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ADVANCE with Radio-Electronics 
in  the  National  Emergency! 

The 1951 IRE Convention 

In pace with the rapid and widespread 

advances of the engineering and science 

of radio-television-and-electronics are the 1;11 

plans for the IRE Conven  . 210 vitally 

important technical p  'll be pre-

sented in 29 technici kessio d 14 

comprehensive symposia orga  b 

nine of the IR 

The enti 

neer atten 

by thes 

Pito h 

ssional gr 

e helped to advance 

ontactriof 

t 1 

r — 
AI M 'forth r1.1  Ms; 

hou - A Banquet that this year is truly 

different from menu to program —a 

President's Luncheon ..ith special tables 

for the Professional Groups —a "get-

together" Cocktail Party all further 

these ends. 

The Radio Engineering Show 

267 Manufacturers will bring their 

*1951 Advances in better products, com-

ponents and apparatus to a single meet-
ql it 

Central Palace in New 

ds of IRE members 
" 

and learn so much i 

The exhib ni et 

of pr du t pre,,ental 

factu 

• atio 

may see them. 

e and spreads 

can you see 

his own Ompetent e 

o answer your questi 

t form 

anu-

or you and himself. (Iwo omically. Cm 

ese great 1115,1 tdvances. 

Remember these days, March 19-22, 

Monday through Thursday, and the-f' 

places: Grand Central Palace; and the 

Waldorf- Vstoria. our new hotel head-

quarter... 

"IRE Meetings and Shows Accelerate Electronic Progress" 
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tober 26, 1927, at the post office at Menasha, Wisconsin, under the act of March 3, 1879. Acceptance for mailing at a special rate of postage is 
provided for in the act of February 28. 1925, embodied in Paragraph 4, Section 412, P. L. and R., authorized October 26, 1927. 
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THE  /b"ilitCOMPLETE 

DISC CERAMIC LINE 
Sprague-Herlec Cera-mite Capacitors are a "must" for modern 
television circuits. 
Now available in both temperature-compensating (TC) and gen-

eral application (GA) types, Cera-mites meet most application needs 
in the 10 mmf to 15,000 mmf capacitance range. 
These miniature capacitors offer set designers maximum space 

economy, ease of mounting, and improved very-high-frequency 
performance. 
The flat disc with uni-directional lead construction has minimum 

self-inductance and a higher self-resonant frequency than a tubular 
design; hence improved v-h-f bypass efficiency. 
Sprague-Herlec Engineering Bulletin 601B gives the complete list 

of standard ratings as well as performance specifications. Write for 
your copy today! 

PIONEERS  IN 

•Trodework 

• .11.611.E SPRAGUE ELECTRIC COR M', 
North Adams, Massachusetts 

ELECTRIC  AND  ELECTRONIC  DEVELOPMENT 

THE  HERLEC  CORP OR ATI ON  • Mil waukee  3, Wisconsin 
(Wholly owned Sprague SubsidlarY) 
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How 
to be sure 
you get 

the Best  
Capacitor  

Need 
square 

Pulse-forming networks are  used where  
wav es? 

the normal capacitor discharge wove 
shap e is not suitable, and where on im-
pulse must have definite energy content 

and duration. Their d  su 

esign involves sever-

al tricky problems —one being  itability 
for  high temperature operation. N r spe-

ever-

theless, networks  ore one of ou 
cialties —we have built them by the 
thousands, and our  experienced ond 
capable engineers will be glad to discuss 
any of yous design problems. We invite 

your inquiries. 

YOU CAN test the paper for density .... thickness ... porosity... 
power factor . . . chloride content . . . dielectric constant . . . di-
electric strength. 

And then test the foil for thickness . . . purity . . . softness of the 
anneal . . . freedom from oil . . . cleanliness of surface ... absolute 
smoothness. 

And then test the liquid dielectric for specific gravity .... viscosity 
. . . power factor . .. color . . . acidity . . . flash point ... dielectric 
strength . . . dielectric constant . . . insulation resistance . . . water 
content. 

And after that, test every single finished capacitor for shorts, 
grounds, and opens at overvoltage between terminals and between 
terminals and case . . . and measure the capacitance of every single 
unit . . . and then check every single capacitor to see that it has a 
leak-proof hermetic seal. 

OR YOU CAN buy General Electric capacitors . . . product of 
outstanding research and know-how.. . which have already passed 
every one of these tests 

. on the materials when they were made. 
. . . and again before they were used. 
. . . and on the capacitors during manufacture. 
. . . and then, finally, on every single capacitor before shipment. 

For full information on types, ratings, dimensions, types of mount-
ing, and prices of capacitors, address the nearest General Electric 
Sales Office or Apparatus Department, General Electric Company, 
Schenectady 5, N. Y. 

GENERAL  ELECTRIC 
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W AVE 
MAKING 

—for better 
telephone 
service 

At Bell Telephone Laboratories, radio scientists devised 
their latest microwave lens by copying the molecular 
action of optical lenses in focusing light. The result 
was a radically new type of lens — the array of metal 
strips shown in the illustration. Giant metal strip 
lenses are used in the new microwave link for telephone 
and television between New York and Chicago. • 

The scientists went on to discover that the very same 

Waves from the sound source at left are focused by the lens 

at center. In front of the lens, a moving arm (not shown) 

scans the wave field with a tiny microphone and neon lamp. 

The microphone picks up sound energy and sends it through 

amplifiers to the lamp. The lamp glows brightly where sound 

level is high, dims where it is low. This new technique pictures 

accurately the focusing effect of the lens. Similar lenses 

efficiently focus microwaves in radio relay transmission. 

type of lens could also focus sound ... thus help, too, in 
the study of sound radiation . . . another field of great 
importance to your telephone system. 

The study of the basic laws of waves and vibrations 
is just another example of research which turns into 
practical telephone equipment at Bell Telephone Lab-
oratories . . . helping to bring you high value for your 
telephone dollar. 

BELL  TELEPH ONE  LAB ORAT ORIES 

• WORKING CONTINUALLY TO KEEP YOUR TELEPHONE 

SERVICE ONE OF TODAY'S GREATEST VALUES 



GUARDIAN 
SERIES 695 D.C. 

RELAY 

Series  30 A.C. Series 210 A.C.-215 D.C. 

ONE OF A LINE 
A tiny telephone type—the Guardian Series 695 D.C. 

Relay has distinguished itself in wartime communica-

tions equipment. For inter-plane—intra plane—ground 
to plane—ship to shore radio—walkie talkie—field tele-
phone equipment—the Guardian Series 695 D.C. is un-

excelled. Contrary to conventional design, armature on 

this relay is formed outward, away from coil, permitting use of a 
longer coil without increasing overall length of the unit. Arma-

ture hinges on a frictionless bearing which requires no lubrica-
tion. Proper balance of copper winding and volume of iron on 

field piece result in maximum flux density without oversaturation 

of iron. Series 695 D.C. Relay is capable of carrying up to 6 single 

pole, single throw contact combinations. 
Can be hermetically sealed as a standard 

unit in Lug Header type housing or, to 

specification, in A. N. Connector, Screw 

Terminal, or Lug Header type housings. 

Series 220 A.C. Series 595 D.C. Series 610 A.C.-615 D.C. 

WRITE OR WIRE... FREE CATALOG, SPECIFIC RECOMMENDATIONS, NO OBLIGATION. 

GUARDIAN  ELECTRIC 
1628-B W. WALNUT STREET  CHICAGO 12, ILLINOIS 

COM EEEEE  LIN(  01  EEEEE S S WING AMINICAN  INDUSTRY 
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TRUSCON... tt ioiicow kiati Oft 

world leader in 

KAA-204. Owatonna. Minne-
sota, Northern Natural Gas 
Co. Truscon Self-Supporting 

Tower, 260 feet high. 

better 

WO W, Omaha, Nebr., Truscon 
Self-Supporting Radio Tower. 

600 feet high overall. 

radio tower engineering 

Truscon experience in radio tower 
engineering is world wide.., meeting all 

types of topographical and meteorological 
conditions ... and supplying many different 
tower types—guyed or self-supporting 

. , . tapered or uniform in cross-section 
... for AM, FM or TV transmission. 

Your phone call or letter to any 
convenient Truscon district office, or 
to our home office in Youngstown, will 

bring you immediate, capable engineering 
assistance. Call or write today. 

WHDH, Boston, Ma  Three 
Truseon Guyed Towers: 565 
feet, 605 feet. and 645 feet high. 

WSA M AM-FM. Saginaw. 
Mich. iruscon Self-Supporting 

'Tower, 35.6 feet high. 

WXEL-TV Cleveland, 
Ohio. Truscon Self-
Supporting Tower, 

433 feet high. 

WTCH.Shawano. Wis-
consin. Truscon Self-
Supporting Tower. 

240 feet high. 

W MRI-FM. Marion. 
Truscon Self. 

Supporting Tower. 
336 feet high. 

WE511.-FM.Milwaukee. 
Wisconsin. Truscon 
Self -Supporting Tower. 

456 feet high. 

TRU SCO W STEEL COMPANY Youngstown 1, Ohio 
Subsidiary of Republic Steel Corporation 

PROCEEDINGS OF THE JR.! February, 1951 



COMPLETE, WIDE-BAND INSTRUMENTATION FOR 

ISTORTION-FREE, FAST-PULSE MEASUREMENT! 

1 .1. 

." "41.6.111, W A YID.' "  

New -hp- 460B Fast-Pulse A mplifier 

SPECIFICATIONS 

-hp- 4608 PAST PULSE AMPLIFIER 

FREQUENCY RESPONSE: Closely matches Gaus-
sian curve. Hf 3 db point is approx. 140 
mc. If 3 db point is approx. 50 kc into 

200-ohm load. 
MAXIMUM OUTPUT VOLTAGE: High bias, ap-

prox. 125 v. negative open circuit. Nor-
, mal bias (linear amplification) approx. 
8 v. peak into 200-ohm load or 16 v. 
peak open circuit, pos. or neg. pulses. 

GAIN: Approx. 15 db into 200-ohm load. 
INPUT IMPEDANCE: Approx. 200 ohms. 
RISE TIME: Approx. 0.0026 µsec. 
DELAY: Approx. 0.016 µsec. 
DUTY CYCLE: 0.10 max. for 125 v. output pulse. 
LINEARITY PULSE OPERATION: See Figure 1. 
MOUNTING: Relay rack. 51/4 - x 19". 6" deep. 
POWER SUPPLY: 115 v. 50/60 cps. 35 watts. 

PRICE: $225.00 f.o.b. factory. 

—hp— 460A WIDE-BAND AMPLIFIER 

(Specifications same as Model 4608 except:/ 
MAXIMUM OUTPUT VOLTAGE: Approx. 8 v. 

peak open circuit; 4.75 V. peak into 200. 

ohm load. 
GAIN: Approx. 20 db with 200-ohm load. 
DELAY: Approx. 0.012 µsec. 
PRICE: $185.00 f.o.b. factory. 

—hp— 46A ACCESSORIES 

—hp— 46A-16A PATCH CORD — 200-ohms, 2' 
long. $18.50. 

—hp— 46A-16B PATCH CORD — 200-ohms, 6' 
long. $25.50. 

—hp— 46A-95A PANEL JACK—For 200-onm ca-
bles, low capacitance. 11/4 " dia. $7.50. 

—hp— 46A-958 CABLE PLUG—For 200-ohm ca-
bles, low capacitance. $7.50. 

—hp— 812-52 CABLE-200-ohm cable in lengths 
to specification. Per foot $1.75. 

—hp— 46A-95C 50-OHM ADAPTOR — Type N 
connector for coupling 50-ohm line into 
—hp— amplifiers. $15.00. 

—hp— 46A-95D ADAPTOR—Bayonet sleeve far 
connecting —hp- 410A VTVM to output of 
460A 1B amplifiers. $15.00. 

—hp— 46A-95E CONNECTOR SLEEVE—Joins two 
46A-958 CABLE PLUGS. $7.50. 

-hp- 46A-95F ADAPTOR—For connecting to 
5XP CRT. $10.00. 

—hp— 46A-95G ADAPTOR—For connecting to 
Tektronix type 511 oscilloscope. S12.50. 

Data subject to change without notice. 

-hp- 46A Connectors and Accessories 

UP TO 90 DB GAIN IN CASCADE! AMPLIFIES MILLI-

MICROSECOND PULSES! RISE TI ME .0026 µSEC! 

125-VOLT OPEN-CIRCUIT OUTPUT! GIVES OVER 100 MC 

BAND WIDTH TO YOUR STANDARD OSCILLOSCOPE! 

Here at last is complete instrumen-
tation for true amplification of fast 
pulses at high power levels sufficient to 
operate scalers or counting meters, cath-
ode ray tubes, or to give more than 100 
mc band-width to your present oscillo-
scope. New -hp- 460B Fast-Pulse Am-
plifiers, in cascade with -hp- 460A 
Wide-Band Amplifiers, amplify up to 
125 volts, open circuit (limited duty 
cycle). This permits full deflection of 
5XP cathode ray tubes, or 2-inch deflec-
tion of 5CP tubes. Ultra-short rise time 
of 0.0026 ktsec, combined with zero 
overshoot, insures distortion-free ampli-
fication of pulses faster than 0.01 µsec. 

PE •111  vnt ,  IN PUT 

New -hp- 460B Amplifier, cascaded 
with -hp- 460A provides linear ampli-
fication of 16 volts peak output and 
pulse amplification of 125 volts output 
(slight non-linearity). This combina-
tion provides maximum usefulness in 
fast-pulse study for nuclear radiation 
work, television or VHF research; for 
increasing frequency range of your oscil-
loscope, or general wide-band labora-
tory amplification. In addition to the 
above instrumentation, -hp- also offers 
series 46A accessories—a complete set 
of 200 ohm cables, adapters and fittings 
for inter-connecting amplifiers or patch-
ing to oscilloscopes. 

Fig. 2: (a) 0.01 µsec pulse through -hp-46011 Amplifier 
Fig. 1: Linearity of -hp- 4608 Fast •Pulse Amplifier  (b) 0.02 µsec pulse through 3 amplifiers in cascade 

Get complete details. Write direct or see your -hp- sales representative. 

HE WLETT-PACKARD COMPANY 
21 77D Page Mill Rood  • Palo Alto, California, U.S.A. 

Sales Representatives in all principal cities 

Export: Frazar & Hansen, Ltd., San Francisco, New York, Los Angeles 

HE WLETT-PACKARD  INSTRUMENTS 
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Specialization in resistors lets IRC 
concentrate on research and quality control to 

a greater degree than any other supplier. 

Result:— IRC exploration anticipates future resistor 

needs—improves existing products—and controls 

quality and uniformity in every IRC unit. Largest 

resistor manufacturer in the world, IRC attracts the 

finest of engineering talent. We're using more of such talent than ever, 

tow, to keep step with today's electronic requirements— while 

we plan for tomorrow's advances. 

0 45 's 
*104 :40) 

FLAT PO WER WIRE W OUND RESISTOR 

IS m • -spate app ca ons, 
Type FR W Flat Wire Wound Resistors have higher space-power 
ratios than standard tubular units. FR W's can bis mounted 

vertically or horizontally —singly or in stacks. Non-magnetic 
mounting brackets permit easy, economical mounting, aid in 
heat distribution along the entire length, and transfer internal 

hoot to the chassis. Available in 9 sizes—fixed and adjustable. 
Send for full details in Bulletin C.I. 
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DEPOSITED CARBON  PRECISTORS 
A unique combination of accuracy, stability and economy makes IRC 

Deposited Carbon PRECISTORS ideal for applications where carbon 
compositions are unsuitable or wire-wound precisions too expensive. Instru-

mentation, advanced electronics and critical television circuits also benefit 

from their wide range of values, low voltage coefficient, excellent frequency 
characteristics, predictable temperature characteristics, high volt-

age rating, low noise level and small size. Coupon brings 

full particulars in Bulletin B-4. 

Sealed-precision IRC Type MF 

Resistors are completely impervious to moisture —have proved themselves 

dependable voltmeter multipliers for use under the most severe humidity 

conditions. Each multiplier consists of a number of IRC Precision Resistors, mounted, 

interconnected, and encased in a glazed, hermetically sealed ceramic tube. 

MF's are compact, rugged, stable, easy to install, and may be used with very 

little drain on the power supply. Individual precision resistors may be either 

inductive or noninductive, so that they may be used on AC as well as DC. Moil 

coupon for full data in Bulletin D-2. 

Mmipek-tkr, wutSa —AAA— 
Power Resistors • Voltmeter Multipliers 
• Insulated Composition Resistors • Low 
Wattage Wire Wounds • Volume 
Controls •Voltage Dividers • Precision 
Wire Wounds • Deposited Carbon 
Precistors • Ultra-HF and High 
Voltage Resistors • Insulated Chokes 

INTERNATIONAL 

RESISTANCE CO MPANY 

401 N Stood Shoot, Philadelphia I. Po 

Engineered for high voltage applications where high 

resistance and power are required, IRC Type MVX 

Resistors are particularly suited to many types of 

television and electronic circuits. Unique application of 
IRC's proven filament resistance coating in helical 

turns on a ceramic tube provides a conducting path 

of long, effective length. Result: A unit of high resis-

tance value with resistance materials having relative-

ly low specific resistance. Type MVX's have 2 wott 
rating, are exceptionally stable —permit the use of 

high voltage on the resistor while keeping voltage 

per unit length of path comparatively low. Send 

coupon for complete details in Butletin G-2. 

INTERNATIONAL RESISTANCE CO.  A 
405 N. BROAD ST., PHILADELPHIA 8, PA. 

Please send me complete infotmation on the items checked below:-

0 Flat Wire Wound Li Deposited Carbon 
Resistors (C-I) PRECISTORS (B-4) 

High Voltage Resistors (O-2) 11 Voltmeter Multipliers ID-2) 

LI Name and address of local IRC Distributor 

NAME 

TITLE   

COMPANY 

ADDRESS   

111 Cards lowe..,•M•wel 11•06•tent• Co,  Tee•ote. CITY  ZONE  STATE 

J F.   • CO.. ADV. AGENCY 



i/ Lower losses with higher 
efficiency and lower operat-

ing temperatures 

Lighter weight, smaller sizes 

for more compact construc-

tion, lower costs of finished 

equipment 

ti Much higher permeability 

Less corona effect 

Lower cost 

Technically, Stackpole Ceramag Cores are 

molded from a .metallic oxide powder mixture 

which, when properly handled during processing, 

promotes cubic crystal growth. This results in a 

non-metallic material having low eddy current loss 

and exceptionally high permeability. 

Practically, Stackpole's skill in the highly critical 

fabrication of these cores in production quantities 

has resulted in lower costs and higher standards 

of performance and dependability for the nation's 

leading television receivers. 

Besides the more popular standard Ceramag core 

types illustrated above, many specials are regu-

larly supplied. 

• 
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Let's Put the Chill on a Hot Subject • • • 

cn TERMINALS 
fr, PROTECT PRODUCT 
ip  PERFORMANCE 

THE FUSITE CORPORATION 
CARTHAGE AT HANNAFORD, NOR WOOD, CINCINNATI 12, OHIO 

As you read this message engineers the country over are hard 

at work planning, experimenting on fused hermetic sealing for their 

company's electrical product. 

When the subject of a so-called glass terminal comes up (and 

it's bound to) they're apt to talk in terms of thermal shock. That's 

where Fusite Hermetic Terminals come in. 

Take the interfusion of steel and inorganic glass that is a Fusite 

terminal. Apply the sizzling heat of a soldering or welding opera-
tion. And if you want to be ornery, shove it right out on the shipping 

dock on a zero day. 

What happens? 

Absolutely nothing. Your seal remains as tight as your productiot 

skill made it. All Terminals remain as smooth, as rugged, and 

uniform as only Fusite makes them. 

Would you like to know more, or see samples? Write to Dept. E. 

TERMINAL ILLUSTRATED 908HTO —For plug-in to stand-

ard "Octal" sockets. Available with two to eight hollow  
tube electrodes. 

PROCEEDINGS OF THE I.R.E. Frbruary, 1951 



and now--
the magic link 

for closed circuit tv 

Camera Sig i i  1 hp Dri mitter 

the dumitter 
Actually a miniature closed-circuit television transmitter. 
Takes signal directly from any standard camera chain, modu-
lates a carrier frequency of either Channel 2 or 3, and feeds 
via cable directly through the antenna posts of standard TV 
receivers. Receivers operate exactly as though tuned to a tele-
cast on that Channel. 

Performance superior to other forms of transmission. Audio 
and video reception absolutely free from outside interference. 
Truly, the MAGIC LINK for closed-circuit television. 

Ideal for use in industrial television applications, for field 
demonstrations of TV receivers, for studio use, for sales 
meetings, and countless other uses. Does away with expensive, 
bulky equipment and circuitry modification of receivers. 

Z77e-tedo&e Z744.7i,;(4;,;26 

Standard TV Receiver 

• Feeds up to 125 standard TV receivers. 

• Distributes signals on standard TV Channel 2 or 
3 via cable through regular antenna posts of 
receivers. No modification of receivers necessary 
Receivers may be switched to regular telecast 
reception at any time. 

• Feeds receivers both video and audio through single 
coaxial cable up to several thousand feet. 

• No terminal equalization necessary as attenuation 
is only at carrier frequency. 

• Uses signal from any standard camera chain without 
interim equipment. 

• Completely stable — requires no operator. 

• Light, compact, completely stable. 

• No license required. 

NT 
ALLEN B. DU MONT LABORATO-RIES, INC. 
Television Transmitter Division, Clifton, N.J. 

PROCEEDINGS OF THE I.R.E.  February, 1951 
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ALSO USED WIDELY 

BY MANUFACTURERS 

OF ELECTRICAL 

EQUIPMENT . . . 

FOR ITS HIGH 

DIELECTRIC STRENGTH 

. LO W MOISTURE 

ABSORPTION .. 

STRENGTH, LO W LOSS 

AND GOOD 

MACHINEABILITY. 

AVAILABLE IN 

DIAMETERS, 

WALL THICKNESSES 

AND LENGTHS TO 

MEET ENDLESS 

SPECIAL OR NE W 

ADAPTATIONS. 

INQUIRIES 

ARE GIVEN 

IMMEDIATE 

ATTENTION. 

ASK FOR SAMPLES 

CLEVELITE and COSMALITE 
PHENOLIC  TUBING 

Meets the Most Exacting Specifications! 

•  •  • 

A Grade for Every Need: 

CLEVELITE 
Grade E   Improved post cure fabrication and stapling. 

Grade EX  Special grade for TV deflection yoke sleeve. 

Grade EE   Improved general purpose. 
Grade EEX   Superior electrical and  moisture absorption 

properties. 

Grade EEE  Critical electrical and high voltage applications. 
Grade XAX  Special grade for government phenolic specifications. 

COSMALITE 

Grade SP 
Grade SS 
Grade SSP 

Grade SLF 

?ost cure fabrication and stapling 
General purpose. 
. General purpose —punching grade. 
Thin wall tubing —high dielectric and compression 

strength. 

CLEVELAND PHENOLIC TUBING 
THE FIRST CHOICE OF THE RADIO AND TELEVISION INDUSTRIES. 

EXCELLENT SERVICE AND PROMPT DELIVERIES ASSURED. 

ihCLEYELAND CONTAINER6 
6201 BARBERTON AVE.  CLEVELAN D 2, 0111 0 

PLANTS AND SALES OFFICES at Plvinook  Ogdentbarg N Y lorn"barg, N.1 

ABRASIVE DIVISION at Cleveland, Ohio 

CANADIAN PLANT The Cleveland Container, Canada, Lid , PIO <Oil. Ontario 

NE W YORK AREA 

NE W ENGLAND 

CANADA 

REPRESENTATIVES 

R. T MURRAY, 614 CENTRAL AVE., EAST ORANGE, N. J. 

R. S. PETTIGRE W & CO., 968 FARMINGTON AVE. 

WEST HARTFORD, CONN 

W M. T. BARRON, EIGHTH LINE, RR FL OAKVILLE. ONTARIO 

• Trade Marks 
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Outstanding Advantages 
of the new 

Mallory Spiral Inductuner 
1. A single control for easy selection 
and fine tuning of any television 
or FM channel. 

2. Easily adapted to UHF converter use. 
3. Excellent stability eliminates fre-
quency drift. 

4. Supplied in two-, three- or four-
section designs. 

5. Far more quiet operation; permit. 
high signal-to-noise ratio in front 
end designs. 

6. Free from microphonics. 
7. Greater selectivity on high fre-
quency channels. 

8. Eliminates 'lunching" of high 
band channels. 

9. Simplifies front end design and 
production. 

10. Reduces assembly costs. 
11. Choice of: 6 turn unit continu-

ously tunes from channels 2 to 13: 
4 turn unit tunes only channel-
2 to 6, FM, 7 to 13; 3 turn unit 
tunes only the 12 television 
channels. 

Mallory TV Front End 

Limits Oscillator Radiation 
Mallory engineering has accomplished the development of a TV Front 
End Assembly which avoids interference by the receiver with nearby 
sets and other electronic equipment. 

Built around the four-tuned circuit Spiral Inductuner*, this new front 
end is designed to restrict radiation from the oscillator. In addition, 
the oscillator and converter are shielded from the RF amplifier. And, 
each section of the Inductuner is provided with its own special shielding. 
Thus, Mallory now offers TV manufacturers a front end that is ready to 
perform within the strict standards contemplated for oscillator radiation. 

That's serrice beyond the sale! 

The Mallory Front End is universally adaptable. It features higher gain, 
and lower signal-to-noise ratio. Designed around the Inductuner. it is 
available with or without indexing provisions, in 3 and 4 revolution 
designs. Also avaitable in 6 turns without the indexing feature. 

* Reg. trade mark of P. R. Mallory & Co.. Inc. for inductance tuning devices comred by Mallory-li'are patents. 

Television Tuners, Special Switches, Controls and Resistors 

SERVING INDUSTRY WITH 

Electromechanical Products 
Resistors  Switches 
TI . Tuners  Vibrators 

Electrochemical Products 
Capacitors  Rectifiers 
.Mercury Dry Batteries 

Metallurgical Products 
Contacts  Special Aletals 

elding Materials 

R R. MALLORY a CO.. Uric.  

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

14A PROCEEDINGS OF THE I.R.E. February, 1951 



A New Concept in Precision Potentiometers. . • 

... combined with mass-production economies! 

If its a tough potentiometer problem, bring it to lielipot 
—for Hclipot has facilities and know-how unequalled in the industry for moss-producing 
precision potentiometers with advanced operating and electrical features. 

This recently-developed 'Model 1. Helipot, for example, combines several revolutionaiy ad-

vancements never before available in the potentiometer field ... 

Precise Mechanical Concentricity 

Modern servo mechanisms and computer 
hook-ups require high mechanical precision 
to insure uniform accuracy when connected 
to servo motors through close-tolerance gears 
and couplings. 

In the "Model J," close concentricity 
between mounting surface and shaft is as-
sured by a unique mounting arrangement. 
The unit can be aligned on either of two 
wide-base flange registers and secured with 
three screws from the front of the panel... 
or it can be secured with adjustable clamps 
from the rear of the panel to permit angular 
phasing. Or if preferred, it can be equipped 
with the conventional single-hole bushing 
type of mounting. 

In addition to accurate mounting align-
ment, exact rotational alignment is assured 
by the long-life, precision-type ball bearings 
upon which the shaft rotates. Precise initial 
alignment coupled with negligible wear 
mean high sustained accuracy. 

High Electrical Accuracy 

Ifelipot products have long been noted 
for their unusually high electrical accuracy 
and the "Model J" embodies the latest ad-
vancements of Helipot engineering in this 
field. 

For example, tap connections are made 
by a new Helipot welding technique whereby 

the tap is connected to only ONE turn of 
the resistance winding. This unique process 
eliminates "shorted section" problems! 

High linearity is also assured by Heli-
pot's advanced production methods. Stand-
ard "Model J" linearity accuracies are guar-
anteed within ±0.5%. On special order, ac-
curacies to ±0.15% (capacities of 5000 
ohm, and up) have been obtained. 

Ball Bearing Construction 

The shaft of each "Model J" is care-
fully mounted on precision-type ball bear-
ings that not only assure sustained rota-
tional accuracy, but also provide the con-
stant low-torque operation so essential for 
servo and computer applications. Starting 
torque is only % of an inch-ounce ( ± .25 in.-
oz.) —running torque, of course. is even less. 

Independent Phasing 

lien using the 's odel J- in ganged 
multiple assemblies, each section can be 
independently phased electrically or me-
chanically—even after installation on the 
panel— by means of hidden internal clamps 
controlled from outside the housing. Phas-
ing is simple, quick, accurate! 

Mass-Production Economies 
In addition to its many other unique 

features, Helipot engineers have developed 
unusual techniques that permit mass-produc-
tion economies in manufacturing the "Model 
J". Actual price depends upon the number 
of taps required. special features, etc.... 
but with all its unique features, you will 
find the "Model J" very moderate in cost.' 

Wide Choice of Designs 

The "Model J" Helipot is available in 
a wide selection of standard resistance 
ranges-50, 100, 1,000, 5,000, 10.000, 20,000, 
30,000 and 50.000 ohms ... in single- or 
double-shaft designs ... with choice of many 
special features to meet virtually any re-
quirement within its operating field. 

•Write for Bulletin 107 which gives complete data and 

price information on the versatile "Model .1" Helipot! 

THE he!poi CORPORATI ON 
South Pasadena, California 

Field Offices: Boston, New York, Philadelphia, Rochester, Cleveland, Detroit, Chicago, St. Louis, 

Los Angeles and Fort Myers, Florida. Export Agents: Fratham Co., New York 18, New York 
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A ti\ew Timube For 

• 

IGH-POWER VHF TV 

fifsar" 

4W20000A 
Water-Cooled Power Tetrode 

*20 Kw Peak Sync. Output 

* 5 Mc. Bandwidth 

* 216 Mc. Operation 

* LOW COST 

TYPE 4W20000A POWER TETRODE 

CLASS-B LINEAR AMPLIFIER—TELEVISION SERVICE 

TYPICAL OPERATION (Per tube, 5-Mc. Bandwidth, 216 Mc.) 
Peak Synehren,z,ng Le.el 
Load Impedance   
Effective Length of Plate Lme   
D•C Plate Voltage 
D•C Plate Current 
D•C Screen Voltage 
D•C Screen Current 
DC- Gr;c1 Voltage 
Peak RE Grid Input Voltage (approx.) - 
Plate Power Input  -  •  - - -  - - -
Plate Dissipation    
Plate Power Output 

400 Ohms 
Quarter Wave 
5500 Volts 
7.1 Amps 
i000 Volts 
600 Ma. 

—310 Volts 
485 Volts 
39 Kw. 
19 Kw. 
20 Kw. 

For the practical approach to h;gh-power TV through channel 13, 
here is the tube . . . the new Eimac 4W20000A power tetrode. 

Among the features of the 4W20000A are a unipotential cathode 
of thoriated tungsten heated by electron bombardment, a water-
cooled anode rated at 20 kw dissipation, and coaxially arranged 
terminals. 

This new tube's potential applications are not limited to TV service. 
Data on typical operation in class-C telegraphy or FM telephony 
as well as class-B linear TV amplifier service are included in a 
comprehensive data sheet ... available for the asking. 

Eitel- Mc Cullough,  Inc. 
Sa n  Bru n o,  Califor nia 

5en, 301 Clay St., San Franc1;co, California 

SEE THE 4W20000A 
at the March IRE Show, Booth 36 

16" 

12" 

 I 

4S/8" 

Wafer 

—  Anode 

Screen Grid 

Control Grid 

Cathode 

Heater 

FOU ,or  ro 

1.00ES 

276 
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SALES OFFICES: New York, Philadelphia 

Detroit, Chicago, Los Angeles 

CERA MIC DISK CAPACITORS 
Hi-Q Ceramic Disk Capacitors for by-passing, blocking, or coupling are 
being used by the millions by television receiver manufacturers who 
demand the utmost in performance. 
Unit cost, time and labor may be saved by using several of the mul-

tiple capacity Hi-Q Disks where applicable in your television circuit. 
Multiple capacities having a common ground are available in standard 
units as shown in the chart below. Fh-Q Disks are coated with a non-
hydroscopic phenolic to insure protection against moisture and high 
humidities. Hi-Q Disks like all other Hi-Q components assure you of 
the highest quality workmanship at the lowest possible cost. 
Our Engineers are ready and willing to discuss the application of 

these highly efficient, dependable capacitors in your circuits. Write 
today for your FREE copy of the new 141-Q Datalog. 

Hi- a 

BPUDI 

711111V‘\ 11  

1 1 II 

(0100111.1111S, 
Capacitors 

Coil 
Trimmers • Choke  s  \ 

d Resistors 
Wire Woun   

E.R. 4. 

t4If°BM W( V 
O DEPE NDABILIII  

PRI.C.1510,4 V  PA1t41A1U1111.A1100 

Type 

B.P.D. .00047 

B.P.D. .0008 

B.P.D. .001 

B.P.D. .0015 

B.P.D. .002 

B.P.D. .004 

B.P.D. .005 

B.P.D. .01 

B.P.D. 2x.001 

B.P.D. 2x.0015 

B.P.D. 2x.002 

B.P.D. 2x.003 

B.P.D. 2x.004 

B.P.D. 3x.0015 

B.P.D. 3x.002 

A 
Diameter 

5/16- max. 

5/16" max. 

max. 

3/is" max. 

V16 " max. 

19/32- max. 

13/4 2- max. 

3/4- max. 

max. 

1 %2" max. 

max. 

3/4" max. 

3/4" max. 

3/4 max. 

3'4- max. 

Lead Width Thickness 

3/4 6" +  

3/26" ± 1/16" 

1/4" + 1/26 " 

1/4"  1/16 " 

1/4 " 
1/4 " 

1/4 '  0 

1/2 " + 1/2 " 

1/2 " 

3/8" + 1/2 " 

3/8" + 1/2 " 

± 1/2 " 

+ Vs" 

3/s" ± 

1/4 2" max. 

342 max. 

1/2 2" max. 

% 2 " max, 

1/4 2" max. 

1/2 2 max. 

1/4 2 max. 

5/32  max. 

5/32  max. 

S/32  max. 

1/2 2 max. 

5/52  max. 

5/32" max. 

% 2 " max. 

1/4 2- max. 

Insulation: Durex and Wax impregnated. 
Leads, 22 gauge pule tinned dead soft copper. 
Capacity: Guaranteed mininum as stamped. 

All rapacitonce measurements made at 25'C 
at 1 KC at a test voltage not one, 5 volts RMS. 

Insulation Resistance, 7500 megohms min. 
Power Factor  Max. 2.5 % at 1 KC at not 

over 5 volts RMS. 
Test Voltage  1500 volts D.C. 

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

Elea/re:ea Reactaietex eyeft. —7  

OLEAN, N. Y. 

PLANTS: Olean, N. Y., Franklinville, N. Y. 

Jessup, Po., Myrtle Beach, S. C. 
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News—New Products 

nthy! a laminated plastic 

dcisigned especially for 

6b cycle work! 

combining 3 important properties 
in one grade: 

!High arc resistance 

?Good dimensional stability  
3 Low power loss at 60 cycles  
Made of a coarse weave fabric, bonded with arc resistant 

resin. Has good punching and excellent machining qualities. 
Can be laminated-molded to a wide variety of shapes. Avail-
able in sheet form from 1/32" to 1" thick, natural color, semi-
gloss finish. You'll find plenty of uses for this useful new 
Formica grade . . . so send for your free Z-80 sample and 
complete engineering data today. 

THE FORMICA COMPANY 

4698 SPRING GROVE AVENUE 

CINCINNATI 32. OHIO 

Productive 

ORMICA 
of Work in Industry 

A 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

Aircraft Signal 
Generator 

A signal generator for complete testing 
of airborne omnirange and localizer re-
ceivers in aircraft or on the bench has been 
introduced by the Aircraft Radio Corp., 
Boonton, N. J. 

The unit, designated as Type H-14, has 
a frequency range of 108 to 118 Mc, and 
can be used for all necessary quantitative 
bench tests. It provides facilities for test-
ing 24 omni courses, plus left-center-right 
checks on both amplitude and phase 
localizers. The output for outside checks is 
1 volt into 52 ohm line, and for bench 
checks, 0 to 10,000 µV. 

New Tape Recorder 
A high-fidelity magnetic tape recorder, 

with a range of 15,000 cps on half-track 
tape recorded at 71 inches per second is in 
production at Ampex Electric Corp., 131 
Howard Ave., San Carlos, Calif. 

The capacity of this Model 400 is 132 
minutes on a single 10-inch reel. 
Other features include three magnetic 

heads shielded in a single housing, a built-
in vu meter, and a single control switch for 
forward, rewind, and record. The machine 
also provides 15 inches per second tape 
speed by simply turning a switch. At 71 
inches per second flutter and wow is less 
than 0.25 per cent; frequency response is 
±4 db, 30 to 15,000 cps. At 15 inches per 
second flutter and wow is less than 0.2 per 
cent; frequency response is +2 db, 50 to 
15,000 cps. 

(Continued on page 224) 
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Center, on black background, 
are the eight standard sizes of 
Arnold Tape-Wound Toroids. 
Around them are a number of 
other cores of special nature 
produced for individual needs. 

ARNOLD TAPE-WOUNDCORES 
APPLICATIONS 

MAGNETIC AMPLIFIERS 

PULSE TRANSFORMERS 

NON-LINEAR RETARD COILS 

and TRANSFORMERS 

PEAKING STRIPS, and many other 

specialized applications. 

RANGE OF SIZES 
Arnold Tape- Wound Toroids are 

available in eight sizes of stand-
ard cores —an furnished encased 
in molded nylon containers, and 
ranging in size from 1/2 " to 21/2 " 
I.D., 1/4 " to 3" 0.D., and Vs" to 
V2" high. 

RANGE OF TYPES 
These  standard core sizes are 
available in each of the three 
magnetic materials named, made 
from either .004", .002" or .001" 

tape, as required. 

of DELTAMAX 
4-79 MO-PERMALLOY 

SUPERMALLOY * 
In addition to the standard toroids described at left, Arnold 
Tape-Wound Cores are available in special sizes manufac-
tured to meet your requirements—toroidal, rectangular or 
square. Toroidal cores are supplied in protective cases. 

• Itanulartured Un der licrniong arrangtmtnif with Ireltern Electric Company. 
W 81 0 3 M 2 

THE ARNOLD ENGINEERING COMPANY 
SUBSIDIAkY OF ALLEGHENY LUDLUM STEEL CORPORATION 

General Office & Plant: Marengo, Illinois , 
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LITTLE DEVIL 

COMPOSITION 

— RESISTORS 

Resistance and wattage are clearly 
marked on every one of these tiny, 
rugged insulated composition resis-
tors. Three sizes: V2, 1 and 2-watt in 
all RMA resistances. Tolerance -±5% 
and ±10%. 

TYPE AB 

POTENTIOMETER 

It's quiet! This Type AB Poten-
tiometer has a resistance unit 
that's solid molded. As a re-
sult, the noise level often be-
comes less with use. Has a 2-
watt rating, good safety factor. 

• 

BRO WN DEVIL 

WIREWOUND 

RESISTORS 

Dependable vitreous-enameled units, 
in a size small enough to fit most in-
stallations. Easily mounted by 11/2 " 
tinned wire leads. Three sizes: 5, 10, 
and 20 watts. Tolerance Lt 10%. 

DIVIDOHM ADJUSTABLE 

RESISTORS 

These wirewound resistors, with one 
or more adjustable lugs, provide a 
convenient means of obtaining odd 
resistance values. Stock units made in 
10, 25, 50, 75, 100, 160, and 200-wan 
sizes, in many resistance values. 

CLOSE CONTROL 

RHEOSTATS 

Insure permanently 
smooth, close control. 
Widely used in indus-
try. All ceramic, vitre-
ous enameled; 25, 50, 75, 
100, 150, 225, 300, 500, 750, 

and 1000-watt sizes. 

made 6, 

HAUTE 

DU MMY 

ANTENNA 

RESISTORS 

For loading transmit-
ters or other r.f. sources. 

New, rugged, vitreous-enameled 
units are practically non-rear-
five within their recommended 
frequency range. 100 And 250-
watt sizes, 52 to 600 ohms, ±.5%. 

' 

If; DEPI#P18 / 

RADI O 

FREQUENCY 

CHOKES 

Single-layer wound on low 
power-factor steatite or bake. 

lite cores, with moistureproof 
coating. Seven stock sizes for 
all frequencies, 3 to 520 mc. 
Two unit, rated 600 ma, others 
rated 1000 ma. 

OHM'S 

LA W 

CALCULATOR 

Favorite of engineers everywhere! 
Solves Ohm's Law problems with one 
setting of the slide. Also has parallel 
resistance and slide rule scales. 

rro countless thousands of tec hnica l men  all over  the  world — 

' engineers, designers, and servicemen —the name OH MITE 

has become synonymous with dependability. There is good 

reason for this overwhelming opinion. Every OH MITE product 

is carefully designed and constructed to give extra performance 

and long life under severe service conditions. When vou need 

dependable resistance components. play safe and -p-(-if % 011 \I I II'. 

V it ae 

on Company 
letterhead for 

CATALOG 40 

OHMITE MANUFACTURING CO., 4861 Flournoy St., Chicago 44, 

Ee Re9-ki cad HMITIE RHEOSTATS 
RESISTORS 

I TAP SWITCHES 
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In the price of the El-Menco 

capacitor, the cost of materials is small — 

few materials are used. It's the know-how of 

putting these minute quantities of materials 

together that really counts. 

Tiny as it is, the El-Menco CM-15 high-capacity 

fixed mica condenser exceeds the strict requirements of 

the Army and Navy. It is tested for dielectric strength at 

double its working voltage before leaving the factory — 

for insulation resistance and capacity value. You can 

always depend on this mighty midget — even under the 

most critical operating conditions and climate extremes. 

ALWAYS SPECIFY 

EL-MENCO CAPACITORS 

THE ELECTRO MOTIVE MFG. CO., Inc. 
WILLIMANTIC  CONNECTICUT 

EM OLDED MICA 

ow 

MATERIALS-1 

CM-15 MINIATURE CAPACITOR 

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

For Television, Radio and other Electronic 

Applications. 

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

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

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

6-dot color coded. 
J 

Write on your firm letterhead for 

Catalog and Samples. 

BRE 
i.,tta4 ,w  

OMICA TRIMMER 
CAPACIT O RS 

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

ARCO ELECTRONICS, INC. 103 Lafayette St., New York, N. Y.— Sole Agent for Jobbers and Distributors in U.S. and Canada 

PROCEEDINGS OF THE  February, 1951 21 



News—New Products 

A Better Product 
through " dyfrifi Research 

NOISE ANALYSIS • PROCESS CONTROL 
VIBRATION TESTS • TELEMETERING 

• 

Used by more engineers 
than all other professional 
tape recorders combined 

360 NORTH MICHIGAN AVENUE 
CHICAGO 1, ILLINOIS 

Write for NE W CATALOG 

Magnecord, Inc., Dept. P-2 
360 N. Michigan Ave., Chicago I, Ill. 
Send me further information on Mognecord 
tape recordings for industrial • 'Sound .' Research  

Nome   

Company   

Address   

City  Zen*   Stet.   

These manufacturers have Incited PROCEEDINGS 

readers to write for literature and further technical 

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

(Continued from page 18A) 

New Amplifier 

A new wide-range, low-distortion am-
plifier system A-20-5 is available from The 
Electronic Workshop, 351 Bleecker St., 
New York 14, N. V. 

"s• •1101 

The four input channels, including an 
equializer-preamplifier for any of the avail-
able magnetic phono cartridges, have in-
dependent level adjustments. A four-posi-
tion treble cut-off filter reduces high-
frequency noise and distortion. A loudness-
compensated volume control is provided, 
as well as separate bass and treble controls 
giving 18-dl) boost or cut. The treble con-
trol equalizes for high-frequency recording 
characteristics. 
A noise suppressor can be conveniently 

connected into the system to be effective 
on all channels. A recorder output which 
is unaffected by settings of the tone and 
volume controls is included. 
The 18 db of feedback in the amplifier 

affords excellent loudspeaker damping and 
long tube life. Distortion at 20 watts is less 
than 1 per cent. Full power is delivered 
over the entire audio range. 
A somewhat simplified system, the S-20 

is also available. 

Television Deflector Yoke 
Core 

A high-permeability core for deflection 
it wide-angle, large-screen, kinescopes is 
.1 vailable from  Westinghouse Electric 
Corp., P. 0. Box 2099, Pittsburgh 30, Pa. 
Made of Hipersil, a cold-rolled, grain-

oriented electrical steel, the core has low 
reluctance at all flux densities. 
The core is wound and bonded in cir-

cular form from a continuous strip of 5-mil 
material. It is then cut into two "C" 
shaped pieces for assembly around the de-
flection coils. The firm claims that the ex-
tremely thin laminations plus superior 
magnetic characteristics of the steel result 
in improved linearity and sharper pictures. 
The cores are rugged and completely free 
from magnetic instability due to change in 
temperature. 
The core is available in sizes to suit the 

application. 

(Continued on page 23A) 
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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 22A) 

Plug-In Electronic Chassis 
To meet a variety of requirements for 

compact, lightweight electronic assemblies, 
Avion Instrument Corp., 121 E. 24 St., 
New York 10, N. V. has designed a uni-
versal electronic chassis for use in servo-
mechanisms, pulse and flip-flop circuits, 
analog computers, and similar devices. Up 
to eight subminiature tubes can be 
mounted and wired. 

The assembly 
mounts in a metal 
case, filled with a pot-
ting compound, which 
provides mechanical 
support for the com-
ponents. Input and 
output leads are 
brought to a stand-
ard octal tube base, 
for connection to as-
sociated equipment. 
Operating weight is 
12 ounces. 
The chassis is de-

signed to operate in 
temperatures ranging 
from  —50°  C to 

+80° C. It meets specification AN-E-19 
with respect to condition of altitude, 
humidity, and vibration. 
Typical assembly is a direct-coupled 

basic amplifier having closed-loop charac-
teristics as follows: output, with no load, 
—125 to 275 volts and, with 10' ohm load, 
—40 to 40 volts; output impedance, look-
ing into amplifier, 1 ohm (approx.); linear-
ity, variation over entire output range, less 
than 10 my; gain is determined by choice 
of external resistors, maximum useful gain, 
limited by drift, 25, (approx.); drift, re-
ferred to input, 20 my (approx.); frequency 
response 3 db down at 100 cps; operating 
voltages must be regulated to + 1 per rent. 

Video Distribution Amplifier 
The Type 1311 video distribution am-

plifier which consists of five separate isola-
tion amplifiers and an electronically regu-

CABLES 
AMPHENOL coaxial cables made with Teflon dielec-

bated power supply is in production at 
Tel-Instrument Co., Inc., 50 Paterson 
Ave., East Rutherford, N. J. 

(Continued on page 74A) 

tric have low loss and perform satisfactorily at tempera-
tures as high as 500° F. Covering the Teflon dielectric 
are two silver coated shields and two wrappings of 
Teflon tape. The jacket consists of two fibre glass 
braids impregnated with silicone varnish which is 
oven baked to provide maximum moisture and abra-
sion resistance. 

CONNECTORS 
Because impedance specifications of Amphenol RF 
Connectors can be depended on, no line unbalance is 
inserted, nor is the standing-wave ratio increased. 
Amphenol RF Connectors meet the exacting require-
ments of laboratory applications—have longer leak-
age paths, lower loss. 
The 82 series connectors illustrated are weather-

proof type HN connectors for use with 50 ohm cable. 
These connectors have full 4Kv. rating when used with 
Silicone Compound and may be used with 70 ohm 
cables when impedance is not critical. 
The 83 series UHF connectors illustrated are low 

cost general purpose connectors ideal for laboratory 
applications. Not constant impedance, but suitable for 
general RF transmission below 160 megacycles. 
Teflon inserts are standard on the connectors illus-

trated and will be supplied with any AMPHENOL RF 
connector on special order. 

AMERICAN PHENOLIC CORPORATION 
23A 1834 SOUTH 54th AVENUE  CHICAGO 50, ILLINOIS 



SHALLCROSS MATCHES YOUR 

Precision Resistor 
Requirements! 

...for MINIATURI-
ZATION PROGRAMS 
For years, Shallcross has led 
the way in the production of 
truly dependable close-
tolerance, high-stability re-
sistors in miniature sizes. 
Standard and hermetically 
sealed types are available. 

...for SPECIAL 
ASSEMBLIES 

Shallcross regularly produces 
hundreds of special precision re-
sistor types including precision 
power resistors, resistors with 
axial or radial leads and multi-
unit strip resistors (illustrated) with 
either inductive or non-inductive 
windings. 

...for HIGH-STABILITY 
APPLICATIONS 

... for real dependability on 

STANDARD INDUSTRIAL USES 

... over 40 economical standard types 

and sizes, each available in numerous 

mechanical and electrical adaptations. 

Write for Shallcross Data Bulletin R3A. 

...for JAN 
EQUIPMENT 

Shallcross is in constant touch with 
the latest military precision resistor 
requirements. The present line in-
cludes 13 types designed for JAN 
characteristic "B" and 4 types for 
characteristic "A". 

& otA Aksgt̀ -

0.0' 

wooc"") 

Many Shallcross Akra-Ohm 
resistors are available with 
guaranteed tolerance to 
0.01 % and stability to 
0.003%. Matched pairs and 
sets are supplied to close 

tolerances. 

RAIRRCO 
SHALLCROSS MANUFACTURING COMPANY 

COLLINGDALE, PA. 

21% 

WIDE-RANGE, DIRECT READING 

CAPACITOR ANALYZER 

A laboratory-type Capacitor Analyzer 
meeting the need for a highly accurate, 
wide-range, direct-reading measuring in-
strument capable of determining the es-
sential characteristics of capacitors has 
been announced by the Shallcross Manu-
facturing Co. This versatile instrument 
will determine capacitance values between 
5mmf. and 12,000 mfd.; insulation re-
sistance from 1.1 to 12,000 megolims; also 
leakage current, dielectric strength, and 
percentage power factor. A divided panel 
carrying an outline of the operating in-
structions makes it readily possible to use 
the instrument without reference to an in-
struction book. The Shallcross analyzer 
operates on 110 volt, 60-cycle alternating 
current. Literature giving full details will 
gladly be sent on request to the Shallcross 
Manufacturing Company, Collingdale, Pa. 

MULTI-PURPOSE TRANSMISSION 

TEST SET 

In addition to measuring the electrical 
characteristics of telephone lines and equip-
ment the new Shallcross multi-purpose 
transmission test set may be used for 
efficiency tests on local and common battery 
telephone lines and sets, carbon micro-
phones, receivers, and magnetic micro-
phones. It also provides a fast, efficient 
means of testing capacitors, generators, 
ringers, insulation resistance, dials, and 
continuity. Key switches and dials are used 
to select and control the test circuits. The 
693 Transmission Test Set is powered by 
external batteries. It features compact, 
substantial construction and is fully port-
able, thus making it ideal for either field 
or laboratory use. Details may be obtained 
from the Shallcross Manufacturing Com-
pany, Collingdale, Pennsylvania. 
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Production facilities, already the 

largest in the steatite industry, are 

being rapidly expanded to take 

core of your needs. Plant No. 3 is 

just going into production. All 

plants are running 24 hours a day, 

7 days a week. Plant No. 5 is on 

the way. 

Current deliveries ore not satisfactory 

to you or to us. We were swamped with 

rearmament orders for the last quarter 

of 1950. But great strides are being 

mode toword taking care of your re. 

quirements for AlSiMog custom macb! 

technical ceramics. 

Every effort is being mode to keep 

American [ova Corporation your most 

dependable source for quality and for 

delivery according to promise. 
AMERICAN LAVA CORPORATION 

4 'I' ll  I A R  0 1  C 1 R A M I C  E A  Pi  P 

CH ATT A N O O G A  5,  TE N NESSEE 

° MC'S. MET110901.13AN ANSA, 671 Bread St., N•uati, N. 1., Mitch/ill 2.8159 • CHICAGO , 228  H•tth  LaSalle  Si , C•ntral -6•1 771  
PHII.ADEIPHIA, 1649  PI•ttlt  Suited  St  St   4 2823 • LOS  AN G/LES,  232  Setuth Hill Si , Mutual 9076 
NS W INGIAHO, 3111.11 Br•ttlit SI.. Carnbriagit,  Clubb ed 7.4498 • ST.  LOUIS,  1123  WathIngi•n Gattl•Id 4939 
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HEAVY, LESS EFFI-
CIENT and slower to 
assemble, W4S the orig-
inal Weller Soldering 
Gun composed of the 
parts shown. Compare 
these with the ewer 
parts at right in the new 
Gun, and you'll readily 
see why the new stream-
lined Weller is so 
popular. 

‘V HEN the Weller Manufacturing 
 Company, Easton,  Pa.,  was 

completing the development of its 
new electric soldering gun, they were 
confronted with this problem: The 
%" Revere Copper Rod used to re-
place the secondary coil in the trans-
former had to maintain its rigidity 
yet be sufficiently soft so that during 
the shearing, coining, and bending 
operations there would be no break-
ing or splitting of the rod. 
Revere's Technical Advisory Serv-

ice recommended a certain temper 
copper rod. It was discovered that 
Weller was getting a twist in the rod 
when it was installed in the assem-
bled gun. Other tempers were tried 

•- • 
••••011. 

/1111/11111111111/1 

THE NEW WELLER SOLDERING GUN handles 250 
wails; heals, ready for use, in fire seconds; has longer range 
to get into the tight spots, and is equipped with spot light. 
Uses current only when trigger is operated. It is assembled 
faster. Requires no bolts or nuts. The 1/4 " Revere Copper Rod 
that replaces the secondary coil in the transjormer is sheared. 
flattened, and bent at right angles in a 200-lon press in a 
single operation. 

COPPER TREATS YOUR PRODUCT BETTER WHEN YOU 

Confrol Your 
lemper 

Revere Copper Rod replaces Secondary Coil in Soldering Gun Trans-
former... reduces number of parts, makes foi4 a speedier, more 
efficient assembly .... also makes possible a lighter, more compact 
unit of increased capacity. 

and tested. Then a copper rod of a 
slightly harder temper than the first 
was recommended. That was it! 
Proper temper was the key. Proper 
temper was also the key to the .291 
dia. copper rod used for the Solder-
ing tip itself. For this, too, had to 
retain its rigidity and yet remain soft 
enough to be coined, punched, and 
formed without fracture. 
"In addition to being extremely 

helpful in arriving at the proper 
tempers, Revere also recommended 
that we specify our rod in multiple 
lengths, and thus save considerably 
on scrap. They were also helpful in 
solving the problem of attaching the 
brass sleeve to the secondary rod in 

our Soldering Gun," the Weller Man-
ufacturing Company tells us. 
So you see, Revere's interest in 

your problem does not stop with the 
recommendation  of its  products. 
Perhaps Revere can help you. Why 
not take your current problem to the 
nearest Revere Sales Office and see? 

REPERE 
COPPER AND BRASS INCORPORATED 

Founded by Pawl Revere in 1801 
230 Park Avenue, New York 17, New York 

•  •  • 
Mills: Baltimore, Md.; Chicago, III.; Detroit, 
Mich.; Los Angeles and Riverside, Calif; 
New Bedford, Mass.; Rome, N. Y. 
Sales Offices in Principal Cities, 
Distributors Everywhere. 
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THIS IS THE REASON 

CLARE SEALED RE LAYS 

saingemel.t._ 

11.1011. 
01,011 Mily.s *slim 

Cut-away View 
CLARE Type "K" 

Hermetically Sealed Relay 

fs) al) 40 40 

• Pictured here are ten CLARE Sealed 
Relays from which every trace of moisture 
and gas is being removed by a high vacuum 

pump. 

After the first pumping, the enclosures are 
flushed with dry nitrogen and again pumped 
down to a few microns pressure. While under 
this extreme vacuum, enclosures and seals are 
tested for leaks by means of the mass spec-
trometer (right). This device can detect a leak 
so small that it would take 31 years for one 
cubic centimeter of air to pass through it. 

Containers are next filled with dry nitrogen 
to a pressure of at least one atmosphere. 
When the evacuating tubes are pincher] off. 

the enclosures are hermetically sealed. 

More than forty different series of CLARE 
hermetically sealed relays ... immune to 
every type of climatic or environmental con-
ditions ... are now available to relay users. 
Innumerable variations of coil and contact 
specifications are possible. 

If your relay requirement calls for the utmost 
in relay dependability under difficult operat-
ing conditions, get in touch with the CLARE 
sales engineer nearest you or C. P. CLARE 
St CO., 4719 West Sunnyside Avenue, Chi-
cago 30, Illinois. In Canada: Canadian Line 
Materials Ltd., Toronto 13. Cable address: 
CLARELAY. 

Write for 36-page Clare Bulletin No. 114 

First in the Industrial Field 



SIGNAL GENERATORS b 

ARC 

AIRCRAFT RADIO CORPORATION 

Communication 

The Ty pe H-14 Signal Generator, 108-118 
megacycles, provides a standard signal 
source for the complete testing of VHF 
airborne omnirange and localizer receivers 
in aircraft or on the bench. It provides for 
testing 24 omni courses, plus left-center-
right checks on both amplitude and phase 
localizers. Aircraft may be checked out 

4MIN TYPE H-1 0—Microwave Test 

TYPE H-14 
108-118 MEGACYCLES 

Tests OMNI Receiving Units 

in Aircraft or on the Bench 

Checks on: 

• 24 Omni courses 

• Left-center-right on Phase-
localizer 

• Left-center-right on Amplitude-
localizer 

• Omni course sensitivity 

• To-From and Flag-alarm opera-
tion 

• All necessary quantitative bench 
tests 

quickly and accurately just before 
take-off. RI: output for ramp 
checks, 1 volt into 52 ohm line and 
for bench checks, 0-10,000 micro-
volts. Provision for external voice 
or other modulation. AF output 
available for bench maintenance 
and trouble shooting. 

Price: $885.00 net, f.o.b. Boonton, N. J. 

and Navigation Equipment 

Aircraft Radio Corporation also manufactures 
LF and VHF airborne communication and nav-
igation equipments—all CAA-Type-Certificated 
for scheduled air-carrier use or for those whose 
type of flying requires a high degree of reli-
ability and performance. Equipment consists of 
light, small units which can be combined to 
provide the required operation, whether it be 
the 1 Receiver/1 Transmitter (15 pound) instal-
lation in a 2-place helicopter, or a 3 Receiver/2 
Transmitter/ VHF Omni installation (70 
pounds) in larger 2-engine aircraft. 

Provides source of cw or pulse 
frequency-- modulated RF, power 
level —37 to —90 dbm. RF power 
meter measures levels from +7 to 
+30 dbm. Frequency meter for 
measuring output or input RF ac-
curate to better than 20 mc. Pri-
mary purpose of the H-10 is to 

Set; 23,500-24,500 Megacycles 

measure receiver sensitivity, band-
width, frequency, recovery time, 
and overload characteristics, plus 
transmitter power and frequency. 
Recommended as a standard source 
of RF for research or production 
testing. Equal to military 
TS-223/AP. 

Price: $1692.00 net, f.o.b. Boonton, N.J. 

TYPE H-1 2—VHF Signal Generator; 900-2100 Megacycles 
Provides source of cw or pulse  dial tuning, frequency calibration 
amplitude-modulated RF, power  accurate to better than 1%. Built 
level 0 to — 120 dbm. Internal  to Navy specifications for research 
pulse circuits with controls for  and production testing. Equal to 
width, delay, and rate, and provi-  military TS-419/U. 
sion for external pulsing. Single 

Price: $1950.00 net, f.o.b. Boonton, N. J. 

WRITE TODAY for descriptive literature on A.R.C. Signal Gen-
erators or airborne LF and VHF communication and navigation 

equipments, CAA Type Certificated for transport or private use. 

flircraft Radio Corporation 
Boonton, N. J. 

Dependable Electronic Equipment Since 1928 

28 \ PROCEEDINGS OF TIIE IRE.  February, 1951 



Look into this 

PROFESSIONAL 
Telecast Projector 

and see years of 
Dependable Service 

The GPL Model PA-100 —a 16-mm Studio Projector 

with the basic features and performance reliability 

of the famous Simplex 35-mm Theatre Projectors. 

The Model PA-100 is a 16-mm 
projector consistent with the pro-

fessional character of television 

station operation. Its enclosed 

4,000 foot film magazine pro. 

vides for 110 minutes of projec-

tion—an entire feature. 

PROCEEDINGS OF THE I.R.E. 

Sharper Pictures . .. Finer Sound 
From Any Film in Your Studio 

The importance of 16-mm film in televi-
sion programming has called for new 
standards of projection quality and de-
pendability. The GPL Model PA-100 is 
the first projector designed and built spe-
cifically for television studio use. It is a 
heavy-duty film chain projector for opera-
tion with any full-storage type film pick-up. 
The professional, sprocket-type inter-

mittent, similar to that used in the finest 
35-mm equipment, is quiet and trouble. 
free. It provides a vertical stability of bet-
ter than 0.2% over years of service. Film 
is protected — tests show more than 4,000 

liscAS1 Oft 
• 

February, 1951 

passages without noticeable film wear. 
The high quality optical system resolves 

better than 90 lines per mm, with illumi-
nation so uniform that corner brightness 
is at least 90% of center. With a 1,000 watt 
light source, the projector delivers 100 
foot-candles to the camera tube. The 
sound system provides a frequency re-
sponse truly flat to 7,000 cps, with flutter 
less than 0.2%. 
The Model PA-I00 is one of a complete 

line of GPL 16-mm television studio and 
theatre projectors built to highest 35-mm 
standards. 

W RITE, WIRE OR PH ONE FOR DETAILS 

INC ORP ORATED 

General Precision I  

Oess01111'  
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'EXACT SIZE 

ESSEX PERMEABILITY-TUNED 

I.F. COIL for personal radio 

(455 kc.)—measuring 1/2 " x 

1/2 " x 11/2 ". In spite of its 

small size, there is no sacrifice 

in performance. 

ESSEX PERMEABILITY-TUNED 

R.F. TRANSFORMER for 

United Nations translation 

receiver—measuring Vs" in 

diameter and 5/8" in height. 

Same type of construction has 

been made in 262 kc. I.F. 

Transformer—measuring 

1/2 " x 1/2 ". 

GAIF Carbonyl 
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Each and every problem of 

MI NIATURIZATI ON 
solved with the help of 

CARBONYL IRON POWDERS 
Essex Electronics ranks today as one of the 

major suppliers of coils to the leading makers 

of receiving sets. Their reputation is based 

upon sound engineering and efficient produc-

tion. With ten years of experience in this 

field, Essex Electronics testifies that G A & F 

Carbonyl Iron Powders have been one of the 

major tools in the successful completion of 

their many assignments.   

Other makers—of both cores and coils— 

have testified that it costs less to work with 

these top quality materials and that major 

gains are effected in both weight reduction 

and increased efficiency. We urge you to ask 

your core maker, your coil winder, your in-

dustrial designer, how G A & F Carbonyl 

Iron Powders can improve the performance 

of the equipment you manufacture. It will 

cost you nothing to get the facts. 

THIS FREE BOOK — fully illustrated, with 
performance charts and application data — 
will help any radio engineer or electronics 
manufacturer to step up quality, while saving 
real money. Kindly address your request 

to Department 22. 

ANTAR A® PRODUCTS 
DIVISION OF 

GENERAL DYESTUFF CORPORATION 
435  HU DS O N  STREET  • NE W  YORK  14,  NE W  YORK 

Iron Powders... 
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Performance- Proved in active duty 

THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA 

For civilian and military electronic designs . . . RCA preferred-type 

receiving tubes offer these important advantages .. . 

FLEXIBILITY—RCA preferred-type re-
ceiving tubes are chosen for the advan-
tages they offer from engineering and 
equipment production viewpoints. 
They cover an extremely wide variety 
of tube applications in civilian and mil-
itary equipment...and offer the engi-
neer flexibility in circuit design. 

PERFORMANCE--These types have 
demonstrated their reliability in equip-

ment of widely divergent designs. 
Proved in service, they are the logical 
types for future designs. 

ECONOMY —This group of 44 tube 
types represents more than half of 
RCA's current receiving tube volume. 
By concentrating production on these 
few types having wide application, sub-
stantial savings are realized in manufac-

turing costs which are passed on to 

customers ... and quality and perform-
ance capability are sustained at a high 
level. 

STANDARDIZATION—By concentrat-
ing on RCA preferred receiving-tube 
types, the equipment manufacturer also 
benefits by his ability to standardize on 
component parts . . . resulting in sub-
stantial purchasing and stocking econ-
omies. 

RA DIO CORPORATIO N of A MERICA 
EL ECTR O N TU BES  H A R RIS O N, N. J. 
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Jorgen Rybner 
VICE-PRESIDENT, 1951 

Jorgen Rybner was born at Frederiksberg, Denmark, 
on November 26,1902. He was graduated as an electri-
cal engineer, specializing in telecommunications, from 
the Royal Technical University of Denmark in 1926, 
and worked as a private assistant to Professor P. 0. 
Pedersen at the university for 18 months, carrying out 
most of the computation work for Professor Pedersen's 
famous book, "The Propagation of Radio Waves." 
During 1927-1928, Mr. Rybner spent a year in the 

United States, studying radio techniques with Professor 
Morecroft at Columbia University. He did part-time 
work in the propagation department of the Bell Labora-
tories, Inc. He also worked in the laboratory of the Gen-
eral Electric Company at Schenectady, N. Y. 
He was associated with the Geodetic Institute of 

Denmark until 1939, serving as chief of the technical de-
partment, and he took part in the longitude determina-
tion of the Baltic Geodetic Commission 1929, carrying 
out extensive studies of the theory of seismographs, on 
which he published several papers. 
In 1939, the chair of telecommunications at the Royal 

Technical University of Denmark held by Professor 
Pedersen since 1907, was doubled, and Mr. Rybner 
obtained the new professorship. 
He has published, besides a number of scientific 

papers, a series of textbooks in Danish, covering tele-

1February  

graph and telephone techniques, including switching 
and application of probability, radio techniques, elec-
tronic amplifiers, network and transmission lines, and 
advanced books on filter theory and on the general 
theory of circle diagrams. Publications with English 
and Danish text include his "Nomograms of Complex 
Hyperbolic Functions," 1947, as well as "Table for Use 
in the Addition of Complex Numbers," 1949. 
In 1948-1949, Professor Rybner paid another visit to 

the United States to study communication theory and 
advanced network theory at Massachusetts Institute of 
Technology, Boston, Mass., (luring the fall term. He 
also spent three weeks at Bell Telephone Laboratories, 
Murray Hill, N. J., and Holmdel, N. Y., with visits to 
the Watson Scientific Computing Laboratory, New 
York, N. Y., and Cornell University, Ithaca, N. Y. 
Since 1933, he has been a teacher of telecommunica-

tions for signal officers at the Army Officers' School. 
He was elected a member of the Danish Academy of 

Technical Sciences in 1937, and was president of the 
Danish National Committee of the International Scien-
tific Radio Union (URSI) in 1948. He has been a chair-
man of the board of directors of the Radio Receiver 
Laboratory of the Academy since 1944. He was decor-
ated with the Knight's order of Danebrog in 1948. Mr. 
Rybner has been a member of the IRE since 1926. 
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The dimensions—or certain other characteristics—of physical things may have chosen values. But if such 
values are selected from an orderly and adequate list of "preferred numbers" a certain degree of simplification, 
interchangeability, uniformity, convenience, and economy will result. 
The writer of the following guest editorial is particularly well qualified to discuss this subject analytically. He 

has served as the IRE representative on the ASA Sectional Committee Z17 on Preferred Numbers, and also on 
the ASA Sectional Committee C67 on Standardization of Voltages—Preferred Voltages-100 Volts and Under. 
lie is a Past President of The Institute of Radio Engineers, and an engineer of long, diverse, and constructive 

experience. —The Editor. 

Preferred Numbers 
ARTHUR VAN DYCK 

"Preferred Numbers" is the title given to a list of numbers standardized by the American Standards Association. The inten-
tion is that designers, and others who have discretion in design choices, will use the standard numbers, wherever practicable to do 
so, for dimensions, weights, ratings, and other requirements for which numerical values must be specified. Of course, there may 
be cases where it is impracticable to use the standard numbers, for technical or economic reasons. In such cases they should 
not be attempted. However, by adopting standard values whenever practicable, it will be found, as time goes on, that the 
impracticable cases will become rarer, and the benefits will increase. 
As Preferred Numbers and their advantages have been described at length elsewhere, " it will suffice here to say that use of 

the system by even one manufacturer will improve his efficiency of operation, and that wider use by a whole industry, or many 
industries, brings benefits in geometric proportion to the extent of use. The subject has had active study for about thirty years, 
but in spite of this lengthy period, has not made great progress toward adoption by American industry. 
The Preferred Numbers activity began just after World ‘Var I, in a period when high ideals inspired the thinking elements 

of mankind. Even the ultimate in human relations, international amity, seemed within reach. In the thirty years that have 
passed—enough to have brought impressive results, it would seem—progress has been disappointingly small. The League of 
Nations, expected to bring peace to the world, instead saw a second World War, and its successor, the United Nations is dallying 
ith a third. Similarly, Preferred Numbers has not made the progress which its obvious advantages make it reasonable to expect. 
It seems to me that the factors which have determined the amount of progress toward world peace, or lack of it, are much the 

same ones which have limited the degree of accomplishment in standardization, and that it is easier to see some of these fac-
tors in the broad field of international relations than in the narrow field of product design, in spite of the vastly greater scope 
of the former. The greatest obstacle to international peace agreement is the unwillingness of nations to limit "national sover-
eignty" to even the slightest extent. Each nation insists upon full rights to have and to do whatever it wants. Little attention is 
paid to the long term benefits which would accrue to each and to all by the establishment of unselfish, co-operative practices. Few 
realize that large, permanent benefits will result from small temporary sacrifices, and that such benefits are obtainable only in 
that way. Most want to eat the cake and have it, too. Consequently, petty bickering continues an 1 so do the resulting wars. 
The same attitude has existed in the design field in relation to Preferred Numbers. It is clear that the same numbers must be 

used by everyone. If each company, or industry, has its own private list of numbers, the benefits will be greatly limited. Never-
theless, various organizations have seen lit not to adopt the AS.  Preferred Numbers, but instead have set up their own lists 
of numbers. They have done this because their own practices of the moment seemed to be accommodated better by lists dif-
ferent from the ASA Standard. I emphasize "of the moment" because that is the heart of the matter, the seat of the trouble, 
the crux of the situation. For example, some years ago, the Radio-Television Manufacturers Association found it desirable to 
standardize the values of resistors. The ASA Preferred Numbers Standard was considered, but judged not to suit the manufac-
turing conditions and the buying practices of the resistor field at the moment, whereas a special series of numbers suited better. 
The special series was adopted and, since it was an official RTNIA list, it has been utilized by later RTMA committees for 
other applications than resistors, although adopted originally because of seeming advantages for resistors. Ironically, the 
original advantages have largely disappeared through changes in resistor manufacturing conditions. But the irregular standard 
remains, and in fact is now being proposed for universal application in the radio-electronic industry. We in the industry, of 
course, feel that radio-electronics is the outstanding element in the American industrial scene, but it is at least a wee bit un-
fortunate that electronics, just now entering into increasingly important and intimate relationships with all other elements of 
industry, exercises its "sovereignty," sets its own Standard, and exchanges the greater good for the appeal of the immediate. 
Another point which seems to be overlooked by most standardization committees is that a standard must have much of the 

aspect of an ideal if it is to be worth while, and that if it cannot be used immediately for some practical reason, it need not be used 
in,  As time goes on, with effort to use the standard wherever conveniently possible, the first practical objections lessen, 
and the standard becomes more and more universally usable. After five, ten, or twenty years, the standard is wholly acceptable 
and its benefits are had. A good standard is a goal to shoot at, not a ratification of old or existing practice. On the other hand, 
if standardization work operates on the basis of setting up standards with primary attention to the operating practices of the 
moment—so that everything every manufacturer is doing will be "standard" immediately—little is accomplished toward the 
proper objective of maximum simplification. It is not simplification of current practice to standardize all of current practice. 
The extreme to which overlooking this basic principle naturally leads, is exemplified by the proposals now active in the work 
to establish a Standard for Preferred Voltages, 100 volts and under. The proposals call for standardizing more than ninety values 
between zero and one hundred! The original committee "ideal" list called for twenty-three values, which is big enough, but as 
each industry element added the values it is using currently, the list grew until nearly every number up to one hundred is pro-
posed as standard. That surely is the height of something or other, and one might ask "How absurd can we get?" The answer 
to that one is easy, however. It is found in the list of current television picture tube sizes! 
In the long, difficult period ahead of us, when our industrial economy will have to bear strains greater than ever before ex-

perienced, the benefits to be obtained by standardization and simplification will be needed. Preferred Numbers can help much, 
if they are attempted with understanding, unselfishness, and co-operation. It must be realized that there is only one list of 
Preferred Numbers and that one must be the national standard. Individual industry lists are not Preferred Numbers and 
should not be so called—they are private numbers affording a limited amount of benefit or temporary advantage, but little of 
the large scale benefits which will result from national, widespread, inter-industry use of one list. The production capability of 
this country, great as it is, is finite, not infinite, and the tough task before us demands maximum efficiency to assure success. 

I ASA American Standard Z 17.1 -1936. 
John Gaillard. "Preferred numbers—an international tool for standardizere.* Standardisation, vol. 20. pp. 2945-297. 299; November. 1949. 
Arthur Van Dyck. 'Preferred numbers." PROC. I.R.E., vol. 24. pp. 159-179; February. 1936. 
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Television Broadcasting in the 
United States, 1927-1950* 

DONALD G. FINKt, FELLOW, IRE 

A study of the wishes of representative portions of the membership of The Institute of Radio 
Engineers has led to a plan to present to the readers of these PROCEEDINGS a series of tutorial papers 
on a wide variety of topics of both present and historical interest. These papers are to be educa-
tional in nature, of exceptional clarity, and prepared in each case by an authority in the correspond-
ing field. It is believed that they will as well be appealing and interesting to others than experts in 
that field. 
The procurement of these tutorial papers, and their individual recommended approval for 

publication, are carried out by the Subcommittee on Tutorial Papers (under the Chairmanship of 
Professor Ernst Weber) of the IRE Committee on Education (under the Chairmanship of Pro-
fessor Herbert J. Reich). The first tutorial paper of what is hoped to be an extensive series is here 
presented. —The Editor. 

1r  1 ELEVISION broadcasting in America began in 1927, when the Federal Radio Commission issued 
the first television license to Charles F. Jenkins 

authorizing broadcast transmissions from a station in 
the suburbs of Washington, D. C. Prior to that time, 
develonment of television techniques was not open to 
public participation. V. K. Zworykin applied for a 
patent on his iconoscope, which may fairly be called the 
cornerstone of modern television, in 1925. In 1923, 
Jenkins in America and John Baird in England had 
demonstrated the transmission of crude images over 
wires. Early in 1927 the Bell Telephone Laboratories 
demonstrated a low-definition picture over wire circuits, 
between New York and Washington. But the concept 
of providing broadcast emissions, available to experi-
menters not otherwise connected with the transmitting 
organization, did not gain wide currency in America 
until 1929. In that year some 22 stations were authorized 
by the Federal Radio Commission to broad visual images. 
The earliest stations had wide latitude in choice of 

frequency, almost any frequency above 1,500 kc being 
permitted if no interference was caused to other services. 
But this latitude was soon withdrawn, as the short-wave 
region became crowded with other, more vital services. 
In 1929, emissions were limited to a bandwidth of 100 
kc, within the regions of 2.0-2.3 Mc and 2.75-2.95 Mc. 
The powers employed varied from 100 w to 20 kw, the 
majority of stations operating at 5 kw. 
The quality of the early images were primitive, 

judged by any standard. The pictures were commonly 
transmitted at a rate of 20 per second. At this rate the 
number of picture elements capable of being trans-
mitted by double sidebands in a 100-kc band is limited 
to 5,000. Equal resolution in vertical and horizontal 
dimensions was achieved within the band limits by em-

ploying a square image of about 70 lines, but the pre-
ferred figure was 60 lines. 

* Decimal classification: R583. Original manuscript received by 
the Institute, November 15, 1950. 
t Electronics Magazine, New York, N. Y. 

Many of the major American television stations of 
the present day can trace their origin to this early 
period. The National Broadcasting Company's station 
in New York was first licensed as W2XBS in July, 1928, 
and has since evolved from the 2,000 to 2,100-kc band to 
the 66 to 72-Mc band, from 60-line pictures to 525-line 
pictures. In 1942 the call letters W2XBS were with-
drawn in favor of the "commercial" call letters WN BT. 
Similarly, the Columbia Broadcasting System station in 
New York, now WCBS-TV, started in July, 1931, as 
W2XAX. This station operated with 60 -line pictures, 
20 per second, for a total of 2,500 hours in the period 
ending February, 1933. The General Electric station in 
Schenectady operated on similar standards, with 20-kw 
power from 1929 to 1932. 

In 1931 it was evident that progress could not be 
made on the restricted channels of the 2-Mc band, and 
the trend toward higher frequencies began. One of the 
earliest to apply for permission to use frequencies above 
40 Mc was the Don Lee Broadcasting System in Los 
Angeles, Calif. In December, 1931, the license of station 
W6XAO was granted to this organization, authorizing 
the use of the bands 43-46, 48.5-50.3, and 60-80 Mc. 
In 1941 this station became a commercial station with 
the call letters KTSL, operating on 54-60-Mc with a 
regular public program service. 

Permission to use the 43-80-Mc bands was granted to 
several other stations, including NBC's W2XF and 
W2XBT in New York, Jenkin's W3XC in Wheaton, 
Md., W1XG in Boston, and W8XF in Pontiac, Mich. 
In 1933 and 1934 several additional vhf stations were 
licensed to use the bands 42-56 and 60-86 Mc. In 1936, 
all activity in the 2-Mc band ceased and all vhf stations 
were placed in the bands 42-56 and 60-86 Mc. 

In 1937, the frequency allocation was set up for the 
first time on the basis of channels 6 Mc wide. Nineteen 
such channels were set up between 44 and 294 Mc. The 
present allocation comprises 12 channels, each 6 Mc 
wide, in two groups 54-88 Mc and 174-216 Mc. 
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EVOLUTION OF HIGH- DEFINITION STANDARDS 

Shortly after permission to operate in the vhf bands 
was given, attention was focused on purely electronic 
methods of scanning and cathode-ray tubes for repro-
duction. Dr. Zworykin had demonstrated a cathode-ray 
receiver before The Institute of Radio Engineers in 
Rochester, N. Y., in November, 1929. In 1932, an "all-
electronic" system was demonstrated by RCA, trans-
mitting 240-line images from New York to Camden, 
near Philadelphia, over an air-line distance of about 80 
miles, with one intermediate relay point at Arney's 
Mount, N. J. This was one of the earliest demonstra-
tions of cathode-ray equipment, but the term "all-
electronic" was something of a misnomer, since no satis-
factory electronic synchronizing circuits had been de-
veloped, and the synchronizing pulses were derived by 
passing light to a photocell through apertures in a whirl-

' ing disk. In 1934 P. T. Farnsworth announced a new 
electronic camera tube, the image dissector. 
In 1934, the march toward higher definition got 

properly under way. Each transmitter was free to em-
ploy any scanning method, but between 1932 and 1934 
agreement was reached that interlaced transmission, 
based on the "odd-line" principle, was the simplest and 
most satisfactory method of avoiding flicker in the 
reproduced images. The first "odd-line" value chosen 
was 343, an odd number composed of odd factors 
(343 = 7 X 7 X 7). From this root sprang many other 
choices, all tending toward greater definition in the pic-
tures, all odd numbers, composed of odd factors. The 
- majority opinion was that no more than 441 lines could 
be accommodated in a picture sent by double-sideband 
methods within the limits of a 6-Mc channel. The dis-
senting opinion was that it would be better to err on the 
high side in the number of lines, with consequent exces-
sive definition in the vertical dimension, in the hope 
that better utilization of bandwidth would be possible 
as time went on. This dissenting opinion was in fact 
justified in 1939, when vestigial-sideband transmission 
was proved feasible and adopted as standard. The 441-
line figure then proved too small for a 6-Mc channel 
and the standard was eventually changed (in 1941) to 
525 lines, the value presently specified in the FCC 
regulations. 
The foregoing paragraphs may indicate that the adop-

tion of standards in the United States was accompanied 
by not a little dissension in the ranks. This must be 

admitted. In fact, the five-year period from 1936, when 
official sanction for public programs was given in the 
United Kingdom, to 1941, when similar sanction was 
granted in America, was characterized by a very vigor-
ous debate on standards. 
The debate finally came to an end in the meetings of 

the nine panels of the National Television System Com-
mittee (NTSC). This group of 168 television specialists, 
in the period from August, 1940, to March, 1941, de-
voted 4,000 man-hours to meetings, witnessed 25 
demonstrations of the comparative merits of different 
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proposals, and finally left behind them a record of re-
ports and minutes some 600,000 words in length. Out of 
this monumental effort came virtually complete agree-
ment on a set of 22 standards which were presented to 
the Federal Communications Commission for approval 
and adoption. This approval was granted, and com-
mercial operation of television broadcast stations was 
authorized, to be effective July 1, 1941. The stage 
was set for a rapid advance. On December 7, 1941, the 
United States entered the war and the state of the art 
was frozen by lack of man-power and materials. There-
after, until 1945, commercial broadcasting continued, 
but at a "bare-subsistence" level. The FCC required a 
minimum of 15 hours per week of public programs from 
each station before the war; after Pearl Harbor this 

was reduced to four hours per week. 
In 1944-1945 a thorough review of the standards was 

conducted by the Television Panel of the Radio Techni-
cal Planning Board (RTPB). The standards were re-
affirmed by this group, and no change has since oc-

curred. 

EVOLUTION OF PROGRAM SERVICE 

Prior to 1936, the American public was an incidental 
partner to the television enterprise. But in that year, the 
broadcasting of programs especially designed for public 
consumption began, although no regular source of re-
ceivers was available and no official sanction had been 
given for other than experimental transmissions. The oc-
casion was one of considerable international competition 
between England and the United States. The first move 
came from the British Broadcasting Corporation. Plans 
for the opening of the London station in Alexandra 
Palace were announced early in 1936. This was the cue 
for the RCA-NBC transmitter to "get busy." On June 
29, 1936, RCA started a field test of its television system 
with 100 of its engineers in and around New York as 
the observers. The images were transmitted by double 
sideband, at 343 lines, 30 frames per second. Film was 
used copiously in the early stages. But by November 
6 of that year, the New York Times announced "the first 
complete program of entertainment over the NBC 
system," viewed enthusiastically by the press. Four 
days before, on November 2, the Alexandra Palace 
station had begun a regular public service. The Ameri-
can service was not public in the same sense, and did 

not become so for five years. 
By 1938 the RCA field test had progressed to the 

point where its directors were ready to take a step in 
the direction of inviting the public to participate ac-
tively. It was announced in October, 1938, that, co-
incidentally with the opening of the New York World's 
Fair in May, 1939, regular public service would be 

offered. 
In the meantime, vestigial-sideband transmission had 

been adopted as standard by the Television Committee 
of the Radio Manufacturers' Association and had been 
incorporated in the NBC transmitter. The scanning 
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pattern had been increased to 441 lines, and the effec-
tive video band to 4 Mc. In February, 1940, the 
Federal Communications Commission adopted rules 
permitting "limited" commercial operation of stations. 
The stage seemed set. The NBC transmitter was 

offering 10 to 15 hours of program a week, including 
elaborate dramatic presentations from the studios, 
regular outside rebroadcasts of sporting events of every 
description, educational programs and films. But in 
April, 1940, the FCC retracted the offer of limited 
commercialization, following an announcement by 
RCA that receivers would be offered to the public in 
greater volume and at reduced prices. The FCC stated 
that this action by RCA tended to freeze the then ac 
cepted standards, those formulated by the Radio Manu-
facturers Association, without official sanction from the 
Government. This action effectively held up further 
progress until the standards had been studied and es-
sentially reaffirmed by the National Television System 
Committee. In July, 1941, the impasse was cleared, and 
television broadcasting for the public officially began. 

