forms to fit your particular applica-

tion. We will also send a winding mandrel made to the speci-

fications you supply. 

Contact us now for full details about this special offer. 

Request technical bulletin, Use of Threaded Tubes, Threaded 

Iron Cores VS. Torque Control. 

i1*1IiIi 
CORPORATION 

Sales Representatives in: 
New England: 
Framingham, Massachusetts, Framingham 7091 

Metropolitan New York, New Jersey: 
Jersey City, New Jersey, Journal Square 4-3574 

Upstate New York: 
Syracuse, New York, Syracuse 76-8056 

Northern Ohio, Western Pennsylvania: 
Cleveland, Ohio, Atlantic 1-1060 

Indiana, Southern Ohio: 
Logansport, Indiano, Logansport 2555 

Missouri, Southern Illinois, Iowa: 
St. Louis, Missouri, Sterling 2318 

Maryland: 
Baltimore, Maryland, Plaza 24211 

Philadelphia, Camden: 
Philadelphia, Pa., Chestnut Hill 8-0282 

California: 
Pasadena, California, Sycamore 8-3919 

Canada: 
Montreal, Quebec, Canada, Walnut 2715 

PRECISION PAPER TUBE COMPANY 
203 SQ W. CHARLESTON ST. • CHICAGO 47, ILLINOIS 

News—New Products 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Pleasç mention your I.R.E. affiliation. 

(Continued from page 107.4) 

Wide Band Preamplifier 

Tektronix, Inc., P.O. Box 831, Port-
land 7, Oregon, has developed the Type 
53B wide-band high-gain preamplifier, 
the fourth of a series of plug-in units de-
signed for use with the Tektronix Type 
531 and Type 535 oscilloscopes. 

Characteristics provided by Type 53B 
are: 0.05 v/cm to 50 v/cm sensitivity, ac 
and dc, continuously variable with nine 
calibrated steps from 0.05 v/cm to 20 
v/cm, dc to 10-mc passband, 0.035-msec 
risetime) three additional calibrated sen-
sitivity steps, 5 mv/cm, 10 mv/cm, and 20 
mv/cm ac-coupled only, 5-cycle to 9-mc 
passband, 0.0.1-iasec risetime; and two in-
put connectors with 80-db isolation. "l'he 
unit weighs 31 pounds, and is priced at 
$1 25. 

New- Plant 

Announcement has been made of the 
opening of Insulated Circuits, Inc., at 115 
Roosevelt Avenue, Belleville, N. J. 

The firm manufactures printed circuits 
and, in addition, their production staff 
handles complete sub-assemblies. 

(Continued on page 1104) 
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"Humdinger - Series 

MH ultra-compact po-

tentiometer. 10 to 

200,000 ohms.1 watt. 

l 
I' 

"Humdinger" Series 39 \ 

shafrless, screwdriver- \ 

adjusted potentiom- \ . s 
eter. 4 to 5000 ohms. \ ',.. 
2 watts. 

LJ ire 
Wound 
CONTROLS 

Smaller or Series 43c 3-watt 

wire-wound controls. 5 to 

10,000 ohms. With or without 
switch. 

•Reg. U.S. Pat, Office 

Miniaturized Series 49 wire-wound 

controls in single and dual units. 10 

to 20,000 ohms. 1.5 watts. Switches 

available. 

Series 58 3-watt wire-wound 

controls. 1 to 50,000 ohms. 

With or without switch. 

Your wire-wound control needs 

— usual or unusual —are readily 

met by specifying CLAROSTAT. 

Here's why: 

For usual needs, the Clarostat line 

is outstandingly complete. It includes 

2-watt ( 1-1/8" dia.), 3-watt and 

4-watt ( 1-21/32" dia.) types; 25- and 50-watt 

power rheostats; miniaturized ( 3/4" dia.) 

1.5-watt controls; and the handy, space-

saving, cost-reducing "Humdingers"*. All 

these types, and many more, are standard and 

stocked, available for your convenience at the 

local Clarostat distributor or in quantities 

from Clarostat factory stock. 

And for unusual needs, Clarostat can design 

and put into production those special types 

— quickly, satisfactorily, economically — 

often based on ingenious adaptations 

of standard features and tooling. 

Send those wire-wound control 

requirements to us for 

engineering service and quotations. 

Literature on request. 

Series 10 4-watt wire-wound 
controls. 1 to 100,000 ohms. With 
or without switch. 

Power rheostats, Series 25 

and 50, 25 and 50 watts. 

5,000 and 10,000 ohms max., 
respectively. Also aircraft 
type, encased in metal 
housing. 

CLAROSTAT MFG. CO., INC., DOVER, NEW HAMPSHIRE 
In Canada: Canadian Marconi, Co., Ltd., Toronto 17, Ont. 
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from 6gionts to half-inch midgets 
When you need coils . . . whether it be just a few for research 
and development or huge quantities for volume production 
. . . you'll find your needs right up B&W's alley. Regardless 
of size or type .. . from 6' x 48" variometer type loading coils 
down to half-inch miniductors, both shown above. 

And you'll value the top coil performance you get, based on 
two decades of specialized manufacture. B&W's twenty years 
of experience stems from the commercial manufacture of the 
world's first air-inductor through single layer solenoid coils . . . 
universal units with single, multiple pie, or progressive wind-
ings . . . and oscillator coils . . . traps, discriminators, 
toroids, filters, r-f and delay line chokes. 

Wherever your coil requirements lie, you'll find Barker & 
Williamson ready, willing, and able to solve them. Write now 
for complete information on B&W coil development and manu-
facturing facilities. 

Barker & Williamson, Inc. 
237 Fairfield Ave.,‘Upper Darby, Pa. 

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 108A) 

Their technique carries the pattern of 
the printed circuit through the holes to the 
other side to maintain efficient continuity 
for faster assemblies, and resulting econ-
omy because of the elimination of the usual 
hardware required. 

Quotations are made on design and de-
velopment, conversion and production. 
Each job is engineered and a formal quota-
tion is submitted. Large or small quantity 
orders are accepted. 

Oscilloscope 

The Type 531, a moderately-priced os-
cilloscope designed to use plug-in vertical 
preamplifiers, is available from Tektronix, 
Inc., P.O. Box 831, Portland 7, Ore. Four 
calibrated plug-in units are available for 
use with the Type 531, providing vertical 
amplifier characteristics for wide-band ap-
plications (dc to 10 mc), high dc-sensitivity 
applications (1 millivolt/cm), and dual-
trace applications. 

Basic oscilloscope characteristics are: 
wide-range sweep circuit, 0.1 gsec/cm to 
12 sec/cm continuously variable with 24 
calibrated steps from 0.1 gsec/cm to 5 
sec/cm, accurate 5X magnification on all 
ranges permitting calibrated sweep times 
to 0.02 gsec/cm; trigger amplitude selec-
tion or automatic triggering; dc-coupled 
unblanking, 10 kv accelerating potential 
on new metallized Tektronix crt with heli-
cal post-accelerating anode; horizontal in-
put amplifier sensitivity 0.2 v/cm to 20 
v/cm continuously variable; 0.25 psec. ver-
tical signal delay; square-wave amplitude 
calibrator, 0.2 mv to 100 volts; beam-posi-
tion indicators show location of the elec-
tron beam when it is positioned off the 
screen. 

The unit weighs 61¡ pounds, and is 
priced at $995, plus the price of desired 
plug-in units. 

(Continued on page 1124) 
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eetteete#1.nu DEKADIAL 
Precise resistance, capacitance, inductance 
readings to four significant figures. 
Accuracy: resistance ± 0.1%, capacitance 
± 0.25%; inductance -± 1.0%. 

PRICES 
• Model 855.A1 Oscillator-Amplifier $170 
• Model 250-C1 Impedance Bridge $340 

•• Team  $510 

round • 
4. oval 
flat ma 

.n.grooved 
ribbon— 

bare • 
• insulated — 
plated 

SE CON 
wherever 

the element calls 

for PRKISION 

• all metals 
all alloys. 

Teamed To Exploit 
ACCURACY-

MODEL 855-Al 

i5à3 OSCILLATOR AMPLIFIER 
• Complete operation of the 250-C1 bridge with AC power. 
• Highly stable oscillator providing any fixed frequency from 100 CPS 

to 10 KC with plug-in networks. 
• Maximum sensitivity. Visual null indicator driven by highly selective 

amplifier with over 65 DB gain. 

MODEL 250-C1 

MIMPEDANCE BRIDGE 
• Most accurate, widest range impedance bridge available. Resistance — 

1 milliohm to 11 megohms. Capacitance- 1 ppf to 1100 pfs. 
Impedance-1 ph to 1100 henrys. 

• Simplified controls. Color index dials. Clearly marked terminals. 
• Compact, light, portable. 9" x 11" x 11" over-all. 

NATIONWIDE REPRESENTAlION 

ELECTRO -MEASUREMENTS, INC. 
PORMERLY BROWN ELECTRO- MEASUREMENT CORP. 

4312 S. E. STARK STREET • PORTLAND 15, OREGON 

Round Wire to 0.00015" 
diameter. Ribbon rolled to 
0.0001" in thickness. Close 
tolerances held on all spe-
cifications. 

development and production metallurgists 

ECON METALS CORPORATION 
7 Intervale Street, White Plains, New York 

WHite Plains 9-4757 
Write for Pamphlet P 

Over 85% of the torque wrenches 

used in industry are 

5tüfei V 
TORQUE WRENCHES 

Read by Sight, Sound or Feel. 

• Permanently Accurate 

• Practically Indestructible 

• Faster—Easier to use 

• Automatic Release 

• All Capacities 

in inch grams...inch 

oences,..inch pounds 

...foot pounds 

(All sizes from 
0-6000 ft. lbs.) 

e, 
n a 

Every 
manufacturer, 

design and 
production man 

should hove 
this valuable 

dota. Sent upon 
request. 

fi CO 
t INMS 
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News—New Products 

NEW 
UHF 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 Mc. 

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. 

MODEL 59 UHF 

The Model 59 UHF Megacycle Meter is specially debigned to cover the UHF 
television band plus the many mobile and fixed communication services 
through its wide frequency coverage of 430 to 940 megacycles in a single 
range. It incorporates all of the quality features and the excellent perform-
ance of the popular Model 59 plus a unique design resulting in a maximum of 
convenience in use. It is an indispensable instrument for electronic engineers, 
researchers, experimenters and radio servicemen. 

USES 
• As a grid-dip oscillator for measuring the resonant frequency of passive 

circuits such as cavities, tank circuits, inductors, capacitors, chokes, trans-
mission lines and antennas. 

• As an auxiliary signal generator for alignment and tuning of UHF receivers 
and transmitters. 

• As an oscillating or absorption marker for use with a sweep-frequency 
generator. 

• As a wavemeter or heterodyne frequency meter. 

• As a low sensitivity receiver or field-strength meter for tracing source of 
spurious oscillations in receivers and transmitters. 

• For adjusting antenna systems, wave traps, and filters. 

SPECIFICATIONS 

FREQUENCY RANGE: 430-940 Mc in a single band 

FREQUENCY ACCURACY: s.2% (Individually calibrated) 

OUTPUT: CW or 120-cycle modulation 

POWER SUPPLY: 117 volts, 60 cycles, 30 watts 

DIMENSIONS: Oscillator Unit 41/2 " x 21/2 " 
Power Unit 5V." wide x 61/4 " high x 71/2 " deep 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation 

(Continued from page 1104) 

Hibshman Named Secretary 
of AIEE 

The appointment of Nelson S. Hibsh-
man, Brooklyn, N. Y., as Secretary of the 
American Institute of Electrical Engineers, 
was announced recently by Elgin B. 
Robertson, President of the Institute. He 
assumed his new office on May 1. 

Mi. 11 dp,hman, who has been Assistant 
Secretary since January 1, 1953, was 
named Secretary at a meeting of the 
Board of Directors in Chicago. He suc-
ceeds H. H. Henline of Scarsdale, N. Y. 

Printed Circuit Connectors 
An announcement has been made by 

the Circon Component Co., 17544 Raymer 
St., Northridge, Calif., that the new Circon 
® miniature and subminiature printed cir-
cuit connectors are now in limited pro-
duction. 

The Circon series consists of sixteen 
models in each of the miniature and sub-
miniature series in basic modules of two, 

(Con(inuo(' on Page 1144) 
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WIDER RANGE 

BEAM: 
200 to 2000 volts @ 0 to 100 Ma 
1800 to 3600 volts @ 0 to 65 Ma 

REFLECTOR: 
0 to 1000 volts 
CONTROL GRID: 
Positive; 0 to 150 volts @ 0 to 5 Ma 
Negative; 0 to 300 volts 

MODULATOR: 
Squarewave; 250 to 2500 CPS e o to 200 volts 
Sawtooth; 40 to 120 CPS @,` 0 to 

200 volts 

LOWER RIPPLE 
3 MV RMS maximum from any 
point to ground 

GREATER STABILITY 

The stability is insured by the use 
of the 5651 as a reference tube 

OPTIMUM REGULATION 
All DC voltages regulated to 0.03% 
for input variation from 105 to 125 
volts 

t" UNIVERSAL 
KLYSTRON 
POWER SUPPLY 

Used as a basic tool, the FXR L niversal Klystron Power Supply has proved 

its ability for a wide variety of microwave problems. Dependable performance 

gains its full meaning with the application of this highly versatile, compact 

unit in the laboratory and for production testing. It is typical of the complete 

line of FXR Precision Microwave Test Equipment available to science and 

industry now . . . with the promptness of assembly line production, with the 

quality of one-of-a-kind design. 

WRITE TODAY for the complete catalog ci 
FXR Precision Microwave Test Equipment 
yours for the asking on your compan>, 

letterhead. 

26-12 BOROUGH PLACE, WOODSIDE 77, N. Y 
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In' VERSTWO TILE 

Slectrook Voltmeters 
A StiffSitiVe VOLTMETER and NULL DETECTOR 

AS A VOLTMETER 

Frequency Range 10cps-2mc 

Voltage Range 100pv-100v 

Input Impedance 2meg shunted by 15p,uf 

Accuracy 3% 10cps — Imc 

5% elsewhere 

• Voltages as low as 40 microvolts can be measured. 

AS A NULL DETECTOR 

Frequency Ronge 5cps-4mc 

Threshold Sensitivity  <10,uv 

Max Scale Sensitivity  lOpv/scale 

division down to 40pv 

• Can be used also as wide- band preamplifier with 
max gain of 60DB and 500 output impedance. 

Model 310A 

A SeilSitiVe VOLTMETER and DECADE AMPLIFIER 
( Battery Operated ) 

AS A VOLTMETER 

Frequency Range 2cps-150kc 

Voltage Range 100pv-100v 

Input Impedance 2meg shunted by 15ppf 

Accuracy  5cps-100kc 

5% elsewhere 

• Ideal for measuring voltages in circuits above 

ground potential. 

• Switch provided for high meter damping. 

AS A DECADE AMPLIFIER 

Frequency Range 2cps — 150k c 

Voltage Gains . 1000, 100, 10, 1 

Output Impedance.  approx 3000 -,--

Equivalent Input Noise  <10pv 

Model 3028 

Both Instruments Feature 

• Single logarithmic voltage scale with decade range switching. 

• Same accuracy of reading at ALL points on the scale. 

WORLD'S LEADING ELECTRONIC VOLTMETERS 
Write for FREE DB calculator and for complete 

information on these and other Ballantine instruments. 

BÁLLANTINE LABORATORIES, INC. 
102 Fanny Road, Boonton, N.J. 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 112.4) 

four, six and twelve contacts at rated maxi-
mum loads of 1 and 2 amperes per contact. 
They permit side-by-side and end-to-end 
mounting of desired combinations and are 
particularly adaptable to transistor cir-
cuitry. Channel design of the female con-
nectors are open-end to accommodate the 
straight edge of any size of printed circuit 
without requiring special shapes or fabrica-
tion. They will also connect independently 
to both sides of a circuit and are produced 
in three gauges to accommodate 1/32, 
3/64, and 1/16-inch printed circuits. 

The unit is based on an improved prin-
ciple of contact and connector design. The 
contact of the female connector is a ribbon 
of metal, backed with a supporting layer of 
specially developed elastomer. The com-
pressive load formed by the base upon in-
sertion of the male to the female connector 
maintains a low resistance contact. Ribbon 
solder terminals are sufficiently flexible to 
insert in drilled or punched holes of mating 
circuits or can be bent or formed as de-
sired. 

Beam Power Amplifier 

A new beam power amplifier tube, 
6094, has been added to the line of reliable 
tubes produced by Bendix Aviation Corp., 
Red Bank Div., Eatontown, N. J. This 
tube is designed to replace the 6AQ5/6005 
and other similar tube types. 

Each 6094 is run-in tested and aged 
under vibration with all operating volt-
ages applied for forty-five hours. This run-
in serves to reduce early failures in actual 
operation. This tube is designed for use in 
equipment in which high ambient tem-
peratures and high levels of vibration, 
shock and other accelerations are encoun-
tered. Careful exhaust to a very low 
vacuum permits operation of the 6094 at 
bulb temperatures up to 300°C. Ceramic 
spacers, instead of micas, are used for 
element separation. These tubes have a 
cathode-type structure with extruded 
ceramic heater insulator and an coil type 
heater, permitting operation at high 
heater-cathode voltages. The tube has a 
9-pin miniature button base and can op-
erate at altitudes up to 80,000 feet. 

The 6094 is especially designed for air-
craft, industrial, military and other appli-
cations where severe environmental condi-
tions are encountered. 

114A 
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EXPERIENCE 

Launching Point 
for 

Missile Development 

Ever since 1946, when the Navy flew this nation's 

first surface-to-air guided missile, Fairchild has 

been contributing to the advancement of mis-

sile design and development. Fairchild built 

that precedent-breaking missile. 

The experience gained has been broadened in-

• calculably by tho variety of missiles produced 

for all the Armed Services. 

Today at Fairchild an integrated engineering 

team — adept in electronics, air frame structure 

and aerodynamics, propulsion and in the design 

of missile ground equipment — is applying the 

specialized knowledge that only years of expe-

rience can bring to a number of current missile 

projects. 

FAIRCHILD 
ENGINE AND AIRPLANE CORPORATION 

e de ale e 'et4 eti/e4.14.5 

WYANDANCH, N. Y. 

Alroraft Division. Hagerstown, Maryland • Engine Division, Farmingdale, N. Y. 

Speed Control Division, St. Augustine, Fla. • Stratos Division, Bay Shore, N. Y. 
American Helicopter Division, Manhattan Beach, Calif. 
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NEW VOLTAGE REGULATING CIRCUIT 

u;J e 0 1 
Offers these Design Advantages 

in Power Supplies! 

* Greater provision for heavier power requirements. 

* Need for fans, blowers or other moving parts eliminated. 

* A VR-105 single voltage regulating tube is only tube used. 
This has an alternate VR-105 which is used as a ready 
standby to assure continuous power flow. 

* Filtered to hold ripple voltage in D-C output to less than 
0.5% RMS at full load. 

