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FOCUSING WITH FERRITE 

Sintered ferrite, a relatively new class of magnetic material, is being used 

in many new ways, such as in the focusing magnet of the television picture 

tube shown above. 
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UTC products are the most copied in the world. This is only natural, since we 
maintain the largest laboratories and engineering staff in our field. However, 
copying alone cannot provide the measure of uniformity and reliability inherent 
in UTC units. To provide for the maximum in quality and reliability, continuing 
programs of quality control and quality improvement are constantly maintained in 
our laboratories. 

a.,cru Vibration stress analysis. 

Checking uniformity Quantitative checking 
of thermoplastic compounds, of weld strength. 

Microscope analysis 
of dissected units. Calibration to primary standards. 

Abrasion and mercury tests Pilot plant run 
on magnet wire. on encapsulating materidl. 

Corrosion testing 
on insulating materials. 

Non-destructive qualit 
control by x-ray. 

WHAT MAKES A 
TRANSFORMER 

FAIL? 
Illustrated are a few views 
of the UTC Reliability Lab-
oratory in action...finding 
the answers. 

Torque testing 
of standard assemblies. 

Hermetic terminals action analy7 
on microscope check. 

Pilot plant hydrogen annealing. Seal tests under extremes 
of cold, heat, and altitude. 

IS THIS PROVEN RELIABILITY AND UNIFORMITY 
IN THE COMPONENTS OF YOUR EQUIPMENT? 
A large aircraft company..."Our vendor analysis for past year (thou-
sands of tests) shows zero rejects." 

A large electric company..."Consistent quality has placed you as our 
#1 source...are grateful for the aid you have given our own quality 
control staff." 

A large military electronics company..."Switching from former vendor 
to UTC has saved us 18% of transformer and filter cost by reducing 
manufacturing costs." 

A large instrumentation company..."We haven't had one field failure 
in fifteen years' use of UTC parts*." 

Over 100,000 units. 

1 5 0 V ARICK STREET 

EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLES: "ARLAB" 



The 1954 IRE DIRECTORY ¡s 

Better 

More Engineers Listed than ever 
before! IRE membership continues 
to gain and gain! More engineers 
(now 35,000) are listed, and there-
fore have a direct, personal interest 
in this DIRECTORY. 

Up-to-dateness is almost a mania 
with IRE DIRECTORY compilers! 
Membership lists are corrected up 
to May 30th. Industry lists, com-
piled and classified by high speed 
IBM sorting methods are accurate 
to June 15th. No firm's report is 
older than 18 months. 

Information at high speed! "Data 
the way an engineer thinks" is the 
key to IRE DIRECTORY classifica-
tions. All products are divided 
into 10 fundamental groups, many 
of which parallel professional 
group organization. The grouping 
plan makes this the fastest working 
directory you ever used! No com-
ponents are mixed with test equip-
ment—you turn right to a section 
where each item belongs. 

Yet good engineering detail is 
maintained. 104 basic classes of 
products under these ten sectional 
product directories keep listings 
from becoming cumbersome, but 
clearly define products. Overlap-
ping listings are skillfully elimi-
nated. Simplicity makes this book 
easy to work with—insures faster 
finding of facts when forgotten. 

35,000 
Radio- Electronic 

Engineers will 

receive and use the 

1954 IRE DIRECTORY 

and Better 

Thus the faults of terminology list-
ings are avoided. 

Completeness is insured! Most 
firms make many products in a 
single classification. Wasteful, eye-
confusing relisting of the same 
firms over and over is quite sen-
sibly solved by using a system of 
codes under the 104 basic head-
ings which actually provide 608 
separate classifications. A more 
complete picture of what each 
firm's full line is results, but you 
travel through fewer listings. The 
-Copp Principle- of Directory in-
dexing makes these lists wide, well 
marked highways to information 

fast. 

3000 Firms listed. The alphabetical 
directory gives a clear definition 
of these firms by showing any or 
all of the ten fundamental groups 
in which these firms belong after 
every name. 

Machol Edge Index is just one more 
modern service to help the user 
find information fast. 

Ads positioned with reason! In a 
DIRECTORY where ads play an 
important part in supplying infor-
mation the user wants and needs, 
it makes good sense to cross-ref-
erence every advertiser in each 
listing so that the user can quickly 
find more detail. Ads are also 

THE INSTITUTE OF RADIO ENGINEERS 

BRyanf 9-7550 • ADVERTISING DEPT., 1475 BROADWAY, NEW YORK 36, N. Y. 

and Better! 

placed facing company alphabeti-
cal listings, or in the product sec-
tion in which they properly be-
long. No effort is spared to "organ-
ize" ad information. 

More advertisers—more informa-
tion! Never before have so many 
advertisers served IRE readers 
with so much information! The ad-
vertisers' list this year is truly a 
"social register" of this great in-
dustry. 

Economy a service tool In spite of 
a rate increase since last year, due 
to increased circulation it costs less 
per reader than in 1953 to reach 
this selected engineer audience. 
Rates are: page - $450, 2/3-$300, 
1/2  -$ 150, 1/6--$75, and earned 
discounts apply to Proceedings 
advertisers. ( The Directory closes 
June 15th.) 

Reserve 1954 DIRECTORY 

space now! 

The IRE Directory 

Engineers are educated 
to specify and buy 

Radio • Communications Television • Electronics 
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A VERY WIDE RANGE SWEEPING OSCILLATOR 

PROVEN BY YEARS OF APPLICATION. VALUED & 

RECOMMENDED BY ENGINEERS IN MANY FIELDS 

110-A CALIBRATED MEGA-SWEEP 

Wide Range—from 50 kc to 950 

mc. 

Single Dial Tuning 

Wide Sweep Width Adjustable to 

30 mc (wider on special order). 

Very Flat Amplitude vs. Fre-

quency Response. 

Precision Micrometer-controlled 

Wavemeter. 

High Stability, Negligible Distor-

tion. 

Sawtooth Sweep Voltage Avail-

able for Deflecting Oscillo-

scope. 

Electronically Regulated Power 

Supply. 

FEATURES — Model 110A SPECIFICATIONS: 
FREQUENCY RANGE: 50 kc to 950 mc. 
SWEEP WIDTH: Variable to 30 mc. 

Note: Frequency sweeps up to 60 mc in width 
may be obtained with slight sacrifice in constancy 
of signal output while sweeping. 

R.F. OUTPUT VOLTAGE: High output, approx. 50 mv 
max. into 50 ohm load. 

Low output, approx. 2.5 mv max. into 50 
ohm load. 

R.F. OUTPUT CONTROL: Uncalibrated microwave 
attenuator continuously variable to 26 db. 
attenuation characteristic flat over frequency 
range. 

FREQUENCY MEASUREMENTS. Approx. output cen• 
ter frequency indicated by a calibrated dial 
accurate to about 10°0. In addition, center 
frequency of sweep may be pre-set or frequency 
indicated at any point on oscilloscope display 
within ± 5 mc by use of the precision micro-
meter-controlled wavemeter. 

AMPLITUDE MODULATION: Control of output sig-
nal amplitude by fixed frequency klystron pro. 
duces an amplitude variation while sweeping 
of less than 0.1 db per mc. 

CATALOG No. 110-A. 
PRICE: $495.00 f.o.b. factory. 

ALSO THREE OTHER MODELS... 

MEGA-SWEEP 

Same as Calibrated Mega-Sweep, 
except: 

1. Center frequency control not 
calibrated. 

2. Variable klystron repeller volt-
age peaking controlled manu-
ally instead of automatically. 

3. Frequency range: 50 kc to 1000 
mc. 

CATALOG No. 100-A. 

PRICE: $465.00 f.o.b. factory. 

III-A MEGA-SWEEP 

Same as Calibrated Mega-Sweep, 
plus: 
1. Much higher output 
2. Wider Sweep Width ( to 40 mc) 
3. Zero Level Baseline 

EXCEPT: Output 
Frequency Output Voltage into 
Range Impedance 70 ohm load) 

1. 10 mc to 70 ohms un- 0.15 volts 
950 mc balanced 

2. 450 me to 300 ohms 0.3 volts 
900 mc balanced 

CATALOG No. 111-A 

PRICE: $575.00 f.ob, factory, includ-
ing Ultra- Former. 

112-A MEGA-SWEEP 
Same as 111-A Mega-Sweep, except frequency range is 800 mc to 1200 mc 

KAY ELECTRIC COMPANY 
14 Maple Avenue Pine Brook, New Jersey 

Meetings with Exhibits 
• 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. 

June 23, 24 & 25, 1954 
IRE Symposium on Global Com-
munications, Hotel Statler, Wash-
ington, D.C. 

Exhibits: Louis De La Fleur, 77 14th 
St., N.W., Suite 800, Washington 5. 

August 25, 26 & 27, 1954 
Western Electronic Show & Con-

- , Pan-Pacific Auditorium, 
Los Angeles. Calif. 

Business Manager: Mr. Mal Mobley, 
Jr., 344 North La Brea Ave., Los 
Angeles, Calif. 

September 13-22, 1954 
First International Instrument 
Congress & Exposition, Com-
mercial Museum and Convention 
Hall, Philadelphia, Pa. 

Exhibits: Mr. Richard Rimbach, In-
strument Society of America, 921 
Ridge Ave., Pittsburgh 12, Pa. 

September 17 & 18, /954 
Conference on Conmmnications, 

Cedar Rapids Section, Roosevelt 
Hotel, First Ave. at Second St. N.E., 
Cedar Rapids, Iowa. 

Exhibits: Mr. Vernon R. lludek. c/o 
Collins Radio Co.. Cedar Rapids. 

October 4, 5, 6, 1954 
National Electronics Conference, 
Sherman Hotel, Chicago, Ill. 

Exhibits: Mr. George II. Wise, c/o 
DeVry Technical Institute, 4141 
Belmont Ave., Chicago 41, III. 

Norember 4 & 5, 195,1 
East Coast Conference on Air-
borne and Navigational Elec-
tronics, 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, lintel President, Kansas City. 
Exhibits: Mr. Robert W. Butler, P.O. 
Box 8857, Kansas City, Mo. 

February 10, 11, 12, 1955 
Seventh IRE Conference, Baker 

Hotel, Dallas, Texas 
Exhibits: T. W. Sharpe, Collins Radio 

Co., 1930 Ili- Line Drive, Dallas 2. 

.11nrch 21-2.1, 1055 
Radio Engineering Show and 

National Convention. 
Kingsbridge Armory, N.Y.C. 

Exhibits: Mr. William C. Copp. In-
stitute of Radio Engineers, 1475 
Broadway, New York 36. N.Y. 

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. 

PROCEEDINGS OF TIIE I.R.E. June, 1954 
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PRECISION RESISTORS 

NOW! FORE N C A8P5S.11C A1T2E5D. A aXn1 dA L1 5L0E.A DA mSBTI YE NL ET Ss 

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 operation at full rated watt-

SPRAGUE 

85°C PERMASEAL s RESISTORS 

SPRAGUE SIZE RATED AmAx 

TYPE O I LEADS WATTS 01inAS 

200E 1/2 No. 22 AWG .20 140,000 
201E 1/,, No. 22 AWG .33 225.000 

202E No. 20 AWG .50 500,000 

20.18 34 1 No. 20 AWG .75 700,000 
204E 'h 3/, No. 20 AWG .75 1.2 MU 

205E 1/, I No. 20 AWG 1.00 1.7 Mil 

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

125°C PERMASEAL? RESISTORS 

SPRAGUE SIZE RATED AnA1 

TYPE 0 LEADS WATTS On.S 

300E 7, No. 22 AWG .10 140,000 
301E 7, No. 22 AWG .15 225,000 

302E No. 20 AWG .25 500,000 

303E 1 No. 20 AWG .30 700,000 

304E V, No. 20 AWG .30 1.2 MIS 

305E Y2 1 No. 20 AWG .40 1.7 Mt! 

306E V3 11/4 No. 20 AWG .60 2.8 Mt! 

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 • trrig 

down to 0.1%, when necessary. 

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

SPRAGUE ELECTRIC COMPANY, 

PIRMASIA1 • 
1112 1StO.P, 

Ole 

235 Marshall Street, North Adams, Mass. t e .ee'fie 
• 

PIONEERS IN ELECTRIC AND ELECTRONIC DEVELOPMENT 
NORTH ADAMS, MASSACHUSETTS 

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



SPLITTI \ G HAIRS 

TOS I- ED CALLS 

To triple the voice-carrying capacity of coaxial 
cable, Bell Laboratories engineers had to create new 
amplifying tubes with the grid placed only two-
thirds of a hair's breadth from the cathode. Further-
more, the grid wires had to be held rigidly in 
position; one-quarter of a hair's shifting would cut 
amplification in half. 

Working with their Bell System manufacturing 
partners at Western Electric, the engineers de-
veloped precise optical means for measuring critical 
spacing insulators. On a rigid molybdenum grid 
frame they wound tungsten wire three ten-thou-
sandths of an inch thick. To prevent the slightest 
movement they stretched the wire under more ten-
sion for its size than suspension bridge cables, then 
bonded it to the frame by a new process. 

The resulting tube increases coaxial's capacity 
from 600 to 1800 simultaneous voices— another ex-
ample of how Bell Telephone Laboratories research 
helps keep your telephone system growing at the 
lowest possible cost. 

This coaxial system electron tube amplifies more voices 
at the same time because of wider frequency band—made 
possible by bringing grid and cathode closer together. 

Grid is shown above left, actual size. Picture at right, en-
larged 15 times, shows how wires are anchored by glass 
bond. They will not sag despite nearness of red-hot cathode. 

BELL TELEPHONE LABORATORIES 

IMPROVING TELEPHONE SERVICE FOR AMERICA PROVIDES CAREERS 

FOR CREATIVE MEN IN SCIENTIFIC AND TECHNICAL FIELDS 
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HIGH ATTENUATION 

CONTINUOUS DUTY 

HERMETICALLY SEALED 

SCREEN ROOM FILTERS 

FILTRON TYPE FA 1391 
28 VDC/115 AC 

100 AMPS 
0.400 CYCLES 

OVER 100 DB THROUGH ENTIRE FREQUENCY RANGE 

FILTRON TYPE FA 736 
500 VAC/DC 

100 AMPS 
Frequency Range 1000 to 15,000 MC 

I IIE 1 I I 
ATTENUATION CHARACTERISTICS 
FILTRON SCREEN ROOM FILTER FA 1391 - 

100 KC 

421=k-

m..  FILTER': y-FileRON- co., INC. • FLUSHING, LONG ISLAND, NEW YORK 

FREQUENCY 

Screen room manufacturers specify and install 

FILTRON Screen Room Filters as standard equipment. 

FILTRON Screen Room Filters are used in the 

majority of industrial, government and military 

screen rooms, to meet the requirements of specification 
MIL-S-4957, and wherever critical RF measurements 

are required. 

FILTRON has over 30 types of Screen Room Filters 
available, ranging from 1 Amp to 1000 Amps, 28 VDC 

SALES REPRESENTATIVES 

MEASURED IN A 5011 SYSTEM 
PER MIL-STD-220 

• II 

1000 MC 

to 500 Volt AC/DC, 0 to 1000 cycles. Complete tech-

nical information available. 

FILTRON RF Interference Filters are also specified in 
the latest types of Radar, Radio Transmitters, Receivers, 

Motor Generator Sets, Inverters, Aircraft, Electronic 

Systems, and numerous other " restricted" equipments. 

When you have an RF Interference Filter problem, 
consult FILTRON — the most dependable name in RF 

Interference Filters. 

G. S. Marshall Co., Pasadena, Col. Holliday-Hathaway, Cambridge, Mass., Canaan, Conn. 
Roy J. Magnuson, Chicago, Ill. Soles Offices at New York, N. Y., Great Neck, N. Y. 
Massey Associates, Inc., Narbeth, Pa., Rochester, N. Y., Binghamton, N. Y. 

Washingon, D. C. Wood•Ridge, N. J. 

An inquiry on your company letterhead will receive prompt attention. 

LARGEST EXCLUSIVE MANUFACTURERS OF RF INTERFERENCE FILTERS 

PROCEEDINCI.J I IIE I.R.E. Issue, 5A 



Death-defying performance 

You can depend on C.T.C. coils to 
give a steady, star performance. They 
won't go dead despite threats of tem-
perature, climate or vibration. And for 
very good reasons — 
The mounting stud of every C.T.C. 

coil is fastened to the ceramic body in a 
special way that does away with weak-
nesses of ordinary coil fastenings. This 
special fastening makes C.T.C. coils 
vibration-proof. What's more, their 
tightness is preserved in hot, cold, dry 
or damp weather. All C.T.C. coils are 
precision-made, of course, to meet in-
dividual specifications — and to meet, 
or better, government specifications, as 
well. And continuous quality control is 
maintained. 
As a result, you get a guaranteed elec-

tronic component — custom or stand-
ard — whose performance you can de-
pend upon. 

Precision-made C.T.C. components 
that benefit from C.T.C. high quality 
standards include terminals, terminal 
boards, capacitors, swagers, hardware, 
insulated terminals and coil forms. For 

all specifications and prices, write 
Cambridge Thermionic Corporation, 
456 Concord Avenue, Cambridge 38, 
Mass. West Coast manufacturers con-
tact: E. V. Roberts, 5068 West Wash-
ington Blvd., Los Angeles 16 and 988 
Market St., San Francisco, California. 

Slug Tuned Coil Data: Single layer or pie type 
windings to your specifications. Forma of quality 
paper base phenolic or grade L-5 silicone im-
pregnated ceramic. Mounting studs are cadmium 
plated brass; ring type terminals are silver plated 
brass. All units include slugs and mounting hard-
ware. One style (Type C) available with retaining 
collars of silicone fibreglas which permit 2 to 4 
terminals. Windings can be coated with resin 
varnish, wax or lacquer. 

New CST-50 variable ceramic capacitor surpasses 
range of capacitors many times its size. Stands 
only ive high when mounted, is less than Y." in 
diameter and has an 8-32 thread mounting stud. 
A tunable element of unusual design practically 
eliminates losses due to air dielectric giving large 
minimum to maximum capacity range ( 1.5 to 
12MMFD). 

CAMBRIDGE THERMIONIC CORPORATION 

makers of guaranteed electronic components, 
custom or standard 

1. 
d 
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Eyes in the night . . . certain 
as a pendulum . . . to pierce 
the veil of tinte and distance. 
Thus we have the moving eye— 
symbol of knowledge — on the 
ever predictable pendulum. eyes in the night 

The victory over time and darkness is certain with Kollsman instruments. 
Certain because of our quarter century dedication to accuracy in controls 
and instrumentation. 

Today our activities encompass four fields: 

AIRCRAFT INSTRUMENTS AND CONTROLS 

OPTICAL PARTS AND DEVICES 

MINIATURE AC MOTORS 

RADIO COMMUNICATIONS AND NAVIGATION EQUIPMENT 

Our manulacturing and rescarch facilities . . . our skills and talents, are 
available to those seeking solutions to instrumentation and control problems. 

kollsman INSTRUMENT CORP. 

ELMHURST, NEW YORK • GLENDALE, CALIFORNIA • SUBSIDIARY OF c*.aedaild COIL PRODUCTS CO. INC. 

PROCEEDINGS OF THE I.R.E. June, 1954 7A 



-hp- 608D VHF Signal Generator 

New premium-quality 

performance 

Wide range, direct calibration 

Residual FM less than 1 kc 

Drift less than 0.005% 

High power output 

All types of modulation 

Presenting... 

-hp- 608C VHF Signal Generator 

Models 608D and 608C are designed to be the best commer-
cial instruments of their type, and to set new standards of VHF 
generator convenience, applicability and performance. They are 
the redesigned and improved successors to over 3,000 -hp-
608A/B VHF generators now in use throughout the world. 

The premium quality -hp- 608D 

-hp- 608D is the ultimate in VHF signal generators. It offers the 
highest stability attained in production equipment of its type. 
There is almost complete absence of incidental FM or frequency 
drift. There is a calibrated output from 0.1 px to 0.5 y through-
out the frequency range, 10 to 420 mc. A built-in crystal cali-
brator provides a frequency check accurate within 0.01% every 
5 mc throughout range. 

These unique advantages are made possible in large part by 
new master oscillator, intermediate and output amplifier circuit 
design. Other features to improve stability include a regulated 
filament supply, a new variable condenser design and a com-
pletely new coil turret and circuit housing. The result is the most 
convenient, accurate and effective instrument available for test-
ing and aligning VHF aircraft communications and other re-
ceivers having extreme selectivity. 

The all-purpose -hp- 608C 

The -hp- 608C is a high power, stable and accurate VHF signal 
generator for general laboratory and field use. Employing a 
master oscillator—power amplifier circuit, -hp- 608C offers 1 
maximum power and a broad frequency coverage of 10 to 480 mc. 
The instrument provides outstanding convenience for measuring 
gain, sensitivity, selectivity and image rejection of receivers, IF 

COMPLETE 
COVERAGE 

HEWLETT-PACKARD 

8A PROCEEDINGS OF THE I.R.E. June, 1954 



two completely new 

E E 
GNAL 
RATORS 

amplifiers, broad band amplifiers and other VHF equipment. Its 
1 y output is more than sufficient to drive bridges, slotted lines, 
transmission lines, antennas, filter networks and other circuits. 

Outstanding features in both 

Both -hp- 608D and 608C have broadest possible modulation 
capabilities. There is AM modulation to 80%, and flat response 
20 cps to 1 mc which provides high quality internal and external 
pulse modulation. RF leakage is negligible, and sensitivity meas-
urements to 0.1 p,v are possible. Internal impedance is 50 ohms 
constant, and VSWR is a maximum of 1.2. 

Both instruments also feature new mechanical design and 
quality construction throughout. New aluminum castings and 

-hp- 608D VHF Signal Generator 
Frequency Range: 10 to 420 ITIC, 5 bands. 
Calibration Accuracy: ± 1% full range. 
Resettability: Better than -±-0.1% after 

warm-up. 
Crystal Calibrator: Frequency check points 

every 5 mc through range. Headphone 
jack for audio frequency output. 

Frequency Drift: Less than 0.005% over 
15 minute interval after warm-up. 

Output Level: 0.1 ¿iv to 0.5 y into 50-ohm 
load. Attenuator dial calibrated in y and 
dbm. (0 dbm equals 1 mw in 50 ohms.) 

Voltage Accuracy: ± I db full range. 
Generator Impedance: 50 ohms, maxi-
mum VSWR 1.2. 

Modulation Percentage: 0 to 80% indi-
cated by meter. 

cabinets reduce weight. Circuitry is particularly clean and 
accessible. Dial, condenser and turret drives are ball-bearing. 
Variable condensers are specially manufactured by -hp- and 
feature electrically welded Invar low temperature steel plates 
to minimize drift. Sealed transformers are used throughout, 
and construction is militarized. 

Data subject to change without notice. Prices f.o.b. factory 

WRITE FOR COMPLETE DATA 

HEWLETT-PACKARD COMPANY 
3099D Page Mill Road • Palo Alto, California, U.S.A. 

SALES AND ENGINEERING REPRESENTATIVES 
THROUGHOUT THE WORLD 

SPECIFICATIONS 

Envelope Distortion: Less than 2.5% at 
30% sine wave modulation. 

Internal Modulation: 400 cps :L.- 10% and 
1,000 cps ± 10%. 

External Modulation: O to 80%, 20 cps to 
100 kc. For RF output above 100 mc, 
to 30% to 1 mc. 

External Pulse Modulation: 10 y peak 
pulse req ui red. Good pulse shape at 1 psec. 

Residual FM: Less than 1,000 cycles at 30% 
AM for RF output frequencies above 100 
mc. Less than 0.001% below 100 mc. 

Leakage: Negligible; permits sensitivity 
measurements to 0.1 microvolt. 

Filament Regulation: Provides highest pos-
sible oscillator and amplifier stability for 
line voltage change. 

Power: 115/230 volts ± 10%, 50/1,000 
cps. Approx. 150 watts. 

Size: 13 3/8" wide x 16" high x 201/2 " deep. 

Weight: 70 lbs. Shipping weight. approx. 
100 lbs. 

Price: $950.00. 

-hp- 608C VHF Signal Generator 
Same as -hp- 608D, except: 

Frequency Range: 10 to 480 mc, 5 bands. 

Crystal Calibrator: In Model 608D only. 

Frequency Drift: Less than 0.05% Over 15 
minute interval after warm-up. 

Output Level: 0.1 pv to 1.0 V. 

Residual FM: Less than 0.0025% at 30% 
amplitude modulation for RF output fre-
quencies 21 to 480 mt. 

Filament Regulation: In Model 608D only. 
Price: S850.00. 

COMPLETE 
INSTRUMENTS I COVERAGE 
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GENERAL 
BATTERY 

4, TRANS/STORMs' 

TROUBLE-FREE 
low impedence* 

MERCURY BATTERIES 
for transistor circuits 

EP 021 

No. BA 

1.1#122j01,00 

TRAtists10 

NO. B-2 

%rnormii 

;(6tR A L 011 

*trams 

NO. B-3 

General gives you a choice of 8 batteries, four mercury, from 
the RG1 to the B-3, made with General's exclusive non-shorting surge 
weld process. Four sizes in carbon-zinc batteries round out the line. 
Here is a transistor power supply, versatile to meet almost any re-
quirement, with proven performance. 

"Internal impedence of General's RG1 varies only from 
2.5 to 4 ohms throughout the service life of the battery. 

MERCURY CELLS . . . No's RG1, 1.3 volts; B-1, 2.6 volts; B-2, 2.6 
volts; B-3, 3.9 volts. Exclusive General construction prevents contam-
ination of chemicals and shorting . . . provides full guaranteed shelf 
and service life. ( RG1 guaranteed at full 1100 milliamp hours.) 

"N" SERIES . . . No's. EP-671, 1.5 volts; EP-672, 3.0 volts; EP-673, 
1.5 volts. These carbon- zinc, metal clad cells give over 50% of the 
service life of comparable mercury cells ... cost less than one-half and 
weigh 20% less. (400 milliamp hour rating on drains of 5 to 6 MM.) 

EP-921 . . . This 1.5 volt cell gives outstanding performance in low-
drain transistor service. ( 2000 milliamp hour rating on drains up to 
6 M/A.) 

GENERAL 
DRY BATTERIES, INCORPORATED 
13000 ATHENS AVENUE CLEVELAND 7, OHIO 

Offices in Principal Cities 

I ,•1- ; 11r /• 1 



News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 

information. Please mention your I.R.E. ¡dilution. 

Molded Borocarbon Resistors 
A complete series of molded borocarbon 

resistors has been announced by the 
Sprague Electric Co., 235 Marshall St., 
North Adams, Mass. The new resistors, 
known as the Sprague Filmite B series, 
meet the requirements of MIL-R- 10509A, 
proposed Modification 2. The resi.:tors 
rated at ¡, 1 and 2 watts will dissipate full 
wattage ratings at an ambient of 70°C 
compared with the 40°C ratings on pre-
vious resistors of this type. 

Identified as Types 4E, 5E, and 6E, the 
new resistors are molded in a dense plastic 
material, which not only provides unex-
celled physical protection for the film re-
sistance element but serves as a barrier for 
moisture and vapor. For further data re-
quest Bulletin 130. 

New Magnetics Plant 

$jll 

-4,••• 

Magnetics, Inc., new plant just outside 
of Butler, Pa., will house its research and 
development laboratories, as well as its 
engineering and general offices, in the ad-
ministration building section. Assembly 
and fabrication shops for cores, lamina-
tions, magnetic amplifiers, a heat treat-
ment room, and a rolling mill for high 
permeability steels are included in the 
new facilities. 

(Continued on page 15A) 

• • 

TH E  SOLUTION ...  

. to your R-F noise 
suppression problem* 

• le 
AMOUR 

f1-1" ¡wide iteeddlest 

FILTERS* 
Ideal for R-F noise suppression in military 

and commercial aircraft, vehicular low-voltage 

DC applications, and for special usages 

such as shield rooms and critical equipment. Maximum 
reliability. High attenuation. High current ratings. Still smaller 

hermetically-sealed metal-case housings. Advanced 

pi-type construction for greatest efficiency. 

Definitely the solution to your R-F noise suppression problem. 

FEATURING... 

Aerolitet metallized-paper sections provide maximum reliability and life factors. 

Unique " fault- isolation - characteristic offers added protection against surge voltages. 

High attenuation of R-F Currents. Maximum attenuation available, 

from . 15 mc to 400 mc. 

low DC resistance assures minimum heating and low voltage drop. 

Operating temperature range from — 55 °C to.t-85 °C. At full rating ( 150 v.d.c.), 

operating temperature range is from — 55 C to + 70 -C. 

All units rated for continuous duty. 

Test voltage for all units, 200 v.d.c. at room temperature 

for period not exceeding I minute. 

Cose construction of non-magnetic metal suitably protected 

for severest service requirements. 

Available with special terminals, special mountings and other special 

considerations for specific needs. 

•WRITE FOR LITERATURE. Screen- room filters also available 

with extra-high attenuation ( 120 db) for AC and DC appli-

cations. Send us your R-F noise-suppression problem. 

trade-mark 

f,I1U2P 

AER°V°X CORF'ORATION 
NEW BEDFORD, MASdi. 

Hi-Q CINEMA ACME 
DIVISION ENGINEERING CO. ELECTRONICS, INC. 

OLEAN, N. Y. BURBANK, CALIF. MONROVIA, CALIF. 

t.0 (POCOS CANADA ITO me..,,te. O., 101111111 AOORISS 740 44044.04 •.• N. 8•44 ,4 

Export: Ad. Auriema, Inc., 89 Broad St. New York, N. Y. • Cable: Auriema. N. Y. 
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NEW Q Meter Inductors for 
measurements up to 260 mc! 
INDUCTORS Type 590-A— 

accessories to Q Meter Type 190-A 

TYPE 590-A INDUCTORS 

Type 

590- Al 005 

590-A2 0 1 

590-A3 025 

590-A4 05 

590-A5 

590-A6 

1.0 

2.5 

Inductance 

oh lipt 

Capacitance 

8.0 — 95 0 

10 — 100 

8.0 — 800 

7.5 — 80.0 

7 5 — 65.0 

9.0 — 25.0 

Approximate 

Resonant 
Freq. mc 

70 — 230 

50 — 160 

30 — 100 

25 — 70 

20 — 50 

20 — 30 

Approximate 

320 

350 

310 

340 

300 

300 

PRICE: $ 10.00 each F.O.B. BOONTON, N. J. 

Q METER Type 190-A 

Approximate 

Distributed 

C puf 

I 5 

1.8 

23 

2.4 

29 

2.9 

This new 190-A Q Meter measures an essential figure of merit 
of fundamental components to better overall accuracy than 
has been previously possible. The VTVM, which measures the 
Q voltage at resonance, has a higher impedance. Loading of the 
test component by the Q Meter and the minimum capacitance 
and inductance have been kept very low. 

SPECIFICATIONS—TYPE 190-A 

FREQUENCY RANGE: 20 mc. to 260 mc. 

RANGE OF 0 MEASUREMENT: 
Q indicating voltmeter 

Low Q scale 
Multiply Q scale 
Differential Q scale 

Total Q indicating range 

50 to 400 
10 to 100 

0.5 to 3.0 
0 to 100 

5 to 1200 
PERFORMANCE CHARACTERISTICS OF INTERNAL RESONATING 

CAPACITANCE: Range- 7.5 mmfd. to 100 mmfd. ( direct reading). 

POWER SUPPLY: 90-130 volts — 60 cps ( internally regulated). 

Type 190-A Price: $ 625.00 F.O.B. Factory 

BOONTONRADIO 
iyotaá‘sv( BOONTON • NJ • U.S A. 

Inductors Type 590-A are designed specifically 
for use in the Q Circuit of the Q Meters Type 
170-A and 190-A for measuring the radio-
frequency characteristics of condensers, 
resistors, and insulating materials. They have 
general usefulness as reference coils and may 
also be used for periodic checks to indicate any 
considerable change in the performance of the 
Q Meters. 

Each inductor Type 590-A consists of a high 
Q coil mounted in a shield and is provided 
‘% ith spade lugs for connection to the coil ter-
minals of the Q Meters. The shield is con-
nected to the lugs which connect to the Low 
Coil terminal in order to minimize any changes 
in characteristics caused by stray coupling to 
elements or to ground. 
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• 

ONE DESIGN 

MEETS MANY 

REQUIREMENTS 

NEW 

BRUSH OSCILLOGRAPHS 

.OR IN A CONSOLE 

Standardized design of these new Brush multi-channel oscillographs 
permits greater flexibility in instrumentation. An identical chassis which 

can be installed in either a standard 19-inch rack or a console is used 

for both 4 and 6-channel units. The new electrically-controlled chart 
drive provides up to sixteen speeds for greater flexibility of speed and 
operation. The chart can be driven as slow as 1 cm/hour or as fast as 

250 mm/sec.—the highest chart speed available on any standard oscillo-

graph. The units can be equipped for local or remote control. Get all 
the facts—send the coupon today, or call your Brush representative. 

Brush Electronics Company, Cleveland 14, Ohio. In Canada: A. C. 

Wickman, Ltd., Toronto. 

BRUSH ELECTRONICS 
INDUSTRIAL AND RESEARCH INSTRUMENTS 

Ple20•ELCCTRIC MATERIALS • ACOUSTIC DEVICES 

MAGNETIC RECORDING EQUIPMENT 

ULTRASONIC EQUIPMENT 

• 

IflIAID'lesiffl • 

COMPANY 
formerly 

The lima Develotoorot Co. 
Brush Electron. COMPOM, 

is oss operoting And of 
Clevete Corporals«. 

Name  

Position  

Company  

Address  

City  

• 

OR 

EXPAND 

YOUR 4 
CHANNELS 

TO 6 

Brush Electronics Company, Dept. F-6 
3405 Perkins Avenue, Cleveland 14, Ohio 

Gentlemen: 

D Please send bulletin on new oscillographs. 
0 Please have your representative call. • 

• 
• 

• 

• 

State  • 
• 
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TYPE 531 

NEW 7,tedee-Pceftede Oscilloscope 
• Plug- In Vertical Preamplifiers 

• 10-KV Accelerating Potential 

• 600,000,000 to 1 Sweep Range 

• Direct-Reading in Time and 
Amplitude 

• Versatile Triggering Circuitry 

You just plug in the proper vertical preamplifier to have at your 

service a wide-band dc oscilloscope, a wide-band high-gain oscillo-

scope, a wide-band dual-trace oscilloscope, or a differential- input 

high-gain dc oscilloscope. The Type 53-Series Plug- In Units are 

small, weigh less than 6 lbs. each, and you can change them in a 
few seconds. 

This new instrument is designed to make your oscilloscope dollar 

go farther. Development of additional plug-in units already in prog-

ress will increase the versatility of the Type 531, and assure its 

modernity well into the future. But your greatest gain is the many 

hours of valuable engineering time you save through its use. 

OSCILLOSCOPE CHARACTERISTICS 

24 Calibrated Sweeps 

0.1 psec/cm to 5 sec/cm. Accurate 5-x 
magnifier permits calibrated sweep times 
to 0.02 ilsec/cm. Sweep continuously vari-

able from 0.02 gsec/cm to 12 sec/cm. 
Sweep calibration accurate within 3%. 

New Cathode-Ray Tube 
Tektronix T.51P metallized CRT has helical 

post- accelerating anode; deflection- plate 
leads ore brought out at the neck. 

DC-Coupled Vertical Output Amplifier 
Designed for use with any of the Type 

53- Series Plug- 1n Units. 

Balanced Delay Network 
Provides 0.25-µsec vertical signal delay. 

Horizontal Input Amplifier 
Sensitivity 0.2 v/cm to 20 v/cm, continu-
ously variable. 

Internal or External Triggering 
Amplitude level selection or automatic 
triggering. 

Amplitude Calibrator 

Square wave, 0.2 my to 100 y in 18 steps, 
accurate within 3%. 

DC-Coupled Unblanking 

CRT Beam Position Indicators 

Electronically Regulated Power Supplies 

Price $995 plus price of desired plug-in units 

NOW IN QUANTITY PRODUCTION 

For complete specifications and ship-

ping schedules call your Tektronix Field 

Engineer or Repre antative or write to: 

PLUG-IN UNIT CHARACTERISTICS 

‘ fr4-

41 

Type 53A Wide-Band DC Plug- In 

Preamplifier— dc to 10-mc passband, 

0.035-µsec risetime. Sensitivity 0.05 

v/cm to 50 v/cm, ac or dc, continu-

ously variable, with nine calibrated 

steps from 0.05 v/cm to 20 v/cm. Two 

input connectors with 80-db isolation. 

Price $ 85. 

Type 538 Wide- Band High- Gain 

Plug- In Preamplifier— same as the 

Type 53A with the addition of an ac-

coupled input stage providing three 

additional calibrated sensitivity steps, 

5 mv/cm, 10 mv/cm and 20 mv/cm. 

Passband 5 cycles to 9 mc, 0.04-Asec 

risetime. Two input connectors with 

80-db isolation. Price $ 125. 

Type 53C Dual-Trace Plug- In Pre-

amplifier — two identical amplifier 

channels, each with dc to 8.5-mc pass-

band, 0.04-irsec risetime, sensitivity 

0.05 v/cm to 50 v/cm continuously 

variable with 9 calibrated steps from 

0.05 v/cm to 20 v/cm. Electronic 

switching triggered by oscilloscope 

sweep, or free running at about 100 

kc. Polarity reversal switches. 

Price $ 275. 

Type 53D Differential High- Gain 

DC Plug- In Preamplifier—sensitivity 

1 mv/cm at dc to 250 kc—with pass-

band increasing to 750 kc at 50 mv/cm 

and lower. Sensitivity in calibrated 

steps- 1 mv/cm to 50 v/cm, or con-

tinuously variable- 1 mv/cm to 125 

v/cm. Differential input. Price $ 145. 

ALL PRICES F.O.B. PORTLAND ( BEAVERTON), OREGON 

Tektronix, Inc. P. 0. Box 831, Portland 7, Oregon 

Phone: CYpress 2-2611 — Cable: TEKTRONIX 
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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 page 11A) 

Printed Circuit Connectors 
De Jur-Amsco Corp. has just announced 

a new series of space-saving Printed Cir-
cuit Continental Connectors designed to 
permit direct connection to a printed 
circuit "plug" or "plug" mounted sub-
assembly. This series has been designated 
series " PC." 

For absolute space economy, both sides 
of the printed circuit card can be used for 
wiring to the external circuit with Con-
tinental's double row contact construc-
tion. This feature provides for up to 30 
(PC- 15), 36 (PC- 18), and 44 (PC-22) con-
tacts. These connectors are available in 
single row construction. Further designs 
are also available on request. 

Multi-conductor two-sided pressure 
contacts of spring-temper phosphor bronze 
are gold plated over silver for low contact 
resistance. The terminal ends can be hot 
tinned for soldering at assembly. These 
contacts have a maximum voltage drop 
of 20 millivolts at rated currents. Positive 
polarization is provided with polarizing 
stud which can be located at any contact. 

Three insulating materials are avail-
able: Mineral filled Melamine, Plaskon 
reinforced (glass) Alkyd type 440-A, and 
Diallyl Phthalate (blue). 

For illustrated Engineering Data Sheet, 
write: Electronic Sales Division, DeJur-
Amsco Corp., 45-01 Northern Blvd., Long 
Island City, N. J. 

Bulletin on Vibration and 
Shock Mounts 

Advanced design features of all-metal 
mounting systems are described and illus-
trated in a 4-page bulletin (No. 800) from 
Robinson Aviation, Inc., Airborne Div., 
Teterboro, N. J. The special types of all-
metal (MET-L-FLEX) mountings de-
scribed have been developed in collabora-
tion with missile designers, and are based 
on service experience. 

The bulletin offers answers to many ex-
acting and unusual problems of mounting, 
electronic equipment in guided missiles, 
rockets, and jet aircraft. It includes engi-
neering data and specific examples of vari-
ous types of mounts and engineered mount-
ing systems. 

(Continued on page 16/1) 

Fast, accurate determination of match, 

load impedance, power 10 kc to 3 me 

Model 139 Directional Coupler 
These new Sierra Couplers provide fast, accurate and continuous readings of 
transmission line characteristics over a wide frequency, power and impedance 
range. Designed for operation up to 15 kw, they consist of a wide band, tor-
roidal ferrite core transformer connected internally to a 10 µµfd coaxial capacitor. 
The instruments are very simple to install, operate in any position, and are usable 
with coaxial or open-wire line, or with a lumped linear passive network. 

Transformers in Model 139 are rated 25 ±2 millihenrys; capacitor is rated 
4.25 kv rms; frequency range is 10 kc to 3 mc. The couplers are moderately 
priced and available for immediate shipment. 

ve-ule 
coeue 

Model 137 (Illustrated) For 51.5 ohm coaxial 
line. Frequency range 30 to 1,500 me, coupling 
factor 70 to 35 db. Directivity throughout 
range greater than 46 db. Rugged construction; 
Type N fittings. 
Model 138 Similar to Model 137 except offers 
a coupling factor ranging from 59 to 24 db. 

(Sierra also offers Models 137A and 138A, 
identical with above except primary line 
impedance 50.0 ohms.) 

Model 148 Crystal Detector Sensitive read-
out for VHF-UHF couplers. 50 ohms imped-
ance, built-in low pass filter. 

Data subject to change without notice. 

Nominal coupling factor of Model 139 
is 50 db and directivity is 62 db, How-

ever, the coupling and directivity are 
easily adjustable over a wide range, 

depending on auxiliary circuitry. 

REQUEST BULLETIN 101 FOR FORMULAS 

AND DETAILED INFORMATION. 

sierra 
Sierra Electronic Corporation 

San Carlos 2, California, U.S. A. 

Sales representatives in major cities 

Manufacturers of Carrier Frequency Voltmeters, 

Wove Analyzers, tine Fault Analyzers, Directional 

Couplers, Wide- Rand RF Transformers, Custom 

Radio Transmitters, UHF Detectors. " 
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CI JAN-type Centrallab 
STANDOFFS in stock 

Stop searching — (entra/ab has' em! 

• All JAN standoffs carried in stock. 

• All standoffs grade L-5 
(JAN-I-8, JAN-1-10). 

• High dielectric strength 
(240 volts per mil.). 

• Low loss at high frequencies 
(Loss factor at 1 MC. — .007). 

• High mechanical strength 
(18,000 psi. modulus of rupture). 

• Harder than quartz (7.5 Mohs' scale). 

• Impervious to moisture or acids 
(0 to .02% absorption). 

ORDERING is simplified too — all parts 
are stamped with the JAN designation. All units are 
carried in stock for immediate shipment. Write for 

Bulletin 42-181 for complete technical data. 

A Division of Globe-Union Inc. 
920F E. Keefe Avenue • Milwaukee 1, WIsconsin 

In Canada. 804 Mt. Pleasant Road, Toronto, Ontario 

CERAMIC PRINTED CERAMIC 
CAPACITORS ItECTRONIC CIRCUITS INSULATORS 

Industry's greatest source of standard and special 
electronic components 

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 I5A) 

Wide-Band, General Purpose 
Oscilloscope 

A new wide-band cathode-ray oscillo-
scope, featuring high precision measure-
ment of both time and amplitude over the 
entire range of general laboratory applica-
tions, has been announced by the Instru-
ment Div., Allen B. Du Mont Laboratories, 
Inc., Clifton, N. J. The new instrument 
is designated the Du Mont Type 323. 

The direct coupled, 10 mc (3 db down) 
vertical amplifier of the Type 323, enables 
display not only of very-low-frequency 
phenomena, but also of high-speed pulses, 
together with their dc level. 

Sweeps are directly calibrated by 
means of a front-panel dial. Sweep range 
extends from 1 second to 0.1 microsecond 
per inch. 

Calibrated sweep expansion and delay 
is accomplished by the new Du Mont 
sweep "notch," which enables speeding by 
a predetermined factor of an 2-inch portion 
of the 4-inch trace. The notch is movable 
along the trace so that any portion may be 
expanded and examined in detail, while its 
time relationship to the total signal is 
maintained. 

The scale of the Type 323 may be 
calibrated to read directly in volts by 
means of internally generated voltage 
standards. Eleven ranges, extending from 
0.2 to 400 volts full-scale, are available. 
A technical bulletin is available from 

the Technical Sales Department, Allen B. 
Du Mont Laboratories, Inc., 760 Bloom-
field Ave., Clifton, N. J. 

(Continued on page 26A) 

35,000 IRE 
MEMBERS USE THE 
IRE DIRECTORY 
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COMPRESSING 

TIME  

In any security program time is the one irreplaceable ele-

ment. Making the most of time is particularly vital in guided 

missiles projects. Fairchild's Guided Missiles Division has 

demonstrated its ability to "spend" time effectively. Its com-

pletely integrated engineering and production organization 

can, in effect, compress time. 

With a balanced engineering team and an experienced pro-

duction staff housed together in a facility built specifically 

for the development and manufacture of missiles, Fairchild 

can cut down lags in moving a missile project from the 

design and development phase into the production phase. 

It has done so-

IF ENGINE AND AIRPLANE CORPORATION 

AIRCHILD 
6e«..eed/Kee ve4e, 

WYANDANCH, N. Y. 

Aircraft Division, Hagerstown, Maryland • American Helicopter Division, 
Manhattan Beach, Calif. • Engine Division, Farmingdale, N.Y. • Speed 
Control Division, Wickliffe, Ohio • Stratos Division, Bay Shore, N.Y. 

--»..2141101ebb--



WIRELESS WORLD, founded in 1911, was the first radio journal in the 
world. Today, it is still far ahead, and is the chief source of technical 
information for all who are interested in the design and manufacture of 
British radio, television and electronic products. Articles of a high standard 
cover every phase of radio and allied technical practice, and its news items 

embrace the wider aspects of international radio. Theoretical treatises 
written by experts deal with all new developments, and design data and 
circuits for every application are published regularly. 

Published monthly $ 4.50 per year 

WIRELESS ENGINEER—the journal of radio research and progress—is 
produced for research engineers, designers and students in radio, television 

and electronics. It publishes only original work, and its Editorial Advisory 
Board contains representatives of the National Physical Laboratory, the 

B.B.C., and British Post Office. Keep in touch with the latest advances 
in Britain . . . read these important journals every month. Mail the 

order blank today. Published monthly $ 7.50 per year 
(Including Annual Index to Abstracts and References formerly published separately) 

RECENT EDITORIAL CONTENTS 
Diagnosis of Distortion—The " Difference Diagram" and its Interpretation. 
Electronic Film-making. Remote Display of Radar Pictures —Centimetric 
Radio Link. Stereoscopic Television— Is it Practicable for Broadcasting? 
Spectrum Equalization — Use of Differentiating and Integrating Circuits. 
Automatic Ionospheric Height Recorder — Frequency Range o.65 to 
25 Mc/s. Squirrel-Cage Filament Structures—Equivalent Cathode Diameter. 
Design of Series Peaking Transformers. Distributed Amplifiers —Mutual-

Inductance-Coupled Type. 

MAIL THIS ORDER 
To ILIFFE & SONS LIMITED, DORSET HOUSE, STAMFORD 

Please forward for 12 months. Payment is being made* 

NAME  

ADDRESS  

CITY 

TODAY 
STREET, LONDON, S.E.I, ENGLAND 

ZONE STATE   

* Payment can be made by Bankers' Draft or International Money Order. 

W 



silicon transistors — long awaited by the electronics 
industry — are finally out of the laboratory and on the marlw 

brought to you first by Texas Instruments, a leading 
traiv,i,tor manufacturer. A new and unrivalled degree 
of ( 14,, igii 11.(1 ,(10m is created by the TI n-p-n grown junction 
silicon transistor, now available in production units with 

glass-to-metal hermetic sealing. silicon transistors radically 
improve temperature stability and power 
handling while retaining the best amplification 
and frequency characteristics of previous 

semiconductor devices. 

write today for detailed 

information on the silicon 

transistor! 

TEXAS INSTRUMENTS 
INCORPORATED 

6000 LEM MON AVE. DALLAS 9. TEXAS 

A
C
T
U
A
L
 
S
I
Z
E
 

• 
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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 

912-4 

1217-4 

1723-4 

4458-4 

5882-4 

FREQUENCY RANGE 

900-1200 MC 

1200-1700 MC 

1700-2300 MC 

4400-5800 MC 

5800-8200 MC 

ACCURACY 

.01% 

.02% 

.02% 

.0 10/0 

.01% 

ILLUSTRATED 
BULLETINS 
SENT ON 
REQUEST Address inquiries to 

BOX 504 
II 
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Send this coupon 
today . . . 

I want the facts about Collins Microwave. 

.1,11.11.1a.01 ,M1 

'ME  

COMPANY  

ADDRESS  

CITY  ST \ TY  

Get this booklet by return mail 

and find out why Collins Microwave 

will serve you best. 

You'll want all the facts in this informative booklet, but this is the 
story in a nutshell. Collins can do your communications and 
remote control jobs better because they're specialists in radio-
electronic design and manufacture. Collins' extensive experience 
and success in the aviation, broadcast and amateur radio fields 
supply the required background and facilities to deliver 
microwave systems that represent the ultimate in dependability. 
If your plans include the use of Microwave, be sure you get 
assured performance and quality. Why not mail the coupon now. 

COLLINS RADIO COMPANY Cedar Rapids, Iowa 
11 W. 42nd St., NEW YORK 36 1930 Hi-Line Dr., DALLAS 2 2700 W. Olive k VP., BURBANK 

Collins Radio Company of Canada, Ltd., 74 Sparks Street, OTTAWA, ONTARIO 
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write on company letterhead 

MRSIIETICS inc. 

DEPT. 1-9, BUTLER, PENNSYLVANIA 

MAGNETIC SHIELDS 
Are you ready for a major electronic and electrical first— 

Magnetics, Inc. "Performance-Guaranteed" Shields for shielding 

of standard cathode ray and other tubes against moderate and 

high flux external fields ... and custom-designed "Performance-
Guaranteed" Shields for specific shielding problems? 

Here are shields which eliminate waste ... are guaranteed to 
your performance specification ... and are sold at standard prices. 

THE WIDEST CHOICE IS YOURS 

MATERIALS ... Premium quality Performance-Guaranteed Shields 

are usually made from Mumetal or A.E.M. 4750, dry-hydrogen 

annealed for optimum isolating properties. Shields can be made 
from any other commercially available magnetic and non-mag-

netic materials when required by performance specifications. 

METHOD OF MANUFACTURE . . . Performance-Guaranteed Shields 
can be fabricated or drawn by Magnetics, Inc., depending upon 

which is most economical for your requirements. 

FINISH . . . Performance-Guaranteed Shields can be furnished 

painted, lacquered or unfinished, as your requirements dictate. 

Paint color can be matched to any equipment shade you select. 

Pre-painting by Magnetics, Inc. eliminates danger of damage to 

shields in painting operations in your plant . . . provides you 

with shields immediately ready for your assembly operations. 

FREE ENGINEERING DESIGN . . . Our Engineering Department will 

carry out all phases of your shield design ... including magnetic 

analysis ... mechanical design .. and production engineering 

to your cost requirements. 
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Here is one example of Lord Engineering on sen-
sitive business machines. The Burroughs Sensi-
matic Accounting Machine is supported on LORD 
Mountings to reduce noise and cushion shock. 

JUSTA MATTER 
OF CONTROL lug 

&ORO ENGINEERING 

CONTROLS VIBRATION 

. . . anywhere 

The difference between a good product and a 

better one is often just A Matter Of Control—con-

trol of vibration and shock which may be damaging 

your product. Pioneers in solving vibration problems 

for many industries, Lord Manufacturing Company 

is well qualified to assure you of better performance 

from your products through the use of Lord Vibra-

tion Control Mountings and Bonded-Rubber Parts. 

Our Engineers will be pleased to help you in the 

analysis of the vibration which may damage your 

product and in the selection of the correct method of 

control. Lord Engineering means Materials Research 

—Engineering Research—Product Design—Manu-

facturing Know-How for your application. 

Over 27,000 designs and their variations 

from which to choose. 

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 16, NEW YORK CHICAGO 11, ILLINOIS CLEVELAND 15, OHIO 

311 Curtis Building 280 Madison Avenue 520 N. Michigan Ave. 811 Hanna Building 

LORD MANUFACTURING COMPANY • ERIE, PA. 
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Magnets 7ttr rotors or sWets 
...any design orsize you may tequire 

"MAGNETIC MATERIALS CATALOG" 

Write for your copy 

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

ADDRESS DEPT. P 

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. 

PE ARNOLD ENGINEERING COMPANY 
SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 

General Office & Plant: Marengo, Illinois 

DISTRICT SALES OFFICES .. . New York: 350 Fifth Ave. 

Los Angeles: 3450 Wilshire Blvd. Boston: 200 Berkeley St. 
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SPECIFY THESE 

e Abepat4 Ceeee Staudaetd 

LUG-TYPE, LEAD-THRU 
INSULATORS 
For condensers, transformers, 
other applications requiring volt-
age ratings from 2000 to 4000 
(rms.). Compression sealed, super 
rugged. Inside or outside mount-

leod wires up to .060. 

0Gr, 

SEALED TERMINALS 

SEALED TERMINALS 
Fecturing cushioned glass con-
struction, high thermal shock re-
sistance. Available in economical 
preferred types and special 
designs. 

MULTIPLE HEADERS 
Vacuum tight, cushioned gloss 
construction. Strain- free, lin 
dipped for easy soldering and 
silicone treated for maximum 
dielectric strength. 

COMPRESSION TYPE HEADERS 
Super rugged, absolutely rigid, 
practically indestructible multiple 
headers. Exclusive E-1 develop-
ment offers greatly increased re-
s,stance Sc s'cci cd vibration. 

END SEALS 
For condensers, resistors and 
other tubular components. Com-
pletely strain-free and provide a 
permanent hermetic seal. Stand-
ardized, economical types. 

OCTAL HEADERS 
Plug-in and multiple types. Fea-
ture new principle of hermetic 
sealing. 

COLOR-CODED TERMINALS 
Feature glass inserts in standard, 
easily identified RMA color 
codes. Coloring is in the glass. 

• MULTIPLE HEADERS 

• COLOR-CODED 

LUG-TYPE, LEAD-THRU 
INSULATORS 

hermetically-sealed 
terminations 

TO SOLVE DESIGN PROBLEMS 
QUICKLY AND ECONOMICALLY! 

• OCTAL HEADERS 

E-I... Your headquarters for hermetically-sealed 
multiple headers, octal plug-ins, terminals, color coded 
terminals, end seals and lug-type lead thru insulators. 
New bulletins are available now on E-I hermetically 
sealed terminations. Call, or write on company 
letterhead, for the complete engineer-designer file 
portfolio including data on all E-I standard types. 
Samples of the new STANDARD TRANSISTOR 
CLOSURE are available on request made on your 
company letterhead. 

DIVISION OF AMPEREX 

ELECTRONIC CORPORATION 

ELECTRICAL INDUSTRIES 
44 SUMMER AVENUE, NEWARK 4, NEW JERSEY 

• PATENT PENDING 
ALL RIGHTS RESERVED 

EXPORT AGENTS: PHILIPS EXPORT CORP., 100 EAST 42nd STREET, NEW YORK 17, N. Y. 



PANORAMIC 

the pioneer 
is t 

IT COSTS YOU LESS TO 
DO IT FASTER with 
PANORAMIC EQUIPMENT 

  / 

• Direct Frequency 
Reading, 50MC-950MC 

• IOMC scanning width, continuously reducible to 
almost OKC • Variable resolution 9KC-100KC 

• Sweep Rates: ' cps. Scps, 30cps and 25-3Scps. variable 
• High inherent stability • Low cost 

Model SG Panoramic's NEW 
Sweep Generator e 

for Accurate Inspection of Responses 
of Sonic and Ultrasonic Systems and Desist, 

• Direct Frequency and Amplitude Reading Screcn 
for Slave Scopes 

• Frequency Range: 40cps-20KC, 400cps-200 KC. 
selectable 

• Frequency scales: logarithmic or linear, selectable 
• Scan rate Ups internal; 60-0.04cps external with 

Model TW-1 Triangular Wave Generator 
• Amplitude scales: linear or 2 decade logarithmic, 

selectable • Variable linear sweep range 
• Internal frequency markers 

Panoramic Model 

er 

A Convenient Single 
Package VHF-Ulif 
Spectrum Analyzer 
50MC-950MC with 
Two RF Tuning Heads 

The Model SPA-1 Panoramic 
Spectrum Analyzer incorpo 
rates a superior panoramic 
indicator, power supply and 
optional tuning heads, RF-2 
and RF-3. which cover the 
ranges between 50MC to 
250MC and 220MC to 950-
MC, respectively. The SPA-1 
is exceptionally simple to 
operate, lending itself to pro-
duction tests as well .as labo-
ratory usage. 

ge to 4 jtki$i 

Panoramles NEW 

1 Model FM-1 FM Monitor 
A Low Cost Portable Package for Rapid Visual 

Measurement of Actual Bandwidth of Mobile FM 
Transmissions 

• Instantaneous panoramic presentations of carrier 
and sidebands of voice transmissions 

• Helps prevent channel spillover 
Indicates modulation symmetry 
Accurately measures deviation by constant tones 
Has band limit markers • Simple to operate 

WRITE TODAY FOR FULL INFORMATION 

inquiries invited on Panoramic Spectrum Analyzers for 
Special Problems. 

RADIO PRODUCTS. 1%C. 12 South Second Avenue, Mount Vernon, N.Y. 
MOunt Vernon 4-3970 

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 16A) 

Miniaturized Capacitor 

National Capacitor Co., 385 Washing-
ton St., Quincy, Mass. manufacture Type 
TI capacitors which demonstrate good 
stability between temperature extremes. 
The capacitance variance is less than 5 per 
cent from 80°C to 200°C. Insulation resist-
ance at 150°C will exceed 1,000 megohms 
X microfarads. 

Capacitance is substantially unaffected 
by frequency, and has a dissipation factor 
less than 0.008. These Type TI capacitors 
are hermetically sealed with 100 per cent 
tin-coated glass-kovar end seals. Container 
ends are pressure-crimped to doubly secure 
seals. They are available for prompt deliv-
ery in the complete RETMA capacitor se-
ries. Standard tolerances ± 10 per cent; 
also can be obtained with tolerances of 
± 5 per cent and ± 2 per cent. 

Miniature Permanent-
Magnet Motor 

Rated at 1/400 horsepower with op-
erating rotor speed of 10,500 rpm, the new 
Type PM-47 miniature permanent-magnet 
motor manufactured by Dalmotor Co., 
1375 Clay St., Santa Clara, Calif., is sug-
gested for application to small fans, 
blowers, and other similar light-weight-
load applications. Designed for continuous 
duty, this motor draws 0.18 ampere at 27 
volts dc, and has a total weight of 5 ounces. 

Dimensions are 1 13/16-inches long by 
1k-inches diameter, and the k-inch diam-
eter shaft has an extension length of 1 1/16 
inches. However, other lengths and special 
arrangements including splines, keyways, 
gears, and so forth, can be provided where 
required. Electrical connections (integral-
lead type illustrated) can be provided in a 
number of arrangements to suit applica-
tion requirements. 

(Continued on page 28.4) 
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You can SEE the improvement over prototypes (le 

G.E.'s NEW IMPROVED SWEEP TUBES 
GIVE HIGHER QUALITY AT SAME PRICE! 

à 
NEW 6806-GA, 25806-GA (Right) 

G-E Design Service brings you . . . constantly . . . 
new, improved, more dependable receiving tubes 
at no increase in cost. The 6BQ6-GA and 2 5BQ6-GA 
are examples. These sweep tubes cut TV production 

costs by greatly reducing line rejects . . . also build 
customer acceptance for your sets, which will require 
fewer service call-backs. 

Other improved G-E tubes are in development, 
and will be available soon. With the number of 
tubes per chassis to be at least doubled for Color, 

builders of sets justifiably are asking for tubes that 
will stand up—that won't slow TV production by 

poor performance or high failure rate, and won't 
make service costs prohibitive. 

Better tubes at the same price is an extensive and 
continuing General Electric program. Get all the 
facts about these new, improved tubes for television 
from Tube Department, General Electric Company, 

Schenectady 5, New York. 

GENERAL 

1111111 . 

OUTSTANDING PERFORMANCE! 

LONG LIFE! 

RUNNING HOT" shortened the life 
of many prototype 6BQ6-GT's 

and 25BQ6-GT's. G-E designers 
went to the heart of the problem, 
and gave the new tubes king-size 
bulbs that mean cooler operation 
under all normal conditions. Glass 
surface area is 89% increased! 

Also—because of special mica 
design and new processing tech-
niques— the 6 BQ6-GA and 
25BQ6-GA will handle higher 
pulse plate voltages than their pred-
ecessors. The peak rating now is 
6,000 y instead of 5,500 v. Internal 
tube arcing has been reduced sub-
stantially. 

A further improvement is use of 
a special high-melting-point solder 
for the plate cap-terminal. This 
prevents loosening of the terminal 
when tubes are removed for testing. 

Basing layout is identical with 
prototypes. The new tubes are 
fully interchangeable with the old. 

ELECTRIC 



RADIO INTERFERENCE 
• and FIELD INTENSITY* 
• 
, measuring equipment 

• 
• Ai  
• JTOCICIarT NM-50A • 375mc to 1000mc 
e 

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-65. Very low frequen-
cies. 

HF NM-20B, 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 

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 26.d) 

High-Voltage Indicator 
T wo x lets of a new, inexpensive high-

low voltage indicator are announced by 
Industrial Devices Inc., Edgewater. N. J., 
ma n ufac t urers of electrical-electronic serv-
icing and industrial products. Each of 
these units, designed for use with portable 
or stationary industrial equipment, have a 
bakelite panel with two glow-lamp pilot 
lights marked HIGH and NORM, and two 
test jack receptors. The panel is mounted 
on a cast aluminum junction box (Type 
FS) with conduit fittings. 

Both voltage indicators are specifically 
suited to equipment where efficiency de-
pends on a certain voltage range. Both 
models work on ac or dc. Both units are 
available for other voltage ranges on spe-
cial order. One, Model 960 indicates a low 
range of 190 to 210 volts and a high of 235 
volts. 

Test jack receptors are provided for 
checking the voltage with a meter at any 
time. Glow lamps employed are of the non-
filament type and are not affected by ex-
treme vibrations. 

Surface-Barrier 
Development of a Surface- Barrier 

transistor has been announced by Philco 
Corp., 4700 Wissahickon, Philadelphia 44, 
Pa. 

Philco is using a new method of proc-
essing germanium. "This new method ex-
hibits the highest mechanical precision yet 
attained in machining germanium," Mr. 
Woods of Philco said, "The process con-
sists of directing two streams of liquid 
indium salt at opposite sides of a slab of 
germanium. Electric current is passed 
through the streams so as to etch away 
the germanium. This process continues 
until the two streams almost drill through 
the slab. When the germanium has been 
etched down to a few ten-thousandths of an 
inch in thickness, the current is suddenly 
reversed. The etching is thus instantly ar-
rested and indium immediately electro-
plated on the germanium by the reversed 
current flow to form electrodes on both 
sides. The resultant assembly, with wires 
attached to the two electrodes, is hermeti-
cally sealed in a metal container. 

(Continued on page MA) 
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Eimac Klystron Report 

• Power gain of one million 
• 5kw power output at 650mc 

Apower gain of one million times, 60db., in CW 

operation at 650mc has been registered by the Eimac 

X561 four cavity cascade type amplifier klystron. With 

only a signal generator driver supplying 5 milliwatts 

input, the X561 delivers 5kw RF power output. This 

amazing performance is obtained with complete stabil-

ity at 384 efficiency. The X561 incorporates the exclu-

sive Eimac klystron power amplifier features of practi-

cal design, light weight, ceramic tube cavities and 

external tuning circuitry. Other Eimac klystron advance-

ments include sturdy reflex klystrons for use in con-

EITEL-McCULLOUGH, INC. 

X561 
four cavity 
klystron 

ditions of severe shock, vibration and sustained 

acceleration at frequencies to 9600mc., as well as 

high power klystron amplifiers for UHF-TV. 

• For a thorough question and answer discussion 
of klystrons, write our Technical Services 
department for a free copy of the 20-page book-
let, "Klystron Facts." 

THE WORLD'S 

LARGEST TRANSMITTING TUBE 

MANUFACTURER SAN BRUNO • CALIFORNIA 



MU LT11-(to 60) 
CHANNEL 

RECORDING 
OSCILLOGRAPHS 

(Model 700) 

AMPLIFIER SYSTEMS 

(Model 119) 

BRIDGE BALANCE UNITS 

(Model 82-6) 

desiutied for fixed or mobile 

relay rack mounting 

Write for complete details on the instruments 

shown above, as well as Heiland galvanometers 

and portable recording oscillographs. 

2 OTH ANNIVERSARY 

Heiland Research Corporation 
130 East Fifth Avenue • Denver 9, Colorado 

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 28A) 

"Methods have been developed which 
arrest the etching so precisely that the re-
maining thickness of germanium is con-
trolled to 10 millionths of an inch, or less 
than the wave length of visible light. Such 
precision has not been possible in produc-
ing earlier types of transistors." 

Philco claims Surface-Barrier transis-
tors operate reliably in frequency ranges 
up to 70 mc, which include the military 
vhf communication band from 20 to 85 
mc. 

New Appliance 
Thermostat 

A new type of conduction thermostat 
which features the heat sensitive element 
within the brass channel section of the case 
itself, is now being manufactured by the 
American General Thermostat Corp., 2066 
Bronx St., New York 60, N. Y. Heat trans-
ferred over the entire area of the base 
makes this thermostat desirable for appli-
ances where fast heating and close control 
are essential. 

This thermostat is ruggedly construct-
ed, has one hole mounting (side mounting 
is also available) without change in calibra-
tion due to mounting pressure, and uni-
form tracking of calibration curve. It also 
has clean make and break contact move-
ment for longer life at high power. 

The technical characteristics are: 
Range: 70-650°F. Rating: 115-230 v only, 
with wattages up to 2000 watts, depending 
on application. Control Shaft: il-inch 
minimum to 2-inch maximum. Base Di-
mensions: 2e1 inches long, Fi inch wide, 
II inch height over terminal screws. 

Model R-6 calibrates from "Off" to 
525°F. with knob rotation of 310°. For ad-
ditional information, please write to the 
manufacturer. 

30A 

(Continued on page 38A) 
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ASK TRUSCON FIRST 

ABOUT STEEL TOWERS  

FOR AM•FM•TV • MICROWAVE 

• Truscon — first name in steel 
towers—offers you a background 

of experience unmatched in 
radio. Many hundreds of Truscon 
designed and engineered steel 

towers today stand strong and tall 
... in all kinds of weather. ... in 
all types of topography. Truscon 
facilities for the complete design 
and production of steel towers 
are modern and efficient. 

Ask Truscon first . . . whether 
your requirements call for tall or 
small towers . . . guyed or self-
supporting ... tapered or uniform 
in cross-section . . . for AM, FM, 
TV or Microwave transmission. 

Your telephone call or letter to 
any convenient Truscon district 

office or to "tower headquarters" 
in Youngstown will get your 

tower program going as soon as 
defense requirements permit. 

TRUSCON STEEL DIVISION 

REPUBLIC STEEL 
1072 ALBERT STREET 

Export Department: Chrysler Building, New York 17. New York 

• YOUNGSTOWN 1, OHIO 

TRUSCON® a name you can build on 
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Contact our com-
ponents division 
for technical advice 
on the application 
of these tubes. 

regulator to offer fool-proof per-

formance and complete protection 

against circuit failures. 

Victoreen's new corona 

regulators offer the only sure, 

safe regulation of the second anode 

potential of color TV kinescopes. 

Advanced engineering has eliminated 

the filament, with consequent 

complete protection to the picture 

tube from voltage surges arising 

from filament or circuit failures. 

Victoreen now offers the only 

regulator in which the voltage 

drops when mechanical or 

circuit failures occur. Being 

a non-filament type, com-

plicated design problems are 

eliminated. You need only 

know the voltage required. 

A rugged metal envelope 

minimizes damage from 

handling. A clamp-type 

mounting eliminates the 

need for costly installation. 

type 6392, 18,000 volt regulator. 

type VXR-27K, 27,000 volt regulator. 

type 6353, 20,000 volt regulator. 

COMPONENTS DIVISION: 3800 PERKINS AVE. • CLEVELAND 14, OHIO 
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PV0 MAGNETIC AMPLIFIER 
TYPE SMA 4-102 

115 VOLTS 400  IS WATTS CYCLES. 

SERIAL NO.421 
P,ETAY lorri.CORP. 
NEw YO4 

presents 

••• meticulously tailored 

MAGNETIC AMPLIFIER SERVO SYSTEMS 

Typical characteristics of some magnetic amplifier and two-phase servo motor combinations available from Ketay. 

SPECIFY 
MAGNETIC 
AMPLIFIER FREQUENCY 

(cps) 

SMA6-102 60 

SMA6-102 60 

LINE 
VOLTAGE LENGTH WIDTH 
¡volts) Finches) (inches) 

115 

115 

11/2 

4 1/2 

3 'A 

33/4 

HEIGHT 
(inches) 

3 74 

31/4  

SPECIFY SERVO MOTOR 

(type) 

TORQUE 
AT 

STALL 
(oz, in.) 

MOMENT 
OF INERTIA 
loz in 

sec' 
10') 

ACCELERATION 
AT STALL. 

(rod./sec') 

K402530 2.5 49.5 50,500 

RATED 
NO LOAD VOLTAGE INPUT POWER 
SPEED EXCITATION PER MUSE 
(min. FIXED PHASE AT STALL 
r.p.m.) (volts)* (watts) 

3300 115 9.2 

K402380 1.45 42.8 35,000 3200 115 5.0 

SMA4-102 

S4.4-102 

400 

400 

115 

115 

4 % 

4% 

35/4 

35/14 

43/4 6 

43/4 6 

K402550-1  

K402550-2 

2.35 

2.35 

49.5 

49.5 

47,500 4800 115 9.2 

47,500 4800 15 

DIAMETER LENGTH 
(inches) (inches) 

134 2 

17/16 1% 

1 3/4 2 

9.2 13/4  2 

SMA4-102 

SMA4-102 

400 

400 

115 

115 

41/4 

4% 

35/16 

33/4 6 

43/4 6 

43/4 

K101600-6 

K101660 

1.45 

1.45 

42.8 

42.8 

35,000 

35,000 

4800 

4800 

BUORD DESIGNATIONS FOR SERVO MOTORS 

K101600-6.MK 7 MOD 0 K101660 = MK 7 MOD 1 

K402550.2=MK 8 MOD 1 K402550-1 = MK 8 MOD 0 

115 

115 

6.1 

6.1 

17/16 

17/16 

1% 

1 % 

*The control phase of all Servo Motors should 

be connected for 57.5 volt operation. 

On the other side of this page are listed some of the 

synchros for which the combinations were specially 

designed. 

Ketay supplies complete systems including gear trains 

and stabilization for given kinematic requirements. 

r  SYNCFIROS • SERVO MOTORS 

RESOLVERS • MAGNETIC AMPLIFIERS 

AIRBORNE INSTRUMENTS 

AUTOMATIC CONTROL SYSTEMS 

Servo motor-tachometer generator combinations are 

also available. 

Ketay welcomes the opportunity to design and fabri-

cate amplifiers of both the conventional and minia-

turized types to customer's specifications. 

MANUFACTURING CORP. 

Executive Offices 

555 Broadway, New York 12, N. Y. 



KETAY OFFERS A COMPLETE 

RANGE OF SIZES AND TYPES 

IN SYNCH ROS • SERVO MOTORS 

RESOLVERS 

1—SERVO MOTOR, Size 10 Frame, C.D. .937" 
2—SYNCHRO, Size 10 Frame, 0.D..937" ( Transmitter, 

Receiver, Resolver, Differential Transmitter, 
Control Transformer) 

3—SERVO MOTOR, Size 10 Frame, 0.0. .937" 

4—SYNCHRO, Size 11 Frame, C.D. 1.062" ( Transmitter, 
Resolver, Control Transformer) 

5—SERVO MOTOR, Mk 14, Size 11 Frame, C.D. 1.062" 

6—SYNCHRO, Size 15 Frame, O.D. 1.437" ( Transmitter, 
Receiver, Resolver, Differential Transmitter. 
Control Transformer) 

7—SERVO MOTOR Mk 7, Size 15 Frame, C.D. 1.437" 
8—SYNCHRO, Size 15 Frame, C.D. 1.437" ( Transmitter, 

Receiver, Resolver, Differential Transmitter, 
Control Transformer) 

9— LINEAR TYPE CONTROL TRANSFORMER, C.D. 1.625" 
10— SERVO MOTOR, Mk 8, Size 18 Frame, 0.0. 1.75" 
11— INDUCTION MOTOR, Size 20 Frame, 0.0. 1.95" 

12—SYNCHRO, Size 16 Frame, C.D. 1.537" ( Transmitter, 
Receiver, Control Transformer) 

13—SYNCHRO, Size 18 Frame, C.D. 1.750" ( Transmitter, 
Receiver, Differential Transmitter, Control Transformer) 

14— INDUCTION MOTOR, Size 18 Frame, 0.0. 1.750", 
3 Phase, 2 Pole 

15—SYNCHRO, Size 19 Frame, 0.0. 1.90" ( Transmitter, 
Receiver, Control Transformer) 

16—SYNCHRO, Type IF, 1HCT, or 1HG Size I Frame, 
C.D. 2.250" ( Receiver, Transmitter, Control Transformer) 

17— INDUCTION MOTOR, Size 1 Frame, 0.0. 2.250" 

18—SYNCHRO, Size 23 Frame, C.D. 2.250" ( Transmitter, 
Receiver, Resolver, Differential Transmitter, 
Control Transformer) 

19—SERVO MOTOR, Size 23 Frame, C.D. 2.250" 
20—SYNCHRO, Size 31 Frame, C.D. 3.10" ( Transmitter, 

Receiver, Differential Receiver, Differential Transmitter) 

Typical characteristics of 116 units are available. 

EXPERIENCE big RESEARCH ADDITIONAL FACILITIES TO 

SERVE THE INDUSTRY 

This plant, recently acquired at Commack, 
Long Island, adds air-conditioned work space 

that brings Ketay's total area to over 

200,000 square feet, accommodating over 
2,000 employees in the five divisions. 
Modern in every detail, the new plant has 

the latest equipment for precision 

volume production. 

+ PERFORMANCE = LEADERSHIP 

New developments and applications...increased facilities for 

volume production of components and complete systems ... all the 

things reported on these pages are characteristic of Ketay— 

a firm with broad experience and specialized knowledge that 

adds up to leadership in the field of electrical devices and 

controls. This experience and knowledge is yours to command. 

In addition to synchros, servo motors and resolvers, it includes, 

but is not limited to: gyro components; aircraft engine 

instruments; computers; magnetic, resolver and synchro 

amplifiers; remote indicators and automatic control systems. 

Ketay's completely staffed and equipped Research and 

Development Division can be of greatest service during the design 

stage of applications involving Ketay products. You are 

invited to avail yourself of this service. 

MANUFACTURING CORP. 

Executive Offices 555 Broadway, New York 12, N. Y. 
Pacific Division, 12833 Simms Avenue, Hawthorne, California 

New York Division • Kinetix Instrument Division • Pacific Division 

Electronic Instrument Division • Research & Development Division 



FACTS 
ON MAGNETIC RECORDING 
the flexible " MEMORY" 

• In industry today magnetic recorders can 
"remember" and re-create the motions of 
skilled machinists, the forces encountered by 
a truck driving down a test road, the reflec-
tions from underground shock waves, the 
complex control of chemical processes. 

• Magnetic recorders have long been at work 
recording complex data and reproducing it 
in its original electrical form — ready for 
automatic reduction and analysis. 

AMPEX 
CORPORATION 

for science and industry 

• With greater accuracy and less cost than 
any other method, magnetic tape can " re-
member" situations encountered in your 
business — laboratory data, motions, pro-
cesses and hundreds of kinds of information. 

Get the facts in this important new bulletin 
from the company that has been building 
magnetic recorders for scientific purposes 
longer than any other firm. Written in clear, 
non-technical language, it tells what mag-
netic recording can do for you. 

'Send for your copy today; write Dept. G-1711 

BRANCH OFFICES: New York, Chicago, 
Atlanta, San Francisco and College Park, 
Maryland (Washington D. C. area) 

934 CHARTER STREET • REDWOOD CITY, CALIFORNIA 

DISTRIBUTORS: Radio Shack, Boston; Bing Crosby Enterprises, tos Angeles; 

Southwestern Engineering & Equipment, Dallas and Houston; Canadian 

General Elect; ic Company, Canada 
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NOW AVAILABLE 

No. 9 Speaker Magnets 

with 

G MILLION B ci Fi ci max 

GUARANTEED! 

A/cw1.eve e eutefe 
the RETMA Standard No. 9 Loudspeaker 

Magnet is available with a minimum energy product 
of over 6 million BH max. Made of Hyflux 

Alnico V HE*, it provides the highest 
energy product of any commercial Alnico. 

The immediate advantages it offers 
to users of the RETMA No. 9 Magnet are: 

• The highest sound level possible. 

• A better transient response—resulting from 
the higher gap density which increases 
the damping factor—assures a full range of 
tones and overtones. 

• The truest possible reproduction of sound. 

High Energy—grain-oriented Alnico V. 

The Indiana Steel Products Company is 
proud to introduce this improved 

No. 9 speaker magnet to the audio industry. 
Investigate its distinct advantages 

for your speaker. Price and delivery 
information upon request. 

THE INDIANA STEEL PRODUCTS COMPANY 

Valparaiso, Indiana 

»ma lezeze,(444,6611.roittea.tWarteee 

INDIANA PERMANENT MAGNETS 

61 
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FOR EVEN GREATER UTILITY 

" SIGNIFICAN 
• NEW 

The adaptability of this now widely accepted unidirec-
tional transmission line element is enhanced by several 
recent additions to the UNILINE family. Two such addi-
tions, illustrated here, meet important new requirements, 
retain the desirable characteristics of the original 
UNILINE design, namely, substantial isolation between 
source and load with negligible loss in transmitted power. 

"RUGGEDIZED" UNILINE 

This compacted, thoroughly rug-
gedized new design broadens the 
field of application for UNILINE 
. . . makes possible its use in 
equipment subject to severe 
shock and vibration. Same fre-
quency range as Model 88-96 
but under 3" in length. 

ITEM MODEL NO. FREQUENCY RANGE 

UNILINE 96-104B 9600-10,400 Mcs. 

UNILINE 88-96B 8800-9600 Mcs. 

UNILINE R88-96 8800-9600 Mcs. 

UNILINE 69-74 6900-7400 Mcs. 

UNILINE 64-69 6400-6900 Mcs. 

UNILINE 59-64 5900-6400 Mcs. 

UNILINE 38-42 3800-4200 Mcs. 

GYRALINE 1000 9600-11,200 Mcs. 

GYRALINE 920 8500-9900 Mcs. 

GYRALINE 720 6900-7400 Mcs. 

GYRALINE 670 6400-6900 Mcs. 

GYRALINE 620 5900-6400 Mcs. 

D-92 An audio driving unit for 
GYRALINES # 920 and 

GYRALINE # 1000. Adjustable output 
level, frequency variable 800 

* DRIVER to 1200 cps. Self-contained 
power supply. 

DESIGNS 
MODEL 38-42 

The new Model 38-42 answers the frequent requests 
for UNILINES at still lower frequency ranges, covers 
3800 to 4200 megacycles. 

UNILINE applications. 

• Provides substantial isolation between 
source and load with negligible loss 
in transmitted power   

• Eliminates "long line" effects on kly-
strons or traveling wave tubes . . . 

• Ensures adequate isolation between 
multiple coupled circuits . . • • • 

• Minimizes frequency "pulling" effects 
due to varying load impedance . 

and ... GYRALINE 

The GYRALINE is essentially a continuously variable mi-
crowave attenuator controlled by an applied magnetic 
field. It can provide an amplitude modulated microwave 
signal without undesirable frequency modulation and 
double moding when used on the output of a CW op-
erated klystron. The GYRALINE may also be used as an 
excellent level set attenuotor or as the direct control 
element in an AGC system. 

Write for descriptive literature 

er CASCADE RESEARCH 
CORPORATION 

53 VICTORY LANE LOS GATOS CALIF 
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RAYTHEON 

HERE ARE MORE REASONS WHY RAYTHEON 
SUR 1INIATURE TUBES ARE SO RELIABLE, 

* dditional Life Test End Points 

urger Test Samples 

ghter AOL 

romped AQL 

edian and Range Control of Elec-

trical Characteristics 

PLATE VOLTAGE MAXIMUM 

PERMISSIBLE HEATER 

VOLTAGE RANGE 

PLATE DISSIPATION 

HIGH TEMPERATURE LIFE 

1 HOUR STABILITY 

100 HOUR SURVIVAL 

HEATER CYCLING 

MEDIAN CONTROLS 

4 11M•1•••1110\11111•VIVPSIV,1912191,7111, 

0% Microscopic Inspection 

— pioneered by Raytheon. Forty-seven 

miuuswpic tests on each tube 

Narrower Tolerances 

Lower Vibrcitional Noise Output from' 

Ck5/02WA and CIC5703WA 

— 1011111in • 
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CHARTED ARE SOME OF THE ACTUAL MIL SPECIFICATION 

REQUIREMENTS OF PARTICULAR INTEREST TO THE DESIGNER. 

MANY or THESE WERE PIONEERED BY RAYTHEON. COMPARE 
TIIE RAYTHEON rule DATA WITH THAT OF THE NEAREST 

COMPETITIVE TYPE 

A FEW TYPICAL RAYTHEON SUBMINIATURE TUBES 

RAYTHEON 

COMPETITIVE TYPE 

RAYTHEON 

COMPETITIVE TYPE 

RAYTHEON 

COMPETITIVE TYPE 

RAYTHEON 
COMPETITIVE TYPE 

RAYTHEON 

COMPETITIVE TYPE 

RAYTHEON 

COMPETITIVE TYPE 

RAYTHEON 

COMPETITIVE TYPE 

RAYTHEON 

COMPETITIVE TYPE 

For Application 

31111111N1 

CK5744WA CK5784WA 

200°C 

CK5702WA 

YES 

YES 

YES 

YES 

YES 

YES 

CK5703WA 

175 °C 

lgelow -2770 • New Yo 

RAYTHEON MAKCir 

175 °C 

RAYTII Ea 
excellence in êleolsonico 

Angee . piertmnnfi 7-4321 

RECEIVINS AND PICTURE TIRES 
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PLUG-AND-RECEPTACLE 

UNITS for sectionalizing 

circuits 

• Simultaneous contact of any number of 

leads can be made or broken by use of Lapp 

Plug-and-Receptacle units, for panel-rack 

assembly or other sectionalized circuits. Insu-

lation is steatite, the low-loss ceramic—non-

carbonizing, even when humidity, moisture 

or contamination sets up a leakage path. 

The unit shown here provides twelve con-

tacts, rated for operation at 2.5kv peak 

terminal-to-terminal, 1.5kv peak terminal-

to-ground, 25 amps at 60 cps. All contacts 

are silver-plated; terminals are tinned for 

soldering. Polarizing guide pins assure posi-

tive alignment. Write for specifications of 

this and other available units, or engineer-

ing recommendations for special units for 

your product. Write Lapp Insulator Co., 

Inc., Radio Specialties Division, 214 Sum-

ner St., Le Roy, N. Y. 

• STEATITE INSULATION 

• FULL- FLOATING 

CONTACTS 

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

(Continued from page 30A) 

TV Camera 
The Kay-Lab Television Camera Sys-

tem, developed by Kalbfell Labs., Inc., 
P.O. Box 1578, Morena Blvd., San Diego 
10, Calif., is usable either as an industrial 
television intercommunication system or 
in commercial broadcastindt for remote, 
studio or film pick-up. The camera, camera 
controller, and synchronizer monitor are 
the basic units of the system. 

The camera consists of a vidicon pick-
up tube operated with an 8-mc band-wide 
cascode pre-amplifier. All electrical ad-
justments on the camera can be controlled 
remotely at the camera control. Up to 500 
feet of cable can be used between the 
camera and camera-control unit. The 
camera control consists of 3 basic sub-
assemblies, an 8-mc video amplifier, hori-
zontal and vertical deflection chassis, and 
a power supply. All power supplies in the 
system are electronically regulated. 

The camera control is designed so that 
external vertical and horizontal driving 
pulses and mixed blanking signals may be 
connected directly to it. In industrial ap-
plications the synchronizer monitor unit 
can be used. This unit consists of a 10-inch 
monitor and an interlaced synchronizing 
generator. The three basic packages pro-
duce a high sensitivity, high quality, in-
terlaced television picture. 

"S" Band Wavemeter 
Amerac, Inc., U'enham, Mass., an-

nounces production of the Model 229 "S" 
Band Wavemeter. This is a coaxial-line 
type of instrument, covering the frequency 
range from 2.3 to 4.5. 

Model 229 features a precision-ground 
lead screw, a cavity body made from a solid 

(Continued on page 40A) 
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From "The House of Resistors" ** 

COS1*-REDuciNG cONTROLS 
So you must get cost down in 

designing that assembly? That's just 
the time to enlist Clarostat's 

cost-saving talents and facilities. 
The same superlative engineering and 

production skill that accounts for the finest 
quality in controls and resistors, is also 

available for designing and fabricating 
cost-reducing components. 

Three typical examples are presented 
herewith. These are standard items, 

promptly available in any quantities, 
at marked savings. And for any 

extraordinary requirements, special 
controls and resistors can be 

developed, tooled-up and produced. 

Latest " Humdinger" Series 39. 

Metal-case mounted with rivets or 

screws. Mounting surface serves 

as cover. Semi-fixed setting by 

screwdriver slipped into rotor slot 

—no shaft 2-watt 4 to 5000 ohms. 

to do business with CLAROSTAT! 
Agents in all principal cities. * Wire Western 

Union— we have a direct Wire. -17-izelephon 

Dover 975 -- We have added trunk  elines to 
is Dover 275-U render service. * Teletype-- our TWX number 

The original " Humdinger" 

Series MH. Compact, rugged, 

wire-wound control. Virtually 

millions in use. Fibre base holds 

resistance winding. Movable arm and 

shaft. 1- watt. 2 to 1000 ohms. 

Twist-Tab Mounted Series 47. 

Eliminates usual bushing, 

lockwasher, nut. Composition. 

element control. Metal or plastic 

shaft. Plastic shaft has rear 

slotted protrusion, therefore 

adjustable from front or rear. 

**Tracte Mark 

CLAROSTAT MFG. CO., INC., DOVER, NEW HAMPSHIRE 
In Canada: CANADIAN MARCONI CO., Ltd., Toronto, Ont, 

/ I 



NEWS and NEW PRODUCTS A 
June 1954 

(Continued from rage $8A) 

block, precision-machined to close toler-
ances, the use of Invar in the line displace-
ment portion, affording a high frequency 
stability throughout the temperature 
range of 10° to 40° (maximum accuracy is 
at 22°C, at which it was tested and cali-
brated).All RF surfaces are multiple-plated 
of copper flash, silver plate, buffing, silver 
plate, and rhodium flash. 

Type "N" constant impedance coaxial 
connectors arc used for both transmission 
and absorption inputs; BNC or Selectar 
fitting provides external video connection. 
Power-handling capability by absorption 
method is from 0.5 milliwatt to 1 watt 
maximum; by transmission method from 1 
milliwatt to 25 watts peak power. Approxi-
mate loaded Q is 2,000. Cabinet size is 8 
inches m ide X64 inches deep X5 inches 
high. Net weight is 41 lbs. 

Airborne Power Supplies 

met, Inc., is introducing a complete 
line of new airborne power supplies with 
ratings of 25 to 500 amperes at 28 volts. 
These rectifier units are among the first 
available to aircraft manufacturers which 
consist entirely of nonwearing or static 
electrical components. 

Selenium rectifier cells and magnetic 
amplifiers are the basic components. Very 
close regulation of the output voltage with 
a fast response is achieved by use of a 
rugged voltage-sensing network. 

These supplies meet JAN Specifications 
and U. S. Air Force Exhibit WCEE-2A, 
Nov. 1951. Paralleling of 2 or more power 
supplies is accomplished by one inter-con-
nection between units. 1,000 hours of life 
are guaranteed; 2,000 hours can be ex-
pected. Units are insensitive to tempera-
tures from —65°C to +72°C and with-
stand all conditions of moisture, sand, dust, 
and salt spray. 

The ac input is 200 volts, ± 10 volts, 
400 cps, ± 20 cps, 3 phase. The dc output 
is 0 to 500 amperes, 28 volts (amperage-de-
pending on unit). Regulation is better than 
+1 per cent from no load to full load. Re-
sponse is 0.2 seconds full recovery for any 
load or line variation. Ripple is 2 per cent 
RMS. 

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

Welded Terminals For 
Wire-Wound Resistors 

The all-welded terminal construction 
has now been extended to cover the entire 
line of Ohmite wire-wound resistors, ac-
cording to an announcement by the Oh-
mite Manufacturing Co., 3601 Howard St., 
Skokie, Ill. 

In the patented Ohmite construction, 
the resistance wire is welded to the termi-
nal band, and the terminal band itself is 
welded permanently around the core. No 
soldering, brazing, or mechanical fasten-
ings are used. 

This method is said to produce perma-
nent connections that are not affected by 
vibration or high temperatures. The fusion 
of the resistance wire and terminal lug, 
provides a stable electrical connection 
which is important in eliminating noise in 
audio circuits, or instability in other highly 
sensitive circuits. 

The terminal bands are made of a spe-
cial, high-strength alloy whose coefficient 
of expansion is properly related to that of 
the resistance wire, ceramic core, and vitre-
ous enamel coating. The resistance wire is 
welded flush to the terminal band, so that 
the connection and terminal are well cov-
ered by the vitreous enamel coating. 

Time-Delay Passive 
Network 

A new passive network designed by Ad-
vance Electronics Co., Inc., P. 0. Box 394, 
Passaic, N. J., features a variable delay 
line, a step variable delay line, an input 
cathode follower, a voltage amplifier and 
two output cathode followers. The step 
variable delay line has a time delay of 10.5 
microseconds in step of 0.5 µsec. The con-
tinuously variable delay line has a total 
time delay of 0 to 0.5 µsec with resolution 
time less than 5 X 10-'0 seconds. There are 
two output connectors for simultaneous 
connection to two output leads. 

Time delay is continuously variable 
from 0 to 11 µsec, while resolution time is 
less than 5 X10-10 seconds from 0 to up 11 
µsec. Bandwidth is 10 cps to 15 microcy-
cles when the step variable delay line is at 
its off position (time delay from 0 cps to 
0.5 µsec), otherwise, the upper limit de-
creases to 2.6 microcycles. 

Rise time: less than 10 per cent of the 
time delay at any point. Input impedance: 
20 i.taf shunted with 1 megohm direct, and 
3 mid shunted with 10 megohms with probe. 
Output impedance: 300 ohms nominal Ac-
curacy of time delay: maximum error less 
than 10-4 seconds or 0.1 per cent of the 
time delay at any point with correction 
curve, otherwise, one per cent of the time 
delay at any point. 

Lower Cost Fluorocarbon 
United States Gasket Co., Camden 1, 

N. J., has announced a new fluorocarbon 
plastic product trademarked Fluoroplast. 
It is offered in molded bars and cylinders 
and extruded rods and tubing, and the 
company states, at prices sufficiently lower 
than other Fluorocarbon plastics to greatly 
extend the use of these materials. 

Fluoroplast is 100 per cent tetrafluoro-
ethylene plastic, reprocessed by a method 
which permits re-utilizing virgin material 
waste and maintaining its original purity 
in the refabricated product. Values com-
piled from test data by United States Test-
ing Co., and the Electrical Testing Labo-
ratory show that it possesses most of the 
properties of the virgin material. 

Fluoroplast is generally colored green 
for identification. 

For further information and test data 
write for United States Gasket Co. Bulle-
tin No. FL-300. 

(Continued on page 43,4) 

40A PROCEEDINGS OF TIIE I.R.E. June, 1954 



Becaus 

makes the mos 

complete, the mos 

accurate line o 

ATTENUATORS • 

the world! 

ATTEMATION BOX 

T:e ijAVEN CjfirMiv 

6410-P4 
/Veil/1,04h 

ge,i& 550-le 74/ieeetal6et 

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

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

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

TYPE " LOSS 
TOTAL 
DB 

STANDARI 
IMPEDANCES 

RFA* & RFB 540** 1, 2, 3, 4 DB 10 50/ 50Q. and 73/73(1 

RFA & RFB 541 10, 20, 20, 20 DB 70 50/5012 and 73/73Q 

RFA & RFB 542 2, 4, 6, 8 DB 20 50/5011 and 73/7312 

RFA & RFB 543 20, 20, 20, 20 DB 80 50/5012 and 73/7312 

RFA & RFB 550 1, 2, 3, 4, 10 DB 20 50/5012 and 73/730 

RFA & RFB 551 10, 10, 20, 20, 20 DB 80 50/5012 and 73/731.2 

RFA & In 552 2, 4, 6, 8, 20 DB 40 50/5012 and 73/730 

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

Write for Catalog Data, 



I r 

I e 
L, 

The Tektronix Type 524-D Oscillo-
scope features a built-in sync sep-

arator, variable delayed sweeps 
at the frame rate, d. c. to 10 mc 
frequency response, wide sweep 
range, 4 kv accelerating potential. 

AL 
FIXED& 

' 
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TEKTRONIX TYPE 524-D 
OSCILLOSCOPE 

uses 243 Bradleyunits and 21 Bradleyometers 

This portable, precision cathode-

ray oscilloscope, made by Tek-
tronix, Inc., of Portland, Oregon, 
is specifically designed for main-
tenance of television transmitter 
and studio equipment. 

Its network of circuits employs 
hundreds of Allen-Bradley fixed 
and adjustable resistors ... 264 
units in all. Since these units are 

rated at 70C ... instead of 40C 
. . . stability of the oscilloscope 
circuit characteristics is assured. 

Bradleyunits and Bradleyome-
ters withstand extremes of tem-
perature and humidity. So, if 
your electronic equipment must 
give quality performance, avoid 
trouble by specifying Allen-
Bradley radio resistors. 

Allen-Bradley Co., I 14 W. Greenfield Ave., Milwaukee 4, Wis. 

EN-BRADLEY 
DJUSTABLE RADIO RESISTORS 

Qtl 
Sold exclusively to manufacturers of radio and electronic equipment 

The Type 1 Bradleyometer has o 
solid molded resistor ring which 
can be made to satisfy any re-
sistance- rotation requirement. Alf 
ferrous parts are made of corro-
sion-resistant metal. There are 
no riveted, welded, or soldered 
connections in the Bradleyometer. 
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News—New Products 
(Continued from page 40A) 

Flyback Replacement 
Two new flybacks, FB414 and FB415, 

have been announced by Haltdorson Trans-
former Co., 4500 N. Ravenswood Ave., 
Chicago 40, III. They are described as spe-
cific replacements for over 100 Emerson 
models and chassis. They are available 
now at Halldorson distributors. 

A notable feature of the entire line, says 
the manufacturer, is the broad coverage 
that has been engineered into each com-
ponent and replacement. As a result, hun-
dreds of models and chassis of various TV 
brands can be serviced with a minimum of 
stock. 

(Continued on page 48A) 

ZOPHAR ---WAXES 
--COMPOUNDS 

Zophar Waxes, resins and 

compounds to impregnate, 

dip, seal, embed, or pot elec-

tronic and electrical equip-

ment or components of all 

types; radio, television, 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. 
112-13 0 26th Street, 

Brookl ,,n 3 7, N. Y. 

HOW HIGH IS HIGH POWER? 
,e•eaul""mmeataer 

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 ( 1.- band) 

Power output 15 kw CW 

Frequency ranges 

Power gain 

FOR: Pulse coherence 
Linear accelerators 
High power radar transmitters 

350 to 1250 mc 

27 db 

USE THE VA-808 ( S-band) 

Pulsed power output 1 megawatt 

Power gain I 30 db 

FOR: Navigation aids 
Medium power pulsed systems 

USE THE V-82 ( X-band) 

Pulsed power output I 5 kw 
Power gain 57 db 

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. 

IN KLYSTRONS, THE MARK OF LEADERSHIP IS 

VAR IAN associntes  
PALO ALTO 2, CALIFORNIA 

Roprorentativet in all principal cities 

VA-808 
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Four G-E Micro-miniature Tantalytic 
capacitors easily fit into small space 
provided in this new all-transistor 
hearing aid. Man above adjusts vol-
ume control. 

Other applications now being 
investigated: 

WALKIE-TALKIES 

WRIST RADIOS 

PAGING SYSTEMS 

How Tantalytic Capacitors Are Used 
In Miniaturized Hearing Aids 

Four G-E Micro-miniature Tantalytic capac-
itors are used in this new all-transistor hearing aid. 
These high-capacitance, small-size units are 
necessary due to the low-impedance characteristics 
of transistors, as compared with the vacuum tubes 
formerly used. Ceramic and paper dielectric 
capacitors cannot supply sufficient capacitance in 
the small size desired, according to hearing aid 
design engineers. 

Pictures, circuit diagram, application information courtesy Sonotone Corp. 

• 

TRANSISTOR TRANSISTOR TRANSISTOR 

Simplified schematic diagram of Sonotone all-transistor 
hearing aid, showing location of G-E Micro-miniature 
Tantalytic capacitors. 

Operating at a battery voltage of 2.5 volts, 
this hearing aid uses two units rated at 2 micro-
farads each for by-pass, C1 and C2 (see diagram). 
They give a low-impedance signal path from the 
source to the input of the transistor. Two 1-micro-
farad units, C3 and C4, are used for coupling 
and filtering respectively, where their low leakage 
current of . 18 microamperes/uf/volt at 25 deg. 
C is especially important. 

G-E Micro-miniature Tantalytics can be ob-
tained in ratings up to 20 volts, or, up to 8 uf in a 

-in. long by dia. case size, higher ca-
pacitance in a 3--in. long by 18-in. dia, case size. 
Capacitance tolerance is — 0% to + 100%. 

For more information about G-E Micro-minia-
ture Tantalytic capacitors, contact your G-E 
Apparatus Sales Office or write for bulletin 
GEA-6065 to General Electric Company, Section 
442-15, Schenectady 5, New York. 

GENERAL ELECTRIC 
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12,800 TO 50,000 MC 

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 

SIGNAL 
GENERATORS 

SPECTRUM 
ANALYZERS 

SIGNAL GENERATORS SIGNAL SOURCES SPECTRUM ANALYZERS 

Frequency Range Model Number Output Power Model Number 
Power Output 

(Average) Model Number 
Sensitivity 

s 
(Signal=Noie) 

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 DBM 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 NM SS 2225 10 mw SA 2225 —60 DBM 40 MC 

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

27.27 to 300 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 DBM 45 MC 

35.1 to 397 KMC SG 3540 —10 DBM SS 3540 5 mw SA 3540 —50 NM 45 MC 

37.1 to 42.6 KMC External Source Power Measurement 
Range: to DBM 

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 

+6 +30 
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 

0 Ora 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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For lighter, more compact, Servo Systems 

KEARFOTT 
Pilà S Y 0 S 

PERFORMANCE DATA 

Accurate ... Rugged 

Dependable 

PRIMARY EXCITATION 
INPUT CURRENT 

INPUT IMPEDANCE 
OUTPUT SECONDARY 

RESIDUAL (NULL) VOLTAGE 
SENSITIVITY 
WEIGHT 
MAXIMUM ERROR from EZ 

TRANSMITTER 

26 VOLTS 400 CYCLES 
95 Ma 

274L7J: Ohms 
11.8 VOLTS 
40 Mv RMS 20 Mv Fund 

200 Mv/pegree 
1.75 Oz. 
10 Minutes 

CONTROL 
TRANSFORMER 

11.8 VOLTS 400 CYCLES 
137 Ma 

820£ Ohms 
23.5 VOLTS 
40 Mv RMS 20 Mv fund 

400 Mr, Degree 
1.75 Oz. 
10 Minutes 

Kearfott now offers from production the smallest, accurate line of 

Synchros available. These Transmitters and Control Transformers, 

Resolvers and Differentials, conform to Navy BuOrd. Size 8. Integrally 

cast stator and stainless steel housing assemblies permit straight through 

bores, eliminating the fundamental errors of eccentricity; providing rug-

gedness and environmental resistance to these components. 

KEARFOTT COMPONENTS 

INCLUDE: 

Gyro,, Serso Motorb, Synchros, 
Servo and Magnetic A mplifiers, Tech-
ometer Generators, Hermetic Rotary 
Seals, Aircraft Navigational Systems, 
and other high accuracy mechanical, 
electrical and electronic components. 

Technical Data Sheets on these 
and other Synchros in various 
size ranges and for special ap-
plications available. Send for 
them today. 

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

Midwest Office: 188 W. Randolph Street, Chicago, III. South Central Office: 6115 Denton Drive, Dallas, Texas 

Wen Coast Office, 253 N. Vinod* Avenue, Pasadena, Calif. 

A GENERAL PRECISION EQUIPMENT CORPORATION SUBSIDIARY 

TITIRON 
PRECISION LINEAR 

WIRE-WOUND 

POTENTIOMETERS 

o 
o 

cs. 
"if 4>, 

c'e' • srle" 

GENERAL SPECIFICATIONS 

Over-all Resistance: 50 ohms to 50,000 ohms 
Resistance Tolerance: ± 5%standard (±2% 

or -1-.1% if specified) 
Independent Linearity: -I: 1% standard 
( ±-0.5% or -±0.25% if specified) 

Temperature Coefficient of Resistance Wire: 
0.00002 parts per ° C, above 250 ohms 
0.0007 parts per ° C, 250 ohms or less 

Power Dissipation: Nominal dissipation rat-
ing. 2 watts at 25°C. Rated 5 watts to 
5°C under specific conditions 

Electrical Rotation: 320° :I: 5° standard to 
357 ± 1° if specified 
Resolution: Optimum—based on resistance 
Terminal Assembly: Treated, electrical 

grade, laminated phenolic with gold. 
plated terminals. 

Always to Your Specifications 
From Vectron's three basic Potentiometer 
styles, 7/g" diameter, 1 1/16" diameter and 
2" diameter, units can be made to suit 
your individual requirements. Multiple 
ganged units with individual phasing, 
special stops and even specially tapped 
units supplied to order, individually or in 
quantity. Additional new sizes and new 
types are being prepared as this publica-
tion goes to press. Standard shafts sup-
plied in any length or detail; special 
bushings and shaft locks to order. 

High Linearity — Superior Performance 

Vectron Potentiometers provide superior 
performance. Uniformity and linearity far 
beyond normal specification requirements 
are the result of long experience. Close 
tolerances and special processing insure 
minimum run-out and bearing angularity. 

FOR FULL 
INFORMATION 
Write for Vectron's 
Potentiometer 

Bulletin 

Precision Components Section 

"glee(+7TRON, inc. 
Peetto,ue «de/de:ea-Alta/ideal ery.t-

402 MAIN  , WALTHAM 54, MASS. 

VECTRON FOR DESIGN AND MANUFACTURE OF: 

Gyros and Gyro Storm, FIMM4 MCIPPÇOI Prod51 
Gyro Screilierd Plitforiii Coroptdm Çalçplerory 
terno .nd s,stommIsmuuns »mid erMer . i Rffe. 
AMISH: lettrumant Synchm and Oaf rnr Minton 
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For Improved and More Compact Circuits! 

Sylvania's versatile new Electrical Ratings 

POWER TRANSISTOR 
2N68 

Here's a simple, rugged unit which provides an 
efficient solution to numerous power require-
ments including: Servo systems, control applica-

tions, and compact radio receivers. 

This versatile Sylvania development permits 

1.5 watts dissipation with no external heat sink. 
Its power gain is better than 10 db. And, it may 

be mounted in any position, with lead wires sol-
dered or clipped for socket mounting. For further 
details and technical data, write today to Dept. 

4E-3106, Sylvania. 

Collector to Base Voltage   —25 volts 
Collector Current   —1.5 amps. 
Dissipation in Free Air  1.5 watts 

Typical Operating Conditions 
Push-Pull Class B Amplifier ... Grounded Grid or AC 
Grounded Collector Circuit. 

Power Output   3 watts (MIN) 
Collector Voltage   —12 volts 
Load Resistance   24 ohms to 

each transistor. 

Collector Current @ Zero Output  —5 ma 
Collector Current @ 3 Watts Output ....-320 ma 

Collector Efficiency @ 3 Watts 
Output 75% 

Power Gain   >. 10 db 
Frequency Response   > 10 KC 

Another reason why it pays to specify Sylvania 

SYLVANIA 
Sylvania Electric Products Inc., 174- 1740 Broadway, New York 19, N. Y. 

In Canada: Sylvania Electric ¡ Canada) Ltd., University Tower Bldg., St. Catherine Street, Montreal, P. Q. 

LIGHTING • RADIO • ELECTRONICS • TELEVISION 
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OVER 200 BASIC TYPES TO CHOOSE FROM 

UDIO 

ATTENUATORS 

Do audio attenuator problems cost you money? 

Chances are Shallcross has a model to match 

your specifications exactly—and at moderate cost. 

Shallcross attenuators are made in over 200 

basic types. Each type can be supplied with a 

choice of attenuation characteristics . . . with a 

positive detent mechanism . . . and in numerous 

input and output impedances. Where calibration 

must be extremely accurate, Shallcross precision 

wire-wound resistors are used. For less critical 

applications, models with high grade composi-

tion resistors can be supplied— often at lower 

cost. / 

A Complete description of all Shallcross 

attenuators — mountings, characteristics, and 

circuits is yours for the asking in Bulletin L-4A. 

SHALLCROSS MFG. CO., 524 Pusey Avenue, 

Collingdale, Penna. 

ntities ot 
QUICK DELIVERIES! Small qua  
popular 20 step Shallcross composition resistor 
potentiometers and wire-wound ladders without 

detents are immediately available. 

Shallcross 

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 434) 

Distortion Meter 

Freed Transformer Co., Inc., 1715 
Weirfield St., Brooklyn (Ridgewood) 27, 
N. Y., has available for immediate delivery 
its new Model 1410 Distortion Meter. 

Model 1410 has the following specifica-
tions: frequency range, 20 kc to 1 mc in ten 
overlapping ranges; distortion range, 0.1 
per cent to 30 per cent. The input level 
range allows signal levels from 0.2 to 1,000 
volts to be measured directly. An accuracy 
of 0.1 per cent is obtained at signal levels 
as low as 0.2 volts. 

Residual signal is measured by high 
gain VTVM with flat response up to 3 mc. 
Model 1410 has a low-impedance, distor-
tionless preamplifier with monitoring cir-
cuit. A null T network assures complete at-
tenuation of fundamental. 

This unit is self-contained and oper-
ated. Isolation transformer and line filter 
are provided to prevent any feedback 
through power line. For information and 
prices on this or any other Freed models, 
write the manufacturerer. 

Catalog on Tape Wound Cores 

Magnetics, Inc., Butler, Pa., now offers 
a new Tape-Wound Core Catalog listing 
new and unusual material on their stand-
ard line and specialty cores. 

Catalog TWC-100, "Performa nce-
Guaranteed Tape Wound Cores," de-
scribes the physical and magnetic constants 
of over 1,100 standard sizes of toroidal 
cores, and construction descriptions which 
include hydrogen annealing, tape winding, 
and protective boxing. 
A table of basic physical constants of 

common magnetic materials and one on 
trade names of similar materials together 
clarify some of the confusion which has 
arisen in the industry from the use of vari-
ous trade names for similar materials. Pro-
duction core testing and the Magnetics, 
Inc., core-matching service are described 

The catalog includes 10 pages of 
curves. These curves include superimposed 
typical dc hysteresis loops and 60-cycle dy-
namic loops for Hy Mu 80, 48 Alloy, Or-
thonol and Nlagnesil, as well as typical hys-
teresis loops, ac dynamic loops and 60-cy-
cle dynamic (with constant supply voltage 
and variable reset) loops for all of these 
materials. 

(Continued on page 55A) 
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-for critical voltage application e... 
RMC HIGH VOLTAGE DISCAPS 

AVAILABLE CAPACITY 
SIZE TOLERANCES 

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

101-220 1200-K 34" +20% GMV 
221-470 1200-K 74" + 20% GMV 
221-1000 111 K 7/e" GMV 
471-1000 HIK N" GMV 

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

INSULATION: Durez phenolic—vacuum waxed 

HIGH VOLTAGE DISCAPS 
for yoke and other applications 

RMC DISCAPS assure the voltage safety 
factor required in deflection yoke or special 
electronic applications. These RMC high 
voltage DISCAPS are rated at 2000, 3000, 
4000, 5000, and 6000 volts DC. 

Now available in any capacity between 
5 MMF and 10000 MMF, their smaller size 
and lower initial cost offer definite produc-
tion ease and overall savings. 

If you want proof that DISCAPS are the out-
standing ceramic capacitors write us about 
your specific requirements and we will forward 
samples. 

DISCAP 

CERAMIC. 

CAPACITORS 

R41_ 

66."0 fr 

Discops with a dielectric of 1200 K or over are not recommended 

for deflection yokes or other 15,750 cycle applications. 

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- I 500 
N-1500 

5-10-20% GMV 
5-10-20% GMV 
5-10-20% GMV 
5-10-20% GMV 
5-10-20% OMV 
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% 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 
21-100 N-1500 74" -10-20% GMV 

POWER FACTOR: . 1% Max. g 1M C (initial) 
INSULATION: Durez phenolic—vacuum waxed 

RADI O MATERIALS CORPORATION 

GENERAL OfFICE: 3325 N. California Ave., Chicago 18, Ill. 

FACTOIRIFS AT CHICAGO, ILL. AND ATTICA, IND. 

DISTRIBUTORS: Contact Jobbers Sales Co., P 0. BOX 695, Fairlawn, N, J. 
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HEAVY DUTY, PRECISION REGULATED POWER SUPPLIES 

FOR LESS THAN THE COST OF BUILDING THEM YOURSELF 

Bench Model 50 

0-500 VDC e 0-500 MA $415.00 

LAMBDA'S TWO WIDEST RANGE, 

MOST VERSATILE POWER SUPPLIES 

Rack Model 50-R 

0-500 VDC @ 500 MA $395.00 

SPECIFICATIONS 

INPUT   105-125 VAC, 50-60 C, 800 W ( max) 

DC OUTPUT NO. 1: ( regulated for line and load) 

Voltage 0-500 VDC (continuously variable) 
Current 0-500 MA (over entire voltage range) 
Regulation ( line) Better than 0.15% or 0.1 V 
Regulation ( load) Better than 0.5% or 0.3 V 
Internal Impedance Less than 2 ohms 
Ripple and Noise Less than 8 millivolts rms 
Polarity Either positive or negative may be grounded 

DC OUTPUT NO. 2: (regulated for line only) 

Voltage Ranges Internal Impedances: 
a) 0-50 VDC (no load) 3,300 ohms (max) 
b) 0-200 VDC (no load) 17,500 ohms (max) 

LAM1313A 
I03•02 NORTHERN BLVD. 

These general purpose, heavy 

duty power supplies save you 

time, money and experimenta-

tion. They are tested, fully 

guaranteed, now in use in 

many leading research and 

industrial laboratories and 

manufacturing plants. You get 

quick delivery, dependable 

equipment ready for immediate 

installation. 

SPECIAL 

FEATURES 

• Hermetically sealed oil filled 
condensers 

• Stable 5651 reference tubes 

• Easy- to- read 4" meters 

• Overload circuit breakers 
(magnetic type) 

I> Vernier high- voltage control 

I> Time- delay tube protection 

Regulation ( line) Better than 0.1% 

Ripple and Noise Less than 5 millivolts rrns 

Polarity: Positive terminal connected internally to negative terminal of 

DC output No. 1 

AC OUTPUTS (unregulated): 

Two outputs, isolated and ungrounded. Each is 6.5 VAC at SA (at 115 
VAC input). Allows for drop in connecting leads. May be connected in 

series for 12.6 V ( nominal) at 5A, or in parallel for 6.3 V (nominal) 

at 10A. 

SIZES AND WEIGHTS: 

Bench Model 50 Size: 12 1/2" H x 22" W x 15" D 

Weight: 110 lb. net; 175 lb. shipping 

Rack Model 50-R Size: 10 1/2 " H x 19" W x 14I/4" D 

Weight: 89 lb. net; 143 lb. shipping 

ELECTRONICS CORP. 
CORONA 68, NEW YORK 

50A 



Fet Mutt& Amex* 
hPitA FfINI 9tWattee Mt %nap 

be 

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. 

•figt.SPOP 
' • Iv, 

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. 

' ADVANTAGES FOR 

VENTORY 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. 

• 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, Ill. • Detroit, Mich. 

Cincinnati, Ohio • Fort Wayne, Ind. • Los Angeles, Calif. • Toronto, Ontario 

Manufacturing Subsidiaries: 
HOLLY SPRINGS, MISSISSIPPI • LONDON, ENGLAND • TRENTON, ONTARIO 



OSCILLOGRAPH 

EVER MADE 

Superlative performance and almost legend-

ary dependability have won for the Type 

304-A the envied position of the most popular 

oscillograph ever produced. With the possible 

exceptions of its honored predecessors, the 

Types 304-H, 304, and 208, no other oscillo-

graph has found such immediate acceptance, 

nor is used so broadly in all phases of science 

and industry. More Type 304-A's are in use— 

in laboratories, in service shops and on pro-

duction lines — than any other cathode-ray 

oscillograph. 

The reason for this world-wide popularity? 

The accompanying list of features will tell 

you. No other instrument can provide such 

versatile, dependable performance at such a 

low price. 

FOR FULL SPECIFICATIONS WRITE 

THE TECHNICAL SALES DEPARTMENT 

AT THE ADDRESS BELOW. 

DUMONT 
Allen B. Du Mont Laboratories, Inc. 

760 Bloomfield Ave., Clifton, N.J. 

• HIGH SENSITIVITY — Deflection factor of 
100 p-p mv full scale ( equivalent of 25 p-p 
mv per inch) provides useful deflection 
from almost every signal encountered in 
general laboratory work, without need for 
preamplification. 

• DIRECT VOLTAGE MEASUREMENTS — Push-
button calibration enables accurate ampli-
tude measurement of any portion of input 
signal directly in volts from the scale. 

• FLAT-FACE TIGHT-TOLERANCE CATHODE-RAY 
TUBE—Precision built Du Mont Type 5ADP 
Cathode-ray Tube assures faithful display 
and minimizes parallactic errors. 

• HIGH ACCELERATING POTENTIAL — Overall 
acceleration of 3000 volts assures brilliant 
trace with excellent spot size, and provides 
maximum efficiency of long-persistence 
screens. 

• D-C OR A-C AMPLIFICATION — Vertical fre-
quency response is flat from d-c to 10% 
down at 100,000 cps and 15% down at 
30,000 cps with no possible slope. 

• DRIVEN AND RECURRENT SWEEPS — Variable 
in frequency from 2 to 30,000 cps 

• SWEEP EXPANSION — Up to 6 times full 
screen diameter for study of high fre-
quency components or low frequency 
signals. 

• EXTRA-LOW-FREQUENCY SWEEPS —By addi-
tion externally of high quality capacitors 
very slow sweeps may be generated for the 
display of long-duration functions. 

• STABILIZED SYNCHRONIZATION—For stable 
presentations without horizontal jitter and 
for reliable driven-sweep operation; Sync 
limiting on both driven and recurrent 
sweeps eliminates possibility of pattern 
distortion owing to "over-syncing". 

PRICE $375 
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Vanquish vacuum tubes in computer circuits 
AFTER 3000 GRUELING TEST HOURS 

HERMETICALLY SEALED 

Germanium 
Transistors 

NOT A SINGLE FAILURE: More than 200 of Radio Receptor 
Co.'s PNP diffused junction transistors, Type RR87, are giv-

ing tangible evidence they are really reliable. All the original 
units are still performing after 600,000 transistor hours in a 
computing machine development project now underway at one 

of the country's largest research centers. 

Where short-lived vacuum tubes used to conk out one by one 
at a prohibitive rate, tiny RRco. transistors are proving their 

life-span far exceeds the bulky tubes in flip-flop, gates and other 
pulse circuits. What's more, these efficient transistors are 
"potted" in sub-assemblies, not removeable from the computer 
mechanism except as a unit. They have to be good! 

When the RRco. trademark appears on transistors, diodes 
or selenium rectifiers you can always be sure they are really 
reliable ... if you'd like guidance from our engineering group 
specializing in transistor circuitry, just write us now. 

TYPICAL CLAMPED FLIP-FLOP CIRCUIT 

Another RRco. computer transistor recently 
developed is Type RR83. Ask for complete 
information regarding this as well as RR87. 

RADIO RECEPTOR COMPANY, INC. 
Seletron and Germanium Division 

• 
SALES OFFICES: 251 WEST 19th STREET, NEW YORK 11, N. Y., WATKINS 4-3633, FACTORIES IN BROOKLYN, N. Y. 
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For Silverlytic Subminiature Capacitors 

There's always 
chassis space... 

Compare these characteristics 

of Type ALA Silverlytic Capacitors 

Ratings available: 

4 mfd. 
2 mfd. 
1 mfd. 
.5 mfd. 
.3 mfd. 
.2 mfd. 
.1 mfd. 

4 volts DC max. 
5 volts DC max. 

10 volts DC max. 
10 volts DC max. 
10 volts DC max. 
10 volts DC max. 
10 volts DC max. 

Temperature ranger —30° to +65° C. 
(other types for —55° to +85° C. 

available) 

Capacity tolerance: —10% to + infinity 
Max. leakage current: 2 microamps. after 5 

min. at rated voltage 

When you're designing transistor circuits and other miniature 
electronic equipment, Mallory Silverlytic Capacitors are a space-
saving solution to your low-voltage capacitor problems. They 
provide high capacitance in a case so small that it fits into the 
tightest chassis layouts. They're only 7, inch in diameter and 
% inch long. 

Silverly-tics can be mounted by their leads with complete assurance 
of reliable operation. An improved method of attaching the axial 
lead wires eliminates the danger of intermittent open circuits under 
normal production line handling and service vibration. 

An outstanding product of Mallory's continuing program of 
research in the field of transistor circuit components, Silverlytics 
offer electrical characteristics comparable with those of larger 
electrolytics. Our new Technical Bulletin gives complete data on 
these newest members of the Mallory line of electroly tic capacitors 
that have set the standard of the electronic industry. Write for 
your copy today. 

Expect more. .. Get more from MALLORY 
Parts distributors in all major cities stock Mallory standard components for your convenience. 

MALLORY 
P. R. MALLORY II CO.. Inc. 

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

Serving Industry with These Products: 

Electromechanical— Resistors • Switches • Television Tuners • Vibrators 

Electrochemical— Capacitors • Rectifiers • Mercury Batteries 

Metallurgical— Contacts • Special Metals and Ceramics • Welding Materials 
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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. 

(Cnntinued Irons page 48A) 

X-Band VSWR Meter 
Laboratory or production-line testing 

of waveguide components is performed 
rapidly with the new Model 110A CT! S-
Band Voltage Standing Wave Ratio Indi-
cator developed by Color Television Inc., 
E. San Carlos Ave., San Carlos, Calif. Cov-
ering a frequency band from 8,500 to 9,600 
mc, the new unit is said to offer a number 
of advantages over slotted-line measuring 
techniques. 

The instrument includes an oscillator, 
a wavemeter to supplement the approxi-
mate direct-reading dial of the oscillator, 
a forward and reversed directional coupler 
with bolometer take-offs for source and re-
flected power, and a direct-reading ratiom-
eter having dual scales calibrated directly 
in VSWR, 1.06 to 1.3 and 1.3 to 2.5. 

Permitting continuous coverage of the 
frequency band, the Model 110A over-
comes the difficulty of missing points in-
herent in point-by-point measurements. 
The simplicity of the unit facilitates its use 

se by unskilled personnel, making it excellent 
for production go/no-go tests. Other ad-
vantages include, in addition to the speed 
of operation, the absence of probe or slot 
error, and the fact that no readjustments 
are necessary for frequency changes, nor is 
the reading affected by changes in rf 
power. 

Duo Channel Differential 
Amplifier 

Type 501, a wide-band amplifier which 
will convert a differential signal into a sin-
gle-ended signal, is available from Advance 

Electronics Co., Inc., 451 Highland Ave-
nue, Passaic, N. J. 

(Continued on page 56A) 

WANT MAXIMUM PERFORMANCE 

IN MINIMUM SPACE AND WEIGHT? 

END VIEW 

SIDE VIEW 

MULTI-CONTACT D. C. 
SMALL, LIGHT 

SENSITIVE 

Among the wide variety of Standard Phil-Trol Relays 
you will find many designed to solve your "special" 
problems ... like the types 4BQA and 4BQA POWER 
shown above. While both are small, compact, light-
weight units, each is designed to perform its job best. 
For example: 
The 4BQA Multi-contact D.C. is used where very 

sensitive or marginal operate and release factors are 
required. This relay may be provided in multi-
contact combinations with as many as 12 contacts. 
The 4BQA Power Type D.C. has the capacity to 

handle large currents on the contacts. Standard con-
tacts are rated at 25 amperes. 

These are but two of the many unusual Phil-Trot 
designed relays that will help you solve the "tough" 
application problems as well as the simpler ones. 
and with security in knowing you will always have 
dependable performance. Send for a new Phil-Trot 
Catalog — today! 

HermetIcall 
Sealed Relay 

4BQA Power Relay Actuators 

(Ad-tut 
IS THE REC,ISTERED TRADE MARK OF 

PHILLIPS CONTROL CORP. 

JOLIET, ILLINOIS 
A THOR CORPORATION SUBSIDIARY 
OFFICES IN ALL PRINCIPAL CITIES 

PHILLIPS CONTROL CORP. 
Dept. RI, Joliet, Illinois 
Please send me a free copy of the new 
Phil-Trol Relay and Actuator Catalog. Also, please ar-
range to have a Phil-Trol Sales Enginocr call on nie. 

Nome  

Company  

Street  

City Zone State._ ........ 
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and Westbury, New York 

That's what the Tech 

Sergeant wrote after inspecting 

this Servomechanisms, Inc. electronic 

computer that came out of a wrecked 

fighter in Korea. 

The specs didn't call for operation after 

this kind of treatment — but we're not 

surprised. We build reliability 

and ruggedness into all 

our equipment. 

SERVel: -101,tiLrAIS.MS 
PACKAGED FUNCTIONAL COMPONENTS 

Designed and Produced at El Segundo, California 

56A 

' 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 55A) 

This amplifier consists of two identical 
channels and an output voltmeter for indi-
cating the potential of the output signal. 
Each channel has a high differential ratio 
amplifier stage and a balance-to-unbalance 
converter with no transformer. As a result, 
the degree of rejection of the common-
mode signal can be made very high over a 
wide frequency range. 

The ratio of the amplification for differ-
ential signals to that of common-mode sig-
nals is over 38X106 from 8 cps to over 500 
kc. The frequency response is flat within 3 
db from 2 cps to 1 mc. The voltage amplifi-
cation is approximately 30. The input im-
pedance is 2.7 megohms shunted with 15 
µµf from any input terminal to ground; 5.4 
megohms shunted with 10 lad between two 
off-ground terminals. The output imped-
ance is approximately 300 ohms. Power in-
put is 115 volt, ± 10 per cent, 50/60 cycles, 
60 watts for both channels. 

Price is $265.00. 

Heat-Flow Transducer 

Heat-flow measuring instrumentation 

based on the Model 200 Heat-Flow Trans-
ducer which can directly drive indicating 
or recording meters, is announced by Beck-
man & Whitley, Inc., 963 San Carlos Ave., 
San Carlos, Calif. This is possible because 
of the high linear electrical output relative 
to the heat-flow gradient across the trans-
ducer. The high electrical output results 
from a large area-density of silver-constan-
tan thermocouple junctions whose output 
can be connected in various physical and 
electrical configurations depending upon 
requirements. 

Based on a unit 12£ by 44 by 44 inches 
containing from 180 to 720 ju nctions plus a 
thermocouple to check ambient tempera-
ture, the transducers are made in a range 
of sensitivities up to 6 btufit2/hr/mv. 
Each transducer weighs approximately one 
ounce and has thermopile and thermocou-
ple terminals brought out to one edge. 

Among the specific applications of the 
new transducers are total-hemispheric and 
net-exchange radiometers, portable heat-
flow meters, and soil heat-flow recorders. 

(Continued on page 59A) 
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FLAS1,11 
12t116- 2.5t116 

... he 
With ou t 641.36's 

fatures . ot no extra cost 
e. . naw. available for 

s-string operation 
serie . 
Combined doto sheet 0to.3r 

6 

6ClJ6, 12C.1.36, and 25 
tree on request. 

MECHANICAI FEATURES 

OF 6CU6 

1 Heavier- gauge plate with large 
" radiating fins. 

2. 

3. 

4. 
5. 
6. 

Vents in beam plates and plate 
aligned for maximum radiation 
of heat from grids. 

Anti- arc rings for uniform dis-
tribution of electrostatic field. 

Anti- arc mica eyelets. 

T-12 transmitting- type bulb. 

Plate connection"hard-soldered" 
and positioned to reduce heat 
conduction and arcing. 

Manufacturers of 
,eceiving Tubes Since 1921 

2 

GET LONGER ... TROUBLE- FREE LIFE 

AT NO EXTRA COST WITH CBS-HYTRON 

CTS-RATED* 

Why the CTS-Rated* 6CU6? The 6CU6 
horizontal amplifier is rated the same as 
the 6BQ6GT ... is electrically interchange-
able with it. But . . . because the 6CU6 is 
rated for continuous television service, it 
will lire under 6BQ6GT maximum ratings. 
The 6BQ6GT is a good tube. ( Heck, 

CBS-Hytron originated it.) But, it was de-
signed for 10- and 12-inch TV sets. Today 
it carries the load in 21-inch sets. Further-
more, it must combat the accumulated dis-
sipation caused by: 1. Line-voltage varia-
tions. 2. Faulty receiver adjustments. 3. 
Shifting values of components due to age 

6 

CUB 
and overload. Result: The 6BQ6GT is often 
operated above maximum ratings. 

Obviously, a brand-new design . . . not 
just an improved 6BQ6GT ... was needed. 
The husky CBS-Hytron 6CU6 ( See 
Mechanical Features) is the answer: a 
premium-performance tube at no extra cost. 
CT S- Rated , it offers generous sa fety margins 
for plate dissipation... high-voltage insula-
tion ... and high-line protection. Note also 
the bar graph showing much larger plate 
and envelope areas of CBS-Hytron 6CU6. 

In the 6CU6 ... another CBS-Hytron first 
... high voltage and heat meet their match. 
You forget run-away plate current, high-
voltage arc-overs, and shrinking TV pic-
tures. You gain by longer life . . . mini-
mized service . . . happier customers. Try 
the CBS-Hytron 6CU6 today. 

'Rated for Continuous 
television Service 

6CU6 OFFERS 

GREATER DISSIPATION RESERVES 

6B06GT 

6CU6 

WITH 413.5% MORE BULB AREA 

6BQ6GT 

6CU6 

WITH 31.5% MORE PLATE AREA 

CBS- HYTRON Main Office: Danvers, Massachusetts 

A Division of Columbia Broadcasting System, Inc. 

A MEMBER OF THE CBS FAMILY: CBS Radio • CBS Television • Columbia Records, Inc. 

CBS Laboratories • CBS- Columbia • CBS International • and CBS-Hytron 

RECEIVING TRANSMITTING SPECIAL-PURPOSE • TV PICTURE TUBES • CRYSTAL DIODES AND TRANSISTORS 
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Moen of o complete 
line of fuses for home, 
farm, commerciat, e'er-
Ironic and industrial 

use. 

There's BUSS 
all FUSES." 

For your exact fuse needs, there's 
a BUSS fuse. A complete line of fuses 
for the Electronic Industries — in 
sizes from 1 / 500 amperes up. .. plus 
a companion line of fuse clips, blocks 
and holders. 

Besides meeting your specifica-
tions, BUSS fuses are known for their 
ability to give accurate and depend-
able electrical protection under all 
service conditions. 

To make sure that a BUSS fuse will 
never let you down — every BUSS fuse 
normally used by the Electronic In-
dustries is tested in a sensitive elec-
tronic device that rejects any fuse that 

TRUSTWORTHY NAMES I 

ELECTRICAL PROTECTIO 

For more information 
mail this Coupon 

the one Source for 

is not correctly calibrated, properly 
constructed and right in all physical 
dimensions. 

That's why manufacturers and serv-
ice organizations throughout the na-
tion rely on BUSS as the one source 
for fuses of unquestioned high quality. 

Should you have a special problem 
in electrical protection, let BUSS save 
you engineering time. The world's 
largest fuse research laboratory and 
its staff of engineers are at your service 
to help you select the fuse best suited 
for your device — and if possible, a 
fuse available from local wholesalers' 

stocks. 

BUSSMANN Mfg. Co. (Division of 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 sk Zone 

.. I 

 State IRE- 654 
• 
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CLEVITE STABLE POINT 
CONTACT TRANSISTORS 

90efelai 
IN PRODUCTION QUANTITIES 

Immediately Available 

2N32 Low Speed Switch 
2N33 50 Mc. Oscillator 
2N50 Medium Speed Switch 
2N51 High Speed Switch 
2N52 Low Speed Switch or Amplifier 
2N53 Very High Speed Switch 
2A 50 Kc. Amplifier, 1 Mc. Oscillator 
2C Special Purpose Medium Speed Switch 
2D 2 Mc. Amplifier, 10 Mc. Oscillator 
2E 50 Kc. Amplifier 
2G Ultra High Speed Switch 
2H Special Purpose Audio Amplifier 
Ideal for miniature remote radio control 
systems. 

Features 

• Controlled production 
• Uniform characteristics from unit to unit 
• High stability of characteristics within 
each unit 
• Factory aging — life and pre-shipment 

testing to ensure uniformity of product 
• Fast rise time 
• Resistant to unfavorable environment 
Write for complete information on point 
contact transistors Dept. P6. 

AMU 
‘Zi 

TR %N. SISIOR PRODUCTS. IN c. 
241.257 CRESCENT STREET, WALTHAM 54, M4SSACHUSETTS 

AN DP[riA TING UNIT OF 

CLEVITE COR PO R ATION 

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 56A) 

Radiation Detector 
A new, light-weight radiation detector 

(PW 4010) that fits in a man's pocket is 
available from the Research & Control In-
struments Div., North American Philips 
Co., 750 S. Fulton Ave., Mount Vernon, 
N. Y. 