THE AMERICAN TELEVISION CHANNEL 

The standard 6-Mc channel assigned to television 
broadcast stations in the United States is intended for 
vestigial-sideband transmission. At the lower frequency 
limit of the channel, the emission is required to be sub-
stantially zero, actually no more than one per cent of 
the picture-carrier amplitude. At a point 0.5 Mc higher 
in frequency, the sideband emission has full amplitude. 
The picture carrier itself is located 1.25 Mc above the 
lower channel edge, and occupies an asymmetrical posi-
tion with respect to the channel limits. Thus only a por-
tion of the lower sideband is transmitted, hence the 
term "vestigial-sideband transmission." The upper side-
band is transmitted fully over a region 4 Mc wide, i.e., 
it maintains maximum amplitude to a point 5.25 Mc 
above the lower channel edge. At this point the sideband 
energy is attenuated with increasing frequency until, at 
a point 5.75 NIc above the lower channel edge, it is at-
tenuated to one per cent of the carrier amplitude. The 
carrier of the associated sound transmission is placed 
at this point. The remaining 0.25 Mc of the channel is 
reserved as a guard band. 
This arrangement of carriers and sidebands was 

originally devised in 1938 and has persisted substan-
tially without change through the deliberations of the 
National Television System Committee and those of the 
Radio Technical Planning Board. The vestigial-side-
band principle permits a maximum unattenuated vision 
frequency of 4 Mc and permits attenuated transmission 
of vision signals up to a maximum of 4.5 Mc. In com-
parison, the double-sideband system permits a maxi-
mum vision frequency of 2.5 Mc. The vestigial-sideband 
transmission thus offers an increase in pictorial detail of 
80 per cent, with substantial improvement in picture 
quality. 
The wide spacing between carriers (4.5 Mc) was 

chosen in preference to the alternative narrow spacing 
(1.25 Mc) which would be possible if the sound carrier 
were transferred from the high frequency edge of the 
channel to the low frequency edge. The wide spacing 
produces a high-frequency beat frequency which is out-
side the limits of the vision frequency band and hence 
has little or no visible effect. The narrow spacing would 
produce a beat note within the video band. 
The vestigial-sideband system is intended to operate 

with a receiver whose response characteristic increases 
linearly with frequency from 0.5 to 2.0 Mc above the 
lower edge of the channel. This "slope" region corre-
sponds to the portion of the transmitter spectrum where 
both sidebands are transmitted. By virtue of the sloping 
receiver response the picture carrier is attenuated to one 
half, and the sum of the two sideband voltages is con-
stant throughout the region, and equal to the value of 
sideband voltage at higher frequencies outside the 
"slope" region. Thus the video-frequency voltage de-
veloped at the output of the demodulator is the same 
for all sideband frequencies. 
The ratio of sound-carrier power (radiated by the 

sound radiator) to picture-carrier power (radiated by 
the picture radiator) has been set up within the limits 
0.5 and 1.50. The general range has been chosen to 
provide approximately equal areas of coverage of the 
sound and picture signals. The sound power is lower 
than the picture power because the sound transmission 
employs frequency modulation, with an inherent signal-
to-noise ratio superior to that of amplitude modulation. 
Account has been taken, in setting up this ratio, of the 
fact that interference (particularly impulsive noise) in 
the sound channel is usually more objectionable than 
interference arising from the same noise source in the 
picture channel: 

THE SCANNING SPECIFICATIONS 

The standard American television picture is scanned 
in 525 lines from the beginning of one frame to the be-
ginning of the next. Each frame istroken up into two 
fields of 262.5 lines each. The half-line portion at the 
end of a field causes the lines of one field to fall between 
the lines of the previous field. Hence an odd number of 
lines was chosen to give this half-line relationship be-
tween fields. The value 525 consists of odd integral fac-
tors (525 = 7 X 5 X 5 X3). This permits multivibrators or 
counting circuits in the synchronization generator 
(used to divide from the line frequency of 15,750 cps to 
the frame frequency of 30 cps) to operate in the most 
stable condition. 

The frame frequency is 30 per second interlaced two-
to-one. The aspect ratio of the scanning pattern (ratio 
of width to height) is 4/3, to agree with the ratio pre-
viously adopted as standard for motion-picture projec-
tion. The FCC standards specify that the active 
scanning of the picture shall occur at uniform velocity 
from left to right horizontally and top to bottom 
vertically. 
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The choice of 525 lines was made from among several 
proposed values, including 495 and 507 lines. Assuming 
4.25 Mc as the maximum usable video frequency, equal 
vertical and horizontal resolution at 30 frames per 
second is obtained with a scanning pattern of about 500 
lines, which would indicate that all the proposed values 
are equally suitable. The number 507 has the disad-
vantage of two large integral factors which require two 
of the frequency-dividing circuits in the synchronizing 
signal generator to count by a factor of 13. The choice 
between 495 and 525 was finally made on the basis of 
fineness of line structure, which indicates a slight 
preference for the higher number of lines. The value of 
441 lines was discarded as it did not make full use of the 
maximum available video frequency. 

SOUND SIGNAL STANDARDS 

A major difference between British and American 
television practice lies in the method of modulation 
employed for the sound transmission. The American 
standard specifies frequency modulation with a maxi-
mum frequency deviation, corresponding to the maxi-
mum audio level, of 25 kc either side of the unmodulated 
carrier frequency. Frequency modulation, employing a 
spectrum considerably wider than that required for the 
corresponding amplitude-modulated signal, has been 
shown to offer a substantially higher signal-to-noise 
ratio than that offered by amplitude modulation. This 
advantage obtains over all types of noise, provided only 
that the peak signal voltage is at least twice the peak 
noise voltage. Since natural atmospherics are rarely 
present in the vhf spectrum, the principal advantage of 
frequency-modulated transmission is the mitigation of 
impulse noises such as is generated by automobile igni-
tion systems, and noise generated in tubes and circuit 
elements of the receiver. 
To assist in the reproduction of the upper register of 

the audible spectrum, it has been customary in fre-
quency-modulated sound transmissions to introduce 
audio pre-emphasis at the transmitter. The standard 
pre-emphasis characteristic is that of a series resistive-
inductive impedance whose time-constant (resistance 
times inductance) is 75 microseconds. The converse 
de-emphasis is inserted in the receiver (usually by a 
resistive-capacitive impedance of the same time-
constant). The advantage of such pre-emphasis lies in 
the fact that the sound power associated with the 
higher register is generally lower than that of the lower 
register and hence is less efficiently transmitted with 
respect to the noise level. Artificial emphasis and de-
emphasis thus add to the over-all signal-noise ratio, by 
reducing the noise level in the upper register. 
The remaining standard is the direction of polariza-

tion of the electric vector of the radiated wave. This 
was chosen as horizontal as early as 1938, and although 
polarization has been the subject of intensive investiga-
tion by the NTSC and the RTPB the advantage of the 
horizontal direction has been consistently upheld. 

RULES GOVERNING ALLOCATION OF TELEVISION 
BROADCASTING FACILITIES 

As the demand for broadcasting facilities has con-
sistently exceeded the supply, it has been necessary for 
the FCC to set up equitable rules whereby the available 
portions of the spectrum may be allocated to serve the 

public interest. 
A conflict in allocation arises, by definition, when in-

terference occurs among stations. The interference is 
defined in terms of (1) the signal level required to give 
satisfactory service in an area from the station serving 
that area, and (2) the level of signal which creates inter-
ference in that area, arising from another station on the 
same channel in an adjacent area. The problem of in-
terference between stations in the same area but as-
signed to adjacent channels must also be considered. 
The basic level of service is defined as a field strength 

which must be equalled or exceeded over 50 per cent of 
the distance along a radial line from the transmitter. 
The field strength thus specified for built-up city areas 
and business districts is 5 millivolts per meter. For resi-
dential and rural areas the specified field strength is one-
tenth as great, or 500 microvolts per meter. These 
figures properly surpass the figure of 50 microvolts per 
meter commonly regarded by engineers as the lower 

limit for "marginal service," in the absence of man-
made sources of noise. 
The applicant for a television construction permit or 

license must show that his proposed transmitter will 
offer service in accordance with the above rules, and 
must estimate the population lying within the 5-mv/m 
and 0.5-mv/m contours. 
The interference ratio (ratio of desired signal to un-

desired signal) which must be equalled or exceeded 
within the service area has been set at 100:1 for stations 
on the same channel and 2:1 for stations on adjacent 
channels. This is in keeping with the commonly-held 
engineering opinion that an interfering signal must be 
at least 40 db below the desired signal if it is to have 
negligible effect. For adjacent-channel interference, the 
selectivity of the receiver circuits will introduce suffi-
cient additional rejection if the interfering signal 
voltage does not exceed one-half the desired signal 
voltage. It is the practice of the FCC to avoid assigning 
adjacent channels in the same metropolitan area; other-
wise the 2:1 ratio would be met in but a small portion of 
the normal service area. 
The problem of finding sufficient facilities for tele-

vision without interference is most critical in the highly 
populated areas along the eastern seaboard. In general 
an allocation plan to provide sufficient service to the 
cities of Boston, Providence, Hartford, New York, 
Philadelphia, Baltimore, and Washington will take care 
of all other population centers in North America. 

POSTWAR ACTIVITY 

The postwar period has been marked by a very sub-
stantial expansion of the television service. At present 
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(December, 1950) the areas covered by television signals 
include 63 major population centers, in which 107 
stations offer service to a potential audience in excess 
of 50,000,000. The expansion has emphasized the 
shortage of spectrum space for television stations and 
has brought into sharp focus the problem of inter-
ference between stations. 
In 1945, at the close of the war, about 10,000 receivers 

had been produced and sold to the public. Nine stations 
were operating in five cities, four of them on a fully 
commercial basis. Postwar production did not get 
under way, owing to shortages of materials and com-
ponents, until the spring of 1946. In that year, 6,500 re-
ceivers were produced by the six manufacturers then in 
the business. Three years later (1949), the production 
was 2,400,000 sets, according to figures compiled by 
members of the Radio Manufacturers Association. 
Production by non-RMA companies accounted for ap-
proximately 450,000 additional receivers in that year. 
Over 100 companies participated in the 1949 produc-
tion. Production in 1950 was approximately 6,000,000 
receivers. 
The trends in receiver design have been toward larger 

pictures, fewer tubes and simplification of controls. The 
smallest screen size is 21 inches in diameter, offered in a 
1948 model no longer in production. The largest direct-
view tube was an all-glass tube of 20 inches diameter, 
now replaced by a 19-inch metal-cone tube. From 1946 
to 1948 the most popular model was the 10-inch set, but 
in 1949 this model gave way to the 121-inch size. The 
16-inch tube took first place in 1950. 
Projection pictures ranging from 9 by 12 inches to 18 

by 24 inches have been offered in domestic receivers, 
although production of this type of receiver has been 
small compared with the direct-view type. Projection 
equipment for large audiences, ranging in screen size 
from 6 by 8 feet to the full theater screen of 18 by 24 

I. 
feet has also been produced. 
Reduction in the tube complement of receivers has 

averaged about 25 per cent since 1946. The first large-
scale-production chassis was a 10-inch model employing 
30 tubes. In 1948, a 7-inch model was offered with 16 
tubes. Current models employ from 22 to 24 tubes. Sub-
stantially all receivers having screen diameter greater 
than 7 inches employ magnetic deflection of the picture 
tube. 

Simplification of controls has resulted from improve-
ment in the stability of circuits and components, par-
ticularly those used for tuning and for synchronization 
of scanning. The majority of receivers currently in 
production employ the intercarrier circuit, in which a 
sound intermediate frequency of 4.5 Mc is developed by 
frequency conversion at the picture second detector. 
The most popular value of picture intermediate fre-
quency is 25.75 Mc, but plans for changing this to 45.75 
Mc have been announced by many manufacturers and 
the latter value may eventually be adopted as standard 
by all manufacturers. 
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in a frequency discriminator. A signal representative 
of the frequency difference is sent over a telephone line 
to one of the stations, where it actuates a control circuit 
connected to the quartz-crystal frequency control. By 
this means, the carriers of the two stations are kept 
rigidly locked together in precise phase relationship. 
Since the beat frequency between the carriers is thereby 
reduced to zero, the venetian-blind interference is re-
moved. The strength of the interfering signal may then 
be allowed to increase by about 17 db on the average 
before the image content of the undesired signal be-
comes objectionably apparent. This reduction in inter-
ference would permit co-channel stations to be located 
at a distance of separation of about 150 miles, compared 
to about 210 miles for the same degree of interference 
with carriers unsynchronized. 
The cost of the monitoring station and the telephone 

lines necessary in the carrier synchronization method 
led to the development of a simpler system known as 
carrier offset. In this method, the carrier of one co-
channel station is purposely separated from that of the 
others by 10.5 Kc, plus or minus the 0.002 per cent 
tolerance allowed by the FCC regulations. The average 
beat frequency of 10.5 Kc produces a large number of 
venetian-blind bars, each occupying about three ad-
jacent scanning lines. Since each interference bar is 
thereby confined to the space occupied by two succes-
sive lines in a single field scanning, the average tone 
produced tends toward a neutral gray, and the effect is 
subjectively much less annoying than if the carriers 
_ were within a few hundred cycles of one another, as is 
usually the case between unsynchronized carriers. 
Actually, the greatest reduction of interference is ob-

tained when the offset frequency is 7.875 kc, that is, 
one-half the line scanning frequency, and no improve-
ment is noted when the offset is 15.750 kc, the line 
scanning frequency. The half-line frequency would be 
used in the offset system, were it not for the fact that 
three or more co-channel stations are often involved in 
a single interference area. The insertion of 7.875 kc 
offset between all stations would then result in nearly 
zero or 15.750 kc offset (no interference reduction) be-
tween certain pairs in the group. The 10.5-kc figure was 
chosen as a compromise, permitting several stations to 
operate with carrier offset in the same area. The average 
interference reduction, relative to the unsynchronized 
case, is about the same as the carrier synchronization 
method. No wire line or monitor is needed; the crystal 
control frequency of a particular station is merely 
chosen to produce a carrier 10.5 kc higher or lower than 
that of the neighboring stations. 
The investigation of ultra-high frequencies for tele-

* vision broadcasting has centered on the frequency range 
from 475 to 890 Mc, a region of the spectrum previously 
set aside by the FCC for experimental television sta-
tions. In planning to turn over all or part of this band to 
commercial broadcasting, several decisions have to be 
weighed: (1) what standards of transmission to adopt, 

including the question of whether the service should be 
in black-and-white, in color, or both; (2) the bandwidth 
of the channels, and consequently the number of chan-
nels available in a given portion of the band; and (3) 
whether to assign ultra-high-frequency (uhf) stations 
to cities already possessing vhf stations, or to separate 
the two services geographically as much as possible. 
Since the demand for additional black-and-white 

stations is so great, it has been conceded that at least 
part of the uhf band must be turned over to the black-
and-white service. Moreover, to make the additional 
service available to owners of existing receivers at the 
least expense, the standards of transmission, including 
the channel width of 6 Mc, should be identical to those 
of the vhf service. This latter requirement exists even if 
the uhf stations are to be confined to cities not now 
served by vhf stations, since owners of existing receivers 
may move from a vhf city to a uhf city. 
This leaves unsettled the question of whether color 

service should also be provided in the uhf band. Prior 
to 1948, all planning for commercial color television was 
on the basis of channels 12 to 16 Mc wide, and there 
seemed to be no room for a national allocation of such 
channels, even if the whole of the uhf band were used. 
But since that time color service on 6-Mc channels has 
been authorized, as outlined below, and it is now 
planned that color transmissions be offered by black-
and-white stations on 6-Mc vhf and uhf channels. 
The third question, whether or not to mix uhf and 

vhf assignments in a given locality, arises from the fact 
that the propagation conditions affecting uhf service 
indicate that the primary service area of a uhf station 
would be appreciably smaller than that of a vhf station 
of equal radiated power. Field tests conducted in Wash-
ington, D. C., and Bridgeport, Conn., have confirmed 
this assumption, at least to the extent of indicating that 
the shadowing effect of obstructions on uhf channels is 
much sharper than on vhf channels. Out to perhaps 25 
miles, the service on the two bands is expected to be 
nearly equivalent, except for shadow effects, but be-
yond this limit, and out to the radio horizon, the vhf 
station would provide a better grade of service. 
If these preliminary findings hold true generally, the 

licensee of a uhf station would find himself at a com-
petitive disadvantage with respect to the licensees of 
vhf stations in his locality, and this would be partic-
ularly true if the potential audience of the stations ex-
tends in any substantial density beyond the 25-mile 
limit. In such cases, it may be questioned whether 
broadcasters would wish to make the investment in a 
uhf station. 
On the other hand, if no vhf assignments are made in 

certain cities, the potential viewers located beyond the 
range of a uhf station might be denied service which 
otherwise could be rendered by a vhf station. 
The uhf allocation proposed by the FCC in the Fall of 

1949 envisages 42 additional 6-Mc channels, starting 
at 475 Mc or 500 Mc, and extending upward to 727 
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Mc or 752 Mc. Vhf and uhf stations are assigned 
together in certain localities in this plan. The FCC 
proposal was made simply as a basis for discussion in the 
hearing which is currently under way. Detailed argu-
ment on the proposal began in October, 1950. 

THEATER TELEVISION 

Throughout the development of television as a 
medium of home entertainment there has existed a 
parallel effort directed toward a system suitable for 
large audiences in theaters. The earliest demonstration 
of large-screen television was conducted by E. F. W. 
Alexanderson in Schenectady in 1929, using the scan-
ning disk method to project 60-line images. But the low 
optical efficiency of this system did not permit a suffi-
ciently bright picture to be projected when the number 
of lines was increased to 525. 
Attention then turned on the method of projecting 

the image formed on the face of a cathode-ray tube. 
Since large lens apertures were required, refractive pro-
jection lenses proved exhorbitantly expensive for pro-
jecting images of theater size. A more efficient system 
using reflective optics, based on the Schmidt telescope, 
was finally adopted as the basis for direct projection. In 
the Schmidt system, the image is reflected from a 
spherical mirror through an aspherical correction plate 
which removes spherical aberration. The first demon-
stration of a Schmidt projector was held by RCA at the 
New Yorker Theater in New York on January 24, 1941. 
The equipment employed a seven-inch picture tube with 
a second anode voltage of 70,000. A highlight brightness 
of about 5 foot-lamberts was achieved on a 15-by-20 
foot screen. 
In an attempt to achieve greater brightness on larger 

screens (film projectors produce about 10 foot-lamberts 
on screens as large as 18 by 24 feet), the intermediate 
film method was developed. In this process, the image 
on a picture tube is photographed on motion picture 
film, which is processed immediately and passed through 
the conventional film projector. The processing time 
has been reduced to less than one minute, so the loss of 
immediacy is not important, except possibly in sporting 
events. The film serves as a permanent record of the 
performance and permits repeat showings of programs. 
The first demonstration of the intermediate film method 
was given at the Paramount Theater in New York on 
April 14, 1948. This equipment has since been used to 
televise to the theater audience such events as the 
national political conventions in 1948 and the Joe Louis-
Joe Walcott prize fight. 

COLOR TELEVISION 

The recent history of color television in the United 
States starts in 1940, when the Columbia Broadcasting 
System, demonstrated a 343-line 120-field system em-
ploying sequentially-scanned fields in three primary 
colors. The system as then proposed used a 6-Mc chan-
nel, and experimental broadcasts were made in the 50-

to-56-Mc channel then occupied by the CBS black-and-
white transmitter. This work was interrupted by the 
war. Later, in 1946, the standards were changed to 525 
lines, 144 fields, to provide higher resolution and greater 
freedom from flicker. These values required a channel 
16 Mc wide. To bring the channel width more in line 
with existing 6-Mc black-and-white service, the channel 
was later reduced to 12 Mc and the number of lines was 
reduced to 441. The 144-per second field rate was re-
tained to avoid flicker. This system was proposed by 
CBS for commercial use in the ultra-high frequencies in 

1946, but in March, 1947, the FCC denied the CBS 
petition on the ground that art had not advanced 
sufficiently to justify adopting standards at that time. 
By 1948, the CBS system had been shifted to a 6-Mc 

channel, employing 405 lines, 144-fields, but otherwise 
similar to the previous proposals. At first this system 
was shown only on a "closed circuit" basis (i.e., not 
broadcast) but in the summer of 1949 the FCC asked 
for information concerning the possibility of immediate 
introduction of color service on 6-Mc channels, and the 
CBS proposed their system for this purpose. 
The CBS system is known as the field sequential 

system, since the color sequence is introduced by 
changing the color at the completion of each scanning 
field. The high field rate of 144 per second is necessary 
to avoid flicker at image brightness (in the highlights) 
up to about 25 foot-lamberts. Since the system uses the 
same bandwidth as the black-and-white system, the 
total number of resolvable picture elements in the color 
image is in the inverse ratio of the field scanning rates, 
or 60/144 = 0.42, that is, 42 per cent of the resolution of 
the standard black-and-white resolution image. This 
loss of resolution, plus the fact that existing receivers 
would have to be converted to new line- and field-
scanning rates to permit reception of the color signals, 
have been urged as disadvantages of the field-sequential 
system. 
As early as 1946, the desirability of providing color 

service on scanning standards identical to those of black-
and-white service, thus minimizing obsolescence of ex-
isting equipment, was manifest. In that year the Radio 
Corporation of America announced the so-called 
simultaneous system, in which three entirely separate 
and complete images, each scanned at 525 lines, 60 
fields, were produced in the three primary colors by 
three camera tubes, in optical and electrical register. For 
color service, the three signals, radiated in three adja-
cent subchannels occupying a total band about 15 Mc 
wide, were applied to separate picture tubes, and the 
Images combined, in register, by projection on a com-
mon viewing screen. The black-and-white version of the 
color transmission would be available to existing receiv-
ers by tuning to the green channel which contains most 
of the tonal information of the color image. Since this 
channel, as well as the red and blue ones, is based on 525-
line, 60-field scanning, no change in the equipment, be-
yond a uhf antenna and radio-frequency converter to 
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tune to new channels, would be required. Later a tech-
nique known as mixed highs (which allowed reduction in 
the bandwidth required for the red and blue images) per-
mitted this system to operate on a 12-Mc channel. When 
attention was directed, in 1948, toward the 6-Mc color 
service, the simultaneous system was discontinued, and 
work on the dot-sequential system was instituted. 
The dot-sequential system introduces the color se-

quence by changing the color between successive picture 
elements (dots) along each line. This permits a second 
interlace between dots to be added to the conventional 
line interlace. A color image transmitted by this method 
at the black-and-white standard of 60 fields per second 
has a flicker performance equal to that of the black- and-
white system, that is, high light brightness above 100 
foot-lamberts is permissible without evident flicker. The 
image structure is divided among the sets of interlaced 
lines and the sets of interlaced dots in such a way that 
all points on the image are scanned in all colors 15 times 

per second. 
The dot sequential system is particularly adapted to 

transmission by the time-multiplex method, which is 
considerably more efficient in its use of the spectrum 
than is the continuous modulation method employed in 
black-and-white system and the other proposed color 
systems. In fact, time-multiplex transmission provides 
nearly two-to-one improvement in resolution for a given 
bandwidth, i.e., the image detail is equal to that pro-
vided by continuous modulation over an 8-Mc band, 
when transmission occurs by time multiplex over a 4-
Mc band. By this technique it is possible to transmit a 
color image, within a 6-Mc channel, having nearly as 
high resolution, and equal freedom from flicker, as a 
black-and-white image transmitted by continuous 
modulation over the same channel. Moreover, the 

scanning rates of the dot-sequential color system are 
identical to those of the black-and-white system so 
obsolescence of existing equipment is avoided. 
The time multiplex transmission is achieved by 

sampling in sequence the outputs of three camera tubes 
(which televise the scene simultaneously in the three 
primary colors) at a rate of 3.6 Mc. Sinewaves in three-
phase relationship are developed from this sampling 
process, each representative of the scanning of alternate 
dots along the lines of the respective images. The sine-
waves are combined vectorially into a single sinewave 
which is radiated as a sideband component separated 
3.6 Mc from the picture carrier. At the receiver, the 
combined sinewave is sampled by an electronic switch 
synchronized with the sampling switch at the trans-
mitter (the synchronization is accomplished by short 
bursts of 3.6 Mc sinewave inserted on the sync pedestal 
during the horizontal blanking period). 
The separated sinewaves resulting from this process 

control three electron guns in a tricolor picture tube. 
The viewing screen of the tricolor tube consists of 
several hundred thousand dots of7phosphor material ar-
ranged in groups of three. One phosphor dot in each 

group fluoresces with red light, the second with blue 
light, and the third with green. The area of the three 
phosphor dots as a group corresponds to the area of a 
single picture element. Accordingly, each picture ele-
ment may be caused to assume the desired combination 
of primary colors by sequential excitation of the phos-
phor dots within its area. The three electron guns are 
so positioned that the electron beam of one gun can ex-
cite only the red phosphor dots, the second gun only blue 
dots, and the third only green dots. A single-gun type of 
tube, in which the beam traverses a spiral in impinging 
on the screen and hence can excite one phosphor dot to 
the exclusion of the other two in the group, has also been 

demonstrated. 
The terminal apparatus (camera and picture-repro-

ducing equipment) of the dot-sequential system is more 
complicated than that of the field-sequential system. 
Moreover, it is vital that the transmission system cover 
the full video frequency range up to and including the 
sampling frequency of 3.6 Mc; if this frequency is not 
transmitted, the color values are lost and a rendition in 

tones of gray results. 
The third color television system considered by the 

FCC is the line-sequential system developed by Color 
Television, Inc. In this system the color sequence is 
introduced by a change in color at the end of each 
scanning line. The scanning rates are 525-lines, 60-fields, 
as in the black-and-white system and dot-sequential 
color system. The color sequence is obtained by focusing 
on the mosaic of an image orthicon, three congruent 
images side by side, in the three primary colors. The 
group of three images is scanned at one third the usual 
line scanning rate (15,750/3 =5,250 cps). Each hori-
zontal passage of the scanning beam crosses three 
images, so the lines are scanned at 15,750 cps in the 
sequence red, green, blue. Since the number of lines per 
frame (525) is exactly divisible by three, it would follow 
that a given line in the scanning pattern would always 
be scanned in the same color, and the rendition of solid 
tones would display very poor vertical resolution. To 
avoid this effect, the colors are commutated by a special 
sync signal which causes a vertical shift of certain lines. 
In this manner every line is scanned in three colors at a 
rate of 10 per second. This rate is sufficiently low to 
create interline flicker and line crawl. 
On October 11, 1950, the FCC announced its decision 

to adopt the CBS field-sequential color system, and 
stated that it would authorize commercial color broad-
casts using this system on and after November 20, 1950. 
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Analysis of Synchronizing Systems for Dot-Interlaced 
Color Television* 
T. S. GEORGEt, ASSOCIATE, IRE 

Summary—A mathematical analysis is made of two synchroniz-
ing systems which might be used in "dot" color television to syn-
chronize the dotting or sampling frequency in the receiver. Syn-
chronizing information is transmitted in bursts of carrier cohered 
in phase of approximately 3 Mc during line fly-back time. The two 
systems analyzed are (1) a simple high- Q resonant filter and (2) an 
oscillator with automatic frequency control (afc). 
In order to maintain sufficient phase accuracy in the sampling 

frequency, crystal control at the transmitter is necessary. Since the 
variations of the frequency response of a particular crystal filter with 
time may be made essentially negligible, the problem resolves itself 
into calculating the parameters of the synchronizing system to keep 
below an acceptable value the random phase error due to noise 
together with the phase error caused by variations in frequency 
(static phase error) from crystal to crystal. Rather than attempt to 
minimize the sum of the random and static phase errors, the two 
have been dealt with separately because of their different character. 
A fundamental parameter in the calculations is the power carrier-to-
noise ratio in the intermediate frequency, the carrier being measured 
at the sync tips. Calculations are made for values of this ratio of 
1, 3, 5, this being considered the critical range. 
Results of the calculation show that when the phase error due 

to noise alone is fixed, the simple resonant filter and the afc with 
single time constant suffer the same static phase error. If phase errors 
in the neighborhood of 10° can be tolerated, it appears then that 
receivers can be designed to operate without manual control of the 
dotting frequency down to carrier-to-noise ratios of about 2. This 

should be satisfactory since picture quality at this level is very poor. 

IN DESIGNING a "dot interlace" system ' of co lor  television, synchronizing problems over and above 
those of ordinary black-and-white television are 

encountered. A "dot" system consists essentially of a 
three-channel time division multiplex system with one 
channel devoted to the transmission of each primary 
color. This involves sampling each color at the trans-
mitting end of the system at approximately a 3-Mc 
rate, transmitting information so derived to the re-
ceiver, separating this information by resampling at the 
same 3-Mc rate and applying it to control the three 
colors displayed on the cathode-ray tube. Thus a sample 
of each color is obtained on every third pulse. In order 
to avoid deleterious color distortion, the sampling fre-
quency in the receiver must be closely synchronized in 
phase with that of the transmitter. 
In the receiver we have the problem of first syn-

chronizing the frame, then the line, and finally the dots 
within each line. The first two of these are common to 
both color and black-and-white television and since 
these problems are relatively well understood, less at-

• Decimal classification: R583.13. Original manuscript received 
by the Institute, May 19, 1950; revised manuscript received, October 
9, 1950. 

Philco Corporation, Philadelphia, Pa. 
W. P. Boothroyd, "Dot systems of color television," Electronics, 

vol. 22, pp. 88-93; December, 1949. 

tention will be given to them than to dot synchronizing. 
There appear to be no smaller tolerances required for 
frame and line synchronizing in color television than in 
black-and-white. A continuous-wave 3-Mc wave could be 
transmitted, picked out by frequency separation, and 
used for synchronizing purposes. This has obvious dis-
advantages, however. A better scheme, the one which 
will be considered here, consists in transmitting a burst 
of 3-Mc carrier during horizontal sync pulse. This burst 
together with the sync pulse may be separated from the 
video in the usual way by clipping. The 3-Mc informa-
tion may then be separated from the pulse by filtering or 
by gating. Alternatively, one could first gate out the 
3-Mc burst and then filter. The clipped pulse and burst 
may be applied directly to the conventional pulse afc 
system without difficulty. However, the pulse must be 
removed in some way before the burst is applied to a 
sine-wave afc system. 
Assuming that the 3-Mc burst has been in some way 

separated, it is necessary to consider what mechanism 
will be used to effect synchronization. Since the toler-
ances on the stability of the transmitted synchronizing 
wave will largely determine the mechanism to be used, 
these will be established. It will be assumed that all 
synchronizing frequencies in the transmitter are crystal-
controlled so that it may be expected that variations 
in the 3-Mc frequency will not exceed +50 cps when 
switching from. station to station. Furthermore, the 
drift in frequency of a given crystal will be so small as 
to be negligible. Also, the ratio between the dotting 
frequency and the line frequency is so chosen that there 
is no necessity to shift the phase of the dotting fre-
quency at the end of each line or frame. Under these 
conditions three possible synchronizing devices appear 
possible: first, a simple high-Q filter (e.g., a crystal 
filter) which picks out the 3-Mc component, amplifies it, 
and applies it directly as the sampling wave; second, a 
locked sine-wave oscillator controlled in frequency by 
the 3-Mc burst; third, an afc system which controls the 
frequency of a sine-wave oscillator. Since any sync sys-
tem must operate satisfactorily under bad fluctuation 
noise conditions, it must be realized that this require-
ment will ultimately determine the choice of system. 
If, in order to achieve good noise protection, the 

simple filter device is narrowed down, the point will 
eventually be reached where the slope of the phase 
characteristic becomes so large that shifts in frequency 
such as may be encountered in switching from station 
to station will cause such an intolerably large static 
phase error that a manual frequency trimmer must be 
used. Furthermore, lock-in time on sudden phase transi-
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tions may be too long. This dilemma is common to any 
sync system in various degiees; that is, if the system is 
designed to ignore noise fluctuations it tends also to 
ignore variations from any source. 
All three of the possible systems will track variations 

in phase and frequency with varying degrees of fidelity. 
The locked oscillator may have some advantage over the 
simple filter in that its effective bandwidth varies 
directly as the voltage of the applied synchronizing 
signal, although its chief merit appears to be in the fact 
that it is a Q multiplier.' Automatic-frequency-control 
sync would appear to be the most efficient of the three 
since it separates the functions of phase detection, filter-
ing and amplifying, and generation of the correct syn-
chronizing signal, thus permitting the parameters in 
each part of the system to be adjusted for optimum 
performance. The validity of these statements requires 
some proof and this will now be undertaken. The simple 
tuned circuit will be compared quantitatively with afc 
sync, since it is believed that locked oscillator per-
formance lies somewhere between these two. 
Since crystal frequency control is assumed used in 

the transmitter, the problem essentially reduces to the 
calculation of phase error introduced by random noise, 
and the static phase error caused by a shift of frequency 
when station switching. The delay in tracking a phase 
shift caused by station switching is not believed to be 
important. 
The characteristics of each system which will keep 

the phase error due to random noise alone below 5° will 
now be determined, and then the respective static phase 
-errors caused by transients of frequency will be found. 
This will be done for various signal-to-noise ratios in 
the intermediate frequency and will furnish a measure 
of the fidelity of the two systems. The average carrier 
power-to-noise ratio in the intermediate frequency will 
be used where the carrier is measured at the sync tips. 
If the carrier burst occupies 4 µseconds out of 64 

µseconds, when gated, clipped, and filtered, it will yield 
a sinusoid of amplitude (C/128)13 where C is the ampli-
tude of the intermediate-frequency carrier during the 
sync pulse and [3 is the modulation suppression term 
derived in Appendix A. 
The noise power out of a filter of total bandwidth 

27 will be 2-yFo where Fo is the amplitude of the noise-
power spectrum at 3 Mc as derived in Appendix A and 
27 is the equivalent noise bandwidth of the filter. 21, 
will turn out to be so small compared with the 4-Mc 
video bandwidth that the power spectrum may be con-
sidered flat across it. When noise is added to a sinusoid, 
the phase of the sinusoid becomes indeterminate to a 
degree. It is shown in Appendix C that in such a case, 
the rms value of the phase error due to noise alone is 
NitFo/Q where 11/0 is the total noise power added to the 
sinusoid, and Q is the amplitude of the sinusoid. Thus 
if it is desired that the rms value of the phase error due 

2 Kurt Schlesinger, 'Locked oscillator for television synchroniza-
tion," Electronics, vol. 22, pp. 112-118; January, 1949. 

to noise alone be less than 5°, 

N/Y-7To 

Q 57.3 

Using the values of Fo from Appendix A and consider-
ing the filter to be a single-tuned circuit it is found that 
the half bandwidth a must be less than 22, 85, and 135 
cps, respectively, for intermediate-frequency signal-to-
noise ratios of 1, 3, and 5. 
To calculate the static phase error, the filter is again 

taken to be a single-tuned circuit and the maximum 
frequency deviation to be +50 cps. Then the slope of 
the phase characteristic at resonance is 

dO 1 
= 

dco .-.0 a 

where a is the half bandwidth. Thus measuring fre-
quency deviation from resonance, one has dii=doila. 
This yields a phase shift of 2.3, 0.6, and 0.37 radians for 
intermediate-frequency signal-to-noise ratios of 1, 3, 
and 5. This amount of phase shift obviously requires an 
auxiliary manual phase control. If the allowable rms 
phase error is 10°, then the bandwidths become 88, 
340, and 540 cps, respectively, and the static phase 
shift becomes 33°, 8.4°, and 5.3°. The picture probably 
becomes unusable for a carrier-to-noise ratio in the in-
termediate frequency of about 2, so that if these phase 
errors can be tolerated in the sampling frequency, then 
the receiver can be operated without auxiliary manual 
hold control. The transient caused by a sudden step of 
phase in the input to the filter will have the time con-
stant of the filter. This will occur when switching 
stations, but it is not considered to be important. 
To determine the characteristics of the afc syn-

chronizing system, the configuration of Fig. 1 is as-
sumed. 

(p) 
etro (t) 

Fig. 1—Automatic-frequency-control servo loop. 

The incoming sync information after detection and 
separation is fed into a phase comparator where its 
phase is compared with that of the free-running oscilla-
tor which determines the frequency of the receiver sync. 
Thus the incoming phase information is denoted by 
Oi(t). Out of the phase comparator comes an error cur-
rent i(t) which passes through a filter z(p) before cor-
recting the oscillator whose output is CM. Then out of 
the phase detector there is obtained 

= K1[1(t) — 00(01 

where K1 is the sensitivity parameter of the phase com-
parator and is taken to be a constant. From the filter 
z(p) there is a voltage e(t) which defined by 
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e(P) = Z(P)i(P). 

It is assumed that the voltage controlling the oscillator 
is held at a bias which yields the nominal sync frequency 
so that the voltage applied here results in deviation 
about that frequency. It is further assumed that the 
instantaneous deviation of oscillator frequency from the 
nominal value is directly proportional to e(1). 
Then 

(14,0 
= K2e 

. di 

where K 2 is the sensitivity constant of the oscillator. 
Since the phase comparator is a nonlinear device, K1 

is not an absolute constant but depends somewhat on 
the input signal and noise level. However, when meas-
ured or otherwise determined for a particular signal and 
noise, it will not vary much for reasonably small devia-
tions from that value of signal and noise. Presumably, 
in designing an afc sync system one must first decide the 
lowest signal-to-noise ratio under which the system is to 
operate satisfactorily. The design is then optimized for 
that condition with the expectation that performance 
will be better when the noise level falls. K 2 will be es-
sentially constant for small values of e(i) for sine-
wave oscillators controlled by reactance tubes or for 
blocking oscillators. Then, solving these equations in 
the frequency domain, it is seen that 

K1K2Z(p) 

(P) =  

If z(p) is taken as a simple RC low-pass filter, 

Then 

110 
z(p) = - — - • 

p + a 

II 
our', = 0.(P) 

p- + ap + A. 

where A,=KIK2A. Thus the over-all gain function of 
the system is given by 

.11 
Z(p) = 

P2 a ft  ..1 1 

Now consider the effect on the system of introducing 
signals such as a step of phase or a step of frequency. 
These situations will exist when stations are switched. 
The output phase is given by a Laplace transform, thus 

00(1)  = A1 g(p)eldp 

2irjJ p2 + aft + Ai 

where g(p) is the spectrum of the input ct,,(t). In the case 
of a step of phase of magnitude In, 

Ailo r, 0.0) = 
2rj p[p2 + ap + 

ePsdp 

where 

and 

p2 + «p + A1 = (I) — Pi)(P — P2) 

— a ± s/a2 — 4A 1 
=   

2 
P2 = 

— a — Va2 — 4.4 1 • 

These roots are always in the left half plane and may be 
complex or real depending on a2-4A 1 being less than or 
greater than zero. In the former case, there is no oscilla-
tory approach to the final tracking position while the 
latter provides a hunting approach. Operation at or 
near the critically damped position when 4A 1= a= is gen- . 
erally preferred. In case the system is under-damped, 
the output is 

[  # #  a 2)) (-- cos —1 + — 
2  2  2 

00(1) = lo  I 

2 

sin 

where /3=N 4A 1—a2. This will reduce to the critically 
damped case when i3= 0. 00(t) can be written as 

4)0(1) = Io [1 
2N/711 1.8 
  e' 2' cost — 1— tan-1 
0 2 

The output then is as shown in Fig. 2. 

Xe 

(-r-f • T.Aws  . ) 
A  2  a 

-; 

Fig. 2—Output of afc systetn to a step of phase. 

The actual crossing of the line occurs at 

=   tan-1 - 
/3 2 13 

so that if this crossing is taken as a measure of lock-in 
time, it appears that the lock-in time can be made small 
by making a large and /3 large. However, the overshoot 
becomes larger in such a case, so that a reasonable com-
promise must be made between fast lock-in time and 
initial overshoot. By minimizing the error i(1) ,4c1 in the 
mean square sense, it can easily be shown to vary as 
1/a so that in this sense, optimum tracking is obtained 
by making a as large as possible. All of this is in the ab-
sence of noise. It may be further noted that the output 
actually tracks /0 regardless of loop gain or filter band-
width and that tracking time is independent of the mag-
nitude of the phase error. To maintain an oscillatory 
approach, 4441>a2. If for example 4A 1 is taken to be 
equal to 2a= and 4a2, respectively, the first overshoot is 
4 per cent and 16 per cent, which gives an idea of the 



1951  George: Synchronizing Systems for Dot-Interlaced Color TV 127 

magnitude of the oscillation. The magnitude of the first 
,overshoot is /0(1 -Fe -7"). These oscillations have been 

observed experimentally. 
Now suppose that the input signal is in correct phase 

but off in frequency by a fixed amount, due to oscillator 
drift or station switching. Then beginning at 1=0, 
4).(t) =oht where coo is the frequency difference. Then 

g(P) =wo,P2 
and 

20)0  /31  

00(/) =  e-( "12"  cos tan-' 
2 

a2 —  

/J 
wooc 

wol — — 
A1 

This last function is asymptotic to coot— (w0a/AI) so that 
there is a static phase error cooa/A 1. This static phase 

. error results in a static shift in the voltage e(t) applied 
to the oscillator which is just enough to change its fre-
quency by coo. One notes that this error is 6.10/RKIK2 and 
is thus independent of the capacity of the filter. The 

output is as shown in Fig. 3. 

0.. CO 
0.0) 

TT  TAN-I  °CZ- 2 A') 
—  -   

°C A 

with some improvement in performance can be ob-
tained by starting off with a double time-constant filter. 
However, this complicates the calculations considerably 

and will not be gone into here. 
The output of the servo as a convolution integral can 

be given as 

000) =  w [4),(/ — 4N(1 — r)jK(r)dr 

Fig. 3—Output of afc system to a step of frequency. 

In general, in designing an afc system, it is necessary 
to consider the necessity of tracking relatively slow 
variations in the incoming signal in the presence of noise 
as well as the more severe transients such as steps of 
frequency and phase. Having decided upon a typical in-
put signal to be tracked with optimum fidelity in the 
presence of a given noise level, an attempt would then 
be made to find the parameters which would minimize 
the error in some sense. This objective leads naturally 
to the theory of Wiener3 in which an attempt is made to 
find the filter which will minimize the difference between 
input and output in the mean square sense. In principle, 
this procedure is straightforward. However, it will gen-
erally yield a filter characteristic which is not physically 
realizable and must therefore be approximated. It is 
therefore the practice of servomechanists to start with a 
servo of a given type having adjustable parameters. The 
mean square error can then be computed directly and 
the parameters adjusted to minimize it. For our pur-
poses here the simple low-pass filter heretofore assumed 
is believed adequate. An additional degree of freedom 

3 H. M. James, N. B. Nichols, and R. S. Phillips, "Theory of 
Servomechanisms," Radiation Laboratory Series, vol. 25, McGraw-
Hill Book Co., New York, N. Y., chap. 7; 1947. 

where ON is the noise assumed to enter the system with 
Oi(t) and K(r) is the characteristic transient of the 
servo system. The phase error is given by 

1(1) 
—  = c6i(i) — (60(1) 

00 

=  0,(1)  [40i(1  r)  ONO — r)K(r)dr. 

Assuming no error in the incoming signal, the phase 
error becomes 

r., 
--Ki-= J0 N(t T'Ker'dr. 

Thus using Plancherel's theorem, the mean-square 
phase error due to noise alone is 

1 f 
- — F Zo(co)1 2dco 
4r , 

where Ft(w) is the phase noise power spectrum and 
Z0(w) the over-all servo gain function. The above con-
siderations are quite general and apply to any afc sys-
tem of the type considered here. It may be assumed that 
the bandwidth of Zo(co) will be so small compared to 4 
Mc that Fi(w) can be considered fiat across it. There-
fore, the mean-squared phase error is 

1 

f 
— Z0(0.01 2(1(0 = — A l'aco 

47 f (A,_ 0)2)+ 4r 

FIJI 
= - - • 
4a 

a2,02 

It may be observed here that in trying to minimize this 
error, the static phase error cooa/A 1 is made large so that 
a compromise must be struck between the two. Since 
this result will be evaluated for 4A 1=a2, little error is 
caused here by taking the integral to 00. 
Now consider that the afc is applied to the 3-Mc 

carrier. First the burst is put through a narrow tuned 
circuit to pick out the 3-Mc sine wave. No phase in-
formation is lost by this maneuver. This filter must be 
wide enough so that an objectionable phase shift does 
not develop here. Then a sine wave plus noise is put into 
the phase detector. The power spectrum of the phase 
noise is, as shown in Appendix A, 

2F0 
Fi(w) = — 1 

Q 2 
0 <  < 
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where Qis the amplitude of the sinusoid, 27 the band-
width of the prephase-comparator filter, and F0 the 
power spectrum of the video noise at 3 Mc. 
Now we wish to compare the simple filter with the afc 

by constraining them to have the same rms phase noise 
error and then comparing the ensuing static phase error. 
If the phase noise errors are equated, it is found that 
=A i/a2 where al is the half bandwidth of the simple 

filter, and az the half bandwidth of the filter in the afc 
loop. Then the static phase error for the afc case is 
wocrilAi =c00/ai which is identical with the result for the 
simple filter, independent of the relationship between 
A1 and a2. If a double time-constant filter is used in the 
afc loop, it can be shown that for equal static phase 
errors, the noise error in the double time-constant case 
can always be made less than that for the single time-
constant filter. In such a case, there will then be im-
provement in performance over the case analyzed here 
at some reduction in lock-in time. 
It will now be shown how the foregoing analysis may 

be applied to pulsed sync systems, although specific cal-
culations will not be carried through, since such systems 
are not the primary interest here. 
Consider the conventional black-and-white afc pulse 

sync system. Here the sync information is not provided 
continuously but intermittently so that there is a little 
difficulty in defining phase in a sense that may be com-
pared with the continuous case. The position of incom-
ing pulses is determined in a conventional balanced 

Fig. 4—Balanced pulse phase comparator. 

phase detector* by feeding back part of the sawtooth 
output of the oscillator in the fashion shown in Fig. 4. 
In effect, the pulse is caused to ride on each of two saw-
teeth which differ only in polarity. In each case the pulse 
top is then clipped at a fixed (ideally) bias level and the 
two clipped pulses subtracted. The difference is the 
output of the phase detector. At the center position 
there is no output, hence the term balanced-phase de-
tector. If the slope of the sawtooth is d, then the height 
of the output pulse is 2dx where x is the deviation of the 
pulse from its proper position. If the pulses are to the 
left of the center point, the polarity of the output (as 
well as any noise present) is reversed. Thus the output 

' K. R. Wendt and G. L. Fredendall, "Automatic frequency and 
phase control of synchronization in television receivers," PROC. 
I.R.E., vol. 31, pp. 7-15; January, 1943. 

of this Phase detector consists of pulses of current of 
varying amplitude and polarity. If, at time 1=0, the 
frequency of the oscillator is correct but there exists a 
constant phase error, then the input to the servo con-
sists of a sequence of pulses of the same height and 
polarity. 
To make this type of input signal fit in with the pre-

viously derived equations describing the servomecha-
nism, it is convenient to observe that the time constant 
of the over-all servo will be large compared to the 
time between pulses (of the order of 15 to 1) so that one 
may without appreciable error spread the area of the 
input pulse over the entire interval 0 to T. This provides 
a continuous input to the servo. The area of the error 
pulse is 2dx W, where W is its width. The equivalent 
pulse after spreading then has a height (2dxw/T). x is 
defined as the phase error. The quantity 2d W/T has 
the dimensions of amperes per unit phase error and is 
therefore defined as the sensitivity constant K1 of the 
phase detector. Under these assumptions all of the pre-
ceding results on tracking, lock-in time, and so forth, 
are valid. 

If the sync pulses are not gated, as is generally the 
case in black-and-white television, there is some diffi-
culty in calculating the noise output of such a phase 
detector. To design for the worst condition, one would 
presumably assume the video at black level and then 
calculate the noise output of the device. This can be 
done only by numerical methods and will not be gone 
into here. In practice, the clipping levels of the two 
diodes in the balanced phase detector are allowed to 
set themselves. These levels are determined by the 
pulse signal level, the noise level, the pulse signal posi-
tion, the diode. internal resistance, and the diode plate  
load resistance. For a given input signal-to-noise ratio 
and with the input pulse at the neutral position, a solu-
tion can be found for the proper plate load resistor to 
position the clipping level where desired. For small 
errors in phase then the clipping level will not deviate 
much from the optimum value. T1ie height of the sync 
pulse is C/4 where (C/4)>2de in all cases. Ideally, 
clipping should be done at (C/4)—de since at this 
level full indication of phase error is obtained while the 
clipping level is as high as possible to avoid picking up 
noise. Presumably then, the clipping level is estab-
lished for the minimum signal at which the device is 
expected to operate satisfactorily and suffers a design 
somewhat less than optimum at the higher signal-to-
noise ratios. The plate load resistor thus determined 
affects the value of a in the filter following the phase 
detector but the capacity there can be varied within 
limits to adjust a for optimum value in terms of track-
ing, and so forth. 

APPENDIX A 

In the usual sync system, the sync tips are passed into 
the video and separated there by clipping. The top 25 
per cent of the peak carrier may be devoted to hori-

it,.-
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zontal sync information for about 10 µseconds out of 
every. line of 63.5 µseconds. The usable burst of carrier 
is probably 4 µseconds long and C/4 volts in amplitude 
where C is the intermediate-frequency carrier amplitude 
during sync pulse. It is assumed that this burst has been 
gated so that no noise appears in the sync system ex-
cept during the burst itself. The noise in the inter-
mediate frequency may be assumed to have a normal 
first probability density function of the form. 

1  
W O) —  e-121241 

N/24,0 

where I is the instantaneous noise current and 00 the 
average noise power. If the second detector is an en-
velope tracer, the density function of noise alone in the 
video is no longer normal but has a Rayleigh distribu-

tion 

R —R2 
Wi(R) =  e   

24/o 

where R is the voltage of the envelope and 00 the inter-
mediate-frequency noise. If an unmodulated carrier C 
is added to the intermediate-frequency, the probability 

density function then becomes 

RC 
1171(R) =  e—(R2+C2)124.010H  

'PO  00 

when /0 is the modified Bessel function. This density 
function does not depend on the position of the carrier 

- in the intermediate-frequency pass band. To a first ap-
proximation, the continuous part of the noise power 
spectrum F(f) of a sine wave and noise in the video fol-
lowing an envelope is given by' 

F(f) = r24[111(fq — f)  117(fq+f)] 
2 

72 W(X)W(f—x)ax 
ho2 f"° 

(2) 
4 , 

where 

(1) 

the entire intermediate-frequency and video band-
width. If W(f) is flat, = W 0, the noise power spectrum in 

the video is as shown in Fig. 5. 

Here 

1  y  ) 11 2 

=  1F1(1/2; 2; — y) 
2 7 

/102 =  (2700)—II21 F1(1/2; 1; —  y) 

C 2 

= 24/0 . 

iF1(a; (3, y) is the hypergeometric function. The first 
part of F(f) is due to the modulation products of signal 
and noise while the second part is due to the inter-
modulation of the noise alone. In the case of vestigial 
side-band transmission, there is only half of the first 
part of this, namely, W(fq-Ff) where now f extends over 

Bw°2  w  
A = (ch02)2 r 1 ° L 4c2  8 

The values of (cho2)2 and h112 are obtained from the 
curves in the literature.' As the signal becomes larger 
compared with the noise, the contribution due to noise 
intermodulation drops off until ultimately the noise 
rides on top of the signal and the spectrum in the video 

has the same shape as in the intermediate frequency. On 
the other hand, for zero signal, the spectrum becomes 

triangular. 

S. 0. Rice, "Mathematical analysis of random noise," Bell Sys. 
Tech. Jour. vol. 24, pp. 46-157; January, 1945. Rice's constant 
1/T2 has been eliminated here. 

Z 111A 

rft 

w 

3 mc.  15. 4 rnc. 

Fig. 5—Power spectrum of sine wave plus noise in the video. 

The above shows the power spectrum of the noise 
alone. As is generally known, when the noise power 
becomes comparable to that of the signal, the second 
detector causes a suppression of modulation. Since the 
modulation index of the carrier burst is small (1,8), the 
preceding result concerning noise-power spectrum is not 
altered perceptibly by the addition of the modulation. 
However, it is necessary to know the extent of modula-
tion suppression and it is convenient, since the modula-
tion index is small, to use the procedure of Ragazzini.7 
The input to the detector can be written 

e(t) = C cos coot  mC cos (04 + us)/ 

"to • 

+ E c. cos (cunt + 4)0 
0 

where the last term encompasses all noise components 
with random phase angles On. Then the envelope can be 
written as 

E(1)  [C2 ± m2c2  211/0+ 2mC2 cos co,t] 112 

where tko is the entire intermediate-frequency noise 

power. This is approximately 

 (  mC2 cos 1 . 

C2 ± 200 

• See page 148 of footnote reference 5. 
7 J. R. Ragazzini, "The effect of fluctuation voltages on the 

linear detector," PROC. I.R.E., vol. 30, pp. 277-287; June, 1942. 
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Thus the detected signal has the amplitude 

inC.2 mC 

‘/C2 + 2& /1/ 1 200 

and the modulation suppression is 

+ 

NA( 

For S/Nd = 1, 3, and 5, the suppression factor be-
comes 0.71, 0.87, and 0.91. 

Now, if in the video, the burst and associated noise 
is simply gated, it is possible, as is shown in appendix B, 
to find the signal-to-noise ratio of the 3-Mc sine wave 
and noise as it leaves the filter. However, some improve-
ment can be made by clipping as well as gating. As 
shown in Appendix B, the noise spectrum at 3 Mc is, to 
a first approximation, reduced by the gating factor. The 
noise may be further reduced by clipping at 3,'4C since 
this does not reduce the signal but does reduce the noise. 
Numerical integration of the second density function 
(1) shows that the total dc suppressed noise power is 
reduced from 0.6500 to 0.501ko, 0.8300 to 0.52 4 and 
0.9300 to 0.611,1,0, respectively, for input signal-to-noise 
ratios of 1, 3, and 5. Thus assuming that the spectral 
distribution does not change materially in shape, the 
power spectrum level at 3 Mc can be found. 
Utilizing the results of (2), this is to be found to be 

0.027 Wo, 0.032 Wo, and 0.037 Wo, respectively. Since tko 
the total intermediate-frequency noise =B M, this may 
be written 

0. 0274,0 0.03200 0.03700 
and 

APPENDIX B 

If we have an ideal gate which opens and closes at 
intervals T, it may be represented as the time function 
shown in Fig. 6. To gate noise this time function is 

d. 

Fig. 6 -Gating time function. 

multiplied by the noise-voltage time function. It is de-
sired then to find the power spectrum of the product. 
The autocorrelation of the product is the product of the 
separate autocorrelations since the two time functions 
are independent. To each autocorrelation function cor-
responds, by Fourier transform (Wiener's theorem), the 
power spectrum of the original time function, Thus, 

G(co) = 4 f R(r) cos wrdr 

1 r  
.1079 = G(w) cos (Amin, 

2r 0 

where G((o) is the power spectrum and R(r) the un-
normalized autocorrelation function. The spectrum of 
the product of two autocorrelation functions (time 
functions in the power domain) is given by the complex 
convolution integral. Thus the power spectrum of the 
two original time functions is given by 

1 
G(w) =  f Fl(w - s)F2(s)ds 

4r , 

where F1(S) is the power spectrum of the noise, say, and 
F2(S) is the power spectrum of the gating pulses. For 
the simple gate assumed, the result is given by 

F(w) = — E , 

nrd 
sin — 

T 
_ 

ltrd 

27rii ). 

'1' 

This sum may be approximated by an integral 

nrd 1 2 
sin   

d2 T 
F(4) _ r 

7.2 J , nrd 

j 

2rn 
GI() - )  ell( 

which is valid when the gating frequency is small com-
pared to the bandwidth of the noise, so that successive 
G's overlap substantially. 
If G1(w) is constant and =Gil 

nird 
in - 

G d2 
F1(w) = - - - 1 ± 2E , 

niri4 

GI 1 d 

showing that the noise spectrum and the total noise 
power are each reduced by the gating factor d, '7'. By 
the same argument one may show that for any spectrum 
Gi(w), the total noise power is reduced by d/T. 
It may be of some interest to observe here that when 

gates are used in the sense of samplers of a video signal, 
the signal-to-noise ratio after gating does not depend on 
the gating factor d 'T in any way, provided that the 
noise bandwidth is limited to wo prior to sampling 
where coo is the highest video frequency sampled. This is 
apparently not generally realized but may be easily 
shown with the aid of the above formulas. 

In the application used here, the gating frequency is 
small compared with a bandwidth of 4 Mc so that the 
integral approximation is valid. Under these conditions, 
it is not hard to show that to a first approximation the 
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spectrum at 3 Mc is also reduced by cl/T when the total 

I. power is reduced by that amount. 

APPENDIX C 

In the case of normally distributed noise in a range of 
frequencies that is small compared to the center fre-
quency, the noise current may be written after the 

method of Rice' as 

where 

In =  E c„ cos (wnt + on) 
1 

= E cn cos [(co. — ± tn ± qtj 

= I, cos ql — I. sin qt 

I‘ =  E c. cos [(w. — q)t  (1)4] 

IC =  C„ sin Rob, — q)t  On]. 

Here q is the center frequency of the band, 

con = 21rfn,  In = nAt, c„2 = 2F(fn)Af • 

F(f) is the noise power spectrum. I, and I, are normally 
distributed and each have the rms value \Apo. If a 
sinusoid Q cos qt is added to the noise, 

I = Q cos qt 

= (Q I,) cos at — 1. sin qt 

= R cos (qt + 0) 

where R is the envelope and 0 the phase. Then 

1.  I. 
0 = tan — 1   —/c   Q  if Q>>-01,0 

Q 

and under these conditions the density function for 
may immediately be written as 

-6,20 
Wi(0) = 

-V2inko 

Then the rms phase deviation from that of the sinusoid 
is N/4/0/Q radians. From the representation of noise in 
the Fourier series, it is evident that I, behaves like a 
noise current whose power spectrum is concentrated in 
the power part of the power spectrum and is, in fact, 

8 S. 0. Rice, "Statistical properties of a sine wave plus random 
noise," Bell Sys. Tech. _lour., vol. 27, pp. 109-158; January, 1948. 

Fi(co) = F(co, + co) ± F(w, — co) 

where F(co) is the power spectrum of I. Thus if 

F(co) = 1F0 = 

0 

then 

410 
for — — <  < co, — 

2  2 

2F0 
I 

Fi(co) =1  Q2 

0 

elsewhere, 

0 < w < --
2 

elsewhere. 

The noise in the video is not normally distributed. 
However, if a narrow filter at 3 Mc is inserted, random-
ness is restored and the noise out of the filter can be 
considered normal, so that the preceding argument can 
be applied. The filter may be assumed so narrow that the 
noise spectrum picked out by it will be flat. However, 
the level of the noise power at 3 Mc must be determined. 
Using the results of Appendix B, it can be shown 

without difficulty that the condition Q>> V00 is satis-
fied for the three values of S/Nif assumed. A filter 2 kc 
wide will quite satisfactorily pick out the 3-Mc carrier 
without the adjacent sidebands which are 15 kc away. 
This filter width does not give rise to any appreciable 
static phase error in itself due to changes in frequency 
and provides a Q suitably larger than  
It is of interest to note here that the phase noise-

power spectrum has the dimensions of time so that when 
integrated over co, it yields phase in radians. The phase 
correlation may also be easily calculated from the phase 
power spectrum, being given by Wiener's theorem as 

1 
R(r) = — FM cos cordw. 

2r j 0 

In the case of a uniform spectrum of width 7 this yields 

sin 
Foy  2 

R(r) = 

showing that phase correlation due to noise does not be-
come small until 

T TO 

2r 
T =  —  • 

  e  2o0 • 



132 PROCEEDINGS OF THE I.R.E.  February 

The Control Chart as a Tool for 
Analyzing Experimental Data* 

ENOCH B. FERRELLt, SENIOR MEMBER, IRE 

This paper is published at the suggestion and on the recommendation of the IRE Professional 
Group on Quality Control. 

Summary—The statistical methods that have been developed 
for use in quality control are a powerful tool in the interpretation of 
laboratory experiments where only a small amount of data is avail-
able. An understanding of these methods also permits more logical 
planning of experiments and improves what we might call "the 
efficiency of experimentation." One of the simplest and most broadly 
useful of these tools is the control chart. It is easy to understand and 
use and in many cases can take the place of more laborious and 
complicated methods of analysis. 

NE OF THE simplest and most useful tools for 
statistical analysis is the control chart. As orig-
inally developed by Shewhart, the control chart 

was primarily a tool for the production man who dealt 
with large numbers of repetitive operations. In recent 
years, Shewhart and others have been giving much 
thought to the question: "Can the simple statistical 
tools that have proved so valuable in quality control in 
the factory be just as useful in research and development 
work, in laboratory experimentation?" The answer is 
yes. 

It is the purpose of this paper to give a very brief de-
scription of the control chart and point out how the 
experimenter can use it in his laboratory. He may not be 
an expert statistician. But he wants to make most of the 
analysis by himself and call in the expert only on the 
more difficult problems. He needs a technique that is 
not cloaked in mathematical symbolism. He needs a 
method of analysis that can be applied in a straight-
forward manner, and that can be explained to others 
who, like himself, are not steeped in statistical lore. He 
is more interested in relations and interpretations that 
lead to sound and useful judgments than he is in mathe-
matical elegance or numerical precision. 
The control chart pays its way as a simple and effi-

cient method of analyzing and summarizing our data. 
Then it pays a bonus. It tells us when our data are good 
and when not. It tells us when we have enough data and 
when we need more. It tells us v.-hen our methods can 
be improved and when we have reached the limit in re-
fining them along any particular line. It points a finger 
at those spots in our development where concentrated 
effort will do the most good. 

• Decimal classification: R001 XR010. Original manuscript re-
ceived by the Institute, May 19, 1950. Presented, 1950 IRE National 
Convention, New York, N. Y., March 7, 1950. 

Bell Telephone Laboratories, Inc., New York, N. Y. 

In appearance, the control chart is a simple plotting 
of points and guide lines. Typically it is a double chart 
like that in Fig. 1. The abscissa is some independent 
variable such as observer, the number of the subgroup or 
setup, or ambient conditions. Often it is simply a serial 
number representing the order in which the experiment 
is carried out. The ordinate is the characteristic of inter-
est: some physical property of an alloy under study, or 
the transconductance of a tube of new design. 

SERIAL NUMBER or SUBGROUP 

Fig. 1—Control chart subgroups of 4. 

In plotting our control chart, we,group our data into 
small rational subgroups. The "small" means, prefer-
ably, 4 or 5, although we sometimes use subgroups as 
small as 2 or as large as 6 or more. The "rational" 
means that we have reason to believe the members of a 
subgroup are alike because they involve the same cali-
bration setting, or the same bottle of reagent, or simply 
because they represent work all done at about the same 
time. The "rational" also means that we have reason 
to suspect that the subgroups might be different from 
each other, because they represent different observers, 
or different calibrations, or simply different days. 
We treat the few observations in each subgroup as a 

set and we compute and plot their range R and their 
average X. The range is the difference between the 
largest and smallest, and is a measure of dispersion. The 
average is the usual arithmetic mean. The range and 
the average are the points on the control chart. 
On our control chart we draw two central lines, one 
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at the average of the ranges T?; one at the average of 

the averages, which is the grand average X. 
On the control chart we also draw limit lines. 

lim R = Dar? or AT? 

lim TC = X ± AIR 

where Da, D4, and A2 are factors that we find in pub-
lished tables,' just as we find tines or logarithms. They 
depend on the number of observations in each sub-

group. 
The central line on the average chart represents the 

average in the usual sense. It is the average strength of 
our plastic, the average permeability of our iron, or the 
average gm of our tubes. 
The central line on our range chart tells us what dis-

persion to expect. If these 4ta represent reliable in-
formation about a stable process, then we expect future 
observations to have a root-mean-square deviation a of 

about 
= T?/d2 

where d, is another factor from the tables,' and depends 
on the subgroups size. We expect nearly all future ob-

servations to lie between X-1--ja and X— 3a. 
The limit lines tell us something about the reliability 

and stability. If we have points outside limits we 
should question the reliability and stability. Points out-
side, outages, tell us that our experimental process is 
probably being affected by differences in calibration, by 
the mood of the observer, or by the intrusion of some 
foreign influence. Outages tell us that our measure-
ments are being affected by some identifiable or assign-
able cause for variation—a cause not normally present— 
a cause that stands out above that system of causes that 
produce the variations inherent in our process. Outages 
tell us that our experiment is in trouble and tell us when 
it got that way. This information is most important in 
tracking down and eliminating that trouble. 
If there are no outages, this indicates that the varia-

tions we observe are due to a mass of minor causes, and 
not to any one or two causes that are important or even 
identifiable. So we know that we should not waste 
time tinkering with the process in an effort at improve-
ment. For this indication to be reliable, we should 
have something like 25 consecutive subgroups all 
within limits. 
As a corollary to this, the limit lines sometimes tell 

us when to abandon a particular process or type of ex-
perimentation. The limits which the process gives us for 
itself way be wider than we can tolerate. But if we have 
enough points all inside limits, with no outage, and still 
want something better, we must make a fundamental 
change in the process. 
We should emphasize the fact that these limits are 

not based on any customer's requirements, or on man-
agement's stated objectives, or on what some old hand 

"A.S.T.M. Manual on Presentation of Data," American Society 
for Testing Materials, Philadelphia, Pa.; April, 1 945. 

tells us we ought to be able to do. They are based on 
the measurements we have just made on the process we 
are working with. By these limits the process itself tells 
us what to expect from it in the future. 
The control chart is a system of bookkeeping for 

studying the causes of variation. We use it to analyze 
the same data we would analyze by any other method. 
It helps us draw the same conclusions we ought to draw 
by whatever method we use. It is simple and straight 

forward. 
Let us consider a couple of simple illustrations of how 

the control chart might be useful in laboratory work. 
Suppose we have a paper design for a new type of 
vacuum tube. We make a small batch of tubes accord-
ing to this design-4 or 5, or maybe 8 or 10. We meas-
ure their characteristics. For this illustration, let us con-
fine our attention to the trans-conductance gm. Perhaps 
our first models do not turn out as well as we had hoped. 
We revise our design and make another lot. It is still 
pretty poor, but we think we are beginning to see what 
is wrong so we try again. This time we get something 
worth while. This is the familiar history of experimental 
progress. Finally, after more trials, we arrive at a de-
sign that we think may be satisfactory. We take it to 
the production man and the customer for their opinions. 
They like it, and the eight tubes we made according 

to the last design look good. Then comes the inevitable 
question, shot at us in two forms. From the user: "How 
much variation will I have to put up with?" From the 
producer: "How tight tolerances must I meet?" 
Fig. 2 shows a simple historical record of all the tubes 

we have made. In preparing this hypothetical example, 
it was assumed that nine different designs, A, B, • • • .1 
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Fig. 2—Historical record. Individual points. 

on the chart, were tried and that the later ones were the 
better ones. The g„, varies all the way from 950 to 2,270. 
It is not apparent from this chart just what variation 
is to be expected. 
Now let us put these same data in control-chart form 

as shown in Fig. 3. Some of our design lots contained 
four tubes. Others contained eight and we have treated 
such a lot as two subgroups of four. Altogether, we have 
thirteen subgroups of four. Design changes have been 
made between subgroups so that any subgroup relates to 

a single design. 
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Fig. 3—Historical record in control-chart form. 

From the control chart of averages we see, as was 
assumed in the illustration, that designs A, B, and D 
give significantly low gm while designs C, F, G, and J 
give significantly high gm. 
These control charts should, of course, have been 

plotted day by day as our work progressed. In the early 
stages, we would have used tentative values, based on 
the data available then, for the central lines and limits. 
These control charts should have been used to guide 
each step in our development. They would have helped 
us to evaluate the intended effects of our design 
changes. They would have helped us recognize unin-
tended effects which we might desire either to avoid or 
to use. They would have helped us to recognize and 
eliminate extraneous effects that might interfere with 
our experimentation. 
The range control chart does its share in this guiding 

of the course of our work. It also helps us answer that 
question about variations or tolerances. Every time we 
changed our design we may have changed our design 
average. If we computed a single dispersion on the 
basis of all the tubes lumped together, that dispersion 
would probably describe principally our design changes. 
But within each subgroup of four there was no design 
change. The range of each subgroup represents the dis-
persion that is present with constant design. We have 
thirteen such ranges, and from their average we can 
form an estimate of the inherent dispersion that exists 
when the design is not changed, and that is based on an 
over-all sample of 52 tubes and not merely on the eight 
tubes of the final design. 
One may well ask: But may not these intentional de-

sign changes have produced changes in inherent dis-
persion just as they did in the average? The answer obvi-
ously is: Yes, they may have. Fortunately, it is rather 
common experience that they do not. But let us not 

take this for granted. Let us go back to the limit line 
and the outages on our range chart. In this illustration 
it was assumed that there were not outages. This is an 
indication that there was no significant change in dis-
persion, due either to the design changes or to extrane-
ous causes. We may, therefore, take the average range 
as a measure of dispersion with some confidence. 
But suppose that for some subgroups the range is 

outside limits. This may indicate that this design tends 
to give greater inherent variation than the others and 
may cause us to abandon this design. Or it may indicate 
the intrusion of some foreign influence into our model 
building or our measurements. In either case, we would 
not include the range of this subgroup in the basis of our 
estimate of dispersion. 
We may compare this method to the analysis of vari-

ance. The latter also gives us a measure of the changes 
that our designs have introduced and a measure of the 
inherent or residual dispersion that exists with a fixed 
design. The analysis of variance, however, makes no use 
of limits and outages. The analysis of variance assumes 
that the residual variation is constant. It waves no red 
flags when the inherent dispersion changes or when ex-
traneous influences interfere. It does not tell us to ig-
nore certain subgroups in estimating the residual dis-
persion. 

In planning this series of experiments we would have 
used our knowledge of our intended method of analysis 
to plan the size of our subgroups, to plan the essential 
similarity of items within any one subgroup, and to 
plan specific changes between subgroups. 
Now consider an example in which statistics play a 

more important part in planning an experiment. Sup-
pose we are working on a 3-stage intermediate-fre-
quency amplifier for a television receiver and want to 
determine experimentally the variation in gain that is 
to be expected from variation in certain components. 
This gain depends, among other things, on the gm's of 
the three tubes. We might get the three worst tubes we 
we can find, and the three best tubes we can find, and 
try each set in our circuit. This is unrealistic and may 
be unnecessarily pessimistic. From our knowledge of 
of the dispersion of this type of tube, and by the use of 
known statistical factors2 we can write down the gm for 
each tube in an idealized sample of nine. We know, for 
example, that, on the average, the largest value in a 
sample of nine from a normal universe will be 1.48 a 
above the universe average. Let us get a number of 
tubes from the stockroom, measure each, and select the 
nine which most nearly correspond to the idealized 
sample. We also know the expected values of the three 
averages we would get by an idealized sampling process 
which gave us three sets of three tubes each. So we di-
vide our nine tubes into three sets of three each whose 
averages most nearly correspond to those expected 

2 Cecil Hastings, Jr., F. Mosteller, J. W. Tukey, and C. P. Win-
sor, "Low moments for small samples," Inst. Math. Stat., vol. 18, no 
3; September, 1947. 
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averages. This is illustrated in Fig. 4. We put each of 
these three sets of tubes in our circuit and measure the 

resulting gain. 

-30  -20 

IDEALIZED 
SAMPLE 
or 9 

IDEALIZED 
SUBGI:10uP 
AVERAGES 

alysis of variance gives us quantitative measures of the 
three main effects. It tells us, for example, how much 
variation in gain was related to the variation in trans-
conductance. It also gives us quantitative measures of 
the interactions, such as the effect that variation in 
biasing resistors had on the dispersion due to variation 
in transconductance. And it gives us a quantitative 

measure of the residual dispersion. 
We can get comparable information from an analysis 

by the control-chart method. We can get it more readily, 
and we can get it in a form that the ordinary engineer 
can understand. Let us outline a schedule for such an 
analysis. Part of such a schedule is shown in Table I. 
Columns a, b, and c give the values of the three inde-
pendent parameters, and these are arranged in some logi-
cal order such as that indicated. In our example these 
are transconductance and biasing resistors, in each case 
the average of the three used, together with the supply 

Fig. 4 —An idealized sample of 9 items selected according to some 
important parameter and arranged in subgroups of 3. 

There are probably some other circuit elements that 
are important to the gain of the amplifier—perhaps the 
three biasing resistors. Here again, we can pick three 
similarly selected sets of biasing resistors to form pur-
poseful samples just as we did with the tubes. We would 
build three amplifier circuits, one with each set of re-
sistors. Then we would test each set of tubes in each 

I circuit. 
We might make each test at three supply voltages: 

rated voltage, 10-per cent high and 10-per cent low. This 

1 gives us a total of 27 gain measurements to be made. 
This gives us no guarantee against errors in judgment 

as to the most important variables nor against the in-
trusion of other factors into our experiment. But this 

I kind of logical planning will increase the amount of in-
•1 formation and the reliability of the information that we 
get from a given amount of effort and equipment. 
Note that this planning assumed that we knew the 

dispersion of the tubes and of the resistors. This means 
that the supplier of our components has been keeping 
control charts of his product and that he can and will 
give us his pertinent quality data. With this co-opera-
tion from our supplier we can make enormous improve-
ments in the efficiency of our experimentation. 
After we make the measurements we must analyze the 

data. We might do this in the conventional manner by 
the analysis of variance. Our assumed experiment in-

k volves a three-way classification according to trans-
conductance, cathode resistor, and supply voltage. We 
have no explicit replication, that is, no simple repeti-
tion, but each measurement is affected by the residual 
dispersion that we would observe if we made simple 
repetitive observations under each condition. The an-

TABLE I 

ANALYSIS or VARIATION DV CONTROL-CHART METHODS 

a  b  c „d e f t h 

(t.) (RK) (Es) kGain)  I?,  X.  Rh. A: se R.•  X. 

I  1  1 
2 
3 

2 1 
2 
3 

3 1 
2 
3 

2 1  1 
2 
3 

2  I 
2 
3 

3 I 
2 
3 

3  1  I 
2 
3 

2  I 
2 
3 

3  1 
s 2 
3 

Average 
Limits 

A 

•M M 

Rs* 

e •  .11 11• 

.77.. — 
X R.• 

Note—a, b, and c are independent parameters. X is quantity 
measured. R. is range of subgroup in which c is only variable para-
meter. X. is similar average. R e is range of a subgroup of X. in which 
b is only variable parameter. Similarly Yb., R0, and X.*. a., ah, and 
f3 ., are estimates of main effect dispersions. a, is estimate of residual 
dispersion. di and factors for computing limits are taken from pub-
lished tables. 

V ae2 + (42 = K idt 

0 ,61 +  (C*2 ÷ (42)/3 = R eidt 

0 49 + (17e2  g2)/3 = 

(I) 

(2) 

(3) 

Rearrange primary data similarly in orders 6, c, a and c, a, b. Obtain 
two solutions each for a., as, and a,. Average each pair. Obtain three 
solutions for a,. Average. Significant interactions and unstable re-
siduals appear as ranges outside limits. Significant main differences 
appear as averages outside limits. 
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voltage. In the table we have called the three values of 
each parameter simply 1, 2, and 3. We might have called 
them g„,i, g„,2, • • • E3. In column d is the observed 
quantity in which we are interested, the gain. These 27 
measurements, in the order shown, fall into nine sub-
groups within each of which voltage is the only variable 
parameter. These are rational subgroups in so far as 
the transconductance and biasing resistor arc constant 
within groups but variable between groups. 
In column e are the ranges of these subgroups. They 

represent a combination of two dispersions, one the in-
herent variation that would be present if we attempted 
simple repetitive measurements, the other the variation 
that is due to the variation in voltage. This is stated in 
(1) of Table I. We have called these ranges /2, since 
column c contains the only variable parameter in the 
subgroup. 
We also compute the averages of each of the nine sub-

groups, as shown in column f. In these averages Xc, 
the effects of the two causes just mentioned have been 
reduced by the averaging process. We can divide these 
averages Xe into secondary groups so that g„, is constant 
within any secondary group but variable between sec-
ondary groups. The ranges of these secondary groups 
14* are shown in column g. The average of these 
ranges represents the dispersion due to biasing resistors, 
in combination with the dispersion already measured 
and here reduced by the first averaging process. This is 
shown in (2). Equations (1) and (2) may now be easily 
solved for the dispersion due to resistors alone. 
By carrying out this last process with a different 

grouping of our first averages, X, in column f, so that 
the resistors are constant within each new secondary 
group, we find the dispersion due to g,,, alone. This is 
indicated in column j and (3). The ranges used here are 
called Ra*. 
Then we go back to our original data and rearrange 

it so tubes are the only variables in our first subgroups. 
We repeat the analysis as outlined above and obtain the 
dispersions due to resistors and voltage. Similarly, with 
another rearrangement of the original data, we obtain 
the dispersions due to voltage and tubes. 
We now have two determinations or, more properly, 

two estimates of each main effect cra, crb, and ac. Because 
of sampling fluctuation, and because we have ignored 
the interactions, these two determinations may not be 
in perfect agreement with each other or with that made 
by an analysis of variance. Some experience has indi-
cated that the average of these two determinations is a 
useful estimate of the main effect. 
Finally, we compute the residual dispersion. We had 

determined it in combination with each main effect. We 
now know these main effects, we subtract them out and 
average the three remaining determinations to obtain an 
estimate of the residual dispersion. 
So far we have ignored the interactions. We have no 

numerical values for them, such as the analysis of vari-
ance gives. But at each stage of our analysis we will 

have computed control-chart limits for all the subgroup 
and secondary ranges and averages mentioned, and for 
the secondary group averages, .X3* in column h and X.* 
in column k. Outages in our ranges tell us which inter-
actions are significant just as outages in our averages 
tell us which main effects are significant. 
These interactions may be shown by a mass chart of 

outages, as in Table II. Here, in Part A, are all the 
subgroup ranges Re of column e. This table is a rectangu-
lar array with the ranges for one set of tubes in one 
column and the ranges for another set of tubes in an-
other column. That puts the ranges for one set of re-
sistors in one row and the ranges for another set of 
resistors in another row. Part B is a similar table for 
the averages of column f. 

TABLE II 

MASS CHART OF OUTAGES 
(From an experiment similar to that outlined in Table I.) 

A. Ranges for 7 Voltages' 

Tubes 1  2  3  4  5  6  7  8  9 10  11 

2 

c4 

2 
3 
4 
5 
6 
7 
8 
9 
10 

Tie 

B. Averages for 7 Voltages' 

Tubes 1  2  3  4  5  6  7  8  9 10  11, RosjC-a*, 

2 
3 
4 

8 
9 
10 

R4,5 

I =Values above upper limits. —=Values below lower limits. 

Now this is to be a study of outages. So, on these 
charts, we write no numerical values. If a range or aver-
age is within limits we leave a blank. It is outside limits 
and high, we write a short vertical bar. If it is an outage 
and low, we write a short horizontal bar. On work 
sheets, we can use blue circles for high values and red 
circles for low values. 
The data for Table II were taken from an experiment 

that had nothing to do with amplifiers. It has been 
relabeled to fit the hypothetical example of Table I. 
There were eleven sets of tubes, ten sets of resistors, 
and measurements were made at seven different volt-
ages. 

Part A shows a large number of range outrages for 
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tubes 11. This means either that the tubes in this set 
are more sensitive to voltage change than the others, 
or that they have a higher residual dispersion. In either 
case, this is a significant interaction. It is indicated by a 
pattern of outages. 
In the range table is a single outage under tubes 5. 

This is a "wild shot." 
In Part B, showing outages of averages, we see that 

the higher-numbered tubes give higher gain and that 
the lower-numbered resistors give lower gain. These are 
main effects. 
It has been mentioned that data of this type could be 

studied by the analysis of variance. The control-chart 
method has its advantages. For one thing, it requires 
less work. Some experience indicates that the control 
chart method takes less than half the time required for 

an analysis of variance. 
, More important is the ability of the control chart to 
pinpoint troubles and to test the validity of the assump-
tions made. 

A large number of outages on our control charts, ar-
ranged in some logical pattern, gives us good indication 
of both the existence and the nature of real differences 
or real interactions. A fair number of outages, scattered 
over the whole experiment in an irregular fashion, us-
ually indicates poor experimentation—sloppy work. A 
small number of outages, particularly if they can be 
traced back to a few pieces of primary data, indicates 
that these observations were abnormal—"wild shots." 
The analysis of variance assumes a stable residual 

dispersion and then forgets it. The control chart sets a 
trap for instability and waves a red flag when it ap-
pears. The analysis of variance assumes that certain 
interactions are possible and ignores all others. The 
control chart method makes an initial assumption of no 
interaction and then highlights any interaction that 
comes along. 
The control chart continually invites us to examine 

the quality of our experimentation and furnishes us 
with the means for making that examination. 

Statistical Evaluation of Life Expectancy of Vacuum 
Tubes Designed for Long-Life Operation* 

ELEANOR M. McELWEEt 

Summary—Life-test data on subminiature vacuum tubes de-

signed for 5,000 hours are analyzed statistically and an equation is 
derived for the curve of life survival percentages. Correlation of in-
dividual types to the general curve is found to be extremely high. 

Controls are determined for normal 500-hour life tests which assure 
rated long-life quality and are presented as a method for evaluating 
life expectancy before completion of long-life tests. Life test samples 

of lots of tubes released by this 500-hour plan were continued in 
operation for 5,000 hours, and the results are shown to be satisfac-

factory. 

I
N RECENT YEARS, the expanding field of indus-
trial applications of vacuum tubes has contributed 
to an increased demand for greater reliability over a 

longer period of time. In reponse to this demand, engi-
neers throughout the industry have attempted to design 
a line of electron tubes which might safely be rated far 
beyond the customary 500 hours used to evaluate the 
life of radio receiving tubes. The innovations in design 
and processing which produced the longer-life tubes, 
although undoubtedly of tremendous interest, are not 
within the scope of this paper. The problem with which 
we are concerned is one introduced by the development 
of such tubes—that of evaluating "long-life" quality 

11 within a reasonable length of time. It is obviously im-
practical for tube manufacturers to conduct life tests for 

• Decimal classification: R351.5. Original manuscript received by 
the Institute, March 13, 1950. Presented, 1950 National IRE Con-
vention, New York, N. Y., March 6, 1950. 

f Sylvania Electric Products Inc., Kew Gardens, L. I., N. Y. 

5,000 hours before release of lots of tubes, or for custom-
ers to wait seven to eight months for delivery. The ef-
forts of many engineers were therefore applied to the 
search for a life test plan which would effectively meas-
ure 5,000-hour quality within the normal 500-hour life 
test period. 
The life of a vacuum tube is commonly understood to 

be the length of time it will operate within a specified 
range of characteristics. Thus a tube is considered to 
have reached the end of life when it becomes inoperable 
for any reason, or when its characteristics fall outside 
the end point limits specified for the particular type. The 
normal life rating of 500 hours did not guarantee, how-
ever, that each tube had a minimum life of 500 hours, 
nor even that the average life of a group of tubes would 
be 500 hours. As defined in the JAN-1A specification, a 
500-hour rating guarantees an aggregate useful life of at 
least 80 per cent of the total rated life. For example, a 
group of five tubes would have a total rated life of 2,500 
tube hours. These tubes would pass the JAN specifica-
tion if their total operation within specified limits was 
2,000 tube hours or better. This total figure could be 
amassed in any one of a number of ways; e.g., by all 
tubes operating for 400 hours, by one failure immedi-
ately and four good to 500 hours, by two tubes good to 
250 hours and three good to 500 hours, and so on. What 
is actually reqUired is an average life of at least 80 per 
cent of the rating for any group of tubes life-tested for 
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the specified time. For the purpose of better understand-
ing of this paper, it will be assumed that a 5,000-hour 
life rating is applied in the same manner; i.e., that the 
80 per cent limit will apply to a 5,000-hour, rather 
than a 500-hour test point, and that the average life of 
any group of tubes must be at least 4,000, gather than 
400 hours. 
It was apparent in the beginning that there were two 

approaches to the problem of a shorter life test: (1) an 
accelerated test which would be equivalent to 5,000 
hours of normal operation, or (2) statistical controls on 
a normal 500-hour life test which would adequately pre-
dict 5,000-hour quality. Considerable time and effort 
were expended in the attempt to set up a reliable ac-
celerated test. Various changes were made in voltages, 
currents and/or power dissipations in the hope of dis-
covering a test exactly ten times as rigorous as normal 
operation. Unfortunately, it was impossible to deter-
mine test conditions which would accelerate normal 
tube failures without introducing contributory factors 
not present in normal operation. Several tests were 
found satisfactory for individual types of failures; e.g., 
cycling tests to determine the quality of heaters, immer-
sion test for air leaks, fatigue test for shorts or poor 
welds, etc. However, it remained impossible to obtain 
satisfactory correlation between emission deterioration 
resulting from any accelerated test, and that resulting 
from normal operation. Consequently, the emphasis was 
transferred to statistical analysis in the hope of deter-
mining a consistent pattern to which the quality con-
trol method could be applied. 
The first step in the statistical analysis of data was 

logically a survey of the occurrence of failures in opera-
tion with relation to time. In order to include results on 
as many tubes as possible, the initial survey was made 
on life test samples of early subminiature indirectly 
heated cathode-type vacuum tubes, rated for normal 
500-hour operation. Failures per 500-hour period were 
listed for a heterogeneous group of 1,864 vacuum tubes, 
and the average life percentage' at the end of each pe-
riod was calculated in accordance with the JAN spec-
ification, as shown in 'Fable I. The ratio between these 
percentages seemed to indicate that they would follow 
the exponential curve y=abz, where y= average life per-
centage, x = hours of life expressed in thousands of 
hours, and a and b are constants denoting the y inter-
cept and the slope of the line, respectively. In order to 
determine the goodness of fit of the empirical curve 
y=abz, or the straight line log y =log a-Fx log b, the 

I Average life percentage at X hours = 

2; (life hours for each tube*) 
• X hours (number of tubes started) X 100 

E.g., if 5 tubes were started on life, one failed at 700 hours, 4 remained 
good past 1,000 hours, the average life percentage at 1,000 hours 
would be 

700  4(1000) 
5(1000) X 100 = 94 per cent. 

• The life for any individual tube shall be a maximum of X houra. 

1values   of a and b were found by the statistical method of 
least squares.' Then the calculated equation becomes 

y = 93.1(0.875):. 

By substituting the given values of x, computed values 
of y are obtained, and y residuals are found by subtrac-
tion. From the statistical formula for the standard error 
of estimate, 

[E (y observed — y computed) T 2 
Sy —   

the number of observations 

Si, = (4.05406) m. 