* Not dependent upon accurate maintenance of line fre-
quency. Successfully used with emergency, portable or 
standby units. 

* New supplies listed in standard sizes. 

These new Peco power supplies are designed 

to do a better job simply, inexpensively and 

with less maintenance. Write for free bulletin 

listing specifications and standard sizes. 

POWER EQUIPME 

Battery Chargers * Battery Eliminators* 
D.C. Power Supply Units * Regulated Exciters 
*and other Special Communications Equipment 5740 NEVADA, EAST DETROIT 34, MICHIGAN 

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 prom page 114A) 

Axial Lead Resistors 

Manufactured by the TRU-OHM Div., 
Model Engineering and Manufacturing, 
Inc., 2800 N. Milwaukee Ave., Chicago 18, 
Illinois, TRU-OHM axial lead resistors 
are wound on fiber glass cord in a continu-
ous length. The cord is cut to the required 
length and then the leads are securely 
clamped to each end. The core is then 
coated with silicone cement and inserted 
in a ceramic tube which affords maximum 

mechanical protection and high dielectric 
strength. The ends of the resistors are then 
sealed with silicone cement which pre-
chides any possibility of moisture coming 
in contact with the resistance element. 
Axial lead resistors are supplied in stand-
ard watt ratings of 3, 7 and 10 watts and 
to maximum resistance values of 1,000 
ohms, 5,000 ohms, and 7,500 ohms respec-
tively. 

For more detailed information, write 
to TRU-OH M. 

Digital Computer 
The development of a general-purpose 

digital computer, the Circle Computer, has 
been announced by Nuclear Development 
Associates, Inc., 80 Grand St., White 
Plains, N. Y., its designers, and by Hogan 
Laboratories, 155 Perry St., New York 14, 
N. Y., the manufacturer. The over all di-
mensions aro 3 X1 X 6 feet. 

The Circle Computer contains 700 
vacuum tubes and consumes 31 kw from a 
110-volt single-phase power source. 
A magnetic drum rotating at 59 rps is 

employed as the memory element. Its ca-
pacity is 1024 words. Each word consists ol 
forty binary digits plus two digits which is 
equivalent to 12 decimal digits plus two 
sign digits which is equivalent to 12 deci-
mal digits plus sign. The computation 

(Continued on page 118A) 
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£xecutives ratillOti !!and Salesmenl. A  

SHAV-PAK 
Specially Designed for 
Operating Standard A. C. 
Electric Shavers in 
Automobiles, Buses, 
Trucks, Boats, and 
Planes. 

Keep in 
Glove 

Compartment 

PLUGS INTO 

CIGARETTE LIGHTER 

RECEPTACLE 

ON DASH $12'5 
LIST PRICE 

TYPE 
INPUT 
0 c 

VOLTS 

A. 
ouiCpo. 

60 CYCLES 
OUTPUT 
WATTAGE 

LIST 
PRICE 

6-SPI 
12 SPI 

6 
12 

115 volts 
115 

15 
15 

12.95 
12.95 

Del re woes 
,goveovontorgelo. oce or 197:Ine 

INVERTERS 

Plugs into 
Cigarette Lighter 

Receptacle on Dash 

SI 2 2 50 AND UP 
LIST PRICE 

for changing your 
storage battery 
current to A. C. 

qloudedoect 
ELECTRICITY 

"freffejle 
in your own car! 

AIR INVERTERS . . . 

especially designed for operating 
standard 110 volt A. C. . . . 

• TAPE RECORDER 
• WIRE RECORDERS 
• DICTATING MACHINES 
• ELECTRIC RAZORS 

Sec yam >fact er unite jetetYry today 
‘en ecocide( idréeruetatiewe 

AMERICAN TELEVISION d RADIO CO. 
O*sten P.F.Gr. Sage 193i 

SAINT PAUL I, MINNESOTA— U. S A. 

When Contact Reliability 
is most important... 

...another addition to the many 
types of Phil-trol Relays... 

Rugged dependability plus high 
sensitivity have made this new Phil-trol relay an 
immediate favorite with engineers and designers. Its 
compactness and adaptability to a wide range of 
applications and uses provide new answers to the 
many complex problems confronting electronic and 
control engineers. 

Unusual features of the new 8(2:1 relay include 
immediate response; fast closing and opening; contact 
springs with twin contacts: heavy duty, long- life 
bronze bearings; light wuight. 

Like all standard Phil-trol relays, the 8Q.\ is avail-
able in a wide range of modifications. Coils may be 
single or double wound, and equipped with copper 
slugs or sleeves for slow rdease or for slow operation. 

In all probability, ti cri. is a standard Ph il-trot 
relay, or variation, to meet your specific need. Phil-
trol engineering experience and design facilities are 
available to help you solve any new application 
problem. 

16 

  14-   :11 
SIDE %FEU 

(Phil -tat 
IS THE REGISTERED FRAM MARK OF 

PHILLIPS CONTROL CORP. 
JOLIET, ILLINOIS 

A THOR CORPORATION SUBSIDIARY 
OFFICES IN ALL PRINCIPAL CITIES 

PHILLIPS CONTROL CORP., 
Dept. PI, Joliet, Illinois 
Please send me a free copy of the new 
Phil-Trol Relay and Actuator Catalog. 
Also, please arrange to have o Phil- Trot 
Sales Engineer call on me. 

Nome 

Company 

Street 

City 
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centering devices 

a HEPPNER • original! 
eft, 

For use with Electrostatic TV tubes 

Distortion-free beam is assured by uniformity 
of field. Will not de-focus beam. 

The two models differ only in mounting. 
Model BCC606 mounts easily on the deflec-
tion yoke. Model BCC603 mounts directly 
on the tube, adjacent to the deflection yoke 
and is held securely in place by phosphor 

bronze tension springs. Beam centering is 
done by rotating individual magnets. 

Each unit is tested in both open and closed 
position before shipment. 

HEPPNER 
MANUFACTURING COMPANY 

Round Lake,IllinoisI5J Miles Nofth.est of Chicago) 
Phone: 6-2161 

SPECIALISTS IN ELECTRO -MAGNETIC DEVICES 

of all sizes. 

MODEL BC603 

Representatives: 

John J. Kopple 
60 E. 42nd St.. New York 17, N. Y. 
James C. Mugglevrodh 
606 Richey Ave., W. Collingswood N. J. 
Ralph Matey 
R. R. 1, U. S. 27, Coldwater Rd.. 
Ft. Wayne 3, Indiana 

Irv. M. Cochrane Co. 
408 So. Alvarado St., Los Angeles, California 

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 1I6A) 

speed is indicated by the fact that the mul-
tiplication time is 45 milliseconds. 

All the controls appear on the opera-
tor's console. In addition, neon lights on 
the control panel allow the operator to 
monitor the computer's course in a calcula-
tion. Input to the computer is by means of 
an electric typewriter or a punched paper 
tape reader. For output the computer may 
operate an electric typewriter, a paper tape 
punch or both. Intermediate results as well 
as the final results of a calculation are 
available at the operator's discretion. 
A complete computing installation con-

sists of a Circle Computer with control 
console and two electric typewriters. The 
price of the standard model of the Circle 
Computer is approximately $55,000, ex-
clusive of input and output typewriter. 
Further information may be obtained from 
Wa lter L. Brooks, at the firm. 

Traveling-Wave Amplifiers 
Two slew traveling-mave amplifiers of-

fered by Hewlett-Packard Co., Dept. P., 
395 Page Mill Rd., Palo Alto, Calif. pro-
vide 30- and 35-db gain over the 2,000- to 
4,000-mc band. These amplifiers feature 
low noise amplification, 1 watt of power 
output, and millimicrosecond pulsing over 
a 2,000-mc frequency spectrum. The am-
plifiers are characterized by a new coupled 
helix design. In this coupling system there 
is no mechanical connection between the 
outer circuitry and the inner tube helix, 
yet a full transfer of energy is effected. The 
original and replacement traveling-wave 
tubes are completely capsulated and ad-
justed prior to installation in the amplifier. 

tor 

Two models are available: The Model 
490A is used for all types of high gain, 
broad band, low noise amplification. Its 35 
db of amplification is useful with receivers, 
detectors, and improving the sensitivity of 
waveguide and coaxial measurement sys-
tems. The Model 491A provides a full watt 
of power output for high level measure-
ments. Thus, it may be connected to a sig-
nal generator of 1-mw output to deliver a 
full watt of power over the 2-kmc to 4-kmc 
range for antenna measurements, attenua-
tion measurements, impedance measure-
ments, and so forth. Both amplifiers are 
priced at $1,100.00 f.o.b. factory. Operat-
ing details and specifications are available 
by writing the Hewlett-Packard Co., 
Dept. P. 

(Continued on Page 120A) 
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P HAR 
---WAXES 

--COMPOUNDS 

Zophar Waxes, resins and 

compounds to impregnate, 

dip, seal, embed, or pot eke.-

b•onic and electrical equip-

ment or components of all 

types; radio, tdevision, etc. 

Cold flows from 100°F. to 

285•F. Special waxes non-

cracking at —76°F. Com-

pounds meeting Government 

specifications plain or fungus 

resistant. Let us help you with 

your engineering problems 

ZOPHAR MILLS, INC. 

112-130 26th Street, 
Brooklyn 32, N. Y. 

What's going on here? 

Nothing1...if you don't 
have your brand new 

COMPLETELY INSULATED 
madenALLIGATOR CLIPS! 

ASK FACTORY FOR FREE SAMPLE OF #63 CLIP 
A skin tight, flexing 2- piece Vinyl insulator cov-
ers this clip completely—right down to the nose. 

Try the free sample yourself! The absolute utility 
of these slim, completely insulated clips allows 

their use in tight spots, where the quick con-
venience of a clip connection hos been impos-
sible in the past. Manufactured as a unit only, 

with factory-applied insulators. 

1563Y East 31st Street • Cleveland 14, Ohio 

200 Important Technical Papers 
available mhille they last in the 

Convention Itecord of the HtE-195 1 

In H Parts Organized by Subjects and Sessions 

Part Title 

I Antennas & Propagation. Sessions: 30, 37, 42, 49 
2 Circuit Theory. Sessions: 28, 35, 39, 46 
3 Electron Devices & Component Parts. Sessions: 6, 14, 25, 32, 40, 47 
4 Electronic Computers & Information Theory. Sessions: 2, 12, 19, 27, 34 
5 Aeronautical Electronics & Telemetry. Sessions: 3, 5, 8, 10, 15, 45 
6 Audio & Ultrasonics. Sessions: II , 18, 23, 41, 48 
7 Broadcasting & Television. Sessions: 13, 20, 26, 33 
8 Communications & Microwave. Sessions: I, 7, 21, 43, 50 
9 Medical & Nuclear Electronics. Sessions: 17, 22, 24, 31 
10 Instrumentation & Industrial Electronics. Sessions: 29, 36, 38, 44 
II Engineering Management & Quality Control. Sessions: 4, 9, 16 

Complete Convention Record ( All Eleven Parts) 

Prices for Members ( M) 
Libraries ( L) 

Non- Members ( NM) 

NM 
.25 S 3.00 S 3.75 
.25 3.00 3.75 
.50 3.60 4.50 
.50 3.60 4.50 
.50 3.60 4.50 
.50 3.60 4.50 
.50 3.60 4.50 
.50 3.60 4.50 
.50 3.60 4.50 
.25 3.00 3.75 
.00 2.40 3.00 

15.25 36.60 45.75 

YOU may buy one or all parts while the editions last. The Convention Record 
appeared in 10 volumes in 1953 and will be published again in 1955. Please send 
remittance with order to: 

THE INSTITUTE OF 11A1110 ENGINEERS 
%it: Miss Emil, Sirjane 

I East 79th Street. Neo York 21, N.Y. 

S 



"Short Cut" 

To Economical 

Production 
WITH 

sym-z? 
PARTS 
FEEDERS 

Write today for 
complete catalogue 

data—Free 

NO AMBIGUITY 

FAST RESPONSE 

A shaft position to digital con-
version component for data 
handling systems and digital 
computers. Multi-brush pick-
offs eliminate ambiguity. 
Adapted to be used in digital to 
analog conversion systems and 
closed loop systems. Standard 
unit handles 13 digits; 7, 17, 
and 19 digit models also avail-
able. Multi-channel converters 
designed to be time-shared 
with one scan network. Cus-
tom models may be ordered to 
your specifications. 

SPECIFICATIONS: 

Dia. 2 in. Wt. 8 oz. 
Length: 2-3/4 to 5", according 
to model 
Torque: Under 0.2 oz. in. 
Meets applicable military 
specifications 

Write for catalog information. 

Computers and Controls 

113 KAS CO P E 

808 WESTERN AVE. • GLENDALE • CALIF. 

Feeding titanate capacitors for soldering operations in 

automatic assembly of electronic equipment. 

Positive, finger-tip control of feeding rates plus ability to 

handle small parts of nearly any material or shape enable 

Syntron Parts Feeders to cut production costs and increase 

capacities of countless automatic processing installations. 

Electromagnetic—no mechanical wearing parts—easy to 

install. 

SYNTRON COMPANY 
242 Lexington Avenue Homer City, Penna. 

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 118A) 

Broad Band Amplifier 
A Model 24 Broad Band Amplifier 

which utilizes a traveling wave tube to pro-
. vide high gain over the 2,000- to 4,000-mc 
frequency range is announced by Westlabs 
Inc., P. O. Box 1111, Palo Alto, Calif. The 
small signal gain averages 35 db, and the 
saturation output power 15 milliwatts. 
Maximum noise figure is 20 db or less. 

All4YEIIIIG vat ait if AMPURR 

74,”t1.164 gere4.T0e.sated 
, . 

The unit is completely self-contained, 
including regulated power supplies and 
traveling wave tube focusing structure. 
The amplifier is housed in a case of JAN 
aircraft equipment dimensions (41 wide by 
71 high by 19ilew inches deep), and is di-
rectly usable as either a laboratory tool or 
a system component. Primary supply re-
quirements are 108 to 122 volts at 1 am-
pere, 50 to 800 cps. 

Servo Relay 
Sigma Instruments, Inc., 170 Pearl St., 

South Braintree, Boston 85, Mass., has de-
veloped a new three-position relay which 
has either a single- or double-pole switch of 
2-ampere rating. With current balanced in 
two windings, or zero in a single winding 

arrangement, all switch circuits are open. 
One polarity of coil current or unbalanced 
current closes one throw of the switch; op-
posite polarity closes the other. Rated dou-
ble-pole sensitivity is 12 milliwatts. The re-
lay measures 2 „ inches high above octal or 
magnal socket by 11 inches square. 

Bulletin and application notes on the 
Type 23JOXCC Relay are available on re-
quest from the manufacturer. 

(Continued on page 122A) 

PROCEEDINGS OF TI1E I.R.E. 0,1. ,ber. 1954 



BE SAFE WITH 

A-27 
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 mildo flux on 
tinned surfaces. 
• Q-Max is an ideal impregnant for 
"high" Q coils. Coil I`Q" remains nearly 
constant from wet application to dry 
finish. In 1, 5 and 55 gallon containers. 

a fti6 111 

/31aee Ceersete 
(UP) MARLBORO, NEW JERSEY 

IMONMOUTH COUNTY) 
Telephone: FReehold 8-1880 

THE BASIC BOOK 

ON TRANSISTOR 

ELECTRONICS 

Electrons and Holes 
in Semi-Conductors 

By WILLIAM SHOCKLEY, Ph.D. 

BELL TELEPHONE LABORATORIES 

Recipient of the Comstock Prize 1954 

of the National Academy of Sciences 

A comprehensive introduc-
tion to the important new field 
of transistor electronics—from 
basic principles to application. 
Written in the clearest and 
most logical terms—assuming 
no previous detailed knowledge 
of quantum theory or wave 
mechanics—as a guide for elec-
trical engineers, physicists, de-
signers, and students. 

558 pages, 6x9, illustrated 

$9.75 

al your bookstore or write 

VAN NOSTRAND 
250 - 4th Ave. 
New York 3, N. Y. 

HOW HIGH IS HIGH POWER? 

In klystrons, it's megawatts 
and VARIAN has it ... 

Here are a few of the VARIAN big tubes that 
answer high power klystron requirements: 

FOR: High power microwave communication 
UHF- Television transmission 

USE THE V-42 SERIES ( L-band) 

Power output 15 kw CW 

Frequency ranges 

Power gain 27 db 

FOR: Pulse coherence 
Linear accelerators 
High power radar transmitters 

USE THE VA-808 ( 5-band) 

Pulsed power output I 1 megawatt 
Power gain 30 db 

FOR: Navigation aids 
Medium power pulsed systems 

USE THE V-82 ( X-band) 

Pulsed power output 5 kw 

Power gain 

HIGH POWER PLUS 

• Unsurpassed frequency stability 
• Built-in tuned circuits 
• Freedom from maintenance and adjustment 
• Reliability and long life 

THE BEST IN BIG TUBES 
These outstanding klystrons ex-
emplify VARIAN design leader-
ship ... engineering and pro-
duction skill that consistently 
delivers quality, economy and 
unsurpassed performance . . . 
the reason why VARIAN is 

the most respected name in 
klystrons. 

FOR COMPLETE SPECIFICATIONS 

and application data on these 
and other VARIAN klystrons, 
write today to our Application 
Engineering Department. 

57 db 

V-82 

IN KLYSTRONS, THE MARK OF LEADERSHIP IS 

VARIAN associates 
PALO ALTO 2 CALIFORNIA 

Representot,,es n cil pr,nc,pal cities 
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FIRST CHOICE FOR 
PRECISION MADE 
TRANSFORMERS 1° 111 

41 el teel4t 
• 

Precision is two- fold in 
Acme Electric transfor-
mers. Exact mechanical 
dimensions facilitate 
installation in limited 
space. Unvarying 
electrical characteristics 

provide for dependable 
performance. 

ACME ELECTRIC CORPORATION 
4 4 I 0 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 Radar • Communications • Laboratory • Computers 

SERIES M200 

Miniature î. 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. For complete details write: 
Instruments for Industries. Inc.. 128 Old Country 
Road, Mineola. N. Y. 

4- • 

tei E N Ts/ 

ul 1 
2 

Specifications of Standard Units 

Band center 
frequency 60 mc 30 mc 

Band width 10 mc 2 mc 
Voltage gain 110 db 120 db 
Output power up to 0.02 watts up to 0.1 watts 
Input impedance 50 ohms SO ohms 
Input V. S. W. R. less than 1.2:1 less than 1.2:1 

over pass band over pass band 
Note: M230 model available with 1.5 db noise figure 

M260 M230 
• 8 — 6AK5's mounted on 

flat chassis, I 1/2 " x 15" 

• Standard BNC cable 
connectors used 
for r-f terminals 

INSTRUMENTS FOR INDUSTRIES INC' Mineola, N.Y. 

128 Old Country Road 

WWV IS FREE 

Why Not Use It? 

7-1 

the ‘,,WV frequency standard, as transmitted by the 
U.S. Bureau of Standards, is the most accurate 
frequency standard of any in the world. 