The unit is approximately 1.7 inches 
thick, 4.1 inches wide, 6.6 inches high, 
weighs about 25 ounces, and is designed 
for locating sources of beta and gamma ra-
diation. It is useful for measuring the ra-
diation exposure of laboratory workers and 
for checking intensity levels during re-
search investigations. 
The new radiation detector has a 1.5-

volt pen-light-type filament battery, two 
30-volt miniature-type anode batteries and 
a 15-volt subminiature-type grid bias bat-
tery. 

The unit employs a halogen-quenched 
counter tube (type 18502) that operates at 
350 volts, and a special diode-pentode os-
cillator tube (type 95106). The main 
switch has six positions: off, start, low sen-
sitivity, high sensitivity, anode voltage, 
and filament voltage. Calibration switch 
has four positions: anode battery off, anode 
voltage 60 volts, anode voltage 55 volts, 
and anode voltage 47.5 volts. 

Bulletin on Balanced 
Mixers 

A new 6-page technical bulletin on the 
relatively new art of microwave-balanced-
mixer design has been published by Air-
tron, Inc., 1103 W. Elizabeth Ave., Dept. 
A, Linden, N.J. 

Designated Technical Bulletin T-2600, 
the new publication provides much of the 
basic theoretical and design information 
needed by the radar or commercial micro-
wave relay engineer in choosing the proper 
waveguide mixer for his particular applica-
tion. 

Among the many balanced mixers de-
signed and developed at Airtron, the com-
pany has standardized certain basic types 
which have demonstrated reliable per-
formance characteristics in the majority of 

(Continued on page 60A) 

(ADC) SECOND IN A SERIES 

TINY TRANSFORMERS 

can pack a real wallop! 

Ever wonder about Aladdin's genii? 

A lot of power to squeeze into one 

tiny container, yet we're doing some-

thing almost as unbelievable at ADC. 

Take for example ADC's radically 

new line of tiny, hermetically sealed 

transformers and chokes. Measuring 

only 3/4" x 15/16" x 1-3/8", these 

tiny units have performance ratings 

equal to transformers and chokes of 

a far larger size. (Mu-metal cases.) 

1100 

1000 

MELIEBOI a ML7,"11 
MMMUMMIMMWMP' IMMIMMUMMUn.Ame 
MMIUMMOLIOUVW". immumemser-
MIIIMMUMMKA 

MMUMUMTE, m _ 
MOMMIMMUMIIN.AM 

001 01 10 10 

VOLTAGE ACROSS THE WINDINGS 

16 

14 

12 

o 

6 és. 

4 Ce 

Curve sin:Wing, to* frequency 
inductance illustrates the unusual 
characteristics of these tiny units. 

Designed originally for the Geo-

physical field, modifications of these 

, power- packed units are finding ready 

"acceptance in transistor and other 

sub-miniaturized circuitry. Write for 

our unique catalog 

(  ADC) and datclisheets 
on these Ify units. 

"riefteidwe' 

AUDIO DEVELOPMENT COMPANY 
2833 13th Avenue So., Minneapolis, Minn. 
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News—New Products 

No. 1 design progress through 
a inter- company co-operation 

• • ifee trek_ . coordinated by 
eS 

MINIATURIZED 
RADAR PLUMBING... 
p1444 greater power and band width! 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

(Continued iron rage 5Y.4) 

inc. applications. Where the mixer crystals are 
mounted directly in the waveguide struc-
ture, Conventional Magic Tee, Modified 
Magic Tee, Folded Hybrid and Short Slot 
Hybrid Mixers are offered. Where the crys-
tals art mounted in a coaxial structure, both 
Dual Balanced Mixers (two AFC crystals) 
and Single Balanced Mixers (single ended 
AFC output) are offered. 
A general theory of operation in the 

Bulletin covers the design principles on 
which all these types are based. In addi-
tion, each mixer is individually described 
as to construction, operating characteris-
tics, and applications. 

Copies of Technical Bulletin T-2600 
may be obtained without charge. 

Recently, Airtron was confronted with a difficult problem — how to 
develop a radar plumbing system that was greatly reduced in size and 
weight, yet capable of handling higher power and wider band width. The 

solution not only necessitated redesign of the actual plumbing, but also 
required a completely new design of existing crystals and ATR tubes. 

Accordingly, a coordinated effort, set up between the engineering staff of 
Airtron and those of the crystal and tube manufacturers, resulted in the 
development of new crystals with reverse polarization mountings . . . 
and new higher power ATR tubes that were inherently pressurizable and 
demonstrated low VSWR's at high level operation. 

As a result, by taking optimum advantage of these new components, 
Airtron now offers radar designers and manufacturers radically improved 
duplexers and balanced mixers that are only one-third the previous size 
... yet capable of handling eight times more power.. . with a band width 
three times greater. 

This is just another concrete example of how Airtron's creative engineer-
ing .. . and their close association with leading manufacturers in all phases 

of electronics . . . can be of assistance to you . . . whether the com-
ponents you need are new in design or so-called "standard" plumbing. 

• 

• 
• 
• • 

• 
• 

New reverse 
polarized crystal 

sws......000,00. and ATR tube cur-
rently used in 

many radar systems . . . and manu-
fuctureci according to original design 
suggestions of Airtron engineers. 

Free "Microwave 
Nomograms and 
Charts", new 20-page 
handbook of wave-
guide engineering 
data. Write Dept. I 
for your copy today. 

ifitewe. inc. Linden, New Jersey 
Manufacturers of a complete line of rigid and flexible waveguide components 

Branch Offices: Albuquerque • Chicago • Dallas • Dayton • 
Kansas City • Los Angeles • San Francisco • Seattle 

Teflon-Rulon Sample Kit 
For experimental use by designers and 

engineers who are investigating the prop-
erties of the new fluorocarbon plastics, 
Dixon Corp., Bristol, R. I., provides a 
sample kit containing a pound or more of 
the company's products. Included in the 
kit are specimen shapes of both Teflon 
(Du Pont trademark) and Rulon, a special 
bearing material developed by Dixon tdbe 
"slippery throughout, front outer skin to 
inner core." 

Contents of the sample kits vary front 
box to box, but always consist of at least 
four inches of Rulon rod, a machined piece 
of Rulon, extruded Teflon rod (including 
one piece 12 inches long and one at least 1 
inch in diameter), extruded Teflon tubing, 
small Teflon molded and machined sam-
ples, and Teflon spaghetti tubing. 

Sample kits may be ordered in any 
quantity, at $ 10 each. Also available free 
on request are technical data sheets cover-
ing characteristics and typical applications 
of Teflon and Rulon. 

(Continued Olt page 62A) 
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UNIT A 

.^e 

wegev,eL", 

SNAP-ACTION 
REVERSING SWITCHES 

You're looking at performance and low 
cost that have never been so efficiently 
combined when you study these new 
Guardian Contact Switches. Use them 
independently or in combination with 
Guardian Relays, Steppers, Solenoids, or 
special controls and you will soon dis-
cover these Guardian Contact Switches 
make no compromise with quality and 
performance despite their reasonable 
price. They are quickly available in a 
vast variety of contact combinations and 
in all popular materials from Guardian's 
enormous stocks of standard and special 
blades, lug adaptors, insulating separa-
tors and bushings ready for immediate 
assembly. Fine silver, silver alloy, 
platinum-ruthenium and Fasloy con-
tacts with blade materials of all types 
are available. 

GUARDIAN SNAP-ACTION REVERSING SWITCHES 
Unit "A" controls reversing of 10 amp., 115 v., non-
inductive loads in automatic equipment. 4 P.D.T. con-
tacts are of Fasloy 7. life tests up to 5,000,000 
operations. Unit " B" has automatic return with 3 P.D.T. 
combination. Both units U. L. approved. 

GUARDIAN ENGINEERS' KIT 
Indispensable to those who design, build or test elec-
trical controls. Kit contains a generous supply of stand-
ard Guardian contacts for various blade dimensions 
and includes all parts necessary for complete switch 
assemblies. Order yours today. 

GET BULLETIN CS-1 

It illustrates contacts, contact blades, lug adaptors and insulating 

separatots. Yours for the asking ... no cost ... write today. 

GUARDIAN 
I 628-G W. WALNUT STREET 

A tumPLETE LINE OF RILAYS SERVING 

e ELECTRONIC ORGANS 

• TELEPHONE ANSWERING SERVICE 

• ADDRESSING EQUIPMENT 

• BUSINESS MACHINES 

• VENDING MACHINES 

e COIN CHANGERS 

• THERMOSTATS 

• DICTATING EQUIPMENT 

• WIRE RECORDERS 

• AUTOMATIC RECORD CHANGERS 

• LIE DETECTORS 

• INTERCOM SYSTEMS 

• EMERGENCY PRODUCTION CONTROL 

• TAPE RECORDERS 

• CONVEYOR CONTROLS 

• FACSIMILE SIGNATURE TRANSMISSION 

• ANIMATED SIGNS AND DISPLAYS 

• TRAFFIC SIGNALS 

• ELECTRONIC BRAINS 

• TRANSPORTATION 

• AUTOMATIC SELECTION 

• GUIDED MISSILES 

• RADAR 

• PHYSIO-THERAPY 

• GUN-FIRING 

e ROCKET-FIRING 

ELECTRIC 
CHICAGO 12, ILLINOIS 

AMERICAN INDUSTRY 
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MICROWAVE 
DEVELOPMENTS 

Veleulur Laboratories is an engineei ing organization offering consulting 

and engineering services in the fields of radio and radar. 

Our "Slide Rule Lending Library" shown above has proved to be a practical 
method for providing our engineers with the most suitable tools for their 
specialized problems, and for increasing their familiarity with a variety of 
computing devices. 

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 

News New Products 
(Continued from page 60A) 

Non-Inductive Resistors 
Available in exact resistance values to 

accuracies of 1, 0.5 and 0.1 per cent, a new 
line of precision resistors is offered in a se-
ries of standard value ranges from 0.1 ohm 
to 1 megohm, by the K-F Development 
Co., 2689 Spring St., Redwood City, Calif. 

Wound noninductively on non-hygro-
scopic ceramic bobbins and impregnated 
for moisture protection, these units exhibit 
low thermal emf and a temperature coef-
ficient of 0.000025 ohms/°C. Nine sizes are 
supplied ranging in power capability from 
}. to 1 watt; in diameter from f to f inches, 
and in length from i‘si to a inches. 

In the standard units, values under 800 
ohms are wound of Manganin wire while 
values over 800 ohms are supplied in Ev-
anohm. 

(Continued on page 64A) 

TEAMED TO Exploir ACCURACY 
o. 

Selecriv Amplifier 
With Oyer 65 db Gain. 

20 db Rejection 
or 2nd Horrnonic 

V,SUAL 
BALANCING 

Both Otollolor and 
D.C. Generolor ter 
Bridge Operorien 

Any Fixed Frequency 
'rem 100 CPS lo 10 KC 

MDEKADIAL 
36 feet of scale length with 38,000 discreet increments 

ACCURACY — Resistance: Ts; Capacitance: 
0.25%; Inductance: -±- 1.0%. 

Write for Literature 

and Name of Local 

Sales Representative 

MODEL 855- Al 

OSCILLATOR 
AMPLIFIER 

MODEL.250-CI 

IMPEDANCE 
BRIDGE 

• Model 855-A1 
Oscillator-Amplifier   $ 170 

• Model 250- CI 
Impedance Bridge  $340 

ELECTRO - MEASUREMENTS INC. 

• Specifically designed to afford full util-

ization of outstanding accuracy and 

range of E S I Model 250-C1 Imped-

ance bridge. 

• Complete operation of the 250-C1 

Bridge from A.C. power. 

• Highly stable oscillator, accurate to 

within 1% of nominal frequency. 

• Maximum convenience. Visual null in-

dication. No batteries. 

• Features E S I Dekadial for 
accurate resistance, capaci-

tance, inductance. Readings to four 
significant figures. 

• The most accurate, widest range Im-
pedance Bridge available. 

• Compact, light, portable. 9" x 11" x 
11 " over all. 

• Wide range: 
Resistance — 1 milliohm to 11 rneg-

ohms. 

Capacitance — 1 µpf to 1100 Os. 

Impedance — 1 ph to 1100 henrys. 

Formerly Brown Electro - Measurement Corp. 

4312 S. E. STARK STREET - PORTLAND 15, OREGON 
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here's what's behind th crustal that's so far ahead. 

The Midland Factory shown above is the world's largest 

plant devoted exclusively to producing crystals for 

frequency control. It is equipped with the finest and 

most complete production and testing machinery 

ever developed for this purpose. Here Midland pioneered 

development of crystals for color television, and is 

now ready for full-scale production. 

All this is important to you for just one good reason: 

Every Midland crystal you use has been produced by 

such advanced techniques and under such rigid quality 

controls that you can be sure it will prove its 

completely reliable quality under every operating stress. 

Midland Critical Quality Con-
trol extends through every step 
of crystal production, and includes 
precise angular control by X-ray. 
Uniform accuracy is maintained 
to the millionth part of an inch. 

emilL anwbea t kiell .4/2atert, 

tt, cede 

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

WORLD'S LARGEST PRODUCER OF QUARTZ CRYSTALS 
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I Audio 
Signal 
Generator  

Audio • PHASE SHIFT COMPENSATION 
511-A Frequency 

Power • 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 out Max. 
(Front Panel Control) 
Position 1 
Position 2 
Position 3 
Position 4 

8 volts 
18 volts 
55 volts 

120 volts 

Voltage 
Gain 
1.4 
2.8 
8.0 

21.0 

Optimum Load 
5 ohms 

25 ohms 
200 ohms 
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 731 No. LaBrea Ave., Hollywood, Cal. 

64.‘ 

News New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 
(Continued front page 62A) 

Miniature Power Wire-
Wound Resistors 

Two miniaturized self-mounting wire-
wound power "Blue Jacket" resistors for 
use in TV and industrial electronic produc-
tion where space is a factor have been an-
nounced by the Sprague Electric Co., 235 
Marshall St., North Adams, Mass. 

These new axial-lead vitreous enamel 
Blue Jackets, Types 27E and 28E, are de-
signed for reliability. They are suited for 
point-to-point wiring, terminal board 
mounting, and processed wiring boards, 
fitting well in dip-soldered subassemblies. 

These resistors meet RETMA and 
MIL humidity specifications. 

Complete performance data is given in 
Engineering Bulletin 11-A. 

Single-Sideband Filter 

Manufacture of a new single-sideband 
filter for amateur receivers has been an-
nounced by Burnell it Co., 45 Warburton 
Ave., Yonkers, N. Y. The new filter (type 
S-15000) utilizes a toroid coil instead of the 
crystal filters formerly required, and is 
similar to the Burnell SSB filter. The S-
15000 is the first low-priced, mass-pro-
duced SSB filter for ham receivers. 

This new filter features compact size 
and ease of installation. Fixed-tuned and 
hermetically sealed, it requires no adjust-
ment. It may be installed in any existing 
amateur receiver now in use, and is also 
suitable for incorporation into new de-
signs by set manufacturers. 

It is expected that it will convert tens 
of thousands of hams to SSB reception. 
The S-15000 makes possible long-range re-
ception with reduced interference and dis-
tortion, not only of SSB signals, but of any 
AM transmission. It utilizes 50 kc as a 2nd 
IF and provides a narrow-band, sharp cut-
off response. Price is $35.00. 

Descriptive information, including 
schematic and response curve, is available 
on request. Write Dept. A3. 

(Continued on page 66A) 
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Hughes Fusion-Sealed Germanium Diodes 

Hughes Point-Contact Germanium Diodes 

are fusion-sealed in a one-piece, gas-tight 

glass envelope . . . impervious to moisture, 

fumes or other external contaminating agents. 

The flexible dumet leads are especially suit-

able for spot-welding; or they can be iron-

or dip-soldered as close as í inch to the 

diode body-without special precautions. 

I 

 j
ACTUAL DIMENSIONS DIODE BODY: 

0.265 by 0.130 inches (maximum) 

SHUNT CAPACITANCE: 

[ 

-------...".'J 0.3 *gf (maximum) 

AMBIENT OPERATING 
TEMPERATURE RANGE: 

- 78°C 10 + 90°C 

The germanium crystal is permanently 
bonded to one lead, the cat whisker is 
welded to the other, and the point of 
the cat whisker is welded to the crystal. 
Hughes diodes are highly resistant to 
shock and vibration. Positive mechani-
cal stability is achieved without risking 
contamination from fluxes, waxes or 
impregnants. And diode is thor-
oughly tested to ensure the stability of 

its electrical and physical characteristics. 
All this means: sturdy, highly reliable 
diodes. 
TYPES-The Hughes line of diodes 
comprises standard RETMA, JAN, and 
many special types. Special types are 
produced according to customer speci-
fications and are tested at high or low 
temperatures . . . for specific recovery 
time ... for matching in pairs or quads. 

ELECTRICAL SPECIFICATIONS AT 25° C unless otherwise indicated 

DESCRIPTION 

RETMA 
Of 

Hu Hues 
Type 

Clir4" 
Hughes ... 
'YPe 

Peak 
Inve 

Voltarseget 
(volts) 

Absolute 
Maximum 
Inverse 
Working 
Voltage 
(volts) 

Minimum 
Forward 
Current 
@ + Iv 
(mA) 

Maximum Inverse 
Current Other Characteristics 

- 

(111 - MN I 
(mA) : 

Other 
(mA) 

HIGH 
PEAK 

1N55B 
1N68A 

HD 2052 
HD 2053 

190 
130 

150 5.0 
100 3.0 

0.500 @ 150V 
0.625 ® 100V 

I MEG 
TYPES 

1N67A 
IN99 
1N100 

HD 2054 
HD 2055 
HD 2056 

100 
100 
100 

80 
80 
80 

4.0 
10.0 
20.0 

0.050 
0.050 
0.050 

0.005 ® 5V 
0.005 ® 5V 
0.005 ® 5V 

500K 
TYPES 

IN89 
1N97 
IN98 
IN116 
IN117 
IN118 

HD 2057 
HD 2058 
HD 2059 
HD 2060 
HD eon 
HD 2062 

100 
100 
100 
75 
75 
75 

80 
80 
80 
60 
60 
60 

3.5 
10.0 
20.0 
5.0 

10.0 
20.0 

0.100 
0.100 
0.100 
0.100 
0.100 
0.100 

0.008 @ 5V 
0.008 @ 5v 
0.008 ® 5V 

GENERAL 
PURPOSE 

1N90 
1N95 
IN96 

HD 2063 
HD 2064 
HD 2065 

75 
75 
75 

60 
60 
60 

5.0 
10.0 
40.0 

0.500 
0.500 
0.500 

JAN 
TYPES 

1N126* 

1N127" 

1N128*•• 

75 

125 

50 

60 

100 

40 

5.0 

3.0 

3.0 

0.850 

0.300 

0.050 ® 10V 

0.025 ® 10V 

0.010 ® 10V 

Non-JAN equivalent, HD2070; 
clip-in, IID2066 

Non-JAN equivalent, IID2071; 
clip-in, IID2067 

Non-JAN equivalent, IID2072; 
clip-in, 11D2068 

COMPUTER 
TYPES 

IN191 

INI92 

11D2013 
HD2014 

HD 207; 

HD 2078 

ft 

fi 

5.0 

5.0 

50 (41 1V & 1® 0.35V 
50 i IV & I ® 0.35V 

400K 2 min. 
-10 and 
900K 2 min. 
-10 and 

I 
I 

between 
-50V ® 55°C§ 

between 
-50V ® 55°C§ 
0.120 ® -3V 
0.60 ® - 6V 

Back resistance recovers to 
50K 2 and 400K 2 (200K (2 
for 1N192) in 0.5 µsec and 3.5 
µsec max., respectively.: 

0.2 usee recovery time.° 
0.2 µsec recovery time.° 

UHF HD2016A UHF MIXER DIODE 

MISCELLANEOUS 11D2051 125 100 4.0 0.050 1N63 equivalent. 

tTlnat roltinge arddri dynamic retnetaner is zero when back voltage rises linearly at 90rIsec. 
(Beek Romney Time is emeaeured with a for-mord pulse of 30mA, followed by a rererse puke of 35 volts. Loop resiefance of teat circuit 2500 SI max. 

*Reeosery time is dad poise, at which the diode nonage rearm un -1V after the initiation of a 6V bark pulse through roic 0 from an initial 3 *IA forward bias. Total shunt 
eapaeilance ie SO pd. 

¡Tested at 55°C. Test valtaye item:eh:num. 60 eps sine :rare. Peak Reverse Voltage anon the diode i• 70V. Peak Forward Foitope not less than -I-2V or Peak Forward Cur-
ren! not less than SO mA. whichever occurs find. 

'Formed* 1N694. **Formerly 11970A. •••Formerly 1N81A. 

Descriptive Bulletin 51'25 is available on request. Hughes 

s Aircraft Company, Culver City, Calif 

SEMICONDUCTOR SALES DEPARTMENT 

New York Chicago 
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versatile 
high precision SLOTTED LINES 

To meet the ever-expanding need for accurate impedance and 
VSWR measurements, Gabriel Laboratories has designed several high-
precision coaxial slotted lines. For VHF, models are available for 
frequencies ranging down to 50 mc. These lines can be supplied with a 
characteristic impedance of 51.1 or 50 ohms. Unique design of the center 
conductor supports, permits accurate, adjustable centering of the line. 
Residual VSWR is less than 1.02. 

Two probe types are available: ( 1) RF output for use with 
receiver, and (2) tuned probe with self-contained bolometer or crystal. 
The lines are supplied with precision tapers for measurement in systems 
employing either standard 1/4 -inch flanges or type N connectors. Tapers 
for RIMA 3 1/8 -inch lines, 11/4 -inch lines and RG17/U cable connectors can 
be supplied. Standard models are 6-foot allowing for measurements 
down to 100 mc., and 10-foot for measurements down to 50 mc. Both 
models are efficient, rugged and come equipped with handles for 
ease in handling. 

For precision UHF impedance measurement in systems employing 
RIMA standard transmission lines, a special slotted line is available. 
It connects directly to RIMA standard flanges, 31/8-inch or 15/8-inch. 
Residual VSWR is less than 1.02. Standard lengths are 18 inches and 
25 inches to suit the use of UHF TV measurements. The lines are supplied 
with either RF or tuned bolometer probes. A single adaptor to a type N 
connector simplifies connecting the signal generator. 

For further information write Gabriel Laboratories, 135 Crescent 
Street, Needham Heights, Massachusetts, or phone NEedham 3-0005. 

THE GABRIEL LABORATORIES 
THE GABRIEL COMPANY, 135 Crescent Street, Needham Heights, Mass. 

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

(Cntiiued re oan page 64.4) 

Power Connectors With 
Bayonet Locks 

De Jur-Amsco Corp., 45-01 Northern 
Blvd., Long Island City 1, N. Y., has a new 
Continental Connector's Series "E-Z 16" 
with bayonet locks which provide a posi-
tive lock against accidental disconnection 
between plug and socket. The bayonet lock 
is a stainless steel guide socket with a de-
tent for the bayonet guide pin and guide 
socket for positive polarization. 

The Series "E-Z 16" connectors are 
available in 12, 18, 24, and 34 contacts 
with bayonet locks, either chassis or cable-
mounted. For illustrated engineering data 
sheet, write: Electronic Sales Div. 

Coaxial Attenuators 
A complete line of coaxial attenuators 

from 0.1 to 60 db, with a frequency range 
at dc to 3,000 mc, has been announced by 
Stoddart Aircraft Radio Co., Inc., 6644 
Santa Monica Blvd., Hollywood 38, Calif. 

The attenuators may be obtained sin-
gly or in a turret selector containing any 
six values of attenuation, featuring a 
"Pull-Turn-Push" selection sequence. 
Small over-all size of turret selector is 

X2*X54 inches. 
A four-page pamphlet entitled "UHF 

Attenuation" is available covering com-
plete line of coaxial attenuators from 0.1 to 
60 db, power ratings, specifications, illus-
trations and other features. Back cover is 
used for block diagram of lab set-up for 
measurements of attenuation using com-
pany's equipment. 

(Continued on page 74A) 
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For complete information 
on "RED DOT" high 
temperature germanium 
diodes to meet your 
particular specifications, 
write Dept. C 
for Bulletin ER- 191. 

Applications 
from 

—60°C to+100°C 
AVAILABLE NOW! 

INTERNATIONAL RECTIFIER 
CORPORATION's newly 

developed " RED DOT" series 
of germanium diodes with 
superior forward and 
reverse characteristics at 
temperatures to 100 C. 

Executive Offices: 1521 E. Grand Ave., El Segundo,Calif. • Phone: ORegon 8-6281 
Chicago Branch Office: 205 West Wacker Drive• Phone: Franklin 2-3889 
New York Branch Office: 501 Madison Avenue Phone: Plaza 5-8665 



MICHNIAn K ti BAND 

METERS 
FREQUENCY 

PRICE $ 150.00 
F.O.B. 

PRICES IN U.S. ONLY 

MODEL 8018 12,400 to 18,000 mc 
Features: 

• Frequency range: 12,400 

to 18,000 mc 

• Accuracy: 0.1 % 
• Precision: 0.05% 
• Loaded Q: 4000 
• Reactive dip: 10% mini-

mum 
• Insertion loss: 0.1 db 

maximum 

• Waveguide: RG-91 / U 
• 0.05% accuracy avail-

able on special order. 

Write for complete 
bulletin TR-6 

MODEL 802 

FREQUENCY METER 

2400 to 10,200 mc 

0.2 % accuracy 

$785.00 F.O.B. 

MODEL 810 

FREQUENCY METER 

8200 to 12,400 mc 

0.1 */.:. accuracy 

$110.00 F.O.B. 

MODEL 333 THERMISTOR 
ELIMINATES THE NEED FOR SPECIAL MOUNTS 
• For measuring pulsed power • May be used with all watt-

having low duty cycle. meters designed for thermis-
• Consists of a 32A5/32A26 tors. 

thermistor element encapsu-

lated in a cartridge having the • Extremely high burnout 

same size as a IN23 crystal. power due to self fusing. 

Write for complete bulletin BR-6 
Also available as Model 334 
for use in Barretter mounts. 

nfuon MICROWAVE TEST EQUIPMENT & BOLOMETERS 66 MAIN ST. • MINEOLA, N. Y. • GArden City 3-3570 

,--,cA:ELECTROPLATED 

Ouvr 

11 r--
0, -. -;. 

vERNox..,•<.*\. '  

Preferred for: 

/Corrosion Resistance 

I/Better Solderability 

'Suppression of Grid Emission 

/Improvement of Electrical 

Characteristics 

SINCE I 901 

GOLD, SILVER, RHODIUM, 
PLATINUM and other metals, 
applied to many different 
types of wire to meet your 
specifications. Uniform plat-
ing, scientifically controlled. 
Write for latest list of products. 

SIGMUND COHN MFG. CO., INC. 
121 So Columbus Avenue • Mount Vernon, N.Y. 

The following transfers and admissions 
were approved to be effective as of May 1, 
1954: 

Transfer to Senior Member 

Bachman, C. H., Steele Hall, Syracuse University, 
Syracme, N. Y. 

Backer, L. A.. 2 Richwood Pl., Denville. N. J. 
Baldridge, B. H., 6125 Kratzville Rd., Evansville, 

Ind. 
Bonn, T. H., 7966 Rugby St., Philadelphia 19, Pa. 

Boothe. A. M.. 1358 Grace Ave., Cincinnati 8, Ohio 
Browder, J. W., Code 278. U. S. Navy Electronics 

Laboratory. San Diego 52, Calif. 

Bruck, L., 19 Promenade, Ulm Donau ( 14a), Ger-
many 

Buchholz, W.. 24 Edge Hill Rd., Wappingers Palls, 
N. Y. 

Cameron, E. G., 1180 Hermosa %%.ay, Menlo Park, 

Calif. 

Caplan, N., Stevenson, Md. 
Cramer, L. F., 1329 Arlington St.. Cincinnati 25, 

Ohio 

DeMers. E. F., 7201 Watson Way, La Mesa. Calif. 

Dillaby, E. F., 67 Corning St., Beverly. Mass. 
Dressler, R.. 61 Hathaway Ave., Elmont, L. I., 

N. Y. 

Fucci, S.. 180 Ledyard St.. New London, Conn. 
Geppert, D. V., 4146 E. Turney, Phoenix. Ariz. 
Gilmartin, T.. 1873 E. 17 St., Tulsa, Okla. 
Gregory, E. C., 1120 SE. First St., Evansville, Ind. 

Heintz, K. O., Box 2180. Houston 1, Tex. 

Hopgood, R. C., 277 Bay Ave., Glen Ridge. N. J. 
Hoskins, E. E.. 325 N. Halstead Ave., Pasadena 8. 

Calif. 

Jacob. M. I.. 1505 Tredegar Ave.. Catonsville 28, 
Md. 

Johnson, \V. C.. 9084 Farnham St., Elmira, N. Y. 

Kaufman, S., .3737 Bellaire Blvd., Houston 25, Tex. 

King. H. D., 89 Little Silver Pkwy., Little Silver. 
N. J. 

Knowles, W. S., 61 Spruce St., Princeton, N. J. 

Kraus. C. R.. The Bell Telephone Co. of Pennsyl-

vania, 1835 Arch St., Philadelphia .3, Pa. 

Keeran, R. V., 1055 Santa Barbara. San Diego 7, 
Calif. 

Lawrence, E.. 50 Borkwood Way, Orpington, Kent, 
England 

Lilienthal, J. R.. 1964 Juniper, Los Alamos, N. Mex. 
Lissauer, S.. 4054 W. 59 Pl., Los Angeles 43, Calif. 

Litchford, G. B., 18 Green Meadow La., Hunting-
ton, L. 1., N. Y. 

Lloyd. L. H., 33 S. Cherrywood Ave.. Dayton 3. 
Ohio 

MacKechnie, H. K.. 12 Winthrop Rd.. Lexington 
73. Mass. 

Martin. L. H.. New Zealand Broadcasting Service, 

Box 888, Dunedin. New Zealand 
Martin, W. R., 331 N. Lincoln St., Burbank. Calif. 

McKey. D. B., RCA Victor Division, 522-33 For-
syth Bldg., Atlanta 3, Ga. 

McLennan, M. A.. 304 Schenck Ave., Dayton 9, 
Ohio 

McRuer, D. T., 3306 W. 73 St., Apt. 2, Los Angeles 
43, Calif. 

Miller, E. A., 307 Letcher Ave.. Lexington, Va. 
O'Halloran, J F., 7122 Melrose Ave., Los Angeles 

46, Calif. 

Otto. E. D., 215 (' St.. S.E., Washington 3. D. C. 

Pedersen. G., Hyrdevej 3.4Iellerup, Denmark 
Ratynski, M. V., 205 W. Cedar St., Rome, N. Y. 

Rhin& E. J.. 6051 Corbin Ave., Tarzana, Calif. 

Rich, C. E., 63 Meadowbrook Rd., Hempstead. 
L. I., N. Y. 

Rohner, G. J., 536 S. Second St., Lindenhurst, L. 

N. V. 

Rosenthal, S. W., 783 Boulevard. Bayonne, N. J. 

Rubin. L., Rua Belgica 188. Sao Paulo, Brazil 
Stewart, J. A., 20 Valley Rd., Clifton, N. J. 

68A 
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GAS PRESSURE AND VACUUM TIGHT 

11114 HIGH INSULATING RESISTANCE OVER A WIDE TEMPERATURE RANGE 

1 
ma IN I-Lillie AN tun _ 

HIGH STRENGTH 

ALUMINA CERAMIC 
Meets L- 5A Requirements 
of JAN-I-1 O Specif• 

• 

Note These Advantageous Properties 

PROPERTY 

Water Absorption 

ALSIMAG 576 
L- 5A 

Specific Gravity 

Density 

Standard Body Colors 

Alternative Body Colors 

• 11111" 
Safe Temperature at 
Continuous Heat 

Per °C. 25-700'C. 

' 
Tensile Strength .{.. 

. Compressive 

Thermal Expansion 

Linear Coefficient 

Strength 

GDZO=211111111 
Dielectric Strength 

(step 60 cycles) 
Test discs 1/4 " thick 

25 °C• 

100 °C. 
Volume 

° Resistivity 300C. 

at Various soo' C. 
Temperatures 700C. 

900C. 

Dielectric 

Constant 

Power 
Factor 

60 Cycles 
1 MC. 

10 MC. 
100 MC. 

60 Cycles 
1 MC. 

10 MC. 
100 MC. 

Volts per mil 

Ohms 

per 

centimeter 

cube 

Impervious 

3.4 

123 

White 

Pink 

513 (1-- SA) 

1 100 

2 012 

9 

7.5x10-' 

20 000 

140 000 

40 000 

250 

>10" 

2.0x1 0" 

5.0x1 01° 

1.0x10` 

3.0x10" 

4.0x10-' 

800 

1 472 

8.4 

8.3 

8.2 

8.1 

.0013 

.0007 

.0007 

.0008 

.011 

.006 

.006 

QUICK DELIVERY IN ANY DESIRED QUAN 

in the full range of sizes, designs and processes that are nol 

5 3 RD YEAR OF CERAMIC LEADERSHIP 

AMERICAN LAVA CORPORATION • 
A Subsidiary of Minnesota Mining and Manufacturing Company 

CHATTANOOGA . 5, TENNESSEE 

OFFICES: METROPOLITAN AREA: 671 Broad Street, Newark, N. J., Mitchell 7-8159 • SYRACUSE, 
N. Y.  204 Hording Place, Phone 9-0656 • CLEVELAND: 5012 Euclid Avenue, Room 2007, Express 

1-6685 • NEW ENGLAND: 1374 Mass. Avenue, Cambridge, Massachusetts, Kirkland 7-4498 • PHILA-

DELPHIA: 1649 N. Broad Street, Stevenson 4-2823 • ST. LOUIS: 1123 Washington Avenue, Garfield 
1-4959 • CHICAGO: 228 N. LaSalle St., Central 6-1721 • SOUTHWEST: John A. Green Company, 

6815 Oriole Drive, Dallas 9, Dixon 9918 • LOS ANGELES: 5603 N. Huntington Drive, Capitol 1-9114 

TITY. AlSiMag 576 parts can be made 

mally available in other AlSiMag ceramics. 

DIE PRESSED • EXTRUDED 

MACHINED • METALLIZED 

Bulletin 524, sent on request, shows 

standard metallized hermetic terminals 

of this material. Custom made items can 
be supplied promptly. Send blueprint. 



The IMPROVED Model 310A 
BALLANTINE 

Sensitive Electronic Voltmeter 

MODEL 310A 

Price $235 

To measure  
from 

40 microvolts to 100 volts 

 10 cycles to 2 megacycles 
with accuracy (> 100 pv) 3% to 1 mc; 5% above 
Input impedance 2 megohms shunted by IS mmfd 

below 10 mv; and by 8 mmfd above 

Usable as null detector sensitive to 10 pv from 5 cps to 4 mc 

Improvements include lower noise level; enhanced frequency 
response; reduced susceptibility to line voltage variations; in-
corporation of premium tubes throughout amplifier system, etc. 

Featuring Customary BALLANTINE 

SENSITIVITY — ACCURACY — STABILITY 

Write for catalog for more information about this and other 

BALLANTINE voltmeters, calibrators, amplifiers and accessories. 

102 Fanny Road, Boonton, New Jersey 

70A 

(Continued from page 68A) 

Thomas, E. U., Specialties. Inc., Skunks Misery 
Rd.. Syosset. L. I., N. Y. 

Tuttle, D. F., Jr.. Electrical Engineering Depart-

ment. Stanford. Calif. 

Uglow, K. M.. Jr„ 9119 Eton Rd.. Silver Spring. 
Md. 

Whistler, J. P., 1491 Van Dyke Rd., San Marino 9, 

Calif. 
'Williams, R. J.. 47 Wyoming Dr., Huntington Sta-

tion, L. I., N. Y. 

Williams. S. B., 1123 Massachusetts Ave., Lexing-
ton 73. Mass. 

Volk, N. I.. 1411 Avenue N, Brooklyn 30, N. Y. 
Yaffee, P., 3010 Plyers Mill Rd.. Kensington, Md. 

Youngblood, I. J., 37 Arch St.. Dover, N. H. 

Admission to Senior Member 

Ackerman, S. L.. 1307 Ballard Dr., Eau Gallie, 
Fla. 

Adamson. A. A., 60 Evergreen Dr., North Caldwell. 
N. J. 

Ashmead, H. E., Box 387E, R.F.D. 2, Baltimore 6, 
Md. 

Baller. H., 11 Welwyn Rd., Great Neck, L. I., N. V. 
Berger. R. M.. 201 Oakhurst Rd., Elberon, N. J. 

Brown, R. W., 134 Parkhurst Blvd., Toronto 17. 
Ont„ Canada 

Buffo, B.. 195 Broadway, New York 7, N. Y. 

Clatfelter, A. C.. 6325 Cherbourg Rd., El Paso, Tex. 
Coe, M. R., 57-53-256 St.. Little Neck, L. I., N. Y. 
Crippen, C. E.. 1890 Poli St., Ventura. Calif. 
Dacey, G. C., Bell Telephone Laboratories, Inc., 

Murray Hill, N. J. 

Eldredge, K. R.. Stanford Research Institute, Stan-
ford, Calif. 

Harrison, P. W.. 7904 Springway Rd., Ruxton 4, 
Md. 

Haywood, O. G.. 20-21 Francis Lewis Blvd., White-

stone 57, L. 1., N. Y. 

Henderson, R. J., 44 Dogwood Dr., Baltimore 20, 
Md. 

Hodges, H. T., Eastman Kodak Co., Camera 
Works, 333 State St.. Rochester 4, N. Y. 

Horak, F. A.. 2907 Carlson Dr., Dallas, Tex. 
Kahn, M. B., 22 Birch Hill Rd., Great Neck. L. I., 

N. Y. 
Levine, S. W., 12 Gordon Ave., Plainview, L. I., 

N. Y. 

Lutz. C. H., 2915 Detroit Ave., Cleveland 13. Ohio 

MacSorley, O. L., 31 VVinnie La.. Poughkeepsie. 
N. Y. 

Main. R. C.. The Glenn L. Martin Co., (GLM 
#3011). Baltimore 3. Md. 

Mallinson, F. C., 1713 Kalorama Rd., NW., Wash-
ington 9, D. C. 

Nalos, E. J., Microwave Laboratory, Stanford. 

Calif. 
Newton, G. R., 2602 E. 14 Pl., Tulsa 4, Okla. 

Ogland, J. W., Westinghouse Electric Corp., Air 

Arm Division, Friendship Airport, Balti-
more, Md. 

Rogers, T. 1., 336 Linwood Ave., Ridgewood. N. J. 
Saintesprit. G. L., 6, rue Emile Zola, Chaville (Seine 

et Oise). France 

Shea, R. A., 6 Perrin Dr., Wayne Township. R.F.D. 
1, Paterson, N. J. 

Shive, S. L., 19 Standish Rd.. Little Silver. N. J. 

Thornhill, J. W., 3210 Hedgerow Dr., Dallas 19, 
Tex, 

Wald, S.. 1707 Waverly Way, Baltimore 12, Md. 

Transfer to Member 

Altschuler, H. M., 160 W. 77 St., New York 24, 

N. Y. 
Axelby, G. S., 4240 Parkton St.. Baltimore 29. Md. 

Barton, G. R., 4 Terrace Cir.. Great Neck. L. 
N. Y. 

(Continued on page 72,4) 
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eitle`le 
offers 

NEW SERVICES 

to you... 

Over forty years of preci-
sion engineering experi-
ence is now available to 
you through new Special 
Experimental & Research 
Service facilities of Kahle 
Engineering Company. 
Kahle's cumulative knowl-
edge springs from its 
•pioneering successes in 
electronics and allied 
industries coupled with 
vast experience with the 
actual end products which 
its machines produce. 

NEW SPECIAL EXPERI-

MENTAL & RESEARCH 

SERVICES FOR THE 

ELECTRONIC INDUSTRY. 

• Special glass parts and 
accessories 

e Special tools for researcil 
• Special models 
e Small- lot manufacture of 

special items for research 
or development 

• Regular industrial engi-
neering at regular fee or 
contract rates 

e Special tubes, lamps, etc. 
for research purposes 
including elements and 
parts 

• Any special equipment 
for manufacture or re-
search for tubes or lamps 

to take advantage of 
these new services, 
write Kahle today. 

ENGINEERING 

COMPANY 

13,12 SEVENTH STREET 

NORTH BERGEN. N. J. 

gybe enalseneratote 

ihe/eke of 
e e e 

e.'e* e e &  
ep, e, re eie et tei Or 0 6 CP 

6 6 6 6, 6 0 0 
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* 0 0 
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Tel-instrument Co. inc 

TEL- INSTRUMENT 
offers you this 

TYPE 2200 SYNCHRONIZING 
SIGNAL GENERATOR 

at our standard price 

$2100 EACH 
(half the cost of any other 
unit of comparable quality) 

Safeguard your operation with a 
standby sync generator as well 
as an operating unit for no more 
than the price of any single com-
petitive equipment. This is the 
high quality, TIC Type 2200 that 
has won acceptance with the 
nation's leading TV broadcasters 
and manufacturers. 

'Less cabinet. F.O.B. plant. 

SPECIFICATIONS: 

Five output signals of either polarity at 5 volts peak-to-peak 
across 75 ohms: RETMA sync, ( 2) vertical drive, (3) blanking, 
(4) horizontal drive, and ( 5) blanking plus bar and dot linearity. 

High stability, unaffected by tube aging.. 
Binary dividers employed so that no adjustments are necessary 
or possible for divider chain or RETMA sync. 
All leading and trailing edges of output signals controlled by 
precision delay line. 
Eight steps of vertical blanking instantly available as follows: 
4%, 4.76%, 5.34%, 6.1%, 6.66%, 7.43%, 8.0% and 8.76% 
of vertical period. 

Means provided for compensation of signal delays for cable up 
to a thousand feet. 
Built-in bar and dot generator provides 20 vertical and 15 hori-
zontal bars less those lost due to blanking in the whole period. 

Signal generator can be locked to 60 cycle line, self-contained 
crystal oscillator, or an external frequency source. Power re-
quirement approximately 700 watts, 105 to 125 volts, 60 cycles. 
Supplied complete with heavy duty, electronically-regulated 
power supply. 
Deluxe steel cabinet, 83" 11 x 22" W x 18" D, can be supplied 
at additional cost. 

COMPLETE SPECIFICATIONS AVAILABLE 

ON TIC'S COLOR-TV PACKAGE 

728 GARDEN STREET, CARLSTADT, NEW JERSEY 
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CUSTOM 
BUILT 

TRANSFORMERS 
Here is an example of the type of 
equipment we can build to specifica-
tions for research, laboratory or 
experimental work. This Acme Electric 
custom built transformer has a pri-
mary that can be varied from 12 
volts thru 115 volts, with a frequency 
range from 7 cycles thru 60 cycles. 
Nominal output voltage, 33,000 volts. 

This unit was built for use in connec-
tion with high voltage electrostatic 
separation and collection of various 
types of atmospheric particles. 

Designing a Dry Type transformer in 

ACME ELECTRIC 
MAIN PLANT: 446 WATE 

West Coast Engineering Laboratories: 13 
In Canada: ACME ELECTRIC CORP. LTD. 

round • 
0/110 oval 
flat am 

.n.grooved 
ribbon. 

e bare. 
— insulated 

tot eeti oidoselea 00%tofloto 
plated 0 

this voltage class that provides safe 
and efficient performance, is another 
notable example of Acme Electric 
transformer engineering. 

CORPORATION 
R ST., CUBA, NEW YORK 

15 W. Jefferson Blvd. • Los Angeles, Calif. 

• SO Northline Rd. • Toronto, Ontario 

SECO 

SECON 
wh 

the element calls 

for PRECISION 

72‘ 

* all metals 
all alloys • 

Round Wire to 0.00015" 
diameter. Ribbon rolled to 
0.0001" in thickness. Close 
tolerances held on all spe-
cifications. 

clever:tent and production metallurgists 

SECON METALS CORPORATION 
7 Intervale Street, White Plains, New York 
WHite Plains 9-4757 

Write for Pamphlet P 

(Continued front page 70.4) 

Bevitt, W. D., 5015--38 Ave.. Hyattsville, Md. 

Cook. C. E.. 33 Hill Rd., Farmingdale. L. L. N. V. 

Creacy, J. N., Field Engineering Department 08. 
Hughes Aircraft Co., Culver City, Calif. 

Davenport, F. S., 651 N. Oleander Dr.. Fort Walton 
Beach. Fla. 

Dayton. W. P.. 3060 N.W. 35 St Oklahoma City 
12. Okla. 

Feldman, L. L., 100 E. 18 St., Brooklyn 26, N. Y. 

Felsen. L. B.. Microwave Research Institute, 55 
Johnson St., Brooklyn, N. V. 

Funkhouser, R. E., Jr., 136 Colony Rd., Silver 
Spring, Md. 

Gagnon, R. L., 36 Ocean Ave., Salem, Mass. 

Grodzinsky, S.. 394 Warwick Rd., East Meadow, 
L. I., N. Y. 

Huber, C. E., JHU,,APL, 8621 Georgia Ave., Silver 
Spring, Md. 

Hurwitz. A. M., 239 Ocean Ave.. Brooklyn 25, 
N. Y. 

Ingalls. R. S., 2803 Lancer Dr.. Hyattsville, Md. 

Javitz, A. E., 2515 Davidson Ave., New York 68, 
N. Y. 

King, R. W., Jr., 53 Shadyside Ave.. Port Washing-
ton, L. I.. N. Y. 

Kukel, J.. 8279 Santa Gertrudes Rd., Downey, 
Calif. 

Lally, P. M., 41 Chickadee La., Levittown, L. I., 

N. V. 

Maguire, J. P.. 91 Lawrence St.. Farmingdale, L. 
N. V. 

Maserian, L.. 56 Blossom St., Arlington 74, Mass. 
McEuen, A. H., 713 W. Islay St.. Santa Barbara. 

Calif. 

Miller. N. D., 6000 Lemmon Ave., Dallas 9, Tex. 

Pozdol, A. J., 15 N. Mayfield, Apt. 311, Chicago 44, 

Pressel, P. I.. 590 Northridge Rd.. Columbus 14, 
Ohio 

Randolph, A. M., United Gas Corp.. Research De-

partment, Box 1407, Shreveport, La. 
Ross, R. D., 133 West 75 St., New York 23. N. Y. 

Sims, B. S., 75-B Readville St.. Hyde Park 36. 
Mass. 

Sluis, M. H., 80 E. Main St., Sidney, N. Y. 
Smith, R. R., 2547 El Sol Ave.. Altadena, Calif. 
Tary, J. J., 708 AC&W Sqdn.. APO 731, co Post-

master, Seattle. Wash. 

Tyberg. A. H., 1865 Ashbrook Dr.. Cincinnati 38, 
Ohio 

Washburn, F. L., Jr.. R.F.D. I. Altamont, N. Y. 

Wright, P. H., Eberline Instrument Division, Box 
1539, Santa Fe. N. Mex. 

Wylie, J. E., 2701 N. Pierce. I.ittle Rock, Ark. 

Admission to Member 

Abeyta. G. A.. 400 Virginia. N.E.. Albuquerque, 
N. Mex. 

Anderson. N. E.. Air Reduction Co.. Clermont Ter., 
Union, N. J. 

Ault, C. E., 625 Laurel Ave., Menlo Park. Calif. 
Barnes, S. H., Hughes Aircraft Co.. 5315 W. 102 St.. 

Los Angeles. Calif. 
Berthaud, M. C., 23 rue Clairaut. Paris 17e, France 

Bivins. W. P., 807 Courtland St.. Greensboro, 
N. C. 

Blanchard. J. T., 2 Cutting St., Winchester, Mass. 

Bogner, I.. Cook Research Laboratories. 8100 
Monticello, Skokie, Ill. 

Borg, W. N.. 1177 N.E. 79 St.. Miami 38. Fla. 
Bostwick, L. S., Jr., Box 421. Huntington, L. I.. 

N. V. 

Bourke, W. A.. 69 Harvard St.. Roslyn Heights. 

L. I., N. Y. 

Brown, L. E., U. S. Naval Ordnance Laboratory. 
Corona, Calif. 

Byrod. R. B., 30IA Holly Dr.. Baltimore 20. Md. 
Cartwright, V. F.. c/o Ralph M. Parsons. Inc.. 135 

W. Dayton, Pasadena. Calif. 

(Continued on page 74,4) 
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VAC-TITE COMPRESSION 

To improve the quality of their products 

and to keep them competitive cost-

wise, more manufacturers are turning 

to HERMETIC SEAL ... for headers 

for critical applications, airborne use, 

maintenance-free operation and for 

the arc resistance of glass insulation. 

a u 
With production and variety increasing stead-

ily, HERMETIC SEAL offers an unparalleled selection 
of multi-terminal headers, miniature plugs, individual 
terminals, rectangular plugs and connectors of every 
shape and size . . . plus condenser seals and crystal 
bases. These units are available in VAC-TITE* Com-
pression Seals as well as conventional kovar designs. 
Try HERMETIC first because HERMETIC has always been 
first and foremost in its field. 

*VAC-TITE is HERMETIC's new, vacuum-proof, com-
pression-construction, glass to metal seal. In ad-

dition to special shapes, many standard sizes 

such as .800 O.D. and .900 O.D. multi-terminal 

headers and a large variety of individual termi-
nals are available in VAC-TITE Compression Seals. 

In addition to those shown, HERMETIC pro-
duces a wide variety of multi-headers with indi-
vidual glass insulations. 

Write for samples, data, prices. 
We welcome the opportunity to work with 
you on special problems. 

on a vital theme 

29 South Sixth St. 
Newark 7, N. J. 

HERMETIC SEAL 

PRODUCTS CO. 
HIGH FLANGE BODY 

0.0. available- 1.000, . 966. Oil available — 1.000, . 966, 
.900, . 800, . 750, . 600, .500 .900, . 800, . 750, . 600, 500 

NOTCH BODY LOW FLANGE BODY 
Also available with flange re• 
versed. 
0.0. available- 1.062, 1.000, 
.900, . 730, . 640, . 600, . 375 

All ports shown available up to 21 terminals depending on O.D. Integral exhaust 

tabulation, color codes, alternate terminations may also be had. Terminal diameters 

up to .093 dia, depending on 0 D. 

FIRST AND FOREMOST IN MINIATURIZATION 
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NEW Berkeley 
 1 MICROSECOND 

1 

Universal Counter Counter & Timer 

CONDENSED 

Four extended- range precision instruments at the size 
and price of one! Drives digital printer, IBM card punch 
converter, or digital- to-analog converter! 

Berkeley's new Model 5510 Universal Counter and 
Timer provides the functions of counter, time interval 
meter, events-per-unit-time meter and frequency meter 
in one compact instrument. It will: 

Count at speeds to 1,000,000 counts per second. 

Count events occuring during a selectable, precise time in-
terval. 

 Measure time intervals in increments of I microsecond over 
a range of 3 microseconds to 1,000,000 seconds. 

 Determine frequencies and frequency ratios, from 0 cps to 
1 megacycle. 

 Provide a secondary frequency standard (stability, 1 part 
in 10'). 

 Operate directly into (a) the new Berkeley Model 1452 
single-unit printer, (b) Berkeley digital-to-analog converter, 
or (c) Berkeley data processer driving IBM card punches, 
electric typewriters, or teletype systems. 

SPECIFICATIONS 
Input Sensitivity: 0.2 v. rms (Freq. meas.); 1.0 v. peak to peak 

(other functions) 

Input Impedance: 10 megohms shunted by 35 mmf. 

Time Bases: 1 mc; 100, 10, and I kc; 100, 10 and 1 cps. 

Cate Times: .00001, .0001, .001, .01, 0.1, LO and 10 seconds 
Crystal Stability: 1 part in 10, (temp. controlled) 
Display Time: 0.2 to 5 seconds 

Accuracy: -f- 1 count, ± crystal stability 
Power Requirements: 117 x. (-f- 10%), 50-60 cycles, 400 watts 
Dimensions: 203/4 " wide x 101/2 " high x 15" deep; panel, 83/4 " x 19" 
Price: Model 5510, $ 1,100.00 (f.o.b. factory). 

• Available for prompt delivery. Wire or write for 
technical bulletin, application data; please address dept. N6. 

BECKMAN INSTRUMENTS INC. 
1100 WRIGHT AVE., RICHMOND, CALIF. 

Membership 
(Continued from page 72A) 

Cole, C. T., Jr., 2559 Prescott Rd., Havertown. Pa. 
Cotton, T. D., 790 Grande Cote, Rosemere. Terre-

bonne, Que.. Canada 

Dean, J. W., 1903-49 St., Lubbock, Tex. 
Deutch, H. M., R.F.D. 2, Ithaca, N. Y. 
Dewey, O. L., 221 North Ave.. Weston 93, Mass. 

Dickerson. D. H., 11027 Kling, North Hollywood, 
Calif. 

Ellis, R. L., Jr., 9330 TSU Ordnance, Redstone 
Arsenal, Huntsville. Ala. 

Fallik, J., 213 Elm St.. Rome, N. Y. 
Farrell, W. C., 320 St, Paul Pl., Baltimore 2, Md. 

Fermanian, A.. R.F.D. 1, (Stamford). North Adams, 
Mass. 

Fletcher, E. E., 3209 Madeira Dr., N.E., Albu-
querque. N. Mex. 

Forget, T. W., 25 Plummer Rd., Bedford, N. H. 

Garber, J. F., Jr., 436 F St.. Wright-Patterson 
AFB. Ohio 

Glasheen, R. W., 79 Bradstreet Ave., Lowell, Mass. 
Grant, L. P., 2121 B 33 St.. Los Alamos, N. Mex. 

Grubbe, V. P., 122 S. Broad St., Emporium, Pa. 
Hagan, R. A., 212 Woburn, Reading, Mass. 

Heart, F. E., 64 Acacia St., Cambridge. Mass. 
Hedgecock, E., 4198 W. 13 Ave., Vancouver 8. 

B. C., Canada 

Herbert, D. 0., 133 S. Symington Ave.. Catonsville 
28, Md. 

Hine, E. A., 47 Sea Cliff Ave., Sea Cliff. L. I., N. Y. 
Horman, F. L., 5528-29 St., NW., Washington 

15, D. C. 
Janowsky, S., 310 Eighth Ave., Asbury Park. N. J. 
Johnson, L. M., 16 Danbury St., S.W., Apt. 4, 

Washington 24, D. C. 

(Continued on page 76A) 

News—New Products 
(Continued from page 66,4) 

Power Resistor 
Castohm, a new type of fixed wire-

wound power resistor has been developed 
by the Shallcross Manufacturing Co., Col-
lingsdale, Pa. Through a unique process, 
the windings of the new resistors are firmly 
imbedded in a special ceramic which forms 
an integral coating and core. By eliminat-
ing the heavy ceramic core, Castohm re-
sistors have been made in smaller diame-
ters and with almost 25 per cent less weight 
than conventional tab terminal power re-
sistors of comparable wattage ratings. 

The thin-walled ceramic core and coat-
ing has exceptional resistance to thermal 
shock as well as good heat conductivity. 
Resistors consequently, reach their operat-
ing temperature quickly, resulting in 
faster circuit loading. In addition, Cast-
ohm resistors are rated at a hot-spot tem-
perature of 350°C, compared with 275°C 
for vitreous enamel types. 

Designed in accordance with Signal 
Corps specification MIL-R-10566, the re-
sistors are currently available in styles 
R-30, R-33, R-37, and R-46. Wattage rat-
ings are 8, 28, 125, and 225 watts respec-
tively. Available resistance values range 
from 100 to 160,000 ohms. Standard toler-
ance is 5 per cent, but tolerances as close as 
1 per cent are available on order. 

Engineering Bulletin L-29 giving com-
plete specifications, typical laboratory test 
results, and physical and mounting dimen-
sions is available on letterhead request to 
the manufacturer. 

(Continued on page I34A) 
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Ef MAGNETIC COMPONENTS 
for Standard and Special Applications 

The LFE Transformer 
Division is superbly equipped 
for designing and developing 
numerous types of magnetic 
components, including 
solenoids, coils and trans-
formers. We can readily 
accommodate your order 
whether for custom-built 
models or for limited or 
large-scale production of 
standard units. 

POWER TRANSFORMERS 
Top quality Class A military type power 

and pulse transformers—made to your electrical 
specifications! Class A types meet Transformer 

and Reactor Specification MIL-T-27. 
Available in standard or special 

MIL cases. 

11.411egp4ellird — 

CLASS A MOLDED 
ENCAPSULATED TRANSFORMERS 

Vacuum molded in a thermosetting resin of the 

polyester type. Totally protected from humidity— 
immersion in water will not impair operation. 

This line includes small toroidal wound units. 
Made in various ratios and inductances for 
computer work and similar applications. 

OPEN- TYPE AIRCRAFT TRANSFORMERS 
380-2400 Cycles 

Lightweight, compact, high temperature open-
type units. Utilize Class H materials throughout. 

Vacuum-impregnated with silicone resin. Hipersil 
C type cores utilize 4 mil thick lamination material. 

SOLENOIDS and BIFILAR R. F. COILS 

Silicone-treated, vinyl-sleeved or molded. 
Available in a wide range of types and sizes. 

For data sheets and detailed information, write: 

(.5 

LABORATORY for ELECTRONICS, INC. 
75-4 PITTS STREET • BOSTON 14, MASS. 

PRECISION ELECTRONIC EQUIPMENT • OSCILLOSCOPES • MAGNETOMETERS • COMPUTERS • SOLID DELAY LINES 
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measuring 
re- trace time 
assures 

FLYBACKS designed to your 
exact specifications— 

built for EXTRA years of trouble- free performance. 

FAST SERVICE 
on your requirements: Heppner has 

2 airplanes and 6 pilots in the 

Sales and Engineering Departments. 

SPECIALISTS IN ELECTRO -MAGNETIC DEVICES 

Representat.,( 

HEPPNE 
MANUFACTURI NG COMPANY 

Round Lake, Illinois ( 50 Miles Northwest cl Chicago) 
Phone, 6.2161 

John J. 14 0171714 
60 E. 42nd St., New York 17, N. Y. 

James C. Mugglersorth 
506 Richey Ace., W. Collingswood, N. J. 

Ralph Keeley 
R. R. 1, U. S. 27, Coldwater Rd., 
Ft. Wayne 8, Indiana 

ley. M. Cochrane Co. 
408 So. Alvarado St., Los Angeles, Calif. 

(Continued from page 74.4) 

Johnson, P. S., 4645 Marble Hall Rd., Baltimore 
12, Md. 

Kinnally, J. W., First National Bldg., San Diego 1, 
Calif. 

Kleppinger, R. E., 93 N. Munn Ave., East Orange. 
N. J. 

Kriensky, J., 129 Harvard St., Malden 48, Mass. 

Krusos, D. A.. 539-51 St.. Brooklyn 20, N. V. 
Lee, A. St. J., Box 301, Belmar, N. J. 

Lee. W. M., 706 Club Dr., Richmond, Va. 

Lesch. S., Cantaloupe Ave.. Van Nuys, Calif. 
Levine, R. B., Physics Department, University of 

Minnesota, Minneapolis 14, Minn. 

Luttrell, J. A., Jr., 5231 El Cedral St., Long Beach 
15, Calif. 

MacDonald, H. E., 421 Pine St., Philadelphia 6. 
Pa, 

Martin, W. H.. Box 30, Leesburg, Va. 

May, K. S., 1401 Arch St., Rm. 210, Philadelphia 

2, Pa. 

Mayberry, H. P., Sylvania Electric Products Inc., 
Emporium, Pa. 

McCollor, R. L.. 129 E. Atlantic Ave.. Audubon, 
N. J. 

McGrail, J. J., 20 Burnham Rd., Ottawa, Ont., 
Canada 

Middleton, F. H., 1810 Berrywood Rd., Baltimore 
14. Md. 

Millsap. W. J., 1708 Whitesburg Dr., Huntsville, 
Ala. 

Mintz, F., Armour Research Foundation. Technol-

ogy Center, Chicago 16, III. 

Morey. F. C., 3947 Washington St., Kensington, 
Md. 

Munson. I. K., C-16, 46 & High Sts., Pennsauken 8. 
N. J. 

Niklas, W. F., CBS Laboratory Division, Columbia 

Broadcasting Co., 485 Madison Ave., New 
York, N. Y. 

Ott. W. F., 1343 Michael St.. Bossier City, La. 
Pafford, W. B., 8423 Menaul Blvd., N.E., Albu-

querque. N. Mex. 

Pearson, D. B., 404 Belgrove Dr., Kearny. N. J. 

Percy. R. Mr'., 3812 N. Pershing Dr., Arlington 3, 
Va. 

Peterson, E. 0., 121 Kenwick Dr., Syracuse, N. Y. 
Pierachala, L. C., Kimble Glass Co., Box 1035, 

Toledo 1, Ohio 

Pionkowski, E. F., Herlec Corporation, Grafton, 
Wls. 

Plank, C., 19114 Delano St.. Reseda, Calif. 

Purrington, R. L.. 750 Main St., Winchester, Mass. 
Reis, H. J., 17 Cedar Dr.. Baltimore 20, Md. 
Rhodes. H. A., Box 296. Houston 1, Tex. 
Rhyins, R. W.. 218 Halstead Ave., Harrison. N. Y. 

Ringrose. J. W.. 98 Lyndhurst Dr., Hornchurch, 
Essex. England 

Sammis, S. L.. Jr.. 27 Trainer Ct.. Huntington, 
L. I., N. Y. 

Sayal, B. S., 33, Brampton Rd., London N.W. 9. 
England 

Scherff, L. S., Wallace Barnes Co.. Main St., 
Bristol, Conn. 

Seiberlich. J. S., 6816 Blenheim Rd., Apt. C., Balti-
more 12, Md. 

Sera, F., Greenbelt Rd., R.F.D. 2, Lanham, Md. 
Setzke, H. A., 3625 Arden Ave., Hollywood, 

Sharp, F. R.. 1882 Lampson Rd., Cleveland 12. 
Ohio 

Shin, E. M.. Radio Section. Bureau of Telecom-
munication, Ministry of Communications. 

Republic of Korea, Seoul, Korea 

Simister, R. M., 179 Renfrew St., Winnipeg 9, 
Man., Canada 

Simoni, A., 10 Battersea Crescent, North Park. 
Ont., Canada 

Snyder, V. D.. 322 E. Third St., Emporium, Pa. 
Sohlgren, C. E., 15127 Blackhawk St., san Fer-

nando, Calif. 

(Continued on page 79A) 
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FIVE SEVERE TESTS PROVE 
EXTENDED LIFE HIGH QUALITY 
OF G-E GERMANIUM RECTIFIERS 

FEATURING NEW ALL-WELD 
SEAM CONSTRUCTION 

ABSOLUTE MAXIMUM 

DIFFUSED JUNCTION *Muni 

RIDS INPUT VOLTAGE (Volts) 

PEAK INVERSF VOLTKÇ(. Fes) 

PEAR MBAR-0-(MM (Atm.) 

D.C. OUTPUT CURRENT. (Mi)  

DC. OUTPUT 
LOAD (1616) 

D.C. SURGE CURRENT (Amps.) 

FULL LOAD VOLTAGE DROP Sim peek) 

LEAKAGE CURRENT (Als., e reed P.I.V.) 
MMMSIMM 

WORKINt VOLTAGE (Veils D.C.) 

mm m nEmmlim 

STORAGE TEMPERATURE I.() 

RATIN 

100 

130 

GS —T- 3.3 °C— 

IN93 

300 

0.25  

75 

1N92 

200 

0(1 

1m 

25 

0.5 

2.7 

25 

0.5 

1.9 

-is 
0.5 

1.2 

MISTIME LOAD 

114151 1N152 

33 — lb 

100 200 

1.57 1.57 

se. 

164153 

350 

23 

0.7 

2.4 

soo 

IW 

300 

1.57 

500 

1N1.58 

100  

380 

L57 

SM 

350 

25 

0.7 

1.9 

MO 

25 

0.7 

1.2 

MO 

25 

1.4 

0.0 

30 

50 

85 

65 

50 

83 

100 

50 

85 

30 

85 

65 

50 

85 

100 

so 
83 

185 

50 

85 

•Typicol absolute maximum ratings. 

'ERE are just five of many severe criteria G.E. insists be met 
before a diffused junction rectifier is shipped: 

1. Life of every day's production is evaluated by sample lot opera-

tion at full current, full voltage, and at elevated temperatures 

under stringent on-off cycle conditions. Acceptance is made only 

after compliance with 10,000 hour standards. 

2. 100% testing of specified characteristics. 

3. Full load aging of all units. 

4. Absolute hermetic seal is checked on all units. 

5. A 1% quality control level is imposed on each shipment. 

Your rectifier applications demand nothing less than these stand-

ards. Specify General Electric and receive a custom shipment of 

quality germanium products. 

• HERMETICALLY SEALED. e VERY LOW LOSSES. 
e MINIATURE SIZE made possible by low internal losses. 
e DESIGNED to meet all military humidity tests and shock 

and vibration requirements. 

e MULTIPLE ARRANGEMENTS for full wave or bridge circuits. 

ORDER IN QUANTITY FOR 
IMMEDIATE DELIVERY 

um mum pmmummi imm IMIXEMEINIF 
COME117 CMARACTEIL071« Ma MIIIMie.JMUM 

MU Offnü MM IMUMMUM 
MOI «Dim* efamta BM Ilinarnal 

MU MP: 55' t ' WM Minn« 
U  MW:60M n MOM MOINUMMIBM 
MU INIMMMM MMOMMUMM 
IIIMMIIMMIMMIIMMO MIIMMUMM 
mummummumm muumuu 
ummœnnnannrmm mairmrum 
immeirirmrirmrinumm 
MMUMUMMUMIMMMM_MwALIMMAMM 
mummumaimeadeaummum 
IMMUIMIMP2OMMOMPIAMMMUM 
umpinmarammumm,mammum 
mgammummlummul Lamm' 
Immommemmummm EMMIIMM 
MBUIIMMIMMUMIMM ElMMUMM 
MIIIMIMIMMMUMMMMUEJMMBUM 
MUMMMMINIMMALÏJ &HMI 
MUMMUMMMUMMIMMOILMIMMIM 
MMMUMMIMMUMMUMMBEJMUMUm 

Send for complete G-E Diffused 
Junction Rectifier Information: 
General Electric Co., Sec. X5264, 
Electronics Park, Syracuse, N. Y. 

_ GENERAL ELECTRIC 
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LEE-PAC 
PLUG-IN 

TRANSISTOR 

STAGES 

ENGINEERED 

CIRCUITS 

series now available 

AMPLIFIERS 

SINE WAVE 
OSCILLATORS 

PULSE GENERATORS 

CATHODE FOLLOWERS 

SQUARE WAVE 
GENERATORS 

Save valuable engineering time. Use LEE-PAC 
units to develop systems. Each stage is designed 
to be used as a component either singly or in 
chains. First series has standard miniature nine 
pin bases. All units have standardized input, 
output and power connections. 

Write today for data sheets 

Application Engineering Dept. 

LEE LABORATORIES, Inc. 
Genesee, Pennsylvania 

?evi HEAVY DUTY WORK! 
Severest Electrical Services 

P-506-CE— Plug with Cap 

S-506-D8 
Socket with deep Bracket 

JO NE S 
PLUGS & SOCKETS 

500 SERIES 
Proven Quality! 

For 5,000 Volts, 25 Amperes per Contact Alterable by 

Circuit Characteristics. 

Socket contacts of phosphor bronze, knife-switch type, cadmium plated. Plug contacts hard brass, 

cadmium plated. Made in 2, 4, 6, 8, 10, and 12 contacts. Plugs and sockets polarized. Long leakage 
path from terminal, and terminal to ground. Caps and brackets, steel parkerized ( rust-proofed). 
Plug and socket blocks interchangeable in caps and brackets. Terminal connections most ac-

cessible. Cap insulated with canvas bakelite. 

eri 

301ve 

Write for Jones BULLETIN 20 for full details on line. 

HOWARD B. JONES DIVISION 
CINCH MANUFACTURING CORPORATION 

CHICAGO 24, ILLINOIS 
SUBSIDIARY OF UNITED-CARR FASTENER CORP. 

MALLORY 

SILVERLYTIC 

CAPACITORS 

and 

MERCURY 

BATTERIES 

Ideal for 

TRANSISTOR 
CIRCUITS 

If you are designing equipment 
around transistor circuits, Mallory 
Mercury Batteries will deliver the 
constant-current, constant-voltage 
needed for best performance. 
There is no significant deterio-
ration or loss of energy even after 
long periods of storage. 

Mallory Silverlytic Capacitors are 
also designed to meet the special 
requirements of transistor and 
other low voltage circuits. 

For complete data, write to P. R. 
Mallory & Co. Inc., Indianapolis 
6, Indiana. 

MALLORY 
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Spangler. S. T.. General Electric Co., 570 Lexington 
Ave.. Rm. 3103, New York. N. Y. 

Stevens. W. C., 69 S. Walnut St., Mansfield, Ohio 
Stoul, D. J., Salton Sea Test Base, Westmoreland, 

Calif. 
Stout, K. D., 4807 Comanche Rd., N.E., Albu-

querque, N. Mex. 
Tindall, K. V.. 85 Manor Dr., Apt. 11J, Newark, 

N. J. 
Trammell. A. K., 2625 Adams, N.E., Albuquerque, 

N. Mex. 
Umlauf, E. W., 630 Venice Way. Inglewood 2, Calif. 
Uttall, J. A., 570 Lexington Ave., New York 22, 

N. Y. 
Veal, T. G., 81 Shelwood Dr., Rochester 18, N. Y. 

Waldron, R. E., 55 Morgan St., Tuckahoe 7, N. Y. 
Warshawsky, J., 6613 N. Francisco Ave., Chicago 

45, Ill. 

Watson, R. C., Jr., Box 1435, Anniston, Ala. 
Weaver, T. H.. Jr., 1st AACS I&M Sqd. Tinker 

AFB, Okla. 

Weitzel, R. L., 18 Brandon Pl., Williamsport, Pa. 
Wesenberg, C. M., 138 Stanley Rd., Burlingame, 

Calif. 
Wilkinson, H. W., 15 Glendale Ave., Manchester, 

N. H. 
Witherstone, E. D., 6 Cornwall Heights, St. Johns, 

Newfoundland, Canada 
Wood. R. L., 203 E. Marshall Dr., Midwest City I. 

Okla. 
Wrye, W. F., Jr., 1103 Woodlawn Rd., Cocoa, Fla. 
Young, R., 299 State Highway 17, Paramus. N. J. 
Younker, E. L., Bell Telephone Laboratories. Inc., 

Whippany, N. J. 

The following elections to the Associate 
grade were approved to be effective as of 
May 1, 1954: 

Adams, W. B., Rm. 211, Bldg. 3, Electronics Park, 
Syracuse, N. Y. 

Allsop, A. F., 2149 Fulton St., Apt. 12, Toledo 2, 
Ohio 

Anderson, F. D., 3018 Barber Ave., Cleveland 13. 
Ohio 

Anderson, F. C., 2429 Lola Ave., Charlotte 5, N. C. 
Anderson, H. W., 1318 N. Avon, St. Paul 13, Minn. 

Anderson, J. R.. 5025 Cobb Dr., Dayton 3, Ohio 
Andronaco. P. A., 3813-15 Ave., Long Island City, 

L. I., N. Y. 
Asawa, C. K., 12415 S. Woodruff Ave., Downey, 

Calif. 

Asper, H. C., 76 A. Landstr. Kuesnacht/ZH, 
Switzerland 

Axtelle, G. E., Jr., 73-53-261) St., Flora Park, L. I., 
N. Y. 

Baker, R. L., 106 Santa Fe Dr., Houston 17, Tex. 
Barczys, D. A., 2524 William St., Buffalo 6, N. Y. 
Bartram, R. H., Sylvania Electric Products, Inc., 

83-23 Kew Gardens Rd., Kew Gardens, 

L. I., N. Y. 
Bass, S. D., 102-35-64 Rd., Forest Hills 75, L. 

N. Y. 

Batista, W. C., Cabca Postal 4465. Sao Paulo, Brazil 

Beiser, L., 3716 Tenth Ave.. New York 34, N. Y. 
Benamy, D. A. 166-05-88 Ave.. Jamaica, L. I., 

N. Y. 
Bennett, C. T., 220 N.Capitol Ave., Lansing, Mich. 

Benoit, R. E., 22 Fountain Pl.. Poughkeepsie, N. V. 
Benson, S. A. 557 Garren Ave., Norfolk 9, Va. 

Berg, A. L.. 350 Woodward St.. Vagan 68, Mass. 

Bernier. J. J. Jr.. FAETU-LANT, Naval Air Sta-
tion, Norfolk 11, Va. 

Berry, J. E.. DCS , Eng. AACS Hg., Andrews AFB. 

Washington 25, D. C. 

Biondi E.. 8 Via Vaina, Milan, Italy 
Black. G. R., 17 Luzerne Ave., %Vest Pittston. Pa. 

(Continued on page 82A) 
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compact, 

THE JKO9 
CRYSTAL OVEN 

• Only 1.28" dia.x1.70" high 
and weighs only 1.5 oz. 

• Minimum temperature gradi-

ent at crystal. 

• Rapid warm up with no 
overshoot. 

•Will meet a specification of 
75°+1 °C over a temperature 
range of — 55° to +70°C. 

• Economical and reliable be-
cause design permits tooling 
for uniform production. 

Thru "Thermaflow" Design* 

Temperature, like water, seeks 
its own level. Instead of trying 
to "dam up" heat within the 
oven, by use of massive heat 
retaining elements, the JKO9 
oven is designed to permit a 
uniform loss and uniform re-
placement of heat. Heat is 
simply replaced as it is lost 
from the low mass, high con-
ductivity shell. And within this 
shell the crystal unit remains 
wrapped in a blanket of warm 
air. Because sufficient heat is 
always lost by the shell none 
need be yielded by the crystal. 

git.t tetttik t, 

+ 
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JKO9 Heat Exchange Pattern 

A COMPLETE LINE 

The JKO9 is the newest of the 
many frequency control units 
that comprise the JK line of 
Crystals for the Critical. 

• A James Knights Patent. 

brings you a 

light, economical 

new oven 
•=3 

ca 4 , Oe.C. 

2., . - • C. 

JA 

Symbol of Service 

THROUGH RESEARCH 

STABILITY 

AVAILABILITY 

The compact, light, inexpensive JKO9 
matches the performance of many 
ovens employing multistage heaters 
and massive heat-retaining elements. 
It houses one or two crystals, plugs into 
an octal tube socket, is available with 
a choice of heater voltage from 6 to 28 
volts. It is another JK step in the 
advancement of miniaturization and 
extreme stability. Write us for complete 
engineering information. 

The James Knights Company Sandwich,111. 



from the group shown below. Ask 
your RCA field engineer for details. 
Call your nearest RCA field office: 

high gain, low noise RF amplifier 

Here's an excellent combination of 
important tube characteristics for 
UHF tuner designs. The new RCA-
6BC4, for rf amplifier service, pro-
vides high gain combined with low 
noise factor . . . thanks to its high 
transconductance of 10,000 
micromhos at relatively low plate 
current. 

You also get the advantages of 
low lead inductance, low lead re-
sistance, and low interelectrode 
capacitances . . . plus good isolation 

of input and load circuits. In addi-
tion, silver-plated base pins are used 
to reduce UHF skin-effect losses. 

A well-tried companion for top 
UHF performance is the RCA-6AF4 
for local oscillator service. This tube 
features good frequency stability as 
well as low lead inductance, low rf 
lead resistance, and low interelec-
trode capacitances. 

And, for your VHF tuner applica-
tions, you can make an excellent 
choice of RCA tubes for this service 

RCA TUBES FOR VHF TUNERS 

RCA-6U8 RCA-6X8 RCA-6807-A 
Triode-Pentode Converter Triode- Pentode Converter Mediata-Mo Twin Triode 

RCA-6J6 
Mediata-Mu Twin Triode 

RCA-68C5 

RCA-6BC4 
UHF Medium-Mu Triode 
(actual size) 

(EAST) Humboldt 5-3900 
415 S. 5th Street 
Harrison, New Jersey 

(CENTRAL) Whitehall 4-2900 
589 E. Illinois Street 
Chicago 11, Illinois 

(WEST) Madison 9-3671 
420 S. San Pedro Street 
Los Angeles 13, California 

RCA-6AF4 for local 

UHF oscillator service 

RCA-6C86 
Sharp-Cutoff Pentode Sharp- Cutoff Pentode 

OM RADIO CORPORATION of AMERICA 
Villk ELECTRON TUBES HARRISON, N.J. 
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Lucius E. Packard 
DIRECTOR, 1954 

Lucius E. Packard was born in Somerville, 
Massachusetts on January 21, 1914. He received 
the B.S. Degree in Electrical Engineering from the 
Massachusetts Institute of Technology in 1935. 

Joining the Mason Neilan Regulator Company 
upon graduation, Mr. Packard spent a year design-
ing and testing electronic control systems. In 1936, 
he joined the General Radio Company engineering 
staff and began work as a development engineer in 
the fields of sound and vibration measurement, and 
impedance bridges. Development engineering was 
followed by sales engineering and in 1939, Mr. 
Packard became manager of the General Radio 
Company New York Sales Office. In 1942, he be-
came manager of the Chicago Sales Office, con-
tinuing in this position for four years. 

In 1946, Mr. Packard was co-founder of the 
Technology Instrument Corporation. As director 
of engineering and sales activities, he was responsi-
ble for the development of impedance and phase 
measuring equipment and did pioneer work in the 
development and design of precision potentio-

meters for analog computers and servomecha-
nisms. Subsequently, he contributed to the de-
velopment of standards and potentiometer meas-
uring equipment. Mr. Packard was elected to his 
present position as President of Technology In-
strument Corporation in 1947. 

Mr. Packard joined the IRE as a Member in 
1941 and became a Senior Member in 1943. His 
IRE activities include service as Secretary, Chi-
cago Section, 1945; First Chairman, NEREM, 
1947; Vice Chairman, Boston Section, 1950; Chair-
man, Boston Section, 1951; and Regional Director, 
North Atlantic Region, 1954. In addition to having 
presented several papers, Mr. Packard has been 
author and co-author of several technical articles 
in the fields of sound and bridge measuring equip-
ment. 

Mr. Packard holds patents in the fields of elec-
trical measurement and precision potentiometers. 

He is a member of the American Institute of 
Electrical Engineers and a fellow in the Radio 
Club of America. 
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EDITORIAL 
JoHN R. PIERCE, EDITOR 

C.sy 
Some editorials in the PROCEEDINGS are written by the Editor. These reflect the 

present but by no means immutable editorial policy of the Institute. They inform the 

members of the Institute about such policy and open the way for private or public 

discussion or objection. 

Some editorials are written by others. These discuss important but not strictly 

technical matters which are judged to be of interest to members of the Institute, 

matters such as engineering education, the relation of engineering to science, Profes-

sional Groups and their TRANSACTIONS. Such editorials give the writer an opportu-

nity to express his personal views, which may or may not coincide with those of the 

Editor and the Editorial Board. 

• 
Turning to another matter: In the future, discussions of papers will not appear in 

a separate section, but will be treated as correspondence. When a letter discussing 

a paper is received, a copy will be sent to the author. If his reply is received promptly 

it will appear in the same issue as the letter of discussion; if his reply is long delayed 

it will appear in a later issue. This change simplifies editorial procedure and should 

result in earlier publication of discussions. 

We are currently trying to reduce publication time, and we will report progress 

when we have clearly made some. In this endeavor we need the help of authors in 

writing papers well, clearly, and with some thought of our instructions to reviewers, 

which appeared on page 264 of the April issue of the PROCEEDINGS. Authors should 

submit three copies of papers to the Managing Editor. When revisions are necessary, 

which we hope will be seldom, prompt publication can be assured only if the author 

is prompt in revising. 

Starting with this issue (page 1033), the PROCEEDINGS will publish abstracts of all 

technical papers appearing in the TRANSACTIONS of the various Professional Groups. 

This should help to bring papers published in the TRANSACTIONS to the attention of 

all who may be interested in them. 
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Reliability of Electron Tubes in Military Applications* 
ERNEST R. JERVISt, SENIOR MEMBER, IRE 

Summary—Study by Aeronautical Radio, Inc., of electron tubes 
removed from military equipments, discloses four principal con-
tributors to tube failure or removal: Maintenance and operating con-
ditions, environment, application, and basic tube weaknesses. 
Examples of trouble caused by misapplication and environment are 
presented. Over-all returns from various military bases show that 
one tube in every three removed is not defective and should not 
have been removed. Taking into account the "no-defect" removals 
and gradual deterioration failures which could have been detected 
by good maintenance procedures before they caused equipment fail-
ure, only one tube in six removed is of a type liable to produce equip-
ment malfunction. These facts point to shortcomings of maintenance 
in the face of increasing equipment complexity, and emphasize the 
urgent need for equipments designed for simplicity of operation and 
servicing. 

Laboratory analysis by Cornell University indicates that high-
operating temperature is the predominant basic cause of deteriora-
tion failures resulting from emission poisoning, interface, and leak-
age due to sublimation. Heater burnout and heater-cathode shorts, 
the principal types of catastrophic failures, are traceable to high-
heater operating temperature. 

Early results of ARINC tests on improved receiving-type tubes 
indicate a removal rate only one-third to one-fourth that of their 
prototypes, which show a rate between one and three per cent per 
hundred hours of operation. 

Correction of tube weaknesses appears to lie in diligent applica-
tion of solutions which are already known. The improvements must 
be maintained by rigid quality control of the product and continuous 
sampling of failures occurring under actual operating conditions. 

INTRODUCTION 

I
N APRIL, 1951, the military services authorized 
Aeronautical Radio, Inc. (ARINC) by contract' to 
investigate the causes of premature failure of elec-

tron tubes in military equipments and to recommend 
corrective measures. The task assigned by this contract 
—specifically, to find ways of obtaining greater re-
liability in tubes—is far from simple. It has been ap-
proached by ARINC in the same way the commercial 
airline program' was carried out, that is, by effecting 
close collaboration between the ultimate user and the 
groups directly interested in tube performance, namely, 
the tube and equipment manufacturers. 

For ease of explanation, the work of the AR INC 
Military Electron Tube Projects can be divided into 
three parts: 

(1) Description of the tube reliability problem in 
present military equipment; 

Decimal classification • R560 X R331.5. Original manuscript re-
ceived by the IRE, August 3, 1953; revised manuscript received, De-
cember 21, 1953. Some of the material in this paper was presented 
first at the Electronic Components Symposium, Pasadena, Calif., 
April 30, 1953. 
t Engineering Mgr., Aeronautical Radio, Inc., Military Con-

tract Div., Washington, D.C. 
Bureau of Ships Contract No. bsr-52372. 

2 E. K. Morse, "Long Life Tubes for Industry," Electronics, 
vol. 23, pp. 68-69; September, 1950. 

3 See also ARINC Gen. Rep. No. 1 on this Project, which includes 
a description of the origin and purposes of the program. 

(2) Comparison of the performance of the new, im-
proved types of tubes with the performance of 
their JAN prototypes; and 

(3) Recommendation of ways and means of obtaining 
a more reliable product. 

DESCRIPTION OF THE PROBLEM 

Data required for the first phase of the investigation 
—description of the present reliability problem—are ob-
tained principally by collecting all tubes removed from 
certain selected types of equipment at various military 
bases. The bases have been chosen in such a way as to 
provide a good cross section of various environments of 
military electronic equipment. These range from fixed 
installations to shipboard gear; from gun-mounted fire-
control systems to airborne radars and communication 
equipments in jet aircraft as well as reciprocating engine 
aircraft; and from vehicle-mounted communication sets 
to pack and portable sets. 
The ARINC field personnel who collect the tubes 

also ascertain, if possible, the reason for removal of each 
individual tube, the type of equipment and the socket 
from which it was removed, and any special circum-
stances which might have produced its failure—such as 
abnormal operating conditions, special overhaul and 
repair practices, or other factors. The information ob-
tained is transmitted to the Washington office of the 
Project, where it is coded on IBM cards and analyzed 
by modern statistical methods. The aim of this analysis 
is to study in detail all the collected failures in order to 
determine the causes that produced them. 

Results to date indicate that the causes of tube failure 
can be grouped into four broad categories: Maintenance 
and operating conditions; environment; application; 
and basic tube weaknesses. From the restricted point of 
view of tube improvement, only the last of these cate-
gories is interesting; the other three need be considered 
only to eliminate inaccurate conclusions and mislead-
ing information. But, from the general standpoint of 
electronic equipment reliability, all four categories are 
extremely important and must be evaluated to obtain 
a complete description of the problem. They also pro-
vide valuable information for the design of tests needed 
to compare improved tube types with standard types 
made according to the old JAN specifications. 

TUBE MISAPPLICATIONS 

Misleading information is easily obtained in cases 
where large returns are produced by misapplication in 
the circuit or by severe environmental conditions. 
An example of misapplication is presented in Fig. 1. 

The histogram on the left gives the distribution of tubes 
collected from six sockets of a rectifier chassis using 
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type 5R4GY; the diagram adjoining the graph shows 
the position of the sockets in the circuit. It is apparent 
that the parallel connection of several tubes is not bene-
ficial to the operation of a rectifier, especially if no pre-
caution is taken to balance the load among the various 
tubes or to prevent the overloading of the other tubes 
when one tube in the circuit fails to take its share. The 
sockets for the two parallel tubes might have had far 
fewer rejects if they had been connected one in each 
half-wave circuit, thus reducing the peak-voltage strain 
in the tubes. The one-tube removal from the single-
tube circuit was found to be due to a poor solder joint 
in the base pin that had nothing to do with the circuit. 

15 TUBES  

5R4 GY 

TOTAL TUBES REMOVED 36 

10 

5 

O 
401 402 403 404 405 406 

SOCKET NUMBERS 

Fig. 1—Distribution by sockets of 5R4GY removals 
from rectifier chassis. 

It is evident that if improved tubes had been inserted 
in this circuit for comparison, there would have been no 
difference in performance unless the improved version 
had a very large margin over the prototype. 

ENVIRONMENTAL CONDITIONS 

A situation in which environmental conditions have 
played a dominant part, thus masking the effect of tube 
improvement, is shown in Fig. 2. This gives the number 
of tubes of the 6AR6 and 6098 types collected from the 
power-supply regulator for a bombing radar during four-
week intervals over a period of approximately two 
years. The equipment was at first mounted in the non-
pressurized part of the airplane, where the ventilation 
was inadequate. At that time, returns of the 6AR6 and 
6098 types were four to five times greater than the 
average for all other sockets. "Tempilaq degree" meas-
urements showed that during flights above 30,000 feet, 
the bulb temperature of the 6AR6 reached average 
values in the neighborhood of 315 degrees C., or roughly 
100 degrees C. above maximum rating. After this con-
dition was discovered, the chassis in question was 
transferred to the pressurized section of the plane, and 

• 
more effective blowers were installed. A temperature 
check made thereafter showed an average bulb tem-
perature of 181 degrees C. for all 6AR6 tubes and their 
reliable counterparts, type 6098, under flight conditions 

similar to those prevailing when the previous measure-
ments were taken. 
The transfer of the equipment to the pressurized zone 

was effected in most of the aircraft during the second 
quarter of 1952. In Fig. 2 the gradual drop in returns 
from an average of 57.1 for the first 4-week period to 
8.8 for the last is readily apparent. Fig. 3, showing all 
other tube returns from the complete bombing system 
for the same period of time, indicates that there has 
been no significant change in the activity of the system 
as a whole. 

100 

100 

57.1 

I l 22.0 er Ihr. i  
13 1 2 3 4 5 6 7 9 10 11 12 13 1 2 3 4 3 6 7 

951I 1932 1933 

4-WEEK INTERVALS 

Fig. 2-6AR6 and 6098 removals from power-supply regulator. 

930 
106 1 - Hi.091 

111234 I 1931 1952 10 II 

enet wyeivAU 

3 4 
11193 

3 6 
1 

Fig. 3—Removals of all tube types except 6AR6 
and 6098 from bombing system. 

With the improvement in operating conditions of the 
power-supply regulator, it will be possible to obtain 
comparative data on the performance of the type 
6AR6 and its improved counterpart, type 6098, in this 
equipment. 

35 

o 
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returns during the first 4-week period and those during 
the final period; yet, the over-all improvement in the 
return of tubes in all categories, as shown in Fig. 2, is 
only 6.5 to 1. This difference is explained by the fact 
that tube removals attributable to maintenance did not 
decrease in proportion to the improvement obtained in 
removals due to electrical defects. 

GENERAL CLASSIFICATION OF RETURNS 

Many other examples could be cited to show the 
great variety of problems encountered in the ARINC 
study of tube performance in military equipments. 
However, locating and describing these individual 
difficulties does not by itself accomplish the first part 
of the task, which is to describe the general problem of 
reliability as it now exists. What is needed is a way of 
reducing the sum total of tube failures to a few simple 
patterns showing basic trends. This can be done by 
averaging out some of the variables, once they are 
properly appraised, and by reducing the description to 
figures that apply to all of the data collected. 

Fig. 5 presents one type of general picture of the 
tubes collected by ARINC. In this diagram, all returns 
are segregated into four groups on the basis of the defect 

MECHANICAL 
21 `Yor 

Fig. 5— Distribution of total returns by defect classification. 

findings reported by the ARINC field personnel, and the 
quantity in each group is shown as a percentage of the 
total. Three groups consist respectively of tubes with 
mechanical defects, electrical defects, and miscellaneous 
defects; the fourth consists of tubes in which no appar-
ent defect was found. Distribution includes tubes col-
lected from all military bases where the surveillance pro-
gram was conducted in 1952. Pattern of defects shown 
here is repeating itself with the tubes collected in 1953; 
accordingly, there is reason to believe that this pattern 
provides a good description of data so far collected. 

MAINTENANCE PROBLEM 

The most striking fact revealed in Fig. 5 is that about 
one tube out of every three removed is not defective 

and should not have been removed. Moreover, detailed 
examination of those tubes which are defective has dis-
closed, among other things, that most of the electrical 
defects are of the gradual deterioration kind which 
could be eliminated by a good maintenance system be-
fore they produce malfunction of the equipment. Taking 
into account the tubes with no apparent defect, this 
leads to the conclusion that only one tube in six re-
moved is liable to produce an equipment malfunction. 
It has been observed that this 1-in-6 ratio becomes even 
larger if the tubes considered are improved tubes, 
rather than of the JAN type. 
The situation implicit in the foregoing conclusion 

can be produced by one or more of the following condi-
tions: (a) The equipment is too complex for efficient 
maintenance in the field; (b) the maintenance personnel 
do not have sufficient time or training to do the job; 
and (c) the maintenance shop does not have the proper 
tooling to evaluate the faults in the equipment. All of 
these conditions have been observed at one or more of 
the bases participating in the surveillance program. The 
converse situation has also been observed: That is, if 
maintenance personnel have the proper training, tools 
and time to do a good job, as at Army Radio Station 
WAR, the most complex equipment (provided it is well 
designed) can operate trouble-free for very long periods 
of time. A reasonable inference is that in most cases 
maintenance establishments and practices are inade-
quate to keep the complex, present-day equipments in 
trouble-free operation. 

EQUIPMENT REQUIREMENTS 

It is proper here to consider that while the quality of 
electronic maintenance probably can and will be im-
proved in peace time, in case of emergency, neither. 
maintenance nor operating personnel are likely to be 
more skilled than at present, and they probably will be 
less so. Yet, it is far more important that military 
equipment operate properly under emergency condi-
tions than in peace time. The indication is, therefore, 
that allowance must be made for the inadequacy of 
maintenance systems and operating procedures, and 
that real improvement in the reliability of military 
electronic equipment will be obtained only if the pri-
mary emphasis is placed on the design of the equipment, 
rather than on the improvement of maintenance. In 
other words, in the design of highly complex equip-
ments, the most important aim should be simplicity of 
operation and servicing. 

This objective, which is not a novel idea, can be ac-
complished by careful consideration of each sub-
assembly as a separate unit and by inclusion of some 
malfunction indicator or automatic device for eliminat-
ing the malfunctioning unit from the system. The com-
plexity of the equipment may well increase, but this in-
creased complexity will improve rather than decrease 
the reliability, as can be proved by the experience of 
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Station WAR and many other installations operating 
with virtually no interruptions caused by tube failures. 

RANKING OF RETURNED TUBES 

Another general aspect of tube reliability is presented 
in Fig. 6, which shows the tube types returned to 
ARINC in the largest quantities, irrespective of the 
number of equipments or sockets in which they are 
used. The type 6AK5 heads the list, followed by types 
6J6, 12AU7, 6AQ5 and 6AR6. The ranking is not neces-
sarily an indication that these tube types are the most 
unreliable, but it does show that, if the surveillance 
points and the equipments have been properly chosen 
to yield a representative sampling of tube removals, 
these are the types that now contribute the most, nu-
merically, to the unreliability of electronic equipment. 
This may be due to the fact that these types are used 
in a very large number of sockets or to the fact that 
they are failing very often. 
NUMBER OF TUBES 
1003   

80 

600 

TO1M. TUBES 5385 

400 - 

200 

1111111111! 

TUBE ;PE .'  

Fig. 6—Tube types ranking highest in number of returns. 

A ranking of this nature is important because it 
identifies the tube types that should have first attention 
in a tube-improvement program. Early and substantial 
improvement in the over-all equipment reliability is 
most likely to be obtained if priority is given to the 
types at the top of the list, rather than to lower-ranking 
tube types. 

• . CAUSES OF TUBE FAILURE 

The returns of all tube types ranked in Fig. 6 have 
been examined in detail for any indications of tube 

4 weakness and, also, to determine whether some general 

causes of tube failure can be established. In this work, 
ARINC has made extensive use of data supplied by the 
Cornell University School of Engineering, which, under 
another contract'—co-ordinated with the ARINC con-
tract through the Panel on Electron Tubes—is engaged 
in measuring and dissecting tubes collected by ARINC 
to determine internal causes of failure. 
These continuing studies have resulted in some spe-

cific findings on individual tube-type weaknesses, which 
are incorporated from time to time in progress reports 
to the military services; they have also led to certain 
hypotheses as to the general types and causes of failure. 
Excluding tube damage caused by handling during 
servicing, it is believed that all defects may be segre-
gated into two general classes: ( 1) those resulting from 
gradual deterioration of characteristics; and, (2) those 
which cause sudden or catastrophic tube failure. 

In the first class are included such defects as emission 
poisoning, interface formation, leakage due to sublima-
tion, and noise due to gradual wear of the insulating 
spacer in environments characterized by continuous 
vibration. The most prevalent cause of failure for all 
of these types of defects except noise was found to be 
high-operating temperature. This condition, in turn, 
was found to be produced by several primary causes, 
such as improper application, adverse environment, 
high-voltage operation, and faulty tube design. 

In the second general classification, the predominant 
types of defects observed are heater burnout and 
heater-cathode shorts. Both appear to be due to high-
heater operating temperature, accelerated by poor-
voltage regulation and, in some cases, by the use of 
series parallel string connections of heaters of widely 
different characteristics. 

PERFORMANCE OF IMPROVED TYPES 

The objective of the second phase of the ARINC pro-
gram is to compare the performance of the new, im-
proved types of tubes with that of their prototypes, 
manufactured according to the old JAN specifications. 

This problem of comparison can be likened to the 
task of detecting a weak signal in the midst of a large 
amount of noise; however, to carry this analogy a step 
further, we have the opportunity of using frequency 
modulation, rather than amplitude modulation, for this 
task—by employing statistically designed tests. In such 
a test, tubes of the improved and standard types— 
usually in equal quantities—are installed in selected 
sockets and equipments on the basis of a plan designed 
to provide performance data in which spurious effects 
can be evaluated. The actual difference in performance 
will then be clearly evident and can be analyzed free of 
extraneous factors. 

In this second phase of the ARINC surveillance pro-
gram, more than 60,000 tubes are now installed in 
equipments and operating under normal military usage. 

' Signal Corps Tube-Analysis Contract DA-36-039-SC- 15342. 
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The collection of data is a slow process because of the 
amount of operational time needed to obtain a signifi-
cant number of removals. This situation is aggravated 
by the fact that most military equipments are not op-
erated full time. 

Preliminary results of the tests indicate that, ex-
cluding tubes in stationary installations, regular type 
receiving tubes are removed at a rate between one and 
three per cent per hundred hours of operation, while 
reliable types made under various Armed Forces im-
provement contracts are showing a removal rate which 
is only one-third to one-fourth that of their prototypes. 
In tests conducted in commercial airline equipment, 
the ARINC reliable types have operated more than 
3,000 hours with an average removal rate of 0.3 per cent 
per hundred hours. 

While these figures must be regarded, for the present, 
as only approximate, the accuracy of the findings is 
progressively improving as more and more information 
is collected on the respective equipment types at the 
various bases. Every new controlled test designed for 
comparison of improved and JAN tubes provides more 
information than the previous ones. The progressive 
improvement in the results of the tests is due to in-
creasing knowledge of the conditions affecting behavior 
of the tubes under surveillance. With continued im-
provement, it will eventually be possible to predict 
accurately the performance of a given group of tubes 
in a particular equipment and environment. 

TENTATIVE CONCLUSIONS AND RECOMMENDATIONS 

The objective in the third and last phase of the mili-
tary electron-tube surveillance program is to recom-
mend ways and means of obtaining more reliable tubes. 
Specific recommendations will be presented in the 
ARINC progress reports to the military services when-
ever it is considered that conclusive data have been ob-
tained regarding the problems in question. It is be-
lieved, however, that most of the tube deficiencies which 
cause unreliability, and the solutions to these troubles, 
are already known. The real problem is one of applying 

this knowledge. It is a matter, first, of painstakingly 
examining every detail in tube construction in the light 
of the specific findings in the surveillance program, as 
indicated in the examples presented above; second, of 
determining the best technique for improving each de-
tail that needs improvement; and, third, of spreading 
this improvement to all similar tube types before the 
particular detail can become a major problem. 

This has not been done completely on well-known 
problems for which solutions are already known. For 
example, it is clearly established that a cooler heater 
has lower probability of burn-out; yet, many tube types 
are operated at dangerously high temperatures. It is 
well known that active nickel in cathode sleeves induces 
early formation of interface resistance; yet, this type 
of nickel is still used in many tubes because of the 
greater ease of processing. It is common knowledge that 
a high-cathode temperature results in shortened tube 
life; yet, some tube types are made to operate with 
very high-cathode temperatures just to satisfy some 
peculiar circuit application. It is recognized that one 
of the main degradation effects in long-life tubes is the 
formation of leakage paths between electrodes, and 
many ways of correcting this condition have proved 
effective—for example, mica slots, shields, magnesia 
coating, etc.; but not all tubes made for long life in-
corporate these precautions to the extent required. 
The reliability of tubes will steadily and substantially 

improve if the known solutions to tube trouble, such as 
those itemized above, are vigorously applied to improve 
tube design. These changes, of course, must be main-
tained under control by wisely-chosen statistical tests 
on the product. In fact, no improvement program will 
have lasting effect unless the quality obtained in the 
product is maintained by a well-designed, rigid system 
of quality control. This principle must be applied, also, 
in the operation of the equipments in which the tubes 
are used. To maintain a high standard of equipment re-
liability, it is imperative to conduct a continuous sam-
pling on the type and quantity of repairs and replace-
ments of all components during normal operation. 
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The Effect of Junction Shape and Surface Re-
combination on Transistor Current Gain 

A. R. MOOREt AND J. I. PANKOVEt, ASSOCIATE, IRE 

Summary—An experimental and theoretical study is presented 
which shows that the current gain of an alloy transistor is greatly 
affected by the geometry of emitter and collector junctions and by 
surface treatment of the base germanium, but is hardly affected at 
all by bulk recombination (lifetime) in the base. The current gain is 
computed for specific three-dimensional geometries by an electric 
analog method which assumes that surface recombination is the 
major factor in minority-carrier loss. By this method, a new way of 
measuring surface-recombination velocity, s, from simple measure-
ments on transistors has been devised. The value of s is obtained 
directly from a suitable calibration curve, and thus may be useful as 
a quality control on surface condition. 

The transit-time path-length dispersion of minority carriers in a 
transistor structure with nonparallel junctions has been computed. 
The results show that the effect is significant only above 1 mc/second 
in a typical structure. 

GENERAL DISCUSSION 

r --1 HE THEORIES of junction-transistor operation ji... 
given in the literaturel.' are limited in certain ap-
plications because of two important approxima-

tions: (a) one-dimensional geometry is assumed, (b) 
surface recombination is neglected or at best incorpo-
rated into a composite base lifetime. While it is true 
that for many transistors these approximations are not 
restrictive, some practical transistor designs violate 
them. In particular, alloy-type junction transistors' may 
make questionable the interpretation of results based on 
infinite parallel plane geometry. 

Since sectioned p-n-p alloy transistors of the RCA 
b 2N34 type generally reveal convex-junction shapes, a 

solution of the diffusion equations in three dimensions 
has been worked out which takes into account the 
geometrical effects. This solution is based on an analogy 
with current flow in a conducting sheet, under the 
assumption that surface recombination is the dominant 
factor in minority-carrier loss. The results are obtained 
by plotting the hole-flow vector field on a scale model. 

METHOD OF SOLUTION 

The collector-to-emitter input current gain, ace, is 

given by: 

ace = a*fry ( 1) 

* Decimal classification: R282.12. Original manuscript received 
by the IRE, September 3, 1953; revised manuscript received, Febru-
ary 19, 1954. Presented at IRE Transistor Res. Conf., July, 1953. 
t RCA Laboratories Div., Princeton, N. J. 
W. Shockley, M. Sparks, and G. K. Teal, "P-N junction tran-

sistors," Phys. Rev., vol. 83, p. 151; 1951. 
2 E. Steele, "Theory of alpha for p-n-p diffused junction tran-

sistors," PROC. I.R.E., vol. 40, p. 1424; November, 1952. 
3 R. R. Law, C. W. Mueller, J. I. Pankove, and L. D. Armstrong, 

"A developmental p-n-p junction transistor," PROC. I.R.E., vol. 40, 
p. 1352; November, 1952. 

where a • is the intrinsic current gain of the collector 
junction, f3 is a survival factor which gives the ratio of 
minority carriers arriving at the collector to that re-
leased at the emitter and 7 is the efficiency of emitter 
as an injector of minority carriers. For transistors not 
containing collector "hooks," a* is 1. For alloy trans-
istors 7 is very close to unity since treinitter>>olue." 
In this paper the concern shall be solely with the calcu-
lation of el. By assumption a*=7 = 1, ac. ----(3. 
The minority-carrier current in the base obeys a flow 

equation and an equation of continuity: 

—+ 
I, = qpg„E — qp,vp 

1 aP P — PB 
— V • I„ = — 
4 at 

(2) 

(3) 

Here p is the density, g„ is the mobility, D„ is the dif-
fusion coefficient, q is the charge, and r is the lifetime of 
holes in the n-type material, pB is the equilibrium con-
centration of holes, and E is the electric field. 
These equations are subject to boundary conditions 

which define the hole density in the base at the emitter 
and collector. It is generally assumed that the electric 
field is negligible, i.e., diffusion currents dominate. It is 
also assumed that the hole density in the base is small 
compared to the electron density, so that all parameters 
such as conductivity, mobility, and lifetime are inde-
pendent of injected carriers. In terms of the transistor, 
this means that the analysis applies only for small 
emitter currents. Equations (2) and (3) can be combined 
to give: 

dP P — PB 
Dpv2pdl r 

The steady-state equation is then 

Pg 

DV2P — — = 

(4) 

(5) 

in which P has been written for p — pB, the excess hole 
density above thermal equilibrium. 

For the one-dimensional case this can be readily 
solved' ,2 and yields an equation for P(x) which can then 
be inserted into ( 2) to obtain I at emitter and collector. 
Then 

arc 
a = — — 

ar Ve 

can be evaluated with the result 

0 
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a = sech 147/4 1 — 1/2 (—WY. (6) 
L, 

W is the width of the base layer and L, is the diffusion 
length for holes (L,= D pr) 
The three-dimensional problem is far more difficult. 

A solution is possible only for restricted choices of the 
boundary conditions. However, experience has shown 
that transistor characteristics are not very sensitive to 
variation in r provided r is greater than a few micro-
seconds, a condition easily achieved in practice. This 
will be discussed in detail later, but for the present 
simply assume that r is sufficiently large in the base 
( W/L,,«1) so that (5) becomes 

V2p = O. (7) 

This is a LaPlace equation solvable in two dimensions 
by the well-known engineering method of analogy to 
current flow in an electrolytic tank or conducting sheet. 
With the proper symmetry conditions, also discussed 
later, the solution can be extended to three dimensions. 
The equation which will be solved in the analogy is 

1724)= 0, so that electric potential 4, is equivalent to ex-
cess hole density P. Eq. (7) must be solved subject to 
boundary conditions at emitter and collector which fix 
the hole density for constant emitter and collector volt-
age. This means in the analogy that cf, is fixed at c/h 
and 02 on these boundaries, or in other words, emitter 
and collector become equipotential surfaces. An addi-
tional boundary condition, not required in the one-
dimensional case, must be satisfied on all free surfaces 
of the germanium, namely, that holes diffusing to the 
free surfaces disappear there by recombination, and 
thus constitute a hole current into the surface.4 More 
precisely, the normal component of current density I 
into the surface is 

—+ 
I = qPs (8) 

where s is the surface-recombination velocity. s is the 
average velocity into the surface of holes present at the 
boundary. From (2), neglecting currents due to electric 
fields, 

so that 

or 

I - = — qD,VP 

qPs = — qD„VP 

VP 

D, 

Therefore, provided s is constant over the surface, the 
boundary condition can also be stated as: the ratio of 
gradient P to P must be constant at all free surfaces. 

W. Shockley, "Electrons and Holes in Semiconductors," Van Nos-
trand Book Co., New York, N. Y., p. 321. 

In the conducting sheet analogy, let the edges (which 
correspond in two dimensions to surfaces in three di-
mensions) be bounded by a perfectly conducting bound-
ary broken up into many segments of length a with 
each segment connected to ground through a resistance 
R as in Fig. 1. If the current density at the boundary 
is i then each segment collects current la from the sheet, 
producing a voltage drop ct, across R. 

Fig. 1—Boundary of a conducting region. 

Then 

Within the sheet 

(12) 

(13) 

where p is the specific surface resistance of the sheet 
(ohms/square). Equating ( 12) and ( 13), 

Since, 

E 4) 
aR 

—9 
E = — 

Vce. 

aR 

(14) 

(15) 

Comparison of (11) and (15) shows that the analogy is 
complete if 

aR D, 
(16) 

For maximum accuracy of the solution near the 
boundaries the segment length a should be as small as 
possible. However, it is not necessary to assume that 
either s or a be constant over the whole free boundary; 
rather it is required that s does not change appreciably 
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in a distance a so that ( 16) is obeyed. This will be uti-
lized later to improve the accuracy with practical choice 
of a. 

For convenience, the analogs are tabulated below. 

TABLE 1 

Quantity 
in the 
Map 

Representa- 
tion in 
Map 

Quantity 
in the 

Transistor 

Representa-
tion in 

Transistor 

Current 
Potential 

grad 0 

i 
0 

plaR 

Current 
Excess Hole 

Density 
grad P 

I 
P 

slDp 
4) 41) 

The boundary conditions require that the emitter 
and collector be surfaces of constant excess hole density. 
No great error is introduced if it is assumed that ch at 
the collector = O. This means that the collector is as-
sumed to be perfect, collecting every hole which drifts 
into it from the semiconductor base. cb at the emitter is 
held fixed by a battery. With the proper boundary con-
ditions established, the preparation of a rectilinear 
square map of equipotentials and field lines gives the 
required information about hole flow. While the discus-
sion has been given for hole flow in n-type material it 
should be understood that the plotting method is 
equally applicable to electron flow in p-type material 
(n-p-n transistor), if the proper value of D„ is used. 

CONVERSION TO THREE DIMENSIONS 

The current-carrying-sheet analogy solves V24)= 0 in 
two dimensions. The problem to be solved is a three-
dimensional one: 

a2P 1 aP 1 a2P a2p = 0. 
ar2 r ar r2 002 az2 

With cylindrical symmetry, the third term in (17) is 
eliminated. In electrolytic tanks, this case can be 
solved by tipping the tank and using wedge-shaped 
electrodes as is done for axially symmetric, electron-lens 
problems.° In the present case, this is not convenient, 
nor, it turns out, is it necessary. The radii of emitter 
and collector electrodes are large compared to the spac-
ing between them (along the s axis). In the map of P, 
OP/Or is small near the origin where r is small. OP/Or 
becomes appreciable only for r already large compared 
to W. Hence 1/r OP/Or is always small. The first and 

second derivatives of P were evaluated numerically for 
two geometrical cases. In a favorable case, 1/raP/ar was 
less than 0.1 per cent of 02P/3r2, while in a very un-
favorable case llraP/ar never exceeded 4 per cent of 
02P/0r2. Hence, it is justifiable to ignore the first deriva-
tive term. In the evaluation of total emitter and col-

. lector current the conversion from x in (18) to r in (19) 
is accomplished by numerically integrating over the 

5 K. Spangenberg, "Vacuum Tubes," McGraw-Hill Book Co., Inc., 
New York, N. Y., p. 80; 1948. 

(17) 

electrode surfaces with a weight factor for r. This 
amounts to taking the area of an annular ring as 27rrdr. 

JUSTIFICATION FOR NEGLECTING 
VALUE RECOMBINATION 

For the one-dimensional case, is given by (6). With 
W fixed at 1 mil, e is already 0.99 when r= 10 µsec. 
Germanium with bulk lifetime of 100 to 1,000 µsec is 
generally used as transistor-base material yielding 
e = 0.999 to 0.9999. As previously explained, 'y is always 
very close to 1 because cre>>erb. Yet ace values of 0.95-0.98 
are often found for alloy transistors. In a recent test of 
a large number of transistors made from crystals with 
measured bulk r from 1 µsec to 1,000 µsec, no correla-
tion of a with bulk lifetime could be found. The possi-
bility still exists that the alloying process reduces the 
bulk lifetime of the germanium within the base layer of 
the transistor. Then regardless of the quality of the 
starting material, the bulk lifetime may be short 
enough to effect e. Presumably this could be due to heat 
cycling during the alloying. Yet a piece of germanium 
subjected to a similar heat-cycling treatment shows no 
adverse bulk lifetime effect. On the other hand, a is 
extremely sensitive to etching procedures after alloying. 
It seems reasonable to assume that at low currents the 
main loss of holes is through surface recombination. 
By means of calculations and measurements of acb 

as a function of emitter current, Webster° has obtained 
evidence which supports this conclusion. 

Fig. 2—Dimensions of a typical TA-153 developmental 
p-n-p junction transistor. 

PROCEDURE 

In order to illustrate the application of the principles 
described above, the procedure for plotting the hole 
flow and estimating e for a TA-153 (RCA develop-
mental-type number) type structure will be given. This 
is applicable to other structures and has been utilized 
with appropriate changes in geometry and constants. 

For this example, junction geometry of the form 
shown in Fig. 2 is utilized. This is based on observation 
of sectioned TA-153 transistors. A convenient medium 

6 W. Webster, "On the variation of junction transistor current-
amplifications factor with emitter current," PROC. I.R.E., pp. 914-
920, this issue. 
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for field plotting is "Teledeltos" recording paper.7 This 
paper has a specific resistance of 2,000 ohms/square. 
Equipotential electrodes can be applied simply by paint-
ing with air-drying silver paste. Lead connections are 
made by fastening soldering-lug connectors directly to 
the paper with eyelets and an eyelet punch, and then 
painting silver paste over the connector and paper. A 
scale of inch = 0.001 inch has been found convenient. 

Suppose one chooses to find the hole-flow map with 
s= 5,000 cm/second. From (16), aR=D„p/ s = 40 X2 
X103/5 X103=16. For maximum accuracy the boundary 
segments a should be as small as possible so as to most 
nearly approach a continuous distribution. A value of 
to 1. mil (t—} inch on the model) leads to negligible 
error. Since this segment size would require hundreds of 
segments to cover the boundary, use is made of the 
fact that for s constant only the product aR need be 
fixed over the boundary. Hence, a is chosen to be 
smallest on that region of the boundary along which 
the potential is changing most rapidly, or in other 
words, where the tangential component of VP is largest. 
Then the suitable value of R is chosen. 

'COLLECTOR .015d 

(I» 

Fig. 3(a)-A hole-flow map for the TA- 153 geometry of Fig. 2. Computed value of ad, is 8. (b). Hole-flow map with emitter and 
collector reversed. Computed value of ced, is 0.6. 

When the equipotential map has been obtained, the 
field lines or hole-flow lines are drawn in using the 
method of rectilinear squares.5 The map of Fig. 3(a) re-
sults. It should be noted that although equipotential 
lines are normal to flow lines, the equipotentials do 
not intersect the free surfaces of the germanium at 
right angles when s > o. It is just this departure from 
normal incidence which accounts for the flow of holes 
into the surface. 

7 Obtainable from Western Union Telegraph Co. 

To calculate e, the current density must be inte-
grated across the emitter surface to give 

that part of the total current which leaves the emitter 

and arrives at collector 
e = 

total current leaving emitter. 

This is easily done by drawing a scale along the emitter 
radius as in Fig. 3, and multiplying the number of 
tubes of flow leaving the emitter per small increment in 
r, by r, and summing over r. In the example chosen 
e= 79/89 = 0.89. Arbitrary units are used here since the 
final quantity 0 is dimensionless. 
Most of the holes are lost near the intersection of the 

emitter junction and the free germanium surface. Both 
P and VP are high in this region. 

Fig. 3(b) shows the map obtained with emitter and col-
lector reversed. Then (3 = 0.38. 

RESULTS 

Effect of Emitter-to- Collector Area Ratio 

It was recognized early in the alloy-transistor de-
velopment that the use of larger collector than emitter 
diameters resulted in consistently higher values of a. 

Fig. 4 shows the results of experiments made on early 
transistors to test this observation. Because of the un-
avoidable variance in this type of data taken on differ-
ent units, each of the experimental points represents the 
average of a group of transistors with the same nominal 
emitter/collector area ratio. Surfaces were etched or 
otherwise treated in the same manner after junction had 
been formed. ab, the collector-to-base current gain, goes 
through a maximum as collector/emitter area ratio gets 
larger. This curve shows improved collection efficiency 
obtained by enlarging collector diameter. 
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In order to gain a more quantitative insight into this 
design parameter, a series of hole-flow maps was made 
using emitter and collector diameters within the range 
covered by the above experiment. After some pre-
liminary trials, a value of s= 5,000 cm/second was 
chosen as that required to get the best fit to the data. 
The calculated curve of acb vs area ratio is also in Fig. 4. 

16 

S • 5000 CM/SEC. 

  W. 2.2 MIL. 

LARGEST ELECTRODE 
DIAMETERS 45 MILS 

CALCULATED 

EXPERIMENT 

•••••• 

0.1 05 10 

RATIO OF COLLECTOR TO EMITTER AREAS 

50 10 

Fig. 4—Dependence of ad, on the ratio of collector-
to-emitter area. 

The maximum in the calculated curve comes about 
in the following way: Consider the collector diameter 
fixed. With a small emitter, collection is very efficient. 
There is little loss to the surface near the collector, 
while most of the holes are lost near the edges of the 
emitter. As the emitter is made somewhat larger the 

a loss of holes to the surface near the emitter increases 
roughly as the perimeter, but the total hole injection 
increases as the area. The loss near the collector is still 
negligible. The net result is that abb rises slowly. As 
emitter diameter approaches and exceeds collector di-
ameter, hole loss to the surfaces near the edges of the 
collector increases very rapidly, dominating all other 
hole losses. Then abb decreases rapidly. 

It is not known whether etching variables contributed 
to the disagreement between theory and experiment. 
Variations in the shape of the alloy junctions from the 
assumed spherical form may also play a part. This 
aspect will be discussed later. Yet the general nature of 
the curves is reproduced well by the plotting method. 
The maximum in a is broad enough, so that for prac-
tical purposes a choice of area ratio from 2 to to 9 is 
satisfactory. A high ratio allows a greater emitter-col-
lector misalignment tolerance. 

Variation of ab,, with s for Plane Alloy Junctions 

The effect of s on ace is shown in Fig. 5 in which s is 
taken as a parameter for ac. vs junction diameter, d. 
In this case, equal diameter, plane-parallel junctions 
were used at a fixed spacing of 1 mil but edge effects 

• were included. Under the assumptions made in the solu-
tion, neglect of edge effects results in a,„ = 1 for all d 
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and s. Similarly, if s = 0, «b.— 1 for all d even with edge 
effects. The latter condition is shown as a dotted line in 
the figure. As d gets larger, all curves approach ac.= 1 
asymptotically since the edge effects become of little 
importance. 
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Fig. 5—Dependence of ac„ on junction diameter for plane emitter and 
collector, including the edge effects. 
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Fig. 6—Dependence of acb on junction diameter for the same geome-
try as used in Fig. 5. Note the linear dependence of ad on junction 
diameter for this geometry. 

The same information, plotted in terms of ad, instead 
of abc(abb= abe/1 — ace) is shown in Fig. 6. The interesting 
fact is that a,b is directly proportional to d for this 
geometry. This can be understood by the use of an argu-
ment similar to that used to explain the maximum in 
Fig. 4. The collector collects holes in proportion to its 
area. The emitter region must be divided into two parts. 
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The central section emits proportionally to area. The 
perimeter region, because of the high gradient of P con-
centrated there, emits proportionally to perimeter 
length rd. 
Let 

ace = 
collector current Kid' 

emitter current K2d2 K3d 

It is known that lima«.. ace must be 1, hence Ki = K2. 
Then 

aCC K1 
acb = = — d. 

1 — ace K3 

Comparison of Plane and Spherical Junctions 

A direct comparison was made of plane-parallel alloy 
junctions with edge effects and spherical alloy junctions 
with the same diameter of emitter and collector. The 
value of s and the minimum spacing were the same for 
both cases. ace was 0.92 for the spherical case and 0.97 
for the plane case, and ab was 11 and 32, respectively. 
The advantage of the plane junction is clear. As a 
further comparison, a grown junction geometry was 
computed, again for the same s and W. A value of 
ace = 0.97 and acb = 32 was obtained. Hence, grown. 
parallel junctions and alloy-parallel junctions are com-
parable. Of course, this assumes perfect emitter effi-
ciency. This is less likely for the grown junction. Com-
parison of curved and plane junctions on a frequency 
basis will be made in a subsequent section. 

The Absolute Value of s 

The curve of Fig. 4 was calculated in order to show 
that the general form of a vs area ratio can be pre-
dicted by the plotting method neglecting volume re-
combination. The choice of s = 5,000 cm/second may be 
open to question, however. Surface-recombination 
velocity has been measured on germanium bars by in-
dependent methods in various laboratories); Table II 
summarizes the results. 

TABLE II 

Treatment 

Sandblast 
Chem. Etched 

Electrolytic Etch 

104 to 10" cm/sec 
2 X10' to 4X10'. Depending on Specific 
Etch 

2 X 102 

None of these measurements was made in transistor 
structures. All measurements on etched germanium are 
very sensitive to etching conditions, freshness of solu-
tion, and so forth. If it is assumed that the etching 
processes carried out in the presence of indium during 
fabrication of the transistor are the same as those on 
germanium bars, the assumed value of s = 5,000 cm/sec-
ond appears somewhat high. Because of the variations 

8 See E. M. Conwell, "Properties of silicon and germanium," PROC. 
I.R.E., vol. 40, p. 1335; November, 1952. 

in surface treatment, alloying rate, and electrode cen-
tering likely during small scale fabrication of the special 
units used for the area-ratio tests, an estimate of s 
was attempted using only units processed according to 
a set practice.3 Even under these conditions, experience 
indicates that there are variations in junction shape 
and minimum spacing which could influence an ab-
solute determination. However, hole-flow maps show 
that the ratio of ace in the normal connection, aN, 
(0.015" emitter, 0.045" collector) to ace in the inverted 
connection, ar, (0.045" emitter, 0.015' collector) is less 
sensitive to junction shape than either aN or ar sepa-
rately. The average base-layer thickness, W, can be 
estimated from emitter-input capacitance, since this 
capacitance arises chiefly from diffusion of holes 
through the base layer. Hence, a sample of 38 TA-153 
transistors were selected with aNe,>0.95 and average 
spacing, W, of 2.2 + 0.2 mils. The value of aN/ar was 
1.41 ± 0.1 Fig. 7 shows a calibration curve obtained by 
hole mapping in which aN/ar is plotted against s for 2.2 
mil average spacing (1 mil minimum assuming spherical 
geometry). From the curve, it is estimated that s = 460 
cm/second. This value is in the range shown in Table II 
for chemical etching. 
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Fig. 7—A computed calibration curve for the determination of sur-
face-recombination velocity s, from simple measurements on a 
completed transistor. This curve s applicable to the TA- 153 
geometry of Fig. 2. 

Another sample of 15 transistors was selected with 
aN < 0.9 and the same base-layer thickness as before. 
The value of aN/ar was 2.09 ± 0.2, giving s = 3,000 
cm/second. It appears that many cases of low a can be 
ascribed to improper surface treatment. 

It must not be assumed, however, that all low a units 
are the result of high s. The search for the low a sample 
above disclosed many transistors with aN/ar > 3, which 
usually turned out to be due to large base thickness. 
The calibration curve of Fig. 7 applies only to the 2.2 
mil average base thickness. Larger thicknesses could be 
calculated. They would yield similar curves lying above 
the present curve, so that for a given s, aN/al increases 
as Wand W increases. This is an important point which 
argues in favor of three-dimensional theory without 
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volume recombination. If a one-dimensional theory 
with volume recombination dominant over surface re-
combination were applicable, aN/ar would be inde-
pendent of W. 
The calibration curve of Fig. 7 can also be used to 

4 follow changes in s due to various surface treatments on 
the same transistor. To illustrate this application, a 
group of unpotted transistors was made up from which 
three units were selected which had average base thick-
nesses of 2.2 mils. They were then treated with various 
solutions. After each treatment the units were washed 
in distilled water, dried, and andar measured. The cor-
responding value of s was then obtained from Fig. 7. 
Typical data were as follows: 

TABLE III 

TA-153 GEOMETRY, UNIT Ay 

Treatment aNial acblti 

Standard TA-153 Etching3 

Electrolytic Etch in 1% NaOH 
solution 

1.35 

Etch containing Cu(NO2)23 
Etch for 10 sec. very slight de-
posit of copper on the Germa-
nium 

Copper removed by Ammonia 
and Hydrogen Peroxide solu-
tion 

Distilled water which had been 
boiled with a piece of brass 

After 5 min. 
After 10 min. 
After 3 hours 

Electrolytic etch in 1% NaOH 

1.16 

2.41 

1.20 

1.13 
1.11 
2.5 

1.25 

400 cm/sec 

200 

7,400 

250 

180 
150 

10,000 

280 

24 

37 

0.7 

30 

28 
52 
0.5 

27 

Saturated solution of ZnC12 1.64 880 9 

Electrolytic etch in 1% NaOH 1.20 250 32 

It can be seen that surface treatments vary s over 
wide limits. Yet the processes are quite reversible; 

9 See S. Navon, R. Bray and H. Y. Fan, "Lifetime of injected 
carriers in germanium," PROC. I.R.E., vol. 40, p. 1345; November, 
1952. The values of s given in this reference are not in conflict with 
the present results because the etching conditions were different. The 
presence of indium on the germanium causes a slight deposition of 
copper which apparently greatly increases surface recombination. 

electrolytic etching always restores the surface to 
s= 250 cm/second approximately. 
The significance of surface-recombination velocity in 

device performance and the ease with which s may be 
measured suggest that the method may have applica-
tion as a quality-control test in junction-transistor 
manufacture. 

Transit-Time Dispersion 

The properties of junction transistors at the higher 
frequencies depend on many factors such as diffusion 
time through the base layer (diffusion capacitance), 
junction capacitance of the collector, internal lead re-
sistance, etc. These have been discussed in the litera-
ture. Because transistor theories have been confined to 
one-dimensional analyses, the factor of transit-time 
spread due to path-length variation has been ignored. 
This type of dispersion is similar to the path-length— 
transit-time effect in electron-multiplier tubes, wherein 
electrons which have traversed various paths through 
the multiplier have a spread in transit time. This dis-
persion has been calculated for the TA-153 structure, 
using the hole-flow map to estimate the path-length 
distribution. Then, since t = x2/ D„, the relative number 
of holes having transit times between t and t+At is 
obtained. An analysis of this dispersion curve indicates 
that ace will be down 3 db at about 1 mc due to this ef-
fect. A similar calcyation in a plane-parallel alloy struc-
ture including edge effects shows that ace is 3 db down at 
5 mc. While at present the other limits to high-fre-
quency performance in the TA-153 are more important, 
future design of special high-frequency transistors 
should take the path-length dispersion into account. 
This can be done by attempting to provide parallel 
junctions. 
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On the Variation of Junction-Transistor Current-
Amplification Factor with Emitter Current* 

W . M. WEBSTERt, SENIOR MEMBER, IRE 

Summary—Existing theories of the junction transistor fail to pre-
dict the very significant variation of current-amplification factor, 
acb, as the emitter current is varied. This variation has been very 
troublesome in power transistors, particularly at high emitter cur-
rents where the 0/,6 fall-off may be so severe as to limit usefulness. 
At low currents, a,b also drops off, an effect of importance in very low-
power applications. By taking into account modification of the base 
region by the injected charge carriers, an explanation is found for the 
observed variation. Electric fields in the base region decrease the 
mean transit time for minority carriers on their way to the collector. 
This reduces the effect of surface recombination and increases cur-
rent-amplification factor as the emitter current rises. Another effect, 
however, is in the opposite direction; this second effect is due to an 
increase in conductivity of the base material which increases the rate 
of volume recombination and also lowers emitter efficiency. The 
combination of these effects yields calculated curves which show a 
maximum and agree well with experiment. The work is applicable to 
both p-n-p and n-p-n types, and it is shown that the latter is inher-
ently less sensitive to emitter current density. 

INTRODUCTION 

AS THE emitter current in a junction transistor is in-
creased, the current-amplification factor is ob-
served to initially increase, go through a maxi-

mum, and finally decrease steadily. Fig. 1 shows this 
variation for a typical p-n-p alloy-junction transistor. In 

7 

/ 

/ 

) 

)0 
a 10 15 20 21 

EMITTER MILLIAMPERES-4 

Fig. 1—Variation of current-amplification factor, ato, with emitter 
current for a typical p-n-p alloy transistor. 

this figure the ratio of collector-signal current to base 
signal current is plotted as a function of dc emitter cur-
rent. For many applications, this variation is a severe 
limit to usefulness. For example, it is a source of distor-

* Decimal classification: R282.12. Original manuscript received 
by the IRE, September 3, 1953; revised manuscript received, 
February 19, 1954. 

This paper is based on a dissertation submitted in partial fulfill-
ment of the requirements for the degree of Doctor of Philosophy at 
l'rinceton University, Princeton, N. J. 
t Radio Corp. of America, RCA Labs. Div., Princeton, N. J. 

tion which increases rapidly with signal level and, as 
such, is a consideration in audio-output amplifiers. Even 
small-signal operation may be affected since the gain of 
an amplifier stage will vary appreciably with bias cur-
rents. 

It is the purpose herein to show how the variation of 
current gain with emitter current can be accounted for 
by the change in the characteristics of the base material 
produced by the injected carriers. Previous transistor 
theory ignored such effects in that the injected-charge 
density was assumed to be small compared to the den-
sity of ionized impurity atoms. This is not often the case. 
A simple calculation will show that the injected-charge 
density in the base region of a TA-153 transistor' is 
about equal to the impurity-charge density when the 
emitter current is of the order of one milliampere. (This 
is a current density of about one ampere per square 
centimeter.) Since similar transistors are sometimes used 
at currents in excess of ten milliamperes, the injected 
charge is rarely negligible. 
The most important changes produced by the in-

jected charge are these: 
a. A small field is developed in the base section which 

aids the flow of injected carriers from emitter to 
collector. 

b. The conductivity of the base section is increased. 
This decreases emitter efficiency and increases vol-
ume recombination. 

The first sections of the present work briefly review 
the aspects of transistor theory which need amendment 
and the proper corrections are derived in simple terms. 
The remainder consists of appendexes where more com-
plete derivations may be found. 
Throughout, derivations apply to the p-n-p transistor. 

The final equations have the same form for the n-p-n 
transistor and are obtained by simply interchanging a 
few subscripts. Data apply to germanium transistors. 

CURRENT-AMPLIFICATION FACTOR 

A current-amplification factor, ac,, is defined as the 
variation of collector current, /c, in response to a change 
in emitter current, 1E, with the collector voltage, Vc, 
held constant. These currents are defined in Fig. 2. 
This can be expressed mathematically as: 

ale 
— 
arElvc 

Another current-amplification factor, acb, can be defined: 

(I) 

' R. R. Law, C. W. Mueller, J. I. Pankove, and L. D. Armstrong, 
"A developmental p-n-p junction transistor," PROC. IRE ., vol. 40, 
pp. 1352-1357: November. 1952. 3 
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d 

f. 

BASE 

äIC 

acb = 

arE 1 — ace 
ace 

If ce,„ is nearly unity, as is the case for a useful junction 
transistor, 

arE 
ab ee 

arE 1 — ace 
(2) 

ad, is a more sensitive parameter than ace and, since it is 
easier to measure accurately, permits a more reliable 
comparison between theory and experiment. 

IC 

 o 

COLLECTOR 

Fig. 2—Current convention used to define ad, and ace. 

Fig. 3 shows a sketch of the potential distribution 
through a p-n-p transistor and, schematically, the paths 
taken by the holes and electrons therein. The arrows 
on the paths indicate the direction of particle motion. 

e 

CONDUCTION 
BAND 

FILLED BAND 

lo 

• CO 

LEGEND, 

----ELECTRON FLOW 
HOLE FLOW 

-ace-RECOMBINATION 
-....-THERMAL GENERATION 

Fig. 3—Potential distribution in a p-n-p transistor showing, sche-
matically, the paths followed by holes and electrons. 