The index of correlation of the curve is determined by , 
the formula 

= (i  Sy2)1/ 2 

Pzv cry 2 

where Si, is the standard error of estimate of the curve, 
and cry is the standard deviation of the observed values 
of y. Substituting, 

= (i 4.05406\1/2 

173.333) 

= 0.988. 

The high degree of correlation obtained was a positive 
indication that the empirical equation y=abx was a 
close representation of these data, at least. In order to 
verify the results of this first experiment, the same 
method was followed with two additional groups of data. 
For a group of 1,240 vacuum tubes of various types, 
most of which were experimental tubes designed for a 
longer life rating, the calculated curve was y=98.2 
(0.966):. The index of correlation with observed data 
was 0.998. Foe a group of 130 tubes of six types released 
as 5,000-hour tubes, the equation of the calculated curve 
was y=98.3 (0.973)x; the index of correlation was 
0.995. Both the observed data and the calculated curve 
are plotted for each group in Fig. 1. 
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Fig. 1—Life survival curves: y=abz. Observed data and calculated 
curves for two heterogeneous groups of longer-life tubes. 

2 C. H. Richardson, "An Introduction to Statistical Analysis," 
Revised Edition, Harcourt, Brace and Co., New York, N. Y., pp. 
210-219; 1944. 
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With the acceptance of the curve y =abx as a general 
pattern for life survival percentages, there remained 
two essential points to be determined: (1) Could a uni-
versal value of the constant a be assumed that would 
satisfy all types of tubes? (2) If the value of the con-
stant b were calculated from observed 500-hour results, 
how closely would the predicted percentages approx-
imate actual life test operation? The answer to the 
former question at first seemed evident. Since only good 
tubes are subjected to life test, it was assumed that the 
y intercept of the curve would be 100 per cent, and 
therefore the equation would be y =100bx. Accordingly, 
the equation was checked with observed data, but it 
was noted that actual life test results beyond 1,500 or 
2,000 hours were in all cases better than predicted per-
centages. Further analysis of data revealed that the 
rate of failure during the first 500-hour period of opera-
. ation was higher than the rate of failure for any suc-
ceeding 500-hour period. The data seemed to indicate, 
in fact, that the rate of failure beyond 500 hours would 
be fairly constant, and would be approximately half 
that of the first 500-hour period. To compensate for this 
phenomenon, it was decided to use the value 99 for the 
constant a. In order to check the validity of predicted 
percentages, the same groups of data used previously 
were checked with percentages calculated from the 
equation y=99bz, the value of b being determined in 
each case by the observed 500-hour results. The cor-
relation indices for the three groups were 0.975, 0.996 . 
and 0.948, respectively. Curves for all three groups are 
plotted in Fig. 2. As an additional check on the general 
fit of the curve y=99bz, several types of 5,000-hour 
tubes were analyzed for correlation between observed 
data and the straight line based on the 500-hour per-
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Fig. 2—Life survival curves: y =9962. Correlation of observed data 
with curves calculated from 500-hour percentages for three hetero-
geneous groups of tubes. 

centage for each type. The index of correlation with the 
straight line was 0.986 for triode oscillators, 0.968 for 
radio-frequency pentodes and 0.976 for audio and 
video power amplifiers. Observed and calculated curves 

for each type are shown in Fig. 3. 

AV
E
R
A
G
E
 
LI
F
E
 
PE
R
C
E
N
T
A
G
E 

100 

90 

80 500 1000  2000  3000  4000 5000 

HOURS OF LIFE 

AUDIO AND ',IO W AMPLIFIERS 
Ass ..S16 

100 

90 

80 2000  3000  4000 5000 

100 

CALCULASE0 

Iosse!vco 

SNARP CUT-OFF  REINOTE CUTOFF 
IF PENTODES 

pay. SOO _ 

90 

80 

500 1000 
HOURS OF LIFE 

500 1000  2000  3000  4000  5000 

HOURS OF LIFE 

Fig. 3—Life survival curves: 5,000-hour tubes. Curves showing the 
correlation of observed and calculated percentages for several 
types of Premium Subminiature Tubes. Life-test conditions for 
types indicated were as follows: 

Ef Eb  Rk Ec2  Rg  Ehk 
audio beam power tube 6.3  110  2700 110 500K  117Vrms 
video amplifier 6.3 150  1000 100 500K  117Vrms 
sharp cutoff pentode 6.3 100  150n 100 1 meg E7Vrms 
semi-remote cutoff pen-
tode  6.3  100  12011 100 1 meg 117Vmrs 

high mu triode  6.3 150  680 11 1 meg 117Vrms 
low mu triode  6.3 100  150u  1 meg 117Vrms 

The correlation between predicted percentages and 
actual results was in all cases so high that the equation 
y =99bx was accepted as the basis for all future statisti-
cal controls to be applied to life tests. This pattern of 
failure was a definite departure from the normal curve 
expected, and posed additional problems in the de-
velopment of statistical controls. Earlier experience with 
incandescent and fluorescent lamps, and with tungsten 
filament-type vacuum tubes, indicated a certain wear-
out point around which regular sigma limits could be 
plotted, as on a normal Gaussian type curve. A recent 
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advertising bulletin for improved fluorescent lamps 
showed this type of curve plotted for failure percentages, 
with the average life marked at 7,500 hours, and stand-
ard deviations of 1,000 hours counted off on either side, 
as in Fig. 4. With such data, engineers can plan on a 
minimum life for each lamp, or an optimum replace-
ment point for any group of lamps. Manufacturer's ad-
vertisements recommend the replacement of panels of 
lamps after 5,500 hours, a point at which a maximum 
of 2.5 per cent of the lamps will have failed. The 20 per 
cent, or 50 per cent, or 90 per cent failure points could 
be located just as easily. 
Unfortunately, failure data for subminiature vacuum 

tubes do not follow a normal distribution, and conven-
tional measures of central tendency and dispersion are 
not applicable to the problem of determining proper 
control limits. Therefore, it became necessary to devise 
a system of controls which might be applied to the ex-
ponential curve y=99bx. 
The first step in the process of setting up controls 

was to determine, from the 80 per cent-5,000 hour 
specification and the calculated y=99bx curve, a mini-
mum limit to be applied at 500 hours. This 500-hour per-
centage was found to be 96.9 per cent. Then from ac-
cumulated data on subminiature tubes, 133 sample life 
tests of five tubes each were chosen which passed this 
96.9 per cent-500-hour limit. Of these tests, not one 
failed to meet an 80 per cent-5,000-hour limit at the 
conclusion of the specified life test. These results led 
naturally to the conclusion that the minimum limit 
calculated was well chosen, and that the modified 500-
hour test would serve as an adequate control on 5,000-
hour quality. 
Although the choice of a 500-hour limit was the solu-

tion to the original problem, it raised a new question of 
equal importance to manufacturer and customer. This 
new topic was the probability of release of a lot of tubes 
which would fail to meet the 5,000-hour life specifica-
tion. In order to calculate the range of probability of 
such an occurrence, the five-tube sample life tests men-
tioned above were used to plot a frequency distribution 
of 5,000-hour percentages, as shown in Fig. 5. The aver-
age 5,000-hour percentage was found to be 89.4 per cent, 
with 2-sigma limits of 80.3 per cent and 98.5 per cent. 
These limits on the sample distribution were changed to 
limits on the universe or parent population by use of the 
formula 

asample ( N — 1) 112  
Cruniverser 

N 

resulting in new 2-sigma limits of the universe of 80.1 
per cent and 98.7 per cent. Statistically speaking, 95 per 
cent of all released lots of tubes will fall within these 
limits.. Conversely, 2.5 per cent of all released lots may 
fall on either side of these limits. To use a phrase com-
mon to all fields in which quality control is applied, it 
seems safe to assume an acceptable quality level (AQL) 
of 2.5 per cent at 5,000 hours. 
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Fig. 5—Distribution of 5,000 hour percentage: 133 sample life tests, 
5 tubes each. Range of average life percentages at 5,000 hours 
for a heterogeneous group of 133 sample life tests. 

It would not be reasonable to assume that this life 
test plan will work equally well for all types of vacuum 
tubes, made by various manufacturers, until sufficient 
data to 5,000 hours has been collected and analyzed. The 
data included in this paper represent only subminiature 
indirectly heated cathode-type vacuum tubes made at 
the Kew Gardens Development Laboratory of Sylvania 
Electric Products Inc. Whether other tube types, or 
even the same types manufactured elsewhere, would 
produce equivalent results is a question which only the 
comparison of actual data will answer. Experience shows 
that the plan may be applied only to tubes which are 
designed for long-life operation, are conservatively 
rated, and are carefully controlled during production. 
To the writer's knowledge, there has been only one other 
published indication of an exponential curve of life per-
centages versus time, a life curve on repeater tubes pub-
lished by the Bell Telephone Laboratories.' It is to be 
hoped that long-life data may be collected throughout 
the industry, and that universal life test specifications 
may be agreed upon by manufacturers and customers. 
The 500-hour test specification included in this paper 
was developed with the co-operation of the Bureau of 
Ships, the chief customer for the tube types represented, 
and was accepted by them for these particular types as 
manufactured in Kew Gardens, L. I., N. Y. 
There remains one important point not yet men-

tioned: what kind of guarantee can be given to the cus-
tomer? What will the manufacturer do if a group of 
tubes fails to meet the specified life rating in actual 
operation? Unfortunately, there is no satisfactory 
answer as yet. For subminiature long-life tubes, there 
are certain applications, such as hermetically sealed as-
semblies, where replacement of tubes is impossible. In 
many other applications for which subminiature tubes 
have been specially designed, replacement is difficult 
and expensive. In some cases, the failure of a tube may 

3 D. K. Gannett, "Determination of the average life of vacuum 
tubes," Bell Tel. Lab. Rec.; August, 1940. 



1951  PROCEEDINGS OF THE I.R.E.  141 

TABLE I 
STATISTICAL EVALUATION OF LIFE EXPECTANCY OF VACUUM 

TUBES DESIGNED FOR LONG-LIFE OPERATION 

1,864 T-3 Vacuum Tubes Rated for 500 Hours Life 

Hours of  Number of 
Life  Failures 

Average Life 
Percentage at End 

of Period 

0- 500 
500-1,000 
1,001-1,500 
1,501-2,000 
2,001-2,500 
2,501-3,000 
3,001-3,500 
3,501-4,000 
4,001-4,500 
4,501-5,000 

298 
153 
113 
84 
72 
75 
43 
65 
36 
53 

92.0 
82.0 
74.8 
69.2 
64.8 
61.0 
57.2 
54.8 
51.4 
49.5 

cause the destruction of the entire unit. What the cus-
. tomer requires, therefore, is not a replacement guarantee 

for tubes which prove unsatisfactory, but a certain de-
gree of assurance of reliability of operation. The plan 
proposed is an illustration of the application of statisti-
cal analysis to this difficult quality control problem. Al-
though this plan may not be the perfect answer to the 
customers' requirements, it is a step in the right direc-
tion. It is at least a foundation for future improvements. 
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Magnetic Recording with AC Bias* 
R. E. ZENNERt, SENIOR MEMBER, IRE 

Summary—The function of alternating-current (ac) bias in mag-
netic recording is analyzed in a manner similar to that used to explain 
amplitude modulation. Certain simplifying assumptions are made to 

facilitate manipulation of mathematical expressions. The analytical 
results are compared with experimental observations of harmonic 

distortion, amplitude of fundamental, spurious recorded frequencies, 
frequency response, difficulty of erasure, and the like. 

INTRODUCTION 

I
N A MODULATOR for amplitude modulation 
(AM) radio transmission, an audio frequency and a 
much higher "carrier" frequency are combined in a 

nonlinear impedance. The output contains the two 
original frequencies, their sum, their difference, certain 
harmonics of each depending upon the character of the 
nonlinear impedance, and sums and differences of har-
monics and fundamentals. A value of carrier amplitude 
must be selected for the particular nonlinear element to 
provide linearity and sufficient output in the desired 
band, which includes the carrier frequency and the 
carrier-audio sum and difference frequencies. A band-
pass filter (tank circuit) is provided to attenuate unde-
sired frequencies. The need for selecting a particular 
carrier amplitude is most obvious in the case of grid 
modulation. 
In like manner, the action of alternating current (ac) 

bias in magnetic recording may be explained. The de-
sired audio frequency and a much higher "bias" fre-
quency are simultaneously fed into a nonlinear record-

* Decimal classification: R365.35. Original manuscript received 
by the Institute, April 28,1950; revised manuscript received, August 
31,1950. 
t Armour Research Foundation, Illinois Institute of Technology, 

Chicago, Ill. 

ing system. The recording contains the audio frequency, 
the bias frequency, and in addition to these, certain 
harmonics of each, and sums and differences of har-
monics and fundamentals. A value of bias amplitude 
must be selected for the particular nonlinear recording 
characteristic to provide linearity and sufficient output 
in the desired audio band. Self-demagnetization in the 
recording medium and limited playback head resolution 
provide a low-pass filter which attenuates undesired 
(higher than audio) frequencies. 
With the shapes of nonlinear recording characteristics 

in general use, this "bias" technique provides greatly 
reduced harmonic distortion of the audio, as compared 
to direct current (dc) bias or no bias. 
This technique is capable of improving linearity of 

response for desired frequencies in a variety of nonlinear 
systems, whether for transmission or recording. 

SCHEME FOR ANALYSIS 

The transfer characteristics for a magnetic recording 
material is the Br-H curve,' (see Fig. 1). Such a curve 
may be plotted from data taken by single dc exposures 
or from data taken in the symmetrically cyclically mag-
netized condition (SCMC). Curves plotted in these two 
ways are very similar, though not identical. A conven-
ient set of measuring equipment for the SCMC case has 
been described by Wiegand and Hansen.2 

1 Marvin Camras, "Graphical analysis of linear magnetic record-
ing using high-frequency excitation," PROC. I.R.E., vol. 37, pp. 569-
573; May, 1949. 

2 D. E. Wiegand and W. W. Hansen, "A 60-cycle hysteresis loop 
tracer for small samples of low-permeability material," Trans. A IEE, 
vol. 66; 1947. 
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Fig. 1—Retained flux density versus peak magnetizing field. 
(B,-II curve) for wire no. 449. 

In a practical magnetic recorder, each element of 
length of the recording medium is subjected to substan-
tially a single value of audio field and to several decay-
ing cycles of bias field. The similarity of single exposure 
and SCNIC Br-II curves permits us to assume that 
each element of length of the recording medium is sub-
jected to a single instantaneous value of both audio and 
bias. We shall later discuss phenomena inconsistent with 
this assumption. 
It would be desirable to find an expression Br= F1(II) 

which closely fits the 13,--H curve, assume constant 
velocity of the recording medium, set in II= F2(t), and 
manipulate the resulting equation into forms which can 
be physically interpreted. 
An expression which provides a good fit is 

28r.  
Br = (tan-1 K1I1 — Kille-K2H2). 

However, this expression is quite resistant to a de-
sired kind of manipulation, so we resort to a series, 

Br = — K111  K2H3 — K3I15. (1) 

Fits provided by two and three terms are illustrated 
in Figs. 2 and 3. Use of more terms should improve the 
fit, but the difficulties of manipulation then become se-
vere. In the following, the general expressions are now 
and then reduced to numerical values for the particular 
curves shown in order to insure that conclusions drawn 
are limited to the regions of reasonably good curve fits. 

Case I. Ac Bias 

Assuming a sine wave of audio, A sin at, and a sine 
wave of bias, 

B sin lit, we let II = A sin at + B sin lit (2) 

and substitute this in (1). 

B, = — KI[A sin at ± B sin bd 

K2[.-1 sin at + B sin bd3 

— K3[A sin at + B sin bd6. (3) 

:15 sin5 at = A' 

/55 sin5 bt = B5 

A2B sin2 at sin bt 
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Fig. 2—Cubic or third-order fit to the B,-II curve. 
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Fig. 3—Fifth-order fit to the B,-H curve. 

To simplify notation let X =A sin at 

= B sin bt, 

then 

Br = — 

400 

Ki[X  Y]  KAX 3-1- 3X21- 3.1(1'24- 1""f 

— K3 [-V5 5X4I'  10X3r2 

▪ 10X2r3 5X1-4 I'5]. 

The following identities are useful: 

3 sin at — sin 3at 
.13 sins at =  3 

4 

3 sin bt — sin 3b1 
B3 sin3 bt = B3  

4 

sin Sat — 5 sin 3at 10 sin at 

16 

sin 5bt — 5 sin 3bt ± 10 sin lit 

16 

(4) 

(5) 

(6) 

, (7) 

, (8) 

A2B  jsin 6/  1 
 — — [sin (2a  b)l — sin (2a — b)d} . (9) 
2  4 
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A B' sin at sin2 bt 

= A B' { — sin at — —1  [sin (2b  a)t — sin (2b — a)d} , (10) 
2  4 

1382 sin3 at sin' bt = .4313213/8 sin at — 1/8 sin 3at 

— 3 /16[sin — 2b)t 4- sin (a + 2b)i] 

• 1/16 [sin (3a — 2b)t ± sin (3a + 2b)dl, (11) 

A283 sin' at sin3bt = A2B313/8 sin bt — 1/8 sin 3bt 

— 3/16 [sin (b — 2a)t ± sin (b  2a)t1 

▪ 1/16[sin (3b — 2a)t + sin (3b  2a)d), (12) 

-4413 sin4 at sin bt = :14B13/8 sin bt 

— 1/4[sin (b — 2a)t ± sin (b  2a)l] 

▪ 1/16[sin (b — 4a)t ± sin (b  4a)d},  (13) 

A B4 sin at sin4 bt = A B413/8 sin at 

— 1/4[sin (a — 2b)t + sin (a -1- 2b)t] 

▪ 1/16[sin (a — 4b)t + sin (a ± 4b)t]).  (14) 

Although it is not desirable, a recorder might be de-
signed for an upper audio limit of 15,000 cps (a=2r 
X15,000) while using a bias frequency of 40,000 cps 
(b = 2r X40,000). Visualizing such values, we may now 
inspect the above identities to see what terms occur in 
the audio region. Self-demagnetization and limited 
playback resolution will attenuate short wavelengths 
(high frequencies) and permit us to drop such terms, 
provided we have chosen an appropriate recording 

medium speed. 
We can see that angular frequencies a, 3a, 5a, 

(b —2a), and (b —4a) fall in the audio range. If we had 
chosen a higher bias frequency, say 80,000 cps, the last 
two difference frequencies would be outside the audio 
band and therefore negligible. Practical design expe-
rience has also shown that a bias frequency at least 5 
times the highest audio frequency admitted to the re-
cording head is desirable to avoid distortion from audi-
ble beat frequencies. Slightly lower bias frequency may 
be satisfactory if the recording current amplitude is very 
small at the upper audio frequencies, as is often true in 
sound recording. 
Let us now decide to use a bias frequency sufficiently 

high to make these beat notes negligible. Then our ex-
pansion of B, contains terms in a, 3a, and 5a. 

324 31(2 3A B2K2 5/1 5K3 
P, = 

4 2  8 

15A 3B2K3 15A B4K3] 
  sin at 

4  8 

[5:1 5K3 5.4 3B2K3 A3K2] 
  sin 3at 

16  4  4 

A5K3 
  sin Sat. 
16 

(15) 

of sin 3 at, C3.. For zero third harmonic, 

C30 = 0 

521 51{3 5A 3B2K3  A3K2 
  0 

16  4  4 

20K3 82 = 4K2 — 5A 2K3 

K2 A' 
B2 =   (16) 

5K3 4 

which indicates that the amount of bias for zero third 
harmonic varies with audio amplitude, decreasing as the 

audio increases. 

As A  0, 132--
K2 

5K3 

K2 
or 0.2 — • (17) 

K3 

B=200 oersteds for the material shown in Fig. 3, 
which is in the region of a reasonable curve fit. 
It is also of interest to note that the sign of C3a re-

verses as B increases from near zero to above the value 

for Ga = 0. 
Let us now investigate Ca, seeking a maximum value. 

3A 3K2  3  521'1(3 
 +  A B2K2    
4  2  8 

15 15 
— — A3B2K3 — — A B4K3 (18) 
4  8 

dC. 15 15 
  = 3ABK2 — — A3BK3 — AB3K3 
dB  2  2 

when d(C.)/dB =0 (disregarding root at B=0) 

1582K3 = 6K2 — 15A 2K3 

K2 
B2 = 0.4 — — A2,  (19) 

K3 

which indicates that the amount of bias for maximum 
Ca decreases when A increases. When A —A), 

K2 
B2-4 0.4 

K3 

K2 
B = V 0.4 —  (20 

K3 

which is Vi the value of B for  
B-4284 oersteds for the material of Fig. 3. 
If we had chosen to drop the fifth order term from (1), 

we would have 

B, = — Kill ± K2H3 

dB, 
— — K1+ 3K2H2 

dH 

d2B, 

dI12 
= 6K217. 

The only inflection point is at H=0, and the satura-
Let us call the coefficient of sin at. C., the coefficient  tion phenomenon is not represented. Applying the sub-
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stitution H=A sin at+B sin hi, we get an expression for 
Br involving fewer angular frequencies than in the fifth-
order case. Assuming a high bias frequency and low pass 
filtering, we get 

3   B,. =[— AK 1 + — A  323K2 + — AB2K2] sin at 
4   

A3K2 
  sin 3at. 
4 

This value of B will eliminate the A' term from C., and 
it is the value of bias for zero third harmonic when, 
A-03, deduced in (17). Assuming this value of bias, we l 
have 

3  3 A K 22 
Ca = — AKI ± — - 213K2 + 

4  10  K3 

3  3 .4 K22 
(21) — — A3K2  , 

4  40  K3 

If we seek a value for zero third harmonic, we find it 
only at A=0, which is a trivial result. When we seek the 
value of B for maximum fundamental, we find it at 
B= +  , which is due to failure to include the satura-
tion phenomenon. 
It is, therefore, apparent that at least 3 terms of (1) 

must be taken into account to get physically significant 
results. 

Case II. No Bias Compared to Ac Bias 

If the signal is only audio, H=A sin at, we have from 

(1) 

B,. = — K1/1 sin at + K2A3 sin' at — K3,15 sin' at (22) 

or 

B,. = — Ki.4 sin at + K2A' 
3 sin at — sin 3at 

4 

sin Sat — 5 sin 3at + sin at 
— K3A5   

3 
B„ =[— Ki.1  K2A 

4 

16 

5 
— — K3.451 sin at 
8 

[  K2.43 + K3A  51 
sin 3at 

4  16 

— K3A5 sin Sat. (23) 

Comparing this with (15), we find all terms common 
except those involving B in (15). I'sing ac bias as against 
no bias, C. is increased in the case of ac bias by the addi-
tion of the quantity 

( 3 15 15 
— A B2K2 — — A3/32K3 — — A B4K3) 
2 4 8 

and C30 is increased by the addition of (5/4)A3B2K3. In 
order for any benefit to result from the use of ac bias, 
an improvement in linearity must result, that is, Ca 
must be more nearly proportional to A. This will occur 
if the value of terms in C. which involve A' or A5 are 
reduced by the use of bias. 
Let us test 

3  15 
— K2.4 3 = — B2K3A 3 
4  4 

K2 = 5K3B2 

K2 
B2 = 0.2 —  • 

Ka 

(24) 

5 
A5K3 

8 

9 .1 K2'  5 
= — AKi  .15K3. (25) 

40  K3 8 

It appears that good linearity and high sensitivity 
with ac bias will result if K3 is very small compared to I 

K2, and if Ka is small compared to K22/Ka. However, as 
K3 decreases, the bias required increases. 

It seems probable that a seventh-order equation 
would provide a term involving BA' which would re-
duce the A5 term in  

Case III. Dc Bias on a Neutral Medium 

If the signal is audio plus a dc bias, H=D+A sin at, 
and 

B, = — KdD + A sin at] 

+ K2 [/) + A sin al] 3 

— K 3[D + A sin ad', 

B,. = — KID — KIA sin at 

± K2 [Er  3AD2 sin at ± 3.1 2D sin2 at + A' sin' at] 

— K3[D5 + 5.4D4 sin at + 10A 2D3 sin2 at 

▪ 10/Y.-1 3 sins at  5DA 4sin4 at ± A5 sin5 at]. (27) 

The following additional identities are now useful: 

1 — cos 2at 
sin2 at =   

2 

(26) 

(28) 

1 
sin4 at = — (3 — 4 cos 2at + cos 4at). (29) 

8 

Substituting in (26), 

3 
B, = — KiD  K2D3 — K2DA 2 — KaD5 

2 

15 
— 5K3D3.42 — — KaD.4 4 

8 

• [— KIA  3K2D2A + — /13K2 — 5K3D4/1 
3 

4 

15  5 
— — KaD2.13 — — KaA5] sin at 

2 8 

• [— — K2DA 2 5K3D'A 2 —s K3DA4]cos2at 
2  2 

3 

+ [— 
A3K2 5  5 
4 — KaD2A 3 — K3A5] sin 3at 

2 16 
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— lisDA]cos 4at 
8 

5 

Ii3A6 
  sin Sat.  (30) 
16 

The condition for C,,=0 is 

3  5 
— K2 = 5K1D2 — K,A 2,  (31) 
2  2 

31C: - 51C1A1 
D' -   (32) 

10K3 

which indicates that the value of dc bias for zero second 

harmonic N'aries with audio amplitude. 

31C2 
As A  0, D2 (33) 

101Cs 

This is the inflection point of (1), or D=245 oersteds, 

for the material shown in Fig. 3. 
The condition for Cu = 0 is 

5 5  K2 
K3D2 — K2:12 =   

2 16  4  (34) 

4K1 - 5K3A2 
=  (D for zero third varies with A) (35) 

401C2 

as A D2-qIi2/10K2) so that D differs by a factor of 
from the value of D for C2.= 0, indicating that no 

one value of dc bias minimizes even and odd harmonics. 
However, no spurious beat frequencies are encountered 

-as in ac bias. 
This analysis does not apply directly to the use of dc 

bias on previously saturated recording medium. Equa-
1 tion (1) does not apply to this situation. 

PHENOMENA CONSISTENT WITH THE ANALYSIS 

Fig. 4 shows some experimental data on amplitude 
and phase of third harmonic and fundamental as a 
function of bias amplitude, using a small constant value 
of audio current. The recording wire used in these ex-
periments is the same as was used for the BR-H curve 
shown in Fig. 1. The following points of agreement be-
tween the data of Fig. 4 and the analysis are found: 
1. The change in sign of the third harmonic as ac bias 

is increased, and the existence of a value of ac bias which 
provides zero third harmonic. 
2. The existence of a maximum value for the coeffi-

cient of the fundamental at an ac bias amplitude higher 
than that required for zero third harmonic. 
In other experimental work, the following additional 

points of agreement with the analysis have been found: 
3. The existence of beat notes between the ac bias 

frequency or its harmonics and harmonics of high audio 
frequencies. The frequencies (b-2a), (b-4a), and 
(2b -5a) have been identified. The last of these would 
appear in the analysis if a seventh-order series were 
used for (1). 

POINT POINT 

PLAYBACK WAVE FORMS ISOLID)  AND HARMONIC ANALYSIS 
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Fig. 4—Experimental results. 
100 cycles: fundamental output versus bias. 
5,000 cycles: fundamental output versus bias. 
100 cycles: per cent third harmonic versus bias. 

Audio recording current constant for all data. 

4. The change with audio amplitude of the value of 
ac bias required for maximum amplitude of fundamen-

tal. 
5. The change with audio, amplitude of the value of 

ac bias required for zero third harmonic. 
6. The occurrence of even-order harmonics in the 

presence of dc bias, dc bias may be a result of direct 
current in the recording head, or residual magnetization 
in the recording head or residual magnetization in the 
medium as it reaches the recording head. 
7. The improvement in linearity with appropriate 

amplitude of ac bias. 

SOME PHENOMENA INCONSISTENT WITH THE 
ASSUMPTIONS OR OUTSIDE THE SCOPE 

OF THE ANALYSIS 

1. Frequency Response 

The analysis offered does not show that relative high-
frequency response falls off more rapidly in the case of 
ac bias than with dc bias on neutral medium. This does 
occur, however, and it is ascribed to an erasing or aging 
action in the case of ac bias. An element of length of the 
medium is exposed to several decaying ac cycles. This is 
more effective in reducing the amplitude of short wave-
lengths than in reducing the amplitude of long wave-
lengths. Short magnets are more easily demagnetized 
than long magnets. This aging action is desirable in that 
the recording is more stable if ac bias is used. 

2. Difficulty of Erase 

Nothing in the analysis ascribes a different quality to 
a B, achieved with small audio and large ac bias than to 
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the same value of B„ achieved with larger audio and less 
ac bias. Herr, Murphy, and Wetzel' have shown that the 
signal resulting from small audio and large bias is the 
more difficult to erase. In the charging of permanent 
magnets for meters and transducers, it is found that 
more stable (more difficult to demagnetize) magnets re-
sult from initially saturating the magnet with dc, and 
then "aging" it down to the desired B, with ac fields, 
than by only exposing it to sufficient dc to bring it up to 
the desired B, from the demagnetized condition. This 
is analogous to the results described by Herr, Murphy, 
and Wetzel. 

3. Even Harmonics Resulting from Asymmetry of Bias 
Wave Form 

The analysis does not account for even harmonics re 
suiting from asymmetry of the bias wave form. 
Textbooks on magnetic phenomena describe the fact 

that the residual induction in a piece of iron which has 
been exposed to a varying unidirectional field is deter-
mined by the peak value of the field, independent of the 
time variations of the field. 
Thus, so far as the recording process is concerned, 

asymmetrical bias wave form has a dc effect, even ‘‘ hen 
there is no dc component in the bias field itself. The field 
has zero dc component if the area bounded by the curve 
on each side of zero is equal. The recorded effect is quite 
independent of this area, and sensitive to peak values. 
Quantitative evaluation of this phenomenon is compli-
cated by the fact that ac bias swings past zero, into the 
opposite polarity. 

4. Variation of Bias with Wavelength 

From the analysis presented it would appear that for 
small audio amplitudes, maximum fundamental ampli-
tude and zero third harmonic appear at particular 
values of bias, independent of audio frequency or wave-
length. This is not true, actually, for at very short wave-
lengths no appreciable third harmonic is apparent at 
any level of bias, because of low pass filtering effects 
(self-demagnetization, playback gap effect, eddy cur-
rent effects, and electrical circuit filtering effects). At 
frequencies well below the frequency of maximum re-
sponse, the third harmonic is accentuated in playback 
due to rising frequency response. Playback voltage is 
proportional to the rate of change of B,, rather than 
proportional to B, itself, thus producing rising fre-
quency response in the range of wavelengths which 
suffer little, or constant, self-demagnetization. 
Erasing or aging effectiveness of the bias is also 

greater at short wavelengths. 

3 R. Herr, B. F. Murphy, and \V. W. Wetzel, "Some distinctive 
properties of magnetic-recording media," Jour. Soc. Mot. Pk. Eng., 
vol. 52; January, 1949. 

5. Decrease of Distortion at Large Bias Amplitudes 

The analysis presented does not account for the de-
crease in distortion at bias amplitudes larger than that 
at point F in Fig. 4. High bias values are outside the re-
gion of good fit of even the fifth-order series. It is be-
lieved that, if many more terms were used, this decrease 
in third harmonic would appear. 

OPTIMUM BIAS FREQUENCY 

For thin recording wires and tapes, it is desirable that 
the bias frequency be as high as practical considerations 
will permit. In designing a recorder, one usually wishes 
to use the same oscillator for erase and bias. Eddy cur-
rent losses in the erase head cause the designer to con-
sider the use of low erase-bias frequencies. The designer 
usually decides upon an erase-bias frequency slightly 
lower than five times the upper audio limit of his system 
as the best compromise. 

OPTIMUM AC BIAS AMPLITUDE 

It has been shown that the bias amplitudes for maxi-
mum fundamental output and zero third harmonic are 
not the same, and further that the bias amplitudes for 
maximum fundamental and zero third harmonic vary 
with audio amplitude. Also, the bias amplitude for any 
of these conditions varies with the magnetic materials 
and geometries of heads, tapes, and wires. Thus it is not 
surprising that there should be a variety of schemes 
favored by various people for setting the bias amplitude. 
For low-cost, low tape-speed equipment, designers 

often set the bias amplitude for maximum sensitivity at 
short wavelengths, tolerating the accompanying distor-
tion of long waves on the tape. In such equipment the 
harmonic distortion in the recording process is often 
negligible compared to the distortions present in the 
amplifier. 

In high-cost, high-quality equipment, a larger bias 
amplitude is usually favored. This is much greater than 
the bias for zero third harmonic at medium and high 
audio frequencies, and is in the region of low distortion 
to the right of point F in Fig. 4. Operation in this region 
provides low distortion at all wavelengths and some 
reduction of relative playback amplitude at short wave-
lengths. The latter is corrected by the use of a suffi-
ciently high tape speed and suitable equalizer circuits. 

ACKNOWLEDGMENT 

A number of present and former staff members of 
Armour Research Foundation have contributed to the 
theoretical and experimental studies on which this paper 
is based. Two major contributors were John J. Fischer 
and Joseph Markin. 
The author is grateful to H. Ekstein and T. L. Gilbert 

for their constructive criticisms of this presentation. 



1951 PROCEEDINGS OF THE I.R.E.  147 

Representations of Speech Sounds and Some of 
Their Statistical Properties* 

SZE-HOU CHANGt, ASSOCIATE, IRE, GEORGE E. PIHLt, ASSOCIATE, IRE, AND 
MARTIN W. ESSIGMANNt 

Summary—Spectrographic analysis,  autocorrelation, and in-
finite clipping are considered as methods of transforming and 
analyzing speech sounds with the object of obtaining simple repre-
sentations without excessive loss of intelligibility. Although not 

mathematically equivalent in the exact sense, these methods when 
properly approximated are shown to provide parameters of statistical 
nature that are simply related. It is conjectured that the parameters 
describe some essential elements of speech sounds and are statisti-
cally invariant. Some experimental results are included. 

HERE HAS ALWAYS BEEN a need of pictorial 
or other physical representation ever since man 
began to analyze speech sounds. The objective 

may be twofold. One is to find an accurate representa-
tion so that every detailed characteristic of the original 
sound, including naturalness and emotional content, is 
retained. The other is to obtain as simple a representa-
tion as possible without excessive loss of intelligibility. 
This paper is concerned with the second type. 
Speech compression and sensory replacement are two 

examples of the fields in which application can be made 
of the representations to be considered. There is con-
siderable interest in both of these fields at the present 
time as evidenced by current literature and develop-
ment work by the Bell Laboratories and others in the 
vocoder field;'--4 and RCA,' Haskins Laboratories,' and 
others7.8 in the sensory-replacement field. 
A problem common to both fields is that of identi-

fying the essential elements for intelligibility as dis-
tinguished from the redundant information contained 
in the original sound. It is conjectured that these essen-
tial elements are statistically invariant because of the 

* Decimal classification: 534. Original manuscript received by the 
Institute, April 25, 1950. Presented, 1950 IRE National Convention, 
New York, N. Y., March 6, 1950. 
The research reported in this paper was made possible through 

support extended to Northeastern University by the Air Materiel 
Command under Contracts No. W28-099-ac-386, Item II, and No. 
AF 19(122)-7. 
t Northeastern University, Boston, Mass. 
H. Dudley, "Remaking speech," Jour. Acous. Soc. Amer., vol. 

11, p. 169; October, 1939. 
2 D. Gabor, "New possibilities in speech transmission," Jour. IRE 

(London), Part III, vol. 94, p. 369; November, 1947. 
3 R. J. Halsey and J. Swaffield, "Analysis-synthesis telephony 

with special reference to the vocoder," Jour. IEE (London), Part 
Ill, vol. 95, pp. 391-411; September, 1948. 

4 British Patent No. 543,238, February 16, 1942, on Electric 
Signalling System. Communicated by Western Electric Company, 
I nc. 

6 V. K. Zworykin, L. E. Flory, and W. S. Pike, "Letter reading 
machine," Electronics, vol. 22, p. 80; June, 1949. 
• F. S. Cooper, J. M. Borst, and A. M. Liberman, "Analysis and 

Synthesis of Speech-like Sounds," presented, Acoustic Society of 
America, New York, N. Y.; May 5, 1949. 

7 R. K. Potter, G. A. Kopp, and H. C. Green, "Visible Speech," 
D. Van Nostrand Co., Inc., New York, N. Y.; 1947. 
• Drefus-Graf J. Schweig, "The monograph: elementary prin-

ciples," Arch. Angen. Wiss. Tech. (in French), vol. 14, pp. 353-362; 
December, 1948. 

structural similarity of vocal mechanisms and the 
tendency of speakers to conform through the process 
of learning. Names that have been suggested for these 
essential elements are "gesture," "articulation" and 
"modulation."9.1° The problem is to identify and ex-
tract them from the original speech sound. 
It is the purpose of this paper to compare some 

methods of analyses and representations which are 
prevalent, and to attempt to derive therefrom some 
statistical parameters which may retain part of the 
invariant essential elements. One method would be to 
obtain the representation directly from the vocal or 
hearing mechanisms; for example, to take pictures 
showing the movements of the articulators"." (vocal 
chord, lips, tongue, and the like) or pictures, if possible, 
showing the responses of the tremendous number of 
auditory nerves." The anatomical and neurological 
techniques involved are, however, not quite within the 
reach of a communication engineer. This paper, there-
fore, will be confined to the acoustic aspects of speech 
sounds. 
A commonly used visual representation of speech 

sounds is the oscillogram, or the intensity-time graph. 
The intensity may correspond to the pressure of the 
original sound or the voltage derived from a micro-
phone. Experience with oscillograms indicates that 
while simple in appearance, they are very complicated 
in analysis. Therefore, before invariant elements can 
be obtained, it is necessary to transform the intensity-
time function of the sound to a more suitable form. 
Since many sounds are periodic, it is natural to intro-
duce the concept of frequency and the use of Fourier 
analysis, the representation in this case being the spec-
trogram." Some sounds, however, like fricatives, do 
not possess a high degree of periodicity; yet, they are 
not entirely random noise. Spectrographic representa-
tions of these sounds are not very satisfactory. Since 
speech sounds, including fricatives, possess a certain 
degree of continuity, the correlation between intensities 
of successive intervals is not insignificant. This type of 

• R. Paget, "Human Speech," Kegan, Paul, Trench, Trubner & 
Co., Ltd.' London, England; 1930. 
I° H. Dudley, "The carrier nature of speech," Bell Sys. Tech. 

Jour., vol. 19, pp. 495-515; October, 1940. 
" J. Tiffin, "Moving pictures of the vocal chords in operation," 

Jour. Acous. Soc. Amer., vol. 8, p. 68; July 1936. 
17  H. Dudley and T. H. Tarnoczy, "The speaking machine of 

Wolfgang Von Kimpelen," Jour. Acous. Soc. Amer., vol. 22, pp. 151-
166; March, 1950. 
" R. K. Potter, "Objectives for sound portrayal," Jour. Acous. 

Soc. ol. 21, pp. 1-5; January, 1949. 
" W. Amer., koenig, H. K. Dunn, and L. Y. Lacy, "The sound spectro-

graph," Jour. Acous. Soc. Amer., vol. 17, p. 19; July, 1946. 

• 
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(a) 

SPE) 

(c) 

correlation can be expressed by a plot of the auto-
correlation function OM versus 7"." 36  For purely random 
noise, 4)(7) drops instantaneously as r exceeds zero. For 
periodic functions, cp(r) varies with the same periodic-
ity. For fricatives with hidden periodicity, Cr) may 
fall rather rapidly, followed by small ripples. The spec-
trogram and the autocorrelationgram are two trans-
forms of the oscillogram and have been considered pre-
viously by others. 
A representation which heretofore has not received 

much consideration is clipped speech." It is reported 
that high intelligibility is retained by replacing the 
original speech wave with rectangular waves having 
the same zero crossings. There are, of course, other 
types of representations, such as pulse-code sampling," 
complex-frequency mapping," and so forth; however, 
this paper is concerned with only the four types men-
tioned above because of the apparent feasibility of 
experimental attack. 
Fig. 1 shows these four representations: the oscillo-

ADEPLITuD( 

(b) 

110 =  M 

PHASE 

fle/ 

(d) 

Fig. 1—Some transformations. (a) Original wave form f(1). 
(b) Spectrogram 

F(f) = f f(t)e-mdt. 

(c) Autocorrelation function 

lim —1 f  f(t)f(t — r)dt. 
T—“o 2T -r 

(d) Clipped speech f(t). 

,fr(r) = 

gram, the spectrogram, the autocorrelation function, 
and clipped speech. Mathematically, if we denote the 
original sound by f(t), the spectrogram is the Fourier 

3 N. Wiener, "Extrapolation, Interpolation and Smoothing of 
Stationary Time Series (with Engineering Applications)," Published 
jointly by the Technological Press of MIT, Cambridge, Mass., and 
John Wiley and Sons, Inc., New York, N. Y.; 1949. 

11 Y. W. Lee, "Theory of Optimum Linear Systems," Notes at 
MIT, Course 6.563 (not yet published). 

J. C. R. Licklider and I. Pollack, "Effects of differentiation, 
integration, and infinite peak clipping upon the intelligibility of 
speech," Jour. Acous. Soc. Amer., vol. 20, p. 42; January, 1948. 

W. M. Goodall, "Telephony by pulse code modulation," Bell 
Sys. Tech. Jour., vol. 26, pp. 395-409; July, 1947. 
" W. H. Huggins, "Conjectures Concerning the Analysis and 

Synthesis of Speech in Terms of Natural Frequencies," an unpub-
lished memorandum, Air Force Cambridge Research Laboratories, 
Cambridge, Mass., February 9, 1949. 

(c) 

transform of f(l), denoted by F(f). It contains informa-
tion concerning both amplitude and phase. Under usual 
conditions, this transform is reversible as indicated by 
an arrow pointed both ways. This transform can be 
used in the direct sense (---*) for analysis, or in the in-
verse sense (4— ) for synthesis. The autocorrelation func-
tion OW as shown is defined as the average of the 
product of the original function JO) and the function 
shifted in time f(t—r). This transformation is expressed 
mathematically as 

0(7) = 
1 f  +7' 

lim —  f(t)f — r)dt. 
2T -r 

(1) 

This function, having the dimension of power, can be 
proved" to be the Fourier transform of the power spec-
trum. Information about phase is not contained in 
ck(r) and, therefore, the transform is not reversible as 
indicated by the unidirectional arrow. In the case of 
clipped speech the transformation is inherently non-
linear, and no mathematical formulation is ventured 
here, except to assign the symbol f(t) to the process. 

The two arrows pointed the same way indicate the very 
obvious unidirectional properties of the clipping trans-
formation. 
These four representations, although not mathe-

matically equivalent in the exact sense, provide equiva-
lent parameters after proper approximations have been 
made. These same approximations are necessary for the 
practical performance of the transformations. Fig. 2 
shows the effects of these approximations. The part 

riot. rcell 

(a) 
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POWER 

SPECTRA, 
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uo. 
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Fig. 2—Approximations in transformations. (a) f(1). (b) F(f). 
(c) o(r). (d) f(t). 

of the Fourier transform which represents phase is 
omitted. The magnitude has been changed into power 
spectral density and lumped into rectangular blocks 
corresponding to finite bands of frequencies. The spec-
trogram is considered to be changing with respect to 
time; hence the inclusion of the time axis. For the auto-
correlationgram, the continuous curve is replaced by a 
finite number of points, corresponding to discrete auto-
correlation intervals  A time axis I is also introduced. 
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In the case of clipped speech, the approximation has 
i.already been considered. It consists of replacing the 
different intensity levels by only two fixed levels. 
In summary, the approximations involved in modi-

fying the three transformations are: (1) the lumping 
of frequencies in the case of the spectrogram; (2) the 
use of discrete intervals for autocorrelation time 7; and 
(3) the use of only two fixed amplitude levels for inten-
sity in the case of clipped speech. Although these ap-
proximations involve three different domains—fre-
quency, time, and intensity—it is felt that if they are 
, carried far enough, the results would probably retain 
about the same amount of information. Licklider and 
Pollack" have shown experimentally that clipped 
speech retains a high degree of intelligibility. For this 
reason, and for simplicity, it is appropriate to begin 
with clipped speech in showing the equivalence of the 
. three transformations. 
If the spacing between zeroes is fairly constant in a 

short interval of time At (e.g., of the order of 1/100 
second) further simplification is possible. This involves 
defining a new function po giving the average number 
of zero crossings in the interval At (or the zeroes per 
second). Licklider and Pollack have also reported that 
a still higher degree of intelligibility is retained if the 
original speech is differentiated before clipping. In this 
case, the points of maxima and minima of the original 
. function are retained rather than the points of zero 
crossing; and a similar density function p„, can be de-
fined to give the number of maxima and minima per 
second. This could be carried still further by defining 
a third function pi as the density of points of inflection, 
and so forth. The symbols po and pm thus indicate in 
Fig. 2 two indices which retain certain essential ele-
ments and represent a step toward simplification of the 
original speech sound. 
In the study of noise, Rice" of the Bell Telephone 

Laboratories has found that a simple relation exists 
between the expected density of zeroes po and the 
averages of the original function and its first derivative. 
The derivation of this relation as outlined in the Ap-
pendix leads to 

7)71 = k0 V r(t)2  
AO 2 

(2) 

A similar relation can be derived to show that, subject 
to the same restrictions, 

Pat = km    • (3) 

In these equations, the proportionality constants ko 
and km depend upon the statistical characteristics of the 
function f(t). For a stationary time series, the ensemble 
and time averages are indistinguishable. Hence, the 

" S. 0. Rice, "Mathematical analysis of random noise," Bell Sys. 
Tech. Jour., vol. 23, pp. 282-332, July, 1944; and vol. 24, pp. 46-156, 
January, 1945. 

mean values f(t)2, f(t)2, and f"(t)2 are included in Fig. 2 
to indicate additional indices leading to simplification 

of speech sounds. 
It can be shown21 that these averages values are 

equivalent to the values of the autocorrelation function 
OW and certain of its first few derivatives with respect 
to 7 at 7=0; thus the symbols CO), (P"(0), ev(0) 
appear beside the .autocorrelation graph. The relation-
ships between these quantities are given by 

k0  (1)  2 

AO 2 

and 

— ko    = (4) 
V 4)(0) 

— k„, 4P(0)   
—0"(0) = Pm.  

(5) 

It will be noted that, for smooth functions, the first and 
the third derivatives at 7=0 are both zero. With the 
knowledge of these five initial values, the initial portion 
of the p(r) curve is fairly well defined. 
It can also be shown"." that these initial characteris-

tics of the autocorrclation function are related to the 
moments of the power spectrum. For example, the 
moment of zeroth order Mo is the average power and 
equals OM. The other two moments M2 and M4, are 
related to the derivatives 400) and c/P(0) as shown 
by the following equations: 

ko   = 2rko —3/12  = (6) 
(I) (0)  Mo 

k„, / 4)4(o)   
V — e(0) 

M4 
= 2rk. V —m2  = (7) 

The symbols MO, M2, and M4 are therefore included 
along with the spectrogram in the figure. 
For the special cases where fit) is a sine wave and 

where it is a random function having a Gaussian distri-
bution, it can be proved that ko and km are equal to 
1/r. Application of the relations given by (2) through 
(7) to a speech sound assumes that it can be regarded 
as a stationary time series to which a definite distribu-
tion can be assigned. Since an exact mathematical 
formulation of the distribution is very difficult, the 
extent that this requirement is met can only be con-
jectured at the present time. However, assuming that 
these relations do apply to speech sounds, it is suggested 
that the proportionality constants may not be very 
much different from 1/7r. 
The previous discussion has presented three types 

of analysis from a theoretical standpoint. Certain ex-
perimental results will now be described that support 
the conclusions reached using this approach. Fig. 3 
shows Po-  and pm-grams, together with the spectrogram, 

21 R. Cohen, "Some analytical and practical aspects of Wiener's 
theory of prediction," Technical Report No. 69, Research Laboratory 
of Electronics, MIT, Cambridge, Mass., June, 1948. 
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Fig. 3—Spectrogram and P.. and P0 graphs of "pajama." 

for the word "pajama." It is to be noted that there is 
close similarity between the shapes of the po- and 
pm-grams and the first two bars of the spectrogram. 
The first and second bars of the spectrogram represent 
the first and second formants, or resonance regions, of 
the sound. Since the frequency components in the first 
bar are usually strong enough to cause zero crossings, 
the po-gram is a close approximation of this bar. The 
frequency components in the second resonance region 
may not be strong enough to cause extra zero crossings, 
but they will affect the slope of the wave and may, 
therefore, contribute extra maxima and minima which 
are included in p„,. Fig. 4 shows the graphs of the 
sounds "1," "e," "a," and "u" which give additional 
evidence of this resemblance. Usually vowel and vowel-
like sounds such as these, having bars which are clearly 
distinguishable, will show closer resemblance than other 
types. 

Fig. 4 

. . 
- 

Fig. 5-0scillogram of the word "pajama." 

A comparison of the po- and pm-grams of the word 
"pajama" with the oscillogram of the same word, as 
shown in Fig. 5, justifies the contention that the former 
is a considerably simpler representation. Visual inspec-
tion of the zero crossings of the oscillogram will show 
that the general shape of the given po-gram is correct. 
The same is true in the case of the maxima and minima. 
Some work has been done on the experimental verifi-

cation of the theoretical relations involving po, pm, and 
the other three sets of statistical parameters as applied 
to speech wave  forms. The relationship between po 
and f(t)2 and f(t)2 has been checked for some sustained 
vowel and sustained fricative sounds. This involves 
the computation of the ratio of the root-mean-square t 
value of f'(t) to that of f(1), i.e., the value of the former 
normalized with respect to the latter. It is preferable 
that the mean-square value of the original  f(t), that is, 
f(t)2, be kept relatively constant so that f'(/)2 will be 
automatically normalized. This is an inherent property 
of the types of sounds that have been checked. 

For transitional sounds, such as those contained in 
the words "pajama" and "question," experimental 
verification is at present impossible since N/f  (02 is I 

dependent upon both amplitude-and frequency varia-

(a) (b) 

Fig. 6—Graphs for the words "pajama" and "question." (a) Ordinary 
speech: (A) po: (B) f(1)2; (C) f'(t)i. (b) Clipped speech: (D) po; 
(E) f  (F) I'(01. 
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tions, with the former predominating. Since the Vf(02 

itself is dependent only upon the same amplitude varia-
tions, the ratio as determined by computation using 
independent measurements does not yield significant 
results. It would be necessary to employ some auto-
matic-amplitude-control method to either minimize the 
changes in amplitude, or to obtain the ratio of the two 
quantities directly. This effect is illustrated for ordinary 
speech by graphs (A), (B), and (C) of Fig. 6. Visual 
examination of (B) and (C) indicates that the amplitude 
effect predominates. Since clipped speech is an extreme 
case of amplitude control, data from graphs (D), (E) 
and (F) should give a better check of the relation in 
question. Visual examination will show that this is true. 
Experimental verification of the other theoretical 

relations has not as yet been attempted because the 
autocorrelator and moment computer, while under 
'construction, have not been completed. 

CONCLUSIONS 

It has been shown that, from a mathematical stand-
point, the three methods of analysis considered, namely, 
spectrographic analysis, autocorrelation, and infinite 
clipping, provide parameters which are equivalent for 
certain time functions. Since speech sounds are too 
complex for mathematical treatment of these types, an 
experimental attempt at verification of the equivalence 
for speech sounds is justified. Furthermore, an experi-
mental attempt to determine the degree of invariance 
of these parameters is advisable. It is hoped that a 
subsequent paper will report progress currently being 
made along these lines. 

APPENDIX 

I. M ATHEMATICAL DERIVATIONS22 

The Expected Density of Zeroes 

I
Consider a random curve f(t) for which the following 

figure is a sample of the ensemble. The expected density 
of 

zeroes is given by 

PO = n P(0, n)dn• 
f 

(8) 

In this expression p(0, n) is p(t, n) for t =O, where 
p(t, n) is the probability density function for the two 
variables 

= I  (at time t) 

df 
17 = dt = 

" This derivation is essentially similar to that of Rice. See foot-
note reference 20. 

(at time t); 

i.e., the probability that at time t the value of f in the 
ensemble lies between E and +4, and the value of f' 
lies between n and n-l-dn is p(, n)dtrin. Equation (8) 
may be proved as follows: 
Referring to the figure, in the interval between t and 

t-1-At for all the ensemble, if the slope is positive, i.e., 

0 < n < 60,  (9) 

then, in order for the curve to pass through zero in 
the interval it, the following inequality must be satis-
fied: 

0 > > nAt. (10) 

This is evident from the geometry. The amplitude of 
t must be negative so that the curve will cross the 
axis with a positive slope n. Its absolute magnitude 
must be sufficiently small so that the crossing occurs 
within the interval. The portion of the curve in the 
interval At is assumed to be linear. 
Since the intervals of the variables n are defined by 

(10) and (9), the expected density of zeroes can be ob-
tained. 

PO = tim 
A I-40 

77)dEdn 

At - ftip(0, 04. 
0 

Similarly, for the interval between t and t+At, if the 
slope is negative or —  <n<0, then 

Po =  nP(0, n)dn. 

Combining these two expressions, (8) is obtained. 

Relation Between po and E2, 712 

This relation is expressed by 

7f= ko0 -2- = k  t2  0 

where ko is a constant and the bars indicate the ensemble 
average. For stationary time series, the time average 
and ensemble average are not distinguishable. 
To prove (11), let the bivariate probability density 

function p(t, n) be expressed in normalized form 

P(E, n) = Ecrino-lf (—to = to-1710-1.f(x, y) 
no 

where 

X — 

Es 

17 

y — 
'70 

and to and no are the bases of normalization. 
In so doing, the two variables in the probability 

density function become dimensionless, and 

p(E, OdErin = f(x, y)dxdy. 

The ensemble averages of te and E2 are 
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For T = 0 

f  f  OD CO _ 
n2 — n2P(E, n)dEdn 

.0 
y2f(x, y)dxdy 

V .co • f = O2 f  --co 

= C17702 

•P-= _..0 _aoep(E, n)dtdn 
= to' f, x2f(x, y)dxdy 

= c2E02. 

The expected density of zeroes is, from (8), 

-1,(7 =FIT n p(0, n)dn 
= no f ly1 to-Jim-11(0, y)nody 

=  Ylf(0, YNY 
co 

770 
= C3 ---

E0 

k — ko  —4/  i(°)  Ao o for  00)  (17) 

It is proportional to the square root of the ratio ol 
the negative second derivative of the autocorrelation 

(12)  function to the autocorrelation function itself both 
evaluated at r=0. 

Relation Between p—oand the Moments of the Power Spec-
trum 

The power spectral density, (I)(f), is related to the 
(13) autocorrelation function by the Fourier transform 

= f 4)(f) cos 271rdf. 

For r =0, 

0(0) = f 43(f)df = Mo. 

Similarly, it may be proved that 

(14) — e(0) = 4r2f f24)(f)df = 471-23/2. 

where c1, c2, and c3 are characteristic constants of the 
original distribution. Combining (12), (13), and (14) 

C2 
Po = Ca/ V— 

CI 
=  n,0 - • = 

b 
1/ 2 

b 1 /r(1)2 

2  2  J(1)2 
which is (11). 

Thus, it is proved that for a stationary time series 
whose distribution is definite, as expressed by pm n), 
the expected density of zeroes is proportional to the 
ratio of the root-mean-square value of the first time 
derivative and the root-mean-square value of the time 

series itself, provided the integrals contained in cl, c2, 
and c3 also exist. 

Relation Between po and the Autocorrelation Function 

The autocorrelation function is defined as 

0(7) =./(t)f(1 — 7). 

The bar indicates either the time average or the en-
semble average. For 7 = 0 

= f(1)2 =11.  (15) 

It may be proved that " 

d20 
— —d7-2  = — (/)"(7) = Pi nt — 7). 

— 4)"(0) = for = (16) 

Combining (11), (15), ane (16), the expected density 
of zeroes can be expressed alternatively as 

(18) 

(19) 

Where M o and M 2 are used to designate the zero- and 
second-order moments of the pm% er spectrum, 41U) 
versus f. 

Combining (17), (18), and (19) 

b 1 /f1(  = k0o 
f(0 11/1  i)o  2 

0(0) 

M2 
— 27rk0 // — • 

Afo 
(20) 

Equation (20) gives another interpretation to pp. It 
indicates that the expected density of zeroes is propor-
tional to the square root of the ratio of the second 
moment ot the zeroth moment of the power spectrum. 

The Proportionality Constant ko for Random Noise 

The above derivations are specially applicable to 
the case when f(t) represents random noise for which 

n) is "Gaussian." To show this, consider the 
Fourier series representation of random noise 

1(1) = E c„ cos  — 00.  (21) 
n1 

Where 03, 412 . . ON are angles distributed at random 
over the range (0, 27r) 

c„ = [21.(f„)6,f]ii2 

co„ = 27rf„ 

fn = nAf. 

Under certain conditions the "central-limit theorem" 
of probability can be applied and the distribution ap-
proaches the "norma]" or "Gaussian" form. These 
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conditions may be stated qualitatively along with (21) 

as follows:" 
(a) f(t) has a large number of Fourier series com-

ponents, i.e., N—÷cc. 
(b) The ratio of the quadratic constant (i.e., the 

average power) of any one component in comparison 
with the total is vanishingly small, i.e., c„--00. 
(c) The phases of the components are distributed at 

random, i.e., 0„ a random variable. 
(d) There is no direct-current component, i.e., co = O. 

These conditions are usually satisfied by random noise. 
The probability density function p(E, n) can be written 
in the form 

( R)-112  [ 2t2 E2  n 2 

=  2r  exp —  — (22) 2'72 

• Instead of going through the steps to derive (11) which 
is for the more general case, it is simpler here to sub-
stitute (22) directly into (8) whence 

1 V n- 2 

Po = i  11  exp  = —  = 
2/r  27/2 E2 

(23) 

'a S. Goldman, "Frequency Analysis, Modulation and Noise,' 
McGraw-Hill Book Co., New York, N. Y., p. 329; 1948. 

Comparing (23) with (11), it is found that for a Gaus-
sian distribution, the proportionality constant 

1 
ko = — • ir 

For other distributions, ko would be different. It is 
interesting to note at this point that for a single sine 
wave of frequency f 

f(t) = A sin 2rft. 

If p—o is taken as  2f, the proportionality constant be-

tween p—o and \/t(02/f(02 is also 1/7r. This perhaps 
suggests that for distributions other than Gaussian, as 
long as (5) applies, the proportionality constant ko 
may not be very much different from 1/71-. 

The Expected Number of Maxima and Minima 

By a similar process," the expected number of max-
ima in a random function may be expressed as 

Pm = k„, Iv
f f"(02  

1(1)! 
— k „, 4'iv(°)  

V — e(0) 

4 
2rk„,i/M  —  (24) 

M 2 

where km is a constant dependent upon the distribution, 
0w(0) is the fourth derivative of the autocorrelation 
curve, 0(r) versus r, and M4 is the fourth moment of 
the power spectrum of f(t). 

Periodic- Waveguide Traveling- Wave 
Amplifier for Medium Powers* 

G. C. DEWEYt, ASSOCIATE, IRE, P. PARZEN$, AND T. J. MARCHESE$, SENIOR MEMBER, IRE 

Summary—A theoretical and experimental study of singly cor-
1 rugated coaxial transmission lines is given here. The properties of 
the structure as a transmission line are calculated and the effect of 
the electron beam is taken into account by a field method. Theoretical 
values of gain and bandwidth are obtained. The results of the experi-
mental study are compared with the theory. An amplifier giving 50-
watts output with 20-db gain and 100-Mc bandwidth at a wavelength 
of 6.5 cm has been obtained. The best power output and efficiency 
which have been obtained are 125 watts and 7 per cent, respectively. 

I NTRODUCTION 

THEORETICAL ANALYSES and experimental 
studies of helix-type traveling-wave tubes have 

  been carried out by Kompfner' and Pierce.' Other 

• Decimal classification: R339.2. Original manuscript received by 
the Institute, January 25, 1950; revised manuscript received October 
2, 1950. A partial summary report under the same title was presented 
at the National Electronics Conference, Chicago, Ill., November 5, 
1948. 
This development was sponsored by Coles Laboratory, Signal 

Corps, United States Army. 
t Formerly, Federal Telecommunication  Laboratories, Inc., 

Nutley, N. J.; now, Weapons Systems Evaluation Group, Office of 
the Secretary of Defense, Washington. D. C. 

Federal Telecommunication Laboratories, Inc., Nutley, N. J. 
' R. Kompfner, "Traveling wave valve," Wireless World, vol. 52, 

pp. 369-372; November, 1946. 

workers have contributed to. the theoretical problem, 
notably Chu' who obtained a boundary value solution 
to the problem using Pierce's ideal helical current-sheet 
boundary and including the effect of Pierce's electron 
beam by the method of Hahn and Ramo. Field' has in-
vestigated other types of waveguide structures. 
This paper is concerned with a traveling-wave tube 

using a corrugated inner-conductor coaxial transmission 
line with an annular electron beam between the inner 
and outer conductors. The first part deals with the 
theoretical analysis of the structure following the 
method of Goldstein' for a field solution in the absence 
of the electron beam and includes the electronic param-
eters by the method Chu used for the helix traveling-
wave tube. The second part deals with an experimental 

' J. R. Pierce, "Theory of the beam-type traveling-wave tube," 
PROC. I.R.E., vol. 35, pp. 111-123; February, 1947. 
' L. J. Chu and J. D. Jackson, "Field theory of traveling-wave 

tubes," PROC. I.R.E., vol. 36, pp. 853-862; July, 1948. 
L. M. Field, "Some slow-wave structures for traveling-wave 

tubes," PROC. I.R.E., vol. 37, pp. 34-40; January, 1949. 
H. H. Goldstein, "Cavity Resonators and Waveguides Contain-

ing Periodic Elements," Doctoral Thesis, Massachusetts Institute of 
Technology, 1943. 
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f 

study and the comparison of the results with the theory. 
The choice of the corrugated coaxial structure from 

the plethora of possible slow waveguide structures was 
made after a wide investigation. The type of amplifier 
described by Field and the iris-loaded waveguide struc-
ture proved to have very limited bandwidth; the singly 
corrugated coaxial line represented a compromise be-
tween gain, power output, and bandwidth. 

PART I 

A. Calculation of The Cold Phase Velocity 

The structure we are considering, which is assumed to 
be lossless, is shown in Fig. 1. It belongs to a large class 
of periodic waveguides along with the linear magnetron 
and the iris-loaded waveguide used in linear-accelerator 

— 2 3 !4 

2 2 - 

2r 1 

••• 

-0•1 

Fig. 1—Singly corrugated coaxial transmission line. 

work. The properties of such structures are dealt with 
extensively by Brillouin,• Slater,' and Goldstein; 6 the 
latter treats in detail, but with certain approximations, 
the properties of our structure. 

The method of solution is to obtain in the annular or 
"hole" region ri>r>r2 solutions satisfying Maxwell's 
equation and meeting the boundary conditions at 
r=r2, and to obtain standing-wave solutions for the 
fields in the slots r2>r>r3, including higher-order cutoff 

IL. Brillouin, "Wave Propagation in Periodic Structures," 
McGraw-Hill Book Co., New York, N. Y.; 1946. 

7 J. C. Slater, "Electromagnetic Waves in Iris-Loaded Wave-
guides," Report #48, Massachusetts Institute of Technology, Re-
search Laboratory of Electronics, Cambridge, Mass.; September 19, 
1947. 

modes. The field expansions are Fourier series, and b3 
equating coefficients, an equation may be obtained with 
the required degree of approximation depending on the 
number of terms used. 
The wave functions for circularly symmetric TM, 

waves in this geometry are Bessel functions of ordetl 
zero of the first and second kinds. The wave equation it 
easily separated and the following functions are ob-
tained, taking into account that E1=0 at r =ri and at 
r=r3. For ri>r>r2 

where 

E, = E A „Zo(7., r, ri)eihnz 
00 

ik2A„ 
Ile = E   r, ri)e'hns 

ks = 7. 2 h.2  2rn and h„ = Ho —  • 

Zo(yn, r, r1)  .10(7.r)Vo(rnri) — J0(7r1)11o(7r) 

where the derivatives are taken with respect to the ar-
guments, and k is the free-space wave number. 
For r3..r  in the sth slot the fields can be written 

(1) 

where 

and 

= E eiueso (a„Zo(k r, r3) cos   
2rpz 

bpZo(K, r, r3) sin 
(2p ± 1)2rz\ 

d 

Ile = E e llloaDik2 Z o , kp,  
k r, r3) cos — 

ap 

kr 

Zoi(Kr, r, r3) sin (2p ± 1)2rirpz 
(2) 

—00 

kr = ,i/k2 —( 2r4) -2) 

K,, = 11/ ((2p  
d  i• 

For one period of the structure at r =r2 the longitudinal 
electric field must be zero for 

> z > 
2  2 

and for I ZI :5.d/2, continuity of the fields is required. 
By the usual manipulation of the Fourier coefficients, 
(3) is obtained. 

A,  2 
r2, ri)D = E E - Zo'(7q, r2, r3) RpG, 
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hnd hqd 
4h„h,, sin -- sin --

2  2 
R„„ = 

where 

k, 

- Kr - 

( C 7rdP  1142 ) ( C2 --dP ) 2 h92 ) 

h„d  hQd 
4h„14 cos —  cos — 

2  2 

Zo(kp, T2, T3) 1 

Zoi(kp, r2, T3) ep 

([(2p + 1)  ir ] 2— h2) ([(2P + 1) —]2 — h,2) 

sp.=1  P O 

ep = 2  p = O. 

Equation (3) is a set of n homogeneous equations in n 
unknowns; it is the usual type of equation obtained in 
these problems and can be solved in principle. Provided 
the guide wavelength is large compared to D, the ampli-
tudes of the space harmonics are small and one can con-
sider the case where n = p = q= 0. This amounts to taking 
the principal mode in the hole and the first even and 
odd modes in the slot. For values of Ho--(ir/D), the 
space harmonics must be included and Slater' has given 
a more general method of solution to this type of prob-

lem. 
We are concerned only with geometrics where D <r2 

and I HoD/2r1 <1. Under these conditions, letting 
= iyo, and going to the modified Bessel functions, (3) 

becomes 

Zo(K„, r2, r3) 

Zoi(K,, r2, r3) 

155 

(3) 

right by equating at r =r2 the values of E2/He averaged 
over a period of the structure for the fields of the two 
regions. This latter method does not allow one to calcu-
late the effect of the odd slot mode, which gives an im-
portant correction to the phase velocity obtained from 
the simple method. A qualitative picture of the electric 
field is shown in Fig. 2. 
For very low frequencies the asymptotic values of the 

Bessel functions for small arguments may be used in 
(4), except in the second term on the right, which is, for 
most traveling-wave tube geometries, very nearly unity. 
The resulting asymptotic phase velocity for low fre-
quencies is 

V 
— 

8d2 d r2 
log — 

r3Dr2  D 

1 

8d2 

r3Dr2 
log — 

r2 

(5) 

is(-ior2)Ko(Yort) — io(Yori)Ko(Yor2)  d Jo(kr2)Yo(kra) — Jo(kra)Yo(kr2)  
Yo   =  k 
li(yor2)Kc(','ori)  10(Yori)Ki(yor2) D Ji(kr2)Yo(kr3) — Jo(kra)Yi(kr2) 

110d 2 

sin 
2 

Hod 

2 

/0 ( 1 KG r 0 ( 211 Ko (17-2- ) 
8(Hod)2(  Hod d  d  d 
  cos2 
The 2 Ti rr2  rr3 rr3)  Tr) 

—d )K0( —d )-l-/o( d K, 

It is convenient to regard (4) as an impedance equa-
tion. It can be obtained without the second term on the 

\ 

Fig. 2—Qualitative picture of the electric field. 
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i i 4----y r, • 025 CENTIMETERS 
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Fig. 3—Approximate theoretical phase velocity for a tube in which 
d / D ,0.135 and which has dimensions in centimeters of ro.I.2, 
n-0.4, and D =0.15. 
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which is independent of the frequency and always less 
than the velocity of light. Fig. 3 shows the results of an 
approximate phase-velocity calculation for a typical 
structure. Fig. 4 shows a comparison between measured 
results and the data computed from (3). The mean 
error is about four per cent and cannot be much reduced 
without including the effect of several space harmonics. 

...gm 
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0 11) 

al? 

016 
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1.14 
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MEO W T1CAL 

MEASuREO, 
FOR ATTENUAT1ON 

CORREC CO 

MEASURE° 

V 44 00 •500  1600 
FREQUENCY IN MEGACYCLES 

4700  4600 

Fig. 4—Comparison of the experimental phase velocity with 
theoretical values calculated from the complete theory 

B. Properties with an Electron Beam Filling the Region, 
ro5r.ri 

We calculate here, by a small signal approximation, 
the modification of the cold properties introduced by a 
monochromatic electron beam constrained to move 
axially at a velocity small compared to that of light 
Under these conditions only the z component of the 
electric field (always neglecting the Lorentz forces) 
interacts with the electron stream, and it may easily be 
shown' that the ac current density has only a z com-
ponent, which is linearly related to the longtitudinal 
electric field by the relationship 

— we/  o  
_   E, where ft = -- • 
vo809 — vo 

A = 

a 

2 

d  Zo(k, r:, r3) 

D Zo'(k, ro, ra) 

0. Fld 
sin 

2 

Hod 

2 

7 

where 

and 

and 

a 

(13 — 11)2 

a = 

P(7, r:, rt) 

d  Zo(ko, r2, ro) sin Hd/2 

D Zo'(ko, r2, r3) I Hd 

2 

(c0s2  Hd\ 8(Hd) 2 \ 

2 )  mr3 ) 

I 0(-yr2)K o(7ri) — 1 o(7ri) Ko(7r2) 
P — 

h(yr2)Ko(7ri) io(Yri)Ki(7r2) 

-y2 = (112 — ko2) (1 a \ 
(f1 H)21 

4r(e/m)po Jo a mp/cm 2 
  = 9.5 X 104   
vo2 110312  Volts 

Equation (6) can be solved exactly numerically, but 
it is far easier to obtain a solution by considering the 
hot propagation constant as a perturbation on the cold 
case. This method is in contradistinction to the method 
of Pierce2 who considers the hot modes to be perturba-
tions of the Hahn-Ramo waves traveling on the electron 
stream. 

The propagation constant H, with the electron beam, 
differs from the cold constant Ho by a small quantity ö 
which may be complex. One may modify (6) by expand-
ing P in a Taylor series about 7= 70 to the first order 
in a and 6. Setting H= Ho in the terms on the right 
(since the term is a correction, the error so introduced is 
negligible), the equation can be reduced to the follow-
ing form: 

(6) 

where 

and 

2 

6(u — 6)2 + A = 0 (7) 

U = 13 — Ho 

± (coo  Hod \ 8(Hod) 2 \ 

2  Dir3 ) 

(1, H od P \ 

dy 

With this relation the analysis of Section IA may be 
carried out and an equation analogous to (3) obtained. 

7-7o 

Equation (7) is a form of the usual cubic equation ob-
tained in traveling-wave tube theory. 

din 



1951  Dewey, Parzen, and Marchese: Traveling- Wave Amplifier for Medium Powers 157 

rt 

The imaginary part of the complex pair of roots is 
the gain in nepers per cm. Reduced values of the imagi-
nary part of the complex pair of roots are shown in Fig. 
5 and for the real part in Fig. 6. For calculating the fre-
quency dependence of the gain, one must calculate i4 
as a function of the frequency from the cold theory and 
then one readily gets the gain and hot phase velocity 
from Figs. 5 and 6 and (7). 
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Fig. 5—Reduced imaginary part of the 
complex pair of roots of (7). 
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Fig. 6—Reduced real part of complex pair of roots of (7). 
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For small values of a, i.e., low beam current, the fre-
quency dependence of the gain is mainly determined by 
the rate of change of u with frequency, i.e., the cold 
dispersion of the structure. For large values of a the 
frequency dependence of A becomes important. 
Actual calculation of the performance of a given 

length of this structure depends on the initial boundary 
conditions and corrections for the presence of loss. 1 he 
method in which these calculations are carried out is 
similar to that used for helix-type traveling-wave tubes 
for which extensive analyses are available in the litera-

ture.2,3 .8.9 

II. EXPERIMENTAL STUDY 

A. Description of the Experimental Tube 

A number of different structures based on the pre-
vious calculation have been made and tested. A drawing 
of a typical structure is shown in Fig. 7. 
The corrugated inner conductor is made by assem-

bling punched metallic disks with small metal spacers on 
a refractory metal mandrel and clamping the ends. The 
dimensions of the active part of the tube are, in the 
notation of Fig. 1, 

= 1.35 cm d = 0.10 cm 

r2= 1.20 cm  D = 0.125 cm 

ra = 0.20 cm  length = 1 = 14.2 cm. 

The input and output of the corrugated coaxial struc-
ture are matched to 5/8-inch outside-diameter 50-ohm 
coaxial transmission line. The outer conductor has three 
longitudinal slots cut through it; the slots have been 
found to prevent propagation of an asymmetrical mode, 
which otherwise propagates freely and causes the ampli-
fier to oscillate. 
The annular electron beam is obtained from a pure 

tantalum ring emitter operated temperature limited for 
control of the beam current. The electrostatic and mag-

s M. Goudet, "Les Recents Progres des Tube Amplificateurs pour 
Ondes Centrimetriques," Ann. Telecommun., vol. 3, pp. 445-455; 
December, 1948. 

90. E. H. Rydbeck, "Theory of Traveling-Wave Tubes," Erics-
son Techniques No. 46, Telefonaktiebologet L. M. Ericsson, Stock-
holm; 1948. 
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Fig. 7—Experimental tube. 
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netic fields are so controlled that the electron orbits 

are very nearly rectilinear and space charge forces, in 

the range of currents used, are generally small. The 

annular beam enters the coaxial structure through an 

annulus with four transverse spokes which serve to 

connect the outer conductors for radio-frequency cur-

rents. The beam leaves through a similar structure and 

is collected on a separate collector. The ratio of collected 

current to cathode current has varied between 0.6 and 

0.8. The maximum possible beam efficiency is about 

0.8 due to the part of the area of the annulus subtended 
by the radial spokes. 

B. Experimental Results and Comparison with Theory 

The operation of a dispersive traveling-wave tube of 

this type is characterized by a resonant dependence of 

the electronic gain and power output on frequency. The 

terminal impedance match is su fficiently broad-band so 

that the electronic properties alone determine the fre-
quency response of the amplifier. 

Fig. 8 shows the resonance voltage" as a function of 

frequency taken with very small beam currents. This 

curve gives a relation between beam voltage and fre-

quency which allows one to plot the various parameters 

as a function of this beam voltage. Operation in a region 

of power saturation causes an upward shift in the 

resonance beam voltage, but the shift has never ex-
ceeded 10 per cent. 
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Fig. 8—Experimental resonance beam voltage for 
very small beam currents. 

Fig. 9 shows the small-signal gain of the tube, with 

finite cold attenuation, as a function of beam current 

for various values of the beam voltage, which corre-

'0 The ratio of d/D for the theoretical curve is larger than that for 
the experimental curve which explains the higher experimental 
voltages in contrast to Fig. 4. 

sponds to the values of frequency given in parenthesis. 

The gain of the amplifier as a function of power level 

exhibits the usual marked saturation effect seen in 

traveling-wave tubes. As the power input increases, a 

point is finally reached where an increase in the input 

power results in a decrease in the output power. The 

power output is then the maximu m power output of the 

tube. 

40 

0  100  200  300  400 

BEAM CUBRENTIN MILLIAMPERES 

Fig. 9—Small-signal gain plotted against beam current. The values of 
110 in kilovolts and frequency in megacycles for the upper curve 
are 3.6 and 4,650 and, for the lower curve, 4.6 and 4,550. 

Fig. 10 shows the saturation power output as a function 

of beam current. In the curves in Fig. 10 a slight shift 

towards higher voltage has taken place due to satura-
tion. 
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Fig. 10— Saturation power output plotted against beam current. In 
the upper curve, V0=4.9 kv, f =4,550 Mc, and the gain is 16.9 db. 
The values for the lower curve•are, respectively, 4.0, 4,650, and 20. 
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In comparing these results with the theory, it is neces-
sary to take into account the excitation of the three for-
ward waves at the input and the effect of the insertion 
loss. Excitation of the three forward waves results in a 
loss calculated " to be 9 db in the growing wave at 
synchronism. The value of this excitation loss can be 
shown by (7) to depend in a complicated fashion on the 
cold attenuation and the separation of the beam velocity 
from that for synchronism. The nature of this depend-
ence is not sensitive and the value of excitation loss 
varies from 6 to 12 db for practical ranges of operation. 
The correction obtained for attenuation L, uniform 
along the structure, has been calculated by numerous 
authors2.8 and it can be shown that (7) leads to the 
same conclusion, that one must subtract one third the 
attenuation from the gross electronic gain for small 
values of attenuation. The behavior for values of attenu-
ation comparable to the gain can be shown by (7) to 
require subtracting about one half the total loss. Subject 
to the use of approximate values, the formula relating 
the net gain Gnet, to the gain per unit length G which was 

calculated in Part I is 

2L 
Gnet = lG — 9 — —  db. 

5 
(8) 

The values G in db per cm obtained from the experi-
mental results by (8) are compared to the theoretical 
values in Fig. 11. 
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Fig 11—Gain per unit length for an experimental tube with small-
signal input compared with theoretical values, for 250 ma beam 
current. 

The frequency dependence of the gain for fixed beam 
voltage is readily calculated from (7), and Fig. 12 shows 
the experimental gain as a function of frequency corn-

" J. R. Pierce, "Effect of passive modes in traveling-wave tubes," 
01  PROC. I.R.E., vol. 36, pp. 993-996; August, 1948. 

pared to the theoretical value, again by means of (8). 
The tube was operating partly saturated when this 
curve was taken, which has resulted in a shift of the 
center frequency of the experimental curve towards 
the theoretical value. 
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Fig. 12—Experimental and theoretical gain plotted against fre-
quency. In the experimental case, the power input was 0.50 watt. 
The beam values were 4 ky and 200 ma. 

EXPERIMENTAL 

C. Power Output 

The power output of a traveling-wave tube cannot 
be calculated from the foregoing analysis due to the 
failure of the small signal approximation. In general, 
numerical techniques are required. However, experi-
mental studies of helix tubes and qualitative theoretical 
arguments indicate that the power output is in general 
given by 

KGX, 
Peet =   .10170 

8 .687r-V3 
(9) 

where G is the electronic gain in db per cm and K is a 
constant which depends on a variety of factors; K is 
most sensitive to the uniformity and losslessness of the 
output section of the tube. For helix tubes, values of K 
as high as three have occasionally been obtained. We 
have been largely unable to control the magnitude of 
the attenuation in the output section of our tube. The 
values of K corresponding to the measured powers 
shown in Fig. 10 range between 0.9 and 1.2. The best 
values of efficiency and power output that have been 
obtained are about 7 per cent and 125 watts at about 
4.5 kv and 380 ma beam current with a gain of about 
17 db. In view of the work with the helix tubes and of 
certain theoretical arguments, it is likely that efficiencies 
the order of 15 to 25 per cent and power outputs in the 
vicinity of 500 watts are possible in this frequency range 
with tubes of this general type. 



160 PROCEEDINGS OF THE I.R.E. February 

Gain of Electromagnetic Horns* 
W . C. JAKES, JR.t, ASSOCIATE, IRE 

Summary—An experimental investigation of the gain of pyram-
idal electromagnetic horns is described. For the horns tested it 
was found that (1) the "edge effects" are less than 0.2 db so that 
the gain of the horns may be computed to that accuracy from their 
physical dimensions and Schelkunoff's curves; and (2) for the trans-
mission of power between two horns the ordinary transmission 
formula is valid, provided that the separation distance between the 

horns is measured between the proper reference points on the horns, 
rather than between their apertures. 

I. INTRODUCTION 

THE CUSTOMARY method of measuring the gain 
of large microwave antennas is by comparison 
with a small standard pyramidal horn. The gain 

of the standard horn is usually determined by calcula-
tion from the physical dimensions of the horn and use 
of curves given by Schelkunoff.' Since these curves are 
based on the assumption that the aperture field of the 
horn is the same as though the sides were continued in-
definitely, it is apparent that the computed gain of the 
horn may be somewhat in error because of the doubtful 
validity of this assumption. 
An experimental determination of the amount of error 

in the theoretically calculated gain due to this "edge 
effect" could be made by measuring the power transmit-
ted between two identical horns at a separation distance 
r, measured between apertures, great enough so that the 
familiar transmission formula holds: 

GX y 
PR =  PT 

4yr (1) 

where 

PR= received power 
Pr= transmitted power 
G = gain of each individual horn 
X = free-space wavelength. 

Any measurable difference between the gain computed 
from the horn dimensions and that given by (1) may be 
ascribed to edge effects. 
Several considerations complicate the simple experi-

ment described above. Ordinarily it is not practicable to 
make transmission measurements at extremely large 
values of r where it is reasonably certain that (1) holds. 
One condition, at least, that must be fulfilled is that the 
variation in phase of the transmitted wave over the 
aperture of the receiving horn should not exceed X/16. 

• Decimal classification: R325.82. Original manuscript received 
by the Institute, May 9, 1950; revised manuscript received, August 
22, 1950. 
j! Bell Telephone Laboratories, Inc., Holmdel, N. J. 
' S. A. Schelkunoff, "Electromagnetic Waves," D. Van Nostrand, 

Inc., New York, N. Y., pp. 363-365; 1943. 

If the transmitter were a point source, this would fix the 
minimum separation distance rmln between the two an-
tennas as 

b2 

=  2 — (2) 

where b is the larger dimension of the horn aperture. 
Since the transmitting antenna is not a point source, 
there is some uncertainty about the point from which to 
measure rguin ; however if one measures from the aper-
ture plane of the transmitter horn, it seems reasonable 
that the phase error will not exceed X/16 at an r„„„ 
given by (2). It is not necessarily true, however, that if 
r is the distance between aperture planes the transmis-
sion formula (1) will be obeyed for the entire range of 
rmin <r < 00. 

II. EXPERIMENTS 

The experimental part of this study was carried out 
at a wavelength of 1.25 cm, as the distances and physi-
cal dimensions of the horns involved become small and 
easily managed in this range. The variation of PR with 
r (between apertures) for 40X r 200X was measured 
for a number of pyramidal horns of various dimensions. 
Fig. 1 shows the physical setup employed. To reduce 
the effect of reflections, no objects were allowed to come 
closer than 70X to the center line of the horn. 
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TEST • CRYSTAL 
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THE TRANSMITTER UP TO THE 

RECEIVER SO THAT WITH THE 

HORNS REMOVED THE TWO WAVE-

GUIDES MAY BE COUPLED TO-
GETHER 

OUTPUT 
METER 

Fig. 1— Physical setup for measuring the variation with distance of 
the power transmission between two horn antennas. 

Before listing the experimental results it will be help-
ful to give the horn nomenclature, as shown in Fig. 2. 
Note that in general the E-plane and H-plane slant 
lengths, 1E and /H, are not necessarily equal. The "axial 
height" of the horn will be designated by h; if the horn 
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1.4  OE 
E PLANE CROSS SECTION 

aH 

H PLANE CROSS SECTION 

Fig. 2—Nomenclature for horn flared in both planes. 

is optimum2 the axial height will be designated by h0. 
In all, four pairs of horns were constructed and 

tested. They were made from sheet brass of 1/16 inch 
thickness; their physical dimensions are given in Table 
. I. Note that horns 1 and 4 were optimum horns. 

TABLE I 

Horn  aB OH 

1 

4 

4.72A 
4.72A 
4.72A 
6.73X 

6.03A 
6.03A 
6.03A 
8.49A 

lOX (=ho) 
20X ( >ho) 
5X ( <ho) 
20X (=it(*) 

Curve A of Fig. 3 shows the experimental results for 
a pair of optimum horns (No. 1 in Table I); this is typi-
cal of the results obtained in general. It is to be noted 
that PR does not vary as 1/r2, the departure being • 
greater as r decreases. A distance d was found which, 
*hen added to the r co-ordinates of curve A, caused 
these points to lie on a straight line (curve B) whose 
slope corresponds to an inverse square variation of re-
ceived power with distance. This indicates that if the 
separation distance is measured between the proper 
reference points on the horns, the inverse square rela-
tionship of (1) will be obeyed. The distance from the 
horn aperture back to this reference point will be called 

D. 
Since the transmitting and receiving horns were iden-

tical in the above experiments, it follows that D=d/2. 
For the optimum horns (with h= ho) D was found to be 
equal to the axial height. However, for the other horns 
the following was observed: if h>ho, (horn 2) D<h; if 
h <ho, (horn 3) D>h. 
Since it has been experimentally demonstrated that 

(1) is valid for rinin Gr < 00 provided r is measured be-
tween the proper horn reference points, this equation 
may now be used with the proper r to compute the 
actual horn gain. Curve B of Fig. 4 shows the results of 
this computation for horn 1. For comparison, curve A of 
Fig. 4 was computed using for r in (1) the separation 
distance between horn apertures. Curve C is the gain 
calculated from the physical dimensions of the horn 1 2 An optimum horn is one for which the flare angles in both planes 
are so chosen that, for a given length of horn, the gain is a maximum. 
This follows if: 

Bilid.21 Ex;a112.631aX. 