By using the new Matawan WWV receiver, this 
frequency etandard, with all its information 
(standard audio frequencies, time signals, propaga-
tion notices) is now available to your laboratory. 
The WWV carrier, after elimination of its modula-
tion, by means of a narrow band pass crystal filter. 
monitors your local BF standard. The rotative pat-
tern on the screen of the cathode tube gives sense 
and direction or the frequency deviation. 

Either the 5MC WWV or the 15 MC WWV may be 
received. The receiver will accommodate any local 
frequency In the range from 50kC to IOMC equal 
to a subharmonic of IOMC. 2MC or 400 kC. A 
second channel receives the audio modulation and 
time signals of the WWV-Standard. 

Four models available. 

W WV  50 Input 
15 and 13.0 MC 

Audio Modulation on Model ME-117A1Model ME.11.7C 
Speaker Phone  Jacks $865.00 18910.00  

AddItIonal Filter for lenii,..501E.117111/1$4ar ME- 1170 
440/600 00 

F.O.B. Matawan. N.J. 

Phillip H. Harrison & Co. 

Route 34, Matawan, N.J. 

Matawan 1-3 1 1 3, 1-4242 

Write for Illustrated Descriptive Pamphlet 

MIIMM1111•11111 

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 1204) 

Klystron for Airborne 
Applications 

Varian Associates, 661 Hansen Way, 
Palo Alto, Calif., announces a new Ku-band 
reflex Klystron. The VA-94 is a compact, 

rugged, low voltage local oscillator type 
tube, especially designed for missile and ra-
dar applications in the frequency range of 
16 to 17 kmc. At 300 volts beam potential 
the VA-94 provides a minimum of 20 milli-
watts power output and 55 mc bandwidth, 
assuring ample performance in mixer and 
test set applications. Features include the 

(Continued on Page 1244) 
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PJZ RIGHT 
ce,deaf,€;• 

YOU 
Over the years, leading manu-
facturers have learned to rely 

upon APEX when selecting dur-

able, fast colored, sales-im-

proving fabrics for: 

PORTABLE PHONOGRAPHS 

PORTABLE RADIOS 

TAPE RECORDERS 

TV BOOSTERS 

SERVICING KITS 

ANTENNA ROTATOR CON-
TROL CABLES 

SERVICEMEN'S CARRYING 
CASES 

PORTABLE PA SYSTEMS 

PORTABLE TV SETS 
TEST INSTRUMENTS 

SOUND & PROJECTION 
EQUIPMENT 

INDUSTRIAL & MEDICAL 
EQUIPMENT 

It will cost you nothing 

to let APEX specialists 
consider your problems. 

• 
Ír¡.E;VÍà 

APÈx 

,f 
 F4: iCS 

- • , • \, 
APEX COATED FABRICS, Inc. 

16 East 22nd St. • N.Y. City 10 
Phone, SPring 7-3140 • - 

For 28 Years "The House of Service 

FIRST WITH THE 

FINEST IN . . . 

• CATHODE-RAY OSCILLOG-

RAPHY 

Instrument Division, 
760 Bloomfield Ave., Clifton, N.J. 

• CATHODE-RAY TUBES 

AND COMPONENTS 

Cathode-ray Tube Division, 

750 Bloomfield Ave., Clifton, N.J. 

• COMMUNICATION 

PRODUCTS 

Communication Products Division, 

1500 Main Ave., Clifton, N.J. 

DO MOM 
ALLEN B. DU MONT 
LABORATORIES, INC. 

SIE MODEL M-2 

Zaw Deeteneicte ,00,0000», 

R- C OSCILLATOR 

Unexcelled for: 
* Amplifier & filter design 

* Galvanometer manufacture 

* Vibration Analysis 
* Variable frequency standard 

* Transformer & servo design 

gua,peutteed 

SPECIFICATIONS' 

Wide frequency range 
1 to 120,000 cycles per second 

Accurate dial calibration 

gor..«.• • 

• 

a 

e 

LOAD 

---2C0-22eg 

4000 

/1111C./CNCV C., 

.000 1.K1P00 

within 11/2 910 LI: .1 cps 

Fully regulated power supply 
ripple less thon .01% of output 

Low frequency drift 
leis thon . 1% over long term 

Excellent amplitude stability 
within 1/2 db. throughout rang• 

High output: 
20 volts into 1000 ohms or more 
12 volts into 600 ohms 
I volt at 300 ohms constant Impedance S I E 

42500 

SOUTHWESTERN INDUSTRIAL ELECTRONICS CO. 
P. 0. Box 13058 2831 Post Oak Rd. 

Houston, Texas 

'SEND FOR FREE LITERATURE. 

REPRESENTATIVES THROUGHOUT THE WORLD. 
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FOR PUBLIC 
ADDRESS, RADIO, 
and kindred fields, 

JONES sl,?,?, 
PLUGS & SOCKETS 

of proven quality! 

P-406-CCT 

Double Contact Area 

S-406-AB 

Phosphor bronze knife- switch socket contacts engage both 

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. Write 

HOWARD B. JONES DIVISION 
CINCH MANUFACTURING CORPORATION 

CHICAGO 24, ILLINOIS 
SUBSIDIARY OF UNITED-CARR FASTENER CORP 

send for the 

most widely used 

Electronic Supply Guide 

COMPLETE 308-PAGE 

1955 CATALOG 

We specialize in 

Electronic 

Equipment 

for Research, 

Development, 

Maintenance 

and Production 

Operations 

One complete 

dependable source 

for everything 

in electronics 

your guide to the world's largest stocks of 

ELECTRONIC SUPPLIES FOR INDUSTRY 

Simplify and speed the purchasing of all your electronic sup-
plies and equipment. Send your orders to us at ALLIED—the 
reliable one-supply-source for all your electronic needs. De-
pend on us for fast shipment from the world's largest stocks 
of electron tubes (all types), test instruments, audio equip-
ment, electronic parts (transformers, capacitors, controls, 
etc.) and accessories—everything for industrial and commu-
nications application. Let our expert Industrial supply serv-
ice save you time, effort and money. Send today for your 
FREE copy of the 1955 ALLIED Catalog—the complete up-to-
date guide to the world's largest stocks of quality Electronic 
Supplies for Industrial and Broadcast use. 

ALLIED RADIO 
100 N. Western Ave., Dept. 35-K-4 

Chicago 80, Illinois 

11 

SEND FOR 

FREE 

CATA LOG 

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 122A) 

convenience of waveguide output, matched 
load operation, miniature size (2 X 11 X 
inches), minimum weight (4 ounces) and 
Varian's exclusive molded silicone rubber 
leads for high altitude and high tempera-
ture service. A small screw tuner provides 
convenient frequency adjustment at a slow 
tuning rate. Microphonics are negligible, 
even under high amplitude 10G vibration 
or 150G impact conditions. 

Typical Operation 

Frequency  16.2 
Resonator Voltage...  300 
Resonator Current . .  38 
Reflector Voltage . .  — 145 
Power Output (VS \VR 

1. I) 40 
Electronic Tuning 

Range 85 

Spotwelder 

16.7 kmc 
300 
38 ma 

—155 

40 mw 

65 mc 

The I " ninntic Model 1015 Weldmaster, 
produced by Unitek Corp., 275 N. Halstead 
Ave., Pasadena 8, Calif., is a precision 
stored-energy electronic spotwelder in-
tended for electronics and scientific instru-
ment manufacturers. Using the capacitor-
discharge principle, the machine has only 
two stepless controls for the welding varia-
bles of electrode force (pressure) and "heat" 
(energy delivered to the weld). 

Model 1015 will weld wires within the 
diameter range 0.0005-inch through 0.040-
inch and sheet metals from 0.0001-inch to 
0.020-inch thickness. It produces high 
strength welds consistently and reliably 
without discoloration or excessive defor-
mation. The Weldmaster is outstanding in 
welding metals or combinations of mate-
rials usually considered impractical for 
joining by this method. Among these "spe-
cials" are copper, silver, beryllium copper, 
nickel alloys and many other difficult met-
als. Parts of widely different thicknesses or 
gauges are readily welded. 
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News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

Power Supply 
:\ new hp - Model 712B Power Supply 

which will provide 0.01 per cent regulation 
for all conditions of load and power supply 
variation is available from Hewlett-Pack-
ard Co., Dept. P., 395 Page Mill Rd., Palo 
Alto, Calif. In addition, it has an internal 
impedance of 0.1 ohm in series with 25 mh, 
a transient response of less than I ins and a 
hum voltage of less than 500 µN'. 

This supply has four output options, in-
cluding a 0- to 500-volt, 200-milliampere 
regulated supply; a fixed — 300-volt regu-
lated supply which may be seriesed with 
the 500-volt supply providing a 50 ma 500 
to 800 volts variable supply for klystron 
tube operation; a 6.3-volt, 10-ampere un-
regulated supply; and a continuously vari-
able regulated bias voltage from 0 to 150. 
There is less than 50-my change in the reg-
ulated supplies from no load to full load 
and for + 10 per cent line voltage varia-
tion. 

Other features include separate voltage 
and current meters and overload protec-
tion. The price is $350.00 fob the factory. 

Square Wave Generator 
New London Instrument Co., P. 0. 

Box 189, New London, Conn., announces 
the introduction of a Square Wave Gener-
ator to its line of precision electronic meas-
uring equipment. 

The new generator, Model 183, provides 
square waves suitable for testing the tran-
sient and frequency response of wide band 
amplifiers, and accurately measures their 
amplitude. The frequency range is from 10 
cps to 1 inc continuously variable over dec-
ade steps. 

(Continued on page 135A) 
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Audio • PHASE SHIFT COMPENSATION 
„oFr equencywer  

• NEGLIGIBLE DISTORTION 
Oscillator • HIGH VOLTAGE OUTPUT LEVEL 

. . . a general purpose laboratory power amplifier featuring low distortion, low 
noise and excellent phase characteristics throughout the frequency range from 50 cps. 
to 50 kc. A choice of four outputs available to match various loads (5, 25, 200 or 
1200 ohms). The 511A Power Amplifier is especially useful as a test driving source 
for tachometers, synchros, small motors, choppers, electro-mechanical devices and, 
with an audio frequency signal generator, as a power oscillator. 
At rated frequencies and gain settings the overall phase shift is small. A special 
feature is the phase compensation circuit which permits the overall phase shift 
to be maintained at a constant value with varying gain. Harmonic distortion and 
intermodulation distortion are low. Output voltage up to 120 volts into a 1200 ohm 
load. Operates into loads varying from pure resistance to pure reactance. 
The flexible system of phase shift control makes the 511-A Power Amplifier ideal 
for use in conjunction with phase measuring equipment as a power source in the 
investigation of phase characteristics of transmission lines, transformers, filters or 
equalizing networks, saturable reactors, magnetic amplifiers, and in acoustical 
measurements. 

SPECIFICATIONS: 
Output Characteristics and Gain (for 0.5% max. allowable harmonic distortion): 

OUTPUT SELECTOR E out Max. 
(Front Panel Control) 
Position 1 8 volts 
Position 2 18 volts 
Position 3 55 volts 
Position 4 120 volts 

Voltage 
Gain Optimum Load 
1.4 5 ohms 
2.8 25 ohms 
8.0 200 ohms 

21.0 1200 ohms 

P out Max. 

12.8 W 
13.0 W 
15.1 W 
12.0 W 

INPUT IMPEDANCE: 100 K ohms shunted by approximately 10 uuf. 
FREQUENCY RESPONSE: At 10 watts or less output, essentially flat from 50 cps to 
30 kc, down 0.5 db at 50 kc. At 10 to 16 watts, essentially flat from 50 cps to 30 kc, 
down 1.0 db at 50 kc. 
HARMONIC DISTORTION: At 10 watts or less output, less than 0.5% total harmonic 
distortion (rms). At 10 to 16 watts output, less than 1.0% total harmonic distortion 
(rms). 
PHASE SHIFT: 1.0° 1.5° from 50 cps to 10 kc. 
Phase shift may be compensated at any single frequency to remain constant for all 
gain settings. Phase shift may also be made zero for a single frequency and a single 
gain setting. 
INTERMODULATION DISTORTION (rms): Less than 0.5% from 50 cps to 15 kc for 
difference frequency of 150 cycles. 
OUTPUT REGULATION: ± 5% of rated output voltage from optimum load to open 
circuit on all ranges. 
HUM AND NOISE: Less than 15 mv. with input shorted. 

TECHNOLOGY INSTRUMENT CORP. 
535 MAIN ST., ACTON, MASS., COlonial 3-7711 

West Coast Engineering Facility, P.O. Box 3941, No. Hollywood, Calif., Poplar 5-8620 

r),! 



These are permanent positions with Sandia Corporation, a sub-

sidiary of the Western Electric Company, which operates 

Sandia Laboratory under contract with the Atomic Energy 

Commission. Working conditions are excellent, and 

salaries are commensurate with qualifications. Liberal 

employee benefits include paid vacations, sickness ben-

efits, group life insurance, and a contributory retirement 

plan. This is not a Civil Service appointment. 

• MECHANICAL ENGINEERS 

• ELECTRONICS ENGINEERS 

• ELECTRICAL ENGINEERS 

• PHYSICISTS 
• MATHEMATICIANS 

• TECHNICAL WRITERS 

VACUUM TUBE 
INSPECTION ENGINEER 

V1110 R ON THE FRONT LINE OF THE NATION'S VITAL 

DEFENSE PROGRAM. Sandia Corporation is engaged in the 

development and production of atomic weapons—a challeng-

ing new field that offers opportunities in research and develop-

ment to men with Bachelor's or advanced degrees, with or 

without applicable experience. Here you can work with able 

colleagues, eminent consultants and superior facilities on ad-

vanced projects of high importance — and also build a 

permanent career in a rapidly expanding field with a company 

that recognizes individual ability and initiative. 

LIVE IN ALBUQUERQUE, THE HEART OF THE SUNNY 

SOUTHWEST. Located in the historic Rio Grande Valley at 

the foot of the Sandia Mountains, mile-high Albuquerque is 

famous for its climate—mild, dry and sunny the year around. 

A modern, cosmopolitan city of 1 50,000, Albuquerque offers 

unique advantages as a place in which to live. Albuquerque's 

schools, churches, theaters, parks, and modern shopping facil-

ities afford advantages of metropolitan life—yet hunting, 

fishing, skiing and a multitude of scenic and historic attractions 

may all be found within a few hours' drive of the city. New 

residents have little difficulty in obtaining adequate housing. 

EN J OY THESE OTHER IMPORTANT ADVANTAGES. 

\ lev,Applicatioll to, 
e PROFESSIONAL EMPLOYMENT 

SANDIA BASE 

DIVISION A 

ALBUQUERQUE, NEW MEXICO 

The following positions of interest to 
members have been reported as 

open. Apply in writing, addressing reply 
to company mentioned or to Box No..... 

The Institute reserves the right to refuse any 

announcement without giving a reason for 

the refusal. 

PROCEEDINGS of the I.R.E. 
1 East 79th St., Ncw York 21, N.Y. 

SENIOR ELECTRONIC ENGINEER 

Physics or Electronic Engineer from a recog-
nized university with at least 5 years' experience 
in electronic circuit design. British subject pre-
ferred. Salary commensurate with ability. Send 
resume to Chief Engineer, Cossor (Canada) Ltd., 
301 Windsor St., Halifax, N. S. Canada. 

ENGINEER 

The English Electric Company, Ltd., Luton, 
England have an interesting vacancy for work on 
the development of new ideas in microwave cir-
cuitry, wavegtsides and miniaturisation. Apply 
with full particulars and quoting reference 1160c 
to Dept. C.P.S., 336/7 Strand, London W.C. 2, 
England. 

ELECTRONIC ENGINEER 
An opportunity for young, versatile and in-

genious electronic engineers to gain experience 
in the application of transistors to a wide variety 
of circuits is offered by the English Electric 
Company, I.td., Luton, England. Write with full 
details to Dept. C.P.S., 336/7 Strand, W.C. 2, 
London, England, quoting reference 1325. 

ELECTRICAL ENGINEER 

Electrical Engineer to conduct research per-
taining to radar guidance systems. Some knowl-
edge of modern statistics, information theory, 
radar plan position indicators and their interpre-
tation. Preferably 3 to 5 years' experience. Reply 
by resume to Personnel Dept., The Franklin In-
stitute, Philadelphia 3, Pa. 

TELEVISION BROADCAST TECHNICIANS 

CBS has openings in New York City for assist-
ant technicians ($78.00 per week) and full tech-
nicians (starting $85.00 per week, progressing 
automatically in steps to $ 104.00 after one year 

and $165.00 after four years) in television studio 
operations and maintenance. Technical back-
grounds and aptitude for operational work are 
required. Interviews by appointment will be re-
quired following written application to CBS tele-
vision Technical Operations, 524 West 57 St, 
New York, N.Y. 

ENGINEER 
Young man wanted with college education, 

electric and electronic training and sales experi-
ence for excellent sales position with one of 
nation's largest national electrical distributors. 
Location middle west. Products include broadcast-
ing (AM, FM, TV) equipment, sound, vacuum 
tube, radio communication and industrial elec-
tronic parts. Position offers a conservative, steady, 
coinfortable living backed by sickness, hospital 
and death benefits, liberal pension plan and com-
pany profit-sharing plan. Send summary of quali-
fications and background to Box 782. 

(Continued on page 129.4) 
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RCA OPENS NEW HORIZONS 

in AVIATION ELECTRONICS! 

ADVANCE THE SCIENCE OF 
FIRE CONTROL • PRECISION NAVIGATION 

COMMUNICATIONS 

You'll And challenge in: Systems, Analysis, 

Development or Design Engineering 

And You Can Specialize In: Radar • Analog 
Computers • Digital Computers • Servo-
Mechanisms • Shock & Vibration • Circuitry 
• Heat Transfer • Remote Controls • Sub-
Miniaturization • Automatic Flight • Transis-
torization • Design for Automation 

You Should Have: Four or more years' pro-
fessional experience and your degree in electrical 
or mechanical engineering, or physics 

You'll find unlimited opportunities for 

professional advancement in RCA's 

broadened aviation electronics program! 

Suburban or country living nearby. 

Relocation assistance available. 

And at RCA, you'll move ahead through 

learning as well as doing . . . for RCA 

encourages you to take engineering 

graduate study with company-paid 

tuition. You'll also enjoy professional 

status . . . recognition for accomplishment 

... unexcelled facilities ... many 

company-paid benefits. 

Your RCA career can start now! Begin by sending a resume of your education 
and experience to: Mr. John R. Weld, Employment Manager 

Dept. B- 453J, Radio Corporation of America 

Camden 2, New Jersey 

RADIO CORPORATION OF AMERICA 

Tmks..f_t) 
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UNLIMITED OPPORTUNITIES for... 
Electrical Engineers and Physicists to 
do Digital Computer Engineering 

• All replies will 
be held in strict 
confidence. 

• Interviews will be 
arranged at our expense. 