The emitter current is composed of holes injected into 
the base (/E„) and electrons extracted from the base 
(IR.). Some of the holes which constitute I Ep recombine 
on their way through the base with electrons which 
enter through the base lead. The recombination rate 
defines a current IR. The collector current is composed 
of the holes which did not recombine and a "saturation" 
current, Ico, composed primarily of holes and electrons 
produced spontaneously by thermal energy in both the 
base and collector region and possibly a leakage current 
across the collector junction. For a good transistor, Ice, 
IR, and IR. should all be small compared to I. Now, 

and 

IR IR rEe 

IE = + 'Re ee hp, 

since /Ep»/Re. The equation which describes the change 
in ID for an incremental change in h with collector 
voltage constant is: 

arE ah ahe 
arE ah, arE„ ah, 

There is no physical reason why the thermal generation 
or leakage should vary with IEp so that arcomhp may 
be set equal to zero. Thus, 

arE arE 
(3) 

alp; arE, ar-Ep 

are. 

1 

acb 

This means that ad, can be determined if it is known how 
recombination and the fraction of emitter current com-
posed of electrons vary with the number of holes in-
jected. 
The recombination term should be separated into two 

parts, one due to surface recombination and the other 
to volume recombination because the two mechanisms 
obey different equations. If this is done, an expression 
may be written for 1/acb which contains three terms 
which may be investigated independently. 

a/sR ÔIVR ahe 
(4) 

arE, arEp arEp 

Here, SR refers to surface recombination and VR to 
volume recombination. The partial first-order theory 
previously published' gives the following values: 

and 

aIvR IvR 1 ( 141y   = 
31E2, IEp 2 Lb 

ahe IEe 
= — 

arE, IEp tieLe 

rrbll' 

(5) 

(6) 

where W is the thickness of the base region (see Fig. 2), 
Lb is the diffusion length for holes in the base region, 
0.6 and cr. are the conductivities of base and emitter re-
gions respectively, and L. is the diffusion length for elec-
trons in the emitter region. 
An expression for the surface-recombination term, 

a/sR/a/Ep, is now needed to complete the first-order 
theory. It may be derived as follows: Nearly all of the 
surface recombination in an alloy-junction transistor 
occurs in an area which is ring-shaped and surrounds the 
emitter "dot." The number of holes recombining de-
pends on the product of s, the surface-recombination 
velocity; an effective surface area for recombination, A,; 
and the density of holes present near the surface, p. 
This is expressed by the equation IRE= esiel sp where e is 
the electronic charge. Since the area where major sur-
face recombination takes place is very near the emitter, 
one sets p equal to the hole density at the emitter junc-
tion which will be called p.. The first-order theory as-

W. Shockley, M. Sparks, and G. K. Teal, "The p-n junction 
transistors," Phys. Rev., vol. 83, pp. 151-162; July, 1951. 
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sumes that holes flow purely by diffusion according to 
the law: J„.= —eD„ grad p=IE„/A where J„ is the hole-
current density and A is the cross-sectional area of the 
conduction path (which is about equal to the emitter 
area). For plane-parallel geometry where volume re-
combination may be neglected as far as its effect on hole 
density is concerned (the case for any useful transistor), 
this may be integrated to yield p8=IE,W/AeD, which 
is substituted into the expression for IEE. The result is: 

IEE sA,,W Hsu = = 
IE„ DpA 

Since electric fields in the base region were neglected in 
solving for pe, this expression is not exact. It is, in fact, 
of approximation comparable to the terms quoted above 
as (5) and (6). 
Now the complete expression for Vote according to 

the first-order theory may be written combining (5), 
(6), and (7). 

(7) 

SAW crbW 1 (W)2 
1/czcb = D„A -— — . (8) 

creL. 2 Lb 

None of the three terms depends on emitter current. 
Thus, to explain experimental results, the basic assump-
tions which may be insufficiently exact must be further 
investigated. Two assumptions require revision. One of 
these states that electric fields in the base region may be 
neglected, the other, that the change in base-region con-
ductivity due to injected charge is trivial. These are 
both indirect consequences of the assumption that the 
injected-hole density is small compared to the density 
of ionized donor atoms which, as indicated above, is 
not often the case. 

FIELDS IN THE BASE REGION AND SURFACE 
RECOMBINATION 

In the first-order theory, where electric fields in the 
base region are neglected, hole current density in the 
base is given by: 

J„ = — eD„ grad p (9) 

where J„ is the hole current density, e is the electronic 
charge, D„ is the diffusion coefficient for holes in the 
base region, and p is the hole density at any point. Elec-
tron-current density is assumed equal to zero. 
To include effects due to the electric fields in the base 

two equations are required: 

J, = — neue grad V + eD6 grad n. (10) 

J„ = — peu, grad V — eD, grad p. (11) 

Here, .T„ is the current density of electrons in the base, 
n is the electron density, ne and 12„ are electron and hole 
mobilities, D, and D„ are electron and hole-diffusion 
coefficients and V is the electric potential. 
To these equations can be added n+Nag---P-ENd 

where N. and Nd are acceptor and donor ion densities. 
This equation stems from the fact that the net charge 
density in the base region must be essentially zero. In 

n-type material, N. may be set equal to zero without 
serious loss of accuracy and Nd assumed to be a constant 
throughout the base. Thus, n = p +Nd and grad n 
=grad p. 

If the transistor is to be useful, J. must be very 
small compared to J„. If L=0, n replaced with Nd+p, 
and grad n with grad p, Equations ( 10) and (11) may 
be combined to yield: 

J,, = — (eD, grad p)(14- P d p). (12) 

Also, 

De 1 kT grad p 
grad V =  grad p =   (13) 

iie (Nd p) e(Nd-1- p) 

If p«Nd, (12) reduces to the first-order equation given 
as (9). However, as p increases, the current density in-
creases more rapidly than grad p until, when p>>Nd, 

—2eD„ grad p. When this happens, half the hole 
current is carried by diffusion and half by the electric 
field. Under these conditions, reasonably accurate re-
sults may be obtained if the diffusion coefficient is 
multiplied by two wherever it appears in equations de-
rived from the first-order theory. In the transition re-
gion where 0.01 <p/Nd <100, more careful calculation 
is required. 
The origin of the electric field can be described in 

physical terms as follows: In order to pass a certain hole 
current, a hole-density gradient is required. The condi-
tion of space-charge neutrality stipulates an equal elec-
tron-density gradient. The electron-density gradient 
would like to induce a flow of electrons in the same di-
rection as the flow of holes. This happens, momentarily, 
until an unbalance of charge sets up an electric field to 
hold the electrons in place against their density gradi-
ent. The same field, however, acts in a direction to en-
courage hole flow and, in the limit, doubles the hole-
current density for a given density gradient. 
The field in the base region has a considerable effect 

on the surface-recombination term. At low currents, 
the expression given above applies, i.e., sA,W/D,A. At 
high current density, however, D„ is effectively doubled 
and the per cent of the hole current lost by surface re-
combination is divided by two. The transition between 
the two cases accounts for the initial rise in current gain 
with emitter current. A calculation of the behavior in 
the transition region is given in Appendix I. 
The result of the analysis of Appendix I is: 

aisle _ sWA, 
arzi, D,,A 

where the function g(Z), which will be called the "field 
factor," is plotted vs Z in Fig. 4 (opposite page) and 

Wei. 
Z IE. 

ADerb 

Z is a convenient dimensionless parameter to use in the 
analysis. It is the ratio of hole density in the base region 

g(Z) (14) 

fr 

to 

4 

• 
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• 

at the emitter junction to donor density which one 
would compute from the first-order theory. 

For high values of Z, i.e., greater than about 20, g(Z) 
approaches 0.5; for Z=0, g(Z) has the value of unity. 
Thus, the loss in current-amplification factor due to 
surface recombination decreases as emitter current is 
increased and approaches a final value of one-half the 
initial value. This causes the current gain to rise, ini-
tially, with emitter-current density at a rate which de-
pends on the base width, W, the impurity type and con-
ductivity of the base material. 

o 10 15 20 25 

Fig. 4—The field factor, g(Z), as a function of (Z). 

In passing, it might be mentioned that the so-called 
diffusion capacitance of a junction transistor is reduced 
by the field in the base region by a factor of two as 
emitter current is increased. This has been observed to 
occur at about the same current as saturation of the 
curve for g (Z), as it should, since it also depends in-
versely on the diffusion coefficient.' 

MODULATION OF BASE-REGION CONDUCTIVITY 
BY INJECTED CARRIERS 

As pointed out before, the assumption that P«Nd is 
incorrect in a transistor which is operating at a current 
density in excess of about 0.1 ampere per square centi-
meter. It is usually assumed that the number of elec-
trons in the conduction band of the base region is Na. 
Instead, Nd+p should be used. A reasonably good cor-
rection to the first-order theory consists of simply mul-
tiplying the base conductivity by the ratio (p+Nd)/Nd 
where it appears in the above equations for dc current 
flow." This ratio is that of the electron density in the 
base with injected holes present to their density in the 
absence of holes. One should use the value of p/Nd at 
the emitter which, for large currents, is given ap-
proximately by I EpWµb/2D,,Ab= Z/2. (See Appendix I.) 
Thus, wherever ab appears in the dc equations it should 
be multiplied by: 

Private communication from L. J. Giacoletto, RCA Labora-
tories, Princeton, N. J. 
' The reader is cautioned that this substitution is not valid for all 

transistor equations but only where crb has been substituted for the 
density of conduction electrons (or holes, in p-type material). The 

• underlying physics should be examined for each equation to make 
certain that this is the case. 

p+Nd  
= 1 + Z/2. 

Nd 

EMITTER EFFICIENCY 

The partial first-order theory predicts 

aiE. lEe abW = 
t3IEP Ep 0" eL e 

This may be amended by writing instead, 

iEe 17bW 
= (1 + Z/2). 

'E!' q4L4 

(6) 

Since Z is a function of /E„, one cannot simply equate 
aheorE„ to this but must take the derivative as follows: 

crbW hp az 
af Œ1L4 =—(i+Z/2+ . 
Ep 2 arEp 

/Ep(aZ/a/E,), however, equals Z since Z and Ep are 
linearly related. Thus, the effect of differentiation is 
simply to double the term in Z and 

ubw 
(15) 

a/Ep ueLe 

This equation states that the emitter efficiency de-
creases, and hence, the current-amplification factor 
drops as emitter current is increased. Further, at high 
currents, the current-amplification factor abb should vary 
inversely with the emitter current as is observed experi-
mentally. 

30 

25 - 

20 

15' 
SU) 

(1•Z) 

10 

S— 

et 
0 10 15 20 

Fig. 5—The fall-off factor, f(Z), and (1+Z) as functions of Z. 

25 

A more exact calculation is made in Appendix II 
which also takes into account the changing field in the 
base region. The accurate calculation and the approxi-
mate one given here are both plotted in Fig. 5 against Z. 
The difference between them is not great, being at most 
about 25 per cent and less than 20 per cent for Z greater 
than about 4. 

VOLUME RECOMBINATION 

The expression for the variation of base with emitter 
current due to volume recombination (5) does not in-
volve 0.1t explicitly 



918 PROCEEDINGS OF THE I-R-E June 

aivR IvR 1 C 7\ 2 

arE, IE„ 2 U bi 

However, Lb may be related to base conductivity 
through the average hole lifetime since Lb2=D,r. r, 
when it applies to holes lost by bimolecular5 recombina-
tion, is inversely proportional to the number of elec-
trons in the base region and, hence, inversely propor-
tional to «b. Thus, the expression for volume recombina-
tion may be corrected in the same way as the expres-
sion for emitter efficiency, i.e., 

a/vn 1 (W)2 
 = (1 + z). 
aIE„ 2 Lb 

The volume-recombination term shows the same de-
pendence on emitter current as the emitter-efficiency 
term. 

Actually, the volume-recombination term ought to 
involve an integral of the base conductivity over the 
entire base region, whereas simply the value of base 
conductivity near the emitter was used. Such a calcula-
tion gives a result which is trivially different. This is 
because most of the volume recombination takes place 
near the emitter where hole and electron densities are 
greatest. There is evidence that volume recombination 
becomes mono-molecular at high values of Z5. In this 
case, the variation with emitter current vanishes 
and the volume-recombination term is replaced by 
a/vR/a/E,,= W2/4D,,r„, where r„, is the lifetime for mono-
molecular volume recombination at high injection levels. 

(16) 

CURRENT-AMPLIFICATION FACTOR VS EMITTER-

CURRENT THEORY AND EXPERIMENT 

According to the preceding sections, the approximate 
equation for current gain as a function of emitter current 
can now be written by combining ( 14), ( 15), and ( 16): 

1 sWA, 
g(Z) +[°2 -17— + (147)1(1 Z) (17) 

ab D,A  

where 
WmerE  

Z = (17a) 
D„Acrb 

and g(Z) is given by Fig. 4. The accuracy of this equa-
tion may be improved somewhat by using the calcu-
lated curve of Fig. 5 for the emitter-efficiency term but 
the difference is not usually significant. 
The above equation is for the p-n-p junction trans-

istor. To apply it to an n-p-n transistor, all that is re-
quired is to change the subscripts on mobility and dif-
fusion coefficients from e to p and vice-versa. Thus, 

1 sWit b1V 1 W 
g(Z) + [ -4- — )](1 + Z) (18) 

act, D.A eL 2 Lb 

6 The use of the word bi-molecular in this case applies to recombi-
nation proceeding at a rate proportional to the product np. Mono-
molecular refers to a recombination rate proportional only to p. The 
details of the recombination mechanism are not of concern at the 
moment since capture cross-sections and the like may be lumped into 
a single recombination coefficient. 

6 R. N. Hall, "Electron-hole recombination in germanium," Phys. 
Rev., vol. 87, p. 387; 1952. 

where 

WihplE 
Z — 

D.Aub 
(18a) 

Into the expressions for Z (17a and 18a) may be sub-
stituted the Einstein equations Dp=kTg,/e and 
De=kTi.t./e where k is Boltzmann's constant and T is 
the temperature of the transistor. Also, 1.c.h.c,, may be 
set equal to the constant b which has a value of about 2 
for germanium. Then: 

WeIE 
Z =   b for the p-n-p transistor and 

kTAub 

WeIE 1 
Z =   for the n-p-n. 

kTAub b 

One sees immediately that, if all quantities except the 
conductivity type are the same (i.e., identical geometry, 
diffusion lengths, and conductivities) ad, should vary 
less with emitter current in an n-p-n transistor than in 
a p-n-p transistor by a factor of b2 4 (for germanium). 

All the derivations above, and those in the appen-
dices, apply to a geometry wherein the emitter and col-
lector are assumed to be parallel planes and "end effects" 
are neglected. The alloy-junction transistor is a reason-
able approximation to this case. Most of the quantities 
involved in the expression can be measured fairly 
exactly for the alloy transistor. A should be the actual 
emitter area and W approximately the base thickness 
measured by the capacitance method. crb and Lb are 
determined by the material used. D, and I/, are known 
constants. However, no accurate method for measur-
ing the quantities s, A,, u. and L. in alloy-junction 
transistors has so far been developed. What is done, 
then, is to use values for sA, and u.L. which give the 
best agreement between theory and experiment. These 
values are reasonable ones and the agreement is good 
over a wide current range. 

C
U
R
R
E
N
T
-
A
M
P
L
I
F
I
C
A
T
I
O
N
 
F
A
C
T
O
R
 o
t
c
.
 

70 

• 

50 

90 

• 

30 

LEGEND: 

— CALCULATED 
• EXPERIMENTAL 

20 

10 

°L. 3 10 IS 20 2 
EMITTER MILLIAMPERES Ig 

Fig. 6----Comparison of theory and experiment for a 
typical p-n-p alloy transistor. 

Fig. 6 shows the variation of current-amplification 
factor with emitter current for a TA-153 (p-n-p) trans-
istor. The solid line is the computed curve and the 
points are experimental data. The following values 
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Fig. 7—Analog map of hole flow in an alloy transistor. 

d 

COLLECTOR 

were used for computations: 

W= 4.8 X10-3 cm2 (measured by the capacitance 
method) 

A = 1.1 X10-3 cm' (known emitter area) 
o-b =0.45 mho/cm (known base conductivity) 
Lb= 0.14 cm (calculated from lifetime of 500 µsec) 

aeL,=1.55 mho (obtained from best fit) 
sA, = 0.147 cm3/sec (obtained from best fit) 
D,, = 44 cm2/sec and 14=3,600 cm2/sec volt (known 

values). 

From these :7 

crbW 
= 0.0014, 

aeLe 
1 ( 2 —W )= 0.0006 
Lb 

s.4,117 
—  -- 0.014, 
DA 

and 

IV 12 a 
Z =   = 800/E where /E is in amperes. 

• D„Acrb 

The value of sA, is quite reasonable. Fig. 7 shows the 
paths of hole flow through a junction transistor as 
calculated using an analog-mapping technique. 8 The 
average TA-153 has a surface-recombination velocity, 
s, of about 350 cm/sec. The analog map shows that 
nearly all the surface recombination occurs in a ring 
around the emitter whose width is about equal to W. 
From this we estimate A, to be 6X10-4 cm'. Using 
s= 350 cm/sec, sA,= 0.2 cm3/sec. This is in very good 
agreement with the value 0.147 cm3/sec used to match 
theory and experiment. 
The value of creL, seems to be a bit large. The existing 

evidence indicates a value of a, of about 103 mho/cm. 
An intelligent estimate based on an extrapolation of L 
from measurements made on relatively pure material 
to this value of conductivity would suggest that L, 

7 R. N. Hall, "Power rectifiers and transistors," PROC. I.R.E., 
vol. 40, pp. 1512-1518; November, 1952. In this paper, Hall ascribes 
the fall-off of current gain to the increase in volume recombination 
only. For the transistors described here, the decrease of emitter 
efficiency is more significant. 

•  8 A. R. Moore and J. I. Pankove, "The variation of current gain 
with junction shape and surface recombination in alloy transistors," 
PROC. I.R.E., pp. 907-913, this issue. 

"eW 

BASE 
REGION 

should be about 10-4 cm. However, such an extrapola-
tion is probably to be questioned more than the result 
obtained above. 

Fig. 8 shows a similar comparison for a (n-p-n) trans-
istor of similar geometry. Here, the following values 
were used: 

W= 4.6 X10-3 cm (measured as 
A = 1.1X10-3 cm' (known) 
Crb= 0.33 mho/cm (known) 
Lb= 0.28 cm (assumed) 
geL,=1.1 mho } 
sA, -= .11 cm3/sec obtained from best fit 

93 cm2/sec and up= 1,700 cm2/sec volt (known 
values). 

From these, crbW/o-„L„= 0.0014, sA,W/D,A = 0.005, 
W2/2Lb2= 1.3 X10-4, and Z= 215 I g. 
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Fig. 8—Comparison of theory and experiment for 
a typical n-p-n alloy transistor. 

The values of o-„L, and sA, are about the same as for 
the p-n-p transistor, which is reassuring. However, the 
agreement at low currents is not nearly as good for the 
n-p-n as for the p-n-p. The authors interpretation is 
that some mechanism exists in addition to surface re-
combination which becomes less detrimental as the cur-
rent density increases. It is quite conceivable that this 
may be either the transition from bi-molecular to mono-
molecular volume recombination or evidence of a patch-
effect at the emitter. In all, however, the agreement be-
tween the analysis and experimental data is not too bad. 
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CONCLUSION 

A number of corrections to the first-order theory for 
current gain are required to explain the variation of cur-
rent gain with emitter current. Three of these have been 
obtained by considering the change in base material 
conductivity with injected minority carriers and the 
fields produced in the base region by the injected cur-
rent density. New terms for surface recombination, 
volume recombination, and emitter efficiency have been 
derived. The more complete theory gives reasonable 
agreement with experiment. 

In both cases (p-n-p and n-p-n), surface recombina-
tion plays the dominant role (by a factor of from 3 to 10) 
at low values of emitter current. As emitter current is 
increased, the emitter-efficiency term increases and 
finally dominates the equation for ad,. 

APPENDIX I 

Surface Recombination 

From maps of hole flow in the alloy-type transistor 
such as the one shown in Fig. 7 made by an analog 
technique,8 it has been determined that nearly all the 
surface recombination takes place in a ring around the 
emitter "dot." If this ring has an area A,, the number 
of holes recombining there per second gives rise to a 
current IV? = esA ,p, where s is the surface-recombina-
tion velocity and pe is the hole density at the emitter. 
Further, 

ai si? ape 
= seA, 

ais„ aiR„ 

In the section on fields in the base region and surface 
recombination the corrected expression for hole current 
density was derived: 

4 = — eD,(1 + P  ) grad p. 
N-F p 

For the plane-parallel case then, 

i  Ped  1 d 
I p/Nd dx (P/N 

[ — Bp 
eD„N dA 

—IEue 

D„Acrb 

where A is the cross-sectional area of the transistor for 
conduction and Ob is the base-material conductivity 
(without injected hole current). This equation assumes 
Bp is constant throughout the base region and is suffi-

ciently accurate for a typical transistor. 
This equation can be integrated to yield: 

• P Zx 
h — ln (1 + p/Nd) — 
Nd 

if x = 0, when p= 0 (i.e. at the collector). For p/Nd small, 
this reduces to p/Nd=Zx/W. For p/Nd large, it be-
comes p/Ndee-Zx/2W. The density of holes at the 

emitter, i.e., when x = W, is given by 

, P. 
d 

— in (1+ p„/Nd) = Z. 

In order to substitute this quantity into the expression 
for a/sR/a/E„, ape/a/E„ is required. This is obtained as 
follows: 

api _ ape az a(pe/Nd) 

,, aIR„— az aiE = az D,,Aub 

a(p e/Nd) W 

az eD,A 

From the equation which relates pe/Nd and Z, one ob-
tains, 

ape/Nd 1+ pe/Nd _ 

az 1+2p./Nd— g‘— j• 

g(Z) is plotted in Fig. 4 against Z. Combining, one ob-
tains: 

aIsR WsA, 
 g(Z). 

arE„ - D„A 

As shown in Fig. 7, the area A, should be IrdAd where 
d is the diameter of the emitter dot and id is the width 
of the "absorbing" ring. A fair estimate of Ad may be 
obtained from analog maps. For the geometry studied, 
Ad is about equal to W. 

APPENDIX II 

Emitter Efficiency 

Since the effective diffusion coefficient is changing 
with emitter current, pe is not a linear function of iBp 
as was assumed earlier. The more exact dc equation for 
the ratio of electron to hole flow across the emitter junc-
tion may be written as: 

1E, «lee Pe) 
- = - 

Igp CTE,Le Nd 

where pe/Nd is obtained from the equation 2p./N. 
—In (l+pe/Nd)=Z. Now, 

aIE, a(Peed) az\ 
— ubW/creLe(1+ (PdArd)+ 'SP 

az aiE„) 

az 
and hp = Z 

aZ arg„ 

8IEp 

a(Pe/Nd) , as before, = 
1+ pc/N. 

1-1-2p./Nd 

where Z = Wµ,I•,/D„Acr,. 
Combining, 

ahe Crte „ 

aIR„ creL, 

where f(Z)=1+Pe/ Na+Z(1+1,8/Nd)/(1+2p./Nd).f(Z) 
is called the "fall-off" factor and is plotted in Fig. 5 
where it may be compared to (1+Z), the approximate 
expression derived in the section on emitter efficiency. 

• 

9 

• 
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Methods for Measuring Piezoelectric, Elastic, and 
Dielectric Coefficients of Crystals and Ceramics* 

W . P. MASONt, FELLOW, IRE, AND HANS JAFFEI 

Summary—This paper considers methods for measuring the 
piezoelectric, dielectric, and elastic coefficients of crystals and ce-

p ramics and recommends certain preferred methods of measurement. 

Static measurements are not considered to be as satisfactory as dy-
namic measurements. Of the dynamic methods, measurements of 
the resonant and anti-resonant frequencies, the low frequency 
capacitance and the resistance at resonance appear to be the sim-
plest and most accurate method, provided that the ratio of Q/r is 
high. Quasi-static methods are useful for crystals having a low ratio 
of Q/r, for determining the sign of the piezoelectric coefficients, and 
for production checks. Hydrostatic methods are useful for compli-
cated crystals such as monoclinic types and for measuring a sum of 
two of the coefficients of electrostrictive ceramics. This measurement 
can be carried out for odd-shaped samples. 

• 

I. INTRODUCTION 

ni
l HE FUNDAMENTAL PROPERTIES of inter-
est in a piezoelectric crystal or electrostrictive 
ceramic are the piezoelectric or "equivalent" 

piezoelectric constant of the material, the dielectric con-
stant and dielectric loss of the material, the elastic con-
stants and elastic losses of the materials, and the 
variations of these properties with temperature, hu-
midity and pressure, as well as frequency and amplitude 
of signal. Dependence on the latter two is of signifi-
cance primarily in ferroelectric materials, whose proper-
ties moreover may show marked dependence on previ-
ous history. A number of methods have been used to 
measure these properties and it is the purpose of this 
paper to describe the advantages and disadvantages of 
these methods and to recommend certain preferred 
methods. By using such methods as fundamental stand-
ards it is the hope that the measured properties of new 
crystals and electrostrictive ceramics made by different 
investigators will be more comparable and reliable. 

II. METHODS FOR INVESTIGATING SMALL 
SIZE SPECIMENS 

Since the time and effort necessary to measure and 
grow large-sized piezoelectric crystals are very consider-
able, and since special growing techniques are often re-
quired for specific crystals, it is a matter of some im-
portance to obtain methods for eliminating nonpromis-
ing crystals in the small-grain size state, since these are 
rather easily grown in beakers by spontaneous seeding. 
Two methods have been used for this purpose, the click 
oscillator and a balanced capacity bridge method. 

* Decimal classification: R216.1 X R214.2. Original manuscript 
received by the I RE, December 23, 1953. 
t Bell Telephone Labs., Murray Hill, N. J. 
Brush Laboratories Co., Cleveland, Ohio. 

For the click oscillator,i a number of grains of the sub-
stance are inserted between two electrodes which are 
placed across the plates of the oscillator as shown by 
Fig. 1. The frequency of the oscillator is changed by 
varying the tuning condenser C, and if a resonance of 
one of the piezoelectric crystals occurs near the oscil-
lator frequency, the frequency of the oscillator will be 
briefly controlled by the crystal resonances. As the con-
denser is turned further, the frequency jumps from the 
crystal frequency to that determined by the condenser. 

Fig. 1—Click-oscillator circuit. 

This jump in frequency is accompanied by a change in 
the plate current, so that a pair of head phones or a loud 
speaker attached to the plate circuit of the oscillator 
will produce an acoustic click. By following the tube 
with an audio amplifier, weaker clicks can be heard. By 
changing the oscillator frequency over a wide range, a 
number of possible resonances will be determined. This 
is a qualitative method since the loudness of the clicks 
cannot be related to the electromechanical coupling in 
the crystal or the crystal's Q. 
The bridge method, (Fig. 2, p. 922) consists in plac-

ing a number of crystal grains between two electrodes 
which are in one arm of a capacitance bridge. An os-
cillator is connected to the input and a sensitive de-
tector to the output of the bridge. The capacitance CI is 
balanced outside the crystal-resonance range so that a 
minimum of current occurs in the detector. As the fre-
quency is changed, the bridge becomes unbalanced as a 
crystal resonance is approached and the amount of un-
balance can be shown2 to be determined by the ratio of 

This method was first discovered by W. G. Cady ("The piezo-
electric resonator," PROC. I.R.E., vol. 10, pp. 83-114; 1922) and has 
been applied systematically by E. Giebe and A. Scheibe ("A simple 
method for qualitative indication of piezoelectricity in crystals," Zs. 
Ph., vol. 33, pp. 760-766; 1925) to obtain a qualitative indication of 
piezoelectric properties. 

2 "Piezoelectric Crystals and Their Application to Ultrasonics," 
W. P. Mason, D. Van Nostrand & Co., New York, N. Y., pp. 49-50; 
1950. 
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(a) 

METER 

(b) 

Fig. 2—Bridge circuit for detecting piezoelectric properties 
of small size crystals. 

the crystal Q to the ratio of capacitances existing for the 
crystal in the electrode system. The current will vary 
over a frequency range as shown by Fig. 3, and by 
measuring the width of the resonance curve 3 db from 
the peak current, the Q of the crystal can be determined 
from the equation 

Q = fu/31 (1) 

where fR is the resonant frequency and af the frequency 
width. The current at the resonant frequency can be 
shown' to be equal to the quantity io=2EJRCmQ/2r, 
where Cm is the capacitance measured by the bridge at 
low frequencies and r is the ratio of capacitances of the 
crystal, which determines the coupling factor k accord-
ing to the equation 

k 
1 

1 pr 

where p is a numerical factor depending on the mode of 
vibration, but usually not far from 0.8. The couplings 
for the various modes which may be excited in odd-
shaped crystal grains depend in a complex way on the 

C
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=
 i
 

FREQUENCY 

(2) 

Fig. 3—Current in bridge circuit as a function of frequency. 

piezoelectric coupling coefficients of the material but by 
having a number of grains oriented in a random manner 

and selecting the largest response, a good idea of the 
maximum coupling can be obtained. At the same time, 
the "Q" of the crystal can be approximated, and hence 
the balanced bridge is taken as the proposed method. 

III. MEASUREMENTS ON LARGE-SIZED CRYSTALS 

A. Capacitance Measurements at Low and High Fre-
quencies 

Probably the simplest of the fundamental measure-
ments on the crystal is the capacitance measurement. 
This is usually made on a crystal cut at a definite orien-
tation and with closely adhering electrodes in a capaci-
tance bridge. If the frequency of the oscillator used on the 
bridge is much lower than any of the resonances of the 
crystal, the measurement determines the constant-stress 
or "free" dielectric constant ev. In a crystal there may be 
as many as six dielectric constants and by measuring 
a number of selected orientations, all of the constant-
stress dielectric constants can be evaluated. As shown in 
various books,' the dielectric constant for any direction 
of the crystal is a linear function of the six dielectric 
constants and the direction cosines of the plate axes 
with respect tu the crystallographic x, y, and z axes as 
defined in the 1949 IRE standard,' and by solving six 
simultaneous equations, all six fundamental constants 
can be obtained from six capacitance measurements of 
six independent orientations. 
As the frequency of measurement increases, the 

measured capacitance varies in the neighborhood of a 
resonance, as shown by Fig. 4. Below the resonance, the 
capacitance increases as the frequency increases and 
becomes very large near the resonant frequency. Between 
the resonant and anti-resonant frequencies, the crystal 
shows an inductive reactance. Above the anti-resonance 
the reactance is again capacitative, and if the next 
resonance is separated from the one under investigation 
by a considerable frequency range, the capacitance 
approaches a limit below the free dielectric constant. It 
can be shown' that the ratio of the limiting dielectric 
constant above the resonance to the dielectric constant 
at low frequencies is 

Eli. 
—  = 1 — k2 
eT (3) 

where k is the applicable electromechanical coupling 
factor. For isolated simple resonances such as occur in 
longitudinal crystals, the dielectric ratio is an accept-
able method for measuring the coupling factor. 
At frequencies above the highest resonances and their 

principal harmonics, the dielectric constant approaches 
a steady value which corresponds to the constant stress 
or clamped dielectric constant ES. In the most general 
case, there are six such constants and for any orienta-

3 W. Voight, "Lehrbuch der Kristallphysik," pp. 410-468, 1928 
Edition, Teubner, Leipzig. W. A. Wooster, "Crystal Physics," chap. 
IV, pp. 117-127, Cambridge University Press, London, Eng., 1938. 
W. G. Cady "Piezoelectricity," chap. VII, pp. 160-177, McGraw-
Hill Co., New York, N. Y., 1946. W. P. Mason "Piezoelectric Crys-
tals and Their Application to Ultrasonics," chap. V, pp. 59-78. 

4 "Standards on Piezoelectric Crystals," PROC. I.R.E., vol. 37, 
December, 1949. 

W. G. Cady, "Piezoelectricity," chap. XII, pp. 260-283, McGraw-
Hill, New York, N. Y., 1946. W. P. Mason, "Piezoelectric Crystals 
and Their Application to Ultrasonics," p. 63. 
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tion the dielectric constant is a linear function of these 
fundamental dielectric constants. It can be shown that 
the constant-strain and constant-stress dielectric con-
stants are related by the formulas 

6 

emns = em„T — E [dnke„,k] (4) 

in rationalized M KS units, where e„,„s is the dielectric 
tensor and cink and em,, the piezoelectric coefficients as 
defined in the 1949 IRE standard.' For the cgs system 
the factor of 47r is inserted before the summation sign. 
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Fig. 4—Relative dielectric constant of a crystal having a 
coupling k 0 . 3 3 plotted as a function of frequency. 

B. Static Piezoelectric Measurements 

Most of the original measurements of the piezoelectric 
constants of crystals were made by measuring either the 
direct or converse effects by static methods. The direct 
effect was measured by putting a weight on a crystal 
and observing the charge generated by some charge 
detector such as a quadrant electrometer. Due to elec-
trical leakage present even at low humidity, part of the 
electrical charge leaks off before it can activate the 
electrometer and hence a measurement of the direct 
effect is usually not reliable. A modification of this 
method has been used in which a known weight is sud-
denly lifted off a crystal and the generated charge is 
caused to actuate an oscilloscope in which the input is a 
condenser shunted by a high resistance so that the time 
constant is large. This gives relatively accurate measure-
ments and for simple structures such as polarized ce-

• ramics gives useful results. 
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The most promising method for static piezoelectric 
measurements is a measurement of the amount of ex-
tension for a given applied voltage gradient, i.e., a meas-
urement of the converse effect. The amount of exten-
sion is usually too small to see with a microscope and 
special means for measuring the extension are usually 
employed. One method makes use of strain gauges for 
which a measurable change in resistance occurs for a 
very small strain. This method gives results that are 
accurate to 5 per cent and is recommended as the best 
static method. When the constant to be measured is a 
shearing constant, a change in orientation of 45 de-
grees will usually result in an extension and allow the 
shearing constant to be measured by extensional meas-
urements. It can be shown' that all the 18 piezoelectric 
constants of the most general triclinic crystal can be 
measured by extensional measurement only. 

1. Nonresonant (Quasi-Static) Piezoelectric Measure-
ments: Since electronic circuitry permits convenient 
production and detection of alternating electrical and 
mechanical signals, low-frequency ac methods have 
largely displaced static measurements of both the direct 
and converse piezoelectric effects. It is essential for 
these methods that stress or strain be uniform in the 
tested sample. The operating frequency should therefore 
be at least one order of magnitude below all piezoelec-
trically active resonances of the body. Low-frequency 
limits are set by electric leakage or by amplifier specifi-
cations. Frequencies from 20 to 1,000 cps are used. 
A precision apparatus of this type was used by Spitzer' 

for measurements on several new crystals, with a 
claimed accuracy of 1 per cent. To determine the force, 
it was applied in series to the crystal and a diaphragm 
forming one plate of a condenser. 

In an apparatus for routine testing, 8,9 a known one-
dimensional mechanical stress is provided by a force 
applicator arrangement closely paralleling that of a 
loud-speaker assembly. A coil is mounted in a strong 
magnetic field and is free to move only along its axis, 
being springloaded in this direction. An ac voltage ap-
plied to the force coil generator produces an alternating 
force, and a standard crystal stack (usually ADP) and 
the test crystal are mounted in series mechanically with 
the force coil. A large blocking mass completes the 

mechanical system. 
A particular instrument of this type has been shown 

to have a fundamental mechanical resonance at 250 
cps. This was determined from a plot of output force vs. 
frequency for a constant driving voltage to the fcrce 
coil. It was found that the force actually applied to the 

6 See "Piezoelectric Crystals and Their Application to Ultra-
sonics," p. 77. 

7 F. Spitzer, " Determination of the Piezoelectric Constants of 
Some Isomorphous Crystals," Dissertation, Goettingen, 1938, Elec-
trical Communications, vol. 28, p. 300,1951. 

8 J. P. Arndt, Jr., "Direct reading microdisplacement meter," 
Jour. Acous. Soc. Amer., vol. 21, pp. 385-391; July, 1949. 

H. G. Baerwald and D. A. Berlincourt, "Electromechanical re-
sponse and dielectric loss of prepolarized barium titanate under main-
tained electric bias," part 1, Jour. Acous. Soc. Amer., vol. 25, pp. 
703-710; July, 1953. 
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Fig. 5—Block diagram for Brush displacement meter. 

test crystal was greater than that applied to the stand-
ard crystal when operation was near this resonance, and 
therefore normal operating frequencies were limited to 
the range of 100 cps and below. 
The waveform of the ac force for this instrument was 

found to be dependent upon minor mechanical adjust-
ments, and therefore the waveform of the standard 
crystal output voltage is checked occasionally with either 
an oscilloscope or a wave analyzer. 

Calibration of the standard crystal stack is necessary, 
since the mechanical arrangement necessitates clamping 
the stack in place, thereby affecting its sensitivity. 
Calibration is checked periodically and is most conven-
iently accomplished using ADP Z-45 degrees expander 
plates whose piezoelectric coefficients have been deter-
mined very accurately by the dynamic method. 

d31' = 24.0 X 10-12 coulomb/newton." (5) 

The sign of the piezoelectric coefficients under test is 
readily found by observing the phase relation of the sig-
nal from the test crystal and the series crystal stack. 
For determination of the g coefficients (open-circuit 

field output per applied stress) the input capacitance of 
the measuring circuit must be small compared to the 
crystal capacitance; this requirement can be met readily 
only with the ferroelectrics of high dielectric constant, 
and even there requires a cathode-follower circuit. 
The d coefficients (charge density per applied stress) 

are found by measuring the voltage on a large capacitor 
in parallel with the crystal. 
The apparatus has given results with a reproducibility 

of +3 per cent when applied to measurement of the 
transverse effect on well-shaped blocks or plates. With 
less accuracy, it can be employed for rapid production 
testing. The method may be applied to measurement of 
longitudinal compressional coefficients by pressing on the 

10 H. Jaffe, G. N. Cotton, J. E. Mumper, Final Report, to U. S. 
Signal Corps Contract W28-003 sc-1583, Brush Development Co., 
April 1, 1948. 

AUDIO 
OSCILLATOR 

electroded faces, provided that the change in stray capac-
itance across insulator pads can be neglected. This can 
be achieved in the study of high dielectric constant ce-
ramics. A strong warning must be given, however, against 
making this measurement on plates whose thickness in 
the field direction is considerably smaller than the lat-
eral dimensions. In such a case the electric effect of 
lateral or bending stresses may grossly falsify results. 
The difficulties just mentioned are entirely avoided 

in the measurement of the response of a freely suspended 
piezoelectric body to hydrostatic pressure. This response 
is limited to 10 out of the 20 piezoelectric crystal classes, 
and to polarized ferroelectrics. The crystal under test is 
preferably placed in a liquid of good resistivity and low 
compressibility such as kerosene, in order to minimize 
adiabatic temperature changes. Moderate alternating 
pressures—in the order of 1 lb/inch2—are obtained by 
driving a diaphragm forming part of the container with 
a motor-driven cam or with a loudspeaker coil. An ap-
paratus satisfactory for this measurement was described 
in a previous report." Measurement of the pressure am-
plitude is made with a piezoelectric crystal of known 
hydrostatic response, such as lithium sulfate. 

(dh = 13.5 X 10" coulomb/newton).7 

Study of the converse piezoelectric effect requires 
measurement of motional amplitudes varying from 10-7 
to 10-4 inches. Piezoelectric coefficients on a number of 
synthetic crystals were obtained with an accuracy of 5 
to 10 per cent using a sensitive Rochelle salt pickup 
designed for the Brush Surface Analyzer.1° 
More versatile "microdisplacement meters" evaluate 

the change of capacitance of a minute condenser formed 
by the surface of the moving crystal and a stationary 
probe." In such an apparatus designed for highest sen-

" N.D.R.C. Report. Low Frequency Hydrophone Calibration 
Systems, Sect. 6-1-sr783-1308. 

K. S. VanDyke, Seventh Semi-Annual Report on Contract 
W28-003 sc1556, Wesleyan Univ., pp. 44-46; 1949. 
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sitivity (Fig. 5) this modulated capacitance is con-
nected across the tank circuit of a 100-mc oscillator. The 
frequency-modulated signal is applied to a sensitive FM 
receiver, and the probe is driven mechanically by an 

• ADP expander stack. The null method is again used, 
the ADP stack and test crystal being driven by separate 
channels of a two-channel amplifier. The phase of one 
channel and the magnitude for both channels are ad-
j usted until the probe and test crystal are vibrating in 
synchronism. Meter errors are eliminated by directly 
measuring the ratio of the driving voltages applied to 
the standard crystal and test crystal. The higher volt-
age is applied to an accurate linear potentiometer (such 
as a 100,000-ohm Helipot) which is adjusted (Fig. 5) 
until the comparison meter shows the reduced voltage 
to be equal to the voltage from the other amplifier 
channel. 

In Fig. 5, "A" is a metal diaphragm having a low 
compliance in the plane perpendicular to the line of mo-
tion of the stack, the purpose being to prevent breakage 
of the stack by accidental side blows. The stack has suf-
ficient strength to resist straight compressional forces 
and the diaphragm should have high compliance in this 
direction to provide little restraint to the motion of the 
stack. The probe wire is supported by "B," which is 
made of Mycalex and serves to insulate the wire from 
the metal shield " C." It should be noted in designing the 
100-mc oscillator that although the inductance does not 
enter the equation for Af there is a practical limit set by 
oscillator stability on how high L, and therefore, how 

4 low Co can be made. Another means of obtaining maxi-
mum sensitivity is to use a double superheterodyne FM 
receiver, since by this means the precentage deviation 
may be increased. 
With this instrument it has been possible to measure 

displacements down to 10-1° meters, although ultimate 
sensitivity is somewhat dependent upon driving field. 
The driving frequency is limited only by mechanical 
resonances, and these can easily be found by plotting dis-
placement vs frequency first with only the standard 
driven and then with only the test crystal driven. This 
instrument may also be used to observe complex mo-
tions as a function of time, charge density, or driving 
field by placing an oscilloscope or wave analyzer at the 
output of the FM receiver. 

C. Static Elastic Measurements 

Most of the original elastic constant measurements of 
crystals made by Voigtu and his successors were made 
by static elastic means such as measuring the deflection 
of a crystal supported at its two end points when a 
weight is applied at the center. This type of measure-
ment when performed on a long thin bar yields an eval-
uation of Young's modulus for the direction of the length 
of the cut. All of the elastic constants except the shear 
constants can be measured in this way. To determine the 
shear constant, circular rods were cut out of the crystal 
and twisted in a torsional mode. The bending of plates 

u See "Lehrbuch Der Kristallphysik," pp. 716-763, B. Teubner, 
Leipzig, 1928 edition. 

and compressibility measurements have also been em-
ployed. By these means, Voigt and others have measured 
the elastic constants for a number of crystals. 

If the crystals measured have a high electromechani-
cal coupling, the elastic constants evaluated by this 
method are rather indeterminate since they may depend 
on how much of the charge generated has leaked off 
during the measurement. Presumably most measure-
ments of this sort, since they involve considerable time, 
will correspond most nearly to the constant field elastic 
constants which are obtained when the voltage gradi-
ents are zero between the various faces of the crystal. 
Furthermore, the measurement of the ratio between an 
applied force and a resulting displacement cannot be 
carried out as accurately as can a frequency measure-
ment, and hence this method is not suggested for general 
use. 

OSCILLATOR 

5 MEG 5 MEG 

4 pf 4 tJf 

CERAKI IC 
AMPLIFIER 

RECTIFIER 

Fig. 6—Measuring circuit for measuring the properties of a 
piezoelectric crystal or electrostrictive ceramic. 

D. Dynamic Measurements of Elasticity 

t. Resonant Frequency Measurements: Resonant fre-
quencies are readily excited in plated piezoelectric crys-
tals and since frequencies are very easily and accurately 
measured, a good basis exists for measuring elastic con-
stants by dynamic means. 
The simplest circuit for doing this is shown by Fig. 

6. A crystal is placed in a point holder shown by the 
photograph of Fig. 7 at a nodal point of the motion, 
in order that the clamp will not change the frequency, 

Fig. 7—Photograph of point holder for measuring crystal properties. 

and placed between two low values of resistance. An 
oscillator is attached to one resistance while the other 
is connected to an amplifier detector. If the output of 
the oscillator is not sufficiently pure, it may be necessary 
to use a low-pass filter in the circuit to suppress harmon-
ics. The frequency of the oscillator is varied until the 
maximum current is observed in the rectified current 
output. For a high Q crystal, this frequency corresponds 
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to the resonant frequency." In measuring the piezoelec-
tric constant, the anti-resonant frequency, which occurs 
when the impedance is a maximum and the current a 
minimum is also measured in the same circuit. To ob-
tain the most accurate result, the frequency of the os-
cillator is continuously checked with a standard fre-
quency such as obtained from a stable quartz-crystal os-
cillator. 

In order to relate the measured frequencies to the• 
desired elastic constants, a theoretical expression has to 
be available which relates the measured frequency to 
the dimensions, the elastic constants and the density 
of the crystal. Probably the simplest and most accurate 
expression is that for a long thin bar in longitudinal 
vibration, given by the equation 

1 A/ 1 

JR 2/ If set, 
(6) 

where for a plated crystal slIE' is the elastic compliance 
measured at constant electric field, which is the inverse 
of Young's modulus along the length of the bar, 1 is the 
length of the bar and p the density. If the width and 
thickness of the bar become appreciable with respect to 
the length, the frequency is lower. The difference in 
frequency between the finite bar and the infinitely thin 
bar varies as the square of the ratio of thickness or 
width to length. If the most accurate results are re-
quired, several width-length and thickness-length ratios 
should be measured. When the frequency is plotted 
against the squares of the width-length and thickness-
length ratios, then by extrapolating back to zero ratios, 
the corrected value of fR can be obtained for insertion 
in (6). 
The frequency of resonance of fully plated crystals 

determines the constant field elastic compliance. If the 
plating is all removed except for a very small spot, or if 
the unplated crystal is driven by an auxiliary means, 
the resonant frequency is determined by the constant 
displacement elastic compliance sup which has been 
shown to be related to the elastic compliance at constant 
field by the equation 

stt» = Sit E(1 — k2) (7) 

where k is the applicable electromechanical coupling 
factor. A measurement of these two frequencies has 
been used to evaluate the coupling factor, which, when 
the elastic and dielectric constants are known, deter-
mines the piezoelectric constant. 
Measurements of 18 independently oriented cuts in 

14 If a low Q is involved, it can be shown that the resonant fre-
quency is related to the frequency of maximum current by the equa-
tion 

fm = fR 4/1 + 1 [1 - + (-2L)2] 
Q' 

where r' and Q' are the ratio of the capacitances and the Q measured 
from the maximum and minimum impedances and frequencies as dis-
cussed in section IIIE. 

longitudinal vibration will determine 9 of the possible 
elastic compliances and will determine 6 relations be-
tween the other 12 constants. To determine the remain-
ing constants, measurements of shear modes of motion 
are required. In making these measurements either face 
shear or thickness shear modes can be employed. The 
most complete theoretical solution for a thickness shear 
mode is that of Mindlin." This, together with other 
solutions of the problem, show that for all crystal classes 
except the monoclinic and triclinic, the frequency for a 
plate infinitely thin compared with its other dimensions 
is given by 

fu == 
p 

(8) 

where t is the thickness of the plate c66', the shear elastic 
stiffness constant corresponding to the mode of motion 
of the oriented plate, and p the density. Methods" are 
available for relating the value of cel for an oriented 
plate to those for the crystallographic axes and by tak-
ing 6 independent cuts the rest of the constants can be 
determined. 

For the finite plate, it can be shown" that, midway 
between couplings to flexural modes, the difference in 
frequency between the finite plate and the infinite plate 
varies in proportion to the square of the ratio of thick-
ness to length in the direction of particle motion. Hence, 
if one takes plates having different values of the ratio of 
thickness to length and extrapolates to a zero ratio, the 
true value of c66' can be obtained. An alternate method is 
to measure a series of overtones for the plate. This cor-
responds to taking plates of 1/3, 1/5, 1/7, etc. values of 
the thickness-to-length ratio and by measuring several 
harmonics the true value c6e' can be obtained. 

For one series of orientations for monoclinic crystals 
and for all orientations for triclinic crystals, there is 
always a coupling between the longitudinal and shear 
thickness modes. For such crystals both modes have to 
be measured and a coupling equation solved. 
Other modes of motion can also be used for determin-

ing elastic constants. Face shear, flexural modes and 
torsional modes have been used. 

2. Ultrasonic Pulsing Methods: Other dynamic meth-
ods are also available for measuring elastic constants. 
One of the most accurate methods is the ultrasonic 
pulsing method which has been employed principally in 
measuring the elastic constants of nonpiezoelectric 
crystals. It can be applied to piezoelectric crystals, how-
ever, and when used with an unplated crystal determines 
the constant displacement elastic constants when the 
electric polarization is parallel to the wave propagation. 
When the polarization direction is perpendicular to the 

'e R. D. Mindlin, "Thickness-shear and flexural vibrations of crys-
tal plates," Jour. Ape Phy., vol. 22, pp. 316-323; March, 1951. 

14 W. Voigt, "Lehrbuch der Kristallphysik," chap. VII, pp. 560-
596; Wooster, "Crystal Physics," chap. VIII, pp. 231-273; Mason, 
"Piezoelectric Crystals and Their Applications to Ultrasonics," chap. 
V and p. 457. 

I. 

111 



1954 Mason and Jaffe: Measuring Piezoelectric, Elastic, and Dielectric Coefficients of Crystals and Ceramics 927 

direction of wave propagation, the zero field elastic con-
stants are obtained due to the almost complete neutral-
ization of successive strips of negative and positive 
charges on the surfaces perpendicular to the wave di-
rection." 

ELECTRODE 

• 

SPECIMEN 

BUFFER 

TO PULSED 
OSCILLATOR 

X OR Y-CUT 
QUARTZ CRYSTAL 

BUFFER 

4 

1 T. POIATYRENE SEALS 4 

TO 
DETECTOR 

Fig. 8—Crystals and fused quartz buffer system used for 
measuring the elastic properties of small crystals. 

One of the most accurate methods,'8 which is applica-
ble to small and large crystals, is shown by Fig. 8. In 
this method longitudinal or shear waves are sent into a 
fused quartz rod which is long enough so that reflections 
in the rod do not interfere in time with a series of re-
flections within the smaller specimen to be measured. 
Longitudinal waves are generated by X-cut quartz 
crystals soldered to the ends of the rods while shear 
waves are generated by Y-cut quartz crystals. For shear 
waves the direction of particle motion is important and 
the crystals on the two rods are lined up so that their 
particle motions are parallel. By turning the specimen 
to be measured through 90 degrees with respect to the 
direction of particle motion, two independent shear 
waves can be generated which in general will have dif-
ferent velocities. 
The specimen to be measured has to be 20 wave-

lengths or more in its cross-sectional dimensions and for 
4 greatest accuracy should be a number of wavelengths 

thick. To obtain reasonable dimensions for the speci-
men, frequencies are used in the order of 10 mc. When 
a short pulse is used, the first series of responses, as 
shown by the curve marked gate no. 1 of Fig. 9 are due 
to reflections back and forth in the specimen. To en-
hance these reflections, quarter wavelength seals of 
polystyrene and liquid are used which have the effect 
of transforming the high mechanical impedance of the 
quartz buffer down to a low mechanical impedance of the 
specimen face and hence to increase the amount of 
energy reflected at the interface. Some idea of the atten-
uation in the sample can be obtained by the rapidity 
with which successive reflections die down. However, 
the amount of energy lost by transmission to the buffers 
has to be evaluated and an accurate loss for high Q ma-
terials is difficult to measure. 
The velocity can be measured very accurately by 

using the phase-cancellation method shown by Fig. 9. 
The mercury delay line is adjusted so that a phase bal-

17 F. Jona, "Elastizitat von piezoelectric und seignetteelektrischen 
Kristallen," Hare. Phys. Acta., vol. 23, pp. 795-844; July, 1950. 

1 H. J. McSkimin, "Ultrasonic measuring techniques applicable 8  

to small solid specimens," Jour. Acous. Soc. Amer., vol. 22, pp. 413— 
• 418; July, 1950. 

ance is obtained between the pulse from the delay line 
and from the specimen, while the level of channel 2 is 
adjusted so that a complete cancellation of the pulse is 
obtained. A frequency change will not affect this bal-
ance since the phase shift in both circuits is proportional 
to the frequency. Next the time position of gate no. 2 is 
changed until it overlaps the second pulse. If only an 
amplitude adjustment is required to balance out this 
pulse, the direct wave and the echo are in phase and the 
corresponding frequency corresponds to an integral 
number of half wavelengths in the material. By varying 
the frequency until a number of integral half wave-
length frequencies are obtained, the phase-shift fre-
quency curve of the specimen can be determined and the 
velocity measured. Sensitivities in the order of 1 part in 
10,000 are possible. 

CONTINUOUS 
WAVE 

OSCILLATOR 

GATE NO.1 

GATE NO. 2 

TIME 

Fig. 9—Pulsing system and phase-balance method for measuring 
the velocity and attenuation of small crystals. 

Using this method the properties of a number of cubic 
crystals have been measured. For a cubic crystal having 
three elastic constants, all of the constants can be ob-
tained by measurement on a ( 110) crystal section. The 
method can be applied to a crystal of any symmetry and 
provides a very accurate method for measuring the con-
stant displacement elastic constants of a piezoelectric 
crystal. Since this method requires more equipment 
than does the resonant frequency method, it is not rec-
ommended for general use. Such methods are, however, 
at least as accurate as the resonance method described 
above. They have the advantage that no corrections 
need be applied for the dimensional ratios. Hence the 
velocities are determined by the infinite medium elastic 
constants. 

E. Dynamic Measurements of Piezoelectric Constants 

Two methods have beenn described for dynamically 

measuring the coefficient of electromechanical coupling 
of piezoelectric crystals. One makes use of the differ-
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ence between the dielectric constants measured at con-
stant stress and constant strain, while the other makes 
use of the elastic constants measured at constant field 
and constant displacement. Since the electromechanical 
coupling for a longitudinal mode has been shown to be 

k31 = 
7 

€33 . 11E' 
(9) 

(in rationalized mks units), the piezoelectric constant 
dol', corresponding to a longitudinal vibration along the 
X' axis for a field applied along the z' axis, can be evalu-
ated when the constant stress dielectric constant along 
the thickness and the elastic compliance at constant 
field along the length of the crystal are evaluated. 
A simpler method for evaluating the electromechani-

cal coupling factor is to measure the resonant and anti-
resonant frequencies corresponding to a longitudinal 
mode by means of the circuit shown by Fig. 6. The 
resonant frequency corresponds to the frequency of 
highest current value" while the anti-resonant fre-
quency corresponds to the frequency of the lowest cur-
rent value. In order to obtain a true coupling value, care 
must be taken to eliminate the effect of stray capaci-
tance on the position of the anti-resonant frequency. 
This is done by using the holder of Fig. 7 which shields 
the electrodes nearly up to the points where they touch 
the crystal. All electrode capacitances are then capaci-
tances to ground, and since they appear across a low 
resistance, their effect can be neglected. 

0-7 
(a) L) 

Fig. 10—Equivalent circuit and reactance of a piezoelectric crystal. 

The resonant and anti-resonant frequencies deter-
mine a ratio of capacitances in the equivalent circuit of 
the crystal shown by Fig. 10 according to the equation 

f.42 1 Cif) 

f ie 2 r fR 
(10) 

where r is the ratio of Co to C1, and if the separation of 
resonant frequencies. This separation Afis related to the 
electromechanical coupling as defined in (9) by a tran-
scendental equation. For couplings less than 50 per cent, 

19 For low ratios of Q/r, the resonant and anti-resonant frequencies 
differ slightly from the frequencies of maximum and minimum cur-
rent. If the values determined by the latter are Q' and r', the true 
values are given by 

— 
Q = Q'   Q' 
r r'[1 +   r = r'[1 + 2 (— • 

Q' 

which covers all cases except ferroelectric crystals, the 
coupling can be calculated by the po-wIr expansion 

k2 = 112- 11 +  — 72)W  
4 fit 4 fa 

( .2 _ 4\ 7,2\ ¡AA 2 

) + 4 4 ) fi?) • (11) 

For couplings under 25 per cent, the simple formula 

1 
k =   (12) 

4/1 + r 

is usually sufficient. The Q of the crystal can be deter-
mined by measuring the equivalent resistance at the 
frequency of maximum current, RI. From this measure-
ment and the measurement of the resonant frequency, 
static capacity Co and ratio of capacitances, 

Q =   (13) 
Lrj Rt. 0.i% 

By using eighteen independently oriented cuts in 
longitudinal vibration, it is possible to evaluate all of the 
possible 18 piezoelectric constants of the most general 
crystal. Since the dynamic method does not evaluate the 
sign of the constant, separate polarity tests have to be 
made. These may be made either by squeeze tests which 
employ the direct piezoelectric effect or by extension 
tests which employ the converse piezoelectric effect. 
The relations between the piezoelectric constants for 
oriented crystals and the fundamental piezoelectric con-
stants which refer to the crystallographic axes are given 
in standard texts." On account of the unavoidable errors 
in measurement, it is desirable to measure as many con-
stants as possible along crystallographic axes. 

Other modes of motion such as flexure, torsion, face 
shear, and thickness shear modes can also be used to 
evaluate the coupling coefficients. For thickness modes, 
one usually encounters a number of resonances driven 
by a single piezoelectric constant and hence it is diffi-
cult to ascribe a coupling to any particular resonance. 
Hence, simpler modes are to be preferred, and the longi-
tudinal modes are recommended for standard measure-
ments. Since resonant and anti-resonant frequencies are 
the most accurately measured quantities, and since 
equipment for measuring them is widely available, it is 
suggested that this method be the standard for measure-
ment of piezoelectric coefficients. 

IV. MEASUREMENTS ON CERAMICS 

Ceramic materials made by fusing together a large 
number of small crystallites of such ferroelectric ma-
terials as barium titanate are becoming increasingly 

20 W. Voigt, "Lehrbuch der Kristallphysik," chap. VIII, pp. 801-
944, ibid.; Wooster, "Crystal Physics," chap. VI, pp. 188-223, ibid.; 
Cady, "Piezoelectricity," chap. VIII, pp. 177-199, ibid.; Mason, 
"Piezoelectric Crystals and Their Applications to Ultrasonics," chap. 
V, pp. 59-77, ibid. 
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used in electromechanical transducers. These materials 
can be made to have properties similar to piezoelectric 
crystals by poling, i.e., by subjecting these ceramics to a 
high dc voltage for a period of time, or by cooling the 

• ceramic under an applied field from temperatures higher 
than the "Curie point" to room temperatures. 

In general, the measurements made on such ceramics 
are similar to those made for piezoelectric crystals but 

• 
certain additional measurements are often made. 
Such ceramics are isotropic until an electric axis is 

established by the polarizing field. After poling, three 
"effective piezoelectric constants" are operative whose 
values depend not only on the material but also on the 
degree of polarization. When the electric driving field is 
applied in the same direction as the residual polariza-
tion, one constant, the d31 constant, determines the con-
traction in all directions perpendicular to the applied 
field while the d33 constant determines the expansion of 
the ceramic in the direction of the field. When the elec-
tric driving voltage is applied at right angles to the 
residual polarization, a thickness shearing motion is ob-
tained whose effective piezoelectric constant is the du 
constant. This is nearly equal to the difference between 
d33 and d31. 
To measure d31, the simplest method is to use a long 

thin bar of the material plated on its major surfaces. 
After it is poled, a piezoelectric resonant and anti-
resonant frequency can be determined and from (9), 
(10), and ( 11), the elastic compliance and piezoelectric 
d31 constant can be determined. Another mode that is 

• often used is the radial vibration of a circular plate. For 
this mode, the resonant frequency and coefficient of 
coupling are related" to the measured frequencies by the 
equations 

RI V 1 

( 211-r .p(1 — cr2).suE 

2 
= d314/  

sliE(1 — cr)e33T 
(14) 

where kr is the "radial electromechanical coupling coeffi-
cient" and is related to the measured frequency separa-
tion by the equation 

3,f [R1— (1— 0" 2 )1 ri àf éRi—(1-92))] 
kr2= • (15) 

fie 1+0- JL fnk, 

In these equations cr is Poisson's ratio, r the radius of 
the disk, p the density, slre the elastic compliance at 
constant field, E337' the constant stress dielectric con-
stant and d31 the effective piezoelectric constant. 
The variation of d31 with polarizing voltage can be 

measured by using the circuit of Fig. 6. Here a steady 
polarizing voltage is applied to the ceramic through a 

" See " Piezoelectric Crystals arid Their Application to I lira-
sonics," chap. XII, pp. 289-309 and appendix A-9, pp. 486-495. 
" RI is the first root of the equation R.10(R)= (1 -- cr)JI(R). 'rhis 

varies from RI =2.03 for a=0.27 to RI =2.049 when 

high resistance so that the impedance at the terminals 
of the ceramic will be the ac impedance of the ceramic. 
Large condensers that will stand a high voltage are con-
nected between the ceramic and the measuring circuit. 
By reversing the applied voltage with respect to the 
static polarizing voltage, one can determine the amount 
of reverse voltage required to take off the initial polari-
zation. This varies depending on the composition of the 
ceramic and provides a measure of the stability of the 
locked-in polarization. 
The second constant d33 is more difficult to measure by 

dynamic methods, since a number of resonances are 
usually driven by this constant. One simple dynamic 
method is to measure the ratio of capacitances above 
and below the thickness resonance and apply (3) and 
(9) with the appropriate constants. Reliable values of 
k33 may be obtained from resonant and anti-resonant 
frequencies of a bar polarized and electrically driven 
parallel to its length. Due to the high dielectric constant 
of the ceramic, the stray capacitance of this arrange-
ment is tolerable. 

V. SELECTION OF METHODS 

The methods described in the preceding sections may 
be applied separately or in combination, depending on 
the scope of the measurement program. 

Determination of the piezoelectric coefficients by 
measurement of the resonant and anti-resonant fre-
quency combines simplicity of apparatus with high ac-
curacy under favorable circumstances. It is an absolute 
method, not requiring calibration standards. The piezo-
electric coupling coefficients are obtained in a straight-
forward manner whenever a single piezoelectric co-
efficient relates expansion stress along one axis with an 
electric field at right angles thereto. This is true, for in-
stance, for the 45 degree bars of Rochelle salt and ADP. 
Since the difference between resonance and anti-reso-
nance depend on the square of the coupling coefficient, 
the method tends to become less accurate when the 
coupling coefficient is very small. Considerable accumu-
lation of errors may occur if some of the piezoelectric 
coupling coefficients are obtained only by a combination 
of measurements on several expander bars. This is the 
case especially in crystals of monoclinic symmetry such 
as DKT and EDT. 
The quasi-static methods can supplement the dy-

namic methods where the latter are difficult to apply. 
Since the measured magnitudes are proportional to the 
piezoelectric coefficients, these can be determined down 
to a limit of less than 1 per cent of the coefficient du of 
quartz. An especially useful application of the micro-
displacement meter is the direct measurement of shear-
ing strain. To carry this out, the body under study is 
cemented or clamped on a side which is perpendicular to 
the plane of shear, and the motion probe is set against 
one of the free corners to measure motion parallel to the 
plane of clamping. Force applicator methods have also 
been used to obtain shear coefficients by applying the 
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alternating force to one corner of a body clamped along 
one plane. 

Determination of the hydrostatic piezoelectric co-
efficients is especially useful for the monoclinic crystals 
of class C2 for which dh=d2i+d22-Fd23. clz, is not readily 
determined separately by the other described methods. 
In polarized ceramics, d4=2d3i±d33, so that knowledge 
of di, and of du— the latter best obtained by dynamic 
measurement of radial resonance—determines du. 
Measurement of response to hydrostatic pressure is also 
a means to obtain at least one piezoelectric coefficient 
on crystals and especially ceramics available only in odd 
shapes. 

Motion measurements are readily extended over a 
wide range of driving amplitudes. This is of importance 
in the study of ferroelectrics, where it permits the direct 
measurement of electrostrictive coefficients of the un-
polarized material, as well as the study of nonlinearity 
in the response of polarized ceramics. 

Static methods are at present applied for the study of 
response over a wide range of stress. A combination of 
all methods is needed to investigate the dependence of 
piezoelectric coefficients on frequency and amplitude, 
and to test the equality of the coefficients for the direct 
and converse piezoelectric effect. These relationships are 
still in question for ferroelectric ceramics. While linear-
ity and reciprocity is usually found good from the audio-
frequency range up into the megacycle range, it is 
not found for static conditions, especially under high 
loads. Piezoelectric coefficients for the latter condition 
may be more than twice as high as the well established 
values obtained at audio and radio frequencies. 
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Analysis of the Backward-Wave Traveling-Wave Tube* 
H. HEFFNERt, ASSOCIATE, IRE 

Summary—A traveling-wave tube whose circuit supports a back-
ward wave having oppositely directed phase and group velocities has 
been found to exhibit narrow-band regenerative-type gain. For low 
beam currents the tube acts as a high-gain, high Q, voltage-tunable 
filter. As the beam current is increased, the tube breaks into oscilla-
tions whose frequency may be shifted to any point in the structure 
pass band merely by changing beam voltage. An analysis is carried 
out which predicts some of the small-signal operating characteristics 
of the backward-wave tube. Numerical solutions are presented for 
the start-oscillation conditions including circuit loss and space 
charge. 

INTRODUCTION 

R
ECENTLY a new type of traveling-wave tube 
operation has been observed at the Bell Tele-
phone Laboratories.' Instead of employing a 

helix or filter structure having forward group and phase 
velocities, a circuit which supports a mode having the 
direction of energy propagation opposite to that of in-
creasing phase is used. For example, certain of the space 
harmonics in a periodic structure exhibit this property. 
The name backward wave has been given to this mode. 
When an electron beam is sent along a terminated 

* Decimal classification: R339.2. Original manuscript received 
by the IRE, Sept. 11, 1953. The analysis and results presented here 
were carried out for the most part while the author was a Research 
Associate at the Electronics Research Laboratory, Stanford Uni-
versity, Calif., and were reported in ERL Technical Report No. 
48, "Analysis of the Backward Wave Traveling-Wave Tube," June 
18, 1952. A great portion of this work was supported by the Office of 
Naval Research under Contract N6ONR-25132-(NR-078-362). 
f Bell Telephone Labs., Murray Hill, N.J. 
1 R. Kompfner and N. T. Williams, "Backward wave tubes," 

Paoc. I.R.E., vol. 41, pp. 1602-1611; Nov., 1953. 

structure capable of supporting such a backward wave, 
spontaneous oscillations may be observed. These oscil-
lations are unique in that: 

1. By varying the electron velocity they may be 
made to tune continuously over the structure pass 
band. 

2. Their existence is not dependent upon reflections at 
either end of the circuit. 

3. As current is increased, other frequencies of oscil-
lation appear and exist simultaneously with the 
initial oscillation. 

4. Below the starting current large narrow-band gain 
may be obtained. 

5. For a considerable range of currents above the 
starting current, gain in the presence of oscillation 
at the signal frequency is obtained. 

It is the purpose of this paper to present a method for 
analyzing quantitatively the behavior of backward-wave 
interaction and to derive some of the more important 
operating parameters. 

Before the description of the detailed solutions of 
backward-wave interaction, it is perhaps appropriate to 
indicate qualitatively why the backward-wave tube os-
cillates. Let us assume that we have a backward-wave 
circuit and an adjacent electron beam as shown in 
Fig. 1. At the risk of oversimplification we shall assume 
that the operation can be described in terms of a simple 
feedback mechanism in which a wave energywise trav-
els from right to left on the circuit, induces modulation 

• 

4 
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• 

on the electron stream which travels from left to right 
and which in turn induces the original wave on the cir-
cuit. Now one of the conditions for feedback oscillation 
is that the total phase shift around the loop is an in-
tegral number of cycles. Let us add up these phase 
shifts. Energy traveling from right to left on the back-
ward-wave circuit of length L experiences a phase ad-
vance of where 0 is the wave-propagation constant. 

3L PHASE ADVANCE 

BACKWARD WAVE CIRCUIT 

ENERGY FLOW 

AC FIELD I IT 

2 
AC CURRENT t 

AC FIELD 

AC CURRENT 

ELECTRON B_E:3_M_:izzi}.:.. 

/3e '- PHASE LAG 

Fig. 1—The feedback loop of a backward-wave tube. 

The electric field of this wave induces velocity modula-
tion of the electrons in the adjacent stream. One-quar-
ter cycle later this velocity modulation has been con-
verted into current modulation so that this conversion 
process introduces a phase delay of r/2 radians. This 
ac current drifts down the stream and suffers a total 
phase delay of eel, where 08= w/uo. The conversion of 
ac current in the beam back to electric field on the cir-
cuit again involves a 7/2 phase delay. Adding up the 
total loop phase shift and equating it to 2nir we find 
one of the conditions for feedback oscillation is 

— 13e)L = (2n + 1)r. 
The other condition for oscillation is that the loop gain 
must be unity. Because of circuit losses and the in-
efficiency of the conversion processes we shall require a 
certain amount of traveling-wave-type amplification to 
be present. Since the amount of gain per wavelength in 
a traveling-wave tube depends upon the impedance 
parameter, C, and the relative velocities of electrons and 
wave we must have 

CN = constant 

where N is the total number of wavelengths in the tube 
and the constant depends upon which value of n in the 
preceding equation is used. 

Since for a backward wave the phase velocity, v„, is an 
increasing function of w, the phase relation tells us that 
as the beam velocity, uo, is increased, the frequency will 
increase. Then, if the impedance is sufficiently high, 
the backward-wave oscillator will be continuously 
voltage tunable. If, however, the impedance is close to 
but below the value necessary to start oscillation, the 
device will act as a high-gain regenerative amplifier. 
The frequency range over which the feedback will be 
positive will in general be small so that the bandwidth 

of amplification will be narrow, but its center frequency 
may be tuned by varying beam velocity. 
With this qualitative picture of the mechanism of the 

backward-wave tube, let us now proceed to a more 
rigorous analysis of its behavior. 

METHOD OF ANALYSIS 

The combined circuit-beam interaction will be broken 
into two problems: (a) the current induced in the elec-
tron stream due to a field on the circuit, and (b) the 
field induced on the circuit due to a current in the 
stream. These two relations are then combined to obtain 
a solution to the problem of simultaneous interaction 
between beam and circuit. Small-signal conditions are 

assumed throughout. 
The method of analysis differs somewhat from that 

employed by Pierce.' The difference lies principally in 
the manner in which space charge is taken into account 
and in the derivation and utilization of the circuit equa-
tion. These differences will be made clearer as the analy-

sis progresses. 

THE ELECTRONIC EQUATION 

The problem considered here is, given an arbitrary 
field on the circuit, determine the form of the ac current 
produced in a stream flowing adjacent to the circuit. 
The stream is assumed not to interact back on the cir-

cuit. 
We start with the force equation: 

du e 
— = — Etotal• di in 

(See list of symbols for explanation of notation.) This 
relation determines the rate of change of velocity of an 
individual electron under the action of a field Etotoi. If 
space-charge fields are present, Eol is made of two 

plus a space-charge field, Eita, due to the effect of all 

tta 

parts, the exciting field, E, which exists on the circuit, 

adjacent electrons. Since the left side of ( 1) involves a 
total time derivative, the equation may be written, as-
suming all quantities vary as eic", as: 

du f3v av av e 

(1) 

140  (2) 
di at az az in 

where the total velocity has been split into a dc and an 

ac term, namely, 

=Us ± V. 

From the continuity equation, 

ai ap _ j,4,p, 
az at 

and the small-signal definition of current 

i = puo vpu, 

2 J. R. Pierce, "Traveling Wave Tubes," D. Van Nostrand Co., 
New York, N.Y., chap. 2; 1950. 
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where the total charge density has been broken up into 
a dc term po and an ac term p, (2) may be written: 

a2i ai iwepo 
—  + 2.1",3° —  — = [E E.0] (6) 
az2 az muo2 

where 

(7) 

The time-varying portion of the space-charge field, E.° 
may be obtained from Poisson's equation. For the one-
dimensional case 

aE„ 
 = — • 
ax e 

(8) 

From the continuity relation (4), assuming the ac cur-
rent to be zero at the entering plane, (8) reduces to 

E.° = — (9) 
jc.o€ 

Insertion of (9) into (6) yields the final differential equa-
tion for current induced by a circuit field E: 

02i ai jwepo 
— 3.2 — h2) = E 
az2 äz nE1602 

where the plasma wave number h, is given by: 

epo h2 
mato" 

To include the effect of a finite beam size and the effect 
of the adjacent metallic walls of the circuit, we may 
with good accuracy replace h in ( 10) by an effective 
plasma wave number obtained by considering a beam 
within a drift tube having the same or similar configura-
tion as the circuit actually used. 

Suppose we have a small element of current i(e)de 
impressed upon a transmission system which supports a 
single wave having group and phase velocity of opposite 
sign. The current element will induce two waves on the 
circuit, one traveling to the left and the one to the 
right. Since the circuit is symmetrical the amplitudes 
of the waves must be equal. 

dE = dE. 

The power flowing from the current element is 

e (e)edE  
2 

dP — 

(12) 

(13) 

Thus, since half of this power flows left and half right 

4— i* (e)de <di 

dP 
4 

dP 
4 

(14) 

(The asterisk indicates complex conjugate.) 

(10) Considering the amount of circuit power flowing across a 
transverse plane we may write 

OUTPUT 
FIELD 
E ( 0) 

APPLIED 
FIELD 

E0 L. 

BACKWARD WAVE CIRCUIT 

GROUP VELOCITY .4-} 
PHASE VELOCITY -6. 

ELECTRON BEAM 

GROUP VELOCITY 
PHASE VELOCITY 

Fig. 2— Excitation of a backward-wave circuit by a modulated 
electron stream. 

THE CIRCUIT EQUATION 

We shall now consider the problem of determining the 
field impressed upon a circuit due to ac current flowing 
in a stream adjacent to the circuit (see Fig. 2). The 
method of analysis is similar to that used by Bernier' 
and Pierce.4 

3 J. Bernier, "Essai de theorie du tube electronique a propaga-
tion d'ondes," Ann. Radioelect., vol. 21, pp. 87-101; 1947. 

4 Appendix A of J. R Pierce, "Theory of the beam type traveling-
wave tube," PROC. I.R.E., vol. 35, pp. 111-123; Feb., 1947. 

--> EE' 
P   

2 

4— E E*V., 
P =   

2 

(15) 

where # is twice the peak power carried across the 
plane in one direction by a unit peak field. 

_> i(e)de 
dE 

¡we 
2#* 

To calculate the resultant induced field at a point z we 
must add up all the contributions from current elements 
to the right of z which flows energywise toward the left 
and contributions from elements to the left of z which 
flow to the right. The total field then will be the sum 
of applied field and the induced field. Thus for the case 
of opposite phase and group velocities, that is, assuming 
a wave which carries energy from left to right varies as 
eiwg+isz and one carrying energy from right to left as 
ei.e--102, we have: 

1 
E(z) Eoe-giz — (ejsz f i(e)e-jorde 

2#* o 

(16) 

f (17) 

This expression gives the field at any point on the cir-
cuit due to the effect of an applied field and an ad-
jacent alternating-conduction current density. Because 
of the awkwardness involved in utilizing this definite 
integral expression directly we shall differentiate it with 



1954 Heffner: Analysis of the Backward- Wave Traveling- Wave Tube 933 

respect to distance twice to obtain a second-order dif-
ferential equation 

a2E(z) 
+ 132E(z) = — — i(Z). 

az2 

Solutions of this will involve two arbitrary constants 
which may be evaluated using above integral relation. 

• THE COMBINED EQUATIONS 

We now have two differential equations which must 
be solved simultaneously to give the combined effect 
of beam and circuit interaction. They are 

a2i(z) ai(z) wepo 
  2je. _ (0e2 _ h2)i,z, = j — E(z), (10) 
az2 az muo2 

a2E(z) 
  52E(z) = — j — i(z). (18) az2 

• 

These equations would have exactly the same form for 
the more usual cases of forward phase and group ve-
locity if (—r) were substituted for 13. 
The equations may be advantageously solved by 

means of the Laplace transform since this allows direct 
insertion of the initial conditions. As the beam enters 
the circuit we assume that it has no ac velocity or cur-
rent modulation. Then letting 

5(1') = f e i(2)6- rzdZ 

E(F) =f eE(z)e-rzdz, 
o 

E(o) = the value of the circuit field at z = 

E'(o) = the value of the derivative of the circuit 
field at z = 

the transformed equations become 

Ír2 ± 40. _ ( 3.2 /12)15 = 'Po E, 
muo2 

e (r2 + — PE(o) — E'(o) = — j — 5. 

Solving for E we obtain 

= [(r + je4)2 + h2] [rE(0) + E,(0)] 
e  

+ iae)2 + h2J(r2 + e2) — K 
where 

I a E2 
K = — — e304 = 2C3,33/34• 

4V0 02P 

From (17) we find E'(o) = —fflE(o). 
Letting the roots of the denominator of (22) be rn 

and taking the inverse transform of this expression, we 

(19) 

have 

E(z) = E(0) [(Fi — + (1'2 — id)k2er21 
+ — Ak3ers. — kerel 

where 

and 

k1 

ka 

ka 

k4 

(ri — -I- le 

(ri — r2)(ri — r3)(ri — r4) 

(r2 — 04)2 + 112  

(r, — ri)(r2 — r3)(r2 — r4) 

(r3 — .i134)2 + 112  

(r3 — ri)(ra — r2)(r3 — r4) 

(r4 — ji34)2 + h2  

(r4 — ri)(r4 — r2)(r4 — 113) 

(24) 

(25) 

[(r. + 04)2 + h2](r.2 + = K. (26) 

We must now evaluate the constant E(o). To do this 
we obtain i(z) from (24) and (18) and substitute it in the 
definite integral (17) evaluated at z = O. This procedure 
yields the result: 

 KE(o) f  (r, — j) [i — c(ro-is)L1 

2.0 (r1—r2)(rl—r3)(ri— r4)(ri-Fve) 

(112 — je) [i — e(r.1-e)L] 

E(o)= Ea 

(r2— ri)(r2— r3)(r2— r4)(r2+JO) 

(r3 — je)[1—erifio)L] 
(r3— ri)(r3— r2)(r3-114)(r3+/13) 

(r.,—j0) [1-0'4+0)11 \, 
(27) 

(20) (r4— ri)(r4 — 1'2)014 — r3)(r4+0) I' 

where L is the active length of the circuit. 
If we let 

(21) 

(22) 

(23) 

E(z) = 

r4L = jg, + j774, 

and notice that under the usual operating conditions 

(28) 

we find that 

and 

K « 5.252 

nn«,6 

714« 771,2,3. 

(29) 

(30) 

(31) 

Under these circumstances, the amplitude of the wave 
traveling as ere is negligible with respect to the others. 
Neglecting this wave in (24) and performing some 
algebraic manipulation on (27) leads to the final expres-
sion for the circuit field: 

7/3 7/2 , , 712 — ni  , ..f   _f_ e/43tgila 
Ito 7/3 

Eoe-joz, (32) 
1113 — 172 . — 713 . , 772 — +  e7 ,12   ein3 

111 112 713 
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where from (26) and (23) the n's are the three roots of 

n3 + 20,2 + (02 — I-12)n (27C'N) 3 = 0, (33) 

where O has been defined as 

0 = (0, — ig)L 

and, 

11 = hL. (34) 

Note that at z ---- L, the input of the tube, the field is 
exactly equal to the applied field. 

Formally, at least, the problem has been solved. 
Equation (24) shows the existence of four waves, the 
propagation constants of which are given by the four 
solutions of (26). At this point it is interesting to note 
that the root of (26) differs from the usual forward-wave 
root equation only in the sign of the parameter K. This 
means that tabulated values of the usual traveling-
wave-tube-propagation constants for the lossless case 
could be used for the backward-wave tube if only the 
circuit impedance is considered to be negative, that 
is, if Pierce's parameter. 

I° E2 

C 3 = — — (35) 
8170 1321-

is chosen negative. 
It was found as in the forward-wave case that one of 

the waves is excited to a negligible extent. Dropping this 
wave results in a field expression given by (32). 

OSCILLATION CONDITIONS 

The possibility of oscillation exists if the denominator 
of (32) goes to zero. Thus, the start oscillation condi-
tions are 

ni -- n3 .n n2 -- ni  
ep   eig3 .. 0, (36) 

ni n2 n3 

where as before 111,2,3 are the three roots of 

n' -E 20n2 -F (02 1-12)n -F (27elV) 3 = 0. (33) 

In general # and hence O will be complex, indicating 
cold circuit attenuation. Because of the backward 
energy flow corresponding to forward progression of 
phase, the cold circuit wave travels as e(—ge÷«)2 so that 
when loss is present, # in the above equations should 
be replaced by (13'±ja). 

Let us consider first the case of the lossless guide so 
that we neglect the effects of attenuation. Since pre-
sumably the backward-wave oscillator would not have 
the intentional internal loading which is placed in usual 
TW tubes to prevent oscillation, the assumption of no 
loss will often give sufficient accuracy. 

If no loss is present, one of the roots of (33) will be 
entirely real. Let us call this root ni. We may then ex-
press 712 and n3 in terms of fil, 0, and H. 

ni 
/72 = 0 — —2 + 32 — 41P 

(37) 

ni 
7/3 = 0 — ih/401/1 31/12 4H2. 

2 

The start oscillation condition (36) then becomes on 
equating real and imaginary parts to zero 

3ni\ 2n1(0 ni)  
cos (0 + 

2 )(0 ni)2 — H2 

• cosh VOni 1„ 2 1/2 = 0 4 qi 

( 3,1 0(0 + + H2 ni  
Sfl e 

2 (0 + ni)2 — H2 ‘/Oni — H2 

(38) 

— sinh N/0711 ni 12 _ H2 = O. 

We are led to expect multiple roots of these equa-
tions from the qualitative lumped-feedback considera-
tion, and indeed, in the absence of space charge their 
values agree remarkably well with those predicted by 
the relation 

(e — se)L = (2n + 1)7r. 

Table I gives the exact solutions for the start 
oscillation conditions of the first four oscillation points 
in the absence of space charge and loss. 

TABLE I 

START OSCILLATION CONDITIONS FOR THE FIRST FOUR OSCILLATION 
POINTS IN THE ABSENCE OF SPACE CHARGE AND Loss 

(0 - 04)L CN 

o 
1 
2 
3 

3.003 
9.860 
16.388 
21.403 

0.314 
0.588 
0.762 
1.046 

The form that the start oscillation conditions take, 
that is, (#- 0„)/, a constant and CN a constant, indi-
cates that there is a value of frequency and current for 
a given beam velocity which first allows finite fields to 
exist on the circuit in the absence of any applied field. 
As velocity is changed, frequency must also change in 
order to keep ce — 8)L a constant. In this way elec-
tronic tuning is accomplished. 
The amplitudes of the oscillation field are deter-

mined by nonlinear effects which could be determined 
accurately only by a large-signal analysis. It is im-
portant to emphasize that the oscillation level does not 
build up to saturation, but only to that level for which 
the incremental propagation constants are such that the 
oscillation conditions given by (38) are satisfied. It is 
this mechanism which allows the tube to give signal 
gain even though it is oscillating at the same frequency. 
The accuracy of the higher oscillation conditions is 

questionable since they occur when the tube is already 
oscillating at some other frequency with a considerable 
amplitude. This large-signal oscillation will tend to 
change the incremental propagation constants which 
can exist for the new oscillation point thus changing the 
starting current and frequency for successive oscillation 

9 

4 

4 
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points. It should be pointed out that since for a back-
ward-wave circuit 13 is a decreasing function of fre-
quency the successively higher values of (B—I3.)L re-
quired for the higher oscillation points indicate that 

• these oscillations occur at successively lower frequencies. 

11 

• 

• 

THE EFFECT OF SPACE CHARGE 

So far we have been concerned with the oscillation 
parameters under the condition of zero loss and no 
space charge. As has been indicated, the assumption of 
zero loss is to some extent justified for practical back-
ward-wave tubes. What loss is unavoidably present is 
probably small enough to have negligible influence on 
the operation. However, the assumption of zero space 
charge is often unjustified. 
The start oscillation conditions as a function of space 

charge can be determined from (38). The space-charge 
parameter, H, it will be remembered, is the number of 
effective plasma wavelengths existing in the active 
length of the tube. H may be related to Pierce's space-
charge parameter QC by the following expression, 

12 

10 

_J 

Ç6 

4 

2 

o 

QC =   
4rCN 

[ H 2 

start oscillation conditions for the backward-wave tube, 
that is, the conditions of finite output for zero input, be-
come the zero gain conditions for the forward-wave 
tube, the point of zero output for finite input. Hence, the 
zero gain conditions for a lossless forward-wave tube as a 
function of space charge may also be obtained from 
Figs. 3 and 4 if only the sign of the quantity (13-0.)L is 
reversed. 

C. C. Cutler in unpublished work has measured QC 
by this zero gain method and found substantial agree-
ment between his measurements and Fletcher's theo-
retical values,' precluding an extra term, due to velocity 
distribution of the large magnitude proposed by Parzen 
and Goldstein.' 

Returning to the start oscillation conditions, we find 
that for large space charge the starting conditions for 
the first oscillation point approach asymptotically 

- = H 
H ) 113 

CN = (— . 
16r 

(40) 

(39) This last condition was first pointed out by R. Grow of 
Stanford. 

r 
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Fig. 3— Variation of (0 --/3.)L required to start oscillation for the 
first two oscillation conditions as a function of space charge. 
Circuit loss assumed zero. 

Figs. 3 and 4 show the variation of the start oscillation 
conditions for the first two oscillation points in the 
absence of loss as H is increased. 
These curves were obtained by solving the start 

oscillation equations (38). It is interesting to note that 
for H greater than two, the oscillation conditions are 
such that all three waves propagate down the guide 
unchanged in magnitude, showing neither growth nor 
attenuation. At the collector end they add up to zero 
while at the gun end their phases are such as to give a 
net field. 
As has been pointed out, the interaction equations 

for forward- and backward-wave circuits differ by merely 
a sign reversal and a change of direction of energy flow. 
The input becomes the output, and vice versa. Thus, the 

1.2 
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Fig. 4—Variation of CN required to start oscillation for the first two 
oscillation conditions as a function of space charge. Circuit loss 
assumed zero. 

The fact that (e- f3.)L for the first oscillation point 
is an increasing function of current indicates that as 
current is increased the frequency of oscillation is de-
creased. Since it is the difference between two large num-
bers which is changing slightly, the percentage fre-
quency shift is usually slight indeed. 

It is of some interest to obtain the form of the field 
and current variation along the tube at start oscillation. 
We already have the expression for the circuit field in 
(32). Using this in conjunction with the differential ( 18) 
we may obtain an expression for the current. 

o R. C. Fletcher, "Helix parameters in traveling wave tube 
theory" PROC. I.R.E. vol. 30, pp. 413-417; April, 1950. 

6 P. Parzen and L. Goldstein, "Effect of hydrostatic pressure in 
an electron beam on the operation of traveling wave devices," Jour. 
A ppi. Physics, vol. 22, pp. 398-401; April, 1951. 
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Fig. 5— Relative values of ac electric field on the circuit and ac 
current in the beam along the tube at start oscillation. Zero 
space charge, zero circuit loss. 
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Fig. 6—Relative values of ac electric field on the circuit and ac cur-
rent in the beam along the tube at start oscillation. Finite space 
charge, zero circuit loss. 

2#* (,), _ n3)e.i(qiziL) ± (n, _ n,)ei(q2z/L) ± (n., _ ni)ei(n3z/L) 
i(z) = j   Eoe-ffiz. 

t)3 — 772 t71  — 773 . 772 — ni . eje + eM2 ±  eM3 

n1 n2 n3 

Using (32) and (41) we can plot the relative values of 
field and current along the tube at start oscillation for 
different values of space charge. This has been done 
in Figs. 5 and 6 for H=0 and H=3.1. For large space 
charge put in the asymptotic starting conditions, namely 

(e — 13,)L = II 

CN ( H 1/3 

i;; ) (42) 

7 
771 = —9 ; 

2 

and find 

E(z) irz 
 —+cos--
E(0) 2L 

i(Z) rZ 

  ---> sin -- • 

i(L) 2L 

THE EFFECT OF Loss 

(43) 

Equations (33) and (36) which together give the 
start oscillation conditions are valid when both loss and 
space charge are present. One may add to the propaga-
tion constant e a quadrature component and solve for 
the incremental propagation constants as functions of 
CN and (0—(3,)L. Certain of these values will satisfy 
(36). A process similar to this has been carried out by 
Ward Harman at Stanford. For his results in slightly 
different notation see Figs. 7, 8, opposite. These curves 
show the effect of distributed loss on the start oscillation 
conditions for first oscillation point in the absence of 
space charge. Notice, with addition of 30 db cold loss, 
starting current has increased only by a factor of five. 

(41) 

BEHAVIOR BELOW THE OSCILLATION LEVEL 

In a preceding section we have shown that the field 
as a function of distance, neglecting the small contribu-
tion due to the fourth wave, is of the form 

E0 
E(z) g2er2z g3erzz], 

G 
(44) 

where .E0 is the applied field and G, gi, g2 and ga are 
functions of the incremental propagation constants, 
hence the operating parameters of beam current, beam 
velocity, frequency, impedance and length. Taking the 
field at z= 0, the output of the tube, we find that the 
form of the gain expression is 

[g I 

Power gain ratio = — . 
G 

(45) 

Large gains arise when the function G approaches zero. 
At the point where G equals zero the tube breaks into 
oscillation. 

In the region of high gain around the oscillation point 
the denominator of the gain expression, G, is a rapidly 
varying function of the operating parameters while the 
numerator, g, is nearly constant. Thus, we may apply 
a Taylor expansion of the denominator around the 
oscillation or G=0 point and determine the form of the 
gain variation with current. This procedure shows, to 
first-order approximation, 

k -12 

10— I,J ' 
where I. is the start oscillation current. This expression 
indicates gain for currents above the start oscillation 

Power gain ratio =   (46) 
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Fig. 7—Variation of (0 —i3.)L required to start oscillation for the 
first oscillation condition as a function of total circuit loss. Space 
charge is assumed zero. 

current as is observed. Moreover, it predicts that the 
output signal changes phase by 180 degrees upon cross-
ing the oscillation point. 

It has been mentioned that the gain of a backward-
wave tube is confined to a narrow band of frequencies. 
An estimate of the gain variation with frequency may 
be made in the same manner to obtain 

Powe[r 
gain ratio =   

a 12 

1 + b(f — fo)2j 
(47) 

where a2 is the gain when f =fo. 
An idea of the extreme narrowness of bandwidth 

over which amplification takes place may be gained 
from the result of an experimental tube which in the 
range of 3,000 to 9,000 mc had an equivalent Q in excess 
of 2,000. 
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LIST OF SYMBOLS 

e= the charge of an electron = — 1.602 X10—'9 
coulomb 

C = gain parameters. C3= (/0/8 V)0(E2/02p) 
E= circuit field 
Esc= space-charge field 

Etotal = total field acting on an electron 
h= plasma wave number. h2=epolnie 

p. 
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Fig. 8—Variation of CN required to start oscillation for the first 
oscillation condition as a function of total circuit loss. Space 
charge is assumed zero. 

H= number of plasma wavelengths in a length L. 
H= hL 

i=ac conduction current density 
/0= total dc beam current 
K=2C3e3f3e. 
L= the total active length of the circuit 
m = the mass of an electron 
N = number of wavelengths existing within the tube. 

27rN=eeL 
P = complex power 
u = total electron velocity 
uo = dc electron velocity 
y = ac electron velocity 

vp = phase velocity of the cold circuit 
Vo = dc beam voltage 
(3= propagation constant of the cold circuit. The 

cold circuit waves travel as 
a.= (iluo 
= the propagation constant of the interaction 
waves. In the presence of the beam, the waves 
travel as ei""1-re 

e = dielectric constant of free space 
n = incremental propagation constant. PL = 

+in 
0= W,—)L 
p=ac charge density 
po=dc charge density 
= angular frequency 

ip= twice the peak power carried across a plane by a 
unit peak field 

E(P) = Laplace transform of E(z) 
3(r) = Laplace transform of i(z) 

• 
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The Transient Response of Transistor 
Switching Circuits* 
I. L. LEBOWt AND R. H. BAKERt 

Summary—A model is presented for the interpretation of point-
contact transistor switching phenomena. The assumption is made 
that the frequency cut-off is high when the transistor is not saturated 
and low when saturated. The low-frequency response in saturation 
can explain qualitatively the anomalous pulse requirements for 
switching transistors from saturation to cutoff. Some switching cri-
teria are derived and the one-shot multivibrator is discussed. 

I. INTRODUCTION' 

I
N THE DESIGN of transistor switching circuits, 
the usual approach is to make use of the input char-
acteristic of the transistor circuit. As an example, 

let us consider the circuit of Fig. 1. This is a typical 
"grounded base" connection where an external base re-
sistance Rb has been added between base and ground 
to provide additional positive feedback. The static input 
characteristic of the circuit of Fig. 1 is shown in Fig. 2 

Re 

Vee 

Ve 

1 

Rb 

Fig. 1—Basic transistor switching circuit 

RL 

V CC 

Fig. 2— Input characteristic of basic transistor switching circuit. 

which is the familiar "N" curve. The type of operation 
obtained from the circuit will depend upon the values 
of the parameters R. and V,,.. Fig. 2 shows a "bistable" 
load line that would be employed in a flip-flop design. 
From the point of view of the characteristic of Fig. 2, 

the trigger voltage required to switch the transistor 
from the "off" state to the "on" state is that voltage 

* Decimal classification: R282.12. Original manuscript received 
by the IRE, April 3, 1953; revised manuscript received, Jan. 7, 1954. 
The research in this document was supported jointly by the Army, 
Navy and Air Force under contract with the Massachusetts Institute 
of Technology. 
t Staff Members, Lincoln Laboratory, Massachusetts Institute 

of Technology, Cambridge, Mass. 
For a more detailed discussion, see I. L. Lebow, R. H. Baker, 

and R. E. McMahon, "The Transient Response of Transistor Switch-
ing Circuits," Tech. Report No. 27, Lincoln Lab., M.I.T., July 7, 1953. 

g 

• 
which will just raise the load line above the peak point 
— V„. Similarly, to switch the transistor from "on" to 
"off," the trigger voltage must be sufficient to drop the 
load line below the valley point — V„. It has been found 
experimentally that the trigger voltages required are, 
in general, greater than the static picture presented 
above would indicate. Moreover, it has been found that 
the trigger voltage requirements depend upon the trig-
ger pulse width, and that this dependence in triggering 
from "on" to "off" is considerably different than in 
triggering from "off" to "on." Such phenomena cannot 
possibly be explained by using a static model. Further-
more, the static model provides no information on the 
details of the actual switching. 

r5f = 0 
e 

r 500K 
er 

rb 10011 

r :1•20.0. 
cf 

20K 

ae 2.5 

ab = 

Fig. 3---Large signal equivalent circuit. 

E- RC 

Fig. 4.--A representation of transistor frequency response. 

> 

ig< o 

In this paper, we shall consider the transient response 
of the circuit of Fig. 1. We shall first discuss the trig-
gering of the circuit from "off" to "on." Next, we shall 
describe the triggering from "on" to "off" of the circuit 
with bistable load line. We then generalize the pro-
cedure for the case of the monostable one-shot multi-
vibrator which is triggered from "off" to "on" and then 
turns itself off. Finally, we present a comparison with 
experiment. 

II. FUNDAMENTAL ASSUMPTIONS 

In the discussion that follows, we shall assume the 
linearized equivalent circuit of Adler2 shown in Fig. 3. 

2 R. B. Adler, "A Large Signal Equivalent Circuit for Transistor 
Static Characteristics," Research Laboratory of Electronics Transis-
tor Group Report T-2, M.I.T., Aug. 30, 1951. 



1954 Lebow and Baker: The Transient Response of Transistor Switching Circuits 939 

When the static case is considered, the current in the 
constant-current generator across the collector diode, 
aeig, becomes aeie. In the dynamic case, j9 is related to 
ie as in Fig. 4. It is evident that i„ satisfies equation 

dig 
T — +  iu = le. (1) 

dl 

Fig. 4 and (1) indicate the fact that we are inserting the 
frequency dependence of the transistor into the cur-
rent i„, and maintaining a frequency independent a. 
This is completely equivalent to the assumption that 
the generator current is equal to czeie, where a. is equal 

to ao/l+rs. 

'co 

t 

'Jo 

Fig. 5— Typical waveforms in triggering from "off" to "on" at 
emitter with wide input pulse. 

In order to explain experimental measurements, it 
is necessary to assume that r has a value rt(f--,0.1 µsec) 

• when the collector diode is open, and value ro(,---,1 to 
10 µsec) when the collector diode is closed or the tran-
sistor is in the "on" or saturated condition (sec. VII). 

III. SWITCHING FROM "OFF" TO "ON"3,4 

We shall consider triggering the circuit of Fig. 1 from 
the "off" to the "on" state by application of a voltage 
pulse to the emitter through a very large coupling 
capacitor. If the trigger voltage V. exceeds A V, the 
voltage separation between the "off" point and the peak 
point, the circuit switches instantaneously into the ac-
tive region. The circuit currents will then increase ex-
ponentially with the positive frequency, 

1 (a. — 1)rc — RL 
co = 

Ti r, + RL 

The transistor will, of course, reach saturation when 
creit, reaches ic as shown in Fig. 5. 

IC 0 

it 
à— — 

t 

(2) 

Fig. 6—Typical waveforms in triggering from "off" to "on" at 
emitter with pulse removed before switching is completed. 

If the trigger pulse is removed at some time to before 
the transistor has reached saturation, the currents are 
of the form of Fig. 6. The currents may continue to 

3 For a similar discussion of some of the material in this section, 
see A. W. Carlson, "A Discussion of Switching in Point Contact 
Transistors," Air Force Cambridge Res. Center Rep., Sept., 1952. 

B. G. Farley, "Dynamic of transistor negative-resistance cir-
cuits," PROC. I.R.E., vol. 40, pp. 1497-1507; Nov., 1952. 
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increase (curves a), in which case the transistor will 
switch "on," or the currents may decrease (curves c), in 
which case the transistor will return to cutoff. The limit-
ing case (curves b), where currents remain constant, pro-
vides triggering criterion of pulse height vs pulse width, 

V g =   

1 - exp [— coi f)] 
(3) 

Equation 3 implies that if a pulse of width to is applied, 
the amplitude Vg must be at least that given by the 
above expression. It will be noted that as the pulse be-
comes narrower, the required amplitude increases. How-
ever, no matter how narrow the pulse, the transistor 
may be switched, provided the amplitude is sufficiently 
large. This is in contrast to the reverse process of trig-
gering from "on" to "off" discussed in the next section. 

ve 

Hiv 
L e-0. 

nv vo 

I - — 
I vt T v _ 

Fig. 7--Einit ter input characteristic showing locus of dynamic 
valley points. 

IV. TRIGGERING THE BISTABLE CIRCUIT FROM 
"ON" TO "OFF" 

In the discussion of the previous section, it was dem-
onstrated that, in the calculation for switching a 
transistor from "off" to "on," it is necessary to consider 
only the transition through the negative-resistance re-
gion. This is due to the fact that the equivalent cur-
rent generator is inoperative in the "off" region, and 
hence the transistor is switched into the negative-re-
sistance region at the instant the trigger pulse is ap-
plied. In the saturation region, the current generator is 
in operation. Consequently, upon application of a trig-
ger pulse, a delay is encountered before the generator 
current can decrease to a value less than the collector 
current and therefore switch the transistor out of the 
"on" region and into the negative-resistance region. 
This delay can be quite large since the generator time 
constant 7'2 in the saturation region is considerably 
larger than 7.1, the time constant when the transistor is 
not saturated. Finally, when the transistor has been 

switched out of the saturation region, the problem of 
the transition of the negative-resistance region becomes 
similar to the reverse process of sec. III. 
We shall first consider the case where the transistor 

has been in the saturation region for a time long compared 
to r2. This means that before the turn-off pulse is ap-
plied, ig is equal to ig. The input characteristic is shown 
in Fig. 7. As in sec. III, we make the simplifying as-
sumption that the input time constant is large com-
pared to the time necessary to switch the transistor out 
of saturation. When the switch is opened, the emitter 
voltage drops to a value — ( Vo+ Ve), and the emitter 
current drops to a value IF. The collector current also 
drops accordingly. The generator current cannot change 
instantaneously, hence the transistor cannot become un-
saturated instantaneously. Another way of visualizing 
this is evident from Fig. 7. The dashed curve represents 
the transistor input characteristic when the collector-
diode is closed. Hence, before the collector-diode opens, 
the operating point must be on this curve. If we define a 
dynamic valley point as that point in the plane 
at which «gig becomes equal to i,, then the locus of dy-
namic valley points must also be on this curve. The 
transistor will go out of saturation when the dynamic 
valley point and the operating point coincide. The sig-
nificance of this will be shown later. 

t 

t 

4 

Tr 
I t 
i 

Fig. 8—Typical waveforms showing circuit being 
switched out of saturation. 

Let us suppose first that the trigger pulse is not suf-
ficient to open the emitter diode. The current i de-
creases exponentially with the frequency —r2-1. The 
waveforms are shown in Fig. 8. The time T elapsed 

O 



1954 Lebow and Baker: The Transient Response of Transistor Switching Circuits 941 

before the transistor becomes unsaturated is given by 

Vi 

àV 

.2.(Re RL)  
1 exp E— T/r2E 

(a.— 1)Rb-1- ceeRL 

This is the approximate triggering criterion for switching 
from "on" to "off." Actually, Vt must be slightly larger 

• than the above value to complete the switching. The 
correction term is dependent upon 7-1 and is very small 
compared to the expression of (4). 

If VI is large enough to open the emitter diode, (4) 
is replaced by 

(4) 

Vi = Vi'+ r eri eV 

exp [(r — T)/T2] — 1 
y (5) 

cy.(Ro-FRL) 
1 exp E— Tiro] 

(a.-1)Rb-Fa.RL 

where Vt' is that trigger voltage which will just open 
the emitter diode, and T' is the solution of (4) with Vi 
equal to VI'. It is evident from (5) that Vg increases very 
rapidly as the pulse width is decreased. We may define 
a minimum pulse width Troii, as that value of T which 
makes the denominator of the second term of (5) van-
ish. However, T' sets a practical minimum pulse width 
since Vg increases so rapidly for T smaller than T'. 

Equations (4) and (5) determine, therefore, the re-
quirements for triggering a circuit from "on" to "off." 
These requirements are very different from the reverse 
process because of the existence of a minimum pulse 
width which is given by 

ae(Rb-1-
Tinin = r2In 

(a,— 1)Rb+ aeRL 

and by an effective minimum pulse width T' given by 

agie(Ro RL) 
T' = 7-2 ln   

Vea 

where i, is the "on" emitter current. T' may be of the 
order of several microseconds and increases as the 
transistor becomes more saturated. 
We may now give an interpretation to the dashed 

curves of Fig. 7, which we interpret as the locus of dy-
namic valley points. Suppose that a pulse of magnitude 
V: and of duration T is applied. No valley point exists 
until after the time Tinhi when the valley point occurs 
at an infinite emitter voltage. From Tod. to T', the 
valley point moves up along the dashed curve until it 
reaches the voltage axis. As T becomes greater than T', 
the valley point continues to rise toward the static val-
ley point. When the dynamic valley point reaches the 
load line, the collector-diode opens. 

V. MORE GENERAL TRIGGERING "OFF" CRITERIA 

In the previous section, we have derived the trig-
gering "off" conditions for the special case of the tran-
sistor reaching equilibrium in the saturation region be-
fore application of the pulse. It is evident that the 

(6) 

(7) 

triggering requirements depend upon the length of time 
the transistor has been in saturation, since 4 is a func-
tion of time until saturation is reached. 
The exact behavior of the circuit will depend upon the 

manner in which the circuit was triggered "on," i.e., the 
height and width of the trigger "on" pulse and the time 
constant of the input circuit. These conditions deter-
mine the value of 4 in the saturation region. To observe 
the qualitative behavior of the circuit, let us make the 
following assumptions: (a) the trigger "on" pulse is re-
moved at the instant the transistor reaches saturation; 
(b) the input time constant is large compared to the 
switching times; (c) the static load line is almost flat. Re-
ferring to F.g. 9, these assumptions require that the emit-

Fig. 9—Emitter input characteristic. 

ter voltage remain constant at a value Ve— Vo until the 
transistor switches to point a. At this instant, the pulse 
is removed and the operating point shifts instanta-
neously to point O. Under these conditions, when the 
transistor is at point a, the emitter current is itt, the 
collector current is and i, has the value i,./a„. The 
emitter current then drops to io while i, remains at its 
original value ic„/«.. In Fig. 10 are shown curves of i, 
and i, as functions of time. The scale is deliberately 
distorted to show details. Two cases are shown, one in 
which lo is greater than 4, the other in which io is less 
than i,. In the former case, i, continues rising to ap-
proach ioi. Here, the longer the interval T before the trig-
ger "off" pulse is applied, the greater the minimum pulse 
width. In the second case, lip is less than 4, and io de-
creases to approach in. Here, the longer the interval 
T, the smaller the minimum pulse width. Thus for a 
flip-flop to be independent of repetition rate, conditions 
would have to be adjusted such that io=i,./ao. 
Under the conditions imposed above, the expression 

for T', the effective minimum pulse width described in 
sec. IV, becomes 

a.io(Rb RL) 
exp [T' /r2] = 

IT 

lRb 
-F exp [— T/r21 [1+ •  

Vac 

aeio(Rb Ri.)] 
• (8) 

Vcc 
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This expression (previous page) reduces to ( 7) when T 
becomes large compared to 72. 

It must be emphasized that (8) is valid only under 
very specialized conditions. If, for example, the trigger 
"on" pulse were to be removed before the transistor 
switches, or if the input time constant were small 
enough to allow the emitter voltage to decay appreci-
ably before saturation is reached, then at the instant of 
switching io will be smaller than in the above case. This 
means that, if the trigger "off" pulse were to be applied 
shortly after saturation is reached, the turn "off" time 
would be considerably smaller than that calculated 
above. We use this property of transistors in the design 
of one-shot multivibrators giving narrow output pulses. 

t -111.. 

f 
Fig. 10—Waveforms showing time dependence of it, between 

turn "on" and turn "off" trigger pulses. 

VI. THE ONE-SHOT MULTI VIBRATOR 

The bistable flip-flop type transistor circuit suffers 
from the difficulties described in secs. IV and V. It turns 
out experimentally that T2 not only varies widely from 
transistor to transistor but is usually of the order of 
several microseconds. This means that the pulses used 
to trigger such circuits from "on" to "off" must be 
relatively wide unless A V is small. The latter is imprac-
tical because of parameter variations in transistors. 
Moreover, the pulse widths needed depend upon the 
repetition rate of the flip-flop. 
The one-shot multivibrator, which is turned "on" by 

a pulse and then turns itself off, bypasses the triggering 
"off" difficulty. However, the rate at which a one-shot 
multivibrator is capable of turning itself off is still de-
pendent upon r2, the so-called hole-storage effect. It is 
72 that determines the minimum-width pulse that can 

be obtained from a one-shot multivibrator. The results 
of sec. V offer the general criteria necessary for narrow 
pulse widths (,--0.5 µsec). If the maximum value that ii, 
assumes is kept small, then the time required to open 
the collector diode is diminished and the output pulse 
may be narrow. In sec. V, the assumption was made 
that the emitter voltage remained constant during the 
switching "on" and the pulse was removed at the in-

stant of switching. Under these conditions, the maxi-
mum value of i„ is i./a. (Fig. 10), a relatively high 
value for reasonable trigger-pulse amplitudes. There-
fore, in order to maintain (ip)m.. at a low value, it is 
necessary either to remove the pulse before the trigger-
ing takes place or to differentiate the pulse by using a 
low-time-constant input circuit. In this way, one-shot 
multivibrators may be designed to give narrow output 
pulses. 

VII. EXPERIMENTAL EVIDENCE 

The foregoing theory has been developed in an at-
tempt to explain the experimental results obtained here 
and in other laboratories that it is relatively easy to 
switch a transistor from "off" to "on" with narrow 
trigger pulses, but difficult to accomplish the reverse. 
Furthermore, it is possible to design one-shot multi-
vibrators that turn themselves off rapidly compared to 
the time required to switch a transistor from "on" to 
"off" with a trigger pulse. 

\
HEWLETT —PACKARD PULSE GENERATOR 
MODEL 2124 

C 

R RL 

R 

- 

I--
V„ 

Fig. 11—Circuit for determining pulse height vs pulse width 
curves at emitter. 

Measurements were made using the circuit of Fig. 11. 
Variable-amplitude and variable-width pulses, either 
positive or negative, are applied to trigger the circuit 
"on" or "off," respectively. In this way the triggering 
criteria may be measured. The results obtained agree 
qualitatively with theory, but differ in quantitative de-
tails. This is, of course, to be expected because of the 
very simplified model used for the calculations. In Fig. 
12, p. 943, are some typical measurements for a Western 
Electric 1698 transistor. Curves a, b and c represent 
Vd/A V for triggering from "on" to "off," and curve d is 
the same function for triggering from "off" to "on." It 
is evident that the curves correspond qualitatively to 
the theoretical expressions of (3), (4) and (5). Curves a, 

e 

e 

• 

e 

e 

s 



1954 Lebow and Baker: The Transient Response of Transistor Switching Circuits 943 

12 

1 

a 
4SV.1 

b 
AV.2 

c 
DV.3 

a 
AV.3.5 

\IN .....%%„........... 

 .11 

0.1 

PULSE WIDTH T (ysec) 

Fig. 12—Typical measurements for a Western Electric 1698 
transistor. 

b and c approach definite minimum pulse widths, while 
no such effect is evident in curve d above 0.1 µsec. 
The values of r, computed from curve d using (3), 

are, in general, larger than predicted from frequency-
response measurements. Estimates of r 2 may be made 
using (7). The latter predicts that the minimum pulse 

• 

width T' is proportional to the logarithm of the quies-
cent emitter current. The experimental results indicate 
that T' increases linearly or even more rapidly rather 
than logarithmically. 

VIII. CONCLUSIONS 

The simple model of sec. II has been found to give 
qualitative agreement with measurements on transistor 
switching circuits. The basic assumption that the 
transistor frequency response r has two discrete values 
depending upon the state of the collector equivalent 
diode seems, therefore, to be a reasonable first approxi-
mation to a description of transistor switching phe-
nomena. It has been demonstrated that the saturation 
frequency response r2 is the parameter that limits the 
speed of operation of a switching circuit by tending to 
keep the collector equivalent diode in its forward state. 
This corresponds physically to the effect that the ac-
cumulation of holes in germanium tends to maintain the 
low saturation voltage at the collector—the so-called 
"hole storage" phenomenon. The fact that r2 is so large 
in most available transistors seriously limits the appar-
ent versatility of transistors in switching circuitry. 
While the present theory cannot furnish precise switch-
ing-circuit design criteria, it can predict, in a semi-
quantitative manner, the behavior of such circuits. 
Also, it can serve as a helpful guide in determining the 
practicality and reliability of various types of circuits. 

et 
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An Analysis of Dual Diversity Receiving Systems* 
ARTHUR H. HAUSMANt, ASSOCIATE, IRE 

Summary—A method is presented for evaluating dual diversity 
receiving systems by relating the characteristics of the receiving 
equipment to the signal levels at both receiving antennas. The char-
acteristics 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 prob-

ability distribution function. The method is sufficiently general to 
enable extension to evaluate triple diversity systems and is independ-
ent 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 system. 

I. INTRODUCTION 

i
r  1 HE EFFICIENCY of both the dual receiver selec-

tion system and the dual antenna selection system 
are determined in this paper with reference to a 

simple nondiversity receiving system. In addition, the 
efficiency of the antenna selection system is determined 
with reference to the receiver selection system. 
The method for determining receiving-system ef-

ficiency which is outlined in this paper is particularly 
applicable in the case where consideration is being given 
to modifying a diversity receiving system to improve the 
quality of received traffic. The question which immedi-
ately arises in such a case is whether or not the modi-
fication will result in a significant improvement in re-
ceived traffic. By following the procedure outlined be-
low, it should be possible to estimate the degree of im-
provement to be expected from a given system change 
without actually making it and without undertaking 
time consuming field tests to evaluate the modified sys-
tem. 

II. ANALYSIS 

A. General Discussion 

The dual diversity receiver selection system consid-
ered in this paper employs two antennas, two receivers, 
and either a combining unit for combining the outputs 
of both receivers or a comparator-selector circuit for 
comparing the relative amplitudes of the detected sig-
nals and selecting the stronger signal. The dual diver-
sity antenna selection system considered employs a 
single receiver, two antennas, and an antenna selector 
switch. The output from the receiver is used to control 
the antenna switch when the output level falls below an 
arbitrarily set threshold. This system is described in 
more detail in Section C below. 

Both the receiver selection system and the antenna 
selection system depend for their performance on three 
parameters of major importance: (a) the explicit rela-
tionship which exists between the quality of received 

* Decimal classification: R428. Original manuscript received by 
the IRE, April 10, 1953; revised manuscript received December 30, 
1953. 

t Department of Defense, Washington 25, D. C. 

copy and the received signal-to-noise ratio, this rela-
tionship being determined primarily by the character-
istics of the receivers and their associated terminal 
equipments; (b) the description of the fading phe-
nomenon at each antenna, such fading being described 
by one or more probability distribution functions; and 
(e) the correlation exhibited between the fading signals 
at each antenna position. Consider each of these parame-
ters in turn. 
With regard to the first parameter, observe, as in 

Fig. 1, that for a given signal-to-noise ratio, say (S//V)i, 
we have a given value of received copy, Qi. Now if we 
assume that the noise level on each of the two antennas 
are equal, so that we can refer only to relative signal 
levels rather than to relative signal-to-noise ratios, we 
can say that a signal level of Xi on antenna 1 will 
yield a quality of copy Qi, and if antenna 2 should have 
a signal level of Y1, at that same instant, then we can 
say that by switching to antenna 2 we will realize an 
improvement in the quality of copy of [IQ, where 

AQ = Q2 - Ql. (1) 

o 
O 15/N11 (5/N1 p 

SIGNAL- TO- NOISE RATIO 

Fig. 1—Quality of received copy as a function of received 
signal-to-noise ratio (hypothetical relationship). 

Thus, we can utilize Fig. 1 to plot AQ as a function 
of X and Y. This has been done as shown in Fig. 2. As 
can be seen along the line Y = X in the X — Y plane, 
AQ = 0; i.e., switching from one antenna to the other 
when the signal levels are equal will not improve the 
quality of the received copy. 
The description of the fading phenomenon at each 

antenna is given approxiniately by the Rayleigh prob-
ability distribution. 

2r 2 2 
p(r) = Tm e-r 

(2) 

where p(r)dr= the probability that a signal amplitude 

• 
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• 

lies between r and r-l-dr and r„.= the r.m.s. value of 
the signal amplitude as measured over a long period 
of time. Therefore the fading phenomena at both an-
tennas, parameter (2), along with the correlation which 
exists between these phenomena, parameter (3), are 
completely defined by the bivariate Rayleigh distribu-
tion, p(x;y). This latter distribution represents the 

too 

AURAL LEVEL X, 
ARBITRARY LINITS 

Fig. 2—Three-dimensional plot illustrating improvement realized by 
switching from a signal of level x to a signal of level y when 
y>x, or, vice versa, when x>y (extremes truncated). 

joint probability of having a signal level on one antenna 
lying between x and x-i-dx and, simultaneously, having 
a signal level on the other antenna lying between y and 
y-Fdy. The correlation of fading, p„, which may range 
from +1 to — 1, is completely contained within the 
expression p(x ;y). An example of a bivariate Rayleigh 
distribution for p, <0 is plotted in Fig. 3. 
To evaluate a dual diversity system, it is now neces-

sary to combine these three parameters. This is done 
in Sections B and C below. 

B. The Receiver-Selection System 

Assume, initially, that the receiver-selection diversity 
system operates such that the stronger of the two sig-
nals in the output of the receivers is always selected. 
We will modify this condition to comply more with 
practical cases later. Then the average improvement 
realized in the received copy is given by 

•'0=f1 1°,C.Q(x, y)p(x; y)dxdy 
o o 

where 

(3) 

«-AQ= the average improvement, per cent, 
AQ(x, y) = the received copy improvement surface, 

per cent (for example, sée Fig. 2), 
p(x; y) = probability density distribution function 

(for example, see Fig. 3). 

Note that the average improvement, àQ, is a statis-
tical average obtained by weighting the improvement 
surface, Q(x, y), with the probability function, p(x; y). 

Next, we note that had we not had diversity recep-
tion, but instead had only a single antenna receiving 
position, then the average quality of the received copy 

would have been 

= f Q(x)p(x)dx, 

where 

(4) 

Q> =average quality of received copy, nondi-
versity reception, 

Q(x)= quality of received copy as a function of sig-
nal level (for example, see Fig. 1), 

p(x)dx= probability of having a signal level between 
x and x -Fdx. 

Now, if we refer to the diversity action, we observe 
that we get an average improvement of AQ expressed 
by (3) over the average copy expressed by (4). The 
average quality of copy from the diversity system is thus 
given by -0 -FàQ. Therefore, we can define the efficiency 
of the diversity system in terms of the ratio of the 
average quality of copy from the diversity system to the 

X 

Fig. 3—Joint probability distribution function for Pxy <O. 

average quality of copy from the nondiversity system. 
This efficiency is expressed by e , where 

± iQ 
E =  _ x 100, per cent. (5) 

If we now consider a practical case where the di-
versity selector does not select the stronger signal unless 
it is, say 6 db greater than the weaker signal, then (5) 
will still apply, but the surface AQ(x, y) must be modi-
fied to reflect the fact that there is no improvement ob-
tained for certain values of signal level x and signal 
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level y. Fig. 4 illustrates the surface Q(x, y), from 
Fig. 2, when there is no selection unless x and y differ 
by at least 6 db in signal level. 

It is to be noted that the effect on the over-all opera-
tional efficiency of the system, as the result of modifica-
tions to the receivers or their terminal equipments, can 
be judged in terms of the effect on the surface Q(x, y) 
in conjunction with (5). 

Fig. 4—Illustration of the effect on Q(x, y) when selection does 
not occur for values of x and y within 6 db of each other. 

C. The Antenna-Selection System 

To evaluate the dual diversity antenna-selection sys-
tem, we again combine the three parameters of Section 
A above. However, before examining this combining 
process, a more detailed description of the antenna sys-
tem is in order. A block diagram is shown in Fig. 5, the 

ANT 2 ANT I 

ANTENNA 

SELECTOR 
SWITCH 

CONTROL 
VOLTAGE 

RECel VE OUTftIT 

Fig. 5—Block diagram of dual diversity antenna-seleceon system. 

operation of which is as follows: The incoming signal 
is received on antennas 1 and 2 and fed to the antenna 
selector switch. This selector is an electronic switch 
which alternately connects one antenna and then the 
other antenna, to the input of the receiver, continuing 
to oscillate between these two until the signal level from 
one antenna rises above an arbitrarily set threshold 
level. The output from the receiver is fed back to the 
switch to serve as a control voltage to stop switching ac-
tion if signal level rises above the threshold. 

The problem with this type of diversity lies in the set-
ting of the threshold level. If the threshold level is set too 
high, the switching unit is almost always in a searching 
condition, looking between the two antennas, and there 
is little diversity action achieved. If the threshold is set 
too low, the switching unit is almost always locked to 
one of the antennas, even when the signal level is quite 
low, and again there is little diversity action achieved. 
To obtain the optimum threshold, observe that for a 

given threshold setting, T, an improvement in the re-
ceived copy will be realized only when x > T and y < T 
or when y> T and x< T; otherwise, when x>T and 
y> T or when x<T and y < T, selection cannot take 
place even though one signal may be stronger than the 
other. Therefore, we can write that the average im-
provement 4 i, to be realized will be 

fàQpdxdy f AQpdxdy 
- HI 

(6) 

pdxdy -F f pdxdy 
III fi 

where AQ represents Q(x, y), p represents p(x; y), and 
I'm  represent the integrals over the base of the re-

gions illustrated in Figs. 6 and 7. Similarly, the average 
improvement which could have been realized had we 
had a dual receiver diversity system, but which we lose 
with the simple antenna diversity system due to the 
fixed threshold, it is given by 4,Q1 where 

fAQpdxdy f ilQpdxdy 
- = II nr 

nr 
pdxdy f pdxdy 

(7) 

Thus we see that to compute 4 i, and 4.(2i, we again 
take the weighted average of the improvement from 
Fig. 2, where the weighting factor is the probability 
density distributing function. Pictorially, this is shown 
in Fig. 6, which is Fig. 2 expanded to illustrate how 
volumes I and III represent AQi, and volumes II and IV 
represent ,C.Qz. Fig. 7, which is Fig. 3 expanded, shows 
the weighting functions of volumes I, II, III and IV. 
We can define the efficiency of the dual diversity an-

tenna-selection system in terms of the ratio of the 
average quality of received copy from the diversity 
system to the average quality of the received copy from 
the nondiversity receiving position, all other factors 
being equal. Thus, by using (4) and (6), the efficiency, 
n, can be expressed by 

AQi  
— _ X 100, per cent. 
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Fig. 6—Illustration of the effect of the threshold superimposed 
on the improvement surface of Fig. 2. 

Fig. 7—Joint probability distribution function for Pxy <0, 
separated at the threshold level. 

D. Comparison Between Receiver-Selection and Antenna-
Selection Systems 

We can measure the efficiency of the antenna-selection 
system relative to the receiver-selection system by de-
fining the efficiency, «, as 

+ 
  X 100, per cent. (9) 
Q AQ 

We see that the efficiency of the dual antenna-selection 
system is measured with reference to a dual receiver-
selection system which (a) is operating on the same sig-
nals, i.e., p(x; y) is the same for both systems; and (b) is 
operating with the same receiving equipment, i.e., the 
surface Q(x, y) is the same for both systems. Observe 
that for a given surface àQ(x, y), the efficiency is a func-
tion of T, the threshold setting, and of p(x; y), the joint 
probability distribution function. To actually compute 
u as a function of T and p(x; y) would be mathematically 
involved. However, consider the special case where 
(a) e =5=T, that is, the average signal levels at each 
antenna are equal and the threshold is set at this level, 
and (b) the correlation coefficient p., = — 1; that is, the 
fading patterns at each antenna are perfect reciprocals 
of each other so that when the level at one antenna 
rises above the threshold, the level on the other antenna 
falls below the threshold. Under such conditions, the 
weighting function, p(x; y) is such that volumes II and 
IV, as in Fig. 7, have reduced to zero, and hence AO = O. 
Therefore, AQi = AQ and the efficiency, cr, equals 100 per 
cent. That « would equal 100 per cent under these 
conditions could have been seen intuitively from the 
first, but working through the example may have 
served to emphasize the physical meaning of the equa-
tions. 

III. CONCLUSIONS 

The procedure to be followed in computing the 
efficiency of a dual diversity system would be as follows: 

(a) Using simulated signals and noise with the actual 
complete receiving system, empirically determine the 
relationship between the quality of the received copy 
and the input signal-to-noise ratio. This will result in a 
plot similar to Fig. 1. 

(b) Utilizing Fig. 1, plot AQ(x, y) as shown in Fig. 2. 
(c) At the receiving site determine the probability 

distribution functions which describe the fading at the 
two antennas and the correlation between the fading at 
these antennas. This will result in a surface similar to 
Fig. 3. A basic procedure which can be followed to deter-
mine such functions is contained in an article pub-
lished in 1941.1 However, a more suitable procedure 
would be to employ an equipment similar to that which 
has been built at the Massachusetts Institute of Tech-
nology for the study of speech probability distribu-
tions.2 

(d) Utilize (5), (8), or (9) to compute the efficiency. 
It should be pointed out that the surfaces AQ(x, y) 

and p(x; y), corresponding to the dual diversity receiv-
ing systems, can be extended to AQ(x, y, z) and p(x; y; 
z) for triple-diversity reception. The basic concept of 
computing the efficiency of operation as well as studying 
the effects of changes in the improvement surface, AQ, 
or the probability surface, p(x; y; z), remains un-
changed. Similarly, a nondiversity receiving system can 
be examined by relating an improvement, AQ, brought 
about by a contemplated change in the receiving sys-
tem, to the Rayleigh probability distribution describing 
the input signal level. 

1 M. M. Sen Gupta and S. K. Dutt, "Application of the theory of 
random scattering on the intensity variations of downcoming wire-
less waves over long transmission paths," Indian Jour. Physics, vol. 
15, p. 447; 1941. 

2 W. B. Davenport, Jr., "A Study of Speech Probability Distri-
butions," Report No. 148, Research Laboratory of Electronics, 
Mass. Inst. Tech., Cambridge, Mass.; August 25, 1950. 
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The Response of a Panoramic Receiver 
to CW and Pulse Signals* 

H. W . BATTENt, ASSOCIATE MEMBER, nui, R. A. JORGENSENt, A. B. MACNEEt 
AND W . W . PETERSONt, ASSOCIATE MEMBER, IRE 

Summary—An analysis of the response of a panoramic receiver 
to cw and pulse signals is presented. The receiver's response is 
studied quantitatively as a function of the parameters: signal-pulse 
length and frequency, receiver bandwidth, sweep-rate, and type of 
IF amplifier. The effect of these parameters on the relative output 
amplitude, output pulse width, and apparent bandwidth is empha-
sized. Two specific cases are considered. An electronic differential 
analyzer is used to study the response of a receiver with a single-

tuned IF amplifier to pulses having rectangular envelopes. Theo-
retically the response of a receiver with a Gaussian shaped IF pass-
band to pulses having Gaussian envelopes is derived. This answer is 
given in closed form. The agreement between these two cases justi-
fies the application of the Gaussian case to most practical design 

problems. 

I. INTRODUCTION 

T
HE RESPONSE of a linear-resonant system to a 
sinusoidal-driving function, having a linear vari-
ation of frequency with time, is of importance in 

many fields of engineering. This problem is encountered 
when an engine is accelerated uniformly through a criti-
cal frequency.' The same situation occurs in the analysis 
of records of ocean waves by means of vibration gal-
vanometers.2 A panoramic superheterodyne receiver, 
which also presents this problem, is the subject of this 
paper. 

TRANSMITTER 

SIGNAL INPUT 

TO RECEIVER 

IL MIXER 

MEMBER, IRE, 

The receivers considered in this paper are idealiza-
tions of conventional superheterodyne receivers. A block 
diagram is shown in Fig. 1. The function of the mixer is 
to convert an incoming signal of fixed instantaneous 
frequency to one with an instantaneous frequency 
changing linearly with time. It is assumed that the en-
velope of the incoming signal is not distorted by the 
mixer. The filter of Fig. 1 merely selects the desired 
frequencies, and the detector operates on the output of 
the filter to obtain the envelope. These assumptions re-
duce the problem to that of obtaining the response of a 
filter to a particular FM signal. This is illustrated graph-
ically by the time-frequency diagrams of Fig. 2 opposite. 
The figure also indicates the parameters used to de-
scribe the receiver and the incoming signals. 
The response of a filter with a Gaussian-amplitude re-

sponse and a linear phase-response curve to a cw signal, 
and to sinusoidal pulses with Gaussian envelopes, has 
been examined theoretically. These cases are important 
because answers in closed form can be obtained. The 
Gaussian filter is not physically realizable; however, if 
the time delay is neglected, the transfer function of n 
single-tuned circuits all at the same frequency ap-
proaches the Gaussian function as n becomes large.9 A 

FM SIGNAL 

FILTER 

FILTER OUTPUT DETECTOR OUTPUT 

Fig. 1—Block diagram of idealized superheterodyne receiver. 

An analogous second problem is the response of a 
system whose resonant frequency varies linearly with 
time to a fixed-frequency sinusoidal signal. This problem 
is encountered in various types of spectrum analyzers 
and in panoramic-radio receivers. 3-8 For the high-Q or 
very much underdamped system, the two problems 
prove to be essentially equivalent." 

* Decimal classification: R361.121 X R161. Original manuscript 
received by the IRE, September 22, 1953. This research was sup-
ported by the Sign31 Corps under CulittaLt No. DA-30-U39. 
t Dept. of Elec. Eng., Univ. of Michigan, Ann Arbor, Mich. 
Dept. of Mathematics, Univ. of Minnesota, Minneapolis, Minn. 
F. M. Lewis, "Vibration during acceleration through a critical 

speed," Trans. Am. Soc. Mech. Eng., APM-54-24, pp. 253-261; 1932. 
2 N. F. Barber and F. Ursell, "The response of a resonant system 

to a gliding tone," London Phil. Mag., vol. 39, pp. 345-361; May, 
1948. 
a E. M. Williams, " Radio-frequency spectrum analyzers," PROC. 

I. R.E., vol. 34, pp. 18-22; January, 1946. 
G. Hok, "Response of linear resonant systems to excitation of 

a frequency varying linearly with time," Jour. Appl. Phys., vol. 19, 
pp. 242-250; March, 1948. 

DETECTOR 

study of the response of 1, 2, and 4 synchronous single-
tuned circuits to cw signals and pulses having rectangu-
lar envelopes was made with an electronic differential 
analyzer. Over six hundred solutions were obtained. 
Over-all agreement with the Gaussian case was good» 

5 H. M. Barlow and A. L. Cullen, "Microwave Measurements," 
Constable & Co., Ltd., London, Eng., pp. 320-332; 1950. 

C. G. Montgomery, "Technique of Microwave Measurements," 
M.I.T. Radiation Lab. Series, McGraw-Hill Book Co., Inc., New 
York. N.Y., vol II, pp. 108 155, 1947. 

J. Manque, "The response of rlc resonant circuits to emf of 
sawtooth varying frequency," PROC. I.R.E., vol. 40, pp. 945-950; 
August, 1952. 

8 H. Salinger, "On the theory of frequency analysis by means of 
a searching tone," Eleckt. Nach. Tech., vol. 6, pp. 293-302; August, 
1929. 