-12 

14 

16 

20 

22 

2 %o  60  80  100  140  200 
rht. 

Fig. 3—Variation with distance of the power transmission between 
two horns. A. Experimental results. B. Experimental results cor-
rected by adding a constant, d/X, to the abscissae of the observed 
points. 
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Fig. 4—Theoretical and experimentally observed horn gain. (Horn 
No. 1 in Table I.) A. Gain computed from (1) using for r the 
separation distance between apertures. B. Gain computed from 
(I) using for r the value ro+d, where ro is the separation between 
apertures, d is a constant described in the text. C. Gain com-
puted from the physical dimensions of the horn and Schelkunoff's 
CUCVeS. 
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and Schelkunoff's curves. These three curves are repre-
sentative of the results for the four pairs of horns; in 
general, the difference between curves B and C did not 
exceed 0.2 db, and for the optimum horns it was less 
than 0.1 db. 

III. CONCLUSIONS 

When computing the gain of pyramidal electromag-
netic horns it is permissible to use their actual physical 
dimensions and Schelkunoff's curves. The error due to 

edge effects is less than 0.1 db for optimum horns, witl 
aperture dimensions greater than 4X. 
If it is desired to compute the transmitted power be 

tween two identical horns, (1) is valid even in the transi 
tion zone between the Fraunhofer and Fresnel regions 
provided r is replaced by ro+2D. Here, ro is the separa 
tion between apertures and D is described above. 
D for an optimum horn is equal to the axial height 

but for horns shorter or longer than optimum, D it 
greater or less than the axial height and must be deter. 
mined by experiment. 

Evaluation of Coaxial Slotted-Line 
Impedance Measurements* 

H. E. SORROWSt, ASSOCIATE, IRE, W. E. RYANt, ASSOCIATE, IRE, AND 
R. C. ELLEN WOODt, ASSOCIATE, IRE 

Summary —Most ultra-high-frequency impedance measure-
ments are made by detecting the voltage-standing-wave ratio and 
nodal position in a slotted section of coaxial transmission line. 
Sources of error in these measurements are discussed and methods 
of eliminating or evaluating them are presented. It is shown that the 
maximum error due to structural defects in determining the relative 
voltage can be predicted experimentally for most standing-wave 

machines and that the resulting maximum error in the voltage-
standing-wave ratio is twice the maximum error in determining the 
relative voltage. The resulting maximum error in the nodal position 
and, also, the fractional errors in the load resistance and reactance 
due to the errors in the voltage-standing-wave ratio and nodal posi-
tion are calculated and presented in graphical form. 

I. INTRODUCTION 

ASA PART of a program to establish standards of  
measurement of electrical quantities at ultra-
high frequencies, the accuracy of impedance 

measurements using current techniques has been 
evaluated. The accuracy of measurement of most other 
uhf electrical quantities is related to the accuracy of 
impedance measurements. The slotted section of trans-
mission line with a traveling probe is the most widely 
used measuring instrument in this frequency range. 
This instrument utilizes what can be regarded as a 
comparison method, in which the impedance to be 
measured is compared with the characteristic im-
pedance of the slotted section. Since the characteristic 
impedance can be determined accurately from the 
physical dimensions and the electrical properties of the 

• Decimal classification: R244.211. Original manuscript received 
by the Institute, March 20, 1950; revised manuscript received, July 
17, 1950. For the most part, this paper was presented, Joint URSI-
IRE Spring Meeting, May 2, 1949, Washington, D. C. 
t Central Radio Propagation Laboratory, National Bureau of 

Standards, Washington, D. C. 

slotted section, the instrument can be considered an 
"impedance meter" with an inherent reference standard. 
In most uhf impedance measurements, the compai:-

son of the unknown impedance with the characteristic 
impedance of the slotted section is made by determining 
the voltage-standing-wave ratio (VSWR) and a nodal 
position by either direct or indirect methods. Obviously, 
the accuracy of such impedance measurements is a 
function of the accuracy of the determination of VSWR 
and nodal position. The purpose of this paper is to 
present: (1) a brief survey of the literature on sources 
of error in measurements of VSWR and nodal position 
together with references to methods of eliminating or 
evaluating the errors; (2) a study of the maximum 
errors in determining VSWR and nodal position which 
result from errors in measuring relative-voltage dis-
tribution along the slotted section; and (3) curves for 
evaluating the errors in impedance measurements re- I. 
sulting from these errors in VSWR and nodal position. 

II. SOURCES OF ERROR IN VSWR AND NODAL 
POSITION MEASUREMENTS 

The principal errors in the determination of VSWR 
and nodal position originate in the voltage generator, 
detector, and slotted section. These errors are discussed 
in the following paragraphs, together with references 
which describe techniques for reducing the errors to a 
negligible amount or evaluating the magnitude of the 
errors. 

1. Impure and Unstable UHF Voltage Input 

The harmonic content of most unfiltered uhf power 
sources is of sufficient magnitude to cause serious errors 
in the measurement of both VSWR and nodal position, 
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specially if an untuned probe is used. The probe is 
isually part of a high-Q circuit which is tuned to the 
undamental frequency and discriminates against even 
iarmonics. Low-pass filters with low insertion loss can 
>e inserted between the generator and the slotted sec-
ion to limit harmonic content to a negligible percentage 
)f the fundamental.' 
Instability and unwanted frequency modulation of 

.he voltage generator output during an impedance 
neasurement are other sources of error.' Variations in 
Lhe amplitude of the uhf voltage generator output also 
7ause errors in the measured values of VSWR. For-
:unately, the amplitude and frequency stability of most 
.ffif generators is sufficient for impedance measurements 
f the generators are operated from highly stabilized 
power supplies,' and proper care is taken to reduce un-
wanted frequency modulation. 

I'miciermined Response Law of Detector System 

The voltage standing-wave existing in a slotted sec-
tion is determined by sampling the electric field along 
the length of the slotted section and taking the ratio of 
the maximum to the minimum field. The response law 
)f the detector system (consisting of detector element, 
smplifier unit, and indicator) can be determined by 
terminating the slotted section in a short circuit and 
plotting the indicated output as a function of probe 
position." If the necessary equipment is available, it is 
preferable to determine the law of the detector system 
with a calibrated attenuator. The response of detector 
alements, such as Littelfuses, Wollaston wires, and 
barretters can be considered "square law" for low-
power levels or for small values of VSWR. Of course, 
the accuracy of indication of any detector is limited by 
the accuracy of associated dc and af measuring in-
struments. 

3. Alteration of Standing- Wave Pattern by the Probe 

The error in measurement of VSWR and nodal posi-
tion caused by the loading of the slotted section of trans-
mission line by the probe is negligible if the probe is 
lossely coupled to the line. If the probe penetration does 
cause distortion in the observed standing-wave pattern, 
this distortion can be determined by noting the inter-
action between two identical probes in the same slotted 
section. If the motion of either probe causes a change 
in the indicated output of the other probe, which is kept 
stationary at various selected positions, then the probe 

' C. L. Cuccia and H. R Hegbar, "An Ultra-High-Frequency 
Low-Pass Filter of Coaxial Construction," Radio at UHF, RCA, 
Princeton, N. J., vol. II, pp. 424-431; 1947. 

2 Radio Research Laboratory Staff, "Very-High Frequency 
Prechniques," McGraw-Hill Book Co., Inc., New York, N. Y., vol. 1, 
p. 35; 1947. 

3 R. C. Ellenwood and H. E. Sorrows, "Cathode heater compen-
sation as applied to degenerative d.c. power supplies," Jour. Res. 
Nat. Bur. Stand., vol. 42, no. 9; September, 1949. 

MIT Radiation Laboratory Series, "Techniques of Microwave 
Measurements," McGra,w-Hill Book Co., Inc., New York, N. Y., 
vol. 11; 1947. 

penetration is considered excessive. If it is necessary to 
tightly couple the probe to the slotted section of trans-
mission line in order to perform standing-wave meas-
urements, the magnitude of the errors introduced in 
the measurement of VSWR and nodal position can be 
determined as a function of the effective admittance 
of the probe shunting the slotted section. " 

4. Attenuation 

Attenuation in a slotted section is caused by dielec-
tric, conductor, and radiation losses. These losses are 
usually of such small magnitude that they seldom 
affect VSWR measurements. However, errors in im-
pedance calculated from VSWR and nodal position 
measurements can occur if the attenuation between the 
load terminals and the position at which the VSWR is 
measured is large. This error can be corrected if the 
attenuation constant is known.' 

5. Effect of Slot 

A narrow longitudinal slot cut in the outer conductor 
of a section of coaxial transmission line decreases the 
capacitance per unit length of line' and permits radia-
tion losses. The radiation losses are negligible for most 
types of measurements, and the capacitance decrease 
causes a slight increase in the characteristic impedance 
of the transmission line. The ends of the slot cause im-
pedance discontinuities at the junction of the slotted 
and unslotted sections. The approximate residual 
VSWR introduced by these discontinuities can be 
easily calculated.' A commercially available 1-inch 
standing-wave machine was found to have a calculated 
residual VSWR of less than 1.004 due to the slot. If the 
effect of discontinuities at the end of the slot and in con-
nectors is appreciable, equivalent impedances can be 
determined experimentally. "' 

6. Structural Defects of SloUed Section and Probe Carriage 

It may be concluded that the errors in the measure-
ment of VSWR and nodal position discussed above can 

R. M. Redheffer and Y. Dowker, "An Investigation of R-F 
Probes," Radiation Laboratory Report 483-14. 

W. Altar, F. B. Marshall, and L. P. Hunter, "Probe errors in 
standing-wave detectors," PRoc. I.R.E., vol. 34, pp. 33-44; January, 
1946. 

7 G. Glinski, 'The solution of transmission-line problems in the 
case of an attenuating transmission line," Trans. AIEE, vol. 65, pp. 
46-49; February, 1946. 
° E. Feenberg, "The relation between nodal positions and stand-

ing-wave ratio in a composite transmission system," Jour. Appl. 
Phys., vol. 17, pp. 530-532; June, 1946. 

W. H. Pickering, 0. W. Hagelbarger, C. V. Ming, and S. C. 
Snowden, "A New Method for the Precision Measurement of Wave-
guide Discontinuities," NDRC, Div. 14, Report No. 317; October, 
1944. 
'° M. S. Wong, "Microwave impedance through an arbitrary 

four-terminal network," Presented, URSI-IRE Spring Meeting, 
Washington, D. C., 1948. 
" D. M. Kerns, "The Basis of the Application of Network Equa-

tions to Waveguide Problems," CRPL-9-5, National Bureau of 
Standards; 1948. 
" M. H. Oliver, "Discontinuities in concentric-line impedance-

measuring apparatus," Jour. IEE, Part III, vol. 97, p. 29; January, 
1950. 

A 
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be evaluated or reduced to a negligible magnitude by 
the use of appropriate experimental techniques. It is, 
however, difficult if not impossible to evaluate or com-
pletely correct for the errors in VSWR and nodal-
position measurements caused by structural defects or 
mechanical irregularities of the slotted section and 
probe carriage.° The sag of the center conductor be-
tween supports, the mechanical irregularities in probe 
carriage ways which result in vertical or lateral motion 
of the probe, and the nonuniformity of cross section of 
the coaxial slotted section are examples of structural 
defects. Mechanical irregularities in the probe carriage 
ways (slotted section mounted horizontally) which re-
sult in vertical or lateral displacement of the probe 
relative to the center conductor as the probe traverses 
the length of the slotted section are usually found to be 
the chief sources of error. Because of the large number 
of parameters involved, it is difficult to predict theo-
retically the errors in the measurement of VSWR for a 
given slotted section, but these errors can be predicted 
from experimental data. One method which can be used 
to predict the performance of a standing-wave machine 
involves approximately matching the load end of the 
slotted section in order that the irregularities in detector 
response may be measured as a function of probe posi-
tion along the line. Experimental data for predicting the 
performance of a selected standing-wave machine are 
shown in Fig. 1. For this particular standing-wave 
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Fig. 1—Measured and estimated uhf voltage distribution for 
low VSWR. 

machine there is a maximum deviation of the measured 
relative-voltage distribution of about + 2 per cent from 
the estimated, true relative-voltage distribution. The 
magnitude of this deviation was found to be constant 
for frequencies in the range of 300 to 600 Mc. It can, 
therefore, be assumed that there is a maximum error of 
2 per cent in the determination of relative-voltage dis-
tribution in this standing-wave machine when measure-
ments are made in the indicated frequency range. 
Methods using either audio-frequency voltages or 

precise mechanical measurements for calibrating or de-
termining the performance of a given slotted section are 
desired. However, though experimental studies on some 
slotted sections show correlation, on others no correla-
tion is observed between af, mechanical, and uhf meas-
urements. It is, therefore, concluded that the per-
formance of a slotted-section type of standing-wave 

machine can be best determined by experiments per. 
formed at uhf. The important property to be determineCi 
is the fractional error in measuring the relative-voltage 
distribution. From this, the maximum fractional error* 
in measuring VSWR and nodal position can be deter. 
mined, and from these, in turn, can be obtained the 
resulting errors in impedance measurements. 

II. ACCURACY OF MEASUREMENT OF VSWR AND 
NODAL POSITION13 

Theoretically, all errors in the measurements of 
VSWR and nodal position can be eliminated or evalu-
ated except those errors caused by structural defects in 
the standing-wave machine. It has been shown that the 
fractional error (b) in the determination of re lative  
voltage due to these structural defects can be obtained 
experimentally. The maximum error in the measured 
value of VSWR (Po) resulting from this fractional erro 
(b) can then be predicted. Since 

VMSZ 
P = 

Vm in 
(1) 

where p, Vm., and Vmin are, respectively, the true values 
of VSWR, voltage maximum, and voltage minimum, 
the limiting values of the measured VSWR (po) are 

Vm..(1 — b)  Vn.(1  b) 
  < Po    

b) =  — b) 

For small values of b, (2) reduces to 

p(1 — 2b) 5_ po 5_ p(1 2b). 

(2) 

(3) 

Therefore, the maximum fractional error in measured 
VSWR will not be more than twice the maximum frac-
tional error • in relative-voltage measurement. The 
maximum error in measurement of VSWR with the 
standing-wave machine for which sample experimental 
curves are shown in Fig. 1 would thus be less than 4 per 
cent. 

The error in the determinatio4 of the nodal position 
can also be related to the error in relative-voltage meas-
urement. The nodal position is usually obtained by find- - - 
ing the midpoint between two positions of equal de-
tector response on each side of the minimum. A method 
of determining the error in measured nodal position re-
sulting from errors in relative-voltage measurements is 
best described with the aid of Fig. 2. The solid line 
represents the true voltage distribution (V) and the 
dashed lines represent the limits of the measured values 
of relative voltage, (1 ±b) V. The measured values, 
therefore, lie within the area bounded by the dashed 
lines. There is seen to be a maximum error of + SO in 
the location of a given voltage because of possible errors 
in relative-voltage measurements. An error in the loca-

tion of the nodal position results from this error, 80, in 
location of the equal-response voltages. 

" The analysis in Sections III and IV applies to waveguides as 
well as to coaxial transmission lines. 
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Fig. 2—The determination of the maximum error in nodal position 
from the fractional error h in relative-voltage measurement. 

It is shown in Appendix A that, if it is assumed that 
the slotted section is lossless and that the probe does 
not distort the standing-wave pattern, the maximum 
error (34,) in the location of the nodal position is given 
by the equation 

1 
IF=— arccos 

4 

1 
— aSCCOS 
4 

Lp2 +1 1+ (p2 — 1) sin' (0-4 ') 
(p 2 — 1) 

  (1—b)' 
2 

[p2 ± 1 1+ (p2 — 1) sin' (0 — if ) 
, 

p 2 - 1  ( p 2 l  ) 

(1+11)2 
2 

(4) 

where (0-40 is the magnitude of the distance in electri-
cal degrees from the nodal position to the true equal-
response voltage positions. 
(54, is seen to be a function of p, b, and (0 —4/). For a 

given impedance measurement, p is the measured 
VSWR and b is a constant for the slotted section used, 
whereas (0 —is) is a function of the equal-response 
voltages. 

p. 
S - 6 

VOLTAGE STANDING WAVE RATIO 

;0 

Fig. 3—Curve of optimum equal-response voltage for minimum 
error in determination of nodal position. 

It is shown in Appendix B that SNI, is a minimum if 
equal-response voltages are selected having a magni-

tude 

/42(1 + 

I  P2 + 1 
=   Vrnin• (5) ' A/ 

Since 6' is very small compared to unity, it may be neg-
lected. V rapidly approaches ‘, 2 V.I. as p increases 
as shown in Fig. 3. From equations (4) and (5), the 
minimum value, 611/.„ of the maximum error in nodal 
position is found to be 

0)2 SNP., = — axccos [ (1)2 — 1)20 — 1  1  (6) 
4  

1 

Curves for (6) are shown in Fig. 4. 
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Fig. 4—Curves of maximum error in nodal position determined from 
positions of equal-response voltages of 

V2p2(1  tril) 

PI + 

versus voltage-standing-wave ratio for various fractional errors 
in measurement of relative voltage. 

For small values of b and of the error 15‘1/..„ (6) can be 
approximated by 

2p6 
(7) 

1 
P 

It is easily shown that the VSWR and nodal-position 
measurements are meaningless for p5(1+6/1 —b). 

III. EVALUATION OF ERRORS IN IMPEDANCE MEAS-

UREMENTS AS A FUNCTION OF THE ERROR IN 

VSWR AND NODAL PosITIoN" 

The terminating impedance of a lossless uniform 
transmission line can be expressed as a function of the 

" Following completion of this paper it was brought to the 
authors' attention that an essentially identical development of the 
material presented in Section III and Figs. 5-8a was independently 
given by F. M. Millican in U. S. Navy Electronics Laboratory Report 
No. 110, "Error Analysis of Slotted Transmission Line Impedance 
Measurements." 
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VSWR (p) and the distance (*) from the nodal position 
to the load terminals by the following equation: 

cos .'— jp sin ‘1, 
Z =   (8) 

p cos gi — j sin * 

where Z is the normalized impedance at the load ter-
minals. The assumption, in (8), that the slotted section 
is lossless introduces only a negligible error in most 
measurements. However, if the section of transmission 
line between the load and the measured nodal position 
has excessive loss, (8) must be modified as described 
in the literature.' 

The normalized resistive and reactive components of 
the complex impedance Z are given respectively by the 
following equations: 

P2 cos'  sin2 

(1 — p2) sin 4, cos 
x =   

p2 cos2 + sin2 

(9) 

(10) 

From the differentials of these equations with respect 
top and T, it is possible to obtain the fractional errors in 
normalized resistance and reactance that result from the 
errors in the determination of VSWR and nodal posi-
tion. The fractional errors in resistance and reactance 

due to small incremental errors op and 0* can be ex-
pressed as follows: 

(P2 + 1)  
1  (1 cos 24/) 

2  bp 
(P2 1) 

1 +  (1 + cos 24,) 
2 

Sr (p2 — 1) sin 2* 
  (54, (12) 

Ox 

(p2 l) 
1 +  (1 + cos 2*) 

2 

2p2 

(p2 _ 1)  Op 

()2 1) 
1 +  (1 + COS 240 

2 

—2 [1 (p2 + 1)  (1 + cos 24,)] 
2 

(sin 24,) [1 + (p2_ 1) (1 + cos 24,)] 
2 

(13) 

S*. (14) 

These equations are plotted in Figs. 5, 6, 7, 8(a), and 
8(b). The graphs present the absolute values of the 
factors by which any fractional errors in the determina-
tion of VSWR, and any errors in nodal position, should 
be multiplied in order to obtain the resulting fractional 
errors in the load resistance and reactance. The abscis-
sas if of the curves are distances in electrical degrees 
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Fig. 5—Curves for determining errors in resistance caused by 
small errors in measurement of VSWR. 
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Fig. 6—Curves for detertnining errors in resistance caused by 
small errors in measurement of nodal position. 

from the load terminals to the nearest voltage mini-
mum. If * is between 90° and 180°, the errors are the 
same as for an electrical distance of 1800—T since the 
curves are symmetrical about 'I'=90°. 

A Smith Chart's is useful in understanding the shape 
of the curves of Figs. 5, 6, 7, 8(a), and 8(b). For exam-
ple, in Fig. 5 the error in resistance is found to be zero for 
certain combinations of values of VSWR and nodal 

13  P. H. Smith, "Transmission-line calculator," Electronics, vols. 
12 and 17; January, 1939, and January, 1944. 
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position. An inspection of the portion of the Smith 
• Chart which includes these values of VSWR and nodal 
position shows that the resistance is practically con-
stant for small changes in VSWR. Similarly, in Figs. 
8(a) and 8(b), the error in reactance is seen to be zero 
for certain values of VSWR and nodal position. For 
these values, the Smith Chart shows the reactance to 
be practically constant for small changes in nodal posi-
tion. Fig. 8(b) is a supplement to Fig. 8(a) and presents 
the ratio ax/641 for values of %If near 0° and 90°. Fig. 8(b) 
is desirable since the ratio (ox/x)/134, in Fig. (8a) becomes 
too large for graphical representation with the selected 
scale as if approaches 0° or 90°. 
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Fig. 7—Curves for determining errors in reactance caused by 
small errors in measurement of VSWR. 

CONCLUSION 

A study of the accuracy of impedance measurements 
made by determining the voltage-standing-wave ratio 
and nodal position in a slotted transmission line indi-
cates that all errors except those introduced by struc-
tural imperfections can be corrected or evaluated by 
known techniques. It is possible to obtain the maxi-
mum magnitude of this last type of error by experi-
mentally determining the maximum error in relative-
voltage measurement for each standing-wave machine 
and frequency band. The maximum fractional error in 
the voltage-standing-wave ratio is twice this constant, 
and the maximum error in nodal position can then be 
obtained from a graph, provided the proper equal-
response voltages are used. 
The effect of these and any other errors in VSWR 

and nodal position on the accuracy of the calculated 
terminal resistance and reactance can also be obtained 

Impedance Measurements 
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Fig. 8(a)—Curves for determining errors in reactance caused by 

small errors in measurement of nodal position. 
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from graphs. Therefore, although the errors in imped-
ance caused by imperfections in the standing-wave 
machine cannot be easily corrected, their maximum 
values can be obtained from an experimentally deter-
mined constant and a few equations or graphs. 
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APPENDIX 

A. Maximum Error in Locating Nodal Position 

In Fig. 2, * and 0 are respectively the distances in 
electrical degrees from the load terminals to the nodal 
and probe positions. 01 and 02 are the probe locations of 
two equal response voltages. The maximum error 6,1, 
in determining the nodal position is half the sum of the 
maximum errors, MI and 502, in the location of the equal 
response voltages. The limits of the measured nodal 
position may be expressed as follows: 

or 

± 6,1, = 
2 

(0, ± bei) + (02 ± 602) 

+ 02 801+ 802 
+ =   

2  2 

(15) 

(16) 

The maximum error in the location of the nodal position 
is, therefore: 

601 -I- 502  
45* = +  (1 7) 

2 

Expressions for 601 and 602 can be obtained from the 
equation for a voltage standing-wave on a lossless trans-
mission line, 

V = Vn,,„[1 + (p2 — 1) sin2 (0 — *)Jan  (18) 

where (0 —4,) is the distance in electrical degrees from 
the probe position to the position of a voltage minimum. 
The maximum error in the location of a selected re-
sponse voltage is obtained by calculating the distance 
between positions at which the expressions for V and 
either (1+b) V or (1-5) V are equal. Because of the 
symmetry of the voltage distribution curve, the dis-
tances 6+01 and 6_02 of Fig. 2 are equal. Therefore, by 
substituting 5_02 for 401, 5* becomes equal to one-half 
the sum of the absolute values of 402 and 6_02. By 
equating the expressions for V and (1 —b)V at 02, 

(1 — b)[1 — ( p 2  1) sin2 (02 _ 402).11/2vmin  

= [i + (,2 __ 1) sin2 (02 _ 4,)11/2vmin.  (19)  

Similarly, by equating the expressions for V 
(1+0 V at 02, 

(1 -I- b)[1 (p2 — 1) sin2 (02 — — 6_02)]u2V„,,„ 

= [1 (p2 — 1) sin2 (02 — *)11/217,,,,. (20) 

and 

From (19), 

1  [P2 I 1 -1- (P2 — 1) sin2 (02 — ,11)] 
402 = —2   cos' p 2 _  1 (p2 — 1) 

  (1 b)2 
2 

— (02 — (21) 

From (20), and the equality of the absolute values of 
401 and 6_02, 

5.01 = Le2 = (02 — 
1 
cos-1 

2  

Februar; it 

1 + (1)2 — 1) sin2 (02 — *)] 
(22) 

(p 2 _  1) 

2 
(1 + 6)2 

The maximum error, 6*, in the nodal position deter-
mined from two equal-response voltages at a distance 
(0-40 electrical degrees from the voltage minimum is 
equal to half the sum of (21) and (22), or 

= 
8+01 + 5+02 

2 

1  r 2 1  1 +  (p 2 _  1) sin2 (0 _ 4)1 
= — cos_    
4  p 2 1 (p 2 _  1) 

  (I —  b)2 
2 

1  p 2 1  1 +  0,2 _  1) sin2 (0_ cos-a 'F) 

4  p2 — 1 (p2 _ 1) 
(1 + 5)2 

2 

(23) 

Since 1+ (p2 — 1) sin2 (0-40 = (V/ ilmin)2 from (18), 6* 
may be expressed as a function of the equal-response 
voltages used, or 

1 
= — cos' 
4 

1 
— cos-1 
4 

(P2 + 1)(1 — b)2 —  

(p2 — 1)(1 — b)2 

[ (p ± 1)(1 + b) — 2  V  2 

['Tulin ] i 

(P2 — 1)( 1 + 5)2 
• (24) 

B. The Minimum Value of 5* 

The value of V for which 6* is a minimum is obtained 
by equating to zero the derivative of (24) with respect 
to V. The value of this equal-response voltage V for 
which 6* is a minimum is found to be 

v 2p2(1 1,2) 
V =  (25) 

p2 

Since b2 is very small compared to unity, the expression 
for V reduces to 

2p2 
V =   Vrn In• 

11 /p 2 _4_ 1 
(26) 

The voltage is of this magnitude at values of (0-4i) 
such that 

V p2(1 ± 262) — 1 
sin (0 — NF) =  (27) 

P4 _  1 

If the expression for V in (25) is substituted in (24), 
the minimum value 6,1,„, of the maximum error in de-
termining nodal position is given by 

= 
1 
— cos' [1 
4 

32p2b2 1 

(p2 — 1)2(1 — b2)2j• 
(28) 
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Summary —It is a well-known fact that negative feedback has a 
favorable influence on the phase stability of an amplifier. However, 
if the negative feedback is applied between the input and output 
terminals of an amplifier, which is the active part of an oscillating 
loop, it turns out that the negative feedback may be interpreted either 
in terms of phase stability of the amplifying section or in terms of 
phase discriminating properties of the passive frequency determining 

section of the loop. 
The consequences of this alternate point of view for the design 

of oscillator networks are discussed. 

I. INTRODUCTION 

A
NANALYSIS of an oscillator circuit, obtained by 
writing down the complete set of circuit equa-
tions, in principle may give all information avail-

able about the behavior of a particular circuit. 
Because of the algebraic complexity of the problem, 

the consequences of changes in circuit elements or the 
influence of additional elements are not always easily 

understood. 
However, Llewellyn's' principles, which make oscil-

lator frequency substantially independent of plate- and 
filament voltage, may serve as a brilliant example that 
a complete analysis of the circuit is extremely useful.  • 
From a designer's point of view, some principles al-

rowing a more synthetic approach of the problem may 
be of use. 
Most oscillators may be regarded as a closed loop of 

1 an active and a passive four-terminal. In general, the 
passive four-terminal has a frequency determining func-
tion, whereas the active four-terminal is necessary to 

: compensate losses in the frequency determining part. 
The problem of generating constant frequencies may 

be summarized in the conditions which have to be im-
i posed on the active and passive part of the closed loop. 

A necessary and sufficient condition for a single closed 
loop to cause oscillation is given by a Nyquist plot sur-
rounding the appropriate critical point. This criterion, 
however, gives little information about the frequency 
which is to be generated. 
To study frequency behavior the following necessary, 

although not sufficient conditions can be used: 
1. The net phase-shift 0 around the oscillating loop 

I must be zero or an integral number of times 27r. 

!-

rt) = n X 2r,  n = 0, 1, 2, • • • . (1) 

* Decimal classification: R139.1 XR133. Original manuscript re-
ceived by the Institute, December 12, 1949; revised manuscript re-
ceived, July 21, 1950. 

Radio Laboratory of the Netherlands' Postal and Telecom-
munication Services, 's-Gravenhage, Netherlands. 
' F. B. Llewellyn, "Constant frequency oscillators," PRoc.I.R.E., 

vol. 19, pp. 2063-2095; December, 1931. 

Alternate Ways in the Analysis of a Feedback 
Oscillator and its Application* 

E. J. POSTt AND H. F. PITt 

2. The net gaip g around the closed loop must be one 

or greater than one: 

g I.  (2) 

In the following text it will be supposed that, more-
over, the Nyquist criterion is always satisfied.2 
Before proceeding to formulate the conditions which 

have to be imposed on the amplifying and frequency de-
termining part of the closed loop, in order to obtain con-
stant frequencies, we want to call the attention to the 
fact that the splitting up of a closed loop into an active 
and passive part is not necessarily unique. 
A very instructive example may be illustrated in the 

following section by means of the network of Meacham's 
well-known crystal oscillator.* 

II. A TOPOLOGICAL PECULIARITY OF 
MEACHAM'S OSCILLATOR' 

The network shown in Fig. 1(a) is the conventional 
concept of the Meacham oscillator. In the neighborhood 
of the generated frequency the tuned transformers will 
be regarded as ideal. The frequency determining section 
with in- and output transformer of the amplifier are 
drawn once more in Fig. 1(b). The dotted line in Fig. 
1(b) is of no consequence, in case the connection to the 
primary of the transformer is suitably chosen no cur-
rent will flow in it. According to this, the circuit of the 
Meacham oscillator (Fig. 1(a)) can be rearranged as 
shown in (Fig. 1(c)). An inspection of Figs. 1(b) and 
1(c) shows that the dotted line of 1(b) is a full drawn 
line in 1(c), connecting a tap of the input transformer to 
one side of the secondary of the output transformer of 
the amplifier. Moreover, the resistive branch of the 
bridge circuit of Fig. 1(a) is included in the amplifier 
section of Fig. 1(c). 
Apparently oscillator networks Figs. 1(a) and 1(c) are 

equivalent from a point of view of loop transmission. 
The only difference between the networks Figs. 1(a) 

and 1(c) is the sectioning of the loop into amplifying and 
frequency determining part. 
Once the equivalence of networks 1(a) and 1(c) has 

been established an interesting conclusion may be 
drawn. 
According to Meacham, the frequency stability of os-

cillator network 1(a) is explained by the extraordinary 

2 In case of a multiple loop transmission this applies to the in-
tentionally positive feedback loop. 

L. A. Meacham, "The bridge-stabilized oscillator," PROC. 1.R.E., 
vol. 26, pp. 1278-1295; October, 1938. 

The point of view developed in this section has been suggested 
by the comments of G. H. Bast and W. H. van Zoest. 
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(a) (c) 

(b) 

Fig. 1—Network equivalence for Meacham oscillator circuit. 

phase discriminating features of the bridge circuit in the 
frequency determining four-terminal, however, ob-
tained at the expense of additional attenuation. 
The frequency determining four-terminal of network 

1(c) has a comparatively moderate attenuation, and 
exhibits no extraordinary phase-discriminating quali-
ties. The amplifier part, on the other hand, has a con-
siderable amount of negative feedback, reducing its ex-
cess of gain and resulting in an improved phase stability 
of the active part of the loop circuit. 

With regard to general relations between phase and 
attenuation, the following rule is suggested: 
An additional attenuation associated with a corre-

sponding improvement in the phase discriminating prop-
erties of the frequency determining four-terminal may 
as well be interpreted as an inversed feedback between 
the output and input terminals of the amplifier. 

00  r 

(a) 

The rule enunciated above allows one to approach the 
problem in more than one way, and can be used as a 
suitable tool in oscillator network synthesis. 
In the same way as the bridge circuit can be inter-

preted in terms of voltage feedback, the bridge-T cir-
cuit may be interpreted in terms of current feedback. As 
discussed by Shepherd and Wise' the phase discriminat-
ing properties of the Hartley (or Colpitts) oscillator can 
be improved by the use of a bridged-T section. Figs. 2(a) 
and 2(b) show that a frequency determining section of a 
Hartley oscillator connected to an amplifier with cur-
rent feedback is equivalent to a bridged-T section com-
bined with an amplifier of which the current feedback 
has been removed. 

W. G. Shepherd and R. 0. Wise. "Variable-frequency bridge-
type frequency-stabilized oscillators," PROC. i.R.E., vol. 31, pp. 256-
269; June, 1943. 

--0 0— 

 r 

(b) 

Fig. 2—Network equivalence for Hartley oscillator circuit. 
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III. PHASE PROPERTIES OF ACTIVE AND 

PASSIVE SECTIONS 

Having made a definite separation between active and 
passive section of the closed loop, the attention may be 
directed to a more detailed study of the phase-frequency 
characteristics of amplifier (AIM  and frequency deter-
mining four-terminal 4h(w) (see Fig. 3). In the neigh-

'I 

 71' 

° 

Fig. 3—Phase response of the active and passive loop sections near 
the frequency of oscillation. 

borhood of the frequency to be generated, cki and 02 may 
be developed around their points of zero phase oh and 

ac(wi)  (w - (J.) + • • Ow 
42(0)2)  

(CO  W2) +Ow • • 

adding and making use of condition 1 (page 169) 

01(w) + 4)2(w) = 0. 

Here phase shift eventually with reference to 180°. 

Hence 

if 

1  1 

=w Wj + W2 
1 -I- S  1 

1  - 

S 

s= 

(3) 

(4) 

The natural condition to make the influence of the fre-
quency determining part predominating is: 

S >> 1.  (5) 

The magnitude of S, defined in (4), has to be regarded 
as a criterion to what extent the frequency generated in 
the loop can be made independent of the amplifier sec-
tion. However, an excessive high figure for S only is by 
no means a guarantee for frequency constancy. 
It is worth while to point out that the definition of S 

satisfies the principle of equivalence enunciated in sec-
tion II. A moderate slope acth(oh)/13co combined with a 
very small acki(oh)/aw of the active section yields a same 
figure for S as a very large slope ack(oh)faco combined 
with a moderate slope of aoi(wi)/aw. 
The relations (3) and (5) may serve as a starting point 

to formulate the prevailing properties which have to be 
satisfied by the active and passive four-terminal sections 
of the loop for generation of constant frequencies. 

AMPLIFIER A 

1. The slope of phase versus frequency must be small 
and constant in the neighborhood of the generated 

frequency co. 
2. The frequency of zero phase oh is fixed near co. 

The importance of negative feedback is obvious as a 
means to diminish the slope of phase versus frequency.' 
It is believed that, in the long run, the phase stability 

of capacity resistance coupled amplifiers compare fa-
vorably to tuned amplifiers. 

FREQUENCY DETERMINING CIRCUIT B 

1. The point of zero phase ah must be fixed. 
2. The slope of phase versus frequency must be large 
and constant. 

Fluctuating stray capacities across input and output 
terminals of the frequency determining circuit must 
have little influence on oh. In many cases low impedance 

fi,lter sections are favorable.8'9 

7 F. E. Terman, "Radio Engineer's Handbook," p. 401, Fig. 38, 
McGraw-Hill Book Co., Inc., New York, N. Y.; 1943. 

J. K. Clapp, "An inductance-capacitance oscillator of unusual 
frequency stability," PROC. 1.R.E., vol. 36, pp. 356-359; March, 
1948. 

9 G. F. Lampkin, "An improvement in constant-frequency oscil-
lators," PROC. I.R.E., vol. 27, pp. 199-202; March, 1939 
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Requirement B2 involves the use of nearly purely re-
active elements, hence high Q. In case of electromechan-
ical elements like crystals, the accessory reactive ele-
ments of the four terminals must be chosen with care so 
that the favorable properties with regard to requirement 
B1 are not impaired. For crystal oscillators this is an 
argument to use series resonance, using the electro-
mechanical branch of the crystal only. 
It must be kept in mind that condition B1 has a pri-

ority over condition B2. An extremely high Q is useless, 
unless condition B1 is satisfied. From a designer's point 
of view it is very instructive to study existing oscillator 
circuits by splitting up in passive and active sections 
and analyzing the subsequent parts in order to learn to 
what extent the conditions mentioned above are satis-
fied. 

IV. OSCILLATOR CIRCUITS 

Any properly matched combination of amplifier stages 
and frequency determining four terminals, possibly on 
low impedance basis, allowing a net phase shift of zero 
or n X27r radians and a loop gain adjustable to unity, 
may give a suitable, linearly operating, oscillator. 
An amplifier section operating in a linear part of its 

characteristic is an essential condition to guarantee 
phase stability, hence frequency stability of the com-
plete loop.' 
An adjustment of the loop gain of a purely linear os-

cillator to unity exactly is well beyond the aims which 
can be realized physically, unless an automatically reg-
ulating device is included. 

R TH(-) 
••-• 

IUI 
3 

_ 

1  2 

Fig. 4 

The oscillator circuit shown in Fig. 4 may serve as an 
example for the principles of design developed in the 
foregoing sections." A low impedance output stage of the 
amplifier has been used to supply the input voltage of 
the bridge. The positive feedback loop is connected to 
the cathode, the negative feedback loop to the grid of the 
differential input stage of the amplifier. The two tubes 

"I A similar design using two tubes has been advocated by Gold-
berg and Crosby. The circuit Fig. 4 differs from Goldberg and 
Crosby's design by the application of negative feedback and by its 
amplitude controlling features. (H. Goldberg and E. L. Crosby, Jr., 
Proc. NEC, (Chicago), p. 240; November 2-5,1947.) 

are coupled by a conventional capacity resistance net-

work to close the loop. 
The amplitude controlling device is usually included 

in the negative feedback loop by means of a thermal re-
sistance. The properties of this system of amplitude con-
trol are not identical to those of the conventional 
Meacham bridge, because of the fact that one of the 
bridge elements is a dynamic impedance. The influence 

of this impedance is such that a completely compensat-
ing control of the amplitude can be obtained in spite of 
a very moderate gain of the amplifier. 
Moreover, the bridge is not seriously affected if 

crystals with considerable difference in loss resistance 
are inserted, in view of the fact that the dynamic cath-
ode impedance of the differential input-stage auto-
matically readjusts the bridge equilibrium. 
An analysis of the amplitude controlling device is 

somewhat lengthy, but straightforward (see Appendix). 

V. CONCLUSION 

The alternate points of view discussed in Sections II 
and III of this paper have been illustrated by methods of 
"network geometry. " 
The principal aim of its application has been to em-

phasize the prevailing points which make oscillator fre-
quency substantially independent of ambient influences 
on the amplifying section, e.g., variations in power 
supply, and aging of tubes and circuit elements. 
A searching investigation may be necessary to scan 

the practical boundaries. The difficulties arising from 
very high figures of S (see (4) and (5)) being used, are 
analogous and partly identical to the problems encoun-
tered in feedback amplifier design and must be attacked 
accordingly. 12 

APPENDIX 

Analysis of the Amplitude Control 

In case one of the bridge elements is the cathode-re-
sistance of an amplifier tube, one- has to deal with the 
effective impedance of the cathode circuit. 
For an amplifier stage with a differential input, the 

input impedance on the cathode is a function of the 
voltage ratio edek, eg =grid voltage, ek = cathode volt-
age. (Fig. 5.) The input impedance Zi on the cathode is 
defined as 

ek 
2; = --- • 

[1 

The circuit equations are 

ek = 114 — I22k 

gek — eu) = 1.2(R;  Zk -I- Z.) — IlZk• 

(6) 

(7) 

(8) 

" As shown by one of the reviewers of the original manuscript, 
the equivalence is obvious from an analytical point of view as well. 
" H. W. Bode, "Relations between attenuation and phase in 

feedback amplifier design," Bell Sys. Tech. Jour., vol. 19, pp. 421-
455; July, 1940. 
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e9 
ek Z7k 

12 

Za 

Fig. 5—Amplifier stage with differential input. 

:quations (6) and (7) give 

12 
Zi = Zk (1 - 

Ill 

iolVing (7) and (8) for /1 and /2 

talk - ek{R4 + Z. +  + 1)Zkl 
I, - zk(R; + R.) 

(/.4 + 1)ek - 
12 - 

;ubstitution in (9), yields an expression for Z4 

(R4 + Za)Zk 

(R; Z,z)Zk 
Z, =   

(Ri +  + Zk 

:xpressing that the cathode impedance is shunted by the 
)late load impedance and internal resistance of the tube 
n series. 
In view of the following application, we will write (10) 
n the form: 
Ii 

Z4 = 
R4 + Z„ + Zk{l + 1.4(1 - a)} 
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in which all the elements are supposed to be purely re-
sistive and R4 is written for Zi, being the fourth element 
of the bridge. Fig. 6 gives a plot for a television pentode 
of R4 as a function of the voltage ratio a =eglek, e0 and 
ea having the same phase. 
The bridge circuit connecting the cathode of the 

grounded plate stage to the cathode and grid of the dif-
ferential input stage of oscillator circuit Fig. 4 is shown 

separately in Fig. 7. 
The voltage ratio a may be expressed in the bridge 

elements R1. . . 4; R3 being the selective series-resistance 
of the crystal. The resulting expression for (1 -a) is 

(Fig. 7) 

(9) 

(10) 

a is written for the voltage ratio eg/ek. It is easily veri-
ied that a = 0 reproduces the input impedance of a 
:rounded grid stage, whereas a = 1 (cathode and grid 
hortcircuited) gives 

R4 = 

180 

160 

140 

R4 120 

100 

80 

60 

Ri 
Rh   
Ri + R. + Rk(1 + ti(1 - a)) 

0 0,5 

(10a) 

CX 

Fig. 6—Cathode input impedance of a differential amplifier 
stage as a function of voltage ratio a. 

(1 - a) - 

11 

ek - e. R4R4 - R3R2 

ek R4R4 + R2R4 

I 2 

3 
1 2 

Fig. 7—Bridge circuit connected to the differential amplifier. 

Inserting (11) in (10a) gives a linear equation for R4. 
Solving for R4 yields a formula expressing R4 as a func-
tion of the remaining bridge elements R1-3 and the 
parameters of the differential amplifying stage: 

,.R2R3 
Ri + R. +   

R1+ R2  
R4 = Rk  if Rk<< (Ri + R.). 

R4 + R. + 
R1+ R2 

ARIRk 

Writing S. for the effective transconductance S R, 
we have the expression: 

R1 ± R2 + SeR2R3 
R4 = Rh   

R1 + R2 + SeRiRk 
(12) 

An inspection of equation (12) shows that R4 approxi-
mates 

R1+ R2 

R2R3   i  R2R3 f S.>>1 
R1 + R2 

RiRk ' 

or, in other words, the effective resistance R4 tends to 
approximate bridge equilibrium. 

Ri 
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The practical consequence of this peculiarity is that, 
within certain limits, crystals with arbitrary differences 
in loss resistance may be inserted without seriously dis-
turbing the adjustment of the bridge. 
It must be emphasized, however, that the phenome-

non, being strictly linear, must be looked upon as a de-
vice of automatic bridge-readjustment. It has no ampli-
tude controlling features of its own. 
A control of the amplitude can be obtained with a 

nonlinear element only. Let us suppose the bridge ele-
ment R1 to be a thermal resistance with negative char-
acteristic. Its nonlinear properties will be explained by 
the formula 

now 

and 

R, = R0(1 — 

1i=   (see Fig. 7) 
R, + R2 

dR, 
dR4 = —  dE = 

dE 

-yRo 
 dE. (13) 
R1+ R2 

If the loop is in a steady state of oscillation, the net 
gain is exactly unity. Therefore the attenuation of the 
bridge is reciprocal to the gain g of the amplifier. Hence 
the bridge circuit (Fig. 7) gives an expression for the 
gain: 

ek — e,, 1 
=  = 

R4 R2 

R3 +  R4  RI +  R2 

Differentiation to the variable elements g, R1 and R„ 
gives 

(14) 

dg  R3  R2 

 dR4  dRi. (15) 
g 2  (R 3 ±  R 4)2  (R1+ R2)2 

According to formula (12) the differential dR4 can be 
expressed in the differentials of R1 and the differential of 
the gain of the amplifier, because g is proportional to S.. 

aR,  aR, 
dR4 =  dg —  dRi. 

ag aR, 
(16, 

Inserting (16) and (13) in (15) and solving for dE, 

1  aR„  R3 

+   

g2 ag (R3 ± R4) 2  
dE = — dg. 

( OKI 
I R3  dR,  aRi R2 

dE t (R3 ± R4)2 (R1 ± R2) 2 J 

This expression relates a change in gain to a con, 
responding change in E, the input voltage of the bridge. 
A compensated control of the amplitude is possible il 

OR.  (R3 ± R4) 2 

ag  g2R3 

An inspection of formula (17) shows that OR4/ag <0 if 
RkRi>>R2R3. The last inequality being a necessary con.• 
dition to assure an excess of positive feedback. 
For the computation of the differential quotient 

0R4/3g it has to be remembered that the gain of the 
amplifier depends on Se. There are other factors affect-l -

ing the gain; the influence, however, of the second 
(cathode follower) tube is comparatively small because 
of its individual inversed feedback. 
A similar conclusion is obtained if R2 is taken as a 

thermal resistance with positive characteristics. 
Hence, the combined efforts of pseudo-linear element 

and dynamic impedance as elements in the bridge create 
the possibility of a compensated control of the ampli-
tude for a finite and very moderate gain of the ampli-
fier. 
In general, the source supplying the input voltage of 

the bridge has a finite internal impedance. Therefore, 
the use of a thermistor (negative characteristic) being af 
constant voltage device on its own, assists the stabiliz-
ing properties of the control action. 

CORRECTION 

D. D. King, author of the paper, "Two standard field-strength meters for 
very-high frequencies," which appeared on pages 1048-1051 of the September, 
1950, issue of the PROCEEDINGS OF THE I. R.E., has brought the following error 
to the attention of the editors. 

In the caption for Fig. 7 on page 1051, "1 volt per wavelength (EX,=1)," 
should read "1 volt per resonant wavelength (EX,= 1)." 

(17', 
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Spectrum Analysis of Transient Response Curves* 
H. A. SAMULONt, ASSOCIATE MEMBER, IRE 

Summary—The paper describes a method of computation of 
mplitude and phase response of a network from its measured tran-
ient response. Tables and nomographs have been included to facil-
.ate the numerical evluation. 

INTRODUCTION 

SINCE TRANSIENT tests are rapidly becoming standard engineering tools, the importance of 
spectrum analysis of measured response curves is 

teadily increasing. 
It is well known that such an analysis can be made in 
.ases where the mathematical expression of the respec-
ive curve is given by evaluating the Fourier integral. 
-n cases where only the graph of the response curve is 
cnown, this leads to a lengthy and laborious graphical 
ntegration and is hardly practical. 
Another method will be briefly described here which 
vas presented by Bedford and Fredendall.' The prin-
:iple of this method, called by its authors "square-wave 
inalysis," is as follows: 
The given curve is approximated by the sum of sev-
ral step-functions which are regularly spaced in time 
Fig. 1). The complex Fourier spectrum of each step 
unction is computed. The sum of the individual spectra 

-1 

•••_•• A .18* 111,•0 

L 

Fig. I —Stair-step approximation of a given curve. 

is the spectrum of the sum of step functions. Since this 
ium is assumed to be a good approximation of the given 
curve, it is reasonable to assume that its spectrum is a 
good approximation of the spectrum of the original 
curve. The corresponding mathematical operations are 
given below: If F(t) is the given curve, f(t) a unit step 

• Decimal classification: R143 X537.7. Original manuscript re-
ived by the Institute, March 15, 1950; revised manuscript received, 
August 22, 1950. Presented, 1949 National IRE Convention, New 
York, N. Y., March 8, 1949. 
t General Electric Company, Electronics Park, Syracuse, N. Y. 
I A. V. Bedford and G. L. Fredendall, "Analysis, synthesis, and 

evaluation of the transient response of television apparatus," PROC. 
I.R.E., vol. 30, pp. 440-458; October, 1942. 

function and r the spacing between adjacent steps: 

OD 

F(t)  E Bnf(t — nr)  (1) 
fl-0 

where Bn are the amplitudes of the individual step func-
tions. 
The Fourier spectrum of a single step function is: 

(km f+.  =  e-inwr 
Bnf(t — nr)e-A"di = B„   (2) 

and the spectrum of the function F(t): 

1 - E Bne-inwr. (3) 
jco 

The equation for the (complex) transfer function 
H(w), if we assume an ideal unit function at the input 
terminals, is, therefore: 

rg.)  E Bne-inwr. 
fl-0 

(4) 

METHOD USING (sin x/x)-FuNcrimos 

This method which has proved very useful in a great 
number of cases is based on the following fact: Almost 
all transient response curves have one property in com-
mon; namely, their spectrum does not contain com-
ponents above a certain limit, say f, to any appreciable 
amount. This is due to the inherent properties of the 
system under test and of the test equipment itself. In 
cases where an oscilloscope is used, the scope amplifier 
might be the limiting item; in other cases, different 
parts of the test setup might cause the frequency limita-
tion. A function of this type, namely, a function the 
frequency spectrum of which has an upper limit fc, can 
be synthesized exactly by a sum of functions of the type 
sin x/x. This was proved by Shannon in a recent pub-
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Fig. 2—Synthesis of a given curve by sin x/x functions. 
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lication.2 The conditions for the synthesis will be ex-
plained with the help of Fig. 2: The measured curve is 
"sampled" at regular intervals (r) which must be smaller 
than or equal to (1/2fc). At each sample point, a curve 
of the described type is placed with an amplitude equal 
to the amplitude of the corresponding sample point. In 
Fig. 2 the sin x/x curves are only partly drawn in order 
to improve the clarity of the figure. The next step is to 
find the complex Fourier spectrum of each individual 
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Fig. 3—Transient response curve. 

• 

sin x/x function. Then, the sum of these spectra is the 
Fourier spectrum of the measured curve. Provided that 
the above assumption holds, that is, that no frequency 
components above fc are present, this would be the cor-
rect answer, not an approximation. The validity of this 
assumption will be discussed later. 
The mathematical derivations for the method de-

scribed above, follow: Let the given time function be 
again F(t) and r the time spacing between adjacent 
sampling points, then: 

sin fc(t - nr)2ir 
F(t) = E A „   

fc(t — nr)27r 

1 
r  —  (5) 
— 2f, 

where A,, are the amplitudes of the sampling points, 
and f is the highest component in the frequency spec-
trum of F(t). It can be shown that the spectrum of the 
nth term of the sum of (5) is 

f :0 sin 27rfc(t - nr) 
44(0) =  An   e-Padt 

27rfc(t - nr) 

e-inrcr 
= A„   (6) 

Hence, the Fourier spectrum of the given curve F(t) is: 

e ince, 

•cp(0.) =   E A„   
n..0  2f, 

1 
7 = --- • 

2f, 
(7) 

2 C. Shannon, "Communications in the presence of noise," PRoc. 
I.R.E., vol. 37, pp. 10-22; January, 1949. 

This equation relates the spectrum to the measur 
points Ao, A1, A • • • of the transient response cury 
and is, therefore, the answer to our problem. In manjl 

cases, however, it is of advantage to express the spectral 
not by the sample amplitudes A, but by the first dif4 

ferences or increments of A. If we define Bn= An- Ao-h. 
and neglect constant time delay, then (7) becomes (8)0 
as derived in the mathematical Appendix. 

CO 

41(w) -   E (8) 
7r ,,...o 

j4f, sin —f/f, 
2 

In a case where the measured curve is the response tc 
an ideal step function the complex transfer function oi 
the system under test will be described by (9). The 
transfer function is, of course, the complex notation ol 
amplitude and phase response of a network. 

r/2.f/fc 
11(w) =   

sin (r/2f/f,,) 
(9) 

Our assumption, on which the derived formulas 8) 
and (9) are based, was that the spectrum of the response 
curve does not contain frequencies above a certain 
limit fc. Since this assumption will never be fulfilled 
with full mathematical rigor for a practical network, 
the practical value of the method might be questioned., 
It can, however, be shown that the amount of the erroid 
which will be largest near the nominal cutoff frequency! 
f„, will be in general smaller than the amplitude response' 
at f„, provided that the response does not rise again! 
above its value at f, for frequencies f/fc> 1. An exampled 
in which the condition for a frequency cutoff has been, 
fulfilled only approximately, follows here. 
A certain transient response curve (Fig. 3) was as-

sumed of which the accurate mathematical expression!, 
is given by (10) 

2 
F(t) = 1 - e-2 *10 - e--*Pol • sin (VS riot)  (10) 

A/3 

and analyzed by three different methods: First, by the 
evaluation of the Fourier-integral which, of course, pro-
vides the exact answer;3 second, by the method just 
described and, third, by the "square-wave method" 
mentioned earlier. The time spacing for the sampling 
was chosen to be 1/5fo. The results are shown in Fig. 4. 
The solid curve shows the correct solution, the crosses 
the results of the proposed method and the circles the 
results of the "square-wave method." The time delay-
response is omitted for reasons of space. 
In spite of the fact that our assumption was not% 

completely fulfilled (we have at 1,, only 24 db instead 

The solution is: 

H(w) 1 

-(1/.10- ‘4'")(fifo-l- civ")(1+.77/.4) 
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Fig. 4—Amplitude response corresponding to transient 
response of Fig. 3. 

of an infinitely large attenuation), the results obtained 
are of considerable accuracy. This can also be seen from 
Fig. 5, which shows the relative error of the amplitude 

responses. 

• WIETNOD OF 61140110  FR1100.04U. 
• FROPOSIN 111160D 
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Fig. 5—Relative error of amplitude response. 

• 

It is believed that for the same accuracy the proposed 
method allows a considerable decrease of the number of 
sampling points compared with previous methods and, 
therefore, constitutes a time saving in the numerical 
evaluation. 
It might be mentioned that in a case where the nat-

ural cutoff frequency fc is far above the frequency of 
interest, the cutoff can be lowered artificially by the 
use of a low-pass filter. One can thus avoid an unneces-
sarily large number of sampling points. 

THE NUMERICAL EVALUATION 

In this paragraph it will be shown how the numerical 
evaluation of the formula for the transfer function can 
be made. Since the following simple relationship exists 
between the transfer function H(w) and the spectrum 
(assuming an ideal step function input), 

4)(co) 
=   (11) 
E/jw 

where 

H(w)= complex transfer function 
43(w) =complex Fourier spectrum 
E/jw= complex spectrum of an ideal input step func-

tion of amplitude E 

it is not necessary to discuss the numerical evaluation of 

Co)) as well. 
For a certain frequency fo for which the calculation of 

phase and amplitude of a network is desired, the expres-
sion for H(w) takes the form: 

H (wo) =  r/2.fo E Bne-inTfolk  (12) 
7 n—O 

Jr sin — fo/fe 
2 

On the right side, all values are known; the B's are 
the differences of the sample amplitudes, fo is the fre-
quency for which the evaluation is being performed, 
and fe is the cutoff frequency. The main part of the 
evaluation is to form the complex sum EBne—inivoic. 
This can be done graphically (as for a similar case pro-
posed by Bedford- and Fredendall).1 Another method is 

used here; we write: 

E B ne— in'10 /1. 

30 

= E Bn cos (nrfolf,) — j E Bn sin (n7folf,)  (13) 

30 

E Be • • • = E cnco . — j Ec.01 (14) 
0  0 

Tables are computed for different values of n, Bn and 
fo/f, which allow one to find c,-„i„ and  If the sums 
Ec.in and Ecoo1 are found and called Coi„ and Coo. 
the nomographs I or II allow one to find the amplitude 
response of the network being analyzed (I H MI) for 
fo. Nomograph III gives the phase for fo. 
It should be mentioned that the phase angle thus 

obtained is the so-called "principal value," i.e., it might 
be necessary to add a multiple of zr to it. 
The constant time delay cannot be computed by 

this method, since terms pertaining to it were neglected 
in the course of the derivation. 

INSTRUCTIONS FOR THE USE OF TABLES 
AND NOMOGRAPHS 

General 

The tables are computed for a sampling point spac-
ing of 0.05 is; they are valid for any other sampling 
point spacing 7* if the frequency values printed on 
tables and nomographs are multiplied by 0.05/r*As. 

The Sampling 

(a) Use a spacing 7 smaller than 1/2 f, where fo is 
the cutoff frequency, defined in the first part of this 

paper. 
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(b) Place the sampling points so that the first point 
(subscript n= 0) is not farther to the right than one 
interval r past the start of the variation of the curve 
(see Fig. 6). Sampling points must continue to the point 
where the curve ceases varying. 

3 

i° 
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-••• 
NO Vaal/ MON 

IINTONO THIS POINT 

-... TINE 

Fig. 6—Sampling of an experimentally determined transient 
response curve. 

(c) Tabulate the amplitudes at the sampling points. 
Let these be called A0, A1, A2, A3, • • • , A,,, • • • . 
(d) Form the differences Ao-0,A,—A 0, A2 — At, • • 

and let these be called Bo, B1, B2, • • • , B„, • • • . (Some 
values of B might be negative.) If necessary, the values 
of B should be multiplied by an arbitrary scale factor 
so that the largest value of B lies between 70 and 99; 

1  i  I 1 
20  10 9 8 7 6 5  4 

Scale 1 

Scale 2 

this assures higher accuracy in the results.' 
(e) Round off the values of B thus found to the 

nearest whole number. 

The Computation of the Auxiliary Values Coin and Coo. 

Select the table (Tables I—XII) for the frequency for 
which amplitude and phase is to be computed. For cal-
culation of Cain use the heading marked "for C,,i„." En-
ter the argument column (under the heading B.) with 
the B. value; proceed horizontally to that column for 
which the heading contains the corresponding subscript 
number N and tabulate the value thus obtained. (Note: 
The value c.a. which has been found, normally has the 
same sign as B„ unless the subscript in the heading is 
preceded by an asterisk, in which case they have oppo-
site sign.) This must be done for all B„'s of which the 
subscripts are listed in the heading. 
It is advisable to perform this conversion not in the se-

quence of the points (i.e., Bo, B1, B2, • • • ) but rather 
in the sequence of the groups indicated by the headings 
(e.g., for 0.625 Mc and C.11: first for the points with 
the subscripts 1, 15, 17, 31 then for the next group 2, 14, 
18, 30, etc.). 
Add all values tn.,0 thus found, retaining proper 

signs. The sum is the auxiliary value 

4 The scale factor will only appear in the final result for the ampli-
tude; it can be eliminated by dividing the result by the scale factor. 
This, however, is not necessary if only relative values are of interest. 
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03.04 06.05 09.00 11.86 16.61 17.22 19.67 21.92 23.96 25.78 27.34 21.64 29.66 30.40 30.05 31 
03.14 06.24 09.29 12.25 15.08 17.78 20.30 22.63 24.74 26.61 28.22 29.56 30.62 31.39 31.85 32 
03.23 06.44 09.58 12.63 15.56 18.33 20.94 23.33 25.51 27.44 29.10 30.49 31.58 32.37 32.64 33 
03.33 06.63 09.87 13.01 16.03 18.89 21.57 24.04 26.28 28.27 29.98 31.41 12.53 33.35 3).84 34 
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05.19 10.34 15.39 20.28 26.98 29.45 33.62 37.68 60.97 44.07 46.74 48.97 50.72 51.98 52.75 53 
05.29 10.53 15.68 20.67 25.46 30.00 34.26 38.18 41.74 64.90 67.62 49.89 51.67 62.96 5).74 54 
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05.78 11.51 17.13 22.58 27.81 32.70 37.4) 41.72 45.61 49.06 52.0) 54.51 56.46 57.67 58.72 59 
05.88 11.70 17 62 22.96 28.28 33.34 38.06 1.2.43 46.38 49.89 52.91 55.43 57.41 51.85 59.71 60 

05.98 11.90 17.71 23.34 28.76 33.0938.70 43.13 47.15 50.72 53.80 56.36 58.37 59.83 60.7'  61 
06.08 12.09 18.00 2).73 29.23 34.45 52.33 4).84 47.93 51.55 54.68 57.28 59.33 60.81 61.70 62 
06.17 12.29 18.29 24.11 29.70 35.00 19.97 44.55 48.70 52.18 55.56 58.21 63.28 61.79 62.70 63 
06.27 12.48 18.50 74.1,9 30.17 35.56 40.66 45.25 49.47 53.22 56.44 59.13 61.24 62.77 63.69 64 
06.37 12.68 18.87 24.88 30.64 36.11 41.24 45.96 50.25 54.05 57.32 60.05 62.20 6).75 64.69 65 
06.47 12.87 19.16 25.26 31.11 36.67 41.87 46.67 51.02 54.88 58.21 60.98 63.16 64.73 65.68 Ed 
06.57 13.07 19.45 25.64 31.58 37.22 62.50 47.38 51.79 55.71 59.09 61.10 64.11 65.71 16.66 67 
06.66 13.26 19.74 26.02 32.06 37.78 63.11. 48.08 52.56 56.51, 59.97 62.8) 65.07 66.69 67.67 68 
06.76 1).46 03.03 26 '41  32 '53  3104  43 .77  48 .79  53.34 57.37 60.85 6).75 66.03 67.68 68.67 69 
06.66 13.65 20.32 26.79 33.00 )8.89 44.41 49.50 54.11 58.21 61.73 64.67 66.98 64.66 69.66 TO 

06.96 11.85 22.61 27.17 33.47 39.45 45.04 50.20 54.88 59.04 62.61 65.60 67.94 69.66 70.66 71 
07.06 14.04 20.90 7/.55 )3.94 4.0, 00 45.08 50.91 55.66 59.87 63.50 66.52 68.90 70.62 71.65 72 
07.15 14.24 21.19 27.94 34.42 40.56 46.31 51.62 56.63 60.70 64.78 67.44 69.85 71.60 72.65 73 
07.25 14.43 21.46 28.32 34.88 41.11 46.95 52.33 67.20 61.53 65.26 68.37 70.81 72.52 73.64 74 
07.35 14.63 27.77 28.70 35.36 41.67 47.58 53.0) 57.98 62.36 66.14 69.29 71.77 7).56 74.64 75 
07.45 14.42 22..6 zi.oe 35.8) 42.2) 48.21 5).74 58.75 63.1? 67.02 70.22 72.72 74.54 75.64 76 
07.55 15.02 22.35 29.47 36.30 42.78 48.85 54.45 59.52 64.03 67.91 71.14 73.68 75.52 76.63 77 
07.64 15.21 22.64 29.85 )6.77 43.34 49.48 55.15 60.29 66.86 68.79 72.06 74.64 76.50 77.63 76 
07.74 15.41 22.93 30.23 37.24 43.89 50.12 55.86 61.07 65.69 69.61 72.99 75.60 77.48 78.62 79 
07.84 15.60 23.22 27.62 37.71 44.45 50.75 56.57 61.64 66.52 70.55 73.91 76.55 78.46 79.62 80 

07.94 15.80 23.51 31.00 38.18 45.00 51.39 57.28 62.61 67.35 71.43 74.64 77.51 79.46 80.61 81 
08.04 15.99 23.80 31.38 38.65 45.56 52.02 57.98 63.39 68.18 72.32 75.76 78.47 80.4) 81.61 82 
08.13 16.10 24.09 31.76 39.13 46.1.1 52.66 58.69 64.16 69.01 73.20 76.68 79.42 81.41 82.60 83 
08.23 16.38 24.39 32.15 39.66 46.67 53.29 59.40 64.93 69.85 76.08 77.61 80.38 82.39 83.60 
06.1) 16.58 24.68 32.5) 40.07 47.23 5).92 60.10 65.71  70.68  74.96  78.53  81.34 83.37 84.59 :t 
08.43 16.77 24.97 32.91 40.54 47.78 54.56 60.81 66.48 71.51 75.84 79.46 82.29 84.35 85.5, 86 
08.53 16.97 25.26 33.29 41.01 48.34 55.19 61.52 67.25 72.34 76.77 80.38 01.25 85.33 66.68 87 
08.62 17.16 25.55 33.68 41.48 48.89 55.82 62.22 66.02 73.17 77.61 81.30 84.21 86.31 87.58 ea 
08.72 17.16 25.84 34.06 41.95 49.45 56.46 62.93 68.80 74.00 78.49 82.23 85.16 87.29 88.57 89 
08.82 17.55 26.13 34.46 42.43 50.00 57.10 63.64 69.57 74.84 79.37 83.15 86.12 68.27 89.57 90 

00.92 17.75 26.42 )4.83 42.90 50.56 57.73 64.35 70.34 75.67 80.25 84.07 87.08 89.25 90.56 91 
09.02 17.94 26.71 35.21 43.37 51.12 58.36 65.05 71.12 76.50 81.13 85.00 88.0) 90.23 91.56 92 
09.11 18.14 27.00 35.59 43.84 51.67 59.00 65.76 71.89 77.33 82.02 85.92 813.99 91.21 92.55 9) 
09.21 18.1) 27.29 35.97 44.31 52.2) 59.6) 66.47 72.66 78.16 82.90 86.85 89.95 92.20 93.55 94 
09.31 18.53 27.50 16.76 44.78 52.76 60.27 67.17 73.44 713.99 83.78 87.77 90.71 9).18 94.54 
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09.51 18.92  23.16 37.12 45.7) 53.89 61.54 68.59 74.98 80.66 85.54 89.62 92.82 95.14 96.53 ::  
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09.60 19.11 28.45 37.50 46.20 64.45 62.17 69.20 75.75 81.49 66.43 90.54 93.70 96.12 72.53 
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- 
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59 
80 

8,1 
62 

65 
(6 
67 
68 

71 
72 
7) 

7S 

77 
78 
79 
80 

81 
e2 
113 
a, 
85 
86 
07 
88 
69 
70 

91 
92 
97 
94 
95 
96 
97 
90 
fe 

00.20  20.38  80.56  00.71  00.63  03.92  00.96  1 
80.19  7.7.77  01.11  01.41  01.66  01.05  01.96  2 
00.59  01.15  01.67  02.12  02.49  02.77  02.94 

I 07.78  01.5)  02.22  02.83  00.33  03.70  03.92 
00.78 01.91  02.78  03.54  01.11  04.62  04.90  5 
01.17  02.30 0).33  04.21.  04.99  05.54  05.88  6 
01.37  32.64  03.89  06.95  05.02  06.47  06.66 
01.56 13.06  04.44  05.66  06.05  07.39  07.85  8 
01.76  73.44  05.00  06.36  07.48  66.32  08.8)  9 
01.95 73.83  05.56  07.07  08.32  09.26  09.81  10 

22.15 04.21  06.11  07.78  09.1.5  10.16  10.79  11 
02.34  04.60  06.67 08.69  79.98  1.1.08  11./7  12 
02.54  04.98  07.22  09.19 10.51  12.01  12.75  1) 
02.73  05.36  07.78  09.90 11.64  12.9)  13.7)  14 
02.9)  05.74  08.33  10.61 12.47  13.06  14.71  15 
03.12  05.12  06.89 11.31  13.30  14.78  15.69  16 
0).32  06.51  09.45  12.02 14.11  15.71  16.67  17 
03.51  06.89  10.70 12.73  14.97  16.6)  17.65  18 
03.'1  07.27  10.56 13.4)  15.80  17.55  18.64  19 
03./0  07.65 11.11  16.14  16.6)  16.48  19.62  20 

04.10  30.04  11.67  14.85 17.46  19.10  20. 66  21 
06.29  08.42 12.22 15.56 18.29  20.3)  21.58  22 
04.47  08.130 12.70  16.26  19.12  21.25  22.56  23 
04.68 09.18 13.33  16.97  19.96  22.17  23.56  24 
04.00 09.57  13.85 17.68  20.79  2).10  24.52  25 
05.07 09.95  14.45 18.38  21.62  24.02  25.50  26 
05.27 10.33  15.CC 17.09  22.45  24.95  26.48  27 
05.66  10.72  15.58  19.50 23.28  25.87  27.46  28 
05.66  11.10  16.11 20.51  24.11  26.79  28.46  29 
05.65  U.48  16.67 21.21  24.95  27.72  29.42  30 

06105  11.06 17.72  71.92  25.78  28.64  30.40  31 
06.24  12.25 17.70  22.6)  26.61  29.56  31.39  32 
06.44  12.63  16.33 23.13  77.44  30.49  )2.37  )3 
06.63  13.01  18.89 24.04  28.27  11.41  33.35  34 
06.83  13.39  19.45 26.75  29.10  32.34  34.33  35 
07.12  13.70 20.00  25.66  29.93  33.26  35.31  36 
07.22  1..16  20.56 26.16  30.77  34.18  36.29  )7 
07.61 14.54  21.11  26.87  11.60  35.11  37.27  38 
07.61 14.92  21.67  27.58  32.63  36.0)  38.25  39 
07.50 15.31  22.22  28.20  3).26  )6.96  39.23  40 

08.00  15.69 22.78  20.7'7  34.09  37.88  10.21  41 
08.19 16.07  23.14  29.70  34.92  38.80  41.19  42 
08.39 16.46  23.89  33.41  35.75  )9.73  42.17  43 
08.58 16.84 24.45  31.11  36.59  40.65  43.16  44 
08.28 17.22 25. 80  31.82  37.42  41.58  44.14  65 
08.77  17.60 25.56  32.53  38.25  42.50  45.12  46 
09.17  17.99 26.11  33.23  39.01  43.42  46.10  47 
07.36 18.37  26.67 3).94  )9.91  44.15  47.08  48 
09.56  18.75  27.22  36.65 40.74  3.5.27  48.06  49 
09.75 19.14.  27.78  35.36 41.57  46.20  49.04  50 

09.o5  19.52  26.31.  )6.06 42.41  47.12  50.02  51 
1c.i..  19.97  28.89  36.77 4).24  48.04  51.00  52 
1.5.,„  20.2e  29.45  37.48 44.07  48.97  51.98  5) 
10.53 20.67  )0.00  38.18 44.90  49.09  62.96  54 
10.73 21.05  10.56  38.09 45.73  50.81  53.94  55 
15.97 21.43  31.11  39.60  46.56 51.74  54.92  56 
11.12 21.81  31.67  40.30 47.10  52.66  55.91  57 
...31  22.20  )2.22  41.01 48.2) 53.59 56.09  58 
1..51 22.58  32.78  41.72 49.06 54.51 57.87  59 
1..70 22.96  33.34  42.43 49.09  55.43  58.85  60 

B, 

5 
6 
7 

10 

3.2 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 

25 
26 
.27 
28 
29 
30 

)1 
)2 
33 
)4 
35 
)6 
37 
38 

a 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

1 7  2 6 3  5 4 
.9 .15 .10 .14  .11.1)  .12 
17 1) le 22 11 21  2; 
'25 .31  .26 .30  .27 .29  '2, 

) .5 
.11 13 
19 .21 
.27 29 

2 .6 
.10 14 
10 .22 
.26  30 

1 .7 
.9 15 
17 .23 
.25 31 

0 
.8 
16 
.24 

00.28  00.71  00.92 
00.77  01.41  01.85 
01.15  02.12  02./7 
01.51  02.83  0).70 
01.91  03.54  04.62 
02.30  06.21.  05.54 
02.64  04.95  06.47 
03.06  05.66  07.39 
03.44  66.36  08.12 
03.8)  07.07  09.26 

04.22  07.78  10.16 
04.60  64.49  11.04  12 
04.98  09.19  12.01  1) 
05.16 09.90  12.9)  IL 
05.74  10.61  13.86  05 
06.12  11.31  14.78  16 
06.51  12.02  15.71  17 
06.89  12.7)  16.6)  18 
07.27  13.43  17.55  19 
07.65  14.11.  16.48  20 

08.04  14.85  19.40  21 
08.42  15.56  20.3)  22 
08.80  16.26  21.25  23 
09.18  16.97  22.17  24 
09.57 17.61  2).10 25 
09.95  18.38  24.02  26 
10.3)  19.09  24.95  27 
10.72  19.80  25.87  28 
11.10  20.51  26.79  29 
11.48  21.21  27.72  30 

11.06  21.92  28.64  31 
12.25  22.63  29.56  32 
12.6)  23.3)  30.49 3! 13.01  24.04  31.41 
13.19  24.75  32.34  35 
13.76  25.46  1).26  36 
1..16  26.16  34.18  37 
14.54  26.87  35.11  38 
16.92  27.58  36.0)  39 
15.31  28.28  36.96  40 

15.69  28.79  37.80  41 
16.07  29.70  30.00  42 
16.46  30.41  )9.73  1.) 
16.84  31.1.1  40.65  44 
17.22  31.82  41.58  45 
17.60  32.53  42.50  46 
17.99  33.2)  43.42  47 
18.37  33.94  44.35  48 
18.75  34.65  45.27  49 
19.16  35.36  46.20  50 

19.52  36.06  47.12  51 
19.90  36.77  48.04  52 
20 .28  37.48  48.97  2 
20.67 38.1.8  49.89 
21.05  38.29  50.81  55 
21.43  )9.60  51.7u  56 
21.81  40.30  52.67  57 
22.20  1441 53.59 58 
22.58  41.72  54.51  59 
22.96  42.43  55.43  60 

10 

11 

11.90  23.34  33.89  43.13 50.72  56.36  59.0)  61  61  II  23.34  43.13  56.36  61 
12.09  21.71  34.4,  43.84  51.55 57.78  60.81  62  62  jj  2).73  43.84  57.28  62 
12.29  24.11  35.00  44.55  52.38  58.21 61.79  63  63  II 24.11  44.55  58.21  63 
1i..8  24.49  35.56  45.25  53.22 59.13  62.77  64  64  24.49  45 .2 5  59.1) 64 
.,.1,3  24.58  36.11  45.96  54.05 0.05  63.75  65  65  24.08  45.96  60.09  65 

...26  36.67  46.67 54.88  60.90  64.71  66  66  25.26  46.67  60.98  66 
. . ,  .5.64  37.22  47.18  55.71 la..0  65.71  67  67  25.64  47.38  61. 0  67 
1,.e , 26.02  )7.10  48.08 56.54  62.83  66.69  68  68  26.02  48.08  62.8)  68 

26.41  38.34  48.79 57.37  63.75  67.68  69  69  26.61  48.79  6).75  to 
26.79  38.89  49.50 58.21 54.67 68.66  70  20  26.79  47.50  64.67  70 

17.65 
L..04 
L..24 
L..43 

11.41 
15.613 

15.60 
15.97 
16.10 
16.78 
16-8 
16./7 
16.97 
17.16 
17.36 
17.55 

27.17  )9.65  50.20 59.04 65. 60 69.66  71 
77.55  40.00  50.91 57.87 66.52 )0.62  72 
27.96  40.56  51.62 60.70 67.44 71.60  73 
2802  41.11  52.3)  61.53  68.37  72.58 74 
28.70  41.67  53.03  62.16  0.29  73.56 75 
29.60  4..2)  53.7.  53.07  7..22  74.54 76 
29.47  42.70  54.45  54.03  71.17.  75.52 77 
29.85  43.34  55.15  54.86  72.06 76.50  78 
30.2)  43.89  55.86  55.07  12.99  7744 79 
30.62  44.45  56.57  56.52  73.91  78.46 80 

)1.00  65.00  57.28  67.35  94.54  79.44 81 
31.38 45.56  57.98  58.18 7../6 80.4) 82 
31.76  46.11  58.69  Y7.01  77.68  81.41 83 
32.15  46.67  59.40 69.85  77.61 82.39 84 
32.5)  47.23  60.10  90.68  78.51  83.37 05 
32.91  47.78  60.01  71.51  79.46  84.35 86 
33.29  68.3.  63.52  72.16  00.0  85.11 87 
)1.68 48.89  62.21  7).17 81..0 86.31 88 
34.06  .9.45  62.9)  74.00  82.2)  87.29 89 
34.44  10.07  6).66  74.84 8).15 80.27 90 

17.75  34.83  50.56  64.75  75.67 
17.94  )5.21  51.12 t'.55 76.50 
18.11.  35.59 51.67 65./6  770) 
18.13  )5.97 52.2) 66.67  78.16 
18.5) )6.36 ;2.78 67.17  78.79 
18.72 16.74  0.14  67.8 19. ,2 
18 ,2  )7.12  .).89  68.57  )0.66 
19.11  .7.50 4.45  69. 0  11.47 
1941  O a .5.00 70.60 It.tt 

86.07  89.25 91 
85. 00  90.23 92 
85.92 91.21 73 
66.05 92.20 94 
87.77 9).18 95 
88.69 94.15 96 
89.61 95.1). 97 
90.56 96.12  98 
91.10  519.1°  W 

71  27.17 
72  77.55 

27.94 
74  2802 
75  20.70 
76  29.09 
77  29.47 
78  29.85 
79  30.2) 
80  30.62 

50.20  65.60  71 
53.91  66.52  72 
51.62  67.44  73 
52.33  68.37  74 
53.03  69.29  75 
5).76  70.22  76 
54.45  71.14  77 
55.15  72.06  78 
55.86  72.99  79 
56.57  73.91  eo 

II  31.09  57.28  74.84  81 
$t  11.18  57.98 75.76 82 
83  31.76  58.69 76.68 83 
84 32. 15 59.40  77.61  84 
85 32.5) (0.10  70.5)  85 
66  )2.91  60.81  79.46  86 
87  33.27  61.52  60.38  87 
80  3).68  62.22  81.30  88 
89  34.06  62.73 02.2)  09  
90  34.44  63.64  83.15  90 

91  34.83  64.35  84.07  91 
92 35.21  65.05 05.00  92 
9) 35.59  65.76 05.92  9) 
94 35.97 66.47 86.05 94 
95 36.36 67.17 07.77  95 
96  36.74 67..0  08.69  96 
97  37.12  68.59 09.62 97 
.8 )7.50  69.30  90.5.. 98 
99  ILA  M O  91i/  W 

TABLE II  'I ABLE III 
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F=1.875 MC 

5 
11 
.21 
.27 

.6 
.10 
22 
26 

I 
15 
.17 
.31 

6 
12 
.20 
.20 

7 
.4 
2) 
25 

2 
14 
.10 
.70 

3 
1) 
8.9 
.29 

.8 

24 

.4 
13 
19 
.29 

2 
.14 
.18 
30 

.7 
9 
23 
.24 

.4 
1.2 
2,0 
.20 

1 
.15 
.17 
31 

.6 
I, 
4- 
.25 

.5 
11 
21 
.6'7 

0 
.1C 

1 
2 

6. 
6 
7 

9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
)0 

31 
32 
33 
31 
35 
36 
3? 
38 
39 
40 

41 
42 
4) 
44 
45 
46 
47 
48 
49 
50 

51 
52 
5) 
54 
55 
56 
57 
sa 
59 
60 

61 
62 
63 
64 
65 
66 
6? 
68 
69 
TO 

71 
72 
73 
74 
75 
76 
77 
78 
79 
eo 

81 
82 
ti) 
64 
85 
86 
47 
68 
89 
90 

91 
92 
93 
94 
95 
96 
97 
98 
09 

00.20 
00.39 
00.59 
09.78 
00.98 
01.17 
01.3? 
01.56 
01.76 
01.95 

32.15 
02.34 
02.54 
02.73 
02.93 
03.12 
03.32 
03.51 
03.71 
0).90 

04.10 
04.29 
04.49 
04.68 
04.88 
05.07 
05.7) 
05.46 
56.66 
05.05 

01.321 
00.77 
01.15 
01.53 
01.91 
02.30 
02.68 
0).06 
03.44 
03.83 

04.21 
04.63 
04.96 
05.3E 
05.74 
06.12 
06.51 
06.89 
07.27 
07.65 

00.04 
08.42 
08.80 
09.18 
09.57 
09.95 
10.33 
10.72 
11.10 
11. 0 

00.56 co. n 
01.11  01.41 
01.67  02.12 
02.22 02.03 
02.78  03.54 
03.33  04.24 
05.69 04.95 
04.44 05.66 
05.00  06.36 
05.56  07.07 

06.11  02.74 
06.67  08.49 
07.22  09.19 
07.78  09.90 
00.33  10.61 
08.89  11.31 
09.45  12.02 
10.00  12.7) 
10.56  13.4) 
11.11  14.14 

11.67  11.85 
12.22  15.56 
12.78  16.26 
13.33  16.97 
13.89  17.68 
11.55 18.58 
15.00  1949 
15.56 19.80 
16.11 20.51 
16.67  21.21 

06.05  11.86  1/.22 21.92 
06.24  12.25  17.78 22.63 
06.44  12.6) 13.3)  2).33 
06.63  1).01  18.69  24.04 
06.8)  11.39  19.55 25.75 
07.02  13.78  20.00 25.46 
07.22  14.16 20.56  26.16 
07.41  14.54  21.11 26.6? 
07.61  14.92  21.67 27.58 
07.80  15.11  22.22 28.28 

08.06 
08.19 
08.39 
08.58 
69.78 
08.97 
09.17 
09.76 
09.56 
09.75 

09.95 
10.14 
10.34 
10.53 
10.73 
10.92 
11.12 
11.31 
11.51 
11.70 

11.90 
12.09 
12.29 
12.58 
12.68 
1..87 
1).07 
.3.26 
1).46 
13.45 

13.85 
14.04 
16.26 
14.43 
14.6) 
14.42 
15.02 
15.21 
15.41 
15.60 

15.69 
16.07 
16.46 
16.85 
17.22 
17.60 
17.99 
16.17 
18.75 
19.14 

19.52 
19.90 
20.26 
20.67 
21.05 
21.53 
21.81 
22.20 
22.50 
22.96 

23.34 
23.71 
24.11 
24.45 
25.1.7 
25.28 
25.11 
,6.02 
26.41 
26.79 

27.17 
27.55 
27.94 
28.32 
20.70 
2/.09 
29.47 
29.85 
30.23 
)0.62 

22.78 28.99 
23.31 29.70 
23.59 30.41 
24.55  31.11 
25.00 51.62 
25.56 32.53 
26.11 33.23 
26.67 33.94 
27.22 3/.65 
27.78 35.16 

28.34 
28.99 
29.45 
30.00 
30.56 
31.11 
)1.67 
)2.22 
32.78 
33.31 

3).09 
)4.45 
35.00 
35.56 
36.11 
36.67 
)7.22 
37..8 
36.14 
1).69 

36.06 
36.77 
37.48 
38.18 
38.89 
39.60 
40.30 
41.01 
41.72 
42.43 

53.13 
43.85 
55.55 
45.25 
45.96 
46.67 
17.38 
48.08 
48.79 
49.50 

)9.45  50.20 
1.0.00  50.91 
40.56  51.62 
41.11 52.33 
51.67  53.0) 
42.21 53.7. 
42.70  54.45 
43.34 55.15 
43.89  55.86 
44.45 56.57 

15.60  31.00  15.00  57.28 
15.99  31.38  45.56  57.98 
16.10  31.76 46.11 58.69 
16.38  )2.15 46.67 59.50 
16.58  32.5)  47.2)  60.10 
16./7 32.91  47.78  60.81 
16.97 33.29 48.34  61.52 
17.16 23.66 58.89  62.22 
17.36  )4.06 69.45  62.93 
17.55  )4.44 50.00  63.64 

17.75 
17.94 
18.11. 
18.33 
18.5) 
18.72 
18.92 
19.11 
19.31 

36.8) 
35.21 
)5.59 
35.97 
)6.36 
)6.74 
)7.12 
37.50 
3709 

50.56  64.35 
51.12  65.05 
51.67  65.76 
52.23  66.17 
52.70  67.17 
53.34  67.88 
5/.69 68.59 
51.15  69.30 
55.00  70.01 

03.83 00.92  00.98 
01.66 01.85  01.96 
02.49 02.77  02.94 
03.3)  03.70 03.92 
04.16 04.62  04.90 
04.99  05.56  05.88 
05.82  06.47  06.06 
06.05  (77.39  09.e5 
07.413  06.32  08.8) 
06.32  09.26  09.01 

09.15  10.16  10.79 
09.98  11.09 11.77 
10.81 12.01  12.75 
11.61 12.91  1).73 
12.47 13.86  11.71 
13.30  11.78  15.69 
14.14 15.71  16.67 
14.97 16.63  17.65 
15.80  17.55  18.64 
16.63  16.48  19.62 

17.16  19.40  20.60 
18.29  20.3)  21.58 
19.12  21.25  22.56 
19.96  22.17  23.56 
20.79  23.10  25.52 
21.62  24.02  25.50 
22.45  2..95  26.58 
23.28 25.87 27.46 
24.11 26.79  28.44 
24.95  27.72  29.42 

25.78 
26.61 
27.14 
28.27 
29.10 
29.93 
30.77 
31.50 
32.4) 
33.26 

34.09 
)4.92 
)5.75 
36.59 
37.42 
38.25 
39.08 
39.91 
40.74 
41.57 

42.41 
43.24 
44.07 
44.90 
15.7) 
46.56 

1,13.23 
/9.66 
69.89 

50.72 
51.55 
52.38 
5).22 
55.05 
54.88 
55.71 
56.54 
57.37 
58.21 

59.04 
57.8? 
60.70 
61.53 
62.36 
6).1? 
66.0) 
64.86 
65.69 
66.52 

67.35 
68.18 
69.01 
69.65 
70.60 
71.51 
72.34 
73.17 
74.00 
74.84 

75.67 
76.50 
77.33 
78.16 
78.99 
79.02 
60.66 
81.417 
82.29 

28.64  30.40 
29.56  31.39 
30.69 32.37 
31.,1  3305 
32.34  34.33 
33.26 35.31 
34.18  36.29 
35.11  37.27 
36.6)  3..25 
)6.96 39.23 

37.88 40.21 
38.50  41.19 
)9.7)  42.17 
40.65 43.16 
41.58  44.14 
42.50  45.12 
53.42  46.10 
44.35  47.08 
45.27  48.06 
46.20  49.04 

47.12  50.02 
48.04  51.00 
148.97 51.98 
49.89 62.96 
50.81 53.94 
51.7.  54.92 
52.66 55.91 
53.59 56.89 
54.51  57.87 
55.63  58.85 

56.36 
57.28 
50.21 
59.13 
60.05 
60.98 
61. n) 
62.83 
63.75 
64.67 

65.60 
66.52 
67. 46 
65.32 
69.29 
7o.22 
71.11 
77.06 
72.99 
73.91 

74.84 
75.76 
76.68 
77.61 
78.5) 
79.46 
60.36 
01.30 
62.2) 
63.15 

84.07 
85.00 
85.92 
66.85 
87.77 
88.69 
89.62 
90.56 
91.47 

59.8) 
60.81 
61.79 
62.77 
63.75 
64.7) 
65.71 
66.69 
67.65 
68.66 

69.6/4 
10.62 
71.60 
77.58 
73.56 
7..5. 
75.52 
76.50 
77.48 
78.46 

79.44 
80.43 
01.41 
82.99 
83.17 
84.35 
05.33 
86.31 
87.29 
88.27 

89.25 
90.23 
91.21 
92.20 
93.18 
95.15 
95.11. 
94.12 
97.10 

6 
7 

10 

11 
12 
13 
14 
15 
16 
17 
le 
19 
20 

21 
22 
2) 
24 
25 
26 
27 
28 
29 
)0 

31 
32 
33 
31. 
35 
36 
37 
56 
39 
1.0 

1.1 
4.2 
43 
44 
45 
46 
47 
48 
49 
so 

51 
52 
53 
54 
55 
56 
57 
sa 
59 
60 
61 
62 
63 
64. 
65 
65 
67 
68 
69 
70 

71 
72 
73 
74 
75 
76 
77 
78 
79 
eo 

al 
82 
83 
64 
85 
86 
89 
ea 
89 
90 

91 
92 
93 
94 
95 
96 
97 
98 
9, 

FOR C  
SIN 

FOR C  
COS 

Fiff2.5MC 

a 

5 
6 
7 
6 

lo 

£1 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
2) 
24 
25 
26 
27 
28 
29 
30 

)1 
32 
33 
)4 
35 
36 
37 
38 

4: 

1.1 
42 
43 
U. 
45 
46 
47 
re 
49 
50 

51 
52 
5) 
54 
55 
56 
57 
se 
59 
60 

61 
62 
6) 
64 
65 
65 
67 
66 
69 
TO 

71 
72 
73 
74 
75 
76 
77 
74 
79 
eo 

al 
82 
83 
84 
85 
86 
87 
ea 
69 
90 

91 
92 
93 
94 
95 
96 
97 
96 
9/ 

1  3 .5  *7 
9 11 .13 .15 
17  19 .21 .2) 
25  27 .29 .91 

2 •6 
10.14 
18.22 
26 *30 

1 '3  7 
9 .11 .13  15 
17 .19 .21  23 
25 .27 .29  31 

0 .4 
0 .12 
16 920 
24 •28 

00.71  1 
01.41  1 
72.12 

4 02.8) 
03.54  S 
04.24  6 
04.95  7 
05.66  : 
06.36  9 
07.07  10 

07.74  Ll 
09.49  12 
09.19  13 
09.90  14 
10.61  15 
11.31  16 
12.02  17 
12.73  le 
1).43  19 
14.14  20 

14.85  21 
15.56  22 
16.26 

:4 16.97 
17.68  25 
16.56  26 
19.09  27 
19.60  26 
20.51  29 
n.n  30 

01. 99  )1 
22.63  32 
E:il  11 
24.75  )5 
25.46  36 

26.87  31 26.16 

20.28  4: 
27.58  39 

28.99  3.1 
29.70  3.2 
30.41 
71.11 t!  
31.82  45 
32.53  1.6 
33.23  47 
93.94  as 
14.65  49 
)5.36  SO 

36.06  61 
36.77  52 

78.18  !•.4 
37.44 

56.69  55 
)9.60  56 
40.30  57 
41.01  se 
41.72  59 
42.43  60 

43.13  61 
43.64  62 
1,4.55  6) 
45.25  93. 
45.96  45 
46.67  66 
41.18  67 
18.08  68 
42.79  60 
49.50  70 

50.20  71 
50.91  72 

5  7I 
512..6332 

53.0)  75 
53.74  76 
51.45  77 
55.15  78 
55.86  79 
56.57  10 

57.28  81 
57.98  82 
50.69  83 
59.40  64 
60.10  85 
60.61  86 
61.52  69 
62.92  ao 
62.91  89 
63.64  90 

64.35  11 
65.05  82 
65.76  93 
66.47  83. 
67.17  95 
67.88  96 

69.v  U 68.59 

70.00  FY 

SIN 

FOR 

CO. 