Research— Development— Design 
e Automatic Data Handling 
e Operational Research 
e Pulse Handling Techniques 

e Solid State Physics 
We need qualified Electronic Engineers and 
Physicists. Because of the continuous 
growth of our electronic computer work we 
can offer unequaled opportunities to men 
with the proper education and background 
in the Electronics field . . . permanent 
positions, financial security, professional 
development. 

HERE IS THE KEY TO YOUR FUTURE... 

eNGINEERING 7ESEARCH/eSSOCIATES 

 DIVISION OF 

.1902 West Minnehaha Avenue 

iirp_emendirterfft Mind 

St. Paul W4, Minnesota 

ENGINEERS 

with EXPERIENCE 

in electronic 
with experience 
comes progress 

development 

are you EXPERIENCED in 

RADAR - MISSILE CONTROL 

AIRBORNE COMMUNICATIONS 

MOBILE COMMUNICATIONS 

AUTO RADIO 

... does an analysis of your background 
show that— at present— you are em-
ployed at THE HIGHEST LEVEL OF YOUR 
SKILL 2 

... Send us a resume of your background. We may have a higher 
level position open for you! 

Send retiree to Mr. L. H. Noggle, Dept. M. 

BENDIX RADIO  
Division of Bendix Aviation Corp. Baltimore- 4, Md. 

Electrical 
Engineering 
or -----------

Physics 
Graduates 
L  

here is an 

ideal way for 

the engineer 

or physicist 

with some 

aptitude for 

writing to 

enter the field 

of advanced 

electronics. In 

this relatively 

new and 

expanding 

area you 

can make 

immediate 

and effective 

use of your 

academic 

training while 

acquiring 

additional 

experience. 

Relocation of the 
applicant must not 
disrupt an urgent 
military prolect. 

Hughem. Research and 
Development Laborato-
ries are engaged in a 
continuing program for 
design and manufacture 
of integrated radar and 
fire control systems in 
military all-weather in-
terceptor aircraft. Engi-
neers who produce the 
maintenance and opera-
tional handbooks for 
this equipment work di-
rectly with engineers 
and scientists engaged 
in development of radar 
fire control systems, 
electronic computers, 
and other advanced elec-
tronic systems, devices. 

Your effort in the field 
of engineering writing 
through these publica-
tions transmits informa-
tion to other engineers 
and technical personnel 
on operation, mainte-
nance and modification 
of Hughes equipment in 
the field. 
You will receive addi-

tional training in the 
Laboratories at full pay 
to become familiar with 
Hughes equipment. 
Seminars are conducted 
by publications special-
ists to orient new writ-
ers. After-hours gradu-
ate courses under Com-
pany sponsorship are 
available at nearby uni-
versities. 

- - - - Scientific and Engineering Staff-- - 

Hughes 
RESEARCH AND 

DEVELOPMENT LABORATORIES 

128A 

L -Culver City, Los Angeles County, Calif.- --
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(Continued from page 120A) 

El FCTRONIC ENGINEERS 
AND PHYSICISTS 

Opportunities for electronic engineers and 
physicists interested in research and develop-
ment in the fields of microwave radar, digital 
computer components, tolomotoring, infrared 
spectroscopy, guided missile systems, guided mis-
sile fusing, and over-all evaluation of guided mis-
siles. Work is well equipped, new laboratory in 
centrally located rural area of Southern Cali-
fornia. For information, write to Personnel Di-
rector, Naval Ordnance Laboratory, Corona, 
Calif. 

CERAMIC ENGINEER 

Growing California electronic concern has im-
mediate need for ceramic engineer with one or 
two years' experience in the processing of ferrite 
materials. Employment would be in the research 
and product development of ferrites. Address 
reply to Box 783. 

ELECTRONICS ENGINEER 

Under 30; graduate BSEE, electronics major. 
Minimum of 2 years' experience in electronics. 
Will serve as assistant to Project Engineer in 
R & D design, development test electronic in-
strumentation for unique applications in ordnance 
research. Excellent advancement for individual 
who applies himself. Relocation allowance. Reply 
TEMCO, Inc. Personnel, 4104 Park Ave., Nash-
ville, Tenn. 

ELECTRICAL ENGINEERING 

The M.I.T. Instrumentation Laboratory is de-
veloping equipment for fire control and auto-
matic navigation systems. Several openings exist 
for electrical engineers who are recent graduates 
with good academic and performance records to do 
electronic and servomechanism development and 
system design work followed by testing in the 
laboratory, in flight, and in the field. Opportunity 
for academic study. Send resume to Instrumen-
tation Laboratory, 68 Albany St., Cambridge 39, 
Mass., Att: M. Phillips. 

ENGINEERS— PHYSICISTS 

Openings now exist for efectrical, mechanical, 
metallurgical and chemical engineers. These are 
responsible positions offering excellent opportuni-
ties for advancement with one of the leading and 
fastest growing semiconductor manufacturers in 
the industry. Send resume or call Personnel 
Dept., Transitron Electronic Corp., 403 Main 
St., Melrose 76, Mass. 

ELECTRONIC FILTER 
DESIGN ENGINEER 

Excellent salary and opportunity offered by ex-
panding nationally known manufacturer of coils 
and filters. Location: Metropolitan. area, New 
York City. Necessary qualifications: thorough 
knowledge of filter design theory. Box 787. 

APPLICATIONS ENGINEER 

Leading manufacturer of elect rouie test and 
measuring equipment has opening in technical 
sales work for aggressive, young, engineering 
graduate. Experience with test equipment desir-

able but not essential. Excellent opportunity with 
long-established company; location New England. 
Write, in confidence. Box 788. 

(Continued on page 130A) 
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Electronics Research Engineer Irving Aine records radiation antenna patterns. 
Twenty-two foot plastic tower in background eliminates ground reflections, 
approximates free space. Tower is of Lockheed design, as are pattern 
integrator, high gain amplifier, square root amplifier, logarithmic amplifier. 

Antenna development program 
at Lockheed expands 

Lockheed's diversified development program presents Electronic Engineers 
qualified for airborne antenna design with a wide range of assignments in 
communication, navigation and microwaves. Antenna design is one of the 
fastest growing research and development areas at Lockheed. 

Studies embrace virtually all types of aircraft, including the Super Con-
stellation radar search plane — a type of aircraft developed and produced 
exclusively by Lockheed. 

Career Positions at Lockheed 
Lockheed's expanding development program has 
created a number of positions for Electronics 
Engineers and Physicists to perform advanced 
work in antenna design. 

Lockheed offers you increased salary rates now 
in effect; generous travel and moving allowances; 
an opportunity to enjoy Southern California life; 
and an extremely wide range of employee bene-
fits which add approximately 14% to each engi-
neer's salary in the form of insurance, retirement 
pension, sick leave with pay, etc. 

Those interested are invited to write E. W. Des 
Lauriers for a brochure describing life and work 
at Lockheed and an application form. 

Electronics Research Engineer F. R. Zhoril 
measures input impedance of a 
scale model helical antenna array 
used for ground tracking of missiles. 
Most of Lockheed's other antenna 
work involves advanced research 
studies on flush mounted antennas. 

E. O. Richter, Electronics Research 
department manager (seated), 
W. R. Martin, antenna laboratory 
group engineer (standing), and 
J. L. Rodgers, electronics research 
engineer, discuss design of 
corrugated surface antenna. 

LOCKHEED 
AIRCRAFT CORPORATION 

BURBANK 

CALIFORNIA 



ENGINEERING OPPORTUNITIES IN 

california 

applied physics 

For basic research on 

materials and techniques 

(doctorate desired) 

electronic circuit design and 
servo systems engineering 

For military and commercial 

application 

application engineering 

For commercial and 

industrial data processing 

e 

Interviews for applicants 
located outside of the 
Southern California area 
may be programmed. 
Send resume of education, 
experience, and 
professional background to 

Magnavox Research Laboratories 

FOR SENIOR AND 

PROJECT ENGINEERS IN 

Digital computers 

Control systems 

Business systems 

Logical design 

Circuit development 

Component development 

Analog-digital conversion 

Instrumentation 

the WE AG NA:VOX 
COmpa 

RESEARCH LABORATORIES 

2255 South Carmelina Avenue 

Los Angeles 64, California 

WHITE—RODGERS ELECTRIC COMPANY 

NEEDS 

Miero-Ware and Serra 
Engineers 

TO JOIN AN 

Outstanding Research and 
Development Group NO 811* 
Developments of Inertial Guidance and Control 

Systems and Automatic Flight Formation Systems 
Ace plished by White-Rodgers Armament Engineering Divisions 

Are Commanding Wide-Spread Attention and Interest 
In The Guided Missile and Drone Aircraft Fields 

Long Term Expansion 
of this 

Permanent and Well-established Organization 
offers 

UNLIMITED OPPORTUNITY 
for 

Qualified Technical Personnel 

All Offices and Laboratories Completely Air Condizioned 
All Laboratories Fully Equipped 

POSITIONS ALSO AVAILABLE 
FOR ENGINEERS EXPERIENCED IN 

Systems Analysis 
Mechanical Design 

Test Instrumentation 
Electronics Packaging 

Circuit Design 

Send Resume To Employment Manager 
1201 Cass Avenue, St. Louis 6, Mo. 

(Continued from page I29A) 

ENGINEERS— PHYSICISTS 
The Air Force urgently needs civilian electronic 

engineers and physicists. If you have experience 
or training in electronic research and develop-
ment or in the installation and maintenance of 
fixed plant facilities, apply now! Salaries range 
from $3410 to $9600 per annum. Free on.the-job 
graduate degree training is offered by Syracuse 
University College of Engineering. Address Pro-
fessional Recruiting Officer, Griffiss Air Force 
Base, Rome, New York. 

RECTIFIER ENGINEER 
Degree, under 35, with minimum of 2 years' 

actual experience in process and manufacture of 
metallic rectifiers. Salary commensurate with ex-
perience. Long established firm located in sub-
urban Pittsburgh, Pa. Submit resume to Box 789 
this publication. All replies confidential. 

ELECTRONIC ENGINEERS 
Junior and Senior Electronic Engineers, with 

experience, who are in terested in test work, re-
search, design and development projects in Amer-
ica's foremost testing organization are invited 
to send full particulars, including salary re-
quirements to the Personnel Dept., United States 
Testing Company, Tnc., 1415 Park Ave., Ho-
boken, N. J. 

MICROWAVE ENGINEER 
To head a group engaged in system and com-

ponent development in Research and Develop-
ment Department. An advanced degree and in-
dustrial experience are required. This position 
offers an excellent opportunity for growth with 
a small established company in suburban Boston. 
Please reply to Robert L. Blanchard, Chief Re-
search Engineer, Trans-Sonics, Inc., Bedford, 

Mass. 

ELECTRONICS ENGINEER 
Small progressive western firm desires engineer 

with experience in electronic computers. Please 

write giving education and experience to Box 
382, San Pedro, California. 

* * * * 

Positions Wanted By 
Armed Forces Veterans 

In order to give a reasonably equal op-
portunity to all applicants and to avoid 
overcrowding of the corresponding 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 ans' announcement without assign-
ment of reason. 

SALES ENGINEER 

BEE, 10 years experience in all phases of mili-
tary electronics. Desires a challenging opportu-
nity in a sales capacity with aggressive firm. 
Metropolitan New York area. Box 778 W. 

(Continued on page 1334) 
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GENERAL ELECTRIC 
PLANS 

FAR INTO THE FUTURE 

The development of new technologies at 

General Electric has opened the door on a 

program of advanced electronics work requir-

ing the skills of top engineers and physicists. 

To engineers this means long-range, continu-

ing opportunity enabling them to build a solid 

future as they enjoy the vast facilities, stimu-

lating challenges and many incentives and 

rewards offered by General Electric. 

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 to: Dept. 10-4-P, Technical Personnel 

GENERAL 

ENGINEERS 
The APPLIED PHYSICS LABORATORY OF 

THE JOHNS HOPKINS UNIVERSITY offers 

an exceptional opportunity for professional 

advancement in a well-established labora-

tory with a reputation for the encourage-

ment of individual responsibility and self-

direction. Our program of 

GUIDED MISSILE 

RESEARCH AND 

DEVELOPMENT 

provides such an opportunity for men 

qualified in. 

ELECTRONIC CIRCUIT DESIGN AND 

ANALYSIS 

DEVELOPMENT AND APPLICATION OF 

TRANSISTOR CIRCUITRY 

SERVOMECHANISMS AND CONTROL 

SYSTEM ANALYSIS 

ELECTRONIC EQUIPMENT PACKAGING 

INSTRUMENT DESIGN 

MISSILE SYSTEMS DEVELOPMENT 

FLIGHT TESTING 

Please send your resume to 

Glover B. Mayfield 

APPLIED PHYSICS LABORATORY 

THE JOHNS HOPKINS UNIVERSITY 

8621 Georgia Avenue 

Silver Spring, Maryland 

ELECTRIC 
Electronics Park, Syracuse, N. Y. 

Stability and opportunity for 

ELECTRONIC ENGINEERS 
at the "Laboratory in the Sky" 

One of America's leading centers of long-range 

radio and electronic developments offers outstand-
ing opportunities for accomplishment, advance-

ment and stability. Write for booklet describing 

projects, facilities and employee benefits. 

INTERESTING ASSIGNMENTS IN, 

Microwave Links • Pulse Networks • Radar 

Direction Finders • Air Navigation Systems 

Television Transmitters and Studio Equipment 

Antennas • Computers • Guided Missiles 

Telephone and Wire Transmission Systems 

Microwave and Uas Discharge Tubes • Dielectrics 

MAIL THIS COUPON TODAY 111 

»deal 
klecommunication 

_Laboratories 
A Division of International Telephone 

and Telegraph Corporation 

Nline 

Federal Telecommunication I R 0 

Laboratories 

500 Washington Ave.. Nutley, N. J. 

Please send me a copy of Your 
future is with FTL." 

Add res-x.  

.777§41 City Ume_____State  
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Admiral 

Offers ENGINEERING 

CAREERS with a future 

Positions are available in our organization at all levels for 

qualified personnel in the following fields: 

*Television 
Commercial 
Military 
Monochrome 
Color 

*Military Communications 

*Commercial Radio 

*Radar 

Our rapidly expanding interests in these and other fields opens 

many opportunities for experienced electrical engineers as well 
as recent graduates. 

Chicago location offers excellent opportunities for further study 

and graduate work in the electronics field. 

Personal interviews will be arranged at the convenience of 
qualified applicants. 

We suggest you write Mr. Walter Wecker, Personnel Depart-

ment to get more information on career opportunities, ad-
vanced educational plans and other advantages. 

ADMIRAL CORPORATION 3800 W. Cortland St. 
Chicago 47, Illinois 

 ELECTRONICS DESIGNERS 

System • Circuit • Receiver • Microwave 

AIRCRAFT ARMAMENTS' radar, fire control and associated weapons system development 
engineering program continues to provide attractive opportunities for individuals of excellent 
training and experience as CIRCUIT, MICROWAVE, RECEIVER or SYSTEMS DESIGNERS. 

AIRCRAFT ARMAMENTS' program and its design engineering approach require men who 
can accept responsibility and work with a high degree of independence from conception to 
completion of assignments at both the major component and project level. 

AIRCRAFT ARMAMENTS, INC., is particularly interested in able young men who are now 
ready for difficult design assignments not presently available to them. Address complete back-
ground and interest data to 

D. J. WISHART 
Direcior of Personnel 

/Reedier 

elfr11717_1" 
P. O. BOX 1777 

BALTIMORE 3, MARYLAND 

NM MO MIII 

• 
NORDEN 

OFFERS UNUSUAL 

I OPPORTUNITIES FOR 

I COMPETENT ENGINEERS 

Electronic 

Mechanical 

Electro-Mechanical 

FOR RESEARCH 

AND DEVELOPMENT 

WORK ON 

Servo Mechanisms 

Microwave Equipment 

Antennas 

Infrared Equipment 

Communications Equipment 

Computers 

Gyroscopes 

Radar 

• Liberal Hospitalization Plan 

• Merit Salary Reviews 

• Excellent Working Conditions 

• Ideally located in Westchester 
County 

Please telephone or 

send resume and salary 
requirements to the Per-

sonnel Department. All 

Inquiries will be han-

dled in confidence. 

• 

THE 

NORDEN LABORATORIES 
CORPORATION 

121 Westmoreland Avenue 

White Plains, New York 

White Plains 6-4300 

An assurance is required that the relo-

cation of an applicant will not cause dis-

ruption of an urgent military project. 
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st 
• 

(Continued from page 130A) 

PHYSICAL CHEMIST-INSTRUMENTALIST 

Ph. D. Physical Chemistry June 1954. 4 years 
teaching experience. 3 years experience in the de-
sign and construction of electronic instruments. 
Interested in photoconductivity and photolumi-
nescence but versatile. Age 26, married, veteran. 
Box 756 W. 

ELECTRONICS DEVELOPMENT ENGINEER 

BEE 1950, age 29. 2 years experience in guided 
missile research and development; 1 year de-
velopment work in geophysical instrumentation. 
Desires to continue research or development work 
with company on west coast. Box 757 W. 

ELECTRONICS SCIENTIST 

BA degree, Physics; 6 months at Harvard and 
M.I.T., wartime radar schools. Experience in-
cludes 3 years Army radar officer; PA years in-
strumentation technician in nuclear reserarch; 3 
years electronic research; 2 years analyst and 
consulting engineer for military communications 

intelligence agency; PA years owner of general 
electronics service company. Desires position in 
any phase of electronics field with good oppor-
tunity for advancement. Box 758 W. 

ELECTRONICS ENGINEER 

Desires technical, sales or administrative po-
sition with expanding organization inside or out-
side U.S.A. 7 years experience in electronics in-
cluding research and development, technical writ-
ing, supervisory responsibilities, and 3 years of 
systems engineering. BS in physics and graduate 
courses in EE. Age 34, married. Box 759 W. 

ENGINEER 

BEE, electronics option, University of Michi-
gan, 1951. Age 26, married, 2 children. Experi-

ence in test equipment and flight simulators. 
Interested in design and development. Resume 
upon request. Box 760 W. 

ENGINEER 

BSEE, Tau Beta Pi, 1951. Age 29, single. 
3 years Navy Electronics Technician. 3 years ex-
perience in electronic circuit design and develop-
ment. Desires position as application or sales en-
gineer. Will relocate any place in east. Box 

772 W. 

ENGINEER 

BSEE with 2 years experience in fire control 
system calibration, 2 years in field service on 
computer, radar and hydraulic transmissions; 2 
years U. S. Navy electronic technician. Desires 

position as sales engineer or manufacturer's rep-
resentative. Age 28, married. Prefer west, south 
or midwest location. Box 773 W. 

SALES OR LIAISON ENGINEER 

BEE 1948 80% of MSc in applied mathematics 
to date; Licensed professional engineer, N.Y. 
Age 30, married, one heir. 6 years diversified 
experience military comm. and electronics. De-
sires challenging sales or Liaison opportunity. 
Salary requirement modest, secondary to large 
potential. Box 774 W. 