H. Wallman, and G. E. Valley, Jr., "Vacuum Tube Amplifiers," 
M.I.T. Radiation Lab. Series, McGraw-Hill Book Co., Inc., New 
York, N. Y., vol. 18, pp. 723-724; 1948. 
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Tech. Report No. 3, Elec. Defense Group, Univ. of Michigan (un-
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II. THE GAUSSIAN CASE 

The transfer function assumed is 

H(co) =  1 exp 
N/27 b2 

The center frequency of the filter is a radians per second, 
and the bandwidth between e-'14 points is b radians per 
second. Note that the phase delay is completely neg-
lected here. The introduction of a linear-phase delay 
would not significantly change the answers. 

t.c 

c 

/ 
// /4 

// 
/ / 

SLOPE . 7  

b RECEIVER Pess BAND 

SLOPE . 1  

_t 
Sc 

b FILTER PASS BAND 

d 

41.0 

0)) 

Fig. 2—(a) Time-frequency diagram before mixer. 
(b) Time-frequency diagram after mixer. 

The signal assumed for the cw case is, 

st2 
f(t) = cos[at 

2 

and for the pulse case is, 

f(t) = exp [ (1 -e l cos [at + 
2 

The center-time of the pulse is c, the pulse width be-
tween e--114 points is d, and the sweep-rate is s radians per 
second per second. The answer is derived first for the 

• pulse case, and the cw case is obtained from it by letting 
d approach infinity. 
The analysis is given in the Appendix. The signal 

function is transformed to the w-plane, multiplied by 

0.) 

(2) 

(3) 

the transfer function H(co), and transformed back to the 

I 

t-plane. The envelope of the output for the pulse case is, 

) w2 B2 b ' 
1 Es(t-b  t.)] 2 1 ( SC ) 2 

(1) g(t) = Ao exp } (4) 

where Ao, B, W, and t,„/c are functions of s, b, and das 
follows: 

A0 =   
1/4 2 

R—d42 b2) 452] 

1 L4 B — A b2 s2d2, 
b d2 

sd 
TV - — 

b2 

sd 1 
= — and 
b Ao2B 

4 
— b2 

1„, d2 
— =   
C 4 

— 1,2 + s2d2 
d2 1. 

The envelope response in the cw case reduces to 

2 
g(t)1 = A0 exp { 1 [st- —w2  

where 

  and 
+ 4 2)1/4 

and 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

1  TV = b4 432 = - 1  • (11) 
b2 A02 

The quantities A0, W, and B describe important fea-
tures of the response: (1) its peak amplitude, (2) the 
width of the response in time, and (3) the width of the 
peak-amplitude curve plotted as a function of sc, the 
difference between the filter frequency and the signal 
frequency at the center of the pulse. A0, W, and B are 
all expressed in dimensionless form; A o is the peak am-
plitude of the response relative to the response to a cw 
signal of fixed frequency a; W is the width of the re-
sponse in time relative to the time necessary for the 
receiver to sweep through its IF bandwidth, b; and B is 
the apparent bandwidth of the receiver when sweeping, 
relative to its steady-stage bandwidth b." 
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Fig. 3—The relative amplitude of the response for the Gaussian case. 
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Fig. 4—The output pulse width for the Gaussian case as a function of sweep-rate. 
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100 

01 1 0 

Fig. 5—The apparent band width of a Gaussian filter as a function of sweep-rate. 

For the Gaussian case, graphs of Ao, W, and B as 
functions of s/b2 are given in Figs. 3, 4, and 5. Ao is de-
fined so that it has the value one for an infinite pulse 

• 
length and zero sweep-rate. Ao is affected little by, sweep-
ing until s/b2 is of the order 1+ [4/(bd)2], and drops off 
rapidly for higher sweep-rates." 

4 By definition, the output pulse width, W, approaches 
unity for a cw signal as the sweep-rate approaches zero. 
The curves in Fig. 4 never fall below W= 2s/b2, which 
is the output pulse width corresponding to the impulse 
response of the filter (bd = 0). For low sweep-rates the 
output pulse width is between the value for the cw sig-
nal and that for the impulse response. For high sweep-
rates the output pulse is essentially the impulse re-
sponse of the filter and is independent of bd. 
The apparent bandwidth, B, is defined so that it is 

unity when the sweep-rate is very low and the pulses 
very long. For short pulses, B is greater than one even 
for zero sweep-rate. As the sweep-rate increases above 

1 / 4 

bd1/ 1+ b2d2 

the curve rises sharply and approaches B=s/M•bd 
asymptotically. 
The results of (5) and (7) can be plotted in a variety 

of ways which may be convenient for the engineer faced 
with a particular problem. Two such plots are shown in 
Figs. 6 and 7. The question of what IF bandwidth 
yields the optimum resolution for a radio-frequency 
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12 2 =. s/1) 1 corresponds to a sweep-rate of 2rmcht sec. for an IF Fig. 6—Output pulse width as a function of filter 
bandwidth of 1 mc. bandwidth for the Gaussian case. 
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Fig. 7---Apparent bandwidth as a function of input pulse width for the Gaussian case. 
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spectrum analyzer arises frequently. From Fig. 6 it is 
apparent that for cw signals the minimum output pulse 
width occurs for b= -V2s radians per second." Fig. 7 
illustrates the fact that the minimum apparent band-

4 width always occurs for a pulse length d= -VI second." 

4 

III. SOLUTIONS BY DIFFERENTIAL ANALYZER 

An electronic differential analyzer was used to study 
the response of a panoramic receiver, employing a syn-
chronously tuned IF amplifier of one, two, and four 
stages, to cw signals and pulses having rectangular en-
velopes. Over six hundred solutions were run; typical 
outputs taken from the analyzer are shown in Figs. 8 
and 9. The effect of varying the IF bandwidth of a 
panoramic receiver, sweeping at a fixed rate on the re-
sponse to a cw signal (d= 00 ) is shown in Fig. 8. Clearly, 
there is an IF bandwidth which gives the minimum out-
put pulse width. This is the same effect illustrated by 
Fig. 6 for the Gaussian case. 

b II 
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5 SEG01.05 

Fig. 9—Responses for 1, 2, and 4 circuits. 

Fig. 9 shows the response of 1, 2, and 4 circuit filters, 
all having the same bandwidth, to an input pulse having 
a center frequency somewhat above the resonant fre-
quency of the filters. There is an increase in the delay 
of the output pulse relative to the input pulse as the 
number of circuits is increased; but otherwise, increasing 
the number of circuits has little effect on the relative 
amplitude and output pulse width. Note the envelope 
of the output pulse tends towards a Gaussian shape as 
the number of circuits increases. 

" This corresponds to a bandwidth of 2V7r mc for a sweep-rate 
of 1 mc/msee. 
" This corresponds to a 1/Viip.sec. long pulse for a sweep-rate of 

1 me/gam 

IV. COMPARISON OF SOLUTIONS 

Figs. 10, 11, and 12 give a comparison between the 
Gaussian case and some of the data taken from the dif-
ferential analyzer for the response of 1, 2, and 4 circuit 
filters to rectangular-envelope pulses. In general the 
agreement between the Gaussian case and filters using 
two or more circuits is good. Some features of the re-
ceiver response in the differential-analyzer solutions dif-
fer considerably from the solution of the Gaussian case. 
For example, the time of maximum response can hardly 
be expected to agree since the Gaussian filter is assumed 
to introduce no phase delay. 
The solution of the Gaussian case gives an under-

standing of the nature of the response of a panoramic 
receiver. Moreover, the Gaussian case is quantitatively 
consistent enough with the other cases studied to he 
used in many design problems involving peak ampli-
tude, output pulse width, apparent bandwidth, and 
resolution. 

APPENDIX 

Derivation of the Response of a Gaussian Filter 

In this appendix the formulas are derived for the 
response of a filter with a Gaussian-shaped tranfer func-
tion to a signal which is changing linearly in frequency 
and has either a constant amplitude or a Gaussian-
shaped envelope. 
Assume the filter transfer function is 

1  
II(w) = exp r- - (12) 

‘/27 L b 2 j 

and the input signal is (the real part of) 

st2 (t — 021 
f(t) = exp [j(— + at (13) 

9 d2 • 

The procedure is to find the Fourier transform f(w) of 
f(t), multiply it by H(co), and transform back to the t-
plane. The filter response is the real part of the result-
ing function g(t). The calculation is simplified by using 
the convolution formula: 

H(w).F(w)eiwtdco 

1 
= f f(X)h(t — X)dX ( 14) 

N/27 , 

where h(t) is the Fourier transform of H(w)"." 
Two preliminary remarks will make the derivation go 

smoothly. In the first place, the envelope of the real 
part of a complex function of time is just the absolute 
value of the function. This can be seen as follows: Let 
Z(t) be any complex function of t. It can be written, 

" E. C. Titchmarsh, " Introduction to the Theory of Fourier 
Integrals," Oxford University Press, New York, N. Y., p. 51; 1937. 

le The use of complex functions for the signal f(s) and the impulse 
response h(t) is justified if the response of the filter is negligible at 
zero frequency. 
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Fig. 10—Apparent bandwidth for the Gaussian case and the differential-analyzer solutions. 
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Z(t) = Z(t) I exp (j0(t)), where 0(1) is the argument of 

Z(t). The real part of Z(t) is then I Z(t) I cos 0(t), and the 

envelope of this is I Z(t) I. 

70.0 

Secondly, in computing the Fourier transforms, use 

will be made of the following formula: 

v2 
exp ( — itt2 vt)dt = exp — • (15) 

1. u 4u 

The integration is along the real axis in the t-plane, 

and u and y are complex numbers, with the real part of 

u positive. This formula can be derived as follows: 

f 

j_. exp [— ut2 vtldt 

2/2 

exp [—] f  exp [ — u [I — —v 
4u 2uj 

Letting Z = u(t—v/2u), 

foe exp (— ut2 vt)dt _.  
v2 r , 7r v2 

= exp — exp (— Z2XZ = A/ — exp — • 
\,/u 4u, P u 4u 

Note that the path of integration in the Z-plane is 

not along the real axis, but along a line which may be 

oblique to the real axis. From the requirement that the 

real part of u be positive, it can be shown that the path 

of integration in the Z-plane makes no more than a 45-

• 
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Fig. 12—Relative amplitude for a cw input signal. 

degree angle with the real axis. With this restriction the 
integral +., 

exp 

is independent of the angle of the path and thus equal 
4 to N/7r, which is given by integration along the real axis. 

Now the calculation of g(t) can be carried out. Before 
use is made of ( 14), h(t) must be calculated. 

1  
h(t) — - f Il(w) exp (..uot)dci) 

N/2r  

1 'e 
= — f exp Pcot — 

2r , b2 

r — a2-1 r r _ c,.,2 / 2u\ 1 

= —2r exp L b2 J J.exP b2 Vi+i2)w-tiw 

which yields, after application of ( 15) and simplification, 

b 
h(t) — ,-z exp [jai — b212]. (16) 

2‘ ' 7 4J 

The expressions for f(t) and h(t) can now be substi-
tuted in ( 14): 

g(t) = f f(X)h(t — X1dX 

1  f [ sx (X — c). .2 
exl) --+ ¡a À 

fL7r d2  

b r  _ b2  
exp L 4 (1—X)2+-ja(i— dX 

10.0 70.0 

c' b212 
—  _ exp[—=----Fiat 
2\/7rd2 4 

f exp (2_+P__2 +x (?_+_b2)] dX 

and using ( 15) again; 

g(t)— 
1 b2 js 

2 1/ — -F — — — 
d2 4 2 

• exp 
c' b21' 

(12 4 4 r_i +_b2 
Le 4 2 

[2c b212 

(17) 

As has been remarked, the required answer is the abso-
lute value of g(t), which can be obtained by taking the 
absolute value of the first factor and keeping only the 
real part of the exponent. 

• exp 

1 b2)2 S11/4 
-F— 

r2c b292 r + 1 
b2/2 7_1  

d' 4 4 jr_i +_bl 
le 4 4 f 

. (18) 
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The exponent of (18) can be put into the following 
form: 

— b2[4 — b2 s2d21 
d2 

d2[(-4 b2Y+ 4s2] 
d2 

c [-4- b21 
d2 j 

b2 s 2d2] 

d2 

326.,  
r 4 ± b2 s2d2] 

(19) 

Referring to the definitions of A, W, and B, and re-
calling that in the Gaussian case the width of a curve 
is taken to the e-114 points, it is clear that 

and 

A0 =   (20) 
2 1/4 

R —ed 12 b2) 4S1 

B  = 1 J__4_ b2 s2d2, 

V d2 

4 2 

sd (—d2 b2) 42 sd 1 

W  = 721/ 4 b A o2B 
+ 1,2 s2d2 

d2 

The time of maximum response is given by 

(21) 

4 

1,,, =-  c   

L (-F + b2 + s2d2 

1-- 712 + b2 1 

4 . (23) 

Now I g(1) I can be written 

1 g(i)1=A 0 exp j_ 1 . rs(t-t„,) 12 1 rsc 121 

1 1472 L b J B2 L b _I f • 

For a cw input the signal is 

st2 
exp j [— + al, 

2 

and the output can be obtained from ( 18) by taking the 
limit as d approaches infinity. 

him I g(1) I =    exp { b2s2t2 b 
[b4 + 4321114 b4 + 42 (18a)} • 

In the notation of (20) to (24), 

b 
A0 =   (20a) 

[b4 ± 4s2P14 

1 1 
W = — b4 ± 4.s2 = — , (22a) 

b2 A02 
(22) 

and 

lirn 

(24) 

1 rst 121 
g(1) = AO eXP --;w Ubj f (24a) 

Mutual Coupling Considerations in 
Linear-Slot Array Design* 

II. J. EHRLICH,t SENIOR MEMBER, I.R.E., AND JOANN SHORTt 

Summary—A study was made of the mutual coupling between two 
resonant waveguide fed slots on a finite ground plane. The size of the 
ground plane and the relative spacing of the slots were such that the 
geometry corresponded to that of a pair of adjacent longitudinal shunt 
slots on the broad face of a rectangular waveguide. A null bridge 
method of measurement was used to determine accurately the rela-
tive field strength excited in the second waveguide by mutual 
coupling between the slots when the generator was applied to the 
first waveguide. The change in input slot admittance of the driven 
slot arising from the presence of the parasitic slot was also measured 
for matched terminations of the ends of the parasitic slot waveguide. 
The changes in slot input admittance and excitation arising from 
mutual coupling were determined. It is shown that the changes may 
be neglected in the design of the great majority of linear-slot arrays. 

* Decimal classification: 12118.1 X R142. Original manuscript re-
ceived by the IRE, May 18, 1953; revised manuscript received, 
October 15, 1953. 

This technical memorandum is one of a series of reports which will 
provide final information available on Project 532-A. 
t Hughes Aircraft Co., Research & Development Labs., Culver 

City, Calif. 

INTRODUCTION 

V I HE DESIGN of linear-slot arrays whose radiat-
ing elements are shunt slots cut on the broad face 
of a rectangular waveguide is usually executed 

without consideration of the effects of mutual coupling 
between the elements.' The mutual coupling is defined 
as that coupling which occurs in the free space exterior 
to the waveguide. The magnitude of this coupling and 
subsequently the evaluation of the validity of its neglect 
in design have been determined in this study. 

NATURE OF THE EXPERIMENT 

The particular external slot geometry that is con-
sidered in this experiment corresponds to two adjacent 
elements of a longitudinal shunt-slot array on the broad 

W. H. Watson, "Waveguide Transmission and Antenna Sys 
tenis," Clarendon Press, Oxford, England, chap. 8; 1947. 

6 
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face of a rectangular waveguide. Each slot is centered 
longitudinally on the narrow face of a length of one 
inch by one-half inch RG-52U waveguide as shown in 
Fig. 1. One end of each of the guides is bent to provide 

0=0.9 I N. 
4 /2=0.892 IN. 

b=0.4 I N. 

Fig. 1—Geometry of two slots in separate waveguides. 

waveguide flange-input connections. The two guides are 
then soldered with their broad faces together such as to 
give a spacing of X9/2 between the transverse center lines 
of the slots. Extension pieces one-half inch wide are 
added on each curved end in order to locate the slots 
on the same one-inch wide ground plane as that of the 
broad face of a single length of rectangular waveguide. 
The complete unit is shown in Fig. 2. The geometry of 
the experiment and the use of separate guides to feed 
each slot was originally proposed by Dr. R. S. Wehner. 

Fig. 2— Experimental two-slot array. 

The experiment is simple in concept. A generator is 
coupled to one waveguide and drives the slot cut in the 
narrow wall of the guide. The slot conductance is such 
that the slot radiates approximately half of the energy 
incident upon it, the remainder being absorbed in the 
matched termination. The field radiated by the driven 
slot couples energy to the parasitic slot cut in the nar-
row face of the second guide. The field excited in the 
second guide by the parasitic slot is compared in phase 
and magnitude by use of a directional coupler to the 
field incident in the guide on the driven slot. Separate 
measurements are made of ( 1) the input admittance of 
the driven slot, normalized to the waveguide, when both 
ends of the waveguide excited by the parasitic slot are 

fè terminated in matched loads; and (2) the self admit-

tance of the single slot in the finite ground plane. 
These data are then used to determine the changes in 

slot excitation and admittance, normalized to the wave-
guide, arising from the mutual coupling. 

GENERATOR ONAL 
COUPLER 

CALIBRATED 
PHASE 
SHIFTER 

CALIBRATED 
ATTENUATOR 

MATCHED 
LOAD 

HCALIBRATED 
ATTENUATOR 

MAGIC 
13 OLOME TER 

Fig. 3—Block diagram of experimental setup. 

EXPERIMENTAL DETAILS 

Fig. 3 is a block diagram of the bridge network used 
for the accurate measurement of the field excited by the 
parasitic slot in its feed guide. 
Each slot was cut to be resonant at 9,350 mcs in the 

absence of the other slot and measurements were made 
at this frequency. 
The generator was a stabilized X-band supply which 

used a 2K39 klystron as the source of RF power. The 
output of the supply was fed through an attenuator, a 
directional coupler and then to the waveguide which 
contained the driven slot. A reference signal, which was 
furnished by the coupler and was — 20 db with respect 
to the main signal, was fed through a calibrated preci-
sion attenuator and phase-shifter to one of the arms of 
the magic-T bridge. The other input arm of the bridge 
was connected to the waveguide fed by the parasitic 
slot. The signal from the difference arm of the bridge 
was brought to a bolometer amplifier. The sum arm of 
the bridge was terminated in a matched load. A matched 
load was seen looking into the symmetrical arms of the 
T. It is to be emphasized at this point that all measure-
ments of the backward scattered waves in the wave-
guide are measured relative to the field incident on the 
driven slot and not to the total field. 
The self admittance of a single slot in the finite 

ground plane, normalized to the waveguide, was meas-
ured with the second slot filled with a metal plug sol-
dered to the slot so that an unbroken metal surface was 
presented on the exterior of the waveguide. 
The parasitic slot was then opened and the input ad-

mittance of the driven slot was measured as a function 
of frequency when both ends of the parasitically excited 
waveguide were terminated in matched loads. 

ANALYSIS OF EXPERIMENTAL RESULTS 

The experiment is designed to measure the backward 
scattered waves A10 and A10', (Fig. 4, p. 958), relative to 
the unity amplitude TEio wave incident in the wave-
guide upon the driven slot. 
An analysis of the admittance and impedance proper-

ties of shunt and series slots cut in the broad face of a 
rectangular waveguide has been formulated by Steven-
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son.2 The backward scattered wave excited by a longi-
tudinal shunt slot cut in the narrow face of a rectangular 
waveguide for the TEio dominant mode case is given as: 
A10 -= j&E0(2/rb)(k/P 10)2 cos (fi loX/4) and for the shunt 

slot 
=B 10 the forward scattered wave as shown in Fig. 4. 

(1+ 80 ) 
Aio .•-•«••• 

20 

10 A/10 11..13/11) 

(a) 

(b) 

ze 

Fig. 4—(a) Waves scattered in waveguide by slot radiators. 
(b) Slot geometry. 

where 
b = slot width 
Eo = electric field across the center of the slot 
a = width of broad face of the waveguide 
b= width of narrow face of the waveguide 
k=27r/X 
X = free space wavelength 
= + [k2 — (711a)2]1/2. 

The "voltage" across the slot is defined as the integral 
of the field across the slot at its center, i.e., 

Vo = SE°. 

A10 is measured by determination of the reflection 
coefficient r in the guide containing the driven slot 
when the guide is terminated in its characteristic im-
pedance, Zo. A10' is measured in the parasitically excited 
guide by the use of the null bridge method in which Aio' 
is compared directly to the unity amplitude incident, 
TE io wave in the driven guide. 
The field excited in the parasitic slot Eo', relative to 

the field excited in the driven slot Eo, is given by the 
relation 

E0' "410' 

E0 A10 

This relation is approximate in that it neglects the 
change in the admittance of the first slot arising from 

2 S. Silver, "Microwave Antenna Theory and Design," M-97 
Radiation Lab. Series, McGraw-Hill Book Co., New York, N.Y., 
vol. 12, pp. 286-300; 1949. 

the presence of the parasitic slot. This change is, how-
ever, very slight as it arises principally from the sec-
ondary scattering of the parasitic slot. 

Measurements were made of the driven slot admit-
tance for two cases and the results are shown in Fig. 5. 
The first has the parasitic slot completely covered with 
metal sheet. The second has the parasitic slot opened 
and with its waveguide terminated in matched loads. 
The ratio of the measured reflection coefficient for the 
two cases is re = 0.98. Thus the variations of the 
driven slot admittance may be safely neglected. 
The measured values of A10 and A10' give a value 

17o' 6E0' A 10' 
= = = 0.087 exp-im° 

Vo 8E0 A10 

for the ratio of the coupled field to the excited field. 
The total field at each slot when both are driven by 

equal generators is 

io" l 

Vo" = Vo V,' = Vo [1 0.087 exp-it 641 

vo 

and 

0.916 expie 

I I/0" I 
— 0.916. 
Vol 

It is now desired to interpret the experimental results 
for the two shunt slots on the narrow faces of the wave-
guides so as to apply to two shunt slots cut in the broad 
face of the same rectangular waveguide. 
The shunt slot on the broad face of the waveguide is 

excited by the transverse component of current, and is 
represented as a pure two-terminal element in shunt 
across the equivalent two-wire line specified by the 
dominant TE 10 mode. The shunt slot on the narrow 
face, when aligned parallel to the longitudinal axis of 
the waveguide, i.e., inclined at an angle of 90 degrees, is 
also excited by the same current component. The con-
ductance of the slot on the broad face is made equal to 
that of the slot on the narrow face by increasing its 
transverse displacement. When the conductances are 
thus made equal it is found that spacing between the 
slots on the broad face is very nearly equal that of the 
two slots on the narrow faces of the adjacent waveguide 
of the experiment for the specified dimensions and fre-
quency. The external slot geometry and the ground 
planes are then identical in the two cases. Both types of 
slots are excited by the same transverse current com-
ponent and are pure two-terminal shunt elements. The 
internal coupling arising from higher-order modes be-
tween the two shunt slots cut on the broad face is 
negligible. Therefore on a dominant mode representa-
tion the two configurations are wholly equivalent as far 
as regards the admittance and excitation changes of the 
slots arising from external mutual coupling between the 
slots. 
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Fig. 6—Equivalent circuit of two-shunt slots in 
separate waveguides. 

Consider equivalent circuit of configuration used in 

experiment, where the two slots are cut in the narrow 
faces of separate waveguides, as shown in Fig. 6. 

for 

0 Parasitic slot---completely covered 
0 Parasitic slot—open and waveguide terminated in matched loads 

Fig. 5—Admittance of driven slot - normalized to waveguide. 

Ii = (YII VI2 YO) VI + Y12(171 — V2) 

Ii = (YU VO) VI — Y121/2 

O = /2 = (V2 — VI) 1712 (I722 VI2 + 2V0) 

o = Y12171 + (Y22 + 2170)172 

Vo 

YI2 = (Y22 ± 2V0) 
VI 

Y22 = Yll YO = 1 
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and 

V2 

Y12 = (V11 ± 2) 

Vi (Y11 + 1) - (1-12(17,1 + 2) 

and as the measured value of ( V2/ V1) = 0.042 exp-j164 

(ITH+1) which confirms the results obtained by 
measurement as shown in Fig. 5 where Y11 =1.10 
and 

V11' = Y,1 -(n)2(,11+ 2). 
VI 

The case of interest is when both slots are cut in the 
broad face of the same waveguide. The equivalent cir-
cuit for this configuration is shown in Fig. 7. 

YI2 

- y12 IY22 -Y12 

Fig. 7—Equivalent circuit for two-shunt slots in same waveguide. 

V1' and V21 are the applied voltages and as V,'= 
due to the slots being spaced X9/2 apart along the line, 
the series arm of the II is removed. Thus, 

Yin = ( V11 — Y12) ± ( V22 — Y12) + Yo where, 

Vitt = 2(1/11 — V12) + 1.0 

Yll = Y22 

Y12 = Y21 

Yo = 1. 

Y1' is the admittance of one slot normalized to the 
waveguide and is given by 

= 12(1Tin . — 10) (Y 11 — I7 12)• 

Then Y1' for the measured case is given by 

171' = 1.1 — 0.042(1.1 + 2) exp--2164° = 1.22 expii." 

and 
I Y17 Yi J = 1.11 a change of 11 per cent in the slot 

admittance, as compared to the change when the slots 
are in separate guides. 

The 11 per cent represents an extreme change as the 
bulk of the slot arrays which have been designed have 
had far smaller values of Y11 for the most strongly 
coupled slot. 

EXTENSIONS OF THE RESULTS TO THE LIGHTLY 
COUPLED CASE 

A survey of the conductances of the slots in the great 
majority of the arrays previously built shows that the 

maximum slot conductance is less than 0.1, normalized 
to the waveguide. The experimental results for the 
strongly coupled slot, i.e., g> 1.0 must now be extended 
to the lightly coupled slot. 
The fraction of the power incident upon the slot in-

side the guide, that is radiated by the slot, is given by 
the relation in Fig. 8, where ge= conductance of the rest 
of the array on the load side of the slot position on the 
line. 

Prad 

Pinc 'rad 

g slot 

g,e 
It.. I 01.1 

Fig. 8 

The power that is radiated by the slot may be ex-
pressed as: 

= -W O 2Y Pradr 

Vo = equivalent peak voltage of the slot 
Y,.= radiation admittance of the slot. 
As the driven slot conductance is reduced by the 

factor A, the voltage Vo is reduced by the factor A'12 
and the field excited by mutual coupling in the neighbor-
ing slot is reduced by the factor Ain. If, in addition, 
the neighboring slot's conductance is reduced by the 
factor B, then by reciprocity the field excited in the 
neighboring slot will be reduced by the factor Ali' Bx 1/2. 
For the symmetrical case, i.e., A = B, the applied volt-
ages are reduced by the factor Au' while the coupled 
voltages are reduced by the factor A. The slot voltage 
variation due to nearest neighbor mutual coupling is 
readily derived. 

For the measured case of one adjacent slot 

Vslot = [ 1.0 ± 0.087 exp-,164 ]. 

The largest conductance likely to be encountered is 0.1 

0.1 
A = — = 0.091; 

1.1 

accordingly 

v101 = [1.0(A) 112 + (0.087 exp-1"4+0)A 

= 0.301 ± 0.0079 exp-- i(164-H6) 

= 0.301 expii.". 

Then 
Va lot 

Vo 
= 0.972, 

where 

Vo = voltage for zero mutual coupling 
4) = change in the phase angle of the mutual admit-

tance due to the decreased path length between 
the slots. 

From the geometry of the array ci5= 33 degrees at the 
measurement frequency, and the change in Vo is neg-
ligible. 
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When both nearest neighbors are considered 

Yew I  
= 0.96. 

Vo 

This represents the greatest excitation change to be 
expected and in itself may be safely neglected in design. 
It has been stated that as the conductances are reduced 
by the factor A, V2, the coupled field in the guide is re-
duced by the same factor. In addition, the applied field 
at the driven slot V1= Vine/(1+r). The new slot admit-
tance Y2' for the lightly coupled case when both nearest 
neighbors are considered is readily derived from the re-
lations 

where 

then 

12 = 7' / 22 7 1 12 7 1723, 

Y12 = 

172 = 

Y23 

Y22 - 217 12 

V2 

Y12 = (Y11 + 2)] 

V2 
Y2' = Y22 2[  (1 + nAl[v,i + 2]. 

vino 

The numerical value, for g5. 0.1, is 

Y21 = 0.1 — 2 [0.031(1.13) X 0.091] exp-3164 [2.1 expio 

Y2f = 0.108 expie 

V2,1 = 1.08. 
Y2 

The admittance change of 8 per cent is the largest 
to be expected and for the majority of the slots in the 
array will be slightly less. 

CONCLUSION 

The changes in the relative excitation and input ad-
mittance of the shunt slot radiator cut in the broad face 
of a rectangular waveguide excited in the TE io mode, 
arising from external mutual coupling between the 
slots, may be neglected in the design of most linear shunt 
slot arrays. Both the excitation and admittance changes 
are small and of the same order as those produced by 
dimensional variation within standard manufacturing 
tolerances.' 

If the array is designed for extremely low side-lobe 
levels, say — 30 or — 40 db, and fabricated with great 
care such that dimensional variations are minute, then 
some compensations for the effects of nearest neighbor 
mutual coupling may be made in order to achieve mini-
mal side lobes with the greatest aperture efficiency. Pre-
cision fabrication is quite costly and it is far simpler to 
obtain low side-lobe levels by some over-design, which 
would introduce a slightly reduced aperture efficiency. 
One other case in which compensation may be re-

quired is for the short array of a few slots which are 
strongly coupled to the feed and where some beam shap-
ing is specified. In this instance, correction will have 
to be made for the coupling arising from all the slots 
rather than from the nearest neighbor only. Such cor-
rection is feasible only in a relatively small array as it 
requires a large amount of numerical computation. 
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Transient Response of Glow Discharges 
with Applications* 

R. S. MACKAYt AND H. D. MORRISt 

Summary—The transient responses of a number of glow dis-
charges were observed. From the response time of several micro-
seconds, and the characteristic overshoot, they can be described as 
having an inductive component approaching a henry. This is con-
sistent with the observed frequency response. 

It is shown how standard neon lamps can be used as fast and 
noiseless coupling elements for voltage level changing in direct 

coupled circuits, in spite of the above. 

* Decimal classification: 621.327. Original manuscript received by 
the IRE, December 17, 1953; revised manuscript received, Jan-
uary 13, 1954. 
t Division of Electrical Engineering, University of California, 

Berkeley, Calif. 

INTRODUCTION 

HERE FOLLOWS the description of some ex-
periments which measured the way in which a 
glow discharge responded to a sudden change in 

conditions. This procedure yields a valuable technique 
for the study of fundamental discharge processes. The 
present study was mainly concerned with rise time and 
bandwidth measurements. These measurements also 
have immediate application to practical electronic cir-
cuits. Glow discharge tubes make useful voltage level 
changing devices (for taking in a signal at one level and 
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 • 

Fig. 1—Experimental set up for observing the transient response 
of a glow discharge. 

giving it out at another), e.g., as coupling elements in a 
multistage dc amplifier. Practical methods of use and 
limitations are discussed. Their effect when included 
in a feedback loop is also considered. From these con-
siderations one is also better able to predict the per-
formance of regulated power supplies. 

METHODS AND RESULTS 

In essence, the method used involved a glow dis-
charge (in series with some resistance) maintained by 
means of a fixed bias source. Superimposed on this 
fixed voltage was a signal, the response to which was 
observed across the resistor. The investigation was 
carried into both the time and frequency domains so 

that any unusual aspect of the response would be com-
pletely described. 

Fig. 1 shows the method of determining transient 
responses. The oscilloscope used had a flat response to 
20 megacycles and a useable response to 30 megacycles 
so that oscillations other than the primary one would 
have been visible up to the nominal limit. The signal 
used in producing Fig. 2 had rise and fall times of less 
than 0.3 microsecond with no overshoot. The lamp 
whose response was photographed was a representative 
1/25 watt neon, type NE-2, with characteristics taken 
over its useful range of currents, 150-300-500 micro-
amperes. The response was approximately independent 
of signal amplitude. The sinusoidal response of Figs. 3 
and 4 was observed by substituting a sine-wave genera-
tor for the square-wave generator and using the oscillo-
scope as a voltmeter. 
Numerous tests have shown that all neon and argon 

lamps display these phenomena. All lamps tested ex-
hibited at least 10 per cent overshoot. Over a current 
range of 3 to 1, the magnitude of the overshoot remains 
approximately constant while the frequency scale shifts 
higher with increasing current. One-quarter watt lamps 
were found to have a definitely greater damping factor 
than the corresponding 1/25 watt bulbs, and also a 

(a) (d) 

(b) (e) 

(c) 

Fig. 2— Response of a discharge to a sudden step up or down. The first pair is for a bias current of 150 microamps, the second for a cur-
rent of 300 microamps, and the last for a current of 500 microamps. Time scale of 5 microseconds per division and vertical sensitivity 
of 6.6 volts per division. 

11, 

A 
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Fig. 3—Frequency response of a glow discharge 
to a sinusoidal signal. 

higher frequency of oscillation. Argon lamps (.1 w) had 
about 40 per cent shorter rise time to the 75 per cent 
output level than the I watt neon lamps ( 1.1 micro-
seconds compared with 1.7 microseconds), though it 
should be pointed out that the voltage drop in the argon 
bulbs was about 30 per cent higher. Tripling the bias 
voltage and increasing the size of the series resistor so 
that the bias current remained the same decreased the 
damping (increased the overshoot) but did not change 
the time scale. Doubling the capacity increased the 
overshoot by 10 per cent of the signal height, and 
lowered the resonant frequency as expected. It should 
be pointed out that the entire region of measurement 
lay outside the region of negative incremental resistance 
on the static E-I curve ( Fig. 6, p. 964). 

+2 

o 

-2 

-4 

-6 
-J 
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SIGNAL FREQUENCY IN KILOCYCLES 

Fig. 4—Data of Fig. 3 replotted on a decibel scale. 

Taken together, the experimentally determined 
transient and frequency responses are logically coherent, 
i.e. one implies the other through a Fourier transforma-
tion. Another circuit composed of linear passive ele-
ments (Fig. 5) exhibits the same transient and sinu-
soidal response, and so for some purposes the lamp may 

EGUIVALENT CIRCUIT 

be considered as replaced by a combination of resistance 
and inductance, the magnitude of the latter approaching 
a henry. Fig. 5 also contains a representation of the 
transfer function of the linear passive network, showing 
an asymptotic phase shift of ir radians, since two differ-
ent energy storage elements are present. This network 
exhibits a cutoff characteristic of 12 db/octave as does 
the neon circuit in the curves of Fig. 4. 

In any multistage circuit with limited overshoot, 
where each stage takes the signal from the previous one, 
the rise time of the combination is the square root of the 
sum of the squares of the individual rise times. The rise 
time of several bulbs placed in series (to give a larger 
over-all voltage drop) is longer than any one alone, 
and seems to follow this rule. 

Ein 
Ca• o 

TRANSFER FUNCTION 

Fig. 5—A network equivalent to a glow discharge under the present 
conditions. This network displays the observed transient response, 
phase shift characteristics, frequency response, and the effects of 
variation of circuit constants. At 90-degree phase shift there is 
roughly no attenuation (Q approximately one) and this places a 
severe restriction on the types of time constants that could be 
considered as cascaded. 

One might think of a sudden increase in applied 
voltage as momentarily producing an "abnormal glow" 
until the discharge can redistribute itself. ( It might be 
expected that this process take a time comparable with 
the "burning time" in some Geiger counters.) The 
photographs show that the transient following a sudden 
drop in voltage (voltage too small for existing current) 
is quite similar, and indeed, the transients become prac-
tically identical as the signal becomes smaller. During 
these transition states there is undoubtedly a transient 
redistribution of light intensity (e.g. a moving striation) 
that might profitably be studied with photomultipliers 
in a larger tube. 

Quite aside from the above, there is an effect that 
should be mentioned because of its consequences. With ca-
pacitive loading there is some critical frequency at which 
the current available to the discharge must go to zero 
once each cycle (the discharge periodically goes out). 
This frequency can easily be shown to be approximately: 

I =   
8.88cV 

As an example, if the current through the bulb is 300 
microamperes, the rms signal is 7 volts, and the load is 
100 pf, this comes out to be 48 kilocycles. It would be 
expected that distortion would appear at somewhat 
lower frequencies, and it was actually observed to start 
at about 20 kilocycles. 
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APPLICATIONS 

The problem of taking a signal (change in potential) 
at one voltage level and converting it to the same change 
at some other level is well known. The classic example is 
the direct coupled amplifier where the fluctuations in 
plate potential of one tube must be conveyed to the 
grid of the next without the help of a blocking condenser 
to take out the large average component. Any resistive 
network attenuates the useful signal as it changes the 
level and so some constant voltage device is needed. 
The use of "VR tubes" has often been suggested but 
has never met with much favor. The tiny neon lamps 
that are now so readily available display constant 
voltage properties (Fig. 6) adequate for many purposes. 
They are physically very convenient and they display 
a low capacity to ground. 

70-

U) 69 
-1 o 

68 

(r) 
o 

67 

o 

0  
o 100 260 300 460 

D. C. CURRENT ( MICROAIVPS) 

SZSO 600 

Fie. 6—Static current-voltage characteristics of a typical neon 
lamp type NE-2. (Note suppressed zero on the voltage scale.) 

The disadvantages of such tubes are drift, noise gen-
eration, and inherent phase shift. The previous curves 
depict the rapidity of response of a pulse circuit coupled 
by such a tube, or the high frequency response of an 
amplifier so coupled. The noise characteristic of such 
lamps is about ten millivolts, and they are slightly 
microphonic. 

All but the first disadvantage, drift, may be elimi-
nated by shunting the lamp with a capacitor and damp-
ing resistor, as shown in Fig. 7. With this arrangement 
one speeds the transient response and filters all noise 
before the next grid without creating a tendency 
toward oscillation (which would be observed if the lamp 
were only paralleled with a condenser). No net current 
flows in R and so the condenser voltage is the same as 
that of the neon bulb, whereas almost any other con-
figuration will require compensated voltage dividers. 
The worth of this system was checked experimentally 
with a dc amplifier utilizing a neon bulb for coupling in 
the forward direction and another in the feedback path. 
Without shunting capacitors around tht_neons,__t_lle—of-the- 
amplifier was permanently unstable (it would oscillate). 

With one neon bypassed, a 50 per cent rise was still ob-
servable around 300 kilocycles. After both neons were 
bypassed the amplifier had a normal cu t-off character-
istic that was easily extended to 5 megacycles. 
The remaining factor of drift may be reduced in im -

portance by aging the lamps at maximum rated current 
for several days. Where the problem is sign ificant it can 
thus be minimized providing the lamps are used fairly 
continuously. If a lamp is left idle for long time inter-
vals, its characteristics will change markedly between 
periods of use. Care must be taken to use a lamp with 
the same polarity as used in aging it, unless alternating 
current was used. For the more critical applications the 
voltage reference tube type 5651 w ill be found to be 
much more stable and still quite convenien t. They are 
also more reproducible from tube to tube. 
Neon coupling units are therefore qu ite advantageous. 

Without bypassing, the neon circuit can be used 
wherever the signal noise ratio w ill allow it, e.g. in non-
feedback amplifiers, in computers to change gating sig-
nal levels (one might use the plate swing of a trigger 
pair to activate the grid of a gate tube at a lower po-
tential), and wherever phase shifts are not critical to 
operation. With bypassing the coupling units can be 
used anywhere with drift as the only lim itation. An ex-
ample from the field of pulse techniques is the construc-
tion of fast multivibrators having small plate resistors. 
The whole plate swing can be conveyed to the opposite 
grid with such coupling units, thus making operation 
possible though the swing be small. 

8+ 

13— 

Fig. 7—Method of coupling components with a discharge tube or 
tubes for optimum results. The unlabeled resistor puts the neon 
lamp in its operating range, C removes noise, time delay, and 
overshoot, and R prevents oscillation as well as helping with the 
noise filtering. Re.50K, C > 0.001 mfd. 

Another aspect is regulated power supplies. The regu-
lation of a simple VR tube is not instantaneous, and 
thus their performance in pulse circuits may be poor. 
A condenser of limited size may be placed in parallel 
with the tube without oscillations developing. In those 
circuits where the VR tube is used as a reference voltage 
for an electronic regulator, care must be taken in view 

inductive action of the tube. This can cause the 
whole circuit to oscillate. 
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Foreword 

This standard replaces the corresponding Sections II, III, and IV of Standards on Ab-
breviations, Graphical Symbols, and Mathematical Signs issued by the IRE in 1948. It has 
been adopted by the Symbols Committee and is published with the approval of the 
Standards Committee and by authorization of the Board of Directors. 
A task group set up by the Sectional Committee on Graphical Symbols of the American 

Standards Association prepared this standard. The task group operated under the chairman-
ship of Allen F. Pomeroy, representing the Symbols Committee of the IRE. Its persistent 
efforts for more than two years brought about the coordination of many diverse views that 
had previously compelled the issuance of five separate American Standards on electrical 
graphical symbols. Some of these disagreements concerned the basic symbols for capaci-
tors, inductors, and resistors. 
Many symbols in this report concern things that are obviously not within the scope of 

the normal interests of the IRE. Representatives of the IRE acted as observers while these 
symbols were considered by the task-group members who were experts in the particular 
field. Consequently, the IRE does not consider these symbols to be within its control but, 
having great respect for the care and the competence with which they were processed, 
considers it a privilege to recommend them to the membership for use, as needed, or simply 
as educational material. The principle of having a single standard for the entire electrical 
field is too important to risk publication of the report in specialized sections, for this 
would inevitably encourage a resumption of divergence rather than the continued co-
ordination that is the objective of all true standardization. 

Certain fields have not been as fully covered in this document as may be desired by 
IRE members specializing in them. An evident example is semiconductor devices including 
transistors; however, continuing work by the IRE will result in the issuance of supplement-
ary reports at a later date in such cases. 
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Graphical Symbols for Electrical Diagrams* 

r , HIS standard provides a list of graphical symbols 
es for use on electrical diagrams. 

Graphical symbols for electrical engineering are 
a shorthand used to show graphically the interconnec-
tions and functioning of a circuit. A graphical symbol 
represents the function of a part in the circuit. Graph-
ical symbols are used on either single-line (one-line) dia-
grams or on complete diagrams. Designations provide a 
means of correlating graphical symbols with parts lists 
and descriptions of, and instructions concerning, the cir-
cuit represented. 

A single-line (one-line) diagram indicates by means 
of single lines and simplified symbols the course of an 
electric circuit or system of circuits and the component 
devices or parts used therein. A single-line diagram may 
be used to show essential components and functions in 
simplified form. 

A complete diagram indicates by symbols the com-
plete electric circuit or system of circuits and the com-
ponent devices or parts used therein. In a complete 
diagram, coaxial and waveguide components are shown 
by single-line (one-line) symbols. 

An application is an example of a combination of sym-
bols in the list. No attempt has been made to list all 
possible applications. Additional applications may be de-
vised provided they are a reasonable and intelligible use 
of the symbols in the list. 

0.1 Arrangement 

Symbols are arranged in the alphabetical order of the 
nouns in the terms they illustrate. Preferred terms are 
given first. The main headings list first the term in pre-
ferred usage, and any current alternate term follows. All 
terms appear in the index. In the index, " Item" refers 
to a numbered paragraph in the list of symbols. 

In the list, graphical symbols appear directly under 
their respective item names. Single-line (one-line) sym-

* The standards herein are the same as those in American 
Standard Graphical Symbols for Electrical Diagrams, Y32.2-I954 of 
the American Standards Association. 

bols appear at left, complete symbols at right, and sym-
bols suitable for both are centered in each column. 

Typical single-line (one-line) diagrams are given at 
the end of the list of symbols. 

0.2 Drafting Practices Applicable to Graphical Symbols 

a. The orientation of a symbol on a drawing does not 
alter the meaning of the symbol. 

b. The weight of a line does not affect the meaning of 
the symbol. In specific cases, a heavier line may be 
used for emphasis. 

c. A symbol may be drawn to any proportional size that 
suits a particular drawing, depending on reduction 
or enlargement anticipated. If essential for purposes 
of contrast, some symbols may be drawn relatively 
smaller than the other symbols on a diagram. It is 
recommended that only two sizes be used on any one 
diagram. 

d. Details of type, impedance, rating, etc., may be 
added when required, adjacent to any symbol. If 
used, abbreviations should be from the American 
Standard Abbreviations for Use on Drawings. Letter 
combinations used as parts of graphical symbols are 
not abbreviations. 

e. The arrowhead of a symbol may be or unless 
otherwise noted in this standard. 

f. Associated or future paths and equipment shall be 
shown by lines composed of short dashes: — — — 
The standard symbol for a TERMINAL (0) may be 
added to each point of attachment of conductors to 
any one of the graphical symbols, but such added 
terminal symbols should not be considered as part of 
the individual graphical symbol itself. 

h. A symbol shall be considered as the aggregate of all 
its parts. 

i. For simplification of a diagram, parts of a symbol for 
a device, such as a relay or contactor, may be sepa-
rated. If this is done, provide suitable designations to 
show proper correlation of the parts. 

j. In general, the angle at which a connecting lead is 
brought to a graphical symbol has no particular sig-
nificance unless otherwise noted in this standard. 

g. 

• 
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LIST OF SYMBOLS 

1. ADJUSTABLE 
CONTINUOUSLY ADJUSTABLE (Variable) 

The shaft of the arrow is drawn at about 45 degrees 
across the body of the symbol. 

2. AMPLIFIER 

See also MACHINE, ROTATING (items 35.9.20 
to 35.9.23). 

2.1 General 
The triangle is pointed in the direction of transmis-
sion. 

Amplifier type may be indicated in the triangle by 
words, standard abbreviations, or a letter combin-
ation from the following list. 

BDG 
BST 
CMP 
DC 
EXP 
LIM 

Bridging 
Booster 
Compression 
Direct Current 
Expansion 
Limiting 

->-
2.2 Applications 

MON 
PGM 
PRE 
PWR 
TRQ 

2.2.1 Booster amplifier with two inputs 

Monitoring 
Program 
Preliminary 
Power 
Torque 

2.2.2 Monitoring amplifier with two outputs 

2.2.3 Bridging amplifier with adjustable gain 

2.2.4 Program amplifier with associated attenuator 

2.2.5 Amplifier with associated power supply 

2.2.6 Amplifier with external feedback path 

3. ANTENNA 

3.1 General 
Types or functions may be indicated by words or 
abbreviations adjacent to the symbol. 

3.1.1 Dipole 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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3.1.2 Loop 

3.2 Counterpoise 

I-R-E Standards on Graphical Symbols 

4.7 Valve or film element 

-HF--

4. ARRESTER ( Electric Surge, Lightning, etc.) 
GAP 

4.1 General 

4.2 Carbon block 
The sides of the rectangle are to be approximately in 
the ratio of 1 to 2 and the space between rectangles 
shall be approximately equal to the width of a rec-
tangle. 

-0 0-

4.3 Electrolytic or aluminum cell 
This symbol is not composed of arrowheads. 

4.4 Horn gap 

4.5 Protective gap 
These arrowheads shall not be filled. 

4.6 Sphere gap 

E--

4 8 NIultigap, general 

• 

969 

4.9 Application: gap plus valve plus ground, 2 pole 

.-1 I Hi. 

5. ATTENUATOR 
See also PAD (item 42) 

5.1 General 

5.2 Balanced, general 

5.3 Unbalanced, general 

.-1 I I-

I - 

6. BATTERY 
The long line is always positive, but polarity may 
be indicated in addition. 
Example: 

6.1 Generalized direct-current source 

Notè—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 



970 PROCEEDINGS OF THE IRE June 

6.2 One cell 

6.3 Multicell 

6.3.1 Multicell battery with 3 taps 

6.3.2 Multicell battery with adjustable tap 

7. BREAKER, CIRCUIT 
If it is desired to show the condition causing the 
breaker to trip, the relay-protective-function 
symbols in item 48.8 may be used alongside the 
breaker symbol. 

7.1 General 
Note 1—Use appropriate number of single- line 
diagram symbols. 

I) 

SEE NOTE I 

7.2 Air or, if distinction is needed, for alternating-
current circuit breaker rated at 1,500 volts or less 
and for direct-current circuit breaker. 

SEE NOTE I 

7.3 Circuit breaker, Other than covered by item 7.2. 
The symbol in the "complete" column is for a 
3-pole breaker. 

Note 2— On a power diagram, the symbol may be 
used without other identification. On a composite 
dre-awing where confusion with the general symbol 
(item 25) may result, add the identifying letters 
CB inside or adjacent to the square. 

Ill 
SEE NOTE 2 

7.3.1 On a connection or wiring diagram, a 3-pole single-
throw circuit breaker (with terminals shown) may 
be drawn as shown below. 

0 0 0 

0 0 0 

SEE NOTE 2 

FOR CONNECTION OR WIRING 
DIAGRAM 

7.4 Applications 

7.4.1 3-pole circuit breaker with thermal overload 
device in all 3 poles. 

7.4.2 3-pole circuit breaker with magnetic overload 
device in all 3 poles. 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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7.4.3 3-pole circuit breaker, drawout type 

8. CAPACITOR 
See also TERMINATION (item 59.4). 

8.1 General 
If it is necessary to identify the capacitor elec-
trodes, the curved element shall represent the out-
side electrode in fixed paper-dielectric and ceramic-
dielectric capacitors, the negative electrode in 
electrolytic capacitors, the moving element in ad-
justable and variable capacitors, and the low-
potential element in feed-through capacitors. 

e 

8.1.1 Application: shielded capacitor 

8.1.2 Application: adjustable or variable capacitor 

If it is necessary to identify trimmer capacitors, 
the letter T should appear adjacent to the symbol. 

8.1.3 Application: adjustable or variable capacitors 
with mechanical linkage of units 

be 

8.2 Continuously adjustable or variable differential ca-
pacitor 
The capacitance of one part increases as the ca-
pacitance of the other part decreases. 

8.2.1 Phase-shifter capacitor 

F-
T 

8.3 Split-stator capacitor 
The capacitances of both parts increase simul-
taneously. 

8.4 Shunt capacitor 

8.5 Feed-through capacitor (with terminals shown on 
feed-through element) 
Commonly used for bypassing high-frequency cur-
rents to chassis. 

8.5.1 Application: feed-through capacitor between 2 
inductors with third lead connected to chassis 

rh 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
4 centered in each column. 
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8.6 Capacitance bushing for circuit breaker or trans-
former 

8.6.1 Application: capacitance-bushing potential device 

8.7 Application: coupling-capacitor potential device 

 3 

9. CELL, PHOTOSENSITIVE (Semiconductor) 
See also PHOTOTUBE (item 64.11.6). 

X indicates that the primary characteristic of the 
element within the circle is designed to vary under 
the influence of light. 

9.1 Asymmetrical photoconductive transducer (re-
sistive) 
This arrowhead shall be solid. 

9.2 Symmetrical photoconductive transducer; seleni-
um cell 

9.3 Photovoltaic transducer; barrier photocell; block-
ing-layer cell 

10. CHASSIS 
FRAME 
(See also GROUND (item 28) 
The chassis or frame is not necessarily at ground 
potential. 

11. COIL, BLOWOUT' 

--E 

! 
" 

12. COIL, OPERATING 
See also INDUCTOR; WINDING (item 31). 

Note 3—The asterisk is not a partiof the symbol. 
Always replace the asterisk by a device designation. 

0 OR <> OR 

* SEE NOTE 3 

13. CONNECTION, MECHANICAL 
MECHANICAL INTERLOCK 
The preferred location of the mechanical connec-
tion is as shown in the various applications, but 
other locations may be equally acceptable. 

13.1 Mechanical connection (short dashes) 

13.2 Mechanical connection or interlock with fulcrum 
(short dashes) 

13.3 Mechanical interlock, other 

INDICATE BY A NOTE 

The broken line — — — indicates where line connection to a 
symbol is made and is not a part of the symbol. 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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•-4 

14. CONNECTOR 
DISCONNECTING DEVICE 
The connector symbol is not an arrowhead. It is 
larger and the lines are drawn at a 90-degree angle. 

14.1 Female contact 

14.2 Male contact 

--> 

14.3. Connector assembly, movable or stationary por-
tion; jack, plug, or receptacle 

Note 4—Use appropriate number of contact 
symbóls. 

OR 
SEE NOTE 4 

14.3.1 Commonly used for a jack or receptacle (usually 
stationary) 

SEE NOTE 4 OR 111 

14.3.2 Commonly used for a plug (usually movable) 

SEE NOTE 4 OR 

14.4 Separable connectors (engaged) 

SEE NOTE 4 OR 

14.4.1 Application: engaged 4-conductor connectors; 
the plug has 1 male and 3 female contacts 

-»-

14.4.2 Application: engaged 4-conductor connectors; 
the plug has 1 male and 3 female contacts with 
individual contact designations shown in the 

complete-symbol column 

-»--

14.5 Coaxial connectors 

OR 
B— 

C 

0 

14.5.1 Engaged coaxial connectors 
Coaxial recognition sign may be added if neces-
sary. See PATH, TRANSMISSION (items 43.1 
and 43.8.2). 

14.5.1.1 If it is necessary to show that the outside 
conductor is carried through 

14.5.1.2 If coaxial is connected to a single conductor 

14.6 Communication switchboard-type connector 

14.6.1 2-conductor (jack) 

14.6.2 2-conductor (plug) 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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14.6.3 3-conductor (jack) with 2 break contacts (nor-
mals) and 1 auxiliary make contact 

14.6.4 3-conductor ( plug) 

14.7 Communication switchboard-type connector with 
circuit normalled through 

"NormaIled" indicates that a through circuit may 
be interrupted by an inserted connector. As shown 
here, the inserted connector opens the through cir-
cuit and connects to the circuit towards the left. 

Items 14.7.1 through 14.7.4 show 2-conductor 
jacks. The "normal" symbol is applicable to other 
types of connectors. 

14.7.1 Jacks with circuit normalled through one way 

g 

etvg 

14.7.2 Jacks with circuit normalled through both ways 

— TOOT-

14.7.3 Jacks in multiple, one set with circuit normalled 
through both ways 

14.7.4 Jacks with auxiliary contacts, with circuit nor-
malled through both ways 

—7-4#7kJ00v-r— 
+ 

14.8 Connectors of the type commonly used for power-
supply purposes (convenience outlets and mating 
connectors) 

14.8.1 Female contact 

14.8.2 Male contact 

la 

14.8.3 2-conductor nonpolarized connector with fe-
male contacts 

14.8.4 2-conductor nonpolarized connector with male 
contacts 

14.8.5 2-conductor polarized connector with female 
contacts 

-e-
14.8.6 2-conductor polarized connector with male 

contacts 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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d 

14.8.7 3-conductor polarized connector with female 

contacts 

14.8.8 3-conductor polarized connector with male con-
tacts 

14.8.9 4-conductor polarized connector with female 
contacts 

14.8.10 4-conductor polarized connector with male 
contacts 

14.9 Test blocks 

14.9.1 Female portion with short-circuiting bar (with 
terminals shown) 

14.9.2 Male portion (with terminals shown) 

15. CONTACT, ELECTRIC 
For build-ups or forms using electric contacts, see 
applications under CONNECTOR (item 14). RE-
LAY (item 48), and SWITCH (item 56). See 
DRAFTING PRACTICES (item 0.2 e). 

15.1 Fixed contact 

15.1.1 Fixed contact for jack, key, relay, etc. 

--I, OR 4 oR 

15.1.2 Fixed contact for switch 

O OR — 0› 

15.1.3 Fixed contact for momentary switch 
See SWITCH (items 56.8 and 56.10). 

15.1.4 Sleeve 

[l OR 

15.2 Moving contact 

OR 

15.2.1 Adjustable or sliding contact for resistor, in-

ductor, etc. 

15.2.2 Locking 

15.2.3 Nonlocking 

—Or OR 

0 v 

15.2.4 Segment; bridging contact 
See SWITCH (items 56.12.3 and 56.12.4). 

OR L=3 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 

centered in each column. 
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15.2.5 Vibrator reed 

o  

15.2.6 Vibrator split reed 

o-

15.2.7 Rotating contact (slip ring) and brush 

-0i 

15.3 Basic contact assemblies 

The standard method of showing a contact is by 
a symbol indicating the circuit condition it pro-
duces when the actuating device is in the de-
energized or nonoperated position. The actuating 
device may be of a mechanical, electrical, or other 
nature, and a clarifying note may be necessary with 
the symbol to explain the proper point at which 
the contact functions, for example, the point 
where a contact closes or opens as a function of 
changing pressure, level, flow, voltage, current, 
etc. In cases where it is desirable to show contacts 
in the energized or operated condition and where 
confusion may result, a clarifying note shall be 
added to the drawing. 

Auxiliary switches or contacts for circuit breakers, 
safety enclosed trucks, removable circuit-breaker 
units, housings, enclosures, etc., may be desig-
nated as follows: 
(a) Closed when device is in energized or operated 

position, 
(b) Closed when device is in de-energized or non-

operated position, 
(aa) Closed when operating mechanism of main 

device is in energized or operated position, 
(bb) Closed when operating mechanism of main 

device is in de-energized or nonoperated posi-
tion. 

As applied to a. removable circuit-breaker unit, 

(a) is an auxiliary contact that is closed when the 
unit is in the connected position. As applied to a 
housing or enclosure, (a) is an auxiliary contact 
that is closed when the removable circuit-breaker 
unit is in the connected position. See latest issue of 
American Standard C37.2 for further details. 

In the parallel-line contact symbols shown below, the 
length of the parallel lines shall be approximately 
times the width of the gap (except for item 15.6). 

15.3.1 Closed contact (break) 

15.3.2 Open contact (make) 

15.3.3 Transfer 

15.3.4 Make-before-break 

15.4 Application: open contact with time closing (TC 
or TDC) feature 

TC OR IDO 

15.5 Application: closed contact with time opening 
(TO or TDO) feature 

l  
 TO OR / TDO 

I 

15.6 Time sequential closing 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 



1954 I-R-E Standards on Graphical Symbols 977 

16. CONTACTOR 
See also RELAY (item 48) 
Fundamental symbols for contacts, coils, me-
chanical connections, etc., are the basis of con-

d. tactor symbols and should be used to represent 
contactors on complete diagrams. Complete di-
agrams of contactors consist of combinations of 
fundamental symbols for control coils, mechanical 

connections, etc., in such configurations as to rep-
resent the actual device. 

Mechanical interlocking should be indicated by 

notes. 

16.1 Manually operated 3-pole contactor 

16.2 Electrically operated 1-pole contactor with series 

blowout coil 

Note 5—The asterisk is not a part of the symbel. 
Always replace the asterisk by a device designa-

tion. 

OR 

* SEE NOTE 5 

16.3 Electrically operated 3-pole contactor with series 
blowout coils; 2 open and 1 closed auxiliary con-
tacts (shown smaller than the main contacts) 

I 
T T TT T 

OR 

*'„TTT TT tr 

NOTE 5 

16.4 Electrically operated 1-pole contactor with shunt 

blowout coil 

OR 

* SEE NOTE 5 

17. CORE 

17.1 General or air core 

If it is necessary to identify an air core, a note 
should appear adjacent to the symbol of the in-

ductor or transformer. 

NO SYMBOL 

17.2 Magnetic core of inductor or transformer 

Not to be used unless it is necessary to identify a 
magnetic core. 

See INDUCTOR (item 31.2) and TRANS-

FORMER (item 63.2). 

17.3 Core of magnet or relay 

For use if representation of the core is necessary, 

See MAGNET, PERMANENT (item 36) and 
RELAY (items 48.2 to 48.4 and 48.6, 48.7). 

18. COUNTER, ELECTROMAGNETICALLY OP-

ERATED 
MESSAGE REGISTER 

18.1 General 

18.2 With a make contact 

19. COUPLER, DIRECTIONAL 
Commonly used in coaxial and waveguide dia-
grams. 

The arrows indicate the direction of power flow. 

Number of coupling paths, type of coupling, and 
transmission loss may be indicated. 

19.1 General 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 

centered in each column. 
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19.2 Applications 

19.2.1 E- plane aperture coupling, 30-decibel transmis-
sion loss 

X ® 30DB 

19.2.2 Loop coupling, 30-decibel transmission loss 

X  e\jr 30D8 

19.2.3 Probe coupling. 30-decibel transmission loss 

X 3"B 

19.2.4 Resistance coupling, 30-decibel transmission loss 

X  30D8 

20. COUPLING 
Commonly used in coaxial and waveguide dia-
grams. 

20.1 Coupling by aperture with an opening of less than 
full waveguide size 

Transmission loss may be indicated. 

Note 6— The asterisk is not a part of the symbol 
Always replace the asterisk by E. Il. or HE, de-

pending on the type of coupling. 

E indicates that the physical plane of the aper-
ture is perpendicular to the transverse component 
of the major E lines. 

H indicates that the physical plane of the aper-
ture is parallel to the transverse component of the 

major E lines. 

HE indicates coupling by all other kinds of aper-

tures. 

* SEE NOTE 6 

20.1.1 Application: E-plane coupling by aperture to 
space 

20.1.2 Application: E-plane coupling by aperture; 2 
ends of transmission path. available 

20.1.3 Application: E-plane coupling by aperture; 3 
ends of transmission path available 

20.1.4 Application: E-plane coupling by aperture; 4 
ends of transmission path available 

(E) 

20.2 Coupling by loop to space 

20.2.1 Coupling by loop to guided transmission path 

20.2.2 Application: coupling by loop from coaxial to 

circular waveguide with direct-current grounds 
connected 

20.3 Coupling by probe to space 

See OPEN CIRCHT (item 59.2). 

• 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. • 



1954 .1-1?-E Standards on Graphical Symbols 979 

• 

• 

20.3.1 Application: coupling by probe to a guided trans-

mission path 

20.3.2 Application: coupling by probe from coaxial to 

rectangular waveguide with direct-current 

grounds connected 

21. DEVICE, AUDIBLE SIGNALING 

21.1 Bell, general; telephone ringer 

Note 7—If specific identification is required, the 
abbreviation AC or DC may be added within the 

square. 

-DD SEE NOTE 7 110 

21.2 Buzzer 

-1[3 SEE NOTE 7 411\ 

21.3 Horn; howler; loudspeaker; siren 

21.3.1 General 

21.3.2 If specific identification of loudspeaker parts is 
required, the following letter combinations may 

be added. The * and are not part of the symbol. 

*HN Horn 
*HW Howler 
*LS Loudspeaker 
*SN Siren 
tEM Electromagnetic with moving coil (moving 

coil leads should be identified) 
IEM N Electromagnetic with moving coil and neu-

tralizing winding (moving coil leads 
should be identified) 

$MG Magnetic armature 
$PM Permanent magnet with moving coil 

22. DEVICE, VISUAL SIGNALING 

22.1 Annunciator, general 

o 

OR 

f\> OR --<> 

22.1.1 Annunciator drop or signal, shutter or grid type 

22.1.2 Annunciator drop or signal, ball type 

22.1.3 Manually restored drop 

22.1.4 Electrically restored drop 

22.2 COmmunication switchboard- type lamp 

fs,r,  

22.3 Indicating, pilot, signaling, or switchboard light 

See also GLOW LAMP (item 33.3). 

22.3 cont. on p. 980 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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If confusion with other circular symbols may oc-
cur, the D-shaped symbol should be used. 

Note 8—To indicate the following characteristics, 
the specified letter or letters may be inserted 
within or placed adjacent to the D-shaped symbol. 

A Amber G Green OP Opalescent W White 
B Blue NE Neon P Purple Y Yellow 
C Clear 0 Orange R Red 

Note 9— The asterisk is not part of the circular 
symbol. Always add the letter or letters specified 
in Note 8 within or adjacent to the circle. To avoid 
confusion with meter or basic relay symbols, add 
suffix L or IL to the above letter or letters; for ex-
ample, RL or RIL placed within or adjacent to the 
circle. 

oR OR ® 

SEE NOTE 8 * SEE NOTE 9 

22.3.1 Application: green signal light 

23. DIRECTION OF FLOW OF POWER, SIGNAL, 
OR INFORMATION 

23.1 One-way 

Note 10— The lower symbol is used if it is neces-
sary to conserve space. The arrowhead in the lower 
symbol shall be filled. 

23.2. Both ways 

OR 

SEE NOTE 10 

OR 
--e--e— 

SEE NOTE PO 

23.3 Application: one-way circuit element, general 

Note 11— In all cases indicate the type of apparatus 
by appropriate words or letters in the rectangle. 

}--
OR 

SEE NOTE NOTE Il 

24. DISCONTINUITY 

A component that exhibits throughout the fre-
quency range of interest the properties of the type 
of circuit element indicated by the symbol within 
the triangle. 

Commonly used for coaxial and waveguide trans-
mission. 

24.1 Equivalent series element, general 

241.1 Capacitive reactance 

24.1 2 Inductive reactance 

24.1.3 Inductance-capacitance circuit with infinite re-
actance at resonance 

24.1.4 Inductance-capacitance circuit with zero react-
ance at resonance 

Note—Single- line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 

• 

1 
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241 5 Resistance 

24.2 Equivalent shunt element, general 

24.2.1 Capacitive susceptance 

24.2.2 Conductance 

24.2.3 Inductive susceptance 

24.2.4 Inductance-capacitance circuit with infinite sus-
ceptance at resonance 

24.2.5 Inductance-capacitance circuit with zero sus-
ceptance at resonance 

• 

25. ELEMENT, CIRCUIT (General) 

Note 12— The asterisk is not a part of the symbol. 
Always indicate the type of apparatus by appropri-
ate words or letters in the rectangle. 

* SEE NOTE 12 

25.1 Accepted abbreviations in the latest edition of 
American Standard Z32.13 may be used in the rec-
tangle. 

25.2 The following letter combinations may be used 
in the rectangle. 

CB Circuit breaker 
DIAL Telephone dial 
EQ Equalizer 
FAX Facsimile set 
FL Filter 
FL-BE Filter, band elim-

ination 
FL-BP Filter, band pass 
FL-HP Filter, high pass 
FL-LP Filter, low pass 

NET Network 
PS Power supply 
RU Reproducing 

unit 
RG Recording unit 
TEL Telephone sta-

tion 
TPR Teleprinter 
TTY Teletypewriter 

25.3 Additional letter combinations as follows may be 
employed, but the use of specific graphical sym-
bols included elsewhere in this standard is pre-
ferred. 

AR 
AT 

HS 

Amplifier 
Attenuator 
Capacitor 
Handset 
Indicating or 
switchboard lamp 
Inductor 

LS Loudspeaker 
J Jack 
M IC Microphone 

OSC Oscillator 
PAD Pad 

Plug 
HT Receiver, headset 
K Relay 
R Resistor 
S Switch or key 

switch 
T Transformer 
WR Wall receptacle. 

26. ELEMENT, THERMAL 
lwrmomechanical transducer 

26.1 Actuating device 

26.1 cont. on p. 982 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
10 centered in each column. 
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26.1, cont. May be either self or externally heated. 

Note 13—Use appropriate number of single-line 
diagram symbols. 

SEE NOTE 13 

26.2 Thermal cutout; flasher 

SEE NOTE 13 

26.3 Thermal relay 

OR 

26.4 Thermostat 

Ambient-temperature-operated device. 

26.4.1 With break contact 

26.4.2 With make contact 

26.4.3 With integral heater and transfer contacts 

27. FUSE 

SEE NOTE 14 

Note 14— Use appropriate number of single- line 
diagram symbols. 

27.1 Fusible element 

SEE NOTE 14 

27.2 High-voltage primary fuse cutout, dry 

OR 

27.3 High-voltage primary fuse cutout, oil 

OR 

SEE NOTE 

SEE NOTE 14 

27.4 With alarm contact 
When fuse blows, alarm bus A is connected to power 
bus B. Letters are for explanation and are not part of 
the symbol. 

LOAD 

AB 

A-, 
OR 

LOAD 

28. GROUND 
See also CHASSIS; FRAME (item 10). 

29. HANDSET 
OPERATOR'S SET 

29.1 General 

29.2 With push-to-talk switch 

III 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 

• 
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• 

29.3 3-conductor handset 

29.4 4-conductor handset 

Jlâ 

29.5 4-conductor handset with push-to-talk switch 

29.6 Operator's set 

30. HYBRID 

30.1 Hybrid, general 

OR --I HYB I-- OR C  

30.2 Hybrid, junction 
Commonly used in coaxial and waveguide trans-
mission. 

H 

E 

30.3 Application: rectangular waveguide and coaxial 
coupling 

30.4 Hybrid, circular (basic) 

Note 15—The asterisk is not a part of the symbol. 
Always replace the asterisk by E, H, or HE. E 
indicates that there is a principal E transverse 
field in the plane of the ring. II indicates that there 
is a principal H transverse field in the plane of the 
ring. HE shall be used for all other cases. 

An arm that has coupling of a different type from 
that designated above shall be marked according 
to COUPLING (item 20.1). 

Critical distances should be labeled in terms of 
guide wavelengths. 

* SEE NOTE 15 

30.4.1 Application: 5-arm circular hybrid with principal 
coupling in the E plane and with 1-arm II cou-
pling using rectangular waveguide 

31. INDUCTOR 
WINDING 
See also TERMINATION (item 59.5). 

31.1 General 

Either symbol may be used in the following sub-
paragraphs. 

OR rooes 

31.2 If it is desired especially to distinguish magnetic-
core inductors 

PY'Y'r\ 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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31.3 Tapped 

Tr 

31.4 Application: adjustable inductor 

31.5 Application: adjustable or continuously adjustable 
inductor 

31.6 Shunt inductor 

31.7 Saturable-core inductor (reactor) 

Polarity marks may be added to direct-current 
winding. 

Explanatory words and arrow are not part of the 
symbol shown. 

32. KEY, TELEGRAPH 

32.1 Simple 

32.2 Simple with shorting switch 

32.3 Open circuit or pole changing 

33. LAMP 

33.1 Ballast lamp; ballast tube 

The primary characteristic of the element within 
the circle is designed to vary nonlinearly with the 
temperature of the element. 

33.2 Fluorescent lamp 

33.2.1 2-terminal 

--Op • ci)--

33.2.2 4-terminal 

33.3 Glow lamp; cold-cathode lamp; neon lamp 

33.3.1 Alternating-current type 

33.3.2 Direct-current type 

See also TUBE, ELECTRON (item 64.11.5.1) 

33.4 Incandescent-filament illuminating lamp 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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• 

33.5 Indicating lamp; switchboard lamp 

See DEVICE, VISUAL SIGNALING (item 22). 

34. LIMITER FOR POWER CABLE, CURRENT 
The arrowheads in this case are filled. 

Note 16— Use appropriate number of single-line 
diagram symbols. 

SEE NOTE 16 

35. MACHINE, ROTATING 

35.1 Basic 

35.2 Generator, general 

GEN 

35.3 Motor, general 

35.4 Motor, multispeed 

o 

USE BASIC MOTOR 
SYMBOL AND NOTE 

SPEEDS 

35.5 Rotating armature with commutator and brushes' 

o 
35.6 Wound rotor 

o 
35.7 Field, generator or motor 

Either symbol of item 31.1 may be used in the fol-
lowing subparagraphs. 

35.7.1 Compensating or commutating 

35.7.2 Series 

35.7.3 Shunt, or separately excited 

35.7.4 Permanent magnet 

Efffl 

35.8 Winding symbols 

Motor and generator winding symbols may be 
shown in the basic circle using the following rep-
resentations. 

35.8.1 1-phase 

o 
35.8.2 2-phase 

o 
35.8.3 3-phase wye (ungrounded) 

o 
35.8.4 3-phase wye (grounded) 

35.8.5 3-phase delta 

35.8.6 6-phase diametrical 

35.8.7 6-phase double-delta 

at 
• I 

I The broken line — — — indicates where line connection to a 
symbol is made and is not a part of the symbol. 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 

centered in each column. 
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35.9 Direct-current machines; applications 

35.9.1 Separately excited direct-current generator or 
motor' 

<D 
35.9.2 Separately excited direct-current generator or 

motor with commutating and/or compensating 
field winding' 

35.9.3 Compositely excited direct-current generator or 
motor with commutating and/or compensating 
field winding' 

35.9.4 Direct-current series motor or 2- \\ ire generator' 

35.9.5 Direct-current series motor or 2-wire generator 
with commutating and/or compensating field 
winding' 

35.9.6 Direct-current shunt motor or 2-wire generator' 

'The broken line - — - indicates where line connection to a 
symbol is made and is not a part of the symbol. 

35.9.7 Direct-current shunt motor or 2-wire generator 
with commutating and/or compensating field 
winding' 

35.9.8 Direct-current permanent-magnet-field genera-
tor or motor' 

c[f), 

35.9.9 Direct-current Direct-current compound motor or 2-wire gen-
erator or stabilized shunt motor' 

35.9.10 Direct-current compound motor or 2-wire gen-
erator or stabilized shunt motor with commu-
tating and/or compensating field winding' 

35.9.11 Direct-current 3-wire shunt generator' 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. • 

• 
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0 

Z1 

35.9.12 Direct-current 3-wire shunt generator with 
commutating and/or compensating field wind-
ing' 

35.9.13 Direct-current 3-wire compound generator' 

35.9.14 Direct-current 3-wire compound generator with 
commutating and/or compensating field wind-

ing' 

35.9.15 Direct-current balancer, shunt wound' 

35.9.16 Direct-current balancer, compound wound' 

35.9.17 Dynamotor' 

'Qc< 

35.9.18 Double-current generator' 

)0i 
• 

35.9.19 Acyclic generator (separately excited)' 

35.9.20 Regulating generator (rotary amplifier) shunt 
wound with short-circuited brushes' 

51W 
35.9.21 Regulating generator (rotary amplifier) shunt 

wound without short-circuited brushes' 

35.9.22 Regulating generator (rotary amplifier) shunt 

The broken line - -- indicates where line connection to a 
symbol is made and is not a part of the symbol. 35.9.22 cont. on p. 988 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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35.11.3 Synchronous motor, generator, or condenser 
with both ends of each phase brought out' 

35.11.4 Double-winding synchronous generator, motor, 
or condenser' 

35.11.5 Synchronous-synchronous frequency changer' 

35.11.6 Synchronous induction frequency changer' 

35.12 Alternating- and direct-current composite mach-

ines; applications 

35.12.1 Synchronous or regulating-pole converter' 

The broken line - — - indicates where line connection to a 
symbol is made and is not a part of the symbol. 

35.12.2 Synchronous booster or regulating-pole con-
verter with commutating and/or compensating 
field windings' 

35.12.3 Synchronous shunt-wound converter with com-
mutating and/or compensating windings' 

35.12.4 Synchronous converter compound wound with 
commutating and/or compensating field wind-
ings' 

35.12.5 Motor converter' 

36. MAGNET, MAGNET, PERMANENT 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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37. METER 
INSTRUMENT 

Note 17—The asterisk is not a part of the symbol. 
Always replace the asterisk by one of the following 
letter combinations, depending on the function of 
the meter or instrument, unless some other identi-
fication is provided in the circle and explained on 
the diagram. 

A Ammeter 
AH Ampere-hour meter 
CMA Contact-making (or breaking) ammeter 
CMC Contact-making (or breaking) clock 
CMV Contact-making (or breaking) volt-

meter 
CRO Oscilloscope or cathode-ray oscillograph 
D Demand meter 
DB DB (decibel) meter 
DBM DBM (decibels referred to 1 milliwatt) 

meter 
DTR Demand-totalizing relay 

Frequency meter 
G Galvanometer 
GD Ground detector 

Indicating 
Integrating 

or UA Microammeter 
MA Milliammeter 
N Noise meter 
OHM Ohmmeter 
OP Oil pressure 
OSCG Oscillograph, string 
PH Phase meter 
PI Position indicator 
PF Power-factor meter 
RD Recording demand meter 
REC Recording 
RF Reactive-factor meter 
S Synchroscope 
TLM Telemeter 

Temperature meter 
TT Total time 
VH Varhour meter 
V Voltmeter 
VA Volt-ammeter 
VAR Varmeter 
VI Volume indicator 
VU Standard volume indicator 

Wattmeter 
WH Watthour meter 

* SEE NOTE 17 

38. MICROPHONE 

D-

39. MOTION, MECHANICAL 

39.1 Translation, one direction 

39.2 Translation, both directions 

4-f-0 

39.3 Rotation, one direction 

39.4 Rotatión, both directions 

39.5 Rotation designation (applied to a resistor) 

CW indicates position of adjustable contact at 
the limit of clockwise travel viewed from knob or 
actuator end unless otherwise indicated. 

Note 18—The asterisk is not a part of the symbol. 
Always add identification within or adjacent to the 
rectangle. 

40. NETWORK 

40.1 General 

Di OR 
CV/ CW 

* SEE NOTE 18 

EEO 

40.2 Network, low-voltage power 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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41. OSCILLATOR 
GENERALIZED ALTERNATING-CURRENT 
SOURCE 

42. PAD 

See also ATTENUATOR (item 5) 

42.1 General 

42.2 Balanced, general 

42.3 Unbalanced, general 

43. PATH, TRANSMISSION 
CONDUCTOR 
CABLE 
WIRING 

43.1 Guided path, general 

A single line represents the entire group of con-
ductors or the transmission path needed to guide 
the power or the signal. For coaxial and waveguide 
work, the recognition symbol is used at the begin-
ning and end of each kind of transmission path and 
at intermediate points as needed for clarity. In 
waveguide work, mode may be indicated. 

43.2 Conductive path or conductor; wire 

43.3 Air or space path 

43.4 Dielectric path other than air 

Commonly used for coaxial and waveguide trans-
mission. 

DUEL 

43.5 Crossing of paths or conductors not connected 
The crossing is not necessarily at a 90-degree angle. 

43.6 Junction of paths or conductors 

43.6.1 Junction ( if desired) 

• 

43.6.1.1 Application: junction of different-size cables 

43.6.2 Junction of connected paths, conductors, or wires 

OR 

OR ONLY IF REQUIRED 
BY SPACE LIMITATION 

43.7 Associated conductors 

43.7.1 Pair (twisted unless otherwise specified) 

j OR 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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43.7.2 Triple (twisted unless otherwise specified) 

43.7.3 Quad 

43.8 Assembled conductors; cable 

Commonly used in communication diagrams. 

43.8.1 Shielded single conductor 

— t-J-

43.8.2 Coaxial cable 

Coaxial transmission path 

See note under item 43.1. 

• 

43.8.3 2-conductor cable 

43.8.4 Shielded 2-conductor cable with shield grounded 

43.8.5 5-conductor cable 

43.8.6 Shielded 5-conductor cable 

43.8.6.1 Shielded 5-conductor cable with conductors 
separated on the diagram for convenience 

• 
43.8.7 Cable underground or in conduit (long dashes) 

43.8.8 Grouping of leads 

Normally, bend of line indicates direction of con-
ductor joining cable. 

OR 

OR 

E J J  
OR 

43.9 Alternate or conditional m iring 

Not commonly used on power diagrams. 

The arrowheads in this case shall be solid. 

Note 19—A note shall explain the connections. 

SEE NOTE 19 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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43.9.1 Application: 3 alternate paths 

OR 

t--

SEE NOTE 19 

43.10 Associated or future (short dashes) 

41— 

43.10.1 Application: associated or future amplifier 

I 

43.11 Waveguide 
See note in item 43.1. 

43.11.1 Circular 

43.11.2 Rectangular 

43.11.3 Ridged 

o 

— 
4 

44. PICKUP ( mechanoelectric) 
Note 20— Suitable words or abbreviations may be 

written within or adjacent to the rectangle. 

SEE NOTE 20 

45. RECEIVER, TELEPHONE 
EARPHONE 
HEARING AID RECEIVER 
See also HANDSET (item 29). 

45.1 General 

[1:1-

45.2 Headset, double 

45.3 Headset, single 

46. RECTIFIER 

46.1 Electron-tube rectifier 

See TUBE, ELECTRON (item 64). 

46.1.1 Pool-type-cathode power rectifier 

46.2 Metallic rectifier; asymmetrical varistor; crystal 
diode; electrolytic rectifier 

Arrow shows direction of forward (easy) current as 
indicated by direct-current ammeter. 
The arrowhead in this case shall be filled. 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 

• 

• 
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46.2.1 Full-wave bridge type 

46.3 On connection or wiring diagrams, rectifier may be 
shown with terminals and polarity marking. 
Heavy line may be used to indicate nameplate Or 
positive polarity end. 

10 0 0 0 0 

FOR CONNECTION OR WIRING 
DIAGRAM 

47. REGULATOR, SPEED (Contact-making governor) 
Contacts open or closed as required; (shown here as 
closed). 

48. RELAY 

See also CONTACTOR (item 16) 

Fundamental symbols for contacts, mechanical 
connections, coils, etc., are the basis of relay sym-
bols and should be used to represent relays on com-
plete diagrams. 

The following letter combinations may be used 
with any relay symbol. The requisite number of 
these combinations may be used when a relay pos-
sesses more than one special feature. 

AC Alternating-current or ringing relay 
D Differential 
DB Double biased (biased in both directions) 
DP Dashpot 
EP Electrically polarized 
tF0 Fast operate 
tFR Fast release 
MG Marginal 
NB No bias 
NR Nonreactive 
P Magnetically polarized using biasing spring, or 

having magnet bias 
SA Slow'operate and slow release 
SO Slow operate 
SR Slow release 
SW Sandwich wound to improve balance to longitudi-

nal currents 

e t Used where unusually fast operation or fast releasing is 
essential to the circuit operation. 

The proper poling for a polarized relay shall be 
shown by the use of and — designations applied 
to the winding leads. The interpretation of this 
shall be that current in the direction indicated 
shall move or tend to move the armature toward 
the contact shown nearest the core on the diagram. 
If the relay is equipped with numbered terminals, 
the proper terminal numbers shall also be shown. 

48.1 Basic 

48.2 Relay coil 

Note 21—The asterisk is not a part of the symbol. 
Always replace the asterisk by a device designa-
tion. 

CI OR OR 
* SEE NOTE 21 

48.2.1 Semicircular dot indicates inner end of winding 

48.3 Application: relay with transfer contacts 

SEE   NOTE 21 
OR 

48.4 Application: 2- pole double-make 

---A A--

_A  

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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48.5 Application: 1-pole double-break 

PROCEEDINGS OF THE I'R'E 

48.8.6 Pilot wire, general 

pw 

48.6 Application: polarized relay with transfer contacts 

1 
48.7 Application: polarized (no bias) marginal relay 

with transfer contacts 

148; Net fj DAG' 

48.8 Relay protective functions 

The following symbols may be used to indicate 
protective functions, or device-function numbers 
(see latest edition of American Standard C37.2) 
may be placed in the circle or adjacent to the basic 
symbol. 

48.8.1 Over, general 

48.8.2 Under, general 

48.8.3 Direction, general; directional over 

48.8.4 Balance, general 

48.8.5 Differential, general 

48.8.7 Carrier current, general 

June 

48.8.8 Operating quantity 
The operating quantity is indicated by the follow-
ing letters or symbols placed either on or above the 
center of the relay protective-function symbols 
shown above. 

C *Current 
Z Distance 
F Frequency 

GP Gas pressure 
q5 Phase 
W Power 

S Synchronism 
T Temperature 
V Voltage 

* The use of the letter may be omitted in the case of 
current and the absence of such letter presupposes 
that the relay operates on current. 

48.8.9 Ground relays 
Relays operative on residual current only are so 
designated by attaching the ground symbol 
to the relay protective-function symbol. Note that 
the zero phase-sequence designation given below 
may be used instead wheh desirable. 

48.8.10 Phase sequence quantities 
Operation on phase-sequence quantities may be 
indicated by the use of the conventional sub-
scripts 0, 1, and 2 after the letter indicating the 
operating quantity. 

48.8.11 Application 

48.8.11.1 Overcurrent 

*--1> 

48.8.11.2 Directional overcurrent 

48.8.11.3 Directional residual overcurrent 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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48.8.11.4 Undervoltage 48.8.11.14 Pilot wire, differential current 

> v < 4  pw 

48.8.11.5 Power directional 

48.8.11.6 Balanced current 

48.8.11.7 Differential current 

48.8.11.8 Distance 

48.8.11.9 Directional distance 

48.8.11.10 Overfrequency 

48.8.11.11 Overtemperature 

«*— T--4" 

48.8.11.12 Phase balance 

••••••=11> 

48.8.11.13 Phase rotation 

48.8.11.15 Pilot wire, directional comparison 

PW 

48.8.11.16 Carrier pilot 

48.8.11.17 Positive phase sequence undervoltage 

>-"r< 

48.8.11.18 Negative phase sequence overcurrent 

41C— r e 

48.8.11.19 Gas-pressure relay, Bucholz 

GP 

48.8.11.20 Out of step 

49. REPEATER 

997 

49.1 1-way repeater 
Triangle points in the direction of transmission. 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 

centered in each column. 
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49.2 2-wire 2-way repeater 

><1 

49.2.1 2-wire 2-way repeater with low-frequency bypass 

49.3 4-wire 2-way repeater 

50. RESISTOR 
See also TERMINATION (item 59). 

For resistors with nonlinear characteristics, see 

BALLAST LAMP (item 33.1), THERNIISTOR 
(item 60), and VARISTOR ( item 66). 

Note 22—The asterisk is not a part of the symbol. 
Always add identification within or adjacent to the 
rectangle. 

50.1 General 

— V\Ae  OR *  

50.2 Tapped resistor 

—Tr- OR 

* SEE NOTE 22 

* SEE NOTE 22 

50.3 Application: with adjustable contact 

—IV— OR 

* SEE NOTE 22 

50.4 Application: adjustable or continuously adjustable 
(variable) resistor 

—yer— OR 

50.5 Heating resistor 

-----esiVse— OR 

* SEE NOTE 22 

* SEE NOTE 22 

50.6 Instrument or relay shunt 
Connect instrument or relay to terminals in the 
box. 

50.7 Shunt resistor 

T OR 

* SEE NOTE 22 

51. RESONATOR 
Excluding piezoelectric and magnetostriction de-
vices. 

51.1 General 

Commonly used for coaxial and waveguide trans-
mission. 

C 

51.2 Applications 

51.2.1 Resonator with mode suppression coupled by an 
E- plane aperture to a guided transmission path 
and by a loop to a coaxial path. 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 

• 

4 

• 
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51.2.2 Tunable resonator having adjustable Q coupled 
by a probe to a coaxial system. 

o  e 
51.2.3 Tunable resonator with direct-current ground 

connected to an electron device and adjustably 
coupled by an E-plane aperture to a rectangular 
waveguide. 

52. SHIELD 
SHIELDING (short dashes) 
Normally used for electric or magnetic shielding. 
When used for other shielding, a note should so in-
dicate. For typical applications see: 
CAPACITOR (item 8.1.1) 
PATH, TRANSMISSION (items 43.8.1, 43.8.4, 
and 43.8.6) 
TRANSFORMER (items 63.2.1 and 63.2.2) 
TUBE, ELECTRON (item 64.7) 

53. SHIFTER, PHASE 
For power circuits see MACHINE, ROTATING 
(items 35.10.17 and 35.10.18). 

53.1 General 

53.2 3-wire or 3-phase 

53.2.1 Application: adjustable 

54. SOUNDER, TELEGRAPH 

55. SUPPRESSION, MODE 
Commonly used in coaxial and waveguide trans-
mission. 

56. SWITCH 
See also FUSE (item 27) ; CONTACT, ELECTRIC 
(item 15); and DRAFTING PRACTICES (item 
0.2, paragraphs (e) and (g)). 

Fundamental symbols for contacts, mechanical 
connections, etc., may be used for switch symbols. 

The standard method of showing switches is in a 
position with no operating force applied. For 
switches that may be in any one of two or more 
positions with no operating force applied and for 
switches actuated by some mechanical device (as 
in air-pressure, liquid-level, rate-of- flow, etc., 
switches), a clarifying note may be necessary to 
explain the point at which the switch functions. 

When the basic switch symbols in items 56.1 
through 56.4 are shown on a diagram in the closed 
position, terminals must be added for clarity. 

56.1 Single throw, general 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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56.2 Double throw, general 

- r-
56.2.1 Application • 2- pole double-throw switch with 

terminals shown 

o o-1 o 

56.3 Knife switch, general 

56.3.1 Application. 3- pole double-throw knife switch 
with auxiliary contacts and terminals 

o 

Fo  
0 10 

o o----"jo 

56.3.2 Application: 2-pole field-discharge knife switch 
with terminals and discharge resistor 

Note 23—The asterisk is not a part of the symbol. 
Always add identification within or adjacent to the 
rectangle. 

* SEE NOTE 23 

56.4 Switch with horn gap 

56.5 Sector switch 

56.6 Push button, momentary or spring return 

56.6.1 Circuit closing (make) 

56.6.2 Circuit opening (break) 

56.6.3 Two-circuit 

OID 
00 

56.7 Push button, maintained or not spring return 

56.7.1 Two circuit 

56.8 Switch, nonlocking; momentary or spring return 

The symbols to the left are commonly used for 
spring buildups in key switches, relays, and jacks. 

The symbols to the right are commonly used for 
toggle switches. 

56.8.1 Circuit closing (make) 

OR 

56.8.2 Circuit Circuit opening (break) 

0—f- OR 

Note—Single-line (one-(line) one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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56.8.3 Two- circuit 

56.8.4 Transfer 

OR 

0-1 0 R 
f 

56.8.5 Make-before-break 

ere 

56.9 Switch, locking 

ot.10 

The symbols to the left are commonly used for 
spring buildups in key switches, relays, and jacks. 

The symbols to the right are commonly used for 
toggle switches. 

56.9.1 Circuit closing (make) 

OR cr""eo 

56.9.2 Circuit opening (break) 

04/ OR 

56.9.3 Transfer, 2- position 

56.9.4 Transfer, 3-position 

o 
0— OFF 
o 

56.9.5 Make-before-break 

56.10 Switch, combination locking, and non locking 
See also item 56.11. 
Commonly used for toggle-switches. 

56.10.1 3-position 1- pole • circuit closing ( make), off, 
momentary circuit closing ( make) 

o 
0— OFF 

56.10.2 3-position 2 pole: circuit closing (make), off, 
momentary circuit closing (make) 

u. 
o 

or-to 41— 

L. 

56.11 Switch, key-type, applications 

56.11.1 2-position with locking transfer and break con-
tacts 

otv 

56.11.2 3-position with nonlocking transfer and locking 
break contacts 

OR 

o--f- v-f—o 

411r 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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56.11.3 3-position, multicontact combination 

0 

OR 

v—r 

56.11.4 2-position, half of key switch normally op-
erated, multicontact combination 

56.12 Selector or multiposition switch 

The position in which the switch is shown may be 
indicated by a note or designation of switch posi-
tion. 

56.12.1 General ( for power and control diagrams) 
Any number of transmission paths may be shown. 

de.% 
o 

OR 

56.12.2 Break-before- make, nonshorting (nonbridging) 
during contact transfer 

a/Apo 

o OR 1 000 
o 

56.12.3 Nlake-before-break, shorting ( bridging) during 
contact transfer 

o 
OR 

0 0 0 

ce 

56.12.4 Segmental contact 

0 ° 0 o 
0  

/t OR 

56.12.5 22-point selector switch 

eoo 0 0 

oce 

o o o na 

56.12.6 10-point selector switch with fixed segment 

56.12.7 Wafer, 3-pole 3-circuit with 2 nonshorting and 
1 shorting moving contacts 

Viewed from end opposite control knob or actu-
ator unless otherwise indicated. 
For more than one section. section No. 1 is nearest 
control knob. 

When contacts are on both sides, front contacts 
are nea:est control knob. 

56.12.8 Slide switch, typical ladder- type interlock 
In the example, one slide is shown operated. 
Slides are shown in released position unless other-
wise noted. 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 

a 

• 
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56.12.9 Master or control switch 

A table of contact operation must be shown on the 
diagram. A typical table is shown below. 

DETACHED CONTACTS 
SHOWN ELSEWHERE 

ON DIAGRAM 

CONTACT 
POSITION 

A 13 C 

I - 2 X 

3-4 X 

5-6 X 

7-8 X 

X INDICATES CONTACT CLOSED 

HANDLE END 

2o 01 
4C 03 

6. .5 
eo 07 

FOR CONNECTION 
OR WIRING DIAGRAM 

56.12.10 Master or control switch 
(Cam-operated contact assembly) 6-circuit 3-
point reversing switch. 

A table of contact operation must be shown on the 
diagram. A typical table is shown below. 
Tabulate special features in note. 

DETACHED CONTACTS 
SHOWN ELSEWHERE 

ON DIAGRAM 

X INDICATES CONTACTS CLOSED 
L— 

HANDLE END 

oD 0 0C 
0 F 0 0 E 0 

0 Hu 0 0 

FOR CONNECTION 
OR WIRING DIAGRAM 

56.12.11 Drum switch, sliding-contact type, typical ex-

ample 

89 

87 

85 

83 

II 9 7 5 3 I REVERSE II 9 
3 5 7 9 II FORWARD 3 5 7 
1111 I I I OFF 1 1 

I II Ill I I I 11 1 IL11 
llIIIIlIIJ'I II .11  

I  
II I I I I I I I I I III 

/111-11;-1 
144114-  

10 41441 

8 

8 RI 

8 R2 

8R4 

8R6 

ORB 

BRIO 

8101 

881 
861  

84 

2 

8R13 

81112 

8R9 

8R7 

8R5 
8R3 

7 5 3 
9 II 

1 1 1 1 I 
11111 
I II II 

56.13 Switches with specific features 

56.13.1 Key-operated lock switch 
Use appropriate standard symbol and add key 
designation or other information in note. 

56.13.2 Limit switch 
Note 24—Identify by LS or other suitable note. 

56.13.2.1 General 
Use appropriate standard symbol and identify by 

LS or other suitable note. 

56.13.2.2 Track-type; circuit-opening contact 

SEE NOTE 24 

56.13.2.3 Lead-screw type; circuit-opening contacts 

*Esd:_rps3 
SEE NOTE 24 

Note— Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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56.13.2.4 Rotary type 

SEE NOTE 24 

56.13.3 Mushroom-head safety feature 
Application to 2-circuit push-button switch. 

,M& 

56.13.4 Safety interlock 

56.13.4.1 General 
If specific type identification is not required, use 
applicable standard symbol. 

56.13.4.2 If specific type identification is required; cir-
cuit opening 

56.13.4.3 If specific type identification is required; cir-
cuit closing 

56.13.5 hook switch 

56.13.6 Dial switch, telephone type 

DIAL'  

TYPICAL 

56.13.7 Switch in evacuated envelope, 1-pole double-
throw 

57. SYNCHRO 
SYNCHRO CONTROL TRANSFORMER 
SYNCHRO RECEIVER 
SYNCHRO TRANSMITTER 

If identification is required, a letter combination 
from the following list shall be placed adjacent to 
the symbol to indicate the type of synchro. 

CDX 
CT 
CX 
TDR 
TDX 
TR 
TX 

Control-differential synchro transmitter 
Synchro control transformer 
Synchro control transmitter 
Torque-differential synchro receiver 
Torque-differential synchro transmitter 
Torque-synchro receiver 
Torque-synchro transmitter 

If the outer winding is rotatable in bearings, the 
suffix B shall be added to the above letter com-
binations. 

57.1 Synchro control transformer 
Synchro receiver 
Synchro transmitter 

57.2 Differential synchro receiver 
Differential synchro transmitter 

58. TERMINAL, CIRCUIT 
See also TUBE TERMINALS (item 64.12.2). 

o 

58.1 Terminal board or terminal strip with 4 terminals 
shown; group of 4 terminals 

Number and arrangement as convenient. 

o 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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59. TERMINATION 

59.1 Cable termination 

Line on left of symbol shown indicates cable. 

59.2 Open circuit (open) 

--E 

Not a fault. 

Commonly used in coaxial and waveguide dia-

grams. 

•••41) 

59.3 Short circuit (short) 

Not a fault. 

Commonly used in coaxial and waveguide dia-
grams. 

59.3.1 Application: movable short 

59.4 Terminating capacitor 

Commonly used in coaxial and waveguide dia-

grams. 

59.4.1 Application: series capacitor and path open 

59.4.2 Application: series capacitor and path shorted 

59.5 Terminating inductor 

Commonly used in coaxial and waveguide dia-

grams. 

59.5.1 Application: series inductor and path open 

59.5.2 Application: series inductor and path shorted 

I-R ,E Standards on Graphical Symbols 1005 

59.6 Terminating resistor 

Commonly used in coaxial and waveguide dia-
grams. 

- 
59.6.1 Application: series resistor and path open 

—Vs/V--• 

59.6.2 Application: series resistor and path shorted 

60. THERMISTOR 
T indicates that the primary characteristic of 
the element within the circle is designed to vary 
with temperature. 

60.1 General 

60.2 With independent integral heater 

61. THERMOCOUPLE 

61.1 Dissimilar- metals device 

61.1.1 Temperature- measuring thermocouple 

61.1.2 Current-measuring thermocouple 
Explanatory words and arrows are not a part of 

the symbols shown. 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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61.1.2.1 Thermocouple with integral heater internally 
connected 

HEATER 

61.1.2.2 Thermocouple with integral insulated heater 

HEATER 

61.2 Semiconductor device 

61.2.1 Temperature-measuring semiconductor thermo-
couple 

61.2.2 Current-measuring semiconductor thermocouple 

62. TRANSDUCER, MODE 

Commonly used in coaxial and waveguide dia-
grams. 

62.1 General 

62.2 Application: transducer from rectangular to cir-
cular waveguide 

62.3 Application: transducer from rectangular wave-
guide to coaxial with mode suppression and direct-
current grounds connected 

63. TRANSFORMER 

63.1 General 

Either winding symbol may be used. In the follow-
ing subparagraphs, the left symbol is used. 

Additional windings may be shown or indicated by 
a note. 

For power transformers, use polarity marking H1-
X1, etc., from American Standard C6.1. For polar-
ity markings on current and potential trans-
formers, see items 63.16.1 and 63.17.1. 

In coaxial and waveguide circuits, this symbol will 
represent a taper or step transformer without mode 
change. 

L.QJ 

63.1.1 Application: transformer with direct-current 
ground connections and mode suppression be-
tween two rectangular waveguides 

63.2 If it is desired especially to distinguish a magnetic-
core transformer 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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41e 

63.2.1 Application: shielded transformer with magnetic 
core shown 

63.2.2 Application: transformer with magnetic core 
shown and with a shield between windings. The 
shield is shown connected to the frame. 

63.3 One winding with adjustable inductance 

63.4 Each winding with separately adjustable in-

ductance 

63.5 Adjustable mutual inductor, constant-current 
transformer 

63.6 With taps, 1-phase 

63.7 Autotransformer, 1-phase 

63.7.1 Adjustable 

63.8 Step-voltage regulator or load-ratio control auto-
transformer 

63.9 Load-ratio control transformer with taps 

63.10 1-phase induction voltage regulator(s) 
Number of regulators may be written adjacent to 
the symbol. 

OR 

63.11 Triplex induction voltage regulator 

63.12 3- phase induction voltage regulator 

OR 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 

centered in each column. 
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63.13 1-phase 2-winding transformer 63.16 Current transformer(s) 

Eq OR 1 2 

63.13.1 3-phase bank of 1- phase 2-winding transformers 
See latest edition of American Standard Co.! for E E OR 13 
interconnection conventions for complete symbols. 

63.14 Polyphase transformer 

J[ 

OR n 

H 11 
11   1[ 
i 

63.15 1- phase 3-winding transformer 

111 
OR OR 

• 

63.16.1 Current transformer with polarity marking. In-
stantaneous direction of current into one polar-
ity mark corresponds to current out of the other 
polarity mark. 

63.16.2 Bushing-type current transformer' 

63.17 Potential transformer(s) 

OR 

OR 

OR 

3 

H3 

OR 

OR I  

OR 

3E 3E 

3E 3E 3E 

The broken line - — - indicates where line connection to a 
symbol is made and is not a part of the symbol. 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 

%.• 

4 

• 
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63.17.1 Potential transformer with polarity mark. In-
stantaneous direction of current into one polar-
ity mark corresponds to current out of the 
other polarity mark. 

63.18 Outdoor metering device 

  r-e-
OR 

SHOW ACTUAL 
CONNECTION 

INSIDE BORDER 

63.19 Transformer winding connection symbols 
For use adjacent to the symbols for the trans-
former windings. 

63.19.1 2- phase 3-wire, ungrounded 

L. 

63.19.1.1 2-phase 3-wire, grounded 

63.19.2 2-phase 4-wire 

63.19.2.1 2-phase 5-wire, grounded 

63.19.3 3- phase 3-wire, delta or mesh 

A 

63.19.3.1 3-phase 3-wire, delta, grounded 

63.19.4 3-phase 4-wire, delta, ungrounded 

63.19.4.1 3-phase 4-wire, delta, grounded 

63.19.5 3-phase, open-delta 

63.19.5.1 3-phase, open-delta, grounded at common 

point 

63.19.5.2 3-phase, open-delta, grounded at middle point 
of one transformer 

63.19.6 3-phase, broken-delta 

Là 

63.19.7 3-phase, wye or star, ungrounded 

63.19.7.1 3-phase, wye, grouhded neutral 
The direction of the stroke representing the neu-
tral can be arbitrarily chosen. 

63.19.8 3-phase 4-wire, ungrounded 

63.19.9 3-phase, zigzag, ungrounded 

• 
Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 

centered in each column. 
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63.19.9.1 3-phase, zigzag, grounded 

63.19.10 3-phase, Scott or T 

11 6-phase, double-delta 

›o( 
63.19.12 6-phase, hexagonal (or chordal) 

o 
63.19.13 6-phase, star (or diametrical) 

63.19.13.1 6-phase, star, with grounded neutral 

64. TUBE, ELECTRON 
Tube-ccmponent symbols are shown first. These 
are followed by typical applications showing the 
use of these specific symbols in the various classes 
of devices such as thermionic, cold-cathode, and 
photoemissive tubes of varying structures and 
combinations of elements (triodes, pentodes, 
cathode-ray tubes, magnetrons, etc.). 

Lines outside of the envelope are not part of the 
symbol but are electrical connections thereto. 

Connections between the external circuit and electron 
tube symbols within the envelope may be located as 
required to simplify the diagram. 

64.1 Emitting electrode 

64.1.1 Directly heated (filan:entary) cathode 
Note—Leads may be connected in any convenient 
manner to ends of the /\ provided the identity 
of the /\ is retained. 

/*\ 

64.1.1.1 With tap 
See note in item 64.10.3. 

64.1.2 Indirectly heated cathode 
Lead may be connected to either extreme end of 
the 1- 1 or, if required, to both ends, in any con-
venient manner. 

64.1.3 Cold cathode (including ionically heated 
cathode) 

64.1.4 Photocathode 

64.1.5 Pool cathode 

••—(a 

—C 

64.1.6 Ionically heated cathode with, provision for sup-
plementary heating 

See note in item 64.1.1 

64.2 Controlling electrode 

64.2.1 Grid (including beam-confining or beam-forming 
electrodes) 

64.2.2 Deflecting electrodes ( used in pairs); reflecting or 
repelling electrode ( used in velocity-modulated 
tube) 

64.2.3 Ignitor ( in pool tubes) (should extend into pool) 
Starter ( in gas tubes) 

• 

•• 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. • 
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64.2.4 Excitor (contactor type) 

64.3 Collecting electrode 

64.3.1 Anode or plate (including collecting electrode 
and fluorescent target) 

64.3.2 Target or X-ray anode 
Drawn at about a 45-degree angle. 

64.4 Collecting and emitting electrode 

64.4.1 Dynode 

64.4.2 Alternately collecting and emitting 

64.4.2.1 Composite anode-photocathode 

64.4.2.2 Composite anode-cold cathode 

ir 

64.4.2.3 Composite anode-ionically heated cathode with 
provision for supplementary heating 

See note in item 64.1.1 

64.5 Heater 
See note in item 64.1.1 

64.5.1 With tap 
See item 64.10.3. 

64.6 Envelope (shell) 

The general envelope symbol identifies the en-
velope or enclosure regardless of evacuation or 
pressure. When used with electron-tube component 
symbols, the general envelope symbol indicates a 
vacuum enclosure unless otherwise specified. A 
gas-filled electron device may be indicated by a dot 
within the envelope symbol. 

64.6.1 General 

o OR n  
64.6.1.1 Split envelope 

If necessary, envelope may be split. 

CD 
64.6.2 Gas-filled 

The dot may be located as convenient. 

64.7 Shield 
See item 64.10.10. 

This is understood to shield against electric fields 
unless otherwise noted. 

64.7.1 Any shield against electric fields that is within 
the envelope and that is connected to an inde-
pendent terminal 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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64.7.2 Outside envelope of X-ray tube 

64.8 Coupling 
See COUPLING (item 20) and PATH, TRANS-
MISSION (items 43.8.2 and 43.11). 

64.8.1 Coupling by loop (electromagnetic type) 
Coupling loop may be shown inside or outside en-
velope as desired, but if inside it should be shown 
grounded. 

64.9 Resonators (cavity type) 

64.9.1 Single-cavity envelope and grid-type associated 
electrodes 

64.9.2 Double-cavity envelope and grid-type associated 
electrodes 

64.9.3 NIulticavity magnetron anode and envelope 

o 
64.10 General notes 

64.10.1 If new symbols are necessary, they should be 
formed where possible from component sym-
bols. For example, see DYNODE (item 64.4.1), 
which combines the anode and photocathode 
convention. 

64.10.2 A connection to anode, dynode, pool cathode, 
photocathode, deflecting electrode, composite 
anode-photocathode, and composite anode-cold 
cathode shall be to the center of that symbol. 
Connection to any other electrode may be shown 
at either end or both ends of the electrode 
symbol. 

64.10.3 A diagram for a tube having more than one 
heater or filament shall show only one heater or 
filament symbol /\, unless they have entirely 
separate connections. If a heater or filament tap 
is made, either brought out to a terminal or in-
ternally connected to another element, it shall 
be connected at the vertex of the symbol, re-
gardless of the actual division of voltage across 
the heater or filament. 

64.10.4 Standard symbols, such as the inclined arrow 
for tunability and connecting dotted lines for 
ganged components, may be added to a tube 
symbol to extend the meaning of the tube sym-
bol, provided such added feature or component 
is integral with the tube. 

64.10.5 Electric components, such as resistors, capaci-
tors, or inductors, which are integral parts of 
the tube and are important to its functional 
operation, shall be shown in the standard man-
ner. 

64.10.6 Multiple equipotential cathodes that are di-
rectly connected inside the tube shall be shown 
as a single cathode. 

64.10.7 A tube having two or more grids tied internally 
shall be shown with symbols for each grid, ex-
cept when the grids are adjacent in the tube 
structure. Thus, the diagram for a twin pentode 
having a common screen-grid connection for 
each section and for a converter tube having the 
No. 3 and No. 5 grids connected internally will 
show separate symbols for each grid. However, 
a triode where the control grid is physically in 
the form of two grid windings would show only 
one grid. 

64.10.8 A tube having a grid adjacent to a plate but 
internally connected to the plate to form a por-
tion of it shall be shown as having a plate only. 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 

• 

• 

• 

o 
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64.10.9 Associated parts of a circuit, such as focusing 
coils, deflecting coils, field coils, etc., are not a 
part of the tube symbol but may be added to 
the circuit in the form of standard symbols. For 
example, resonant-type magnetron with per-
manent magnet may be shown: 

64.10.10 External and internal shields, whether integral 
parts of tubes or not, shall be omitted from the 
circuit diagram unless the circuit diagram re-
quires their inclusion. 

64.10.11 In line with standard drafting practice, 
straight-line crossovers are recommended. 

(>4.11 Typical applications 

64 II l Triode with directly heated filamentary cath-
ode and envelope connection to base terminal 

64.11.2 Equipotential-cathode pentode showing use of 

elongated envelope 

64.11.3 Equipotential-cathode twin triode illustrating 
elongated envelope and rule of item 64.10.3. 

64.11.4 Typical wiring figure 
This figure illustrates how tube symbols may be 
placed in any convenient position in a circuit. 

64.11.5 Cold-cathode gas-filled tube 

64.11.5.1 Rectifier; voltage regulator for direct-current 
operation 

See also GLOW LAMP (item 33.3). 

64.11.6 Phototube 

64.11.6.1 Single-unit, vacuum type 

o 
64.11.6.2 Multiplier type 

64.11.7 Cathode-ray tube 

64.11.7.1 With electric- field deflection 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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64.11.7.2 For magnetic deflection 

PROCEEDINGS OF THE I-R-E 

64.11.9 Magnetron 

64.11.9.1 Resonant type with coaxial output 

64.11.8 Mercury-pool tube 
See also RECTIFIER (item 46.1.1). 

64.11.8.1 With ignitor and control grid 

64.11.8.2 With excitor, control grid, and holding anode 

64.11.8.3 Single-anode pool-type vapor rectifier with ig-
nitor 

64.11.8.4 6-anode metallic-tank pool-type vapor recti-
fier with excitor, showing rigid-terminal sym-
bol for control connection to tank (pool cath-
ode is insulated from tank) 

Anode symbols are located as convenient. 

June 

64.11.9.2 Transit-time split-plate type with stabilizing 
deflecting electrodes and internal circuit 

64.11.9.3 Tunable, aperture coupled 

64.11.10 Velocity-modulation (velocity-variation) tube 

64.11.10.1 Reflex klystron, integral cavity, aperture 
coupled 

64.11.10.2 Double-cavity klystron, integral cavity, per-
manent external-ganged tuning, loop cou-
pled (coupling loop may be shown inside if 
desired. See item 64.8.1) 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 

• 

• 
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64.11.11 Transmit-receive (TR) tube 
Gas filled, tunable integral cavity, aperture 
coupled, with starter. 

64.11.12 X-ray tube 

64.11.12.1 With filamentary cathode and focusing grid 
(cup). The anode may be cooled by fluid or 

radiation. 

64.11.12.2 With control grid, filamentary cathode, and 
focusing cup 

64.11.12.3 With grounded electrostatic shield 

64.11.12.4 Double focus with rotating anode (see note 
in item 64.10.9) 

64.11.12.5 With multiple accelerating electrode, elec-
trostatically and electromagnetically focused 
(see note in item 64.10.9) 

64.12 Basing and terminal connections for connection 

(wiring) diagrams 

Not normally used for schematic diagrams. 

64.12.1 Basing orientation symbols 

64.12.1.1 For tubes with keyed bases 
Explanatory word and arrow are not a part of 
the symbol shown. 

64.12.1.2 For tubes with bayonets, bosses, and other 
reference points 

O 
64.12.2 Tube terminals 

The usage of the rigid-envelope-terminal symbol of 
item 64.12.2.2 includes the indication of any ex-
ternal metallic envelope or conducting coating or 
casing that has a contact area (as in cathode-ray 
tubes, metallic "pencil" tubes, etc.). However, 
where contact to such external metallic elements is 
made through a base terminal, a dot junction is 
employed as in item 64.12.3.1 to indicate that volt-
age applied to this base terminal may make the 
envelope alive. 

Terminal symbols may be added to the composite 

device symbols where desired without changing 
the meaning or becoming a part of the symbol. 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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64.12.2.1 Base terminals 
Explanatory words and arrows are not a part of 
the symbol. 

SMALL 
PIN 

LARGE 
PIN 

64.12.2.2 Envelope terminals 
Explanatory words and arrows are not a part of 
the symbol. 

RIGID 

TERMINAL 

FLEXIBLE 
LEAD 

64.12.3 Applications 

64.12.3.1 Triode with indirectly heated cathode and en-
velope connected to base terminal 

64.12.3.2 Triode-heptode with rigid envelope connec-
tion 

64.12.3.3 Ultra-high-frequency triode (disk-seal-tube 
type) with internal capacitor 

64.12.3.4 Rectifier with heater tap and envelope con-
nected to base terminal 

64.12.3.5 Equipotential-cathode twin triode with 
tapped heater 

65. UNIT, PIEZOELECTRIC CRYSTAL 

66. VARISTOR 
See also RECTIFIER (item 46). 

Electroelectrical transducer with nonlinear char-
acteristics. 

The arrowheads in these cases are to be filled. 

66.1 Asymmetrical; metallic rectifier 

Arrow shows direction of forward (easy) current as 
indicated by direct-current ammeter. 

66.2 Symmetrical 

67. VIBRATOR 

67.1 Typical shunt drive (contacts as required) (with 
terminals shown) 

67.2 Typical separate drive (contacts as required) (with 
terminals shown) 

Note—Single-line (one-line) symbols appear at the left, complete symbols at the right, and symbols suitable for both purposes are 
centered in each column. 
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TYPICAL SINGLE-LINE DIAGRAMS 

e 

YI 

Y2c) 

RU 

SPEECH INPUT 
CHANNEL 

CONDITION BUSSES 
SWITCH 

REFERENCE 

TALK BACK 
MICROPHONE 

ATI 

TALK BACK 
CHANNEL 

TEST 
o 

POWER 
AMPLIFIERS PERMANENT 

LOUDSPEAKER 

MON 

DIAGRAM I - LABORATORY SOUND SYSTEM 

BAL.2 
21 Ell El 

AT5 

HYI 

TO FIG. A,B OR C 

BAL.I 
AT2 E2 

Fçt' MT I 

LINE 

FIG. A 

FOR BAL. I 
ADJUSTMENT 

WI 

AT6 

FIG. B 

FOR BAL.2 
ADJUSTMENT 

WI 

E4 

TERMINALS 
FOR TEST 
LOUDSPEAKERS 

MONITOR 
LOUDSPEAKER 

AR I AR2 AT4 

FIG. C 

FOR MEASURING 
RETURN LOSS 
(SINGLE END) 

WAVEGU I DE I 
UNDER TEST 

DIAGRAM 2- MICROWAVE TEST SETUP 

LINE 
E 

E3 

DETR 

qa1 DIAGRAM 3 - TELEPHONE REPEATER AND LINE EQUIPMENT INCLUDING HYBRIDS 
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TYPICAL SINGLE-LINE DIAGRAMS 

66KV-30-60 ,1) 
INCOMING LINE NO.6603 

1200 A - 69 KV 
3- 69 KV II5V 

3-1000/5 
TYPE-

II +  I 

12004-69 KV 
TYPE-

1 - 100,000KVA-39$ f-.1 
69KV- 13200V 

Z1 

5000A- I5 KV ) i 
TYPE- , 

3A 
W 

5000A - 15 KV ) VAR 

3-5000/5 
TYPE-

13,200V. 39e- 60,1-$811S 

o of 

600A-I5KV ) 
TYPE-

3-600/5 
TYPE-

2- 13200/115V 

LINE NO.607 

WH 
VH 

LL 

NOTE: DEVICE FUNCTION NUMBERS FROM 
ASA C37.2 MAY EIE USED IN PLACE 
OF RELAY FUNCTION SYMBOLS, IN 
WHICH CASE A SEPARATE SYMBOL 
FOR EACH RELAY IS REQUIRED. 

FOR ALTERNATE SYMBOLS FOR CIRCUIT 
BREAKERS SEE ITEM 7. 

1 

100A- 15 KV l) I 
TYPE-

3- 50/5 
TYPE-

A 600 KVA 
13200-230V 

Arrp 30-60,1, 

VI-1 i 
WH 

ttt - 6004 )1 
'TYPE-

230V- 3 0-60% BUS 
T  

1 1 

I k t 
50A-600V ) i 1) 

yl ly 

5 HP 
5KW 
HEATER 

DIAGRAM 4 - POWER EQUIPMENT 

11 

[f 100A 

M1SC 

100A 
250V 
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INDEX 
Description 
adjustable 
aerial 
air core 

• air transmission path 
alarm 

audible 
contact, fuse with 
visual 

• • alternating-current generator 
alternating-current source, gen-

eralized 
alternate wiring 
aluminum cell 
amplifier 

rotary 
annunciator 
antenna 
aperture coupling 
arrester 

electric surge 
film element 
lightning 
valve element 

associated path or equipment 
attenuator 
audible signaling device 
autotransformer 

..1 

ballast lamp or tube 
barretter (thermistor) 
barrier photocell 
basic contact assemblies 
battery 

polarity 
bell 
bimetallic strip 
binding post 
block, carbon 
block, connecting 
blocking-layer cell 
blocks, test 
blowout coil 
board, terminal 
breaker, circuit 
bushing, capacitance 
bushing potential device 
buzzer 

cable 
cable, coaxial 
cable termination 
capacitance bushing 
capacitor 

differential 
feed-through 
phase-shifter 
potential device 
shunt 
split-stator 
trimmer 
terminating 

carbon block 
cell 
aluminum 
battery 
blocking-layer 
electrolytic 
photosensitive 
selenium 

chassis 
circuit 

breaker 
element 
open 
short 
terminal 

circular hybrid 
circular waveguide 
clock, contact-making 
clockwise rotation 
coaxial connector 
coaxial transmission path 

43.9 
4.3 
2 

35.9.20-23 
22.1 
3 

20.1 

4 
4.7 
4 
4.7 
43.10 
5 

33.1 
60 
9.3 
15.3 
6 
6 

21.1 
26 
58 
4.2 
58.1 
9.3 
14.9 
11 
58.1 

7 or 25.2 
8.6 
8.6.1 

21.2 

43 
43.8.2 
59.1 
8.6 
8 
8.2 
8.5 
8.2.1 
8.7 
8.4 
8.3 
8.1.2 
59.4 
4.2 

4.3 
6.2 
9.3 
4.3 
9 
9.2 
10 

7 or 25.2 
25 
59.2 
59.3 
58 
30 
43.11.1 
37 
39.3 
14.5 

43.1 or 43.8.2 

Item Description Item 
1 coil 
3 blowout 
17.1 loading 
43.3 operating 

repeating 
21 retardation 
27.4 condenser (capacitor) 
22 synchronous 
35 conductor 
41 connection, mechanical 

connector 
coaxial 

constant current transformer 
contact 

assembly, basic 15.3 
electric 15 
fixed 15.1 
moving 15.2 

contactor 16 
continuously adjustable 1 
control transformer, synchro 
convenience outlet 
converter, synchronous 
core 

air 
21 magnetic 
63.7-8 magnet or relay 

counter 
counterpoise 
coupler, directional 
coupling capacitor potential 

vice 
coupling (electric) 20 
crossing of paths 43.5 
crystal 

diode 
rectifier 
unit, piezoelectric 

current limiter for power cable 
cutout, primary fuse 
cutout, thermal 

device 
audible signaling 
coupling capacitor potential 
disconnecting 
outdoor-metering 
visual signaling 

dial, telephone 
differential capacitor 8.2 
differential synchro (receiver or 57.2 

transmitter) 
dipole antenna 3.1.1 
diode, crystal 46.2 
direct-current generator 35.9 
direct-current source, generalized 6.1 
direction of flow of power, signal, 23 

or information 
directional coupler 19 
disconnecting 

device 
switch 
switch, fuse 

discontinuity 
drop 
dynamotor 

57.1 
14.8 
35.12 
17 
17.1 
17.2 
17.3 
18 
3.2 
19 

de- 8.7 

46.2 
46.2 
65 
34 
27.2-3 
26.2 

21 
8.7 
14 
63.18 
22 

25.2 or 56.13.6 

14 
56 
27.2 
24 
2, 
35.9.17 

earphone 45 
electric contact 15 
electrolytic 

capacitor 8 
cell 
rectifier 

electron tube 
element 

circuit 
film 
fusible 
thermal 
valve 

envelope, electron tube 
envelope, switch (evacuated) 

4.3 
46.2 
64 

25 
4.7 

27.1 
26 
4.7 
64.6 
56.13.7 

Description 
equalizer 

11 facsimile set 
31 feed-through capacitor 
12 field winding, generator or motor 
63 film element, arrester 
31 filter 
8 fixed, contact 

35.11 flasher 
43 fluorescent lamp 
13 frame 
14 frequency changer 
14.5 fusible element 
63.5 fuse 

fuse with alarm contact 
future path or equipment 

Ban 
25.2 
25.2 
8.5 

35.7 
4.7 
25.2 
15.1 
26.2 
33.2 
10 

35.11.5-6 
27.1 
27 
27.4 
43.10 

gap 
horn 
protective 
sphere 

generalized alternating-current 
source 

generalized direct-current source 
generator 
glow lamp 
governor 
ground 

handset 
headset 
hearing aid 
heating resistor 
hook switch 
horn 
gap 

howler 
hybrid 
junction 

illuminating lamp, incandescent 
filament 

indicating light 
induction voltage regulator 
inductor 

saturable core 
shunt 
terminating 

instrument 
shunt 

interlock, mechanical 
interlock, safety (electrical) 

jack 
junction of paths 
junction, hybrid 

key 
operated lock switch 
switch 
telegraph 

4 
4.4 
4.5 
4.6 

41 

6.1 
35 
33.3 
47 
28 

29 
45 
45 
50.5 
56.13.5 
21.3 
4.4 

21.3 
30 
30.2 

33.4 

22.3 
63.10-12 
31 
31.7 
31.6 
59.5 
37 
50.6 
13.2-3 
56.13.4 

14 
43.6 
30 

56.13.1 
56.11 
32 

lamp 33 
ballast 33.1 
cold-cathode 33.3 
communication switchboard- 22.2 

type 
fluorescent 33.2 
glow 33.3 
incandescent-filament illumi- 33.4 

nating 
neon 33.3 

light; indicating pilot, signaling, 22.3 
or switchboard 

lightning arrester 
limit switch 
limiter for power cable, current 
loop antenna 
loop coupling 
loudspeaker 

4 
56.13.2 
34 
3.1.2 
20.2 
21.3 

machine, rotating 35 
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INDEX 
Description Item 
magnet core 
magnet, permanent 
magnetic core 
magnetoelectric generator 
mechanical connection 
mechanical interlock 
metallic rectifier 
message register 
meter 
shunt 

metering device, outdoor 
microphone 
mode suppression 
mode transducer 
motion, mechanical 
motor 
compound-wound 
induction 
series 
shunt 
synchronous 

movable 
short 

moving contact (electric) 
multigap arrester 

neon lamp 
neon light 
network 
normals 
normalled connectors 

17.3 
36 
17.2 
35.10.10 
13 
13 
46.2 
18 
37 
50.6 
63.18 
38 
55 
62 
39 
35 

35.9.9-10 
35.10.1-2 

35.9.4-5 or 35.10.3-4 
35.9.6-7 
35.11 
39 
59.3.1 
15.2 
4.8 

33.3 
22.3 

40 or 25.2 
14.7 
14.7 

open 59.2 
operating coil 12 
operating quantity, relay 48.8.8 
operator's set 29.6 
oscillator 41 
oscillograph, string 37 
oscilloscope or cathode-ray oscillo- 37 
graph 

outdoor metering device 63.18 
outlet, convenience 14.8 

pad 
pair, twisted 
path, transmission 
permanent magnet 
phase sequence quantities 
phase shifter 35 

capacitor 
photocell, barrier 
photoconductive transducer 
photosensitive cell 
phototube 
photovoltaic transducer 
pickup 
polarity, battery 
piezoelectric crystal unit 
pilot light 
plug 
polarizing marks for current 

transformer 
polarizing marks for potential 

transformer 
"pot." (adjustable 

resistor) 
upothead" 
"pot." (potential transformer) 
power supply 
probe coupling 
protective functions, relay 
protective gap 
protector 
push button (switch) 

quad 
quantities, phase sequence 
quantity, relay operating 

42 
43.7.1 
43 
36 
48.8.10 

10.17-18 and 53 
8.2.1 
9.3 
9.1-2 
9 
64.11.6 
9.3 

44 
6 

65 
22.3 
14 
63.16.1 

63.17.1 

50.3 and 39.5 

59.1 
63.17 
25.2 
20.3 
48.8 
4.5 
4 or 27 

56.6-7 

43.7.3 
48.8.10 
48.8.8 

Description 
reactor 
receiver, hearing aid 
receiver, telephone 
receptacle 
recording unit 
rectangular waveguide 
rectifier 

electrolytic 
electron tube 
metallic 

reed, vibrator 
register, message 
regulator 

induction-voltage 
speed 
step-voltage 

relay 
core 
demand totalizing 
protective functions 
shunt 
thermal 

repeater 
repeating coil 
reproducer (pickup) 
reproducing unit 
resistor 

heating 
shunt 
terminating 

resonator 
rheostat 
ridged waveguide 
ringer, telephone 
rotary amplifier 
rotating machine 
rotation designation 

Item 
31 
45 
45 
14 
25.2 
43.11.2 
46 
46.2 
64.11.8 
46.2 
15.2.5 
18 

63.10-12 
47 
63.8 
48 
17.3 
37 
48.8 
50.6 
26.3 
49 
63 
44 
25.2 
50 
50.5 
50.7 
59.6 
51 

39.5 or 50.3-4 
43.11.3 
21.1 

35.9.20-23 
35 
39.3-5 

safety interlock (electrical) 
safety interlock (mechanical) 
saturable-core inductor 
selenium cell 
selector switch 
set, facsimile 
set, operator's 
shield, shielding 
shifter, phase 
short 
movable 

shunt 
capacitor 
inductor 
instrument, meter or relay 
resistor 

signaling device, audible 
signaling device, visual 
signaling light 
siren 
slip ring 
solenoid 
sounder, telegraph 54 
source of alternating current, gen- 41 

eralized 
source of direct current, general- 6.1 

ized 
speed regulator 47 
sphere gap 4.6 
split-stator capacitor 8.3 
station, telephone 25.2 
step-voltage regulator 63.8 
strip, bimetallic 26 
strip, terminal 58.1 
surge arrester 4 
supply, power 25.2 
suppression, mode 55 
switch 56 
switchboard lamp, communica- 22.2 

tions type 

56.13.4 
13 
31.7 
9.2 

56.12 
25.2 
29.6 
52 

35.10.17-18 and 53 
59.3 
59.3 I 

8.4 
31.6 
50.6 
50.7 
21 
22 
22.3 
21.3 vacuum tube 
15.2.7 valve element arrester 4.7 
12 "variable" 1 

varistor 
vibrator 

reed 
visual signaling device 
voltage regulator, induction 
voltage regulator, step 

waveguide 
winding 

connection symbols, trans-
former 

field 
operating coil 
rotating machine 
transformer 

wiring 
alternate 
future 

Item 
22.3 
56.13.5 
57 

63.1 
32 
54 

25.2 or 56.13.6 
45 
21.1 
25.2 
38 
25.2 
25.2 

58.1 
58 
64.12.2 
58.1 

59.4 
59.5 
59.6 

59.1 
59.2 
59.3 
14.9 

26.2 
26 
26.3 
60 
61 
26.4 

62 
9.1-2 
9.3 

63 
63.5 
63.16 
63.17 
63.1 
38 
8.1.2 

43.7.2 
33.1 
64 

Description 
switchboard light 
switchhook 
synchro 

taper, coaxial or waveguide 
telegraph key 
telegraph sounder 
telephone 

dial 
receiver 
ringer 
station 
transmitter 

teleprinter 
teletypewriter 
terminal 
board 
circuit 
electron tube 
strip 

terminating 
capacitor 
inductor 
resistor 

termination 
cable 
open circuit 
short circuit 

test blocks 
thermal 

cutout 
element 
relay 

thermistor 
thermocouple 
thermostat 
transducer 
mode 
photoconductive 
photovoltaic 

transformer 
constant-current 
current 
potential 
waveguide 

transmitter, telephone 
trimmer capacitor 
triple, twisted 
tube, ballast 
tube, electron 

underground transmission path 
unit 

piezoelectric crystal 
recording 
reproducing 

43.8.7 

65 
25.2 
25.2 

64 

66 
67 
15.2.5 
22 
63.10-12 
63.8 

43.11 
31 
63.19 

35.7 
12 
35.8 
63.1 
43 
43.9 
43.10 

en, 

ir 

e 

e 

t. 

IF 
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Discussion on 

"A Method for Calculating the Current 
Distribution of TschebyschetT Arrays"* 

DOMENICK BARBIERE 

H. E. Salzer:' In the above paper, the author de-
rived explicit expressions for h, the current in the kth 
element from the center of a Dolph-Tschebyscheff ar-
ray. In his formulas (20) and (20') Barbiere gives two 
separate expressions for 'k for the respective even and 
odd element array. Each expression consists of a sum-
mation of terms, where each term is a power of zo (a 
function of the side-lobe level) multiplied by a quotient 
of the form A/B where A has two factors (one of which 
is a factorial) and B is the product of three factorials. 

By employing known properties of Chebyshev poly-
nomials2 it is possible to derive formulas equivalent to 
Barbiere's (20) and (20') in a very direct manner, and 
where a single analytic expression covers both the even 
and odd element array, and where instead of the above 
A/B, one has merely to evaluate an expression of the 
form C(2D+E) where C, D, and E are binomial coeffi-
cients which can be looked up in standard tables." The 
problem is to express T„(zox) as a series of the form 
L'2,1 b,T„_2.(x), where the b. corresponds to the 
l'un+1_24,),23 and the symbol [y] denotes the largest in-
teger not exceeding y. From 

Tn(zox) 

" D. Barbiere, "A method for calculating the current distribution 
of Tschebyscheff arrays," PROC. I.R.E., vol. 40, pp. 78-82; January, 
1952. 

1 Ordnance Development Lab., National Bureau of Standards, 
Washington, D. C. 

2 National Bureau of Standards, "Tables of Chebyshev poly-
nomials S(x) and C(x)," App!. Math. Ser. 9; 1952. See p. XII, 
formula (35), and p. XIII, formula (38). It is important to remember 
that To(x) is always taken to be equal to 4. 

3 "Handbook of Chemistry and Physics," Chemical Rubber Pub. 
Co., Cleveland, Ohio, 8th ed., p. 250; 1947. Mathematical tables 
tabulate the first twenty binomial coefficients. 
' For some additional coefficients beyond the twentieth, see, 

"British Association for the Advancement of Science—Table of 
Powers," Cambridge University Press, London, England, p. 132; 
1940. 