TABLE IV TABLE V 
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F= 3.125 MC 

6 
7 
8 

18 

12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
te 
2, 
20 

31 
12 
33 
)4 
35 
36 
)7 
38 

61 
42 
43 
44 
45 
46 
47 
he 

So 

51 
52 
53 
54 
55 
56 
5, 

59 
66 

61 
62 
63 
64 
65 
66 
67 
61 
69 
7o 

71 
72 
13 
74 
75 
76 
77 
78 
72 
00 

81 
82 
83 
eh 
85 
66 
07 
ee 
89 
90 

21 
22 
93 
94 
95 
96 
97 
91 

13 
.19 

•9 
.10 
22 
26 

9 
.23 
•25 

.4 
.12 
20 
78 •30 

.11 
21 
27 

.24 

5 
.11 
*21 
27 

47 
14 
le 
.30 

1 
.15 
.17 
31 

.4 
12 
20 
.29 

7 

.23 
25 

6 
.10 
.22 
.6 

.3 
13 
19 
•29 

•10 

01.20  00.36 
00.39  00.77 
01.59  01.15 
03.78  01.53 
02.90  01.91 
01.17  02.30 
01.27  02.68 
01.56  0.06 
01.76  03.44 
01.95  03.8) 

02.15  04.21 
02.34  04.60 
02.54  06.98 
02.73  05.36 
02.93  05.74 
03.12  )6.12 
0).32  )6.51 
03.51  26.89 
03.71  07.27 
03.90  )7.65 

04.10  08.04 
)8.42 

04.49  28.80 
04.68  )9.18 
04.88  )9.57 
05.07  39.95 
05.27  10.3) 
05.46  10.72 
05.66  11.10 
05.05  11.48 

06.05  11.66 
06.21.  12.25 
06.44  12.6) 
06.6)  13.01 
96.83  13.39 
07.02  13.78 
07.22  lu.16 
07.41  14.54 
07.61  14.92 
07.66  15.31 

08. 00  15.69 
0.8.19  16.07 
08.39  16.46 
08.56  16.84 
08.75  67.22 
08.97  17.60 
09.17  17.99 
09.36  18.37 
09.56  18.75 
09.75  19.16 

09.95  19.52 
10.14  19.90 
10.14  20.26 
10.53  20.67 
10.73  21.05 
10.92  21.43 
11.12  21.81 
11.31  22.20 
11.51  22.58 
11.70  22.96 

11.90  23.34 
12.09  23.73 
12.29  24.16 
12.1.6  24.49 
12.48  24.88 
12.87  25.26 
13.07  25.64 
13.26  20.02 
1).46  20...1 
13.65  26.79 

13.85 
14.04 
14.24 
14.4) 
1/.63 
16.42 
15.02 
15.21 
15.41 
15. 67 

27.17 
27.55 
27.94 
28.12 
28.70 
29.09 
29.47 
29.85 
30.23 
90.62 

03.56  00.71 
01.11  01.41 
01.67  02.12 
09.22  02.83 
02.72  0).54 
02.33  04.24 
03.89  004.9s 
04.44  05.66 
05. 00  06.16 
05.56  07.07 

06.11  07.76 
06.61  00.49 
07.72  09.19 
07.76  09.90 
08.3)  10.61 
08.89  11.31 
09.45  12.02 
10.00  12.7) 
10.56  13.4) 
11.11  14.11, 

11.67  14.85 
12.22  15.56 
12.76  16.26 
13.3)  16.97 
13.89  17.61 
14.45  18.38 
15. 00  19.09 
15.56  19.80 
16.1.1  20.51 
16.67  21.21 

17.22  21.92 
17.78  22.6) 
18.33  2).33 
18.89  24.04 
19.45  24.75 
20.00  25.46 
26.56  26.16 
21.11  26.87 
21.62  27.58 
22.22  28.28 

22.70  28.79 
23.31.  29.70 
23.09  30.41 
24.65  31.11 
25.00  31.82 
25.56  32.5) 
26.11  13.2) 
26.67  13.94 
27.22  34.65 
27.78  35.36 

28.14  )6.06 
20.89  36.77 
29.45  )7.68 
30.00  38.18 
30.56  38.79 
31.11  39.60 
31.67  40.90 
32.22  41.01 
32.76  41.72 
33.34  42.4) 

33.09  43.13 
34.4:  43.84 
35.90  44.55 
35.56  45.25 
36.11  45.96 
36.67  46.67 
37.22  47.38 
37./8  48.98 
38.34  48.7? 
38.89  49.50 

)9.45  50.20  
40.00  50.91 
40.56  51.62 
41.11  52.33 
41.67  53.0) 
42.2)  53.74 
42.78  54.45 
43.34  55.15 
4).89  55.86 
44.45  56.57 

00.8)  00.92 
01.66  01.85 
02.49  02.77 
03.3)  03.70 
04.16  04.62 
04.99  05.54 
05.82  06.47 
86.05  07.39 
07.46  08.32 
08.32  09.24 

00.98  1 
01.96  1 
02.94 
03.92 
06.90  5 
05.88  6 
06.86  7 
127.05 
08.8)  9 
09.81  lo 

09.15  10.16  10.79  11 
09.98  11.09  11.77  12 
10.81  12.01  12.75  13 
11.64  12.9)  13.73  11 
12.47  13.86  14.71  15 
13.30  14.76  15.69  16 
14.14  15.71  16.67  17 
14.97  16.6)  17.65  le 
15.80  17.55  18.64  19 
16.6)  18. 0  19.62  to 

17.46  19.40 
1829  20.3) 
19.12  21.25 
19.96  22.17 
20.79  23.10 
21.62  24.02 
22.45  24.95 
23.26  25.87 
24.1.1  26.79 
24.95  27.72 

.5.78  28.64 
26.61  29.56 
27.44  30.49 
28.27  31.41 
29.10  32.34 
29.9)  33.26 
30.77  34.10 
31.60  35.11 
32.4)  )6.0) 
)3.26  36,96 

34.09  37.88 
34.92  38.80 
35.75  29.73 
36.59  40.65 
37.42  41.58 
38.25  42.50 
39.08  43.42 
)9.91  44.35 
1.0.74  45.27 
41.57  46.20 

42.41  47.12 
'93.24  48.04 
44.07  48.97 
44.90  69.89 
45.7)  50.81 
46.56  51.74 
47.42  52.66 
48.2)  53.59 
49.06  54.51 
49.69  55.43 

50.72  56.36 
51.55  57.28 
57.38  58.21 
53.22  59.13 
54.05  60.05 
54.88  10.98 
55.71  61,0 
56.51.  62.8) 
57.37  6).75 
58.21  64.67 

59.04  65.60 
59.87  66.52 
60.70  67.41 
61.5)  68.37 
62.36  67.29 
52.1?  76.22 
54.02  71.11 
54.06  72.06 
65.69  72.99 
66.52  73.91 

20.60  21 
21.58  22 
22.56  2) 
23.54  24 
26.52  25 
25.50  26 
26.48  27 
27.46  26 
28.44  29 
29.42  30 

)0.40  31 
)1.39  32 
32.37  )3 
33.35  34 
34.3)  35 
35.31  36 
36.29  37 
37.27  30 
38.25  39 
39.23  40 

66.21  41 
41.19  42 
42.17  43 
43.16  44 
44.14  45 
45.12  46 
46.10  47 
67.08  48 
48.06  hd 
49.06  50 

50.02  51 
51.00  52 
51.96  53 
62.96  54 
53.94  55 
54.22  56 
55.91  57 
56.89  se 
57.87  59 
58.85  60 

59.6)  61 
60.81  62 
61.79  6) 
62.77  64 
63.75  65 
64.73  66 
65.71  67 
66.69  68 
67.68  69 
68.66  70 

69.66  71 
10.62  72 
51. 66  73 
72.58  74 
73.56  75 
74.54  76 
75.52  77 
76.50  78 
77.48  79 
78.46  lto 

15.80  31.00  45.00  57.28  67.35  74.04  79.44  81 
15.99  31.18  45.56  57.90  68.18  75.76  80.43  82 
16.10  )1.76  46.11  58.69  69.51  76.66  81.41  8) 
16.36  32.15  46.67  59.40  69.05  77.61  62.39  84 
16.08  32.5)  47.2)  60.10  70.68  70.53  8).37  05 
16.77  72.91  47.78  60.81  71.51  79.46  84.35  86 
16.97  33.29  42.16  61.52  72.16  80.38  85.33  07 
17.16  9).08  48.89  62.22  73.17  81.30  86.31  88 
17.16  )4.06  42.45  62.9)  74.00  82.2)  87.22  22 
17.55  34.44  So.00  63.61.  14.111.  83.1s  68.77  90 

17.79  34.83  50.56  64.35  75.6?  84.07  09.25  91 
17.94  35.71  51.12  65.05  76.52  85.00  90.23  92 
18.11.  35.59  51.67  65.76  77.13  65.92  91.21  9) 
18.1)  )5.97  52.23  66.47  78.16  66.85  92.20  94 
18.5)  )6.36  52.70  67.17  78.79  87./7  93.18 
18./2  36.74  51.34  67. 98  19. 2  88.69  95 

0 18..2  37.12  51. 89 (0.5?  94.15  96 
1...6, 89.62  99.114 

19.11  19.50  54.45  69.10  97 81.40  70 .54 96.12  98 
19.)1  17.8?  55.40  70.00  82.32  n.ia  97.10  99 

FOR CSIN 

FOR C  
COS 

F=3.75 MC 

Bp, 

6 
7 

14 
15 
16 
17 
18 
19 
20 

21 
22 
2) 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
)7 
38 
39 
ro 

4) 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

71. 
72 
73 
74 
75 
76 
77 
70 

•• 

81 
02 
83 
04 
85 
66 
87 
ee 
89 
90 

21 
92 
93 
94 
95 
96 
97 
)8 

.3  .5  2  6 
11  13  .10 .16 
.19 .21 I le  22 
27  29 I .26 .90 

I  7 
.9 .15 
17  23 
025 .31 

12 
.20 
28 

1 .7 
.9  15 
17 .2) 
.25  31 

.2  6 
10 .14 
•18  22 
26 630 

.3  5 
II *13 
.19  21 
27 .29 

0 
•8 
16 
92,4 

03.20  )0.71  00.92  1 
00.77  01.41  01.85  2 
01.1!  02.12  02.77  ) 
01.5:  02.8)  0).70  I. 
01.91  03.54  04.61  5 
02.36  04.21.  05.54  6 
02.68  04.95  06.47  7 
03.05  05.66  07.39  8 
03.44  36.36  08.32  9 
03.8)  37.07  09.14  10 

04.21  07.78  20.16  11 
04.60  08.49  11.04  12 
04.96  09.19  12.01  13 
05.36  09.90  12.9)  14 
05.74  10.61  13.86  15 
06.12  11.11  14.78  16 
06.51  12.02  15.71  17 
06.89  12.7)  16.6)  16 
07.27  13.43  17.55  19 
07.65  14.14  18.48  20 

08.04  14.85  19.40  21 
08.42  15.56  20.))  22 
00.742  16.26  21.25  23 
09.18  16.97  22.17  24 
09.57  17.65  23.10  25 
09.95  18.38  24.02  26 
10.3)  17.09  24.95  27 
10.72  19.80  25.87  28 
11.10  20.51  26.79  29 
11.48  21.21  27.72  30 

11.06  21.92  28.64  )1 
12.25  22.63  29.56  32 
12.63  23.33  30.49  33 
13.01  24.04  31.41  34 
13.39  24.75  32.34  35 
13.78  25.46  33.26  )6 
14.16  26.16  )4.18  27 
14.54  26.07  35.11  le 
14.92  27.58  36.03  39 
15.31  28.28  36.96  a 

15.69  20.99  37.88  41 
16.07  19.70  38.80  42 
16.66  31.41  39.7)  4) 
16.84  31.11  40.65  44 
17.22  11.82  41.58  45 
17.60  )2.5)  42.50  46 
17.99  33.23  43.42  hi 
18.37  33.94  44.35  1111 
18.75  34.65  45.2?  49 
19.14  )5.36  46.20  50 

19.52  36.06  47.12  51 
19.90  )6.77  48.04  52 
20.28  37.48  48.97 
20.67  3..18  49.59  2 
21.05  38.89  50.61.  55 
21.43  39.60  51.74  56 
21.01  63.30  52.66  57 
22.20  41.01  53.59  58 
22.58  41.72  57451  59 
22.96  42.43  55.43  do 

23.34  43.13  56.36  61 
23.73  7.3.81.  57.28  62 
24.11  44.55  58.21  6) 
24.69  45.25  59.13  64 
24.88  45.96  80.05  65 
25.26  46.67  60.98  66 
25.64  47.30  61.90  67 
26.02  48.06  62.8)  68 
26.41  48.79  40.75  69 
26.79  49.93  64.67  70 

27.11  50.20  65.60  22 
27.55  91.91  66.52  72 
27.94  51.62  67.44  7) 
28.32  52.33  68.37  74 
28 042  53 03  69.29  75 
22.09  53.74  70.22  76 
22.47  54.45  n.14  77 
29.85  55.15  72.06  76 
30.2)  55.86  72.99  79 
30.62  56.57  73.91  so 

31.00  57.28  74.84  81 
31.38  57.98  75.76  82 
)1.16  58.69  76.68  83 
32.15  59.40  77.61  a 
32.5)  63.10  78.53  05 
)2.91  63.81  79.46  86 
33.29  61.52  80.38  87 
33.68  62.22  81.30  86 
34.06  62.9)  82.2)  so 
34.44  63.64  83.15  90 

34.03  64.35  84.0?  91 
35.21  65.05  85.00  92 
35.59  65.76  85.92  93 
35.97  16.47  86.es  94 
36.36  67.17  67.77  95 
)6.74  67.88  88.69  96 
)7.12  68.59  89.62  97 
37.50  69.30  903.54  NI 
37.0  70.00  9/. 0  98 

FOR 

Cs' N 

FO R 

C a's 

T A B L E VI  TABLE VII 
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TABLE VIII 

F=5 Mc 
For Cm. 

Add the values of B„ for the following subscripts (retaining proper 
signs) 

1 5  9 13  17  21  25  29 

and add the values for the following subscripts (reversing their 
signs) 

3 7 11  15  19  23  27  31 
For C... 

Add the values of /3„ for the following subscripts (retaining proper 
signs) 

0 4  8 12  16 20 24  28 

and add the values for the following subscripts (reversing their 
signs) 

2 6 10  14  18 22  26 30 

For the calculation of the auxiliary value Cc.1 proceed 
in exactly the same way, using the heading "for Cc..." 
The tables are prepared for a maximum of 32 points. 

It is, however, easy to use these tables for any number 
of points if the following is kept in mind: 

For all frequencies except the lowest (0.3125 Mc) 
the column which applies to Bn applies as well to 
B n+32. The same is true for the lowest frequency 
(0.3125 Mc) but, in addition, the sign of B o+32 

m ust be reversed. 

Computation of Amplitude 

Use nomograph II unless the first digit of the larger 
one of the auxiliary values Cain and Cc.8 lies between 2 
and 8, in which case nomograph I should be used for 
higher accuracy. Connect, with the aid of a straight 
edge, the C.i value on scale 1 with the C.O. value of 
scale 2. The value at the intersection of scale 3 with 
the straight edge is the desired value in cases where 
the frequency is equal to or smaller than 1.875 Mc. For 
higher frequencies, proceed perpendicularly from the 
value found on scale 3 to the scale marked with the 
proper frequency. 

Computation of Phase 

Use nomograph III. Connect the values C.1„ on scale 
1 with the value of C..8 on scale 2 with a straight edge 
and find the phase angle a on scale 3 at the intersection 
with the straight edge. If C.3. and Cc.1 have the same 
sign, take the angle as positive; if they have opposite 
signs, take it as negative. 

Example: 
Subscript n of sample 
points 0 1 2  3  4  5  6  7 

A„ 1 9.2 21.9 17.5 18.5  18.0 18.5 18.0 
B„ 1 8.2 12.7 -4.4 1 -0.5 0.5  -5 
B„XScale Factor (=7)  7 57 89  -31 7 -4  4 -4 
Evaluation for /0=0.625 
Mc/s 

C.18=11.12+34.0-17.22+4.95-3.33+3.7-3.92  = 29.3 
C.c.= -0.78+1.53-2.22+4.95-25.78+82.23+55.91+7 =122.84 
Nomograph II gives  11/(0.625 Mc) I =126.0 
Nomograph III gives  a  = 13.5° 

F=625MC 

EIN 

1 
2 

5 

7 

9 
10 

1.1 
12 
1) 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
21. 
25 
26 
27 
28 
29 
30 

71 
32 
3) 
14 
)5 
)6 
)7 
38 
)9 
40 

41 
42 
63 
44 
45 
46 
47 
48 
49 
50 

51 
. 52 
5) 
ss. 
55 
56 
57 
58 
59 
60 

Ea 
62 
6) 
64 
65 
66 
67 
68 
69 
70 

71 
72 
55 

5, 
75 
76 
77 
78 
79 
80 
61 
82 
8) 
84 
85 
66 
87 
88 
89 
90 

91 
92 
91 
94 
95 
96 
97 
98 
99 

.) .5 
11 13 
419.21 
27 29 

*2 .6 
10 14 
•113 .22 
26 )0 

.4 .15 
17 2) 
025 .31 

*12 
20 
.28 

.1 7 
7 .15 

*./  23 
2 *21 

.2  6 3 *5 
10 1/4 .1. 1) 
.18 22 , .11 
26 *)0 *, 

46 

08.36  30.71  00.9?  1 
00.77  61.41  01.65  t 
01.15  )2.12  02.77 
01.5)  02.6)  0).70  ! 
01.91  03.54  04.62  5 
02.10  04.21.  05.54  6 
02.68  04.95  06.47 7 
03.06  05.66  07.39  8 
03.44  06.96  08.62  9 
03.83  07.07  09.24.  10 

04.21  07.78  10.16  IL 
06.60  06.9  u.co, 12 
04.98  09.19 12.01  1) 
05.36  09.90 12.91  U. 
05.74  10.61 1).66 15 
05.12  11.31 14.78 16 
06.51 12.02 15.71  17 
06.89  12.7)  16.6)  18 
07.77  1).4)  17.55  19 
07.65  14.14 18.48 20 

08.04  14.65 19.40 21 
08.42 15.56  20./1  22 
08.80 16.26  21.25  2) 
09.18 16.97  22.17 24 
09.57  17.68  2).10  25 
09.95  18.30 24.02  26 
pt.))  19.09  24.95  27 
10.72  19.80  25.87  28 
U.10  20.51  26.79  29 
11.48  21.21 27.72 )0 

11.66  21.92  re.ok 31 
12.25  22.6)  29.56  )2 
12.6)  2).13  30.49 3) 
1).01  24.04  31.41  14 
13.19  24.75  32.34  )5 
11.76  25.46  3).26  )6 
14.16 26.16  )4.18  37 
14.514 26.87  )5.11  )8 
14.92  27.50  36.0)  )9 
15.31  28.28  16.96  40 

15.69  28.99  37.88  41 
16.07  29.70  36.80  42 
16.46  )3.41  )9.73 la 
16.84  31.11  40.65 44 
17.22  71.82  3.1.5)  45 
17.60  )2.5)  42.50  46 
17.99  33.23 43.42  47 
18.17  3).94  41.15  48 
18.75  34.65  45.27  3.9 
11.14  35.16  46.20  so 
19.52  )6.06 47.12 51 
19.90  36.77  48.04  52 
23.20  37.48  48.97  5) 
20.67  18.18  49.89  54 
21.05  )8.89  50.81  55 
21.4)  )9.60 51.7. 56 
21.81  40.30  52.86  57 
22.20  41.01  5).59  58 
22.56  41.72  54.51  59 
22.96  42.4)  55.4)  60 

23.34  43.13  56.16  61 
2).7)  43.84  57.28  62 
24.11  44.55  48.21  6) 
2..49  45.25  59.1)  64 
24.88  45.96  60.05  65 
25.26  46.67  60.98  66 
25.64  47.38  61.40  67 
26.02  48.08  62.6)  66 
26.41  48.79 6).75 69 
26.79  49.50  64.67  70 

27.17  50.20  65.60 71 
77.55  50.91  66.52  72 
77.94  51.62  67.44  7) 
28.32  52.3)  68.37  74 
26.70 53.0) 69.29  75 
29.09  53.7.  70.22  76 
79.47 54.45 71.14  77 
29.65 55.15 72.06  78 
30.23 55.86 72.99  79 
9).62 56.57 7).91 eo 

31.00 57.28 74.84  81 
31.38  57.98  75.76 St 
31.76 58.69  76.68 86 
32.15 59.40  77.61 84 
)2.53  60.10  78.56 85 
32.91 60.81 79.46 66 
37.29 61.52  80.18  87 
33.68  52.22  81.30  88 
34.06  62.93  82.21  69 
34.44 63.64  6).15  90 

94.83  6..35  84.07 91 
)5.21  65.05  65.00 92 
35.59  65.76  65.92  97 
)5.97 60..7  66.85 94 
)6.36  67.17  87.77  95 
'6.74 67.68 68.69  96 
37.12  68.50  89.62 97 
77.50  69.30  90.54 98 
)7409  20.00  91.67  99 

TABLE IX 

FOR 
CSIN 
FOR 
C  COS 
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F= 75 MC  F= 8.75 MC 

•7 .2  t 
.lo 

0., 

. .15 

.. 023 

. e .31 

- 012 
1,  
2. .de 

a  00.71  1 
2  01.41  9 
3  02.12 
I.  02.8)  I 
5  03.54  5 
6  04.24  6 
7  04.95  7 
8  05.66  e 
9  06.36  9 
10  07.07  10 

11  07.78  11 
17  08.49  12 
13  09.19  1) 
14  09.90  IL 
15  10.61  15 
16  11.31  16 
17  12.02  17 
18  12.73  18 
19  13.43  19 
20  16.14  20 

FOR C51 N 

FOR cco5 BN 

1 
2 

5 
6 
7 
8 
9 
10 

12 
13 

15 
16 
17 
le 
19 
20 

21  1.6.65  21 
22  15.56  21  21 
2)  16.26  23  22 
24  16.97  24  2) 
25  17.68  25  24 
26  18 0  26  25 
27  19.09  27  26 
28  19.80  28  27 
29  10.51  29  28 
20  71.21  30  29 

30 

31  21.92  31 
)2  22.63  32  31 
33  23.33  3)  32 
34  24.04  34  3) 
35  24.75  )5  )4 
36  25...6  36  35 
)7  26.16  37  )6 
30  26.87  36  37 
)9  27.58  29  )8 
40  0.28  40 

41  28.79  41 
42  29.70  42  41 
43  33.41  43  42 
44  31.16  44  43 
65  11.02  45  44 
46  )2.53  46  1.5 
47  3).23  47  46 
48  33.94  48  47 
49  14.65  49  48 
50  3506 93 

51  36.06  51 
52  )6./7  52  51 
53  37.48  53  52 
54  38.0  54  53 
55  0.89  55  56 
56  39.60  56  55 
57  40.30  57  56 
se  14.01  se  57 
59  41.72  59  50 
60  42.43  60  59 

60 

61  41.1)  61 
62  43.84  62  61 
63  64.55  6)  62 
64  45.25  64  6) 
es  45.96  65  64 
66  46.67  66  65 
67  47.38  67  66 
68  48.08  ee  67 
69  48.79  69  68 
70  1.9.50  70  69 

70 

11  50.20  71 
72  50.91  72  11 
73  51.62  7)  72 

7) 
74  52.3)  74   
75  53.03  75  74 
76  51.7.2  76  75 
77  54.45  77  76 77 
78 55.15  78   
79  55.86  79  78 
so  56.57  80  79 80 

81  57.28  81 
82  57.98  82  81 
8)  58.69  83  82 
81. 59.40  62  83 
85  60.10  85  84 
ea  60.61  86  85 
87  61.52  87  86 
se  62.22  88  87 
89  62.9)  89  88 
90  63.64  90  69 

90 

91  64.35  91 
92  65.05  92  91 
93  65.76  9)  92 
94  66.47  94  93 
95  67.17  95  94 
96 67.88  96  95 
97 61.59  97  96 
98  69.30  98  97 
99  70.00  99  98 

99 

39 
60 

49 
so 

TABLE X 

1 7  .2  06  5  5  04 
.9 015  10 14  011 01)  12 
17 25  018 022  19 21  020 
025 031  26  50  027 029  28 

5 
11 015 
019 21 
27 .29 

00.38 
00.77 
01.15 
01.53 

2 .6 
.10 14 
18 022 
026 30 

00.71 
01.41 
02.12 

02.8)  01:761 
01.91  03.54 
02.30  04.24  05.54 
02.68  04.95  06.1.7  7 
03.06  05.66  07.39  e 
03.612  06.36  06.32  9 
03.83  07.07  09.24  10 

62.21  07.78  10.16  11 
04.60  08.49  11.0)  12 
01..90  09.19  12.01  13 
05.36  09.90  12.91  IL 
05.74  10.61  13.86  15 
06.12  11.11  14.78  16 
06.51  12.02  15.71  17 
06.89  12.7)  16.63  18 
07./7  1).43  17.55  19 
07.65  14.14  18.48  20 

00.04  14.85  19.40  21 
08.42  15.56  20.33  22 
08.80  16.26  21.25  23 
09.18  16.97  22.17  24 
09.57  17.68  23.10  25 
09.95  18.38  24.02  26 
10.3)  19.09  24.95  27 
10.72  19.80  95.87  28 
11.10  73.51  26.79  29 
11.48  21.21  27.72  0 

11.86  21.92  28.64  31 
12.25  22.63  29.56  32 
12.6)  2).33  30.49  3) 
13.01  24.04  11.41  34 
1).39  24.75  32.34  35 
1).78  25.66  3).26  36 
16.16  26.16  14.18  37 
16.92  26.87  35.11  )8 
14.92  27.58  36.03  39 
15.31  20.28  36.96  40 

15.69  28.99  37.88  41 
16.07  29.70  38.80  42 
16.46  33.41  39.73  43 
16.84  )1.11  40.65  44 
17.22  11.82  41.58  45 
17.80  )2.5)  42.50  46 
17.99  33.2)  4).42  47 
18.37  3).94  64.35  re 
18.75  )4.65  45.27  49 
19.12.  )5.36  46.20  50 

.1  7 
9 015 

.17 25 
25 .51 

0 
.8 
16 
024 

00.92 
01.05 
02.77 

5 
6 

FOR 
N 

FOR 
CCOS 

19.52  16.06  47.12  51 
19.90  )6.77  48.04  52 
20.28  37.4e  40.97  53 
20.67  )8.18  49.89  54 
71.05  0.es  )0.81  55 
21.4)  )9.60  51.7.  56 
21.51  40.30  52.66  57 
22.20  61.01  5).59  513 
22.50  41.72  54.51  59 
22.96  42.4)  55.43  60 

2)04  4).13  56.36  61 
2).7)  4).86  57.28  62 
24.11  44.55  58.21  63 
24.49  65.25  59.1)  64 
24.88  45.96  63.05  65 
25.26  46.67  60.98  66 
25.64  47.38  61.90  67 
26.02  48.08  62.83  63 
26.41  48.79 e, 
26.79  49.50  76  70 

27.17  50.20  65.80  71 
27.55  50.91  66.52  72 
27.91.  51.62  67.44  73 
28.12  22.33  68.37  74 
4.70  23.03  69.29  75 
29.09  53.7.  70.22  76 
29.47  512.45  71.14  71 
29.85  55.15  72.06  78 
30.2)  55.86  72.99  79 
)0.62  56.57  7).91  80 

31.00  57.28  74.84  81 
)108  57.98  75.76  82 
)1.76  58.69  76.68  e) 
)2.15  59.40  77.61  84 
)2.53  60.10  78.5)  es 
52.91  60.81  79.46  86 
33.29  61.52  80.18  87 
3).68  62.22  81.30  ee 
34.06  62.93  82.2)  89 
)4.44  63.66  83.15  90 

34.83  64.35  84.07  91 
)5.21  65.05  85.00  92 
35.59  65.76  85.92  9) 
35.97  66.4.7  86.85  94 
)6. 0  67.17  87.77  95 
56.74  57.88  88.69  96 
37.12  A3.59  89.62  97 
)7.50  69.70  90.54  98 
37.89  70.88  91.47  99 

TABLE XI 
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TABLE XII 

F..10 Mc 

For C... 

Add the values of B. for the following subscripts (retaining proper 
signs) 

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 
and add the values for the following subscripts (reversing their 
signs) 

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 

APPENDIX: SUBSTITUTION OF SAMPLE POINT AMPLI-
TUDES A BY THEIR DIFFERENCES B IN (7) 

To solve this problem we introduce the following 
artifice: let the sequence A0, Al, A2, 443, • • • decrease 
by an attenuation factor e-nTia, so that the sequence 
becomes: A0, Aie—"8, A2e—", • • • . For very large 
values of 6 this will not affect our transient except for 
very large values of 7 or—in the frequency domain—for 
very small values of co. 
If we use the relationship, 

E• B,, = A. 

(7) takes the form: 

n 
4)(0))  Bm e-inrw-nr/6. 

ns..0 

(15) 

(16) 

Writing ne for unrce+nr/6) it will be after several 
transformations, 

W e CO )  CO 

4)( W)  =  E e—n.  E . 

Since 

the series 

E i e-no I 
0 

= E I • e-inrw-nrid 
0 

e-jnr,a-nr/6 I = e-nr/a 

E e--jianr-nT/6 I 

converges. 

can be considered to be a geometrical progression, whic 
is known to be convergent for e"<1, i.e., the series i 
convergent for any positive, finite values of 6. 
Using the formula for the sum of an infinite geometri 

progression, we obtain: 

.. 1  1 
= = 0 1 — e—. 

1 
1 _ ilo/T— t/11 

1 — e-r16  • e—in'r (11 

Since 6 can be made arbitrarily large, the factor e-r, 
can be made as close to unity as desired; we will, there 
fore, write: 

o r 

z 
=   

0 
after a transformation: 

• Finally, 

E• e-nt =   (20, 
O  2j sin 0.17/2 

we obtain (neglecting the constant time delay 

1 

1 —  (19 

cher/2 

 E (17 )  c1(co) 1 (21:' 
- co, 2j sin cor/2 o 

The series Ee-- is absolutely convergent if With 7= 1/2f, =7r/co, we obtain (8). 

Vertical Incidence Ionosphere Absorption at 150 KA:: 
A. H. BENNERt, MEMBER, IRE 

Summary—The results of a year's experimental observations of 
the ionospheric absorption at vertical incidence at 150 kc are pre-
sented. In particular, the diurnal and seasonal variations of the ab-

sorption are examined. The existence of relationship between the 
variation of the absorption and the sun's zenith angle and vertical 
incidence critical frequency is established. 

INTRODUCTION 

HE ABSORPTION of radio waves in the iono-
sphere has been investigated by a number of 
workers, primarily at frequencies above the stand-

Decimal classification: RI13.22. Original manuscript received 
by the Institute, May 25, 1950. 
t Radio Propagation Laboratory, The Pennsylvania State Col-

lege, State College, Pa. 

ard broadcast band. At the low end of the spectrum, 
scientists in England have explored the very long waves 
from 16 to 30 kc. That portion of the spectrum between% 
30 and 500 kc has, until recently, suffered a consider-
able lack of attention. This region is now becoming a 
center of active interest, partially because of its possible 
use for long-range navigational aids. 
A rather cursory estimation of the daytime reflection 

t: 
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:oefficient as a function of frequency in this portion of 
.he spectrum has indicated that this coefficient is near 
inity at the very low frequencies near 16 kc drops to a 
ow minimum near 100 kc, and rises slowly again near 
500 kc. The Radio Propagation Laboratory has been 
:onducting measurements of virtual height and absorp-
tion at vertical incidence at 150 kc since February, 1949. 
It is the purpose of this paper to present a résumé of the 
experimental results obtained from the absorption 
measurements. 

EQUIPMENT 

Measurements were conducted on transmissions from 
a high-power pulse transmitter at a carrier frequency 
of 150 kc, a pulse rate of 1.5625 pps, and a Gaussian 
pulse shape 150 microseconds in width. The transmit-
ter consists of a self-excited oscillator using ten 304TH 
•triodes, pulsed by a hydrogen thyratron modulator 
through a pulse-forming network. The transmitting an-
tenna is a folded dipole 3,000 feet long and 96 feet high. 
The receiving site is separated approximately 4 km from 
the transmitter, and an automatic record of the virtual 
height, the amplitude of the echo, and the amplitude 
of the ground pulse is made. 
Investigations of the polarization of the echo indi-

cated that under normal conditions it was elliptical, 
left-handed, and rather constant in orientation and con-
figuration with variation of time; at least during night 
hours. This alleviated the necessity for attempting to 
devise a discriminator for use with the receiver in 
separating the two, non-split, magneto-ionic compo-
nents. The receivers are superheterodyne type especially 
designed for this application. The height is recorded 
continuously and simultaneously from an oscilloscopic 
presentation by two cameras, one on a 150-km range 
and one on a 300-km range. The short-range record is 
scaled every fifteen minutes to an estimated accuracy 
of ± 1 km. The absorption is recorded by a servo on the 
gain of another receiver. 

EXPERIMENTAL PROCEDURE 

The method of recording the reflection coefficient is 
! the familiar procedure of Appleton.' The reflection co-
. efficient p is given by: 

2hE' 
p = — 

kiG 

where p is the reflection coefficient, 2h is the total path, 
G is the amplitude of the ground pulse, E' is the ampli-
tude of the first E-layer echo, and /el is a constant to be 
determined. lel may be determined by observation of 
the second E-layer reflection, E", since 

E"4h 
P2 _    

kiGk2 

where k2 is the ground reflection coefficient. From 
Terman,2 for a dielectric constant of 10 and a conduc-
tivity of 6 X10-'4 emu at 150 kc k2 for both vertical and 
horizontally polarized waves at normal incidence is in 
order of 0.96. Therefore, 

2E" 2hE' 
P —   • 

0.96E' 
(1) 

The constant kl may thus be determined by plotting 
hE' /G versus E" / E' , and observing the slope of the 
least-square radial line passing through the experi-
mental points. Such a calibration is performed at least 
once a week. 
The reflection coefficient is related to the absorption 

coefficient k by p =exp (— Ads) where ds is the differ-
ential of the total path traversed by the wave and Ads 
is the total absorption. Hence, the absolute value of the 
total absorption in nepers is equal to — log. pI. 
The records are scaled for G and E', and the reflection 

coefficient is computed from (1). I log. pI is then plotted 
and a smooth mean curve drawn as shown in Fig. 1. The 
original records are examined for fine detail correlations 
such as sudden ionospheric disturbances, magnetic 
storms, and ionospheric storminess reported at short 
waves. The diurnal curves of log. pi are studied for 
relationship to the E-layer critical frequencies, the sun's 
zenith angle, and for seasonal trends. 

e. 

7 

4 

2 

4 
LOCAL MEAN SOLAR TIME 

IS JANUARY  l950 

6 14 I. 

Fig. 1—Ilog p1 versus time for 1/18/50. 

20 22 24 

EXPERIMENTAL RESULTS 

Since the virtual height enters into the calculation of 
the total absorption, some mention must be made of its 
general behavior. The virtual height of the layer as 
studied at 150 kc is similar to that reported by Helliwells 
from measurements at 100 kc. From midnight the 

. F. E. Terman, "Radio Engineers 
Book Co., New York, N. Y.; 1943. 

1 E. V. Appleton, "Regularities and irregularities in the iono-  R. A. Helliwell, "Ionospheric virtual height measurements at 
sphere," Proc. Roy. Soc., vol. 162. pp. 451-499; October, 1937. 100 kilocycles," PROC. I.R.E., vol. 37, pp. 887-894; August, 1949. 

Handbook," McGraw-Hill 
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virtual height rises from a median value near 95 km to 
about 98 km at sunrise. At sunrise it drops rapidly 
about 10 km, then reaches a minimum near 85 km just 
after local mean solar noon to rise slowly again toward 
the midnight value. Splitting of the echo is quite 
prevalent, and in such cases the first echo is recorded. 
Tentative polarization measurements have indicated 
that such splits are not magneto-ionic. 
Fig. 2 is a dual plot presenting the seasonal variation 

of the average nighttime absorption (from 2200 to 
0200) and the maximum value of absorption attained 
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Fig. 2—Seasonal variation of maximum absorption and average 
nighttime value. 

each day. As will be shown later, the maximum absorp-
tion does not normally fall at local noon. The gap in the 
maximum absorption during the summer months repre-
sents insufficient system gain to close the curve near 
noon. The gap between October and November is due 
to equipment modification. Evident from this figure is a 
minimum in absorption both in day and night near the 
winter solistic on December 21. During this time some 
short period nighttime reflection coefficients were 
greater than unity, which could be due to some phe-
nomenon such as focusing. Although no noon-day 
records have been obtained near the summer solstice, 
the maximum absorption can be estimated to be in the 
order of 7 nepers. This value is obtained by extrapolat-
ing the Iloge pj curve from a known value of 0800 or 
0900 to 1200 LMST by the relation 

log pi 

log p2 

(cos xi)fl 

C OS X2 

(2) 

where x is the sun's zenith angle, and n is an exponent 
that will be determined below. 
Appleton' has shown that the total absorption, 

4 See page 458 of footnote reference 1. 

theoretically, should follow cos x to the 3/2 power fo 
nondeviating absorption such as is experienced by F, 
layer reflections. It is therefore logical to assume tha 
the total absorption at these low frequencies should als( 
follow some cos x law. It may be further assumed tha 
the exponent will be smaller than 3/2, since in the low 
frequency case we are dealing with deviating absorp 
tion in a level in the layer where collision is large 
Computations have established that the quasi-longi 
tudinal approximation to the Appleton-Hartree 
sion equation is valid for this application. Using thit 
approximation,' a double parabolic fit to the Chapmar 
electron distribution curve, and an exponential coni. 
sional frequency versus height relation, a proportion. 
ality between the total absorption and cos x may be 
established.' Such a determination is dependent on the 
ability to accurately, experimentally fix the location ol 
the height of the maximum ionization, and the value 
of the collisional frequency at some specified height, for 
a given value of the sun's zenith angle. These computa-
tions have given an exponent on cos x to be in the order 
of 0.8, but with an absolute value of I log1 pl that is too 
small. The data have been studied to determine this 
exponent. It is obtained by plotting log I log. pl versus 
log cos x. If the plot is linear, the exponent on cos x is 
the linear slope of the curve. An example of such a plot 
is shown in Fig. 3. The results of this study are pre-
sented in Table I. 
The row entitled "total data" represents all days' 
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Fig. 3-1 log pj versus cos x for 9/11/49. 

6 S. K. Mitra, "The upper atmosphere," Roy. Asiatic Soc. (Ben-
gal), p. 168; Calcutta, India. 

4 J. E. Hacke, "An approach to the approximate solution of the 
ionosphere absorption problem," PROC. LIZ.E., vol. 36, pp. 724-727; 
June, 1948. 

7 This problem will be examined in a later paper. 
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whose I log. pi curves did not visually indicate any un-
isually perturbed condition. The second row and the 
A :hird row represent the total data less any days in the 
7RPL-F bulletins' with a storm character number of 4 
)r greater on short-wave ionospheric storminess or geo-
-nagnetic storminess, respectively. No significant change 
s evident from this elimination. The fourth row gives 
the total data purged of days with evidences of sporadic 
E. Rather paradoxically, although the mean exponent 
has remained the same, the coefficient of variance has 
spread to a value of 54 per cent for the AM data. In the 
last row, all of the days with storms or sporadic E were 
cast out and in addition, only the very smoothest 
I log, pi curves were considered. Both the morning and 
afternoon mean values dropped, and the PM coefficient 
of variance closed up to 37.6 per cent. The consistently 
smaller amount of data in the afternoon is a result of a 
,lag in the ionization, which will be discussed later, caus-
ing the PM cases to be nonlinear. It should be em-
phasized that the object of this Table is to find the best 
value of X, and not to demonstrate the control of 
storms or sporadic E on these data. These values agree 
in order of magnitude with the value of the exponent 

cited above. 
An important ionospheric quantity is the ratio of the 

noon-day values of the total absorption for summer 
and winter. Using the exponent 0.75 in (2) the ratio for 
the midday absorption between December 21 and June 
21 is 1.8. This, however, does not check with the ex-
perimental value. The December 21 noon value is 
I about 2 nepers, but the noon value at June 21 is much 
greater than 1.8 times this value. Using the estimated 
value of 7 nepers, the experimental ratio would be 
greater than 3.5. Such a seasonal anomaly has been re-
ported by observers on nondeviating absorption at short 
waves. White and Straker' reported a value of 2.9 ex-
perimentally against 3.73 theoretically. Appleton'° cites 
a value of 2.6 experimentally against a value of 6.4 
theoretically for southeast England. Best and Ratcliffe" 
found that both the diurnal and seasonal changes obeyed 
the 1.5 exponent for selected days of F-layer reflection. 
It is of some significance that at 150 kc the exponent 
necessary to explain the seasonal change is consider-
ably larger than that given by the diurnal curves, while 
the converse is true at short waves. 
The 3/2 law on cos x for nondeviating absorption at 

short waves has been confirmed for selected days by 
Best and Ratcliffe." A number of other investigators 

Ionospheric Data, CRPL-F, U. S. Dept. of Commerce, Na-
tional Bureau of Standards, Central Radio Propagation Laboratory, 
Washington, D. C. 
1111 9 F. W. G. White and T. W. Straker, "The diurnal variation of ab-
sorption of wireless waves," Proc. Phys. Soc., vol. 151, pp. 865-875; 
September, 1939. 

10 See page 464 of footnote reference I. 
ii J. E. Best and J. A. Ratcliffe, "The diurnal variation of the 

ionospheric absorption of wireless waves," Proc. Phys. Soc., vol. 50, 
pp. 233-247; March, 1938. 

have measured this exponent and found it to be lower 
than the theoretical value of 3/2. These lower values 
have been attributed to the presence of an absorbing 
region below the normal E region, referred to as the D 
layer. It is hoped that more information can be obtained 
on this region from a thorough study of these low-fre-
quency results. 
Fig. 4 shows the relative coincidence of the point of 

"inflection" of the I log. pi curve near sunrise and sunset 
to the variation of the actual ground sunset as given in 
the Ephemeris." These curves show that there is a close 
correlation of the sunrise data, but that there is a no-
ticeable lag in the sunset point of inflection. An explana-
tion for this latter effect will be given below. 
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Fig. 4—Sunrise and sunset correlation. 

An inspection of the complete diurnal curves of 
I log, pi reveals that there is a distinct skewness or dis-
placement of these curves past local noon, contrary to 
the simple Chapman theory. All available complete 
I log, p I curves were examined for the point of maximum 
absorption, and a histogram of the results of this study 
is presented in Fig. 5. From this figure, it is evident that 
the maximum absorption occurs in the vicinity of 1300 
hours LMST. This displacement or lag of the absorp-
tion with the sun's zenith angle corresponds with the lag 
noted in the sunset point of inflection in Fig. 4. Since we 
have seen that the AM value of I log. pi varies as the 
3/4 power of cos x , and it has previously been estab-
lished that the E-layer critical frequency varies as the 
1/4 power of cos x113 we then should expect I log. pi to 

12  "The American Ephemerus and Nautical Almanac," United 
States Government Printing Office, Washington, D. C.; 1949. 

13  S. Chapman, "The absorption and dissociative or ionizing effect 
of monochromatic radiation in an atmosphere on a rotating earth," 
Proc. Phys. Soc., Part I, vol. 43, pp. 26-45; January, 1931. 
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vary as the cube of the E-layer vertical incidence 
critical frequency L. Examining the records for such a 
relationship, we are immediately impressed by a similar 
skewness of these critical frequencies. Using critical fre-
quencies taken from sweep-frequency records the AM 
value of exponent for 5 cases is 3.8 and the PM, 3.2. Us-
ing CRPL monthly means, the values are 2.85 for AM 
and 2.46 for PM. No other cases were examined because 
of the lack of high accuracy, local critical frequencies. 
For so few cases, these values check reasonably well with 
the value of 3.0. Because of a lag in the critical frequen-
cies, the morning and afternoon values of these ex-
ponents are more nearly equal than are the exponents on 
cos X. 

'86 

000  .30 200  12)0 1;00  '330  1400 

L US T 

Fig. 5—Histogram of the location of the 
daily maximum absorptiln. 

The lag in the diurnal variation of the ionization by 
observation of critical frequencies has previously been 
reported by Best, Farmer, and Ratcliffe," and Kirby, 
Gilliland, and Judson." This phenomenon can be ex-
plained in terms of recombination in Chapman's theory. 
Wilkes" has calculated the value of recombination 

14  J. E. Best, F. T. Farmer, and J. A. Ratcliffe, "Studies of region 
E of the ionosphere," Proc. Roy. Soc., vol. 164, pp. 96-116; January, 
1938. 

14 S. S. Kirby, T. R. Gilliland, and E. B. Judson, "Ionospheric 
studies during partial solar eclipse of February 3, 1945," PROC. 
I.R.E., vol. 24, pp. 1027-1041; July, 1936. 

" M . V. Wilkes, "Theoretical ionization curves for the E region," 
Proc. Phys. Soc., vol. 51, pp. 138-146; January, 1939. 

coefficient from the above investigator's experimental 
results. He has shown that the lag is small where the. 
layer is the densest, but that the lag increases at lower 
levels, which conforms nicely with the 150-kc results. 

CONCLUSIONS 

The analysis of the absorption data has brought out 
several important facts. First, the vertical incidence ab-
sorption at night is in the order of 1 neper, and the 
maximum absorption in the daytime varies from 2 
nepers in midwinter to about 7 nepers in midsummer. 
Second, the exponent on cos x that relates it to the 
total absorption is about 0.7 for the morning and 0.6 
for the afternoon. Third, a seasonal anomaly exists on 
long waves. Finally, a lag in the absorption with the 
sun's zenith angle is quite predominant. 
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TABLE I 

STATISTICAL ANALYSIS ON EXPONENT ON COs x 

AM  PM 

N  X  CV  N Y  u  CV 

1. Total Data  41 0.75 0.265 35%  27 0.65 0.454 70% 

2. Without 
Ionospheric 39 0.763 0.26 35%  27 0.65 0.454 70% 
Storms 

3. Without 
Magnetic  37 0.75  0.26 34.6%  27 0.65  0.454 70% 
Storms 

4. Less 
Sporadic  32 0.755 0.41 54%'•  25 0.654 0.46  71% 

5. Best Data 100.62 0.202 32.5%  80.42  0.158 37.6% 

Legend: N= the number of days 

X = arithmetic mean of exponent on cos x 
et =standard deviation 

CV= coefficient of variation =c/X. 
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Secondary-Emitting Surfaces in the Presence of 
Oxide-Coated Cathodes* 

S. NEVINt, AND H. SALINGERt, FELLOW, IRE 

Summary—The experiments described here show that the del-
eterious effect of oxide cathodes on secondary-emitting surfaces of 
silver magnesium can be overcome by using tantalum instead of 
nickel as the base metal for the oxide coating. 

i
T IS WELL KNOWN that secondary-emitting ma-
terials are subject to contamination from heated 
cathodes. The deterioration in secondary emission 

caused by this contamination is so serious that tubes 
using a hot cathode source and electron multiplication 
have usually'-' been specially designed so as to make the 
target ("dynode") less accessible to material coming 
from the cathode. According to a recent paper by Muel-
ler,' this difficulty has been overcome for filamentary 
cathodes and also, to some extent, for indirectly heated 

cathodes. 
The experiments described here were entirely con-

fined to indirectly heated cathodes, and as they re-
sulted in a novel means to avoid the contamination, a 
short report on them may be of interest. 

I. EXPERIMENTAL TECHNIQUE 

A. Tubes 
While an oxide cathode is being formed, its tem-

perature is raised, for a short time, to a value which may 
be about 200° above its operating temperature. It is 
thus possible that the target contamination occurs, at 
least in part, during the forming process. Most of the 
experiments were therefore performed with tubes as 
shown in Fig. 1, with a sliding target which did not face 
the cathode during formation. The arrangement is 
cylindrical. The straight cathode K (diameter -rig inch) 
occupies the center; it is surrounded by a collector which 
is shaped as a squirrel cage (24 tantalum wires, three of 
them 0.015 inch, the others 0.005 inch thick, held to-
gether by top and bottom Ta ribbons; outside diameter 
1 inch). The target is coaxial with the cathode and col-
lector and can slide on three support rods S. On the 
pump the tube is mounted upside down, so that the 
target slides by gravity into the position shown in the 
drawing. In operation, it slides down to surround the 
collector. 

Decimal classification: R331. Original manuscript received by 
the Institute, May 11, 1950. 
This work was done in 1948 under Contract W36-039-sc-33864 

with the Evans Signal Laboratory. 
Capehart-Farnsworth Corporation, Fort Wayne, Ind. 
' M. Chauvierre, "Secondary emission amplifier tube," Tek-

Tech., vol. 6, p. 69; July, 1947. 
I H. M. Wagner and W. R. Ferris, "The orbital-beam secondary-

emission multiplier for uhf amplification," PROC. I.R.E., vol. 29, 
pp. 598-602; November, 1941. 

a C. S. Bull and A. H. Atherton, "A new secondary cathode," 
Proc. IEE, vol. 97, pp. 65-71; March, 1950. 
! C. W. Mueller, "Receiving tubes employing secondary electron 

emitting surfaces exposed to evaporation from oxide cathodes," 
PROC. I.R.E., vol. 38, pp. 159-164; February, 1950. 

A similar construction, without the movable features, 
was used on fixed-target tubes, in which the target is 
permanently exposed to the cathode. 
Eight per cent, 4 per cent, and 1.7 per cent Mg-Ag 

alloy was used as target material, but the final experi-
ments all used the 1.7 per cent alloy. 

VIEW AT A-A 

Fig. 1—Sliding target tube. 
K =cathode 
C= collector 
T= target 
M= mica disks 
Ni = nickel ribbon 
S= support rods 
E= glass envelope. 

B. Forming Schedules 

The procedure which worked best was as follows: 
The tube, after assembly of parts, is given a vacuum 
bake-out at 460°C, and then the cathode temperature is 
raised in steps, so as to outgas it. The cathode is then 
flashed to about 1,150°C (true temperature), and then 
the collector is brought up to about 200 v, with the emis-
sion rising up to 80 ma. Thereafter, the cathode is 
cooled, oxygen is admitted, and the target is heated for 
about 1 minute with radio-frequency current. This 
oxidizes the target, but damages the cathode so that it 
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has to be re-formed. Then the getter (if a getter was 
used) is flashed and the target once more outgassed by 
radio-frequency current after which the tube is sealed 
off. 
Numerous variations of this process (such as a bake in 

ozone) were used at one time or other. 

C. Secondary Emission 

The secondary emission was measured under stand-

ardized conditions: 100 volts on the target, 200 volts on 
the collector; the primary current density on the target 
was 2.6 ma per square centimeter. 
The secondary emission coefficient K was defined as 

IC 
K =   

IC — Is 
(1) 

where h and h are collector and target currents. 
This formula neglects the fraction a of the primary elec-
trons which are intercepted by the collector without 
ever reaching the target. If this fraction is taken into 
account, it is found that the "true" secondary-emission 
coefficient Kg is connected to K as defined above by 
the formula 

K — 1 = (Kg — 1)(1 — a).  (2) 

Attempts to determine a met only with a limited suc-
cess; the best estimate is that a = 20 per cent in our 
tubes. This would mean that K=3 really corresponds to 
a "true" coefficient K1=3.5. The data recorded below 
refer to K rather than Kg, because K gives a more direct 
measure of the practical gain than can be realized in a 
secondary-emission tube. 
The K measurements were performed with direct 

current, but in order to guard against the possible pres-
ence of time delays, as in the Malter effect,' it was 
ascertained that the collector current perfectly repro-
duces the cathode-emission variations, at least up to 
1 Mc. 
For life tests, it was necessary to keep the primary 

emission current of the cathode constant. This proved 
difficult, because any excess emission led to a notice-
able increase in collector temperature which, by radia-
tion, caused the cathode temperature to rise, thus in-
creasing the emission still further. For the life tests, 
therefore, a thyratron circuit was used in the filament 
supply, controlled by the emission current so as to keep 
it constant.' 

II. RESULTS 

Early results indicated that the decay in secondary 
emission depended very much on the cathode tem-
perature. It became increasingly clear that the con-
tamination came from the nickel base rather than from 
the oxide (barium-strontium carbonate, sprayed to a 

6 L. Malter, "Thin film field emission," Phys. Rev., vol. 50, pp. 
48-59; July I, 1936. 

6 This circuit was designed and built by H. Beach. 

thickness of 0.002 inch with an amyl acetate binder, was 
used throughout). The base was a nickel sleeve (#799 
1)1-1 in most cases). By a properly chosen formation 
schedule, we finally succeeded in achieving a constant 
secondary-emission ratio over several hundred hours on 
sliding targets. But even more constant results were ob-

tained, on fixed as well as sliding targets, after the nickel 
sleeve had been replaced by tantalum. This was done on 
the assumption that a material which evaporated less 
easily than Ni should be used. 
Fig. 2 shows life data taken on tube #365 (sliding 

target) and #368 (fixed target), both of which had a 
Ta sleeve as base for the oxide coating. As a further 
proof that Ta sleeves, even when run at overtempera-
ture, cause no contamination, the record of tube #358 
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Fig. 2—Effective secondary-emission coefficient K of two represen-
tative tubes with tantalum cathode bases as a function of hours of 
operation. 

is offered: This tube was operated at the usual emission 

current of 10 ma for 240 hours, showing a secondary-
emission coefficient of K=3.2. From 240 to 375 hours 
the emission was raised to 15 ma, giving K =3.4. There-
after, the emission was raised to 40 ma for 8 hours. 
During this time, values of K between 2.3 and 2.5 
were measured, but it is almost certain that space 
charge formed between target and collector. When the 
emission was• again lowered to 10 ma, K was 2.9 and 
stayed at this value. Similar, though less exacting, ex-
periments with Ni always showed a rapid and per-
manent decay of K to values below 2. 
One other experiment may be quoted to support the 

idea that the nickel sleeve is the. source of contamina-
tion. In a tube of somewhat different construction it was 
possible to expose a target to a #799 Ni base without 
oxide coating. This base was heated to about 900°C. 
K dropped within 4 hours from its initial value of 3.2 • 
to 1.9. 

A similar experiment was performed in which I3a was 
evaporated. This, too, caused a rapid decay in secondary 
emission. The decay caused by an oxide cathode has 
commonly been ascribed to barium".7.8 while there are 
also accounts' which seem to minimize the importance 
of Ba. From our experiments, we are inclined to agree 
with this latter view. 

J. B. Johnson, "Secondary electron emission from targets of 
Ba-Sr oxide," Phys. Rev., vol. 73, pp. 1058-1073; May I, 1948. 
• J. L. H. Jonker and A. J. Overbeck, "Application of secondary 

emission in amplifying values," Wireless Eng., vol. 15, pp. 150-156; March, 1938. 

• G. E. Moore and H. W. Allison, "Thermionic emission from thin 
films," Phys. Rev., vol. 77, pp. 246-257; January 15, 1950. 
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III. DISCUSSION 

While these experiments prove that the main source 
pf contamination comes from the Ni sleeve, there may 
•be some doubt whether the nickel itself is to blame or 
:some impurity in it. It may however be noted that Ni 
reaches a vapor pressure of 10-6 mm Hg at 1,160°C, 
i.e., slightly above the operating temperature, whereas 
Ta would have to be heated to 2,400°C in order to 
reach the same vapor pressure." It is, therefore, quite 
possible that the contaminating substance is the nickel 

itself. 
Using Ta, or some other metal with a low vapor pres-

sure, instead of Ni, is entirely practical. It has been 
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1° Data taken from S. Dushrnan, "Scientific Foundations of Vac-
uum Technique," John Wiley and Sons, Inc., New York, N. Y., and 
London, England, pp. 745-751; 1949. 

a 

On Poisoning o 

V ELECTRON diffraction Huber and 
Wagener have found that on com-
mercial oxide cathodes occasionally a 

t face-centered space lattice appears.' Ac-
cording to the lattice constant (d =6, 37 A. 
u.), this lattice had to be attributed to 
barium sulfide. The question as to the 1 origin, and effect of that sulfide on the emis-
sivity was followed up during World War 
II. 
This investigation was carried through 

both on colloidical mixed carbonates, after 1 Buzigh and co-workers, and routine pastes 
precipitated from barium-strontium nitrate, 
1 or hydroxids. All the cathodes were either 
spread cataphoretically, or sprayed upon 
flat casings. In the latter case, an additional 
surface glazing by means of an amber roller 
was necessary. After conversion to oxide in 
the diffraction camera the cathodes were 
scrutinized at grazing incidence. 
So as to identify the origin of cathodic 

sulfur, about 120 cathodes were distributed 
into several groups and stored for several 
months. They were laid on routine bakelite 
trays, on fluted cardboards, in Petri dishes, 
or were hung on nail boards, all exposed to 
the free access of air. Some control cathodes 
were sealed into glass bulbs, and evacuated. 
These storage experiments showed that 

the strongest diffraction rings of BaS space 
lattice appear after a period fluctuating 

• Decimal classification: R331. Original manuscript 
received by the Institute. March 21, 1949; abstract 
received. August 31. 1950. This paper has appeared 
in Applied Scientific Research. vol. 51. p. 397; 1950. 
Ir. C. W. Kosten, Editor. Mijnbouwplein 11. Delft. 
Holland. I U. S. Troop Information and Education School. 
Stuttgart-Vaihingen. U. S. Zone, Germany. 

1 H. Huber and S. Wagener. 'Die kristallograph-
ische Struktur von Erdalkalioxydgemischen.' Zeit. 
fur. tech. Phy.. vol. 23. p. 10; 1942. 
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argued that oxide cathodes on a Ni base have a higher 
efficiency than those on other base metals. Our experi-
ments have not extended in that direction; however, 
even if it should be found that the cathode temperature 
has to be slightly higher on Ta than on Ni, this would 
be a small price to pay for the resulting increase in tube 

life. 
As good results were obtained in fixed-target tubes, 

it is seen that no special structure is required to prevent 
exposure of the target to the cathode during formation. 
This may be stated somewhat more generally as follows: 
Any contaminating agent which might come from the 
cathode during formation will be harmless if it is either 
not evaporated below the cathode-forming temperature 
(1,100°C) or else if it does not react with the target and 
can be re-evaporated below the target outgassing tem-
perature (about 600°C). 

f Oxide Cathodes -by Atmospheric 
Sulfur* 
H. A. STAHLt 

within wide limits from some days to several 
months, and that on all cathodes, except in 
sealed ones, nearly simultaneously. If so, 
the barium sulfide ring intensity gradually 
increased with storing period. As to the 
speed of sulfurizing, no reproducible results 
could be attained, however. 
The observations suggested that cathodic 

sulfur originates from atmospheric air, the 
sulfur content of which varies, especially in 
cities and industrial districts, by a factor of 
104. An average value is approximately 102 
per cent by volume. 
Tests on freshly made cathodes showed 

strong barium sulfide rings after exposing 
them for some seconds to hot combustion 
gases of a city gas-fed Bunsen burner. The 
same result appeared with cathodes exposed 
for 15 minutes to air containing 1 per cent 
sulfur dioxide, hydrogen sulfide, or carbon 
disulfide. 
Emission measurements on sulfurized 

cathodes yielded a remarkable decrease of 
emissivity with increasing sulfur content 
(see Fig. 1). In accordance with Hiroshi 
Kamagawa's results on glasses rich in 
barium oxide,2 it was concluded that on the 
cathode surface that was not broken down, a 
barium sulfite or sulfate was formed by 
atmospheric sulfur. This was thought to be 
reduced while converting at 1360° K, be-
cause of the carbon content of the collodian 
paste used. Attempts to confirm the ex-
istence of sulfite or sulfate on the spread 
carbonate surface failed, however. 
It was felt worth while mentioning that 

several air-hygienists employ Ost's "baryta 

Hiroshi Kamogawa. 'Secondary emission and 
electron diffraction on the glass surface.' Phys. Rea. 
vol. 2. pp. 58. 660; 1940. 
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patch method," the main feature of which is 
barium carbonate as a detergent for atmos-
pheric sulfur (both SO2 and S02).2 The ac-
tion of barium carbonate in this case is, in 
several respects, much the same as on the 
cathode surface. Their manners of spreading 
differ by irrelevant subordinates only. 

H. Ost. •Schwefelsiure in der Atmosphare," 
Chem. Industrie. vol. 23, p. 292; 1900. Also "Der 
Kampf aegen schadliche Industriegase. • Zeits. fuer 
angew. Chem.. vol. 20, p. 1692; 1907. Also M. Bam-
berger and T. Nussbaum. •Luituntersuchungen zur 
Feststellung Rauchschaden," Z. angels. Chem.. vol. 41. 
p. 2.3; 1928. 
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Amplification by Acceleration and 
Deceleration of a Single-Velocity 
Strearn* 

A method of amplification at microwave 

frequencies based upon the growth of space-

charge waves in a decelerating strea m of 

electrons has recently come to our notice. 

This mechanis m  beca me  evident  during 

a study of the type of waves described by 

Hahn' and Ra mo.2 It was found here that 

these waves not only change in length as 

the strea m velocity changes, but also change 

in amplitude. 

By a suitable co mbination of gradual 

decelerations and sudden accelerations, the 

amplitude of the space-charge wave may 

be essentially arbitrarily increased without 

the necessity of either wave carrying cir-

cuits, additional ions, or electron strea ms 

with different or distributed velocities, or 

space-charge-produced differences of veloc-

ity in a single strea m. 

An even si mpler mechanis m of amplifica-

tion involving only short accelerating and 

decelerating gaps and constant  potential 

drift regions exists which is closely related 

to the one just described. Consider a space-

charge wave with ac velocity r1 and an ac 

convection current density i1 on a strea m 

of electrons at a dc velocity ul, described by 

wia 
r = v,,,, cos ( — z c)(‘"-...1.1) (1) 

ui 

/0 
= fru', —  —  sin ( i'l  " - z) el(- '"/*1), (2) 

wtoo ui   Ui 

where wia' =n/o/tui and /0 is the dc bea m-

current density. Now if at a position along 

the strea m at which the ac velocity reaches 

its maxi mu m value  the dc velocity is 

suddenly changed fro m :4 to a lower value 

112, the ac velocity will increase fro m ri„, to 

such that 

Ui 
OS= Viso  (3) 

u2 

provided only that the dc velocity change 

occurs in a distance which is short compared 

with a quarter space-charge wavelength at 

the lower velocity. That this is so can be 

de monstrated by si mple kine matics or by 

application of the Llewellyn-Peterson diode 

equations.* 

If the bea m is then allowed to drift at 

the low velocity u2 for an odd nu mber of 

quarter space-charge wavelengths, that is, 

until the ac velocity has disappeared and 

the ac convection current which it produces 

is a maxi mu m, this current i2 will be 

• Received by the Institute. November 29. 1950. 
The research necessary for this correspondence was 
sponsored by the Office of Naval Research. the 
United States Army Signal Corps and the United 
States Air Force. 

I IN. C. Hahn. 'Small signal theory of velocity 
modulated electron beams. • Gen. Elec. Rey.. vol. 42. 
pp. 258-270; June. 1939. 

• S. Ramo. "Space charge and field waves in an 
electron beam,' Phys. Rev.. vol. 56, p. 276; August, 
1939. 
I F. B. Llewellyn and L. C. Peterson. •Vacuum-

tube networks.' PROC. I.R.E.. vol. 32, pp. 144-166; 
March. 1944. 
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in which  is the maxi mu m ac convection-

current density which would have been 

produced by the velocity modulation 1:1„„ 

if the strea m had re mained at the velocity 

ul. At this point the strea m may be suddenly 

returned to the dc velocity lib If this is 

again done in a distance which is short 

compared  with  the quarter space-charge 

wavelength at the lower velocity, the ac 

convection current is continuous across the 

gap, and the strea m has returned to the 

original dc velocity  with  an  ac current 

modulation which has been amplified fro m 

its original value by (uilu2) ". If the bea m 

is again allowed to drift an odd nu mber 

of quarter space-charge wavelengths, this 

current will convert to an ac velocity which 

is also (u2/u2) 1/2 ti mes its original maxi mu m 

value. 

The dc  velocity may  be  suddenly 

dropped again and the whole process re-

peated. Thus each stage consisting of one 

short  low-velocity  drift  space  and  one 

long high-velocity drift space will provide 

an ac  power  amplification of (172/ V2) ", 

where  and 172 are the dc voltages in the 

high-  and  the  low-velocity drift  spaces, 

respectively. 

A mplification appears to be essentially 

independent of bea m-current density, al-

though the density determines the required 

lengths of the drift spaces, and the total 

bea m  current determines  the maxi mu m 

obtainable ac convection current, and hence 

the large signal saturation level. 

An amplifier based on the above prin-

ciples has been constructed and has pro-

vided a net power gain of 22 dl, at 3,000 

M c, using a single low-voltage drift region 

at 51 volts and two helices at 1,900 volts 

for modulation and de modulation of the 

strea m. With the potential of the center 

drift region raised to 1,900 volts, the gain 

changed to zero db. Gain of progressively 

larger amounts was observed at drift region 

voltages of 178 volts, 117 volts, 78 volts, and 

51 volts corresponding to n quarter space-

charge wavelengths in the 5-c m drift space 

where n was 5, 7, 9, and 11, respectively. 

The total bea m current was 0.7 ma and the 

approxi mate bea m dia meter, 0.15 cm. 

At su fficiently low signal frequencies, the 

effective plasma frequency in the strea m is 

reduced because of  the finite bea m size, 

and consequently the gain is reduced. At 

very high frequencies, it becomes di fficult 

to excite the first-order plas ma waves used 

in the above discussion, and higher-order 

space-charge waves will appear. It see ms 

that they can be used to give gain, but re-

quire longer drift spaces and will saturate 
at lower power levels. 

Finally,  it might be  mentioned  that 

space-charge waves may be decreased as 

well as amplified by using si milar principles, 

and where noise exists on the strea m in 

the form of space-charge waves, the noise 

content in a limited frequency range may 

be reduced in this fashion. This has been 

experi mentally verified in so me low-noise 

traveling-wave amplifiers. 

LESTER M.  FIELD 

PING KING TIEN 
DEAN A. W ATEINs 

Electronics Research Laboratory 

Stanford University 

Stanford, Calif. 

The Traveling-Wave Cathode-
Ray Tube* 

The paper by K. Ch‘aki, S. Terahata, 

T. Hada, and T. Naka mura on "The Travel-

ing- Wave Cathode-Ray Tube," in the Oc-

tober, 1950, issue of the PROCEEDINGS OF 

THE I. R.E. reveals significant progress in 

the  field  of  microwave oscillography. In 

order to establish the develop ment of this 

art —for 20 years one of the writer's hobbies 

— the following co m ments may be of some 

interest. 

The prototype of the traveling-wave de-

flecting syste m are the multiphase deflecting 

plates.'-' According to Fig. 1(b) and (c), 

they consist of subsequent pairs of deflecting 

plates exhibiting alternate polarity due to 

their  criss-cross  connections.  M axi mu m 

1) 

2) 

3) 

.v Irk 
  -...  .az 

- 

 -u ---
: 17 -•-•   •-•---1j 

" i V 5 

r,  tj 

Fig. 1 —(1) Single-, (2) two-, and (3) three-

phase deflecting field. 

• Received by the Institute. November 8, 1950. 
H. E. Hollmann. 'Die Quersteuerung. eines 

Kathodenstrahls in Mehrphasen(eldern.' (Deflection 
of an electron beam in multiphase fields). Eltle. 
Nadi. Tech.. vol. 15. p. 336; 1938. 

3 H. E. Hollmann, •Das Verhalten der Kathoden-
strahlrOhre im Laufzeitgebiet.• (The behavior of the 
cathode ray tube in the transit-time range). Forts. der 
Hochfrequens., vol. 1. p. 453; 1941. 

H. E. Hollmann. •Physik und Technik der Ultra-
kurzen Wellen.• (Physics and technique of 37110. 
2. chapter 6, section 3. d; Berlin. 1936. 
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msitivity occurs, of course, if frequency 
nd beam velocity are matched in such a 
tanner that the traveling electrons pass the 
artial fields always whenever they have the 
une polarity. 
The improvement caused by the multi-

phase deflection, as compared with a single 
ield (Fig. 1(a)) under dc operation, can be 
xpressed by means of the multiphase in-
,ersion formulas: 

= 

= 

sin —2 1   
-  N/2(1 - cos 4,) 

2 

4, 
sin2 — 

4 

4 

2 
= — (1 - cos 4) 

2 

sin —2 - 2 sin — 6  4  4) 
Pa - = P1 - — sin —  

4, 6 

2 

wherein 43 denotes the transit-time angle 
over the total deflecting system: 

col  lc   in   
 X 103. 

9.)  X90  

(C =velocity  of light; vo = beam velocity; 
17,,= plate voltage). The function P1 is the 
almost classic inversion factor of a single 
field,2-6  i.e., the dynamic sensitivity at any 
vhf referred to the static sensitivity. The 
functions P2 and Po are the two- and three-
phase versions. All three functions are di-
agrammed in Fig. 2. The two-phase system 
for dc produces no deflection whatsoever 
because the first partial field compensates 

Fig. 2—The dynamic sensitivities 
three systems shown in Fig. 1 
transit-time angle. 

of the 
versus 

the second field. The curve of the three-
phase system starts at it because only one 
partial field remains effective. The loss of 
static sensitivity, however, is compensated 
for by the shifting of the dynamic maxima 
towards higher 4,-values or higher frequen-
cies, respectively. The first P,-maximum 
occurs in the vicinity of 2r and P2 in the 
vicinity of 3r which, in terms of present-day 
language, means accord between phase and 
beam velocity. 
The inversion spectrograph2,7 .6 produces 

the inversion spectra shown in Fig. 3. The 
stray fields, 6 not included in the multiphase 
analysis, assure only a qualitative agreement 
between formulas and experiment. The fact 

H. E. Hollmann. 'Die Braunsche Rohre bei sehr 
hohen Frequenzen' (The cathode-ray tube at vhf). 
Zeit. far Flochfrequenz.. vol. 40. p. 97; 1932. 

H. E. Hollmann. 'The use of the cathode-ray 
oscilloscope at ultra-high frequencies," Wireless Eng., 
vol. 10. pp. 430 and 484; 1933. 
• H. E. Hollmann, 'The dynamic sensitivity and 

calibration of cathode-ray oscilloscopes at very high 
frequencies.' PROC. I.R.E.. vol. 38. P. 32; January. 
1950. 

Fig. 3—Experimental inversion spectra 
of the multiphase systems. 

that the maxima of an N-phase system re-
main below one and do not appear ac-
curately at Nr is caused by the transit-time 
effects of the first kind, i.e., by the transit 
time elapsing in each individual field as well 
as by the phase-jumps. 
The disadvantage of the earlier multi-

phase systems with equal and adjacent fields 
can be overcome by various means. The 
simplest method is to diminish the axial 
length of the partial fields so that they op-
erate quasi-statically with sufficient inter-
space in-between; however, this does not 
eliminate the stray field effects. Another 
method was applied by Pierce° in his multi-
phase or traveling-wave oscilloscope, wherein 

H. E. Hollmann, *Das Inversionsspektrum einer 
Braunschen }Ohre.' (The inversion spectrum of a 
cathode-ray tube). Zeit. far. Tech. Phys., vol  19, 
p. 259; 1938. 

I H. E. Hollmann, 'Ultra-high frequency oscillog-
raphy." PROC. IR E.. vol. 28, p. 213; 1940. 

J. R. Pierce, 'Traveling-wave oscilloscope,' Elee-
tronics, vol. 22, p. 97; November, 1949. 

the former phase opposition is reduced by 
means of lumped-constant circuits, each feed-
ing an individual pair of plates. From this 
device, only a short step leads to the travel-
ing-wave oscilloscope described in Heaff's 
patentl° and by the Japanese authors. 
The  ultradynamic  Lissajous  figures 

shown in the Japanese paper are the same as 
the writer's figures taken as far back as ten 
years ago.2.6.'1.12 The writer's method of a 
graphical analysis may well be applied to the 
Japanese figures. This may easily be under-
stood because the traveling-wave system 
eliminates only the transit-time effect of the 
first kind but does not affect that of the 
second kind, namely, the transit time be-
tween both perpendicular deflecting fields. 
All in all, the analogy between the step 

from the multiphase plates to the traveling-
wave oscilloscope on the one hand and the 
step from the linear electron decelerator to 
the traveling-wave tube on the other hand is 
quite obvious. 

HANS E. HOLLMANN 
Oxnard, Calif. 

Is A. Heaff. U. S. Patent No. 2.064. 469. 
U H. E. Hollmann. •Ultradynamische Lissajous-

Figuren. • (UltradynamIc Llesajous figures). Zeit. fur 
Hochfrequens.. vol. 59. p. 19; 1939. 

12 H. E. Hollmann, 'Mikrowellen-Oszillographie" 
(Microwave oscillograpIty). Zeit. fgr Hochfregueng.. 
vol. 54, p. 188; 1939. 

Representation on Circuit Diagrams 
of Conductors in Contact* 

In Fig. 14 of M. A. Schultz's paper' on 
"Linear Amplifiers," the lead to C26 and 
J4 (discriminator output) is drawn as mak-
ing contact with the "ground" line. This is 
an obvious mistake, caused by putting a 
spot at the intersection of two conductors. 
This occurrence prompts me to draw at-

tention to the recommendation which has 
appeared for the last sixteen years in the 
British Standard Specification No. 530:2 
"Of wires meeting at a connecting point, 

not more than two should be shown col-
linear." 

They should be shown thus: 

and not: 

In my experience, neglect of this recom-
mendation has been responsible for many 
mistakes, and I am careful never to draw a 
cross with a spot at the point of intersection. 
I suggest that this recommendation 

might with advantage be adopted in an 
American Standard. 

It is suggested that readers having comments on 
this subject address them to the chairman, IRE 
Symbols Committee, 1 East 79 Street, New York 21, 
N. Y.—The Editor. 

L. H. BAINBRIDGE-BELL 
Haslemere, Surrey 

England 

• Received by the Institute. June 22, 1950. 
A. Schultz. 'Linear amplifiers," PROC. I.R.E., 

vol. 38. pp. 475-485; May. 1950. 
▪ For further details, see L. Bainbridge-Bell. 

'Drawing circuit diagrams,' Wireless World, vol. 55. 
pp. 179-180; May, 1949. 
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ing  electrical  en-
gineering at the Delft 
Institute of Technol-
ogy. 
The study of os-

cillator behavior in 
this  issue  of the 
PROCEEDINGS was a 
result of his activi-
ties in the Central 
Laboratory of the 
Netherlands  Postal 
and  Telecommuni-
cations Services dur-

ing the summer of . )49. 

Evert J. Post was born in Rotterdam, 
Netherlands, on October 20, 1914. He re-
ceived the degree of Physical Engineer from 

the Delft Institute of 
Technology. 
In 1946 Mr Post 

joined the Central 
Laboratcry of the 
Netherlands  Postal 
and Telecommunica-
tions Services at The 
Hague where he has 
been primarily con-
cerned with the de-
velopment of quartz 
crystals and oscil-
lators. 

EVERT J. POST 

0 

Mr. William E. Ryan (S'43—A'45) was 
born in Springfield, Mass., on February 6, 
1920. He received the B.S. in both electri-

cal engineering and 
mathematics  from 
Michigan University 
in 1943. He was en-
rolled  in  evening 
classes  at  George 
Washington Univer-
sity Graduate School 
in  Washington, 
D. C., from 1946 to 
1950. From 1943 to 
1944 he was em-
ployed by the Naval 
Research Laboratory 

as a radio engineer assisting in tests of anti-
aircraft gun directors. 
Since 1944, Mr. Ryan has been employed 

by the National Bureau of Standards, assist-
ing in the development of field intensity 
standards. At present he is associated with 
the Ultra-High Frequency Standards Group 
of the Microwave Standards Section of 
CRPL in Washington, D. C. He is a member 
of Eta Kappa Nu and Sigma Pi Sigma. 

WILLIAM E. RYAN 

Hans Salinger (A'37—SM'46—F'51) was 
born in Berlin, Germany, on April 1, 1891. 
In 1915, he received the Ph.D. degree from 

the  University  of 
Berlin. From 1919 
to 1929 he was a re-
search associate at 
the Reichspostzent-
ralamt  and,  from 
1929 to 1935, a pro-
fessor at the Heinrich 
Hertz Institute, both 
in Berlin. In 1936, he 
joined  Farnsworth 
Television, Inc., and 
is now a research en-
gineer with the Cape-

hart-Farnsworth  Corporation  in  Fort 
Wayne, Ind. He is also doing part-time 
teaching at the Purdue University Extension 
Center in Fort Wayne. 
Dr. Salinger has published numerous 

papers on filters, measuring methods, elec-
tron multipliers, and other subjects. He is a 
member of Sigma Xi, the American Associ-
ation for Advancement of Science, and the 
American Physical Society. 

HANS SALINGER 

H. A. Samulon (-V46) was born in 
Graudenz, Germany, in 1915. He attended 
the Swiss Federal Institute of Technology 

in Zurich, graduating 
with the degree of 
dipl. ing. in .1939. 
.kfter  doing  post-
graduate work at the 
Institute  of High-
Frequency  Tech-
niques, he was em-
ployed from 1943 to 
1947 as an instructor 
and  research  en-
gineer at the Insti-
tute of Communica-
tion  Techniques 

and the Acoustical Laboratory of the Swiss 
Federal Institute of Technology. 
In 1947, Mr. Samulon joined the Elec-

tronics Department (Electronics Labora-
tory Division) of the General Electric Com-
pany, where at present he is mainly engaged 
in TV problems, with special regard to 
transient phenomena as well as system prob-
lems in black-and-white and color television. 

HENRY A. SAMULON 

Howard E. Sorrows (A'48) was born in 
Hewitt, Texas, on August 10, 1918. He re-
ceived the B.A. degree in mathematics from 

Baylor University in 1940. After a year a 
instructor of mathematics and physics i 
the Sabina!, Texas, Public High School, h 

joined the technice 
staff of the Nationa 
Bureau of Standard: 
He attended nigh 
classes of the Georg 
Washington Elec 
trical  Engineerin 
School from 1941 t 
1945, following whic' 
he  entered thei 
Graduate School, re 
ceiving the M.A. de 
gree in physics h 
1948. At present he i 

enrolled in the University of Nlarylarh 
Graduate School. From 1941 to 1943 he as 
sisted in various phases of the program fo 
the development of field intensity an; 
voltage standards. During World War II 
he assisted in several projects of the radar 
electronic countermeasures program con 
ducted by the National Bureau of Standard 
for the Bureau of Ships. From 1947 to pres 
ent he has been in charge of the Ultra-Higl 
Frequency Standards Group, Microways 
Standards Section, CR PL, Washington 
D. C. 
Mr. Sorrows was a student member o 

AIEE and is an associate member of Sigma 
Pi Sigma and Sigma Xi. At present he is 
member of the AIEE Sub-Committee Radi 
ation Measurements above 300 Mc. 

H. E. SORROWS 

Raymond E. Zenner (M'46—SN1'50) wea ,. 
born in Chicago, Ill., on April 16, 1910. He 
received the B.S. degree in physics from the 

University of Chi 
cago in 1933, and ha.d - 
pursued  graduate 
studies at the Illinoit 
Institute of Technol-
ogY-
He has been em 

ployed in develop-
ment and researd 
work with the Tele-
type Corp., the A.B 
Dick Co., Eicor, Inc. 
and the Armour Re-
search  Foundation, 

all of Chicago, on printing telegraph systems 
and terminal equipment, mimeograph prod-
ucts, magnetic recording research and 
product design, ordnance development, and 
tactical situation simulators for training 
military personnel. He is now supervisor of 
instrumentation and recording, electrical 
engineering department, at Armour Re-
search Foundation. 
Mr. Zenner is serving on the Sound Re-

cording and Reproducing Committee, the 
Magnetic Recording Subcommittee, and the 
Annual Review Committee of the IRE, and 
also on the RMA Magnetic Recording Sub-
committee. 