ENGINEER 

BEE Rensselaer Polytechnic Institute ( Cons. 
munications) 1950. Age 28, married. 2'A years 
Navy FC 2/c. 4 years field engineering experi-
ence with fire control. Communication and tele-
vision equipments. Desires position with future 

in design or development work. Box 775 W. 

(Continued on page 134A) 

RAYTHEON'S 
MISSILE AND RADAR 

DIVISION 
Bedford, Mass. 

CAREER ENGINEERING POSITIONS AVAILABLE 
• SENIOR RADAR SYSTEMS ENGINEER 

Must have detail design experience in field of electronics with some general 
experience in radar applications and radar systems engineering. Must be capable 

of undertaking senior responsibility in important projects. Minimum of five 
years' applicable experence required. 

O SENIOR RF ENGINEER 
Opening for a practical engineer with initiative and appropriate background. 
Primarily must have extensive experience in microwave techniques, with some 
experience and know-how in Radar Systems. Must possess keen appreciation 
of the RF requirements of radar systems to meet military specifications. Mini-
mum of five years' applicable experience required. 

• SENIOR MECHANICAL ENGINEER 
Must have experience in the design of mechanical components such as gear 

trains, hydraulic actuators, mechanical drives, gimbals, and related components 
for airborne systems. Must possess good working knowledge of machine prac-
tices, machine tools and their uses. Desirable to have knowledge of servo-
mechanisms and electrical drives for ground and airborne systems. Minimum of 

five years' applicable experience required. 

• MECHANICAL ENGINEERS ( Junior and Senior Level) 
Experience in the design of one or more of the following categories required: 

Electro-mechanical components, small motors, hydraulic components, precision 
bearing design, servomechanism (hydraulic), instruments. Minimum of four 

years' experience required. 

• PLASTICS ENGINEER 
Minimum of two years' experience required in physical chemistry, preferably with 
work on plastic materials. Duties involve the deevlopment of techniques using 
high temperature plastics for mounting and embedding electronic components. 

Must be capable of developing molds and predicting suitability of chosen plastics 

and finishes for electronic components. 

• ENGINEERING PHYSICIST ( RADOMES) 
Should have degree in Physics (or Electrical Engineering with proficiency in 
physics and mathematics). Two to five years' experience required in appropriate 
areas of physics and/or electronic engineering in circuit design, RF design, 

and related developments. Knowledge of dielectric properties of radome materials 
and experience or know-how in microwave techniques desirable. 

O ELECTRONICS ENGINEER 
Must have three to five years' experience in the design and engineering of 
centimeter radars. Additional experience in Field or military electronics and 

aircraft installations desirable. 

• CIRCUIT DESIGN ENGINEERS 
Several openings for engineers with a minimum of three years' experience in 

circuit design work. 

co HEAT TRANSFER ENGINEER 
Four to five years' experience required in cooling techniques and heat transfer 

design of electronic equipment for use in Guided Missiles and Airborne Radar 

Systems. 

9 DESIGN ENGINEER 
Three to five years' experience required in Ground-to- Air Missile launching 
equipment and/or field experience with intimate knowledge of missile handling 

equipment. 

RAYTHEON'S MISSILE AND RADAR DIVISION is a well-established, progressive organization 
located 20 miles from Boston, an area offering excellent housing, recreational and educational 

facilities. 

Please write, giving full particulars concerning education, experience, and salary 

to Personnel Division 

RAYTHEON MANUFACTURING COMPANY 

190 Willow Street, Waltham, Mass. 
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Positions Wanted 

ELECTRONIC 
ENGINEERS 
& PHYSICISTS 

OUR STEADILY EXPANDING LABORATORY OPERATIONS 
ASSURE PERMANENT POSITIONS AND UNEXCELLED 

OPPORTUNITY FOR PROFESSIONAL GROWTH IN 

RESEARCH - DEVELOPMENT - DESIGN 
ELECTRONIC COUNTERMEASURES 
RADAR SYSTEMS 
MICROWAVE COMPONENTS 
AIRBORNE ANTENNAS 

MISSILE GUIDANCE CONTROL SYSTEMS 
SOLID STATE PHYSICS 

TEST EQUIPMENT 

THE EMPLOYMENT DEPT. 

ADDRESS INQUIRIES TO: FARNSWORTH ELECTRONICS CO. 
3702 E. PONTIAC, FORT WAYNE, INDIANA 
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SYLVANIA'S 
NEWLY FORMED 

Missile Systems Laboratory 
Has permanent positions for Engineers and 
Physicists with experience in one of the 
following fields: 

• Analysis and design of search radar systems 
• Analysis and design of fire control radar 

• Antenna theory and design 

• Circuit theory and design 

• Analysis of missile guidance systems 

• Mathematical analysis and system design of fire con-
trol and computer equipment 

• Microwave techniques 

• Infra- red for detection and tracking 

• Inertial guidance 

• Communications 

Please send resumes to 

MANAGER OF PERSONNEL 

th..:147.V1 
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ELECTRIC PRODUCTS INC. .11.1.....:74; 
20-21 Francis Lewis Blvd. Whitestone, L.1., N.Y. 
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SYLVANIA 

(Continued from page 133A) 

ELECTRONICS ENGINEER 

BEE Polytechnic Institute of Brooklyn 1954, 

age 32, married, veteran. 5 years field engineer-

ing and supervision ( 35) men, radio, radar and 

sonar systems, including classified projects; 2 

years industrial electronics design and develop-

ment; 3 years broad electro-mechanical experi-

ence. Desires development and/or production en-

gineering position, N. Y. metropolitan area pre-

ferred. Box 776 W. 

BIOPHYSICIST 

BSEE, MS Physiology, receiving Ph.D. Bio-

physics, industrial and academic instrumentation 

experience. Wishes position utilizing back-

ground. Box 784 W. 

AUTOMATION ENGINEER 

Capable engineer desires connection at man-

agement level with company doing automation 

work for itself or customers. Will consider con-

sulting. Please describe situation in detail. Box 

785 W. 

ELECTRONIC ENGINEER 

BEE June 1954. 3 years U. S. Navy ETM 

1/c. 1 year design and development; 5 years 

technical experience. Desires future. Will relo-

cate. Box 786 W. 

ENGINEER 

BSEE. MSEE, age 28, married, one child. 

Graduate work in mathematics, servomechanisms, 

feedback amplifiers. 2 years electronic work in 

Army; 2 years University instructor; 2 years 

circuit development and design; 2 years systems 

project engineer on classified Government con-

tract. Desires responsible position in Philadel-

phia metropolitan area. Box 787 W. 

ELECTRICAL ENGINEER 

BEE 1948, MEE 1951. Age 30, married, 3 

children. 5 years research and development ex-

perience in microwaves, plus 1 year as Chief 

Engineer. Desires responsible position with well-

established firm. Interested in New York-New 

Jersey area. Box 788 W. 

ENGINEER 

BS. in Engineering Physics. 3 years as engi-

neer in electronics development and design, prod-

uct engineering and technical writing. Will be 

released from service this winter. Desires work 

abroad. Age 25, married. Box 789 W. 

SYSTEMS ENGINEER 

BEE degree, age 32. 8 years engineering ex-

perience: electromechanical development, instru-

mentation, environmental control on guided mis-

siles and photo-reconnaissance systems; all phases 

of industrial engineering including incentive pro-

grams and cost analysis. Desires supervisory 

position in New York area utilizing above knowl-

edge. Box 790 W. 
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Positions Wanted 

ENGINEER 
BEE 1951, age 29. 31/4  years Project Engineer 

on classified R & D of electronic fire control 
systems and equipment, radar and infrared; 3 
years Radar Officer, U. S. Navy; Varied ex-

perience in design and production. 1 year toward 
LL.B. Post graduate courses in EE. Desires 

position in R & D, or application. Willing to 
learn and relocate. Box 791 W. 

ENGINEER ( No License) 

Graduate of Brooklyn High School of Auto. 
Trades and R.C.A. Institutes. Want position with 
future; Can work in conjunction with engineer-
ing staff in electronics and mechanical fields. 
Married, age 30. Veteran. Box 792 W. 

ENGINEER 
BS in Mil. Engineering, MS in Corn. Engi-

neering, Ph.D. in Electrical Engineering. Special-
ized in network theory, circuit design, filter 
design, transit analysis. Desires association with 
consulting engineering firm in anticipation of 
eventual retirement from Government service. 
Prefer northern New Jersey location. Box 793 W. 

ENGINEER 
BSEE (Communications) 1952, age 26, mar-

ried. U. S. Navy Aviation Electronics Techni-
cian. Experience in application engineering. De. 
sires position in application or sales engineering. 
Resume on request. Box 794 W. 

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 125.4) 

The Model 183 has a low impedance 
output which provides 10 volts p-p. At 
high impedance 100 volts p-p is available. 
A 60-db step attenuator and a 20-db con-
tinuous attenuator (which do not affect 
wave shape) provide means of using the 
generator as a voltage calibrator. 

For detailed information, write to the 
New London Instrument Co. 

Portable Tape Recorder 
Ampex Corp., Redwood City, Calif., 

has a new machine, the "600," which will 
embody professional recording standards 
in a portable unit. 

(Continued on page 142.4) 

OPENING FOR ELECTRONICS 
ENGINEER AT GILFILLAN 

Naturally, no man takes a job in 

California simply because living 

is more fun here, or because of 

fine educational institutions. But 

when these are added to every-

thing you have been looking for in 

a lifelong career, including rapid 

advancement, interest, security 

and prestige — that's different. 

That is what a job with Gilfillan 

can mean to a qualified engineer; 

to you, now, because Gilfillan has 

several openings for good men. 

SECURITY 
Gilfillan is a major company, with 

7 plants located throughout South-

ern California, that has been in 

business more than 40 years. 

SATISFACTION 
Gilfillan is big enough to handle 

all phases of engineering research, 

design and production, yet not so 

big you get lost. You have the 

very real satisfaction of following 
through on your work, getting 

credit for it, and seeing its achieve-

ments in the field. 

PRESTIGE 
Gilfillan pioneered GCA Radar 

and all its major improvements, 
is now engaged in automatic GCA, 

the new lightweight Gilfillan GCA 

Quadradar, missile guidance, nav-

igational systems, E. C. M.— and 

a series of classified projects 

involving advanced and unsolved 

techniques for all branches of the 

military services. 

Work is interesting at Gilfillan 

because ideas begin here. As a 

Gilfillan engineer, your value in-

creases — because of the Gilfillan 

reputation, and because you work 

in coming fields. 

ADVANCEMENT 
You go ahead at Gilfillan as fast 

as you are ready. You are paid 
and advanced according to ability, 

not seniority. If you want further 

formal training, Gilfillan pays 

your tuition at UCLA or USC. 

You can be sure your ability will 

be recognized, because every man 

in a supervisory capacity at Gil-

fillan is a qualified engineer. 

WRITE: 
R. E. Bell, Gilfillan Bros., Dept. 104, 

1815 Venice Blvd., Los Angeles, Cali-

fornia. Give a brief resume of your 

background and experience. Inter-

view at a convenient location will be 

arranged for qualified men. 

aetan 
GCA 

Los Angeles 
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WORLD'S LEADING PRODUCER 

OF ELECTRONIC ACCOUNTING 

AND COMPUTING MACHINES 

Has positions open for 

Challenging career opportunities await you in the 
company acknowledged to be the leader in its field. 

Many positions are open now in an outstanding en-
gineering organization engaged in electronic computer 
development. Men with BSEE degrees and some ex-
perience in design are required. 

Excellent salaries, many educational opportunities, 
and generous employee benefits. Moving expenses 
paid to Poughkeepsie, N. Y. 

Your inquiry will be treated confidentially. Send 
resume of education and experience to: 

W. NI. Hoyt, Dept. 686(27) 

INTERNATIONAL BUSINESS MACHINES 

590 Madison Ave., N. Y. 22, N. Y. 

ELECTRONIC ENGINEERS- TECHNICIANS 
Unusual opportunities for qualified engineers and technicians in 

.)eautiful vacationland San Diego—country's most rapidly expanding 
electronic center. CUBIC'S controlled expamion program calls for addi-
tional electronics engineers—both junior and senior grade, and tech-
nicians, with research and development type experience. We offer im-
mediate association with long-term military and commercial instru-
mentation, DME, phase type systems and microwave development 
projects. Rapid advancement assured with achievement. Send resume 
of experience to Personnel Director. 

CUBIC CORPORATION 
2841 Canon Street 

in vacationland San Diego, California 

Telephone Numbers 
of 2,200 Manufacturers 

3Dt yowl_ COtWeilietœ 
are given in the Alphabetical Index to 
Radio-Electronic Manufacturers in the 

new 1954 IRE DIRECTORY 

Electronic 
and 

Mechanical Engineers! 
Motorola Research Laboratories, located 

in the healthful climate of Arizona's 

Valley of the Sun, has several openings for 

experienced engineers in the following 
fields: 

Electronic research and development for 

missile guidance, radar and VHF com-
munications. 

Mechanical design of missile-borne and 

vehicular electronics equipment. 

Analysis and laboratory work involving 

development of new types of airborne 
and ground radiators and waveguide corn-
ponents. 

VHF and microwave antenna and wave. 

guide circuitry. 

Transistor development 

Desire men with B.S. degree or above. 
Salary commensurate with education and 
experience. Free health, accident and life 
insurance. Free hospitalization. Profit 
sharing. Paid holidays. Sick leave. Vaca-
tions. Ideal working conditions. Plenty of 
housing, reasonably priced. Excellent 
schools. Exceptionally mild and dry winter 
climate. 

WRITE: J. A. Chambers, Manager 

Motorola Research Laboratory 
3102 North 56th Street 
Phoenix, Arizona 

ELECTRONiC 8, 
ELECTRICAL ENGINEERS 
& MATHEMATICIANS 
Research & Development 

Internationally known research 

organization seeks experienced 
engineers and mathematicians for 
challenging research and develop-
ment programs in the following 
fields: 

Analog & Digital Computer 
Development 

Electronic Instrumentation 
Mathematical Services Utiliz-

ing Analog & Digital Com-

puters 
Radar & Radio Communica-

tions 
Operations Research Analysis 

Our expanding staff assures per-
manent positions and excellent 
opportunities for personal and 

professional growth. Liberal bene-
fits including generous tuition re-
funds for graduate study. Send 
résumé to: 

Mr. John F. Collins 
ARMOUR RESEARCH FOUNDATION 

of Illinois Institute of Technology 
Technology Center 

Chicago 16, Illinois 
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Digital 

Computer 

Techniques 
Applied to the 
design, development and 
application of 

Military Radar 
Fire Control Systems 

Aircraft Control and 
Navigation Systems 

Electronic 

Business Systems 

The successful application of 
Hughes airborne digital com-
puters to high speed aircraft fire 
control problems has opened up 
an entire new area for these 
digital computer techniques. 

Similar equipment is now un-
der development in the Advanced 
Electronics Laboratory to apply 
such digital systems to modern 
business information handling. 

Areas include 

LOGICAL DESIGN 

COMPONENT DEVELOPMENT 

PROGRAMMING 

MAGNETIC RECORDING 

CIRCUIT DESIGN 

INPUT & OUTPUT DEVICES 

SYSTEMS ANALYSIS 

Engineers 
and 
Physicists 

Computer activities embrace sys-
tems planning and analysis, de-
sign and development, system 
engineering and component de-
velopment. Experience in these 
areas, as well as in application of 
electronic digital computers, is 
desirable but not essential. Ana-
lytically inclined men with back-
grounds in systems work are 
required for this phase. 

k Scientific and 
r Engineering Staff 

Hughes 
RESEARCH AND DEVELOPMENT 
LABORATORIES 

Culver City, Los Angeles County, Calif. 

Assurance is required that relocation of applicant 
will not disrupt an urgent military project. 

how to pick 
a winner 
in the 

AIRCRAFT INDUSTRY 
When you join an organization, you contract to pay with your time and 

your work for the future which that company offers....You literally "buy" 

the company. 

If you're in the market for an aircraft company, you'd do well to appraise 

it shrewdly on these 8 critical points: 

1. ipe of Management 

2. Engineering Personnel 

3. Rating in Electronics 

4. Plant and Manpower 

5. Cost per Pound of 
Production Aircraft ( ) Low ) Medium 

6. Cost Performance on 
Experimental Contracts ( ) Excellent ( ) Fair 

7. Design and Production 
Technology ( ) Outstanding ( ) Average 

8. Outstanding Products 
in Current Production ( ) 4 or more ( ) 3 or less ( ) None 

( ) Systems Mgt. 

) 

( ) 

( ) 

Outstanding 

In top 3 

In top third 

) Project ( ) Technical 
Specialists 

) Average ( ) Uncertain 

) Average ( ) Also ran 

) Middle ( ) Bottons third 

( ) High 

( ) Poor 

( ) Uncertain 

You can check the first row solid for The Glenn L. Martin Company. 

Write to J. M. Hollyday, Box P- I 0, The Glenn L. Martin Company 

IIHARTeINI 
SALT/MORE • MARYLAND 
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r-11---RADIATION Inc. 

Electronic RESEARCH • DEVELOPMENT. PRODUCTION 

Melbourne Flo. Orlando Flo. 

. . . a progressive expanding organiza-

tion with a leading part in many of 

today's outstanding advances in elec-
tronics . . . 

• Analog-to-digital conversion 

• Transistor Circuitry 

• Microwave Design 

• Graphic Recording 

• Instrumentation 

• Telemetry 

Highly-qualified engineers in these 

fields are invited to submit resumes to 
the Director of Personnel, P.O. Drawer Q, 

Melbourne, Florida. 

Electronic Engineering Company Californiaof 

The Electronic Engineering Company of California is an independent firm 

engaged in the design, development and fabrication of electronic equip-

ment for private industry and the Armed Forces. Founded and managed 

by electronic engineers, the Electronic Engineering Company offers a 

broad background of experience, highly trained personnel, excellent facili-

ties plus a well integrated, expanding organization. 

The Electronic Engineering Company has openings for engineers with ex-
perience and background in industrial and military electronics. 

Please send resume of experience and 

education with salary requirements to: 

Electronic Ensineeriiis Company 
ilS $001111141A00 51,1(1 

Ins 57 • 1111101.111 

• EXPERIMENTAL PHYSICISTS 
For the expansion of a small group of competent physicists and engineers who are 
concerned with the development of basically new instruments and with the solution 
of advanced instrumentation and measurement problems. This group is responsible 
for devising methods for the solution of special problems and for the experimental 
verification of these methods. The final engineering and packaging is normally car-
ried out by other groups in the organization. The varied nature* of this work requires 
both recent graduates and experienced people capable of accepting primary responsi-
bility for the solution of problems of varying degrees of complexity. 
Excellent opportunities for advancement and advanced study. Salary commensurate 
with experience and educational level. 
•Some of the current investigations are in the fields of mass spectrometry, light 
scattering, thermistors, radioactive tracers, electron and ion optics, precision 
electronic timing circuits, and ultrasonics. 