- ((23e)n {2 (n —1 1) (" —1 2)/ (23e)a-2 

± {2 (n ; 2) - (n (2zox).-4 + • • .), ( 1) 

it is apparent that the coefficient of xii-fr is equal to 

(_ w zo n--2,2„_2,-1 {2 C _ (fl r 1)} 

But we have 

x n-2r = 
1 

2n-2r-1 

[(n—,.2-.,r) /21 In - 2r) 
L, T„_2,-2k(x). (2) 

Substituting into ( 1), we get 

T„(zox) 
1,1121 
E (_ 1)rzon-2r {2 in - r\ 

r ) 

(n — r — 1)} (n - 2r 
T n-2r-2k(Z) • (3) 

In (3), let r-Fk = s and in the double summation collect 
all terms having the same value of s. It is seen that s 
ranges from 0 to [n/2] and the double summation in (3) 
over a triangle of arguments (r, k) is replaceable by a 
summation of the form 

In/21 

T n(ZoX) = E bsT„(x), (4) 

where the b, is given explicitly by 

b. = zo.E(_1)zo_2(._k) - 2s + 2k) 

• 
12(n — s + k\ (fri — s k — 1)} 

• (5) 
s — s — k 
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Fig. I—The antenna- reflector combination as it appeared to an incoming wave. 
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An Experimental Study of a 
Microwave Periscope* 

W. C. Jakes' has made a theoretical 
study of the gain characteristics of an an-
tenna used with a plane reflector. His study 
showed that for certain antenna and re-
flector sizes and spacings it is possible to re-
ceive more power from the antenna-reflector 
combination than from the same antenna 
located at the reflector position. An experi-
mental study was undertaken by the author 
to test the validity of the theoretical results. 

The experimental setup may be seen in 
Fig. 1, left, which shows how the antenna. 
reflector combination appeared to an inci-
dent wave. The antenna and reflector were 
located along a reference line parallel to the 
incident wavefront as shown in Fig. 2a, cen-
ter left. The received power under these con-
ditions was designated PR'. With the anten-
na oriented toward the transmitter as shown 
in Fig. 2b, the power received was P R2. The 
object was to measure PRI/PR2 for various 
values of the parameters d and a. The inci-
dent field, Eo, was uniform over the measur-
ing area to within + 0.2 db which ensured 
that the incident field on the reflector in Fig. 
2a was the same as that on the receiving 
antenna in Fig. 2b. 

The experimental results are shown in 
Fig. 3, bottom left. Gain comparison was 
made for three different reflector sizes, viz. 
Ria = 0.6, 0.8, 1.2. The experiment was con-
ducted for both vertical and horizontal 
polarization. Curves for the two polariza-
tions were not separated by more than 0.15 
db. 

The experimentally determined curves 
are in good agreement with the curves de-
rived from theoretical considerations. The 
data indicate that for the case R/a =0.6 the 
antenna-reflector combination can have as 
much as 2.3 db gain over the gain of the an-
tenna alone. 
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* Received by the institute. January 25. 1954. 
W. C. Jakes. Jr.. A theoretical study of an an-

tenna-reflector problem." PROC. I.R.E., vol. 41, pp. 
272-274; February, 1953. 
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Multi-Electrode Transistor-Tube 

• Analogy* 

Today the terms tetrode and pentode 
transistors are appearing extensively in the 
technical press.' -6 One may inquire whether 
the fourth electrode is added for the same 
reason which caused its addition in the elec-
tron tube some 25 years ago. Reviewing this 
reason, let us start with the insertion of the 
space charge grid (case 1), writing the triode 
plate current 

dis -= g,sdVs gpdVb, (1) 

and enhancing it by the steady field of the 
added grid next to the cathode, yielding the 
gm-improvement thus 

(Ho -= Agbd)di gpdVb. (2) 

Schottky's screen-grid invention (Ger-
many, 1918)6 eliminated the second term in 
(1) by providing electric shielding between 
the plate and the cathode, maintaining the 
dc field at the cathode» (case 2). By thus 
adding the "Schottky improvement" 
(—gol Vs) for inherent negative feedback 
elimination, we obtain 

d/b = (g,sdVe — gpdVb) gpdVs, 

or 

b = (gs, Ag,,,2)dVs gpdVs. (3) 

Turning Schottky's invention into an anti-
Miller effect screen grid (case 3), we obtain 

d/b = g„,[dVs f(dVb)] gpdVs, (4) 

• where f(dVb) represents the positive feed-
back, which may be identified as the g„,-
contribution A,g„,3 in 

at, gpdV b. (5) 

Here 4.3 is the composite, symbolic, tube-
network quantity, eliminated by the rf 
screen grid by the injected term ( — 4„,3), so 
that 

d/b = (g,,,' — Agn.3)d V. gpd V6, (6) 

where g„,1 stands for the parenthesis in 
(5). 

All the major reasons for introducing a 
fourth electrode in the electron tube are 
above covered by one common, generalized 
theory, and we may attempt to explain the 
addition of a fourth electrode to a transistor 
by a change in a transfer characteristic 
corresponding to g„,. 

Tetrode transistors using two emitters 
will not be discussed here. One important 
transistor is the "junction tetrode,"1 in 
which the transistor action is made to take 
place very near the base contact. There is no 

* Received by the Institute, December 7, 1953. 
& R. L. Wallace, L. G. Schimpf, and E. Dickten. 

"A junction transistor tetrode for high-frequency use. 
PROC. I.R.E., vol. 40, p. 1395; November, 1952. 

L. J. Giacoletto, ''Junction transistor equivalent 
circuit and vacuum-tube analogy," Pace. I.R.E., 
vol. 40, p.1490; November, 1952. 

W. Shockley. "Electrons and Holes in Semi-
conductors," D. Van Nostrand Co., Inc., New York, 
N. Y., p. 112; 1950. 

W. Shockley, "Transistor electronics: imperfec-
tions, unipolar, and analog transistors,' PROC. I.R.E., 
vol. 40, p. 1289; November, 1952. 

&W. Shockley, "A unipolar 'Field-Effect' tran-
sistor," Flux. I.R.E., vol. 40, p. 1365; November, 
1952. 

H. Stockman, "Signs of voltages and currents 
• in vacuum tube circuits," Communications; February, 

1944. 
H. Stockman, "Inherent feedback in triodes," 

Wireless Eng.. April, 1953. 

appreciable similarity with case (1) above, 
but there may be weak similarities with cases 
(2) and (3). Again, the applications are dif-
ferent in principle. The "hook-collector," or 
"conjugate-emitter" tetrode presents an-
other variation.' The question of importance 
is if the feedback situation in the original 
transistor was a great drawback, the fourth 
electrode being added specifically to elimi-
nate this drawback! This seems not to have 
been the case in the development of the 
hook tetrode. 

Still another type of "tetrode" transistor 
is the Shockley "field-effect" or "unipolar" 
transistor, actually referred to by its inven-
tor as a three-electrode device.“ Accepting 
the circuit presented by Shockley' as illus-
trative of the conditions, read off the equa-
tion in short-hand notation as 

did = gda(dif..± dVedpeo). (7) 

Here the subscripts s, d, and g refer to the 
"source,» "drain,» and "gate." Reshaping 
this equation in accordance with ( I), we 
obtain 

dld = (gb, Ag„.4)dif gibdVd., (8) 

where g„, refers to a fictitious, "un-gated" 
unipolar transistor, and tig»,4 refers to the 
improvement by the fourth electrode, con-
tributing the "gate." The contribution Ag„,4 
is different in nature to 
above, and is more in line with the condi-
tions in a "Wunderlich" tube, in which the 
connection of the two equivalent plane grids 
results in a certain improvement in trans-
conductance. 

In conclusion, therefore, and to the ex-
tent all conventional four-electrode tran-
sistors are tetrodes, it may be said that there 
is no obvious, direct line of connection be-
tween the insertion of a fourth electrode in 
the tube, and the insertion of a fourth elec-
trode in the transistor, except that the in-
sertion of an additional electrode in a tran-
sistor may itself, or via new circuitry, change 
the inherent feedback in the triode tran-
sistor so that significant similarity can be 
proven. The criterion is the same as before; 
consequently, is the fourth electrode intro-
duced specifically to cause a change in the 
feedback conditions, analogous to that 
caused in the triode tube? 

HARRY STOCKMAN 
Scientific Specialties Corp. 

Boston, Mass. 

Shockley, "A unipolar 'field-effect' transistor," 
ibid., Fig. 8. 

Russian Vacuum-Tube 

Terminology* 

Russian and English are both Indo-
European languages and many scientific 
words coming from the Greek are held in 
common. Outstanding examples in the list 
that follows are the words diode, triode, 
tetrode, and so forth, which are compounded 
from the Greek numerals plus the word 
hodos, meaning a way or path. Russian has 
no h and this letter is commonly translit-
erated as r(g) in words of nonSlavic origin: 
therefore, rexcoit and rerrrog. Russian also 
employs terms two-, three-, four-, five-, six-, 

• Received by the Institute. Dec. 21, 1053. 

seven-, and eight-electrode (tubes), these 
rendered by gayx-, Tpex-, geriapex-, rum-, 
mecTa-, emu-, and Boesulia.nexrpouHaa, 
respectively. In these forms Russian nu-
merals are used in the genitive case. 

In speaking of ordinary vacuum tubes 
the word zuudna is commonly used; the 
Slavic word Tpy6ica, diminutive of Tpy6a, 
tube or pipe, is reserved primarily for special 
tubes, i.e., the cathode-ray tube. Tube 
nomenclature is a combination of Russian 
and foreign words. AHon (up way) and 
xaTog (down way) are from the Greek of 
course and are the same as in English. 
Russian has no equivalent to the English 
"plate." The word HUTT% a thread, becomes 
the filament but in such expressions as fila-
ment current, filament voltage, and so 
forth it is replaced by }Isamu, literally 
incandescence. The word eeTica, grid, is the 
diminutive of eels, in general, a net or 
mesh; specifically, an electrical network, cir-
cuit or power line. 

The word «pm is the French écran. 
From this a verb axpainspoawn is formed 
and present participle, axpaHappolgatt, is 
used to form term for screen grid. Sup-
pressor grid is literally "protective" grid, 
probably from French grille de protection. 

tube 
vacuum 
vacuum tube 
electron 
electron tube 
electrode 
anode or plate 
cathode 
diode 
triode 
tetrode 
pentode 
hexode 
heptode 
octode 
filament 
incandescence 
filament voltage 
filament current 
filament supply 
plate circuit 
plate supply 
plate current 
plate voltage 
grid 
grid voltage 
screen grid 
suppressor grid 
grid bias 
control grid 
characteristic 
amplification factor 
acorn tube 
split anode 
cathode ray 
cathode-ray tube 

electron gun 

emission 
magnetron 
phototube 

mozna 
Baxyym 
Baxyyrauan .namna 
aaexTpoli 
aneKTp0HHail "lamas 
wiewrpopL 
afioJi 
KaTO)2 
Awe 
Tpuog 
TerpoA 
lleHTOK 
reiccoA 
renToix 
«Tog 
HIITb 

HaKan 

Hanpmuellue Hamm 
TOK mtxama 
nirrasue HaitaJIa 
aliORIlblit »imp 
aHOAHOE, mrraaue 
aHogaidt TOK 
asogHoe Haupliaceuue 
cams 
ceTogHoe nanpaaceime 
axpaimpporgan emu/ 
aailinTasr cenut 
ceromiaR emeilieHne 
yupaumuoinaa cents 
xapaierepriernica 
Roacbaugewr ycianealus 
amnia atonygb 
pave:moll time 
icarogabili Jil 
HaTOAH0.71rieBafl 

TPY6Ka 
aueirrposmait 

nponceirrop 
aMHCCESI 

stamen:as 
tboToTpy6xa 

GEORGE F. SCHULTZ 
Capehart-Farnsworth Corp. 

Fort Wayne, Ind. 
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IBM 701 Logical Design* 

The article on the logical design features 
of the IBM Type 701 Electronic Data 
Processing Machines which appeared in the 
October, 1953 issue of the PROCEEDINGS 
gives a very clear and complete description 
of the computer functions. In the two and a 
half years since specifications were frozen, 
however, it is not surprising that some con-
fusion has occurred on the contribution of 
individuals. 

The "transfer on zero" order, the non-
sterilization of minus zero, the two extra 
left-hand accumulator positions, and the 
"round" order were suggested by me in a 
memorandum to Ralph Palmer, dated 
March 23, 1951. A subsequent decision to 
adopt these features was participated in by 
other engineers and executives, of course. 
I have been encouraged to make this 

correction by the certainty that only the 
mists of antiquity—two years, after all, is 
a whole generation in the computer field— 
prevented my friend Werner Buchholz from 
remembering the facts. 

H. R. J. GROSCH 
General Electric Co. 
Cincinnati 15, Ohio 

Received by the Institute. November 6, 1953. 

The System Design of the IBM 

Type 701 Computer* 

I am sorry that Dr. Grosch feels that 
after two years his efforts have already been 
forgotten, but this is not so. The fact is that 
the design of the 701 was a large project, and 
there were many who made important con-
tributions, Dr. Grosch among them. Listing 
them individually would have meant trying 
to separate out the suggestions made by 
various people, when actually most of the 
important ideas took shape during group 
discussions. Few names and no individual 
credits were given, not because they were 
forgotten but simply because an adequate 
list would have been either excessively long 
or highly arbitrary. 

W. BUCHHOLZ 
Intl. Business Mach. Corp. 

Poughkeepsie, N. Y. 

• Received by the Institute. January 21, 1954. 

Instantaneous Frequency* 

The recent correspondences.' regarding 
the subject of instantaneous frequency 
seems to be all directed at a rediscovery of 
principles very adroitly expressed by Dr. B. 
Van der Pol a number of years ago.' 

Speaking as an inexpert observer not 
wishing to become involved in the contro-
versy, I would suggest that Messrs. Shekel, 
Hupert, and Hok refer to Dr. Van der Pol's 
excellent treatment of the subject for guid-
ance by a recognized expert in resolving their 
conflicting views. 

R. W. JOHNSON 
The Ralph M. Parsons Co. 

Pasadena, Calif. 

* Received by the Institute. Jan. 8, 1954. 
1J. Shekel, "'Instantaneous' Frequency," Paoc. 

1.R.E.. vol. 41, p. 48; April, 1953. 
* J. J. Hupert, "Instantaneous Frequency," Prtoc. 

IRE., vol. 41, p. 1188; Sept., 1953. 
G. Hok, "Frequency modulation and instan-

taneous frequency," PROC. I.R.E., vol. 41, p. 1786; 
Dec., 1953. 

Balth Van der Pol, "The fundamental principles 
of frequency modulation," Jour. I.E.E., vol 93, part 
III, p. 153; 1946. 

On the term "Instantaneous Fre-

quency"* 

In a letter published recently in the PRO-
CEEDINGS1 I objected to the use of the term 
"instantaneous frequency." It seems, how-
ever, that my intention was misinterpreted, 
as is evident from a letter contributed by 
J. J. Hupert.' I believe this misinterpreta-
tion to be due to the identification of a term 
with the concept denoted by it. 

There is a certain concept, which is un-
doubtedly useful in the discussion of fre-
quency modulation, swept frequency oscil-
lators, and allied subjects; this concept is 
labeled by the term "instantaneous fre-
quency." It is this term that I am opposed to, 
not the concept. 

The adjective "instantaneous" has a defi-
nite meaning in physics, as exemplified by 
"instantaneous velocity," "instantaneous ac-
celeration," "instantaneous direction (of 
motion along a curve)." Its meaning isclosely 
related to that of the adjectival phrase "at a 
point" as used in geometry, e.g., the direc-

• Received by the Institute, December 10, 1953. 
1J. Shekel, "Instantaneous frequency.' PROC. 

I.R.E., vol. 41, p. 548; April, 1953. 
2J. J. Hupert, "Instantaneous frequency." PROC. 

I.R.E., vol. 41, p. 1188. September, 1953. 

tion of the tangent to a line, or the radius of 
curvature at a point on the line. In all these 
cases a property that is constant for one type 
of curve is applied to a small section of a 
curve of higher degree, through approximat-
ing a small section of the latter to the former 
and passing to the limit with the interval of 
approximation tending to zero. In my first 
letter I have shown that the term "instanta-
neous frequency," if interpreted  in this way, 
leads to the concept w = V—r/f. This is dif-
ferent from any of the ways in which we usu-
ally define the concept denoted by this term. 

Is quibbling about terminology impor-
tant? Take the following paragraph from the 
paper by Harvey, Leifer and Marchand :3 

" It is of interest to first consider the 
situation of Fig. 1 which represents a 
filter with a passband outside the instan-
taneous frequency range of an FM sig-
nal. That energy can be transmitted by 
the filter is difficult to perceive. Equally 
difficult to understand is how no energy 
would be transmitted by a filter which 
passes part of the instantaneous fre-
quency range of the signal." 
Why is it "difficult to perceive" or "diffi-

cult to understand"? Isn't it because a con-
cept, defined in one way, is labeled by a term 
containing an adjective that, due to its use 
in other fields, evokes a concept different 
from the intended one? There is nothing in 
the definition of the concept that may raise 
such difficulties, and yet, I am sure, many 
engineers have felt similar difficulties, either 
studying the subject of frequency modula-
tion, or teaching or explaining it to others. 

The terms used in any field should facili-
tate thinking about the concepts and the 
relations between them. The term should not 
be misleading or bring up connotations ab-
sent in the concept, and apologetic state-
ments, like those quoted above, should 
never appear. 

The concept which is now usually re-
ferred to as "instantaneous frequency" is 
quite useful; the term "'instantaneous fre-
quency" is misleading, and should be 
changed to a more suitable one. 

J. SHEKEL 

8 Ben Yehuda St. 
Haifa, Israel 

N. L. Harvey, M. Leifer, and N. Marchand, 
"The component theory of calculating radio-fre-
quency spectra with special reference to frequency 
modulation.' PROC. IRE., vol. 39, p. 217; June, 1951. 

• 
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M. J. EHRLICH 

Contributors  
For a photograph and biography of 

R.H. BAKER see page 1191 of the September, 
1953 issue of the PROCEEDINGS OF THE 
I.R.E. 

H. W. Batten, was born in 1924. He is at 
present a student at the University of Michi-
gan, and a research associate for the Engi-

neering Research In-
stitute at the Univer-
sity of Michigan, 
Ann Arbor, Michi-
gan. 

Mr. Batten was in 
the Army Air Force 
from 1943 to 1946. 
He received the 
Bachelor's degree in 
electrical engineering 
from the University 
of Michigan in 1950, 
and the Master's de-

gree in electrical engineering in 1951. He ex-
pects to obtain the Ph.D. degree in June, 
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Mr. Batten's research experience is 
largely in the field of electron tubes. He has 
worked on the stability of oscillators, transit-
time theory, microwave tubes, and fluctua-
tion problems in gastubes. 

H. W. BATTEN 

M. J. Ehrlich (SM'51) was born in Balti-
more, Md., in May, 1920. He received the 
B.E. degree in electrical engineering from 

Johns Hopkins Uni-
versity in 1941, the 
M.S. degree in elec-
trical engineering in 
1947, and the Ph.D. 
degree in 1951 from 
the University of Cal-
ifornia at Berkeley. 

From 1942 to 
1946 Dr. Ehrlich 
served as a mine war-
fare officer in the 
U. S. Navy. He 
joined the Radiation 

Laboratory, University of California, Berke-
ley, in 1946, as a member of the linear-ac-
celerator group. In 1948 he joined the An-
tenna Laboratory, University of California, 
as a research engineer, and engaged in dif-
fraction and scattering studies. Dr. Ehrlich 
was associated with the Microwave Research 
Department of Hughes Aircraft Company 
from 1950-54. Since he has been associated 
with the Microwave Radiation Co. 

A. H. Hausman (S'44-A'49) was born on 
November 24, 1923 in Chicago, Ill. He re-
ceived the B.S. degree in electrical engineer-
ing from the University of Texas in 1944, 
and the S.M. degree in engineering sciences 
and applied physics from Harvard Univer-
sity in 1948. 

H JAFFE 

H. HEFFNER 

A. H. HAUSMAN 

During the period from 1944 to 1946 Mr. 
Hausman was in the U. S. Navy, assigned to 
the office of the Chief of Naval Operations, 

Washington, D. C. 
He was one of the 
founders of Engi-
neering Research As-
sociates, Inc., of St. 
Paul, Minn., and he 
remained in associa-
tion with the firm un-
til 1947. 

In 1948 Mr. Haus-
man joined the De-
partment of Defense 
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H. Heffner (S'49-A'52) was born in 
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received the B.S. degree in Physics in 1947 

and the M.S. and 
Ph.D. degrees in 
Electrical Engineer-
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Stanford University. 
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Energy Commission. 
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Army Signal Corps 
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ber of the technical staff of the Bell Tele-
phone Laboratories where he has been en-
gaged in vacuum tube research. 

H. Jaffe was born in Heidelberg in 1909. 
He obtained a Ph.D. in physics from the 
University of Goettingen in 1934. From 1935 

to 1939 he was a re-
search assistant to 
Professor Walter G. 
Cady at Wesleyan 
University. 

After a year as 
head of the Physics 
Department at Alle-
gheny College, he 
joined The Brush 
Development Com-
pany to undertake 
research on new pie-
zoelectric materials. 

Among the many crystals studied by 
his group, ammonium-dihydrogen phosphate 
and lithium sulphate have found application 
in sonic and ultrasonic transducers. More 
recently he was concerned with properties 
and applications of titanate ceramics and 
other ferroelectrics. Dr. Jaffe has been Di-
rector of the Electrophysical Research De-

partment of The Brush Laboratories Com-
pany, Division of Clevite Corporation, 
since January, 1953. 

He is a member of the American Physical 
Society and American Crystallographic 
Association. 

E. R. Jervis (A'33-VA'39-SM'51) was 
born on May 14, 1905, in Turin, Italy. He 
has a degree equal to the American B.S. 

from the University 
of Milan; an M.S. 
degree in communi-
cations from Harvard 
University; and Ing. 
Dr. degree from 
Polytechnicum of 
Turin. 

After a year as re-
search assistant at 
Harvard University, 
in 1937 he joined the 

E. R. JERvis design and develop-
ment department of 

National Union Radio Corp., Newark, 
N. J. In 1941 he became associated with 
Tung Sol Lamp Works, Inc., also in New-
ark, subsequently becoming chief design en-
gineer. 

He returned to National Union Radio 
Corp. in 1948 as Section Chief of the 
Cathode Ray Tube Research Dept. He was 
responsible for several improvements in 
dark-trace cr tube construction, and for 
other developments in tube design and pro-
duction. In 1951 he joined National Vidco 
Corp., Chicago, Ill., as chief engineer in 
charge of installation of a miniature tube 
plant. Since June, 1952, he has been with 
Aeronautical Radio, Inc., Washington, D. C., 
as Engineering Manager of the Military 
Contract Div. 

Dr. Jervis is a registered professional 
engineer in the District of Columbia, and 
a member of the Harvard Engineering Soc. 

R. A. Jorgensen was born in Huntsville, 
Alabama, on September 16, 1929. He re-
ceived the A.B. degree in mathematics from 

Emmanuel Mission-
ary College, Berrien 
Springs, Michigan, in 
1950, and the A.M. 
degree in mathemat-
ics from the Uni-
versity of Michigan, 
Ann Arbor, Michi-
gan, in 1951. 

Mr. Jorgensen 
was associated with 
the Electronic De-
fense Group at the 
University of Michi-

gan during 1951-1953. In 1953 he joined the 
staff of the University of Minnesota, Minne-
apolis, Minnesota, where he is at present an 
instructor in mathematics. 

R. A. JORGENSEN 
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A. B. M ACNEE 

R. S. MACKAY 

I. L. LEBOW 

Contributors  
I. L. Lebow was born in Boston, Mass., 

on April 27,1926. He attended the Massachu-
setts Institute of Technology for one year, 

served two years in 
the U. S. Navy and 
returned to M.I.T. in 
1946, receiving the 
B.S. degree in phys-
ics in 1948 and the 
Ph.D. degree in phys-
ics in 1951. At M.I.T 
he did research on 
high energy particles. 

Following gradu-
ation he joined the 
staff of M.I.T., Lin-
coln Laboratory, 

where he is currently engaged in research on 
transistor applications to digital computers. 

Dr. Lebow is an associate member of 
Sigma Xi and a member of A.P.S. 

R. S. Mackay was born in 1924 in San 
Francisco, Calif. He has a Ph.D. in physics, 
in which subject he was a Teaching Assistant 

for five years at the 
University of Calif. 
He has also been a 
Teaching Assistant 
and Lecturer in Elec-
trical Engineering. 

Dr. Mackay is 
Assistant Professor of 
Electrical Engineer-
ing on the Berkeley 
Campus of the Uni-
versity of California. 
He is concurrently a 
Lecturer in Biophys-

ics and Director of the Central Research and 
Development Laboratory at the University 
of California Medical Center in San Fran-
cisco. In Berkeley he has recently been de-
voting himself to developing a program on 
nonlinear electronic circuits and pulse tech-
niques; while in San Francisco he specialized 
in biophysics and medical electronics. 

He is a member of Pi Mu Epsilon, Sigma 
Xi, and Phi Beta Kappa. 

• 

A. B. Macnee (S'42—A'45) was born on 
September 19, 1920, in New York, N. Y. He 
studied electrical engineering at the Massa-

chusetts Institute of 
Technology, where 
he received the B.S. 
and M.S. degrees in 
1943, and the D.Sc. 
degree in 1948. 

From 1943 to 1946 
he was a staff mem-
ber in the receiver 
group at the M.I.T. 
Radiation Labora-
tory, and special-
ized in the noise per-
formance of inter-

mediate-frequency amplifiers. 

A. R. MOORE 

W. P. MASON 

From 1946 to August, 1949, he was en-
gaged in research on high-speed electronic 
computation at the M.I.T. Research Labo-
ratory of Electronics. Dr. Macnee spent one 
year studying at the Chalmers Institute of 
Technology, Gothenburg, Sweden. 

In 1950, Dr. Macnee joined the staff of 
the University of Michigan, where he is now 
an associate professor of electrical engineer-
ing. 

Dr. Macnee is a member of Sigma Xi and 
Eta Kappa Nu. 

W. P. Mason (A'35—F'45) was born in 
Colorado Springs, Colorado, in 1900. He 
graduated from the University of Kansas in 

1921, and obtained 
the A.M. degree in 
1924. He received 
Ph.D. degree in 1928 
from Columbia Uni-
versity. 

From 1921 to the 
present time he has 
been engaged as a 
research engineer and 
physicist with the 
Bell Telephone Lab-
oratories. His prin-
ciple contributions 

have been made in the fields of piezoelectric 
crystals and ultrasonics. 

Dr. Mason is a member of Sigma Xi and 
Tau Beta Pi, and is a Fellow of the American 
Physical Society, and the Acoustical Society 
of America. 

He is the author of numerous technical 
papers and of the book, "Electromechanical 
Transducers and Wave Filters." 

A. R. Moore was born in New York, 
N. Y. on January 14, 1923. He received the 
B.S. degree in Chemistry in 1942 from the 

Polytechnic Institute 
of Brooklyn. He 
worked on phototube 
and thyratron de-
velopment at RCA 
Victor in Harrison, 
N. J. and Lancaster, 
Pa. from 1942 to 
1945. In 1945 he en-
tered Cornell Univer-
sity, and received the 
Ph.D. in Physics in 
1949, specializing in 
physics of solids. 

During his last two years at Cornell he was 
an RCA Fellow. He joined the RCA Labo-
ratories Division at Princeton, N. J. in 1949, 
where he has worked on semiconductor 
physics. 

W. M. WEBSTER 

W . W . PETERSON 

H. D. MORRIS 

H. D. Morris was born in Niles, Mich. on 
July 19, 1925. He served in the U. S. Signal 
Corps from 1943-46. He attended the Univ. 

of California from 
1946-50. He gradu-
ated with honors in 
Electrical Engineer-
ing receiving the B.S. 
degree. 

He joined the Ra-
diation Laboratory of 
the U. of Calif. after 
graduation, as an 
Electronics Engineer. 
He carried on gradu-
ate work at U.C. in 
the field of pulse 

techniques and beam deflection tubes. In 
1953, he joined the staff of the Donner Scien-
tific Co. where he is Research and Develop-
ment Engineer in scientific instrumentation. 

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

• 

For a photograph and biography of J. I. 
PANKOVE, see page 488 of the February, 
1954 issue of the PROCEEDINGS OF THE 
I.R .F. 

W. \V. Peterson was born on April 22, 
1924, in Muskegon, Michigan. He attended 
the University of Michigan, Ann Arbor, 

Michigan, receiving 
A.B. degree in math-
ematics in 1948, and 
M.S.E. degree in 
electrical engineering 
in 1950. 

Since 1950 Mr. 
Peterson has been 
employed by the 
University of Michi-
gan, and has worked 
in both the Electron 
Tube Laboratory and 
and the Electronic 
Defense Group. 

W. M. Webster (A'48—SM'54) was born 
in Warsaw, N. Y. in 1925. He studied phys-
ics at Rensselaer Polytechnic Institute, and 

at Union College. 
He received the B.S. 
degree in physics 
from Union College, 
and the Ph.D. de-
gree from Princeton 
University. 

He joined the 
RCA Laboratories 
Division, Princeton, 
N. J., in 1946, where 
he has worked pri-
marily on solid state 
devices and vacuum 

and gaseous electronics. 
Dr. Webster is a member of Sigma Xi, 

and received the Editor's Award in 1953. 

• 
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NTSC RECEIVES AWARD 

Dr. W. R. G. Baker holds the "Emmy" 
awarded to NTSC by the Academy of Tele-
vision Arts and Sciences, in recognition of the 
importance of the NTSC work in color tele-
vision. 

The Academy of Television Arts and 
Sciences recently awarded the "Emmy" to 
the National Television System Committee 
for distinguished contribution to the tele-
vision industry and color television. Dr. 
W. R. G. Baker, vice president of General 
Electric Co. and general manager of the 
Electronics Division, received the award in 
his capacity as chairman of the NTSC. 

The "Emmy" was displayed on March 
• 22 in the Waldorf-Astoria Hotel, New York 

City, at a dinner meeting of the NTSC mem-
bers, held in conjunction with the IRE 1954 
National Convention. At this meeting, Dr. 
Alfred N. Goldsmith, Editor Emeritus of 
the PROCEEDINGS OF THE I.R.E., presented 
to Dr. Baker, on behalf of the IRE, a 
painting symbolic of the NTSC color tele-
vision standards. The painting is the original 
of the color reproduction which appeared on 
the front cover of the January, 1954, color 
television issue of the PROCEEDINGS OF THE 
I.R.E. 

e 

GLOBAL COMMUNICATIONS 

SYMPOSIUM 

Nearly 1,000 radio engineers are expected 
to attend the first Symposium on Global 
Communications, which will be held in 
Washington, D. C., on June 23-25. It will 
be sponsored by the IRE Professional Group 
on Communications Systems, and is under 
the chairmanship of Christian L. Engleman, 
management and engineering consultant. 

Technical papers on various aspects of 
world-wide communications will be pre-
sented in two full-day sessions by commer-
cial, military, and other government special-
ists in the field. Arrangements are being com-
pleted for conducted field trips to nearby 

commercial and military communications 
centers on the third day of the meeting. It 
is expected that there will be some fifty 
exhibits of the latest communications equip-
ment and components. A reception, two 
luncheons, a banquet, and special activities 
for the ladies, including a fashion show, will 
also feature the Symposium. 

The technical program is as follows: 
"Global Air/Ground Radio Telephone Com-
munications," W. W. Lynch, Pan American 
World Airways, Inc.; "International Plan-
ning of Global Communications for Avia-
tion," Hector Adam, International Civil 
Aviation Organization; "Organization and 
Operation of the Naval Communication 
System," G. M. Neely, Office of the Director 
of Naval Communications; "World-Wide 
Propagation Predictions and Ionosphere 
Disturbance Forecasting," A. H. Shapley, 
National Bureau of Standards; "Recent 
Advances in International Radio Communi-
cation," I. K. Given, RCA Communications, 
Inc.; "Impact of Submerged Repeaters on 
Global Communications," C. S. Lawton, 
Western Union Telegraph Co.; "USAF Stra-
tegic Communications System," G. M. 
Higginson, USAF; "Global Public Com-
munications," D. D. Donald, American 
Telephone & Telegraph Co.; "Frequency 
Propagation Forecasting for World Air 
Route Operations," C. A. Petry, Aeronauti-
cal Radio, Inc., and Major John York, 
USAF; "Polyplex Transmission System for 
Point-to-point Radio Telegraph," Christo-
pher Buff and F. D. Webster, American 
Cable & Radio Corp.; "Communications: A 
Vital Link in the U. S. Federal Airways Sys-
tem," F. J. Cervenka, Civil Aeronautics 
Authority; "The International Telecom-
munications Union and Global Communica-
tions," F. C. De Wolf, Department of State; 
"British Global Telecommunications," A. H. 
Read, British Embassy; "International Con-
trol of Frequency Usage," P. D. Miles, 
Federal Communications Commission; "The 
Organization and Function of the Interna-
tional Radio Consultative Committee," E. 
W. Allen, Jr., Federal Communications 
Commission; "Improving Frequency Man-
agement to Facilitate Global Communica-
tions," D. R. MacQuivey, Department of 
State; "Department of the Army Command 
Communications," W. F. Spanke, Office of 
the Chief Signal Officer; "Global Marine 
Communications," E. M. Webster, Federal 
Communications Commission. 

COMPUTER CONFERENCE 

PROCEEDINGS AVAILABLE 

The Proceedings of the Eastern Joint 
Computer Conference, held December 8-10, 
1953 in Washington, D. C., sponsored by the 
IRE, ALEE, and ACM, is now available 
from the Institute of Radio Engineers, 1 
East 79 Street, New York 21, N. Y., at 
$3.00 per copy. The 128-page volume con-
tains both the papers and discussions pre-
sented at the meeting. 

Calendar of 

COMING EVENTS 
LAS Annual Summer Meeting, LAS 

Building, Los Angeles, Calif., 
June 21-24 

IRE Symposium on Global Com-
munications, Washington, D. C., 
June 23-25 

British Institute of Radio Engineers, 
1954 Convention, Christ Church, 
Oxford, England, July 8-12 

Sixth Annual Oak Ridge Summer 
Symposium, "Modern Analytical 
Chemistry," Oak Ridge, Tenn., 
August 23-27 

IRE-WCEMA Western Electronic 
Show & Convention, Pan Pacific 
Auditorium, Los Angeles, Calif., 
August 25-27 

1954 International Congress of Math-
ematicians, Royal Tropical In-
stitute, Amsterdam, Holland, 
September 2-9 

IRE-AIEE-URSI Symposium on In-
formation Theory, Massachusetts 
Institute of Technology, Cam-
bridge, Mass., September 15-17 

Cedar Rapids Conference on Com-
munications, Cedar Rapids, Iowa, 
September 17-18 

IRE Professional Group on Vehicular 
Communications Meeting, Rice 
Hotel, Houston, Texas, Septem-
ber 30—October 1 

National Electronics Conference, Ho-
tel Sherman, Chicago, Ill., Oc-
tober 4-6 

IRE Professional Group on Nuclear 
Science Annual Conference, Sher-
man Hotel, Chicago, Ill., October 
6-7 

Symposium on Marine Communica-
tion and Navigation, Hotel Somer-
set, Boston, Mass., October 13-15 

Society of Motion Picture & TV Engi-
neers Seventy-sixth Semi-Annual 
Convention, Ambassador Hotel, 
Los Angeles, Calif., October 17-22 

IRE-RETMA Radio Fall Meeting, 
Hotel Syracuse, Syracuse, N. Y., 
October 18-20 

IRE Quality Control Symposium, 
Statler Hotel, New York, N. Y., 
November 12-13 

Symposium on Fluctuation Phenom-
ena in Microwave Sources, West-
ern Union Auditorium, New York, 
N.Y., November 18-19 

IRE Kansas City Section Annual 
Electronics Conference, Hotel 
President, Kansas City, Mo., No-
vember 18-19 

AIEE Winter General Meeting, Hotel 
Statler, New York, N. Y., Janu-
ary 31—February 4, 1955 

1955 Southwestern IRE Conference 
and Electronics Show, Baker 
Hotel, Dallas, Tex., February 10-
12, 1955 
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PROCEEDINGS OF THE I.R.E. PRESENTED TO TOKYO UNIVERSITY 

U. S. Ambassador John M. Allison gives the first volume of the PROCEEDINGS OF THE I.R.E. 
to President Yanaihara of Tokyo University. 

A complete set of the PROCEEDINGS OF 
THE I.R.E. was recently presented to the 
Tokyo University by U. S. Ambassador 
John M. Allison, on behalf of Harold B. 
Richmond, president of the General Radio 
Company. 

After his presentation of the volumes to 
President Yanaihara, the Ambassador made 
the comment that the best kind of co-opera-
tion between two nations is shown in the 

gift. President Yanaihara expressed grati-
tude for the entire university for the help 
which the volumes will give to both faculty 
and students, and added that their apprecia-
tion could best be shown by the further de-
velopment of their research projects. 

The presentation of the volumes was 
made possible through the co-operation of 
many individuals and organizations, both 
Japanese and American. 

ANNUAL M EETING OF 
ENGINEERING EDUCATORS 

Over 1,500 engineering educators will at-
tend the Annual Meeting of the American 
Society for Engineering Education on June 
14-18 at the University of Illinois, Urbana, 
Illinois. Educators and distinguished engi-
neers from other countries who are visiting 
in the United States are invited to attend. 

The meetings will include conferences 
sponsored by the Engineering College Ad-
ministrative Council and the Engineering 
College Research Council, two component 
organizations of the ASEE. The theme of 
the conference this year, "Evaluation of 
Engineering Education" will feature a 
thorough analysis of all phases of engineer-
ing education. This will conclude a two-year 
study on Evaluation of Engineering Educa-
tion undertaken by the Society. 

The Engineering College Research Coun-
cil and Engineering College Administrative 
Council will hold a joint dinner to commemo-
rate the 50th Anniversary of the founding of 
Engineering Experiment Stations in engi-
neering colleges. The speaker at this dinner 

will be Dr. Lee DuBridge, President of 
California Institute of Technology. 

There will be over 100 individual con-
ference programs arranged by the Divisions, 
Committees, and Councils of the Society. 

Foreign guests who wish to attend the 
Conference should write to Professor Robert 
K. Newton, ASEE Housing Chairman, 
University of Illinois, Urbana, Ill., for in-
formation and reservations. 

SUMMER COURSES IN AUTOMATIC 
CONTROL OFFERED 

Plans for a two-week special summer pro-
gram in the Automatic Control of Machine 
Tools, to be held from August 23 to Septem-
ber 2 in the Servomechanisms Laboratory at 
the Massachusetts Institute of Technology, 
have been recently announced. The program 
will be under the direction of Professor J. 
Francis Reintjes, Director of the M.I.T. 
Servomechanisms Laboratory in the De-
partment of Electrical Engineering, who will 
be assisted by other members of the Labora-
tory staff. 

Morning sessions of the two-week pro-

gram will be devoted to studies of systems 
and components including the following 
topics: principles of information processing 
as applied to the use of machine tools; nu-
merical control systems and their machine 
tool applications; equipment design for 
computational equipment, servomechanisms 
for machine tool control, etc.; design con-
siderations for system reliability; and man-
agement, operation, and maintenance of 
numerically-controlled machine tools. 

In addition, there will be less formal 
afternoon sessions devoted to programming 
techniques, using the numerically-con-
trolled milling machine developed in the 
Servo-mechanisms Laboratory under U. S. 
Air Force sponsorship. Topics in these ses-
sions will include the mathematics of pro-
gramming, practical procedures, and ma-
chine aids. The special summer program is 
designed to interest those who want a I In 'ail 
view of the technical aspects of numerical 
control as they apply to machine tools. 

Since the number of registrants must 
necessarily be limited, preference will be 
given to applications from those who are 
now engaged in designing or applying auto-
matic machine tool equipment or who an-
ticipate entering this field. Tuition for the 
program will be $160. 

This special summer program in Auto-
matic Control of Machine Tools supple-
ments a two-week program in Machine Tool 
Technology to be given in the M.I.T. 
Mechanical Engineering Department from 
June 15 through June 25, 1954. Further in-
formation and application blanks for either 
program may be obtained from the Summer 
Session Office, Room 7-103, M.I.T., Cam-
bridge 39, Mass. 

SPECIAL EVENTS FOR WESCON 

PLANNED 

The Special Events Committee for the 
1954 WESCON, to be held in Los Angeles, 
Calif., from August 25-27, has recently an-
nounced several activities expected to be of 
great interest to all those attending. 
A tour of the sound studio and technical 

facilities of 20th Century Fox Picture Corp. 
has been arranged, and other field trips will 
be announced later. 

The annual All-Industry Luncheon, to be 
held on August 27 in the Cocoanut Grove of 
the Ambassador Hotel, will include a non-
technical address by a prominent speaker, 
and the presentation of the 7th Region IRE 
Annual Achievement Award and the 
\VCEMA Scholarship Awards. The All- In-
dustry Cocktail Party has been scheduled to 
be held in a unique—and very pleasant— 
setting. It will be outdoors around the Am-
bassador Hotel Swimming Pool on August 
25 at 5:30 P.M. For the special enjoyment 
of the ladies there will be two luncheons, and 
a tour of CBS Television City. 

The announcement has also recently 
been made of the assignment of 450 exhibi-
tions for the Electronics Show. Additional 
accommodations are now being planned, in 
order to place as many as possible of the 
applications still on file. 

• 

V 
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Irving Wolff (far left). Chairman of the National Committee for the IRE-AIRE Conference on Transistor 
Circuits, with his associates at the meeting in Philadelphia on February 18 and 19. From left to right, Dr. Wolff, 
H. E. Tompkins. J. G. Brainerd, K. H. Emerson. W. R. Clark, and J. G. Linvill. 

TRANSISTOR CIRCUITS CONFERENCE 
HIGHLY SUCCESSFUL 

The I RE-AIEE Conference on Tran-
sistor Circuits, held in Philadelphia on Feb-
ruary 18 and 19, presented 18 papers to 
over 600 registrants, including some from 
Canada and England. Originally scheduled 
for the University of Pennsylvania Museum 
Auditorium, the meetings were moved across 
the street to the University's Irvine Audi-
torium because of the large attendance. 

Dr. G. P. Harnwell, President of the 
University of Pennsylvania and distin-
guished physicist, gave the welcoming ad-
dress to the meeting. 

The technical papers presented at the 
Conference covered several aspects of the 
transistor-circuit art. 

The first session, whose chairman was 
H. E. Tompkins of the Burroughs Research 
Center, was concerned with the properties 
and representation of transistors, from both 
the "black-box" and "transparent-box" 
points of view. 

In the first paper, J. M. Early of Bell 
Laboratories reviewed the basic physical 
phenomena underlying junction transistor 
operation. J. Zawels of RCA Victor (whose 
paper was read by H. Johnson of RCA Lab-
oratories) then presented a new equivalent 
circuit for junction transistors, in which the 
passive part corresponds closely to the 
physics of the device, and the active part is 
a frequency-independent amplifier. J. B. 
Angell of Philco presented two equivalent 
circuits for surface-barrier transistors, and 
indicated the superiority of one in which the 
space-charge-layer widening affect on emit-

ter current is represented by a resistor 
connected directly between collector and 
emitter, rather than by a series element in a 
T-equivalent. J. S. Schaffner of the General 
Electric Co. presented data on the variation 
junction transistor parameters with operat-
ing point and temperature, and emphasized 
that in some cases in which a-c parameters 
are fairly constant with temperature, the 
d-c bias point is a severe function of tem-
perature; as an example of this he cited the 
input characteristic of the grounded base 
(and hence also of the grounded emitter) 
amplifier stage. 

In the second session, conducted by J. G. 
Linvill of Bell Telephone Laboratories, 
chairman of the program committee, transis-
tors in linear circuits were discussed. G. C. 
Sziklai of RCA Laboratories first discussed 
several new complementary-symmetry cir-
cuits, including a simple two-stage amplifier 
whose direction of amplification can be 
changed by a single-pole double-throw 
switch. E. R. Kretzmer of Bell Laboratories 
presented several examples of the use of 
other semiconductor devices (such as 
thermistors and breakdown diodes) as 
stabilizing elements in transistor circuits. 
F. P. Keiper, Jr. of Philco, derived his 
neutralizing circuits, which was originally 
described in the December, 1952, issue of 
the PROCEEDINGS OF THE I.R.E. S. J. Mason 
of the Research Laboratory of Electronics 
at M.I.T., discussed the invariances of the 
"available power gain" of an active three-
terminal network. P. L. Bargellini of the 
Moore School of Electrical Engineering, 
University of Pennsylvania, a consultant for 
RCA Victor, presented data indicating that 

a substantial fraction of present-day junc-
tion transistors are more quiet than tubes, 
and have a low, flat noise spectrum through 
the audio range, rather than a 1/f depend-
ence of noise on frequency. At low frequen-
cies, the 1/f dependence sets in, however. 

In the third session, under T. R. Finch 
of Bell Telephone Laboratories, various 
junction transistor amplifiers were dis-
cussed. C. R. Hurtig of the Research Lab-
oratory of Electronics, M.I.T., described a 
transistor d-c amplifier, and noted the limi-
tations on performance caused by the tem-
perature dependence of present units. R. F. 
Shea of the General Electric Co. discussed the 
choice of configuration and operating point 
for audio power amplifiers, and demon-
strated an 18-watt push-pull class-B audio 
amplifier, using two experimental power 
transistors in the common-base connection 
as the output stage. Bell Laboratories' 
speakers, F. H. Blecher, R. E. Yaeger, and 
L. G. Schi mpf , showed particular types of am-
plifiers, including summing and integrating 
amplifiers for analog computers, carrier-fre-
quency feedback amplifiers, and junction te-
trode i-f amplifiers, respectively. 

The final session, on nonlinear applica-
tions of junction transistors, had A. W. Lo of 
RCA Laboratories as its chairman. J. J. 
Ebers and J. L. Moll of Bell Telephone 
Laboratories presented a theory of the large-
signal d-c and transient behavior of junction 
transistors. This theory, while closely related 
to the physics of transistors, is clear and 
simple enough to be of definite practical 
utility in circuit design. D. E. Deuitch of 
RCA Victor discussed some basic switching 
circuits. J. T. Warnock of Philco presented 
a design method for obtaining reliable 
switching circuits using any transistors 
whose parameters fall within a specific range. 
Mr. Warnock also described a very simple 
diode clamping circuit for presenting carrier-
storage turn-off delay in junction-transistor 
switching circuits. This last session is, to the 
best of our knowledge, the first meeting at 
which junction-transistor switching circuits 
have been discussed in detail. 

Many of the papers presented at the 
Conference will be published in journals of 
the authors' choice, but no "Proceedings" 
of the Conference will be issued. This policy 
was adopted to insure that the Conference 
would include the "latest word" on the 
transistor-circuit art; a strict publication 
policy would have delayed the presentation 
of some papers until a subsequent meeting. 
It is evident that the Conference was not the 
"last word" on the subject, since the art is 
still progressing with great rapidity, and it 
is expected that similar conferences will be 
organized in the future, as the need arises. 

If there is any comment or criticism on 
the conduct of the Conference, please write 
to any one of the following committee mem-
bers: Irving Wolff, Chairman, National 
Committee; J. S. Donal, Jr., Secretary, 
National Committee; M. S. Corrington, 
Treasurer, National Committee; J. G. Lin-
vill, Chairman, Program Committee; K. H. 
Emerson, Chairman, Local Arrangements 
Committee; or H. E. Tompkins, Chairman, 
Publicity Committee. 
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BUENOS AIRES SECTION HOLDS ENGINEERING WEEK 

The Buenos Aires Section of the IRE held its Seventh Annual Engineering Week on 
November 23-27, 1953 at the Transradio Lecture Hall in Buenos Aires, Argentina. The five-
day meeting included three visits to transmitting plants, and three technicaljpapers presented 
in conjunction with the tours. Pictured above are members of the Buenos Aires Section, 
photographed during the trip to Ucoa Radio Manufacturing Plant. Left to right, they are: 
Manuel Kobilsky, William A. Cook, Luis Malvarez, chairman of the Buenos Aires Section, 
Mr. Watson, and Pascual N. Guzzi. 

FORESTRY COMMUNICATIONS 

MEETING SCHEDULED 

The Forestry Conservation Communica-
tions Association has scheduled its 5th An-
nual Conference at the Hotel Commodore in 
New York City from June 17-18. The pro-
gram will cover technical and administrative 
phases of forestry and conservation com-
munications. Leading manufacturers of 
communications equipment will display 
their latest products. 

Anyone desiring additional information 
should contact the Program Chairman, Max 
Guiberson, Route 7, Box 392, Olympia, 
Wash. 

CALL FOR HISTORICAL 

RADIO MATERIAL 

Arrangements have been made by the 
IRE with the Smithsonian Institution of 
Washington, D. C., to assist in obtaining for 
preservation in the Smithsonian Museum 
significant pioneer radio, television and 
electronics material, particularly items now 
in the possession of members of the IRE. 
While the Institution has unceasing de-
mands upon its limited facilities for the 
preservation of historical materials, it recog-
nizes the need to acquire important relics 
associated with the development of the 
radio field, while they are still available. The 
Institution is looking ahead to new buildings 
for its engineering collections and, in the 
meantime, will preserve what it reasonably 

can in its reference collections, pending new 
space for exhibition. 

Adequately authenticated material will 
be accepted as gifts to the Smithsonian In-
stitution with the understanding that it will 
be preserved but not necessarily exhibited. 
The Institution has extensive reference col-
lections which are used by writers, engineers, 
and students, and it believes that preserva-
tion of documented material is the most 
valuable service that it renders to the engi-
neering profession and to present and future 
inquirers into technological development. 
As outstanding material is acquired, the 
present exhibits will be expanded and im-
proved to represent better the develop-
ment, within the limits of space available. 

Members who know of relics of real sig-
nificance which might be donated for preser-
vation in these archives, are requested to 
correspond with the IRE History Com-
mittee at IRE Headquarters, 1 East 79 
Street, New York 21, N. Y. 

PROFESSIONAL GROUP NEWS 

CIRCUIT THEORY 

The IRE Professional Group on Circuit 
Theory has been quite active in presenting 
symposia during the past months. On Feb-
ruary 18-19, a symposium was held in 
Philadelphia on Transistor Circuits in co-
operation with the AIEE. (See page 881 of 
the May Issue of the PROCEEDINGS OF THE 
I.R.E. for a complete summary of this meet-
ing.) 

The 1954 IRE winter convention again 

presented three sessions of contributed 
papers on Circuit Theory and one sympo-
sium on Network Equalization. The five 
papers at this symposium gave a broad pic-
ture of the practices currently employed in 
designing network equalizers. Topics cov-
ered included fundamental gain limitations 
on equalizer networks, an analytic synthesis 
technique for transfer functions, the use of 
computational methods for highly precise 
cable equalizers and adjustable equalizers, 
and methods for time domain equalization. 
All network papers presented at the con-
vention will be published in the CONVENTION 
RECORD and distributed free to PGCT mem-
bers. 

The PGCT again co-operated with the 
Polytechnic Institute of Brooklyn's Micro-
wave Research Institute in presenting a 
symposium in New York on April 12-14. 
The topic for this year was "Information 
Networks." Speakers at the five sessions 
emphasized the symbiotic relation between 
two disciplines of thought; the one—Net-
work Theory—mature and established, the 
other—Information Theory—just feeling its 
oats. One set of papers covered the general 
philosophy of the network-information rela-
tionship. Other contributors discussed gen-
eralized filtering, time varying networks, 
and information processing networks such as 
transmission lines, coding circuits, com-
puter circuits and optical systems. One ses-
sion emphasized the application of networks 
to such remote fields as nervous systems and 
social groups. As has been the case in the 
past, several contributors from abroad gave 
the sessions an international flavor. All 
papers will be published as Volume III of the 
Symposium Series and will be available at a 
$1.00 discount to PGCT members. Further 
inquiries should be addressed to J. Fox, 
Microwave Research Institute, 55 Johnson 
Street, Brooklyn 1, N. Y. 

Future plans call for a group of network 
papers to be presented at the IRE Western 
Electronics Show and Convention during the 
period August 25-27. 

Another program on which planning is 
well started is to occur in Chicago from Oc-
tober 4-6. The PGCT is co-operating with 
the National Electronics Conference on a 
symposium whose theme is tentatively " De-
sign and Application of Networks for Pulsed 
Signals." Interested parties should contact 
J. J. Gershon, DeVry Technical Institute, 
2533 N. Ashland Avenue, Chicago 14, Ill. 

April, 1955, will again bring the annual 
PIB-PGCT Symposium. The subject will be 
"Modern Network Synthesis," and it is 
planned to fill in any gaps left by the sym-
posium of 1952 on this topic, as well as to 
bring the subject up to date. The meeting 
will be part of the centennial celebration of 
the Polytechnic Institute of Brooklyn. 

NEW CHAPTERS APPROVED 

At the March 2nd meeting of the Execu-
tive Committee the following Professional 
Group Chapters were approved: the Connec-
ticut Valley Chapters of the Professional 
Group on Nuclear Science and the Profes-
sional Group on Medical Electronics. 
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CONFERENCE ON AIRBORNE AND 

NAVIGATIONAL ELECTRONICS 

Plans for the East Coast Conference on 
Airborne and Navigational Electronics to be 
held November 4 and 5, 1954, have been an-

* nounced jointly by the Baltimore Section of 
the Institute of Radio Engineers and the 
IRE Professional Group on Aeronautical 
and Navigational Electronics. The confer-
ence will be held at Baltimore's Sheraton-
Belvedere Hotel. 

The technical portion of the conference 
will be devoted to the general field of Air-
borne and Navigational Electronics. Inter-
ested persons are cordially invited to submit 
papers for consideration; 150-word abstracts 
should be sent no later than July 1, 1954, to: 
Mr. Norman Caplan, Bendix Radio Division 
of Bendix Aviation Corp., Towson 4, Md. 

Industrial exhibits are planned as an in-
tegral part of the conference. During the two 
days in November, representatives of many 
outstanding East Coast industries and de-
velopment organizations will be concen-
trated in Baltimore to view these exhibits. 
Those organizations interested in sponsoring 
exhibits should contact: Mr. C. E. McClel-
lan, Air Arm Division, Westinghouse Elec-
tric Corp., Friendship Airport, Baltimore, 
Md. 

In addition to the technical programs 
and exhibits, a banquet will be held on the 
evening of November 4. 

• 

TECHNICAL COMMITTEE NOTES 

The Standards Committee met on 
March 25th tinder the chairmanship of A. G. 
Jensen. Mr. Jensen announced the names of 
new committee members and introduced 
those present. The new member-at-large is 
Virgil M. Graham. The new Committee 
Chairmen are: B. B. Bauer, Electroacoustics 
Committee; P. S. Christaldi, Measurements 
& Instrumentation Committee; W. J. 
Dodds, Electron Devices Committee; J. E. 
Eiselein, Industrial Electronics Committee; 
D. E. Maxwell, Audio Techniques Commit-
tee; H. R. Mimno, Navigation Aids Com-
mittee and J. E. Ward, Feedback Control 
Systems Committee. Mr. Jensen reviewed 
the Standards acted upon by the committee 
during the year. The following standards 
were published in 1953: ( 1) Standards on 
Antennas and Wave Guides: Definitions of 
Terms, 1953; (2) Standards on Electron De-
vices: Methods of Measuring Noise, 1953: 
(3) Standards on Modulation Systems; 
Definitions of Terms, 1953; (4) Standards on 
Sound Recording and Reproducing: Meth-
ods of Measurement of Noise, 1953; (5) 
Standards on Television: Definitions of 
Color Terms, Part I, 1953; (6) Standards on 
Sound Recording and Reproducing: Meth-
ods for Determining Flutter Content; and 
(7) Standards on Circuits: Definitions of 
Terms in the Field of Linear Varying Pa-
rameter and Non-linear Circuits, 1953. The 
following standards were approved in 1953 
and are awaiting publication: ( 1) Standards 

(Coneinued on nee page) 

PUBLICATIONS OF THE IRE 

The following issues of Transactions are available from the Institute of Radio En-
gineers, Inc., 1 East 79 Street, New York 21, N. Y., at the prices listed below. 

Sponsoring 
Group 

Publications 
Group 
Mem- 
bers 

IRE 
Mem- 
bers 

Nor 
Mer 
ben 

Aeronautical & 
Navigational 
Electronics 

PGAE-4; The Selectivity and Intermodu- 
lation Problem in UHF and Communica-
tion Equipment ( 11 pages) 

$0.45 $0.65 $1. 

PGAE-5; A Dynamic Aircraft Simulator 
for Study of Human Response Character-
istics (6 pages) 

.30 .45 

PGAE-6; Ground-to-Air Cochannel In- 
terference at 2900 MC (10 pages) 

.30 .45 

PGAE-8; June 1953 Issue (25 pages) .65 .95 1. 4 
PGAE-9; September 1953 Issue (27 
pages) 

.70 1.05 2.1 

PGAE-10; December 1953 Issue (36 
pages) 

.80 1.20 2.4 

Antennas and 
Propagation 

PGAP-4; IRE Western Convention, Au- 
gust 1952 (136 pages) 

2.20 3.30 6.1 

Vol. AP- 1, No. 1; July 1953 Issue (30 1.20 1.80 3.1 

(Pages) 
Vol. AP- 1, No. 2; October 1953 Issue (64 
pages) 

1.20 1.80 3.1 

Vol. AP-2, No. 1; January 1954 Issue (39 
pages) 

1.35 2.00 4.( 

Audio PGA-5; Design Interrelations of Records 
and Reproducers (8 pages) 

.30 .45 

PGA-7; Editorials, Technical Papers and .90 1.35 2.1 
News, May 1952 Issue (48 pages) 
PGA-10; November-December 1952 Is- 
sue (28 pages) 

.70 1.05 2. 

Vol. AU-1, No. 1; January-February 1953 .60 .90 1.! 
Issue (26 pages) 
Vol. AU- 1, No. 2 ; March-April 1953 Issue 
sue (36 pages) 

.80 1.20 2. 4 

Vol. AU- 1, No. 3; May-June 1953 Issue .80 1.20 2.4 
(24 pages) 
Vol. AU-1, No. 4; July-August 1953 Issue .70 1.05 2.1 
(19 pages) 
Vol. AU-1, No. 5; September-October .50 .75 1.! 
1953 Issue (11 pages) 
Vol. AU- 1, No. 6; November-December .90 1.35 2.1 
1953 Issue (27 pages) 
Vol. AU-2, No. 1; January-February 1954 1.20 1.80 3.1 
Issue (38 pages) 

Broadcast and PGBTR-1; Round-Table Discussion on .50 .75 I. 

Television UHF TV Receiver Considerations, 1952 
Receivers IRE National Convention (12 pages) 

PGBTR-2; General Color-Receiver De- 
sign Considerations and Connection of 

.60 .90 1.! 

UHF & Color Adaptors to UHF Receivers 
(21 pages) 
PGBTR-3; June 1953 Issue (67 pages) 1.40 2.10 4.: 

PGBTR-5; January 1954 Issue (96 
pages) 

1.80 2.70 5., 

Circuit Theory PGCT-1; IRE Western Convention, Au- 
gust 1952 (100 pages) 

1.60 2.40 4.! 

PGCT-2 Papers Presented at the Circuit 1.95 2.90 5.! 
Theory Sessions of the Western Elec-
tronic Show and Convention, San Fran-
cisco, California, August 19-21,1953 (106 
pages) 
Vol. CT-1, No. 1 March 1954 Issue (80 
pages) 

1.30 1.95 3. 4 
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* Public libraries, colleges, and subscription agencies may purchase at IRE Mem-
ber rate. 
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The following issues of Transactions are available from the Institute of Radio En-
gineers, Inc., 1 East 79 Street, New York 21, N. Y., at the prices listed below. 

Sponsoring 
Group 

Publications 

Communica-
tions 
Systems 

Component 
Parts 

Electronic 
Computers 

Electron 
Devices 

Engineering 
Manage-
ment 

Industrial 
Electronics 

Information 
Theory 

Instrumenta-
tion 

Medical 
Electronics 

Microwave 
Theory and 
Techniques 

Quality 
Control 

Vehicular 
Communi-
cations 

Vol. CS-1, No. 1; Includes papers pre-
sented at the Technical Conference on 
Communications (72 pages) 
Vol. CS-2, No. 1; January 1954 Issue (83 
pages) 

PGCP-1; March 1954 Issue (46 pages) 

Vol. EC-2, No. 2; June 1953 Issue (27 
pages) 
Vol. EC-2, No. 3; September 1953 Issue 
(27 pages) 
Vol. EC-2, No. 4; December 1953 Issue 
(47 pages) 
Vol. EC-3, No. 1; March 1954 Issue (39 
pages) 

PGED-1; Papers from IRE Conference 
on Electron Tube Research and IRE-
AIEE Conference on Semi-conductor Re-
search, June 1952 (32 pages) 
PGED-2; Papers on Electron Devices 
presented at the IRE Conference on 
Electron Tube Research, Ottawa, Canada 
June 16-17,1952 and IRE Western Con-
vention, Long Beach (84 pages) 
PGED-4; December 1953 Issue (62 
pages) 

PGEM-1; February 1954 Issue (55 
pages) 

PGIE-1; August 1953 Issue (40 pages) 

PGIT-2; A Bibliography of Information 
Theory (Communication Theory-Cyber-
netics) (60 pages) 
PGIT-3; March 1954 Issue (159 pages) 

PGI-2; Data Handling Systems Sympo-
sium; IRE Western Electronic Show & 
Convention, Long Beach, California, Au-
gust 27-29,1952 (109 pages) 

PGME-1; November 1953 Issue (40 
pages) 

Vol. MTT-1, No. 2; November 1953 Issue 
(44 pages) 

PGOC-1; Papers presented at 1951 Radio 
Fall Meeting, and 1952 IRE National 
Convention (60 pages) 
PGQC-2; March 1953 Issue (51 pages) 
PGQC-3; February 1954 Issue (39 pages) 

PGVC-2; Symposium on What's New in 
Mobile Radio (32 pages) 

PGVC-3; Theme: Spectrum Conserva-
tion, Washington, D. C., December 3-5, 
1952 (140 pages) 

Group IRE Non-
Mem- Mem- Mem-
bers bers bers* 

$1.50 $2.25 $4.50 

1.65 2.50 4.95 

1.20 1.80 3.60 

.90 1.35 2.70 

.75 1.10 2.25 

1.25 1.85 3.75 

1.10 1.65 3.30 

.80 1.20 2.40 

1.60 2.40 4.80 

1.30 1.95 3.90 

1.15 1.70 3.45 

1.00 1.50 3.00 

1.25 1.85 3.75 

2.60 3.90 7.80 

1.65 2.45 4.95 

1.05 1.55 3.15 

.90 1.35 2.70 

1.20 1.80 3.60 

1.30 1.95 3.90 
1.15 1.70 3.45 

1.20 1.80 3.60 

3.00 4.50 9.00 

(TahnicalCommitteeNotes,cont) 

on American Recommended Practice for 
Volume Measurement of Electrical Speech 
and Program Waves; (2) Supplement No. 2 
to Standard 51 IRE 17. SI VHF-UHF An-
tenna Construction; (3) Standards on 
Graphical Symbols for Electrical Diagrams, 
1953; (4) Standards on Television: Methods 
of Measurement of Aspect Ratio and Geo-
metric Distortion, 1953; (5) Standards on 
Audio Techniques: Definitions of Terms, 
1953. Mr. Jensen introduced S. L. Bailey, 
IRE Standards Co-ordinator. Mr. Bailey 
thanked Mr. Jensen for his fine leadership as 
Chairman of the Standards Committee and 
introduced the two new officers: Dr. Ernst 
Weber, Chairman-elect and Mr. R. F. Shea, 
Vice Chairman-elect-Measurements. Mr. 
Bailey also stated that the Executive Com-
mittee of IRE had vested final authority for 
IRE Standards in the Standards Committee. 

The Standards Committee in its meeting 
April 8 heard the report of Jack Avins, 
Chairman of an Ad Hoc Committee on a 
N ew Unit for Logarithmic Ratios. He stated 
that he and Mr. Baldwin would represent 
the IRE at a meeting to be held April 15 for 
an informal discussion of the problem by all 
interested groups. The Standards Commit-
tee authorized Messrs. Baldwin and Shea to 
express the opinion of the Standards Com-
mittee that ( 1) a new logarithmic unit is 
desirable and (2) preferably the designa-
tion "decibel" be retained for 10X log of a 
power ratio. J. G. Kreer, Jr. asked the 
Standards Committee to define the purpose 
of writing standards. The Committee dis-
cussed the ways in which Standards are cur-
rently used, but no clear definition of pur-
pose was agreed upon. Dr. Weber stated 
that the Standards Manual would be revised 
to include a statement of the purpose. The 
group agreed that arrangements should be 
made to print Technical Committee Person-
nel lists in the Directory. The Committee 
gave a rising vote of thanks to the retiring 
Chairman, A. G. Jensen. 

The Audio Techniques Committee in its 
meeting April 7 discussed the problem of a 
new unit for logarithmic ratios, and made re-
visions in the Proposed Standard on Audio 
Systems and Components Excluding Re-
cording: Methods of Measurement. 

The Facsimile Committee convened on 
March 5th under the chairmanship of A. G. 
Cooley. There was a discussion concerning 
the facsimile test chart pertaining to cost of 
printing, etc. There was also a discussion on 
the paper by E. I. Green on a new unit for 
logarithmic ratios. It was decided to send a 
copy of the paper to all committee members 
for further study. A number of definitions 
were reviewed and acted upon. 

CORRECTION 

The listing of the abstract of Paper 20.4 
of the IRE Convention Papers, on Page 614 
of the March issue of the PROCEEDINGS OF 
THE I.R.E., should read as follows: "Single-
Gun Picture Tubes in NTSC Color Tele-
vision," by S. K. Altes and A. P. Stern. 
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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 

Antennas and 
Propagation 

Circuit Theory 

Publication 

Vol. AP-2, No. 2, 
April, 1954 

Vol. CT-1, No. 1, 
March, 1954 

Group IRE Non-
Mem- Mem- Mem-
bers bers bers* 

$2.00 $3.00 $6.00 

1.30 1.95 3.90 

*Public libraries and colleges can purchase copies at IRE Member rates. 

ANTENNAS AND PROPAGATION 

VOL. AP-2, No. 2, APRIL, 1954 

Why Transactions—E. Weber (editorial) 
News and Views 
An Experimental Investigation of the 

Single-Wire Transmission Line—J. E. Roberts 
The results of some measurements made on 

a dielectric coated wire are presented and com-
pared with theoretical results. These measure-
ments indicate that the single-wire line can be 
considered as a simple transmission line pro-
vided account is taken of the "end-effect." 

Sweep Frequency Backscatter—Some Ob-
servations and Deductions—R. Silberstein 

Sweep-frequency backscatter records have 
proved to be of great value in identifying the 
sources of backscatter seen on a fixed frequency 
by demonstrating the development of the echo 
as frequency and range increase. The most com-
monly observed scatter is ground scatter propa-
gated via the F2 layer, but it is also evident that 
the other layers propagate ground scatter, and 
that scatter from the distant E region may at 
times be important. 

In one group of observations over an 1,150-
km path on three undisturbed days, the values 
of F2-layer maximum usable frequency scaled 
from midpoint vertical-incidence ionospheric 
records and those determined by backscatter 
delay assuming ground scatter agreed almost 
within experimental error. In another three-
day group characterized by a low-latitude 
ionospheric disturbance, with low geomagnetic 
K indices but considerable sporadic E activity, 
values of muf determined from the scatter were 
much too high under the ground-scatter as-
sumption, errors of 30% being common. 

Some Stochastic Problems in Wave Propa-
gation—Part II—Joseph Feinstein 

In Part I some of the properties of wave 
energy reflected from surfaces subject to ran-
dom height variations were investigated. 

Here we ascertain the effects of refractive 
index fluctuations within a volume upon the 
properties of waves traversing the medium. 
The results are applied to problems encountered 
in tropospheric and ionospheric propagation. 

On the Theory of Corrugated Plane Sur-
faces—R. S. Elliott 

An analysis is given of an electromagnetic 
system composed of a rectangular waveguide 
in tandem with a corrugated waveguide which 
feeds a flat, corrugated surface of arbitrary 
length terminated by a ground plane, whose 
length is also arbitrary. An improved procedure 
of field determination is used, which combines 
Floquet's theorem and the variational princi-
ple, thus revealing an additional requirement 
on the corrugation geometry. Factors influenc-
ing a match at the feed mouth, and satisfactory 

launching of the surface wave are discussed. 
The degree of suppression of the feed radiation 
is given in db as a function of the geometry of 
the system. Approximate radiation patterns 
are derived for two cases, (a) when the system 
is terminated by an infinite ground plane, and 
(b) when the system is terminated by a finite 
ground plane. For the latter case, an upper 
bound on the tilt angle of the main beam and a 
lower on its beamwidth result from an approxi-
mate theory. For both cases, the Hansen-
Woodyard endfire relation is found to provide 
beam sharpening even when the feed radiation 
is considered. The presence of higher order sur-
face modes, their effect, and their elimination, 
are discussed. Comparison of the theory with 
experiment is reasonably good. 

Meteoric Radio Echoes—L. A. Manning 
Study of meteoric effects by radio methods 

has resulted in gain to three fields—astronomy, 
upper atmosphere physics, and radio propaga-
tion. In each of these fields progress is surveyed, 
and some of the more important unsolved 
problems are pointed out. 

CIRCUIT THEORY 

Vol- CT-1, No. 1, M ARCH, 1954 

Trends in Feedback Systems—Otto J. M. 
Smith (editorial) 

Nonlinear Control Systems with Random 
Inputs—R. C. Booton, Jr. 
A quasi-linear approximation is developed 

for the analysis of nonlinear systems that are 
composed of linear devices, feedback circuits, 
and purely amplitude-sensitive elements. The 
nonlinearity input functions are Gaussian. 
Minimizing the rms error of the approximation 
yields a linearization whose cross-correlation 
exactly equals that of the nonlinear element. 
Consideration is given to the specific case of a 
simple-lag system in which the nonlinearity oc-
curs as a rate limiting. The actual system is 
simulated on an analog computer. Agreement 
with predicted theoretical results is shown. 

A Method of Analysis and Synthesis of 
Closed-loop Servo Systems Containing Small 
Discontinuous Type Non-linearities—D. T. 
McRuer and R. G. Halliday 

The inclusion of discontinuous type non-
linearities in the Bode diagram is based upon 
the determination of "equivalent" linear trans-
fer functions for the non-linearities, derived by 
considering a sinusoidal input applied to the 
non-linear element, and by determining the 
Fourier series of the resulting output wave 
form. "Equivalent" phase angle and amplitude 
ratio will be defined. 

Use of the Bode diagram is limited to those 
systems which may be described by linear dif-
ferential equations with constant coefficients. 
Such a restriction is quite severe, since the 

majority of real physical systems do not exist 
without nonlinearities in their so-called linear 
ranges. Assumptions restricting the validity of 
the concept will be presented. The technique 
will be illustrated by considering specific cases. 

Stability of Feedback Systems Using a Dual 
Nyquist Diagram—Paul Jones 

This paper describes a method of determin-
ing the stability of feedback systems by means 
of the intersection of two loci instead of the 
more common encirclement of the critical 
point, - 1-1-j0, by the locus of the function AP. 

Deviation from the usual method of plotting 
a Nyquist diagram is believed to be of particu-
lar advantage whenever the feedback path is a 
known function of frequency. 

The mechanization of known transfer func-
tions by means of analog computing amplifiers 
is used as a convenient example, since the feed-
back factor is always a known quantity. 

Optimum Lead-Controller Synthesis in 
Feedback-Control Systems—Louis G. Walters 

Lead controllers are capable of improving 
the damping of a feedback control system, but 
not without introducing some signal attenua-
tion which may be objectionable if noise is a 
problem. A technique for designing a lead con-
troller with the aid of the root-locus chart is de-
scribed, one which allows the direct specifica-
tion of the location of the system's dominant 
roots. In addition, the root-locus chart yields 
data which permits the designer to select that 
lead controller which meets the system specifi-
cation with minimum signal attenuation as 
well. Examples are given which serve to illus-
trate the usefulness of this latter procedure. 

On the Comparison of Linear and Nonlinear 
Servomechanism Response—T. M. Stout 

The integrated absolute error for a step in-
put can be plotted as functions of the initial 
error on log-log co-ordinates and used to com-
pare linear and nonlinear systems. The prox-
imity of the curve for any given system to two 
straight lines, which can be located with a 
knowledge of three basic system parameters, 
provides an indication of the quality of the sys-
tem. A plus-minus servomotor with inertia and 
viscous friction, using maximum torque at all 
times, generates an error line with a slope of 
3/2. Using constant velocity, the line slope is 2. 
They intersect at All real systems 
lie above these two lines. 

Predictor Servomechanisms—L. M. Silva 
A new technique for the design of servo-

mechanisms with optimum transient response 
is presented. The fundamental concept in the 
new method is that the control or forcing of the 
output member must be performed in such a 
manner that the error and its derivatives shall 
be reduced to zero in a minimum time by the 
successive application of accelerating and de-
celerating torques to the output member. The 
Predictor operator which determines the point 
at which the torque must reverse in order to ac-
complish the desired control action is a non-
linear function of the system parameters and 
the magnitude of the maximum value of the 
torque or force which is available. The energy 
balance method for deriving predictor opera-
tors is presented and the method is applied to a 
2nd and a 3rd order system. 

Conversion of a Brune Cycle with an Ideal 
Transformer into a Cycle without an Ideal 
Transformer—F. M. Reza (For abstract, see 
Jan. PROC. I.R.E., p. 349.) 

"What is Nature's Error Criterion?"— 
Ernest A. Guillemin (correspondence). 

"Multi-loop Nonlinear Systems"—K. Lot-
ter (correspondence). 

"Are Bibliographies Wanted?"—G. Allan 
Smith (correspondence) 

PGCT News Section 
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WALTER E. NOLLER 

IRE People  
Walter E. NoHer (S'38 A'41-SM'46) has 

recently joined the engineering department 
of Lynch Carrier Systems, Inc., in an execu-

tive capacity. 
Mr. NoIler re-

ceived his B.S. de-
gree from the Uni-
versity of California 
in 1938, and his M.S. 
degree from the same 
institution in 1939. 
His previous experi-
ence includes work 
with Bell Telephone 
Laboratories, where 
he was engaged in the 
design and develop-

ment of voice-operated devices and fire-
control radar equipment. As a result of this 
work he received the Naval Ordnance De-
velopment Award. He was later affiliated 
with the Pacific Telephone and Telegraph 
Co. as Senior Engineer. In this capacity his 
work included toll transmission, inductive 
co-ordination, protection, and toll plant 
extension engineering. 

Mr. NoIler is a member of the American 
Institute of Electrical Engineers, Eta Kappa 
Nu, Tau Beta Pi, and Sigma Xi. 

•:* 

On July 1, John D. Ryder (A'25-SM'45-
F'52) will take over his new duties as Dean 
of the School of Electrical Engineering at 

Michigan State Col-
lege, East Lansing, 
Mich. On that date, 
he will relinquish his 
post of Head of the 
Department of Elec-
trical Engineering at 
the University of Il-
linois. 

Dr. Ryder was 
born in 1907 in Co-
lumbus, Ohio. He re-

JOHN D. RYDER ceived the B.E.E. de-
gree in 1928 and the 

M.S. degree in 1929 from Ohio University, 
where he was a Robinson Fellow. In 1944, he 
earned his Ph.D. degree in Electrical Engi-
neering from Iowa State University. 

From 1929-1931 he was affiliated with 
the General Electric Co. He joined the 
Bailey Meter Co. in 1931 as supervisor of the 
electrical and electronic section of the Re-
search Laboratory. He holds twenty-four 
patents on work done in that capacity. In 
1941 he was appointed Assistant Professor 
of Electrical Engineering at Iowa State Col-
lege, was made Professor in 1944, and in 
1947 assumed his position of Assistant Di-
rector of the Iowa Engineering Experiment 
Station. In 1950, he joined the faculty of the 
University of Illinois as Professor of Electri-
cal Engineering. He is the author of two 
textbooks on electronics and networks, and 
of other technical papers. 

Dr. Ryder is a member of the American 
Institute of Electrical Engineers, the Ameri-
can Association for the Advancement of 
Science, Tau Beta Pi, Eta Kappa Nu, and 
Sigma Xi. 

C. E. KILGOUR 

Charles E. Kilgour (A'25-M'30-
SM'43-F'5 1), Research Engineer with 
the Crosley Division, Avco Manufac-

turing Corp., 
died recently. 

Mr. Kil-
gour, born in 
Detroit, Mich. 
on March 29, 
1886, received 
the degree of 
Civil Engineer 
from the Uni-
versity of Cin-
cinnati in 1910. 
He became af-
filiated with 

the Crosley Co at a time when auto-
mobile accessories constituted their 
principle products. He was then as-
sociated with the Crosley Corp. ac-
tivity and that of its successor, the 
Avco Manufacturing Corp., for 34 
years. During this period of activity 
his work included the design, de-
velopment and engineering of many 
products such as automobiles, phono-
graph pick-up devices, broadcast re-
ceivers and transmitters; he served at 
various times in the capacity of Chief 
Engineer, Staff Engineer, and Re-
search Consultant. He taught radio 
courses in the Evening College of the 
University of Cincinnati for many 
years. At the end of World War II, 
Mr. Kilgour received the Navy 
Ordnance Development Award for 
outstanding service on the Proximity 
Fuze Development Program. 

Mr. Kilgour was a charter mem-
ber of the I.R.E., and was active on 
many IRE committees. From 1932-
1933 he served as chairman of the 
Cincinnati Section. 

James B. Fisk (SM'52), director of re-
search in physical sciences at Bell Telephone 
Laboratories, has recently been elected vice 
president in charge of research. He succeeds 
Ralph Bown (M'22-F'25), who continues as 
a vice president with a new assignment in 
charge of the long-range planning of Lab-
oratories' programs. Dr. Bown will continue 
his present responsibilities in connection 
with the Patent Department. 

Dr. Fisk received his bachelor's and 
doctoral degrees from the Massachusetts 
Institute of Technology. From 1932 to 1934 
he was a Proctor Traveling Fellow at Cam-
bridge University, England, and from 1935 
to 1939 a Junior Fellow in the Society of 
Fellows at Harvard. He also served as 
Associate Professor of Physics at the Uni-
versity of North Carolina. 

Dr. Fisk, who joined Bell Laboratories 
in 1939, has had a distinguished scientific 
career, including two years as Director of 
Research of the Atomic Energy Commission 
and simultaneously Gordon McKay Profes-
sor of Applied Physics at Harvard Uni-
versity. He is currently a member of the 
General Advisory Committee of the Atomic 

Energy Commission as well as the Science 
Advisory Committee of the Office of De-
fense Mobilization. 

During World War Il when the poten-
tialities of the microwave magnetron for 
high-frequency radar were discovered, Dr. 
Fisk was selected to head the development 
group at Bell Laboratories. After the war, he 
was placed in charge of electronics and solid 
state research. It was work in this area that 
resulted in the invention at the Laboratories 
of the transistor, the revolutionary electronic 
device which has attracted such widespread 
attention. In 1949 when he returned to the 
Laboratories from the Atomic Energy Com-
mission and Harvard, he was placed in 
charge of research in the physical sciences. • 

Dr. Fisk is a Fellow of the American 
Physical Society and the American Academy 
of Arts and Sciences, and was formerly a 
Senior Fellow of the Society of Fellows at 
Harvard University. 

Dr. Bown received the degrees of M.E., 
M.M.E., and Ph.D. from Cornell Univer-
sity. His career in the administration of in-
dustrial research includes nearly 35 years 
with the Bell System. Before his appoint-
ment as vice president in charge of research 
of Bell Laboratories in 1952, he had served 
as director of research since 1936. Much of 
Dr. Bown's work has been concerned with 
various aspects of radio broadcasting and 
ship-to-shore and overseas telephony. He 
was a division member and consultant of the 
National Defense Research Committee, spe-
cializing in radar, and in 1941 he visted 
England to study radar operations under 
combat conditions. He also served as expert 
consultant to the Secretary of War. 

Dr. Bown, who has been widely recog-
nized for his pioneering work in the broad 
field of communications engineering, was 
awarded the IRE Morris Liebmann Memori-
al Prize in 1926, and in 1949 he received the 
IRE Medal of Honor. He is a past president 
of the I.R.E. He is a Fellow of the American 
Association for the Advancement of Science, 
the Acoustical Society of America, the Amer-
ican Physical Society, and the American 
Institute of Electrical Engineers. 

Frederick Holborn (SM'53), phys-
icist and radio engineer, died recently. 

Mr. Holborn was born in Berlin, 
Germany, and attended the Universi-
ties of Freiburg, Goettingen, Wuerz-
burg, and Jena. He came to this 
country in 1923. Affiliated at various 
times with the Stevens Institute, the 
Westinghouse Electric Corp., and the 
Western Union Telegraph Co., he had 
for the past three years been em-
ployed with the National Union 
Radio Corp. as project engineer and 
as Supervisor of Engineering. 

Mr. Holburn was an adjunct pro-
fessor at the Columbia University 
graduate extension School of Electri-
cal Engineering, and was a member of 
the American Physical Society of New 
York. 
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IRE People 

Salvatore R. Petremio (M'50), de-
velopment engineer for the DuMont 
Television Network, died recently. 

Mr. Patremio was born in Lodi, 
N. J., in 1917. He began his career in 
television engineering in 1936 wit h 
Kuss Brother's electrical appliance 
store in Hackensack, N. J. He wa, 
affiliated with this firm until 1941, 
during which time he attended a G.F. 
sponsored television extension course, 
and an RCA Television lecture course 
In 1941 he worked for a short time in 
the Allen B. DuMont research de-
partment, and then he became Opera-
tion Engineer for Television Station 
WABD. In 1944 he became Chief En-
gineer of WABD. From 1949 he 
served successively as Network Main-
tenance Engineer, Special Projects 
Engineer, and Development Engineer 
for the DuMont Television Network 

Mr. Patremio held two patents on 
video devices. At the time of his death 
he was serving as Vice Chairman of 
the Facilities Committee for the 1954 
IRE National Convention. 

Walter Hausz (A'44—SM'46—F'54) was 
recently appointed manager of Cornell Uni-
versity's Advanced Electronics Center, 

which is a part of the 
newly formed Lab-
oratories Depart-
ment of General Elec-
tric's Electronics 
Division. He had 
been manager of de-
velopment engineer-
ing in the GE Elec-
tronics Laboratory 
at Syracuse. 

Mr. Hausz is a 
native of New York 
City, and a graduate 

of Columbia University. He joined General 
Electric at Schenectady in 1939 as a student 
engineer, and the Electronics Laboratory at 
Schenectady in 1945. From 1945 until 1948 
he specialized in guided missile work, in-
cluding a visit into Germany as the war was 
ending, to locate German scientists and to 
obtain information on guided missiles. He 
participated in several test rocket firings at 
White Sands, New Mexico. 

He came to Syracuse in 1948, when the 
Electronics Laboratory was transferred from 
Schenectady, and has held positions as sec-
tion engineer, assistant to the manager, and 
sections head. He became manager of de-
velopment engineering in 1952. 

In 1952, Mr. Hausz received GE's high-
est honor, a Charles A. Coffin Award, for 
outstanding ingenuity and ability in the de-
velopment of a radar system which provided 
a new automatic tracking technique for 
radar directed weapons. 

WALTER HAUSZ 

A. D. Knowlton (SM'46) has recently 
been appointed Director of Design En-
gineering of Bell Telephone Laboratories in 

New York City. He 
succeeds M. H. Cook 
who was recently 
elected a vice presi-
dent of the Labora-
tories. 

Mr. Knowlton is 
veteran of more than 
33 years of Bell Sys-
tem Service. In 1920, 
shortly after gradu-
ating from Haverford 
College, he joined 
the Western Electric 

Company's Engineering Department, which 
was incorporated as Bell Telephone Labora-
tories in 1925. He has specialized in the field 
of design of Bell System equipment and sys-
tems, including manual switchboards, tele-
typewriter switchboards, telegraph equip-
ment, and transmission systems, as well as 
radar equipment for the armed forces. In 
1950 he was appointed Director of Systems 
Engineering and in 1951 to his present post 
as Director of Facilities Development. 

Mr. Knowlton holds several patents and 
is the author of a number of technical arti-
cles on teletypewriter systems and manual 
switchboards. He is a fellow of the American 
Institute of Electrical Engineers. 

A. D. KNOWLTON 

George W. Bailey (A'38—SM'46), Execu-
tive Secretary of the IRE, was elected Presi-
dent of the Armed Forces Communications 

Association for a one-
year term by the 
AFCA Board of Di-
rectors on May 7, 
1954. 

Mr. Bailey was 
born in Quincy, 
Mass. He received 
the A.B. degree from 
Harvard College in 
1907, and is Treas-
urer of his class. 

During World 
War II, Mr. Bailey 

served in Washington, D. C., as Chief of the 
Office of Scientific Personnel under Dr. Van-
nevar Bush, Director of the Office of Scien-
tific Research and Development, for which 
he was awarded the certificate of merit by 
President Truman. He was appointed 
Executive Secretary of the IRE in 1945. 

He has long been well known as an 
amateur radio operator. From 1940 to 1952 
he held the offices of President of the 
American Radio Relay League and Presi-
dent of the International Amateur Radio 
Union. 

In 1950 he was appointed to the En-
gineering Sciences Advisory Committee by 
Major General Lewis B. Hershey, Director 
of the Selective Service System, and served 
until the Committee was disbanded in 1953. 

G. W. BAILEY 

A. DONALD ARSEM 

A. Donald Arsem (SM'52) has been re-
cently appointed manager of advanced prod-
ucts development engineering in the Gen-

eral Electric Elec-
tronics Laboratory in 
Syracuse, N. Y. 

Mr. Arsem is a 
native of Schenecta-
dy, N. Y., and a 
graduate of Massa-
chusetts Institute of 
Technology in 1945. 
He joined General 
Electric in the Elec-
tronics Laboratory in 
1948, after service 
with the National 

Bureau of Standards and the Radio Cor-
poration of America. He has served in the 
GE laboratory on electronics applications 
for guided missiles, and had been section en-
gineer on magnetic materials since Novem-
ber, 1952. 

Mr. Arsem is a member of the Scientific 
Research Society of America. 

Frederick T. Budelman (A'41), 
president of the Budelman Radio 
Corp., Stamford, Conn., died re-

cently. 
Mr. Budel-

man, a native 
of Newark, 
N. J., studied 
electrical en-
gineering at 
Cornell Uni-
versity, where 
he received the 
E.E. degree in 
1931. He was 
subsequently 
affiliated for 

many years with the Link Radio 
Corp., in which he was active in 
the development of FM communica-
tion equipment for land-mobile serv-
ices and for important military ap-
plications such as multi-channel 
radio relay systems. In 1951, the 
Budelman Radio Corp. was formed 
and Mr. Budelman became the presi-
dent. 

Mr. Budelman had been active in 
IRE affiairs since 1941. He served on 
various technical committees, in-
cluding the Standards Committee and 
the Mobile Communications Com-
mittee, and was chairman of the sub-
committee on Land-Mobile Channel-
ing Arrangements of the Joint Tech-
nical Advisory Committee from 1951 
to 1953. He was a member of the Pro-
fessional Group on Vehicular Com-
munications from 1951 and served as 
chairman from 1952-1953. 

Mr. Budelman was a member of 
the American Institute of Electrical 
Engineers. 

F. T. B UDELMAN 
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Report of the Secretary 1953 
To THE BOARD OF DIRECTORS, 
THE INSTITUTE OF RADIO ENGINEERS 

Gentlemen: 

Another annual report, for the year 1953, 
is herewith transmitted. It embodies the 
usual statistics and other information con-
cerning the various institute operations and 
activities, notably membership, editorial, 
technical (including the Professional 
Groups), Section, Student Branches and 
Conferences. 

Institute affairs are still on an expanding 
basis, as this report clearly shows. The large 
specialized issues of the PROCEEDINGS and 
the augmented number, sizes and activities 
of the Professional Groups, their Chapters 
and TRANSACTIONS are of particular in-
terest, in addition to which mention is made 
of the CONVENTION RECORD, which ap-
peared for the first time. Twice as many per-
sons attended the National Convention in 
1953 than in 1950 which is a testimonial of 
the importance of your Institute in the pro-
fessional field. 

Respectfully submitted, 

/ 4e'eee-' 
Haraden Pratt, 
Secretary 

January 22, 1954 

Membership 

At the end of the year 1953, the member-
ship of the Institute, including all grades, 

was 37,134, an increase of 4,260, or 13% over 
the previous year. The 4,260 member in-
crease in 1953 was more than 3,466 and 406, 
the increases for 1952 and 1951 respectively. 
The percentage increase was 12% in 1952, 
and 1.4% in 1951. The membership trend 
from 1912 to date is shown graphically in 
Figure 1. 

Actual membership figures for 1951, 
1952 and 1953 are shown in Table I. Of the 
21,846 non-voting Associates, 4,680 have 
been in that grade for more than five years. 

Senior Members 

Aceves, Julius G. ( M'40, SM'43) 
Bond, Marion E. (A'29, SM'44) 
Brown, George M. (A'42, SM'46) 
Burgess, Alfred G. (A'30, SM'50) 
Burlingame, Bruce O. (SM'48) 
Gorham, John Everett (A'42, M'46, SM'49) 
Hinshaw, Foster A. (SM'53) 
Miller, Samuel C. ( M'43, SM'43) 
Nicholas, Edwin A. (A'16, SM'46) 
Smythe, Edwin H. (A'15, M'26, SM'43, 

L'50) 
Thwaites, Joseph T. (SM'46) 

TABLE I 
TOTAL M EMBERSHIP DISTRIBUTION BY GRADES 

Grade 
As of Dec. 31,1953 

Number Per Cent 
of Total 

As of Dec. 31,1952 As of Dec. 31,1951 

Number Per Cent 
of Total 

Number Per Cent 
of Total 

Fellow 
Senior Member 
Member 
Associate 
Student 

425 
4,170 
5,307 
22,702: 
4,530 

Totals 37,134 

1.2 
11.2 
14.3 
61.1 
12.2 

379 
3,566 
4,617 
20,029t 
4,283 

1.2 
10.8 
14.0 
61.0 
13.0 

345 
3,070 
4,043 
17,523* 
4,427 

32,874 29,408 

1.2 
10.4 
13.7 
59.6 
15.1 

* Includes 974 Voting Associates. 
t Includes 919 Voting Associates. 
Includes 856 Voting Associates. 

It is with deep regret that this office 
records the death of the following members 
of the Institute during the year 1953. 

Fellows 

Dunn, Gallo (F'15, L'50) 
Forbes, Henry C. (A'20, M'29, SM'43, F'48) 
Mayer, Emil E. (F'34) 
McNicol, Donald (A'I4, M'I4, F'24, L'49) 
Wagner, Karl \V. (F'51) 

NUMBER 
OF 

MEMBERS 

5,000 

NUMBER 
OF 

MEMBERS 

35,000 3 

30.000 30,000 

1 
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Fig. 1 

Members 

Anderson, Ralph M. (M'53) 
Drew, John Lawrence (M'45) 
Hites, Charles E. (M'52) 
Hoffman, Wayne C. (A'46, M'52) 
Hutton, E. A. D. (M'46) 
MacAdam, Mark L. (M'44) 
Mailer, Melvin (M'50) 
Mohler, Charles W. (M'50) 
Sangster, L. M. (A'46, M'51) 
Schacht, Edward L. ( M'46) 
Stewart, Roderick D. (A'42, M'43) 
Striplin, John E. (A'48, M'49) 
Trevey, Clyde B. (A'47, M'49) 
Webster, Norman D. (A'38, M'49) 
Zimmerman, F. C. (S'43, A'45, M'46) 

Voting Associates 

Ayer, Oliver G. (A'27, VA'39) 
Brunn, Robert B. J. (A'36, VA'39) 
Fredericks, John Erick (A'I5, VA'39) 
Hermanny, Will F. (A'32, VA'39) 
Martino, Italo A. (A'37, VA'39) 

Associates 

Asdal, Maywood K. (A'49) 
Baker, Donald M. (A'52) 
Barzilaski, Peter M. (A'48) 
Benson, Howard C. (A'44) 
Byard, Elmer J. (S'48, A'51) 
Crozer, Wilfred Allen (A'43) 
Deland, Robert E. (A'47) 
Dewey, Donald L. (A'46) 
Edelman, Frederick (A'53) 
Foss, William LeRoy (A'49) 
Friedman, Joseph (A'53) 
Gempp, Theodore A. (A'47) 
Harvey, Joseph D. (A'50) 
Hayden, Frank L. (A'53) 
Himes, B. T., Jr. (S'41, A'44) 
Horstmann, Arthur F., Jr. (A'45) 
Irby, Joe George (S'43, A'45) 
Johns, Loren W. (S'48, A'50) 

• 

• 

• 

• 
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McInnes, Harold \V. (A'51) 
Milovick, Michael (S'49, A'501 
Morton, Oscar Lee ( A'47) 
Norgorden, Oscar ( A '44 ) 
Sharp. Douglas R. (.V-18) 
Sherwood, William W. ( A'42) 
Sling, Owen H. (S'49, A'50) 
Traver, Loran L. (A'49) 
Watford, David A., Jr. (S'50, A'52) 
Wenzel, John A. (S'49, A'51) 
Whyte, Robert P. (A'48) 
Wolfson, I lilliard (A'44) 

Students 

Pahl, Robert William (S'53) 
Peay, John \V. (S'52) 
Trati, Lazarus E. (S'49) 

Fiscal 

A condensed summary of income and ex-
penses for 1953 is shown in Table II, and a 
balance sheet for 1953 is shown in Table Ill. 

VOLUME OF TECHNICAL AND EDITORIAL MATTER 
PUBLISHED IN THE PROCEEDINGS 

1913 TO 1953 

SMALL FORMAT 
(42 % WORD CONTENT OF LARGE FORMAT) 

PAGES 

4,000 — 

3,000 

2,000 

1,000 

o 

LARGE FORMAT 
(IN use SINCE 1939) 

1.1g. 2 

'13 '15 'i7 '19 '21 '23 '25 '27 29 '31 33 35 '37 39 '41 '43 45 '47 '49 '51 '53 

TABLE 11 
SUMMARY OF INCOME AND EXPENSES, 1953 

Income 
Advertising 
Member Dues and Convention 
Subscriptions 
Sales Items—Binders, Emblems, etc. 
Investment Income 
Miscellaneous Income 

TOTAL INCOME 
Expense 

PROCEEDINGS Editorial Pages 
Advertising Pages 
Directory 
Section and Student Branch Rebates 
Professional Group Expense 
Sales Items 
General Operations 
Convention Cost 

TOTAL EXPENSE 

Reserve for Future Operations—Gross 
Reserve for Depreciation 

Reserve for Future Operations—Net 

$693,725.24 
696,530.51 
87,511.74 
45,844.78 
22,779.63 

647.97 

$244,911.50 
363,770.52 
126,466.09 
45,053.34 
51,634.52 
30,992.83 
262,250.88 
197,530.78 

$1,547,039.87 

1,322,610.46 

$ 224,429.41 
11,026.67 

$ 213,402.74 

TABLE III 
BALANCE SHEET—DECEMBER 31,1953 

Assets 
Cash and Accounts Receivable 
Inventory 

TOTAL CURRENT ASSETS 

Investments at Cost 
Buildings and Land at Cost 
Furniture and Fixtures at Cost 
Other Assets 

TOTAL 

TOTAL ASSETS 

Liabilities and Surplus 
Accounts Payable 
Federal Taxes on Emblems, etc. 

TOTAL CURRENT LIABILITIES 

*Deferred Liabilities 
Professional Group Funds on Deposit 

TOTAL OTHER LIABILITIES 

TOTAL LIABILITIES 

Reserve for Depreciation 
Surplus Donated 
Surplus Earned 

Torn SURPLUS 

TOTAL LIABILITIES-AND SURPLUS 

$407,572.36 
16,089.15 

$873,765.95 
576,943.65 
120,479.44 
18,343.88 

$ 31,987.14 
97.00 

503,325.10 
78,956.45 

$595,286.61 
755,392.16 

$ 423,661.51 

1,589,532.92 

$2,013,194.43 

$ 32,084.14 

582,281.55 

$ 614,365.69 

48,149.97 

1,350,678.77 

$2,013,194.43 

*1954 Items, PROCEEDINGS for Members and Subscribers. Advertising and Convention Service. 

PAGES 

1500 

1000 

500 

o 

Editorial Department 

The year 1953 was marked by a major 
expansion in the publication activities of the 
IRE. During the year 56 publications total-
ing 8,360 pages were published, representing 
a 40% increase over the previous year. 

Perhaps of greater significance than the 
increased volume of published material was 
the fact that a firm foundation was laid for 
the future growth of the publication program 
of the Institute. In this connection, the most 
notable developments during 1953 were the 
crystallization and expansion of the Pro-
fessional Group TRANSACTIONS program, the 
successful initiation of the CONVENTION 
RECORD OF THE I.R.E., and adoption of a 
plan of editorial committee reorganization 
which will expedite the review and publica-
tion of PROCEEDINGS papers and better 
coordinate the contents of PROCEEDINGS 
with those of TRANSACTIONS. 

Proceedings of the I.R.E. 

The Board of Directors adopted, at the 
suggestion of Editor Alfred N. Goldsmith, a 
plan of editorial committee reorganization 
whereby the present Papers Review Com-
mittee, Board of Editors, and Administra-
tive Committee of the Board of Editors 
would be superseded in 1954 by two new 
committees, namely, the Editorial Review 
Committee and the Editorial Board. This 
reorganization is expected to result in reduc-
ing the time required to review papers for 
the PROCEEDINGS. In addition, it is planned 
to draw upon the Professional Groups for 
members to serve on the Editorial Review 
Committee, thereby insuring that the best 
interests of both the PROCEEDINGS and 
TRANSACTIONS are served. 

The 1953 publication schedule was high-
lighted by issuance of two special issues of 
PROCEEDINGS 011 topics of particular timeli-
ness and importance, the UHF Issue in 
January and the Computer Issue in October. 

The total number of pages published in 
the PROCEEDINGS during the year was 4,006, 
including covers. As shown in Table IV, this 
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was a marked increase over previous years. 
The number of editorial pages published 
each year since 1913 is shown in Figure 2. 

TABLE IV 
VOLUME OF "PROCEEDINGS" PAGES 

1953 1952 1951 1950 

Editorial 
Advertising 

Total 

2146 

4006 

1860 1804 
1800 

3604 

1628 
1424 

3052 

1516 
1016 

2532 

Professional Group Transactions 

The year 1953 saw a 50% increase in the 
publication activities of the Professional 
Groups of the IRE and the firm establish-
ment of the TRANSACTIONS as a permanent 
and important part of the IRE publication 
program. The year also saw an improvement 
in the TRANSACTIONS themselves, with all 
Groups adopting identifying colors for 
TRANSACTIONS covers, 3 Groups utilizing 
varitype or letterpress composition for im-
proved appearance, and 6 Groups issuing 
TRANSACTIONS on a regular schedule. 

As a result of this increased activity, the 
Editorial Department published 32 issues of 
TRANSACTIONS totaling 1798 pages for 15 
Groups during 1953, as compared with the 
1952 totals of 22 issues totaling 1474 pages 
for 10 groups. A breakdown of TRANSAC-
TIONS material published in 1952 and 1953 is 
given in Table V. 

TABLE V 
VOLUBLE OF "TRANSACTIONS" PAGES 

Group 
1953 1952 

Is- Pages Is- Pages 
sues sues 

Aeronautical and Naviga- 3 84 
tional Electronics 

Antennas and Propagation 2 72 
Audio 6 180 
Broadcast and Television 3 160 

Receivers 
Circuit Theory 1 112 
Communications Systems 1 76 
Electron Devices 3 184 
Electronic Computers 4 136 
Industrial Electronics 1 44 
Information Theory 2 290 
Instrumentation 1 116 
Medical Electronics 1 44 
Microwave Theory and 2 100 
Techniques 

Quality Control 1 56 
Vehicular Communications 1 144 

4 

4 
6 
1 

1 
o 

o 
o 
o 
o 

68 

636 
216 
16 

104 
o 
36 
so 
o 
o 
68 
o 
o 

1 62 
2 188 

Totals 32 1798 22 1474 

Convention Record of the I.R.E. 

Publication of all papers presented at the 
1953 IRE National Convention was under-
taken for the first time in a new publication, 
the CONVENTION RECORD OF THE I.R.E. 
The volume, containing 213 papers totaling 
1272 pages, was issued in ten parts with each 
part devoted to one general subject. Every 
paid member of a professional group re-
ceived free of charge a copy of that part per-
taining to the field of interest of his group. 

The CONVENTION RECORD achieved, with 
notable success, the objective of providing 
the membership promptly with a permanent 
record of the technical papers presented at 
the Convention. 

Joint Conference Publications 

The Editorial Department expanded its 
services by offering its facilities to confer-
ences jointly sponsored by the IRE and 

other societies. As a result, the Editorial 
Department published the 236-page Pro-
ceedings of the Western Computer Con-
ference, held in Los Angeles, Calif., on 
February 4-6, 1953 by the IRE, ALEE, and 
the Association for Computing Machinery. 

The Editorial Department has also un-
dertaken publication of the Proceedings of 
the Eastern Joint Computer Conference, 
held in Washington, D. C., on December 8-
10, 1953. 

IRE Directory 

The 1953 IRE Directory was the largest 
Directory published to date, containing 
1,048 pages including covers, of which 473 
were membership listings and information, 
575 were advertisements and listings of 
manufacturers and products. The 1952 Di-
rectory totaled 856 pages. 

Editorial Department 

The year 1953 was particularly note-
worthy in that it marked the 41st year in 
which Alfred N. Goldsmith has served as 
Editor during the 42-year history of the 
IRE. In recognition of the invaluable serv-
ice he has rendered the Institute and his 
monumental contributions to the growth 
and high standing of its publications, the 
Board of Directors has appointed him Editor 
Emeritus of the Institute as of January 1, 
1954. 

Technical Activities 

Technical Committees 

There were 224 Technical Committee 
meetings during 1953. This figure includes 
meetings of the 23 Technical Committees, as 
well as the Subcommittees and Task Groups. 
A total of 182 were held at IRE Headquar-
ters, the remaining 42 elsewhere. 

The policy of publishing Standards in the 
PROCEEDINGS, as initiated in 1949, is being 
continued. The Standards listed below were 
published in 1953: 

53 IRE 7. SI Standards on Electron De-
vices: Methods of Measuring 
Noise 

53 IRE 2. SI Standards on Antennas and 
Waveguides: Definitions of 
Terms, 1953 

53 IRE 19. SI Standards on Sound Record-
ing and Reproducing: Meth-
ods of Measurement of 
Noise, 1953 

53 IRE 22. SI Standards on Television: 
Definitions of Color Terms, 
Part I, 1953 

53 IRE 11. SI Standards on Modulation 
Systems: Definitions of 
Terms, 1953 

Supplement to Standard 
51 IRE 17. SI Supplement No. 2 to Stand-

ard 51 IRE 17. SI, VHF-
UHF Antenna Construction 

In addition to standardization work 
listed above, the following standards were 
adopted by the Standards Committee and 
submitted for Executive Committee ap-
proval during the latter part of 1953. They 
will appear in the PROCEEDINGS at an early 
date: 
Standards on American Recommended 

Practice for Volume Measurements of 
Electrical Speech and Program Waves 

Standards on Circuits: Definitions of Terms 
in the Field of Linear Varying Parameter 
and Non-linear Circuits 

Standards on Sound Recording and Repro-
ducing: Methods for Determining Flut-
ter Content 

Standards on Graphical Symbols for Electri-
cal Diagrams 
The Annual Review Committee is com-

pleting its survey, "Radio Progress During 
1953," which will appear in a Spring issue of 
the PROCEEDINGS. 

There has been no change in the number 
of Technical Committees. Fifteen new Sub-
committees and Task Groups have been set 
up for specific purposes during 1953. There 
are now 85 Subcommittees and Task 
Groups within the IRE Technical Commit-
tee structure. Several Chairmen have ap-
pointed Ad Hoc Committees to survey fu-
ture work and reorganize and activate Sub-
committees. 

Professional Group System 

Genera/. On June 2, 1948 the establishment 
of the first IRE Professional Group was ap-
proved by the Institute's Executive Com-
mittee. Since that time twenty additional 
groups have been established and all 
twenty-one groups are presently active. 
14,850 Institute members have taken ad-
vantage of the professional groups system, 
which now has a total of 21,797 paid mem-
bers. 

The Institute has followed the course of 
limiting itself in stimulation and guidance of 
the Professional Groups Development. It has 
established general policy and procedure, 
but has left the formation and activities of 
individual groups to the initiative of inter-
ested IRE members. The groups have not 
been uniformly active nor are their problems 
identical. Supplementary financial assist-
ance has been provided by Headquarters 
during the year. Provision for reimbursing 
Sections for Chapter meetings has also been 
made. 

Nineteen of the Groups sponsored 62 na-
tional meetings, joint symposia with other 
professional societies and technical sessions. 
Eighteen Groups sponsored technical ses-
sions at the 1953 National Convention; 
eleven groups sponsored the technical ses-
sions presented at the 1953 West Coast Con-
vention. 

Professional Group Chapters 

The purpose of a Chapter is to encourage 
the interests of its group members within a 
Section, to stimulate and conduct activities 
in the field of interest of the Group, and 
to co-ordinate these with the local activi-
ties of the Section and the national activities 
of the Group. A professional group Chapter 
Manual and Suggested By-Laws have been 
approved and distributed. This has provided 
formal information for Chapter personnnel 
to work directly with the Section and the 
Group. 

Professional group activity within the 
Sections is increasing rapidly. 74 official 
Chapters were operating within the Sections 
on December 31, 1953. 

Chapters are co-operating with the Sec-
tions in arranging technical programs for 
Section meetings and with the Groups in 
national meetings held in their areas. 

• 

• 

%Is 
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Institute Representatives on Other Bodies 

The IRE appointed representatives on a 
number of other bodies for the period, May 
1, 1953 to April 30, 1954 (as listed on page 
1042 of this issue). 

Through these representatives, the IRE 
actively participated in the work of interna-
tional as well as national organizations, such 
as the International Radio Consultative 
Committee, the International Scientific 
Radio Union, and the International Electro-
technical Commission. 

Joint Technical Advisory Committee 

The Joint Technical Advisory Commit-
tee and its subcommittees held 18 meetings 
at IRE Headquarters, in addition to a 
luncheon meeting at the Toronto Fall meet-
ing in October. 

Volume X of the JTAC Proceedings was 
published. This included Section I—Official 
Correspondence Between the Federal Com-
munications Commission and the Joint 
Technical Advisory Committee (IRE— 
RETMA) with Other Items of Correspond-
ence Pertinent to the Actions of the JTAC 
and Section II—Approved Minutes of 
Meetings of the Joint Technical Advisory 
Committee for the period 1 July 1952-30 
June 1953. 

The JTAC Subcommittee on Land-
Mobile Channeling Arrangements submitted 
its final report on May 28, 1953, which was 
transmitted to the FCC Chairman on June 
15. Nine meetings were held by the Subcom-
mittee, including four days of field testing in 
Syracuse, New York, and additional field 
testing and demonstrations in Camden, New 
Jersey. The FCC Chairman on July I stated 
that the Commission feels confident that 

• this study will lay the ground work for im-

as 

proved frequency utilization in the land 
mobile service. 

The Interference Study set up by JTAC 
in December 1952 at the request of the FCC 
Chairman continued during 1953, with a 
total of six meetings held by the sub-com-
mittees. As a result of the JTAC's request to 
Dr. W. R. G. Baker, Director of the Engi-
neering Department of RETMA, a meeting 
was called by Dr. Baker in New York City 
on January 9 to discuss under the sponsor-
ship of RETMA, the problem of interfer-
ence. At this meeting three Task Forces 
were set up by RETMA to co-operate with 
JTAC in the Interference Study. These Task 
Forces have held three meetings in 1953. 

The JTAC Subcommittee to Review 
FCC Technical Requirements, set up in 
February 1952, submitted its report at the 
October meeting of JTAC. The Chairman 
was authorized to inform the FCC that the 
study disclosed that the more important 
provisions in the regulations can not be con-
sidered primarily from a technical stand-
point and the remaining provisions regard-
ing which suggestions were formulated by 
the Subcommittee, while of value, are not of 
sufficient importance to warrant formal con-
sideration by the Commission at this time. 
The JTAC Chairman was authorized to ad-
vise the FCC Chairman of the results of the 
study and with his concurrence to give the 
suggested changes to the Chiefs of the Bu-
reaus in charge of the particular subjects and 
to the Chief Engineer of the Commission for 
consideration when the rules concerned are 
revised. 

NTSC 

The National Television System Com-
mittee held 48 meetings at IRE Headquar-

ters. The IRE Technical Secretary was 
Secretary of the co-ordinating Panel 18 of the 
NTSC. The NTSC Petition was filed with 
the Federal Communications Commission 
on July 23, 1953 and was subsequently sup-
plemented with the final report of the 
NTSC. 

Section Activities 

We were glad to welcome six new Sec-
tions into the Institute during the past year. 
They are as follows: Elmira-Corning, Hunts-
ville, Long Island, New Orleans, Rome-
Utica, and Winnipeg. 

The total number of Sections is now 71. 
There has been a membership increase in 50 
of the 71 Sections. 

The Huntsville, Long Island, Rome and 
Winnipeg Subsections became full Sections, 
and the South Bend Subsection was dis-
solved in the year 1953. The Subsections of 
Sections now total 15, the following being 
formed in 1953: Buenaventura (Los Angeles 
Section), East Bay (San Francisco Section), 
Erie (Buffalo-Niagara Section), Ithaca 
(Syracuse Section), and U.S.A.F.I.T. (Day-
ton Section). 

Student Branches 

The number of Student Branches formed 
during 1953 was 4, all of which operate as 
Joint IRE-AIEE Branches. The total num-
ber of Student Branches is now 118, 83 of 
which operate as Joint I RE-AIEE Branches. 

Following is a list of the Student 
Branches formed during the year: Univer-
sity of Cincinnati, University of Massa-
chusetts, Texas Technological College, and 
the University of Vermont. 

Institute Committees- 1954 

EXECUTIVE 
W. R. Hewlett, Chairman 

W. R. G. Baker, Vice Chairman 
Haraden Pratt, Secretary 

S. L. Bailey 
J. W. McRae 

J. R. Pierce 
J. D. Ryder 

ADMISSIONS 
D. C. Pinkerton, Chairman 

E. W. Bemis M. B. Kline 
H. S. Bennett 
C. M. Burrill 
*L. A. Byam 
H. P. Corwith 
*E. T. Dickey 
E. E. Ecklund 
*N. S. Freedman 
L. O. Goldstone 
C. A. Hachemeister 
H. R. Holloway 

*Alternates 

F. S. Mabry 
H. G. Miller 
*C. R. Muller 
D. M. Pasek 
G. B. Riley 
*N. B. Ritchey 
G. M. Rose, Jr. 
O. J. Sather 
H. R. Terhune 
*J. D. Winer 

APPOINTMENTS 
D. B. Sinclair, Chairman 

J. T. Henderson J. R. Ragazzini 
W. R. Hewlett J. D. Ryder 
A. G. Jensen A. W. Straiton 

AWARDS 

W. M. Rust, Jr., Chairman 

R. D. Bennett J. F. Morrison 
R. M. Bowie A. B. Oxley 
J. F. Byrne J. D. Reid 
D. E. Foster Ernst Weber 
H. E. Hartig 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, Jr. 
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 
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 
J. W. Coltman 
J. M. Coombs 
A. B. Crawford 
M. G. Crosby 
C. C. Cutler 

G. C. Dacey 
Sidney Darlington 
W. B. Davenport, Jr. 
A. C. Dickieson 
Milton Dishal 
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 
A. G. Fox 
G. L. Fredendall 
H. B. Frost 
E. G. Fubini 
I. A. Getting 
L. J. Giacoletto 
M. J. E. Golay 
Benjamin Gold 
W. M. Goodall 
A. W. Graf 
A. J. Grossman 
E. A. Guillemin 
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A. V. Haeff 
I). 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 
I). D. Israel 
E. T. Jaynes 
A. G. Jensen 
E. O. Johnson 
Harwick Johnson 
E. C. Jordan 
Martin Katzin 
W. H. Kautz 
R. D. Kell 
C. R. Knight 
H. S. Knowles 
W. E. Kock 
Rudolph Kompfner 
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 
W. H. MacWilliams, 

Jr. 
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 
R. E. Meagher 
Pierre Mertz 
H. R. Mimno 
S. E. Miller 
A. R. Moore 
J. F. Morrison 
E. J. Nalos 

D. O. North 
H. Q. North 
B. M. Oliver 
H. F. Olson 
P. F. Ordung 
D. E. Oyster 
C. H. Page 
R. M. Page 
R. C. Palmer 
C. H. Papas 
R. \V. Peter 
H. O. Peterson 
J. M. Pettit 
W. H. Pickering 
J. A. Pierce 
W. J. Poch 
C. F. Quate 
J. R. Ragazzini 
J. A. Rajchman 
Simon Ramo 
H. J. Riblet 
D. H. Ring 
Stanley Rogers 
T. A. Rogers 
Albert Rose 
H. E. Roys 
V. H. Rumsey 
J. D. Ryder 
R. M. Ryder 
H. A. Samulon 
O. H. Schade 
S. A. Schelkunoff 
H. H. Scott 
S. W. Seeley 
Samuel Seely 
Samuel Sensiper 
R. F. Shea 
R. E. Shelby 
George Sinclair 
David Slepian 
C. E. Smith 
P. T. Smith 
O. J. M. Smith 
J. R. Steen 
Charles Süsskind 
G. C. Sziklai 
H. P. Thomas 
W. G. Tuller 
D. F. Tuttle, Jr. 
L. C. Van Atta 
K. S. Van Dyke 
E. K. Van Tassel 
S. N. Van Voorhis 
R. L. Wallace, Jr. 

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 J. E. Eiselein 
J. Avins A. W. Friend 
B. B. Bauer V. M. Graham 
W. R. Bennett R. A. Hackbusch 
J. G. Brainerd P. J. Herbst 
H. Burkhard A. G. Jensen 
P. S. Carter J. G. Kreer 
P. S. Christaldi E. A. Laport 
A. G. Clavier A. A. Macdonald 
W. J. Dodds W. P. Mason 

D. A. Watkins 
W.  M. webster 

P. K. Weimer 
Louis Weinberg 
J. R. Weiner 
J. M. West 

H. A. Wheeler 
J. R. \Vhinnery 
W. D. White 
J. B. Wiesner 
W. T. Wintringham 
Irving Wolff 

L. A. Zadeh 

EDUCATION 

J. D. Ryder, Chairman 

G. R. Arthur A. W. Melloh 
V. A. Babits H. A. Moench 
W. L. Cassell 
C. C. Chambers 
D. H. Ewing 
R. M. Fano 
C. L. Foster 
A. W. Graf 
A. E. Harrison 
H. E. Hartig 
G. B. Hoadley 
G. L. Hollander 
F. S. Howes 
Glenn Koehler 

P. H. Nelson 
R. E. Nolte 
J. M. Pettit 
Albert Preisman 
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 J. W. McRae 
\V. R. Hewlett J. D. Ryder 

HISTORY 

Haraden Pratt, Chairman 

Melville Eastham Lloyd Espenschied 
Keith Henney 

MEMBERSHIP 

W. C. White, Chairman 

Kipling Adams T. H. Clark 
F. \V. Albertson A. B. Oxley 
A. R. Beach 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 

Technical Committees 
May 1, 1954 to April 30, 1955 

Wayne Mason R. Serrell 
D. E. Maxwell R. E. Shelby 
H. R. Mimno N. Smith 
C. H. Page P. H. Smith 
W. J. Poch W. G. Tuller 

J. E. Ward 

2. ANTENNAS AND WAVE GUIDES 

P. H. Smith, Chairman 

P. S. Carter 
G. A. Deschamps 
J. E. Eaton 
H. A. Finke 

A. G. Fox 
S. Frankel 
H. Jasik 
M. Ka tzi n 

POLICY ADVISORY 
A. V. Loughren, Chairman 

K. C. Black A. G. Jensen 
A. \V. Graf 
Ferdinand Ham-

burger, Jr. 

J. M. Pettit 
J. R. Ragazzini 
A. W. Straiton 

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 

PUBLIC RELATIONS 
Lewis \Vinner, Chairman 

E. L. Bragdon 
W. C. Copp 
E. K. Gannett 
R. F. Guy 

T. R. Kennedy, Jr. 
H. S. Renne 
Bruce Robertson 
L. G. Sands 

E. C. Tompson 

TELLERS 
W. F. Bailey, Chairman 

J. F. Bisby J. P. Molnar 
"I'. M. Ferrill, Jr. B. F. Tyson 

Special Committees 
ARMED FORCES LIAISON 

COMMITTEE 
G. W. Bailey, Chairman 

IRE-IEE INTERNATIONAL 
LIAISON COMMITTEE 

F. S. Barton 
Ralph Bown 
R. H. Davies 
Willis Jackson 

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 

O. E. Kienow D. C. Ports 
R. L. Mattingly J. Ruzel 
A. A. Oliner G. Sinclair 

S. W. Stewart 

3. AUDIO TECHNIQUES 

D. E. Maxwell, Chairman 
I. M. Kerney, Vice Chairman 

H. W. Augustadt 
W. Lindsay Black 
C. A. Cady 
L. H. Good 
G. H. Grenier 

F. L. Hopper 
R. A. Miller 
R. C. Moody 
L. D. Runkle 
W. E. Stewart 
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4. CIRCUITS 

\V. R. Bennett, Chairman 
S. J. Mason, Vice Chairman 

J. 1'. I3angert 
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 
W. N. Tuttle 
L. Weinberg 
F. H. Williams 

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 
\V. 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. Espersen 
W. R. Ferris 
T. J. Henry 
R. B. Janes 
E. O. Johnson 
S. F. Kaisel 

J. W. Kearney 
I. E. Mouromtseff 
L. S. Nergaard 
H. L. Owens 
G. D. O'Neill 
P. A. Redhead 
A. C. Rockwood 
R. M. Ryder 

R. W. Milkman 

8. ELECTRONIC COMPUTERS 

R. Serrell, Chairman 
D. R. Brown, Vice Chairman 

S. N. Alexander 
R. D. Elbourn 
M. Middleton, Jr. 
C. D. Morrill 
G. W. Patterson 
J. A. Rajchman 
N. Rochester 

C. V. L. Smith 
R. L. Snyder, Jr. 
\V. H. Ware 
C. R. Wayne 
J. R. Weiner 
C. F. \Vest 
Way Dong Woo 

9. FACSIMILE 

H. Burkhard, Chairman 
A. G. Cooley, Vice Chairman 

J. Callahan 
D. Frezzolini 
I. H. Franzel 
J. Hackenberg 
M. F. Hodges 
J. V. Hogan 
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 

G. A. Biernson J. C. Lozier 
V. B. Haas, Jr. W. M. Pease 
R. J. Kochenburger E. A. Sabin 
D. P. Lindorff P. Travers 
W. K. Linvill R. B. Wilcox 
D. L. Lippitt S. B. Williams 

F. R. Zatlin 

10. INDUSTRIAL ELECTRONICS 

J. E. Eiselein, Chairman 
E. Mittelmann, Vice Chairman 

G. P. Bosomworth 
J. M. Cage 
E. W. Chapin 
J. L. Dalke 

C. W. Frick 
H. C. Gillespie 
T. P. Kinn 
H. R. Meahl 

J. H. Mennie 
P. E. Ohmart 
H. W. Parker 
S. I. Rambo 
W. Richter 

W. C. Rudd 
E. H. Shulz 
C. F. Spitzer 
W. R. Thurston 
M. P. Vore 

J. Weinberger 

11. INFORMATION THEORY AND 
MODULATION SYSTEMS 

W. G. Tuller, Chairman 
J. G. Kreer, Jr., Vice Chairman 

P. L. Bargellini 
W. R. Bennett 
T. P. Cheatham, Jr. 
W. B. Davenport, 

Jr. 
L. A. DeRosa 
P. Elias 

D. D. Grieg 
H. W. Kohler 
E. R. Kretzmer 
V. D. Landon 
N. Marchand 
L. A. Meacham 
D. Pollack 

25. MEASUREMENTS AND 
INSTRUMENTATION 

P. S. Christaldi, Chairman 

J. L. Dalke W. J. Mayo-Wells 
H. Dinger G. A. Morton 
F. J. Gaffney C. D. Owens 
G. L. Fredendall A. P. G. Peterson 
W. D. George J. G. Reid, Jr. 

J. R. Steen 

16. MOBILE COMMUNICATION 
SYSTEMS 

A. A. Macdonald, Chairman 

A. V. Dasburg D. E. Noble 
D. B. Harris J. C. O'Brien 
C. M. Heiden D. Talley 
C. N. Kimball, Jr. G. Teommey 
N. Monk R. W. Tuttle 

A. Whitney 

12. NAVIGATION AIDS 

H. R. Mitnno, Chairman 
W. Palmer, Vice Chairman 

\V. B. Burgess H. I. Metz 
H. Davis A. G. Richardson 
R. E. Gray L. M. Sherer 

14. PIEZOELECTRIC CRYSTALS 

W. P. Mason, Chairman 
H. Jaffe, Vice Chairman 

R. Bechmann 
VV. G. Cady 
J. K. Clapp 
W. A. Edson 
L E. Fair 
W. D. George 

E. Gerber 
W. Merz 
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 F. R. Norton 
L. E. Closson 
D. E. Hartnett 
K. W. Jarvis 
J. K. Johnson 
W. R. Koch 
I. J. Melman 
G. Mountjoy 

L. Riebman 
L. M. Rodgers 
S. W. Seeley 
C. G. Seright 
R. F. Shea 
W. O. Swinyard 
F. B. Uphoff 

R. S. Yoder 

15. RADIO TRANSMITTERS 

P. J. Herbst, Chairman 
H. Goldberg, Vice Chairman 

T. E. Ahlstedt 
J. H. Battison 

M. R. Briggs 
A. Brown 

H. R. Butler 
W. R. Donsbach 
L. K. Findley 
T. 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 
I. R. Weir 

19. RECORDING AND 
REPRODUCING 

A. W. Friend, Chairman 
L. Thompson, Vice Chairman 

M. S. Corrington, Vice Chairman 

S. J. Begun C. J. Lebel 
M. Camras A. P. G. Peterson 
E. W. D'Arcy C. B. Pear, Jr. 
S. M. Fairchild H. E. Roys 
R. M. Fraser C. F. %Vest 

A. H. Willis 

21. SYMBOLS 

K. E. Anspach, Chairman 
H. R. Terhune, Vice Chairman 

F. M. Bailey C. D. Mitchell 
A. G. Clavier C. Neitzert 
W. J. Everts M. B. Reed 
W. A. Ford A. C. Reynolds. Jr. 
R. T. Haviland M. P. Robinson 
O. T. Laube M. S. Smith 

H. P. \Vestman 

22. TELEVISION SYSTEMS 

R. E. Shelby, Chairman 
%V. T. Wintringham, Vice Chairman 

W. F. Bailey A. G. Jensen 
M. %V. Baldwin, Jr. I. J. Kaar 
R. M. Bowie R. D. Kell 
J. E. Brown 
K. A. Chittick 
C. G. Fick 
D. G. Fink 
P. C. Goldmark 
R. N. Harmon 
J. E. Hayes 
J. L. Hollis 

H. T. Lyman 
L. Mautner 
J. Minter 
A. F. Murray 
D. W. Pugsley 
D. B. Smith 
M. E. Strieby 
A. Talamini 

23. VIDEO TECHNIQUES 

W. J. Poch, Chairman 
A. J. Baracket, Vice Chairman 

S. W. Athey S. Doba, Jr. 
J. Battison G. L. Frendendall 
E. E. Benham J. R. Hefele 
K. B. Benson J. L. Jones 
E. M. Coan C. G. Pierce 
R. DeBaun B. F. Tyson 

H. E. Weppler 

24. WAVE PROPAGATION 

N. Smith, 

E. W. Allen, Jr. 
S. L. Bailey 
A. R. Beach 
H. G. Booker 
K. Buffington 
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 

Chairman 

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 
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INSTITUTE REPRESENTATIVES IN COLLEGES 

*Agricultural and Mechanical College of 
Texas: H. C. Dillingham 

*Akron, University of: P. C. Smith 
*Alabama Polytechnic Institute: R. M. 

Steere 
*Alberta, University of: J. W. Porteous 
*Arizona, University of: H. E. Stewart 
*Arkansas, University of: W. W. Cannon 
*British Columbia, University of: L. R. 

Kersey 
*Brooklyn, Polytechnic Institute of (Day 

Division): L. Goldstone 
*Brooklyn, Polytechnic Institute of (Eve-

ning Division): Appointment later 
*Brown University: J. P. Ruina 
*Bucknell University: George Irland 
*California Institute of Technology: J. N. 

Thurston 
*California State Polytechnic College: Clar-

ence Radius 
*California, University of: H. J. Scott 
California, University of at Los Angeles: 

E. F. King 
*Carnegie Institute of Technology: J. B. 

Woodford, Jr. 
*Case Institute of Technology: J. D. Johan-

nesen 
*Cincinnati, University of: A. B. Bereskin 
*Clarkson, College of Technology: Joseph 

Salerno 
*Colorado Agricultural & Mechanical Col-

lege: C. C. Britton 
*Colorado, University of: W. G. Worcester 
*Columbia University: Lawrence O'Neill 
*Connecticut, University of: V. B. Haas, Jr. 
*Cooper Union: J. B. Sherman 
*Cornell University: True McLean 
Dartmouth College: M. G. Morgan 
*Dayton, University of: Appointment later 
*Delaware, University of: H. S. Bueche 
*Denver, University of: R. C. Webb 
*Detroit, University of: Thomas Yamauchi 
*Drexel Institute of Technology: R. T. Zern 
Duke University: H. A. Owen 
*Fenn College: K. S. Sherman 
*Florida, University of: S. P. Sashoff 
*George Washington University: George 

Abraham 
*Georgia Institute of Technology: B. J. 

Dasher 
Harvard University: R. W. P. King 
*Illinois Institute of Technology: G. T. 

Flesher 
*Illinois, University of: P. H. Schwarzlose 
*Iowa State College: G. A. Richardson 
*Iowa, State University of: L. A. Ware 
*John Carroll University: J. L. Hunter 
*Johns Hopkins University: Ferdinand 

Hamburger, Jr. 

*Kansas State College: J. E. Wolfe 
*Kansas, University of: D. G. Wilson 
*Kentucky, University of: N. B. Allison 
*Lafayette College: F. W. Smith 
*Lehigh University: D. E. Mode 
*Louisiana State University: L. V. McLean 
*Louisville, University of: S. T. Fife 
*Maine, University of: Appointment later 
*Manhattan College: T. P. Canavan 
Manitoba, University of: H. W. Price 
*Marquette University: Appointment later 
*Maryland, University of: H. Haakonsen 
*Massachusetts Institute of Technology: 

E. A. Guillemin, W. H. Radford 
Massachusetts, University of: C. S. Roys 
McGill University: F. S. Howes 
*Miami, University of: F. B. Lucas 
*Michigan College of Mining and Technol-

ogy: R. J. Jones 
*Michigan State College: I. O. Ebert 
*Michigan, University of: L. N. Holland 
*Minnesota, University of: Leroy Anderson 
*Mississippi State College: P. T. Hutchison 
*Missouri School of Mines and Metallurgy: 

R. E. Nolte 
*Missouri, University of: G. V. Lago 
*Montana State College: R. C. Seibel 
*Nebraska, University of: Charles Rook 
Nevada, University of: I. J. Sandorf 
*Newark College of Engineering: D. W. 

Dickey 
*New Hampshire, University of: A. L. Winn 
*New Mexico College of Agriculture and 

Mechanic Arts: H. A. Brown 
*New Mexico, University of: Appointment 

later 
*New York, College of the City of: Harold 

Wolf 
*New York University: Sidney Shamis 
*North Carolina State College: G. B. Hoed-

ley 
*North Dakota Agricultural College: E. M. 

Anderson 
*North Dakota, University of: Clifford 

Thomforde 
*Northeastern University: J. S. Rochefort 
*Northwestern University: A. H. Wing, Jr. 
*Notre Dame, University of: H. E. Ellithorn 
*Ohio State University: R. A. Neubauer 
*Ohio University: D. B. Green 
*Oklahoma Agricultural and Mechanical 

College: A. L. Betts 
Oklahoma, University of: C. L. Farrar 
*Oregon State College: A. L. Albert 
*Pennsylvania State University: J. N. War-

field 
*Pennsylvania, University of: D. F. Hunt 
*Pittsburgh, University of: John Brinda, Jr. 
*Pratt Institute: David Vitrogan 

1954* 
*Princeton University: N. W. Mather 
*Purdue University: R. P. Siskind 
Queens University: H. H. Stewart 
*Rensselaer Polytechnic Institute: H. D. 

Harris 
*Rhode Island, University 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: Harry Engwicht 
Santa Clara, University of: H. P. Nette-

sheim 
*Seattle University: Appointment later 
*South Carolina, University of: Appoint-

ment later 
*South Dakota School of Mines and Tech-

nology: Appointment later 
*Southern California, University of: G. \V. 

Reynolds 
*Southern Methodist University: Paul Har-

ton 
*Stanford University: Charles Susskind 
*Stevens Institute of Technology: A. C. Gil-

more, Jr. 
*Syracuse, University of: Herbert Heller-

man 
*Tennessee, University of: E. D. Shipley 
*Texas, University of: H. W. Smith 
*Texas Technological College: H. A. Spuhler 
*Toledo, University of: R. E. Weeber 
*Toronto, University of: George Sinclair 
*Tufts College: A. H. Howell 
*Tulane University: J. A. Cronvich 
United States Naval Post Graduate School: 

G. R. Giet 
*Utah State Agricultural College: Clayton 

Clark 
*Utah, University of: C. L. Alley 
*Vermont, University of: W. L. Steinmann 
*Villanova College: J. A. Klekotka 
*Virginia Polytechnic Institute: R. R. 