R. E. ZENNER 
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'ECHNICAL COMMITTEE NOTES 

The Standards Committee, under the 
hairmanship of Professor J. G. Brainerd, 
eld a meeting on December 14. The follow-
ig Standards have been approved by this 
'ommittee: Proposed Standard on Elec-
•oacoustics: Definition of Terms, prepared 
y the Electroacoustics Committee of IRE; 
nd Standard Abbreviations of Radio Elec-
•onic Terms, prepared by the Symbols 
'ommittee. . On November 28, the Wave 
'ropagation Committee held a meeting, at 
•hich C. R. Burrows presided as Acting 
:hairman. Reports on the activities of the 
arious Subcommittees were given by the 
.:hairmen.... The Receivers Committee 
nder the Chairmanship of R. F. Shea held 
meeting on November 1. Reports on the 
rogress of work going on in the Subcommit-
ees were given by the Chairmen. This 
:ommittee is working towards the comple-
ion of a Standard on Radio Receivers: 
dethods of Measurement of Spurious Radi-
tion, Frequency Modulation and Television 
teceivers. It is expected that this Standard 
rill be available in the Fall of 1951. . . . A 
meeting of the Video Techniques Committee 
'as held on November 16, under the Chair-
manship of J. E. Keister. Subcommittee 23.3, 
'ideo Systems and Components, prepared 
wo tutorial papers which appeared in the 
anuary issue of the PROCEEDINGS, and work 
cowards the preparation of more tutorial 
epers is continuing. The Video Techniques 
;ommittee also prepared a Standard on 
l'elevision: Methods of Measurement of 
aectronically Regulated Power Supplies, 
alblished in the January issue of the 
'ROCEEDINGS, reprints of which may now be 
our( hased fro i 11 Headquarters. . . . Reprints 
.f Standards on Circuits: Definitions of 
:erms in Network Topology, may also be 
murchased at Headquarters.. . . The pro-
• tosed Standards on Electronic Computers: 
' )efinition of Terms, prepared by the Elec-
ronic Computers Committee of the IRE, has 
it-en approved as an IRE Standard and will 
me published in the March issue of the 
)ROCEEDINGS  . Axel G. Jensen, Chairman 
If the  Definitions  Co-ordinating  Sub-
.ommittee, has distributed to all Technical 
2ommittee Chairmen copies of a Proposed 
itandard on Definitions of Receiver Terms, 
wepared by the Receivers Committee, and 
dso a proposed definition for the term 
'transfer characteristics." This is in line with 
he new procedure to obtain comments on 
he definitions by mail prior to submission 
o the Standards Committee for approval. 
.. A Joint IRE fAIEE Conference on Elec-

, ron Tubes for Computers was held on 
*Qecr•rober 11 and 12 at the Haddon Hall 
notel, Atlantic City, N. J. Members of the 
I RE Technical Committee on Electron 
rubes and Solid-State Devices, and the 
)Committee on Electronic Computers, par-
': icipated in formulating plans for this Con-
• 'lerence. The sessions were well attended and 
ttnthusiastic. 

To BE DISPLAYED AT IRE CONVENTION 

The devices shown above, which will be on dis-
play at the Armed Services exhibit, are typical of the 
wide variety of electronic equipment to be shown at 
Grand Central Palace during the IRE Convention. 
At top is the console of a Cloud Base and Top 

Indicator, capable of measuring the thickness of over-
head cloud decks from 300 to 50,000 feet. through 
rain if necessary. Continuous facsimile recordings are 
provided. 
At bottom is a new device for measuring the ex-

tent of exposure of individuals to atomic radiation. 
The dosimeter, which is worn about the neck, gives 
readings one minute after exposure through a self-
developing photographic process. 

Calendar of 

COMING EVENTS 

1951 IRE National Convention, Wal-
dorf-Astoria Hotel and Grand 
Central Palace, New York, N. Y., 
March 19-22 

URSI Spring Meeting, Washington, 
D. C., April 16-18 

IRE Southwestern Conference, Dal-
las, Texas, April 20-21 

1951 Convention of SMPTE, April 
30-May 4, Hotel Statler, N. Y. 

1951 Annual Meeting of the Engineer-
ing Institute of Canada, Mount 
Royal Hotel, Montreal, May 9-11 

1951 IRE Technical Conference on 
Airborne  Electronics,  Biltmore 
Hotel, Dayton, Ohio, May 23-25 

1951 IRE 7th Regional Conference, 
University of Washington, Seat-
tle, Wash., June 20-22 

1951 Summer General Meeting of 
AIEE, June 25-29, Royal York 
Hotel, Toronto, Canada 

1951 IRE West Coast Convention, 
San Francisco, Calif., August 29-
31 

1951 IRE CONVENTION SLATED 
FOR MARCH 19-22 IN NEW YORK 
The 1951 IRE National Convention, to 

be held on March 19-22 in New York, N. Y., 
promises to be the largest and most im-
portant convention in Institute history. An 
extensive technical program of over 200 pa-
ers will be presented in 43 sessions and sym-
posia at the Waldorf-Astoria Hotel, Belmont 
Plaza Hotel, and Grand Central Palace. The 
Radio Engineering Show, comprising 269 
exhibits of electronic and communications 
equipment and their applications, will fill 
three floors of Grand Central Palace. 
The Convention will open with the An-

nual Meeting of the Institute on Monday 
morning, March 19, in the Grand Ballroom 
of the Waldorf. James W. McRae, director 
of transmission development for Bell Tele-
phone Laboratories, will be the principal 
speaker. In addition, reports will be heard 
from IRE officers concerning the operations 
of the Institute during 1950. The program of 
technical sessions will commence on Monday 
afternoon. 

A noteworthy feature of the technical 
program is the prominent part played by 
IRE Professional Groups in organizing sym-
posia in their respective fields of interest. 
Fourteen symposia are scheduled for this 

year's program, eleven of which are the re-
sult of Professional Group activities. The 
sponsoring Groups and the titles of their 
symposia are as follows: Audio Group— 
"Loudspeakers"; Broadcast Transmission 
Systems Group—"Broadcast Transmission 
Systems" and "Panel Discussion on the Em-
pire State Story"; Circuit Theory Group— 
"New Extensions of Network Theory"; In-
strumentation  Group -"Amplification  of 
DC Signals," "Panel Discussion on Perform-
ance of DC Amplifiers," and "Industrial In-
strumentation"; Nuclear Science Group— 
"Nuclear Reactors"; Quality Control Group 
—"Panel Discussion on Tube Reliability"; 
Radio Telemetry and  Remote Control 
Group—"Telemetering Systems" and "Sim-
ulation as an Aid To Design of Remote Con-
trol Systems." 
Symposia will also be held on the follow-

ing subjects: "Matching Schools and Indus-
try" (sponsored by the IRE Education Com-
mittee), "Color Television," and "Some Sys-
tems Problems of Air Traffic Control" 
The complete program, with abstracts 

of all papers, will be published in the March 
issue of the PROCEEDINGS. 
The attention of broadcast engineers is 

called to "Broadcast Day" on Tuesday, 
March 20, when two Broadcast Group 
symposia (as noted above) will be held in the 
morning and af ternoon, climaxed by the Color 
Television symposium on Tuesday night. 
Of particular interest to all Professional 

Group members will be the President's 
Luncheon on Tuesday where tables will be 
assigned to each Group, affording Group 
members a unique opportunity to broaden 
their contacts within their own fields. 
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Tutorial Papers Series 
Begins in this Issue 

The first paper in this issue, 
"Television  Broadcasting  in the 
United States, 1927-1950," (pp. 116-
123) by Donald G. Fink, marks the 
beginning of a series of tutorial papers 
on a wide variety of subjects which 
are to be published at frequent in-
tervals in the PROCEEDINGS OF THE 
I.R.E. during 1951 and 1952. These 
papers are to be educational in na-
ture, of exceptional clarity, and pre-
pared by leading authorities on topics 
of both present and historical interest. 
These tutorial papers are pro-

cured by, and published on the recom-
mendation of the Subcommittee on 
Tutorial Papers (Prof. Ernst Weber, 
Chairman) of the IRE Committee on 
Education (Prof. Herbert J. Reich, 
Chairman). It is believed that mem-
bers in all grades will derive con-
siderable benefit from this series of 
tutorial papers. 

SARNOFF GOLD MEDAL AWARD 

IS ESTABLISHED BY SMPTE 

The establishment of the David Sarnoff 
Gold Medal as an annual award for an 
outstanding contribution to television en-
gineering has been announced by the Society 
of Motion Picture and Television Engineers. 
The award will be presented at the Soci-

ety's fall meeting to that individual who has 
done outstanding work in some technical 
phase of the broad field of television engi-
neering, whether in research, development, 
design, manufacture or operation, or in any 
similar phase of theater television. 

Terminology for IRE 
Publications 

The publication activities of the 
Institute may be expanded at some 
date in the future not as yet deter-
mined. In order to avoid confusion, 
the membership is urged to use the 
following terminology in their discus-
sions and correspondence when re-
ferring to existing and possible future 
IRE publications: 
1. PROCEEDINGS OF THE I.R.E. — 

the official monthly publication of the 
Institute. 
2. TRANSACTIONS — publications 

sponsored by  IRE  Professional 
Groups, either in conjunction with or 
independent of Professional Group 
symposia and conferences. 
3. CONVENTION JOURNAL—a pub-

lication containing all papers presen-
ted at an IRE national convention. 
Adoption of the above terminology 

in no way signifies that plans for the 
latter two publications are necessarily 
contemplated or as yet approved by 
the Institute. 

FIRST CALL FOR PAPERS FOR 

WEST COAST IRE CONVENTION 

Authors are invited to submit prospec-
tive papers for the 1951 West Coast IRE 
Convention, particularly in the fields of 
Antennas, Circuits, Computers, Propaga-
tion, and Vacuum Tubes. The Convention 
will be held in San Francisco on August 29, 
30, and 31. The following information 
should be submitted: (1) Name and address 
of author, (2) title of paper, and (3) a 100-
word abstract and such additional informa-
tion as may be required in order to properly 
evaluate the paper for inclusion in the 
technical program. 
Please address all material to J. V. N. 

Granger, Stanford Research Institute, Stan-
ford, Calif. The deadline for acceptance is 
May 1, 1951. Your prompt submission will 
insure full consideration. 

DEADLINE SET FOR PAPERS FOR 

IRE 7TH REGIONAL CONFERENCE 

Persons or companies are invited to sub-
mit prospective papers for the IRE 7th 
Regional Conference of 1951, to be held at 
the University of Washington, Seattle, 
Wash., on June 20, 21 and 22. In addition, 
manufacturers are invited to display equip-
ment specifically tied in with the papers 
they may present. The following informa-
tion should be submitted: (1) Name of 
paper, (2) author, (3) person or persons who 
will present it, (4) synopsis and (5) will 
equipment tieing in with the paper be dis-
played. 
The deadline for acceptance is March 31. 

Please send all material to J. E. Hogg, 
Electronics Department, General Electric 
Co., 1146 Dexter Horton Building, Seattle, 
Wash. 

NAB CONDUCTS THIRD ANNUAL 
SURVEY OF TV EMPLOYMENT 

Approximately 8,500 persons comprise 
the staffs of the TV stations and networks 
now on the air, according to an estimate 
announced by Richard P. Doherty, director 
of the National Association of Broadcasters' 
Employee-Employer Relations Department, 
in the third NAB annual TV employment 
survey. The compilation was based on in-
formation supplied by 56 TV stations (ex-
clusive of networks) for a typical operative 
week during the late spring of 1950. 
The increasing number of television sta-

tions which have become operative during 
the past year has reduced the "per station" 
employment average from 60 to 57 persons, 
according to the findings of the survey. 
The "per station" employment decline is a 
statistical consequence of the operational 
increase within the industry. The 1949 sur-
vey revealed the average station (exclusive 
of networks) employed 66 persons (46 full-
time and 20 part-time); the mean in the 
spring of 1950 was 57 (39 full-time and 18 
part-time). The reasons, in part, for this 
drop are that new stations are on the air less 
time than the established telecasters; and, 

Average Staff 
per TV Station 

Technical 
Film 
Program 
Administrative 
Sales 

for the most part, are located in smallet 1 
cities where over-all operation permits a 
smaller staff. 
On the basis of the data collected in 1950, 

the average staff of 57 persons was made tic 
of the following figures: 

Number  Number 
Full-Time Part-Time 
Employees Employees 

18  1 
3 
10 10 
6 
2  1 

Total  39  18 

IRE Official Appointed 
Selective Service Advisor 

The six Scientific Advisory Com-
mittees, appointed in 1948 by Major 
General Lewis B. Hershey, Director 
of the Selective Service System, have 
recently submitted to the Director a 
joint report presenting recommenda-
tions concerning the training and 
utilization of scientific, professional, 
and specialized personnel. The com-
mittees represent the six following 
fields: Agricultural and Biological 
Sciences,  Engineering Sciences, 
Healing Arts, Humanities, Physical 
Sciences, and Social Sciences. George 
W. Bailey, Executive Secretary of the 
IRE, was appointed by General 
Hershey to the Engineering Sciences 
Advisory Committee and has been 
attending the committee meetings at 
which the recommendations con-
tained in the recently published re-
port have been formulated. The three 
other members of that committee are: 
Chairman, Stephen L. Tyler, Ameri-
can Institute of Chemical Engineers; 
Alex C.  Monteith, Westinghouse 
Electric Corporation; and Carl R. 
Soderberg, Massachusetts Institute 
of Technology. 

FELLOWSHIPS ARE AVAILABLE 

AT STANFORD UNIVERSITY 

Stanford  University announces  that 
financial assistance, in the form of fellow--
ships and assistantships, is available to a 
substantial number of well-qualified gradu-
ate students who wish to work toward the 
higher degrees of M.S., Engineer, or Ph.D., 
either in physics or in electrical engineering, 
with a special interest in electronics. 
Letters of inquiry will be welcomed. For 

application forms and further details, those 
who expect to major in electrical engineer-
ing should write to Assistantship Com-
mittee, E. E. Dept., Stanford University, 
Stanford, Calif. Those who expect to major 
in physics should write to Director, Micro-
wave Laboratory, Stanford, Calif. 
Applications should be submitted by 

March 15, 1951. 
6. 
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The Expansion of the IRE Professional Group System 

The membership of the Institute may be justly proud of the healthy development of the IRE 
Professional Groups. It was the aim of these Groups to offer every member the opportunity to 
affiliate with other members interested in the same engineering specialities as himself. Thus the 
most advanced information in his preferred fields is rapidly made available to him. The Groups 
are, in fact, essentially technical societies within the IRE framework. They are an extremely im-
portant development, and warrant the interest and support of every member. A detailed descrip-
tion of their work follows. Each member should particularly study that part of this description 
dealing with fields of particular interest to him. It would be well if each member were to join the 
corresponding Professional Groups, if he has not already done so. 
To join a Group, a member need only write to L. G. Cumming, Technical Secretary, The In-

stitute of Radio Engineers, 1 East 79 Street, New York 21, N. Y., asking for details as to the 
necessary procedure.—The Editor. 

In the space of two and one-half years, 
ince the formation of the first IRE Profes-
ional Group, the growth of the Group sys-
em and the continuing interest in it have 
,roven the worth of the Groups. 
Since June 2, 1948, when the Institute 

pproved the petition for the formation of 
he first IRE Professional Group, nine other 
koups have been approved, and all have 
ontributed to the Institute's program. The 
en groups are, namely: Audio; Broadcast 
'ransmission Systems; Antennas and Propa-
ation; Nuclear Science; Vehicular Com-
aunications; Circuit Theory; Quality Con-
rol; Broadcast and Television Receivers; 
nstrumentation; and Radio Telemetry and 
temote Control. Approval is now pending 
or the petition to form the eleventh, the 
RE Professional Group on Airborne Elec-
ronics. Membership in the Groups is 
..teadily increasing and bringing with it new 
nembers of the IRE. By now the total 
1nembership of the ten Groups is in excess of 
kl,500. Applications for Group membership 
t nay be obtained by applying to the Techni-
I:al Secretary of the IRE. 
The growth of the Professional Group 

45ystem is evidenced by the fact that at the 
1950 National Convention, five Groups 
tponsored symposia. All ten of the Groups 
ire planning to participate at the 1951 
'National Convention and each has nomi-
_ 

oated a representative to serve on the Tech-
2ical Program Committee for this Conven-
tion. In addition, plans are underway to set 
op a procedure for the systematic publica-
tion of Transactions of Group symposia, 
which will be accomplished with the co-
operation of the Editorial Department. One 
of the Groups has recently reviewed papers 
i(or possible publication in the PROCEED-
INGS. IRE Sections are kept constantly in-
formed of the activities of the Groups by 
copies of "Newsletters," Conference Notes, 
Minutes, etc. Moreover, an account of the 
Group activities is published each month in 
/he PROCEEDINGS OF THE IRE. 
" A short history of the progress made to 
date by each by each of the ten Groups fol-
lows: 
The IRE Professional Group on Audio 

was formed with the approval of the Execu-
tive Committee on June 2, 1948. A large 
national meeting of the Group members took 

place on March 9, 1950, during the IRE Na-
tional Convention. The Group has three 
times sponsored symposia of national scope: 
at the Radio Fall Meeting in Syracuse in Oc-
tober, 1949; at the 1950 National Conven-
tion of the IRE; and at the Radio Fall Meet-
ing in Syracuse in November, 1950. The elec-
troacoustics session at the 1950 National 
Electronics Conference in Chicago was ar-
ranged by the Group. As a service to its mem-
bers, the Group began the distribution of 
Newsletters in March of last year. The 
Group has reviewed two papers for publica-
tion in the PROCEEDINGS, and on the initia-
tive of the Group, and in co-operation with 
the Group, the Editorial Department at 
Headquarters is attempting to procure six or 
eight papers on Audio for forthcoming issues 
of the PROCEEDINGS. In December, 1949, a 
local Group was formed in Boston which has 
held technical meetings on a monthly basis 
since its formation. Active local Groups exist 
in Milwaukee and Washington, D. C., and in 
Detroit, the local Audio Group has been 
holding meetings for the past two years. Dr. 
Leo Beranek of the Massachusetts Institute 
of Technology is currently serving as the 
Group's Chairman. A total of 1,126 engineers 
are now enrolled as members of the national 
Group. 
On July 7, 1948, the second Professional 

Group came into existence with the ap-
proval of a petition to form the Professional 
Group on Broadcast Engineers. The name of 
this Group was changed in August, 1949, 
and it is now known as the IRE Professional 
Group on Broadcast Transmission Systems. 
The Group is currently conducting a large 
membership drive aimed at the engineers in 
all broadcast stations and engineers con-
cerned with the manufacture of broadcast 
equipment. A substantial mailing has been 
accomplished for the Group by IRE Head-
quarters which will undoubtedly result in an 
increase of IRE membership. The Group in 
the past two years was not sufficiently or-
ganized to sponsor a national symposium, 
but is looking toward the 1951 National 
Convention with a great deal of interest. A 
full day's program is being planned for 
"Broadcast Day" in March. It is anticipated 
that several papers presented on Broadcast 
Day will be submitted for possible publica-
tion in the PROCEEDINGS. In the summer of 

1949 a lively program was inaugurated by 
the local Boston Group which has resulted in 
several technical meetings. Mr. Lewis Win-
ner of Bryan Davis Publishing Company is 
the Group's Chairman and 808 members of 
the national Group are now enrolled. 
On February 1, 1949, the third Group, 

IRE Professional Group on Antennas and 
Propagation, was formed. The national 
Group has been very active since the date of 
its formation and a great deal of time has 
been given by its officers toward a full and 
stimulating program. On October 31, No-
vember 1 and 2, 1949, in Washington, D. C., 
the Group, together with URSI, sponsored a 
highly successful symposium. On April 3 and 
4, 1950, another successful symposium was 
sponsored with URSI, this time in San 
Diego, Calif. Dr. L. C. Van Atta, last year's 
Group Chairman, has prepared an excellent 
article entitled "The Role of Professional 
Groups in the IRE," which was published in 
the October, 1950, issue of the PROCEED-
INGS. In accordance with the Institute's pol-
icy, abstracts of the papers presented at the 
Group's San Diego symposium were pub-
lished in the PROCEEDINGS in August, 1950, 
and the Group has sponsored four papers 
which will be packaged as a single article for 
publication in a forthcoming issue. The 
Group's present Chairman is Mr. Newbern 
Smith of the National Bureau of Standards. 
A total of 910 members are presently en-
rolled in the national Group and, in addi-
tion, 300 applications for membership are 
pending. The Group will undoubtedly be one 
of the largest in the Institute. 
On April 5, 1949, the Institute approved 

petitions for formation of three new Groups. 
One of these was the IRE Professional 
Group on Nuclear Science. Prior to the for-
mation of the Group, the Technical Com-
mittee on Nuclear Studies had sponsored a 
nucleonics symposium jointly with AIEE:. 
The responsibility for this annual project 
was assumed by the Group and on October 
31, November 1 and 2, 1949, the I RE/AI E:E 
Joint Conference on Electronic Instrumen-
tation in Nucleonics and Medicine was held. 
Over 750 attended the Conference, which in-
cluded an exhibition staged by the Atomic 
Energy Cominission and a trip to the Brook-
haven National Laboratory. The Group 
sponsored a similar Conference this year 
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with the AIEE on October 23, 24, and 25, 
again in New York City, and a technical ses-
sion at the 1950 National Convention. Soon 
after its formation, the Group initiated a 
regular Newsletter which has been stimulat-
ing and informative. The former Committee 
on Nudear Studies had initiated the procure-
ment of a series of papers for the PROCEED-
INGS. A dozen of these papers were published 
in 1948 and 1949. Upon the formation of the 
Group, procurement activities were assumed 
by the Group and four papers were pub-
lished in 1950. It is expected that five more 
will soon be submitted. The Group's present 
Chairman is Mr. M. M. Hubbard of the 
Massachusetts Institute of Technology, and 
its membership totals 518. 
Another Group formed on April 5, 1949, 

was called the Group on Vehicular and Rail-
road Radio Communications. The name of 
this Group was changed on July 12, 1950, to 
IRE Professional Group on Vehicular Com-
munications. On November 3, 1950, in De-
troit, the national Group held a full day's 
technical meeting on Land Mobile Commu-
nications at which eight papers were pre-
sented. A local Group has been formed in 
Detroit and steps are being taken toward the 
formation of local Groups in Chicago, New 
York, and Portland, Ore. Mr. Austin Bailey 
of the American Telephone and Telegraph 
Company is the present Chairman, and the 
membership totals 413. 
The petition to form an IRE Professional 

Group on Circuit Theory was approved by 
the Institute's Executive Committee on 
April 5, 1949. The Group sponsored a tech-
nical session at the 1950 National Conven-
tion and plans to participate in the 1951 Na-

PROFESSIONAL GROUP NOTES 

The Committee on Professional Groups 
has drafted revisions to certain pages of the 
Manual for Professional Groups in order to 
outline a tentative plan for the publication 
of papers resulting from Group-sponsored 
symposia and technical meetings. The pro-
posed plan will provide the Groups with a 
systematic, and effective manner of pub-
lishing the Transactions of their confer-
ences and will facilitate the publication of 
several of these papers in the PROCEEDINGS 
ov THE I.R.E.... A petition to form an 
IRE Professional Group on Airborne Elec-
tronics has been received at Headquarters 
from George Rappaport of the Dayton Sec-
tion. It is hoped that the Institute's Execu-
tive Committee will be able to act on the 
petition at its February meeting. If it is 
approved, the future Group will sponsor the 
"1951 National Conference on Airborne 
Electronics" in co-operation with the Day-
ton Section of the IRE. The Conference will 
be held on May 23, 24, and 25, 1951. The 
success of a similar conference held in 1950 
lead a group of people to petition for the 
Professional Group. ... The regular joint 
spring meeting of the U.S.A. National Com-
mittee of the International Scientific Radio 
Union (URSI) and the IRE Professional 
Group on Antennas and Propagation will be 
held April 16, 17, and 18, 1951, at the Na-

PROCEEDINGS OF THE 

tional Convention. Organization of the 
Group has not been completed. In addition 
to the 29 petition signers who are at present 
listed as members of the Group, Headquar-
ters has received applications for member-
ship totaling 994. It is expected that organi-
zation of the Group will have been accom-
plished by the time these notes are published. 
The acting Chairman for the Group is 
Professor J. G. Brainerd, of the University 
of Pennsylvania. 
On July 12, 1949, the IRE Professional 

Group on Quality Control was formed by the 
Executive Committee's approval of its peti-
tion. The Group sponsored a technical ses-
sion at the Radio Fall Meeting in 1949, and a 
technical session and a symposium at the 
1950 National Convention. The Group again 
sponsored a technical session at the Radio 
Fall Meeting in 1950. Three papers are being 
published in the PROCEEDINGS on the rec-
ommendation of the Group, two of which are 
an outcome of the Group's symposium. Mr. 
R. F. Rollman of Allen B. DuMont Labora-
tories, Inc., is the Group's present Chair-
man. The membership totals 316. 
The petition to form an IRE Professional 

Group on Broadcast and Television Receiv-
ers was approved by the Institute on August 
9, 1949. The Group has been active in spon-
soring technical meetings, including two ses-
sions at the Radio Fall Meeting in 1949, a 
symposium at the 1950 National Conven-
tion, and two sessions at the Radio Fall 
Meeting in 1950. An article by Mr. John D. 
Reid, procured by the Group, was published 
in the October, 1949, issue of the PROCEED-
INGS. The Group has an active Canadian sec-
tion. There are 302 presently enrolled as 

tional Bureau of Standards in Washington, 
D. C. Information regarding the meeting 
may be secured from Newbern Smith, 
Chairman of the Group, at the National Bu-
reau of Standards, Washington 25, D. C. . . . 
The IRE Professional Group on Audio has 
distributed Newsletter No. 4 to its members. 
The letter contains abstracts of five papers 
presented by the Group at the Radio Fall 
Meeting and at the Boston and Milwaukee 
Sections. A ballot for election of new officers 
and Administrative Committee members 
was included with the letter.... The Ad-
ministrative Committee of the IRE Pro-
fessional Group on Broadcast Transmission 
Systems held a meeting on December 1, 
1950, at which plans for Broadcast Day at 
the 1951 National Convention were dis-
cussed. Two hundred applications for mem-
bership in the Group have been received as a 
result of the Group's recent mailing to chief 
engineers of broadcast stations and manu-
facturers of broadcast equipment.... Mem-
bers of the initial Administrative Committee 
of the IRE Professional Group on Circuit 
Theory have been appointed. J. G. Brain-
erd, E. A. Guillemin, and W. N. Tuttle will 
serve on the Committee for a three-year 
term; W. E. Bradley and J. M. Petit for a 
two-year term; and R. L. Dietzold, C. H. 
Page, and J. R. Ragazzini for a one-year 
term. Professor Brainerd is Acting Chair-
man of the Group.... The IRE Proles-

February .; 

members of the national Group, and 612 1 
11 pending applications for membership. The 

Group's Chairman is Mr. Virgil Graham, of. \ 
Sylvania Electric Products Inc.  .. 
January 31, 1950, saw the inauguration 

of the ME Professional Group on Instru-
mentation. The Group sponsored a sympo-
sium on Improved Quality Electronic Com-
ponents in co-operation with AIEE and 
RMA in Washington, D. C., on May 9, 10, 
11, 1950. The Group sponsored the High 
Frequency Measurements Conference in co-
operation with the Joint IRE/AIEE Com-
mittee on High Frequency Measurements 
which was held in Washington, D. C., on 
January 10, 11 and 12, 1951. The Group's 
Vice-Chairman, Mr. H. L. Byerlay, has pre-
pared a short article entitled, "Organizing 
the Professional Group on Instrumentation 
at the Section Level." Copies of this article 
may be secured from IRE Headquarters. 
There exists the nucleus of a local Group in 
Detroit, but no action has yet been taken to 
set up local Groups. The Group's Chairman, 
is Professor Ernst Weber, of the Polytech-
nic Institute of Brooklyn. Its membership 
totals 1,362, the largest of all the Groups. 
The petition for the formation of the 

IRE Professional Group on Radio Telemetry 
and Remote Control was approved by the 
Institute's Executive Committee on July 12, 
1950. Members have been appointed to the 
Administrative Committee and a meeting 
will soon be called to discuss plans for par-
ticipation in the 1951 National Convention. 
The Group has not yet had an opportunity 
to carry on a membership drive, so at the : 
present its members consist of the twenty- . 
seven petition signers. 

sional Group on Quality Control has begun 
implementation of its plan outlined in these 
Notes in the January issue of the PRO-
CEEDINGS to establish facilities to assist 
the IRE Sections in preparing local pro-
grams and securing outstanding authori-
ties as speakers for meetings. Questionnaires 
have been sent to all Sections and these will 
be filled in to in,dicate the Section's interest 
or needs for speakers on quality control in 
the electronics field. The Group's first News-
letter has been mailed to the members. It 
is planned that a Newsletter will be dis-
tributed bi-monthly and will include in-
formation relevant to the general subject of 
quality control, abstracts of papers, and 
news of Group activities. . . . The recently 
formed IRE Professional Group on Radio 
Telemetry and Remote Control has held 
its first Administrative Committee meeting. 
In order to secure members for the new 
Group, a card announcing its formation has 
been mailed to eight of the IRE Sections 
which will be most interested in the Group. 
... During the past few months Head-
quarters has received word of plans on the 1,  
part of various IRE members which may ' 
lead to petitions for several new Professional ' 
Groups. The fields in which interest has 
been expressed in recent communications 
are: basic science, electronic computers, en-
gineering management, industrial electron-
ics, information theory, and piezoelectricity. 
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ndustrial Engineering 
%Totes' 

1ICA REPORT AVAILABLE 

The Office of Technical Services has re-
eased a transcript of a round-table discus-
ion by industry-military representatives on 
aka and mica substitutes. Subjects covered 
a the report include solid-state synthetic 
aka; World War II mica research; minia-
ure capacitors; cellulose esters; glass and 
itreous enamel insulating materials; dimen-
ionally stable ceramics; the use of bloc talc; 
ntegrated mica; and new use of mica. 
:opies of the transcript PB 101 142 may be 
Ibtained for 50 cents at the OTS, U. S. De-
artment of Commerce, Washington 25, 
). C. 

2.TCM RELEASES PAPER ON 
ylARINE STANDARDIZATION 

The Radio Technical Commission for 
darine Services has released a detailed 
)aper on the "Consideration of the Difficul-
ies Which Would Result from a Failure to 
itandardize Internationally Upon the Use 
if FM for VHF Marine Communications, 
ncluding an Analysis of the Advantages of 
7M over AM for Such Use." 
The RTCM report deals with two spe-

ific subjects: (1) the operational difficulties 
vhich would be brought about by a dual sys-
em (FM in Region 2, AM in United King-
km or other areas), and (2) the advantages 
vhich would result from  international 
itandardization upon the use of FM. 
Copies of the report may be obtained 

rom the Executive Secretary, R. T. Brown, 
7ederal  Communications  Commission, 
Nashington 25, D. C. 

FCC ACTIONS 

The FCC has issued detailed statistics on 
the financial operations of AM and TV sta-
tions in 1949. The FCC tabulations, copies 
of which may be obtained from the Secre-
tary  of the  Federal  Communications 
Commission, Washington 25, D. C., showed 
that AM stations had total revenue of 
$413,784,633 and total income of $56,-
262,915. The four TV networks and their 
13 owned and operated stations together 
with 85 other video outlets had revenues of 
$34,329,957 and expenses of $59,591,906 for 
a total broadcast loss of $25,261,950 in 1949. 
:1 The FCC estimated the investment in TV 
) broadcast stations after depreciation of 
11$44,941,469. 

, TELEVISION NEWS 

A long list of prominent educators have 
asked the FCC to set aside vhf-uhf television 
frequencies and reserve them "indefinitely" 

' for noncommercial educational purposes. 
✓iiiTheme of the educators' contentions was 
▪ that educational broadcasting could not 

1 The data on which these NOTES are based were 
selected by permission from Industry Reports, issues Iof November 17. November 24. December I. Decem-
ber 8, published by the Radio-Television Manufac-
1 turers Association, whose helpful attitude is gladly 
acknowledged. 

compete with commercial TV broadcasting 
either for audience or for frequencies, but 
that the public interest required the setting 
aside of TV channels for educational pur-
poses. 

CREDIT REGULATION IS AMENDED; 
DISTRIBUTORS PROTEST RULING 

The Federal Reserve Board has an-
nounced that it is amending its recently 
established Regulation "W" which controls 
consumer credit. 
The revised regulation, which increases 

the required down payment.on a TV or radio 
receiver from 15 per cent to 25 per cent, im-
mediately drew the fire of radio and tele-
vision distributors and dealers. The revised 
rules also would reduce the maximum ma-
turity for such purchases from 18 to 15 
months and lower the controlled sale from 
$100 to $50. 

CONTROLS 

The National Production Authority has 
issued an order which, in effect, sets aside 10 
per cent of the zinc produced for military 
use. The order was issued, NPA said, "to 
provide for the equitable distribution of 
of priority rated orders among all producers 
and fabricators of zinc ...." Two orders 
affecting the use and distribution of copper 
were issued by the National Production 
Authority in efforts to "assure copper sup-
plies for the expanding rearmament pro-
gram." The NPA order (M-12) limiting non-
defense use of copper was milder than had 
been expected by observers. However, NPA 
copper officials told RTMA that the current 
copper situation is worse than it was at any 
time during World War II. This week's 
orders were described as the initial step. We 
are "merely getting our feet wet," one NPA 
official stated. . . . The National Production 
Authority has issued an order requiring tin 
inventories to be held to a 60 days' supply. 
NPA also called for reports on inventories, 
receipts, consumption, imports, and dis-
tribution of tin. Under the new reporting re-
quirements, all persons having 1,000 pounds 
or more of pig tin in their possession or under 
control on the first day of the month must 
file a report. . . . The National Production 
Authority has issued an order restricting the 
use of aluminum for nondefense purposes to 
65 per cent of the average quarterly use of 
the metal during the first six months of this 
year. The NPA directive became effective 
January 1. In December of this year, NPA 
said, users of aluminum will be permitted 
100 per cent of their average monthly con-
sumption in the first months of 1950. 

MOBILIZATION 

John D. Small, former vice-president and 
executive assistant Co the president of Emer-
son Radio and Phonograph Corp., was re-
cently sworn in as Chairman of the Muni-
tions Board. He was named to his new post 
by President Truman. 

FCC AUTHORIZES TESTS OF 
SUBSCRIBER-VISION SYSTEM 

The FCC has granted the request of the 
General Teleradio, Inc., licensee of WOR-TV, 
New York, N. Y., for special temporary au-
thority to test, under certain expressed con-
ditions, the "Skiatron Subscriber-Vision 
System" during the nonregular hours of op-
eration of that station. 
The "subscriber-vision" system of Skia-

tron Corp. sends a coded "scrambled" TV 
picture over the air. It can be received only 
by a receiver equipped with a special de-
coder. The system employs a coder unit at 
the camera and another at the receiver. The 
standard TV synchronizing pulses are fed 
into a small kinescope tube and projected 
onto a photoelectric cell, the output of 
which is used to supply the final synchroniz-
ing pulse. 

FCC TV NETWORK RESTRICTIONS 
OPPOSED BY TV BROADCASTERS 

About forty petitions were filed in con-
nection with the FCC's proposal to adopt 
rules that would require TV stations in areas 
served by less than four stations to use a 
minimum of program time from each of the 
four television networks. 
Majority of the petitions opposed the 

FCC proposal to limit one-station areas to 
the use of only two hours of a single net-
work's programs in the afternoon and night-
time. Most of the petitions also recom-
mended that full-scale hearings be held be-
fore the FCC takes any final action. 

NEARLY SIX MILLION TV TUBES 
ARE SOLD IN SIX MONTHS' PERIOD 

Television receiver manufacturers pur-
chased 5,934,391 TV picture tubes in the 
first 10 months of 1950, according to reports 
to RTMA. October tube sales to set manu-
facturers totaled 848,387 units valued at 
$23,513,590, compared with 764,913 tubes 
valued at $20,423,353 in September. 
The trend to large-type cathode-ray 

tubes continued in October with tubes 16 
inches in size and larger representing 92 per 
cent of the month's sales. Rectangular 
tubes comprised 58 per cent of the October 
sales to set producers. 
Total sales of all types of cathode-ray 

tubes, including oscillographs, camera pick-
up tubes, etc., in October amounted to 
947,872 units valued at $26,206,183 and 
brought the ten months' total to 6,378,210 
tubes valued at $165,611,700. . . . Television 
receiver production in eleven months of 1950 
aggregated 6,529,615 sets, according to pre-
liminary industry estimates. RTMA's es-
timates represent production by member 
and  nonmember companies.  November 
radio and television production each dropped 
eight per cent below the previous month's 
output. TV sets produced in November 
numbered 752,005 units and radio receiver 
production amounted to 1,304,094. Radio 
receivers, including home sets, auto and 
portables, manufactured in the 11-month 
period, totaled 12,785,917. 
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IRE People 

1 

Rudolph Goldschmidt, eininent 
radio engineer who originated one 
of the first high-frequency alterna-
tors which was named for the in-
ventor, died in November at the age 
of 74 in England. 
Dr. Goldschmidt, who was born 

on March 9, 1876: at Mecklenburg, 
Germany, received his engineering 
education at the Technical Univer-
sity of Darmstadt. Following his 
graduation he served as an assistant 
professor. 
The inventor of reflex alternators 

built for powers up to 100 kilowatts, 
Dr. Goldschmidt also invented the 
receiver instrument known as the 
tone wheel which receives continu-
ous waves on a musical note before 
heterodyning. 
He was president of his own 

company, The High Frequency 
Machine Company, at Berlin, dur-
ing the years 1912 to 1923, and was 
at one time a member of the IRE. 
Later Dr. Goldschmidt became 

an independent inventor in Berlin, 
and designed mechanical means for 
changing rotating into reciprocating 
motion. He also invented an elec-
tromechanical banner utilizing these 
means. 

Thomas McLellan Davis (M'28-SM'43), 
head of the Radio Techniques Branch of 
Radio Division 11 of the Naval Research 

Laboratory,  Wash-
ington, D. C., re-
cently will have com-
pleted 40 years of 
military and civilian 
service in the Navy. 
A pioneer radio 

engineer, Mr. Davis 
was born in Farm-
ington, Maine. His 
naval career began 
with his enlistment 
on October 21, 1910. 
After a course at the 

Navy Electrical School, he was assigned as 
radio operator on the staff of Admiral Ward 
on the USS Florida, with similar duty sub-
sequently in New York Navy Yard. From 
1915 to July, 1919, he was on radio duty on 
Atlantic Fleet flagship,  USS Wyoming, 
which was attached to the British Grand 
Fleet in the latter part of World War I. 
He transferred from the Wyoming at 

Scapa Flow to U.S. Fleet flagship Pennsyl-
vania, from which he conducted a school in 
British radio procedure for the radio per-
sonnel of ships stationed at New York Navy 
Yard. After similar duty at Norfolk, he be-
came assistant to the Radio Officer of Wash-
ington Navy Yard's Ratio Test Shop in 
October, 1919. A year later he converted to 
civilian status at the Yard, becoming the 
ranking civilian in charge of the engineering 

THOMAS NIcL.I)Avis 

and test phases of Radio Test Shop activi-
ties (except transmitters) a year prior to 
his transfer to NRL. 
In September, 1923, Mr. Davis joined the 

radio staff at the Laboratory. As Head of 
the Radio Receiver Section, he became re-
sponsible for research, development, and 
design of nearly all military types of radio 
receiving equipment, including in addition 
radio direction-finder research in the period 
1933 to 1940. Since 1947, he has been 
head of the Radio Techniques Branch, 
which was formed by merger of the former 
Receiver Section with the Radio Measure-
ments and Components Section, encom-
passing a broad field of research and devel-
opment in electronics. 
The Navy's radio receiving equipment 

for the past three decades has been out-
standing in reliability and performance. A 
major factor in this has been Mr. Davis' 
keen appreciation of naval radio problems 
and his ability to provide highly successful 
engineering solutions thereto. 
Mr. Davis is a member of the American 

Physical Society and was Chairman of the 
Washington Section of the IRE in 1934. He 
served as representative to the D. C. Coun-
cil of Engineering and Architectural So-
cieties from 1935 to 1948. 

Carl L. Frederick (M'45) of Chevy 
Chase, 1\1d., was recently awarded the de-
gree of Doctor of Science by Nebraska 
Wesleyan University, Lincoln, Neb. The 
degree was recommended by J. C. Jensen, 
professor of physics, and was presented by 
Carl C. Bracy on the occasion of his installa-
tion as Chancellor. 
The citation reads as follows: "Carl Le-

roy Frederick—Scholar and leader in sci-
entific research, a physicist of high repute 
devoting time and skill to research in and for 
the development of means of defense from 
those who would destroy our democratic 
way of life, an alumnus of whom your alma 
mater is justly proud—upon recommenda-
tion of the faculty and by vote of the Board 
of Trustees, I am highly honored to confer 
upon you the Degree of Doctor of Science 
with all the rights, honors, and privileges of 
this degree." 
Dr. Frederick delivered an address before 

a joint meeting of Sigma Pi Sigma and Phi 
Kappa Phi, honorary fraternities, on the 
subject, "Training for a Scientific Career." 

Thomas G. Banks, Jr., (A'39) has been 
appointed to the newly created position of 
Director of Research and Development at 
Gates Radio Co., Quincy, Ill. Prior to ac-
cepting the new position, Mr. Banks served 
as a Gates sales engineer for the Oklahoma-
Kansas territory. 
Previously he owned and managed his 

own broadcast station. Mr. Banks is a recog-
nized broadcast consultant before the FCC. 

Robert  Charles  Woodhead 
(A'37-M'46) died suddenly on No-
vember 8 at the age of. 36. Born at 
Edmonton, Alberta, Canada, Wing 
Commander Woodhead received his 
engineering education at McGill 
University, Montreal, from which 
he was graduated with the degrees 
of B.Sc. and B.Eng. 
From 1935 until World War II, 

he was employed in an engineering 
capacity by the Bell Telephone 
Company of Canada. Joining the 
Royal Canadian Air Force shortly 
after the outbreak of war, he was 
employed for a period as a navigator, 
and then in the Telecommunication 
Branch. 
Retiring from the service at the 

cessation of hostilities to resume em-
ployment with the Bell Telephone 
Company, he rejoined the service in 
1946 and was appointed to perma-
nent commission in the Telecomm u n-
ication Branch of the Royal Can-
adian Air Force. At the time of his 
death, he held the appointment of 
Director of Telecommunication En-
gineering,  RCAF,  Headquarters, 
Ottawa, Canada. 
Wing Commander Woodhead 

was largely responsible for the basic 
engineering work connected with the 
domestic and overseas radio tele-
typewriter circuits activated by the 
Royal Canadian Air Force. 
He also led, for a period, a joint 

service group which engineered an 
automatic tape relay which formed 
the backbone of the National De-
fense Communication System in 
Canada and into which RCA I 
major radio teletypwriter circui 
were integrated. 
More recently, he was responsi-

ble for the engineering decision 
leading to The selection of all tel. 
communication equipment adopte.1 
by the RCAF, and for the general 
technical policy governing its use. 

Marvin Hobbs (A'35-M'41-SM'43) was 
recently appointed Chief of the Electronics - 
Division of the Munitions Board and Gov-
ernment Chairman of the Electronics Equip-
ment Industry Advisory Committee. He has 
served with the Munitions Board, which is a 
part of the Office of the Secretary of De-
fense, since May, 1950, when he was ap-
pointed Deputy Director of the Secretariat 
of the Joint Electronics Committee. 

Norman Snyder (M'43-SNI'43) of the 
International Standard Electric Corp., a 
subsidiary of the International Telephone 
and Telegraph Corp., is at present engaged 
in company activities in Saudi Arabia. 
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ECTOR R. SKIFTER 

RE People (Continued) 
Hector R. Skifter (A'31-M '36-SNI'43-
.511. president of Airborne Instruments 
LIK,ratory, Mineola, L. I., N. Y., has 

announced  that a 
group of executives 
and employees of Air-
borne  Instruments 
Laboratory in associ-
ation with Laurance 
S. Rockefeller and 
certain of his associ-
ates, and with the 
American  Research 
and  Development 
Corporation, Boston, 
Mass.,  have  pur-
chased  the  entire 

tpital stock of the Laboratory from Aero-
_autical Radio, Inc. 
The transaction provides for the three 

roups to share nearly equal ownership of the 
!search and development laboratory or-
anized in 1945 as an outgrowth of three 
;odd War II laboratories associated with 
olumbia University, Harvard, and the 
lassachusetts Institute of Technology. 
Management of AIL will remain in the 

ands of Mr. Skifter, as general manager and 
resident; D. M. Miller, vice-president; and 
:. May, secretary-treasurer.  The new 
bard of Directors is comprised of Stuart N. 
cott, Joseph Powell, Jr., Georges Doriot, 
Vandolph B. Marston, Harper Woodward, 
ohn N. Dyer, Mr. Miller, and Mr. Skifter. 

J. Gilman Reid, Jr., (A'50-M'50-SM'50) las been appointed Chief of the Electronics 
)ivision of the National Bureau of Stand-
rds. He has been Chief of the Engineering 
F.lectronics Section since January 3, 1939. 
?or the present he will continue to act in 
his capacity, in addition to assuming duties 
s division chief. 
In 1937 Mr. Reid joined the staff of the 

iational Bureau of Standards as a member 
pf the Heat and Power Division. In 1941 he 
ierame a project engineer for the uranium 
ifoject at the Bureau, working on the de-
ign and development of electrical and 
; lectronic control equipment for special 
• Irocess control in isotope separation. From  
943 to 1944 he worked on power supply 

. lystems for radio proximity fuzes, and from 
t : 944 to 1946 carried a major fuze project 
hrough final development and production 
Alases. From 1946 until his appointment as 
'hie( of the Engineering Electronics Section, 
ie was chief engineer for the Electronic In-
etrumenmtion Laboratory, working on spe-
_jai instrument systems for the Navy's 
flureau of Ships and Bureau of Aeronautics, 
lie Treasury Department, and other labo-
pGatories within the NBS. 

Mr. Reid jattended the University of 
Mississippi, where he received the B.A. de-
4ree in physics in 1931 and the M.A. degree, 
also in physics, in 1933. From 1933 to 1936 
e was a member of the staff of the Museum 
of Science and Industry in Chicago, and 
from 1936 to 1937 was on the teaching staff 

of the RCA Institute, instructing in physics, 
electronics, and mathematics. 
He is a member of the American Physical 

Society and of the American Institute of 
Electrical Engineers. He has represented the 
Bureau on a number of society committees 
concerned with various phases of electronics 
and instrumentation. 

M. A. Acheson (A'36-M'37-F'41), has 
been transferred to the staff of E. Finley 
Carter, as vice-president in charge of engi-

neering of Sylvania 
Electric  Products 
Inc., in New York, 
N. Y. 
Mr.  Acheson 

joined the engineer-
ing staff of Sylvania 
Electric  in  1934. 
From 1935 to 1942 he 
supervised develop-
ment engineering for 
radio receiving tubes, 
including  portable 
types.  During the 

war he directed Sylvania's development of 
proximity-fuze tubes for the Navy Bureau of 
Ordnance and received an award for ex-
ceptional service from the Bureau. 
Appointed as manager of research and 

development in 1942, he served as manager 
of the Advanced Product Development De-
partment of Sylvania's Central Engineering 
Laboratories, until he was named chief engi-
neer for the radio tube division in 1948. 
Previously, Mr. Acheson had been a 

member of the research staff of the General 
Electric Company, where he specialized in 
the design and development of high-power 
radio transmitting tubes and broadcast 
transmitters. 
He holds approximately thirty patents 

on radio transmitter circuits, water-cooled 
power tubes, and tubes for television trans-
mission. 

M. A. ACHESON 

B. Richard Teare, Jr., (A'41-SM'45-
F'51) has been appointed Dean of Graduate 
Studies in the Carnegie Institute of Tech-
nology College of Engineering and Science. 
He is also head of Carnegie's electrical 
engineering department and Buhl profes-
sor of electrical engineering. He will remain 
in these posts. 
lie joined the Carnegie faculty in 1939, 

and was named Buhl Professor in 1943. He 
worked toward the establishment and organ-
ization of a graduate program in the electrical 
engineering department, and became head 
of the department in 1944. 
Dr. Teare has been secretary and vice-

chairman of the committee on graduate de-
grees for the College of Engineering and 
Science. As Dean of Graduate Studies he 
will now be chairman of this committee. 
As chairman of the basic course commit-

tee, and as an active teacher, Dr. Teare has 
contributed to the development of the 
Carnegie Plan of Professional Education. 

In 1947, he received the George Westing-
house Award in recognition of his "dis-
tinguished contributions to engineering 
education." 
A Fellow in the AIEE, Dr. Teare was 

chairman of the Institute's Committee on 
Education from 1948 to this year. He has 
been chairman of the Graduate Study Di-
vision of the American Society for Engineer-
ing Education, and is currently chairman of 
the Society's Division on Relations with 
Industry. 

• 

Leister F. Graffis (S'43-A'45) has been 
appointed chief field engineer of the Bendix 
Radio Division of Bendix Aviation Corpo-
ration. 
In his new capacity, Mr. Graffis will be 

in charge of field engineering service, main-
tenance training programs, and will direct 
the activities of technical representatives of 
the Bendix Radio Division who will assist 
government agencies in installation and 
maintenance. Personnel of his group will be 
assigned to work in many parts of this 
country, as well as outside the U. S. borders. 
Prior to his association with the field 

engineering group, Mr. Graffis was with the 
technical publications department. 'Earlier 
he was assistant service manager of the tele-
vision and broadcast receiver sales depart-
ment. 
Before coming to Bendix he was a 

Lieutenant Commander in the Navy, and 
was engaged in the setup of search radar 
equipment on the west coast and the super-
vision of the preparation of instructional 
material for all radio technician schools in 
that area. 
He attended North Dakota State School 

of Science, Colorado State College, and 
completed radar courses at Harvard and 
the Massachusetts Institute of Technology. 
He served overseas for two years, handling 
the maintenance and installation of elec-
tronic equipment in military aircraft. 

F. C. Cahill (S'38-A'40-SM'45) super-
visor of the Receiver Section at Airborne 
Instruments Laboratory, Mineola, L. I., 
N. Y., has been named supervising engineer 
of a combined engineering group to be 
known as the Radar Section. The new group, 
a combination of the former Receiver and 
Radar Sections, now comprises about 40 
engineers. 
Associated with Mr. Cahill in the techni-

cal operation of the new Radar Section will 
be assistant supervisors Richard N. Close 
(A'45), Matthew T. Lebenbaum (A'42-
M '46 -SN1'47), and William R. Rambo 
(S'39-A'40-SM'46). 
Mr. Cahill has been with AIL since No-

vember, 1945. Ile was experienced in de-
signing commercial radio receivers and radar 
systems prior to joining the Radio Research 
Laboratory in 1942. 



206 PROCEEDINGS OF THE I.R.E. Febru m 

Books 
Electrical Communications by Arthur L. 
Albert 

Published (1950) by John Wiley and Sons. Inc.. 
440 Fourth Ave.. New York 16. N. Y. 581 pages +11-
page index +ix pages. 428 figures. 9 X6. $6.50. 

This is the third edition of a work, the 
first edition of which appeared in 1934, and 
the second in 1940. The current edition has 
been thoroughly revised and brought up to 
date. 
The book covers the entire field of com-

munication, although television is treated 
more briefly than one might expect in view 
of its importance in the industry. The first 
portion of the bc )1c deals with the funda-
mentals of acoustics, electroacoustic devices, 
networks, lines, cables, waveguides, and 
various electronic devices, including re-
cently developed ones such as the transitor. 
Later chapters deal with telegraph, tele-
phone, and radio systems. The material on 
dial telephone and radio systems has been 
greatly expanded.. 
This book is primarily intended for use 

as a college text, and it should serve ad-
mirably to acquaint the students with im-
portant  circuit  principles,  transmission 
systems, and terminology encountered in 
communication engineering. It should also 
be useful to one who is interested in the sub-
ject as a whole, rather than any specialized 
branch. The text is arranged so that the 
topics can be understood, even though the 
mathematics be ignored. 
The book is thoroughly indexed, and the 

words and phrases listed in the index will be 
found printed in boldface type on the cor-
responding pages of the text. This is a great 
time saver in using the index. 
Review questions have been added to the 

chapters, and the problems have been re-
vised and increased in number. Extensive 
and modernized lists of references are given 
at the end of each chapter. 

C. 0. M ALL1NCKRODT 
Bell Telephone Laboratories, Inc.. 

Murray Hill, N. J. 

Principles and Applications of Waveguide 
Transmission by George C. Southworth 

Published (1950) by D. Van Nostrand Co.. Inc.. 
250 Fourth A ‘. e . New York. N. Y. 657 pages +xi 
pages +13-page index +465 figures. 61 X9f. $9.50. 

This is an up-to-date book dealing with 
a new art which has had a spectacular 
growth during the past 15 years. During all 
of this period of rapid growth, the author 
has held a position of preeminent leadership 
in the development of this art. 
The book appears to be particularly 

suitable for use as a college textbook and as 
a reference book of great value to practicing 
engineers and technicians. 
Two different orders of presentation are 

followed. The first, which is quantitative, 
follows the conventional theories of elec-
tricity as they apply to lumped circuits, 
transmission lines, waves in free space, and 
to waveguides. This approach includes the 
basic mathematical treatment of the sub-
ject. The second approach, which is largely 
qualitative, may be regarded as a verbal 

interpretation of the first, serving to de-
velop a physical concept of the various 
phenomena involved. 
The general background and theory are 

presented in the first 178 pages of text, fol-
lowing which, numerous applications and 
waveguide devices are described, including 
their characteristics and design factors. In-
cluded in these are transmission lines, im-
pedance matching devices (transformers), 
microwave filters, balancers, amplifiers, os-
cillators, antennas, resonators, microwave 
measurements, receiving methods, radar ap-
plications, and many others. 
The paper and print are of excellent qual-

ity and the presentation is enhanced by an 
exceptional number (465 figures) of clear-
cut diagrams, curves, drawings and photo-
graphs. 

H. 0. PETERSON 
RCA Laboratories. Inc. 

Riverhead. N. Y. 

Frequency Modulated Radar by David G. C. 
Luck 

Published (1950) by McGraw-Hill Book Co. Inc., 
330 W. 42 St.. New York 18. N. V. 437 pages +27-
page index +xviii pages. 118 figures. 6 X9. $4.00. 

This book is concerned primarily with 
the results of a Navy-sponsored research 
and development program at RCA in the 
field of frequency-modulated radar, covering 
a period from 1938 through the war years. 
The manuscript was originally prepared as a 
final report on a Navy contract and ex-
pectedly, therefore, considerable emphasis 
is placed on the theory and design of a few 
specific equipments. However, since the 
general treatment of the subject successfully 
transcends specific equipments, this . book 
represents a distinct contribution to the 
literature, since in most radar treatises, fre-
quency modulation systems are passed over 
all too briefly. 
The author has done an excellent job in 

presenting his material in a thoroughly read-
able fashion using a clear, simple, and under-
standable style, markedly devoid of the 
stilted phrases and cliches often present in 
many technical books. A thorough knowl-
edge of the techniques of radio engineering is 
assumed, together with some familiarity 
with pulse radar and servo mechanisms. 
The book is aptly divided into two parts. 

Part One is devoted to the development of 
the theory of frequency-modulated types of 
systems and to discussions of various tech-
niques used to describe the various systems 
developed by RCA. Particular emphasis is 
given to techniques that have been de-
veloped in connection with the fabrication 
of operable systems. The author also pre-
sents information on several developmental 
systems which were investigated, but not 
carried to completion as production items. 
Finally, there is included a chapter on mul-
tiple target systems in which performance 
comparisons are made between frequency-
modulated and pulse-type radar systems. 
The author outlines some of the limitations 
as well as advantages of both types of sys-
tems. 

In general, it is the conclusion of the re. 
viewers that this book is timely, and f urtheg ,-

ethxacet lliet nptr obbvaaiccdkkeggs rrtoohuuenn dde  leocnt rothneic  seunbgjiencete ro fw riteh.  

quency-modulated radar with particular enr - 
phasis on unclassified aspects of airborne 
fire-control and bombing systems —subjech 
obviously difficult to discuss in full complete-
ness because of security requirements. 

HAROLD A. Zs.* 
JAMES T. EVERj 

Signal Corps Engineering Laboratorier : 
Fort Monmouth, N.J. 

Super-Regenerative Receivers by J. B. 
W hitehead 

Published (1950) by Cambridge University Preis 
Si Madison Ave.. New York 10. N. Y. 157 pager 
1-3-page index +Mil pages. 77 figures. 54 X 8f. $4.7S, 

The author brings to his writing a wealth 
of experiences in direct contact with the ex-
perirnental development and continuing 
philosophical study of one of the most un-
usual of all radar sets—the Mark III IFF 
transponder. After pioneering work in Eng-
land, this super-regenerative receiver and 
pulse transmitter was engineered and put is 
large-scale production in U. S., then installed 
in every allied seacraft and aircraft for pro-
tection against friendly fire. Its reliable, un-
attended operation as an adjunct to diversi-: 
tied types of radar, has forever dispelled the-
prejudice against super-regeneration as beinOr--
tricky or undependable. 
After an adequate introduction to orientir 

the reader, the author proceeds with a skill-
ful theoretical presentation of certain spe-, 
cial topics under his subject. Each is prepl 
sented with adequate mathematical derivs-i-
tions and formulas, mostly relying on 
techniques no more advanced than the ' 
Fourier integral. 
The outstanding contribution of this' 

work is the formulation of the frequency re-' 
sponse of a super-regenerator, which ha0 -

been neglected in the few excellent studies' 
before the war. Here the author has adeptly& 
applied the basic principles and designs" 
formulas developed by this reviewer in,. 
Hazeltine Laboratory Reports* during the 
engineering of the Mark 111 IFF, and duly 
credited in other reports and publications of 
the author and his British associates. 
Spectacular skirt selectivity is obtained 

by a quench wave form which provides 
"slope-controlled" frequency response as dis-
tinguished  from  "step-controlled."  The 
properties of each are formulated and pre-
sented clearly by diagrams showing theirl. 
physical significance. 
The emphasis is on the "linear mod " 

• H. A. Wheeler. •Superregeneration formulai Or 
Hazeltine Report 1457 W. January 5. 1943. Same. 
I art 11. 1457 aW. February 16. 1943. (Formulas far 
gain and bandwidth in cases of conductance step an 
conductance slope.) 

J. F. Craib. 'Theory of superregeneration. • Hazel-
tine Report 1506 W. May. 1943. (Tests of gain and se-
lectivity. verifying formulas in case of conductance 
slope.) 

H. A. Wheeler. •A simple theory and design forma. 
las for super-regenerative receivers. • Wheeler ?Alone. 
graphs. no. 3. June. 1948. 

H. A. Wheeler. •Superselectivity in a super. 
regenerathe receiver. • Wheeler Monographs. no. 7. 
November. 1948. 

I. 
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althe °automatic gain stabilization" which 
hired the reliability of this mode  the 
hrk Ill IFF. The "logarithmic mode" is 
a ) presented clearly, with its limitations in 
"watching the slope-controlled selectivity. 
The simplification of the presentation is 
a ieveil by dividing the quench cycle into 
t following periods: (1)  regenerative 
tpling; (2) super-regenerative build-up; 
( oscillating; (4) damping. The sampling 
ciod governs the frequency response. 
Some attention is paid to the noise ac-
itance, but the author stops short of stat-
i some rather simple rules which express 
t: excess noise, as compared with a simple 
r eiver that would respond to equally short 
ilses.  • 
The treatment is well illustrated by com-
tted examples, also practical circuits and 
rerences to their war-time and post-war 
cplications. For design purposes, the key 
t mulas are tabulated and some are 
ophed. There is selective bibliography of 
Lblished papers. 
This work is presented on the level of an 
.vanced student with a thorough back-
pund in the theory of communication net-
airs. However, the diagrams and simple 
Imulas will be instructive and helpful to 
is less specialized radio engineer. 

HAROLD A. WHEELER 
Wheeler Laboratories 

Great Neck, L. I., N. V. 

obile Radio Handbook, First Edition, 
litor, Milton B. Sleeper; Associate Editors, 
rmiah Courtney and Roy Allison. 

Published (1950) by FM-TX' Magazine, Great 
rrington. Mass. 190 pages. 249 Illustrations. 26 
ides. 81 X1111. $4.00. cloth bound. $2.00. in paper 

The Mobile Radio Handbook is a corn-
lation of material of practical and techni-
.1 interest to anyone considering the de-
lopment of a vhf -FM radio communica-
m system. It contains a discussion of FCC 
gulatory problems such as the availability 
frequencies, the regulations with respect 
• equipment operation and operator licens-
g provisions. It describes in some detail 
any of the practical problems involved in 
anning, operating, and maintaining a vhf 
'stem based upon the actual experiences of 
'me who have been active in this field. 11-
strative descriptions are given of the prob-
ms involved in antenna erection, and in the 
aintenance of equipment as well as with 
me more involved problems of frequency 
ilection, choice of equipment, siting, etc. 
he Handbook includes also a very good and 
)mprehensive chapter on general FM 
'wry. 
Unfortunately much of the intensive de-

elopment which has taken place in recent 
ears in the mobile radio field has not been 
ased upon careful over-all systems plan-
ing. Although the first chapter in the 
!andbook deals with basic systems plan-
ing, there could well be more emphasis on 
us philosophy of approach and upon the 
nportance of providing in advance for 
nure expansion. The Handbook suffers 
ightly in that it is a compilation of several 
Tarate articles, some of which apparently 
ere not prepared specifically for inclusion 
3 the Handbook but for presentation as 

magazine articles. These sections tend to be 
a little more specific and less objective than 
they perhaps should be. However, so long as 
the reader is interested in utilizing the Hand-
book as a means of acquainting himself with 
the general problems that may be con-
fronted in the development, operation and 
maintenance of a communication system, 
and does not expect an exhaustive, strictly 
handbook-type treatment, the Mobile Radio 
Handbook serves a valuable purpose. It is 
clearly and interestingly written and very 
easy to read and understand. 
With the extensive use now being made 

of vhf-FM communication systems to satisfy 
the operational needs of services which here-
tofore have not been able to use radio, and 
with the special problems brought about by 
the extensive use of such systems, there is a 
definite need for a handbook on mobile radio 
and point-to-point systems to provide guid-
ance in the direction of proper planning and 
sound systems engineering. The present 
Handbook is a step in the right direction. 

C. M. krein NSICY,1R. 
970 National  Building 

Washington. D. C. 

Short-Wave Radio and the Ionosphere by 
T. W. Bennington 
Published (1930) by III& and Sons. Ltd., London. 

England. 136 pages +2-page index +37 figures. 
5 X8. 105 6d. 
When speaking of books, of all the 

branches and offshoots of the art of radio 
communication, the subject of radio wave 
propagation through the ionosphere is the 
most neglected. While it is true that there 
are few workers in the field and that the field 
does not lend itself towards ready experi-
mentation, the engineer, technician, or 
amateur operator who feels that he would 
like a better and more practical knowledge 
of propagation finds that this is almost im-
possible without delving into electromag-
netic theory via higher order mathematics. 
Thus, it may be truly said that what this 

field needs is a concisely and clearly written 
account of the vagaries of radio wave propa-
gation. In this reviewer's opinion, this latest 
volume by T. W. Bennington goes a long 
way toward accomplishing this very end. 
With greatly improved and expanded edi-
torial and graphic content over his original 
volume published in 1944, this book can be 
readily used as a minor supplemental physics 
text, or simply read in one or two evenings 
as an interesting and well-written summa-
tion of our present state of knowledge of 
propagation. 
The contents of the book are divided into 

ten chapters, each of which is then sharply 
subdivided by subject. Practically every 
phase of communication is covered in this 
manner and it is difficult to isolate one sub-
ject which has not been given some treat-
ment. The entire volume is written with a 
complete absence of mathematics higher 
than fractions or simple multiplication. 
Each term applicable to propagation is de-
scribed descriptively and with little loss of 
pertinent detail. 
A unique part of this book was Chapter 

8, which is devoted to radio amateur trans-
mission on the high frequencies. Emphasis 
is placed on the inherent differences between 

amateur and commercial or professional 
practices in attempting to predict the useful-
ness of certain radio frequencies. The part 
played by sporadic-E propagation in up-
setting propagation predictions is also given 

attention. 
Considering the pains the author has 

gone to in literally bringing a subject down 
out of the clouds, it is probably very unfair 
to indicate pointedly the places where excess 
liberties in interpretations have been made. 
In addition, the present state is so fluid and 
some of our knowledge so theoretical that 
an author attempting to write this type of 
book must be granted considerable leeway. 
However, for example, a somewhat more up-
to-date explanation of long-scatter" would 
appear to be in order. 

OLIVER P. FERRELL 
Radio Magazines. Inc. 

RASO. 121 South Broad St. 
Philadelphia 7, Pa. 

Radio Engineering Handbook by Keith 
Henney 
Published (1,950) by McGraw-Hill Book Co.. Inc.. 

330 W. 42 St.. New Vork Is. N V 1153 pages +12-
page index +z pages. 1034 figures. 61 X91. $10 00. 
The fourth edition of this well-known 

handbook has been revised and expanded 
to increase its usefulness. It contains nearly 
twice the information of the previous edition, 
and has entirely new chapters on 'Wave 
Guides and Cavity Resonators,' Electron 
Tubes,' "Radio Aids to Navigation," 'An-
tennas,' 'Receiving Systems," and 'In-
ductance and Magnetic Materials." 
The object has been to keep a working 

handbook with an abundance of applied in-
formation for all branches of radio en-
gineering. Naturally, in a single volume 
there is considerable abridgement, but most 
of the chapters have excellent bibliographies 
attached for those who require fuller infor-
mation. 
This reviewer was particularly impressed 

by the following chapters: "Combined Cir-
cuits of L,C, and R," by W. F. Lantennati; 
and V̀.T. Oscillators,' by R. I. Sanbacher 
and D. C. Fielder. 
Both of the above are unusually com-

plete both in text and in references. 
The chapter "Antennas," by Edward A. 

Laport, of 75 pages, is supplemented with a 
bibliography of 291 items. 
"Wave Guides and Resonators," by 

Theodore  Doreno, was excellent,  well 
written, and terse. 
"Loud Speakers and Room Acoustics," 

by Hugh Knowles, contains a wealth of in-
formation packed into 42 pages. 
"Receiving Systems," by Charles Dean, 

covers the field and should constitute a valu-
able reference source. 
'Television," by Donald Fink, is a clear 

exposition of basic principles which includes 
color basics, but not latest color systems. 
"Radio Aids to Navigation," by Harry 

Diamond, is presented in a manner for clear, 
easy reading, and is comprehensive in its 
coverage. 
In summary, the Radio' Engineering 

Handbook is recommended as a valuable 
addition to any radio engineer's library. 

Josai D. REID 
American Radio and TV, Inc. 

Conway. Ark. 

(Continued on page 211) 
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Conference on High-Frequency Measurements* 
WASHINGTON, D. C. -JANUARY 10-12, 1951 

SUMMARIES OF TECHNICAL PAPERS 

Measurement of Fre-
quency and Time 
1. PROGRAM FOR ATOMIC FRE-
QUENCY AND TIME STAND-

ARDS—A SURVEY 

HAROLD LYONS 
(National Bureau of Standards, 

Washington, D. C.) 

A survey will be given of the NBS pro-
gram on atomic clocks and oscillators. 
Figures for noise-limited resolving power 
will be given for gases, including ammonia 
and oxygen, for atomic beams and nuclear 
quadrupole absorption. The program status 
will be outlined for the atomic beam clock, 
precision spectrograph and spectrum tables, 
new microwave amplifier, and multiplier 
tubes. A brief discussion of potential 
applications will include measurements of 
earth rotation, comparison of atomic time 
and the mean sidereal year, and a mm-band 
interferometer driven by an atomic clock 
for basing both time and length standards 
on one spectrum line. 

2. IMPROVED NBS AMMONIA CLOCK 

BENJAMIN F.. HUSTEN 
(National Bureau of Standards, 

Washington, D. C.) 

The absorption line of ammonia is 
utilized to control a quartz crystal oscillator 
and frequency multiplier chain by means 
of a servo system. The servo system is de-
signed to correct the drift of the crystal 
oscillator without impairing the normal 
short time stability of the oscillator. The 
control system is analyzed for stability and 
attainable accuracy. Minimum allowable 
stability figures for the uncontrolled oscil-
lator are obtained. The theoretical limits of 
stability, as imposed by thermal noise and 
other factors, are calculated. Circuit details 
and performance figures are given for the 
complete clock and further impr wements 
to be made indicated. 

3. THE STABILIZATION OF A MICRO-
WAVE OSCILLATOR WITH AN 
AMMONIA ABSORPTION LINE 

REFERENCE 

E. W. FLETCHER AND S. P. COOKE 
(Harvard University, Cambridge, Mass.) 

This paper is primarily concerned with 
the problem of stabilizing a microwave 
oscillator on the 23,870-Mc absorption line 
of ammonia gas. First, the various causes 
of instability of any stabilized microwave 

• Sponsored by The Institute of Radio Engineers. 
the American Institute of Electrical Engineers, and 
the National Bureau of Standards; and organized by 
the Joint A1EE-IRE Committee on High-Frequency 
Measurements, the IRE Professional Group on In-
strumentation, and the A1EE Committee on Instru-
ments and Measurements. 

oscillator are examined theoretically, and 
means for improving the stability are de-
scribed and experimental results are given. 
Second, the feedback loop is analyzed as a 
servomechanism, and its design and opera-
tion are discussed. Third, the use of a 
spectral absorption line as a frequency ref-
erence is examined theoretically, and the 
design of the Cruft stabilizer is discussed. 
Possibilities for further improvement of 

absorption-line frequency references are 
examined. This includes a discussion of the 
dependence of the feedback signal on the 
pressure and temperature of the ammonia 
and the dimensions of the waveguide cell. 

4. PERFORMANCE OF OSCILLATORS 
FREQUENCY-CONTROLLED BY 
GAS ABSORPTION LINES 

L. E. NORTON 

(RCA Laboratories, Princeton, N. J.) 

Frequency stabilization of an oscillator 
implies comparison of two frequencies, out-
put and standard, with provision for output 
frequency correction derived from any 
difference between the two. At microwave 
frequencies molecular absorption lines are 
particularly useful frequency standards. 
Over-all stability of a frequency-controlled 
oscillator is specified by three things: 
namely, original frequency stability of the 
uncontrolled oscillator, stability of a stand-
ard frequency derived from an absorption 
line, and a multitude of factors related to 
comparison circuit-servo control loop ele-
ments. Stabilized oscillator performance is 
predicted by calculating the error magnitude 
or uncertainty introduced by each of these 
various causes. Details of these effects are 
described for specific circuits. 

5. MILLIMETER-WAVE 
MEASUREMENTS 

WALTER GORDY 

(Duke University, Durham, N. C.) 

The discussion will include methods of 
generating, detecting, and measuring milli-
meter-wave frequencies in the range of 
30,000 to 150,000 Mc. A table of accurately 
measured spectrum lines will be given. These 
provide suitable frequency standards for 
calibration of cavity wave meters in the 
millimeter range. The millimeter-wave ab-
sorption of oxygen, carbon monoxide, and 
other gases will be discussed. 

6. QUARTZ-CRYSTAL FREQUENCY 
STANDARDS 

IV. D. GEORGE 
(National Bureau of Standards, 

Washington, D. C.) 

The past and present performance of 
low-frequency quartz-crystal resonators and 
oscillators, as used in maintaining the 

national standard of frequency and tim 
interval, will be summarized. Improve 
accuracy of the frequency standard is re 
suiting from recent improvements in uni 
formity of standard time, greater reliabilit: 
in temperature control and better G" 
crystal units and other components. Prob 
lems in connection with distribution of th 
standard via radio broadcasts will be dis 
cussed, e.g., accuracy as received, coverage 
continuity, corrections, type of service, ant 
simultaneous use of two or more stations. 

7. HIGH-FREQUENCY CRYSTAL 
UNITS FOR PRIMARY FRE-
QUENCY STANDARDS 

A. W. WARNER 

(Bell Telephone Laboratories, Inc., 
Murray Hill, N. J.) 

A new approach to the design of crystit 
units for primary frequency standard us 
has resulted in crystal units, in the 3-to-2% 
Mc frequency range, characterized by 
Q and low capacitance in the series arm al 
the equivalent electrical circuit. 
By utilizing the overtone frequency el 

specially designed AT-cut quartz plat 
both Q and the rate of impedance change 
with frequency are enhanced together, awl 
in addition the stability with time of the 
crystal unit is increased, due to a larger fre-
quency determining dimension. Additional 
characteristics of the crystal units include 
small size, stability under conditions oi 
vibration and shock, and low temperature 
coefficient. 
Stabilities of one part in 10° per month 

have been achieved without recourse td 
stabilized circuits. 

Measurement of 
Impedance 

8. INFLECTION-POINT METHOD OF 
MEASURING Q AT VERY-HIGH 

FREQUENCIES 

NELSON E. BEvErttv 
(Sperry Gyroscope Company, 
Great Neck, L. I., N. V.) 

A new method of measuring Q has been 
developed for measurements at very-high 
and microwave frequencies. This method 
determines the inflection points of a res-
onance curve by a null indication, and Q is 
obtained only as a function of the frequency 
at which these null indications occur. The 
method is broad in application in that it 
can be used to locate the inflection points 
of lumped-constant circuits, transmission 
lines, and microwave cavities. 
Experimental measurements have been 

made at vhf and microwave frequencies. 
The results indicate that the accuracy may 
be equal or better than results obtained by 
other known methods. 
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. A PRECISE SWEEP-FREQUENCY 
METHOD OF VECTOR IM-
PEDANCE MEASUREMENT 

D. A. ALSBERG 

(Bell Telephone Laboratories, Inc. 
Murray Hill, N. J.) 

The impedance of a two-terminal net-
rk is defined completely by the insertion 
Is and phase shift it produces when in-
E ted between known sending and receiving 
i pedances. 
Recent advances in precise wide-band 
lase and transmission measuring circuits 
lye permitted practical use of this prin-
ole. These circuits are free from zero cor-
i:tions as the measuring frequency is 
langed, which in one specific circuit can 
I swept continuously from 0.05 to 20 Mc 
•iile data can be recorded automatically 
th accuracies up to ±0.25 per cent. 
!active and resistive impedance com-
ments are read directly from a simple 
"aphical chart in which frequency is not a 
rameter. The basic principle described 
omises attractive possibilities in many 
ses of impedance measurements at still 
her frequencies, where present methods 
e inadequate. 

i. PRECISION COAXIAL RESONANCE 
LINE FOR IMPEDANCE 
MEASUREMEN TS 

OWARD E. SORROWS, ROBERT E. HAMIL-
TON, AND WILLIAM E. RYAN 

(National Bureau of Standards, 
Washington, D. C.) 

MING S. WONG 

(Aircraft Radiation Laboratory, Wright 
Field, Dayton, Ohio) 

As a part of a program to develop stand-
ds of measurements of electrical quanti-
!s at ultra-high frequencies, an instrument 
Is been constructed with which precise 
easurements can be made by a resonance-
irye method. Sources of error in measure-
ents made with this "Chipman" type line 
-e discussed, and methods are presented 
ir evaluating the magnitudes of those 
Tors which cannot be made negligible by 
se of proper techniques. A theoretical 
aalysis of the errors is presented in a form i•hich can be applied directly to the (le-
mnination of the accuracy of impedance 
leasurements made with the line. The 
!sults of this study, and those of a similar 
nd recent study of the slotted line, provide 
direct comparison of the accuracy which 
an be obtained by the two methods of 
ieasurement. 

11. A 2,600- to 4,000-Mc VSWR-
MEASURING SET 

S. F. KAISEL 

(RCA Laboratories, Princeton, N. J.) 
J. W. KEARNEY 

(Airborne Instruments Laboratory, 
Mineola, L. I., N. Y.) 

-; A VSWR-measuring unit is described 
4 vhich will present on an oscilloscope a 
juantitative picture of the VSWR looking 
nto a waveguide or coaxial-line element 
wer the frequency range 2,600 to 4,000 Mc. 
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Standing-wave ratios of 1.5 to 1 or greater 
can easily be measured. The unit consists 
of a mechanically-swept reflex klystron 
oscillator, which tunes from 2,200 to 4,600 
Mc continuously, as an rf signal source, 
feeding a waveguide Magic Tee as the 
measuring element. The unbalance of the 
Magic-Tee bridge is presented on an oscil-
loscope. Means are provided for calibrating 
the oscilloscope directly in terms of voltage 
standing-wave ratio. 

12. MEASUREMENT OF WAVEGITIDE 
AND COAXIAL LINE IMPEDANCES 
WITH A CIRCULAR WAVEGUIDE 

ARTHUR E. LAEMMEL 

(Polytechnic Institute of Brooklyn, 
Brooklyn, N. Y.) 

A pickup loop is rotated in a circular 
waveguide which is joined to the waveguide 
or coaxial line containing the unknown 
impedance. The rotary variation of voltage 
induced in the loop can be used to measure 
impedance in the same way that the linear 
variation of voltage picked up by the probe 
of a slotted section is used, since both pat-
terns are the same under suitable conditions. 
Some of the advantages of the rotary device 
are smaller size, constancy of wavelength 
(always being one rotation), and ease of 
mechanical drive. 

13. SURVEY OF MICROWAVE DIELEC-
TRIC TECHNIQUES FOR SMALL 
LIQUID AND SOLID SAMPLES 

GEORGE BIRNBAUM 

(National Bureau. of Standards, 
Washington, D. C.) 

This paper surveys the theory and ap-
plication of cavity systems suitable for 
measuring the microwave dielectric proper-
ties of liquids and solids in the form of 
small-clianeter cylindrical samples. The 
particularly simple equations, connecting 
dielectric constant with resonance frequency 
and loss factor with Q, for such samples, 
suitably located in a TMolo cylindrical 
cavity or a TEto rectangular cavity, are 
discussed. Simple, yet sensitive apparatus 
for measuring these cavity parameters are 
described. Data obtained by several ob-
servers in determinations of the dielectric 
properties of threads and ionized gases, as 
well as liquids and solids, are discussed to 
demonstrate the accuracy and limitations 
of these methods. 

Demonstration 
Lectures 

14. MICROWAVE SPECTROSCOPY 
WITH APPLICATION TO CHEM-
ISTRY, NUCLEAR PHYSICS, AND 

FREQUENCY STANDARDS 

L. J. RUEGER, R. G. NUCKOLLS, AND 
HAROLD LYONS 

(National Bureau of Standards, 
Washington, D. C.) 

A Stark-modulation type of microwave 
spectrograph will be demonstrated by dis-
playing the absorption lines of ammonia 
gas on a projection oscilloscope. Nuclear 
quadrupole hyperfine structure lines will be 
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shown, the Stark effect, pressure broadening 
of the lines, and possibly power saturation. 
It will be seen how applications to chemical 
analysis, chemical reaction rates, isotope 
analysis, and nuclear physics are possible. 
The usefulness of the lines as invariant fre-
quency standards will be seen, and the 
possible application of precision designs of 
spectrograph to measurements of the rota-
tion of the earth using these lines will be 
pointed out. 

15. RECORDING ATMOSPHERIC 
INDEX OF REFRACTION 

AT MICRO WAVES 

GEORGE BIRNBAUM, S. J. KRYDER, AND 
R. R. LARSON 

(National Bureau of Standards, 
Washington, D. C.) 

The recording microwave refractometer 
is an instrument which measures and records 
minute differences in frequency between a 
test cavity and a reference cavity. The 
operating principle and the applications of 
this instrument for research and industrial 
control work will be briefly described. 
The use of this instrument to measure 

and record fluctuations in the refractive 
index of the atmosphere will be demon-
strated. The output meter of the instrument 
will be projected on a screen, and the varia-
tions in meter readings will be noted as 
someone breathes into the test cavity or a 
moist blotter is held near it. Recordings of 
fluctuations in the refractive index .of the 
atmosphere  obtained  at  the  National 
Bureau of Standards will be projected, and 
the significance of these records will be 
briefly discussed. 

16. MEASUREMENT OF MICROWAVE 
FIELD PATTERNS USING PHOTO-

GRAPHIC TECHNIQUES 

W . E. KOCK 

(Bell Telephone Laboratories, Inc., 
Murray Hill, N. J.) 

A description of a mechanical scanning 
method for photographically displaying the 
space patterns of microwaves and centi-
meter wavelength sound waves will be fol-
lowed by a demonstration of refraction, 
diffraction, and focusing of these waves by 
iterative metallic structures: Photographs 
of a large variety of field patterns will be 
shown. The position of the individual wave 
crests and the direction of wave motion can 
be indicated by the addition of a constant 
amplitude signal. Simultaneous focusing of 
sound waves and microwaves by the same 
lens will be demonstrated. 

Measurements of 
Power and 
Attenuation 

17. ABSOLUTE MICROWAVE PO WER 
MEASUREMENTS 

A. C. MACPHERSON ANL) D. M. KERNS 

(National Bureau of Standards, 
Washington, D. C.) 

Work done at the NBS concerning 
bolometers and calorimeters as devices for 
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precise, absolute measurement of microwave 
power will be reviewed. Special techniques 
developed for the determination of bolom-
eter mount efficiency by means of im-
pedance measurements will be described 
briefly. A differential microcalorimeter, de-
veloped and used for power measurement 
at the milliwatt level, will also be described. 
A summary of measurements consisting 
largely of cross-checks between the bolo-
metric and the calorimetric methods will 
be presented, and evidence for the failure 
of the impedance method of determining 
efficiency for thermistors and the success of 
the method for platinum-wire bolometers 
will be discussed. 

18. BROAD-BAND BOLOMETER 
DEVELOPMENT 

W. E. WALLER 
(Polytechnic Research and Development 

Co., Inc., Brooklyn, N. Y.) 

Broad-band bolometers for high-fre-
quency power measurements have been 
developed to cover the ranges 20 to 1,000 
Mc, 1,000 to 4,000 Mc, and 4,000 to 10,000 
Mc. All units have a VSWR under 1.3 
over their specified operating ranges. Low-
power and high-power elements, capable of 
dissipating 1 milliwatt and 100 milliwatts, 
rewectively, have been made to the above 
specifications. The response and power 
handling capabilities of these elements to 
short pulses will be discussed. 

19. CALIBRATING AMMETERS 
ABOVE 100 Mc 

H. R. MEAHL AND CHARLES C. ALLEN 
(General Electric Company, 

Schenectady, N. Y.) 

A survey is made of the progress to date 
in measuring current above 100 megacycles. 
The types of vacuum thermocouples avail-
able for ultra-high-frequency current meas-
urement are discussed, and the several 
methods of calibration are reviewed. A 
calorimeter method and a thermistor bridge 
method are presented. The advantages and 
limitations of the calibrating methods are 
brought out. The electrodynamic method 
is particularly suited to large currents, the 
calorimeter method to medium currents, 
and the thermistor bridge method to small 
currents. The importance of obtaining 
agreement between methods that do not 
depend on the same principles is emphasized. 

20. A MICROWAVE OSCILLOGRAPH 

W. B. SELL AND J. V. LEBACQZ 
(The Johns Hopkins University, 

Baltimore, Md.) 

A cold-cathode, high voltage, single 
transient Rogowski oscillograph was given 
to The Johns Hopkins University by the 
Aberdeen Proving Grounds. The oscillo-
graphic chamber was redesigned to permit 
the direct observation of frequencies in the 
I0,000-Mc range. This has been accom-
plished in two ways: first, by velocity-modu-
lating the beam by the E field of a wave-
guide, then deflecting it through a constant 
magnetic field; second, by using a short 
Lecher wire system for the transmission of 
the microwave energy. In this latter case, 

deflections due to both the E and H fields 
have been observed. A theory is offered 
which checks the E-field deflection much 
more closely than the predictions of Holl-
mann.' A qualitative explanation of the H-
field deflection is also given. 

21. PRECISION MILLIDECIBEL 
WAVEGMDE ATTENUATION 

MEASUREMENTS 

J. H. VOGELMAN 

(Watson Laboratories, Red Bank, N. J.) 

The precision measurement of the at-
tenuation of four-terminal low-loss micro-
wave structures is based on the relationship 
between the attenuation and the resultant 
standing wave at the input terminal when 
the structure is terminated in a short cir-
cuit. The techniques and necessary precision 
measurement equipment have been devel-
oped to permit accurate measurement of 
attenuation values between 0.01 and 0.5 
db, and with decreasing accuracy down to 
0.001 db. Since the resultant VSWR values 
are very large, the ultimate accuracy de-
pends on the determination of the relative 
magnitude of the minimum with respect to 
the readily measurable maximum. Tech-
niques and equipment will be described 
which minimize the errors due to non-
linearity of detectors, power reflections from 
the test sample, noise in the detector ampli-
fiers, residual frequency modulation of 
signal source (long-line effects), and at-
tenuation in measuring line. The attenua-
tion measurement has been reduced to the 
measurement of two physical lengths. 

22. DISSIPATIVE AND PISTON 
ATTENUATOR CORRECTIONS 

CHARLES M. ALLRED 

(National Bureau of Standards, 
Washington, D. C.) 