For further information please contact: 

Personnel Director L-BENDIX AVIATION CORPORATION 
Research Laboratories 

4855 FOURTH AVENUE, DETROIT 1, MICHIGAN 

• 

NEW 
HORIZONS 

Today's horizons in electronic engineering 
are limited only by the vision of the in-
dividual himself. To those qualified men 
who desire to stand on the constantly 
changing frontiers of electronic develop-
ment, we offer a chance to pioneer and 
grow with a soundly-established, yet 
young and progressive company. 

• Electronic 
Field Engineers 

Local and Field 

Assignments Available 

At least 5 years' experience in any one 
of these fields: Servo Mechanisms; Spe-
cial Weapons; Microwaves; Antennas; 
Circuit Design; Flight Simulators; Radio 
Propagation; Electronic Computers and 
Communications. 
Qualified to instruct in the operation and 
supervise installation, maintenance and 
repair of Radar, Sonar, Flight Simulators 
and allied electronic equipment in the 
field. 
Salary and advancement commensurate 
with ability; liberal vacation, sick leave, 
9 paid holidays, group life, sickness and 
accident insurance plans, and a worth-
while pension system. 

STAVID 
Engineering, Inc. 

Personnel Office, 312 Pork A  
Plainfield, N.J.—PLainflold 6-4806 

ELECTRONICS ENGINEERS 
AND APPLIED PHYSICISTS 
For a long-range research and develop-
ment program in air armament. Inter-
ested in both senior and junior men for 

work on: 

Infrared systems and components, 

Simulators and computers, 

Solid State Physics 

Ordnance and ordnance test 

equipment, and 

Instrumentation for aircraft and 

missile test ranges. (Locate in 

Chicago or Florida.) 

Complete, modern laboratory and shop 

facilities. Professional atmosphere on 
a university campus, with salaries 
equivalent to industry. Liberal vaca-
tion and other benefits. U.S. citizenship 

required. Send brief resume with re-
quest for application form to: 

Scientific Personnel Office 

CHICAGO MIDWAY LABORATORIES 

The University of Chicago 

6040 South Greenwood Avenue 

Chicago 37, Illinois 
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ENGINEERS 

have you considered 

what a career at 

General Precision Laboratory 

can mean to you? 

V.> 

«.‹ 

Electronics, systems, analogue 

computer, field, environmental 

test and related engineers will 

find few opportunities which can 

match the advantages at General 

Precision. 

It's a growing research labora-

tory, subsidiary of the large and 

diversified General Precision 

Equipment Corporation. Work is 

on a variety of interesting long-

range projects, and men with 

initiative and ability are given 

prompt recognition for their 

achievements. 

Living and working conditions are 

of the best. The modern labora-

tory is located in New York's 

Westchester County, known 

throughout the country for its 

beautiful surroundings and high 

standard of living . . . and only 

one hour from metropolitan New 

York city with its wealth of cul-

tural and educational activities. 

If you're interested in a perma-

nent, satisfying career, send your 

resume to Mr. H. F. Ware, Per-

sonnel Director. Expenses will be 

paid for qualified applicants who 

come for interviews. 

GENERAL PRECISION 
LABORATORY INCORPORATED 

A subsidiary of 
General Precision Equipment Corporation 

63 Bedford Road 
Pleasantville New York 

SPECIAL OPPORTUNITIES FOR 

ELECTRONIC ENGINEERS 
Convair in beautiful, sunshiny San Diego invites 

you to ¡oin an "engineers" engineering depart-

ment. Interesting, challenging, essential long-

range projects in missiles, engineering research 

and electronics development. Positions open in 

these specialized fields: 

Microwave Antennae 
Microwave Components 
Electronic Packaging 
Mathematical Physics 
Electronic Components 
Electronic Systems 
Applied Mathematics 
Transmitters & Receivers 

Generous travel allowances 
For free brochure, write Mr. 
Engineering Dept. 800 

Dynamics Testing 
Telemetering 
Servomechanisms 
Electron Tubes 
Radome Design 
Digital Computers 
Test Equipment 
Miniature Circuits 

to those accepted. 
H. T. Brooks, 

CONVAIR 
IN BEAUTIFUL 

SAN DIEGO 
Division of General Dynamics 

3302 PACIFIC HIWAY 

SAN DIEGO 12, CALIFORNIA 

JL 
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MISSILE 

SYSTEMS 

Research 

and 

Development 

PHYSICISTS 

AND ENGINEERS 

Inquiries are invited from 

those who can make significant 

contributions to, as well as 

benefit from, a new group 

effort of utmost importance. 

MISSILE SYSTEMS DIVISION 

research 

and 

engineering 

staff 

VAN NUYS • CALIFORNIA 

140A 

Electronic 
Engineers 

Your Move 
The men we seek are experts in their 
specialized fields; capable of filling 
responsible engineering positions 
with MELPAR, a leader in research 
and development. Perhaps one of 
these men may be you. We invite 
you to learn about our long-range 
military and industrial programs. 

If you are experienced in one or 
more of the fields listed, write us 
about yourself, and let us tell you 
during a personal interview about 
our past record of success and how 
you can successfully fit into our 
future plans. 

Technical Personnel Representative 

melpar, inc. 
A Subsidiary of the Westinghouse Air Broke Co. 

452 Swann Ave., Dept. IRE- 10, Alexandria, 

or 11 Galen St., Watertown, Mass. 

• Network Theory 
• Microwave Techniques 
• UHF, VHF or SHF Receivers 
• Digital Computers 
• Magnetic Tape Handling Equip-

ment 
• Radar and Countermeasures 
• Microwave Filters 
• Flight Simulators 
• Subminiaturization Techniques 
• Electro-Mechanical Design 
• Small Mechanisms Design 

Virginia 

rIEL 

ELECTRICAL 

ELECTRONIC 

ENGINEERS 
PHYSICISTS 

MECHANICAL 
DESIGNERS 

Moderate expansion of Kollsman's research and 
engineering facilities has created several excellent 
opportunities associated with the development, test-
ing and field servicing of precision airborne naviga-
tion systems. Some previous experience with elec-
tronic and electro-mechanical computers and in-
struments is essential. 
Among the advantages at Kollsman are a con-

genial atmosphere, the most modern facilities and 
interesting and diversified assignments in the de-
sign and development of America's finest aircraft 
instruments. 

For Appointment, 
Please Write Employment Manager 

KOLLSMAN Instrument Corn. 
80-08 45th Ave. 
Elmhurst, Long Island, N.Y. 
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PHYSICISTS and ENGINEERS 

ELECTRONIC 
MECHANICAL 
CHEMICAL 

Interested in Research, Advanced Development and Product Design 

involving 

TRANSISTORS AND SEMI-CONDUCTOR DEVICES 
COMMERCIAL AUTOMOBILE RADIO 
MILITARY RADIO AND ELECTRONIC EQUIPMENT 
ELECTRONIC COMPONENTS 
INTRICATE MECHANISMS ( tuners, mechanical linkages, 
controls, etc.) 

Diversified and challenging work in an informal friendly atmosphere 
with congenial associates and modern equipment and facilities. Liberal 
employee benefits. 

Opportunities available for recent graduates and for experienced men 
with Bachelor or advanced degrees. 

All inquiries treated confidentially and given prompt attention. 

Relocation expense allowed for those employed. 

Write or Apply 

DELCO RADIO DIVISION 

GENERAL MOTORS CORPORATION 

Kokomo, Indiana 

COMPUTER Field Engineers 
... the R #e# to your future 

• Interviews arranged m 
our expense 

• Household goods, mov-
ing expenses paid 

• Liberal Employee Bene. 
fits 

ELECTRICAL ENGINEERS 

interested in field engineering work are offered 

an outstanding opportunity in our nation wide 
expansion program in electronic computer and 
data handling systems. 

Engineers selected will receive severml months 

training in preparation for assignment to perma-

nent installations in the field. 

Send written resume to: 

eipefeetàfe» eteleileeeeàe 7frminginme 

Division of 

C 

1902 West Minnehaha Avenue, Dept. E-11, St. Paul W4, Minnesota 

ENGINEERS 
Have you developed a 

"Success Perspective"? 

If a year or two of practical 

experience has given you the 

youthful maturity that de-

mands more than just a job, 

you may be interested in our 

"career opportunities" in color 

TV, crystal products and elec-

tronic tubes. 

Submit resume or address re-

quest for personal interview 

to D. Bellat, Personnel Di-

rector. 

TUNG-SOL ELECTRIC INC. 

200 Bloomfield Avenue 

Bloomfield, N.J. 

ENGINEERS 
SYSTEMS 
RADAR 
SERVO 

COMPUTER 

-o 

BACKGROUND: Responsible positions 
open for top level development and 
project engineers with practical and re-
search experience in: 

Advanced Electronic Circuits 

and Systems 

Microwave Radar 

Microwave Receivers 

and 'ransmitters 

Requirements emphasize ad-
vanced analytical and/or 
management experience on 
highly complex electronic 
and electro-mechanical sys-
tems. 

Kindly send resume and 
salary requirements t. 
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News New Products 

ENGINEERS 
• ADMINISTRATIVE 

• SENIOR 

• INTERMEDIATE 

• PROJECT 

al JUNIOR 

LONG RANGE PROGRAMS IN . 

RESEARCH 

DEVELOPMENT 

DESIGN 

• Fire Control Systems 

• Communications • 

• Guided Missiles 

DIRECT INQUIRIES TO— 

• Radar Systems 

Navigation • Transistors 

• Telemetering 

Director of Engineering 
Government Products 

CROSLEY DIVISION 
AVCO Manufacturing Corporation 

Cincinnati 15, Ohio 

Production ieeieurch 

MIDWEST RESEARCH INSTITUTE 
Kansas City, Missouri 

announces openings for 

ATTRACTIVE CAREER 
APPOINTMENTS— 

INCOME COMMENSURATE WITH 
EXPERIENCE— 

COMPLETELY NEW LABORATORIES 

Qualified Electrical and Mechanical 
Engineers and Physicists needed in the 
following fields: 

Instrument and Machine Design 
Electromechanical Apparatus 
Automatic Control 
Servomechanisms 
Heat Transfer 
Structural Analysis 
Ordnance Development 
Applied Dynamics 

IF you would like to live and work in a 
growing progressive Heart-of-America com-
munity  

IF you would like to do both fundamental 
and applied research in a scientifically 
minded atmosphere. . . . 

IF you have a sound technical background 
and practical working knowledge gained 
in industry. . . . 

WRITE: Manager, Engineering Division 
Midwest Research Institute 
4049 Pennsylvania Avenue 
Kansas City, Missouri 

ELECTRONIC ENGINEERS 
ADVANCE YOUR CAREER 

WITH A LEADER IN 

WESTERN ELECTRONICS 

An expanding program of: 

• 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 rooms to L. D. Stearns 

Eogiolerlog Employment Manager 

lioffman 
LABORATORIES, INC. 

(IUSSIDIARY OI nO FFFFF 0.10 CORP.) 

3761 S. HILL. ST.. LOS ANGELES, 
CALIF. 

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

(Continued from page I35A) 

The "600" weighs 28 pounds, in con-
trast to the 80-odd pounds of previous 
equipment having the same performance 
characteristics. Complete with carrying 
case, the unit measures 16 by 14 inches and 
is 8 inches thick. The price is $545.00. 

The "600" is able to record and repro-
duce in natural balance the entire audible 
frequency range from 30 to 15,000 cps. Dy-
namic range is more than 55 db, and tape 
speed is 71 ips. 

Air Tool Sets Tab 
Mounted Controls 

The Wire-Wrap Div., Keller Tool Co., 
Grand Haven, Mich., has just announced 
its new 14K-1 "Tab-Set" Tool for mount-
ing tab mounted controls to the chassis. 

The "Tab-Set," which is air powered, 
has two spindles that rotate in opposite 
directions simultaneously, thereby elimi-
nating any reaction to the operator's hand. 
On the assembly line, the control is in-
serted into the panel, the "Tab-Set" 
spindles are placed over the tabs, and 
when the trigger is squeezed, the tabs are 
twisted into a locked position. The spindles 
automatically return to the starting posi-
tion when the "Tab-Set" Tool is removed. 

The light-weight tool, 15 ounces, op-
erates on 60 to 90 psi air pressure. Its price 
is $68.00, which includes flexible connect-
ing hose and fittings. Request Bulletin 
14K-1. 

Sine-Cosine Potentiometer 
Rawson Electrical Instrument Co., 110 

Potter St., Cambridge, Mass., announces 
production of the RLIICSine-Cosine Po-
tentiometer. 

142A PROCEEDINGS OF THE I.R.E. October, 1954 
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These manufacture.. hase .nvited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

It is useful for slow circular sweep on 
oscilloscopes or for low-frequency sine-
wave generation. The RLIIC provides two 
output voltages, proportional to the sine 
and cosine of the angle of shaft rotation. 
Due to its design and construction of wind-
ing and brushes, the RLIIC gives both a 
sine-wave and a cosine-wave voltage out-
put with a simple linear winding. 

It is precision constructed, with ball 
bearings, precious metal contacts and 
silver slip rings. The RLIIC has a 360° 
continuous mechanical rotation, standard 
winding resistance is 16,000 ohms ( ± 10) 
per cent, a rating of 1.5 watts at 65° C., 
and a life expectancy of 350,000 revolu-
tions, minimum. The output wave is pure 
sine or cosine, with an average deviation 
less than 5 per cent. Its over-all diameter 
is 21 inches with a case diameter of 2-A-
inches. Price is $35.00, FOB Cambridge, 
Mass. Bulletin available. 

Connector Catalog 

Elco Corp., " NI - St. below Erie Ave., 
Philadelphia 24, Pa., has recently printed 
a 24 page Varicon Connector Catalog. The 
complete Varicon line is described as well 
as an explanation of this miniature Con-
nector system. 

Copies of the catalog will be sent, if re-
quested on company letterhead. 

(Continued on page 145A) 

is offered for intelligent, imagi-
native engineers and scientists 
to join the staff of a progressive 
and self-sustaining, university-
affiliated research and develop-
ment laboratory. We are desir-
ous of expanding our perma-
nent staff in such fields as elec-
tronic instrumentation, missile 
guidance, microwave applica-
tions, design of special-purpose 
electronic computers, and in 
various other applied research 
fields of electronics and physics. 

Salary structure and 
benefit programs are on 
a par with industry. In 
addition, there are many 
tangible advantages, 
such as our self-spon-
sored internal research 
policy, of interest to men 

, with ingenuity and ini-

\ \tiative. 

CORNELL AERONAUTICAL 
LABORATORY, INC. 
BUFFALO 21, NEW YORK 

ENGINEERS 
looking for . . . 

. . . a good start? 

. . . rapid development of your professional skill? 

You can have both at Sperry, 

PIONEERS IN A WIDE RANGE OF FIELDS, FOR MORE THAN 43 YEARS 

We invite you to investigate the exceptional employment opportunities available 

on our unusually large research, design, and development staff, in many fields 

including the following: 

Klystron 8, traveling tube research • Analogue & digital Computers • Radar • Hy-

draulics • Communication Equipment • Pulse Transformers • Servo Mechanisms 

• Electronic Circuits • Aircraft Controls • Instrumentation • Fractional H.P. 

Motors • Magnetic Amplifiers • Radio Frequency & Microwave Measurement. 

PUBLICATIONS ENGINEERS To write manuals and engineering reports. 

Advanced and challenging assignments • Association with top Engineers • Inter-

esting, diversified work • Remuneration based on professional abilities • Modern 

plant—latest laboratory facilities • Adequate housing • And of course, employee 

benefits, and congenial surroundings, among the flnest. 

Please submit 
resume ro our 
Engineering 
Personnel Section. 
(Personal 
interviews rnay be 
arranged in 
your city.) 

SPERRY GYROSCOPE CO. 
Division of the Sperry Corp. 
Great Neck, Long Island N.Y 

W ItltlyrItitxet . 

Complete machine shop circuits and systems 
Work includes new F'nest Electronic Equipmer, 

Zeeidee/At awe( "ENGINEERING" Sftecealead 

offered splendid opportunities in Boston Engineering Laboratory! 
Men qualified to handle nigh level assignments in electronics are offered a challenging 
opportunity in Boston, under ideal working conditions divorced from production. The 
laboratory provides stimulating projects, an atmosphere of scientific progress and 
provides assistance towards your perional advancement or professional recognition. 
You will work with a top level technical staff possessing the finest facilities Admin-
istrative positions are open to men qualified to guide the efforts of others. 

MICROWAVE ENGINEERS 
Senior engineers to handle design and 
development pro¡ects and provide tech-
nical direction of other top-level engineers 
working on microwave circuits and micro-
wave plumbing in the development of 

military airborne elec-
tronic equipment. 
Should have 5 years' 
experience in such 
work and at least a 
BS degree. 

INTERVIEWS BY APPOINTMEN 

RADAR SYSTEMS AND 
CIRCUIT ENGINEER 

Ta assume responsibility for electronic 
circuit design for major elements of com-
plex airborne electronic equipment. Should 
have a BS degree and about 5 years' 
experience. 

Sylvania provides financial support for 
advanced education as well as a liberal 
insurance, pension and medical program 
Investigate a career with Sylvania. 

Don Bradley, Personnel Manager, Dept'. F, Boston Engineering Lab. 

SYLVANIA ELECTRIC PRODUCTS INC. 
70 FORSYTH STREET • BOSTON, MASSACHUSETTS • KEnmore 6-8900 
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COMMUNICATIONS EQUIPMENT CO. 