Wright 
*Virginia, University of: J. C. Mace 
*Washington, University of: H. M. Swarm 
*Washington University: D. F. Winter 
*Wayne University: D. V. Stocker 
Western Ontario, University of: E. H. Tull 

and J. H. Blackwell 
*West Virginia University: Everett Keener 
*Wisconsin, University of: Glenn Koehler 
Witwatersrand, University of: G. R. Bozzoli 
*Worcester Polytechnic Institute: H. H. 

Newell 
*Wyoming, University of: W. M. Mallory 
*Yale University: J. G. Skalnik 

• Colleges with approved Student Branches. 

INSTITUTE REPRESENTATIVES ON OTHER BODIES 

ASA Conference of Executives of Organiza-
tion Members: G. W. Bailey; L. G. 
Cumming, alternate. 

ASA Standards Council: A. G. Jensen; 
Ernst Weber, L. G. Cumming, alter-
nates 

ASA Electrical Standards Board: F. B. 
Llewellyn, A. G. Jensen, L. G. Cumming 

ASA Graphic Standards Board: K. E. 
Anspach; 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. 
Gaffney; Wilson Aull, alternate 

ASA Sectional Committee (C42) on Defini-
tions of Electrical Terms: M. W. Bald-

1954 

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 
Instruments: Ernst Weber 

ASA Subcommittee (C42.13) on Communi-
cations: J. C. Schelleng 

ASA Subcommittee (C42.14) on Electron 
Tubes: G. D. O'Neill 

• 

• 

• 

• 
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ASA Sectional Committee (C60) on Stand-
ardization on Electron Tubes: L. S. 
Nergaard, C. E. Fay 

ASA Sectional Committee (C61) on Electric 
and Magnetic Magnitudes and Units: 
S. A. Schelkunoff, J. W. Horton, F. 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 (Y1) 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 

ASA Sectional Committee (YI4) on Stand-
ards for Drawing and Drafting Room 

Practices: Austin Bailey; K. E. Anspach, 
alternate 

ASA Sectional Committee (Y15) on Pre-
ferred Practice for the Preparation of 
Graphs, Charts and Other Technical 
Illustrations: II. R. Terhune; M. P. 
Robinson, alternate 

ASA Sectional Committee (Y32) on Graphi-
cal Symbols and Designations: Austin 
Bailey, 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: 
W. D. Goodale, Jr.; H. F. Olson, alter-
nate 

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: 
Joseph E. Eiselein; George P. Bosom-
worth, alternate 

International Scientific Radio Union (URSI) 
Executive Committee: S. L. Bailey 

U. S. National Committee, International 
Electrotechnical Commission, Advisers 

on Symbols: Kenneth Anspach; A. F. 
Pomeroy, alternate 

U. S. National Committee, International 
Electrotechnical Commission, Advisers 
on Electrical Measuring Instruments: 
F. J. Gaffney; Wilson Au11, alternate 

U. S. National Committee of the Interna-
tional Electrotechnical Commission: F. 
B. Llewellyn, A. G. Jensen, L. G. Cum-
ming 

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, 
alternate 

National Electronics Conference: A. W. 
Graf ( 1954) 

National Research Council—Division of 
Engineering and Industrial Research: 
F. B. Llewellyn, Eric Walker (7/1/54-
6/30/57) 3 yrs. 

American Association for the Advancement 
of Science: Professor J. C. Jensen, Dr. 
Brainerd (7/1/54-6/30/56) 2 yrs. 
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Abstracts and References 
Compiled by the Radio Research Organization of the Department of Scientific and Industrial Research, 

London, England, and Published by Arrangement with that Department and the 
Wireless Engineer, London, England 

Note: The Institute of Radio Engineers does not have available copies of the publications mentioned in these pages, nor does it 
have reprints of the articles abstracted. Correspondence regarding these articles and requests for their 

procurement should be addressed to the individual publications, not to the IRE. 

Acoustics and Audio Frequencies  1044 
Antennas and Transmission Lines  1045 
Automatic Computers   1046 
Circuits and Circuit Elements  1046 
General Physics  1048 
Geophysical and Extraterrestrial Phe-
nomena   1049 

Location and Aids to Navigation  1050 
Materials and Subsidiary Techniques  1051 
Mathematics  1053 
Measurements and Test Gear  1053 
Other Applications of Radio and Elec-

tronics  1054 
Propagation of Waves  1055 
Reception  1055 
Stations and Communication Systems  1056 
Subsidiary Apparatus  1056 
Television and Phototelegraphy  1057 
Transmission  1057 
Tubes and Thermionics  1057 
Miscellaneous  1058 

Abstract number (upper left) is Universal 
Decimal Classification, not U. S. Nat'l Bur. of 
Standards Dec. Class. Number (top right) is 
Abstract serial number. DC numbers (t) are 
provisional. 
A new section has been introduced cover-

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 Part 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. 
A Section headed Automatic Computers 

has been introduced. 

ACOUSTICS AND AUDIO FREQUENCIES 

621.39: 061.4 1268 
Radio Industries at the 20th Salon de 

l'Aéronautique (26th June to 5th July 1953).— 
(Onde élect., Nov. 1953, Vol. 33, No. 320, pp. 
652-655.) A brief survey of equipment exhib-
ited. 

534.2 1269 
Saw-toothed Wave-forms in Sound—G. J. 

Barber and T. F. W. Embleton. (Nature 
(London), vol. 172, pp. 1057-1058; Dec. 5, 
1953.) An examination of the distortion of 
finite-amplitude pulses in which the leading 
half-cycle is a rarefaction. 

534.2 1270 
Scattering of Sound in a Turbulent Stream 

—V. A. Krasirnikov and V. I. Tatarski. 
(Comp:. Rend. Acad. Sci. U.R.S.S.L, vol. 90, 
pp. 159-162; May 11, 1953.) A theoretical 
treatment based on the assumption that the 
medium can be represented by the equation of 
an incompressible viscous fluid. In such a 
stream the scattering due to temperature in-
homogenities and to variations of the velocity 
are independent of each other and can be 
evaluated separately. 

The Index to the Abstracts and References published in the PROC.I.R.E. from 
February 1953 through January 1954 is published by Wireless Engineer and in-
cluded in the March 1954 issue of that journal. Copies of this issue may be pur-
chased for $1 (including postage) from the Institute of Radio Engineers, 1 East 79th 
Street, New York 21, N. Y. As supplies are limited, the publishers ask us to stress 
the need for early application for copies. Included with the Index is a selected list 
of journals scanned for abstracting with publishers' addresses. 

534.2:534.321.9 1271 
The Fluctuations of Phase of Ultrasonic 

Waves propagated in the Ground Layer of the 
Air—V. A. Krasil'nikov. (Comp:. Rend. Acad. 
Sci. U.R.S.S., vol. 88, pp. 657-660; Feb. 1, 
1953. In Russian.) The rms phase deviation 
was determined from observations at fre-
quencies up to 51 kc for various values of fre-
quency and wind direction, distance between 
radiator and receiver, wind velocity, and time 
during which N observations were recorded. 
The apparatus used is described with the aid 
of a block diagram. The results are tabulated. 

534.321.9:534.61 1272 
The Dependence of the Power of Ultrasonic 

Radiation on Frequency—S. Parthasarathy, D. 
Srinivasan and S. S. Chari. (Z. Phys., vol. 136, 
pp. 17-20; Oct. 16, 1953.) The radiation in-
tensities of the 3rd, 7th and 11th harmonics of 
a 1.44-mc quartz crystal immersed in five or-
ganic liquids and excited at constant voltage 
were determined by thermal and direct radia-
tion-pressure measurements. Radiated power 
decreases continuously as the order of har-
monics increases. 

534.321.9:534.613 1273 
Mechanical Action of Ultrasonic Waves on 

Obstacles—R. Lucas and E. Grossetti. (Comp:. 
Rend. Acad. Sci. (Paris), vol. 238, pp. 458-
459; Jan. 25, 1954.) Experiments were made 
to check theoretically derived expressions for 
the force exerted by plane ultrasonic waves, 
using a torsion-balance method. The effects for 
highly reflecting and nonreflecting surfaces 
were compared. Obstacles of dimensions about 
20 times the wavelength (X -= 1 mm) were used. 

534.321.9: 534.613 1274 
An Investigation of the Absorption of 5-Mc/s 

Ultrasonic Waves in Organic Liquids by the 
Radiation Pressure Method—S. Parthasarathy, 
S. S. Chari, and D. Srinivasan. (Jour. Phys. 
Radium, vol. 14, pp. 541-546; Oct., 1953.) 
Measurements are reported of absorption in 47 
liquids. See also 2543 of 1953. 

534.321.9-14 1275 
Variation of Ultrasonic Absorption with Fre-

quency in Organic Liquids—S. Parthasarathy, 
S. S. Chari, and D. Srinivasan. (Acusiica, vol. 
3, pp. 363-364; 1953.) Certain results of radia-
tion-pressure measurements at 5, 10, and 15 mc 
lend support to the relaxation theory. 

534.79 1276 
The Relation between the Sone and Phon 

Scales of Loudness—D. W. Robinson. (Acus-
tic°, vol. 3, pp. 344-358; 1953.) A set of 
statistically controlled experiments is described 
in which 35 subjects were required to judge 
two-fold and ten-fold increase and reduction of 
the loudness of tone and of noise. Loudness 
scales obtained showed a high consistency and 

a significant difference between scales relating 
to increase and to decrease of sensation. Re-
sults for loudness reduction are approximately 
expressed by the formula log S=0.029 (P-40) 
for the range 20-110 phons, P being the loud-
ness level in phons, S the loudness sensation in 
genes. Results for free-field and earphone 
listening were similar. 

534.83/.84 1277 
Calculation of Sound Propagation in Struc-

tures—L. Cremer. (Acustica, vol. 3, pp. 317-
335; 1953.) Wavelength/frequency relations 
for sound waves propagated in different struc-
tural materials are calculated; critical fre-
quencies for sound radiation from structural 
elements are discussed. Mechanical impedance 
and the spectrum of impact sound are con-
sidered and an analysis is made of the effec-
tiveness of suitable structural design in reduc-
ing the amplitude of longitudinal and flexural 
waves. 

534.862.2:534.76 1278 
Experiment in Stereophonic Sound—L. D. 

Grignon. (Jour. Soc. Mot. Pict. Iv' Telev. 
Engrs., vol. 61, part II, pp. 364-377; Sept., 
1953. Discussion, pp. 377-379.) Microphone 
placing in stereophonic sound-film recording is 
discussed. 

534.862.3/.4 : 534.76: 621.395.625.3 1279 
Stereophonic Recording and Reproducing 

Equipment—J. G. Frayne and E. W. Templin. 
(Jour. Soc. Mot. Pict. S.' Telev. Engrs., vol. 61, 
part II, pp. 395-405; Sept., 1953. Discussion, 
pp. 405-407.) An outline description of some of 
the commercial equipment developed for the 
film industry. 

534.862.3 : 534.76: 621.395.625.3 1280 
Multiple-Track Magnetic Heads—K. 

Singer and M. Rettinger. (Jour. Soc. Mot. 
Pict. & Telev. Engrs., vol. 61, part II. pp. 390-
394; Sept., 1953.) A brief description of the 
construction and characteristics of two six-
track heads for the stereophonic recording of 
sound on film. 

534.862.4:534.76 1281 
Stereophonic Recording and Reproducing 

System—H. Fletcher. (Jour. Soc. Mot. Pict. 
er Telev. Engrs., vol. 61, part II, pp. 355-361; 
Sept., 1953. Discussion, pp. 361-363.) A dis-
cussion of the amplifier and loudspeaker re-
quirements for the reproduction of music at the 
original power level, in large halls, e.g. cinemas. 

534.862.4 : 534.76: 621.375.2 1282 
New Theater Sound System for Multi-

purpose Use—J. E. Volkmann, J. F. Byrd, and 
D. Phyfe. (Jour. Soc. Mot. Pict. fie Telev. 
Engrs., vol. 61, part II, pp. 408-414; Sept., 
1953.) An outline description of two com-
mercial multichannel power amplifiers. 
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534.862.4 : 534.76: [621.395.623.7 + 621.375.2 
1283 

Loudspeakers and Amplifiers for Use with 
Stereophonic Reproduction in the Theater— 
J. K. Hilliard. (Jour. Soc. Mot. Pia. es" Telev. 
Engrs., vol. 61, part II, pp. 380-389; Sept., 
1953. Discussion, p. 389.) A brief description 
of equipment and cinema installations. 

534.87/88+534.614 1284 
The Development of Acoustic Sea-Depth 

Measurements—Drubba and Rust. (See 1830.) 

621.395.61 1285 
Directional Dynamic Microphones—(Radio 

Tech., Vienna, vol. 29, pp. 420-422; Dec., 
1953.) Microphones developed in Austria are 
described. One type comprises two dynamic 
systems with individual cardiord character-
istics, which can be combined to provide omni-
directional or figure-of-eight characteristics as 
required. 

621.395.61 1286 
The Directivity of Spherical Microphones— 

R. L. Pritchard. (Acustica, vol. 3, pp. 359-362; 
1953.) The directional response of a cylindrical 
microphone mounted in a sphere is calculated 
by considering the sound field radiated from 
a spherical cap and applying the reciprocity 
principle. This principle is also used to derive 
the frequency response of a completely spheri-
cal microphone. Results are compared with 
those of Kuhl (613 of 1953); good agreement is 
shown except in the case of Kuhl's calculated 
values for response at angles between 160 de-
grees and 180 degrees. 

621.395.625.3 1287 
Studies on Magnetic Recording: Part 5— 

Comparison with Experiments. Part 6—Change 
in the Recording with Time—W. K. West-
mijze. (Phillips Res. Rep., vol. 8, pp. 343-366; 
Oct., 1953.) Print effect and time-lag effects are 
discussed. 45 references. Parts 3 and 4: 324 of 
February. 

621.395.625.3 1288 
The Difference between Pre-echo and 

Post-echo in the Print-Through Effect—J. 
Greiner. ( N achr Tech., vol. 3, pp. 506-509 and 
543-545, 573; Nov./Dec., 1953.) A report of 
theoretical and experimental investigations of 
the print-through effect in magnetic-tape re-
cording. 

621.395.625.3 1289 
The Effect of High-Frequency Biasing in 

Magnetic [tape] Recording—W. Albach. (Funk 
u. Ton, vol. 7, pp. 628-630; Dec., 1953.) The 
improvement obtained by using hf biasing is 
explained as resulting from reduced hysteresis 
in the magnetization process. 

621.395.625.3:621.385.832 1290 
Visual Monitor for Magnetic Tape—R. L. 

Miller. (Jour. Soc. Mot. Pict. 157. Telev. Engrs., 
vol. 61, part 1, pp. 309-312; Sept., 1953. Dis-
cussion, pp. 313-315.) The monitor comprises 
a cr tube with the second anode forming a 
section of the tube wall. The tape is passed 
over a saddle formed in the second anode, and 
the beam deflection due to the magnetic re-
cording is displayed on the fluorescent screen. 

621.395.625.3:621.397.5 1291 
The Status of Magnetic Recording—R. E. 

Zenner. (Elec. Eng., vol. 72, pp. 951-954; 
Nov., 1953.) Limitations of magnetic-tape sys-
tems are discussed in relation to the recording 
of (a) sound, (6) digital data, (c) physical 
analog data, and (d) video signals. 

ANTENNAS AND TRANSMISSION LINES 

621.315.212 1292 
"lie Manufacture, Laying and Splicing of 
axial-Pair Cable—C. Lancoud. (Bull. 

elektrotech. Ver., vol. 44, pp. 875-880; 
Oct. 3, 1953. In French.) A short account, with 
specific reference to Swiss practice. 

621.372.2 1293 
The E-H Surface Wave—A. E. Karbowiak. 

(Wireless Eng., vol. 31, pp. 71-73; March, 
1954.) The field equations of the travelling 
E-H surface wave are derived, and an analysis 
is made of transmission along helical conduc-
tors. 

621.372.2 1294 
Transmission-Line Impedance and Effi-

ciency—W. W. Macalpine. (Elec. Eng., vol. 72, 
p. 868; Oct., 1953.) Digest only. A method is 
presented for computing the resistance and the 
efficiency of a line when the voltage swr is high. 
For full paper see Trans. A IEE, vol. 72, part 
I, pp. 334-339; 1953 or Elect. Commun., vol. 
30, pp. 238-246; Sept., 1953. 

621.372.2 1295 
Irregular Transmission Lines—A. Rosen. 

(Wireless Eng., vol. 31, pp. 59-70; March, 
1954.) The Kennelly method of successive re-
flections is developed to give general expres-
sions for the voltage and current in an irregular 
line. The expressions are simplified for the case 
where the impedance deviations are small, e.g. 
for coaxial cable used for wide-band telephone 
and television transmission. The formulas are 
given in series form for the case where the 
impedance changes abruptly, and in integral 
form for the case of continuous impedance 
changes. The effects of irregularities on the 
open- and short-circuit impedances are dis-
cussed. 

621.372.2.029.64/65+621.396.621.029.64 1296 
Experimental Determination of the Prop-

erties of Microstrip Components—M. Arditi. 
(Elec. Commun., vol. 30, pp. 283-293; Dec., 
1953. Convention Record I.R.E., part 10, pp. 
27-37; 1953.) The components investigated in-
clude coaxial-to-microstrip matching units, 
bends, transverse posts, offset junctions, step 
discontinuities, gaps or slots in the strip con-
ductor, parallel-coupled junctions and direc-
tional couplers. A microwave receiver is de-
scribed in which the whole rf circuit except the 
high-Q cavity resonator consists of microstrip 
parts. 

621.372.21 1297 
Calculatiou of the Attenuation and Distor-

tion of Travelling Waves—K. Moritz. (Arch. 
Elektrotech., vol. 41, pp. 160-180; 1953.) 
Mathematical investigation of the propagation 
of a voltage pulse along a line with an earth 
return. The losses due to earth eddy currents 
and corona are taken into consideration; line-
resistance losses are neglected. 

621.372.8+621.372.2 1298 
TEM Waves in Cylindrical Systems—P. 

Moon and D. E. Spencer. (Jour. Franklin 
Inst., vol. 256, pp. 325-336; Oct., 1953.) Two 
simple and rigorous theoretical treatments are 
presented, namely (a) use of the vector Lapla-
cian operator, and (6) introduction of a quasi-
potential. Equations derived are free from 
ambiguities and yield simple solutions for E and 
H even with complex co-ordinate systems. 

621.372.8 1299 
Attenuation in Nickel and Mild-Steel 

Waveguides at 9375 Mc/s—F. A. Benson. 
(Proc. IEE, part III, vol. 101, pp. 38-41; Jan., 
1954.) Measurements on rectangular wave-
guides are reported. Mild-steel guides with 
machined internal surfaces have attenuation as 
high as 3.79 db/m, while the permeability of 
Ni deduced from attenuation measurements on 
commercial drawn tubing, taking account of 
surface roughness, was 

621.372.8:538.614 1300 
Guided Electromagnetic Waves in Aniso-

tropic Media—A. A. T. M. van Trier. (Appt. 
sa. Res., vol. B3, pp. 305-371.) Theory of 
guided waves in isotropic media is surveyed; 
a general formulation of the theory for aniso-
tropic media is presented, and particular wave-
guide structures are analysed. A cavity tech-

nique for measuring Faraday rotations is de-
scribed and experimental results obtained with 
ferroxcube IVA, B, C, D and E are presented. 
The physical interpretation of the results is 
discussed with reference to Rado's theory of 
the permeability tensor in nonsaturated ferro-
magnetics (1709 of 1953). 

621.396.67 1301 
Modern Aerial Theories—P. Neidhardt. 

(Nachr Tech., vol. 3, pp. 487-492; Nov., 1953.) 
A comparative survey with 44 references. 

621.396.67 1302 
Calculation of the Distribution of Current in 

Thin [linear] Aerials—R. Sartori. (Alta Fre-
quenza, vol. 22, pp. 258-281; Dec., 1953.) 
Energy considerations lead to a simple way of 
deriving a general equation for the current 
distribution, which includes Hallén's equation 
as a particular case. 

621.396.67:621.397.5 1303 
Control of Vertical Radiation Patterns of 

TV Transmitting Antennas—F. G. Kear and 
J. G. Preston. (Paoc. I.R.E., vol. 42, pp. 402-
407; Feb., 1954.) Earlier U.S.A. designs con-
centrating as much of the energy as possible 
into the horizontal plane are being modified 
to improve the coverage of the service area. 
As an example, the 6-bay superturnstile anten-
na on Mt. Wilson has been modified to radiate 
2.1 times as much power below the horizontal 
as above. 

621.396.677.45 1304 
Wide-Frequency-Range Tuned Helical An-

tennas and Circuits—A. G. Kandoian and W. 
Sichak. (Elect. Commun., vol. 30, pp. 294-299; 
Dec., 1953. Convention Record I.R.E., part 2, 
pp. 42-47; 1953.) A discussion of helical an-
tennas of diameter small compared with X. 
Using a shunt-feed arrangement with a vari-
able tap point and a variable short-circuit, 
tuning ranges up to 100:1 can be obtained. 

621.396.677.7 1305 
Radiation from the Open End of a Lecher 

Line or Waveguide at a Great Distance from 
the Opening—H. Florian. (Acta Phys. aus-
triaca, vol. 8, pp. 42-62; Oct., 1953.) Schel-
kunoff's analysis (1779 of 1936) is extended; 
results are obtained in the form of solvable 
integrals suitable for practical calculations. 
Waveguides of rectangular and circular section 
and coaxial lines are considered. 

621.396.677.71 1306 
Propagation along a Slotted Cylinder— 

R. F. Harrington. (Jour. Appt. Phys., vol. 24, 
pp. 1366-1371; Nov., 1953.) A variational 
method is presented for determining the at-
tenuation and phase constants for the field of a 
traveling-wave slot aerial using a circular-
section waveguide. Calculated and experi-
mentally determined values are compared for 
the cases of excitation in the TEn and Ten 
modes. 

621.396.677.71 1307 
Traveling-Wave Slot Antennas—V. H. 

Rumsey. (Jour. Appt. Phys., vol. 24, pp. 1358-
1365; Nov., 1953.) A variational method, 
making use of the generalized reciprocity 
theorem for traveling-wave line sources, is 
used to derive approximate formulas for the 
propagation constant and characteristic field 
pattern for traveling-wave slot antennas con-
taining a dielectric. For the case of the rec-
tangular-section aerial containing only air, 
results calculated from the theory are in good 
agreement with measured values. See also 334 
of February (Hines et al.). 

621.396.677.75 1308 
Propagation and Radiation of Electromag-

netic Waves along a Dielectric Line with Non-
uniform Characteristics—J. C. Simon and G. 
Weill. (Compt. Rend. Acad. Sci. (Paris), vol. 
238, pp. 57-59; Jan. 4, 1954.) Long antennas 
comprising nonuniform dielectric lines are dis-
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cussed, and a method based on the concept of 
space harmonics is presented for calculating the 
relation between the radiation and the periodic 
characteristics of the line. 

AUTOMATIC COMPUTERS 

681.142 1309 
An Analogue-Type Multiplier—J. Isabeau. 

(HF, Brussels, vol. 2, pp. 213-218; 1953.) A 
simple multiplying circuit is described in which 
12-kc rectangular pulses are modulated suc-
cessively in width and amplitude in proportion 
respectively to the two factors, A and B, to be 
multiplied. Response times for the circuit 
tested were 1-10 ms for the factor A (amplitude 
5-100 V) and 20 ms irrespective of amplitude 
for B (0-120 V). 

681.142 1310 
A Simple Electronic Multiplier—K. H. 

Norsworthy. (Electronic Eng., vol. 26, pp. 72-
75; Feb., 1954.) The multiplication process 
described is based on the equation (X+ Y)2 
- (X - 4X Y. A method of squaring is 
used which depends on the fact that the areas of 
similar triangles are proportional to the squares 
of their heights; a triangular-waveform genera-
tor is described. The device accepts both posi-
tive and negative input voltages. 

681.142 1311 
Electronic Analogue Computing—R. B. 

Quarmby. (Wireless World, vol. 60, pp. 113-
118; March, 1954.) A survey of modern tech-
niques; an indication is given of the kind of 
problem for which analog computers offer 
advantages over digital types. 

681.142 1312 
A New Analogue Computer—E. L. Thomas. 

(Engineering (London), vol. 176, pp. 477 and 
479; Oct. 9, 1953.) A general-purpose computer 
of differential-analyzer type, designed for eco-
nomic quantity production, is described. Three 
basic elements are used, viz., (a) scaling units, 
essentially 3-decade variable resistors, (b) func-
tion units comprising RC networks, (c) high. 
gain amplifiers. Facilities for cro and graphical 
display are provided. 

681.142 1313 
Note on High-Speed Product Integrator— 

I. Cederbaum. (Rev. Sel. Inst., vol. 24, pp. 
1072-1073; Nov., 1953.) Errors arising in the 
potentiometer circuit of the integrator [2058 
of 1953 (Macnee)] are discussed. 

681.142 1314 
General Survey of the Operating Principles 

of Electrical Analogue Computers—C. 
Mounier. (Rev. Gén. Elect., vol. 62, pp. 515-530; 
Nov., 1953.) A survey with particular reference 
to computers constructed by the Société 
d'Électronique et d'Automatisme; difficulties 
encountered in studying the accuracy of these 
machines are discussed. 

681.142 1315 
A Diode-Capacitor Memory for High-Speed 

Electronic Computers—( Tech. News Bull. 
Nat. Bur. Stand., vol. 37, pp. 171-173; Nov., 
1953.) Ordinary linear capacitors are used as 
rapid-access storage elements in a matrix 
arrangement. The basic circuit consists of two 
diodes in series, with the anode of one con-
nected to the cathode of the other, and the 
capacitor connected to the junction; the other 
end of the capacitor is used for reading and 
writing, and is connected to earth through a 
resistor. 

681.142 1316 
A Survey of Digital Computer Memory 

Systems—J. P. Eckert, Jr. (Paoc. I.R.E., vol. 
42, p. 413; Feb., 1954.) Correction to paper 
abstracted in 41 of January. 

681.142 1317 
Frequency Analysis of Digital Computers 

operating in Real Time—J. M. Salzer. ( Paoc. 
I.R.E., vol. 42, pp. 457-466; Feb., 1954.) 

681.142:512 1318 
Elements of Boolean Algebra for the Study 

of Information-Handling Systems—R. Serrell. 
(Paoc. I.R.E., vol. 42, p. 475; Feb., 1954.) 
Correction to paper abstracted in 57 of Janu-
ary. 

681.142:53 1319 
Application of Digital Computing Tech-

niques to Physics—R. A. Brooker. (Brit. Jour. 
Ape Phys., vol. 4, pp. 321-326; Nov., 1953.) 
Problems involving matrices, ordinary, and 
partial differential equations, functions oc-
curring in crystallography and the "random 
walk" statistical method are discussed. Ma-
chine design and the training of personnel are 
considered briefly. 

681.142: [538.221+537.226 1320 
Magnetic and Dielectric Elements for Com-

puters—F. van Tongerloo. (Tijdschr. ned. 
Radiogenoot., vol. 18, pp. 265-285; 1953.) A 
survey of the applications of materials with 
rectangular hysteresis loops. Two classes are 
distinguished, namely (a) those depending on 
a high ratio of remanence to saturation, and 
(b) those for which the "squareness ratio" is im-
portant. 

681.142:621.373.42 1321 
A Low-Frequency Oscillator—R. M. Howe 

and R. J. Leite. (Rev. Sci. Instr., vol. 24, pp. 
901-903; Oct., 1953.) An analog computer for 
solving the differential equations of a 
mass/spring system comprises a circuit produc-
ing simple harmonic oscillations with a fre-
quency range of 0.0016-16 cps. 

681.142:621.376.22 1322 
Instantaneous Multiplier for Computers— 

M. Mehron and W. Otto. (Electronics, vol. 27, 
pp. 144-148; Feb., 1954.) Multiplication is 
performed by means of balanced modulators 
using standard IF transformers and other 
computers. 

CIRCUITS AND CIRCUIT ELEMENTS 

621.3.018.75:621.387.4 1323 
Pulse-Height Analyzer—J. W. Thomas, 

V. V. Verbinski and W. E. Stephens. (Rev. 
Sei. Instr., vol. 24, pp. 1017-1020; Nov., 1953.) 
The equipment, based on Wilkinson's conver-
sion principle ( 1085 of 1951), has resolution, 
linearity and stability to within 1 per cent. It 
can deal with input pulses at a rate of several 
thousand per second. Recording is made on 
Teledeltos paper at a rate of up to 50 pulses/sec. 

621.3.018.78 1324 
A New General Method for Frequency-

Distortion Correction of a Given Circuit in 
Light-Current and Instrument Engineering— 
M. Hájková-Janéová. (Frequenz, vol. 7, pp. 
268-269; Sept., 1953.) The frequency-depend-
ent function, e.g. the amplification factor, is 
expressed as the ratio of power series of func-
tions of the frequency, and the condition for a 
minimal frequency dependence is found. 

621.376.3:621.3.018.78 1325 
Normalized Phase and Gain Derivatives as 

an Aid in Evaluation of F.M. Distortion—J. J. 
Hupert. (PRoc. I.R.E., vol. 42, pp. 438-446; 
Feb., 1954.) The method previously described 
for evaluating the distortion for the quasi-
stationary condition (3550 of 1953) is extended 
to take account of the finite rate of variation 
of the input-signal frequency. 

621.314.7: 621.3.015.3 1326 
Transient Response of the Grounded-Base 

Transistor Amplifier with Small Load Im-
pedance—J. S. Schaffner and J. J. Suran. 
(Jour. Appt. Phys., vol. 24, pp. 1355-1357; 
Nov., 1953). A transfer function relating 
junction-transistor collector current to emitter 
current is derived from the diffusion equation; 
the Laplace-transform technique is used to de-
termine the variation of collector current in 
response to a step variation of emitter current. 
Collector-current rise times evaluated from the 

theory are in good agreement with observed 
values. See also 3513 of 1953 (Chow and 
Suran). 

621.316.86 : 537.312.6 1327 
Thermistor Production—W. T. Gibson. 

(Elect. Commun., vol. 30, pp. 263-270; Dec., 
1953.) Reprint, with additional illustrations, 
of paper abstracted in 2240 of 1953. 

621.318.4 1328 
Tapped Inductances—C. R. Cosens. (Wire-

less Eng., vol. 31, pp. 74-75; March, 1954.) 
"Maxwell coils" for af are considered, and a 
simple method is presented for calculating the 
position of the tapping to give a specified frac-
tion of the total inductance. 

621.372.011/.012 1329 
Graphical Analysis of Nonlinear Circuits 

using Impedance Concepts—J. S. Thomsen. 
(Jour. Ape Phys., vol. 24, pp. 1379-1382; 
Nov., 1953.) Approximate values of the reac-
tance of moderately nonlinear inductors and 
capacitors are obtained by adding to the usual 
linear expressions terms involving the square 
of the current. Using this approximation, the 
total impedance of an LRC circuit is obtained 
and plotted in the I-Z plane, with frequency as 
a parameter. The method gives a physical 
picture of the jump phenomenon in nonlinear 
circuits. 

621.372.413 1330 
Large Reduction of Free Electromagnetic 

Oscillations in Cylindrical Regions due to 
Slight Departures from Cylindricity—Vu. S. 
Sayasov. (Compt. Rend. Acad. Sel. U.R.S.S., 
vol. 90, pp. 163-166; May 11, 1953.) A theoret-
ical investigation of the effect of small de-
formations on long cylindrical resonators with 
perfectly conducting walls. The diminution of 
the field is proportional to the product of the 
relative distortion and the square of the ratio 
of the length of the cylinder to its radius. 
Standard mathematical notation is used and 
the expressions for E, E0 and Ho are given in 
terms of Bessel functions and the function 

which is defined as the put root of Jo. 

621.372.413 : 517.9 1331 
An Asymmetrical Finite Difference Net-

work—R. H. Macneal. (Quart. Ape Math., 
vol. 11, pp. 295-310; Oct., 1953.) A study is 
made of a method of solving boundary-value 
problems by means of electrical network 
analogies. Consideration is given to the special 
problems associated with curved boundaries 
and with the use of meshes of different size at 
different parts of the network. A method is 
described by means of which the coefficients of 
the system of algebraic equations can be com-
puted for an arbitrary distribution of node 
points, and the position of the nodes can then 
be chosen to fit the particular conditions. As 
an illustration, the resonance frequencies and 
field patterns of a conical-line cavity resonator 
are calculated. 

621.372.5 1332 
A General RLC Synthesis Procedure—L. 

Weinberg. (Paoc. I.R.E., vol. 42, pp. 427 437; 
Feb., 1954. Convention Record I.R.E., part 5, 
pp. 2-16; 1953.) Procedure for synthesizing 
lattice networks is described. 

621.372.5 1333 
Unbalanced RLC Networks containing 

Only One Resistance and One Real Trans-
former—L. Weinberg. (Paoc. I.R.E., vol. 42, 
pp. 467-475; Feb., 1954. Trans. I.R.E., No. 
PGCT-2, pp. 55-65; Dec., 1953.) 

621.372.5 1334 
Unilateral Four-Terminal Circuits—J. S. 

Foley. (Electronics, vol. 27, pp. 186-187; Feb., 
1954.) Networks of Ge diodes and carbon re-
sistors, suitable for purposes of directional 
coupling and isolating, are described. 

621.372.512.24 1335 
High-Q Coupled Tuned Circuits—H. D. 
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Polishuk. (Wireless Eng., vol. 31, pp. 55-58; 
March, 1954.) "By means of a set of expres-
sions developed as functions of a frequency 
ratio, some aspects of inductively-coupled 
high-Q resonant circuits are analysed. Con-
siderations of finite, very high-Q circuits lead 

• to simple relations determining impedance 
characteristics of a fundamental system, 
resonant frequencies, rate of frequency devia-
tion, input conductance, stored energy and 
power dissipation ratios." 

• 621.372.54 1336 
Two New Equations for the Design of Fil-

ters—M. Dishal. (Elect. Commun., vol. 40, pp. 
324-337, Dec., 1953. Condensed version, Con-
vention Record I.R.E., part 5, pp. 44-47; 1953.) 
Equations are presented for designing con-
stant- K-configuration filters with Tcheby-
cheff-type characteristics, for the case when 
the unloaded Q of the elements is sufficiently 
high for them to be considered nondissipative. 
Both band-pass and low-pass filters are con-
sidered; the band-pass examples are mainly 
for uhf. 

621.372.54 1337 
Old and New Methods for designing Com-

posite High-Frequency Filter Circuits and 
their Application to Filter Circuits with Low 
Relative Bandwidth—R. Rucklin. (Arch. elekt. 
übertragung, vol. 7, p. 554; Nov., 1953.) Cor-
rection to paper abstracted in 84 of January. 

621.372.54 1338 
Nonlinear Filters—W. D. White and L. A. 

Zadeh. (Jour. Ape Phys., vol. 24, pp. 1412-
1413; Nov., 1953.) Comment on 2598 of 1953 
and author's reply. 

621.372.54:538.652 1339 
Electromechanical Filters—S. P. Lapin. 

(Radio &I' Telev. News, Radio-Electronic Eng. 
Section, vol. 50, pp. 9-11, 37; Dec., 1953.) 
Design and performance data are presented for 
IF filters for the frequency range 100-1000 
kc, of the type comprising metal-plate resona-
tors interconnected by pairs of fine metal 
wires. 

621.372.542.2 1340 
A General Tchebycheff Rational Function— 

* C. B. Sharpe. (Paoc. I.R.E., vol. 42, pp. 454-
457; Feb., 1954.) The derivation is described 
of a function useful for the design of low-pass 
filters. 

621.372.543.2:621.375.232.029.4 1341 
Electronic Audio Bandpass Filter—R. J. 

Gunderman. (Radio br Telev. News, Radio-
Electronic Eng. Section, vol. 50, pp. 16, 23; 
Nov., 1953.) A narrow-band filter with centre 
frequency adjustable from 20 to 5000 cps is ob-
tained by including a phase-inverter rejection 
circuit in the negative-feedback circuit of an 
audio amplifier. 

621.372.56 1342 
Attenuator Design—N. H. Crowhurst. 

(Electronic Eng., vol. 26, pp. 76-78; Feb., 
1954.) A chart is given for the design of con-
stant-resistance types of attenuator. 

621.372.6 1343 
Some Not Necessarily Linear (n+1)-

Poles—A. Stohr. (Arch. elela. übertragung, 
vol. 7, pp. 546-548; Nov., 1953.) In (n+1)-
poles composed of linear 2-poles, and in some 
other (n-1- 1)-poles, linear relations exist be-
tween the voltages and the currents, and the 
resulting impedance matrix is symmetrical. 
A generalization, to include nonlinear rela-
tions, is given by the condition that a(45 -40) 
/ail must be symmetrical in k and I, where 
(0,.-0„) is the p.d. between the kth and the 
zeroth terminal and ii is the current flowing 
into the Ith terminal. Examples and properties 
of such (n+1)-poles are given. 

• 621.373 1344 
The Use of Admittance Diagrams in Oscil-

lator Analysis—H. J. Reich. (Pitoc. I.R E., 

vol. 42, pp. 484-485; Feb., 1954.) Discussion 
on 1944 of 1953. 

621.373.421 1345 
A New Type of RC Oscillator—G. Fran-

deli and E. Zaccheroni. (Alta Frequenza, vol. 
22, pp. 282-294; Dec., 1953.) A circuit requir-
ing a much smaller amount of valve amplifica-
tion than the usual phase-shift oscillator uses a 
specially designed twin-T feedback network. 

621.373.421+621.375.231.001.2 1346 
Block-Diagram Analysis of Vacuum-Tube 

Circuits—T. M. Stout. (Elect. Eng., vol. 72, 
p. 900; Oct., 1953.) Digest only. The method is 
illustrated by analyses of (a) an amplifier with 
current feedback from the cathode circuit and 
(b) a phase-shift oscillator. 

621.373.422:621.376.2/.3 1347 
Amplitude Variations in a Frequency-

Modulated Oscillator—W. J. Cunningham. 
(Jour. Frank. Inst., vol. 256, pp. 311-323; 
Oct., 1953.) Analysis indicates how unwanted 
AM is produced when FM is accomplished by 
varying the capacitance in a negative-resist-
ance oscillator circuit. A numerical example is 
given. 

621.373.43 1348 
The Design of the Eccles-Jordan Circuit— 

R. Piloty, Jr. (Arch. ekkt. übertragung, vol. 7, 
pp. 537-545; Nov., 1953.) Design formulas are 
derived from a fundamental analysis of the cir-
cuit. Their application is illustrated in the de-
sign of a high-stability, 2-mc flip-flop circuit 
using a Type-E9OCC tube. 

621.373.43 1349 
The Electronic Switch—E. Piepgras. (Funk 

u. Ton, vol. 7, pp. 580-589; Nov., 1953.) An 
analysis of the operation of square-wave gen-
erators. 

621.373.431.1:621.318.572 1350 
Bi-Stable Multivibrator Analysis—P. A. 

Neeteson. (Electronic Applic. Bull., vol. 14, 
pp. 121-137; Aug./Sept., 1953.) Continuation 
of paper abstracted in 1006 of April. The opera-
tional calculus is used to analyze the Eccles-
Jordan flip-flop circuit. 

621.373.432:621.387 1351 
Control of Glow-Discharge Triodes by 

means of Very Small Currents—E. Meili. 
(Helv. Phys. Acta, vol. 26, pp. 574-577; Nov. 
16, 1953. In German.) A discussion of the de-
sirable characteristics of a valve suitable for 
the generation of sawtooth oscillations, using a 
grid-cathode capacitor of value between 10 and 
50 pF and a grid control current as low as 
3 X10-u A. The essential design points are 
(a) small cross-sectional area of the discharge 
space, (b) high current density at low currents, 
(c) short ion transit times and (d) large differ-
ence between the striking and the operating 
potential. These are achieved by arranging a 
wire-point control electrode close to the cath-
ode. 

621.373.52 1352 
An Amplitude-Stabilized Transistor Oscil-

lator—E. R. Kretzmer. (Paoc I.R.E., vol. 42, 
pp. 391-401; Feb., 1954.) An af oscillator using 
two junction transistors in push-pull class-C 
operation has its amplitude stabilized to within 
1 per cent over wide ranges of supply voltage, 
loading and temperature by comaring the out-
put with a stable reference voltage obtained 
from a junction diode operated at breakdown. 

621.374.4:621.376.233 1353 
The Efficiency of Frequency Multipliers 

using Detector Circuits—G. B. Hagen. ( Nachr-
Tech., vol. 3, pp. 482-486; Nov., 1953.) An 
analysis is made of the harmonic-frequency 
power obtainable in an oscillatory circuit con-
nected to a generator via a detector whose 
characteristic is represented approximately by 
a hyperbola. For harmonics of fourth and 
higher orders the calculations become very dif-

ficult; it cannot be assumed that for any given 
harmonic the power is less than for the next 
lower harmonic. 

621.375.121.029.4/5 1354 
Design of Wide-Band Tuned Ampliqers— 

F. Jaeschke. (Funk. u. Ton, vol. 7, pp. 508-516, 
570-579 and 630-642; Oct.-Dec., 1953.) 
Amplifiers with Schienemann (Butterworth) 
and Tchebycheff band-pass characteristics are 
considered in detail and formulas, design curves 
and numerical examples are given. 

621.375.2 + 621.395.623.71: 534.862.4: 543.76 
1355 

Loudspeakers and Amplifiers for Use with 
Stereophonic Reproduction in the Theater— 
J. K. Hilliard. (Jour. Soc. Mot. Pict. er Telev. 
Engrs., vol. 61, part II, pp. 380-389; Sept., 
1953. Discussion, p. 389.) A brief description 
of equipment and cinema installations. 

621.375.2:621.395.44 1356 
The Coaxial-Line Amplifier—Bauer. (See 

1572.) 

621.375.2.024 1357 
D.C. Ampliflers—J. Yarwood and D. H. Le 

Croissette. (Electronic Eng., vol. 26, pp. 14-
19, 64-70, and 114-117; Jan.-March, 1954.) A 
survey paper with 81 references. 

621.375.2.024 1358 
Investigation of the Effect of Unbypassed 

Screen-Grid Resistors on Amplification Fac-
tor—E. G. Woschni. (N achr Tech., vol. 3, pp. 
444-446; Oct., 1953.) A calculation is made of 
the negative feedback introduced by unby-
passed resistors in the screen-grid lead; this 
arrangement is usual in dc amplifiers. Experi-
mental results confirming the theory are pre-
sented. 

621.375.221.2 1359 
Distributed Amplifiers: Some New Meth-

ods for Controlling Gain/Frequency and 
Transient Responses of Amplifiers having 
Moderate Bandwidths—H. G. Bassett and 
L. C. Kelly. (Pooc. I.R.E., part III, vol. 101, 
pp. 5-14; Jan., 1954.) Distributed amplifiers 
of moderate bandwidths for steady-state appli-
cations may be constructed for almost constant 
gain up to 80 per cent or 90 per cent of cut off 
by methods including the insertion of extra 
sections into the networks or the use of net-
works whose image impedance at a shunt-
capacitance point falls to zero at the cut-off 
frequency. For waveform amplification, the 
use of m-derived low-pass networks with added 
resistive elements is suggested. The image de-
lay is then almost constant over 85 per cent of 
the nondissipative pass band, and the image 
attenuation varies in approximately Gaussian 
fashion with frequency over most of the pass 
band. In this second case the maximum useful 
number of valves per stage is five. 

621.375.23 1360 
Development of a High-Fidelity Preampli-

fier for Use in the Recording of Bioelectric 
Potentials with Intracellular Electrodes—S. J. 
Solms, W. L. Nastuk, and J. T. Alexander. 
(Rev. Sci. Instr., vol. 24, pp. 960-967; Oct., 
1953.) The cathode-follower circuit conven-
tionally used to minimize the time constant of 
the recording system is discussed and its short-
comings are analyzed. An improved circuit 
using positive feedback is described. 

621.375.23:621.3.016.35 1361 
Gain Stability of Feedback Amplifiers— 

D. L. H. Gibbings and A. M. Thompson. 
(Pooc I.R.E., part III, vol. 101, pp. 35-37; 
Jan., 1954.) By proper choice of the phase 
angle of the loop gain, either the magnitude or 
the phase angle of the amplifier gain may be 
made independent, to a first order, of changes 
in the active elements. The general theory is 
developed. Results obtained with an experi-
mental amplifier show that, over a narrow fre-
quency range, the unit can be made as stable as 
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the passive components in the feedback net-
work. 

621.375.23.029.42 1362 
A Low-Frequency Selective Amplifier— 

F. M. Gardner. (Trans. I.R.E., vol. AU 1, 
pp. 10-12; Nov./Dec., 1953.) Analysis similar 
to that for a simple resonant circuit is pre-
sented for a feedback amplifier. Design and 
performance of an amplifier with a resonance 
frequency of about 30 cps are outlined. 

621.375.232 1363 
A Minimal Noise Preamplifier for Propor-

tional Counters and Similar Applications— 
K. Enslein and B. Brainerd. (Rev. Sci. Instr., 
vol. 24, pp. 916-919; Oct., 1953.) A negative. 
feedback amplifier is described which is linear 
over an input range of 74 db. The maximum 
gain is 1900, and is attained over a frequency 
range of about 10-500 kc. Signals of 2 µV can 
be recognized. 

621.375.3 1364 
Fast Response of Magnetic Amplifiers— 

D. G. Scorgie. (Elect. Eng., vol. 72, p. 973; 
Nov., 1953.) Digest of paper to be published 
in Trans. AIEE, vol. 72, 1953. 

621.375.3:538.245 1365 
Instability of Self-Saturating Magnetic 

Amplifiers—S. B. Batdorf and W. N. Johnson. 
Elect. Eng., vol. 72, p. 1013; Nov., 1953.) 
Digest of paper to be published in Trans. 
AIRE, vol. 72, 1953. Differences between the 
major and the minor hysteresis loops of hiper-
nik 5 and their importance in dc triggering are 
discussed. 

621.375.4 1366 
Gain-Stabilized Transistor Amplifier— 

C. A. Krause. (Electronics, vol. 27, pp. 183-
185; Feb., 1954.) Gain is stabilized by using an 
unbypassed resistor in the emitter circuit of a 
junction transistor. 

621.375.4.024 1367 
D.C. Amplifier employing junction-Type 

Transistors—E. Keonjian. (Elect. Eng., vol. 
72, pp. 961-964; Nov., 1953.) Temperature-
sensitive resistors and junction diodes are used 
in conjunction with compensating networks to 
eliminate drift effects. A two-stage amplifier 
circuit having a drift < 1 per cent in 106 hours 
at room temperature, is described. 

621.375.5/621.319.4 1368 
Building and using Dielectric Amplifiers— 

A. Silverstein. (Electronics, vol. 27, pp. 150-
153; Feb., 1954.) A detailed account is given 
of the process developed at the National 
Bureau of Standards for preparing the (Ba-
Sr)TiO3 capacitors used in dielectric amplifiers. 
A two-stage voltage amplifier and an output 
stage capable of driving a loudspeaker are de-
scribed. 

621.396.822+537.311.3 1369 
Low-Temperature Electronics—C. A. 

Swenson and A. G. Emslie. (Paoc. I.R.E., vol. 
42, pp. 408-413; Feb., 1954.) A survey is made 
of the temperature dependence of noise and 
resistance over a range of temperatures ap-
proaching absolute zero. Practical applications 
of the results of low-temperature research are 
discussed. 

GENERAL PHYSICS 

52:519.2 1370 
On Statistical Estimation in Physics— 

M. Annis, W. Cheston, and H. Primakoff. 
(Rev. Mod. Phys., vol. 25, pp. 818-830; Oct., 
1953.) 

534.2+538.566 1371 
Wave Propagation in Stratified Media at 

Normal Incidence, and Application to Trans-
mission-Line Theory. Electric Waves, Optics, 
Acoustics, Wave Mechanics, and Mechanical 
and Electrical Quadripoles—K. Altenburg and 
S. Kastner. (Ann. Phys. Lpz., vol. 13, pp. 1-

43; Oct. 20, 1953.) A comprehensive analysis 
with numerous references. 

535.12: 535.31 1372 
Step-by-Step Transition from Wave Optics 

to Ray Optics in Inhomogeneous Anisotropic 
Absorbing Media: Part 2—Solution of the 
Equations for Wave Normal and Refractive In-
dex by WNK Approximation. Ray-Optical Re-
flection and Alternation—K. Suchy. (Ann. 
Phys. Lpz., vol. 13, pp. 178-197; Oct. 20, 1953.) 
The equations given in part 1 (2594 of 1953) are 
solved. The existence of particular points is 
established for which the transition cannot be 
made. 

535.376 1373 
The Mechanism of Electroluminescence: 

Part 1—Theoretical Considerations—D. Curie. 
(Jour. Phys. Radium, vol. 14, pp. 510-524; 
Oct., 1953.) An account based on Destriau's 
treatment, attributing the phenomena of elec-
troluminescence to collisions of field-accelerated 
electrons in the conduction band. 35 references. 

535.421:538.566 1374 
Rigorous Analysis of the Diffraction of Elec-

tromagnetic Waves by Strip-Gratings— 
R. Müller. (Z. Naturf., vol. 8a, pp. 56-60; 
Jan., 1953.) A solution which is valid without 
restriction on wavelength, angle of incidence, 
polarization or grating constants is obtained in 
the form of two Fredholm integral equations of 
the first kind, of the same structure as those 
derived to represent diffraction by slotted di-
aphragms in rectangular waveguides (1583 of 
1953). 

537.122 1375 
A Collective Description of Electron Inter-

actions: Part 3—Coulomb Interactions in a 
Degenerate Electron Gas—D. Bohm and D. 
Pines. (Phys. Rev., vol. 92, pp. 609-625; 
Nov. 1, 1953.) Part 2: 1021 of April. 

537.122 1376 
A Collective Description of Electron Inter-

actions: Part 4—Electron Interaction in 
Metals—D. Pines. (Phys. Rev., vol. 92, pp. 
626-636; Nov. 1, 1953.) Part 3: 1375 above. 

537.221 1377 
Contact Electrification—P. S. H. Henry. 

(Sci. Progr., vol. 41, pp. 617-634; Oct., 1953.) 
The observed phenomena are described, and 
various explanatory hypotheses are discussed. 
Effects of "static" and methods of eliminating 
them are indicated. 50 references. 

537.52 1378 
Some Measurements on a Not Selfsustain-

ing Gas Discharge, with an Axial Magnetic 
Field—J. Kistemaker and J. Snieder. (Physics, 
vol. 19, pp. 950-960; Oct., 1953.) Report of 
investigations of the potential distribution in-
side the central arc column of the discharge. 
The experimental arrangement consists of a 
cylindrical anode with a filamentary cathode at 
one end and a reflector at the other, and a hot 
probe. With electronegative gases deep troughs 
of negative potential are observed; with electro-
positive gases the central plasma potentials are 
still negative in relation to the anode. 

537.521.7 1379 
Ions and Barriers in Electric Discharges— 

G. K. M. Pfestorf and R. S. N. Rau. (Jour. Indian 
Inst. Sci., Section B, vol. 35, pp. 197-186; 
Oct., 1953.) Report of investigations on the 
effect of injecting ions into the spark gap, and 
of the effectiveness of paper screens in blocking 
the ions. 

537.525 1380 
A Condition on Uniform Field Breakdown 

in Electron-Attaching Gases—R. Geballe and 
M. L. Reeves. (Phys. Rev., vol. 92, pp. 867-
868; Nov. 15, 1953.) The form of the curve 
relating Elf, to p/d at breakdown (where E is 
the field strength, p the pressure and d the 
electrode separation) indicates the existence, 

for high values of pd, of a value of E/p below 
which breakdown does not occur. A study of the 
equation for steady-stage current in electron-
attaching gases suggests that this limiting 
value is nearly that for which the ionization 
and attachment coefficients are equal; this is 
confirmed experimentally. 

537.525.001.4 1381 
Development of the Theory of the Positive 

Column at Low Pressures: Part 1—E. H. Lud-
wig. (Z. angew. Phys., vol. 5, pp. 377-386 and 
421-426; Oct./Nov., 1953.) 

537.533/.534: [537.291+538.691 1382 
Dioptrics of Electron and Ion Beams with 

Circular Principal Paths—H. Grümm. (Acta 
Phys. austriaca, vol. 3, pp. 119-140; Dec., 
1953.) 

537.533:537.534.9 1383 
Secondary Emission due to Bombardment 

of Metallic Targets with Multiple-Charge 
Ions—Yu. A. Dunaev and I. P. Flaks. (Compt. 
Rend. Acad. Sci. U.R.S.S., vol. 91, pp. 43-45; 
July 1, 1953. In Russian.) An experimental in-
vestigation of the dependence of the coef-
ficient of secondary emission on the energy of 
the ions. Sb, Bi, and Te targets were bom-
barded with Sb, Bi, and Te ions, respectively, 
and Ni targets with Na, Ba and Ca ions. The 
results are shown graphically. 

537.533:538.691 1384 
The Motion of Electrons in Two Combined 

Magnetic Fields—S. G. Nilsson. (Kugnl. tek. 
lingsk. Handl., Stockholm, no. 72, 22 pp.; 
1953. In English.) The focusing properties of 
the field of a homogeneously wound toroid 
have been investigated (383 of 1953). Analysis 
is now given for the case when this field is com-
bined with a homogeneous field perpendicular 
to the plane of the toroid. 

537.533:539.23 1385 
Work Function of Clean and of Oxygen-

Coated Au, Pt and Pd, based on the Contact-
Potential Difference with respect to Ag— 
J. Giner and E. Lange. (Naturwissenschaften, 
vol. 40, p. 506; Oct., 1953.) Values of the work 
function were found to be up to 1.2 y higher for 
the oxygen-coated than for the clean surfaces. 

537.533.8 1386 
Auger Peaks in the Energy Spectra of 

Secondary Electrons from Various Materials— 
J. J. Lander. (Phys. Rev., vol. 91, pp. 1382-
1387; Sept., 1953.) Measurements on C, Be, 
Al, Ni, Cu, Ba, Pt and oxides of some of these 
are reported; a description is given of the 
highly sensitive apparatus used. Characteristic 
peaks due to Auger electrons emitted as a re-
sult of absorption of a valence electron by an 
excited X-ray level were observed for all these 
materials. The structure exhibited by the 
peaks is related to the energy distribution of 
electrons in the valence band, and comple-
ments that observed in soft X-ray emission. 
Excitation of Auger peaks by low-velocity 
electron beams provides a method of investi-
gating surfaces. 

537.56 1387 
Generalized Ionization Formula for a Plas-

ma—G. Elwert. (Z. Naturf, vol. 71, pp. 703-
708; Nov., 1952.) A formula is derived which 
includes as special cases Saha's equation, the 
gas-cloud ionization formula, and the solar-
corona ionization equation. 

538.12 1388 
The Field along the Axes of Symmetry of 

Equal Semi-infinite Rectangular Magnetic 
Pole-Pieces—W. Snowdown and N. Davy. 
(Brit. Jour. Appi. Phys., vol. 4, pp. 339-341; 
Nov., 1953.) The method of conformal repre-
sentation is used. The field along the axes of 
symmetry is calculated for a number of values 
of the ratio of the width of the pole-pieces to 
the distance separating them. Expressions for 



1954 Abstracts and References 1049 

the potential function are also given. See also 
2152 of 1945 (Davy). 

538.21 1389 
Magnetic Behaviour of a Linear Atomic 

Chain at the Absolute Zero Point, for Positive 
• Exchange Integral—E. Ledinegg and P. Ur-

ban. (Acta Phys. austriaca, vol. 8, pp. 167-174; 
Dec., 1943.) A calculation of the magnetic 
moment indicates that the linear atomic chain 
is not spontaneously magnetizable. 

538.3:531.19 1390 
On the Statistical Mechanics of Matter in 

an Electromagnetic Field: Part 1—Derivation 
of the Maxwell Equations from Electron The-
ory—P. Mazur and B. R. A. Nijboer. (Physica, 
vol. 19, pp. 971-986; Oct., 1953.) An ensemble-
averaging method is used. 

538.311 1391 
Magnetic Field due to a Direct Current 

traversing a Solid Conductor of Arbitrary 
Shape. Application to a Cylindrical Conductor 
—R. Cazenave. (Rev. Gén. Elect., vol. 62, pp. 
536-542; Nov., 1953.) Laplace's law (usually 
known as Biot and Savart's law) is shown to 
be more suitable than Ampère's magnetic-
sheet concept as a basis for deriving formulae 
for the magnetic field of a conductor. The 
vector potential is introduced. 

538.561.029.6 1392 
éerenkov Effect at Microwave Frequencies 

—M. Danos, S. Geschwind, H. Lashinsky, and 
A. van Trier. (Phys. Rev., vol. 92, pp. 828-
829; Nov. 1, 1953.) Radiation of power 10 
W excited by a 10-kv, 0.2-ma beam, bunched 
at 24 kmc, and traveling close to the surface 
of a TiO2 polycrystalline dielectric, has been 
detected. 

539.162 : 537.212 : 533.15 1393 
On the Diffusion of Decaying Particles in a 

Radial Electric Field—J. Keilson. (Jour. Appt. 
Phys., vol. 24, pp. 1397-1400; Nov., 1953.) An 

• analysis is made of the diffusion of charged 
particles in a radial field in which the intensity 
is distributed according to an inverse-square 
law. 

548.0:539.15 1394 
• Electronic Polarizabilities of Ions in 

Crystals—J. R. Tessman, A. H. Kahn, and 
W. Shockley. (Phys. Rev., vol. 92, pp. 890-
895; Nov. 15, 1953.) 

548.0:539.15 1395 
Interaction of a Nonrelativistic Particle with 

a Scalar Field with Application to Slow Elec-
trons in Polar Crystals—T. D. Lee and 
D. Pines. (Phys. Rev., vol. 92, pp. 883-889; 
Nov. 15, 1953.) 

621.3.011.4 1396 
Capacitance of a Spherical Capacitor— 

F. Bertolini. ( Nuovo Cim., vol. 9, pp. 852-854: 
Sept. 1, 1952.) In a practical spherical ca-
pacitor, the capacitance is not given exactly 
by the theoretical formula, because the outer 
sphere has an aperture. Upper and lower limits 
are derived for the magnitude of the error in-

volved. 

• 

GEOPHYSICAL AND EXTRATER-
RESTRIAL PHENOMENA 

523.165:621.396.822 1397 
Radio-Frequency Emission from Cosmic-

Ray Electroncs—H. Siedentopf and G. Elwert. 
(Z. Naturf., vol. 8a, pp. 20-23; Jan., 1953.) 
Theory developed by Schwinger (Phys. Rev., 
vol. 75, p. 1912; 1949.) is used for the quantita-
tive investigation of the intensity and spectral 
distribution of ri radiation from cosmic-ray 
electrons in interstellar magnetic fields. An 
upper limit is deduced for the density of an 
electron component of the cosmic radiation. 

523.5 1398 
The Strength of Meteoric Echoes from 

Dense Columns—L. A. Manning. (Jour. 

Atmos. Terr. Phys., vol. 4, pp. 219-225; Dec., 
1953.) Calculations taking into account the 
refractive effects produced by ionization dis-
tributed at radii greater than the critical-den-
sity radius have been made for large highly 
ionized trails, using geometrical optics and ray-
tracing methods. The computed maximum 
radiated power from a diffusion-formed trail is 
only 70 per cent of that calculated on the criti-
cal-density radius method. 

523.5:621.396.96 1399 
Meteor Echo Duration and Radio Wave-

length—D. W. R. McKinley. (Cenad. Jour. 
Phys., vol. 31, pp. 1121-1135; Nov., 1953.) 
"The durations of radar echoes from meteors 
have been observed simultaneously on 9.22 m 
and 535 m, and also on 9.22 m and 283 m. 
The ratio of durations on two wavelengths 
decreases with increasing duration by a factor 
of two over the observed range, deviating sig-
nificantly from the accepted square law of 
wavelength. Plotting the log of the ratio against 
the log of the duration yields two straight lines 
of different slopes, one in the short-duration 
range and the other applying to the longer 
echoes. General empirical formulas are devel-
oped to predict the echo duration on one radio 
equipment in terms of the duration of the same 
echo recorded by another apparatus of different 
sensitivity and wavelength." 

523.72:621.396.822 1400 
Bailey's Theory of Sunspot Noise—J. W. 

Dungey. (Jour. Atmos. Terr. Phys., vol. 4, 
pp. 148-162; Dec., 1953.) A discussion of the 
exchange of energy between the drifting elec-
trons and the wave radiated from a transient 
disturbance is given which is more general than 
Bailey's (1909 of 1950) and which shows that 
amplification can occur under certain condi-
tions. Consideration of a sunspot model having 
axial symmetry leads to the conclusion that 
amplification will occur only in exceptional 
regions. 

523.72:621.396.822 1401 
The Equations for a Problem arising In 

Dungey's Investigation of Bailey's Theory of 
Sunspot Noise—R. E. Loughhead. (Jour. 
Atmos. Terr. Phys., vol. 4, pp. 163-174; Dec., 
1953.) See 1400 above. 

523.746 1402 
The Magnetic Field Strength in Sunspots— 

W. Mattig. (Naturwissenschaften, vol. 40, p. 
523; Oct., 1953.) Reply to Thiessen's criticism 
(2303 of 1953). 

523.746:621.396.822 1403 
Theories of Solar Phenomena depending on 

Sunspot Fields moving in the Chromosphere 
and Corona—J. H. Piddington. (Mon. Not. R. 
Asir. Soc., vol. 113, pp. 188-197; Oct., 1953.) 
Theories advanced by Giovanelli (78 and 376 
of 1949) and various other workers are found 
to be untenable when mechanical reactions 
between the magnetic fields and the conducting 
gas are taken into account. 

523.75:538.6 1404 
A Family of Solutions of the Magneto-

hydrostatic Problem in a Conducting Atmos-
phere in a Gravitational Field—J. W. Dungey. 
(Mon. Not. R. Asir. Soc., vol. 113, pp. 180-187; 
Oct., 1953.) A theoretical study of the equilib-
rium conditions in a quiescent solar promi-
nence. A simple model is obtained. 

523.75: [550.386+551.510.535 1405 
Ionospheric and Geomagnetic Effects of 

Solar Flares—J. W. Beagley. (N.Z. J. Sci. 
Tech. B, vol. 35, pp. 141-151; Sept., 1953.) 
Geomagnetic crochets observed at Amberley 
and Apia, New Zealand, between 1947 and 
1951, simultaneously with Dellinger fadeouts, 
are considered in relation to subsequent mag-
netic and ionospheric disturbances. Their 
hourly and seasonal frequencies are examined 
and their augmentation of the normal diurnal 
inequality verified. 

523.75:551.510.535 1406 
The Ha Radiation from Solar Flares in re-

lation to Sudden Enhancements of Atmos-
pherics on Frequencies near 27 kc/s—M. A. 
Ellison. (Jour. Atmos. Terr. Phys., vol. 4, pp. 
226-239; Dec., 1953.) 

523.8:621.396.822 1407 
Radio Astronomy: Part 2—Results of Ob-

servations of Cosmic Radio-Noise Sources— 
H. Siedentopf. (Arch. elekt. Übertragung, vol. 7, 
pp. 507-517; Nov., 1953.) A survey with 46 
references. Part 1: 390 of February (Dieminger). 

523.81:621.396.822 1408 
A Survey of 23 Localized Radio Sources in 

the Northern Hemisphere—R. H. Brown and 
C. Hazard. (Mon. Not. R. Asir. Soc., vol. 
113, pp. 123-133; Oct., 1953.) Report of a sur-
vey at a wavelength of 1.89 m, made with the 
Jodrell Bank aerial system. A marked concen-
tration of the intense sources near the galactic 
plane was found; the distribution of the weaker 
sources may be more nearly isotropic. 

523.85:621.396.822 1409 
A Radio Survey of the Milky Way in 

Cygnus, Cassiopeia and Perseus—R. H. 
Brown and C. Hazard. (Mon. Not. R. Abstr. 
Soc., vol. 113, pp. 109-122; Oct., 1953.) Report 
of a survey at a frequency of 158.5 mc, using 
Jodrell Bank 2 degree-beam antenna, and 
covering the region between ¡= 40 degrees and 
1= 130 degrees and between 6=14 degrees and 
b - 14 degrees. The isophotes of the absolute 
intensities are shown. 

523.852.3:621.396.822 1410 
Fine Structure of the Extraterrestrial 

Radio Source Cygnus I—R. C. Jennison and 
M. K. Das Gupta. (Nature, London), vol. 172, 
pp. 996-997; Nov. 26, 1953.) Observations 
made at Jodrell Bank are reported. 

523.854:621.396.822 1411 
Radio Astronomy—H. H. Klinger. (Jour. 

Frank. Inst., vol. 256, pp. 353-366; Oct., 1953.) 
A survey paper. See 126 of January. 

550.37:550.384 1412 
The Relation between Earth Currents and 

Geomagnetic Variations—A. P. Bondarenko. 
(Compl. Rend. Acad. Sci. (U.R.S.S.), vol. 89, 
pp. 443-445; March 21, 1953. In Russian.) 
A comparison was made between the time vari-
ations of curia E and 110' where E is the electric 
field and Hp' is the resultant vertical compo-
nent of the geomagnetic variations. Fair agree-
ment between the curves was obtained. 

550.384.4 1413 
Rapid Periodic Fluctuations of the Geomag-

netic Field: Part 1—E. R. R. Holmberg. (Mon. 
Not. R. Asir. Soc., Geophys. Suppl., vol. 6, 
pp. 467-481; Oct., 1953.) A new analysis is 
made of observational data, mainly from 
Eskdalemuir. The type of fluctuation changes 
at sunset from a continuous flux of disturbance 
to a comparative quiet punctuated by a short 
damped wave train. A definite fine structure is 
observed in the spectrum of the daytime fluc-
tuations. 

551.510.535 1414 
The Analysis of Ionospheric Records (Ordi-

nary Ray): Part 1—D. H. Shinn. (Jour. Atmos. 
Terr. Phys., vol. 4, pp. 240-254; Dec., 1953.) 
Tables presented enable the effect of the 
earth's magnetic field to be taken into account 
when using the method of analysis of Ratcliffe 
(1292 of 1952) or of Appleton and Beynon 
(3290 of 1940). Using these tables, theoretical 
h'f curves can be constructed for a parabolic 
or a linear distribution of ionization and for all 
magnetic latitudes up to about 70 degrees. 

551.510.535 1415 
Variations of D-Layer Attenuation at 245 

kc/s—E. A. Lauter. (Z. Met., vol. 7, pp. 321-
330; Nov., 1953.) Results of daytime reflection-
coefficient measurements made over a period of 
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several years are analyzed. The noon value of 
the attenuation is 2 neper in winter, nearly 7 
neper in summer. Though the scatter of values 
is considerably greater in winter than in sum-
mer, the excessive absorption observed in 
winter on short waves is not observed at this 
frequency. The influence of the D layer on the 
propagation of atmospherics is discussed, and 
the attenuation variations are compared with 
those of geomagnetic activity. 

551.510.535 1416 
The Contribution of Solar X-Rays to E-

Layer Ionization—E. T. Byram, T. A. Chubb, 
and H. Friedman. (Phys. Rev., vol. 92, pp. 
1066-1067; Nov. 15, 1953.) A brief description 
of rocket experiments which provide positive 
evidence of soft X rays in the ionosphere, to 
an extent sufficient to account for all the E-
layer ionization. 

551.510.535 1417 
Electric Currents in the Ionosphere: Part 1 

— The Conductivity—W. G. Baker and D. F. 
Martyn. (Phil. Trans. A, vol. 246, pp. 281-
294; Dec. 16, 1953.) The effective height. 
integrated conductivity of the ionosphere, cal-
culated on the dynamo theory, and taking ac-
count of inhibition of the Hall current due to 
polarization of the medium, is greater than the 
Pedersen conductivity by a factor of at least 6, 
and, near the magnetic equator, is further 
increased by a factor of 2 to 5. This calculation 
is shown to overestimate the reduction in total 
current flow in the ionosphere due to the 
"shunting" effect of the F2 region, when the 
motion of the F2 region is considered. The 
dynamo theory, as presented here, gives results 
in agreement with observations, and accounts 
in particular for the anomalously large mag-
netic variations observed near the equator. 

551.510.535 1418 
Electric Currents in the Ionosphere: Part 2 

— The Atmospheric Dynamo—W. G. Baker. 
(Phil. Trans. A, vol. 246, pp. 295-305; Dec. 16, 
1953.) Assuming semidiurnal tidal air flow, the 
atmospheric dynamo problem is solved, the 
ionosphere being divided into three regions, 
each of appropriate conductivity. Compared 
with calculations assuming Pedersen conduc-
tivity alone effective, results give a current 
similar in shape and phase, though more in-
tense, and an electric field system markedly dif-
ferent. An abnormally large east-west current 
is found at the equator. 

551.510.535 1419 
Electric Currents in the Ionosphere: Part 3 

— Ionization Drift due to Winds and Electric 
Fields—D. F. Martyn. (Phil. Trans. A, vol. 
246, pp. 306-320; Dec. 16, 1953.) The motion 
of a cylinder of ionization, of density differing 
from that of the surrounding medium, tends to 
be such that the ionization density is greatly 
increased over part of its surface and dimin-
ished over another part. The significance of this 
result in relation to sporadic-E ionization and 
to long-duration meteor trails is pointed out. 
Formulas are derived for the horizontal and 
vertical drift of ionization at all latitudes. 
Graphs are given which permit derivation of the 
true wind or field in a given ionosphere region 
from experimental observations of the drift 
velocities. 

551.510.535 1420 
Semidiurnal Currents and Electron Drifts 

in the Ionosphere—J. A. Fejer. (Jour. 
Terr. Phys., vol. 4, pp. 184-203; Dec., 1953.) 
The differential equations of the dynamo 
theory for the ionosphere are solved numeri-
cally under simplifying assumptions. The tidal 
amplification estimated is about 60. For the 
solar tide, the current system in the E layer is 
in phase with the ground tide, but for the lunar 
tide it is in phase opposition. The calculated 
vertical electroedrift is in reasonable agree-
ment with lunar tide observations. The calcu-
lated horizontal electron drift agrees with ob-

servations on long-duration meteor-trail echoes, 
but the calculated phases are opposed to those 
obtained from fading measurements, indicating 
that the latter refer to air movements and not 
to electron drift. 

551.510.535 1421 
Solar Tides in the F2 Region from the Study 

of Night-Time Critical Frequencies—A. A. 
Weiss. (Jour. Atmos. Terr. Phys., vol. 4, pp. 
175-183; Dec., 1953.) Night-time critical fre-
quency variations at 25 ionospheric stations 
are analyzed by season and by latitude for 
semi-diurnal solar tidal terms. The amplitude 
and phase of the vertical drift velocity of elec-
trons so found are consistent with accepted 
tidal theory, and an estimate of the height. 
gradient of the vertical drift is obtained. Two 
parallel analyses are made, on the alternative 
assumptions that decay proceeds according to 
a recombination law or to an attachment law. 
The low values found for the decay coefficients 
preclude any decision as to which of these two 
decay processes is actually operative. 

551.510.535:523.78 1422 
Anomalies of the Ionosphere 1F2-layerj 

Critical Frequencies during a Solar Eclipse— 
G. Zanotelli. (Ann. Geofis., vol. 6, pp. 367-372; 
July, 1953.) Soundings made at Rome during 
the partial eclipse of February 25, 1952 are 
reported. Electron-concentration minima were 
observed before and after the eclipse and at 
the maximum phase. The cause of the first and 
last of these maxima is assumed to reside in the 
zone outside the visible disk of the sun. 

551.510.535:550.385 1423 
Determination of the Location of the Iono-

spheric Current System responsible for Geo-
magnetic Effects of Solar Flares—A. P. Mitra 
and R. E. Jones. (Jour. Atmos. Terr. Phys., 
vol. 4, pp. 141-147; Dec., 1953.) The height of 
the flare current system is calculated by a 
method depending on the time of maximum in-
tensity of a geomagnetic flare effect and the 
enhancement of electron density at the rele-
vant level. If the flare current system forms 
part of the Sq current system, its height is 
100-120 km, but if it is independent, its 
height is about 60 km. 

551.510.535: 551.523.5 1424 
Measurements of Winds in the Upper 

Atmosphere by means of Drifting Meteor 
Trails: Part 1—D. S. Robertson, D. T. Liddy, 
and W. G. Elford. (Jour. Atmos. Terr. Phys., 
vol. 4, pp. 255-270; Dec., 1953.) Description 
of the 27-mc doppler-radar system and the as-
sociated equipment. 

551.510.535:551.55:523.5 1425 
Measurements of Winds in the Upper At-

mosphere by means of Drifting Meteor Trails: 
Part 2—W. G. Elford and D. S. Robertson. 
(Jour. Atmos. Terr. Phys., vol. 4, pp. 271-284; 
Dec., 1953.) Results of measurements made 
during Oct.-Dec., 1952 by the method de-
scribed in 1424 above are discussed. Winds at 
heights between 80 and 105 km are, in general, 
horizontal, with a prevailing direction in Octo-
ber towards the north-east, and in November 
and December towards the east. The 12-hour 
and 24-hour harmonic components represent 
anticlockwise rotation of the wind vectors, the 
12-hour component being consistent with the 
phase of a semidiurnal tidal wind as deduced 
from barometric oscillations. Over the height 
range investigated, the direction of the wind 
remains the same but the mean velocity in-
creases with height. 

551.510.535:1621.396.822:523.8 1426 
The Measurement of Ionospheric Absorp-

tion using Observations of 18.3-Mc/s Cosmic 
Radio Noise—A. P. Mitra and C. A. Shain. 
(Jour. Atmos. Terr. Phys., vol. 4, pp. 240-218; 
Dec., 1953.) Ionospheric absorption is specified 
by the ratio, expressed in decibels, of P, the 
received cosmic noise power, to Po, the power 

that would have been received in the absence 
of absorption. From about a year's observa-
tions of cosmic noise, a standard curve of 
Ps/sidereal time can be drawn for all aerial 
directions. Analysis of records made at 
Hornsby, N. S. W., from June, 1950 to June, 
1951, shows that two main components due to 
absorption in the F2 and D regions respectively 
can be distinguished. 

551.594.6 1427 
The Waveforms of Atmospherics—M. W. 

Chiplonkar. (Endeavour, vol. 12, pp. 190-196; 
Oct., 1953.) A review of research during the 
preceding fifty years on lightning and on atmo-
spherics, showing the relation between the two 
phenomena. 28 references. 

551.594.6:538.566 1428 
Harmonic Fields in the Propagation of Long 

Electric Waves round the Earth, and Lightning 
Waveforms—Schumann. (See 1544.) 

551.594.6:538.566 1429 
The Propagation of Very Long Electric 

Waves round the Earth, and Atmospherics— 
Schumann. (See 1545.) 

LOCATION AND AIDS TO NAVIGATION 

534.87/.88+534.614 1430 
The Development of Acoustic Sea-Depth 

Measurements—H. Drubba and H. H. Rust. 
(Z. angew. Phys., vol. 5, pp. 388-400; Oct., 
1953.) A historical survey of methods used in 
measurements of the velocity of sound in water 
and in sound ranging, from 1826 to date. 104 
references. 

621.396.962.2 1431 
Raydist Systems for Radiolocation and 

Tracking—J. M. Benson and J. E. Swafford. 
(Elect. Eng., vol. 72, pp. 983-987; Nov., 1953.) 
Phase-measurement methods making use of the 
heterodyne signal between c.w. transmitters 
obviate the need for phase-locking the trans-
mitters or for very high accuracy of frequency 
control. Several particular arrangements are 
described. 

621.396.96 1432 
The Story of Radar—A. F. Wilkins. (Re-

search (London), vol. 6, pp.Y434-440; Nov., 
1953.) An account of the main points in the 
development of radar in Britain, from 1945 
onwards. 

621.396.96 1433 
How Long-Line Effect impairs Tunable 

Radar—J. F. Hull, G. Novick, and R. Cordray. 
(Electronics, vol. 27, pp. 168-173; Feb., 1954.) 
The conditions are analyzed under which long 
mismatched output lines cause frequency jump-
ing in magnetrons and other tube oscillators. 
Design data are given for eliminating the gaps 
in the tuning range which occur when the rf 
generator cannot be mounted directly on the 
antenna. 

621.396.962.2:621.376.31:629.13 1434 
Improved Radio Altimeter—A. Bloch, K. E. 

Buecks, and A. G. Heaton. (Wireless World, 
vol. 60, pp. 138-140; March, 1954.) The in-
strument uses a transmission frequency varying 
linearly between 1.605 and 1.655 kmc, the re-
flected wave being heterodyned with an oscil-
lation always 110 mc higher than the trans-
mitted wave. The parameters are chosen so 
that a beat frequency of 10 kc is produced at a 
height of 900 feet, a servomechanism being 
used to limit the beat frequency to this value 
at greater altitudes, so as to avoid the need for 
a wide-band amplifier, and the consequent in-
crease of noise. 

621.396.969 1435 
The Harbour Radar System for Rotterdam 

and the New Waterway—N. Schimmel. 
(Tijdschr. ned. Radiogenoot., vol. 18, pp. 301-
311; Nov., 1953.) Equipment under construc-
tion is discussed; the transmitter frequency 
range is to be 8.9-9.2 kmc, and the peak power 
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at least 10 kw. The operational procedure and 
methods of measurement are outlined. The 
system should be completed by 1955. 

621.396.969.33 1436 
Marine Radar—(Overseas Eng., vol. 27, pp. 

97-101; Oct., 1953.) Brief illustrated descrip-
tions and some performance figures are given 
for British equipment for installation on board 
ship. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

535.37: 535.215.1 1437 
The Photoconductivity of Phosphors with 

Different Luminescence Mechanisms—H. Go-
brecht, D. Hahn, and H. J. Kosel. (Z. Phys., 
vol. 136, pp. 57-66; Oct. 16, 1953.) Measured 
photoelectric currents (down to 10-"A) of 49 
powder phosphor preparations are listed. These 
indicate the correspondence of high and low 
values of photoconductivity respectively with 
bimolecular and unimolecular luminescence 
mechanisms. 

535.37:546.472.21 1438 
The Connection between Darkening and 

Luminescence of Zinc Sulphide—H. Gobrecht 
and W. Kunz. (Z. Phys., vol. 136, pp. 21-35; 
Oct. 16, 1953.) The phenomenon of darkening 
due to irradiation by light is investigated. 

535.37:548.55 1439 
On Growing Single Crystals of Thallium-

Activated Alkali Halides—J. Franks. (Brit. 
Jour. Appl. Phys., vol. 4, pp. 377-378; Dec., 
1953.) A description is given of a suitable fur-
nace. Activated iodide crystals gave very in-
tense luminescence under electron bombard-
ment. 

535.37:621.317.373 1440 
Measurement of Luminescence Decay 

Time by means of the Phase [-detector] Valve 
—Rohde. (See 1504.) 

535.372:546.284 1441 
A New 6100-À Band in Zinc Orthosilicate 

activated with Manganese—P. Zalm and H. A. 
Klasens. (Philips Res. Rep., vol. 8, pp. 386-
392; Oct., 1953.) Activation in the presence of 
ammonium phosphate at low temperatures 
gives the additional band, the properties of 
which are discussed. 

535.376 1442 
The Light Yield of Phosphors excited by 

Electron Beams with Accelerating Voltages of 
5-60 kV—H. Arend and H. Irmler. (Natur-
wissenschaften, vol. 40, pp. 577-578; Nov., 
1953.) Measurements were made of the light 
emitted in both forward and backward direc-
tions. The relation between the light yield and 
the accelerating voltage for constant beam 
current is shown graphically for phosphors of 
various compositions and grain sizes. The shape 
of the curves depends on the direction of obser-
vation. The divergence between the theoretical 
and actual light yield is discussed; the actual 
yield is independent of layer thickness as long 
as the latter is greater than the electron pene-
tration depth. 

537.224 1443 
Electrets— G. G. Wiseman and E. G. Lin-

den. (Elect. Eng., vol. 72, pp. 869-872; Oct., 
1953.) A survey and nonmathematical discus-
sion of electret materials, theories and applica-
tions. Tables are given of reported electrets of 5 
pure substances and of 20 substances showing 
only a decaying charge and 17 giving a charge 
reversal or growth of charge. The applications 

• noted include microphones, radiation dosim-
eters, electrometers and an es vibration 
voltmeter. 

537.226 1444 
Characteristics of Ferroelectric Ceramics 

• near the Curie Point—N. P. Bogoroditaki and 
T. N. Verbitskaya. (Compt. Rend. Acad. Sci. 
(U.R.S.S.), vol. 89, pp. 447-449; March 21, 

1953. In Russian.) Report of an investigation 
of ferroelectric materials with Curie points 
near 120 degrees C., 35 degrees C. and 150 de-
grees C, respectively. Graphs show the varia-
tion with time (in months) of the capacitance 
and of the loss-tangent of ferroelectric capaci-
tors and the effect of aging on the capacitance 
/electric-field-strength characteristic. The re-
sults are discussed in relation to the orientation 
of the domains and the change in the electric 
moment. 

537.226:546.321.85 1445 
The Properties of Colloidal Ferroelectric 

Materials: Part 2—Theoretical Considerations 
—W. la.nzig and R. Sommerhalder. (Helv. 
Phys. Acta, vol. 26, pp. 603-610; Nov. 16, 1953. 
In German.) The spontaneous-polarization 
effects described by Jaccard et al. (776 of 
March) can be explained by introducing the 
energy of the depolarizing field and the energy 
of the domain walls into the free energy of the 
crystal given by Mueller's theory (109 of 1941). 
The interaction of a polarized ferroelectric crys-
tal with its depolarizing field is discussed. The 
wall problem is also considered. 

537.226:546.431.824-31:546.817.831.4 1446 
Ferroelectric Properties of BaTiO3-PbZr03 

Solid Solutions—G. A. Smolenski, A. L 
Agranovskaya, and N. N. Kraninik. (Compt. 
Rend. Acad. Sci. (U.R.S.S.), vol. 91, pp. 55-
58; July 1, 1953. In Russian.) Experimental 
determination of the temperature dependence 
of the permittivity, in weak fields, and of 
hl/l, where 1 is the length of the specimen. 
These results and the derived variation of the 
Curie point with PbZr03 concentration are 
shown graphically. 

537.226:546.817.824 1447 
Domain Structure of Lead Titanate—E. G. 

Fesenko. (Compl. Rend. Acad. Sci. (U.R.S.S.), 
vol. 88, pp. 785-786; Feb. 11, 1953. In Russian.) 
The phase transition near 500 degrees C. was 
investigated by an optical method. Photo-
graphs of a twinned crystal show the perma-
nent structural change on heating above 500 
degrees C. 

537.226:546.718.882.5-33 1448 
Ferroelectric Properties of Lead Metani-

obate—G. Goodman. (Jour. Amer. Ceram. Soc., 
vol. 36, pp. 368-372; Nov., 1953.) "Ferroelec-
tric lead metaniobate, Pb(Nb03)2, is structu-
rally distinct from the ABO3 perovslcite-type 
ferroelectrics presently known. Dielectric and 
dilatometric data indicate a 570 degrees C. 
Curie point. In ceramic form the material can 
be polarized to retain a piezoelectric constant 
of the same order of magnitude as that of 
barium titanate." 

537.226: 621.315.612.4 1449 
Dielectrics containing Barium Titanate— 

W. Soyck. (Schweiz. Arch. angew. Wiss. Tech., 
vol. 19, pp. 316-322; Oct., 1953.) A short re-
view; aspects discussed include the ceramic 
structure and electrical properties of BaTiO3, 
aging, effect of nonuniform fields and of high 
temperatures and field strengths, and behavior 
at high frequency. 

537.311.3 1450 
The Resistance of 72 Elements, Alloys and 

Compounds to 1000000 kg/cm.2—P. W. Bridg-
man. (Proc. Amer. Acad. Arts Sci., vol. 81, pp. 
165-251; March, 1952.) 

537.311.33 1451 
On Conduction in Impurity Bands—W. 

Baltensperger. (Phil. Meg., vol. 44, pp. 1355-
1363; Dec., 1953.) "The idea of conduction by 
electrons in the energy bands of an impurity 
system is examined. For a lattice of hydrogen-
like impurities the edges of the is, 2s, and 2p 
bands are calculated. Effective masses for elec-
trons in these bands are introduced. With their 
help measurements of the conductivity and the 
Hall constant are interpreted. Depending on 
the density of the impurities and on the tern-

perature, conduction takes place predomi-
nantly either in the band of the medium, or in 
excited impurity states, or in the is impurity 
band. In this last case the activation energy 
vanishes. This interpretation implies a descrip-
tion of the electronic state of the impurities 
with band wave functions and indicates the 
validity of such a description up to rather large 
values of the lattice constant. This can how-
ever be reconciled with the insulating proper-
ties of the oxides of transition metals." 

537.311.33 1452 
Modification of the Conductivity of Thin 

Semiconductor Films by Capacitively Applied 
Barrier-Layer Fields—K. Zückler. (Z. Phys., 
vol. 136, pp. 40-51; Oct. 16, 1953.) The princi-
ple used by Shockley and Pearson (3438 of 
1948) was applied to determine barrier-layer 
properties for Se and Cu2O. An evaporated 
semiconductor film formed one electrode of a 
mica capacitor. The variation of the resistance 
of the semiconductor with the voltage applied 
across the capacitor was measured at - 78 de-
grees, + 25 degrees and + 80 degrees C. by 
means of an auxiliary circuit. Values for the 
thickness of the barrier layer, the concentration 
of impurity centres and the mobility of charge 
carriers in the semiconductor are calculated as-
suming exhaustion of impurity centres (a) 
across the whole film, (b) within the barrier 
layer only. 

537.311.33 1453 
Apparatus for the Graphical Determination 

of the Fermi Energy Level in Semiconductors 
—E. Mooser. (Z. angew. Math. Phys., vol. 4, 
pp. 433-449; Nov. 15, 1953.) A method of de-
termining the Fermi energy from the tempera-
ture and band-structure parameters is described 
in detail, with examples. The method also 
gives the temperature dependence of the con-
centration of charge carriers, taking account of 
degeneracy. 

537.311.33 1454 
New Semiconducting Compounds—H. 

Welker. (Z. Naturf, vol. 7a, pp. 744-749; Nov., 
1952.) An investigation of compounds formed 
from Al, Ga or In on the one hand and P, As or 
Sb on the other. Such semiconducting com-
pounds may have properties greatly superior to 
those of diamond, Si, Ge or grey tin. Electron 
mobilities up to 25000 cm/s per V/cm have 
been measured in InSb. 

537.311.33 1455 
A Simple Demostration Model of a p-n 

Junction—W. Heywang. (Naturwissenschaften, 
vol. 40, pp. 527-528; Oct., 1953.) 

537.311.33:535.215 1456 
Quantum-Statistical Treatment of the 

Internal Photoeffect—H. Maser. (Z. Naturf., 
vol. 7a, pp. 729-734; Nov., 1952.) The distribu-
tion of electrons between possible energy levels 
is investigated for the case where a given num-
ber of electrons per second is shifted from a 
lower to a higher level. 

537.311.33:537.312.6 1457 
Rectification in Semiconductors in a Ther-

mal Field— I. M. Tsidincovsld. (Compt. Rend. 
Acad. Sci. ( U.R.S.S.), vol. 91, pp. 63-66; July 
1, 1953. In Russian.) Theoretical investigation 
of rectification by a system comprising a semi-
conductor layer between a pair of metal elec-
trodes between which a potential difference 
and a temperature difference exist. Semicon-
ductors considered are Cu2O, Ge and Si. The 
calculated and the experimentally determined 
relations between K (ratio of backward to 
forward resistance) and V (potential differ-
ence) are shown graphically for a semiconduc-
tor with specified constants. 

537.311.33 : 537.312.62 1458 
Superconductivity of Impurity Semicon-

ductors (PbS)—E. Justi and H. Schultz. (Z. 
Naturf, vol. 8a, pp. 149-155; Feb./March, 
1953.) Measurements on evaporated films of 
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controlled composition are reported. Supercon-
ductivity is not observed with films containing 
an excess of S or a small excess of Pb, but is 
observed with a large excess of Pb, the resis-
tivity dropping sharply below 7.26 degrees K. 
These results are discussed in relation to the 
possible mechanisms involved. 

537.311.33: 546.18-171 1459 
The Electrical Properties of Black Phos-

phorus—R. W. Keyes. (Phys. Rev., vol. 92, 
pp. 580-584; Nov. 1, 1953.) Electrical conduc-
tivity and Hall constant were determined over 
the temperature range - 195 degrees C. to 350 
degrees C. The conductivity at pressures up to 
8000 kg/cm,, magnetoresistance coefficients at 
- 195 degrees C. and - 80 degrees C. and infra-
red absorption between 2 p and 30 µ were also 
determined. At low temperatures p-type im-
purity conduction was observed; at high 
temperatures the phosphorus is an intrinsic 
semiconductor with an energy gap of 0.33 eV. 

537.311.33: [546.28+546.289 1460 
Production of Acceptor Centers in Ger-

manium and Silicon by Plastic Deformation— 
W. C. Ellis and E. S. Greiner. (Phys. Rev., vol. 
92, pp. 1061-1062; Nov. 15, 1953.) Ge crystals 
have been converted from n to p type by com-
pression at high temperature; the accompany-
ing changes of resistivity correspond to the 
introduction of 10,, acceptor centres/cm., Simi-
lar results were obtained with Si at greater 
compression and higher temperature. 

537.311.33:546.289 1461 
On the Effective Mass of the Conduction 

Electron in Germanium—W. Sasaki and M. 
Kuno. (Jour. Phys. Soc. (Japan), vol. 8, pp. 
791-792; Nov./Dec., 1953.) Determinations 
based on Hall-effect and thermoelectric meas-
urements on n-type single crystals are tabulated 
and compared with results obtained by Debye 
and Conwell (425 of 1953). 

537.311.33:546.289 1462 
Drift Mobilities in Semiconductors: Part 1 

—Germanium—M. B. Prince. (Phys. Rev., vol. 
92, pp. 681-687; Nov. I, 1953.) The drift mo-
bilities of 1.4p and p,, of holes in n-type and of 
electrons in p-type material respectively were 
determined over the temperature range 150 
degrees to 350 degrees K for samples with a 
range of resistivities from 0.05 to 30 f1 cm at 
300 degrees K. For single crystals of resistivity 
>10 a cm the relations between mobility and 
temperature are given by 1.4, = 3.5X 107T0-,4 
and 1.tp = 9.1 X 10, TO-2.3. The relation between 
resistivity and concentration of impurity cen-
tres is shown graphically. 

537.311.33:546.289 1463 
Solubility and Ionizability of Impurities in 

Germanium Single Crystals—W. Dürr, J. 
Jaumann, and K. Seiler. (Z. Naturf., vol. 8a, 
pp. 39-46; Jan., 1953.) Rod-shaped single crys-
tals were grown from a melt of pure Ge with 
controlled additions of Ga, As or Sb. Measure-
ments were made of the variation of Hall con-
stant and conductivity along the direction of 
growth, and of the temperature dependence of 
these constants. The actual impurity content of 
a homogeneous middle portion of the crystal is 
determined by remelting and recrystallizing 
and comparing the constants with curves pre-
pared for crystals from melts with known im-
purity concentrations. The results indicate that 
every donor atom (within ± 30 per cent) yields 
one charge carrier, i.e. the ionizability has the 
value unity. 

537.311.33:546.289 1464 
A Method of estimating Impurity Concen-

trations in Germanium—F. W. G. Rose and 
E. W. Timmins. (Proc. Phys. Soc., vol. 66, pp. 
984-986; Nov. 1, 1953.) Families of theoretical 
curves of log resistivity against inverse tem-
perature for different values of impurity con-
centration were prepared corresponding to two 
sets of assumptions, namely (a) carrier and 
impurity concentrations equal, lattice scatter-

ing predominant, and (b) carrier and impurity 
concentrations unequal, both lattice and im-
purity scattering significant. The impurity 
content of a specimen is estimated by selecting 
the theoretical curve which best fits the experi-
mental curve. 

537.311.33:546.289 1465 
Some Consequences of Possible Degener-

acy of Energy Bands in Ge— E. N. Adams, II. 
(Phys. Rev., vol. 92, pp. 1063-1064; Nov. 15, 
1953.) Critical examination of theory devel-
oped by Herman and Callaway ( 1699 of 1953). 

537.311.33:546.289 1466 
Further Measurements of the Effect ot 

Pressure on the Electrical Resistance of Ger-
manium—P. W. Bridgman. (Proc. Amer. Acad. 
Arts Sc., vol. 82, pp. 71-82; April, 1953.) For 
reports of previous measurements see 1450 
above and 2439 of 1951. 

537.311.33:546.289:538.224 1467 
The Magnetic Susceptibility of Germanium 

—D. K. Stevens and J. H. Crawford, Jr. (Phys. 
Rev., vol. 92, pp. 1065-1066; Nov. 15, 1953.) 
Measurements have been made on both p- and 
n-type specimens over the temperature range 
65 degrees to 300 degrees K. Some results are 
shown graphically and used to estimate the 
ratio of free-electron mass to effective carrier 
mass. 

537.311.33:546.289:538.569.4.029.6 1468 
Observation of Cyclotron Resonance in 

Germanium Crystals—G. Dresselhaus, A. F. 
Kip, and C. Kittel. (Phys. Rev., vol. 92, p. 827; 
Nov. I, 1953.) Diamagnetic resonance has been 
observed at 4 degrees K. in 38-1.2. cm n-type Ge 
at a field strength of 370 ± 5 oersted, and in p-
type Ge at 125+ 5 and at 970 ± 50 oersted, at a 
frequency of 9.05 kmc. 

537.311.33:546.289:548.4.021 1469 
Annealing of Bombardment Damage in 

Germanium: Experimental—W. L. Brown, 
R. C. Fletcher, and K. A. Wright. (Phys. Rev., 
vol. 92, pp. 591-596; Nov. I, 1953.) The dam-
age produced by 3-MeV electrons, consisting 
primarily in the production of isolated va-
cancy-interstitial pairs, was determined by 
conductivity measurements on n-type samples. 
The activation energy for the diffusion of 
vacancies is found to be •-•-• 1.7 eV. The anneal-
ing curves are compared with curves derived 
from the theoretical model discussed by 
Fletcher and Brown (1477 below). 

537.311.33:546.289:620.185 1470 
New Etches for Germanium—R. C. Ellis, 

Jr., and S. P. Wolsky. (Jour. Appt. Phys., 
vol. 24, pp. 1411-1412; Nov., 1953.) Prelimi-
nary report of an investigation of etching solu-
tions other than hydrofluoric acid. 

537.311.33:546.3-1-46-289-811 1471 
Electrical Conductivity of Mixed Crystals 

of Intermetallic Compounds—G. Busch and U. 
Winkler. (Helv. Phys. Acta., vol. 26, pp. 578-
583; Nov. 16, 1953. In German.) The lattice 
constant, activation energy and variation of 
conductivity with temperature were deter-
mined experimentally for twelve different 
Mg2(GeySnrv) compounds. The results are 
shown graphically and tabulated. 

537.311.33+535.215.11:546.36.863 1472 
Studies on the Cs3Sb Photo-Cathode—T. 

Sakata. (Jour. Phys. Soc. (Japan), vol. 8, pp. 
723-730; Nov./Dec., 1953.) Determinations of 
spectral and energy distributions indicate that 
Cseb is a semiconductor with values of r3 
about 0.2-0.3 eV, where ô is the difference 
between the Fermi level and the top of the 
occupied energy band. The value of the work 
function found by the photoelectric method was 
about 1.8± 0.1 eV. 

537.311.33 + 535.215.1] : 546.36.863 : 538.632 
1473 

The Hall Effect in Cs3Sb Photo-Cathode— 
T. Sakata. (Jour. Phys. Soc. (Japan), vol. 8, 

pp. 793-795; Nov./Dec., 1953.) Results of 
measurements at a frequency of 800 cps con-
firm that Cs3Sb is a p-type semiconductor. 

537.311.33:546.482.21 1474 
Production of a P-Type Rectifier by High 

Local Heating of N-Type Crystals—G. Strull. 
(Jour. Ape Phys., vol. 24, p. 1411; Nov., 
1953.) Experimental evidence is given of n-type 
CdS crystals changing to p-type on application 
of intense local heating. 

537.311.33: 546.811-17 1475 
Investigation of the Mechanism of Electri-

cal Conduction in Grey Tin—G. Busch and J. 
Wieland. (Helv. Phys. Acta, vol. 26, pp. 697-
730; Dec. 15, 1953. In German.) Results of 
earlier measurements of conductivity, Hall 
effect and variation of resistivity with applied 
magnetic field [2438 of 1951 ( Busch et al.)] are 
discussed in detail in the light of present theory 
of semi-conductors. Calculated values for 
charge-carrier concentrations and mobilities 
are considered in relation to different scattering 
processes, and the effects of added impurities 
and of incomplete transition are assessed. By 
means of a suitable model the absolute con-
ductivity can be determined. At the transition 
point it is 2.7X 10312-1.cm-1, about one fortieth 
of that for the metallic modification. 

537.311.33.546.811-17: 538.22 1476 
The Magnetic Properties of Semiconduc-

tors, with Particular Reference to Grey Tin— 
G. Busch nad E. Mooser. (Helv. Phys. Acta, 
vol. 26, pp. 611-656; Nov. 16, 1953. In Ger-
man.) The electrons and holes in semiconduc-
tor are divided into three groups: (a) electrons 
in the valency band and in lower energy 
states, (b) free charge-carriers, i.e. electrons in 
the conduction band and holes in the valency 
band, and (c) electrons and holes which occupy 
the impurity levels and impurity bands be-
tween the conduction- and the valency-band. 
The susceptibilities corresponding to these 
groups are, respectively, the "atom-suscepti-
bility," the "charge-carrier susceptibility" and 
the "impurity-centre susceptibility." These 
are discussed from the theoretical point of view 
and the results are used to interpret the sus-
ceptibility measurements made on grey tin with 
and without added impurities. 

537.311.33:548.4.021 147/ 
Annealing of Bombardment Damage in a 

Diamond-Type Lattice: Theoretical—R. C. 
Fletcher and W. L. Brown. (Phys. Rev., vol. 92. 
pp. 585-590; Nov. 1, 1953.) A description is 
given of a three-stage process by which iso-
lated pairs of interstitials and vacancies are 
thought to be removed. Approximate analytical 
expressions are derived for these stages. An out-
line is given of a more complete treatment with 
a quantitative solution for one particular phase 
of the annealing in the diamond-type lattice. 

537.312.5:546.482.21 1478 
Influence of Temperature and Oxygen on 

the Build-Up and Decay of the Photoconduc-
tivity of CdS Single Crystals—B. Seraphin. 
(Ann. Phys., Lpz., vol. 13, pp. 198-213; Oct. 
20, 1953.) 

537.32 1479 
Thermoelectric Power of Monovalent 

Metals at High Temperature—D. K. C. Mac-
Donald and S. K. Roy. (Phil. Mag., vol. 44, 
pp. 1364-1370; Dec., 1953.) An analysis based 
on band theory. 

537.323:669.7.018 1480 
Thermoelectric Power of Alloys—J. Friedel. 

(Jour. Phys. Radium, vol. 14, pp. 561-565; 
Nov., 1953.) Mott's calculation for the resis-
tivity when polyvalent impurities (e.g. Zn, Ga, 
Ge) are substituted in monovalent metals 
such as Cu is extended to determine the thermo-
electric power. The order of magnitude and the 
variation as a function of impurity concentra-
tion are in agreement with experimental results. 
For Al alloys, in order to obtain theoretical 
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results in agreement with observations, it is 
necessary to assume two overlapping energy 
bands. 

537.533.8 1481 
Some Characteristics of Secondary Emis-

sion from BeCu—F. J. F. Osborne. (Coned. 
Jour. Phys., vol. 31, p. 1189; Nov., 1953.) An 
investigation was made of the energy distribu-
tion of secondary electrons emitted from BeCu 
and other metal surfaces bombarded by pri-
mary electrons; the target was placed at the 
centre of a sphere to which a variable positive 
or negative bias was applied. The results are 
plotted as percentage of total secondary cur-
rent against sphere bias. 

538.221 1482 
Quantum Theory of a Newly Proposed Ori-

gin of Ferromagnetism—G. Heber. (Ann. 
Phys., Lpz., vol. 13, pp. 44-72; Oct. 20, 1953.) 
Zener's theory, that ferromagnetism originates 
from the interaction between the 3d and the 4s 
electrons of a crystal, is discussed in conjunc-
tion with Heisenberg's theory, based on inter-
action between the 3d electrons among them-
selves. 

538.221 1483 
Orientational Superstructures due to Me-

chanical Deformations—L. Néel. (Compt. 
Rend. Acad. Sci. (Paris), vol. 238, pp. 305-
308; Jan. 18, 1954.) Development of work pre-
viously noted ( 1101 of April). 

537.221 1484 
Magnetic Moments and Crystal Structures 

of Ferromagnetic Metals and Alloys—F. 
Gal'perin. (Compt. Rend. Acad. Sci., U.R.S.S., 
vol. 88, pp. 643-646; Feb. 1, 1953. In Russian.) 
An expression for the magnetic moment is 
given by analogy with a previously published 
formula (2444 of 1951) in terms of lattice con-
stants. These constants are given in Table 1 
for some pure metals, pure ferrites and materi-
als of ferroxdure type. The calculated magnetic 

• moments, given in fractional numbers of mag-
netrons, are in good agreement with experi-
mental values given in the last column. The 
dependence of the molecular magnetic moments 
of mixed ferrites on the relative concentrations 

▪ of the components is shown in Fig. 1, where the 
curves, calculated from the given expression, 
are compared with the results of measurements 
by Gorter ( 1931 of 1950) and by Guillaud. 

538.221:539.382:546.74 1485 
Investigation of the ,CLE Effect and the 

Damping of Elastic Waves in Polycrystalline 
Nickel by an Acoustic Method—V. P. Sizov. 
(Compl. Rend. Acad. Sci. U.R.S.S., vol. 89, 
pp. 427-430; March 21, 1953. In Russian.) 
Young's modulus (E) of 99.5 per cent pure Ni 
wire was determined by the method of longi-
tudinal resonant oscillations at the fundamen-
tal frequency (about 12 kc). The effects of mag-
netic fields up to 1215 oersted were measured. 
Graphs of E/H, of (AE/E)/(J/J.), where J. is 
the intensity of magnetization at saturation, 
and of the variation in the amplitude and the 
decrement with I/ are given for differently 
treated wires. 

538.221: 621.318.12/.13 1486 
Investigation of the Frequency Dependence 

of the Material Constants of Mixed Ferromag-
netic Bodies up to Very High Frequencies— 
W. Heister. (Arch. Elektrotech., pp. 142-160; 
1953.) The dielectric and magnetic properties 
of Ni-Zn, Cu-Zn and Mn-Zn ferrites and of dust 
cores of various grades and grain sizes of car-
bonyl iron, carbonyl nickel, hametag iron and 

• cobalt were investigated at frequencies between 
50 cps and 4 kmc. At high frequencies volume 
resonance effects, due to capacitive eddy cur-
rents, were observed; these are explained by 
using the results of the dielectric measurements. 
The frequency characteristics can be deter-

• mined from the properties of the individual 
particles; a comparison with experimental re-
sults is made. 

538.221:621.318.134 1487 
Ferrites— Properties and Applications— 

H. Lennartz. (Funk u. Ton, vol. 7, pp. 613-627; 
Dec., 1953.) A survey. A table is given of the 
magnetic characteristics of 29 commercial 
magnetically soft ferrites manufactured in 
Holland and Germany. 33 references. 

538.221 : 621.318.134: 538.662 1488 
Temperature Dependence of Magnetiza-

tion Curves of Nickel-Zinc Ferrites in Weak 
Fields—A. P. Komar and N. M. Reinov. 
(Comp:. Rend. Acad. Sci. U.R.S.S., vol. 93, 
pp. 19-20; Nov. 1, 1953. In Russian.) //H 
characteristics determined at room tempera-
ture and at the temperatures of liquid N, H 
and He are shown graphically. 

538.221:621.318.2 1489 
Steels for Permanent Magnets—J. C. 

Williamson. (Elec. Rev. (London), vol. 153, pp. 
1101-1105; Nov. 13, 1953.) The main types are 
surveyed briefly; two categories are distin-
guished, namely, quench-hardened steels and 
precipitation-hardened alloys. Composition and 
properties are tabulated. 

546.23:537.226.8:621.314.634 1490 
The Dielectric Behaviour of Selenium Bar-

rier-Layers under Temperature Loading in the 
Blocking Region—H. H. Rust. (Arch. elekt. 
Übertragung, vol. 7, pp. 549-553; Nov., 1953.) 
The capacitance/temperature characteristic of 
Se barrier layers initially exhibits a hysteresis 
effect which vanishes in subsequent tempera-
ture cycles. The variations of capacitance with 
time, following exposure to an increased tem-
perature, and following a change in the applied 
bias potential, are shown graphically. The re-
sults are discussed and similarities with the 
characteristics of ferroelectric materials are 
noted. 

548.7 1491 
Imperfections in Matter—G. W. Rathenau. 

(Philips Tech. Rev., vol. 15, pp. 105-113; Oct., 
1953.) A general survey of the effects of crystal 
lattice imperfections on the properties of solids. 

621.3.042.017.3 1492 
Combined Magnetization of Magnetic 

Materials—J. E. Parton and W. D. Suther-
land. (Eng. (London), vol. 176, pp. 687-700 
and 731-732; Nov. 27 and Dec. 4, 1953.) A 
detailed examination is made of the conditions 
produced when a magnetic core is simultane-
ously subjected to two or more magnetizing 
forces of different frequencies; the resulting iron 
losses are investigated. 

669.04 1493 
Preparation and Casting of Metals and 

Alloys under High Vacuum—J. D. Fast, A. I. 
Luteijn, and E. Overbosch. (Philips Tech. Rev., 
vol. 15, pp. 114-121; Oct., 1953.) A method is 
described for producing materials having the 
high degree of purity and precise composition 
required for physical investigations. 

669.24:548.5 1494 
Production of Single Crystals of Nickel— 

R. F. Pearson. (Brit. Jour. Ape Phys., vol. 4, 
pp. 342-344; Nov., 1953.) The growth by 
cooling from the melt, and the preparation of 
faces parallel to given crystal planes are de-
scribed. 

MATHEMATICS 

512.3 1495 
The Location of the Roots of Polynomial 

Equations by the Repeated Evaluation of 
Linear Forms—L. Tasny-Tschiassny. (Quart. 
Ape Math., vol. 11, pp. 319-326; Oct., 1953.) 

517.512.3 1496 
Legendre Functions of Fractional Order— 

M. C. Gray. (Quart. Ape Math., vol. 11, pp. 
311-318; Oct., 1953.) Formulas are presented 
which were developed in connection with 
Schelkunoff's theory of antennas but are of gen-
eral interest; computed values of the functions 
are tabulated and shown in curves. 

MEASUREMENTS AND TEST GEAR 

621.317.3:538.632 1497 
Measurement of the Hall Effect in Cylin-

ders without an External Magnetic Field—G. 
Busch and R. Jaggi. (Z. angew. Math. Phys., 
vol. 4, pp. 425-433; Nov. 15, 1953.) A current 
flowing in a cylindrical conductor gives rise to 
a Hall effect due to its own magnetic field. A 
simple method of measuring the effect, using 
either dc or ac, is described. Results of meas-
urements on polycrystalline Bi at 77 degrees 
K and 290 degrees K are shown graphically for 
different values of primary current; they are in 
good agreement with other published results. 

621.317.3:621.314.632:546.289 1498 
Use of the Germanium Rectifier for the 

Measurement of Current Voltage and Power 
at High Frequency: Part 1—Measurement of 
Current and Voltage—J. Schiele. (Arch. tech. 
Messen, no. 215, pp. 285-288; Dec., 1953.) A 
survey relating particularly to Siemens Ge 
rectifiers, in which the crystal and point con-
tact are sealed into a ceramic tube with metal 
end caps. 

621.317.3:621.372.2.029.64 1499 
Determination of Equivalent Circuit Pa-

rameters for Dissipative Microwave Structures 
— L. B. Felsen and A. A. Oliner. (PRoc. I.R.E., 
vol. 42, pp. 477-483; Feb., 1954.) Measurement 
procedures are proposed based on Weissfloch's 
method of separating the network into lossy 
and loss-free parts (403 of 1944) and applicable 
for investigations of structures such as junc-
tions between surface-wave or microstrip lines 
and their feed lines. Sample calculations are 
presented. 

621.317.3:621.372.8 1500 
An Elliptically-Polarized-Vibration Ana-

lyser for a Circular Waveguide in the 3-cm 
Waveband—G. Raoult and A. Marcon. 
(Comps. Rend. Acad. Sci. (Paris), vol. 238, pp. 
218-220; Jan. 11, 1954.) An arrangement 
analogous to that used for optical polarization 
experiments is described. Two small antennas 
associated with resonators and crystal detec-
tors are used to pick up the two components of 
the elliptically polarized wave. The ellipticity is 
determined by making measurements with and 
without a quarter-wave phase shifter in posi-
tion. 

621.317.32:62L314.63 1501 
The Application of Barrier-Layer Rectifiers 

to the Measurement of Very Small Alternating 
Voltages—F. Moeller. (Arch. tech. Messen, no. 
214, pp. 263-266; Nov., 1953.) A comparison 
of the characteristics of Cu2O, Se and Si or Ge 
point-contact rectifiers from the point of view 
of measurement of voltages< 10 mv. 

621.317.331:546.289 1502 
Resistivity Measurements on Germanium 

for Transistors—L. B. Valdes. (PRoc. IRE., 
vol. 42, pp. 420-427; Feb., 1954.) A method 
using four aligned probes is described; current 
is passed through the outer pair and the floating 
potential across the inner pair is measured. 
Formulas and curves are given for computing 
the resistivity for some particular arrange-
ments. 

621.317.35: 535.37 1503 
A New Method to Determine Short Decay 

Times of Phosphors excited with Ultraviolet 
Light—A. Bril, H. A. ICIasens, and P. Zalm. 
(Philips Res. Rep., vol. 8, pp. 393-396; Oct., 
1953.) A cr tube with an ultraviolet-transmit-
ting filter is used to provide excitation. The 
decay time of Sb-activated halophosphates is 

X 10-6 sec. 

621.317.373:535.37 1504 
Measurement of Luminescence Decay 

Time by means of the Phase [-detector] Valve 
— F. Rohde. (Z. Naturf., vol. 8a, pp. 156-161; 
Feb./March, 1953.) The screen is excited by 
an electron beam whose intensity is modulated 
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at hf, and the emitted light is picked up by a 
photomultiplier, producing a signal which is 
phase-shifted with respect to the modulating 
signal. The two signals are applied to a phase-
detector valve, whose output gives an indica-
tion of the luminescence decay time. Measure-
ments on various organic phosphors are re-
ported. 

621.317.411.029.64 1505 
The Determination of the Apparent Perme.. 

abilities of Ferromagnetic Metals at cm-Wave-
lengths—E. Ledinegg and P. Urban. (Arch. 
ele/el. übertragung, vol. 7, pp. 523-530; Nov., 
1953.) Methods based on cavity-resonator and 
Lecher-wire measurements are described, the 
permeabilities being calculated from the de-
tuning effect and the damping produced by a 
probe formed of the material under test. 

621.317.42:538.221 1506 
Investigation of Self-Field Distortion in the 

Ftirster Probe in the Presence of a Ferromag-
netic Material—F. Brandstaetter. (Elektrotech. 
u. Maschinenb., vol. 70, pp. 452-455; Oct. 15, 
1953.) The Forster probe consists basically of a 
twin-core transformer with the lines of force 
completed through air paths, the secondaries 
being wound so as to provide compensation in 
the absence of external magnetic fields. When 
used for testing ferromagnetic materials, the 
probe field gives rise to irreversible processes 
which are however reduced to a small residual 
value due to the movement of the probe along 
the test piece. 

621.317.431/.44 1507 
An Improved Form of Hysteresis-Loop 

Plotter for Magnetic Materials—A. D. Booth. 
(Jour. Sci. Instr., vol. 30, pp. 384-385; Oct., 
1953.) The use of a feedback integrator in the 
conventional cro hysteresis-curve plotter cir-
cuit results in a decreased time constant for a 
given accuracy, increased stability and freedom 
from unwanted pick-up. Hysteresis curves of 
toroidal cores can be obtained by winding one 
or two turns •mly and using a 1:60 step-up 
transformer. 

621.317.444 1508 
A Recording Fluxmeter—R. S. Tebble. 

(Jour. Sci. Instr., vol. 30, pp. 369-371; Oct., 
1953.) The deflection of the Grassot fluxmeter 
coil is recorded as a change in the voltage in-
duced in a mutual inductor, the primary of 
which is fixed and the secondary attached to 
the fluxmeter coil. The apparatus is described 
and the elimination of various errors is dis-
cussed. 

621.317.7: 621.3.028.78 1509 
Measurement of Harmonic Distortion—T. 

D. Conway. (Wireless World, vol. 60, pp. 110-
112; March, 1954.) Description of a self-con-
tained direct-reading instrument for works 
testing and servicing, particularly for mag-
netic-tape recorders. 

621.317.7.029.63/.64:621.372.43 1510 
A U.H.F. and Microwave Matching Termi-

nation—R. C. Ellenwood and W. E. Ryan 
(Pizoc. I.R.E., vol. 42, pp. 476-477; Feb., 
1954.) Discussion on 1073 of 1953. 

621.317.71 1511 
High-Sensitivity Monolllar Electrometer— 

Ouang Te-Tchao, E. Montel, and P. Pannetier. 
(Jour. Phys. Rad., vol. 14, pp. 627-629; Nov., 
1953.) An instrument capable of detecting a 
charge of the order of 20,000 electrons is de-
scribed. 

621.317.72.027.2.083.5 1512 
Moving-Coil Compensator for recording 

Small Direct Voltages—E. Samal. (Elektrotech. 
Z., Edn A, vol. 74, pp. 590-593; Oct. 11, 1953.) 
The difference between the currents passed 
through a resistor from a variable source and 
due to application of the unknown emf is used 
I« operate a variable mutual inductor which 

controls the current source. 

621.317.725 1513 
An Electrostatic Voltmeter with Linear In-

dication—H. Greinacher. (Bull. schweiz. ekk-
trotech. Ver., vol. 44, pp. 1081-1083; Dec. 26, 
1953.) The voltmeter described previously (947 
of 1951) is modified to give a linear indication 
by using appropriately curved plates instead of 
plane ones. 

621.317.729 1514 
Low-Input-Capacity Probe—G. L. Schultz. 

(Rev. Sci. Instr., vol. 24, p. 1068; Nov., 1953.) 
Input capacitance is 4.5 pF measured at 1.5 mc. 
Attenuation is linear for 10-p.s pulses of ampli-
tude between - 6V and + 11V. 

621.317.734:621.314.7 1515 
Transistorized Megohmmeter—P. B. Hels-

don. (Wireless World, vol. 60, pp. 121-123; 
March, 1954.) Description of a compact two-
range instrument with a transistor hv gener-
ator. 

621.317.755:1621.314.632+621.314.7 1516 
A Double-Pulse Instrument for the Meas-

urement of Time-Lag Phenomena in Crystal 
Diodes and Transistors—T. Einsele. (Funk u. 
Ton, vol. 7, pp. 557-569; Nov., 1953.) The 
operation and parts of the circuit of the cro 
instrument are described. The duration of 
either pulse can be varied independently be-
tween 0.5 and 25 ps, the pulse separation can be 
varied between 0.5 and 50 Ms and the pulse 
repetition frequency between 10 and 2000/sec-
ond. The pulse amplitudes are equal and vari-
able between 1 and 200 v. Applications of the 
instrument include measurement of the varia-
tion with time of the barrier-layer resistance. 

621.317.755:621.385.832 1517 
A Sealed-Off Cathode-Ray Tube with a 

Very High Writing Speed—Jackson, Hardy, 
and Feinberg. (See 1619.) 

621.317.755:621.385.832 1518 
Multibeam Cathode-Ray Oscillograph— 

Fed, Lagasse and 011é. (See 1620.) 

621.317.79:537.533 1519 
High-Energy Bunched Beam Analyzer—I. 

Kaufman. (Jour. Appl. Phys., vol. 24, pp. 1413; 
Nov., 1953.) An arrangement for measuring the 
length of the bunches in an undulated high-
energy electron beam, such as that described 
by Motz (2411 of 1951) for producing milli-
meter waves, includes a cavity resonator for 
converting the bunch length into an electron-
energy range, followed by a magnetic field for 
separating the electrons according to their 
energies. 

621.317.79:372.412 1520 
A Review of Methods for Measuring the 

Constants of Piezoelectric Vibrators—E. A. 
Gerber. (Paoc. I.R.E., vol. 42, p. 446; Feb., 
1954.) Correction to paper abstracted in 3670 
of 1953. 

621.373:621.396.822 1521 
Primary Standard Thermal Noise Genera-

tor—G. Lynch. (Radio Or Telev. News, Radio-
Electronic Eng. Section, vol. 50, pp. 10-12; 
Nov., 1953.) The noise generator described 
comprises a heated precision resistor matched 
to a coaxial line. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

539.32:534.321.9 1522 
Determination of the Elastic Constants of 

Isotropic Solid Bodies, using Ultrasonic Waves 
—E. Ledinegg and P. Urban. (Acta Phys. 
austriaca, vol. 8, pp. 16-27; Oct., 1953.) De-
scription of a resonance method using a cylin-
drical acoustic resonator into which rod or 
plate specimens are introduced. Formulas 
derived for thin specimens are in approximate 
agreement with corresponding formulae previ-
ously derived from perturbation theory (922 of 
April). 

621.317.083.7 1523 
Radio Telemetering—E. D. Whitehead and 

J. Walsh. (Proc. IEE, part III, vol. 101, pp. 
41-42; Jan., 1954.) Discussion on 1762 of 
1953. 

621.317.083.7 1524 
A Transducer System for Remote Indica-

tion—(Eng. (London), vol. 196, pp. 537-538; 
Oct. 13, 1953.) The amount of unbalance intro-
duced in a bridge-type circuit by a change of 
the em coupling at the transducer is measured 
by a remote moving-coil meter. A 50-cps mains 
supply is used. 

621.317.083.7:621.396.934 1525 
Telemetry for Guided Weapons—(Eng. 

(London), vol. 176, pp. 158-519; Oct. 23, 1953.) 
Airborne and ground-station equipment de-
veloped by the Ministry of Supply is described. 
For the transmission of information on control, 
surface positions, strains, pressures and torques 
a 23-channel low frequency time-sharing multi-
plex system is used, with an additional channel 
for synchronization. Information on wave-
forms occurring in the airborne electronic 
equipment is transmitted by 20 high-frequency 
channels, using ppm and time-division systems. 

621.318.5 : 551.571.3 1526 
The Effect of Humidity Variation on the 

Operation of an Electronic Proximity Switch— 
R. A. K. Long. (Jour. Sci. Ins!,'., vol. 30, pp. 
422-424; Nov., 1953.) The change in electrode 
capacitance due to adsorption by the oxide 
layer and to permittivity and temperature 
variations can be eliminated by enclosing the 
electrode. 

621.318.572:621.383 1527 
A Bidirectional Electronic Counter for Use 

In Optical Interferometry—F. H. Branin, Jr. 
(Jour. Opt. Soc. Amer., vol. 43, pp. 839-848; 
Oct., 1953.) An arrangement is described for 
counting interference fringes by deriving elec-
trical sine waves from them by means of a 
stepped mirror and two photocells. Either a 
binary or a decimal system can be provided. 
Counting rates > 150,000/seconds have been 
achieved. Other applications of the counter are 
indicated, including use in analog-to-digital 
converters. 

621.384.611 1528 
Favourable Operating Conditions for the 

Electron Cyclotron—C. Schmelzer. (Z. Nalurf., 
vol. 7a, pp. 808-817; Dec., 1952.) 

621.384.612 1529 
Nonlinearities in the Strong-Focusing 

Accelerator—E. R. Caianiello. (Nuovo Cim., 
vol. 10, pp. 581-593; May 1, 1953. In English.) 
The effects of the nonlinearity of the magnetic 
field, due to the fact that it must satisfy the 
Maxwell equations, are shown to be negligible 
compared with other causes of error in the 
strong-focusing accelerator. 

621.384.612 1530 
Stability and Periodicity in the Strong-

Focusing Accelerator—E. R. Caianiello and A. 
Turrin. (Nuovo Cim., vol. 10, pp. 594-603; 
May 1, 1953. In English.) 

621.384.612 1531 
Alignment Errors in the Strong-Focusing 

Synchrotron—M. Sands and B. Touschek. 
(Nuovo Cim., vol. 10, pp. 604-613; May I, 
1953. In English.) Distortion of orbits due to 
misalignment of the sectors is investigated. 

621.384.612 1532 
Orbital Instabilities due to Nonlinearities 

in the Cosmotron—J. Seiden. (Comp!. Rend. 
Acad. Sci. (Paris), vol. 238, pp. 230-232; 
Jan. 11, 1954.) 

621.384.622.2 1533 
8-MeV Linear Accelerator for X-Ray Ther-

apy—(Eng. (London), vol. 196, pp. 554-556; 
Oct. 30, 1953.) Description of traveling-wave 
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accelerator installed at Hammersmith Hospital, 
London. 

621.385.832/.733]: 621.3.032.28 : 538.691 1534 
Magnetic Electron Lens Aberrations due to 

Mechanical Defects—G. D. Archard. (Jour. 
Sci. Instr., vol. 30, pp. 352-358; Oct., 1953.) A 
modification of Sturrock's computational pro-
cedure (1074 of 1952) is used. The results are 
presented in the form of universal curves de-
signed to facilitate the assignment of tolerances 
for lenses of any magnitude and any accelerat-
ing potential. 

621.385.833 1535 
Numerical Integrations of the Equation of 

Electron Trajectories—M. Laudet. (Jour. 
Phys. Rad., vol. 14, pp. 604-610; Nov., 1953.) 

621.385.833 1536 
The Sensitivity of Simple Electron-Optical 

Schlieren Arrangements—W. Rollwagen and 
C. Schwink. (Optik, Stuttgart, vol. 10, pp. 525-
530; 1953.) Methods of the type described by 
Marton and Lachenbruch (1211 of 1950) for 
investigating electromagnetic fields are consid-
ered. A study is made of the different possible 
arrangements including an electron lens. 

621.385.833 1537 
Numerical Calculation of the Paths in Ro-

tationally Symmetrical Electron-Optical Sys-
tems—P. Gautier. (Jour. Phys. Radium, vol. 
14, pp. 524-532; Oct., 1953.) 

621.387.424 1538 
The Mechanism of the Discharge in Argon-

Filled Counters—L. Colli and U. Facchini. 
(Nuovo Cim., vol. 9, pp. 1183-1217; Dec. 1. 
1952.) 

621.387.424 1539 
Investigation of the Discharge and of 

Post-Discharge Phenomena in G-M Counters 
by means of X-Ray Pulses—P. Mi111er. (Ann. 
Phys., Lpz., vol. 13, pp. 110-135; Oct. 20, 
1953.) 

621.387.424 1540 
Geiger-Müller Counters with Binary Mix-

tures of Rare Gas and Organic Vapour—R. 
Meunier, M. Bonpas, and J. P. Legrand. (Jour. 
Phys. Rad., vol. 14, pp. 630-634; Nov., 1953.) 

621.397.3 1541 
Processing of Two-Dimensional Patterns by 

Scanning Techniques—L. S. G. Kovasznay and 
H. M. Joseph. (Science, vol. 118, pp. 475-477; 
Oct. 23, 1953.) A system comprising a flying-
spot scanner and oscilloscope monitor is used 
to study processes involved in the recognition 
and recollection of patterns. Contour enhance-
ment is achieved by combining the picture sig-
nal with its second derivative. The possibility 
of achieving various other unusual effects by 
circuit means is indicated. 

535.37:621.387.464 1542 
Luminescence and the Scintillation Counter 

[Book Review]—S. C. Curran. Publishers: 
Batterworths Scientific Publications, London, 
32s. 6d. (Eng. (London), vol. 176, p. 644; Nov. 
20, 1953.) A compact and comprehensive guide 
to modern theory and practice. 

PROPAGATION OF WAVES 

538.566 1543 
Note on W. H. Wise's Proof of the Non-

existence of the Zenneck Surface Wave in the 
Field of an Aerial—H. Ott. (Z. Naturf., vol. 8a, 
pp. 100-103; Jan., 1953.) It is shown that 
Wise's proof (1690 of 1937) does not exclude 

411. all possibility of the existence of a surface-
wave component in the distant field of a dipole 

538.566:551.594.6 1544 
Harmonic Fields in the Propagation of Long 

Electric Waves round the Earth and Lightning 
• Waveforms—W. O. Schumann. (Naturvissen-

schaften, vol. 40, pp. 504-505; Oct., 1953.) The 
work noted in 1772 and 3597 of 1953 is ex-

tended to include a study of the harmonic 
fields of a vertical and of a horizontal dipole. 
The analysis indicates that the harmonic fields 
of vertical lightning flashes vanish at large 
distances, owing to attenuation; for horizontal 
flashes the lowest possible propagation fre-
quency is 3330 cps, and only the harmonics are 
propagated, the lowest being the least attenu-
ated. 

538.566:551.594.6 1545 
The Propagation of Very Long Electric 

Waves round the Earth and Atmospherics— 
W. O. Schumann. (Nuovo Cim., vol. 9, pp. 
1116-1138; Dec. 1, 1952.) Using the method 
of singular eigenfunctions, a formula is found 
for the propagation of long waves, taking ac-
count of the influence of the ionosphere. Ex-
pressions for the propagation of atmospherics 
are hence found by Fourier integration, as-
suming various simple time functions for the 
lightning waveform. 

621.396.11 1546 
Theoretical Resonance Curves in the Gyro-

interaction of Electromagnetic Waves in the 
Ionosphere— F. H. Hibberd. ( Nuovo Cim., vol. 
10, pp. 380-385; April 1, 1953. In English.) 
Motzo's results (2111 of 1953) are discussed and 
it is shown that for vertically incident waves 
either single or double maxima may occur, and 
that there is little difference in the general 
shape of the curves resulting from vertically 
incident and obliquely incident waves. 

621.396.11 1547 
The Application of High-Frequency Radio-

Propagation Predictions in the New Zealand 
Area—G. McK. Allcock. ( N.Z. J. Sci. Tech. B., 
vol. 35, pp. 198-212; Sept., 1953.) The results 
of propagation measurements at 9.15 mc over 
an 800-km path along a geomagnetic meridian 
indicate that the muf's for 3000-km and 800-
km paths are related by the equation (M800) 
0.38(M3000) + 0.37. The frequency separa-

tion between the muf's for the ordinary and 
extraordinary waves is approximately one-
half the gyro-frequency. 

621.396.11:551.510.52 1548 
The Troposphere as a Medium for the 

Propagation of Radio Waves: Part 1—H. 
Bremmer. (Philips Tech. Rev., vol. 15, pp. 148-
159; Nov., 1953.) A review paper. 

621.396.11:551.510.535 1549 
Double Refraction in the Ionosphere—R. 

W. Larenz. (Naturwissenschaften, vol. 40, p. 
527; Oct., 1953.) The variation of the real part 
of the refractive index with the plasma fre-
quency is shown graphically for different values 
of the angle between the direction of wave 
propagation and the magnetic field. When the 
effect of electron pressure is taken into account 
triple refraction is found to be produced. Only 
two of the wave components have group 
velocities of the order of the velocity of light. 
The results are consistent with the triple re-
fraction observed by Dieminger and Moller 
(2791 of 1949). 

621.396.11:551.510.535 1550 
Some Notes on the Absorption of Radio 

Waves Reflected from the Ionosphere at 
Oblique Incidence—W. J. G. Beynon. (Proc. 
IRE, part III, vol. 101, pp. 15-20; Jan., 1954.) 
For conditions in which partial reflection or 
scattering at the E region is the dominant 
cause of attenuation of the first-order F-layer 
reflection, a new equivalence theorem in better 
agreement with observations on both long 
and short transmission paths is proposed to 
replace Martyn's relation (Proc. Phys. Soc., 
vol. 47, pp. 323-339; 1935.) In this new 
theorem, the apparent absorption at frequency 
f and angle of incidence i is equivalent to the 
apparent absorption at frequency f cosi and 
normal incidence. The influence of multiple 
echoes on received signal strength is also con-
sidered. 

621.396.11.029.422 1551 
An Experimental Investigation of Short-

Distance Ionospheric Propagation at Low and 
Very Low Frequencies—H. G. Hopkins and 
L. G. Reynolds. (Proc, IEE, part III; vol. 101, 
pp. 21-34; Jan., 1954.) Observations were 
made between 1948 and 1951 at distances be-
tween 60 and 210 km from commercial cw 
transmitters operating at four frequencies in 
the range 16-85 kc. The experimental method 
mainly used was similar to that described by 
Best et al. (Proc. Roy. Soc. A, vol. 156, p. 614; 
1936.) The equipment used is described and the 
resulta obtained are discussed critically in rela-
tion to similar work performed elsewhere. 
Pulse-sounding technique has advantages over 
the cw method for the frequency band consid-
ered. 

621.396.11.029.64: 551.510.52 1552 
The Effect of the Oceanic Duct on Micro-

wave Propagation—L. J. Anderson and E. E. 
Goasard. (Trans. Amer. Geophys. Union, vol. 
34, pp. 695-700; Oct., 1953.) Radio and meteor-
ological observations obtained over Cardigan 
Bay are analyzed. For propagation at a wave-
length of 3 cm, agreement between observation 
and theory improves as wind speed increases. 
At the lower wind speeds scatter is noted; 
possible explanations of this scatter are dis-
cussed. For propagation at a wavelength of 9 
cm more scatter is observed and the transition 
to trapping condition is less definite. 

621.396.81 1553 
Radio Survey Technique—S. H. Wilkinson. 

(A.T.E.J., vol. 9, pp. 216-228; Oct., 1953.) A 
description is given of the survey unit previ-
ously mentioned (234 of January). Experimen-
tal and theoretical methods of determining 
path attenuation are discussed. An account is 
given of typical surveys which have been made 
to obtain data on propagation and on equip-
ment performance. 