Termination impedances and corrections 
on rated values of dissipative-type at-
tenuators terminated in any complex im-
pedances will be discussed. Derivation 
construction and application of several 
circle diagrams and nomographs will be 
presented, and experimental verification 
data shown for a wide range of frequencies 
and impedances. In addition, derivation 
and construction of nomographs will be 
presented, giving both cutoff frequency and 
skin penetration corrections for TEtt Piston 
attenuators. Slides will be shown of the 
above nomographs, circle diagrams, the-
oretical highlights, and some of the latest 
NBS attenuation standard equipment. 

Measurement of Trans-
mission and Reception 
23. A FIELD-STRENGTH METER 

FOR 600 Mc 

J. A. SAXTON 
(National Physical Laboratory, 

Teddington, England) 

The equipment has been designed pri-
marily for use in the study of radio wave 

&Hans E. Hollmann, The dynamic sensitivity 
and calibration of cathode-ray oscilloscopes at very_ 
high frequencies. • PROC. I.R.E.. vol. 38, p. 32; 
January, 1950. 

propagation at 600 Mc, and has a fa 
wide-band intermediate-frequency amplifi. 
(0.5 Mc centered on 30 Mc) to ensure th 
a received signal remains in tune dud] 
long periods of recording. As a calibrati 
instrument, however, it may be used for tl 
accurate comparison of radio field strength 
or powers, over a frequency range 500 
700 Mc. It can be operated with a contin 
ous-wave signal, when the sensitivity (1. 
signal equal to noise) with a dipole receivit 
aerial is about 35 iv/m, or with a modi 
lated signal; in the latter case a narrow-ban 
audio-frequency amplifier is added, and ti 
over-all sensitivity of the equipment 
about 18 db greater than with an unmoch 
lated signal. 

24. MEASURING TECHNIQUES Fa 
BROAD-BAND LONG-DISTANCE 

RADIO RELAYS 

W. J. ALBERSHEIM 
(Bell Telephone Laboratories, Inc.,  

Deal, N. J.) 

Adjustment and maintenance of radi 
relays require sensitive, yet rapid, measure 
ments. 
By rapid scanning, transmission charm 

teristics can be traced on paper strips o 
cathode-ray screens. Alternating switche 
permit superposition of reference tramp 
Frequency functions thus measurabli 

include gain, phase, impedance, reflectiot 
coefficient, and their rates of change; timi 
functions include amplitude and frequenc; 
modulation; amplitude functions—FM diej 
tortion caused by discrete frequency al 
noise modulation, by interference and 11 
transmission characteristics. 
Time and level distributions of at 

mospheric disturbances are recorded, anc 
the effects of selective fading and echoa 
evaluated by simulating them under con , 
trolled laboratory conditions. 

25. WIDE-BAND SWEPT-FREQUENCY 
MEASUREMENTS APPLICABLE TO 

TRAVELING-WAVE TUBES 

FREDERICK E. RADCLIFFE 
(Bell Telephone Laboratories, Inc., 

Murray Hill, N. J.) 

Methods of measuring transmission and 
impedance of traveling-wave tubes operat-
ing in the 4,000-Mc common-carrier band 
are described in which the frequency is 
swept over a 500-Mc band. The character-
istics are displayed on a standard oscillo-
scope. 
A gain-comparator type of transmission 

measuring set is described in which mod-
erate oscillator amplitude variations with 
frequency do not affect the accuracy of 
measurement. By this method transmission 
characteristics are measured to accuracies 
of about 0.25 db and return loss can be 
measured up to values of 40 db. 
A new technique, which is useful in 

broad-band amplifier measurements in gen-
eral, is described in which both the trans-
mission and output impedance-versus-fre-
quency characteristics of an amplifier de-
livering its normal power output to its load, 
are displayed simultaneously on the oscil-
loscope. Thus adjustments of the output 
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mpedance of a multistage amplifier can 
)e made while compensating the tr4nsmis-
;ion characteristic in another part of the 
tmplifier circuit. 

26. MICROWAVE TECHNIQUES IN 
THE 28,000- to 300,000-Mc REGION 

LEONARD SWERN 

(Sperry Gyroscope Company, 
Great Neck, L. I., N. Y.) 

This paper will survey the techniques 
of microwave measurements in the milli-
meter region. The problems involved in 
using short wavelengths will be discussed, 
and certain solutions to these problems 
indicated. Several examples of new milli-
meter-region components will be described 
and illustrated by photographs. These de-
signs will be evaluated. In addition, certain 
new design proposals will be described. The 
• paper's emphasis will be on techniques 
fundamentally similar to those effective at 
lower frequencies. However, new approaches 
to the microwave measurements problem 
will be discussed, among them, optical and 
semi-optical approaches, and the applica-
bility of molecular resonance absorption. 

Books (Continued) 

27. MEASUREMENT OF CHARACTER-
ISTICS OF CRYSTAL UNITS 

L. F. KOERNER 
(Bell Telephone Laboratories, Inc., 

Murray Hill, N. J.) 

Recent extensions of the useful fre-
quency range of crystal control into the 
microwave region by harmonic generation, 
and the extension of the frequency range 
of crystal units in filter networks, have 
called for more accurate measurements of 
the electrical elements of the equivalent 
network of the crystal unit. The agreement 
of frequency measurements of a crystal unit 
in various test circuits is a function of its 
Q, and the ratio r of its shunt capacitance 
to the capacitance in the series branch of 
the equivalent network. Measurements of 
the resonant frequency of the series branch 
in various circuits may vary by 100 X r/2Q2 
per cent, and the spread between the fre-
quency of zero phase angle and the fre-
quency of minimum impedance of the 
equivalent network may be double this 
value. If the quality of the crystal unit is 
maintained sufficiently high, these varia-
tions are of the order of a few cycles per 
megacycle and may be neglected except for 
precision applications, as in frequency - 
standards. For crystal units operating at 
frequencies in excess of about 10 Mc, the 
shunt capacitance is equalized by an 
equivalent positive reactance to reduce 
these variations. 

28. REFLECTING SURFACE TO SIMU-
LATE AN INFINITE CONDUCTING 

PLANE AT MICROWAVE 
FREQUENCIES 

S. J. RAFF 

(U. S. Naval Ordnance Laboratory, 
Silver Spring, Md.) 

The shape of a flat conducting surface 
has considerable effect on the microwave 
reflections from it, when the source to re-
flector distance is of the order of magnitude 
of the dimensions of the reflector. An 
optimum shape is designed for simulating 
the reflection back to the source of an in-
finite-plane reflector. If the reflection is 
summed by Fresnel zones, the large effect 
of the shape of the surface on the reflections 
can be attributed to the slow rate of de-
crease of reflections from successive zones. 
Using the calculus of variations, an optimum 
shape is designed for a surface inscribed in 
a circle of 23 wavelengths diameter, 25 
wavelengths from a dipole antenna. The 
maximum error in simulating an infinite-
plane reflection was calculated to be 3 
per cent. The reflection from this surface 
has been measured, and is within 4 per cent 
of the infinite-plane reflection over the range 
of 15 to 35 wavelengths from the antenna 

Television  Installation  Techniques  by 
Samuel L. Marshall 

Published (1950) by John F. Rider Publishers. Inc.. 
480 Canal Street. New York 13. N. Y. 336 pages +4-
page index +270 figures. 51 X81. 83.60. 

This outstanding book was written as a 
reference and handbook, primarily for the 
television service man, but it is of great 
interest to the experimenter, the engineer, 
and the service manager. 
The first four chapters of the book pre-

sent a well-balanced discussion of the na-
ture of television, radio propagation an-
tenna and transmission lines, and transmis-
sion and special antenna systems, supported 
by a clear-cut discussion of the essential 
theory, and supplemented by specific design 
methods and practical design information to 
meet almost any installation requirement. 
The next two chapters entitled, "Materi-

als and Methods used in Installations" and 
"High Mast and Tower Installations," cover 
the installation of antennas in primary 
service areas, with particular regard to 

" safety and best installation practices. In the 
' case of the high, mast and tower installations, 

the principles of construction design formu-
las and data to take care of wind and ice 
loadings, and special design considerations 

• are discussed in detail for most types of 
masts and towers. 
Two chapters are devoted to problems 

arising from television installations and re-
ceiver adjustments in the home. Problems 
in connection with reflections, multiple in-
stallations, fringe area operations, television 
interference, TV filters, and the adjustment 
and servicing of sets in the home are covered 
in a most factual and satisfactory manner. 
The last chapter, "Municipal Regula-

tions," covers safety precautions in general, 
and the National Board of Fire Underwriters 
Bulletin 275, the municipal codes and tele-
vision ordinances of many of the cities of the 
United States. 
The Appendix includes a great deal of 

useful information in its ten tables and 
three charts pertaining to vhf TV stations 
on the air: Data on coaxial cables and 
transmission lines, data relative to the safe 
loads of anchors, bolts and guy cables, tape 
sizes, and a list of the various sizes and 
characteristics of cathode-ray picture tubes. 
This book includes authoritative in-

formation describing the best field practices 
in the installation of antennas to meet prac-
tical field problems and the installation and 
servicing of receivers to give maximum satis-
faction to the customer, and points out the 
importance of attention to details in installa-
tions, both in the interest of the customer 
and of safety. 

LEWIS M. CLEMENT 
Crosley Division 

Avco Manufacturing Corporation 
Cincinnati, Ohio 

Nuclear Data is a new publication of 310 
pages available from the Superintendent of 
Documents, U. S. Government Printing 
Office, Washington 25, D. C. The price of 
$4.25 a copy includes the cost of three sup-
plements (about 60 pages each) which the 
purchaser will automatically receive at six-
month intervals. Remittances from foreign 
countries must be made in United States ex-
change and must include an additional sum 
of one-third the publication price to cover 
mailing costs. 
Nuclear Data is a valuable publication 

for nuclear physicists and engineers, radio-
chemists, biophysicists, and other workers 
in the rapidly expanding field of nuclear 
physics. It presents a collection of experi-
mental values of half-lives, radiation en-
ergies, relative isotopic abundances, nuclear 
moments, and cross sections. Decay schemes 
and level diagrams, over 125 of which are 
included in the tables now ready, are to be 
provided wherever possible. 
The National Bureau of Standards, with 

the assistance of the Oak Ridge National 
Laboratory, the Brookhaven National Lab-
oratory, the Massachusetts Institute of 
Technology, and the University of Cali-
fornia Radiation Laboratory, is making the 
first effort to present a continuing compila-
tion in this rapidly developing field. The 
present tables and the supplements to follow 
are therefore designed for easy assimilation 
of new material in loose-leaf form. 
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ACOUSTICS AND AUDIO FREQUENCIES 

016: 534  1 
References to Contemporary Papers on 

Acoustics—A. Taber Jones. (Jour. Acous. Soc. 
Amer., vol. 22, pp. 643-652; September, 1950.) 
Continuation of 2682 of 1950. 

534.213.4  2 
On the Propagation of Sound Waves in a 

Cylindrical Conduit—F. B. Daniels. (Jour. 
Acous. Soc. Amer., vol. 22, pp. 563-564; Sep-
tember, 1950.) "The characteristic impedance 
and propagation constant of a cylindrical 
conduit are calculated on the basis of an 
equivalent electrical T section. Numerical 
values of the results are plotted for air at 20°C, 
for a range of values of the independent varia-
ble which includes the region of transition from 
isothermal to adiabatic conditions." 

534.213.4  3 
On the Propagation of Sound in Narrow 

Conduits—O. K. Mawardi. (Jour. Acous. Soc. 
Amer., vol. 22, p. 640; September, 19.50.) Cor-
rection to paper abstracted in 2 of 1950. 

534.231 4 
Reaction of Medium and Acoustic Radia-

tion Damping for a Disk—H. Braumann. (Z. 
Naturf., vol. 3a, pp. 340-350; 1948.) In order to 
calculate the sound field of a disk executing 
small harmonic oscillations in the direction of 
its axis, the acoustic wave equation is formu-
lated in bipolar co-ordinates. For the case where 
the medium may be regarded as incompressible 
the wave equation leads to the potential equa-
tion; an exact solution is given for this. The 
effect of the medium on the disk is equivalent 
to an increase of 8Rspo/3 in its mass, where R is 
the radius of the disk and po the density of the 
medium. For a compressible medium there is an 
additional effect due to radiation damping. The 
time average of the radiated power is approxi-

The Annual Index to these Abstracts and References, covering those published 
in the PROC. I.R.E. from February, 1950, through January, 1951, may be obtained 
for 2s.8d. postage included from the Wireless Engineer, Dorset House, Stamford 
St., London S. E., England. This index includes a list of the journals abstracted 
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mately 8/N 4 V2/ 27irc3, where or is the angular 
frequency, V the maximum velocity of the disk, 
and c the velocity of sound. 

534.231:534.133  5 
The Sound Field of a Straubel X-Cut Crys-

tal—E. W. Samuel and It. S. Shankland. (Jour. 
Acous. Soc. Amer., vol. 22, pp. 589-592; Sep-
tember, 1950.) The streaming patterns in CCI4 
were determined, using a 7.5-Mc crystal and 
measuring the velocities of sugar particles 
whose density is nearly that of the liquid. The 
results indicate that the intensity of the sound 
radiated by a crystal of the Straubel type is 
very uniform across the beam. 

534.231:621.395.623.75 6 
Response Peaks in Finite Horns—C. T. 

Molloy. (Jour. Acous. Soc. Amer., vol. 22, pp. 
551-557; September, 1950.) The axial sound 
field of horn-type loudspeakers is calculated 
theoretically. The frequencies at which peaks 
occur in the response curves, and the dimen-
sions of hyperbolic and exponential horns hav-
ing peaks at specified points in their response 
curves, can be derived. A comparison between 
a measured and a computed axial response 
curve shows good agreement. 

534.231.3:621.395.623.75 7 
Resonance  Characteristics of a Finite 

Catenoidal Horn —G. J. Thiessen.  (Jour. 
Acous. Soc. Amer., vol. 22, pp. 558-562; Sep-
tember, 1950.) Expressions for the impedance 
components of a finite catenoidal horn are de-
rived and a comparison with similar exponen-
tial and conical horns is made. The impedance 
of a section of a catenoidal horn is also calcu-
lated; for the finite as well as the infinite horn, 
this impedance approaches that of the expo-
nential horn as more length is trimmed from 
the throat end. 

534.232:517.564.3 8 
On the Extension of Some Lommel Inte-

grals to Struve Functions with an Application to 
Acoustic Radiation—C. W. Horton. (Jour. 
Math. Phys., vol. 29, pp. 31-37; April, 1950.) 

534.24 9 
On the Non-specular Reflection of Plane 

Waves of Sound—V. Twersky. (Jour. Acousi. 
Soc. Amer., vol. 22, pp. 539-546; September, 
1950.) Mathematical analysis of the scattering 
of sound by various rigid nonabsorbent non-
porous surfaces consisting of semicylindrical or 
hemispherical bosses on an infinite plane. Exact 
solutions are given for the case of a single boss 
and a plane wave at an arbitrary angle of inci-
dence. The theory is extended to the case of 
finite arrangements of bosses, neglecting sec-
ondary excitation effects. The solutions contain 
the usual Fraunhofer terms for a grating or 
lattice. The cases of finite and infinite random 
distributions are considered, and various ex-
tensions of the treatment are mentioned. 

534.321.9:061.3 10 
Rome Ultrasonics Convention—G. Brad-

field. (Elearontc Eng. (London), vol. 22, pp. 
391-394; September, 1950.) Brief account of 
lectures and exhibited equipment, including.. 
commercial apparatus for many purposes. The 
advantages of BaTiO3 ceramics for piezoelec-
tric applications were pointed out. A method of 
investigating the properties of auditoriums, 
using models and ultrasonic frequencies, was 
described. 

534.321.9:534.614-14 11 
A New Method for Measuring Velocities of 

Ultrasonic Waves in Liquids -B. R. Rau. 
(Nature (London), vol. 106, p. 742; October 28, 
1950.) A rapid, accurate method requiring only 
a very small quantity of the liquid and applica-
ble to both opaque and transparent liquids 
over a wide range of frequencies is described. 

534.374 12 
Mathematical Analysis of an Acoustic 

Filter -N. Olson. (Canad. Jour. Res., vol. 28, 
Sec. A, pp. 377-388; July, 1950.) The attenua-
tion, phase, and impedance functions are calcu-
lated for acoustic filters constructed from 
conduits with a series of equal wider sections at 
regular intervals. Theoretical impedance and 
attenuation curves are shown and. are con-
firmed by measurements on filters of circular 
and square section. Such filters are easy to con-
struct and terminate and they may be used in 
parallel to form units of large cross section. 

534.612+534.641  13 
A Method for Measuring Source Imped-

ance and Tube Attenuation—J. E. White. 
(Jour. Acous. Soc.'"Amer., vol. 22, pp. 565-567; 
September, 1950.) A description of a sensitive 
and accurate method of determining attenua-
tion and velocity of sound from sound-pressure 
measurements in gases at medium audio fre-
quencies. By using a microphone movable along 
an open-ended tube, the acoustic impedance of 
any sound source coupled to the air column can 
be found if the acoustic impedance of the 
microphone is known. All necessary formulas 
are derived. 

534.841/.844 14 
Reverberation Time and Sound Power Re-

quired for Ordinary Rooms—E. de Gruyter. 
(Bull. schweiz. elektrotech. Ver., vol. 40, pp. 757-
761; September 17, 1949. In German.) A new 
interpretation of Sabine's formula is given 
which takes account of measurements of re-
verberation duration made in halls with good 
acoustical properties. Reverberation constants 
are derived which characterize the acoustic 
quality of a room for any particular purpose 
and which are independent of room dimensions. 
A formula for the necessary acoustic power is 
then established by analogy of the reverbera-
tion constants with the power constants of an 
electrical circuit. Psychological considerations 
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; ecting the question of good acoustics are dis-
issed, in particular in connection with modern 
.Fctroacoustic transmissions. 

4.843  15 
On the Acoustics of Coupled Rooms —C. M. 
irris and H. Feshbach. (Jour. Acous. Soc. 
mer., vol. 22, pp. 572-578; September, 1950.) 
w problem of coupled rooms is treated as a 
we-theory boundary-value problem. Experi-
sntal data for isolated modes of vibration of a 
upled system confirm the theoretical formu-
3. 

4 845  16 
Parameters for Sound Transmission in 
ranular Absorbing Materials —M. Ferrero 
id G. Sacerdote. (Nuovo Cim., vol. 5, pp. 551-
.6; December 1, 1948.) The parameters are 
.d aced from acoustic-impedance measure-
ents on lead shot and on sand of various grain 
sea and are discussed in relation to theory 
eviously developed  vol. 4, p. 262, 
147). 

.4.86  17 
. The "Expressorn System for Transmission 
Music —R. Vermeulen and W. K. West-
ijze. (Philips Tech. Rev., vol. 11, pp. 281-290; 
)ril, 1950.) It is claimed that in the transmis-
m of music, either by radio or via a sound-
cording system, adjustment of the degree of 
'lime compression by a capable hand has 
eat advantages over automatic control. But 
th manual control the relations between the 
tensity of the original music and that of the 
put signal of the expandor is ambiguous, and 
ecial methods have to be used to ensure that 
e expandor always exactly compensates the 
mpression. In the 'Expressor' system, a pilot 
;nal consisting of impulses is transmitted via 
ieparate channel and causes the potentiome-
r of the expandor to follow continuously the 
ovements of the compressor. 

:8.1:537  18 
Piezoelectric Equations of State and Their 
,plication  to  Thickness-Vibration Trans-
icers —Cady. (See 99.) 

.1.395.61.089.6  19 
American Standard Method for the Pres-
ire  Calibration  of  Laboratory  Standard 
:icrophones: Z24.4 -1949 (Abridged) —L. L. 
sranek, R. K. Cook, F. F. Romanow, F. M. 
'iener, and B. B. Bauer. (Jour. Acous. Soc. 
me?., vol. 22, pp. 611-613; September, 1950.) 
he complete standard may be obtained from 
ie American Standards Association, 70 East 
ith Street, New York 17, N. Y., for 75 cents. 

:1.395.613.37  20 
A Second-Order-Gradient Noise-Canceling 
:icrophone Using a Single Diaphragm--W. A. 
eaverson and A. M. Wiggins. (Jour. Acous. 
)c. Amer., vol. 22, pp. 592-601; September, 

ii 
)  openings 50.) The four o nings admitting sound to 

- e two surfaces of the microphone diaphragm 
e so spaced and oriented that the response 
spends on the second differential of the sound 
ressure with respect to the direction of propa-
, ition. Theoretical analysis, confirmed by ex-
srimental results, shows that a better signal-
i-noise ratio is obtained than with first-order-
-adient microphones. 

Z1.395.623.54.089.6  21 
American Standard Method for the Coupler 

Folibration  of  Earphones:  Z24.9-1949 
thridged)- -L. L. Beranek, F. F. Romanow, 
".. C. Morrical, L. J. Anderson, B. B. Bauer, 
.. K. Cook, and W. Wathen-Dunn. (Jour. 
coust. Soc. Amer., vol. 22, No. 5, pp. 602-608; 
eptember, 1950.) The complete standard may 
e obtained from the American Standards As-
wiation, 70 East 45th Street, New York 17, 
n- 75 cents. 

621.395.625.2:621.396.933  22 
An Automatic Monitoring Recorder—See 

207.) 

621.395.92  23 
Hearing-Aid Design —A. Poliakoff. (Wire-

less World, vol. 56, pp. 274-276; August, 1950.) 
Among the essential qualities of a good instru-
ment, the most important is the provision of 
optimum volume to suit each patient in all 
reasonable conditions of use. In most cases this 
cannot be achieved without automatic volume 
controls. There should be no pronounced peaks 
in the response curve and case noise should be 
reduced by mounting the microphone in rubber 
and making the surface of the case very 
smooth. 

621.396.822:621.316.8  24 
A Thermal-Noise Generator for Low-Fre-

quency  Tests —H.  Meister.  (Tech.  Mitt. 
schweiz. Tekgr.-Teleph. Verso., vol. 28, pp. 320-
324; August 1, 1950. In French and German.) 
A description is given, with a circuit diagram 
showing all component values, of a generator 
providing a continuous noise spectrum from 
30 cps to 15 kc. Reasons for the choice of a re-
sistor as the primary noise source are given. The 
problems connected with the high amplification 
necessary with such a source are discussed and 
means for reducing instability are indicated. 

621.396.822:621.385.38  25 
A High-Level Noise Source for the Audio-

Frequency Band —H. D. Harwood and D. E. L. 
Shorter. (Jour. Sci. Instr., vol. 27, pp. 250-251; 
September, 1950.) An argon-filled thyratron is 
used to generate a continuous noise spectrum 
for audio-frequency testing. Large unwanted 
ultrasonic components are removed by means 
of a low-pass filter cutting off at 20 kc, leaving 
a noise spectrum with power distributed uni-
formly over the audio-frequency band. Where 
required, the power per .octave band can be 
made uniform by adding a weighting network. 
The output into 60011 is —20 db with reference 
to 1 mw. The generator is mains operated. 

ANTENNAS AND TRANSMISSION 
LINES 

621.315.21.017.71.029.4/.6  26 
The Power Rating of Radio-Frequency 

Cables —R. C. Mildner. ( Trans. A I EE, vol. 68, 
Part I, pp. 289-298; discussion, p. 298; 1949.) 
The limitations to the power that can be trans-
mitted by various types of radio-frequency 
cable are considered, suitable rating factors to 
deal with different maximum permissible cable 
temperatures and different ambient tempera-
tures are proposed, and the influence of modu-
lation, standing waves, and load factor on the 
thermal and voltage rating is discussed. The 
principles outlined are applied to determine 
the ratings of three types of cable. 

621.315.212:621.397.24.018.781"  27 
Characteristics of Coaxial Pairs of Fre-

quencies Involved in High-Definition Tele-
vision Transmission —G. Fuchs. (Cates & 
Trans. (Paris), vol. 4, pp. 248-254; July, 1950.) 
The distortion, caused by irregularities of cable 
impedance, which would occur in the transmis-
sion of a television signal of 20-Mc bandwidth 
over a distance of 1,000 km is calculated, as-
suming unfavorable conditions and basing the 
calculation on experimental results for cables 
(a) with central conductor of diameter 5 mm 
and outer conductor of internal diameter 
18 mm, the insulation consisting of spiral rib-
bons of styroflex and the outer conductor 
formed of two half shells of copper, (b) of corre-
sponding dimensions 2.6 and 9.4 mm, disks of 
of polythene being used for insulation. The 
mean-square values of phase and amplitude 
distortion are 0.05 pa and 1.6 per cent respec-
tively for a 5/18-mm pair cable. The corre-

sponding values for a 2.6/9.4 mm pair are sig-
nificantly lower: 0.001 us and 0.04 per cent. 

621.315.212.017.71  28 
Heating of Radio-Frequency Cables —W. 

W. Macalpine. (Trans. AI EE, vol. 68, Part I, 
pp. 283-288; 1949.) See 3014 of 1948. 

621.315.213.12:621.315.221:621.3.011.4  29 
Sheathed Lecher System —R. Gans. (Z. 

Naturf., vol. 3a, pp. 519-521; 1948.) A formula 
is derived for the capacitance between the two 
wires of a Lecher system within a sheath. The 
degree of approximation is considerably better 
than obtained with Breisig's formula. A nu-
merical example is worked. See also 2416 of 
1950 (Wise). 

621.392.211  30 
The Propagation of Waves along an Endless 

Helix —S. Kh. Kogan. (Comp:. Rend. Acad. 
Sci. (URSS), vol. 66, pp. 867-870; June 11, 
1949. In Russian.) An equation (12) is derived 
determining the current distribution along the 
helix and methods for its solution are indi-
cated. The theoretical results obtained have 
been confirmed experimentally. 

621.396.67  31 
Radiation from Circular Current Sheets — 

W. R. LePage, C. S. Roys, and S. Seely. 
(Paoc. I.R.E., vol. 38, pp. 1069-1072; Sep-
tember, 1950.) A theoretical treatment of 
sadiation from a system of current elements 
arranged on the circumferences of concentric 
circles. Series formulas are given for the radia-
tion field produced by a specified excitation of 
these elements. Integral formulas are given for 
the excitation required to produce any desired 
radiation pattern. There is no consideration of 
how the required excitation can be produced. 

621.396.67:538.566  32 
Cylindrically  Diverging  Electromagnetic 

Waves in a Medium with Nonuniform Electri-
cal Properties  (Elias-Layer) above a Semi-
conducting Earth —C. T. F. van der Wyck. 
(Tijdschr. ned. Radiogenoot., vol. 15, pp. 195-
209; July and September, 1950.) Expressions in 
terms of the Hertzian vector potential are de-
rived for the field of a vertical dipole above a 
flat,  homogeneous, imperfectly conducting 
earth in a medium with refractive index de-
pending exponentially on height. A geometri-
cal-optical interpretation of the expressions is 
given, using the saddle-point method. 

621.396.67:621.396.9  33 
Radar Aerial Systems for Uniform Irradia-

tion of a Surface —Huynen. (See 117.) 

621.396.671  34 
Impedance  Transformation  in  Folded 

Dipoles —R. Guertler. (Paoc. I.R.E., vol. 38, 
pp. 1042-1047; September, 1950.) Reprint. See 
3342 of 1949. 

621.396.671  35 
Input Impedance of Horizontal Dipole 

Aerials at Low Heights above the Ground — 
R. F. Proctor. (Proc. I EE, Part III, vol. 97, 
p. 321; September, 1950.) Discussion on 2134 
of 1950. 

621.396.677  36 
Microwave Lenses —J. Brown and S. S. D. 

Jones. (Electronic Eng. (London), vol. 22, pp. 
127-131, 183-187, 227-231, 264-268, 358-362, 
and 429-434; April-July, September and Oc-
tober, 1950.) A comprehensive review of the 
subject, including theory of the principal types 
of lens. 

621.396.677  37 
Development of Artificial Microwave Optics 

in Germany —O. M. Stuetzer. (Paoc. I.R.E., 
vol. 38, pp. 1053-1056; September, 1950.) Dis-
cussion of the development of microwave delay 
lenses using parallel metal strips or waveguide 
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sections. A lens of the latter type, for use on 
wavelengths of about S cm and with a diameter 
of 300 cm, is illustrated. 

621.396.677  38 
Factors Governing the Radiation Character-

istics of Dielectric-Tube Aerials —D. G. Kiely. 
(Proc. IEE, Part III, vol. 97, pp. 311-321; 
September, 1950.) The effects of changes of 
tube length, diameter, and wall thickness on 
the radiation pattern were investigated experi-
mentally. It is suggested that the mechanism of 
radiation of thin-walled dielectric tubes more 
closely resembles that of a lens than that of a 
leaking waveguide, such as a dielectric rod an-
tenna. The gain of a dielectric-tube antenna of 
length 8 X, diameter 1.16 It, and wall thickness 
0.03 X is approximately 21 db. 

621.396.677 39 
Pattern Calculations for Antennas of El-

liptical Aperture—R. J. Adams and K. S. 
Kelleher. (Pitoc. I.R.E., vol. 38, p. 1052; Sep-
tember, 1950.) The aperture illumination pat-
terns in the directions of the major and minor 
axes are calculated from a knowledge of the 
patterns of the feed horn, and then expressed 
as Fourier series of up to four terms. The radia-
tion pattern is given by 

F(ut, u2) =rob E Ea,-Fb.G (u, sp.) __ re, 

where so = (2ra sin )/It, u2  (27rb sin 0)/ X ,a and 
b are the semimajor and semiminor axes of the 
aperture, a, and b. coefficients of the Fourier 
series and G. a complicated function which has 
been tabulated elsewhere by the authors. Very 
good agreement with the theory was obtained 
in experiments on several horns. 

621.396.677  40 
The Radiation of 'Beam' Aerials in Par-

ticular and of Large Surfaces in General—B. 
van der Pol. (Tijdschr. ned. Radiogenool., vol. 
15, pp. 151-155; July and September, 1950.) 
The calculation of the power radiated by a 
beam antenna is simplified by imagining tla. 
system of parallel-wire radiators replaced by an 
equivalent extended current-carrying surface. 
Approximate formulas are derived for the radi-
ated power for different limiting cases of the 
dimensions. Where the dimensions are large 
compared with X the radiated power is inde-
pendent of X and is proportional to the area of 
the surface. 

621.396.677 41 
Measured Directivity Induced by a Con-

ducting Cylinder of Arbitrary Length and Spac-
ing Parallel to a Monopole Antenna—F. R. 
Abbott and C. R. Fisher. (Paoc. I.R.E., vol. 38, 
pp. 1040-1041; September, 1950.) Curves are 
given for determining the directivity, given the 
separation of the parasite from the antenna and 
also its height. 

621.396.679.4 : 621.392.094 42 
Effects of Linear Distortion on a Band of 

Frequencies Transmitted along a Long Mis-
matched Line—J. Fagot. (Ann. Radioelect., vol. 
5, pp. 179-184; July, 1950.) The following for-
mulas are derived for the irregularities caused 
by the mismatch when the frequency varies 
within the band considered: 
period of variations if v/2e 

max./min. amplitude variation 
= (11-PP')/(P+P) 

phase displacement or propagation-time 

deviation Ar =(p-1)(p'— I)e/v 

where p is the phase velocity, e the length of 
line, and p and p' the swr at the ends of the line. 
These formulas are independent of the carrier 
frequency and hold for the usual practical case 
where the terminal impedance is not highly 
*elective. 

621.396.679.4:621.392.094:621.396.619.13  43 
Study of the Effects of a Long Line on a 

Frequency-Modulation Signal:  Distortion, 
Compensation and Applications— M. Denis. 
(Ann. Radiollect., vol. 5, pp. 185-205; July, 
1950.) The long feeder lines used in cm-wave 
transmission are a source of distortion; this is 
particularly severe when the modulated oscil-
lator is tightly coupled to a long, slightly mis-
matched feeder. The only effective remedy is 
the insertion of an amplifier between source and 
feeder. The existence of several junctions in a 
feeder, each causing slight reflection, may 
transform the line into a dispersive quadripole, 
so that phase distortion occurs, accompanied in 
certain cases by nonlinear frequency distortion. 
Numerical examples show the importance of 
this. Long lines are best avoided for high-
quality transmissions using a cm-wave carrier 
with FM. Methods of correcting distortion and 
possible uses of long lines in measurement 
technique are discussed. 

CIRCUITS AND CIRCUIT ELE MENTS 

537.312.6:621.315.592  44 
Semiconductors with Large NegatiT'e Tem-

perature Coefficient: Thermistors —N'Guyen 
Thien-Chi and J. Suchet. (Ann. Radiollect., 
vol. 5, pp. 155-167; July 1950.) Review of the 
development of the thermistor in the CSF 
laboratories, and discussion of properties and 
applications. 

621.314.12:621.317.088.4  45 
The Fundamental Limitations of the Sec-

ond-Harmonic Type of Magnetic Modulator as 
Applied to the Amplification of Small D.C. 
Signals— Williams and Noble. (See 142.) 

621.314.3 t  46 
Dynamoelectric Amplifiers —R. M. Saun-

ders. (Elec. Eng., vol. 69, pp. 711-716; August, 
1950.) Basic principles are presented, five types 
are distinguished, salient features discussed, 
and methods proposed for predicting per-
formance. 

621.314.3f  47 
Analytical Determination of Characteristics 

of Magnetic Amplifiers with Feedback —D. W. 
ver Planck, L. A. Finzi, and D. C. Beau-
manage. (Trans. A I EE, vol. 68, Part I, pp. 
565-570; 1949.) See also 2447, 2448 and 3064 of 
1949 (ver Planck, Fishman, and Beaumariage). 

621.314.3 t 48 
A New Theory of the Magnetic Amplifier — 

A. G. Milnes. (Proc. I EE, (London), Part II, 
vol. 97, pp. 460-474; Discussion, pp. 474-483; 
August, 1950.) Assuming that the B/H curve 
for the core material has a constant slope up to 
saturation level, followed by zero slope, flux 
waveforms are derived and equations de-
veloped for the magnetomotive forces operat-
ing throughout the cycle for a transductor with 
any degree of self excitation. Analytical expres-
sions are thence derived for the output charac-
teristics and for the current amplification and 
time constant of a transductor, which are of 
considerable importance in design work. 
"An important phenomenon explained by 

the new theory is the variation of the current 
amplification with change of load resistance. 
This is readily detected in practice even for a 
simple transductor, and becomes of increasing 
significance as the percentage of self excitation 
is increased. The assumptions made in the 
analysis are such that the theory can be applied 
successfully only to transductors with cores 
which have high permeability and are readily 
saturable." 

621.314.3t 49 
New Core Materials Widen Scope of Satura-

ble Reactors —. (Elec. Mfg., vol. 42, pp. 126-
214; September, 1948.) A general account of the 
subjects discussed in papers presented at a 
symposium on magnetic materials at the Naval 
Ordnance Laboratory, Washington, June 15, 
1948. 

621.316.8:621.396.822  50 
Distribution in Energy of Johnson Noise . 

Pulses —B. R. Gossick. (Jour. Appi. Phys,, 
vol. 21, pp. 847-850; September, 1950.) An 
analysis is made using Maxwell-Boltzmann 
statistics with a time-energy phase space. The 
results are checked against pulse-height meas-
urements made with a linear amplifier and 
electronic counter. The following parameters 
are determined from the distribution function: 
(a) time of flight associated with a Lorentz 
mean free path; (b) number of electrons pro-
ducing pulses of a given height; (c) the poten-
tial through which an electron falls along a 
Lorentz mean free path. 

621.317.35:621.39.001.11  51 
Signals with Limited Spectra and Their 

Transformations —J. Oswald. (Cables & Trans, 
(Paris), vol. 4, pp. 197-215; July, 1950.) De-
tailed mathematical treatment. See also 3069 of 
1949. 

621.318.371:621.392.53  52 
The Compensation of Delay Distortion in 

Video Delay Lines —R. A. Erickson and H. 
Sommer. (Paoc. I.R.E., vol. 38, pp. 1036-104Q; 
September, 1950.) A theoretical and practical 
investigation into the effect of placing isolated 
metal patches of various sizes in the vicinity of 
solenoid delay lines. These patches are equiva-
lent to capacitors bridging sections of the sole-
noid. The relation between size of patch and ef-
fective capacitance is given. Relations neces-
sary for determining the delay distortion and 
effective bandwidth corresponding to differ 
amounts of capacitance are determined. OscilJ 
grams illustrate the reduction of distortion d 
to patches of different sizes. See also 41 of 1 
(Kallmann). 

621.319.4 
Metallized Paper Capacitors—J. R. Wee 

(Paoc. I.R.E., vol. 38, pp. 1015-1018; 
tember, 1950.) See also 134 below (McLean). 

621.392 
Simplifying Assumptions— W. T. C. (Wir 

less Eng., vol. 27, pp. 217-219; August 
September, 1950.) Examples are discu 
which illustrate the need for great care in m 
ing simplifying assumptions. Neglect of 
leakage inductance of a transformer, for 
stance, results in considerable discrepancy 
tween the wave form to be expected in 
branch of a television line-scanning circuit ani 
the wave form actually observed. 

621.392 
The Distinction between Effective gulf 

Circuit Bandvildths —W. J. Kessler. (Trani 
A I EE, vol. 68, Part 1, pp. 98-99; 1949.) Sel: 
3074 of 1949. 

621.392 SIt. 
Wideband Two-Phase Networks— N. 0 

Johannesson. (Wireless Eng., vol. 27, pp. 237-
238; August and September, 1950.) Commen 
on 1356 of 1950. A method of approximatioi 
based on 0 functions is given which facilitate 
numerical computations. 

621.392.5  5' 
Application of the Methods of Synthesis o 

Electrical Circuits to the Construction o 
Quadripoles, Given the Transmission Coeffi 
cient for a Finite Frequency Band —V. A. Taft; 
(Bull. Acad. Sci. (CRSS), pp. 873-887; June 
1950. In Russian.) The methods used for de 
signing a quadripole are normally based 01 
trials of different values for circuit parameter 
A general design method based on the syn 
thesis of electrical circuits is here proposed. Tit, 
theory of quadripoles is discussed and chi 
necessary and sufficient conditions are esta 
lished for the physical realization of a passivi 
reactive quadripole. The various stages of thi 
design work are then laid out for realizing 
quadripole with a given transmission coefficien 
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for a finite frequency band or, In other words, 
pith given attenuation and phase-displacement 
:oefficients for the same frequency band. 

521.392  58 
Summary of Transformations Useful in 

Constructing Analogs of Linear Vibration 
Problems —J. P. Corbett. (Trans. A I EE, 
vol. 68, Part I, pp. 661-664; 1949.) Full paper. 
Summary noted in 834 of 1950. 

621.392:519.272.15  59 
Short-Time Autocorrelation Functions and 

Power Spectra—Fano. (See 141.) 

621.392:681.142  60 
A High-Speed Multiplier for Analogue 

Computers—B. N. Locanthi. (Elec. Eng., vol. 
69, p. 717; August, 1950.) Summary of AIEE 
Summer General Meeting paper. A circuit de-
veloped at the California Institute of Tech-
nology for multiplying together two voltages is 
described. One voltage is fed to a ring modula-
tor; the output, together with the other voltage 
is fed to a balanced modulator whose output 
provides the required product. Phase and 
,amplitude distortion are low. 

621.392.4  61 
Two-Pole  Compensation  Networks —A. 

Pinciroli. (Bull. schweiz. elektrotech. Ver., vol. 
40, pp. 644-646; August 20, 1949. In French.) 
Paper presented at the International Tele-
vision Conference. Ziirich, 1948. Discussion of 
the characteristics of a triode circuit equivalent 
to a tube with negative transconductance. 
Such a circuit, when connected between two 
points of an electrical network, can within cer-
tain limits compensate the resistive and ca-
pacitive parameters of the network between the 
two points. Applied to the output terminals of a 
RC amplifier, a compensation two-pole can in-
crease the upper frequency limit considerably 
and also the amplification factor. See also 1882 
of 1948. 

621.392.52: 621.396.611.3  62 
Tuned Absorption Circuits—R. E. Spencer. 

(Wireless Eng., vol. 27, pp. 219-224; August 
and September, 1950.) An analysis is given of 
circuits in which input and output terminals 
are connected to the same tuned circuit and a 
coupled circuit absorbs power over a compara-
tively narrow band of frequencies. Approxi-
mate mathematical solutions are given, with 
graphical illustrations of response curves and a 
discussion of the depth and shape of the trough 
between the two humps of the response curve. 

621.392.52:621.396.619  63 
Polyphase Modulation as a Solution of 

Certain Filtration Problems in Telecommuni-
cation —Macdiarmid and Tucker. (See 213.) 

621.392.6  64 
Synthesis of 2n-Terminal Passive Net-

works—R. Leroy. (Cables er Trans., (Paris), 
vol. 4, pp. 234-247; July, 1950.) Analytical in-
vestigation of certain aspects of the theory dis-
cussed In 62 of 1950 (Bayard). By extension of 
Geweitz's method to a positive real com-
pletely reduced matrix of order n it is possible 
to obtain a matrix of the same order but with 
elements of degree lower by (2n — 2). A 
singular type of matrix appears in the calcula-

: tions when the degree of the elements is 
<(2n-2), so that the reduction of the initial 
matrix generally involves the derivation from a 

• singular matrix of a non-singular matrix of 
lower order, to which the Gewertz method is 

'then applied. The corresponding network al-
, ways includes only one resistor. An alternative 
-1 method for effecting the synthesis of completely 
reduced matrices consists in determining the 
reactive network which includes this resistor 

e between a supplementary pair of terminals. 
Further, reduced positive real matrices of row 
q can be realized as networks comprising q re-

4  sistors. 

621.392.6  65 
Synthesis of a Finite 2n-Terminal Network 

by a Group of Networks each of which Con-
tains Only One Ohmic Resistance —Y. Oono. 
(Jour. Math. Phys., vol. 29, pp. 13-26; April, 
1950.) 

621.396.611.1  66 
Periodic and Aperiodic Oscillations in an 

Oscillatory Circuit incluidng an Iron-Cored 
Coil and Approximately Tuned to an Impressed 
Alternating Voltage —J. M. Op den Orth. 
(Tijdschr, ned. Radiogenoot., vol. 15, pp. 211-
236; July and September, 1950.) The investiga-
tion relates particularly to a circuit including 
little or no resistance. The inductance is as-
sumed to be only slightly nonlinear, thus per-
mitting the circuit differential equations to be 
solved by an approximate method, due to 
Poincare. Periodic forced oscillations are repre-
sented by singular points (generally two iso-
lated points and a saddle-point). If damping is 
zero, all other solutions correspond to closed 
curves around one or the other of the isolated 
points, or around both points. If damping is not 
zero the curves become spirals tending to one 
or the other of the isolated points (correspond-
ing to stable forced oscillations). Jump phe-
nomena are discussed. The importance of the 
solution curves through the third singular 
point (a saddle-point representing an unstable 
forced oscillation) is made clear. 

621.396.611.1  67 - 
Nonharmonic Oscillations as Caused by 

Magnetic Saturation—R. Rildenberg. (Trans. 
A IEE, vol. 68, Part I, pp. 676-685; 1949.) A 
detailed investigation of the effect produced on 
the waveform by the nonlinear characteristics 
of circuits containing capacitors and saturated 
inductors. Rigorous analysis shows that the 
natural oscillations in such circuits remain 
harmonic and have constant frequency only at 
small amplitudes. With increasing amplitude 
the wave form becomes more and more dis-
torted and the natural frequency increases. 
Transient and steady-state forced oscillations 
are treated by means of a differential equation 
which involves only four parameters, but which 
covers all possible cases. A solution is obtained 
by a step-by-step method. In the transient 
state, strange shapes are found for the flux, 
current and voltage curves, with no regularity 
as regards either symmetry or periodic repeti-
tion. Natural oscillations can be maintained by 
application of a voltage of definite magnitude 
and wave form. In series circuits a peaked volt-
age curve is required. Subharmonics of the sup-
ply voltage may consequently be developed. 
The theoretical results are illustrated by oscil-
lograms obtained with circuits including highly 
saturated components. 

621.396.611.1  68 
The Fourier Spectrum of Forced Oscilla-

tions Produced by Step and Needle Impulses — 
M. Pasler and W. Reichardt. (Frequenz, vol. 4, 
pp. 211-215; August, 1950.) The combined ef-
fect of a voltage step and its derivative on an 
oscillatory circuit is analysed by means of 
Fourier integrals, and the dependence of the 
spectral functions on frequency and damping is 
investigated. The results are presented in 
graphs and discussed. See also 1324 of 1949 
(Plater). • 

621.396.611.21  69 
High-Frequency Vibrations of Plates Made 

from Isometric and Tetragonal Crystals —E. A. 
• Gerber. (Psoc. IRE., vol. 38, pp. 1073-1078; 
September, 1950.) Bevelling of crystals is de-
scribed as a method for obtaining a single re-
sponse frequency in crystal units. Electrical 
characteristics and temperature coefficients of 
NaCI0a,  NaBrOi,  HN 4H2PO4(ADP)  and 
KH2PO4(KDP) crystal units were measured. 
The two cuts (zxw) 45° and (zx/w) 45°/54°44' 
[See IRE Standard on Piezoelectric Crystals 

(655 of 1950)] were used. Fair agreement was 
obtained with the theory presented in the 
paper. The NaBrOs thickness modes have 
about the same quality factor as that of 
quartz, the quality factor of ADP crystals 
being about one order of magnitude lower. 

621.396.611.4  70 
Some Perturbation Effects in Cavity Reso-

nators —A. Cunliffe and L. E. S. Mathias. 
(Proc. I EE (London), Part III, vol. 97, pp. 
367-376; September, 1950.) "An investigation, 
partly theoretical and partly experimental, has 
been made of some effects which occur when 
the boundary of a cavity is deformed slightly. 
First, the theory of natural electromagnetic 
oscillations inside lossless cavities is sum-
marized. Then a general theory, following along 
the lines of conventional first-order perturba-
tion theory, is given. The theory has been ap-
plied to the perturbation of a right-circular 
cylindrical cavity. Two cases have been con-
sidered: the Ems mode, a non-degenerate case, 
and the Holi and Eta modes, a triply degenerate 
case. These two cases have also been investi-
gated experimentally. Theory and experiment 
are in reasonable agreement, even for quite 
large deformations, when the deformation is 
applied gradually over a large area of the cavity 
wall. For sharp abrupt changes in the geome-
try of the cavity wall, however, it appears that 
the first-order perturbation theory can be ap-
plied only for very small distortions. The gen-
eral results, theoretical and experimental, 
which have been obtained, show that if the fre-
quency of the operating mode is well separated 
from the frequencies of other modes, a deforma-
tion of the boundary changes only the fre-
quency of the operating mode and not its 
electromagnetic field configuration. If the fre-
quency of the operating mode is near to the 
frequencies of other modes, a slight deformation 
of the cavity boundary, as well as changing the 
frequency of the operating mode, may also 
change its electromagnetic field configuration. 
'Lossy' material or resistance wires, intro-
duced into a cavity with a view to damping out 
unwanted modes, may also affect the desired 
resonance if certain types of deformation are 
present." 

621.396.615  71 
The Reactance-Tube Oscillator —A. Giger. 

(Psoc. I.R.E., vol. 38, p. 1096; September, 
1950.) Comment on 326 of 1950 (Chang and 
Rideout), pointing out that the transconduct-
ance of the oscillator tube has a fixed value and 
hence cannot affect the frequency. An explana-
tion of the observed frequency variation is 
given which is based on practical work in 
Switzerland, where the reactance tube oscil-
lator has been in commercial use for years. 

621.396.615.17  72 
Calculation of the Time Delay of a Multi-

vibrator —H. de Lange Dzn. (Tjdschr. ned. 
Radiogenoot., vol. 15, pp. 275-291; July and 
September, 1950.) A general solution is de-
rived for a linear differential equation of nth 
order with constant coefficients by the method 
of variation of parameters, in which a discon-
tinuity of the nth order is reduced to one of 
zero order during integration. The solution is 
applied to calculate the time delay of a multi-
vibrator by means of a differential equation of 
fourth order. 

621.396.615.17:621.317.755  73 
Spiral Time Base —( Wireless Eng., vol. 27, 

pp. 224-226; August and September, 1950.) A 
description of the mode of operation of the 
basic circuit, with particular attention to the 
effect of varying the time at which the trigger 
switch is opened. A simple circuit using a thyra-
tron switch is shown, and a more complex 
switching circuit used in radar is fully de-
scribed. The timebase was developed at the 
Radar Research and Development Establish-
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merit and is the subject of British Patent No. 
582419. 

621.396.645  74 
A Selective Relay Amplifier for Recording 

W WV Time Signals —E. F. Carome and H. C. 
Nash. (Trans. Amer. Geophys. Unicn, vol. 30, 
vol. 30, pp. 328-329; June, 1949.) Full circuit 
details are given of an amplifier which dis-
criminates against all frequencies except 440 
cps, the modulation frequency of the wwv 
signals, so that the operation of a relay in the 
anode circuit of the output tube is unaffected 
by the pulses sent out at second intervals, or by 
atmospherics or background noises. The selec-
tive element consists of a twin-T RC bridge. 

621.396.645: 612.8  75 
Biological Requirements for the Design of 

Amplifiers —II.  Grundfest.  (Paoc.  I.R.E., 
vol. 38, pp. 1018-1028; September, 1950.) Dis-
cussion of the nature and properties of bio-
electric potentials and description of amplifiers 
specially suitable for investigating such poten-
tials. 

621.396.645:621.3.015.7f  76 
The Amplification of Pulse-Form Modu-

lated Voltages and the Accompanying Reduc-
tion of Slope and Time Delay -- J. 1,V. Alex-
ander. (Tijdschr. ned. Radurgenoot., vol. 15, 
pp. 237-251; July and September, 1950.) In 
assessing the performance of an amplifier deal-
ing with pulse signals the criteria to be con-
sidered are the elope of the output-pulse 
envelope and its retardation with respect to the 
input pulse. According to the method de-
veliawd, these factors are easier to determine 
than the output-pulse envelope itself. The 
theory is applied to amplifiers with several 
single-tuned circuits and to amplifiers with 
coupled-and stagger-tuned circuits. 

621.396.645.012.3  77 
The Determination of Quiescent Voltages 

and Currents in Pentode Amplifiers —A. J. 
Shimmins. (Electronic Eng., vol. 22, pp. 386-
388; September, 1950.) A method is described 
for determining the quiescent values of anode, 
screen-grid and control-grid voltages and cur-
rents graphically or by calculation from a 
family of dynamic characteristics for various 
screen voltages. The solution is approximate 
but is useful for predicting effect due to changes 
in circuit parameters such as cathode and 
screen resistances. 

621.396.645.36  78 
The Cathampfifier --  A. Parry. (Pitoc. 

I.R.E.  k Australia),  al.  11,  pp.  199-204; 
August, 1950.) An amplifier circuit with high 
input  impedance which  permits push-pull 
operation from an unbalanced source. The in-
put voltage is applied between earth and the 
grid of one of the tubes, and a voltage propor-
tional to the total circulating current is ob-
tained from a transformer whose center-tapped 
primary is connected between the two cathodes; 
this voltage is applied, in the correct phase, be-
tween earth and the grid of the other tube. A 
resistance shunted  across the transformer 
primary is varied to obtain anode-ac balance. 
Over-all performance similar to that usual in 
push-pull operation may be obtained. Two 
modes of oscillation are possible which are inde-
pendently adjustable. 

GENERAL PHYSICS 

533.723+621.396.822  79 
Spontaneous Fluctuations —b. K. C. Mac-

Donald. (Rep. Progr. Phys., vol. 12, pp. 56-79. 
References, pp. 79-81; 1948-49.) A survey of 
developments of fluctuations analysis, and a 
review of research on fluctuation phenomena its 
the last decade, omitting general problems 
treated in standard works. The correlation 

function is discussed, with examples of its use. 
Recent developments treated are mainly con-
cerned with electrical and tube noise, and in-
clude discussion of thermal, shot, and low-fre-

quency noise. 

535.215.9:537.315  80 
Contact-Potential Measurements on Irradi-

ated Metal-Oxide Surfaces— II. Neuett. (Z. 
:Value!, vol. 3a, pp. 226-228; 1948.) Account 
of experimental work demonstrating that a 
slightly oxidized surface can be activated by 
sw ultraviolet radiation, or by ionic or elec-
tronic charging, or by mechanical treatment. 

535.312:539.23  81 
Reflection Reduction in Optics —M. Au-

warter. (Bull. schweiz. elektrutech, Ver., vol. 40, 
pp. 605-607; August 20, 1949. In German.) 
Paper presented at the International Television 
Conference, Zurich, 1948. Investigation of the 
properties of single- and multiple-surface layers. 

535.317.9:621.397.5  82 
The Schmidt Optical System —H. Rinia. 

(Bull. schweiz. eleklrotech. Ver., vol. 40, pp. 580-
585; August 20, 1949. In English.) Paper pre-
sented at the International Television Con-
ference, Zurich, 1948. An outline is given of the 
basic principles of the Schmidt system. The 
conventional form gives fifth-order coma for 
low magnifications. Means are indicated for 
compensating this coma. The cause and mag-
nitude of the lateral spherical aberration are 
discussed and a new method of aberration cor-
rection is described. See also 63 and 1215 of 
1949 (Rinia and van Alphen). 

535.42  83 
Critical Report on the General Laws of Dif-

fraction, Submitted to the International Optics 
Commission  G. Toraldo Ii Francia. (Nuoro 
Cirn., vol. 5, pp. 591-605; December 1, 1948.) 
A review oh elas,ical and modern theories. 

537.312.5  84 
Theory  of  Photoelectric  Conduction in 

Composite  Conductors —F.  Stifickmann.  1Z. 
Phys., vol. 12s, pp. 185-211; July, 1950.) The 
fundamental equations of electrical conduction 
are examined tor the case of circuits including 
electron sources and sinks. General laws for 
photoelectric currents are hence derived which 
agree with laws derived directly by other 
workers, and saturation current, amplification 
and exponential law of loss are discussed. Non-
linear conductors and  semiconductors  are 
studied as special cases. 

5,i7.525  85 
The High-Frequency Gas Discharge —F. 

Kirchner. (Z. Naturf., vol. 2.1,  62 0 621; 
1948.) A description is given of a simple experi-
mental arrangement for investigating the dis-
charge without introducing a probe. The re-
sults indicate strong positive space-charge and 
high positive potential within the gas. The dis-
charge can be maintained with voltages below 
the ionization potential. 

537.528  86 
X-Ray Investigation of Sound Waves As-

sociated with Breakdown of Dielectrica — W. 
Schaaffs and F. Trendelenhurg.  Naturf., 
vol. 3a, pp. 659-668; 1948.) 

537.533 
87 

General Properties of the Electronoptical 
Image —F. Borgnis (Bull. schwess. elekirotech. 
V Cr., vol. 40, p. 571; August 4, 1949. In Ger-
man.) Paper presented at the International 
Television Conference, Zurich, 1948. See also 
1351 and 2780 of 1949, for which the above 
UDC number is preferable. 

537.534:621.385.82  as 
The Production of Ion Beams by Means of a 

High-Frequency Discharge  Neuert. (Z. 
.V (mat, vol. 3a. Pp. 310-312;  1948.) An ar-

rangement  similar  to  that  described  by 
Thonemann (3261 of 1946) was studied. With 
100 w exciting power and 10 kv field voltage an 
ion current of 20 ma was obtained. 

538.3  89 
A Notation for Electrodynamics Adaptable 

to any System of Units —R. Fleischmann. (Z. 
Naturf., vol. 3a, pp. 492-495; 1948.) The funda-
mental equations of electricity and the princi-
pal formulas of four-dimensional electrody-
namics are presented in a notation which is in-
dependent of the system of units and which fur 
special cases yields the formulas valid for the 
usual systems of units. 

538.31-4-538.65  90 
Fields within and around Cavities in a 

Magnetically Strained Medium, Ponderomo-
tive Forces acting thereon in a Magnetic 
Field with Current in the Cavity, and the Elec-
tric Field generated on Movement of the 
Cavity —J. P. Schouten. (Tijdschr, ned. Radio-
genool., vol. 15, pp. 163-177; July and Sep-
tember, 1950.) It is shown analytically that the 
total electric field inside a cavity moving in a 
medium subjected to a homogeneous magnetic 
field is independent of the inhomogeneity 
introduced by the cavity wall, and the total 
mechani cal force on the cavity is the same as if 
the medium were continuous. 

538.311  91 
Formulas and Tables for the Calculation of 

the Magnetic Field Components of Circular 
Filaments  and  Solenoids —F.  W.  Gruver. 
(Trans. .4 I EE, vol. 68, Part I, pp. 665-675; 
1949.) Existing formulas are discussed and new 
formulas are derived. Tables of the functions 
involved are presented in a form which facili-
tates routine calculations. 

538.322  92  : 
The Forces between Two Current Conduc-

tors —B.  D.  H.  Tellegen.  Tijdschr.  'med. 
Radiogenoot., vol. 15, pp. 157-161; July and 
September, 1950.) Conditions for steady cur-
rents in closed conductors are considered, and  t-
the total force is regarded as the resultant of 
attractive forces and couples due to the inter-
action of current elements of the two conduc-
tors. 

538.56:535.3  93 
Reflection and Transmission of Electro-

magnetic Waves by Thin Curved Shells  J. B. 
Keller. (Jour. .ippl. Phys., vol. 21, p;,. 896-
901; September, 1950.) "The scattering oh an 
arbitrary electrogiagnetic field by a conducting 
or non-conducting obstacle is investigated. The 
differential equations and boundary conditions 
satisfied by the field are transformed into a pair 
of inhomogeneous linear integro-differential 
equations for E and H. For an obstacle which 
is a thin shell of constant thickness h, a formal 
procedure for obtaining a solution of these 
equations as power series in h is given. The 
lowest order term in this solution is the incident 
field. An explicit expression for the next term is 
found in the form of a surface integral. This in-
tegral is evaluated approximately  by the 
method of stationary phase. The physical 
properties of the solution are examined in de-
tail, and satisfactory agreement are examined 
in detail, and satisfactory agreement is found 
with many results previously obtained by other 
methods." 

538.56:535.42  94 
Rigorous Theory of the Diffraction of Elec-

tromagnetic Waves by a Perfectly Conducting 
Disk —J. Meumer.  Niumf., V OL  3a, pp. 
506-518; 1948.) The solution of this problem is 
given and is extended to the related problem of 
diffraction by a circular aperture in a perfectly 
conducting plane sheet of infinite extent by a 
generalization of Babinet's principle. 

1. 
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38.56: 537.56:523.74  95 
The Characteristics of Radio-Frequency 

radiation in an Ionized Gas, with Applications 
) the Transfer of Radiation in the Solar At-
losphere —S. F. Smerd and K. C. Westfold. 
Phil. Mat.. vol. 40, pp. 831-848; August, 
949.) The function E which determines the 
adiation at any point is the ratio of the 
missivity to the product of the absorption co-
fficient and the square of the index of refrac-
ion. The intensity of 'quiet' radio-frequency 
olar radiation reaching the earth can be ex-
a-essed in terms of E and the optical depth of 
he various ray trajectories. Formulas are de-
ived for emissivity, absorption coefficient and 
efractive index, from which E can be found. 
['he formulas are expressed in terms of the 
•lectron and ion densities and the kinetic tern-
)erature, assuming a Maxwellian velocity dis-
ribution. A heuristic theory of the absorption 
tnd emission processes on a volume element is 
•Iten which takes account of the effect of the 
urrounding particles of the medium. 

538.56.029.64:537.562:535.43  96 
The  Scattering of 3-cm Radiation by 

,:onized Gases—S. N. Denno, H. A. Prime, 
aid J. D. Craggs. (Proc. Phys. Soc., vol. 63, 
)p. 726-727; September 1, 1950.) Radiation of 
wavelength 3 cm is scattered by a commercial 
:ylindrical mercury discharge tube. Scatter at 
ight angles to the incident radiation is re-
:eived and its power measured. Curves showing 
he received power as a function of tube cur-
Sent are given for radiation polarized (a) per-
)endicular to and (b) parallel to the tube axis, 
or two tubes of diameters 3.1 cm and 6.4 cm 
-espectively. It is intended to use the informa-
ion to determine the electron concentration in 
he discharge. 

139  97 
Masses  of Fundamental  Particles —R. 

t Earth. (Nature (London), vol. 166, pp. 727-
!'728; October 28, 1950.) 

548.1:537  98 
- A Derivation and Tabulation of the Piezo-

electric Equations of State —J. F. Haskins and 
J. S. Hickman. (Jour. Acoust. Soc. Amer., vol. 
12, pp. 584-585; September, 1950.) The con-
tervation-of-energy principle is applied to de-
five the general equations, with strain, electric 
displacement and entropy as independent vari-
ables. The special case of constant entropy is 
then considered, with polarization as an addi-
tional parameter, and all possible linear adia-
batic equations of state are developed, using in 
turn as independent variables stress and electric 
field, strain and polarization, and stress and 
polarization. Hence the relations between the 
elastic, electric and piezoelectric coefficients for 
the various pairs of independent parameters 
are determined and tabulated. 

548.1:537  99 
Piezoelectric Equations of State and their 

Application to Thickness-Vibration  Trans-
ducers —W. G. Cady. (Jour. Acoust. Soc. 
Amer., vol. 22, pp. 579-583; September, 1950.) 
The electromechanical equations of state are 
given in several forms and those most appropri-
ate in theoretical work are indicated. A de-
tailed treatment of the thickness-vibration 
transducer is given, resulting in expressions for 
the electrical characteristics and  acoustic 
power. Various special cases are briefly con-
sidered. 

..4GEOPHYSICAL AND EXTRATERRESTRIAL 
PHENOMENA 

523.5:1621.396.9+77  100 
Meteor Velocities—P. M. Millman and 

D. W. R. McKinley. (Observatory, vol. 70, pp. 
156-158; August, 1950.) Photographic and 
radio techniques are discussed in relation to 
their capabilities of detecting fast meteors. 

Meteors with speeds as high as 150 km should 
be detectable by radio methods. 

523.7:538.12  101 
The Effect of Turbulence on a Magnetic 

Field —P. A. Sweet. (Mon. Not. R. Astr. Soc. 
vol. 110, pp. 69-83; 1950.) Extension of earlier 
work (1677 of 1950). Mathematical analysis 
indicates that (a) turbulence reduces the effec-
tive conductivity in the core and in the outer 
layers of the sun, but sunspot fields are not 
affected; (b) the decay time of the sun's gen-
eral magnetic field is somewhat less than 1036 
years, while the mean field in the core, if the 
general field is decaying from some initial state, 
is irrotational; (c) no system of meridian-plane 
convection currents in the sun can provide a 
general amplification of a field produced by a 
given emf, while turbulence in fact reduces the 
field. 

523.71  102 
The Solar Constant—C. W. Allen. (Ob-

servatory, vol. 70, pp. 154-155; August, 1950.) 
Discussion leads to a tentative value of 
1.97 cal/cm3/min. 

523.72  103 
Cosmic  Radiation  from  the  Sun —A. 

Ehmert. (Z. Naturf., vol. 3a, pp. 264-285; 
1948.) The phenomena of chromosphere erup-
tions may be related to the ionization of 
chromosphere regions by protons accelerated in 
the varying magnetic fields of sunspots; in the 
same way accelerated electrons may give up 
their energy as usw radiation. 

523.72:621.396.822  104 
Solar Radio-Frequency Radiation —J. L. 

Pawsey. (Proc. IEE (London) Part III, vol. 
97, pp. 290-308; September, 1950. Discussion, 
pp. 308-310.) A survey of solar-noise research 
from 1932 to 1948. Observed characteristics in 
the wavelength range from 1 cm to a few 
meters are described. FTOra the intensity, re-
gion of origin, association with visual phe-
nomena and polarization a classification is sug-
gested. A thermal component is recognized 
corresponding in intensity to a black-body 
radiation of a temperature that rises from 
1030K at a wavelength of 1 cm to 1030K at 
wavelengths of a few meters. This is believed to 
be associated with a rise in the region of origin 
from the lower chromosphere to the corona. 
Non-thermal components, prominent at meter 
wavelengths and believed to originate from 
electrical disturbances in the solar atmosphere, 
vary rapidly and have occasional peak in-
tensities 103 to 106 times the thermal ones. 
66 references are given. 

523.74:538.56:537.56  105 
The Characteristics of Radio-Frequency 

Radiation in an Ionized Gas, with Applications 
to the Transfer of Radiation in the Solar At-
mosphere —Smerd and Westfold. (See 95.) 

523.74/.75:621.396.11  106 
Solar Notes —H. W. Newton. (Observa-

tory, vol. 70, pp. 163-164; August, 1950.) Solar 
activity during the first six months of 1950 is 
briefly reviewed. Observed correlations between 
special solar phenomena, such as flares, and 
radio propagation conditions are described. 

523.8:538.12  107 
Stellar Magnetic Fields and Rotation —S. 

K. Runcorn. (Observatory, vol. 70, pp. 155-156; 
August, 1950.) Using data applying to eight 
stars, the correlation coefficient between mag-
netic field and angular momentum is 0.6. Possi-
ble causes of varying and reversing magnetic 
fields are discussed. 

538.12: 521.12  108 
Gravitational Field and Magnetism —A. 

Major. (Compt. Rend. Acad. Sci. (Paris), vol. 
231, pp. 607-608; September 25, 1950.) Argu-
ment indicating that a charged body moving in 

a gravitational field produces a convection cur-
rent accompanied by a magnetic field. Formu-
las are derived which are more general than the 
empirical formula of Blackett. 

550.372  109 
The Earth's Constants from Combined 

Electric and Magnetic Measurements partly in 
the Vicinity of the Emitter —K. F. Niessen. (Z. 
Naturf., vol. 3a pp. 552-558; 1948. In English.) 
The dielectric constant and conductivity of the 
earth in the vicinity of a projected transmitter 
are found by making measurements of E and H 
at points close to (distance 2X-4X) and remote 
from an experimental transmitter. The method 
depends on the fact that at short distances the 
electric and magnetic field strengths vary ac-
cording to different laws. The analysis is based 
on Sommerfeld's vector-function formula for 
the radiation from an ideal dipole, and the re-
quired constants are obtained from a simple 
system of curves. See also 3893 of 1947. 

550.38  110 
The  'Absolute  Quadrupole-Moment' —a 

Fundamental Magnetostatic Quantity and its 
Geophysical Significance —H. G. Macht. (Z. 
Nat urf vol. 3a, pp. 189-195; 1948.) 

551.5:621.396.81.029.63/.64  111 
A Radio Meteorological Investigation in the 

South Island of New Zealand —Milnes and 
Unwin. (See 200.) 

551.510.535  112 
Ionosphere Observations in Adelie Land — 

M. Barre and K. Rawer. (Comp:. Rend. Acad. 
Sci. (Paris), vol. 231, pp. 436-437; August, 
16, 1950.) An interim report of observations 
made during the antarctic cruise of the Com-
mandant Charcot (see also 3429 of 1949 and 97 
of 1950). Features noted from recordings ob-
tained during 24 hours on January 3-4, 1950 
include: (a) a sporadic-E layer giving echoes at 
high frequencies (10 Mc); frequent stratifica-
tion of this layer and increase of its height 
with frequency; (b) permanent diffusion of the 
layer, extending with increase of frequency; 

(c) horizontal traces resembling those of the 
sporadic-E layer but at heights of 250-800 km; 
(d) selective absorption at about 3.5 Mc mask-
ing all trace of layers. 

551.510.535:538.566  113 
The Poynting Vector in the Ionosphere — 

Scott. (See 193.) 

551.594.6(729)  114 
Air Weather Service Sferics Operations in 

the Caribbean Area —H. F. Willey. (Trans. 
Amer. Geophys. Union, vol. 30, pp. 330-332; 
June, 1949.) A general description is given of 
the spherics 4-station network and its operation, 
with discussion of the correlation of spherics 
with weather conditions. 

523.72+ 523.8541: 621.396.822  115 
Bruits Radio-Electriques Solaires et Gal-

actiques (Solar and Galactic Radio Noise) 
[Book Reviewi —URSI (Union Radio Scien-
tifique Internationale) Special Report No. 1. 
Brussels, 1950, 51 pp. (HP, Brussels, p. 200; 
1950.) A resume of present knowledge. The re-
port was presented at the Stockholm meeting, 
1948. An English edition is also available. 

LOCATION AND AIDS TO 
NAVIGATION 

534.88  116 
Sound Ranging at the Morris Dam Tor-

pedo Ranges —R. N. Skceters. (Elec. Eng., vol. 
69, p. 718; August, 1950.) Summary of AIEE 
Summer General Meeting paper. For making 
accurate determinations of the trajectories of 
under-water missiles, the latter are caused to 
generate sounds which are picked up by suita-
bly located hydrophones arrayed in groups of 
eight. An oscillograph record is obtained. Re-
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duction of the data is accomplished by means 
of a computer which is a scale model of one of 
the hydrophone groups. 

621.396.9 : 621.396.67  117 
Radar Aerial Systems for Uniform Irradia-

tion of a Surface—J. R. Huynen. (Tijdschr. 
ned. Radiogenoot., vol. 15, pp. 293-297; July 
and September, 1950.) The problem of achiev-
ing uniformity of energy at all points of a spiral 
scan is studied. 

621.396.93  118 
The Relative Merits of Presentation of 

Bearings by Aural-Null and Twin-Channel 
Cathod-Ray Direction-Finders—S. de Walden 
and J. C. Swallow. (Proc. IEE (London), Part 
III, vol. 97, pp. 362-365; September, 1950.) 
Discussion on 3142 of 1949. 

621.396.93  119 
Some Experiments on the Accuracy of 

Bearings taken on an Aural-Null Direction-
Finder —F. Horner. (Proc. 1 EE (London), Part 
III, vol. 97, pp. 359-361; Discussion, pp. 362-
365; September, 1950.) The paper describes 
some tests to determine how the accuracy of a 
bearing taken on an aural-null rotating H-
Adcock direction-finder depends on the width 
of the minimum and on the receiver output 
noise-level. The results pertain to bearings 
taken on a steady tone-modulated signal by an 
experienced observer working under good con-
ditions. They indicate that bearings taken 
under these conditions will have standard de-
viation of between 1/40 and 1/20 of the arc of 
silerce except for very small arcs, even when 
the bearings are derived from very few oscilla-
tions of the antenna system. Accuracy is im-
proved if the number of complete oscillations is 
greater than about five. Accuracy is degraded 
if the angle through which the antenna is 
swung is increased to improve the quality of 
the signal at the limits of the swing. 
Differences of at least two to one in the 

standard deviation of observed bearings may 
occur between different observers, and with one 
observer at different times. Compared with these 
changes, any changes due to the use of differ-
ent receiver output noise-levels are considered 
to be small. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

531.787.9  120 
The Pirani Effect in a Thermionic Filament 

as a Means of Measuring Low Pressures — 
(Brie. Jour. APP!. Phys., vol. 1, p. 240; Sep-
tember, 1950.) Correction to paper abstracted 
in 1922 of 1950. W. P. Jolly is the sole author. 

533.56  121 
Characteristics of Diffusion Pumps—R. 

Witty. (Brig. Jour. App!. Phys., vol. 1, pp. 
232-237; September, 1950.) 

533.583:621.385  122 
A Method for Measuring the Efficiency of 

Getters at Low Pressures—S. Wagener. (Brit. 
Jour. App!. Phys., vol. 1, pp. 225-231; Sep-
tember, 1950.) The method is based on meas-
urement of the pressure drop along a narrow 
tube connecting the bulb containing the getter 
to the manifold of the pumping system. The 
values found for the rate of absorption of air 
ranged from 10 cmi/e for Mg to 1,500 cmi/s for 
Th getter, the bulb pressure being 1.5X10-8  
mm Hg. 

535.37  123 
Phosphors and Phosphorescence—G. F. J. 

Garlick. (Rep. Progr. Phys., vol. 12, pp. 34-53; 
References, pp. 53-55; 1948-49.) Recent in-
vestigations of luminescence in crystalline im-
purity-activated phosphors are reviewed. The 
electron-energy-band model and experimental 
support for it are discussed. Long-duration 
phosphorescence, due to electrons trapped in 

thermally metastable levels, correlates with 
thermoluminescence. Advances are reported in 
knowledge of the structure of luminescence 
emission centers in sulphide and silicate phos-
phors. The emission spectra of manganese-
activated silicates, recent studies of oxides and 
tungstates, and infrared-sensitive phosphors 
are treated. The latter need a secondary ac-
tivator for marked sensitivity; infrared light 
appears to cause the ejection of trapped elec-
trons, but there is no simple correlation be-
tween optical and thermal ejection. 

535.37: 546.472.21  124 
The Introduction of Copper into a Lumines-

cent Zinc Sulphide—N. Ril' and G. Ortman. 
(Compl. Rend. Sci. (URSS), vol. 66, pp. 841-
845; June 11, 1949. In Russian). If copper is 
introduced by diffusion into ZnS crystals it may 
be in two states, one causing blue luminescence 
and the other green luminescence. An experi-
mental study of these effects is described. 

537.311.31: 546.92: 541.183.56  125 
Resistance Variation of a Platinum Foil due 

to Gas Adsorption —W. Braunbek. (Z. Naturf, 
Vol. 3a, pp. 216-220; 1948.) Experiments made 
with Pt foil in oxygen, argon and helium indi-
cate a resistance reduction of the order of 10-4  
as compared with the value in vacuo, the effect 
being greatest in oxygen. 

538.221  126 
On  Ferromagnetic  States —J.  Giltay. 

(Tijdschr. ned. Radiogenoot., vol. 15, pp. 253-
274; July and September, 1950.) The form of 
Madelung's laws is criticized and new expres-
sions are formulated covering effects observed 
in ferromagnetic materials. Operating-cycle 
diagrams derived from auxiliary loop curves are 
introduced. 

538.221:538.562  127 
Magnetostriction  of  Permanent-Magnet 

Alloys —E. A. Nesbitt. (Jour. App!. Phys., vol. 
21, pp. 879-889; September, 1950.) Magneto-
striction measurements were made on various 
alloys having coercive forces from 50 to 600 
oersted. In the older carbon-hardening perma-
nent magnets, high coercive force and high 
magnetostriction appear together; for the 
newer carbon-free type this coincidence .does 
not hold. These results are discussed in the 
light of recent theories. 

548.0 : 537.228.1  128 
Determination of the Elastic and Piezoelec-

tric Coefficients of Monoclinic Crystals, with 
particular Reference to Ethylene Diamine 
Tartrate—R. Beclunann. (Proc. Phys. Soc., 
vol. 63, pp. 577-589; August 1, 1950.) Longi-
tudinal modes of vibration were used for nar-
row bars, low-frequency longitudinal and face-
shear iodes for square plates containing the 
axis of symmetry, coupled modes for square 
plates perpendicular to the axis of symmetry, 
and thickness-shear modes for plates contain-
ing the axis of symmetry. New values of the 
coefficients and their temperature coefficients 
are given for EDT. Some properties are con-
sidered of face-shear vibrating square plates of 
EDT rotated about the axis of symmetry as 
functions of the orientation, and of Y-cut 
plates as functions of the width-to-length ratio. 

548.0:549.451  129 
Influence of Plastic Flow on the Electrical 

and Photographic Properties of the Alkali-
Halide Crystals—F. Seitz. (Phys. Rev., vol. 80, 
pp. 239-243; October 15, 1950.) 

620.193:621.315.61  130 
Methods for Determining the Effect of 

Contaminants on Electrical Insulation —K. N. 
Mathes, L. E. Sieffert, H. P. Walker, and R. H. 
Lindsey. (Trans. A IEE, vol. 68, Part I, pp. 
113-118. Discussion, pp. 118-119; 1949.) The 
results of tests made under laboratory condi-

tions with carefully controlled mixtures of such 
contaminants as are commonly encountered on 
board ship are tabulated according to the ef-
fects on the physical and electrical properties of 
insulating materials, including surface break-
down voltage, dimensional stability, and so 
forth. 

621.315.61:621.317.331  131 
Some Measurements of the Resistivity of 

Good Insulators —N. W. Ramsey. (Proc. Phys. 
Sot., vol. 63, pp. 590-594; August 1, 1950.) A 
method depending on the loss of charge on a 
capacitor was used. The resistances of amber, 
alkathene, distrene and perspex increased over 
a period of weeks, the final values being con-
siderably higher than previously published 
figures. 

621.315.612.011.5  132 
Ceramic Dielectrics with High Permittivity 

Titanates —A.  Danzin.  (Ann.  Radioilea., 
vol. 5, pp. 230-242; July, 1950. Onde ilea., 
vol. 30, pp. 253-258 and 335-340; June and 
July, 1950.) The mode of preparation of 
ceramic dielectrics is described and the proper-
ties of normal mineral insulating materials and., 
of titanates are compared. Crystal structure 
and anomalous temperature coefficients are 
discussed and methods of obtaining a specified 
dielectric constant are outlined. Titanates are 
broadly classified into two groups and applica-
tions are listed. 

621.315.612.4:621.3.011.5  133 
The Structure, Electrical Properties and 

Potential Applications of the Barium-Titanate 
Class of Ceramic Materials —W. Jackson. 
(Proc. IEE (London), Part III, vol. 97, pp. 
285-289; September, 1950.) Abstract of IEE 
lecture,  March,  1950,  reviewing  present 
knowledge. The 75 references given are in-
tended to afford a preliminary guide to the 
published work on the subject. 

621.319.4:1621.793 :621.315.614.6  134 
Metallized Paper for Capacitors —D. A. 

McLean. (PROC. I.R.E., vol. 38, pp. 1010-
1014; September, 1950.) An account of de-
velopment work in the Bell laboratories. 
Lacquering the paper prior to metallizing in-
creases the dielectric strength and insulation 
resistance, reduces corrosion of the metal coat-
ing and also loss of coating by electrolysis. 
Special precautions are necessary to exclude 
moisture from metallized-paper capacitors. See 
also 123 of 1950 (Wehe). 

666.1.037.5  135 
The Physicarlispect of Glass/Metal Seal-

ing in the Electronic Valve Industry: Part 2— 
G. Trebuchon and J. Fieffer. (Ann. Radio-
fleet., vol. 5, pp. 243-258; July, 1950.) The 
processing technique for the glass alone is dis-
cussed: graphs show the optimum annealing 
temperature and duration, and optimum cool-
ing rate, for glasses of different thicknesses and 
expansion coefficients. The effects of annealing 
on the quality of seal are discussed. Graphs 
based on polarimetric observations show the 
effects on the stresses produced in the seal in 
numerous cases. A table summarizes the effects 
of the different variables in the annealing cycle 
and also of the intrinsic properties of the ma-
terials. Part 1: 2253 of 1950. 

669.15.26 : 666.1.037.5 : 621.385.832  136 
Stainless Steel for Television —A. S. Rose. 

(Metal Progress, vol. 57, pp. 761-764; June, 
1950.) The use of an alloy containing only 17 
per cent Cr for the metal cones of large 
cathode-ray tubes for television results in a 
saving in cost compared with that for the alloy 
previously used, which contained 28 per cent 
Cr. The addition of small amounts of other 
metals is necessary to make the new alloy 
suitable for sealing to glass. 
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MATHEMATICS 

2.31  137 
On Certain Polynomials Introduced by 

:hebycheff—H.  DeLange.  (Compt.  Rend. 
cad. Sci. (Paris), vol. 231, pp. 602-604; Sep-
mber 25, 1950.) A study of the asymptotic 
stribution of the zeros of P,, polynomials 
hen n becomes infinitely great. 

17.564.3:534.232 
On the Extension of 

7als to Struve Functions 
coustic Radiation--C. 
lath. Phys., vol. 29, pp. 

138 
Some Lommel fate-
with an Application to 
W. Horton. (Jour. 
31-37; April, 1950.) 

17.564.3(083.5)  139 
Tables of Integrals of Struve Functions - 

I. Abramowitz. (Jour. Math. Phys., vol. 29, 
p. 49-51; April, 1950.) 

17.564.3(083.5)  140 
A Short Table of Struve Functions and of 

erne Integrals Involving Bessel and Struve 
Unctions —C.  W.  Horton.  (Jour.  Math. 
'hys., vol. 29, pp. 56-58; April, 1950.) 

.19.272.15:621.392  141 
Short Time Autocorrelation Functions and 

'ower Spectra —R. M. Fano. (Jour. Acoust. 
'cc. Amer., vol. 22, pp. 546-550; September, 
950.) The reciprocal relations between auto-
orrelation functions and power spectra, known 
is Wiener's theorem, are extended in a modified 
)rm to the case of experimental results ob-
tined by means of filters with finite time-

onstants. 

81.142  142 
Comparison of Long-Time and Short-Time 

dialog  Computers —V.  Paschkis.  ( Trans. 
IIEE, vol. 68, Part I, pp. 70-73; 1949.) 

81.142  143 
Application of the California Institute of 

'echnology Electric Analog Computer to Non-
near Mechanics and Servomechanisms— G. 
). McCann, C. H. Wilts, and B. N. Locanthi. 
Trans. A IEE, vol. 68, Part I, pp. 652-660; 
949.) Full paper. Summary abstracted in 918 
f 1950. 

81.142:517.512.2  144 
A New Fourier-Coefficient Harmonic Ana-

yzer—S. Charp. (Trans. A I EE, vol. 68, Part!, 
)1). 644-649; Discussion 649-651; 1949.) Full 
iaper. Summary abstracted in 674 of 1950. 

41.142:621.392  145 
A High-Speed  Multiplier for Analogue 

.7-omputers —Locanthi. (See 60.) 

101:517.5:53  146 
Formulas and Theorems for the Special 

?unctions of Mathematical Physics [Book Re-
riewl—W.  Magnus and F. Oberhettinger. 
?ublishers: Chelsea Publishing Co., New York, 
,949, 172 pp. (Proc. Phys. Soc., vol. 63, p. 733 
ieptember, 1950.) This book, which is a refer-
trice work rather than a textbook, deals with 
Bessel functions, spherical harmonics, hyper-
4eometric functions and elliptic functions, and, 
o special cases, Laguerre, Hermite and other 
;unctions. Chapters are included on integral 
:ransformat ions and on coordinate transforma-

dons. 

517.43:15+6  147 
Operatorenrechnung  und  Laplacesche 

Transformation [Book Reviewl—K. W. Wagner 
inpubliiher, J. A. Barth, Leipzig, 1950, 471 pp., 
'12.80 DM. (Tech.  Mat.  schweiz.  Telegr.-
Teleph Verw., vol. 28, p. 334; August 1, 1950. 
In German.) Second revised edition of the book 
noted in 2827 of 1949. 

517.9:15+6  148 
Die Differentialgleichungen der Technik 

g und Physik (Differential Equations of Tech-
nology and Physics). [Book Reviewl—W. liort 

and A. Thorns. Publishers: J. A. Barth, Leipzig 
5th edn., 1950, 576 pp., 46.80 DM. (Tech. 
Mitt schweiz. Telegr.-Teleph. Verw., vol. 28, 
pp. 335-336; August 1, 1950. In German.) This 
edition of "Die Differentialgleichungen des 
Ingenieurs," newly revised by Thoma, is a 
comprehensive textbook in eight parts dealing 
with the subject from elementary differential 
and integral calculus to differential and differ-
ence equations, Fourier series, variational 
calculus and integral equations. Graphical and 
mechanical methods of solution are described 
in addition to analytical methods. 

"The book is clearly written and is recom-

mended both for the beginner and the practis-
ing engineer." 

517.91  149 
Differential Equations [Book Reviewl —H. 

W. Reddick. Publishers: Wiley & Sons, New 
York, and Chapman & Hall, London, 2nd edn., 
1949, 288 pp., 24s. (Proc. Phys. Soc., vol. 63, 
p. 733; September 1, 1950.) A relatively ele-
mentary, but clear and accurate, textbook for 
intending engineers; partial differential equa-
tions are not dealt with. 

MEASURE MENTS AND TEST GEAR 

529.1:529.786  150 
s On a Periodic Fluctuation in the Length of 
the Day —H. F. Finch. (Mon. Not. R. Asir. 
Soc., vol. 110, pp. 3-14; 1950.) From a study of 
the performance of a number of quartz-crystal 
clocks used in the Greenwich Time Service, 
and annual periodic fluctuation in the length 
of the day is deduced. The variation is of the 
order of ± 0.001 sec and has an accumulative 
effect in time of approximately ±0.060 sec. 
This is in very close agreement with results ob-
tained from independent data by N. Stoyko 
and demonstrates the persistent character of 
the phenomenon. See also 2275 of 1950 (Scheibe 
and Adelsberger). 

621.3.011.5:621.365.55t  151 
The Measurement of Dielectric Loss at 

High  Frequencies ,and  Under  Changing 
Temperature —J.  B.  Whitehead  and  W. 
Rueggeberg. (Trans. A I EE, vol. 68, Part I, 
pp. 520-524; 1949.) Full paper. Summary ab-
stracted in 137 of 1950. 

621.317.088.4:621.314.12  152 
The Fundamental Limitations of the sec-

ond-Harmonic Type of Magnetic Modulator as 
Applied to the Amplification of Small D.C. Sig-
nals —F. C. Williams and S. W. Noble. (Proc. 
I EE (London), Part II, vol. 97, pp. 445-459; 
Discussion, pp. 474-483; August, 1950.) The 
advantages of the second-harmonic type of 
magnetic modulator for the conversion of dc 
to ac are discussed and theoretical analysis is 
presented for an idealized modulator of this 
type, with particular reference to the influence 
of various controllable parameters on the sig-
nal-to-noise ratio and the zero error. Experi-
mental work is described which provides 
qualitative verification of the theory when al-
lowance is made for the assumption of a 
simplified B/II characteristic for the core ma-
terial. Great care in the design of the various 
circuits is necessary to eliminate additional 
sources of noise and zero error. In apparatus 
described the noise output is mainly Bark-
hausen noise in the cores and is equivalent 
to a signal input of about 10-19  w for a band-
width of 1 cps, the zero drift being equivalent 
to an input of about 3X10 1' w over a 2-hour 
period. 