MICROWAV OMPONENTS 
10 CM.-RG48/U Waveguide 

iocm ECHO BOX: Tunable from 3200-3333 Mc. 
For checking out radar transmitters. for spectrum 
analysis, etc. Complete with pickup antenna 
and coupling devices.  $27.50 

10 CM ANTENNA ASSEMBLY: 3000-3300 Mc. 
Parabolic Dish. 29 inch Diem. Fed from dipole 
Rotation: 360 Deg. Azimuth at speeds of 20 and 
10 RPM. Tilt: 20 deg, above and below horizontal. 
Motor- Driven by 2-28V motors. 4.5 A Total drain. 
Azimuth Info. Is fed to selsyn mechanism, and 
elevation data is obtained from Azimuth poten-
tiometer. Net weight 65 lbs.  $78.50 

POWER SPLITTER for use with type 726 or any 
10 CM Shepherd Klystron. Energy is fed from 
Klystron antenna through dual pick-un system 
to 2 type "N" connectors  $22.50 EACH 

LHTR. LIGHTHOUSE ASSEMBLY. Parts of 
11T39 AIN; 5 h AUG 15, Receiver and Trans. 
Cavities w/assoc. Tr. Cavity and Type N CMG. 
To Reevr. Uses 2C40, 2C43, 11127, Tunable AUX 
2400-2700 MCS. Silver Plated  $22.50 

BEACON LIGHTHOUSE cavity p/o 17PN-2 Waerin 
10 rm. kffit. Bernard Rice each  $27.50 

MAGNETRON TO WAVEGUIDE Coupler with 
721-A Dunlexer Cavity, gold plated  $45.00 

72IA 'FR BOX complete with tube and tuning 
plungers  $12.51 

MeNALLY KLYSTRON CAVITIES for 7078 nr 
2K20. 2700-2000 Me.  $4.00 

WAVEGUIDE TO 7A" rum) COAX "nonn-
KNOrt" ADAPTER enntcr FLANGE SILVER 
PT,ATED BROAD BAND  $32.50 

AS14A AP- 10 CM Tick up Dipole with "N" 
Cables  84.59 

HOLMDELL-TO-TYPE "N" Male Adapters, W. E. 
$13107204  $2.75 

I.F. AMP, STRIP: 30 MC. 30 db, gain. 4 MC 
Rand-width, uses 6AC7's-with video detector. 
A.F.C. less tubes  $24.00 

BEACON ANTENNA, AS31/APN-7 in Lucite 
Tyne "N" feed  $22.50 

ANTENNA. AT49A/APR: Broadband Con'eat. 
200-2300 Mr Tyne "N" Feed  $12.50 

"E" PLANE BENDS. 15 dec. teso fiancee . . 37.50 

3 CM.-RG 52/U Waveguide 
3 CM ANTENNA ASSEMBLY: Uses 17" parab-

oloid dish, operating trois 24 vdc motor. Beam 
pattern: 5 deg. In lmth Azimuth and elevation. 
Sector Scan: over IGO deg. at 35 scans oer 
minute Elevation Scan: over 2 deg. Tilt: Ovor 
24 deg.  $85.00 

Cross-Gulde Directional Coupler. U11-40 output 
flange. Main OnIde Is 6" Long, with 90 Dec. 

"E" Plane bend at one end. and is fitted with 
Std. U0 39/1111 40 flanges. Coupling Pitee: 
20 db Nominal  $22.59 

FLEX. WAVEGUIDE SECTION. I rt. long With 
110-40/1/0-39 Ranges. Attenuation is less th-in 
0.1 at. at 9375 me. and VSWR is less than 
1.02. Rubber covered  $7.50 

JAN WAVEGUIDE FLANGES 

UG 39/U  $1.10 I U0 51/U  $1.65 
UG 40/U  $ 1.25 I UG 52/U  $3.40 
UG 40A/U ....$ 1.85 I UG 52A/U _ 53.40 

VSWR Measuring Section. Consisting of 6" straight 
smition, with 2 lick- up. Type "N" Output Jaeks. 
Mounted 14 Wave apart  $7.59 

I" x 1/2" waveguide in 5' lengths. 1:0 39 flanges to 
UG40 cover. Silver plated  per length $5.00 

Rotating-joints supplied either with or without 
deck mounting. With 17040 flanges each. $ 17.59 

Bulkhead Feed-thru Assembly  $15.00 
Pressure Gauge Section 15 lb. gauge and nreYs 
nipple  $10.01 

Pressure Gauge. 15 ihs.  $2.50 
Directional Coupler, un-4niu Take off 20(11) $ 17.50 
TR-ATR Duplexer section for above  $8.50 
Rotary joint choke to choke with deck mount-
ing  $17.53 

90 degree elbows. "E" plane 21-4" radius  $ 12.50 
Microwave Receiver. 3 CM. SeneltivIty: 10-13o 
Watts. Complete with L.O. and AFC Mixer and 
Waveguide Input Circuits, 6 LF. Stages give 
approximately 120 DV gain at a bandwidth of 
1.7 MC. Video Bandwidth; 2 MC. Uses latest 
type AFC circuit. Complete with all tubes. In. 
eluding 723A/I1 T.neal Oscillator  $175.00 

ADAPTER. warrant''e to tYrie "N". U0 151 /U. 
n/n TS 12. TS-13, Etc $14.50 

ADAPTER. 1`0-103/U round cover to special MI. 
Flange for TS- 45. etc.  $2.50 ea. 

1 1/4 " x 5/13" WAVEGUIDE 
VSWR SECTION, 0"L. with 2-type "N" Pickups 
mounted ½ wave apart.  $7.50 

GG 98B/APO 13 12" Flex. Sect. 1'4" x 5A" 
OD  $7.50 

Slug Tuner Attenuator W.E. guide, gold plated 
 $6.50 

BI-Dlrectional Coupler. Type "N" Takeoff 25 db. 
coupling  $22.53 

81- Directional Coupler, UG-52. Takeoff 25 db. 
coupling  $24.95 

Wavegulde-to-Type "N" Adapter. Broadband .. 
 $17.50 

NAGNETR0115 
Peak Peak Power Duty 

Type Range ( MC) Out ( KW) Ratio Price 
212IA 
2122 
2126 
2127 
2129 
2131 
2132 
2138' 
2139* 
2148 
2149 
2156' 
216It 
21621 
3131 
4134 
4138 
41421 
5123 
700B 
7000 
706EY 
706CY 
725-A 
OK6Ot• 
(11(61t• 
01(62V' 
(1K259t 

"-Packaged with magnet. 
1-Tunable over indicated range. 

KLYSTRONS 
723A  $12.50 I 2K25/723A/B  $27.50 
723A/8   19.50 I 4I7- A ( WesPHse) . 17.50 

3345-9405 50 
3267-3333 265 
2992.3019 275 .002 
2965-2992 275 .002 
2914-2939 275 .002 
2870-2860 285 .002 
2780-2820 285 .002 
3249-3263 5 
3267-3333 8.7 
9310-9320 50 .001 
9000.9160 50 .001 
9215-9275 50 .091 
3000-3100 35 .002 
2914-3010 35 .002 
24.27KMC 50 .001 
2740-2780 900 
3550-3600 750 .001 

670-730 30 .003 
1044-1058 475 .001 
690-700 40 .002 
710.720 4 .002 

3038.3989 200 .001 
2976.3007 200 .001 
9345-9405 50 .001 
2845-3005 . 100 CW 
2975-3170 . 100 CW 
3135-3330 . 100 CW 
2700-2900 800 .001 

$ 8.75 
7.50 
7.49 

19.95 
44.95 
24.50 
28.50 
16.50 
24.50 
24.50 
59.50 
132.50 
34.50 
34.50 
85.00 
125.00 
169.45 
169.59 
49.00 
22.50 
39.75 
32.50 
32.59 
Write 
85.00 
85.00 
85.00 

249.00 

VARISTORS 
D-167208 . . . ...$ 1.35 I D- 171812  91.63 
D- 171858  $1.42 D- 172155  $1.50 
D-I68687  $1.35 D-167176  $1.25 

THERMISTORS 
D- I64699 Bead Type OCR: 1525-2550 Ohms @ 75 Deg. 

F. Coefficient: 2% Per, Deg, Fahr. Max. Current 
25 MA AC/DC  $2.50 

D- I67332 Bead Type, OCR Is 1525-2550 Ohms. Rated 
25 MA at . 825-1.175 VDC  $1.35 

0-167613 Disk Type OCR: 355 Ohms @ 75 Deg, F P.M. 
2.5%, 1 Watt  $1.35 

D- I66228 Disk Type 7120 Ohms 01 69°F. 4220 Ohms (di 
80°F.2590 Ohms e 100°F.. 1640 Ohms e I20°F $ 1.35 

00 CYCLE TRANSFORMER 
(All Primaries II5V. 400 Cycles) 

Stock Ratings Price 
KS9608 1233VCT/.35MA. 1140VCT/.07A  $ 5.79 
352-7102 6.3V/2.5A   1.45 
M.7472426 1450V/1.0MA. 2.5V/.75A, 6.4V/3.9A, 

5V/2A, 6.5V/.3A, P/0 10-39/ 
APG• 13   4.95 

352-7039 6411VCT (ei 380MA, 6.3V/.9A, 6.3V6A 
5V/6A   5.49 

702724 9800/8o00 ig, 32MA   8.95 
K59584 5000V/290MA. 5V/I0A   22.50 
KS9607 734VCT/.177A. 1710VCT/.177A   6.79 
352-7273 700VCT/350MA. 6.3V0.9A, 6.3V 

25.A 6.3V/.080. 5V/CA   6.95 
352.7070 2x2.5V/2.5A (2KV TEST) 6.3V/ 

2.25A. 1200/100/750V. @ .005A....7.45 
352-71ga 1140/1.25MA, 2.5V/I.75A, 2.5V/ 

1.75A--5KV Test   3.95 
352-7176 320VCT/50MA. 4.5V/3A, 6.3VCT/ 

20A, 2x6.3VCT/6A   4.75 
RA6400.1 2.5/1.75A, 6.3V/2A-5KV Test   2.39 
901692 13V 9A   2.49 
901699-501 2.77V @, 4.25A   3.45 
901008.5m 900V75MA, 100V/.04A   4.29 
11x8855C .. 5V/3A   3.79 
RA64.5.1 800VCT/65MA. 5VCT/3A   3.69 
T-48852 700VCT/806MA, 5V/3A, 6V/I.75A   4.25 
352-71198 2500V/6MA, 300, VCT, I35MA   5.95 
KS 9336 II"9V/50MA TAPPED 625V 2.5V/ 

5A   3.95 
M-7474319 6.3V/2.7A, 6.3V/.66A, 6.3VCT/ 

21A   4.25 
Kg1084 27V/4 3A. 6.3/2.9A. 1.25V/.02A   2.95 
$2C050 651WCT/50MA. 6.3VCT/2A, 5VCT/ 

2A   3.75 
32332 400 VCT/35MA, 6.4V/2.5A. 6.4V/ 

.I5A   3.85 
68G631 1150-0-1150V   2.75 
800198 6VCT/.00006 K VA   1.75 
302433A 6.3V/9. IA, 6.3VCT/6.511, 2.5V/3.5A, 

2.5/3.5A   4.85 
KS 9445 592VCT/118MA. 6.3V/8.1A, 5V/2A 5.39 
KS 9685 6.4/7.5A, 6.4V/3.8A, 6.4/2.5A   4.79 

ALL CT 
70G3OG I 600 VCT/36MA   2.65 
M-74743I8 2100V/.027A   4.95 
352-7069 2-2.5V Wdqs at 2.5A, Each Lo- Cap , 

22Ky Test   5.95 
352-7096 2.5V1.79A, 5VI3A, 6.5V/6A, 6.5V/ 

I.2A. D/0 BC800   4.95 
352-7099 360VCT/20 M A. 1500V/I M A. 2.5V/ 

I.75A, 6.3V/2.5A, 6.3V.6/11, P/0 
BC-929   6.45 

0163253 5200V-002A, 2.5V/5A   5.35 
M.7471957 2.5V/20A. I2KV Test   4.85 
352-7179 250V/100MA, 6.5V/12ACT 5V/2A   3.45 

PULSE NETWORKS 
15A-1-499-59. IS hV A chi mii-tiisec. Inn 
PI'S. 50 010us imp.  $24.50 

G.E. DE 13-84-8101 8.2.24-4051 50PIT 3K V 'E 
CKT Dual Unit: Unit I. 3 sections. 0.84 Nlierroee 
810 PI'S. 50 ohms Imp.: Unit 2. 8 Section, 2.21 
mieroser. 405 PPS 50 ohms imp.  $6 5) 

7-5E3- 1-200-67P, 7.5 KV "E" Circuit. 1 mIcrosec. 200 
PPS. 67 ohnis impedance 3 sections  $7.5.) 

7-5E4-16-60. 071', 7.5 KV "E" Cireult. 4 sections 16 
microsec. 60 PPS. 67 ohms Impedance  $ 15.00 

7.5E3.3-200.-67P. 7.5 KV. "E" Cireuit. 3 nib-1,sec. 2011 
PPS ohms imp. 3 sections  $12.50 

5755: IOKV, 2.2usec.. 375 PI'S. 50 ohms imp $27.50 

9754: IOKV, 0.85usec., 750 PPS. 50 ohms imp.  527.50 

KS8865 CHARGING CHOKE: 115-150 11 @ .02A. 32 
-4011 0 . 08A. 21KV Test  $37.51 

G.E. 25E5-1-350-50 P2T. "E" SET. I Microsec Putse 
(al 350 PPS 50 0113IS Impedance  $69.50 

KS9623 CHARGING CHOKE: 1611 0 75 MA. 389 mot, 
DCIL 9000 Var test  $14.95 

G.E. 0E3-.5.2000 50 P2T: 6 KV.. "E" Circuit 0 5 illy, 
/2000 PI'S/50 ohms/2 sections  97.50 

PULSE EQUIPMENT 
MIT, MOD. 3 HARD TUBE PULSER: Output Pulis 
Power 144 KW 112 KV at 12 ,xinii). Duty Ratio 
.001 max. Pulse duration: 5. 1.0. 2.0 micnisee. Inpie 

1..73 15s. New   to 2400 cps. Uses: 1-7111. 4.09- it 
1  Lees Cover-2135 

ASO Modulator Units, mfd. by Sperry. Hard tube 
pulser delivers Pk, pulse of 144 kw. Similar to Mist. 
3 unit. Brand new, less tubes  $ 

Airborne RF head, model AIA. delivers 50 Kw peak 
cutout at 9000 me. at . 001 duty. Complet,' with 1 t10 
pulser unit and all tubes Used. excel.   

PULSE TRANSFORMERS 
Westinghoire 4P37: Priloao : Sil 01006 750 v. Sec. 

15 kv. 1000 ohms imp. Miler filament trans. built in, 
dv1iivls 12.6 y : it 2.5 amp. 1141. 115 v. 400 $47.50 

RAYTHEON WX 4298E: Primary 4KV., 1.0 USEC. 
SEC: 16KV-16 AMP DUTY RATIO: 001 402 
CY(1.E VII.. TRANS. "BUILT-IN"  $42.5u 

WECO: KS 9948: Primary 700 ohms; Sec: 50 ohms. 
Plate Voltage: 18 KV, l'art of APO- 13  $12.50 

GE 2K- 2449A 
Primary: 9.33 KV. 50 ohms Imp. 
Secondary: 28 KV. 450 ohms. 

nIInIi Pulse length: 1.0/5 usec 00 635/120 
PPS. lik Power Out: 1.740 KW 
Millar: 1.5 amps ( as shown)  $62.50 

GE :1(-2748-A. 0.5 usec g 2000 Pas. l'k. luir. out 
is 32 KW impedance 40:100 ohm output. Pd. volts 
2.3 KV Pk. See. volts 11.5 KV Pk. Millar rated at 
1.3 Amp. Fitted with magnetron well  $39.50d 

K.2745 Primary: 3.1/2.8 KV, 50 ohms Z. Seemi(13.9t.r5y0: 
,1,4e/n12.6 KV 1025 ohms Z. l'ulse Length: 0.25/1.11 
usec P 600/600 P Pk S. . Power 200/150 KW 
Ilifilar: 1.3 Amp. Has "built- In" magnetron 
 $42.52 

K-2461-A. Primary: 3.1/2.6 KV- 50 ohms ( line). Sec-
ondary 14/11.5 KV- 1000 ohms Z. l'ulse Length: I 
usee (0) 690 PPS. l'k. Power Out: 200/130 KW 
Millar: 1.3 AIM). Fitted with magnetron well . 539.75 

535145-Pulse Inversion: PIG: 5 KV PK. Pulse 
Negative. See: Pos, l'ulse, 4 KV; 1 usec. and 
.001 DUTY RATIO  $ 

541318-1-3 wdgs. Ratio: 1:1:1, 1.10 ult. /,v6il.o5.0, 
2.5 ohms Delt  $3.50 

UTAH X-15IT-1: Dual Transformer. 2 Wilco. per see-
1:1 Ratio per sec 13 11111 inductance 30 °lima 
 $5 0 

UTAH X-I50T-1: Two sections. 3 Wchrs. per section. 
1:1:1 Ratio. 3 5111. 6 ohms Dell per Wdg $5.00 

60G71 I: Rallo: 4:1 Prl: 200V, Sec. 53V. 1.0 usee 
l'ulse 00 2000 PPS, 0.016 KVA  $4.50 

TR1049 Ratio 2:1 1»ri, 220 MIL 50 Ohms, sec 0.75 
il. DCR 11)0 Ohms  $6.75 

K-904695-501: Ratio 1:1. ¡'ri. lino. 40 Ohm, Sec Imp. 
40 Ohms. Pusses pulse 0.6 usec with 0.03 user 
rise   

Ray UX 7896-Pulse Output Pli. 5v sec. 41v  $$78:9505 

TEST EQUIPMENT 
TSX-4SE ANALYZER 

3 cm. Spectrum analyzer, similar to TS 148, hut with 
greater sensitivity. Freq. range: 8500-9600 $1(` 
Features: Absorption wavemeter, wavegulde•Beyond 
cutoff attenuator. 20 me LP. Strip, 120 db gain. 
Operates from 115V/220 V. 50-1200 CPS . 

Price On Request  

TS 100 SYNCHROSCOPE 
Precision range calibrator. with both circular and linear 

sweeps. Accuracy . 0002. Circular sweep is 12.:311 
17sec per scan. Triggered linear sweeps of 0.8/30/350 
miles. Variable delay up to 620 Glee. Operates from 
115 v.  50-400 ey. Used, exc.   $165 

BOONTON 102F. Sig Gen. 2700-3400 mc. Uses 2C40 
Commercial equal to TS 155/UP. Used, exc.  $350 

1E-19 Test Set. For checking out SCR 522 and other 
VHF equipment. Contains field strength meter. Mg 
gen, battery box. etc. Range: 100-156 inc. Used exc. 

(Price on request) 

MAIL ORDERS PROMPTLY FILLED. ALL PRICES F.O.B. NEW YORK CITY. 25 DEPOSIT WITH ORDER. BALANCE C.O.D. RATED CONCERNS SEND P. O. 

131 Liberty St., New York 7, N. Y. Dept 1-10 Chas. Rosen Phone: Dleby 9-4124 
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PROFESSIONAL ENGINEERING CARDS 

ALFRED W. BARBER 
LABORATORIES 

Specializing in the Communications Field and 
in Laboratory Equipment 

Offices, Laboratory and Model Shop at: 

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 Intl Zone 

Bldg., 16 Rue Delacroix Morocco 

Specialized in the design, construction, 
foreign. Electronic, projects, and advising 
governments at Telecommunications 
Union. 

CROSBY LABORATORIES, INC 
MURRAY G. CROSBY & STAFF 
RADIO El F(TRONIC RESEARCH 
DEVELOPMENT & ENGINEERING 

COMMUNICATIONS, FM & TV 

ROBBINS LANE 
HICKSVILLE, NEW YORK 

HICKSVILLE 3-3191 

ELDICO OF NEW YORK, INC. 

Donald J. S. Mer-ten and Engineering Staff 

Consultants on Interference Elimination 

from Transmitters, Induction Heaters, 

Diathermy, etc. 

72 East Second Street, Mineola, L.1., N.Y. 
Pioneer 6-5212 

RADIO INTERFERENCE MEASUREMENTS 

under 
M IL- I-16910 
M IL-1-17623 
MIL- 1-6181E 

FCC. Part 18 
MIL-S-4957 
and others 

ELECTRO-SEARCH 
4337 N. 5th Street Philadelphia 40, Pa. 