621.396.812.3.029.65 1554 
Some Measurements of Fading at a Wave-

length of 8 mm over a Very Short Sea Path— 
D. G. Kiely. (Jour. Brit. IRE, vol. 14, pp. 
89-92; Feb., 1954.) Measurements were made, 
over a five-week period, of the fluctuations of 
signals transmitted over a 1-mile path, using a 
transmitter site about 15 feet and a receiver 
site about 100 feet above sea level. The results 
indicate very large atmospheric-refraction 
effects. 

RECEPTION 

621.396.621.029.614+621.372.2.029.64/65 
1555 

Experimental Determination of the Proper-
ties of Microstrip Components—Arditi. (See 
1296.) 

621.396.82:061.3 1556 
Radio Interference Conference—(Elec. 

Jour., vol. 151, p. 1594; Nov. 13, 1953.) Brief 
report of the proceedings of an international 
conference held in London, October, 1953. 

621.396.82:621.3.066.6 1557 
Sliding Contacts—a Review of the Litera-

ture—F. Spayth and S. East. (Elec. Eng., vol. 
72, pp. 912-917; Oct., 1953.) The review in-
cludes results of measurements of mechanical 
and electrical phenomena at motor or generator 
brush contacts. Tables are given of the vari-
ation of electrical noise with brush and ring 
material and with brush pressure. The experi-
mental results are summarized in sets of general 
rules for designers. 43 references. 

621.396.828+ [621.397.828:535.623 1558 
Color Television and the Amateur—G. 

Grammer. (QST, vol. 37, pp. 31-34 and 124; 
Nov., 1953.) Interference between transmis-
sions in the 80-m band and the 3.58-mc colour 
subcarrier was investigated. Interference in 
both services could largely be suppressed by 
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good design in the layout, the screening and the 
filters of the television receiver. 

621.396.828 1559 
The Most Suitable Interference-Suppressor 

Circuit—G. Strobel and H. Scherenzel. (Fre-
quenz, vol. 7, pp. 269-275 and 295-298; Sept. 
¡Oct., 1953.) The choice of the best arrange-
ment for suppressing interference at the source 
requires a knowledge of the source impedance, 
the magnitude of the interference, the permissi-
ble interference limits and the electrical safety 
regulations. These points are discussed in de-
tail in relation to the West German regulations 
for the 0.1-20-mc frequency range, and the 
methods of measurement and application of the 
results are described. 

STATIONS AND COMMUNICATION 
SYSTEMS 

621.376:621.396 1560 
Comparison of Amplitude and Angle Modu-

lation for Narrow-Band Communication of 
Binary-Coded Messages in Fluctuation Noise 
—G. F. Montgomery. (13z.oc. I.R.E., vol. 42, 
pp. 447-454; Feb., 1954.) Consideration is 
given to the problem of choosing the best 
modulation system for transmitting messages 
over a given radio channel with less than a 
specified error and at the lowest cost for termi-
nal equipment. Frequency-shift, phase-shift 
and on-off systems are examined. Curves of 
fractional error as a function of average car-
rier/noise ratio are derived for fading and non-
fading carriers. 

621.376.2:621.395.44 1561 
Properties of a Sine Wave with Double 

Amplitude Modulation—L. Le Blan. (Comp:. 
Rend. Acad. Sci. (Paris), vol. 238, pp. 220-
222; Jan. 11, 1954.) Analysis indicates that 
crosstalk is present to a greater degree in a 
two-channel system with separate modulation 
of the positive and negative portions of the 
carrier than in the system using alternate posi-
tive and negative pulses ( 1176 of April). 

621.376.3/.4:621.396.8 1562 
Comparison between Frequency and Phase 

Modulation for transmitting Speech—G. Fon-
tanellaz. (Tech. Mitt. schweiz. Telegr.-Teleph-
Verw., vol. 31, pp. 371-374; Dec. I, 1953. In 
German.) Calculation indicates that for the 
frequency range 300-3400 cps. ph.m. gives a re-
ceiver-output signal/noise ratio 8.2 db better 
than FM, for the same hf signal/noise ratio and 
t he same mean frequency deviation. The rela-
tions between intelligibility and signal/noise 
ratio for the two systems are also compared. 

621.376.3.001.11:621.316.729 1563 
Communications Synchronizing Systems— 

F. T. Turner. (Elect. Eng., vol. 72, pp. 874-
876; Oct., 1953.) The application of FM theory 
to conventional synchronizing systems leads to 
a simple evaluation of the minimum signal 
/noise ratio permissible in facsimile transmis-
sion. Expressions are also derived for the servo-
mechanism loop function and for the require-
ments for establishing synchronism on the 
initial application of the synchronizing signal. 

621.376.5.001.2 1564 
Quantizing Noise of a Single-Integration 

Delta-Modulation System with an N-Digit 
Code—H. van de Weg. (Philips Res. Rep., vol. 
8, pp. 367-385; Oct., 1953.) The signal/noise 
ratio of fl-modulation is evaluated, for different 
numbers of coding digits, as a function of the 
ratio between sampling frequency and maxi-
mum signal frequency, and compared with 
Bennett's results (895 of 1949) for pcm. By 
applying the results to the case of speech trans-
mission, is-modulation is shown to be superior 
to pcm for any given sampling frequency and 
number of digits. 

621.39 1565 
[British] Commonwealth Telecommunica-

tions—J. A. Smale. (Prot. I EE, part III, vol. 

101, pp. 1-4; Jan., 1954.) Chairman's address, 
Radio Section, I.E.E. A survey of develop-
ments in the complementary use of cable and 
wireless routes. 

621.39.001.11:016 1566 
A Bibliography of Information Theory 

(Communication Theory—Cybernetics)—F. L. 
Stumpers. (Trans. I.R.E., No. PGIT-2, pp. 
1-60; Nov., 1953.) A comprehensive bibliog-
raphy, including books and papers, arranged 
under the following headings:—(a) general 
theory; (b) bandwidth and transmission ca-
pacity, time-frequency uncertainty; signal 
/noise ratios, comparison of systems; instan-
taneous frequency; analytical signals; (c) defi-
nition, relation to statistical mechanics, 
philosophy; (d) correlation, prediction, filtering, 
storage; (e) radar; radionavigation; (f) speech; 
hearing; vision; linguistics, semantics; (g) other 
biophysical applications; human engineering; 
group communication; (h) television; (i) mis-
cellaneous applications; optics; games; servo-
mechanisms; (j) mathematics; statistics; 
games; relay algebra; noise analysis; (k) pulse 
modulation; multiplex coding. 

621.39.001.11:519.2 1567 
Fundamentals of Information Theory—C. 

Lafleur. (HF Brussels, vol. 2, pp. 219-228; 
1953.) The two axioms stated by Woodward 
and Davies (1724 of 1952) based on a priori 
and a posteriori probabilities are applied to 
derive Wiener's criterion for optimum filtering 
and Shannon's formulas regarding entropy and 
equivocation. 

621.391:621.376.5 1568 
A Recent Development in Communication 

Technique—C. W. Earp. (Proc. LEE, part III, 
vol. 101, p. 20; Jan., 1954.) Discussion on 2889 
of 1952. 

621.395.44:621.315.052.63 1569 
Transmission Power and Range of Carrier-

Frequency Communication Equipment for 
High-Voltage Lines—H. K. Podszeck and A. 
Schmid. (Elektrotech. Z., Edn A, vol. 74, pp. 
586-589; Oct. 11, 1953.) Multichannel single-
and double-sideband transmissions using car-
rier frequencies in the range 30-450 kc are con-
sidered from the power efficiency point of view. 
Formulas and graphs are given for the effects 
due to the depth of modulation, the number of 
channels and sidebands, and the type of appli-
cation, e.g. telephony, remote control and 
measurement. 

621.395.44:621.315.052.63 1570 
New Line of Power-Line Carrier Equipment 

—F. B. Gunter. (Elect. Eng., vol. 72, pp. 965; 
Nov., 1953.) Digest of paper to be published in 
Trans. AIEE, vol. 72, 1953. Performance 
characteristics of multi-purpose equipment are 
outlined. 

621.395.44:621.315.212 1571 
Potentialities and Limitations of a Coaxial-

Cable Multichannel System—F. Locher. (Bull. 
schweiz. elektrotech. Ver., vol. 44, pp. 861-875; 
Oct. 3, 1953.) A review of development and 
present-day coaxial-cable technique in Europe 
and the U.S.A. 

621.395.44:621.375.2 1572 
The Coaxial-Line Amplifier—J. Bauer. 

(Bull. schweiz. elektrotech. Ver. vol. 44, pp. 881-
884; Oct. 3, 1953. Tech. Mill. schweiz. Telegr.-
Teleph Verw., vol. 32, pp. 31-35; Jan. 1, 1954.) 
Description of the amplifier designed for the 
Bern-Morteau line, and comprising two units 
in tandem, with associated equalizer, tempera-
ture compensator and separating network 
equipment. 

621.396+ 621.397]: 061.3 1573 
The New C.C.I.R. Resolutions---Fetzer. 

(See 1587.) 

621.396.4:621.396.65 1574 
Experimental Radio Bearer Equipment for 

Carrier Telephone Systems—W. S. McGuire 
and A. G. Bird. (A.W.A. Tech. Rev., vol. 9, pp 
227-254; Oct., 1953.) Reprint. See 3412 of 1953. 

621.396.4L029.62 1575 
Some Factors in the Engineering Design of 

V.H.F. Multichannel Telephone Equipment— 
W. T. Brown. (Jour. Brit. I.R.E., vol. 1954. 
Discussion, pp. 75-77.) The principal clauses 
of a specification for a vhf multichannel radio-
telephone installation are discussed generally. 
Particular attention is given to ancillary equip-
ment for automatic change-over, remote con-
trol and fault warning. The layout and antenna 
arrangements are described. 

621.396.65:621.396.41.029.64 1576 
A Multichannel Microwave Relay System 

—R. D. Boadle. (A.W.A. Tech. Rev., vol. 9, 
pp. 209-226; Oct., 1953.) Reprint. See 3110 
of 1953. 

621.396.65.029.6.001.4(44+494) 1577 
Testing Radio-Link Transmission over a 

Long Line-of-Sight Path between France and 
Switzerland—W. Klein and L. J. Libois. 
(Tech. Mitt. schweiz. Telegr-Teleph Verw., vol. 
31, pp. 305-317; Nov. 1, 1953. In French.) A 
report of measurements made, during the pe-
riod 1950-1952, of test transmissions on 300 and 
3000 mc over a 160-km path between Chas-
seral and Mont-Afrique. Results show that 
multichannel or television transmission satisfy-
ing C.C.I.F. specifications is quite practicable. 
Path attenuation during the period was less 
variable than for other paths only half as long; 
this is attributed to the presence of obstacles 
along the path which scarcely affect the direct 
wave, but cause considerable attenuation of 
indirect waves by diffraction. The correlation 
of reception conditions with meteorological 
data is discussed, in particular the coincidence 
of severe fades at 300 mc with the presence of 
zones of superrefraction. See also Onde élea., 
vol. 33, pp. 665-677; Dec., 1953. 

621.396.664:621.396.712 1578 
Random Sequence Switching—A. B. Et-

tlinger. (Electronics, vol. 27, pp. 165-167; Feb., 
1954.) In a system for automatic control of a 
group of broadcasting stations for civil-defence 
purposes, the program is continuously fed to 
all the transmitters in the group, and each 
transmitter is equipped with a tone-operated 
relay so that power is applied only when a 7-kc 
tone is superimposed on the line; this tone is 
switched in a random manner by means of a 
thermal delay device. 

621.396.712.2:534.76 1579 
Audio Equipment for Binaural Broadcasts— 

L. J. Kleinklaus. (Electronics, vol. 27, pp. 134-
135; Feb., 1954.) Description of two portable 
units, namely a two-channel preamplifier-
mixer and a monitor amplifier, used at the 
WQXR station, which broadcasts simultane-
ously in an AM and a FM channel. 

621.396.932 1580 
Re-equipping Coast Stations—(Elec. Jour., 

vol. 151, pp. 1475-1476; Nov. 6, 1953.) Brief 
details are given of equipment installed by the 
British Post Office to meet developments in 
ship-to-shore communications and related 
techniques. 

621.396.933:621.396.3 1581 
Notes on the Radiotelegraphic Connection 

between the K.L.M. Liftmaster "Dr. Ir. M. H. 
Dammen and the Schiphol Air Traffic Control 
Station PKH during the Christchurch Flight on 
8th, 9th and 10th Oct. 1953—(Tijdschr. ned. 
Radiogenoot., vol. 18, pp. 313-315; Nov., 1951) 
A log is given of the times during which contact 
was made. The Karachi, Biak and Djakarta 
stations co-operated in the check. 

SUBSIDIARY APPARATUS 

621-526 1582 
The Application of Statistical Methods to 

Servo-mechanisms—R. E. Vowels. (Aust. 



1954 Abstracts and References 1057 

• 

• 

•  

Jour. Appl. Sc., vol. 4, pp. 469-488; Dec., 
1953.) "The optimum transfer function for the 
desired response to a stationary random input 
signal containing noise may be determined by 
the Wiener-Lee method. In general, when ap-
plied to servomechanisms design, the output 
will not necessarily have zero steady-state error. 
In order to overcome this disadvantage, con-
straints may be applied in the Wiener-Hopf 
equation such that any of the error coefficients 
of the servomechanism are zero, and at the 
same time the output is optimized. It is also 
possible to include prediction, differentiation, 
or integration of the input function as desirable 
outputs." 

621.316.721/.722 1583 
Series Operation of a Glow-Discharge Tube 

and a Barretter—F. A. Benson. (Elec. Jour., 
vol. 151, pp. 1291-1293; Oct. 23, 1953.) The 
replacement of the series resistor by a barretter 
results in improved stabilization. The operation 
of the Type-CV1199 glow-discharge tube ( 180 
mA max.) with Type- 161 barretter (160 mA) 
was investigated and the batch variations of the 
type 161 barretter characteristics were ex-
amined. 

621.316.722.1 1584 
Stabilizer for Alternating Voltages—A. 

Riedel. ( Nachr Tech., vol. 3, pp. 460-464; Oct., 
1953.) The design of a biased-reactor arrange-
ment having good frequency independence and 
satisfactory speed of operation is discussed. 

621.316.722.1.076.7 1585 
A Stable Source of High Voltage—L. U. 

Hibbard and D. E. Caro, (J. Sci. Instr., vol. 30, 
pp. 378-380; Oct., 1953.) A voltage regulator 
suitable as a voltage reference at about 1000 y 
with current up to several milliamperes is 
described. With the temperature controlled to 
within ± 1 degrees C., the output is stable to 
within + 1 part in 10, over 8 hours. Effects of 
varying magnetic fields < 15 gauss are negligi-
ble. 

621.316.93:621.396.933 1586 
Aircraft Protection from Thunderstorm 

Discharges to Antennas—J. M. Bryant, M. M. 
Newman, and J. D. Robb. (Elect. Eng., vol. 
72, pp. 880-884; Oct., 1953.) The protection 
unit described consists of a 10-,F. 10-kv ca-
pacitor in the antenna feeder lead together with 
a spark gap in parallel with a resistor, connected 
between the antenna side of the capacitor and 
the fuselage. A peak-current recorder, in the 
form of a steel strip magnetized by the current 
flow, is included. Units of this type have been 
tested for over 2 years in commercial airliners. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397 + 621.3961: 061.3 1587 
The New C.C.I.R. Resolutions—V. Fetzer. 

(Funk u. Ton, vol. 6, pp. 591-596, 642-648; 
Nov. and Dec., 1952, and vol. 7, pp. 34-43, 84-
89, 145-156, 205-208, 250-256, 315-318, 369-
377, 414-419, 472-476, 535-544 and 590-593; 
Jan.-Nov., 1953.) Detailed report of recom-
mendations, numbered from 36 to 85, made by 
13 study groups at the 6th Plenary Assembly, 
Geneva 1951. 

621.397.335:535.623 1588 
Color Synchronization in the N.T.S.C. 

Color Receiver—W. E. Good. (Trans. I.R.E., 
No. PGBTR-4, pp. 23-29; Oct., 1953.) The 
necessary phase accuracy is discussed, and the 
design and performance of several synchroniz-
ing circuits are compared. See also 1749 of 1952 
(Dome). 

621.397.5:535.623 1589 
Color Television—a Primer on the N.T.S.C. 

System—W. Feingold. (Trans. I.R.E., No. 
PGBTR-4, pp. 30-37; Oct., 1953.) An ele-
mentary treatment intended as an introduction 
to the subject. 

621.397.5:535.623 1590 
The Application of Colour to Television 

Broadcasting—F. C. McLean. (Eng. (London), 
vol. 176, pp. 441-444; Oct. 2, 1953.) Possible 
color-television systems for use in Britain are 
discussed in relation to experience already 
gained with the NTSC system in the U.S.A. It 
is not yet certain that all the color information 
can be transmitted within the 5-mc channel. 
Separation of a color subcarrier as used in the 
NTSC system would be more difficult with the 
British system because the sound channel is 
amplitude modulated. Receiver requirements 
are also discussed. For a summarized version, 
with comments, see Wireless World, vol. 59, 
p. 523; Nov., 1953. 

621.397.5:621.395.625.3 1591 
The Status of Magnetic Recording— 

Zenner. (See 1291.) 

621.397.62 1592 
Design Techniques for Color Television Re-

ceivers—M. H. Kronenberg and E. S. White. 
(Electronics, vol. 27, pp. 136-143; Feb., 1954.) 
Circuits for receiving the NTSC signals are 
discussed; details are given of particular de-
signs, (a) for a receiver using the full potenti-
alities of the system, and (b) for a simplified 
circuit with a color bandwidth of 0.5 mc. 

621.397.62:535.623 1593 
Color-Television-Signal Receiver Demodu-

lators—D. H. Pritchard and R. N. Rhodes. 
(Trans. I.R.E., No. PGBTR-4, pp. 1-22; Oct., 
1953.) Reprint. See 3436 of 1953. 

621.397.62:535.88 1594 
An Apparatus for Aperture-Response Test-

ing of Large Schmidt-Type Projection Optical 
Systems—D. J. Parker, S. W. Johnson, and 
L. T. Sachtleben. (Jour. Soc. Mot. Pict. ir 
Telev. Engrs., vol. 61, pp. 721-730; Dec., 1953.) 

621.397.62:621.385.3 1595 
The PCC 84 Double Triode—(Elec. Appt. 

Bull., vol. 14, pp. 113-120; Aug./Sept., 1953.) 
Tube data are given and the use of the tube as 
a cascode amplifier for the hf stage of a televi-
sion receiver is described. 

621.397.828:535.623+621.396.828 1596 
Color Television and the Amateur— Gram-

mer. (See 1558.) 

TRANSMISSION 

621.396.61 1597 
Some Aspects of the Design of Master-

Oscillator Power-Amplifier Type Transmitters 
—P. Howell. (Radio & Electronics, Wellington, 
IsT.Z., vol. 8, pp. 13-15, 31; Dec. 1, 1953.) Vari-
ous known circuits are discussed, and precau-
tions necessary to prevent self-oscillation of the 
amplifier are indicated. 

621.396.61.029.53/.55 1598 
Automatic-Tuning Communication Trans-

mitter—M. C. Dettman. (Elect. Commun., vol. 
30, pp. 271-278; Dec., 1953.) Slightly modified 
version of paper in Convention Record I.R.E., 
part 2, pp. 137-144; 1953. The transmitter is 
designed to meet service conditions, and has a 
frequency range 300 kc-26 mc. There are ten 
preset channels and manual tuning facilities. 
Automatic-tuning time is about 30 seconds for 
most frequencies. Nomianl power output is 100 
w over the range 300 kc-2 mc and 100 w or 500 
w over the range 2-26 mc. 

621.396.61.029.62:621.376.3:621.314.7 1599 
Single-Transistor F.M. Transmitter—D. E. 

Thomas. (Electronics, vol. 27, pp. 130-133; 
Feb., 1954.) Frequency modulation is achieved, 
in an experimental transmitter with a range of 
a few hundred feet, by shifting the alpha-cut-off 
frequency (about 40 mc) of a point-contact 
transistor, the transmitter oscillator operating 
at about 105 mc. 

621.396.662:621.316.7 1600 
Automatic Control System with Provision 

for Scanning and Memory—N. H. Young. 
(Elect. Commun., vol. 30, pp. 279-282; Dec., 
1953. Trans. A TEE, vol. 72,1)1). 392-395; 1953.) 
See 884 of March. 

TUBES AND THERMIONICS 

537.533.8: 621.373.4.029.63 1601 
On the Time Delay of Secondary Emission 

—J. Diemer and J. L. H. Jonker. (Philips Res. 
Rep., vol. 8, p. 398; Oct., 1953.) Correction and 
addendum to paper noted in 1014 of 1951. 

621.314.632:546.289:621.396.822.029.422/.5 
6 

Measurements of Noise Spectra of a Point 
Contact Germanium Rectifier—F. J. Hyde. 
(Proc. Phys. Soc., vol. 66, pp. 1017-1024; 
Dec. 1, 1953.) The excess noise due to the 
passage of dc was measured at 29.5 degrees C. 
over the frequency range 0.117 cps-14 mc, 
with the reverse current / as parameter. The 
noise spectrum consists of three types of com-
ponent, namely (a) a basic component r , 
detectable over a frequency range of seven 
decades, (b) two components oc [ 1 +(27rfr)21-, 
associated with relaxation times Ti and 72 and 
(c) a uniform component detectable at high 
frequencies and equal to the shot noise for small 
currents. The relaxation times are dependent 
on I. 

621.314.632: 546.289: 621.396.822.029.426 1603 
The Reduction of Rectifier Noise by Il-

lumination—J. W. Granville and A. F. Gibson 
(Proc. Phys. Soc., vol. 66, pp. 1118-1119; 
Dec. 1, 1953.) Noise in a Ge point-contact di-
ode was measured at room temperature using 
an amplifier with a bandwidth of 1.4 cps tuned 
to 16.5 cps. The nonlinear variation of noise 
power per unit dynamic resistance with varia-
tion of the reverse current is shown graphically 
for several values of the distance between the 
light source and the rectifier. 

621.314.7 1604 
Transistor Reliability Studies—R. M. Ry-

der and W. R. Sittner. (Paoc. I.R.E., vol. 42, 
pp. 414-419; Feb., 1954.) The useful life of 
transistors may be shortened by conditions of 
high humidity or high temperature; the char-
acteristics may also change due to surface con-
tamination, mechanical disturbance or electri-
cal or chemical effects. The mechanisms in-
volved are described. A good measure of pro-
tection is obtained by sealing the transistor 
with a plastic. 

621.44.7 1605 
The Drift Transistor—H. Kromer. (Natur-

wissenschaften, vol. 40, pp. 578-579; Nov., 
1953.) The name "drift transistor" is given to a 
junction transistor in which the concentration 
of impurity centres in the base falls exponen-
tially between emitter and collector. An ex-
pression is derived for the rise of the upper fre-
quency limit as compared with that for the or-
dinary junction transistor with uniform distri-
bution of impurity centres in the base. 

621.314.7 1606 
German Transistors—C. Weller. (Funk-

Technik, Berlin, vol. 8, pp. 668-669; Nov., 
1953.) Characteristics and operating data are 
given for several types of German-produced 
transistors. Applications are indicated. 

621.314.7: 546.28 1607 
Enhanced Alpha in Formed Silicon Point-

Contact Transistors—H. Jacobs, W. Mattei, 
and F. A. Brand. (Jour. Appt. Phys., vol. 24, 
pp. 1410-1411; Nov., 1953.) Point-contact 
transistors have been prepared by causing an 
impurity such as Sb to be diffused into a small 
region at or near the surface of p-type Si, using 
an arcing technique. High values of a (up to 10 
or even more) are obtained. The transistor ac-
tion is further enhanced by passing large cur-
rents in the reverse direction through the emit-
ter. The peoperties of such Si transistors are 
compared with those of Ge types. 
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621.383.2 1608 
Alkali Photocells: Part I—M. Ploke. (Arch. 

tech. Messen, pp. 259-262; Nov., 1953.) A re-
view of the theory and a survey of the principal 
types. Comparative data are given. 

621.383.2:537.531 1609 
Effect of X Rays on Photocells—G. Blet. 

(Conspl. Rend. Acad. Sci., Paris, vol. 238, pp. 
72-73; Jan. 4, 1954.) The current output of a 
Se cell was measured for various values of inci-
dent X-ray energy. Taking account of the vari-
ation of absorption with wavelength, the results 
indicate that the current output per watt ab-
sorbed is constant. Estimates are made of the 
number of electrons emitted per photon ab-
sorbed. 

621.383.27 1610 
Recent Developments in Photocells with 

Secondary-Electron Multipliers—N. Schaetti. 
(Bull. tchweiz. elektrotech. Ver., vol. 44, pp. 
989-995; Nov. 14, 1953.) An account of work 
done at the Institut für technische Physik, 
Zürich. The photocathodes and multiplier ar-
rangements are described, and some applica-
tions of photomultipliers are indicated. 

621.383.27:546.36.86 1611 
Control of the Characteristic of a Cs-Sb 

Photocathode by Addition of Other Elements— 
N. Schaetti. (Z. angew. Math. Phys., vol. 4, pp. 
450-459; Nov. 15, 1953.) Measurements on 
photomultipliers are reported. The dark cur-
rent and the delayed emission following a pe-
riod of illumination can be reduced by addition 
of various elements to the cathode material. 
The results for 14 different elements are tabu-
lated. 

621.383.4 1612 
A Method of Describing the Detectivity of 

Photoconductive Cells—R. C. Jones. (Rev. Sci. 
Inste., vol. 24, pp. 1035-1040; Nov., 1953.) De-
tectivity in the reference condition c is given 
by an expression involving sensitive area and 
noise equivalent power of the cell, noise equiva-
lent bandwidth of the amplifier used, and chop-
ping frequency. Conditions of validity of the 
expression are stated and certain conventions 
relating to the measurement of the various 
quantities explained. The detectivity figure en-
ables direct comparison to be made between 
two cells. 

621.383.5:546.561-31 1613 
The Infrared Sensitivity of Cuprous-Oxide 

Photocells prepared at Reduced Pressure in a 
High-Frequency Field—A: I. Andrievski and 
A. L. Rvachev. (Corny. Rend. Acad. Sci. 
U.R.S.S., vol. 89, pp. 245-247; March 11, 
1953. In Russian.) Two methods of manufac-
ture using hf heating (^-,3 mc) are described. 
Diverse spectral-sensitivity characteristics, 
shown graphically, were obtained by varying 
the pressure, the temperature and the time of 
oxidation and reduction. A cell with a maxi-
mum front-wall sensitivity in the green region 
and a maximum back-wall sensitivity in the 
red-to-infrared region, and a cell with maxi-
mum front-wall sensitivities in the green, red 
and infrared regions have been produced. 

621.385.029.6:538.69 1614 
Magnetrons—P. H. J. A. Kleijnen. (Tijd-

schr. ned Radiogenoot., vol. 18, pp. 287-299; 
Nov., 1953.) Theory of the interaction between 
the electrons and the field is presented, with 
special reference to the mode spectrum of a ris-
ing-sun system. 

621.385.029.631.64 1615 
The Effect of Line Attenuation on the 

Power Gain of a Travelling-Wave Valve— 
W. Kleen and K. P6schl. (Fernmeldetech. Z., 
vol. 6, pp. 509-516; Nov., 1953.) Theoretical 
treatment of the traveling-wave tube with (a) 
distributed and (b) localized attenuation in-
troduced into the delay line to suppress un-
wanted feedback effects. Results are presented 
graphically for various values of space-charge 

and loss parameters. Distributed attenuation 
has an adverse effect on the attenuation con-
stant for the amplified wave and on the parti-
tion of input power between the three waves 
excited. Localized attenuation causes a gain 
reduction dependent on the length of the at-
tenuating element and on the plasma fre-
quency. 

621.385.029.63/.64 1616 
Coaxial-to-Helix Transducers for Travel-

ing-Wave Tubes—R. E. White. (Elect. 
Commun., vol. 30, pp. 300-304; Dec., 1953.) 
Convention Record I.R.E., part 10, pp. 42-45; 
1953.) Design data are given for matching sec-
tions of ferrule type, with a tuning range up to 
2:1, for small-diameter helices, and of tapered 
type, with a tuning range up to 4:1, for large-
diameter helices. 

621.385.029.63/.64:621.372.2 1617 
Wave Propagation along a Helix with a Cy-

lindrical Outer Conductor—K. Pbschl. (Arch. 
elekt. übertragung, vol. 7, pp. 518-522; Nov., 
1953.) Formulas and curves are derived for the 
phase velocity, the characteristic impedance 
and the transfer impedance. These are valid 
over a wide range of wavelength and linear di-
mensions of the helix and cylinder, and reduce 
to a simple form when the phase velocity is 
small compared with the velocity of light. 

621.385.029.63/.64:621.396.822 1618 
Microwave Shot Noise in Electron Beams 

and the Minimum Noise Factor of Travelling 
Wave Tubes and Klystrons— F. N. H. Robin-
son. (Jour. Brit. I.R.E., vol. 14, pp. 79-86; 
Feb., 1954.) "A theorem recently proposed by 
J. R. Pierce concerning the intrinsic noise of 
electron streams is verified for electron beams 
originating in thermionic diodes under arbi-
trary conditions. The theorem is applied to the 
calculation of the minimum noise factor of kly-
strons and travelling wave tubes which is found 
to be 6 db. The treatment of partition noise is 
made possible by a generalization of the 
theorem." 

621.385.032.21:546.841-31 1619 
Thermionic Emission from Thin Layers of 

Thoria and Thorium on Molybdenum—A. R. 
Shul'man and A. P. Rumyantsev. (Compt. 
Rend. Acad. Sci. (U.R.S.S.), vol. 93, pp. 455-
458; Nov. 21, 1953. In Russian.) Emission de-
pends on several factors, in particular on (a) 
the penetration of the electric field inside the 
semiconducting surface layer, and (b) chemical 
or catalytic processes due to the base metal. 
Emission characteristics of variously treated 
cathodes were determined and the variation of 
work function and emissivity with thickness O 
of the surface layer are shown graphically. O is 
expressed as a number of monolayers; its value 
was determined from the a-particle emission. 

621.385.032.216 1620 
Cathode Parasitic Impedance—M. Ber-

thaud. (Bull. Soc. Franc. Elect., vol. 3, pp. 673-
675; Nov., 1953.) The internal impedance de-
veloping in aged cathodes and generally as-
cribed to the formation of an interface layer has 
been measured by three methods which are out-
lined. Results are at variance with those of Eis-
enstein and others (2052 of 1951, 1812 of 1950 
and back references), particularly as regards 
the dependence of this impedance on cathode 
temperature and valve current; it is inferred 
that the impedance is due to phenomena occur-
ring not necessarily at the interface. 

621.385.3:621.397.62 1621 
The PCC 84 Double Triode—(Elec. Appl. 

Bull., vol. 14, pp. 113-120; Aug./Sept., 1953.) 
Tube data are given and the use of the tube as 
a cascode amplifier for the hf stage of a televi-
sion receiver is described. 

621.385.4.002.2: [621.395.64+621.396.65 1622 
The Telephone-Repeater Valve—P. Meu-

nier. (Bull. Soc. Franç. Elect., vol. 3, pp. 676-

685; Nov., 1953.) Requirements in the design 
and manufacture of long-life tubes of conven-
tional type are discussed, in particular the steps 
taken to minimize cathode deterioration and 
its effects. Details are given of two tetrodes re-
cently developed: (a) Type-PTT301 for sub-
marine use, with a guaranteed life of 80,000 
hours; (b) Type-PTT 243P, with a gain-band-
width product of 200 mc. The control-grid 
/cathode spacing of the latter is 0.0625 mm. 

621.385.832:621.317.755 1623 
A Sealed-Off Cathode-Ray Tube with a 

Very High Writing Speed—B. Jackson, D. R. 
Hardy, and R. Feinberg. (Nature, (London), 
vol. 172, pp. 1056-1057; Dec. 5, 1953.) In an 
es-deflection tube for direct observation and 
photographic recording of nonrecurrent high-
voltage signals, the vertical deflection system 
comprises a straight twin-wire transmission 
line arranged perpendicular to the tube axis. 
The low-frequency deflection sensitivity is 
0.006 mm/v at a beam-accelerating voltage of 
25 kv. Writing speeds as high as 6.6 X 1010 
cm/s have been attained. 

621.385.832: 621.317.755 1624 
Multibeam Cathode-Ray Oscillograph— 

C. Fert, J. Lagasse, and J. 011é. (Compt. Acad. 
Sci. (Paris), vol. 238, pp. 59-61; Jan. 4, 1954.) 
A tube is described in which all the beams 
when undeflected strike the screen at the same 
spot. The single gun produces a beam which 
diverges from a narrow crossover and passes 
through apertures arranged in a coaxial ring in 
a diaphragm; a magnetic lens is used to bring 
the beams together again on the screen. A com-
mon magnetic horizontal deflection and indi-
vidual es vertical deflection systems are used 
An illustration is shown of a four-trace record-
ing obtained. 

621.385.832 + 621.3871: 621.318.572 1625 
Decimal Counting Tubes—K. Kandiah. 

(Elec. Eng., vol. 26, pp. 56-63; Feb., 1954.) A 
survey of available types, classed as gas-filled, 
cr-tube and trochotron. Resolving times of cir-
cuits using these tubes, and tolerances on com-
ponents and supply voltages are discussed. 

621.385.832:621.395.625.3 1626 
Visual Monitor for Magnetic Tape—Miller. 

(See 1290.) 

621.387:621.373.432 1627 
Control of Glow-Discharge Triodes by 

means of Very Small Currents—Meili. (See 
1351.) 

621.387:621.395 1628 
New Thyratrons for Telephone-Circuit En-

gineering: Part 2—Coincidence Thyratrons 
with Screen Grids and their Static Ignition 
Characteristics. Dynamic Ignition Character-
istics—K. L. Rau. (Frequenz, vol. 7, pp. 249-
255; Sept., 1953.) The effect of various con-
structions of the screen grid on the tube char-
acteristics is discussed. Part 1: 3156 of 1953. 

MISCELLANEOUS 

061.6: 538.56.029.6 1629 
Centre for the Study of Microwave Physics 

[at Florencel—N. Carrara. (Ricerca sci., vol. 
24, pp. 31-34; Jan., 1954.) Report of activities 
during the year 1952; the construction of new 
instruments for wavelength measurements and 
devices for investigating microwave optics is 
mentioned. 

061.6:621.3 1630 
The Galileo Ferraris National Electrotech-

nical Institute—P. Lombardi. (Ricerca sci., 
vol. 23, pp. 2161-2231; Dec., 1953.) A report is 
given of the activities of the institute during 
the period 1949-1951, and the organizational 
structure is described. The subjects investi-
gated include magnetic and dielectric mate-
rials, electroacoustics, electron tubes and radio 
engineering. 
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When you choose a turns-count-
ing dial, remember that it's a 
mighty important adjunct to "the 
works"... for it tells you what is 
going on inside...where it counts. 

The DUODIAL * counts the turns 
of a multi-turn component accu-
rately...to a hundreth of a turn. 
And it does this so well that it is 
being used in all sorts of electri-
cal, mechanical, hydraulic and 
pneumatic applications. 

How It Works... The DUODIAL Con-
sists of two coaxial dials ... the 
inner dial is calibrated to count 
hundreths of each turn ... and 
drives the outer dial which counts 
the number of completed turns. 
Thus, if the outer dial reads 4 
and the inner dial 37, the reading 
is 4 complete turns plus 37 hun-
dreths of the fifth turn ( 4.37 
turns). The inner dial and inte-
gral knob are fastened directly to 
the shaft of the rotating device... 
the critical readings of the inner 
dial are, therefore, free from 
backlash. 

Also.. . since the DUODIAL can 
be rotated by either the knob or 
the shaft... it will set a device to 
a desired number of turns. .. or 
will count precisely the full and 
partial revolutions of a power-
driven device. 

W 10 SR 101 RB 

DUODIALS are designed to add a 
note of distinction to even the 
finest instrument panels. Several 
models are available...offering a 
choice of sizes ... a choice of fin-
ishes and colors ... a choice of 
outer-dial capacities ( 10-turn, 15-
turn, 25-turn and 40-turn mod-
els). Several models are available 
with locking mechanisms ... and 
they are available to fit shafts 
of various diameters. It is possi-
ble to order some models with 
special calibrations ... or even 
without calibrations of any kind. 

Data File ... For information and 
specifications on all DuoDIALs, 
write for Data File 606 

What goes on inside? 

of first in precision potentiometers 
Helipot Corporation/South Pasadena, California 

Engineering representatives in principal cities 

a division of BECKMAN INSTRUMENTS, INC. 
*T. . REG. 200 
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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 .1 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 

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

(Continued from page 79A) 

Blasenheim, I., 11 Straw La., Hicksville, L. L. N. Y. 
Bledsoe. A. G., 237 Brighton Ave.. Long Branch, 

N. J. 

Bliss, E. E., 41 Grove St., Bloomfield, N. J. 
Bliss, Z. R., Division of Engineering. Brown Uni-

versity. Providence 12, R. I. 

Boop, J. H.. Bldg. 62, U. S. Naval Training Center, 

Great Lakes, Ill. 
Booth. G. H., Box 103. Civ. Mail Room, APO 994. 

c/o Postmaster, San Frandsen, Calif. 

Bollen, D. L., 173 Wesmond Dr., Alexandria, Va. 
Brewster, A. H., Jr., 317 N. Flood, Norman, Okla. 
Brock, J. P., 22 Fountain Pl., Poughkeepsie, N. Y. 

Broders, E. L., 833 Jackson St.. Denver 6, Colo. 
Brody, N., 61 Highwood Ter., Weehawken, N. J. 

Brnmberger, B. B., 3800 E. Colfax Ave., Denver, 
Colo. 

Brophy, W. T., 50 Westbrook Ave., Midland, N. J. 

Brown, G. T., Jr.. National Cash Register Co.. Main 

and K Sts., Dayton 13, Ohio 
Brunelly, J. J., Jr., 216 Lamont Dr., Dayton 9, 

Ohio 

Buhrman. H. M., Hqs. Fifth Air Force, Box 202, 

APO 970, c/o Postmaster, San Francisco, 
Calif. 

Burke, J. K., 4111 Woodberry St., University Park, 
Md. 

Burke, R. L., HQ NEAC (D/Comm), APO 862, 

c/o Postmaster, New York, N. Y. 

Buzzelli, T. S., 192 E. 22 St., Chicago Heights. 

Caddell, R., 40 E. Second St., Mineola. L. I., N. Y. 
Canty, W. J., 32 Orchard Rd., Bedford, Mass. 

(Continued on page 85A) 

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 mild flux on 
tinned surfaces. 

• Q-Max is an ideal irnpregnant for 
"high" Q coils. Coil "Q" remains nearly 
constant from wet application to dry 
finish. In 1, 5 and 55 gallon containers. 

I 

?deedee Chieseete Ate 
MARLBORO, NEW JERSEY dc, n-
(MONMOUTH COUNTY) % 
Telephone, FReehold 8-1880 stir,  
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She keeps Case Ht tory Records 

of every Stackpole iron core ever made! 

Producing iron cores that are really 

uniform, or matching a new batch of 

cores to the exact specifications of a 

previous run are critical jobs! 

That's why the files from which the 

above sketch was made are basic in 

assuring Stackpole iron core superi-

ority in these all-important respects. 

For here are kept careful formula rec-

ords and production case histories of 

every Stackpole iron core ever made. 

1st 

Guesswork goes out the window. 

These files backed„by over a quarter 

of a century's experience in molding 

top quality components from metal 

powders mean that each and every 

Stackpole core is exactly as you want 

it... electrically as well as mechani-

cally. And each one made to a given 

specification is exactly like the others. 

Electronic Components Division 

STACKPOLE CARBON COMPANY, 

St. Marys, Pa. 
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est'e 

As you want them — 
When you want them — 

ON THE NOSE! 

MU.Mal 
""e•w_...1 

"Balanced Production" 

meets delivery schedules on 

DRAWN 
CLOSURES AND QUALITY 

METAL STAMPINGS 
FOR ELECTRONICS 

STANDARD CASES 
and COVERS 

SPECIAL SHAPES 
and SIZES 

QUALITY METAL 
STAMPINGS 

PRECISION DRAWN CLOSURES AND QUALITY 

METAL STAMPING! Several hundred standard shapes 

and sizes, with numerous optional features are " in stock" 

at Hudson. Not only is prompt service assured by Hudson 

closure standardization but costs reflect the savings of mass 

production methods. Engineers, designers and purchasing 

men will find it pays to check with Hudson first on any 

closure problem. All parts made from selected metal 

stocks, expertly formed to specifications. STANDARD 

DESIGNS SPEED DELIVERIES AND REDUCE COSTS! 

HUDSON TOOL and 
DIE COMPANY' Inc 

118-122 SO. FOURTEENTH STREET, NEWARK 7, NEW JERSEY 

ASK FOR YOUR COPY TODAY! New engineer. 
designer file catalog includes complete information 
on economical HUDSON standard and special 
closures. Call or write without obligation — 

.t 

ergel)e*At 
cow. 

e4dbe 

J 
- --„/ 
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(Continued from page 82A) 

Carey, E. D., 50-50 Broadway, Woodside 77, L. 
N. Y. 

Carl, M. H., 2018 Klingle Rd., N.W., Washington 

10, D. C. 
Carmody, E. 0., 250 Conant Dr.. Buffalo 23, N. Y. 

Carrick, G. R., 2317 Arlington Ave., El Cerrito. 

Calif. 
Carassa, F., 55 Via Negroli, Milano, Italy 

Carter, R. A.. 1009-11 St.. NW., Washington I. 

D. C. 
Casey, R. F., 22 Prospect Ave.. Pompton Plains, 

N. J. 

Caskey, O. G., 928 N. Euclid Ave.. Dayton 7, Ohio 
Caster. M. S.. Evansville College, Evansville, Ind. 

Castanera, T. E., 2505 Webster St.. Berkeley, 

Calif. 
Catanese, J. P., 1536 Minford Pl., New York. N. Y. 

Chandler. G. G., Box 251. Patchogue, L. J., N. Y. 
Chin, J. H. S., 783 Oliver St., Westbury, L. 

N. Y. 

Ciaffardini, A. N., 347 King St., Northampton, 

Mass. 
Clack, H. W., 4241 E. Liveoak Ave., Arcadia, Calif. 

Claypool. H. W., 875 Essex Ave., Metuchen, N. J. 
Clemens, R. W., 39-79-45 St.. Sunnyside 4, L. I., 

N. Y. 

Coale, F. S.. Park Rd.. R.F.D. 4, Huntington, L. I. 
N. Y. 

Cohen, H. E., 213-02--73 Ave., Jackson Heights, 

L. N. Y. 
Cole, C. E., 1529 Keoncrest Dr., Berkeley 3, Calif. 
Conger, N. L., 916 E. High St., Springfield, Ohio 

Cook, L. H., 4215 Second Road North, Arlington 

3. Va. • 
Copeland, W. H., 11188 Ophir Di., Lou Angeles 24, 

Corbin, G. C., 19732 Vanowen St., Canoga Park, 

Calif. 

Crumley. R. W., III W. 19 St.. Norfolk, Va. 
Cushing. C. S., 21 Lilac Dr., Rochester 20, N. Y. 
Dawson, S. L., 726 Ramage St., Los Angeles 46 

Calif. 
Decker, J. L., 744th AC&W Sq., Unit 7, APO 731, 

c/o Postmaster. Seattle, Wash. 

Denman, E. D., 261-31 Langston Ave., Glen Oaks 
Village. L. I.. N. Y. 

DePolo, J. L., 929 N. 98 St.. Seattle. Wash. 

Desser, M. S.. c/o Dresser's Registered. 440 St. 
Peter. St.. Montreal, Que., Canada 

DeTolly, G. E. B., 12 Webster Ave., Toronto. Ont.. 

Canada 

DiPaolo, L. A., 53 S. 27 St., Camden, N. J. 
Dixon. L. F., Bldg. 2058. Apt. 3A, Camp Wood 

Area, Eatontown, N. J. 

Dolan, R. P., Jr., 166 Morton St., Stoughton, Mass. 
Doliton, M. II., 53 fIlltket La., Levittown, L. I., 

N. Y. 

Donovan, M. A., Jr., 897 Harrington, Mt. Clemens. 
Mich. 

Dorrell, C. E., International Business Machines 

Laboratory, Poughkeepsie. N. V. 
Drennan. J. B., 7612 Hume Dr., Apt. C., Dallas 27, 

Tex. 
Dubs, E. E., 142 E. 52 St.. New York 22, N. Y. 
Duncan. W. L., 1232 Frederick St., Waynesboro, 

Va. 
Dunn, W. J., 93 Beech St., Westwood, N. J. 
Eads, J. J., Jr., 1437 A Yale St.. Santa Monica. 

Calif. 
Early, D. M.. 504 Buchanan St., N.W., Washing-

ton. D. C. 
Easter, F. C.. 665 E. Kings Highway. Haddonfield, 

N. J. 

Eckstein. N. A.. 655-11 Ave., Paterson. N. J. 
Edling, E. A...318 W. 90 St., New York 24, N. V. 

Eliopoulos, A. J., WADC Area B. Box 8503. Wright-
Pattci soh AFII, Ohio 

Facer, R. S.. 204B Hillcrest Ave.. Collingswood 7, 
N. J. 

(Continued on page 87.4) 

HHB NO. 3371 CARD RECEPTACLE 
Fifteen beryllium copper pressure con-
tacts equipped with terminal pins at 
bottom only for quick solder dip as-
sembly. Polarizing key positions to suit 
requirements. Material: No. 3700 green 
mineral filled phenolic. Plating: gold on 
silver. (Also available in other materials 
and platings]. Overall 3 5/16-in. x Yg 
-in. wide by 5/8-in. high. 

New! HHB SERIES EC 

Printed Circuit 
CONNECTORS 

HHB NO. 3370 CARD RECEPTACLE 
1F- Fifteen beryllium copper pressure con-

tacts with solder tabs protruding from 
either the bottom, right or left side, or 

combinations. Polarizing key posi-
tions to suit requirements. Material: 
No.3700 green mineral filled phenolic. 
Plating. gold on silver. ¡Also available 
in other materials and platings.I 
Overall 3 5/16-in.x 1/4 -in. wide x 5/8 
-in. high. 

HHB NO. 3366 TERMINAL STRIP 
—for periphery assembly of printed or etched 
cards. Fifteen terminal pins of phosphor bronze 
provided in lengths to accommodate 1/16 -in. thick 
cards. Also available for 1/8-in., and 1/4  - in. card 
thickness. Fast assembly by dip method of solder 
points. Material. No. 3700 green mineral filled 
phenolic. Plating: gold on silver. (Also available in 
other materials and plating. Overall 2 21/64-in. 
x 5/16- in, wide x 5/16- in. high. 

HHB NO. 3367 CONTACT STRIP 
Same materials, dimensions, etc., as No. 3366 sly 
Terminal Strip. Pin contacts on one side mate with 
connector strip HHB 3372. 

Write for 8-page catalog bulletin. 

HHB NO. 3372 CONNECTOR STRIP 
,d1h, A female mating strip for male connectors HHB No. 

3367, and No. 3369. Fifteen pressure type sockets of 
beryllium copper. Solder tabs for No. 20 wire. Two 
holes for permanent base mounting. Material: No. 
3700 green mineral filled phenolic. Plating: gold on 
silver. (Also available in other materials and plating'. 
Overall 2½- in. x 17/32-in, wide x 7/16-in. high 

HHB 3368 Terminal Strip and Filit3 3369 Terminal Con-
nector Strip available for stack assembly of printed 
or etched cards. Similar to HHB 3366 and HHB 
3367 with strai;..i through termina! pins. 

H. H. BUGGIE, Inc. 
726 Stanton Street 

Toledo 4, Ohio 

Sales Engineers in All Principal Cities 
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0 HOW TO MAKE A HARNESS 

for an Atom 

Taming the monster power of a nuclear reactor requires precision con-
trol of all the elements. Ford Instrument is designing controls that seek 
and hold the optimum power level of the pile . . . and keep the rods so 
exactly set that the reactor's energy is harnessed . . . safely, securely. 

This is typical of the problems that Ford has been given by the Armed 
Forces since 1915. For from the vast engineering and production facilities 
of the Ford Instrument Company, come the mechanical, hydraulic, 
electric, magnetic and electronic instruments that bring us our "to-
morrows" today. Control problems of both Industry and the Military 
are Ford specialties. 

You can see why a job with Ford Instrument offers young 

engineers a challenge. If you can qualify, there may be 
a spot for you in automatic control development at Ford 
Write for brochure about products or job opportunities. 
State your preference. 

FORD INSTRUMENT COMPANY 
DIVISION OF THE SPERRY CORPORATION 

31-10 Thomson Avenue, Long Island City 1, N. Y. 
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Fardoux, R. M.. 842 Fletcher Ave., Chicago 14. Ill. 

Felberg, L., 942 E. 14 St.. Brooklyn 30, N. Y. 

Femenias. H. R, 231 N.W. 66 Ave., Miami, Fla. 
Fernandes, J. G., 745 S. 19 St., Newark 3, N. J. 

Fernando, G. B. S., Lankesveri 45 Sea St., Negombo, 
Ceylon 

Ficke, H. C., 3750 Hyde Park Ave., Cincinnati 9, 
Ohio 

Fischbeck, K. H 24349 Rensselaer. Oak Park. 
Mich. 

Foley. J. H., Titusville Rd., Poughkeepsie, N. Y. 
Forney, R. E., 4 McLaren St., Red Bank, N. J. 

Frank, W. I., 114 Waban Hill Rd., N., Chestnut 
Hill 67. Mass. 

French, A. F., 308 William St., Elmira, N. Y. 
French. P. D., 173 Benvenue St., Wellesley 81. 

Mass. 
Frisquet, R., I Carnot, Levallois, Seine, France 
Gangale, F. S., 49 Orminde Blvd., Valley Stream, 

L. I., N. Y. 
Garrett, L. B., Jr., Ill Denny Ave.. Penns Grove, 

N. J. 
Garshelis, I. J., 1121 Flushing Ave., Brooklyn 37, 

N. Y. 
Gaski, T. J., Pathe Laboratories. Inc., 105 E. 106 

St., New York 27, N. Y. 
Gengarelly, T.. 39 Osborne Rd., Garden City. L. I., 

N. Y. 
Gershuny, M. M., 1934 E. 19 St., Brooklyn 29, 

N. Y. 
Ghertman, J., 20 Avenue General Michel Bizot, 

Paris 12. France 

Giardina, J. F., 2037 Plainfield, N.E., Grand Rapids 
5, Mich. 

Gissi. J. N., Suffolk Ave., Brentwood L I, N. Y. 

Glas,r, W. A., 49 Dennison Ave., New London, 
Conn. 

Godlewski, L. J., 170 Ray St., Garfield, N. J. 
Gold, R. D., 725 Ralph Ave., Brooklyn 12. N. Y. 
Grace, E. H.. Jr.. ERCO Engineer in Charge 

General Delivery. George AFB, Victor-

ville, Calif. 
Griffith, T. J., Section 4R, Mayo Clinic, Rochester, 

Minn. 
Groff, E. M., 4311 Raleigh Ave.. Alexandria, Va. 
Grossimon, H. P., Bldg. 32, Massachusetts Institute 

of Technology. Cambridge 39, Mass. 
Grubbs. W. H.. 257 School Rd., Kenmore 17, N. Y. 
Grundy, W. E.. 1322 Laurel Ave., Wanamassa, 

N. J. 
Gumina, L. V., 2145 California St., N.W., Apt. 33, 

Washington, D. C. 

Gustafson, K. D., 17325 Chatsworth St., Granada 
Hills, Calif. 

Hack, R. F., CBS Laboratories, 485 Madison Ave., 
New York, N. Y. 

Hajnik, A. T., Hq. 6th Air Rescue Group, APO 862, 

do Postmaster. New York, N. V. 
Hamilton. E. P., 1538 Oscar St., Richmond, Calif. 
Hamming, R. W., Bell Telephone Laboratories, 

Inc., Murray Hill, N. J. 

Hanley, L. D., John Wise Ave.. Essex, Mass. 
Hannon. J. R., 114 Wayne Pl., S.E., Washington 

20. D. C. 
Hanover, A. M., 70 Warwick Rd., Elmont, L. I., 

N. Y. 

Har'el, A., Box 427. Camden. N. J. 
Hargreaves, L. D., 6101 Park Ave., New Iberia, La. 
Harmer, R. L., 149 S. Highland Ave.. Columbus 4, 

Ohio 
Harrison, W. E., Jr., Y.M.C.A. Box 505. 11 & 

Washington St., Wilmington, Del. 

Hauser, J. R., 1265 Clay St., San Francisco, Calif. 
Hayth, W. D., 7806 Garland Ave.. Takoma Park, 

Md. 

Heilfron, J., 1889 N. Crescent Heights Blvd., Los 
Angeles 46. Calif. 

Heller, M. F., 1755 Popham Ave., New York 53, 

N. Y. 
Hensen, G. H., 83-190 Sonora Ave., Indio, Calif. 
Henson, R. F., Box 613, Washington 4, D. C. 

(Continued on Page 88A) 
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Fansteel 

le£1e121£11Yet 

ems)menicnaz 
U ST 

BETTER 

Greater Stability'%Rte,,,, 

• le. Capacity Rating 
Arndt ,4/01Iber Temperature Ronge 

/ • Less Space per Mfd 

• Longer Shelf life 

TANTALUM 
CAPACITORS 
Electrically proven in every way, and over a twenty year pe-

riod, there's really nothing "new" about tantalum capacitors 

except in the significantly increased demand for them, and the 

continually expanding list of their applications. 

Incorporating a porous tantalum anode assembly, tantalum 

capacitors derive their unusual stability from the characteristics 

inherent in tantalum itself— the most stable of all anodic film 
forming metals. It has been observed consistently that no im-

portant changes of characteristics occur in 

long periods of operation; there is no shelf 

aging. Large capacity in extremely small 

size is also an important advantage. 

The growing demand for Tantalum 

Capacitors is being adequately met by 

Fansteel and other leading manufacturers. 

Write for current technical bulletins. 

NEW... 

Power Factor Slide Rule 

All plastic, 8" circular rule gives 
power factor of capacitors from 
0 06 to 10,000 mfd , at a glance. 

Send o dollar bill with your let-
terhead to cover partial cost of 
rule, postage ond handling. No 
C 0.D sor charges, please. 

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

Tantalum Capacitors...Dependable Since 1930 32504C 
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UHF Standard Signal Generator 

with Low Hum Level 

FEATURES 

%:gtei 

suai- aim 

uraet+RE,Mtfal 

An outstanding feature of the Model 

84-TV UHF Signal Generator is a built-

in rectifier and filter which supplies direct 

current to the oscillator tube filament 

resulting in negligible residual hum modu-

lation. The Model 84-TV is designed and 

built to the highest standards of accuracy 

and precision for determining the charac-

teristics of television 

UHF band, and for 

operating within the 

1000 megacycles. 

receivers for the 

other equipment 

range of 300 to 

SPECIFICATIONS 

Frequency Range: 300 to 1000 megacycles in one band. 

Frequency accuracy is ± 0.5%. 

Output: 0.1 microvolt to 1.0 volt across a 50-ohm 

load over most of its range. 

Modulation: Continuously variable from 0 to 30% from 

an internal 1000-cycle oscillator. External 

modulation from 50 to 20,000 cycles. Resid-

ual hum modulation is less than 0.5%. 

Power Supply: 105 to 125 volts, 60 cycles, 120 watts. 

Leakage: Negligible. 

• DC operation of oscillator tube 

filament. 

•Wide continuous frequency 

coverage. 

•Frequency calibration accurate 

to 0.5%. 

• Output dial calibrated in micro-

volts. 

• Negligible stray field and leakage. 

• Special design mutual inductance 

type attenuator. 

• Low harmonic content. 

• Low residual hum modulation. 

USES 

The versatility of this instrument 

makes it adaptable to many appli-

cations within its frequency range. 

Due to its high output, the Model 

84-TV may be used to drive slotted 

lines, and other impedance meas-

uring devices. The wide frequency 

coverage and accurate calibration 

make it particularly suitable for 

measuring the characteristics of 

UHF filters, traps, antennas, match-

ing networks and other devices. 

Herlihy, W. W.. 836 Broadmoor Ct., Lafayette, 
Calif. 

Herman, E. S.. 24 E. Coulter St.. Philadelphia, Pa. 
Holmes, C. H.. 76-36 Hewlett. New Hyde Park, 

L. L, N. Y. 

Hommel. R. E., Box 126B. R.F.D. I. Clayton. Ohio 
Howard. N. S.. 60 Craig La.. Trumbull 19, Conn. 

Hutchinson, I. N., 3 Van Sise Ct., Syosset. L. I., 
N. Y. 

Hughes, J. \V.. 1292 Catawba St.. Kingsport, Tenn. 

Hunter, J., 3368 Johnson Rd., Lafayette, Calif. 
Hybskmann, V. L.. 208 Green St., Fairborn, Ohio 

Ivrama. K.. c'o Tokyo Tele-Tech, Inc., 6 Chome 
Ki,achinagawa, Tokyo. Japan 

Jarvia, W. E., 618 Homer Ave.. Palo Alto, Calif. 
Jan Jezierski, E. C.. 43 Gloucester Dr.. London 

N.4, England 

Johnston, F. E.. Jr„ 9 Flannery Ave., Pough-
keepsie, N. Y. 

Joline, E. S., 68 EdwardS St., Ruslyn Heights, L. I., 
N. Y. 

Jones, C. E., Jr., 130 Branch Brook Dr., Belleville. 
N. J. 

Jones, G. H., Jr., 1 Fort Dr., Alexandria, Va. 
Joseph, R. D., Cornell Aeronautical Laboratory, 

Inc., Buffalo, N. Y. 
Keen, W., c/o Scarboro P.O., Scarboro, Ont., 

Canada 

Kelly, J. J., 455 Markle St., Philadelphia 28. Pa. 
Kelly, M. J., 20 Hopper Ave., Pompton Plains, 

N. J. 

Kenney. C. M., 5 Manor Dr., Apt. 8J, Newark 6, 
N. J. 

Kenney, J. F., 458 Broadway, New York 13, N. Y. 
Ketcham, W. R., %V. Main St., Olcott. N. Y. 
Kilcrease, D. L., 13 Pye La., Poughkeepsie, N. Y. 

Klein, E. A., 16.322 Gilmore St., Van Nuys, Calif. 
Klemetti, R. 0., Box 157, Roscomaton, Mich. 
Kling, N.. 164 Davey St.. Apt. D, Bloomfield, N. J. 

Knoer, H.. 402 Woodland Ter.. Alexandria. Va. 

Kors, A.. Jr.. 2359 Gladmore St., East Meadow. 
L. I.. N. Y. 

Kostyshyn, B., c/o Burnell & Co., 45 Warburton 
Ave.. Yonkers, N. Y. 

Krackhardt, E. M.. 217 Stafford Ave., Syracuse 6. 
N. Y. 

Krakauer. S. M.. Radiological Research Labora-

tory. 630 W. 168 St., New York 32, N. Y 
Kualheim, C. R., 3725 S. Clement Ave.. Milwaukee 

7, Wis. 
Kucera, F. M., 42-A Bruan Pl., Clifton, N. J. 

Kwan, B., 351 King St., E., Toronto 2. Ont., 
Canada 

Lake, A. E., Jr., 28 Thornton Rd., Rochester 17. 
N. Y. 

I.andauer. A., 99-60-63 Rd., Rego Park 74, L. I., 
N. Y. 

Lang. R. M.. 75-39 Utopia Pkwy.. Flushing 66, 
L. I_ N. Y. 

Layton, V. W.. 541 Broadway, Anderson. Ind, 

Lecrone, J. G., 200 F Rodman Rd., Aberdeen, Md. 
Lee, F. N.. 1011 L St., Washington I. D. C. 
Leeds, G. G., 59 %Varwick Rd.. Great Neck, L. I.. 

N. Y. 

Lefebvre, R. A.. 2222 Ontario St., E., Montreal, 
Que.. Canada 

Leimbach. R. C., 40-46-190 St , Flushing, L. I., 
N. Y. 

Lent, E. L., Jr., 33 Middlebury St., Stamford, 
Conn. 

Libenschek, R. S., 1007 Haulage Ave., Pittsburgh 
12, Pa. 

Lind, R. P., 7701 Connecticut Ave.. Cleveland. Ohio 

Long. A., 503 Rhode Island Ave.. N.E., Washing-
ton, D. C. 

Longino, D. R., Jr., 338 E. Whittier Ave., Fairborn, 

Ohio 
MacKenzie, A. K., 12 Vincent St., Cambridge 40, 

Mass. 

Mackiernan, A. %V., 48 Fetch Rd., Natick, Mass. 

(Continued on page 90.4) 
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TUNG-SOL MAKES All-Glass Sealed.Beam Lamps, Miniature Lamps, Signal Flashers, 

Picture Tubes, Radio, TV and Special Purpose Electron Tubes and Semiconductor Products. 

ALIllEYFAfENI 

TUNG-SOL ELECT IC 

Our engineering and manufacturing facilities can make our plant 

a vital extension of your plant. We make nothing but electron 

tubes—no sets—no equipment. We are completely independent, 

so we are in a position to keep your plans in strict confidence—to 

work with you with as much loyalty and secrecy as if we were in 

your own organization. 

TUNG-SOL ELECTRIC INC. 
Newark 4, N. J. 

Sales Offices: Atlanta, Chicago, Columbus, Culver City 
(Los Angeles), Dallas, Denver, Detroit, Newark, Seattle. 
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A Ney Precious 
Metal Alloy Contact 

Librascope read-record heads are 
designed for recording and read-
ing on magnetic drums or other 
magnetic storage systems and 
consist of a center-tapped coil 
wound on a toroidal core and 
molded into a temperature-stable 
epoxy resin package %" long. 
Optimum read-back signal at high 
frequencies is made possible by 
sintered ferrite core, a winding 
with low distributed capacity 
and with back gap eliminated. 
Positioning dowel hole permits 
precise mounting. All heads sub-
jected to 1200 volt RMS high 
potential test. Write for catalog. 

SPECIFICATIONS: 

Crosstalk limited to minus 

60 Db for adjacent 

heads. Resonant frequently 

above 500 KC 

Track width: .090 in. 

Gap width: .0015 in. 

Computers and Controls 

IBRASCOPE 
M.' . a. .•. ..... to• o• • 

1607 FLOWER ST., GLENDALE, CALIF. 

A Ney Precious 
Metal Alloy Contact 

Illustrated above is a Helipot single-turn Model J Potentiometer 

using Ney Precious Metal Contacts. These contacts were designed 

to meet the special requirements of this instrument and assure the 

utmost in linearity and electrical output. 

The J. M. Ney Company has developed a number of precious 

Metal Alloys and fabricates these into contacts, wipers, brushes, 

slip rings, commutator segments and similar components for use 

in electrical instruments. Ney Precious Metal Alloys have ideal phy-

sical and electrical properties, high resistance to tarnish, and are 

unaffected by corrosive atmospheres. Consult the Ney Engineering 

Department for assistance in selecting the right Ney Precious Metal 

Alloy which will improve the electrical characteristics, prolong the 

life and accuracy of your instrument. 

THE .1. M. NEY COMPANY 
171 ELM STREET, HARTFORD 1, CONN. 
Specialists in Precious Metal Metallurgy Since 1812 

(Continued from page 88A) 

Madigan, J. P.. 80 Amsterdam Ave., New York 23, 
N. Y. 

Mantiuo. 1-1. K.. 34 Pine La., Los Altos, Calif. 
Marshall, P. J., Jr., 4418 Old Frederick Rd., Apt. D. 

Baltimore 29. Md. 

Marsteller, H. H., 218 Elm St.. R.F.D. 2, Vienna. 
Va. 

Martin, C. E., 307 Beattie Ave., Lockport, N. Y. 
Martin. R. H.. 399 Parkside Dr., Toronto 3, Ont.. 

Canada 

Maton, G. L., 440 Bellview Dr.. Falls Church. Va. 
Mayor, W. G., 1622 W. Johnson St., Denison, Tex. 
Mazure, A, 12 Miller St., Beacon, N. Y. 
McEnroe. J. M., Jr., 3522 Ashville St., Philadel-

phia, Pa. 
McMurtray, H. W.. 6312 N. 36 St., Arlington, Va. 
Merrill, R. G., Wellington & Co., 120 Broadway, 

New York, N. 

Meyer. G. E., 28 Greentlee Rd.. Mineola, L. I., 
N. Y. 

Mierzwiliski, C. V., 506 N. Pollard St., Arlington, 
Va. 

Moore, J. D., 6 Cypress Ave., Los Gatos, Calif. 

Moravek, E. J., 3406 W. 63 St., Cleveland 2. Ohio 
Morrow, S. R., Box 336, Chatham, N.J. 
Myers, H. S., 1025 President St., Brooklyn 25, N. Y. 

Nagel, K. H., 46-06 Marathon Pkwy., Little Neck, 
L. I., N. Y. 

Nemeroff. I., 47-31 Vernon Blvd., Long Island City, 

L. I.. N. Y. 
Nichols, A. J., 231 Pullen Ave., Pawtucket, R. I. 

Niemi, R. I, Box 34, R.F.D. 1, Virginia Beach, Va. 
Nikirk, H. S., Box 11. Mt. Airy, Md. 

(Continued on page 92A) 

Over 85% of the torque wrenches 
used in industry are 

5tUR72- 
TORQUE WRENCHES 

Read by Sight, Sound or Feel. 

• Permanently Accurate 

• Practically Indestructible 

• Faster—Easier to use 

• Automatic Release 

• All Capacities 

in inch grams... inch 

ounces,.. inch pounds 

...loot pounds 

(All sizes from 

0-6000 lt. lbs.) 

Every 
manufacturer, 

design and 
production mon 

should have 
this valuable 

data. Sent upon 
request. 

PA /5 rUPrE Ae/C0 
40D/50N 71.20, 11 L 1111015 
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22,000 MC 
70.000 

NEW! PORTABLE 

DIRECT READING 

SPECTRUM 

ANALYZER 
000 

• 10 TO 22,000 MCS 

• ONLY 3 R. F. 

HEADS 

• SINGLE DIAL 

TUNING 

80 

£0 

10 MC 

.2mSaVeS e, 2 

9 en eerine 

manholtre 
5' 

Now, a new Polarad spectrum analyzer only 21 inches high that covers the 
entire frequency range 10 to 22,000 mcs with but 3 interchangeable R—F 
tuning heads. The model TSA operates simply—single dial frequency control— 
with utmost frequency stability. It provides highest accuracy, and relia-
bility for observation and true evaluation of performance over the entire 
R—F spectrum—saving engineering manhours. 

This instrument is designed for maximum utility and versatility in the lab-
oratory and on the production line providing an easy-to-read 5 inch CRT 
display of the R—F spectrum. 

The model TSA Spectrum Analyzer has these exclusive Polarad design and 
operating features: 

• Single frequency control with direct reading dial. No klystron modes 
to set. Tuning dial accuracy 1%. 

• Only three interchangeable R—F tuning units for the entire frequency 
range 10 to 22,000 mcs. 

• Temperature compensation of Klystron Oscillator. 

• Swept IF provides 250 kc to 25 mc display independent of R—F 
frequency setting. 

• Internai R—F attenuator. 

• Frequency marker for measuring frequency differences from 100 kc 
to 25 mc. 

Write today to your nearest Polarad representative, or directly to the factory 
for complete information. 

oiarau ELECTRONICS CORPORATION 

Model No. Equipment 

Model TSA Spectrum Display 
and Power Supply 

Model STU-1 R-F Tuning Unit 
10-1,000 mc. 

Model STU-2 R-F Tuning Unit 
910-4,560 mc. 

Model STU-3 R-F Tuning Unit 
4,370-22,000 mc. 

SPECIFICATIONS: 

Frequency Range: 
10 mc to 22,000 mc 

Frequency Accuracy: 
1% 

Resolution: 
20 kc 

Frequency Dispersion: 
Electronically controlled, 
continuously adjustable 
from 50 kc/in. to 7 mclin. 

Input Impedance: 
50 ohms 

Over-all Gain: 
120 db 

Attenuation: 
RF Internai: 120 db con-
tinuously variable 
IF 60 db continuously 
variable 

Input Power: 
400 watts 

100 METROPOLITAN AVENUE, BROOKLYN 11, NEW YORK 

REPRESENTATIVES • Albuquerque • Atlanta • Boston • Chicago • Cleveland • Fort Worth • Kansas City • Los Angeles • New York 
Philadelphia • San Francisco • Seattle • St. Paul • Syracuse • Washington, D. C. • Canada, Arnprior — Export: Rocke International Corporation 
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Whatever your 

WAVEGUIDE 
Problems may be 

YOU NEED 
THIS BOOK 

.'Nent on Request 

We invite inquiries 
for Component Development 

and Design 

TEES 

MIXERS 
DUPLEXERS 

ROTATING JOINTS 
CRYSTAL MOUNTS 
ATTENUATORS 

ELECTRONIC 

FILTERS 

BENDS 
RATRACES 
CAVITIES 
PADS 
PHASERS 

ASSEMBLIES 
SPECIAL PURPOSE COMPONENTS 

PREMIER 
INSTRUMENT CORP. 

52 West Houston Street 
New York 12, N. Y. 

THE WAVEGUIDE HOUSE SINCE 1943 

RREP 
TELEMETRY 

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. 

C.0 1 1-el 

RAYMOND ROSEN ENGINEERING PRODUCTS, Inc. 
32nd & Walnut Streets • Philadelphia 4, Pa. 

(Continued from page 90A) 

Nishimura, J. Y., 4900 Germantown Ave., Phila-
delphia 44, Pa. 

Norvell. E. W., 4515 Prentice St.. Dallas, Tex. 

O'Donnell, T. F., 73 Old Colony Ave.. Wellesley 
Hills, Mass. 

Olcovich, T. A., 211 B Horney St.. China Lake, 

Calif. 
Otis, A. N., Jr., 20 Church St., Greenwich, Conn. 

Overley, J. P., Electro-Voice. Inc., Cecil St.. 
Buchanan. Mich. 

Packard, A. E., 1021 E. Vanden Blvd.. El Paso. Tex. 
Page. E. R., 111 Fordham Rd., Syracuse 6, N. Y. 

Parent, R. V.. 919 Rollins Dr., Alexandria. Va. 
Parker, C. R.. 3829 Ingalls Ave.. Alexandria, Va. 

Patterson. S. J., 834 Balra Dr., El Cerrito 8. Calif. 
Peacock, J. T.. 1761 Harvard St., NW., Washing-

ton, D. C. 
Penderson, J. A., Dey. Det. SCEL, Fort Mon-

mouth, N. J. 
Pendergrass, H. L.. 157 Breck St., Rochester 9, 

N. Y. 
Persson, T. P., Research Institute of National De-

fence. Box 5177, Stockholm 5, Sweden 
Pestone, A. A., 445 Gramatan Ave.. Mount Vernon, 

N. Y. 

Peterson, C. K., c/o Y.M.C.A.. Kokomo, Ind. 
Pfeffer. J., 505 Central Ave., Feasterville, Pa. 
Philbin, S. H., 20 Exchange Pl.. New York 5, N. V. 
Plant, A. S., 251 Hughes Ave.. Gloucester City, 

N. J. 

Potts. J. B., 221 Wyoming Ave.. Audubon, N. J. 
Poulsen, H. L., 424 Carlisle, & E., Albuquerq ue. 

N. Mex. 

Pranke, J. A., 412 S. George St.. Rome. N. Y. 
Prigozy, S., 33 W. 55 St., New York, N. Y. 
Pulliam. S. B., 59 Dove St.. Albany. N. Y. 
Rearwin, E. W. 432 N. Franklin St., Syracuse, 

N. Y 

Reder, F. H., 445 Prospect St., Apt. 17, Long 

Branch. N. J. 
Ream' n, R. H., 135 Dayton $t., Pasadena. Calif. 

Rtdmond, G. W.. 207 Rielle Ave., Veiclun, Mont. 
real, Que., Canada 

Reichert. K. R.. Jr . 90 Seventh Ave.. Sea Cliff, L. 
N. Y. 

Reilly. L. W., 203 Carlton Rd.. Syracuse, N. Y. 

Rein, W. W., 4422 Seventh, Riverside. Calif. 
Richardson, H. W.. First Comm. Maint. Sq., Grif-

fiss AFB. Rome. N. Y. 

Wiling, J. C., 120 11-22 Ave., College Point 56, L. I., 

Roesch, R. G., 1068 S. Clinton St.. Syracuse 4, 
N. Y. 

Romain, D. 0., 124 Romain Ave., Pompton Lakes, 
N. J. 

Rosen, A. N., 116 S. Forsythe St.. Sarnis. Ont.. 

Canada 
Ross, N. V., Jr., 4891 Southern Blvd.. Youngstown 

12, Ont. 
Rumsey. W. E.. Jr.. 6809 Huntdale St., Lakewood 

Plaza 8, Calif. 
Rusinko, S., 4111 Duke St., Portsmouth, Va. 
Saint-Amour, J. D.. Cannon Rd., Solon, Ohio 
Sampson, F. A., 914 Middlesex Ave.. Metuchen, 

N. J. 
Samson, G. C.. Box 249, Astor Ave.. St. James, 

L. I.. N. Y. 
Samuels, M., Electronic Fabricators, Inc.. 682 

Broadway, New York 12, N. Y. 
Sanders, \Y. J., 3rd AACS I & M Sq., APO 862 

c o Postmaster, New York, N. Y. 

Saylor. A. W., 3420 Pendleton Dr., Wheaton Sta-

tion. Silver Spring, Md. 
Sazaklis, N. G.. 10 St. Nicolaou, Corinthos, Greece 

Scattergood, R. 401 Collings Ave.. West Collings-

wood 6. N. J. 
Schafersman, R. L., Bell Telephone Laboratories. 

Inc., Whippany. N. J. 

Schapiro, W. M.. Rm, 1800. 150 Broadway, New 
York, N. Y. 

(Continued on page 94A) 
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1 Northeast Airlines WESTERN AIR UNES /105, locnore 

H 

ru' U 

WA 
4/•Lisei 

THE WORLD'S 
LEADING AIRLINES 

.. to insuie the dependability 

and accuracy of their vital 

communication systems 

under all extrempg of 

service conditions. 

AZWRIF 

IT4111A:411i1111: Le/ 

ÇARIBRIR 

sea...dew peer ee.fteute, CARLISLE, PEN NA. 

DECADE-
INDUCTOR 

UNITS 

• HYCOR Decade-Inciuctor Units are 
indispensable for design and experimen-
tation work on audio filters. 

• The units are available in four ranges 
up to 10 henries. Units may be used 
individually or all four may 
be connected in series to obtain 
11.11 henries in 1 millihenry stops. 

• Toroid coils are used to obtain 
HIGH "Q" stability and 
LOW PICKUP from external fields. 
Inductance accuracy is 2%. 

Send for Bulletin D-2 for specifications and prices. 

1011WRIMIRI 
HYCOR SALES COMPANY 

of California 

THE NEWeer 

HYCOR 
700 SERIES 

Representatives: 
Beebe Associates, 115 Waukegan Rd., Glenview, Illinois 

Burlingame Associates, 103 Lafayette St., New York City 
Harrison J. Blind, 1616 Cord St., Indianapolis 24, Indiana 

G. M. Howard & Assoc., 734 Bryant St., San Francisco 7, Calif. 

EXPORT DIVISION : Morhan Exporting Corporation. 458 
Broadway. New York 13. New York. U.S.A. Cable: :: Morhanex" 

11423 VANOWEN STREET • NORTH HOLLYWOOD, CALIF. 

1,11. 11,>1. 

CAPACITORS? 

CHECK 'EM BEFORE YOU 

USE 'EM WITH THE 

RESISTANCE METER 
presenting a new concept in 

RESISTANCE MEASUREMENTS 
A unique circuit permits instant testing 

of capacitor leakage at 50 or 500 volts. 

The meter will also read resistances from 

0 to 10,000,000 megohms, and tests 

insulation at 500 volts, as required by 

MIL specifications. Price— $200.00. 

Write, wire or telephone for 
a copy of our free brochure. 

"SOUTHWESTERN INDUSTRIAL 

ELECTRONICS CO., INC. 

2831 POST OAK I HOUSTON, TEXAS 



IF IT'S NEW... IF IT'S NEWS ... IT'S FROM EEC  

The need for a high-quality octal socket 

for commercial applications has been 

answered with the new Elco socket 

illustrated here. Elco's "commercial 

octal" offers an all-molded body of 

general purpose or mica material, 

equipped with fully-floating brass or 

phosphor-bronze contacts. The steel saddle is available with or without ground-

lugs, cadmium-plated or hot-tinned for ease of soldering. This octal socket is also 

available for printed circuits and solderless connections. Full information concern-

ing this newest Elco quality-product is yours upon request; as is data about Elco's 

complete quality-line of miniature and sub-miniature tube-sockets, shields and the 

world-famous Varicon connector—now available with brackets, handles and covers. 

For Catalog Sheets, Call GArfield 6-6620 or Write ELCO Corp., 190 W. Glenwood, Phila. 40, Pa. 

DISSIPATION FACTOR below 0.001 
TEMPERATURE RANGE —75°C to 1250C 

MACHINEABILITY   Excellent 

12TH STREET AND FERRY AVENUE 

(E. ID ILID IR 

II ID IE ID 

pil4D III lrfD IR 
moDEL cvm - 

A portable, self-contained color video monitor, built to instru-
ment standards. Provides superior linearity, full definition, and 
excellent sync stability. Features a.f.c, crystal-controlled color 

sync. Convenient operating and adjustment controls. Unitized 
construction for ease of service. Includes all power supplies. 

Filtered, forced-air cooling. Complete with 31 tubes, including 
tri -color kinescope. Only 21" wide x 29" high x 32" deep. 

Write for specifications on our complete line of 
color television instruments. 

ENGINEERING AND CONSTRUCTION COMPANY 

ESTAeuSHEO 1920 CAMDEN 4, NEW JERSEY 

(Continued from page 924) 

Scheier, L., Circle Trailer Ct., Box 3711, Eaton-
town, N. J. 

Schmitz, C. F., Jr., Green St.. R.F.D. 2, Lansdale, 
Pa. 

Schooley. M. H.. 1817 N. Connecticut Ave.. Royal 

Oak, Mich. 
Schumann, W. A., 15 Cynthia La.. Denison. Tex. 
Schwartz, E. C., 9 Aurora Dr., Buffalo 15. N. Y. 

Schwartz, H., 36-07 Prince St., Flushing 54, L. 1., 
N. Y. 

Scott. H. D., 2815 N.E. 55 Ave.. Portland 13, Ore. 

Selikson. B., 24 Glenwood La.. Levittown, Pa. 
Shaver, H. B., Winnipeg Electric Co.. Winnipeg, 

Man.. Canada 
Sherman, R. G., 110 N. Geneva St., Ithaca, N. Y. 
Shott, W. E., 1608 E. West Highway, Silver 

Spring, Md. 

Shroyer, H. M., 8235 Virginia. Kansas City, Mo. 
Shutterly, H. B., 52 Stoner Ave., Great Neck, L. I., 

N. Y. 

Signorella, J. E., 1812 Kenneth Ave., New Kens-
ington, Pa. 

Simonton, M. E., 2019 Vine S.. Berkeley, Calif. 

Sivagnanasunderam, T., 21 Suvisuddharama Rd., 
Wellawatta, Colombo 6, Ceylon 

Slominsk,, T. V., 2704 Arund el Rd., Mt. Rainer, 

Md. 
Smith, M. K., c/o Putney School, Putney, Vt. 

Smith, P. B., 8 Bayberry La., Darien, Conn. 

Snyder, E. F., 20.89 Carter Ave.. St. Paul 8, Minn. 
Sobol, L., 703 Lydig Ave.. New York 62, N. Y. 
Solov, H. H., 240 Central Park South, New York 19, 

N. Y. 
Sommerville, D. 1., 1800 Louisiana, Lawrence, Kan. 

Sponsler, J. W.. 100 Memorial Dr., Apt. 11-15C, 
Cambridge 42, Mass. 

Spracklen, R. K., 2410 Auburn Blvd., Sacramento 
21, Calif. 

Staehler, R. E., Bat Telephone Laboratories, Inc.. 

Rm. K54, 463 West St., New York 14. 
N. Y. 

Stanck, W. F., 277 Broad St.. Manchester. Conn. 

Stansbury. E. J., 240 Mt. Vernon PI., Apt. 11 F. 
Newark 6, N. J. 

Steed, W. P., 477-29 St., Oakland 9, Calif. 
Stephan, P. W., 104 Lewiston Rd., Dayton, Ohio 

Stephenson, P. L., 656-21 St., Richmond, Calif. 
Stevens. T. W., 310 Thompson Bldg.. Tulsa, Okla. 
Stockebrand, T. C., B75 AAA SCEL Bits., Wood-

mere Station, Silver Spring. Md. 

Swanseen, H. W.. 164 Crescent Pl., Ithaca, N. Y. 
Swartz, A., 655 N. Rincon Blvd., Tucson. Ariz. 
Sweeny, A. C.. Jr.. 4905 S. Birmingham Pl., Tulsa 

15, Okla. 

Swetsky, M., c/o Marveltone Television Co., 2155 
Bath Ave., Brooklyn 14, N. Y. 

Tabor, J. H., 1143 Fifth Ave.. New York 28, N. Y. 
Taylor, C. W., 9409 Prairie Ave., Detroit 4, Mich. 
Thomas, J. F., 605 \Vest St., Ebensburg, Pa. 

Thornton, W. M.. Jr., c/o D. P. Welch, 859 High-
land Ave., Buffalo 23, N. Y. 

Tierney, P. V.. 1803 Clark St., Parsons. Kan. 
Tranfaglia. T. E., 66 John Mooney Rd.. Revere .51. 

Mass. 
Triska. C. J.. Electrical Engineering Department, 

Iowa State College, Ames, Iowa 
Tudor, B., 5469 Hazelton Ave., Culver City. Calif. 
Vachon, R. A., 24-9 Garden Cir., Waltham, Mass 
Vandivere, E. F., Jr.. 215 E. Jefferson St., Falls 

Church. Va. 

Vanko, J. A., Ray-O-Vac Co., Madison. Wis. 

Veremakis, C., 161 Hubbard Ave., Stamford. Conn. 
Vikla, A. N., 5725-37 Ave., S.. Minneapolis 17, 

Minn. 

von Aulock, W. H., Bell Telephone Laboratories. 

Whippany. N. J. 
Voss, R. O., 26 Pershing St., Corning, N. Y. 

Wade, E. J., 4 Glenbrook Rd., Scotia, N. Y. 
Waite. H. M.. 2306 Salerno Dr, Dallas, Tex. 

(Continued on page 974) 
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HEADSTART ,\ 1 TOMORROW 

Bendix-Pacitic maintains its traditional 

leadership in aviation by preparing today 

for tomorrow's engineering demands. 

From this new Pacific Division Engineer-

ing Building will come new developments 

in hydraulics, electro-mechanics, and 

airborne radar. It is the first unit in 

Pacific Division's long range engineering 

program, representing the newest and 

one of the most complete development 

facilities in America. 

PACIFIC DIVISION 

TELEMETERING 

• Bendix Aviation Corporation 

11600 Sherman Way, North Hollywood, California 

East Coast Office: Export Division: Bendix International Canadian Distributors: 
475 51h Ave N.Y. 17 205 E. 42nd St., N.Y. 17 Aviation Electric, Ltd., Montreal 9 

RADAR 

SONAR 

HYDRAULICS 

ELECTRO-MECHANICAL 

ULTRASONICS 

AV/AT/0 
COAM, Arivr 
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connect safely with cannon 

under all 

moisture conditions 

Cannon moisture- proof or water-tight electric connectors 

solve 'a wide range of moisture problems ... from 

those wherein only the slightest accumulation of moisture occurs 

during aircraft power dives or climbs ... to those where 

cables are submerged in underwater geophysical exploration. 

And ... the standard line of Cannon moisture- proof 

connectors can be modified to meet your 

specific requirements. 

For a completely sealed connector, 

select the AN —" E" Series 

with resilient inserts. "Interfacial 

sealing" around each contact 

assures a completely sealed 

continuous conductor from 

cable to cable. Other resilient 

moisture resisting AN type 

series are AF, F, AO. 

For real watertight, submarine 

applications, select the heavy duty 

"W" Series in three AN insert sizes. 

Various other weather-proofed types for average 

moisture resistance are found in the "XKW", " BRS". 

"Potting" may be applied to the " K" Miniatures 

and special 00AFN, 00FN and other types. 

Moisture problems require expert engineering consultation. 

Contact our engineering representatives or write 

the factory, stating your exact requirement. 

AUDIO CO- AX RUGGED UNDER 

SERVICE WATER 

first in connectors 

• 

CANNON ELECTRIC COMPANY, 3209 Humboldt Street, 
Los Angeles 31, California. 
Factories in Los Angeles; East Haven; Toronto, canada; 
London, England. Representatives and distributors in 

all principal cities. 



• 

• 

t. 

(Continued from page 94A) 

11raId, B.. 3959 Nichols Ave.. S.W., Washington 24, 

D. C. 
Wallace. R. W.. c o L. A. Janney, Stanwich Rd , 

Greenwich, Conn 
Wallin. C. H.. 9301st. TSU, Ord. BRL. Ott.. Alie„ 

deen Proving Grounds. Md. 
Waltz, F. M.. 18674 Salem. Detroit 19, Mich. 

\Vann, L. D.. 315 W. Cleveland, Ponco City. Okla. 

Warren, S. D.. 66 Princeton St., Rockville Centre. 
L. L. N. V. 

Warrington. W., Jr.. 1950 Whitmore St., Los 
Angeles 39, Calif. 

Waters, M. L.. 3134 N. Jerusalem Rd.. Wantagh, 

L. I.. N. Y. 
Webb. D. M., 3843 Anderson Ave., S.E., Albu-

querque. N. Mex. 
Weil. D. S.. 100 Broad St.. Eatontown, N. J. 

Weist, W. R.. Jr.. 528 Mathewson. Wichita, Kan. 
Wellard, C. L.. 171 David Rd.. Bridgeport 1, Pa. 

Wells. P. I., 2633 N. Ninth St.. Boulder. Colo. 
Wennberg, H. A., Jr., 324 Huron Dr.. Forest 

Heights Maryland. Washington 21. D. C. 

Werst, H. J., 3102 N. Ingleside Dr.. Phoenix, Ariz. 
Whelpton, J. P., 13 Ellery St.. Cambridge 38, Mass. 

Whipple. L. G., 4232 Second Rd., N.. Arlington, Va. 

White, D. F., 7615 Holly St.. Oakland, Calif. 

Wickett, W. A.. 1600 Bryant St., Palo Alto, Calif. 
Wilkins, R. A.. 257 1V. Mill St.. New Palestine Ind. 

William, D. J., 40-74 St., North Bergen, N. J. 
Williams. E. Jr., 3236 Reit.hron 

Washington 7, D. C. 

Williams, R. J., 35B-16 Ave.. East Paterson, N. J. 
Willing. H. A., 24 Seaside Ave.. Milford, Conn. 
Wilson, V. C.. Rm. 360, Research Laboratory. Gen-

eral Electric Co., Schenectady, N. Y. 

Woerner, L. G., Jr.. 10 W. Ridge Rd.. Media. Pa. 
Woodbury, E. J., 15248 Willard St.. Van Nuys, 

Calif. 
Woods, F. W.. U. S. Forest Service, 507-25 St • 

Ogden 1, Utah 
Wolfe, R., 71 Concord Rd.. Bedford. Mass. 
Wooster. M. 0.. 1402 Kanawha St., Hyattsville. 

Md. 
Wright. R. G.. Jr., 144-64 Sanford Ave.. Flushing 

55. L. I.. N. Y. 
Wulff. L. H., 1534 S.E. Main, Portland 14, Ore. 

Yee. A. 1V., 1736 Divisadero St., San Francisco 15, 

Calif. 
Yellen, A. F., 84-19-106 St., Richmond Hill 16. 

L. I., N. 
Zernoske. D.. 117 Greenwich Ave.. New York 2, 

N. Y. 
Zisselman. A., 1833-68 St.. Brooklyn 4. N. Y. 

35,000 Member Engineers 
find IRE DIRECTORY is 

5 Ways Faster! 
1. It shows all the radio-electronic 

products a firm makes. 

2. It groups products into ten direc-
tories of related engineering interest. 

3. It indexes all products into 104 

basic classes. 

4. It provides plenty of detailed 

product identification through 608 

sub-classes. 

5. The Machol Thumb Index System 

gives dictionary-like convenience. 

A few minutes study of the IRE 
DIRECTORY method will repay you 

well in saved time and easy use. 

Get the most out of your IRE 

DIRECTORY. 

L IRA 
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 TRANS 

LOW 
capacitance 

tee attenuation 

TYPE ,uu eft IMPED.si 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 63n -7011 impedances 

TRANSRADIO LTD.138A Cromwell Rd. London SW7 ENGLAND CABLES, TRANSRAD, LONDON 

• 
PRECISION • STABILIT'Y'  

LOW NOISE LEVEL 

S.S.WHIT 
@,\ E TYPE 65X 

MOLDED RESISTORS 

tee'. Nimo. 
ot+e in00000 %Ito 

meteens and induee` stientecserlite. 

THE 

Rating—I Watt. 
Temperature Coefficient— From approx. 
± 0.1% /0F for 5000 ohm resistors to approx. 
— 0.2%/e F for 10 megohm resistors. 
Voltage Coefficient—Less than 0.02% /Volt. 
Upper Temperature Limit-170°F for con-

tinuous operation. 
Standard Range- 1000 ohms to 9 meg-

ohms. For general commercial service. 
Noise Level— A low noise level is inherent In 
all 65X resistors. Where noiseless operation Is 
essential, we are equipped to test and guaran-
tee standard range resistors with " less noise 
than corresponds to a resistance change of 1 
part in 1,000,000, for the complete audio fre-

quency range." 

Send for Bulletin 4906. It gives 
full details on S.S.White Molded 
Resistors. Write for o copy. 

INDUSTRIAL 

--

;4144; 

DIVISION 

DENTAL MFG. CO.  Dept. GR., 10 East 40th St, 
NEW YORK 16, N. Y. 

Western District Office • Times Building, Long Beach, California 
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IRE DIRECTORY alone 

furnishes facts 

radio-electronic 

engineers must have! 

How 
IRE DIRECTORY 

serves 

So breathtaking is the pace of prog-
ress in the radio-electronic field, 
that 35,000 IRE members who 
spark new developments consume 

all the latest facts as creative fuel. 
The IRE DIRECTORY is their 
working encyclopedia ... it organ-
izes, codes, simplifies and "indexes 
for use" a vast and complex indus-
try. They look to its listing of men, 
firms and products as vital working 
information. Wherever you find 
IRE members, you'll find IRE 
DIRECTORIES close at hand for 
ready reference. 

How it SELLS 

For 365 days each year, the IRE 

DIRECTORY puts and keeps 

your detailed "buying data" in the 

hands of engineers who write speci-

fications. This essential information 

provided by you is cross-indexed in 

each product listing to enable busy 

radio-electronic engineers to quickly 

find the facts they seek. Yet the cost 
of keeping your product story be-

fore 35,000 IRE members is much 

less than you'd expect. Price of one 

page is less than one-half the three-

cent postage required to mail 35,000 

letters. 

35,000 
copies 

consulted 6.), 
IRE memZers 

Engineers are educated 

to specify 

and buy 
IRE DIRECTORY 

Published by 

THE INSTITUTE OF RADIO ENGINEERS 
Advertising Department 

1475 Broadway, New York 36, N. Y. • BRyant 9-7550 
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ALBUQUERQUE-LOS ALAMOS 

"The Mystery of the Stone Towers," by Dr. 
Frank C. Hibben. University of New Mexico; 

March 12. 1954. 

BEAUMONT-PORT ARTHUR 

"Instrumentation and Control of Physical 
Systems," by Dr. John Trimmer, University of 

Tennessee; April 15, 1954. 

BINGHAMTON 

"Simple Transistor Circuit Design," by Dr. 
N. H. Kramer. International Business Machines; 

April 12, 1954. 
BUFFALO-NIAGARA 

"Boolean Algebra as Applied to Switching Cir-
cuits," by T. A. Harris, "Tunable Magnetrons," by 

Robert Hayman and "Vehicular Communications," 
by F. S. Wood, all students. University of Buffalo; 

April 21, 1954. 
CEDAR RAPIDS 

"Atomic Clocks from Stars to Atoms." by Dr. 

Harold Lyons, U. S. Bureau of Standards; March 

17, 1954. 
CLEVELAND 

"The Physics of Music and Hearing." by Dr. R. 

L. Hanson, Bell Telephone Labs.; "Recording and 
Reproducing Problems of Stereo Sound," by Rulon 

Biddulph, Bell Telephone Labs.; March 18, 1954. 

CONNECTICUT VALLEY 

"Rockets into Space," by Dr. C. F. Green. 
General Electric Company; March 18. 1954. 

"Time and Frequency Domain Inter-Relation-
ships," by Prof. E. A. Guillemin. Mass. Institute of 

Technology; April 15, 1954. 

DALLAS-FORT WORTH 

"Distant Measuring and Other Related Equip-
ment," by E. C. Williams, CAA Aeronautical Cen-

ter; "VHF-Omnidirectional Range Systems," by 
Walter Kuehne, Collins Radio; "Technical and 
Operational Characteristics of Localizer and Glide 

Slope Equipment," by S. A. Meacham, Bendix Ra-
dio Division; April 20, 1954. 

DAYTON 

"Modern Aircraft Navigation," by V. E. Car-
bonara. Kollsman Instrument Company; April_8, 
1954. 

DENVER 

"Radio Astronomy." by V. H. Goerke. Na-

tional Bureau of Standards; February 26, 1954. 

DES MOINES-AMES 

"Progress of Electronics," by W. R. Hewlett, 
President, IRE; April 1, 1954. 

ELMIRA-CORNING 

"Medical Electronics." by Wilson Greatbatch. 
University of Buffalo; April 19. 1954. 

EL PASO 

"Mechanics of Hearing." by C. D. Canfield, 
Philco Corp; March 26, 1954. 

EMPOR wur 

"Cathode Interface Resistance," by- W. E. 
Buescher, Sylvania Electric Products, Inc.: March 

31. 1954. 
EVANSVILLE-OWENSBORO 

Tour of WEHT, Conducted by C. Behrman, 

Program Director and Production Manager; April 
14, 1954. 

(Continued on page 100A) 
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ELECTRON TUBES 
With electronic controls taking over more 
and more operational functions in military 
and industrial applications, it is becoming 
increasingly important that the electron 
tubes used be dependable under extremely 
severe conditions. This applies particularly 
to installations in aircraft where tubes must 

- ! operáte reliably at high altitudes, while 
subjected to continuous vibration, varying 
voltages and frequent shock. Because of 
their advanced design and construction . .. 
born of never-ceasing research and special 
production skills... Bendix Red Bank Reli-
able Electron Tubes have the dependability 
necessary to meet these severe operating 
conditions. You can depend on our long, 
specialized experience to give you the right 
answer .... for all types of regular as well as 
special-purpose tube applications. Tubes can 
be supplied to both commercial and military 
specifications. Call on us for full details. 

Manufacturers of Special-Purpose Eledron Tubes, Inverters. 

Dynounotors, Voltage Regulators and Fractional D. C. Motors 
1  i w 

DESIGNATION AND TYPE TYPICAL OPERATING CONDITIONS 

T e YP 
Prato- 
type 

Bendix 
N.. rip Dese ton 

Base 
And Bulb 

Heater 
Voltage 

Plate Voltage 
Per Plate 

M.A . Load 

5838 6X5 TE-3 Full Wave 
Rectifier 

Octal 
T-9 

12.6 350. 70 

5839 6X5 TE-2 Full Wave 
Rectifier 

Octal 
T-9 

26.5 350. 70. 

5852 6X5 TE-5 Full Wave 
Rectifier 

Octal 
T-9 

6.3 350. 70. 

5993 6X4 TE-10 Full Wave 
Rectifier 

9- Pin 
Miniature 

6.3 350. 70. 

6106 5Y3 TE-22 Full Wave 
Rectifier 

Octal 
T-9 

5.0 350. 100, 

T,.... 
''' 

Preto- 
type 

Bend a 
No 

n..,,,,... 
--«""." 

Base 
And Bulb 

Heater 
Voltage 

Plate 
Voltage 

Screen 
Voltage 

Grid 
Voltage 

,,,,, 
-- 

Plate 
Current 

Power 
Output 

5992 6V6 TE-8 Beam Power 
Amplifier 

Octal 
T-9 

6.3 250. 250. 12.5 4000 45. MA 3.5 W 

*6094 6AQ5 
6005 

7E-18 Beam Power 
Amplifier 

9-Pin 
Miniature 

6.3 250. 250. 12.5 4500 45. MA 3.5 W 

6385 2C51 
5670 

TE-21 Double 
Triode 

9-Pin 
Miniature 

6.3 150. - -2.0 5000 8. MA - 

*Tube Manufactured with Hard (Nones) Glass fo High Temperature Operation (Max. Bulb Temp. 300*C.) 

:4_,-4-'• elige, 

, e11119 reffileielliel  • I. DIVISION OF immuut 
¿t ." °  'i b eenC« 

""..--.-- "Ir 7 ,.„, AVIAON 11:1"e7.e TI ..,,...  roaragAnor• 
\ 
• oà. e . EATONTOWN, N. J. -•:-,.._ 

West Coast Sales and Service: „„ Export Sales: Bendix International Division, 
117 E. Providencia Ave., Burbank, Calif. w 205 East 42nd St., New York 17, N. Y. 

Canadian Distributor: Aviation Electric Ltd., P.O. Box 6102, Montreal, P. Q. 
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MODEL 901 

SPECIFICATIONS— Transconductance Range: 0-100, 
0-500, 0-1000, 0-5000, 0-10,000, 0-50,000 mi-
cromhos; Range of Current Measurements: Plate: 
0 to 10 ma, or 0-100 ma; Screen: 0 to 5 ma, or 
0-50 ma; Grid: 100-0-100 microamps; Suppres-
sor: 0 to 5 ma. Available DC Voltages: Plate and 
Screen: 0 to 300V; Grid and Suppressor: 0 to 3 V, 
0 to 15 V, or 0 to 150 V positive or negative. 

UHF GRID DIP OSCILLATOR 

This compact, versatile instrument covers the 
frequency range from 400-900 mc. It can be used 
as a grid dip meter, absorption wavemeter, 
auxiliary signal generator, oscillating or absorp-
tion marker, etc. The power supply and oscilla-
tor are combined in one lightweight unit. Single 
tuning range. SPECIFICATIONS— Freq. Range: 400-
900 Mc; Power Input: 117 V, 50/60 Cycles, 15 
Watts; Tube: 6AF4; Weight: 2 lbs. 

Write for specifications and catalog 
on our complete line of measuring equipment 

NEW LONDON 
P. O. BOX 1 8 9 P 

NEW LONDON. CONN 

TRANSCONDUCTANCE 
ANALYZER 

& CIRCUIT SIMULATOR 

This direct-reading vacuum 
tube transconductance meter 
measures transconductance under 
all operating conditions and re-
produces all kinds of static or 
dynamic tube characteristics. It 
has means for connecting com-
ponents to simulate the circuitry 
in which the tube will operate. 
Push button switching applies 
voltages to each tube element. 

MODEL 
200 

INSTRUMENT 

TOP HAT FOR PLUG-IN UNITS 
A widely used, dependable, 

improved clamp for electron 

tubes, relays and capacitors. ir vr 
WRITE FOR 1953 CATALOG 

EASY TO APPLY 

INSTANTLY RELEASED 

POSITIVE LOCKING ACTION t 

TIMES FACSIMILE 
r _7Lre 

CORPORATION 
540 West 58 St., New York 19, N. Y. 
1573 t St., N Vi Washington 5, D. C. 

ii AitVayi One otacien• in euery 

BODNAR INDUSTRIES, Inc. 
leads in the field of 

TRANSILLUMINATED PLASTIC LIGHTING PLATES 
BECAUSE OF Quality • Uniformity • Performance 

Design & Layout "Know-How Service" 

Quantity Production Promptly 

NEW YORK —19 Railroad Ave., New Rochelle ( Horne Office( 

TEXAS —208 West Avery, P.O. Box 411 6, Station A, Dallas 
CALIFORNIA-4440 Lankershim Blvd., P.O. Box 264, North Hollywood 
CANADA —31 3 Montreal Trust Bldg., 67 Yonge St., Toronto 

SPECIMEN PANEL MIL- P-1788 ( AN•P-89) SENT ON LETTERHEAD REQUEST 

(Continued from page 99A) 

FORT W AYNE 

"InVentions and Patenta," by George Gust of 
Lockwood. Galt, Woodard and Smith; "Present 

Trends of the Atomic Energy Program," by Dr. 
H. L. Hull, Capehart-Farnsworth Corp.; March 4, 
1954. 

"High Energy Accelerators for Nuclear Re-

search." by Dr. Walter Miller. University of Notre 
Dame; April 1. 1954. 

HAMILTON 

"Ferrite Cored Antennas," by Preben Gomard. 
T. S. Farley Ltd.; March 8. 1954. 

Tour through studios and transmitter of Sta-

tion CHCH-TV, conducted by W. Jeynes, Chief 
Engineer, and Hugh Potter; April 5. 1954. 

HAWAII 

Demonstration and discussion of binaural tape 
and high fidelity systems using disc and tape. by 

Charles Allen, Pacific Recording Company; Febru-
ary 10, 1954. 

Tapescript: "Communication Circuits of the 

Mind," by Dr. W. S. McCullugh, University of 
Illinois; March 10, 1954. 

Tapescript: "Magnetic Recording," by Marvin 

Camras, Armour Research Foundation of Illinois 
Institute of Technology; April 14, 1954. 

HOUSTON 

"The Application of Electronics to Medicine." 

by L. A. Geddes, Baylor University School of Medi-
cine; March 16. 1954. 

INDIANAPOLIS 

"Design Considerations for High Fidelity Au-

dio Equipment." by R. C. Koch. IDEA., Inc.; 
February 26. 1954. 

"Project Tinkertoy—Modular Design and 
Mechanized Production of Electronic Assemblies." 

By Dr. B. L. Davis, National Bureau of Standards; 

March 10, 1954. 
"Magnetic Amplifier Circuits," by A. E 

Schmid, The Magnavox Company; March 25, 1954 

LITTLE ROCK 

"Magnetic Amplifiers and Their Application in 

Computers and Fire Control Apparatus," by A. E. 
Schmid, Magnavox Company; film, " Electronics 

in Action"; April 13, 1954. 

LONDON 

"Experiments in the Super Conductivity of 

Metals with Liquid Oxygen," by A. D. Misener, 

University of Western Ontario; March 29, 1954. 

LOUISVILLE 

"A Decade Counter." by Fred Burton and 
Richard Eberhart; " Magnetic Amplifiers." by 

Allen Gold and John McBrayer, all students, Uni-

versity of Louisville; April 2, 1954. 

M IAMI 

"What is New in Science and Engineering: by 

Everett S. Lee. General Electric Company; Febru-

ary 25. 1954. 

M ONTREAL 

"Electronic Musical Instruments," by Dr. 

Hugh LeCaine. National Research Council; "The 
Profession of Engineering," by G. L. Wiggs, 

C•P.E.Q; March 17, 1954. 

100.‘ PROCEEDINGS OF THE I.R.E. June, 1954 



•  

at 

New OKLEANS 

"Radi.,active Tracer Studies." by John Hicla1- 1 
go. Faculty. Tulane University; " Electron Micros:, 

copy." by A. W. Oser. Faculty. Tulane University; , 

"Mass SPectrograPhY." by Carol Gordon, Faculty.¡ 
Tulane University; _March 26, 1954. 

OKLAHOMA CUIY 

"Principles of Color Television," by Aaiun 
Britton, WKT-TV: February 2, 1954. 

"Motion's of Matching Transmission Lines 
and \Vaveguides." by Dr. H. F. Mathis. Faculty.' 

Oklahoma University; March 23. 1954. 

OTTAWA 

"Electronic Music." by Dr. Hugh LeCane. 

National Research Council; April I. 1954. 

PHILADELPHIA 

"Color Television Receivers," by S. \V. Seeley. 

and "General Discussion of Various Color TV 
Picture Tubes," by H. B. Law, both of RCA; April 
1, 1954. 

"Type of Amplifiers for \Vide- Band 1"e." by 
W. E. Bradley, Philco Corp.; "The All-Pass Ampli-
fier," by H. L. \Voll, RCA; April 8, 1954. 

PORTLAND 

"Developments in Ceramic Capacitors." by 

W. L. Klevans, Erie Resistor Corporation; Febru-
ary 11, 1934. 

"The 4A Toll Switching System," by B. L. 
Edwards. The Pacific Telephone and Telegraph 
Company; February 25, 1954. 

"Airport Surveillance Radar Systems," by 
Ervin Schultz, Civil Aeronautics Administration;, 

"Ground Control Intercept Station." by Capt. R. T., 
Moss, U. S. Air Force; March 23, 1954. 

PRINCETON 

"Television Redundency and Television Signal 
Statistics." by R. E. Graham and Dr. E. R. Kretz-

mer. Bell Telephone Laboratories; Election of Of-
ficers; April 8. 1954. 

1 
ROCHESTER 

"How the Money Market Affects Business,'• 
by R. C. Tait, St romberg-Carlson Company 
March 4, 1954. 

SACRAMENTO 

"Travelling M'ave Tube Oscillators and Ampli-

fiers," by Gordon Kino, Electronic Research Labs.; 
April 9, 1954. 

Si. Louis 

"Nuclear Reactors and Their Application,. 

by A. E. Lennert, Olin Industries; February 25. 
1954. 

"Stereophonic Sound Reinforcing Systems." by 

Dr. R. \V. Benson, Central Institute for the Deaf:, 
March 18. 1934. 

SAN ANTONIO 

"Ferroelectric Storage Devices" (Tapescript) 
by J. Reid Anderson, Bell Telephone Labs.; Febru-
ary 18-19, 1954. 

"Nuclear Magnetic Resonance Techniques." 

by W. L. Rollwitz, Solithwest Research Institute; 
1\ larch 18-19. 1954. 

SAN DIEGO 

"Special Purpose Magnetic Recording," by. 

R. D. Hopkins, Jr., Bing Crosby Enterprises, 

April 6, 1954. 
SYRACUSE 

"Television"-ine Industry." by G. H. NVilson, l, 

Diamond Power:Specialty Corp.; March 22. 1954. 

(Continued oat page 102.-1) 

AMERICAN PHENOLIC CORPORATION 

1830 South 54th Avenue Chicago 50, Illinois 

now being distributed 
— issued by Series 

We believe the new series of RF Connector bul-

letins now being distributed by AMPHENOL is the most 

comprehensive ever offered. There is a separate bulletin 

for each RF series: N, BN, HN, BNC, UHF, LC, C, Push-On, 

Splices, and Adapters. Complete information is given as to 

materials, military and AMPHENOL numbers in cross-refer-

ence, cable types, mounting holes, dimensions, mating 

components, and connector assembly instructions! Use 

the coupon below to request the bulletins that 

you need in your work. 

chicago 50, illinois 

AMERICAN PHENOLIC CORPORATION 

Please send the RF Connector Bulletins as indicated at right: 

NAME_ _ 

POSITION 

COMPANY 

ADDRESS  

Series N 

Series BN 

Series 1-111 

Serio BNC 

Series UHF 

Series LC 

Series C 

Series 
Push-On 

Coaxial 
Cable fittings 

MIN 

l01 

CITY  
Coaxial 

ZONE STATE  Cable Adapters 



MINIM RIZING 
YOUR EQUIPMENT: 

fteccç SIMPLEST, MOST COMPACT 

AMPERITE 
aTre RELAYS 

1 ,.iî., 

nr , . . 

1A MPERil DELAY 
RELAY 1 

I Ill I. II 

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 cue 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. 

AMPERITE 

o 

U 30 

S. 

> 

VOLTAGE or 14V 

BATTERY 6 CHARGER 

— VARIES APPROX 

o 

50% 

WITH AMPERITIE 

VOLTAGE VARIES 

ONLY 

Maximum Wattage Dissipation: T6 1/2 1.-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 

(Continued from page 101A) 

TOLEDO 

"Sound Facilities at the Toledo Museum of 
Art," by A. B. Barksdale, Toledo Museum of Art; 
January 14, 1954. 

"Transmission Lines and Waveguides for 
UHF-TV Broadcast Systems." by J. S. Brown. 

Andrew Corporation; February 11. 1954. 
'Customer Dialing of Long-Distance Tele-

phone Calls." by E. L. Getz, Bell Telephone Labs.; 
March 11, 1954. 

TORONTO 

Student Night. Speakers: A Hewitt, R. Char-
ette. R. Hobran and R. Richardson all students, 

University of Toronto; February 15, 1954. 
"Electronics in Musical Instruments," by Dr. 

H . LeCaine. National Research Council; March 15, 

1954. 
TWIN CITIES 

'Specialized Ferrite Applications," by Ephraim 
Gelbard. Presented by F. F. Sylvester. Both of 
General Ceramics and Steatite Corp.; April 6, 1954. 

VANCOUVER 

"Airlines Communications," by Keith Ander-
son, Western Region Trans Canada Airlines; March 

IS. 1954. 
«A Microwave Radio Relay System in the Pa-

cific Northwest." by R. E. Kristler, Pacific Tele-

phone Company; April 5, 1954. 

WASHINGTON, D. C. 

"Information Theory in Physical Measure-

ment," by Dr. C. H. Page, National Bureau of 
Standards; April 12, 1954. 

SUBSECTIONS 

BERKSHIRE COUNTY 

"Distributed Amplifiers" by Dr. Harry Stock-

man, Scientific Specialties Corp.; February 15, 
1954. 

BUENAVENTURA 

Inspection of television station KEYT studios 

with technical descriptions; February 11, 1954. 
"Impact of Military Development on Future 

Navigation." by John Wuerth. North American 
Aviation; March 11, 1954. 

"Magnetic Amplifiers." by Dr. Hugo Woerde-
mann, Magnetic Research Corp.; April 8, 1954. 

ITHACA 

"Atomic Energy." by L. V. Berkner. Associated 
Universities. Inc.; February 26. 1954. 

"Circuit Performance of Junction and Surface 
Barrier Transistors." by F. P. Keiper, Jr., Philco 

Corp.; Election of Officers; March 19, 1954. 

LANCASTER 

'Color Television" talk and demonstration by 
W. W. Cook, RCA Service Company; April 21, 

1954. 
TUCSON 

"Practical Hi-Fidelity." by E. C. Burch, 

Hughes Aircraft Company; March 26. 1954. 

USAFIT 

"Color Television," by C. N. Hoyler, RCA; 

March 17, 1954. 
WICHITA 

"Some Aspects of X-Ray Goniometry as Ap-
plied to Quartz Crystal Blanks," by L. F. Heit-
hecker, KANS Broadcasting Company; March 30, 
1954. 
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de 

dead -a„ „.4,;,9/ 
ARALDITE® Epoxy Resins developed by 
Ciba Research are simplifying manufactur-
ing methods, improving product efficiency 
and opening new fields of product devel-
opment. The formulator and the end prod-
uct producer will want to know more about 
them. We at Ciba want to help you further 
your development. 

a ARALDITE IMPREGNATED 
MOORING BUOY IS STRONG 

... LIGHT... WEATHER-PROOF 

AND SINK- PROOF 
(Courtesy United Pattern Company) 

One-seventh the weight of a steel buoy of comparable size including the uni-

cellular filling beneath the surface skin, this newest idea in modern maritime 
equipment eliminates hull-scuffing damage and is functionally superior in every 

other way. Since color is " built-in" with salt-water corrosion resistant laminate, 
it stays bright and new looking, thereby minimizing maintenance. All these 
advantages suggest a wide range of new and improved product development 
in which ARALDITE Resins may prove the answer for you. 

SEND THIS COUPON... or write us on your company letterhead ... for 
complete technical data on the physical properties and recommended pro-
cedures for the successful use of Araldite Resins for your fabricating needs. 

CIBA  
Peed ARALDITE 

... FOR SUPERIOR BONDING, CASTING, 

COATING & LAMINATING RESULTS 

Visit our booth #702. at the National Plastics 
Exposition, Cleveland. June 7-10. 

• SLIP RING ASSEMBLY 
The exceptional casting properties of 
ARALDITE Resins are demonstrated in 
this unit designed to operate with strain 
gauges or radar equipment. ARALDITE 
Epoxy Resins provide high dielectric 
strength, arc and humidity resistance 
which permit a current capacity of 5 
amperes per ring. 

(Courtesy Airflyte Electronics) 

• 600 VOLT TRANSFORMER TYPE TWM 
This example of ARALDITE Resin encap-
sulating insulation shows how completely 
it may be applied to encompass coils in 
housing in an application where rugged 
use can be expected for the entire life 
of the unit. (Courtesy Allis-Chalmers) 

CIBA COMPANY INC PLASTICS 
• , DIVISION 

627 Greenwich St., New York 14. N. Y. 
(In Canada: Ciba Co. Ltd., Ciba Bldg., Montreal) 

Please send me Ciba Plastics Technical Bulletins 

(or, state specific problem.) 

Name  

Company  Title 

Address  
IRE: 
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Industrial Engineering Notes 

TELEVISION * 

The Federal Communications Commis-
sion recently issued a Notice of Proposed 
Rule Making looking toward amendingSec-
tion 3.614 so as to require the use of UHF 
television transmitters with a minimum 
rated power of 5 kw.The Commission stated 
that at the time of the adoption of the 
rule relative to the minimum visual effec-
tive radiated power for TV broadcast sta-
tions, high power equipment was not 
available, especially for station operation 
in the UHF band. Such equipment, the 
FCC stated, presently is becoming avail-
able, and in order to assure the best possi-
ble technical service all UHF transmitters 
should operate with a minimum rated power 
of 5 kw. Stations with authorized power 
below the proposed minimum will not be 
required to comply at this time, the FCC 
said. . . . The Federal Communications 
Commission has issued a public notice 
(2014) relative to Section 3.687 of the 
Rules, which specifies certain equipment 
performance requirements for color trans-
missions which must be met by all stations 
transmitting color signals, whether such 
signals are originated by the station 
locally or are received from a network 

* The data on which these NOTES are based were 
selected by permission from Industry Reports, issues 
of March 22 and 29. and April 5 and 19, published 
by the Radio-Electronics-Television Manufac-
turers Association, whose helpfulness is gratefully 
acknowledged. 

source. The additional requirements for 
color include specification of over-all at-
tenuation characteristics of the transmit-
ter, minus 42 db attenuation of the lower 
sideband with a modulating frequency of 
3.579545 mc, envelope delay characteris-
tics, transfer characteristics and the aural 
carrier frequency to be maintained 4.5 
mc above the visual carrier frequency with-
in ± 1 kc. Television stations broadcasting 
programs originated in color should make 
the necessary modifications to achieve 
compliance with Section 3.687 for color or 
remove the chrominance components from 
the color television signal received from the 
network, the Commission stated. 

MoniLizATiox 

Out of approximately 550 items of 
major military procurement, 202 are in the 
electronics field. Of these electronic equip-
ments, the largest group is radar, with 88 
different items. The Department of De-
fense also is procuring 60 major types of 
radio equipment and 29 items classified as 
navigational aids. This was revealed re-
cently when the Department of Defense 
released a directive outlining a new report-
ing procedure designed to keep top man-
agement of the DOD informed on produc-
tion schedules, delivery dates and related 
procurement activities. The directive 
spells out just what items of major pro-
curement are to be reported on, and the list 
includes most of the essential items now in 
production or near enough to production 
scheduling to make reporting possible. In 

(Continued on page 108A) 

800 CYCLE 
audio frequency 

crystals with 
companion ovens 

HILL ELECTRONIC 

ENGINEERING AND MANUFACTURING 

COMPANY, INC. 

NEW KINGSTOWN, PA. 

etneo 

.Aii outstanding new development of the 
IIEEMCO Laboratories is the combina-
tion package of Heemco Audio Fre-
quency Range Crystal Units with 
accoMpanying Corn pa ni on Owns, 
bringing about the extension of the audio 
frequency range down to 800 cycles. 

Excellent application for low frequency 
crystals has been found in timing and 
marking fields where tuning fork per-
formanée does not provide the required 
high degree of stability and accuracy re-
quired. These units are now being pro-
duced in production line quantities. 

Companion oven thermostats are her-
metically sealed in glass and sensitive 
to 1/106 Farenheit. This package unit 
is excellent for aeronautical use, fre-
quency being unaffected by altitude or 
acceleration to over 50 G. 

Other new Hecmco laboratory develop-
ments to be announced soon. Write for 
our catalog for complete information on 
the Heemco line. 

ULTRA* SENSITIVE RELAYS-

High Speed Operation— 
A customer came in recently 

bringing with him a breadboard 
using one of our non-indicating 
meter-relays. We were astonished 

to see this relay working at 60 
times per second. Until then we 
had thought it impractical to run 

one faster than 5 per second. 

We haven't permission to use his 
name which is too bad. We'd like 
to give him credit. His circuit is 

reproduced here. It is like our 
drawing 2396-32 ( Bulletin 112) 

with modifications. Delay on all 
relays is cut way down. Each has 
1.0 Mfd for time delay. Load relays 

hold just long enough to prevent 
fluttering with the interrupter. The 
interrupter is connected through 
contacts on the load relays so it 

works only when needed. 

All spring action is taken out of 
the meter contacts so they will fol-
low at this speed. Contacts carry 
15 milliamperes for strong locking 
action. Spacing between contacts 

is .05" for short travel—still there 
is enough separation to prevent 

false operation under shock or 

v:bration. 

Input is from a photocell. The 
equipment is self balancing. It 

maintains fixed output from the 
cell under varying light intensities. 

Contacts in the meter actuate a 
reversible motor (through inter-
mediate relays') which drives a 

rheostat in the cell output. 

15 microamperes holds this relay 

in center position. Low limit con-
tact makes at 14—high at 16. A 
change of 1 microampere starts the 

correction motor. Response time 
is less than 4 seconds for full 

rotation. 

*See page 12 Scientific 
American, April 1954. ASSEMBLY 
This leading maker of 
infra sensitive relays PRODUCTS, INC. 
refers to ours as "a 
couple of or( ers more 
sensitive." Hence CHAGRIN FALLS 2. OHIO 
"ULTRA." 
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much longer scale 
PL (clear plastic) panel meters 

visibility 
unlimited 

Entire dial face encased in 
transparent non-breakable plastic. 
Entire dial is exposed to viewing. 

light unobstructed 
Full natural lighting from top, sides and bottom. 

No bezel or case rim interrupts the light from any angle. 

readability extended 
Full open face on round meters allows much longer scale than conventional 

types for quicker easier readings from much greater distances. 

interchangeability universal 
Longer scale length, yet the mounting makes it readily interchangeable 

with all conventional round meters of the same size. The panel 
space occupied is exactly the same. 

appearance revolutionized 
These handsome modern streamlined Triplett PL Panel Meters 

with clear plastic fronts will make an amazing improvement in the appearance 
of your equipment panels in addition to contributing greatly 

to reading accuracy. An additional advantage is the unbreakable crystal. 

Write for full information on Triplett PL Panel Meters. 
Available for immediate delivery in 2" and 3" round types and 4" 

square types. 2" and 3" square types will be available soon. 

TRIPLETT ELECTRICAL INSTRUMENT COMPANY BLUFFTON, OHIO 



COMPLETE MILITARY LINE AVAILABLE. 

POPULAR MILITARY TYPES ILLUSTRATED. 

CORRESPONDING COMPLETE LINE FOR COM-
MERCIAL APPLICATIONS A I LE. 

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 Construc-
tions of a complete line of variable resistors 
for military and civilian use. Includes 
dimensional drawings of each resistor 

RI•pREggprrprivFn cANATHAN MANUFACTURING AFFILIATÉ 

69th d Market St. 
Upper Darby, Penna. 

Phone. Flanders 2-4420 

W S Harmon Company 
121 No. Robertson Blvd. 
Beverly Hills, California 
Phone: Bradshaw 2-3321 

John A Green Company 
6815 Oriole Drive 

Dallas 9. Texas 

QU.Tli AMERICA 
Jose Luis Pontet 
Buenos Aires, Argentina 
Montevideo, Uruguay 
Rio de Janero, Brazil 
Sao Paulo, Brazil 

Sylvan Ginsbury 
8 West 40th Street 
New York 18, New York 

CHICAGO TELEPHONE SUPPLY 
eq#404ediem, 

ELKHART • INDIANA 

IS 
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 temper-
ature and humidity 
ranges: —55"C to +150°C 
...ariditytosaturation. 

mounl,NG •••••[ 1. 

II•Iimn..1 OI 

WATER SEALED M 

AND BEARING FO 

OF V 'J1 
1 watt 70°C, 15'16" 
diameter variable 
composition resis-
tor. 

op 

TYPE 90 

frE GC-90 ith Switch 

fYPE C2-90 
Tandem 

• ¡Mel 

DUNTING 

T TYPE 65 

Meets JAN-R-94 
type RV4 

2 watt 70°C, 1-1/8" 
diameter variable 
composition resis-
tor. Also available 
with other special 
military features 
not covered by 
JAN-R-94. 

TYPE 95 

TYPE GC-95 
With Switch 

TYPE C2-95 
Tandem 

S'•°'‘‘'•‘ •'• 

1.10111,,NG SC•1. 

CAN BE SUPPLIED WITHOUT THE WATER 

SEALED MOUNTING SHOULDER, 

WATER SEALED MOUNTING 

AND BEARING FOR TYPES 

45, 35, 90, 95, 25, 252. 



RESISTO 
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 

•321. REF, TH.: 

ADDS 35 re) OÉPTH —) 
OF CONTROL BEHIND 

MOUNTING SURFACE 8; 
•HO SHORTENS 

ACCAT.H. Lt., TO .04G. * s' 

LOCKING BUSHINGS FOR 

eeeciateUs Aecr 

Meets JAN-R-94 
pe RV2 

1/4 watt 1 • : lameter 
variable composition 
resistor. Also available 
with other special 
military features not 
covered by JAN-R-94. 

TYPE 45 

TYPE GC-45 
With Switch 

LOCKING BUSHINGS FOR CONTROL TYPES 25. 252, 95, 35. 90. 45. TYPE 65 CONTROL. 

in e.11.4744 eed 

R EVERY tern 
Meets JAN-R-19 

types RA25 and RA30 

4 watt 1-17/32" diameter 
yariablewirewound resis-
tor. Also available with 
other special military 
features not covered by 
JAN-R-19. 

TYPE 25 

TYPE GC-25 
With Switch 

TYPE C2-25 L[ 
Tandem   

Meets JAN-R-1 
type RA 

2 watt iameter 
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 

eye ira4ittilb eedidelle • egáffluted 1896 



CHECK AUDIO 
FREQUENCY RESPONSE 

QUICKLY 
with the Bruel & Kjaer Automatic 

Frequency Response Tracer 

This instrument is a "package" unit for 
audio frequency checks and adjustment 
of amplifiers, radios, filters, loudspeakers, 
hearing aids, etc. An audio oscillator and 
a special oscilloscope are combined in one 
unit. The horizontal sweep of the oscillo-
scope and the frequency scan of the oscil-
lator are synchronized. 

Response curves are presented visually 
on the cathode ray tube screen, cali-
brated in both decibels and millivolts 
versus frequency. The Model BL-4707 
has an kutomatic gain control circuit to 
maintain the desired oscillator output 
voltage for constant sound pressure, volt-
age, or current, for testing microphones, 
hearing aids, etc. The Model BL-4708 has 
an audio-modulated RF signal source in 
place of the automatic gain control circuit 
for testing radio frequency devices as well. 

For complete specifications on this and 
other Bruel & Kjaer instruments, write 
Brush Electronics Company, Dept. F-6A, 
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 
BL- 1502 Deviation Test Bridge 
BL-1604 Integration Network for Vibration 

Pickup BI-4304 
BL-4304 Vibration Pickup 
BL-2002 Heterodyne Pickup 
BL-2105 Frequency Analyzer 
BL-2109 Audio Frequency Spectrometer 
bL-2304 Level Recorder 
BL-2423 Megohmmeter and D. C. Voltmeter 
BL-3423 Megohmmeter High Tension Accessory 
BL-4002 StandingWave Apparatus 
BL-4111 Condenser Microphone 
BI- 4120 Microphone Calibration Apparatus and 

Accessory 
BL-4708 Automatic Frequency Response Tracer 

BRUSH ELECTRONICS 
COMPANY 

formerly 
Vie Brush DereloPment Company 

Brush Eleetronies Company 
is an operating Slut of 
Clovite Corporation. 
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turffisfoatiele 
"QUALITY-PLUS" 

For industrial 
and Electronic 
Equipment 

DESIGNED TO 
COMMERCIAL & MILITARY 
SPECIFICATIONS (MIL-T-27 
and AN- E-1 9). ALSO 
CLASS A, B, H, AND 
MINIATURES. 
Sample. Short and 
Long Runs. Let 
us quote on your 
specifications. 
No obligation. 

Delivery as promised! 

Industrial Engineering Notes 

(C ,, ,Itirturd from page 104A) 

the guided missile field, the directive listed 
18 different types. These included four 
surface-to-air missiles, four surface-to-
surface, four air- to-surface, and six air to-
air types. Also listed In the missile category 
are six types of surface equipment, includ-
ing launchers and handling equipment. 
. . . The appointment of Colonel J. Francis 
Taylor as Director of the reorganized Air 
Navigation Development Board was an-
nounced recently by Under Secretary of 
Commerce for Transportation Robert B. 
Murray, Jr., and Assistant Secretary of 
Defense for Research and Development 
Donald A. Quarles. Mr. Quarles is Chair-
man of the ANDB, a Commerce-Defense 
group directing a research and develop-
ment program for common civil-military 
air navigation and traffic control systems. 
Also announced was the appointment of 
three scientists as part-time consultants 
to the Board. They are Professor Jerome 
Weisner, Director, Research Laboratory 
for Electronics, Massachusetts Institute of 
Technology; Dr. H. R. Skifter, President, 
Airborne Instruments Laboratory, Mine-
ola, N. Y.; and Russell C. Newhouse, Ra-
dio Development Engineer of the Bell 
Telephone Laboratories. . . . The Navy 
announced the acceptance of its newest 
flying radar station—the Lockheed WV-2 
Super Constellation. The plane houses 

(Continued on page 110A) 

ra".". Let 1A3tLL.1 ton simplify 
your selection of 
panel instruments 

page- 'es" 

• ..„.e.,••`• 

WRITE FOR YOUR COPY. 

Ask for Catalogue Nl. 

You've never seen so much help-
ful information on panel instru-
ments packed into such handy 
easy-to-use form. One master 
chart shows all standard DC 
and AC ranges, cases and 
prices. Includes round, square, 
rectangular and fan-shaped 
. . . bakelite and metal. . . 
hermetically sealed and 
sealed ruggedized instru-
ments. It also has dimen-
sions and capsuled engi-
neering data. 

CUSTOM BUM TO SPECIFICATION 

BURLINGTON INSTRUMENT COMPANY 

129 Third Street, Burlington, Iowa 
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IT'S SPRAGUE FOR 

Ceramic Capacitors 

EVERY TYPE AND RATING FOR 

SMALL OR LARGE PRODUCTION RUNS! 

Sprague can provide you with the 

best capacitors for your require-

ments. And when it comes to ce-

ramic capacitors, large plants with 
adequate production and tooling 

facilities offer prompt delivery for 

small or large production runs. 

In the East, Sprague ceramic ca-

pacitors are made at North Adams, 

Mass., and Nashua, N. H. The Mid-

west is served by Sprague's wholly 

owned subsidiary, the Herlec Cor-

poration of Grafton, Wis. 

Some of Sprague's newest de-

velopments are shown at right. 

For future developments in ce-

ramic capacitors, look to Sprague 

for the ultimate in performance, 

miniaturization, and reliability. 

SPRAGUE ELECTRIC CO. 
235 Marshall St., North Adams, Mass. 

Sprague, on request, will 
provide you with complete 
application engineering serv-
ice for optimum results in 
the use of ceramic capaci-
tors, and printed resistor 
capacitor networks. 

• 'RING' CERAMIC CAPACITORS 
to clean up chassis 

P+ Designed to it aroun in miniature tube 
sockets, these capacitors may contain 2, 3, 
or 4 sections. They result in a neat physical 
layout while reducing space to a minimum. 
Positive positioning of the ultra 311%.,è1 leads 
between the capacitor and socket terminals 
iminates lead dress problems and, conse-
ently, allows "hot" circuit designs. Voltage 
tings from 100 to 500 d-c. Write for En-

gineering Bulletin 610. 

FLAT 'PAN' CERAMIC CAPACITORS 
simplify circuit design 

Mounted flat against a chassis with a screw 
or rivet, these miniature capacitors provide 
a highly secure mounting. 1 to 4 sections in 
the shallow pan are insulated and moisture-
protected by a phenolic resin. Ideal for mili-
tary electronics. These units have an unusually 
high self resonant frequency, and eliminate 
lead dress problems when mounted adjacent 
to a miniature tube socket. Available in 
ratings from 100 to 500 volts d-c. Wtite for 
Engineering Bulletin 611. 

WIDELY- USED CERAMIC CAPA. 
for electronics radio,. and TV 

Shown at left are a few of the many other 
types of ceramic capacitors available from 
prague. These include: 

• Buttons • Discs • Hi-Voltage Moldeds 
• Precision Ceramic Trimmers e Plates 
• Printed resistor- capacitor networks 

Hermetically sealed, metal cup and 
tubular precision capacitors 

For complete details on any type of ce-
ramic capacitor — it pays to ask Sprague. 
Write for catalog data on the types in which 
you are interested. 

WORLD'S LARGEST CAPACITOR MANUFACTURER SPRAGUE 
PROCEEDINGS OF THE I.R.E. June, 1954 

Export for the Americas: Sprague Electric International Ltd., North Adams, Mass. CABLE: SPREXINT 
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APPLIED SCIENCE CORPORATION OF PRINCETON 

eerie eemeleei 
equibineet 

Airborne and commercial transmitting installa. 

lions for pulse width and FM radio telemetering. 
Ground station equipment for the reception, 
handling and reduction of telemetered data. 

We are prepared to furnish standard units 
from production or to develop and produce 

special equipment to your specifications. 

PO0v10,41611.1   YOU MOVI el o,”. 

Your inquiries ore Invited. Write Today . . . 
or call Plainsboro 3.4141 

Also: High Speed Sampling Switches and Special Components and Equipment 

46 Wallace Road, Princeton, New Jersey 

pueedieked DIRECTIONAL 
50.3300.c COUPLERS 

FOR LABORATORY AND INCORPORATION APPLICATIONS 

Model No. 

500-0Y 

500-1Y 

Frequency Range ( Mc) 

50 - 200 

200 - 500 

500-2Y 

500-31-

500 - 1000 

1000 - 2000 

500-4Y 1500 - 2500 

500-5Y 2500 - 3300 

sftee.A,44.4 
Coupling ( C) 30 db or as specified 

Directivity: C ± 10 tills minimum 
Arm balance: within .04 db 

Arms matched to 1.25 on 50 ohms 
V5WR: below 1.05:1 

Price: $160.00 Delivery from stock 

QUALITY DEVELOPMENT AND PRODUCTION OF 
MICROWAVE COMPONENTS, INSTRUMENTS, 

ASSEMBLIES AND SYSTEMS. 

CATALOG 
R-4 

ON REQUEST 

IMPEDANCE 
INCORPORATED 

9 Alan Court • Farmingdale, L. I. 

Industrial Engineering Notes 
(C, Mimic(' from page 108,4) 

over six tons of search radar and elec-
tronic detection gear. Carrying an elec-
tronic maintenance team to make in-flight 
adjustments and repairs, the plane can 
double as a weather sentry and improve 
storm warning services by tracking hurri-
canes and other weather disturbances. 

TECHNICAL 

A new method by which VHF omni-
range stations can be calibrated without 
flight tests and put back on the air in ap-
proximately 20 minutes following repair 
or replacement of components is under 
evaluation by the Civil Aeronautics Ad-
ministration, Administrator F. B. Lee an-
nounced recently. The new procedure con-
sists of moving a small, lightweight de-
tector around the counterpoise of the VOR 
and recording the monitor readings at de-
sired intervals and the data plotted to 
produce a calibration curve. This method 
has made it possible to adjust a VOR to 
accuracies of plus or minus degree with-
out difficulty, thereby reducing the need 
for an immediate flight check of the facil-
ity, the CAA announced. A further safety 
feature of the new procedure is that it 
makes possible routine and special ground 
checks of a VOR facility without inter-
rupting omnirange service. Further tests 
by the CAA, for a six-months period, will 
be conducted at 12 existing omniranges 
located on all types of terrain in various 
sections of the country... Important 
studies in the field of electronics have been 
outlined by the Office of Technical Serv-
ices, Department of Commerce, in its 
March issue of the "Bibliography of 
Technical Reports." Following is a partial 
listing of the government-sponsored re-
search studies of interest to the electronics 
industry, which can be purchased from 
the Photoduplication Section, Library of 
Congress, Washington 25, D. C., for the 
repotted price: "Antenna System for Ex-
perimental Long-Range Radar," PB 
112805, microfilm, $2.25, photostat, $5; 
"Analysis and Synthesis of Distributed 
Amplifiers with Ladder Network," PB 
112624, microfilm, $5, photostat, $16.25; 
"Asymptotic Evaluation of the Field at a 
Caustic," PB 112751, microfilm, $2, pho-
tostat, $3.75; "Harmonic Analysis of 
Rectangular FM Pulses," PB 112721, 
microfilm, $1.75, photostat, $2.50" " In-
strumentation for the Observation of Long 
Delay Echoes at 150 kcs," PB 112691, 
microfilm, $4.25, photostat, $12.50; 
"Power Gain in Feedback Amplifiers," PB 

(Continued on page 112,4) 

Pulse Instruments Brochure 
Electro-Pulse, Inc., 11811 Major St., 

Culver City, Calif., has a 4-page brochure 
describing their system of block unitized 
multipurpose pulse instruments. 

Combinations of these units are able to 
produce variable time delays, timing pulses, 
gate pulses, pulse trains, square waves, 
variable width pulses, trigger generators, 
fast rise time pulses, and linear triangles. 
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Do you have a problem which the art of electronics and allied components may help solve? 

Here's where we come in. The average experience in electronics of our engineering staff is 

more than ten years. Our established records for competency indicate that their contributions to the 

accelerated growth of electronics prove this staff of men to be the most excellent in their field. 

When superior performance results are demanded, this time-tested knowledge 

will provide the answer .... LET'S TALK IT OVER. 

WE REPRESENT OVER ONE HUNDRED TOP MANUFACTURERS OF MAJOR AVIATION 

PRODUCTS. A NEARBY BRANCH WILL BE HAPPY 10 SERVE YOUR NEEDS. DO 

MORE BUSINESS . . . REALIZE MORE PROFIT WITH AIR ASSOCIATES EQUIPMENT. 

In 

SSOCIATES, INC. 
TETERBORO, NEW JERSEY 

DIVISIONS: ATLANTA • CHICAGO • DALLAS • GLENDALE • HACKENSACK • MIAMI • ORANGE • TETERBORO 

(,F TIIF 1.R.F, June, P)14 111A 



Hew 
WHAT'SvIN SCOPE 

...for RADAR? 

CUBIC'S New New VSWR INSTRUMENTATION SYSTEM 

for continuous . . . 
automatic . . . 

measurement of VSWR 

'ffl11111•1111.' I I I I I I 1111 

The New Model 620 is CUBIC'S contribution to higher 
efficiency and higher economy in that new RADAR design 
you may be planning. Designed for field and production use— 

where frequent VSWR measurements of radar, and other 
amplitude modulated microwaves are required, it has 
certain important features entirely new: 

• Measurement of VSWR is continuous and automatic over two 
calibrated ranges, covering ratios 1.02 to 1.2, and 1.2 to 00. 

• Can be used with CUBIC'S matched directional coupler— 
permanently or temporarily installed in wave guide run. 

• Available too as JAN AN/UPM-12 Military version. 

• And available in Model 621, for VSWR measurements at 
signal generator levels. 

• For x-band only, at present. RF components will be ready 
shortly for operation on S thru Ku band. 

New designs make new demands. CUBIC engineers are 

constantly conducting research to develop new products to 

enable those new Electronic designs— still on the drafting 
boards, to become reality. In this connection, our Engineering 
and service departments are always at your disposal on 

any Electronic problem. 

Write for latest edition of our catalog of microwave instruments 

4 1/ 

" 11 3 
CORROIC>ATION1 SAN DIEGO, 6, CALIFORNIA  

CLIBIC RESEARCH..,DEVELOpMENT 
ELECTRONIC EQUIPMENT 

Industrial Engineering Notes 

(Continued from page 110A) 

112632, microfilm, $1.75, photostat, $2.50; 
"Relative Power of Radar Signals Re-
ceived from the Far Side of Clouds— 
Progress Report No. 19," PB 112568, 
microfilm, $3, photostat, $8.50; " Micro-
wave Power Comparator," PB 112806, 
microfilm, $ 1.75, photostat, $2.50; " Evalu-
ation of Wilcox Type 99A Radio Trans-
mitter," PB 112756, microfilm, $2, photo-
stat, $3.75; "Large Signal Equivalent Cir-
cuit for Transistor Static Characteristics," 
PB 112634, microfilm, $2, photostat, 
$3.75; " Radio Interference Suppressors," 
PB 112773, microfilm, $2, photostat, 
$3.75; "UHF Filtering Networks," PB 
112700, microfilm, $2.75, photostat, $7.50; 
"Synthesis of Distributed Amplifiers for 
Prescribed Amplitude Response," PB 
112625, microfilm, $5, photostat, $ 16.25. 
. . . A versatile electronic thermostat is 
now in use at the National Bureau of 
Standards as a general-purpose tempera-
ture controller for a variety of applications, 
the NBS announced recently. The instru-
ment was developed by F. A. Ransom of 
the NBS electronic instrumentation lab-
oratory, and is designed for flexibility, high 
sensitivity, and provides precision temper-
ature control over a wide range of tem-
perature and power requirements. The 
device features such advantages as ( 1) no 
appreciable dead zone; (2) the sensitivity 
may be raised very high without objec-
tionable loss of stability, reducing the devi-
ation from the control point to a minimum 
with any load changes; (3) capability of 
handling power requirements ranging from 
milliwatts to kilowatts for control; (4) the 
use of sensing elements which may be a re-
sistance thermometer or a thermistor con-
nected to a bridge circuit, or a thermo-
couple connected to a chopper circuit, and 
(5) the use of standard commercial com-
ponents. Complete details on this develop-
ment will appear in a future National 
Bureau of Standards' "Technical News 
Bulletin," which will be announced at a 
later date.. . . An automatic pilot which 
promises to increase the safety and ease 
of operation of light planes has been suc-
cessfully flight-tested by the Civil Aero-
nautics Administration, the Commerce 
Department announced. The development, 
under CAA contract by the Ansco Division 
of General Aniline and Film Corporation, 
Binghampton, N. Y., controls roll and 
pitch and provides for automatic flight on 
any selected magnetic heading and for 
homing on omnirange stations. The basic 
unit controls the roll axis of the aircraft. 
Also tested and reported on by the Com-
merce Department was an omnihoming 
unit, which, when coupled with an omni-
range receiver, will fly the aircraft auto-
matically to any CAA omnirange station 
to which the receiver is tuned. In most 
tests the airplane arrived within a few 
hundred feet of the station, it was noted. 
. . . A relatively transient-free externally-
triggered electronic power switch has been 
devised by J. Sargent of the National 
Bureau Standards. The output waveform 

(Continued on page 115.4) 
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. . . From the Philips' Techni-

cal Library 

the latest in electronic re-

search published 

by Philips Industries 

LOW FREQUENCY 
AMPLIFICATION 
(Audio Frequencies) 
by Dr. N. A. J. Voorhoeve 

This volume is the most complete 
work published so far in this field and 
covers not only the sound amplifier., 
but the whole system, from the source 
of the signal—whether microphone, 
phono pick-up or lead line—to the 
loudspeakers appropriate for many 
different purposes. The text covers 
design, use of component parts and 
their assembling into large or small 
installations. 
Of particular interest is the chapter 

entitled "Amplifier Valves'. which 
outlines the characteristics of most 
popular European amplifier tubes. 
There are 17 chapters all of which will 
be of great interest to the American 
Electronics Engineer. 

514 pp. 497 illust. $9.00 

INDUSTRIAL 
ELECTRONICS 

by R. Kretzmann 

This technical manual is largely de-
voted to a practical descriptive study 
of industrial electronic devices of 
many types with many circuit dia-
grams and photographs. 

To review briefly here, the book cov-
ers tubes, electronic relays, counting 
circuits, timers, rectifier circuits, elec-
tronic dimmers ( including fluorescent 
lamps), speed and temperature con-
trols, resistance welding, motor con-
trol, inductive and capacitive heat-
ing. 

Engineers and non-engineers will 
find this a readable and easily under-
stood survey. 

250 pages 266 Must. $5.50 

Order your copies now. 

Write for catalog of the complete 
Philips' Technical Library. All books 
available with ten day free examina-
tion privileges. 

Distributed in U.S. and 

Canada by 

o The ELSEVIER PRESS e 

402-E Lovett Blvd. 

Houston, Texas 

New York • Amsterdam • London • Brussels 

PLUG-IN CAPACITORS 
fit YOUR NEEDS... 

• easy field replacement 

• rugged and dependable 

• withstand 100 C temperature 

• moisture and humidity proof 

• vibration proof 

• capacitors and special networks 

Everything you want and need in plug-in capacitors you get with POTTER. 

Here are quality components designed and built for longtime, dependable 

performance . . . and when field replacement eventually becomes neces-

sary, non-technical personnel can make the change easily, instantly, surely. 

As, if your product calls for plug-ins, your call should be for POTTER 

• WRITE FOR CATALOG 21-E. 

I _ 

SPECIALISTS IN FIXED 

PAPER CAPACITORS 

SINCE 1925 

THE 

otter tCo NE gle AN ‘r 

1950 SHERIDAN ROAD 

NORTH CHICAGO, ILL. 
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GIVES YOU THE HIGHEST 

INSULATION RESISTANCE ( READINGS TAKEN UNDER HUMIDITY) 
000 

.469 

,00 

414 

to 
414 

RELATIVE 

93 TO 94% 

141.01120TVe. 

100 

n 

roe r 
(rtra) 

MO COG 

ftEst201E ° 

L
i 

RESIN TE AC 

20 40 60 20 100 120 

TIME IN HOURS SUBJECT TO HUMIDITY TEST 

11111- Tests conducted on .253 I.D. x 
.283 0.D. tubes used on coil 
forms for television receivers. 

INSULATION RESISTANCE OF ANY 
RESINATED PRODUCT 

Performance data—compiled from laboratory 
tests, actual field operations and reports from manufacturers— prove the outstanding 
operating characteristics of Resinite. In volume resistivity ... low moisture absorption 
. . . excellent thermal properties . . . low power factor . . . and resistance to voltage 
breakdown ... Resinite outperforms all other resinated products. 

Resinite Coil Forms are available with inside or outside threads—slotted, punched 
or embossed. Special three-row threaded design per-
mits axial pressure in excess of 25 lbs. Torque con-
trollable to -F or —1 inch oz. 

Write today for full details and technical information 

RESINITE 8104 

very high dielectric properties under ex-
treme humidity. 

RESINITE "AC" 
very high dielectric properties—com-
pletely immune to electrolytic corrosion. 

RESINITE 104 
for stapling, severe forming and fabricat-
ing. 

.,• 

r RESINITE CORPORATION 
DIVISION OF PRECISION PAPER TUBE 

2038G West Charleston Street, Chicago 47, Illinois 
79 Chapel St., Hartford, Conn. 

A NEW UNIVERSAL KLYSTRON 

POWER SUPPLY :! 
— for 

MICROWAVE 
OSCILLATORS 

• Operates 
all low power commercial klystront. 

• Positive or negative grid operation. 

• Widest modulation frequency range. 

• Beam voltage: Regulated continuously 
variable over ranges of 300 to 1500 v. at 
65 ma. or to 3600 v. at 25 ma. 

• Repeller voltage: Direct reading continu• 
ously variable over the range of —20 to 
—750 volts. 

• Modulation: Square wave, saw tooth, ex-
ternal or highly stable c-w operation. 

Specify the PRO Model 801-A 

RESEARCH & DEVELOPMENT CO., Inc. 
55 JOHNSON ST., BROOKLYN 1, NEW YORK 
West Coast, 741 N. Seward St., Hollywood 38, Calif. 1563Y East 31st St., Cleveland 14, Ohio  

To go at a 

FASTER CLIP! 
reach for a 

MUELLER CLIP! 

• 
• 

.: o : 
: . \ 
.•• Nt.._, 
: ...i-L. . 

WHO USES 
• ▪ US? 
• 

•  

e 
• 
• 
• 
• 

Some of our customers 
have only engineering facili-
ties. and use us for manufac-

e turing. 

• Other of our customers 
have both engineering and 
manufacturing facilities, and 
use us for special manufactur-
ing assignments. 

Faster than ever with new • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
e 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

5 COLOR INSULATORS 
for quick lead identification! 

Typical high dielectric 
insulator on a Mueller 
Alligator clip. 

RED 

WHITE 

BLUE 

BLACK 
YELLOW 

For all 
Mueller clips 
up to 50 amps 

It's the new technique in color 
coding— to speed your work! 
—Originated by MUELLER: test 
clip pioneers since 1909. 

SEND FOR FREE INSULATOR SAMPLES 

AND CATALOG. 563Y. 

Both types use us for new 
products or to KO(Illre COill-

plete difficult assemblies. or to 
create intricate, finely-made 
parts. 

CONRAD 
& MOSER 
Workers in Aluminum, 

Brass, Steel & Plastics 

DESIGNING 

ENGINEERING • MANUFACTURING 

MECHANISMS • MACHINES 

PARTS • TOOLS • DIES • MOLDS 

STAMPINGS • CASTINGS 

MACHINING • SHEET METAL 

ENCLOSURES 8, CHASSIS 

1/a to 1á NAVY SPEC ALUMINUM 

SPOT WELDING AND HELIARC 

WELDING. 

2 Borden Ave. 

Long Island City I, N.Y. 

o 
o 

• 

APPLIED 
PRECISION 

tRe 
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Industrial Engineering Notes 
(Continued from page 112A) 

of this switch has rise and cut-off times of 
less than one microsecond, it was re-
ported. The electronic switch utilizes three 
tubes—two thyratrons and a diode recti-
fier. A condenser is connected to the plate 
of the power-delivery thyratron through 
an inductance. The other side of the con-
denser is returned to ground. The con-
denser is normally in a charged state when 
the circuit is in use, and the output voltage 
appears across the cathode of the power 
tube, it was noted. The switch is turned on 
in the usual way by applying a pulse to the 
grid of the power tube, and when the cir-
cuit is to be turned off, a pulse is applied 
to the grid of the turn-off tube, which then 
begins to conduct and discharges the con-
denser through the inductance. An experi-
mental model of this circuit, built at the 
Bureau, is capable of delivering 50 watts 
into a 200-ohm resistive load, at as much as 
a 95 per cent duty factor or as low as de-
sired. Flexibility in design of the NBS elec-
tronic power switch is possible using the 
large variety of thyratrons available, and 
the circuit may be readily adapted for a 
wide range of applications, the Bureau 
added. Complete details on this develop-
ment will appear in the National Bureau of 
Standards' "Technical News Bulletin" for 
May 1954. . . . A new application of elec-
tronic weather observation equipment to 
help speed the landing and take-off of air-
craft was announced last week by the 
Weather Bureau. Presently in use at the 
Newark and New York International Air-
ports, the new equipment is to be installed 
at about 20 additional major airports with-
in the next 18 months, it was reported. The 
equipment was designed by the Weather 
Bureau and the National Bureau of Stand-
ards and consists of sensitive electronic 
equipment placed close to die runway to 
measure cloud height and visibility. This 
information is transmitted continuously 
and automatically to the local Weather 
Bureau observatory and Civil Aeronautics 
Administration control tower. It was 
pointed out that by using these weather 
observations close to the runway, better 
traffic control is possible than when this 
information comes from more distant 
sources. Sudden changes in ceiling or visi-
bility are thus detected immediately, and 
the information relayed to approaching 
aircraft. Present installations were planned 
and financed jointly by federal and local 
governments and the aviation industry. 
Participating groups, in addition to the 
Weather Bureau, included the Flight 
Safety Foundation, National Air Trans-
port Co-ordinating Committee, Air Navi-
gation Development and the Civil Aero-
nautics Administration. . . . The Navy 
Department announced recently that it has 
awarded a contract for the construction of 
a "submarine simulator" trainer to the 
Electric Boat Division of General Dy-
namics Corp. The Navy said this is the 
first device which will be capable of simu-
lating all of the characteristics of the new 
submarines, including handling in turns 
and the "feel" of the various controls. The 
center of the operation is an electronic 

(Continued on page 116A) 

WHAT ARE YOU LOOKING FOR 

in a paper tubular capacitor? 

No matter what your particular applications problem in paper tubular 
capacitors—Sangamo can meet your need. You can choose from the 
following types: 

TELECHIEF—The premium tubular. Molded in 
Humiditite ... the Telechief offers amazing moisture 
resistance—satisfactory high temperature operation up 
to 85° C. (Contact our engineers about operating prob-
lems in the 1000-1250 C range). 

REDSKIN—An industry standard. Gives depend-
able long life operation at 85° C. The thermo-
setting plastic case stands rough handling and the 
especially designed, flexible leads resist breakage 
—they can't pull out. 

CERAMICHIEF—A ceramic-encased paper tubular. 
Here's quality at a price. Try it for high moisture re-
sistance—long life. Wax, Resinex, or Mineral Oil 
impregnated. 85° C operation. The Ceramichief is ideal 
for plastic imbedment circuitry. 

BUCKSKIN—An economical cardboard-
encased paper tubular. Gives full Sangamo quality 
in applications where costs are a problem. Wax, 
Resinex, or Mineral Oil impregnation. Built to 
pass requirements of RTMA Spec. REC-118A. 

p c For extremely critical applications—don't over-
" look Sangamo Types SA through SM. These 
hermetically-sealed, metal cased tubulars are built to 
MIL-C-25A Specs. Engineering Bulletin TS- 105 gives 
full information. 

eiewieierow 

SC54-10 

June, 1954 

de:deem/me-

SANGAMO ELECTRIC COMPANY 
MARION, ILLINOIS 
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A Really NEW 

FLEXIBLE COUPLING 

No. 39016 

Incorporating features which have long 
been desired in a flexible coupling. No 
Back Lash—Higher Flexibility—Higher 
Breakdown Voltage—Smaller Diame-
ter—Shorter Length—Higher Align-
ment Accuracy—Higher Resistance to 
Mechanical Shock—Solid Insulating 
Barrier Diaphragm—Molded as a 
Single Unit. 

JAMES MILLEN 

MFG. CO., INC. 
MAIN OFFICE AND FACTORY 

MAIDEN 

MASSACHUSETTS 

Industrial Engineering Notes 

(Continued from page 113A) 

computer, the Navy said, which receives 
the manipulations of the various controls 
inside the simulator as electronic signals. 
These signals will be translated into read-
ings on the compass, gauges and indicators 
inside the "dry land submarine" and also 
change the angle of the control room on the 
cradle which supports the structure. 

RETMA ACTIVITIES 

The Federal Communications Commis-
sion formally announced recently that it 
had approved, by a six-to-one vote, the 
proposed RETMA-FCC statistical survey 
of land mobile radio communications sta-
tions. Following is the text of the public 
announcement: "With the co-operation of 
the Radio-Electronics-Television Manu-
facturers Association, the Commission 
moved to seek information from licensees 
in the public safety and land transporta-
tion radio service concerning the actual 
number of land mobile transmitters in op-
eration, the age and certain technical data 
concerning the equipment, the channel 
loading of frequencies used by these serv-
ices, and related data. This information 
will aid in determining actual frequency 
usage, ratio of equipment authorized to 
equipment installed and the comparative 
saturation of frequencies in different parts 
of the country, and will be of further as-
sistance in connection with the establish-
ment of frequency assignment, criteria, 
and in planning for the future of these ra-
dio services. A questionnaire will be sent 
to approximately 25,000 licensees in the 
services who hold nearly 50,000 grants 
authorizing the installation of more than 
350,000 mobile transmitters. 

(Continued on page 117.1) 

Vieth New Customer Liaison 
Manager For Servo-

mechanisms 

Servomechanisms, Inc., 500 Franklin 
Ave., Garden City, L. 1., N. V., has 
named F. D. Vieth to the position of 
Customer Liaison for its Westbury, N. V., 
Division. In his new post Mr. Vieth will be 
responsible for the Westbury Division's 
sales efforts and customer-service pro-
grams. 

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 \VWVH. 

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 \VWV (or WWVH) are 

accurate to one part in fifty mil-

lion. This instrument in your lab-

oratory will truly give you a ... 

PRIVATE PIPELINE TO PRECISION. 

Send for complete specifications, 

prices and delivery schedule. 

SPECIFIC I PRODUCTS 
14515 DICKENS STREET 
SHERMAN OAKS 2, CALIF. 
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FCC ACTIVITIES 

Dr. W. R. G. Baker, Chairman of the 
RETMA Special Committee on Spurious 
Radiation on April 1 called upon all set 
manufacturers to co-operate in a volun-
tary program of self-regulation designed 
to minimize the interference of television 
and FM radio receivers caused by radia-
tion and spurious emissions. In a letter to 
the heads of all set manufacturing com-
panies, the special committee proposed a 
detailed plan for industry-wide adherence 
to specific RETMA engineering standards 
and warned that failure to adopt this plan 
would lead to action by the Federal Com-
munications Commission in the public in-
terest. The RETMA plan as submitted to 
the industry, both members and nonmem-
bers, calls for adherence to the recom 
mended intermediate frequency of 41.25 
mc for television receivers, to proposed 
radiation limits for TV and FM sets, and 
voluntary submission of sets for testing 
and certification to an independent lab-
oratory to be selected by the special com-
mittee.... The Federal Communications 
Commission on April 15 announced its in-
tention to adopt new rules designed to 
require manufacturers to limit radiation 
from TV and FM receivers and at the 
same time reaffirmed publicly its approval 
of the RETMA proposal for voluntary in-
dustry self-regulation through submis-
sion of receivers to an independent testing 
laboratory for certification. 

FEDERAL PERSONNEL 

The appointment of Dr. Ralph J. Slutz 
as Assistant Chief of the Central Radio 
Propagation Laboratory has been an-
nounced by the National Bureau of Stand-
ards. Dr. Slutz was formerly a consultant 
to NBS in the fields of electronic com-
puters and mathematics. Well known for 
his role in the design and construction of 
SEAC, one of the Bureau's electronic digi-
tal computers, and for his research on the 
application of the computer to solution of 
problems in theoretical physics, Dr. Slutz 
will now assist in the direction of the re-
search program of the Central Radio Prop-
agation Laboratory. The Laboratory 
serves as the primary agency of the gov-
ernment for radio wave propagation re-
search and for the centralization and co-
ordination of information in this field. 

High Vacuum Symposium 
Of particular interest to individuals 

and organizations concerned with ap-
plications of high vacuum technology is 
the High Vacuum Symposium which 
will be held June 16, 17, and 18, 1954, 
at the Berkeley-Carteret Hotel at 
Asbury Park, N.J. 
The program comprises approximately 

25 technical papers. Special care has 
been taken to include subjects of prac-
tical as well as theoretical importance. 

Persons and organizations interested 
in attending the Symposium are invited 
to write The Committee On Vacuum 
Techniques, Box 1282, Boston 9, Massa-
chusetts. 

INTRODUCES 

ATR 
,vir3RAT(,p. 
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featuring: 

The Wanich 
Communication 

VIBRATORS 

• CERAMIC STACK SPACERS 

• 1/4 ' DIAMETER POWER CONTACTS 

• DRIVER-TYPE COIL CONSTRUCTION 

• SPECIAL REED HINGE and WIRING 

• POWER CAPABILITY UP TO 15 AMPERES 

A COMPLETE LINE OF REPLACEMENT 

VIBRATORS 
FOR AUTOMOTIVE, HOUSEHOLD and 

TWO-WAY COMMUNICATION SETS 

ATR VIBRATORS are proven units of the high-
est quality, engineered to perfection. They 

are backed by more than 23 years of vibra-

tor design and research, development and 
manufacturing. 

ATR pioneered in the vibrator field. 

LE - Just off the Press! 

1954 ATR VIBRATOR 

MASTER MANUAL 

See *um fotee et unite ‘aetosq (delete 

jr com,bléte (*.fie:matt:cue 

AMERICAN TELEVISION & RADIO CO. 
2uality   SiKee 193/ 

SAINT PAUL 1, MINNESOTA— U. S. A. 
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OPENING FOR ELECTRONICS 

ENGINEER AT GILFILLAN 

Naturally, no man takes a job be-

cause of climate alone. But when 
year-long fun under the sun is a 

bonus — added to everything you 
have been looking for in a lifelong 

career, including rapid advance-
ment, interest, security and pres-

tige—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 re-

search, design and production, yet 

not so big you get lost. You have 
the very real satisfaction of fol-
lowing through on your work, get-

ting credit for it, and seeing its 

achievements in the field. 

PRESTIGE 

Gilfillan pioneered GCA Radar 

and all its major improvements, 
is at present engaged in auto-

matic GCA, missile guidance, 

navigational 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. 64. 
Venice Blvd., Los Angeles, Cali-

fornia. Give a brief resume of 

your background and experience. 
Interview at a convenient location 

will be arranged for qualified men. 

Gie/tan 
e. Los Angeles 

GCAw  

* * * 

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 any announcement without assign-
ment of reason. 

PATENT ENGINEER 

BEE 1950. Age 26, married, 1 child. 2 years 
completed toward law degree. Experience in-
cludes design and development of communica-
tions systems and preparation of patent dis-
closures. Desires position with patent department 
in New York City or vicinity. Box 723 W. 

PHYSICIST 
Recent Ph.D in physics, Columbia University. 

3 years research in solid-state metallurgy, 1lA 
years development of anti-submarine devices; 
VA years WW II Signal Corps communications 
and radar officer. Age 31, married, one child. 
Wishes research position in solid state physics 
and/or metallurgy. Box 725 W. 

(Continued on page 120A) 

TUBE 
ENGINEERS 

FOR 

SYLVANIA 

Five or more years' experience on 
tube development. Familiarity with 
Microwave Tube development par-
ticularly desirable. 

Work in Sylvania's expanding 
Traveling Wave Tube Develop-

ment Program at the 

Research Laboratories 

SYLVAN IA 
ELECTRIC PRODUCTS INC. 
Bayside, Long Island, N.Y. 

. where you can live and work in 
New York's finest residential area 

Please send resume of experience to 
E. W. Doty 

Manager of Personnel 
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7e New Horizon (4 INDUSTRY 

• 

The South, and Florida in particular, has 

risen to a new status in the •engineering 

and manufacturing fields. Many industries, 

old and new, have located here in line with 

decentralization policy and to take advan-

tage of the many potentialities of the area. 

Lower living costs, low taxes, and year 

'round outdoor life appeal to both labor and 

management. 

Engineering firms, especially, find Florida 

an ideal location in which to conduct oper-

ations. As an index to the growth of the 

electronic industry in the state, the number 

of IRE members in Florida has increased 

over 300% in the last three years. There 

is no doubt that the future is in Florida. 

RADIATION, INC. is one of many engi-
neering firms to locate in Florida. En-

gaged in electronic research and develop-

ment, our work includes the fields of avi-

onics, nucleonics, and automation. 

Our engineers enjoy the low living coste 

and pleasant living conditions of the area 

plus the opportunities offered by a pro-

gressive, expanding organization. 

Qualified engineers with experience in elec-

tronic circuit design, aircraft instrumen-

tation, and stress analysis are invited to 

contact R. L. Bickford, Director of Per-

sonnel, RADIATION, INC., P. 0. Drawer 

Q, Melbourne, Florida. 

RADIATION Inc. Melbourne, Fla. 
Orlando, Fla. 

Electronic RESEARCH • DEVELOPMENT • PRODUCTION 
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Tall Steam Ahead 

ELECTRONICS ENG. 

PHYSICISTS 

It's full steam ahead 
at Bendix Radio . . . 
More work to be 
done! More experi-
enced engineers needed! More 
interesting, challenging positions 
to be filled! Your future is bright 
when you join the efficient Bendix 
Radio team! 

Excellent salaries. 

Semi-annual work reviews with advance-
ment on merit. 

Modern, air-conditioned plant located in 

beautiful suburban area with ample hous-
ing, good schools, attractive shopping 
centers, major league sports. 

Numerous employee benefits. 

MECHANICAL ENG. 

with 
BENDIX 
RADIO 

Challenging work in 

The development of: 

Radar (Airborne and Ground) 

Auto Radio and Test Equip. 

Airborne & Mobile Comm. Equip. 

Missile Guidance Systems 

Computer Applications 

Research & Development 
(Incl. Transistors and Printed Circuitry) 

Call, wire or write Mr.L.H.Noggle,Dept.M 

-13 en dbeRadio 
DIVISION OF BENDIX AVIATION CORP. 

BALTIMORE 4, MD. VAlley 3-2200 

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 & 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, amring the finest 

Please submit 
resume to our 
Engineering 
Personnel Section. 
(Personal 
interviews may be 
arranged in 
your city.) 

SPERRY GYROSCOPE CO.  
Division of the Sperry Coro o 
Great Neck. Long Island. N.), 

Positions Wanted 
(Continued front pa;ic 

SALES ENGINEER 

BS, MS in EE. Two years in headquarters 
sales negotiating contracts for large eastern 
electrical company. Age 28, unmarried. Desires 
direct selling position in southeast. Box 726 W. 

TECHNICAL ADVISOR 

Government Inspection and quality control 
procedures. Military electronic and communica-

tion equipment, including JAN-MIL specifica-
tions. Presently with U.S. Air Force Quality 
Control Inspection Service. Formerly U.S. Sig-
nal Corps advisor to Turkish Government. De-
sires to relocate, preferably Florida. Age 39, 
married. Box 727 W. 

CONTRACT ADMINISTRATION & SALES 

BS, graduate work in E.E. Age 33, married, 
3 children. Comprehensive experience includes 
electronics engineer, 5 years design and de-
velopment, 3 years contract administration with 
Government and private concern, supervision, 
well versed in all problems connected with Gov-
ernment contracts. Box 728 W. 

PRODUCTION MANAGEMENT 

BEE, Sumnia Cum Laude, MEE Polytechnic 
Institute of Brooklyn. Studying for masters in 
management at New York University. 4 years of 
proven success in electronic and microwave 
manufacturing. Conscious of human relations, 
meeting schedules and efficiency. Age 27, mar-
ried, 1 child. N.Y. metropolitan area. Box 
729 W. 

(Continued on page 122A) 

MAN WHO CAN CREATE 

A STRONG 

ELECTRONICS DEPT. 

Missile manufacturer having laige 

mechanical design staff but small 

electronics group is seeking a man 

capable of creating and heading an 

expanding electronics department. 

Will be responsible for design of 

electronic systems which are opti-

mum for a given missile, and the 

choice, coordination, and packaging 

of component equipment. Salary 

range $10,000 to $15,000 per year. 

Please send resume of background 

including a snapshot and details of 

related experience to Box 771. 

INSTITUTE OF 

RADIO ENGINEERS 

1 East 79 St., New York 21, N.Y. 
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Caltech 
Laboratory 

Jet Propulsion 

is now offering select engineering 
positions requiring a considerable 
degree of initiative, creative ability 
and responsibility. 

System Analysis Engineer 

For analysis, study, and evaluatión 
of guided missile systems. 

Rndnr, Doppler, Antennu Engineers 

Several responsible positions are 

available for engineers experienced 
in micro wave, audio, pulse, anten-

na, and other circuits relevant to 
radar and doppler systems. 

Gyro Engineer 

Position involves the development 
and design of gyros, accelerometers 
and gimbaled systems. Experience 
with precision instrumentation 
techniques is desirable. 

Computer Engineers 

(Analog and Digital) 

‘‘ ith development experience in 
circuit design, logical design, tran-

sistors or theory of automatic con-
trol computers. 

Mechanical Engineers 

For design and development of 
small auxiliary power supplies. Ex-
perience with air turbines, recipro-

cating gasoline engines, gas tur-
bines or electric alternators is de-
sirable. 

Electronic Physicist 

For investigation into the basic 
physical phenomenon occurring in 
electronics. An immediate problem 
is the investigation of ammonia 
absorption oscillators. 

Experience in the respective fields is 
required. Send your résumé today to: 

JET PROPULSION LABORATORY 

California Institute of Technol-ogy 

4800 Oak Grove Drive 

Pasadena 3, California 

SPECIAL OPPORTUNITIES FOR 

SENIOR ENGINEERS 
Convair in beautiful, sunshiny San Diego in-
vites you to join an " engineers" engineering 
department. Interesting, challenging, essential 
long-range projects in commercial aircraft, mili-
tary aircraft, missiles, engineering research and 
electronics development. Positions open in these 
specialized fields: 

Electrical Design 
Mechanical Design 
Structural Design 
Structures 
Weights 

Servo- mechanisms 
Aerodynamics 
Thermodynamics 

Operation Analysis 

System Analysis 

Generous travel allowances to those accepted. 
For free brochure, write Mr. H. T. Brooks, 
Engineering Dept. 800 

CONVAIR 
IN BEAUTIFUL 

SAN DIEGO 
3302 PACIFIC HIWAY 

SAN DIEGO 12, CALIFORNIA 
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Positions Wanted 

It's the 
Individualr, 
that 
counts 
at 
MELPAR. 

NO ENGINEER becomes just 
a -cog in the wheel" at Mel-

par. Instead, everybody has his 
own responsibility — is rewarded 
and advanced for a job well done. 
That's why so many young engi-
neers hold the top jobs here. 
MeIpar is growing and new 
top jobs open up regularly. 
Maybe you're just the man 
for one of them. Why not 
find out — now ! 

Experience desired in one or more of these 
or allied fields: Data Handling Equipment 
(magnetic cores, magnetic recording equipment, 
analogue to digital conversion, shaft digitizers) 
• Flight Simulation ( servomechanisms, pulse 
circuitry, electronic cabling) • High Frequency 
Antennas • Audio and Video Circuit Design 
• Small Mechanisms Design • Mechanical 
Packaging and Electronic Components • Heat 
Transfer and Thermodynamics • Design of 
reciprocating compressors, hot gas generators 
and diesel engines 

Address: Personnel Director, Dept. IRE-6 

4 melpay 
Galen Street, Watertown, Mass. • 440 Swann Ave., Alexandria, Va. 

A SUBSIDIARY OF THE WESTINGHOUSE AIR BRAKE COMPANY 

Electronic Engineering Company of CaPf ; Orn 

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 Ensincerins Company y1C././ww;.. 
ill SOVIN ilYiliDO itliti 

105 sty1111• 57 •( A111011114 

ELECTRONIC TUBE ENGINEERS 

KEY OPENINGS 
AT WESTINGHOUSE 

Professional advancement at the nes. Electronic Tube 
Division of Westinghouse. These top jobs available 

RECEIVING TUBE ENGINEERS 
EE or Phys.-for design, de•.elopment and application 

SEMI-CONDUCTOR ENGINEERS 
EE or Phys,(or design and development 

MICROWAVE ENGINEERS 
EE or Phys.-design and development 

Plant located in Elmira, N.Y., 
with good housing and excellent 
schools available. 
Westinghouse offers an excellent 
stock purchase plan plus unusual 
employee benefits. 

Send resume now to: 
Mr. Marvin Mandel, Industrial 

Relations 
Westinghouse Electric Corporation, 

Dept. A2 
Box 284, Elmira, N.Y. 

(Cntinued front page 120.4) 

PROJECT ENGINEER 
BS. physics, MBA. industrial management. 

3 years experience in electromechanical systems, 
ASAF research and development. Age 29, 
married. Desires industrial position in produc-
tion management. Box 730 W. 

ENGINEER 
BS. in Radio Engineering 1943. Experienced 

in communication, industrial electronics and 
radar. Have supervisory and creative abilities. 
At present employed as a Field Engineer in the 
Arctic. Age 31 years, single. Wish to work in 
any of the Latin American countries. Box 
735 W. 

ENGINEER 
'BSEE. (with honors) University of Illinois, 

1951. Part credit toward MS. Age 26, married, 
2 children. 2 years Navy electronic technician. 
2V2 years R.&D. experience in military servo 
applications ( missiles, flight simulators, analog 
computers). Desires position as research engi-
neer with an organization engaged in the appli-
cation of feed-back control to industrial proc-
esses. Midwest location preferred. Box 739 W. 

ADVERTISING & PUBLIC RELATIONS 
MANAGER 

BS. Engineering/Bus. Admis., MBA. Market-
ing. 10 years progressive experience in all phases 
of industrial promotion: program planning, budg-
eting 8z administration, agency and media 
liaison, space and promotional copy planning, 
writing and editing pamphlets & brochures, 
technical publicity. Press, industry & Govern-
ment relations. Licensed radio operator with 
background in radio & electronic equipment pro-
motion. Age 34. Box 740 W. 

(Continued on page 124.4) 

ELECTRICAL 
ENGINEERS 

Openings now exist for electrical en-

gineers to be assigned as follows: 

lo design and apply electrical and 
electronic circuits in instrumentation 

and process control equipment for 
Research and Development Depart-

ment. 

To design electrical systems for 

chemical synthetic fiber plant. Also to 
supervise selection and preparation of 
specification and installation of equip-
ment. A working knowledge of elec-

tronics desired but not necessary. 

Men with B.S. Degree in Electrical 
Engineering and 3-5 years experience 

should apply by sending resume stat-

ing qualifications and salary require-

ments to: 

A. D. Preston 

Technical Personnel Manager 

Box 5000 

THE CHEMSTRAND 

CORPORATION 
Decatur, Alabama 
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To 1954 Engineers... 

Where will you be in 1964? 

Lockheed has 
career openings for: 

Will you have shifted from job to job, seeking the "right spot" and never 
finding it? Or will you have moved ahead steadily at one company, 
gaining recognition and promotion through achievement? 

The answer to those questions depends on more than ability and 
ambition. It also depends on opportunity ... opportunity to show what 
you can do ... opportunity to make hard work and accomplishment 
pay off in promotion ... the kind of opportunity you get 
at Lockheed, working on such diversified projects as huge luxury 
airliners, jet transports, nuclear energy, fighters, bombers, 
trainers, vertical rising aircraft and other classified activities. 

There are other important yardsticks with which to measure a job: 
salary, extra employee benefits, living conditions. All standards that 
tell you today's job is a good one; all excellent at Lockheed. 

But it is opportunity that makes a Lockheed job a position of the future 
— a position that in 1964 will enable you to look back on 
a record of achievement you earned because you had the opportunity. 

Lockheed invites inquiries from Engineers who seek opportunity 
for achievement. Coupon below is for your convenience. 

Electro-Mechanical Design Engineers 
with a degree in Electrical Engineering 
and extensive experience in circuit analysis 
and design and electro-mechanical experi-
ence in servomechanisms and autopilots 

Electrical Design Engineers 
with a degree in Electrical Engineering and 
experience in aircraft circuit analysis 
and electrical design 

Electrical Installation Design Engineers 
with a degree in Mechanical or Electrical 
Engineering and experience in design of 
electrical equipment installation 

Servomechanisms and Autopilot Research Engineers 
with a degree in Electrical Engineering 
and experience in research and testing of 
servomechanisms and autopilots 

Instrumentation Engineer 
with a degree in Electric al Engineering 
and experience in instrumentation for 
flight testing 

Thermodynamicists 
with a degree in Aeronautical or 
Mechanical Engineering and extensive 
experience in aircraft thermodynamics 

Lockheed 
AIRCRAFT CORPORATION 

BURBANK • CALIFORNIA 

Mr. E. W. Des Lauriers, Dept. IRE-6 
Lockheed Aircraft Corporation 
1708 Empire Avenue, Burbank, California 

Dear Sir: 
Please send me your Lockheed brochure describing life and work at Lockheed in 
Southern California. 

Name 

Field of engineering 

Street Address 

City and State 
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ENGINEERING 
offered splendid 

opportunities in 

Boston Engineering Laboratory! 
Men qualified to handle high 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 personal 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 projects and provide tech-
nical direction of other top-level engineers 
working on microwave circuits and micro-
wave plumbing in the development of 
military airborne electronic equipment. 
Should have 5 years' experience in such 
work and at least a BS degree. 

ELECTROMECHANICAL 
ENGINEERS 

Senior engineers to direct groups of top 
level engineers working on mechanical 
designs of airborne electronic equipment. 
Should be able to estimate operating and 
development expenses to judge and co-
ordinate staff work. Should have 5 years' 
experience in the field and at least a BS 
degree. 

ELECTRONIC Engineer-in-Charge 

To plan, direct and control the activities 
of engineers engaged in design and 

development of large, complex electronic 
equipment. Must have at least 5 years' 
experience in military electronic equipment 
and be familiar with latest techniques 
used in airborne electronic methods. Must 
have at least a BS degree. 

ELECTRICAL ENGINEER-WRITER 

Junior Engineer-Writer urgently needed to 
assemble research data and prepare re-
ports on highly complex electronic equip-
ment. Should be an electrical engineer 
with 3 years' experience and a flair for 
specification writing. Will have an excel-
lent opportunity to grow in the adminis-
trative field. 

RADAR SYSTEMS AND 
CIRCUIT ENGINEER 

To 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. 

INTERVIEWS BY APPOINTMENT 
Charles D. Kepple, Professional Placement 

Boston Engineering Laboratory 

SYLVANIA 
ELECTRIC PRODUCTS INC. 
70 Forsyth Street • Boston, Massachusetts • KEnmore 6-8900 

Positions Wanted 
(Cuntinued front page 122A) 

ELECTRONIC SCIENTIST— PHYSICIST 

BS., MA. credit COlumbia University. Age 37, 
married. 12 years experience in circuitry, an-

tennas and propagation, upper atmosphere re-

search, countermeasures and electron tubes. 

Patents, member of three national committees. 
Organizer and head of large R & D section. 
Desites responsible, creative and challenging 

R & D position, preferably electron tubes. Pre-
fer west coast, New England. Box 741 \V. 

SENIOR ELECTRONICS ENGINEER 

Senior electronics engineer, presently project 

leader on 6 figure Air Force development con-
tract. BEE., MEE., Tau Beta Pi. Under 30, 

married. Experience in UHF, servos, digital 

techniques, contract negotiation. Desires re-
sponsible position. Will relocate anywhere in 

east. Box 742 W. 

JUNIOR ELECTRONICS ENGINEER 

Age 28, USN ETN 13E1.1. l'ratt Insti-

tute. Experience: years electronic techni-

cian and inspector. 2 years TV repair. Interested 
in testing and development in New York area. 

Box 743 W. 

ENGINEER 

BSEE.; recent M.B.A. ( Ind. Mgt.). 6 years 

experience, largely technical, with some adminis-

tration and customer contact. Desires work in 

administration, sales or product development. 

Prefer western U.S. location. Box 744 W. 

(Continued on page 126A) 

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 S 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 Park Avenue 
Plainfield, N.J.—PLainfield 6-4806 
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If you have design 

experience in 

MAGNETIC 
AMPLIFIERS 

CRYSTAL and 
L. C. FILTERS 

MINIATURE 
TRANSFORMERS 

PLASTIC 
ENCAPSULATION 
TECHNIQUES 

(or if you are an engineer 

desiring experience in 

these fields) 

... you owe yourself an investi-
gation of the career advantages 
offered by Communication Ac-
cessories Company, Hickman 
Mills, Missouri . . . located in 
South Suburban Kansas City, 
where you and your family can 
enjoy advantages of: 

1. 

2. 

3. 

Management - owned ex-
panding organization. 

Rural atmosphere — 25 min-
utes to metropolitan Kansas 
City. 

Newly developed housing 
facilities, schools and shop-
ping centers. 

For confidential negotiations, address 

inquiries to W. S. Bonebright, V.P., 

COMMUNICATION 

ACCESSORIES 

COMPANY 

Hickman Mills, Missouri 

ENGINEERING OPPORTUNITIES 
Engineers: Choose an Outstanding Career at Emerson- Electric. 

Challenging Opportunities for: 

• ELECTRONIC ENGINEERS • SERVO ENGINEERS 

• STRESS ENGINEERS • MECHANICAL DESIGNERS 
• ELECTRONIC PACKAGING ENGINEERS 

You can select a key position in a com-
prehensive, long-range program developing 
and manufacturing turrets, radar, fire control 
systems, computers, servo mechanisms, instru-
ments, guided missiles and rocket launchers. 

Attractive benefits include modern plant 
and facilities, suburban location, promotion-

from- within policy, group insurance, pension 
plans, paid holidays and vacations. 

Salaries are commensurate with training, 
experience and ability. Transportation and 
moving expenses paid to St. Louis. Please 
send resumé, salary requirements and avail-
ability to: 

Technical Employment Supervisor, Station 483-C 

THE EMERSON ELECTRIC MFG. CO. 
8100 Florissant • St. Louis 21, Missouri 

LEADERS IN THE ELECTRICAL INDUSTRY SINCE 1890 

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 Gas Discharge Tubes • Dielectrics 

MAIL THIS COUPON TODAY 

[Wend 
klecommunication 

Laboratories 
A Division of International Telephone 

and Telegraph Corporation 

Federal Telecommunication 
Laboratories 
500 Washington Ave.. Nutley. N. J. 
Please send me a copy of "Your 
future is with FTL." 

Address  

City lone State 
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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 desirous 
of expanding our permanent 
staff in such fields as electronic 
instrumentation, missile guidance, 
microwave applications, design 
of special-purpose electronic com-
puters, and in various other ap-
plied research fields of electron. 
its and physics. 

Salary structure and bone. 
fit programs are on a par 
with industry. In addition, 
there are many tangible 
advantages, such as our 
self-sponsored internal re-
search policy, of interest 

\ to men with ingenuity and 
\ initiative. 

\\\ 

CORNELL AERONÁUTICAL 
LABORATORY, INC. 

1FP 
BUFFALO 21,"..NEW YORK 

OPPORTUNITIES 

for 

ELECTRONICS 

ENGINEERS 

with design experience 

and ability to analyze 

circuits using low-fre-

quency amplifiers with 

feedback. Interesting 

work with liberal salary 

and employee benefits 

in a successful organiza-

tion. Send resume of 

qualifications to 

P.O. Box 550 

Ridgefield, Conn. 

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 
V' Automatic Data Handling 
e Operational Research 
V Pulse Handling Techniques 
V' 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... 

eiGINEERING :)ESEARCH /eSSOCIATES 

 DIVISION OF I fIJ1I,I9rtó7L Mine 
• -« 

1902 West Minnehaha Avenue St. Paul W4, Minnesota 

Positions Wanted 
(Conhnued from page 124.4) 

ATTORNEY—ENGINEER 

Age 39. Seeks position utilizing broad back-
ground. BSEE. 1937. LL.B. 1954. 17 years engi-
neering experience: electrical construction and 
maintenance, steel mill; World War II Lt. 
Colonel, Corps of Engineers; electronic develop-
ment and design: radio communications. TV 
broadcasting and missile control. Box 753 W. 

ENGINEER 

Age 34, married, 2 children. BSME. Mass. 
Institute of Technology 1942, Tau Beta Pi. 
Graduate work in mathematics and servomecha-
nisms. 11/2 years • packaging machinery design; 
6/2 years in instrumentation research develop-
ment and management including personnel, pat-
ents, contracts, sales, etc. Currently full time 
consulting work for company investigating entry 

into electronics field. Interested in administra-
tive engineering position in electromechanical 
development and promotion. Box 754 W. 

PATENT ENGINEER 
BSEE. 1952. Age 25, single. 1 year com-

pleted toward law degree. Experience includes 
testing and analysis of airborne radar while 
undergrad in co-op course and post-graduate 
experience in design and development of ad-
vanced TV circuits. Desires experience with 
Patent Dept. in Philadelphia or vicinity. Avail-
able June 15. Box 755 W. 

PHYSICAL CHEMIST-INSTRUMENTALIST 

Ph.D. Physical Chemistry June 1954. 4 years 

teaching experience. 3 years experience in the 
design and construction of electronic instruments. 
Interested in photoconductivity and photolumi-
nescence but versatile. Age 26, married, veteran. 

Box 756 W. 
(Continued on page 128,4) 

SENIOR-PROJECT 

ELECTRO-ACOUSTIC 

ENGINEER 

We need a man with 10 

years background in the 
fields of electronics, elec-

tromagnetics and acous-

tics. 
Salary high in propor-

tion to background experi-

ence. 

Dyna-Labs, im. 
1075 Stewart Avenue, 

Garden City, N.Y. 

GArden City 3-2700 
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Your future's on the rise when you're an 

aviation electronics engineer with RCA! 

SYSTEMS, ANALYSIS, DEVELOPMENT or 

DESIGN ENGINEERING 

FIRE CONTROL 

PRECISION NAVIGATION 

COMMUNICATIONS 

POSITIONS IN: 

Specialize in: Radar . . . Analog Computers . . . Digital Computers 
. . . Servo Mechanisms. .. Shock & Vibration . . . Circuitry . . . 
Heat Transfer . . . Remote Controls . . . Sub-Miniaturization 
. . . Automatic Flight ... Transistorization ... Design 
for Automation. 

You should have 4 or more years' professional experience and a 
degree in electrical or mechanical engineering, or physics. 

In these positions at RCA, there's a real engineering challenge. 
You'll enjoy professional status . . . recognition for 
accomplishment. .. unexcelled facilities . . . engineering 
graduate study with company-paid tuition . . . plus many 
company-paid benefits. Pleasant suburban and country living. 
Relocation assistance available. 

Look into the RCA career that's waiting for you! Send 
a complete resume of education and experience to: 

Mr. John R. Weld, Employment Manager 

Dept. 302F, Radio Corporaiion of America 

Camden 2, New Jersey 

RADIO CORPORATION OF AMERICA 
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ELECTRONIC ENGINEERS 
EE degree, most jobs mini-

mum 3 years' experience 

1. Microwave antennas 

2. Component specifications 

3. Project Management 

4. Systems and Computer 

5. Field Service 

(Military & TV) 

Opportunity Is What You Make It 

at GENERAL PRECISION LABORATORY 

The size of your opportunity at GPL is governed only by your own 
initiative and ability. For, in our young, growing and closely 
integrated organization, recognition for achievement and swift ad-

vancement go hand-in-hand. And, along with this opportunity is 

the solid stability provided by our large, well-established and 
diversified parent company, General Precision Equipment Corpora-

tion. 

One more factor is important—the enjoyable way of living, in 

Westchester County, New York (site of our laboratory), famous 
throughout the country for its beautiful communities and high 

standard of living. 

Expenses will be paid for qualified applicants who come for inter-
views. Please submit complete resume to: Mr. II. F. WARE 

GENERAL PRECISION LABORATORY 
Incorporated 

A subsidiary of General Preei...  Equipment Corporation 

63 BEDFORD ROAD, PLEASANTVILLE, NEW YORK 

MICROWAVE ENGINEER OR 

PHYSICIST 

For theoretical development of wave 
propagation in the region of dielectric 

and metallic boundaries, including 
methods of approximation in boundary 
value problems, investigation of 
propagation through ferrites, develop-
ment of specialized microwave com-
ponents and application to systems. 
Complete digital and analogue com-
puting facilities are available. Ap-
plicant must also be capable of direct-
ing an experimental program for 
verification of theoretical predictions. 

MICROWAVE ENGINEER 

To conduct basic experiments on 
microwave circuits and transmission 
through dielectric media, and to aid 
in the design of basic test equipment 

involving novel principles. A good 
understanding of electromagnetic 
wave phenomena is essential. Recent 

graduates with outstanding records 
will be considered. 

Please send resume to: 

Salary Personnel 

Goodyear Aircraft Corp. 

Akron 15, Ohio 

ELECTRONIC 
ENGINEERS-
PHYSICISTS 

YOUR FUTURE IS IN ATOMIC 

ENERGY . . . IF 

YOU FIT THIS PICTURE 

EDUCATION . . . BS or higher 
degree in EE or Physics . . . em-
phasis on electronics. 

EXPERIENCE in one of the fol-
lowing . . . advanced circuit de-
velopment . . . electronic instru-
mentation research . . . ya(  
tube research ... process control 

instrumentation. 

EXPECTATIONS . . to work as 
a member of a team of top scien-
tists and engineers in an at-
mosphere where creative think-
ing is encouraged . . . to be lim-
ited, in general, only by your 
capabilities. 

IF you think you "fit," please 
write: 

Industrial Relations Department 

TRACERLAB, INC. 

130 High Street 

Boston 10, Massachusetts 

Positions Wanted 

(Continued from page 126A) 

ELECTRONICS DEVELOPMENT ENGINEER 

BEE. 1950, age 29. 2 years experience in 
guided missile research and development; I year 
development work in geophysical instrumenta-
tion. 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 
includes 3 years army radar officer; l'A years 
instrumentation technician in nuclear research; 
3 years electronics research; 2 years analyst 
and consulting engineer for military communica-
tions intelligence agency; l'/ years owner of 
general electronics service company. Desires posi-
tion in any phase of electronics field with good 
opportunity for advancement. Box 758 W. 

ELECTRONICS ENGINEER 

Desires technical, sales or administrative posi-
tion with expanding organization, inside or out-
side U.S.A. 7 years experience in electronics 
including research and development, technical 
writing, supervisory responsibilities, and 3 
years of systems engineering. BS. in Physics 
and graduate courses in EE. Age 34, married. 

Box 759 W. 

ENGINEER 
BSEE. electronics option, University of 

Michigan 1951. Age 26, married, 2 children. 
Experience in test equipment and flight simu-
lators. Interested in design and development. 
Résumé upon request. Box 760 W. 
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Dendix Aviation Corporation 
• YORK Division   

This NEW division of our 

nationally-famous 

corporation has 

openings for... 

ENGINEERS 
PHYSICISTS 

Top-flight men in advanced fields of 
electronic research, development and 
product engineering are needed for 
challenging work under ideal condi-
tions in our new, modern plant. 

You benefit at Bendix York from our 
location in the heart of a beautiful 
suburban area, from high wages, paid 
vacations and holidays . . . and ex-
cellent opportunities for advance-
ment. 

Openings at all levels. 

Write, Wire or Phone 

Department Y-1 

AVIATION CORPORATION! 

YORK DIVISION • 
Phone: York 5521 York, Penna. 

The following positions of interest to 
I.R.E. members have been reported as 
open. Apply in writing, addressing reply 
to company mentioned or to Box No..... 
The Institute reserves the right to refuse any 
announcement without giving a reason for the 
refusal. 

PROCEEDINGS of the I.R.E. 

I East 79th St., New York 21, N.Y. 

TRANSFORMER DESIGN ENGINEER 
(AUDIO & POWER) 

Salaried position, 1 year minimum design 
experience required. Age between 25 and 35 
years old. Write Personnel Mgr., Columbus 
Process Co., Inc., Columbus, Indiana for further 
details. Enclose brief summary of educational 
background and design experience. 

INSTRUCTOR 

Instructor, technical electricity to teach course 
in power and electronics at the technical insti-
tute level. At least a BS. with some industrial 
experience and interest in laboratory work. 
Salary $4500 to $6000. Location central New 
York state. Box 763. 

MICROWAVE TUBE ENGINEERS 

Several opportunities at both senior and junior 
levels for electronic engineers or physicists in-
terested in research and development in the field 
of microwave vacuum tubes with emphasis on 

(Continued on page 130A) 

ELECTRIGÉ 
YVil\ICAL ÍNGJ 

PHYSICISTS 
With good analytical ability 
and creative imagination 

11S 

Bell Telephone Laboratories offers you attractive career opportuni-
ties in one of today's most important scientific fields . . . communi-
cations and electronics. 

The extensive facilities of our complete development and research 
laboratories . . . the stimulating nature of development and design 
projects for both the Bell System and the Armed Forces . . . and 
the ready recognition of individual initiative are all factors which 
foster growth in your profession and within the company. 

If your interests and training are related to our work . . the 
security, opportunity and sound future we offer are worth serious 
consideration. 

Our benefits are many, increase with years of 
service, and lead to a liberal pension plan — all 
at no expense to the employee. 

Openings for recent college graduates, returning 
servicemen, and experienced men up to 40 years 
of age, from BS to PhD level. (Full-time train-
ing program is provided for those with little or 
no experience at BS and MS level). 

Component and Device Development 
Fundamental development, application, mechanical 
design, standardization. 

Systems Engineering 
Analysis, coordination, evaluation, operational research, 
planning, studies. 

Systems Circuit Development 
.1pplied research, fundamental development, design, 
experimentation. 

Equipment Development 
Pa, kaging, mechanical development, design for 
production. 

ll'o,k locations in New York City and in nearby Northern New Jersey. 

Write giving full details of education, experience and interests to: 

Bell Telephone Laboratories, Inc. 
Employment Director, Box 2 

New York 14, New York 
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SYSTEMS ANALYSTS 

The Ryan Aeronautical Company's engineering division is ex-

panding as a result of new aircraft projects and offers an excep-

tional opportunity for men with the appropriate qualifications. 

They will be responsible for the analysis and synthesis of pow-

ered flight controls and their integration with other systems— 

auto-pilot, engine controls, etc. Should have an advanced degree 

in mathematics or physics and a minimum of three years ex-

perience in this type work. 

Ryan has a thirty-two year history of growth and stability . . . 

in the last eighteen months its engineering division has more 

than tripled in personnel. The company's choice location in 

smog-free San Diego affords an opportunity to live in and enjoy 

Southern California at its best. 

Please address inquiries to C. A. Cordner 

Administrative Engineer 

RYAN AERONAUTICAL COMPANY 

LINDBERGH FIELD, SAN DIEGO 12, CALIF. 

EVALUATION ENGINEER 

Position available for Engineer with three or more years ex-

perience in the evaluation of prototypes or electronic equipment. 

B.S.E.E. or M.S.E.E. required. Attractive salary. Send resume 

to Personnel Director, Raymond Rosen Engineering Products, 

Inc., 32nd & Walnut Streets, Philadelphia 4, Pa. 

1954 IRE DIRECTORY 
10 Directories in One 

104 Basic Product Listings 

608 Product Sub-classifications 

The only complete Directory of Engineers, Firms. 
and Products serving the Radio-Electronic market. 

35,000 Engineers will read and use this Industry-Guide in 1954-1955. 

(Continued from page 129A) 

travelling wave tubes, backward wave oscillators, 
klystrons and carcinctrons. Graduate study op-
portunities available under company tuition re-
fund plan. Send résumé of background and ex-
perience to L. B. I.andall, Raytheon Manu-
facturing Co., 190 Willow St., Waltham, Mass. 

CHIEF DEVELOPMENT ENGINEER 
Require man with sound background in elec-

tronics and a reasonable working knowledge of 
mechanical engineering. Prefer MS. or Ph.D. 
degree in electrical engineering plus 5 or more 
years' experience. Will consider other educational 
backgrounds. Starting salary $ 10,000 per year. 
Box 765. 

ELECTRONIC ENGINEERS 

The Civil Aeronautics Administration has 
openings for electronic engineers to work on 
Radio Aids to Air Navigation. Previous experi-
ence not essential. Work consists of installing, 
testing and making performance evaluation study 
of UHF, VHF and radar equipment. Most as-
signments will require continuous travel through-
out 15 northeastern states. Travel expenses plus 
salary. Reply in person or write to Personnel 
Branch, Civil Aeronautics Administration, Fed-
eral Bldg., N.Y. International Airport, Jamaica, 
N.Y. 

PHYSICIST OR ELECTRICAL ENGINEER 

Practical physicist or electrical engineer for 
design and development of nondestructive test-
ing instruments. We are a small company lo-

cated in New York City— in Business over 25 
years and are not engaged in Government con-
tract work. Reply fully to Box 766. 

DIVISION HEAD 

Well established medium sized precision watch 
parts manufacturer now entering the field of 
industrial electronic instruments and controls 
seeking fully experienced engineer with success-
ful record in both engineering and management; 
able to create original projects and build a 
manufacturing division of substantial size. 
Should have knowledge of market and sales po-
tentials. Location metropolitan New Jersey. Box 

767. 

ENGINEERS 

Manufacturer of electrical indicating instru• 
ments requires men with experience in design 
of D'Arsonval Dynomemeter and Iron Vane type 
meters. Engineering degree not essential. Ex-
perience will qualify. In reply give full details 
of education and experience and salary require-
ments. Box 768. 

ENGINEERS 

1— ELECTRONICS: Minimum of 5 years 
experience in circuit design with primary em-
phasis on pulse circuitry and high frequency RF 
techniques. 
2—MECHANICAL: Minimum of 5 years 

experience in packaging electronic equipment as 
well as in mechanical design of small electro-
mechanical devices. 

This company engaged in the field of tele-
metering, developing and producing transmitters, 
receivers, data treating equipment and special 
electronic and electro-mechanical devices, offers 
permanent positions with liberal benefits. Send 
complete résumé to Applied Science Corporation 
of Princeton, P.O. Box 44, Princeton, N.J. Tel. 

Plainsboro 3-4141. 

(Continued on page 132,4) 

130A PROCEEDINGS OF THE I.R.E. June, 1954 



General Electric hermetically-sealed, 
evacuated junction transistor 
(left), contrasts sharply with 

standard miniature vacuum tube. 

GENERAL ELECTRIC - 
OFFERS OPPORTUNITIES TO... 

ENGINEERS 

PHYSICISTS 

CHEMISTS 

WORK ON THE NEW DEVROPMENTS IN ELECTRONICS 
AS AN ENGINEER WITH GENERAL ELECTRIC 

Few developments today can match the importance and versatility 
of the tiny transistor, which has vast possibilities for both industrial 
and consumer use. 

General Electric engineers are at work now on new improvements, 
new applications and advances. As always, they are aided by the 
finest facilities . . . by the cooperation and encouragement of recog-
nized leaders in the field .. . by the opportunity to take on increas-
ingly challenging assignments. 

These factors, combined with stability, excellent salary and benefits, 
provide the engineer with the ideal environment for achievement 
and growth. 

Experience required 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 Mechani-
cal Engineering, Physics, Metallurgy or Physical Chemistry 
and/or experience in electronics industry necessary. 

Please send resume to: Dept. 6-4-P, Technical Personnel 

GENERAL ELECTRIC 
ELECTRONICS PARK, SYRACUSE, N. Y. 

:::¡•:q • <••  •em:3,:reed. 4.ammee • 

ENGINEERS 
EE and ME 

PHYSICISTS 

DESIGNERS kke 

For Work in 

Design & Development of: 

1. Airborne navigational in-

struments. 

2. H.F. pulse magnetic record-

ing systems. 

3. R.F., IF., video and micro-

wave circuits. 

Miligete 

In the friendly Kollsman organization you'll work with intriguing 

problems concerning the design and development of America's 

finest aircraft instruments. 

Please submit resumes to: Employment Manager 

KOLLSMAN Instrument Corp. 
80-08 45th Ave., Elmhurst, Long Island, N.Y. 

• »..e.effle»iii:tge.. 

• 

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 
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• MECHANICAL ENGINEERS 

• ELECTRONICS ENGINEERS 

• ELECTRICAL ENGINEERS 

• X-RAY ENGINEER 

• PHYSICISTS 
• AERODYNAMICISIS 

• MATHEMATICIANS 

1111/ 0 It IF 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 ALBUOUEROUE, 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 150,000, 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. 

\ote,Applícation to, 
NROFESSIONAL EMPLOYMENT 

DIVISION A 

S4NDIAL 

ENJ OY THESE OTHER IMPORTANT ADVANTAGES. 

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 o Civil Service appointment. 

SANDIA BASE ALBUQUERQUE, NEW MEXICO 

(Continued front page 130,1) 

SPECIAL PROJECTS ENGINEER 

Our newly established Field Service and Tech-
nical Training Unit is preparing for expanding 
operations. We need an electronics engineer or 
physicist who enjoys a challenging variety of 
work with advanced types of electro-mechanical 
systems. Experience in any of the following is 
desirable: radar autopilots, radio command, 
servos, computers, communications, telemetering, 
field engineering, teaching. Liberal relocation 
allowance to Downey. Write to Engineering Per-
sonnel, Missile and Control Equipment Depts., 
North American Aviation. Inc. 12214 Lakewood 
Blvd., Downey, Calif. 

ELECTRONIC DEVELOPMENT ENGINEER 

Particularly capable development engineer, 
audio and acoustic equipment, electronic cir-
cuits, laboratory instruments, etc. BS. or MS. 
and enough experience to prove capacity for in-
dependent original work. Accomplishment-moti-
vated man interested in non-specialized work, 
freedom and advancement possible with small 
expanding electronics manufacturer. Located one 
mile from M.I.T. and Harvard, part-time gradu-
ate work possible. Apply V. H. Pomper, H. H. 
Scott, Inc., 385 Putnam Ave., Cambridge 39, 
Mass. 

INSTRUCTORS—PROFESSORS 

Teaching positions for September 1, 1554 are 
available at a University in the southeast. Asso-
ciate Professor, $5,500-$9,400; Instructors, 
$3,500-$4,300; graduate Assistants ( MS. in 12 
months), $ 110. per month, tuition free. Box 772. 

SOUND SALES ENGINEER 

Wanted experienced Sound Sales Engineer to 
begin work as assistant to Division Manager in 
fast growing organization pre-eminent in HF 
industry and specializing in manufacture of 
electro-acoustic products. Position requires ability 
to answer technical correspondence, participate 
in designs to meet consumer requirements, assist 
in conduct of trade shows, write some copy, and 
gradually to assume administrative duties. Some 
travel. Degree desirable but not necessary if 
backed by experience in associated industry. Re-
quires moving to suburb of South Bend, 90 miles 
east of Chicago. Contact Souther, Electro-Voice, 
Inc., Buchanan, Michigan. 

ENGINEER OR PHYSICIST 

For research and product development of 
thermistors. Direct experience required. Should 
be capable of taking complete responsibility. 
Good opportunity in new plant of midwestern 
electrical components manufacturer. Reply in 
confidence, giving education, experience and 
salary desired. Box 77,3. 

EXECUTIVE SALES MANAGER 

(TV- Radio and Electronic Components) 

A leading progressive midwest company in the 
electronic component manufacturing field, re-
quires the services of a proven sales executive. 
Individual to qualify must be able to head its 
sales department: have a successful sales back-
ground in component manufacturing. Also, must 
be acquainted with and possess the ability to 
deal with nationally known set manufacturers. 
This is an excellent opportunity offering a salary 
to commensurate with a top level position. Write 
fully, in confidence for early interview. Box 774. 
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r IMMI BM 1 

di 

OFFERS UNUSUAL 

OPPORTUNITIES FOR 

COMPETENT ENGINEERS 

Electronic 

Mechanical 

Electro-Mechan ¡ cal 

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. 

• 
NORDEN 

• 
• 
• 

EVERY ELECTRONIC ENGINEER 

Should Measure the Chances 
FORA 

FUTURE 

WITH 

At Westinghouse, you'll find 
industrial stability, progress 
and professional recognition. 
Our new illustrated 20-page 
brochure will provide you 
with a complete description 
of the operations and oppor-
tunities at the Westinghouse 
Baltimore Divisions, where 
electronics and aviation-elec-
tronics work is setting the 
pace for the industry. Among 

the subjects fully discussed 
in the brochure are: 

• PROFESSIONAL 
RECOGNITION 

• OPPORTUNITIES FOR 
ADVANCEMENT 

• FACILITIES 
• COMPANY ORGANIZATION 

• HOUSING CONDITIONS 
• EMPLOYE BENEFITS 

• WORKING CONDITIONS 

ELECTRICAL ENGINEERS• MECHANICAL ENGINEERS 
PHYSICISTS • MATHEMATICIANS • FIELD SERVICE 
ENGINEERS • ENGINEERING TECHNICAL WRITERS 

Mr. R. M. Swisher, Jr. 
Employment Supervisor, Dept. JE - 2 
Westinghouse Electric Corporation 
109 West Lombard Street 
Baltimore 1, Maryland 

Please send me a copy of "Gateway to an Engineering 
Future." 

Name   
Address  
City Zone State  
Engineering Field   

YOU CAN 8E SURE...IF ITà 

Westin house 
Air Arm and Electronics Divisions 

Baltimore, Maryland 
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SENIOR ELECTRONICS ENGINEERS 
The growth of our company in the development of analog and digital 

computers, automatic controls, and servo mechanisms has created open-
ings for two senior electronics engineers who can combine practical 

work experience in one of the above fields with a strong theoretical 

background. 

The sort of men we have in mind will enjoy the scientifically-minded 

atmosphere of our laboratories which strive to combine academic 
freedom with an industrial pay scale. Our company has, for almost 

twenty years, been recognized as a leader in the development and design 
of sophisticated electronic controls and in fundamental research on 
photoelectric and thermal detectors and their applications to new fields. 

Our success, evident in balanced commercial and military programs, has 
been due to the recognition of imagination and inventiveness in our 

professional employees. The educational and cultural advantages of our 
Cambridge, Mass. location, in close touch with M.I.T. and Harvard 
University, are too obvious to require elaboration. 

If you fit into our picture, you will receive top salary and full com-

pany benefits. Direct your letter to Mr. James T. Foust, Dept. 350. 

PHOTOSWITCH INCORPORATED 
77 Broadway Cambridge 42, Mass. 

News—New Products 
(Continued from page 74,4) 

Miniature Permanent Magnet 
Generator 

Rated for continuous duty with an out-
put frequency of 20 cps and a maximum of 
3 per cent harmonic distortion, the new 
Type 44A generator, manufactured by 
Dalmotor Co., 1360 Clay St., Santa Clara, 
Calif., is recommended for instrument in-
dicating and other similar applications. 

Voltage is linear with speed, and the 
unit develops 33 volts of 2-phase ac at 
4,500 rpm. Internal winding resistance is 
30,000 ohms per phase. 

Weighing a total of 8 ounces, the Type 
44A is 1t inches in outside diameter by 2-} 
inches long, and has a h-inch shaft extend-
ing 0.340 inches. Special shaft arrangements 
including splines, keyways, and gears can 
be supplied. 

Dual-Voltage Power Supply 

Carter Motor Co., 2645 N. Maplewood 
Ave., Chicago 47, III., has new Duovolt 
powered mobile radio equipment for 6- or 
12-volt batteries which may be transferred 
from one car to another, regardless of bat-
tery voltage, without impairment of trans-
mitting or receiving quality, without re-
placement of the genemotor, and without 
modification of the wiring hook-up. 

The 6/12-volt Genemotor incorporates 
two separate 6-volt input windings, each 
having its own field. Six- or twelve-volt op-
eration is obtained by connecting the four 
input leads in parallel or in series. You get 
full efficiency at either 6- or 12-volt opera-
tion. 

The Duovolt is the same size as stand-
ard Carter Genemotors, except for a kinch 
longer length. 

(Continued on page 141A) 

important 
engineering 
opportunities 

WITH 

MAGNAVOX 

Permanent positions to 

Senior and Project En-

gineers, with mechani-

cal or electrical design 

experience, are offered 

by Magnavox, creative 

leaders in the electronics 

industry. 

OPPORTUNITIES 
IN: 

SYSTEMS 

DIGITAL COMPUTERS 

SERVO SYSTEMS 

COMMUNICATION 

NAVIGATIONAL AIDS 

FIRE CONTROL 

MICROWAVE 

ANTENNAE 

SONAR 

RADAR 

Please forward complete resume 

to: 

MR. GEORGE D. MC GLAREN 

THE 

MAGNAVOX 
COMPANY 

FORT WAYNE, INDIANA 
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ANTENNAS AND PROPAGATION 

The Los Angeles Chapter of the Pro-
fessional Group on Antennas and Propaga-
tion met on February 9 at the IAS Build-
ing in Los Angeles under the chairmanship 
of M. J. Ehrlich. The Group heard two 
speakers: B. W. Porter, Douglas Aircraft 
Co. of Long Beach, on "Theoretical Ap-
proach to the Input Impedance of a UHF 
Annular Slot Antenna"; and John B. 
Chown, Lockheed Aircraft Co., on "Small 
Diameter Annular Slot Antenna for UHF." 

AUDIO 

The Philadelphia Chapter of the Pro-
fessional Group on Audio met on March 16 
at The Franklin Institute in Philadelphia, 
under the chairmanship of M. S. Corring-
ton. S. A. Caldwell, Sound Engineer with 
the Electronics Products Division of RCA, 
presented a paper entitled "Multichannel 
Sound Reproduction." 

The Albuquerque-Los Alamos Chapter 
met on March 15 at the Radiation Thera-
py Building of the Lovelace Clinic in 
Albuquerque. An Amplifier Symposium 
was presented with Group participation. 
The following officers were elected for the 
coming year: Chairman, Don Couden. 
Program Director, Hoyt Wescot, Secre-
tary-Treasurer, G. R. Bachand. 

The Cleveland Chapter met on March 
18 at the Case Institute of Technology in 
Cleveland under the chairmanship of S. J. 
Begun, Section Chairman. Drs. R. L. 
Hanson and Rulon Biddulph of Bell Tele-
phone Laboratories spoke on "Recording 
and Reproducing Problems of Stereo 
Sound." 

CIRCUIT THEORY 

The Albuquerque-Los Alamos Chapter 
of the Professional Group on Circuit The-
ory met on March 24 in Mitchell Hall of 
the University of New Mexico under the 
chairmanship of L. V. Skinner. Lt. Col. 
Yates Hill of the U. S. Air Force spoke on 
"Stability Criteria, Part II—Routh Cri-
teria." 

The Philadelphia Chapter met on April 
15 at the Towne Building at the Univer-
sity of Pennsylvania, Herman Epstein, 
presiding. A paper entitled "The Ear as an 
Encoding Mechanism" was presented by 
W. H. Huggins, Chief of the Computer 
Laboratory at Air Force Cambridge Re-
search Center. The paper was discussed 
afterwards by the audience. 

ELECTRONIC COMPUTERS 

The Chicago Chapter of the Profes-
sional Group on Electronic Computers met 
on February 19 at the Western Society of 
Engineers Building in Chicago, under the 
chairmanship of W. P. Byrnes. A. G. Fitz-
patrick, Sales Application Engineer for the 

(Continued on page 13M) 

the 

SYSTEMS 

ENGINEER 

at RCA 

Systems engineers conduct 

studies to determine 

operational requirements . . . 

create and synthesize military 

equipment concepts . . . guide 

development of new integral 

elements . . . conduct 

evaluation programs to 

determine operational 

effectiveness. 

You may qualify! Professional ability to create and analyze 
over-all complex systems and experience in electronic 
or electro-mechanical systems engineering required. 

There are severa/ opportunities now in: 

AVIATION ELECTRONICS 

NFORMATION HANDLING 

COMPUTERS • RADAR 

COMMUNICATIONS 

MISSILE GUIDANCE 

Send a complete resume of your education arul experience to: 

Mr. John R. Weld, Employment Manager 

Dept. B-453F, Radio Corporation of America 

Camden 2, New Jersey 

RADIO CORPORATION OF AMERICA 

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 resume to L. D. Stearns 
Engineering Employment Manager 

Hoffman 
LABORATORIES, INC. 

(SUBSIDIARY OF MORDRAS RADIO CORP.) 

3761 S. HILL ST., LOS ANGELES, 
CALIF. 

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. 
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Digital 

Computer 

Techniques 

Applied to the design, 
development and application of 

Electronic Business Systems 

Military Radar Fire Control Systems 

Aircraft Control & Navigation Systems 

The successful application of Hughes 
airborne digital computers to high speed 
aircraft fire control problems has 
opened up an entire new area for these 
digital computer techniques. 

Similar equipment is now under 
development in the Advanced 
Electronics Laboratory to apply such 
digital computer systems to modern 
business information handling. 

Areas include 

LOGICAL DESIGN 
COMPONENT DEVELOPMENT 
PROGRAMMING 
MAGNETIC RECORDING 
CIRCUIT DESIGN 
INPUT & OUTPUT DEVICES 
SYSTEMS ANALYSIS 
BUSINESS APPLICATIONS 
ANALYSIS 

Hughes developments in these fields are creating 
new positions in the Advanced 
Electronics Laboratory. Exceptional 
men in the following spheres of 
endeavor are invited to apply: 

ENGINEERS 
AND PHYSICISTS 

Computer activities embrace systems 
planning and analysis, design and 
development, system engineering 
and component development. 
Experience in these areas, as well 
as in application of electronic digital 
computers, is desirable but not 
essential. Analytically inclined men 
with backgrounds in systems work 
are required for this phase. 

COMPUTER 
APPLICATIONS SPECIALISTS 

Experience in the application of 
digital computers to business problems 
is desirable, but not essential. 
Specifically, men are required who can 
bring ingenuity and a fresh approach 
to a formulation of fundamental 
requirements of business data 
handling and accounting problems. 

Scientific and Engineering Staff 

Hughes 

RESEARCH AND DEVELOPMENT 

LABORATORIES 

Culver City, Los Angeles County', Calif. 

Assurance Is required that relocation of the applicant 
will not cause disruption of an urgent military project. 

(Continued from page 135A) 

Burroughs Corp., spoke on "Multi-Output 
Beam Switching Tube." 

The Washington, D. C. Chapter met 
on March 3 at the PEPCO Auditorium, 
under the chairmanship of C. V. L. Smith. 
Elmer Kubie of the International Business 
Machines Corp. presented a paper entitled 
"Magnetic Drum Calculator, Type 650— 
Engineering and Design Considerations." 

The Albuquerque-Los Alamos Chapter 
met on March 17 at Mitchell Hall, Uni-
versity of New Mexico, to hear Ralph M. 
McGehee present a paper entitled "The 
Design of an Analog Computer." 

The Washington, D. C. Chapter also 
met on April 7 under the chairmanship of 
R. J. Slutz, Secretary, to hear Donald H. 
Jacobs speak on " Design and Development 
of Small High-Speed Electronic Com-
puters." 

ENGINEERING MANAGEMENT 

The Los Angeles Chapter of the Pro-
fessional Group on Engineering Manage-
ment met on March 17 to hear A. N. 
Curtis, Manager of the RCA Plant in West 
Los Angeles, speak on the training of en-
gineers in the management field. 

On February 19 the Chicago Chapter 
met at the Western Society of Engineers 
Building under the chairmanship of 
Charles Blahna. W. L. Swager, Chief, 
Operations Research Division, Battell 
Memorial Institute, Columbus, Ohio, pre-
sented a paper entitled "Operations Re-
search in New Product Development. -

INDUSTRIAL ELECTRONICS 

The Chicago Chapter of the Profes-
sional Group on Industrial Electronics 
met on February 19 under the chairman-
ship of R. P. Wehrle. J. J. MacDonald of 
Consolidated Engineering presented a 
paper on "Transducers." The paper was 
discussed by Joseph Gardberg and Gene 
Stiles. 

INFORMATION THEORY 

The Los Angeles Chapter of the Pro-
fessional Group on Information Theory 
met on February 11 at the Institute for 
Numerical Analysis, University of Cali-
fornia at Los Angeles, under the chairman-
ship of Robert B. Bennett. Robert Bailey, 
of Lockheed Aircraft Corp., spoke on the 
subject of "Operations Research in Air-
borne Weapon System Planning," and 
Dan C. Youla, of the Jet Propulsion Lab-
oratories spoke on "Optimum Demodula-
tion." 

The Washington, D. C. Chapter met 
on April 12 at the PEPCO Auditorium. 
Dr. Chester H. Page, Consultant to the 
Director, National Bureau of Standards, 
presented a paper entitled " Information 
Theory in Physical Measurement." 

(Continued on page 138A) 

SENIOR 

ENGINEER 

Nationally known manufacturer 

of telemetering equipment has 

opening at plant in Philadelphia 

vicinity for Senior Engineer with 

broad experience in R.F. re-

search and development. Should 

be capable of performing origi-

nal design of R.F. systems, in-

cluding I.F. and R.F. amplifiers, 

frequency modulation and detec-

tion devices and allied circuitry. 

Must be capable of bringing de-

signs to the production prototype 

stage with minimum of supervi-

Starting salary $7500-$8000 

per year. 

Please send resume to Box # 777, 

Institute of Radio Engineers, 1 

East 79th St., New York 21, N.Y. 

Electronic 
and 

Mechanical Engineers! 
Motorola Research Laboratories, located 
in the healthful climate of Arizona's 
Valley of the Sun, has ttttttt openings for 
experienced engineers in the following 
fields: 

Electronic research and development for 
missile guidance, radar and VHF corn-
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 
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There's a reason 

why More & More 

ENGINEERS 
are choosing 
careers with 

The 

W. L. MAXSON 
CORPORATION 

. . . and that reason is an " all-

around opportunity to grow with 

a nationally reputable and 

respected organization." The 

W. L. Maxson Corporation is big 

enough to encompass a diversi-

fied research, development, and 

production program, with long-

range expansion plans, yet not 

too big to have reached a 

point of " status quo". That is 

why engineers with foresight 

and ambition are making plans 

for a rewarding future with The 

W. L. Masson Corporation. 

BACKGROUND: 

Responsible positions open for top 
level development and project engi-
neers with practical and research ex-
perience in: 

Advanced Electronic Circuits and 
Systems 

Microwave Radar 

Microwave Receivers and Transmitters 

Also Engineering Design and Analysis 
relating to fields such as: 

Analogue and Digital Computers 
Servomechanisms Communications 

Navigation Fire Control 

Requirements emphasize advanced 
analytical and/or management ex-
perience on highly complex electronic 
and electro-mechanical systems. 

Kindly send re-
name and salary 

requirements to: 

Career-chance 

of a lifetime for 

RESEARCH 

and DESIGN 

SPECIALISTS 

in LOCKHEED'S expanding Missile Systems Division 

Recently formed from other Lockheed engineering organizations to prepare for the era of 
automatic flight, Lockheed's Missile Systems Division has a few openings for highly-qualified 
specialists in research, design and proposal work. 

The type of work involved in the Division's contracts— along with its expansion program— 
makes these openings outstanding opportunities for achievement. The positions call for 
engineers of senior or group leader level. Engineers who qualify probably have worked on 
missile, radar-computer, counter-measure, IFF, AMTI or similar projects. 

LOCKHEED has openings for: 

Research Specialists 
with broad experience in missile guidance 
problems, missile proposal work, control 
system analysis and evaluation, and servo-
mechanisms. Strong electronics and 
electro-mechanical background needed. 

Design Specialists 
with broad experience in missile proposal 
work and systems analysis. The positions 
also require experience in missile design, 
electronics, communications, microwave 
techniques, systems evaluation, airframe 
design, aerodynamics, structures and 
mechanics. 

In addition to outstanding career opportunities, the Missile Systems Division 
offers you excellent salaries commensurate with your experience, generous 
travel and moving allowances, an unusually wide range of employee benefits 
and a chance for you and your family to enjoy life in Southern California. 

Coupon below is for your convenience. 

III
L. R. Osgood Dept, IRE-M-6 LOCKHEED MISSILE SYSTEMS DIVISION 

7701 Woodley Avenue, Van Nuys, California 

Dear Sir: Please send me information on the Missile Systems Division. 

name 

field of engineering 

street address 

city and state 
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Stycast 2850GT 
Casting Resin for Electronic Embedments 

WIDE TEMPERATURE RANGE 
— 1W).F to 400°F 

( for Short Poriods to 500°F) 

Write for More 

Information on 

Other Stycast 

Plastics for Electronics 

COEFFICIENT of THERMAL EXPANSION 

Approximately the same as Aluminum and Brass 

GOOD ADHESION to Most Materials 
LOW SHRINKAGE 

CAN BE CURED AT ROOM TEMPERATURE 

Emerson & Cummg, Inc. 
PLASTICS for ELECTRONICS 

En9P Washington Street. Canton, Mass. 

AN/APR-4 LABORATORY RECEIVERS 
Complete with all five Tuning Units, covering the range 38 to 
4,000 Mc.; widcband 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, 
8850.00 . . . TS-175/U Frequency Meters, 85-1,000 Mc., $625.00 

. T-47A/ART-I3 Transmitters, $450.00 . .. and many morel 

ENGINEERING ASSOCIATES 
434 PATTERSON ROAD DAYTON 9, OHIO 

WELMEG 
Vacuum- Sealed RESISTORS Welmeg resistors were 
50 to 1 , 0 0 0 , 0 0 0 MEGOHMS developed specially for 

nuclear and related re-
search. They are particularly suitable for use with electro-
meter tubes, ionization chambers, and in all other applications 
which indicate high resistance values with close tolerance 
and good stability. 

Welmeg resistors are vacuum-sealed in glass. They are then 
subjected to stabilization processes. After they are individu-
ally inspected and measured for temperature and voltage 
coefficients, and noise, they are stored for long periods to 
insure absolute stability. 

The behavior of any Welmeg resistor for any determined con-
ditions can be predicted with reliable accuracy. Each Welmeg 
resistor bears a serial number which enables the user to obtain 
an exact history of the unit with accurate data regarding its 
electrical properties. 

For complete data 
write to Dept. HF -4. 

Factories in 
England and (orzadoi 

High stability 
DEPOSITED CARBON RESISTORS 

,ieeeiegereeger. 

ROCKBAR CORPORATION, 215 East 37th Street, New York 16, N. Y. 

(Continued from paoe 136A) 

INSTRUMENTATION 

The Chicago Chapter of the Profes-
sional Group on Instrumentation met on 
February 19 at the Western Society of 
Engineers Building in Chicago under the 
chairmanship of F. Waterfield. Richard 
Applen, a development engineer, Kalbfell 
Laboratories, spoke on "Chopper Stabil-
ized Absolute D.C. Power Supplies." 

NUCLEAR SCIENCE 

The Oak Ridge Chapter of the Profes-
sional Group on Nuclear Science met on 
March 17 at the Ridge Recreation Hall in 
Oak Ridge, Tenn. Andrew Fowler, of the 
Instrument Engineering Department of 
the Gaseous Diffusion Plant at Oak Ridge, 
was the speaker. 

The Chicago Chapter met on March 19 
at the Western Society of Engineers 
Building, under the chairmanship of Theo-
dore Fields, to hear Leonard Nierman 
present a paper and lead a Group discus-
sion on "Facts and Fancy about the 
Atomic Energy Act." 

RADIO TELEMETRY AND REMOTE CONTROL 

The Los Angeles Chapter of the Pro-
fessional Group on Radio Telemetry and 
Remote Control met on February 16 in the 
LAS Building in Los Angeles to hear two 
papers: J. Dover, "Centralized Data 
Processing Systems," and Glenn Nyff, 
"Millisadic Data Processing." Demonstra-
tion equipment and techneumatic equip-
ment was used. 

The Chicago Chapter met on February 
19 in Chicago to hear Donald S. Schover 
of the Cook Research Laboratories present 
a paper entitled, "Subcarrier Frequency 
Techniques." 

VEHICULAR COMMUNICATIONS 

The Washington, D. C. Chapter of the 
Professional Group of Vehicular Com-
munications met on February 25 under 
the chairmanship of E. L. White. Earl 
Hassel of the General Electric Co., dis-
cussed design problems involved in various 
selective calling devices used in vehicular 
communications. 

The Boston Chapter met on February 
25 at MIT in Cambridge, Mass. A. E. 
Kelleher was the Program Chairman. 
Jeremiah Courtney presented a paper en-
titled "Of Communications Engineers, 
Management and Sealing Wax." 

The Los Angeles Chapter met on 
March 11 at the ABC Studios in Holly-
wood, under the chairmanship of Robert C. 
Crabb. Joseph F. Moynihan of Andrew 
California Corp., and Edward E. Benham, 
Chief Engineers of KTTV, spoke on "Ra-
dio Communications in a TV Broadcast 
Operation." 
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COMMUNICATIONS EQUIPMENT CO. 

MICROWAVE COMPONENTS 
"S Band," 

RG48/U Waveguide 
POWER SPLITTER for use with type 
726 or any 10 ('M Shepherd Klystron. 
Energy is fed from Klystron antenna 
through dual pick-up system to 2 
type "N" connectors. $22.50 EACH 
DIRECTIONAL COUPLER. Broad 
band type "N" Coupling, 20 rib. 

with std. flanges. Navy ;CABVITAAN-2 
shown)  $37.50 

LHTIL LIGHTHOUSE ASSEMBLY. Part of RT39 
APO 5 & APO 15. Receiver and Trans. Cavities 
w/assoe Tr. Cavity and Type N CPIAL To Reeve 
Uses 2C40, 2(43. 11127. Tunable APX 2400-27on 
MCS. Silver Plated  $49.50 

BEACON LIGHTHOUSE cavity ti/o UPN-2 Beacon 
10 cm. Mfg. Bernard Ince. each  $47.50 

MAGNETRON TO WAVEGUIDE Coupler with 
721-A Duplexer Cavity. gold plated  $45.00 

RT-30 APG-5 10 cm. lighthouse IW head c/ii 
Xiiitr.-Iteevr-TIL cavity coml. rem. it 30 MC 
IF strip using 60K5 ( 2C40, 2C43. 11127 lineup) 
w/Tubes. 

72IA PR BOX complete with tube and tuning 
plungers  $12.50 

McNALLY KLYSTRON CAVITIES for 7078 or 
2K28    $4.03 

WAVEGUIDE TO Tii" RIGID COAX "DOOR-
KNOB" ADAPTER CHOKE FLANGE, SILVER 
PLATED BROAD BAND  $32.50 

AS14A AP- 10 CM Pick UP Dipole with •\:" 
Cables  $4.50 

0A1 ECHO BOX. 10 CM TUNABLE  $22.50 
HOLMDELL-TO-TYPE "N" Male Adapters, V.E. 
2D167284  $2.75 

I.F. AMP. STRIP: 30 MC, 30 d.b. gain, 4 Mt' 
Bandwidth. uses 6AC7's-with video detector. 
A. F4'. less tubes  $24.50 

BEACON ANTENNA. AS31/APN-7 in Lucite 

Ball. Type "N" feed  $22.50 
ANTENNA. AT49A/APR: Broadband Conical 

300-3300 MC Type Feed  $12.59 
"E" or "H" PLANE BENDS, 90 den. le-, 
flanges  $7.50 

X Band-
RG 52/U WAVEGUIDE 

VSWR Measuring Section. Consisting of 6" straight 
section. with 2 pick-up, Type "N" Output Jacks. 
Mounted 1/2 Wave apart  $8.50 

I" x Vs" wavegulde in 5' lengths, UG 39 flange. to 
1.1040 cover  per length $7.54 

Rotating-joints supplied either with or without 
deck mounting. With U(140 flanges .each, $ 17.53 

Bulkhead Feed-thru Assembly  $15.00 
Pressure Gauge Section 15 lb. gauge and press 
nipple  $10.00 

Pressure Gauge. 15 lbs.  $2.53 
Directional Coupler. UG-40/U Take Mr 20db $ 17.50 
PR-AIR Duplexer section for above  $8.59 
Waveguide Section 12" long choke to cover 45 deg. 
twist & 2'.a" radius. 90 deg. bend  $4.50 

Waveguide Section 3 ft. long silver plated with 
choke flange  $5.75 

Rotary joint choke to choke with deck mount-
ing  $17.50 

90 degree elbows. "E" plane 21/2 " radius  $ 12.50 
Microwave Receiver, 3 CM. Sensitivity: 10-12a 

Watts. Complete with 1..0. and AFC Mixer and 
Waveguide Input Circuits. 6 I.F. 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-
cluding 723A/11 Local Oscillator  $175.00 

ADAPTER, waveguide to type "N". IIG 81/U.pro 
TS 12. TS- 13. Etc.  $27.50 

ADAPTER, UL1-163/11 round cover to special Mi. 
Flange for TS-45, etc.  $2.50 ea. 

K Band- 1/2 " x 1/4 " W.G. 
1.25 CM. 

APS-34 Rotating joint  $49.50 
Right Angle Bend E or It Plane, specify comiiina 
non of couplings desired  $12.00 

45° Bend E or It Plane, choke to cover  $ 12.00 
Mitered Elbow, rover to cover  $4.00 
TR-ATR-Section. Choke to cover  $4.00 
Flexible Section I" choke to choke  $5.09 
"S" Curve Choke to cover  $4.50 
Adapter, round to square cover  $5.03 
Feedback to Parabola Horn with pressurized urn 
glow  $27.51 

90° Twist  $10.00 

JAN WAVEGUIDE FLANGES 
UG 39/U  $1.10 I UG 5I/U  $1.65 
UG 40/U  $ 1.25 UG 52/U  $3.49 
UG 40A/U  $ 1.65 UG 52A/U ... $3.40 

-MAGNETRONS 

Type 
2121A 3345-9405 50 $ 8.75 
2122 3267-3333 265 7.50 
2/26 2992-3019 275 .002 7.49 
2127 2965-2992 275 .002 19.95 
2129 2914-2939 275 .002 44.95 
2331 2820-2860 285 .002 24.50 
2132 2780-2820 285 .002 28.50 
2138' 3249-3263 5 16.50 
2.139. 3267-3333 8.7 24.50 
2148 9310-9320 50 .001 24.50 
2149 9000-9160 50 .001 59.50 
2156' 9215-9275 50 .001 132.50 
21611 3000-3100 35 .002 34.50 
21621 2914-3010 35 .002 34.50 
3131 24-27KMC 50 .001 85.00 
4134 2740-2780 900 125.00 
4.1421 670-730 30 .003 169.50 
5123 1044-1056 475 .001 49.00 
700B 690-700 40 .002 22.50 
700D 710-720 40 .002 39.75 
706EY 3038-3069 200 .001 32.50 
706CY 2976-3007 200 .001 32.50 
725-A 9345-9405 50 .001 Write 
730-A 9345-9405 50 .001 24.50 
4138 3550-3600 750 .001 169.45 
.-Packaged with magnet. 
t- Tunable over Indicated range. 

Peak Peak Power Duty 
Range ( MC) Out ( KW) Ratio Price 

KLYSTRONS 
723A  $12.50 I 2K25/723A/B  $27.50 
723A/B   19.50 I 417-A ( West'Hse) . 17.50 

70 WATT MAGNETRONS 
These tubes provide a simple. rugged. Inexpensive 

source of C.W. energy. An inexpensive power supply 
is all that's required. 

CHARACTERISTICS: 

Heater: 6.3 V. 3.8 A. 
Anode V. 1250 V. 
Pk. input: 200 Watts 

Each tulle is packaged with an integral magnet, and 
is tunable over the range shown below: 

TYPE RANGE ( MC.) TYPE RANGE ( M.C.) 
QK 60  2840-3005 QK 61  2975-3170 

QK 62  3135-3330 Price $85 ea. , 

Power out: 70 W. CW 
Anode current: 125 ma. 
Av. Input: 100 W 

00 CYCLE TRANSFORMERS 
(All Primaries ( I5V. 400 Cycles) 

Stock Ratings Price 

352-7102 6.3V/2.5A  $ 1.45 
M-7472426 1450V/1.0Ma. 2.5V/.75A, 6.4V/3.9A, 

5V/2A. 6.5V/.311, P/0 1D-39/ 
APG-I3   4.95 

352-7039 640VCT @ 380MA. 6.3V/.9A, 6.3V6A 
5V/6A   5.49 

702724 9800/8500 @ 32MA   8.95 
K59584 5000V/290MA, 5V/10A   22.50 
KS9607 734VCT/.177A. 1710VCT/.177A   6.79 
352-7273 700VCT/350MA. 6.3V0.9A. 6.3V 

25.A, 6.3V/.08A, 5V/CA   6.95 
352-7070 2x2.5V/2.5A (2KVTEST) 6.3V/-

2.25A. 1200/100/750V. @ .005A   7.45 
352-7196 1140/1.25MA. 2.5V/1 .75A. 2.5V/-

1.75A-5KV Test   3.95 
352-7176 320VCT/50MA. 4.5V/3A. 6.3 VCT/-

20A. 2x6.3VCT/6A   4.75 
RA6400-1 2.5/1.75A, 6.3V/2A-5 K V Test   2.39 
901692 I3V 9A   2.49 
901699-501 2.77 @ 4. 25A   3.45 
901698-501 900V75MA. 100V/.04A   4.29 
RA6405-I 800VCT/65MA, 5VCT/3A   3.69 
T-48852 700VCT/806MA5V/3A. 6V/I.75A   4.25 
352-7098 2500V/6MA, 300, VCT. I35MA   5.95 
KS 9336 1100V/50MA TAPPED 625V 2.5V/5A 3.95 
M•74743I9 6.3V/2.7A, 63.V/.66A. 6.3VCT/2IA 4.25 
KS8984 27V/4.3A. 6.3/2.9A, I.25V/.02A   2.95 
52C080 650VCT/50MA. 6.3V CT/2A. 5VCT/2A 3.75 
32332 400VCT/35MA, 6.4V/2.5A, 6.4V/-

.15A   3.85 
68G63I 1150-0-1150V   2.75 
80G198 6VCT/.00006 KVA   1.75 
302433A 6.3V/9.I A. 6.3VCT/6.5A. 2.5V/3.5A. 

2.5/3.5A   4.85 
KS 9445 592VCT/I18MA. 6.3V/8.IA, 5V/2A 5.39 
KS 9685 6.4/7.5A. 6.4V/3.8A, 6.4/2.5A   4.79 

ALL CT 
70G3OG 1 600V CT/36 M A   2.65 
M. 7474318 2100V/.027A   4.95 
352-7069 2.2.5V Wdgs. at 2.5A, Each Lo-Call  

22Kv Test   5.95 
352-7096 2.5V1.79A, 5V/3A, 6.5V/6A, 6.5V/-

12A. D/0 BC800   4.29 
352-7099 360VCT/20MA. 1500V/1 MA. 2.5V/-

1.75A, 6.3V/2.5A. 6.3V.6A. P/O 
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/I2ACT 5V/2A   3.45 

PULSE NETWORKS 
15A-1-400-50: 15 KV. "A" CKT. 1 microsec. 400 
PPS. 50 ohms imp.  $37.50 

G.E. 3E (3-04-8101 8-2.24-4051 50P4T : 3KV "E" 
CKT Dual Unit: Unit 1. 3 sections. 0.84 
810 PPS, 50 ohms Imp.: Unit 2. 8 Sections. 2.24 
microsee. 405 PPS 50 ohms imp.  $6.50 

7-5E3- 1-200-67P. 7.5 KV 'E" Circuit, 1 mIcrosec. 200 
PPS. 67 ohms impedance 3 sections  $7.50 

74E4-16-60. 67P. 7.5 KV "E" Circuit. 4 sections 1)3 
inicrosec. 60 PPS, 67 ohms impedance  $15.00 

7- 5E3-3-200-67P. 7.5 KV. "E" Circuit. 3 microsec. 200 
PPS. ohms imp. 3 sections  $12.50 

:755: IOKV. 2.2usee., 375 PI'S. 50 ohms imp.  $27.50 
7754: IOKV. 0.85usee., 7T.11 PPS. 50 ohm,. imp.  $27.50 
KS8865 CHARGING CHOKE: 115-150 II t'a .02A, 32 
-4011 e .ORA. 30.700V Corona Test. 21KV Test 
 $37.50 

G.E. 25E5-1-350-50 PIT. "E" SKT. 1 Nlicrosec Pulse 
at 350 PPS. 50 OHMS Impedance  $69.50 

KS9623 CHARGING CHOKE: 16H @ 75 MA, 380 Ohms 
DC11. 9000 Vac teat  $14.95 

G.E. 6E3-.5-2000 50 P2T: 6 KV., "E" Circuit 0 5 user 
/2000 PPS/50 oluns/2 sections  $7.50 

PULSE EQUIPMENT 
MIT. MOD. 3 HARD TUBE PULSER: Output Pulse 
Power 144 KW ( 12 KV at 12 Amp). Duty Ratio: 
.001 max. Pulse duration: 5, 1.0, 2.0 microsee. Input 
voltage: 115 v. 400 to 2400 cps. Uses: 1-7111. 4-80- It. 
3-'72's. 1-'73. New  Leas ('over-5135 

TPS-3 PULSE MODULATOR. Pk. power 50 amp. 24 
KW 11200 KW pk): puise rate 200 PI'S. 1.5 micro-
see. pulse line impedance 50 ohms. Circuit series 
charging version of DC Resonance type. Uses two 
705- A's as rectifiers. 115 v. 400 cycle input. New 
with all tubes  $49.50 

PULSE TRANSFORMERS 
RAYTHEON WX 4298E: Primary 4KV.. 1.0 USEC. 
SEC: 16KV-11) AMI' DUTY RATIO: .001 400 
CYCLE FIL. TRANS. "BUILT-IN"  $42.50 

WECO: KS 9948: Primary 700 ohms; Sec: 50 ohms. 
Plate Voltage: 18 KV. l'art of APU-13  $12.50 

GE :K- 2449A 
Primary: 9.33 KV. 50 ohms Imp. 
Seisindary: 28 KV, 450 ohms. 
Pulse length: 1.0/5 usec 00 635/120 
PPS. l'k Power Out: 1,740 KW 
Millar: 1.5 amps ( as shown)  $62.50 

GE :K•2748- A. 0.5 usec e 2000 Pos. l'k. Par. out 
is 32 KW impedance 40:100 ohm output. Pri. volts 
2.3 KV l'k. Sec. volts 11.5 KV Pk. Millar rated at 
1.3 Amp. Fitted with magnetron well  $39.50 

K-2745 Primary: 3.1/2.8 KV, 50 ohms Z. Secondary: 
14/12.6 KV 1025 ohms Z. Pulse Length: 0.25/1.0 
user 00 600/600 PPS. Pk. Power 200/150 KW. 
Bifilar: 1.3 Amp. Ilas "built-in" magnetron 
well  $42.50 

K-246I-A. Primary: 3.1/2.6 KV-50 ohms ( line). Sec-
ondary 14/11.5 KV- 1000 ohms Z. Pulse Length: 1. 
user e 600 PI'S. Pk. Power Out: 200/130 KW. 
RutIar: 1.3 Amp. Fitted with magnetron well .$39.75 

HI-POWER COMPONENTS 
Plate Trans. Primary: 115 V. 50-60 Cy. Sec. 17-600 
V/I44 MA. Has "Blit•in" Filter Choke. 011 Im-
mersed  $115 

Plate Trans. PH: 198/220/240 V. 60 Cy. 1 Ph, Sec: 
3650 V/16.7 KVA, 30 KV Insulation. 011-immereed, 
Less Oil Gauge  $335 

Plate Trans. Amertran :31133. Pri: 110/115/120 V/60 
Cy/I Phase. Sec: 3140/1570 V, 2.36 KVA  $105 

F11. Trans. Pri: 220 V/60 Cy/I Phase. Sec: 5 VCT/-
10A/30 KV Test  $37.50 

Plate Trans. Raytheon UX680I. Pri: 115 V/60 Cy./1 
Ph. Sec: 22,000 V/234 MA/5.35 KVA. Lo-Cap. 
"Donut" Construction  $135 

Reactor: Raytheon U- I1533: 13.5H @ 1.0 Amp., 13.5 
KV Test  $29.95 

Reactor. Modulation: 50 H/3 A/80 Ohms OCR. Re-
sponse: .03 Cy-I0 KC, Level: Plus 63db. 40 KV 
Test. Nomlnal Circuit Impedance: 3000 Ohms ..$350 

Swing Reactor: 9-60 HY/.05-400 MA. 10.000 V. Test-
Kenyon  $14.95 

Transtat: Type TH45BG: Input 130/260 V. 50-60 Cy. 
1 Ph. Output Range: 0-260 V. 45 A. Msx, 11.7 KVA 
two-unit bank, parallel connected. Completely en-
closed in cabinet with handwheel atop. Brand 
New  $325.00 

Circuit Breaker: ITE Model KJ. Will handle 600 VAC 
at 115 A. Break time adjustable from Instant. to 10 
minute. Break amperes adjustable from 115 A to 
1000°. overload. Brand New  $15.00 

Plate Trans: 7.218521-Pri: II5V/IPH./60 Cy. Sec. 
7500V/.60A (Half- Wave) SCS :229612.41  $85.00 

Plate Trans. Amertran :26579: Prl: 105/110/120V. 1 
ph./60 Cy. Sec. 3100-0-3100V at 2 KVA. Insulated 
for 15 KV. Center- Tap Grounded to Case ....$ 135.00 

MAIL ORDERS PROMPTLY FILLED. ALL PRICES F.O.B. NEW YORK CITY. SEND M.O. OR CHECK. ONLY SHIPPING SENT C.O.D. 

RATED CONCERNS SEND P.O. ALL MDSE. SUBJECT TO PRIOR SALE, AND PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 

PARCELS IN EXCESS OF 20 POUNDS WILL BE SHIPPED VIA CHEAPEST TRUCK OR RAILEX. 

131 Liberty St., New York 7, N. Y  . Dept I-6 Chas. Rosen Phone: Rigby 9-4124 
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ENGINEERS! 
II PURCHASING 
• AGENTS! 

#eferimerica3, 
Aewire 
tkeiromemee 

eive 

I. Alphabetical list of over 700 manufacturers 
gp,esi company address, name of sales mgr., 
brief data on lines nradured, plus names, address 
end telephone number of auks agents. 

1 Alphabetical listing of 1000 trade names 
associates these names with the companies who 
use them. 

3. Buyers guide of electronic components and 
equipment lists over 300 separate products. 

4 Geographical listing of 600 manufacturers 
representatives supplying names, address, phone 
rurnbers; territory covered, and lines handled. 

S. Distributors in this section specialize in sup-
plying electronic parts and equipment to industry. 
Distributors are arranged in geographical se-
quence under the manufacturers whose lines they 
stock and sell. Procurement is made easy at the 
local level. 

6. Geographic listing of over 1300 recognized 
distributors of electronic parts and equipment 
gives: firm name,, address, buyer, owner or 
executive, trading area served. 

449,,extv£ 
(ma pee« 
r-
WHO'S WHO IN ELECTRONIC DISTRIBUTION 

806 leader Bldg. • Cleveland 14, Ohio 
Please send me one copy of WHO'S WHO IN ELECTRONIC 
DISTRIBUTION an o FREE TRIAL BASIS. le 10 does t will 
either Fen,. $ 7.50 to  è,. cost or I will return this 
directory postpaid and notify you to that effect, 

Firm Name   

Address   

City  Zone  State 

Signature   Title 

Ire eimrwmeal 

IT'S 

HARVEY 
FOR PROMPT 

OFF-THE-SHELF" DELIVERY 

WRITE 

PHONE 

or WIRE 

Telephone 

Nikon 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. 

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 $ 149—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 

1954 IRE DIRECTORY 

Advertising Deadline: 
June 1st—For copy to set ads 

June 15th—For complete plates 

IRE DIRECTORY 

1175 Brolob,zi,, Ne%. York 36, N.Y. Telephone: 11Ryant 9-7550 
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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: 
32-44 Francis Lewis Blvd., Flushing, L.I., N.Y. 

Telephone: Independence 3-3306 

Edward J. Content, P.E. and Staff 

INTERNATIONAL RADIO CONSULTANTS 
Pan American Radio Tangier Intl Zone 

Bldg., 16 Rue Delacroix Morocco 

Specialized in the design, construction, 
foreign, Electronic, projects, and advising 
governments at Int'l Telecommunications 
Union. 

CROSBY LABORATORIES, INC. 
MURRAY G. CROSBY & STAFF 
RADIO-ELECTRONIC RESEARCH 
DEVELOPMENT & ENGINEERING 

COMMUNICATIONS, FM & TV 

ROBBINS LANE 
HICKSVILLE, NEW YORK 

HICKSVILLE 3-3191 

INTERFERENCE MEASUREMENT SERVICES 
OF 

DYNAMIC ELECTRONICS—N.Y., INC. 
Director—H. S. BENNETT, DR. ENG., P.E. 

Specialists in determining equipment 
compliance with government 

radio interference 
specifications. 

73-39 WOODHAVEN BLVD. 
GLENDALE, L.I. IL-9-7000 

ELDICO OF NEW YORK, INC. 

Donald J. S. Merten and Engineering Staff 
Consultants on Interference Elimination 
from Transmitters, Induction Heaters, 

Diathermy, etc. 
72 East Second Street, Mineola, L.I., N.Y. 

Garden City 7-0383 

Richard B. Schulz 

ELECTRO-SEARCH 
Radio- Interference Reduction; 

Development of 
Interference-Free Equipment, 

Filters, Shielded Rooms 
4337 N. 5th Street, Philadelphia 40, Pa. 

GLadstone 5-5353 

ELK ELECTRONIC LABORATORIES, INC. 
Jack Rosenbaum 

Specializing in design and development of 

Test Equipment for the communications, 
radar and allied fields 

333 West 52nd St New Yoik 19. PL-7-0520 

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 

FREDERICK RESEARCH CORPORATION 

Carl L. Frederick, D.Sc., President 
Bethesda 14, Maryland • OLiver 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 & 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-
ments, Technical Manuals, Tabular List of 

Parts, Drawings 
L. Gordon, Pres. P. Trenton, Ch. Engr. 

157 Broad Street Telephone 
Red Bank, New Jersey Red Bank 6-2743 

HALLER, RAYMOND AND 
BROWN, INC. 
Engineering Analysis 

Operations Research 

Electronic Development 

State College, Pennsylvania, ' Phone 7611 

HOGAN LABORATORIES, INC. 
John V. L. Hogan, Pres. 

APPLIED RESEARCH, DEVELOPMENT, 
ENGINEERING 

Est. 1929. Electronics, Optics, Mechanisms, 
Facsimile Communication, Digital Computers, 
Electro-sensitive recording media. Instrumenta-
tion. 
155 Perry Street, New York 14 CHelsea 2-7855 

LEONARD R. KAHN 
Consultant in Communications and Electronics 

Single-Sideband and Frequency-Shift Systems 
Diversity Reception - Modulation Theory 
Applications of Magnetic Tape Recording 

Elizabeth Bldg., 22 Pine St., Freeport, L.I., N.Y. 
Freeport 9-8800 

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. 

L. J. CASTRIOTA M. WIND 

S. W. ROSFNTHAL P. G. MARIOTTI 

Microwave Consultants 
Radio Frequency and Microwave Components 

Cable—Waveguide—Coax 
Dielectric Evaluation 

Telephone G.P.O. Box 844 
BOuleard 3-2096 Brooklyn 1, N.Y. 

Microwave Development Laboratories Inc. 
Henry J. Riblet, Pres. 

Design, Development and Fabrication 
of Waveguide Components 

Waltham 5-6708 220 Grove Street 
Waltham 5-7725 Waltham, Mass. 

E. V. NAYBOR 
Consultant on Electro-Magnetic Devices 

Relays, Solenoids, Actuators and 
Associated Equipment 

Design-Development-Prototypes 
Test Equipment 

30 Manorhaven Blvd., PO. 7-2676 

Port Washington, N.Y. 

PICKARD AND BURNS, INC. 
Consulting Electronic Engineers 

Analysis and Evaluation of Radio Systems 

Research, Development, Design and Production 
of Special Electronic Equipment and Antennas. 

240 Highland Ave. Needham 94, Mass. 

RADIO SONIC CORP. 
ENGINEERS—QUALITY ASSURANCE 

Testing. Processing- Electron Tubes, Semiconduc-
tors. Models, Production—Tent Equipment. An-
tennas, Analyzers, Power Supplies. Ultrasonics 

Advanced Development 

G. EMERSON PRAY, PRESIDENT 
32 W. 22nd St.. New York It, N.Y. ORegon 5-0085 

Paul Rosenberg Associates 
Consulting Physicists 

STEVENSloo  AVE. • MOUNT VERNON, NEW YORK 

cum PHYSICIST mount vernon 7-8040 

JAMES R. WALKER 
Consulting Engineer 

Magnetic Servo Amplifiers 
and Regulators 

19790 Stahelin Ave. KEnwood 1-7962 
Detroit 19, Mich. 

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 

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

(Continued front pago 1;'4,4) 

Line Cords & Harness 
A complete stock of ac line cords and 

molded plastic line cords called "US-YR-
CORD" are now offered to manufacturers 
by U. S. Wire & Cable Corp., Progress & 
Monroe Sts., Union, N. J. These cord sets 
are supplied with molded or attached plugs 
molded and attached connectors, molded 
crotches, harnesses, and other special types 
of construction 

The cords are thermoplastic insulated 
and Underwriters' Laboratories approved. 
Molded crotches are available for use in 
head sets, twin photolight hook-ups or 
similar applications. 

Harnesses and cord sets are offered for 
any industrial application. They are useful 
for television, radio, instruments, and 
small motor manufacturers. Replacement 
parts are furnished for the jobbing trade in 
these industries. 

PROCEEDINGS OF TIIE I.R.E. June, 1954 141a 



Index and Display 
Advertisers 

Meetings with Exhibits  2A 

News and New Products   I IA 

Membership  68A 

Section Meetings  99A 

Industrial Engineering Notes   104A 

Positions Wanted by Armed Forces 

Veterans   I I8A 

Positions Open   I29A 

Professional Group Meetings   I35A 

Display Advertisers 
Acme Electric Corp.   72A 

Aerovox Corp.   11A 

Air Associates, Inc.   IIIA 

Airtron, Inc.   60A 

Allen-Bradley Co.   42A 

American Lava Corp.   69A 

American Phenolic Corp.   101A 

American Television á Radio Co.   I I 7A 

Amperite Co.   102A 

Ampex Corp.   33A 

Applied Science Corp.   I 10A 

Arnold Engineering Co.   24A 

Assembly Products, Inc.   104A 

Associated Specialties Co.   140A 

Audio Development Co.   59A 

Ballantine Laboratories, Inc.   70A 

Barber Laboratories, Alfred W.   141A 

Bell Telephone Laboratories, Inc.   4A 

Bell Telephone Laboratories, Inc. ( Empl.) I 29A 

Bendix Aviation Corp. ( Pac. Div.)   95A 

Bendix Aviation Corp. ( Radio Comm. Div.) 120A 

Bendix Aviation Corp. ( York Div.)   I29A 

Bendix Aviation Corp. ( Red Bank Div.)   99A 

Berkeley, Division Beckman Instruments, Inc  74A 

Bodnar Industries, Inc.   100A 

Boonton Radio Corp.   I2A 

Brush Electronics Co. ( Bruel & Kjaer)  108A 

Brush Electronics Co. ( lnstr. Div.)   I3A 

Bug gie, Inc., H. H.   85A 

Burlington Instrument Co.  108A 

Bussmann Manufacturing Co.   58A 

CBS-Hytron Div.   57A 

Calif. Inst. of Technology, Jet Prop. Lab, 121A 

Cambridge Thermionic Corp.   6A 

Cannon Electric Co.   96A 

Cascade Research Corp.   35A 

Centralab ( Div. of Globe Union)   I 6A 

Chemstrand Corp. ( Empl.)   I 22A 

Chicago Telephone Supply Corp..106A, 107A 

Ciba Co., Inc. ( Plastics Div.)   103A 

Clarostat Mfg, Co., Inc.   39A 

Cohn Mfg. Co., Inc., Sigmund   68A 

Collins Radio Co.   21A 

Communication Accessories Co.   I25A 

Communication Products Co.   82A 

Communications Equipment Co.   139A 

Conrad & Moser   I 14A 

Consolidated Vultee Aircraft Corp.   121A 

Content, Edward J.   141A 

Cornell Aeronautical Laboratory, Inc. ( Empl.) I26A 

Cornell-Dubilier Electric Co.  Con. III 

Crosby Laboratories, Inc.   141A 

Cubic Corp.   I I2A 

Daven Co.   41A 

DuMont Labs., Inc., Allen B. ( Inste. Div.) 52A 

Dyna - La bs., Inc. ( Empl.)   I 26A 

Dynamic Electronics—N.Y., Inc.   141A 

Ertel- McCullough, Inc.   29A 

Elco Corp.   94A 

Eldico of New York, Inc.   141A 

Electrical Industries, Inc.  25A 

Electro-Measurements, Inc.   62A 

Electro-Search   14IA 

Electronic Engineering Co. of Calif.   I22A 

MODEL 71 

MANUFACTURERS OF 

Standard Signal Generators 

Pulse Generators 

vSuroasuMcFua surSRetmi:ViedniniaausgylbteN;Gymileolettelemrtrao:Ftrtioirirsd, 

L-c-lt Bridges 
Nurse Meters 
Megacycle Meters 

Intermodulation Meters 
TV & FM Test Equipment 

SPEE'l Ell'ATII S 

FREQUENCY RANGE: 5 to 100,000 cycles. 

WAVE SHAPE: Rise time less than 0.2 microseconds 

ligible overshoot. 

OUTPUT VOLTAGE: Step attenuator giving 75, 50, 25, 15, 

10, 5 peak volts fixed and 0 to 2.5 volts continuously 

variable. 

SYNCHRONIZING OUTPUT: 25 volts peak. 

R. F. MODULATOR: 5 volts maximum carrier input. Trans-

lation gain is approximately unity—Output impedance is 

600 ohms. 

POWER SUPPLY: 117 volts, 50-60 cycles. 

DIMENSIONS: 7" high x 15" wide x 71/4 " deep overall. 

with neg-

MEASUREMENTS CORPORATION 
BOONTON 0 NEW JERSEY 

Write today for corn-

pl efe catalogue data— 

FREE 

4 11ki ‘1 ), (Le ' 

When It Comes 
To Handling Small 
Parts - SYM-ROA,/ 

PARTS Sit 

FEEDERS„_e 
dire 

provide 
automatic, controlled feeding 
at lower costs . . . 
Handle small parts of nearly any shape or ma-
terial in oriented position—single file—without 
damage. Instantly controllable feeding insures 
steady flow of parts at required production 
speeds. Electromagnetic—no mechanical wear-
ing parts—ideal for use in automation set-ups. 

SYNTRON COMPANY 
242 Lexington Avenue Homer City, Penna. 
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nouncin  NEW Unit Pulser 
Pulse Durations: 0.2 to 60,000 ps 
Repetition Rates: 0 to 100 kc 

Rise Time: .05 ps 

ated UHF signal sent through tv-convertor,intotv-set 
ut, and through tv-set to screen — overall transient 
1m front to end determined quickly and easily— 

Id receiver manufacturers may in this way effec• 

line ability of their products to pass uhf signals, 

ited operating conditions. 

)00-P7 Balanced Modulator Is A 
Device Which Permits Full 100% 
:odulation Of Carriers From 60 to 
VIodulating Signal May Be Any 
'er 0 to 20-Mc Band. 
rise time characteristics and negli-
al f-m are essential, these instru-
Illy recommended. 

fiat Pulser and this Modulator, signal 
may be pulse modulated over extremely 
'8. The two instruments make a highly 
ibination for pulse work ... such as 
levision broadcast and receiving equip-
'Id measurements on radar, omni-range 
and telemetering apparatus. 

Since 1915 — 

e 

111ULTIF'SIFR 

PULSE DURATION 

AMPUTUOf 

4'1 H. 

SACROUCONOS 

UNIT PULSER 

tIMUO 

tOrSO AM". GiNtkAl R40 ,01.0 

OUTPUT PULSE 

Type 1217 .14 Unit Pulser. $ 225 
shown with plug-in Type 1203-A Unit Power Supply.... $40 

The Type 1217-A Unit Pulser is the first laboratory-quality 
pulse generator to be made commercially available at moderate 
cost. Its wide range of pulse durations and repetition rates, sta-
bility, high output voltage and variable amplitude control make 
this instrument a highly versatile piece of equipment for every 
industrial and college laboratory. 

The o Unit Pulse r Small... Compact... Economiced 
Provides square waves from 10 cycles to 100 kc for checking Overall Audio-

Amplifier Transient Response. 

For TV-Receiver Testing — a Unit Pulser locked to the receiver line frequency 
produces a visual response directly on the picture tube in checking operation of 
video detector and amplifier. 

Invaluable in Educational Laboratory and Demonstration Class — an Oscillo-
cope and Unit Pulser may be used in student experiments to illustrate ability of 
linear, passive networks to pass pulses of varying durations and repetition rates. 

Useful in Telemetering, Computing and Nuclear Research and Development 
— Pulser produces clean pulses controllable over wide ranges — combination of 
two Pulsers produces a flexible phasing system and source of delayed pulses or gates 
adjustable with time. 

Write for the recently published VHF-UHF Bulletin which 
gives specifications and technical details for the new Unit Pulser, 

the Balanced Modulator, and G-R's completely integrated line 

of high-frequency equipment,. 

Manufacturers of Electronic Apparatus for Science and Industry 

ENERAL RADIO Company 
Admittance Meters * Amplifiers * Coaxial Elements 
* Distortion Melva * Frequency Measuring Apparatus * 
Frequency Standards er Impedance Bridges er Light Meters 
Megohmmeters er Modulation Meters tr Polariscopee 
Precision Capacitors * Oscillators U-H-F Measuring 
Equipment tr Parts & Accessorien er Signal Generators 
Ware Ana/yerro O Variass er TV & Broad,cam Monitors 

r.-- ..... p_r _r Pi _C * unit rnomtmme. & Vibration 

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 dur 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. 

DESIGN • RESEARCH • PRODUCTION 

Microwave Transmission Lines and Associated Components 

16 West 61 st St. • New York 23, N. Y. • Circle 6-4760 
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replacing GLASS 
with TEFLON 

Chemelec Stand-Off 
and Feed-Through Insulators 

• Tough, resilient TEFLON made 
these miniatures possible—and 
BETTER —than glass-insulated 
components. 
COMPRESSION MOUNTING, with-
out breakage. 
WITHSTAND SHOCK and vibration 
in service. 
NO ADDITIONAL HARDWARE 
NEEDED. 

ASSEMBLY COSTS GREATLY RE-
DUCED. 

THE PLASTIC'S "MEMORY" securely 
locks insulators permanently in 
place. Minimum pull test 10 lbs., 
insulator to deck, hardware 
to insulator. 
MINIATURIZATION is easily 
accomplished. 

• TEFLON'S superior insulating 
characteristics made these minia-
tures possible—and BETTER— 
especially for high frequency, high 
voltage or current, high tempera-
ture service. 

HIGHER surface and volume 
resistivity. 

LOWER loss factor and dielectric 
constant. 

HIGHER dielectric strength. 

WIDER service temperature range 
(-110° F to A- 500° F). 

ZERO water absorption (A.S.T.M. 
Test). 

WON'T CARBONIZE under arcing 
or DC-plate. 

INVESTIGATE Chemelec Stand-Off and Feed-Through Insulators for 
superior service and lower assembly costs. 

SEVEN STOCK SIZES, including sub-miniatures. Other dimensions feasible. 

WRITE for Chemelec Bulletin EC-1153. 
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how 
small 
can a 
wave 
guide 
get? 

Well, alongside some of the 
stuff we're working with 
now, the radar plumbing we 
used during World War II 
gets to look like air-conditioning 
duct. What's more, some of 
our boys here seem to regard 
anything below S-band as 
practically pure D.C. 
Naturally, we're up to o-ur 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. 
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Chemelec Stand-Off 
and Feed-Through Insulators 

• Tough, resilient TEFLON made 
these miniatures possible—and 
BETTER —than glass-insulated 
components. 
COMPRESSION MOUNTING, with-
out breakage. 
WITHSTAND SHOCK and vibration 
in service 
NO ADDITIONAL HARDWARE 
NEEDED. 

ASSEMBLY COSTS GREATLY RE-
DUCED. 

THE PLASTIC'S "MEMORY" securely 
locks insulators permanently in 
place. Minimum pull test 10 lbs., 
insulator to deck, hardware 
to insulator. 
MINIATURIZATION is easily 
accomplished. 

INVESTIGATE Chemelec Stand-Off and Feed-Through Insulators for 
superior service and lower assembly costs. 

SEVEN STOCK SIZES, including sub-miniatures. Other dimensions feasible. 

WRITE for Chemelec Bulletin EC-1153. 

• TEFLON'S superior insulating 
characteristics made these minia-
tures possible—and BETTER— 
especially for high frequency, high 
voltage or current, high tempera-
ture service. 

HIGHER surface and volume 
resistivity. 

LOWER loss factor and dielectric 
constant. 

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. 
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THERE'S A C-D CE 

HIGH VOLTAGE 

RY NEED 

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. M64 
South Plainfield, New Jersey. 

THERE ARE MORE C- D CAPACITORS IN USE TODAY THAN ANY OTHER MAKE 

CORNELL 
DUBILIE 
  IN SOUT41 PLAINFIELD. N J. NEW DESPOND. WORCESTER AND CA111811 T.. NAOS PROVIDENCE AND HOPE VALLEY. R 

INDIANAPOLIS. loD.: MOAT SPRINGS AND SANFORD. N C AND SURSIDIANY. INC RADIANT CORPORATION. CLEVELAND. OHIO 

AN NNé/S CAPACITORS V•BRATORS CONVERTERS 



Announcin NEW Unit Pulser 
Pulse Durations: 0.2 to 60,000 ps 
Repetition Rates: 0 to 100 kc 
Rise Time: .05 en 

43 VOLTS mid i= 

• INPUT 
43 VOLTS eo -40 GYCI.JIS 

ulse-modulated UHF signal sent through tv-convertor,into tv-set 
antenna- input, and through tv-set to screen — overall transient 
response from front to end determined quickly and easily— 
convertor and receiver manufacturers may in this way effec• 
tively determine ability of their products to pass uhf signals, 
wider simulated operating conditions. 

he Type 1000-P7 Balanced Modulator Is A 
Unique New Device Which Permits Full 100% 
AmplituUnIodulation Of Carriers From 60 to 
2300 Mc — Modulating Signal May Be Any 
Frequency Over 0 to 20-Mc Band. 
Where good rise time characteristics and negli-

gible incidental f-m are essential, these instru-
ments are highly recommended. 

With the Unit Pulser and this Modulator, signal 
generators may be pulse modulated over extremely 
wide ranges. The two instruments make a highly 
useful combination for pulse work ... such as 
testing of television broadcast and receiving equip-
ment ... and measurements on radar, omni-range 
and DME, and telemetering apparatus. 

Since 1915 — 

PULS1 DeATION 
Afeli-VTUSO 

blICIOSECDODS 

UN 'T 'ULSER 

OUTPUT PULSE 

Type 1217-A Unit Pulsar.... $ 225 
shou.n with plug-ir. Type 1203-A Unit Power Supply.... $40 

The Type 1217-A Unit Pulser is the first laboratory-quality 
pulse generator to be made commercially available at moderate 
cost. Its wide range of pulse durations and repetition rates, sta-
bility, high output voltage and variable amplitude control make 
this instrument a highly versatile piece of equipment for every 

industrial and college laboratory. 

The 4pt Unit Pulser Sinew Compact... Economical 
Provides square waves from 10 cycles to 100 kc for checking Overall Audio-

Amplifier Transient Response. 
For TV-Receiver Testing — a Unit Pulser locked to the receiver line frequency 

produces a visual response directly on the picture tube in checking operation of 

video detector and amplifier. 
Invaluable in Educational Laboratory and Demonstration Class — an Oscillo-

cope and Unit Pu/ser may be used in student experiments to illustrate ability of 
linear, passive networks to pass pulses of varying durations and repetition rates. 

Useful in Telemetering, Computing and Nuclear Research and Development 
— Pulser produces clean pulses controllable over wide ranges — combination of 
two Pulsera produces a flexible phasing system and source of delayed pulses or gates 
adjustable with time. 

Write for the recently published VHF-UHF Bulletin which 
gives specifications and technical details for the new Unit Pulser, 

the Balanced Modulator, and G-R's completely integrated line 

of high-frequency equipment. 

Manufacturers of Electronic Apparatus for Sc ence and Industry 

GENERAL RADIO Company 
275 Massachusetts Avenue, CambYidge 39, Massachusetts, U. S. A. 

NI. O.KO 920 S 'lichen Are .111•00 3 N Seropfd S Los &MOMS 33 

Admatance Meters er Amplifiers fr Cassia! Elements 
Dietortion Meters er Frequency Measuring .4pparatut er 

Frequency etandards er Impedance Bridges * Light Meters 
Megitmnteters A Modulation Meters * Pokriscopes 
Precuion Capaators * Os,' 15fos' A U-H-F Measuring 
Equipment * Part. S Acr.sso7 ies tr Signal Generators 
1Vare Analizera Varier, TV et Broalcast Monitoes 

Pulse Generator,* IS-L-C Decades * Standards * Inerunents * Sound & Vibration 
. 