GLadstone 5-5353 

TRANSISTOR ENGINEERING 
S. Moskowitz D. D. Giles N. J. Gottfried 
Product Transistorisation. Complete service in 
consulting, research, development, and produc-
tion on transistor circuitry, products and in-
strumentation. 
do Electronic Research Associates, Inc. 

715 Main Street, N. Caldwell, N.J. 
CAldwell 6-6729 

ELK ELECTRONIC LABORATORIES, INC. 

Jack Rosenbaurn 

Specializing in design and devel•pment 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 • ° Liver 4-5897 

Engineering Research and Development, Eval-
uation, Technical Writing and Publishing—Elec-
tronic and Electro-mechanical Systems, Test 
Equipment, Radio Interference, Instrumentation, 
Controls. 

PAUL GODLEY CO. 
Consulting Radio Engineers 

P.O. Box J, Upper Montclair, N.J. 

Offs Lk Lab.: Great Notch, N.J. 

Phone: Montclair 3-3000 

Established 1926 

GOVERNMENT CONTRACT LIAISON AND 
CONSULTANTS 

GORDON ASSOCIATES, INC. 
Specializing in Signal Corps Electronic Require-

meats, Technical Manuals, Tabular List of 
Parts, Drawings 

L. Gordon, Pres. P. Treston, Ch. Engr. 
157 Broad Street Telephone 

Red Bank, New Jersey Red Bank 6-2743 

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 
lion. 
155 Perry Street, New York 14 CHelsea 2-7855 

Harry W. Houck Jerry B. Minter 

John M. van Beuren 

RESEARCH ENGINEERS 
Specialists in the Design and 

Development of Electronic Test Instruments 

c/o MEASUREMENTS CORP. 
BOONTON, N.J. 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 143A) 

Constant-Speed Motor 
Capable of maintaining a constant 

governed speed of 7,100 rpm 1.0 per cent 
from 24 to 30 volts dc, and with load varia-
tions of ± 30 per cent, the new Type SC-23 
Motor developed by Dalmotor Company, 
1360 Clay St., Santa (' lara, Calif.,simul-
taneously meets all military specifications 
for temperature, pressure, and humidity 
requirements in airborne equipment. 

Engineered to meet special require-
ments of a speed-regulated, radar-antenna 
spin motor, the unit offers application ad-
vantages in this and similar services. 
Radio- interference specifications are met 
by the design of a radio-noise filter 
mounted directly on the motor frame, and 
carrying power terminals for input voltage. 

Operating on 27-volts dc, the unit is 
rated at 1 hp, and draws 6 amperes dc. It 
is rated for continuous duty and provides a 
locked-rotor torque of 91 lb in. Total 
weight of the motor is 5.5 pounds. 

L. J. CAS1RIOTA M. WIND 

S. W. ROSFNTHAL P. G. MARIOTTI 

Microwave Consultants 
Radio Frequenc) and Microwave Components 

Cable—IVaveguide—Coax 
Dielectric Evaluation 

Telephone G.P.O. Box 844 
BOulevard 3-2096 Brooklyn 1. N.Y. 

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, Arthur J. Pretty, 

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 
f Special Electronic Equipment and Antennas 

240 Highland Ave. Needham 94, Mass. 

RADIO SONIC CORP. 
ENGINEERS—QUALITY ASSURANCE 

Testing, Processing 
Electron Tubes. Semiconductors, Models, Produc-
tion Test Equipment, Antennas, Analyzers. Power 

Supplies. Ultrasonics, Advanced Development 

G. EMERSON PRAY, PRESIDENT 
32 W. 22nd St., New York 10, N.Y. ORegon 5-0085 

Paul Rosenberg Associates 
Consulting Physicists 

100 STIVZNO ATE. • MOUNT VIRNON, NZW YORK 

CABLZ enveran, mount vernon 7-8040 

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 

PROCEEDINGS OF THE I.R.E. October, 1954 145A 



INDEX AND DISPLAY Agee mee ad elk padatetaxce idetexextatioed 
ADVERTISERS 

Meetings with Exhibits  2A 
News and New Products  20A 

Industrial Engineering Notes  36A 
IRE People  78A 

Professional Group Meetings   86A 
Section Meetings  90A 

Student Branch Meetings 90A 
Membership  93A 

Positions Open     I 26A 

Positions Wanted by Armed Forces 
Veterans   130A 

DISPLAY ADVERTISERS 
Acme Electric Corp.   I22A 

Admiral Corporation   I32A 

Aerovox Corp.  32A, 33A 

Airborne Instruments Laboratory Inc.   56A 

Aircraft Armaments, Inc.   I 32A 

Aircraft Radio Corporation  9IA 

Airtron, Inc.  95A 

Allen-Bradley Company  40A 

Allied Radio Corp.   I24A 

American Lava Corp.   I7A 

American Phenolic Corp.   71A 

American Television á Radio Co.   t I7A 

Amperes Electronic Corp.   13A 

Amperite Company   86A 

Apex Coated Fabrics Inc.   I23A 

Armour Research Foundation Ill. Inst. of Tech I36A 

Arnold Engineering Co.  37A 

Associated Specialties Co.   104A 

Ballantine Labs., Inc.   114A 

Barber Labs., Alfred W.    145A 

Barker á Williamson, Inc.   110A 

Bell Telephone Labs.  4A 

Bendix Aviation Corp., Res. Labs.   I38A 

Bendix Aviation Corp., ( Empl.)   I28A 

Bendix Aviation Corp., Red Bank Div  58A 

Berkeley, Div. of Beckman Instr.  83A 

Bliley Electric Co.  36A 

Bodnar Industries Inc.   100A 

Boonton Radio Corp.  62A 

Brush Electronics Co. ( Bruel & Kjaer)   10IA 

Brush Electronics Co. ( Instr.)  6A 

Brush Electronics Co. ( Magnetic Components) 92A 

Burlington Instrument Co.  100A 

Bussmann Manufacturing Co.  23A 

Cambridge Thermionic Corp.  22A 

Cannon Electric Co.  83A 

Capitol Radio Eng. Institute   104A 

Carter Motor Co.   107A 

Cascade Research  39A 

Chicago Midway Labs. ( Empl.)   I38A 

Chicago Telephone Supply Corp.   102A, 103A 

Clarostat Mfg. Co., Inc.   109A 

Cohn Corp., Sigmund  94A 

Collins Radio Co.  8IA 

Communication Products Co.   12IA 

Communications Equipment Co.   I44A 

Cons. Vultee Aircraft Corp. ( Convair)   I39A 

Content, Edward J.     145A 

Cornell Aeronautical Lab., Inc.   143A 

Cornell-Dubliler Electric Co.  Coy. Ill 

Crosby Laboratories, Inc.   I45A 

Crosley Div. of Avco Mfg. Corp. . I42A 

Cubic Corp. ( Empl.)   I36A 

Cubic Corp.  I47A 

Daven Co., The  2IA 

Delco Radio Div., Gen. Motors Corp.   14IA 

Donner Scientific Co.   I46A 

DuMont Labs., Inc., A. B. (Instr.)   I23A 

Eitel-McCullough, Inc.  26A, 76A 

Eldico of New York, Inc.   145A 

Electrical Industries ( Div. Amperes)  75A 

Electro-Measurements, Inc.   IIIA 

flillilfliffi 
miniutimull111111111111111111111iiiiiiiiii11111111111111i1 

SCIENTIFIC COMPANY 

1 1 Ls -"  
)• 3/.3 ik .1 I , 

i/ eel/. 
12-4 Sir 1,11 

113 

• 

analog computer $995 
MODEL 30 f.o.b. Berkeley, California 
(with one 30-3 problem board as illustrated) 

é 

Here is a compact, economically priced analog computer designed for service 

as a personal tool of the engineer, mathematician, and scientist. Model 30 

computers make electronic computation economically possible wherever 

differential equations are used. Typical applications include analysis and 

synthesis of physical systems and simulation of transfer characteristics. Flexi-

bility and economy make the computer ideal for instructional use in schools 

and colleges and for individual use of the industrial scientist. 

D "Slide Rule" versatility and simplicity— 
anyone who can translate physical problems 
into corresponding differential equations 
can use the Model 30 . . . even without 
specialized knowledge of electronics. 

OAccuracy of solutions to better than 1% 

is determined by the precision of compon-
ents selected. 

DTwo types of inexpensive plug-in problem 

boards . . Model 30-3 with solder ter-
minals for components . . . Model 30-4 
with plug-in connectors for components. 

Hu i'ill11111111iiiiniliiiiii 11 1111111111 iiimmii1111111111111111110j 

..... 
IM IM 11 I 

2829 Seventh Street 

T T 

D Ten stable, high gain, single pentode 

D.C. amplifiers. 

[I Five isolated power supplies to set initial 

condition voltages. 

PHYSICAL SPECIFICATIONS 

Computer— height 19", width 21, 

depth 12", weight 75 Ills. 
Problem Boards— height 2', width 21, 

depth 13". 

leteetpt tee/twee Wierix#301-A 

11 11111 I 11111 1111 111 111 II Ill Il 1111 11 11111 11 111 11 111 11 
SCIENTIFIC COMPANY 

Berkeley 10, California 
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SICROWAVE POWER 
MEASUREMENT 

FROM DEGREES I. . 
Av. Power 0.600 watts 

Peak 60101:: 

VSWR 

f,ea range 

Bane und 
2.6 to 3.95 krnc 

WA Adapters 
2.6 to 18.0 lone 

CUBIC'S 2- UNIT CALORIMETRIC 
WATTMETERS 

. . . for obtaining direct power 
readings in testing electronic 
equipment —without guessing! 

Three of the world's largest producers of electronic equip-
ment have recently made CUBIC Calorimetric Wattmeters 
standard test equipment in their laboratories and plants. 
For very good reason. No other instrument designed for 

power measurement gives you direct power readings ... with such precision, 
and yet so simple in its application. 

The model shown is the MC- 1B for power measurement from 2600 to 
26,500 MC. Also available are the models MCX-1A (coaxial type) for 

power measurement from 100 to 3000 MC, and MCI-1A ( L- Band wave-
guide type) for power measurement from 1120 to 2600 MC. 

Whether checking field equipment, developing or making acceptance 
tests on new equipment or magnetrons in the lab, or in production, one of 
CUBIC'S Calorimetric Wattmeters will be an invaluable addition to your 
test equipment. Standard laboratories calibrate secondary power devise, 
especially bridge type bolometer instruments. Exact calibration is pro-
vided month to month. 

Write for more information, and ask for our catalog of other test equip-
ment and waveguide components. Or if you have a problem in development 
or engineering, CUBIC offers the services of its engineering staff and facili-
ties in its solution. 

BIC 
• iZ,A1-140 N 

ELECTRONIC EQUIPMENT 
RESEARCH...DEVELOPMENT 

2481 CANON STREET, 
SAN DIEGO, 6. CALIFORNIA 
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miniatures of 
Mighty Importance 

U.S.G. Stand-off and Feed-through Insulators made with tough 
TEFLON, are fast supplanting units made with brittle glass. 

TEFLON'S superior insulating characteristics made these minia-
tures possible. Here are their features: 

Better for high frequency, high temperature service. Higher sur-
face and volume resistivity. Lower loss factor. Higher dielectric 
strength. Wider service temperature range (- 110°F. to + 500°F.). 
Zero water absorption (A.S.T.M. Test). Won't carbonize under 
arcing or DC-plate. Non-flammable, non-gassing, chemically inert. 

Read these Points for Assembly Savings and Service Satisfaction. 

COMPRESSION MOUNTING 

impossible with glass. Fits like a 
cork. Also withstands shock and 
vibration in service. Assembly 
costs greatly reduced. No addi-
tional mounting hardware or 
soldering required 

PLASTIC MEMORY 
securely locks insulator perma-
nently in place. Minimum pull 

• Write for Catalog No. EC-1153 

UNITED 
STATES 
GASKET 
COMPANY 

test 10 lbs., insulator to hard-
ware, insulator to deck. 

MINIATURIZATION 
is easily accomplished. 

NINETEEN STOCK SIZES 

including sub- miniatures, in 
Stand-off and Feed-through 
types. Other dimensions feasible. 

FLUOROCARBON 

PRODUCTS, INC, DIVISION 

CAMDEN 1 • NEW JERSEY 

 1•11••• la Nit/ciao 
Cltle. tatewilll•at I. W•rld 
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THERE'S A C-D 

4ze 

HIGH VOLTAGE 

TUBULAR 

The only ceramics with the 

"MILLION DOLLAR BODY" 

Only C-D can give you the "million dollar body", 
made by the exclusive C-D process in the 
world's most modern ceramic body plant — 
C-D's own. This close control under one roof, 
from raw powder to finished product, results in 
greater stability and uniformity, extra 
durability and extended service life —even 
down to the tiniest disc or tubular. Engineering 
samples sent on request. A wide range of 
designs in all capacity and voltage ratings 
available. We welcome inquiries on special 
design and application problems. Write to: 
Cornell-Dubilier Electric Corp., Dept. N-104 
South Plainfield, New Jersey. 

THERE ARE MORE C- D CAPACITORS IN USE TODAY THAN ANY OTHER MAKE 

CORNELL 
DUBILIE ti/ou 
PLANTS IN SOUTH PLAINFIELD. N j. NEW BEDFORD. WORCESTER AND C•IIIIIIIDGE WASS; PROVIDENCE AND HOPE BALLET. R o. 

INDIANAPOLIS. IND.: PUDRAN SPRINGS AND SANFORD. N C AND SUASIDIARY. THE RADIANT CORPORATION. CLEVELAND. OHIO 

2zIe' 
ANTENNAS CAPACITORS VIBRATORS CONvERTERL 



«MICIEMIICEIDECI=1:22121111311M1 
90 West Street NEVI YORK 4 

8055 13th St., Silver Spring, Md. WASHINGTON, D. C. 
920 S. Michigan Arenue CHICAGO S 

1000 N. Seward Street LOS ANGELES 38 

th-; Standa in 

R- F SIGNAL GENERATOR 

Continuous Coverage from 16 kc to 50 

Wide Frequency Range — complete coverage 
from 16 kc to 50 Mc in seven ranges — 
spare position for extra set of coils permits 
choice of optional frequency range 

The Type 805-C Standard-Signal Generator is an in-
dustry-wide laboratory reference standard. It provides a 
signal whose frequency is directly indicated on a large 
8-inch dial, and whose output level can be set over a 
0.1-vs to 2-volt range. The usual difficulties due to fre-
quency modulation, cable errors, excessive harmonic 
distortion, and leakage are absent. A precision output 
attenuator in combination with a logarithmically-cali-
brated voltmeter provides a means for accurately setting 
small increments in output voltage. Power-line fluctua-
tions have no effect on operation, both percentage-
modulation and output-voltage are continuously dis-
played, and attenuator impedance does not change with 
setting. 

The Type 805-C Signal Generator is ruggedly built 
and will withstand the rigors of continuous use in pro-
duction. This instrument is truly a standard among radio-
frequency signal generators. 

Frequency Calibration — direct reading to 
accuracy of -±. 1% 

Incremental Frequency Dial — permits ac-
curate selectivity tests — frequency incre-
ments as small as 0.01% obtained, with 
vernier 

High Output Voltage — continuously adjust-
able from 0.1 pv to 2 volts — panel meter 
and multiplier give continuous indication 

Constant Output Impedance — 75 2 at panel 
jack; output cable and termination unit fur-
nish output impedance at 37.5, 7.1, and 0.75 
ohms — standard dummy-antenna included 

Attenuator Accuracy — below 3 Mc, error is 
less than ±(3% + 0.1 µV); from 3 to 10 
Mc, -±(5% + 0.2 µV); 10 to 30 Mc, -.±(10% 
+ 0.4 pv); 30 to 50 Mc, -±(15% + 0.8 pv) 

Modulation at High Level — 400 and 1000 
cycles internal modulation — for external 
modulation, 10-volts across 0.5 Mu gives 
80% modulation — panel control makes 
modulation continuously variable from 0 to 
100% — meter indicates modulation with 
10% to 15% accuracy 

Negligible Incidental F-M— less than 0.05% 
on highest carrier-frequency range for full 
100% modulation; 0.02% for 30% modula-
tion — appreciable less at lower carrier 
frequencies 

Distortion and Noise Level — envelope dis-
tortion less than 5% at 1 Mc and 80% mod-
ulation — noise level at least 40 db below 
80% modulation 

Minimum Leakage — magnetic field less 
than 5 µV per meter — negligible radiation 

Complete Power Supply Regulation — line 
voltage variations, including transients from 
105 to 125 volts (or 210 to 230 v) have no 
effect on performance 

Size- 16 x 33 x 12 in. Net Wt.- 1171/2  lbs. 

Type 805-C Standard-Signal Generator  $ 1495.00 

Back view of oscillator and amplifier sections with aluminum 
cabinet and shields removed. Both sections are mechanically 
identical. Each uses a precision main-tuning capacitor 
mounted with ball bearings in a cast-aluminum frame, and 

" a series of 7 coils which cover the 16 kc to 50 Mc range. 
Each coil consists of a high-grade ceramic form which is 
wound and impregnated to prevent moisture absorption, pro-
viding maximum stability. Coils are individually adjusted so 
that each range will track the pre-engraved frequency scale. 
Heavy silver overlay is used for all switch contacts. 

The precision attenuator is another example of the . 
oars taken in dt;igning a superior Instrument of 
this type. The attenuator, enclosed in a cast alu-
minum housing for thorough shielding, has seven .2e 
teps providing successive dividing tatters of 10 

in output voltage for all frequency settings. Pre-
cision wire wound G-R resistors are used, insuring 

maximum accuracy and long-term stability. 
.044. 
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GENERAL RADIO Companyl Min" 

COAXIAL ELEMENTS 

DISTORTION METERS 

FREQUENCY MEASURING 
APPARATUS 

FREQUENCY STANDARDS 

IMPEDANCE BRIDGES 

LIGHT METERS 

MEGOHMMETERS 

MODULATION METERS 

MOTOR CONTROLS 

NULL DETECTORS 

04CILLA FORS 

PARTS & ACCESSORIES 

FOL Ali:COPES 

PRECISION CAPACITORS 

PULSE GENERATORS 

R-L-C DECADES 

R-L-C STANDARDS 

SIGNAL GENERATORS 

SOUND & VIBRATION METERS 

STROBSCOPES 

TV & BROADCAST MONITORS 

U-H-F MEASURING EQUIPMENT 

UNIT INSTRUMENTS 

VARIACS 

V-T VOLTMETERS 

WAVE ANALYZERS 

WAVE FILTERS 

The condensers are driven through 10:1 
heavy-cast gear trains which are pre-
cision ground. They may be operated 
by either of two knobs. One is used to 
change quickly from one point on the 
dial to another; the other provides a 
slow motion drive of 1001, providing 
frequency increments of 0.01% Per dial 
division. 