621.317.2:621.397.62  153 
Television  Laboratory  Equipment —W. 

Werner. (Bull. schweiz. elektrotech. Ver., vol. 
40, pp. 635-637; August 20, 1949. In English.) 
Paper presented at the International Television 
Conference, Zlirich, 1948. Short descriptions of 

the special features and the uses of video signal 
generator, video distribution amplifier, high-
frequency signal generator, microscope cro for 
observing any small portion of a television 
waveform, wide-band cro, sine-wave signal 
generator (up to at least 5 Mc), high-voltage 
voltmeter, film scanner, camera and studio-
lighting equipment. 

621.317.324(083.74) t  154 
Two Standard Field-Strength Meters for 

Very-High Frequencies —D. D. King. (Puoc. 
I.R.E., vol. 38, pp. 1048-1051; September, 
1950.) "Methods of field-strength measurement 
are reviewed briefly and the design of field 
meters conforming closely to the conditions im-
posed by antenna theory is considered. Two 
instruments approaching ideal theoretical con-
ditions and suitable for reference standards are 
described. The first of these contains an adjust-
able matching network. The second utilizes 
very fine wires on a styrofoam support." 

621.317.353.3 f :621.396.11:551.510.535  155 
Ionospheric Cross-Modulation: Techniques 

of Measurement —C. C. Newton, F. J. Hyde, 
and H. G. Foster. (Proc. Phys. Soc., vol. 63, 
pp. 616-623; August 1, 1950.) The techniques 
described were used for the investigations noted 
in 3219 of 1948 (Ratcliffe and Shaw), 194 of 
1949 (Huxley, Foster, and Newton) and 1220 of 
1950 (Huxley). The transferred modulation was 

_ deduced from receiver measurements of the 
carrier voltage and the af voltage of the wanted 
signal. The phase of the transferred modulation 
relative to that of the directly received disturb-
ing signal was determined by forming a Lis-
sajous figure; a phase changer was used to 
measure the phase difference. A development 
is described which permits modulation depth 
and phase to be displayed on a single cro. 

621.317.411t+621.317.43  156 
Measurement of Permeability and Mag-

netic Losses of Straight Samples —P. M. Prache 
and R. Cazenave. (Cables w* Trans. (Paris), 
vol. 4, pp. 216-233; July, 1950.) Advantages 
are gained by using a straight rod of the ma-
terial under test in place of the toroidal sample 
normally introduced into the magnetic circuit. 
The calculation involved and the interpretation 
of results are simplified by considering the 
cylindrical sample replaced by an equivalent 
oblate spheroid and by using a coil much longer 
than this core so as to eliminate end effects. 
Practical inductance formulas are derived 
which may be used to determine permeability 
and loss coefficients. 

621.317.443  157 
A Permeameter for Magnetic Testing at 

Magnetizing Forces up to 300 Oersteds —R. L. 
Sanford and P. H. Winter. (Bur. Stand. Jour. 
Res., vol. 45, pp. 17-21; July, 1950.) An instru-
ment designed to test specimens up to 3 cm 
wide and 1 cm thick, with a preferred length of 
28 cm. It is simpler and more rapid in operation 
than the Burrows permeameter and requires 
only a single specimen. Accuracy is within 1 per 

cent. 

621.317.444t  158 
Underwater Gaussmeter —L. Verain and P. 

Jolivet. (Rev. gin. Elect., vol. 59, pp. 405-408; 
September, 1950.) The instrument described 
comprises an air-driven rotor of special design 
located in the unknown field and having two 
collector brushes connected by line to a flux-
meter. The brushes are periodically short-
circuited, so that the fluxmeter needle has a 
steady deflection proportional to the unknown 
field and independent of the duration of the de-
flection or the speed of rotation of the rotor. 
Results are reported of measurements made at 
Algiers, in 1940, of the vertical component of 
the earth's magnetic field at various depths in 
the vicinity of a destroyer. 
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621.317.723  159 
A Simple Vibrating Condenser Electrom-

eter —D. G. A. Thomas and H. W. Finch. 
(Electronic Eng., vol. 22, pp. 395-399; Sep-
tember, 1950.) The dc input is converted to ac 
by applying it through a series resistor to the 
plates of a capacitor consisting of a stainless-
steel reed vibrating at 550 cps close to a 
polished steel disk. The resultant alternating 
voltage is amplified, rectified and fed back to 
cancel the input voltage, the electrometer act-
ing as a null detector. Diurnal zero drift is 
1 my on a full-scale sensitivity of 30 my. An 
important application is to the measurement of 
ionization currents.  • 

621.317.725  160 
A New Expanded-Scale A.C. Voltmeter — 

N. P. Millar. (Trans. A IEE, vol. 68, Part I, 
pp. 641-643; 1949.) Full paper. Summary ab-
stracted in 687 of 1950. 

621.317.725.029.5  161 
A Thermal Millivoltmeter for Measuring 

Radio-Frequency Voltages —N. Coulson. (Proc. 
IEE (London), Part III, vol. 97, pp. 344-348; 
September, 1950.) The measuring element is a 
thermocouple milliameter. The input imped-
ance is varied by means of a turret switch 
which connects resistors in series or in parallel 
with the thermocouple, so that the output 
voltage of a source may be measured with vari-
ous loads. At frequencies up to 100 Mc the 
error is less than 1 per cent for purely resistive 
70-fl sources, but may amount to 5 per cent 
when reactive elements are present. 

621.317.727.025  162 
The Polar Ammeter as an A.C. Potentiome-

ter —The Synchropotentiometer —E. B. Brown. 
(Jour. Sci. Instr., vol. 27, pp. 251-252; Sep-
tember,  1950.) Description of experiments 
showing that the voltage generated in the mov-
ing coil of a polar ammeter (1084 of 1948) can 
be varied both in phase and magnitude, so that 
the instrument can fulfil the functions of an ac 
potentiometer. An almost linear variation of 
amplitude can be obtained by moving the 
pointer over the scale. The phase can be varied 
by angular adjustment of the cradled syn-
chronous motor. Results are quoted and a de-
scription is given of the apparatus. 

621.317.73  163 
A Direct-Reading Impedance- Measuring 

Instrument for the U.H.F. Range — W. R. 
Thurston. (Gen. Radio. Exp., vol. 24, pp. 1-7; 
May, 1950.) This null-type instrument meas-
ures, on scales independent of frequency, con-
ductances, and susceptances of either sign, 
from 1 to 400 millimhos at frequencies from 70 
to 1,000 Mc. Three coaxial lines, one termi-
nated by a resistance equal to its characteristic 
impedance, one a stub adjusted to X/8 at the 
operating frequency and forming the suscept-
ance standard, and the other connected to the 
unknown impedance, are fed at a common 
junction from a common source and have ad-
justable pickup loops which are so oriented 
that their combined output is zero. The loop-
position scales are calibrated to read suscept-
ance and conductance directly. 

621.317.733.089.6:621.3.018.781- 104 
A Method  for  Calibrating  Distortion-

Measurement Bridges — W. Hubner. (Arch. 
tech. Mes,en, pp. T73-T74; July, 1950.) Meas-
urement of distortion with an ac bridge-com-
parator is liable to errors depending on the Q 
of the resonant circuit and especially on the 
order number of the harmonics present. In the 
calibration and test method described the 
measurement bridge is connected in the fourth 
arm of a resistance bridge to which, after 
balancing, a voltage of fundamental frequency 
is applied across one diagonal and a known 
harmonic voltage across the other diagonal. 
The distortion factor of the voltage appearing 

across the measurement bridge is thus known 

accurately. 

621.317.755:621.3.015.3  165 
Technique of Autosynchronous Observa-

tion of Transients —F. Lepri, I. F. Quercia, 
and B. Rispoli. (Nuovo Cim., vol. 5, pp. 569-
585; December 1, 1948.) Discussion of modifi-
cations to a circuit previously described ibid., 
vol. 5, p. 384; 1948) to make the whole of 
the transient visible. The cro timebase is 
triggered  by  the  transient,  which  passes 
through a delay line before being applied to 
the y-plates of the cro. Operation of the boot-
strap, Miller and phantastron sawtooth-wave 
generators and the design of delay lines are 
considered. 

621.317.755:621.317.791  166 
Polar  Vector Indicator---F.  A. Walker, 

A. H. Waynick, and P. G. Sulzer. (Trans. 
AIEE, vol. 68, Part I, pp. 154-159; 1949.) 
See 2569 of 1949. 

621.317.757  167 
A Frequency-Spectrum Analyser for Radio 

Signals —J. IMarique. (1/F, Bruss th, pp. 177-
184; 1950.) An account is given of an instru-
ment for analysis of signals from a distance. 
The principal features are described and other 
uses indicated. Various examples of measure-
ments are illustrated. 

621.317.78.029.64  168 
The Measurement of Microwave Power 

at Wavelengths of 3 cm and 10 cm —R. Street 
and P. D. Whitaker. (Proc. Phys. Soc., vol. 
63, pp. 623-624; August I, 1950.) A magnetron 
or klystron was connected via a waveguide to 
a matched-k‘edge constant-flow calorimeter. 
A directional coupler of known coupling factor 
was inserted in the waveguide. The absolute 
power delivered to a milliwattmeter matched 
to the low-power guide of the coupler can be 
calculated. For three types of instrument the 
ratios of absolute to indicated rower were 
respectively 1.04, 1.04 and 1.10. The accuracy 
of the measurements is %% it kin about 2 per cent. 

621.317.79:551.594.6  169 
A Subjective Method of Measuring Radio 

Noise —II. A. Thomas.  IEE, (London), 
Part III, vol. 97, pp. 329-334; September, 
1950.) The equipment described can be oper-
ated by inexperienced personnel. Sources of 
error are analyzed fully. Noise levels greater 
than 1 av/m over the frequency range 2.5-20 
Mc can be measured to within ± 5 (lb. 

621.317.79:621.396.933  170 
Monitoring  Airways  Radio--(ll'ireless 

World, vol. 56, p. 335; September, 1950.) A 
short account of the work carried out at the 
frequency-measurement station of the Ministry 
of Civil Aviation at PaiIton, near Rugby, with 
illustrations of some of the equipment. Records 
are kept of all routine measurements and a 
monthly chart gives a day-to-day record of the-
frequencies of all the navigational beacons. 

621.395.61.089.6  171 
American Standard Method for the Pres-

sure  Calibration  of  Laboratory  Standard 
Microphones: Z24.4--1949 (Abridged) —Bera-
nek, Cook, Rornanow, XViener, and Bauer. 
(See 19 ) 

621.395.623.54.089.6  172 
American Standard Method for the Coupler 

Calibration  of  Earphones:  Z24.9--1949 
(Abridged) —Beranek,  Rornanow,  Morrical, 
Anderson, Bauer, Cook, and Wathen-Dunn. 
(See 21.) 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONS 

534.321.9:061.3 173 
Rome Ultrasonics Convention —Bradtield. 

(See 10.) 

534.321.9.001.8: 669.71 : 621.791  174 
Ultrasonic Soldering of Aluminium —B. E.' 

Noltingk and E. A. Neppiras. (Nature, (Lon-
don), vol. 166, p. 615; October 7, 1950.) 
Experiments are described which show that in 
the process of tinning Al and its alloys by 
application of molten solder together with 
intense ultrasonic vibration, the action is that 
of removing the oxide skin by cavitation ero-
sion. Relatively low frequencies were found 
preferable: a 50-w 18-kc oscillator was quite 
effective, while a 1-Mc oscillator supplied with 
3 kv (rms) was ineffective. 

538.569.2.047:621.38.001.8  175 

Effects of Intense Microwave Radiation on 
Living Organisms —J. W. Clark. (PRoc. I.R. E, 
vol. 38, pp.  1028-1032; September, 1950.) 
Radiation of wavelength about 10 cm was 
found the most dangerous. With much shorter 
waves, surface heating is produced and under-
lying tissues are little affected, while with 
much longer waves there is a general elevation 
of body temperature but no particular damage 
to the tissue. See also 2284 of 1949 (Salisbury, 
Clark, and Hines).  .„ 

551.508.1:621.317.083.7  176 
Automatic  Range-Adjusting  Radiosonde 

Recorder--G. E. Beggs, Jr.  Trans. A ILL, 
vol. 08, Part I, pp. 602-607; 1949.) Full 
paper. Summary noted in 703 of 1950. 

621.317.755:531.771  177 
An Electronic Tachometer —H. G. Jerrard 

and S. XV. Punnett. Jour. Sci. Instr., vol. 27, 
pp. 244-245; September, 1950.) Details are 
given of an instrument capable of measuring 
the speed of revolution of a shaft, in any speed 
range, to within 0.05 per cent. The rotation of 
the shaft is made to generate an alternating 
voltage which, after amplification, is con- r 
nected to the y-plates of a cathode-ray tubc 
whose x-plates are connected to a variable-
frequency oscillator. 

621.365.54 .551'  178 

The Design or H F. Generators for In-
dustrial Use and the Development of their 
Application in France — J. Girardeau. (Ann. 
Radioileci., vol. 5, pp. 259-275; July, 1950.) 
Illustrated account of many different applica- I 
tions of dielectric-loss and induction heating 4. 
in industry, and of the equipment used. 

621.384.611.2t  179 a 
The Design of the Bevatron Magnet —D. C. 

Sewell.  Elea. Eng., vol. 69, p. 721; August, t• 
1950.) sunimar  of AIEE Summer General t 
Meeting paper.  The ring magnet for the 
Berkeley proton synchrotron will consist of 
four spaced quadrants, with an overall di-
ameter of 135 ft. 9,700 tons of mild-steel plate 
will be required. 

621.384.62 t  180 
Linear Accelerators—D. W. Fry and W. 

Walkinshaw. (Rep. Progr. Phys., vol  12, pp. 
102-130; References, pp. 130-132;1948-49.) 
The axial and the radial stability of particles 
in radio-frequency fields are examined, basic 
types of particle accelerator are described and 
the traveling-wave and standing-wave types 
are considered in more detail. Methods of con-
struction are described and also methods of 
applying radio-frequency power and of particle 
injection.  Reported  performance  data  of 
different linear electron accelerators are tabu-
lated and possible tuture developments are 
outlined. Accelerators for heavy particles are 
discussed briefly. 

621.385.833  181 
Certain Properties of Electrostatic Fields 

encountered in Electron Lenses--P. A. Lind-
say. (Proc. Phys. Soc., vol. 63, pp. 699 -702; 
September 1, 1950.) Fine details of the form of 
the equipotential lines in a bipotential electron 
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Is are revealed by application of the re-
lation method to the solution of the Laplace 
uation in cylindrical co-ordinates. Asym-
i try of the field between the adjacent ends 
( the two cylinders forming the lens is con-
filed by the same method and is found to be 
( the order of 2 per cent in a particular case. 

11.385.833  182 
An Electron-Optical Apochromat -0. Scher-
.% (Z. Nalurf., vol. 3a, pp. 544-545; 1948.) 
example is calculated to show how chro-
itic aberration in electron lenses can be 
rrected by the use of plane metal foils 

rmeable to electrons. 

1.385.833  183 
Reduction of the Spherical Aberration of 
agnetic Electron Lenses -U. F. Gianola. 
'roc. Phys. Soc., vol. 63, pp. 703-708; Sep-
mber 1, 1950.) Discussion of a method for 
zreasing the resolving power of asymmetrical 
agnetic electron lenses; the lens field is 
inforced with the field of a small air-cored 

.1.385.833  184 
Second-Order Beam Focusing of Charged 
trtides in Homogeneous Magnetic Fields -
. Hintenberger. (Z. Naturf., vol. 3a, pp. 669-
0; 1948. 

1.385.833  185 
A Removable Intermediate Lens for Ex-
nding the Magnification Range of an Elec-
wi Microscope -J. Hillier. (Jour. A ppl. Phys. 
1. 21, pp. 785-790; August, 1950.) A lens is 
scribed which increases the ratio of maxi-
urn to minimum magnification of a conven-
mal instrument to 25 to 1 without affecting 
e accessibility of the objective and projection 
is pole pieces, thus making available the low 
agnifications needed for survey purposes, and 
forth. 

1.387.4t  186 
Hydrogen-Filled  Geiger  Counters -B. 
'Hinge. (Proc. Phys. Soc., vol. 63, pp. 665-
'4; September 1, 1950.) A new quench circuit 
described and the characteristics of counters 
ith permanent-gas filling are discussed in 

11.387.4t  187 
Temperature  Dependence  of  Counter 

haracteristics in  Self-Quenching  Geiger-
Hiller Counters - W. R. Loosemore and D. 
aylor. (Proc. Phys. Soc., vol. 63, pp. 728-729; 
tptember 1, 1950.) Comment on 1983 of 
)50 (Parkash and 1Capur). 

11.387. 0  188 
After-Effects in Ultraviolet-Sensitive Conn-

is -II. Neuert. (Z. Naturf., vol. 3a, in. 221-
13, 1948.) 

31.142: 533.6  189 
Electric Analogue Computing Techniques 

ir Complex Vibration and Aeroelestic Prob-
'ms-ti. D. McCann and R. H. MacNeal. 
07.1ec. Eng., vol. 69, p. 724; August, 1950.) 
ammary of AIEE Summer General Meeting 
aper. 

21.384.6t  190 
The Acceleration of Particles to High 

nergies [Book Review[-Publishers: Institute 
I Physics, London, 58 pp., 106.6d. (Jour. Sci. 
nsir., vol. 27, p. 255; September, 1950.) This 
olume in the Institute's 'Physics in Industry' 
"tries is based on papers presented at the 
natitute's 1949 Convention at Buxton. 

21.385.833  191 
The Practice of Electron Microscopy [Book 

teviewl-D. G. Drummond (Ed.). Publishers: 
Loyal Microscopical Society, London, pp. 
41, 218. (Jour. Sci. Instr., vol. 27, p. 255; 1•eptember, 1950.) A comprehensive treatise on  

the detailed techniques used. It was produced 
by a group of twelve members of the Electron 
Microscopy Group of the Institute of Physics. 

PROPAGATION OF WAVES 

538.566  192 
Formulation of Huygens' Principle -W. 

Franz. (Z. Naturf., vol. 3a, pp. 500-506; 
1948.) Making use of Green's dyad, a formula-
tion of Huyghens' principle for em waves is 
derived which, like Kirchhoff's scalar formula, 
makes it clear that for selected boundary values 
the wave equations are satisfied. Kirchhoff's 
theory does not solve a boundary-value prob-
lem but a discontinuity problem. In contradis-
tinction to Kottler, the discontinuity is re-
garded as basic to Kirchhoff's theory and not 
as a property of the 'black' screen. 

538.566:551.510.535  193 
The Poynting Vector in the Ionosphere -

J. C. W. Scott. (Paoc. I.R.E., vol. 38, pp. 1057-
1068; September, 1950.) Formulas and curves 
are given for calculating the polarization and 
complex Poynting vector of a radio wave in 
the ionosphere in the most general case. De-
ductions are made concerning the direction of 
energy flow for the ordinary and extraordinary 
modes in a parabolic distribution of ionization, 
for vertical incidence. When collision is taken 
into account the deflection from the vertical 
has a small westward component for both 
modes. The normal ionization gradient with 
latitude, together with diurnal changes in the 
ionized region, can explain the diurnal variation 
in the h—fo critical-frequency difference as 
due to the variation in the total path deflection. 
See also 2516 of 1949. 

538.566:621.396.67  194 
Cylindrically  Diverging  Electromagnetic 

Waves in a Medium with Nonuniform Elec-
trical Properties (Elias-Layer) above a Semi-
conducting Earth -van der Wyck. (See 32.) 

621.396.11:523.74/.75  195 
Solar Notes -Newton. (See 106.) 

621.396.11: 621.317.353.3 t  196 
Gyro-interaction -Please note that  the 

above UDC number will be used in future 
instead of 621.396.812. 

621.396.11:621.317.353.31- 197 
Variability of the Resonance Frequency in 

Gyro-interaction of Radio Waves- M. Carle-
varo.  (Nuovo Cim., vol. 5, pp. 535-550; 
December 1, 1948.) It is suggested that small 
variations of ionic density in the E layer 
satisfactorily account for the variations in 
resonance  frequency found  experimentally 
(513 of 1947 and 2328 of 1950). Theoretical 
calculations predict a smaller range of variation 
than that observed, unless it is assumed that 
in the lower levels of the E layer the electronic 
density is reduced mainly by negative-ion 
formation, while in the upper levels it is re-
duced by recombination with positive ions. 

621.396.11: 621.317.353.3t:551.510.535  198 
Ionospheric Cross-Modulation: Techniques 

of Measurement-Newton, Hyde, and Foster. 
(See 155.) 

621.396.11.029.62  199 
Experimental Stu.dy of the Propagation of 

Metre Waves: Measurements in Aircraft-H. 
Vigneron. (I F, Brussels, pp. 191-198; 1950.) 
Conflicting theories of propagation are dis-
cussed. The field calculated according to the 
ray theory has a series of maxima and minima, 
and is limited to the optical range. Theories 
based on diffraction give a field decreasing 
progressively with increasing distance and 
extending beyond the optical range. Measure-
ments were made of I16.1-Mc signals received 
in aircraft at heights of 300, 1,500 and 3,000 

m as the transmitter was approached. At great 
altitudes results conform to the ray theory; 
at small altitudes and well below the line of 
sight, van der Pol curves are applicable, with 
a gain with height which can only be deter-
mined by systematic experiments. 

621.396.81.029.63/.64:551.5  200 
A Radio Meteorological Investigation in 

the South Island of New Zealand -B. Milnes 
and R. S. Unwin. (Proc. Phys. Soc., vol. 63, 
pp. 595-616; August 1, 1950.) Local conditions 
in New Zealand, particularly with off-shore 
W m winds, are favourable to the formation 
of radio ducts. Modern techniques were used 
to explore thoroughly the atmospheric condi-
tions over a range of 200 km from the coast 
and up to 600 m above sea level. The results, 
obtained over the period from September 1946 
to the end of 1947, are displayed as isopletha of 
the atmospheric parameters and of refractive 
index. Contours of radio field-strength are 
shown for selected days for wavelengths of 
300 cm, 60 cm, 10 cm, and 3 cm. The proper-
ties of the ducts and the experimental tech-
nique are fully described. 

621.396.812.3:551.510.535  201 
The Fading of Radio Waves of Medium 

and High Frequencies -R. W. E. McNicol. 
(Proc. IEE (London), Part III, vol. 97, p. 
366; September, 1950.) Discussion on 443 of 
_1950. 

621.396.812.4.029.64  202 
Microwave Propagation Experiments -L. 

E. Thompson. (Proc. I.R.E., (Australia), vol. 
11, pp. 204-209; August, 1950.) Reprint. See 
2894 of 1948. 

RECEPTION 

551.594.6  203 
Some Measurements of Atmospheric Noise 

at High Frequencies -H. A. Thomas. (Proc. 
IEE, (London), Part III, vol. 97, pp. 335-343; 
September, 1950.) Measurements of atmos-
pheric noise at a number of stations in various 
parts of the world have been made since 1922 
over periods ranging from a few days to several 
years. A summary of these observations has 
previously been given [534 of 1948 (Thomas 
& Burgess)]. The frequencies used were 2.5, 
5, 10, 15 and 20 Mc, and the method was 
based on aural comparison of the received noise 
and a locally generated noise signal of con-
trollable amplitude (see 169 above). Some of 
the results obtained are presented in the form 
of mean values for each month and for each 
hour of the day, together with figures indicating 
the degree of scatter about the mean value. 
The characteristics of atmospheric noise at 
one location do not appear to be applicable over 
a large area; this and other considerations 
throw doubt on the concept that lightning 
discharges are practically the sole source of 
high-frequency noise. It is suggested tenta-
tively that some noise sources may be quite 
local, but more experimental data are required 
to confirm or disprove this. 

621.396.621:621.396.619.11  204 
The Synchrodyne as a Precision Demodu-

lator-D. G. Tucker and R. A. Seymour. 
(Wireless Eng., vol. 27, pp. 227-237; August 
and September, 1950.) The synchrodyne cir-
cuit, in which the modulation frequency is 
extracted by filtration after the detector, may 
lead to distortion due to phase modulation of 
the local oscillator at the modulation fre-
quency. An analysis of this distortion in the 
basic circuit is given, and practical methods 
of achieving precision, stability and freedom 
from distortion are described. Phase modula-
tion is limited by the use of tube reactors, and 
constancy of gain is achieved by application 
of negative feedback. 
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621.396.823:537.523.3 205 
Radio Influence from High-Voltage Corona 

— G. R. Slemon. (Trans. A IEE, vol. 68, Part 
I, pp. 198-204; Discussion, pp. 204-205; 
1949.) See 1780 of 1949. 

621.396.828 206 
Reduction of Interference from Radio-

Frequency Heating Equipment—G. W. Klinga-
man. (Trans. A IEE, vol. 68, Part I, pp. 718-
724; Discussion, p. 724; 1949.) Discussion of • 
the causes of the generation of very high fre-
quencies by radio-frequency heating equip-
ment, and of measures for its reduction, par-
ticular attention being given to harmonic 
suppression and effective screening. 

621.396.933:621.395.625.2  207 
An  Automatic  Monitoring  Recorder— 

(Engineer, (London), vol. 190, p. 186; August, 
18, 1950.) Short description of equipment for 
continuous recording of speech signals trans-
mitted from an aircraft to a ground control 
station. The speech-frequency range is limited 
to 500-3,000 cps. Recording is on standard 
Kodak film, a sapphire needle producing lateral 
indents, without cutting. The recording head 
is traversed across the film to obtain 120 sound 
tracks on each side, so that 120 ft of film 
suffice for a 24-hour period. Any portion of the 
record can be reproduced without interrupting 
the recording. 

STATIONS AND COMMUNICATION 
SYSTEMS 

621.39.001.11  208 
Photons and Waves—D. Gabor. (Nature, 

(London), vol. 166, pp. 724-727; October 28,. 
1950.) Abstract of parts of a lecture delivered 
in Paris, May 9, 1950. on 'La Theorie des 
Communications et la Physique.' A comparison 
is made of the quantum and classical methods 
of describing signals. The 'information cell' 
is taken as a convenient unit for discussing 
communication problems; by the classical 
method this has two data associated with it, 
an amplitude and a phase, but by the quantum 
method only one datum, of the nature of an 
amplitude. More information, however, is 
gained by the latter method since the total 
number of distinguishable steps of the single 
datum is greater than the product of the num-
bers of distinguishable steps of the two data 
in the classical analysis. The theory is illus-
trated by a determination of the optimum 
conditions for interchange of energy between 
a weak signal and a transverse electron beam 
in a waveguide. 

621.39.001.11:535.42  209 
Diffraction and Quantity of Information— 

A. Blanc-Lapicrre and M. Perrot. (Comp:. 
Rend. Acad. Sci., (Paris), vol. 231, pp. 539-
541; September 11, 1950.) The system con-
sidered is that constituted by an aperture, an 
object at infinity composed of incoherent 
sources, and a diffraction image at infinity. 
From the correspondence between image and 
object, the quantity of information trans-
mitted by the aperture is deduced. 

621.39.001.11:621.317.35  210 
Signals with Limited Spectra and their 

Transformations —J. Oswald. (Cables Elr Trans. 
(Paris), vol. 4, pp. 197-215; July, 1950.) 
Detailed mathematical treatment. See also 
3069 of 1949. 

621.395.44 : 621.315.052.63  211 
Line Tuning Equipment Used with Coaxial 

Cable for  Carrier-Current Installation on 
Power Lines—H. J. Sutton. (Trans. A I EE, 
vol. 68, Part I, pp. 44-48; Discussion, pp. 
48-49; 1949.) 

621.396.61/.62  212 
A Frequency-Modulated Transmitter-Re-

ceiver for Motor Cycles—(Engineer (London), 

vol. 190, p. 172; August 18, 1950.) A 27-tube 
equipment in two units mounted on either rude 
of the rear wheel. It is crystal controlled and 
has an FM radio-frequency output of 10 w on 
a spot frequency in the band 68-100 Mc. 
Sensitivity is 1 ay carrier input for . 10-d.b 
quieting. 'Standby' power consumption is 
only 18 w. The equipment can be used within 
the temperature range —40°C to 70°C: In 
conjunction with a 20-w control transmitter 
it has a specified service radius of 20 miles. A 
selective calling system enables any one, or 
all, of 90 such units to be called from the con-
trol station. 

621.396.619: 621.392.52 213 
Polyphase Modulation as a Solution of 

Certain Filtration Problems in Telecommunica-
tion—I. F. Macdiarmid and D. G. Tucker. 
(Proc. IEE, Part III, vol. 97, pp. 349-358; 
September, 1950.) An important class of filtra-
tion problems in telecommunication is associ-
ated with frequency changing; it includes the 
generation and demodulation of single-side-
band carrier channels and the elimination of 
image-frequency interference in heterodyne 
demodulators, such as the superheterodyne 
radio receiver or the conventional wave ana-
lyzer. Filters for these applications are often 
difficult to design or realize, or may be incon-
venient on account of variable tuning, and so 
forth. 

Polyphase modulation can be used as part 
of the frequency-changing process with great 
advantage. It can eliminate the need for diffi-
cult or inconvenient filters, although other 
design problems are introduced which may 
sometimes be as difficult to solve. The basis of 
the advantages given by polyphase working 
is that polyphase signals possess an identifying 
property additional to that of frequency, 
namely sequence. By using circuits which 
distinguish between signals of the same 
frequency but opposite sequence, it is possible, 
without any preliminary filtration, to separate 
signals which lie in the same frequency band 
after modulation, and which, therefore, could 
be separated by normal means only by filters 
before the modulation stage. 
The first section of the paper outlines the 

main filtration problems which can be tackled 
by polyphase methods, and then the necessary 
polyphase theory is given. This is followed by 
a discussion of circuit design for polyphase 
modulation and sequence discrimination. The 
list of 30 references shows that there have been 
many publications covering some of the sep-
arate applications of this work, but the paper 
is believed to present for the first time a com-
prehensive theory of polyphase modulation 
embracing all the known applications. 

621.396.619.16: 621.396.41  214 
A Time Division Multiplexing System— 

W, P. Boothroyd and E. M. Creamer, Jr. 
(Trans. A I EE, vol. 68, Part I, pp. 92-97; 
1949.) See 3258 of 1949. 

621.396.65 215 
A Microwave Communication Relay Sys-

tem— W. P. Boothroyd and H. J. Churchill. 
(Trans. A I EE, vol. 68, Part I, pp. 637-641; 
1949.)  An  incoming  FM radio-frequency 
carrier causes deviation of the output of a 
local oscillator in accordance with the modula-
tion of the incoming carrier, the oscillator 
output being amplified and radiated as the 
repeated signal. The whole system constitutes 
a negative-feedback amplifier and a study of 
its performance as a repeater is made on this 
basis. The extreme simplicity of its electrical 
and mechanical design makes the use of a 
tower unnecessary, a simple pole being suffi-
cient to support the repeater equipment. 

621.396.65  216 
Problems to be Solved in the Application 

of  Microwave  Equipment —R.  C.  Cheek. 

(Eke. Eng., vol. 69, p. 718; August, 195040 
Summary of AIEE Summer General Meednil, 
paper. Points to be dealt with in establishinitr 
a microwave channel include determination os 
frequency band, selection of terminal sites, an  0-
calculation of inherent losses. 

t: 
621.396.65: 621.311 211 

Microwave Channels for Power System t 
Applications —(Trans. AIEE, vol. 68, Partil , 
pp. 40-42; discussion pp. 42-43; 1949.) Ax 
AIEE committee report discussing the ad. 
vantages and disadvantages of microwave 
links for telemetry, supervisory control, ant 
communication. 

621.396.65:621.396.43.029.6  21i 
Radio-Beam System Planning— W. Gerber 

(Bull. schweiz. elektrogech. Ver., vol. 40, pp. 
648-650; August 20, 1949. In German.) Papei , 
presented  at the  International Television , 
Conference, Zurich, 1948. Discussion of the 
possible international extension of the present 
Swiss system of high-altitude stations. 

621.396.65.029.6.001.4(494)  214 
Directional Transmission Tests in the Alps 

Contributing to the Establishment of a Swiss 
R/T Network —W.  K.  Pein. (Tech. Milt. 
schweiz. Telegr.-Teleph. Very., vol. 28, pp. 
303-317; August 1, 1950.) French and Italian 
versions based on paper abstracted in 2326 of 
1949. 

621.396.65.029.64 220 
Passive Relay Stations of the Afourer/Bin-

el-Ouidane Link —R. Chaux and J. Dascotte. 
(Ann. Radiollec., vol. 5, pp. 220-229; July' 
1950.) Expressions for the radiation pattern 
and gain of a plane metallic mirror are derived. 
The link considered is between two stations in ' 
Morocco 15 km apart in mountainous country./ 
Two intermediate relay stations are used. Att 
one a plane duralumin mirror of area 10 rn1 is - 
mounted in a rigid frame 2 m above the grounti -

At the other, two similar plane mirrors are 
supported in an open cage on a 40-m pylon. 
Both mirrors are hinged to facilitate adjust-
ment. Terminal transmitter and receiver an-
tennas use parabolic mirrors of 10-mt aperture. 
Polarization is vertical. X=9.5 cm. Using a 
1-w FM signal and a 1.5-Mc passband in the 
receivers, communication has been maintained 
since 1949 in extreme climatic conditions, 
Calculated field strength and noise level ard 
in fair agreement with actual values. 

621.396.932 224 
Liverpool  liarbour  Communications--i 

(Wireless World, vol. 56, pp. 277-279; August, 
1950.) See also 2633 of 1950. 

SUBSIDIARY APPARATUS 

621-526  222 
Comparison of Steady-State and Transient 

Performance of Servomechanisms—H. Chest-
nut and K. W. Mayer. (Trans. A I EE, vol. 68. 
Part I, pp. 765-777; 1949.) 

621-526  223 V 
Instrument  Inaccuracies  in  Feed-Back 

Control Systems with Particular Reference to 
Backlash —H. T. March, M. Yachter, and J. 
Zauderer. (Trans. A I EE, vol. 68, Part I, pp. 
778-788; 1949.) 

621-526  224 
Analyzing Contactor Servomechanisms by 

Frequency-Response  Methods —J.  Kochen-
burger. (Elec. Eng., vol. 69, pp. 697-692; 
August,  1950.) An approximation method 
which facilitates the selection of compensating 
networks for improving the performance of 
contactor servomechanisms. 

621.314.6  225 
New Developments in Rectifier Technique 

--F. Kesselring. (Tech. Atiu. schweis. Telegr.-
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Sgph. Verw., vol. 28, pp. 297-303; August 1, 
11 0. In French and German.) Description of 
t,.) types of rectifier. The first is a vibrator 
azhanism. The interrupter tongues are prism-
s ped and weigh about 60 mg; enclosed in a 
sled container with inert gas under pressure 
t y can withstand over 10 kv. Models de-
voped include a 200-A and 1,000-A type. The 
sond design is a grid-controlled rectifier tube 
vh Cs-vapor filling. Operating voltage is 
tr; peak voltage 800-3,000 v. Tubes passing 
.1A have been constructed; a 150-A type is 
, ier development. 

(1.316.578.1  226 
Electrical Timing Devices —F. E. Reeves. 
(let. Mfg., vol. 42, pp. 114-119, 168; Sep-
tnber, 1948.) Ten points to be considered 
i the selection and application of electrical 
itch timers are enumerated and a chart is 
('en outlining the operating characteristics of 
(nmercially available equipment. 

(L316.722.1  227 
A New Precision A.C. Voltage Stabilizer — 
r N. Patchett. (Proc. I EE, Part II, vol. 97, 
s. 58, pp. 529-538; discussion, pp. 538-540; 
Agust, 1950.) Various types of stabilizer are 
mussed and an account is given of the design 
id performance of a stabilizer for meter test-
it applications which uses a temperature-
impensated thermistor bridge. The stabiliza-
,.n ratio for a 10-v change of mains voltage 
10 v nominal) is about 1,100. An output up 
2 kva can be obtained. 

11.316.722.1  228 
A Simple Form of Voltage Stabilizer—N. K. 
ha, B. S. Chandersekhara, and M. K. Sun-
resen. (Proc. Nat. Inst. Sci. (India), vol. 16, 
127-133; March and April, 1950.) Operat-

; in the range 600-2,000 v and suitable for 
,iger-MUller counters, the stabilizer consists 
an air-discharge tube, under variable pres-
ire and connected, in series with a 30-40-Mil 
lislor, in parallel with the rectified output of 
transformer. The voltage drop across the 
be remains constant, for S given pressure, 
er a wide range of transformer output 
Itage, owing to gas ionization, the stabilized 
4tage increasing with pressure. A deviation 
about 2.5 per cent at a stabilized voltage 
1,500 v is quoted for transformer-output 
tnation from 2,000 to 3,500 v. 

:1.316.722.1  229 
Voltage Stabilizers assure Top Perform-

ace —(Elec. Mfg., vol. 42, pp. 108-113 ... 
, (2; September, 1948.) Operating principles 
id performance data for magnetic, electronic, 
ad servomechanism types of equipment for 
ipplying constant-voltage power. 

. 11.316.722.1  230 
• A Modified Moving-Coil Voltage Regu-
dor of High Sensitivity —N. W. W. Ellis. 
, four. Sci. Instr., vol. 27, pp. 248-249; Sep-
ember, 1950.) "Modifications to a standard 
immercial voltage regulator are described, 

.) •hich result in stabilization of a mains supply 
ne to within ±0.1 v for changes of load or 
tput supply voltage and frequency within 
le ranges normally encountered. Loads of up 
) 7.5 kva may be applied." 

21.316.722.1.076.7  231 
.1 The Cathode Follower as a Voltage Regu-
'01tor —A. P. Willmore. (Electronic Eng. (Lon-
on), vol. 22, pp. 399-400; September, 1950.) 

• ince the output voltage developed across the 
• athode  load  resistor is proportional  to 
/ili-V./µ, where z is the amplification factor, 
' uctuations of V. are reduced by a factor de-
ending on it. The cathode follower may be 

.,•sed (a) to increase the current range over 
fhich stabilization is satisfactory with a par-
itcular voltage-reference tube, (b) to provide 

a high reference potential for a series-parallel 
type of voltage regulator. 

621.352/.355  232 
Special Purpose Batteries —A. Fischbach. 

(Elec. Eng., vol. 69, pp. 701-704; August, 1950.) 
Three types developed for service use are 
discussed. 

621.355  233 
Electric  Batteries:  Recent  Patents —L. 

Jumau. (Rev. gin. Elia., vol. 59, pp. 372-378; 
September, 1950.) Developments in primary 
batteries, chiefly of the dry type, are reviewed. 
See also 3177 of 1950. 

621.396.683:621.396.65  234 
Power  Supplies for  Microwave  Relay 

Systems —H. M. Ward. (Trans. A I EE, vol. 
68, Part I, pp. 631-636; 1949.) Interruption 
of the main ac supply causes the load to be 
transferred to a battery-operated vibrator in 
under 0.1 second. This is cut out when a 
petrol-electric set, whose start is delayed 15 
seconds to avoid unnecessary starting during 
very short power failures, reaches a steady 
operating condition. The various units of the 
equipment are described. Performance data 
for various radio-beam links indicate the high 
degree of reliability achieved. 

771.36:537.228.4  235 
An Electro-optical  Shutter for  Photo-

graphic Purposes —A. M. Zarem, F. R. Mar-
shall, and F. L. Poole. (Dans. A I EE, vol. 68, 
Part I, pp. 84-91; 1949.) A description of the 
development of a simple and reliable optical 
shutter using a Kerr cell as a light tube, with 
which photographic studies of electric dis-
charges have been made using an effective 
exposure time of 0.04 µ second. The control 
can be made sufficiently positive and accurate 
to permit initiation of operation at any pre-
selected instant to within about 0.005 µ second. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397.2  236 
Considerations on Facsimile Transmission 

Speed —H. F. Burkhard. (Trans. AIEE, vol. 
68, Part I, pp. 418-423; discussion, p. 423; 
1949.) A résumé of the work of many investi-
gators and mathematical analysis of the factors 
which limit the speed of facsimile transmission 
in various systems. A method capable of 
transmitting 640 square inches of copy per 
minute over a channel 192 kc wide, or 160 
square inches with a channel width of 48 kc, 
is described. 

621.397.2  237 
New Facsimile System —M. Frank. (Ann. 

Geofis., vol. 2, pp. 532-544; October, 1949.) 
Suitable for transmission of weather maps, 
graphs, and printed matter of size up to 25 
cm X30 cm, by telephone line or radio link. 
An electromechanical recording system is used, 
the modulated subcarrier being obtained by 
interrupting the scanning beam at 3 kc. The 
number of scanning lines can be 4 per mm or 
less. The subcarrier frequency, after frequency 
division, is used to synchronize the movements 
of transmitter and receiver drums. Several 
copies can be produced simultaneously at the 
receiving end. 

621.397.24/.26  238 
Long-Distance Television Links between 

Fixed Points —F. Vecchiacchi. (Bull. schweiz. 
elektrotech. Ver., vol. 40, pp. 647-648; August 
20, 1949. In French.) Paper presented at the 
International Television Conference, Zurich, 
1948. A short discussion of the economics of 
cable and radio links, with examples of both 
types at present in use. 

621.397.24  239 
Television Distribution over Short Wire 

Lines —P. Adorian. (Bull. schweiz. elektrotech. 

Ver., vol. 40, pp. 650-653; August 20, 1949. In 
English.) Paper presented at the International 
Television Conference, ZUrich, 1948. See 2339 
of 1949. 

621.397.24.018.78'f:621.315.212  240 
Characteristics of Coaxial Pairs at Fre-

quencies Involved in High-Definition Tele-
vision Transmission —Fuchs. (See 27.) 

621.397. 26: 621.396.615.142.2 : 621.396.621.53 
241 

The Blystron Mixer Applied to Television 
Relaying —Learned. (See 275.) 

621.397.26:629.135  242 
First Results of Stratovision Tests in the 

United States of America —E. J. Aubort. 
(Bull. schweiz. elektrotech. Ver., vol. 40, pp. 
653-657; August 20, 1949. In French.) Paper 
presented at the  International Television 
Conference, ZUrich, 1948. An account of tests 
carried out near Pittsburg with the relay air-
craft at a height of 8,000 m, when the useful 
ground range exceeded 400 km. A map shows 
corresponding ranges in Europe for an aircraft 
at the same height over Zurich. A second map 
indicates the possibilities of international pro-
gram exchange in Europe, using seven aircraft 
and taking account of the coaxial cable en-
visaged by the CCIF for 1952. See also 3801 
of 1946, 3279 of 1947 (Nobles) and 233 of 1949 
(Sleeper). 

621.397.331.2  243 
'Knight' Scanning, Method giving Improve-

ment of Television Picture Definition without 
Increase of Bandwidth —P. M. G. Toulon. 
(Bull. schweiz. elektrotech. Ver., vol. 40, pp. 
638-641; August 20, 1949. In French.) Paper 
presented at the  International  Television 
Conference, Zurich, 1948. Summary abstracted 
in 870 of 1949. 

621.397.331.2:778.5  244 
Notes on [Picture] Analysis in Television 

with Continuously Moving Film —S. Mallein. 
(Bull. schweiz. elektrotech. Ver., vol. 40, pp. 
603-605; August 20, 1949. In French.) Paper 
presented at the  International  Television 
Conference, ZUrich, 1948. 

621.397.331.2:778.5  245 
Luminescent-Screen 875-Line Scanning of 

Film Pictures —A.  Karolus. (Bull schweiz. 
elektrotech. Ver., vol. 40, pp. 566-569; August 
20, 1949, In German.) Paper presented at the 
International Television Conference, ZUrich, 
1948. A description of the apparatus, with a 
diagram illustrating the general layout, is 
given. The cathode-ray tube used is identical 
in construction with the usual type of projec-
tion tube and is operated at 25-40 kv. The 
raster surface is 6 cm X9 cm and the screen is 
of the low-persistence type.  Experiments 
showed that a ZnO phosphor gave a much 
higher degree of modulation than other phos-
phors tested. Operation of the equipment, 
using a flat type of photocell with a semitrans-
parent photo layer about 6 cm in diameter, was 
satisfactory for both carrier-frequency and 
low-frequency scanning. 

621.397.335  246 
New Possibilities for External Synchroniza-

tion of Home-Television Pictures —W. Gerber. 
(Bull. schweiz. elektrotech. Ver., vol. 40, pp. 
646-647; August 20, 1949. In German.) Paper 
presented at the  International Television 
Conference, ZUrich, 1948. 

621.397.5  247 
Work towards International Television — 

R.  Barthelemy. (Bull. schweiz. elektrotech. 
Ver., vol. 40, pp. 535-538; August 20, 1949. In 
French.) Paper presented at the International 
Television Conference, ZUrich, 1948. Discus-
sion of the various problems involved, par-
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ticularly the choice of the line standard and 
the question of interlacing. 

621.397.5  248 
Evolution of Television—A. Ory. (Bull. 

schweiz. elektrotech. Vet., vol. 40, pp. 545-547; 
August 20, 1949. In French.) Paper presented 
at the International Television Conference, 
Zurich, 1948. 

621.397.5  249 
The Present Status of Color Television — 

(P•oc. I.R.E., vol. 38, pp. 980-1002; Septem-
ber, 1950.) The report of the Senate Advisory 
Committee on Color Television, given in full. 
A bandwidth of 6 Mc is considered adequate, 
representing an optimum compromise between 
quality and quantity of service. The general 
principles of the CTI line-sequential system, 
the CBS field-sequential systems involving 
line and dot interlace, and the RCA system 
employing a dot-sequential system with the 
method of mixed highs to increase definition, 
are explained in detail and performance charac-
teristics, such as color fidelity, flicker, resolu-
tion and break-up of the picture for moving 
objects, are tabulated for each system. Ap-
pendices reproduce official  correspondence 
concerning the report, and also the results of 
tests of flicker and color fidelity by the Na-
tional Bureau of Standards. 

621.397.5  250 
Mixed Highs in Color Television —A. V. 

Bedford. (P•oc. I.R.E., vol. 38, pp. 1003-1009; 
September, 1950.) Tests on the human eye, 
using projected color-test slides, are described 
in detail; these indicate that the acuity for 
resolving color differences is less than half as 
great as that for differences in brightness, so 
that the bandwidth used for the color trans-
missions can be correspondingly reduced. In 
the system described, of three color signals each 
use a 2-Mc frequency band and the red and 
green 'mixed highs,' which represent the bright-
ness values, use an additional 2-Mc band, so 
that the total video bandwidth required will be 
8 Mc, compared with 12 Mc that would be 
required if all the three colors required band-
widths of 4 Mc. The dot-interlace method, as 
used in the latest RCA system, reduces the re-
quired bandwidth to 6 Mc. 

621.397.5:534.321.9  251 
Underwater Television by means of Ultra-

sonics—M. Federici. (Bull. schwa:. elektrotech. 
Vet., vol. 40, pp. 657-659; August 20, 1949. 
In Italian.) Paper presented at the Inter-
national Television Conference, Zflrich, 1948. 
Discussion of a possible system which should 
be quite practical for short-distance transmis-
sions. 

621.397.5:535.317.9  252 
The Schmidt Optical System—Rinia. (See 

82.) 

621.397.5 : 621.38  253 
Electronics in Television—V. K. Zworykin. 

(Bull. schweiz. elektrotech. Vet., vol. 40, pp. 
549-560; August 20, 1949. In English.) Paper 
presented at the International  Television 
Conference, Zurich, 1948. General discussion 
of the subject, with special reference to recent 
developments in electronic camera tubes, 
direct-viewing receiver tubes, and color tele-
vision. 

621.397.5:778.5  254 
Recording of Television Transmissions on 

Film with • view to International Exchange of 
Programmes—Y. L. Delbord. (Bull. schweiz. 
elektrotech. Vet., vol. 40, pp. 571-580; August 
20, 1949. In French.) Paper presented at the 
International Television Conference, Zilrich, 
1948. A detailed discussion of the various prob-
lems involved, description of different methods 

and types of equipment, and illustrations of the 
quality of picture possible with such systems. 
Summary noted in 877 of 1949. 

621.397.62:621.317.2  255 
Television Laboratory Equipment — Werner. 

(See 153.) 

TRANSMISSION 

621.396.615.142.2:621.396.621.53:621 .397 .26  
256 

The Klystron Mixer Applied to Television 
Relaying—V. Learned. (Pftcgc. I.R.E., vol. 38, 
No. 9, pp.  1033-1035; September, 1950.) 
The  phase-modulation  sidebands obtained 
from a klystron amplifier with beam-voltage 
modulation are used to give a mixing action, 
and the output resonator is used to select one 
of the sidebands. The construction and operat-
ing details are given for a klystron amplifier, 
Type SAC-19, with a mixer output of 1 w over 
a 20-Mc band centered at about 6,000 Mc. 

TUBES AND THERMIONICS 

533.723+621.396.822  257 
Spontaneous  Fluctuations —MacDonald. 

(See 79.) 

621.314.65/.67  258 
Fundamental Processes in Gaseous Tube 

Rectifiers—A. W. Hull. (Elec. Eng., vol. 69, 
pp. 695-700; August, 1950.) Phenomena in 
gas-filled tubes are considered in relation to 
the laws of thermionic emission and electron 
space charge. 

621.383.4  259 
Photoconductive Cells of Cadmium Sele-

nide—E. Schwarz. (Proc. Phys. Soc. (London), 
vol. 63, pp. 624-625; August 1, 1950.) Operat-
ing characteristics are given for a cell produced 
by methods described in 1102 of 1949. The 
theory given in 3578 of. 1949 is supported by 
the present experimental results. 

621.385.029.63/.65  260 
The Anticyclotron, a New Type of Travel-

ling-Wave Valve with Magnetic Field —G. 
Mourier. (Ann. Rathoilec., vol. 5, pp. 206-219; 
July, 1950.) Steady-state conditions possible 
in tubes with magnetic fields are discussed. 
The principle of the projected tube, which is 
ring shaped and has no radial field, is analogous 
to that of the cyclotron; but in this case the 
electron beam is slowed down as a result of its 
synchronism with a retarded traveling wave. 
The interaction of the two may be compared 
to the oscillations in a magnetron. A first ap-
proximation based on Doehler's theory (250, 
261 and 1544 of 1949) shows the theoretical 
gain to be of the same order as in a helix travel-
ing-wave tube, while the efficiency and dc 
input may be much higher. The induction field 
required is comparatively very small. Accord-
ing to the relative value of this field, the tube 
behaves like a linear traveling-wave tube of 
the Kompfner-Pierce type or like one with a 
transverse magnetic field. On account of the 
low field-strength required, the anticyclotron 
may possibly be used to generate mm waves. 

621.385.029.63/.64  261 
Small-Signal Theory of Wave Propagation 

in a Uniform Electron Beam —G. G. Macfar-
lane and A. M. Woodward. (Proc. I EE, Part 
III, vol. 97, pp. 322-329; September, 1950.) 
Analysis is presented for the three systems 
constituted by a planar uniform beam (a) 
between conducting sheets, (b) in free space, 
(c) between reactive-impedance sheet*, the 
cast being a simple form of traveling-wave 
tube. For small signals, the em field in a 
traveling-wave tube may be split up into an 
infinite set of modes and for each mode there 
can be two forward and two reverse waves. 
The amount of each mode present depends 

on the method of excitation. At high frequen. 
cies the maximum amplification occurs whet 
the ratio of beam velocity to phase velocity i. 
slightly greater than unity. 

621.385.029.63/.64:537.525.92  26; 
On Certain Effects of the Space Charge 

Traveling- Wave Valves —R. Berterottiere an( 
G. Convert. (Ann. Radioelec., vol. 5, pp. 168-
178; July, 1950.) The effects of space charg, 
are investigated theoretically by introducini 
into the equations for the electron dispersiot 
a complex coefficient analogous to the coupli 
resistance function for the beam and the fi 
Electron trajectories are assumed to be r 
linear. For signals of small amplitude the theorl 
may be applied up to the limiting case of s 
very weak focusing field, when space-char 
effects are negligible. In the case of si 
of large amplitude the effects are comp 
they may result in increased efficiency. 

621.385.032.216 
The Barium-Oxide-on-Tungsten Cath 

Interface —E. B. Hensley and J. H. Affi 
(Jour. A pp:. Phys., vol. 21, pp. 938-939; 
tember, 1950.) The compound formed at 
interface between a w cathode base and 
BaO ccating has been identified, by X-ray 
fraction, as principally Baw03. Correspond' 
tungstites are found when Sr0 or the solid sol 
tion (BaSr)0 is used for the coating. 

621.385.032.24:537.311.315 
Variations of Grid Contact Potential 

Associated Grid Currents —H. B. Michael 
(Jour. Fronk. Inst., vol. 249, pp. 455-47 
June, 1950.) A review of the subject, with 
comprehensive bibliography. The grid-cath 
Volta potential, or 'true contact potential, 
shown to be the difference between the w 
functions of the grid and cathode; it differs 
sentially from the quantity called 'contact 
tential' that is generally measured in rout 
tests of tubes. When the potential of the grid 
negative, the current in the external grid 
cuit consists of several small currents due 
various causes wiiich change during the life 
the tube and thus alter the tube characterise 
Methods that have been suggested for cont 
ling these changes are outlined. Thermion 
work functions are listed for 44 pure metals, f 
monolayers of various substances on Ni, Mo 
w bases, and also for oxide coatings. Anoth 
list gives the effect of various gases and vapo 
on the work function of 15 metals. 

621.385.4  26 
The Internk l Resistance of a PentodeH 

J. L. H. Jonker. (Tijdschr. ned. Radiogenoot. 
vol. 15, pp. 179-194; July and Septembeij 
1950.) For output pentodes the main factor d 
termining the internal resistance is the dire 
effect of anode voltage on cathode current. F 
high-frequency pentodes two further effects 
of importance, viz., (a) the absorption by thi 
screen grid of electrons repelled by the suppres. 
sor, and (b) the absorption by the screen grid 
of electrons reflected by the anode and tra 
mitted by the suppressor. Both these effecti 
again depend on the anode voltage. Measured 
values of the resistance are compared with 
values calculated from theory, and the dia. 
crepancics are related to the simplifying as• 
sumptions made regarding the operation of the 
tube. 

MISCELLANEOUS 

621.396:061.4  266 
The 17th National Radio Exhibition, Castle 

Bromwich, September 6 to 16, 1950—( Elec-
tronic Eng. (London), vol. 22, pp. 378-384 
September, 1950.) Brief descriptions of select 
radio and television equipment and accessories 
compiled from information supplied by t 
manufacturers. 



HERE'S WHAT YOU GET FROM CENTRALAB CERAMICS 

CENTRALAB CERAMIC CAPACITORS 
GIVE YOU THE WIDEST CHOICE PLUS 
FINEST QUALITY AT ANY PRICE! 

Centralab ceramic capacitors provide a permanence never 
before achieved with old-fashioned paper or mica con-
densers. The ceramic body provides imperviousness to 
moisture, plus unmatched ability to withstand any tem-
peratures normally encountered in electrical apparatus. 
What's more, ceramics make possible tremendous savings 
in space; many Centralab ceramic capacitors are ihth the 
size of ordinary capacitors. This is particularly important 

where new design requirements call for less bulk. You 
can rely on Centralab ceramic capacitors for close toler-
ance, high accuracy, low power factors, and excellent 
temperature compensating qualities. Compare Centralab 
Ceramic capacitors for small size, wide range of ratings, 
variety of types and top quality characteristics. Compare 
their price. The results will show you why you'll standard-
ize on Centralab— first in the held of electronic ceramics. 

WANT MORE INFORMATION? SEE NEXT TWO PAGES .1 4 



CENTRALAB Offers America'sFOR  Ma 

s"c 
High voltage ceramic capacitors. Capacitance: 5 to 500 mmf., 5 KY to 
40 KY D.C. working. Ideal for portable or mobile equipment. Primar-
ily designed for high voltage, high frequency gear. For complete 
information, check Bulletin No. 42-102 in coupon below. 

Ceramic Disc Hi-Kap Capacitors hold thick-
ness to a minimum. Make possible very high 
capacity in extremely small size. Use in HF 
bypass and coupling. Bulletin No. 42-4R. 

FT (Feed Through) Hi-Kaps 
— Designed for single hole 
mounting with ground to chas-
sis or shield. Bulletin No. 975. 

Centralab's famous TV Hi-Vo-Kaps are the standard for the TV 
dustry. Capacitance: 500 mmf., 10 KV, 20 KY and 30 KV D. 
working. Best suited for high voltage, low power applications. Fc 
complete information, check Bulletin No. 42-10R in coupon beloI 

TC (Temperature Compensating) Tubulars —Type TCZ 
show no capacitance change over wide range of tempera-
ture. Type TCN have special ceramic body to vary capaci-
tance according to temperature. Bulletin No. 42-18. 

Something new in miniature ceramic capacitors! These "button types" are 
available in 5 different styles. Used for bypassing in low-power,  high  
frequency applications where small size , low inductance and light weight 
are essential. Check Bulletin No. 42-122 in coupon for more information. 

BC (Bypass Coupling) T 
— Recommended for b 
coupling. Well suited to gi 
circuit use. Bulletin No. 

TV Trimmer Capacitors — 
ramic tubulars—threaded. Cc 
plete with lock-nut and screw. 
in TV, FM. Bulletin No. 42-



limplete Line of Ceramic Capacitors 
N) MILITARY APPLICATION 

Flat Plate, end-lead capacitors. Temperature compensating. Capacitances: 
5, 10, 20, 50 and 100 mmf., 500 volts D. C. working. Temperature 
Compensating Tolerance: 15% or 30 PPM whichever is larger. For 
complete information Check Bulletin No. 42-124 in coupon below. i

Accuracy capacitors. Precision units to meet exacting requirements 
ing extremely rigid frequency control. Extensively used for hold-
:dilator frequencies to close limits. For complete information, 
Bulletin No. 42-123 in coupon below. 

lab Ceramic and Steatite Trimmers provide high quality stable capacitors, with small size, light weight, 
nounting. Readily adjustable with screw driver and give full capacity range with 180° rotation. Equal 
ty mantained in any position — minimum to maximum. Have excellent stability under vibration. Rotor 
-ator contact under spring pressure on optically ground flat surface. Check Bulletin No. 42-101 for more data. 

nd-off ceramic capacitors — both Bypass 
upling and Temperature Compensating types. 
e end threaded. For complete information 
k No. 42-121 in coupon below. 

Min-Kaps are very tiny capaci-
tors used where space is at ex-
treme premium. Ask for Bulle-
tin No. 42-24. 

Division of GLOBE-UNION INC. • Milwaukee 

CENTRALAB 
Division of Globe-Union Inc. 
920 East Keefe Avenue, Milwaukee, Wisconsin 

Yes — I would like to have the CRL bulletins, checked below, for my technical library! 
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Standard 
RADIO INTERFERENCE 
and FIELD INTENSITY 

Measuring Equipment 
Complete Frequency Coverage -14 kc to 1000 mc! 

11 41). 

1/4,( - * 
le') • 1-•-7.-",es.,7.  • -  _ 

Ho 

VLF' 
NM -10A 

14kc to 250kc 
Commercial Equivalent of 

AN/URM-6. 

Very low frequencies. 

NM - 20A 150kc to 25mc 
Commercial Equivalent of AN/PRM-1. 

Self-contained  batteries.  A.C. supply 
optional.  Includes standard broadcast 
bond, radio range, WWV, and commun-
ications frequencies. 

VHF! 
NMA - 5 

15mc to 400mc 
Commercial Equivalent of 
TS-587/U. 
Frequency range includes 
FM and TV Bands. 

VHF' 
375mc to 1000mc 
Commercial Equivalent of 

AN/URM-17. 
Frequency range includes Citizens 
Band and UHF color TV Band. 

These instruments comply with test equipment requirements of 
such radio interference specifications as JAN-I-225, ASA C63.2, 
16E4(SHIPS), AN-I-24a, AN-I-42, AN-I-27a, AN-I-40 and others. 

STODDART AIRCRAFT RADIO CO. 
6644-C SANTA MONICA BLVD., HOLLY WOOD 38, CALIFORNIA 

Hillside 9294 

AKRON 

'Engineering Aspects of Mechanism of Body 
Control." by R. Mayne, Goodyear Aircraft Corpo-
ration; November 21. 1950. 

"Amusing Patents." by A. Oldham; December 
19, 1950. 

ATLANTA 

"Discussion and Demonstration of Microwa 
Techniques," by R. E. Honer and J. S. Hollis. 
State Engineering Experiment Station; Novembe 
17, 1950. 

BALTIMORE 

"Review of The Institute of Radio Engineers' 
Growth and Activities." and "Results of NBC-RCA 
UHF TV Tests in Bridgeport-Stratford, Connecti-
cut Area," by R. F. Guy, National Broadcastin 
Company; December 13. 1950. 

BEAUMONT-FORT ARTHUR 

Election of Officers; December 7. 1950. 

BOSTON 

"WCON-TV 1060-Foot Tower and Supergain 
Antenna." by L. J. Wolfe. RCA Victor Division 
and S. E. Wilson. International Derrick and 
Equipment Company; November 9, 1950. 

"The Validity of the Mixed-Highs Principle in 
Color Television." by Charles Hirsch. Hazeltine 
Electronics Corporation; December 14. 1950. 

BUFFALO-NIAGARA 

"The Requirements for a New Field of Indus-
trial Electronics Equipment." by E. D. Cook, 
General Electric Company; November IS. 1950. 

"Instrumentation of the Twelve-Foot Variable 
Density Wind Tunnel at Cornell Aeronautical 
Laboratory,"  by  Robert  MacArthur.  Cornell 
Aeronautical Laboratory; December 13. 1950. 

CEDAR RAPIDS 

"Some Recent Developments at Eimas." by 
W. G. Wagener, Eitel-McCullough, Inc.; November 
21. 1950. 

"Metallized Paper Capacitors," by Louis 
Kahn. Aerovox Company; 'Tantalum Capacitors." 
by L. W. Foster, General Electric Company; 
Nomination of Officers; December 13. 1950. 

CLEVELAND 

"Audio Transducers." by H. F. Olson, RCA 
Laboratories; Octkrber 13, 1950. 

Comment's 

"Omni-Bearing Distance System of Air Navi-
gation," by J. W. Leas, Air Navigation Develop-
ment Board; December 12. 1950. 

CONNECTICUT VALLEY 

"Color Television," by Axel Jensen. Bell 
Telephone Laboratories; November 21, 1950. 

"Magnetic Amplifiers." by W. A. Geyger, 
United States Naval Ordnance Bureau; December 
14. 1950. 

DALLAS-FORT W ORTH 

"High-Fidelity Phono Systems." by E. J. 
O'Brien. Faculty, Southern Methodist University; 
November 16, 1950. 

"A Small Permanent Magnet Electron Micro-
scope." by R. J. Miller, Radio Corporation of 
America; December 4. 1950. 

DENVER 

"Recent Organizational Developments in The 
Institute of Radio Engineers." by T. A. Hunter, 
Hunter Manufacturing Company; December 8. 
1950. 

Ds MoiNEs-AmEs 

'Electronic  Instrumentation."  by 
Crossley, Alfred Crossley and Associates Company;. 
Business Meeting; October 31. 1950. 

(Continued on page 38A) 
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011 El MI III • 

Model 

1 

CAUTION ON HIGH VOLTS 

6000 
1200 

300 

— 60 

0Cv 
/  co 120--

c 
m 12 
1.2  6'0 

6000 — 
Ell Ell NI MI NI 

sA 

sil me m NI No NE um Es 

1/2% 

RESISTORS 
milmiommommum 

Designed for the engineer and technician who wants 
laboratory accuracy. Achieved in Model 630-A 

by more accurate components and hand-drawn scales 
that compensate for the average individual 

characteristic of each instrument. Also includes knife-edge 
pointer and mirror scale to eliminate parallax. 

630-A 
ONI.1 M 19.50 AT TOUR 11,11•TIIII WTOR 

1 

mi um EN im NI Nu mu we 

COMPENSATED 

OHMMETER 

CIRCUIT 
I • um NB m EN No ma um 

LONG 

HAND-DRAWN 

MIRRORED 

SCALES 
MI NO NM NE Ell  IM Ile 

1 

FOR THE MAN WHO TAKES PRIDE IN HIS WORK 

PROCEEDINGS OF THE I.R.E. February, 1951 37A 



BALLANTINE 
STILL THE FINEST 

in 

ELECTRONIC VOLTMETERS 
Ballantine pioneered circuitry and manufacturing 

integrity assures the maximum in 

SENSITIVITY • ACCURACY • STABILITY 

• All models have a single easy-

to-read logarithmic voltage 

scale and a uniform DB scale. 

• The logarithmic scale assures 

the same accuracy at all 

points on the scale 

• Multipliers, decade amplifiers 

and shunts also available to 

extend range and usefulness 

of voltmeters. 

• Each model may also be used 

as a wide-band amplifier. 

MODEL FREQUENCY RANGE VOLTAGE RANGE INPUT IMPEDANCE ACCURACY PRICE 

300 1010150,000 cycles 1 millivolt to 
100 volts 

1 2 meg. shunted 
by 30 minfds. 

2% up to 100 KC 
3% above 100 KC $210 

302B 
Battery 
Operated 

2 to 150,000 cycles  100 microvolts to 
100 volts 

2 rnegs shunted by 
8 min fds on high 
ranges and 15 rill-11f ds. 
on low ranges 

3%  from  

5 to 100,000 cycles, 
5% elsewhere 

$225 . 

304 
30 cycles to 
5.5 megacycles 

1 millivolt to 100 
volts except below 
5 K C where max 
range is 1 volt 

1 meg shunted by 
9 mmfds on low 
ranges 4 rnrnfds on 
highest range 

3% except 5% for 
frequencies under 
100 cycles and over 
3 megacycles and 
for voltages over 1 
volt 

5235. 

305 

Measures peak val-
ues of pulses as 
short as 3 micro-
seconds with a repe- 
tition rate as low as 
20 per sec. Also 
measures peak val-
ues for sine wares 
from 10 to 150,000 
cps. 

1 millivo lt to 1000 
volts Peak to Peak 

Same as 
Model 3028 3% on sine wanes  

5%  on  pulses  

3% below 1 MC 
5% above 1 MC 

5280. 

310A 10 cycles to 
2 megacycles 

_ 

100 microvolts to 
100 volts 

Some as 
Model 3028 

$235. 

or further information, write for catalog. 

BALLANTINE LABORATORIES, INC. f[l 
102 Fanny Road, Boonton, New Jersey 

(Continued I tag,- 1) 

"Previews of Reviews of Engineering 

C. S. Scarlott, Westinghouse Electric Corporx 
November 13, 1950. 

EMPORIUM 

"Control Problems in Nuclear Power Plants,' 
by M. A. Schultz, Westinghouse Electric Corpora. 
tion; November 21, 1950. 

The Humor Spectrum in Seven Colors," by 

Marius Risley, Faculty. University of Buffalo; 
Election of Officers; December 12, 1950. 

FORT W AYNE 

"Frequency Stability of Tuned Oscillators," by 
Leonard Mayberry, Magnavox Company; No-
vember 20, 1950. 

HAWAII 

"Common Radio Interference Types in Om, 
Hawaiian Islands," by Lee Dawson, Federal Com-

munications Commission; August 9, 1950. 
"The Electronic Aspects of Radiological De-

fense," by Vaughn Kelly, Pearl Harbor Naval Ship-
yard; September 20. 1950. 

"The Status of TV and its Prospects for the 

Hawaiian Islands," by Royal Howard, Radio Sta-
tion KIKI; October 18, 1950. 

LONDON 

'The Trends in High-Fidelity Loud Speakers.' 

by G. R. Hosker, Richards- Wilcox Canadian, Ltd; 
December 13, 1950. 

MONTREAL 

"A Multichannel PA M-FM Radio Telemeter-

ing System." by G. W. Farnell, Faculty, McGill 
University; Business Meeting; November 29. 1950. 

"Master Control  Facilities at the  Radio 
Canada Building, Montreal," by R. H. Tanner, 
Northern Electric Company; December 13, 1950. 

NEW MEXICO 

"Recent Klystron Developments." by H. M. 
Stearns, Varian Associates; "A 10 MC Counter." by 
Raymond  Bagley,  Hewlett-Packard Company; 
November 4, 1950. 

NEW YORK 

"Transmitters and Transmitting Systems." by 

Lloyd Espenschied, Bell Telephone Laboratories; 
"Receivers and Receiving Systems," by J. V. L. 
Hogan. Hogan Laboratories, Inc.; February 1. 1950. 

"WOR-TV Television Station Construction 
Problems,' by C. H. Singer. Radio Station WOR; 
April 25, 1950. 

"Control Problems of Nuclear Power Plants," 
by M. A. Schultz, Westinghouse Electric Corpora-
tion; May 3, 1950. 

"Some Aspects of G- Wire Transmission." by 
H. Engelmann. J. A. Kostriza. and D. D. Grieg, 
Federal Telecommunications Laboratories; June 7. 
1950. 

"Trends in Electronic Components and As-
semblies," by E. I. Green. Bell Telephone Labora-
tories; November 1, 1950. 

'A Multichannel Radio Relay System for Long 
Distances,' by A. C. Dickieson and T. J. Grieser, 
Bell Telephone Laboratories; November 16, 1950. 

OMAHA-LINCOLN 

"Development and Applications of Traveling-
Wave Tubes." by M. D. Hare, Faculty, Union 
College; November 27, 1950. 

OTTAWA 

"Kinescope Recording," by J. E. Hayes, Ca-
nadian Broadcasting Corporation; November 23. 
1950. 

"VHF and UHF Radiotelephone Systems,' by 
H. C. Sheffield, Federal Electric Manufacturing 
Company; December 14. 1950. 

(Continued on page 40.9) 
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we'll sight our 

engineering insig t 

especially for 

...if electronic components, such as chokes, are your problem 

Built in quantity 

to your most exacting specifications 

for stability in service 

A SPEER CARBON COMPANY SUBSIDIARY 

DU BOIS, PENNSYLVANIA 

S . 

Complete your Circuits with Resistors, (oil Forms and Iron (ores by Speer Resistor Corp., St. Marys, Pa. another SPEER (ARBON (0. subsidiary 
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MORE GEO. STEVENS COIL WINDING 

EQUIPMENT IS IN USE THAN ALL 

OTHER MAKES COMBINED! 

• M ORE OUTPUT ... LO WER 
COSTS ... from EXCLUSIVE SPEED 
FEATURE. Universal motors permit 
variable speeds without changing 
belts and pulleys. Coil design per-
mitting, speeds as high as 7500 
RPM are not uncommon. 

• PORTABILITY. Conveniently car-
ried from place to place. Machines 
come mounted on bases to constitute 
one complete unit. 

• MUCH LO WER ORIGINAL 
COST. The same investment buys 
more GEO. STEVENS machines than 
any other coil winding machines. 

• LONG LIFE. Most of the original 

GEO. STEVENS machines bought 14 
years ago are still operating daily 
at full capacity. 

• MUCH FASTER CHANGING OF 
SET-UPS than any other general 
purpose coil winding machine. 
Quickly changed gears and cams 
save time between jobs. 

• VERY LO W MAINTENANCE. 
Replacement parts are inexpensive, 
con be replaced in minutes, and are 
stocked for "same day" shipment, 
thus saving valuable production time. 

• EASIEST TO OPERATE. In one 
hour, any girl can learn to operate 
a GEO. STEVENS machine. 

Progressive universal winding machine, Model 125, handles space wound coils 
and solenoids up to 8" in length, progressive universal coils up to 4" in length 
and 3" in diameter, universal coils up to 3/4 " in width, and I.F. coils. Winds wire 
from 20 to 44 gauge. Cams are stocked from 3/4 " to 1/16" in decrements of 
1/64". Sizes larger than 3/4" or less than 1/64" are made upon request. 
Cam, gears and idler forming the pattern are enclosed in front. Traverse rack 

is driven by change gears and idler enclosed in back of the head. The traverse 
rack has an adjustable stop to insure return to identical starting position. Large 
ball bearings on head stock spindle give long life and easy running. Ball bearing 
tailstock with spring tension lever permits quick change of coil forms. 
Standard equipment: 1A H.P. universal motor, foot operated speed controller, 

V belt drive, and double spool carrier with two adjustable oilite bearing tensions 
to control wire during winding. 

Dial Counter (Model 50 or 51) with 6" full vision clock dial, accurately 
registers all turns. 

There is a GEO. STEVENS machine for every coil winding 

need. Machines that wind ANY kind of coil are available 

for laboratory or production line. . . . Send in a sample of 

your coil or a print to determine which model best fits your 

needs. Special designs con be made for special applications. 
Write for further information today. 

91(ri22/d0 Yertge d._ Atetsee la'cieelen 

of  W eitehity J tete kieni 

REPRESENTATIVES 

Frank Tatra 
6022 No. Rogers Ave , Chicago 30, Illinois 

Ralph K. Reid 
1911 W. 9th St., Los Angeles 6, California 

R. A. Staff & Co. 
1213 W. 3rd St., Cleveland 13, Ohio 

40A 

4GEO. STEVENS 
MF G. CO., IN C. 

Pulaski Rood or Peterson 

Chicago 30, Illinois 

(Continued from page 384) 

PHILADELPHIA 
'Air Traffic Control,' by D. H. Ewing; Dt 

cember 7. 1950. 

PORTLAND 
'Observations and Experiences in the Coni 

munication Field," by Ralph Deardorff. Pacifi 
Telephone and Telegraph Company; 'Miniaturize 
tion and Plastic Canting Techniques in Radio," Iv, 
W. F. Biggerstaff. United States Forest Servia 
Laboratory; and 'Practical Circuitry, Cathode 
Ray Oscilloscopes." by Richard Ropiequet. Tek. 
tronix, Inc; November 20, 1950. 

ROCHESTER 
"Radio Noise from the Stars," by Charles Bur-

rows, Faculty, Cornell University; November 14, 
1950. 

'Radio and Television as of Today,• by Sidnec 
Curtis, Stromberg-Carlson Company; December 12, 
1950. 

SALT LAKE 
•Industrial Equipment in the Electronic Era.' 

by H. H. Leigh, General Electric Company; No-
vember 20, 1950, 

SAN DIEGO 
'A 10-Megacycle Pulse Counter.' by A. S. r 

Bagley, Hewlett-Packard Company; November 7, 
1950. 

SAN FRANCISCO 
"Aircraft Antenna System,' by John Granger, 

Stanford Research Institute; November 15, 1950. I 
'Control and Measurement of Distortion on 

16-mm TV Films,' by J. K. Hilliard. Alice-Lansing 
Corporation; November 22, 1950. 

SCHENECTADY 
"Nuclear Instrumentation." by F. A. White 

and F. G. LaViolette, Knolls Atomic Power Labo-
ratory; December 11, 1950. 

SEATTLE 
'Airplane  Antennae. Their Development, 

Types, and Uses,' by Gerald Weinstein, Boeing 
Airplane Company; December 1, 1950. 

SYRACUSE 
"Solar Noise," by Lief Owen, Faculty. Uni-

versity of Oslo, on leave at Cornell Univer,ity; 
November 30, 19,1.0. 

TORONTO 
"The Design of an Automatic Ionosphere 

Recorder." by F. H. Margolick, Canadian Marconi 
Company. Ltd.. and paper discussed by Charles 
Bridgeland; December 4, 1950. 

TWIN CITIES 
'High-Speed Magnetic Generation of Numeri-

cal Characters," by J. W. Hogan. Engineering Re-
search Associates, Inc.; "A Magnetic Memory Sys-
tem for Pulse-Coded Information." by J. L. Hill, 
Engineering Research Associates, Inc.; November 
16, 1950. 

Tests and Demonstrations by representatives 
of Alfred Crossley and Associates; November 1, 
1950. 

VANCOUVER 
"Master Control Facilities for a Large Broad-

casting Studio Center," by R. H. Tanner. Northern 
Electric Company. Ltd.; October 16, 1950. 

'Some Electronic Instruments Used In Nuclear 
Physics,• by F. K. Bowers. Faculty, University of 
British Columbia; November 20, 1950. 

WILLIAMSPORT 
'Applications of Magnetostriction," by B. H. 

Bueffel, Jr., Faculty, Bucknell University De-
cember 6. 1950. 

(Continued on page 42A) 
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Di mensions 
of Universal Relay 

High-3-15/16 in. 

Wide-2-15/16 in. 

Deep-3-5/16 in. 

0 

These SMALL UNIVERSAL RELAYS 
are instantly adaptable for switching 

a wide variety of power supply circuits 

Allen-Bradley 
Bulletin 700 Universal 

Type BX 440 

Solenoid Relay 

without enclosure. 

There are literally thousands of places for these 

small, dependable solenoid relays in electronic 

power circuits. These Bulletin 700 relays are built 

in an amazing variety of contact arrangements 

. . . normally open and normally closed . . . from 

one to eight poles. Enclosures are available for 

almost any service requirement. 
The Type BX 440 Universal Solenoid Relay has 

Allen-Bradley Relay in 
general purpose enclosure. 

four normally open and four normally closed con-

tacts which may be used interchangeably for 

handling a wide variety of circuit arrangements. 

It will pay you to get a full listing of Allen-

Bradley Bulletin 700 A-C Relays. And for heavier 

currents, Allen-Bradley solenoid contactors are 

available up to 900 amperes ... with or without 

enclosures. Investigate the Allen-Bradley line. 

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

ALLEN-BRA 
RELAYS • RESISTORS 

'QUALITY• == Bulletin 702 Solenoid Con-
tactor-50 ampere rating. 
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VOL146E 2E61/MTORO 

MODEL NO. 5 0 0 -S 

Accuracy, with rugged construction, economical and trouble-free 
operation, reasonable cost — those are features that you expect, 
and get, when you specify Sorensen regulators! 

ALL SORENSEN REGULATORS HAVE THESE ADVANTAGES: 

• W IDE INPUT RANGE • EXCELLE NT W AVEFOR M 

• ADJUSTABLE OUTPUT V OLT-  • FAST RECOVERY TI ME 

AGE T HAT STAYS SET 

• REGULATION  ACCURACY  OF  • INSE NSITIVITY TO LI NE FRE-

±  0.1 % QUENCY FLUCTUATIONS. 

STANDARD AC SPECIFICATIONS 
VA capacity 150  250  2000  5000 

500  1000  3000  10000 
15000 

Harmonic Distortion 

Regulation accuracy 

Input voltage 

3% max.  2% max.  3% max.  3% max. 

Li- 0.1 % against line or load 

95-130 VAC; also available for 190-260 VAC 
single phase 50-60 cycles 

Adjustable between 110-120; 220-240 in 230 
VAC models 

Output voltage 

Load range  0 to full load 

P.F. range Down to 0.7 P.F. All models temperature 
compensated 

NOTE: THREE 
ABLE. 

PHASE AND 400 CYCLE REGULATORS ALSO AVAIL-
ALL REGULATORS CAN BE HERMETICALLY SEALED. 

Write for Co mplete Literature 

For regulated DC problems investigate Sorensen's 
line of Voltage Reference Standards, 

DC Supplys, and NOBATRONS 

mod eoutpung. in.. 
375 FAIRFIELD AVE. • STA MFORD, CONN. 

MANUFACTURERS OF AC LINE REGULATORS, 60 AND 400 CYCLES: REGULATED DC POWER SOURCES; ELECTRONIC 
INVERTERS; VOLTAGE REFERENCE STANDARDS: CUSTOM BUILT TRANSFORMERS; SATURABLE CORE REACTORS 

42 

(Continued from page 404) 

SUBSECTIONS 

CENTRE COUNTY 

"Dust Precipitation by Electrostatic Fields 

by J. E. Coolidge, Faculty. Pennsylvania Sta 

College; "Parallel-Plate Electrostatic Preciplt 
don," by G. J. Schulz. Faculty, Pennsylvania Sta 
College; November 15, 1950. 

EMPORIUM 

"Dynamic Balancing of Large Rotors." by P. E 
Shields,  Faculty,  Pennsylvania State  Colleg 

'Through the Swiss Alps Via the Ionosphere." b 
A. H. Waynick, Faculty. Pennsylvania State Co 
lege; December 12, 1950. 

LONG ISLAND 

'Analysis of Color TV,' by A. V. Loughren 

Hazeltine Electronics Corporation; November 22 
1950. 

MID-HUDSON 

"Uses of Carrier Frequencies in Power Sy 
tems." by H. A. McLaughlin, Central Hudson G 
and Electric Corporation; November 14, 1950. 

MONMOUTH 

'Electronics in Medicine.' by Stanley Briller 
Bellevue Medical Center; and Nathan Marchand 
Sylvania Electric Products Inc.; November 15 
1950. 

NORTHERN NEW JERSEY 

"Phase Distortion in Audio Systems," by L 

de Rosa. Federal Telecommunication Laboratories 
November 8, 1950. 

UNIVERSITY OF ALRERTA, IRE BRANCH 

'Industrial Relations.' by L. Pugh. Chairman, 
Board of Industrial Relations; December 5, 1950. 

UNIVERSITY OF CALIFORNIA. IRE-AIEE BRANCH 

'Sales Engineering in the Electrical Field.' by 
W. F. Poynter. Pacific Electric Company. A. W. 

Moody, General Electric Company; and %V. M. 
Knott, Sangmore Electric Company; November 16. 
1950. 

'Toxic Hazards of Materials in Electrical Ap-
plications.' by B. D. Tebbens. Faculty, University 
of California; November 28, 1950. 

CAI.IFORNIA STATE POLYTECHNIC COLLEGE. 
IRE BRANCH 

'Los Angeles-to-San  Francisco  Microwave 
Link.' by Charles Minder. Pacific Telephone and 
Telegraph Company; November 9, 1950. 

CLARKSON COLLEGE OF TECHNOLOGY. 
IRE BRANCII 

'Patents and Inventions.' by Frank Record. 
Faculty, Clarkson College of Technology; De-
cember 14, 1950. 

UNIVERSITY OF COLORADO. IRE-AIEE BRANCH 

'Protective Relays," by Edward Gray. Wes-
tinghouse Relay Specialist; November 28, 1950. 

(Continued on page 44A) 
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We are ready 

1 11:11 ,  fiff1. 

Can we serve 

YOU, 
For IMMEDIATE ACTION, phone —wire — 

or write direct to the attention of Mr. 

Albert Finkel, Vice-President. 

... World's largest producer of television an-

tennas and accessories, has allocated a most substantial 

portion of its facilities for prime and sub-contract orders. 

We offer: 

EXPERIENCE! Leaders in the industry whom we have serviced 
in the past, include such outstanding organizations as RCA, PHILCO, 

ADMIRAL, MOTOROLA, BENDIX, EMERSON, PILOT, STROMBERG-

CARLSON, etc. 

80,000 square feet of floor space with modern production 
machinery and high-speed assembly lines. 

TRAINED manufacturing personnel geared to the type of mass-
production that meets "deadlines" and lowers costs. 

EXCELLENT sources of supply for raw material. 

KNO W-HO W in purchasing and delivery expediting. 

FINANCIAL resources that are ample and liquid. 

DI VISI O N  OF  CO NTR A CT  OPER ATI O NS 

MANUFACTURING CO., Inc. 
6137B 16th AVE NUE, BR O OKLY N 4, N. Y. 

FIRST  in Tolovision  Antonnas and Aceessori•s 
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DESIGNS AND PRODUCES 

9eeziete and Re9id 

WAVEGUIDE 

Special Microwave 
Mixer-Duplexer Assembly 
Designed by AIRTRON 

Send for AIRTRON 
Engineering Data on 
Microwave Plumbing 

44A 

COMPONENTS 

4 7 rom the smallest waveguide com-

ponent to complete transmission systems... 
from the first "doodle" memo or blueprint 
to the finished precision product . . . make 

AIRTRON your FIRST source for all types of 
microwave  plumbing.  Unique  in  back-

ground, technical savvy, plant 
facilities and the WILL to 
SERVE,  this  organization  is 

prepared to engineer and 
manufacture  your  staple  or 

special requirements in: 

Mixers 
Duplexer Assemblies 

Magic Tees 
Waveguide Switches 

Elbow Bends 
Elbow Miters 

Twisted Sections 
Rigid Twists 
Choke Fittings 

Flexible Waveguides 
Straight Section 
Rotary Joints 

105 East Elizabeth Ave., Linden, New Jersey 
BRANCH OFFICES 

Baltimore  tot Angeles  New York 

Boston  St Louis  Dallas  Dayton 

II 

(Continued from page 41.4) 

COOPER UNION, IRE BRANCH 

"Color Television." by Axel Jensen. ; 
Telephone Company; November 20. 1930. To 

Radio Station WOR-TV; November 22, 1950. 
"Practical Problems of Illuminating Engle, 

ing." by G. F. Greene; December 4, 1950. 

Tour of Radio City Music Hall; Decembei 
1950. 

UNIVERSITY or DENVER, IRE-AIEE BRANCI 

'Lightning  Investigation  and  Protect' 

Problems," by L. M. Robertson, Public Ser 
Company; December 1, 1950. 

DREXEI. INSTITUTE OF TECHNOLOGY, 
IRE-AIEE BRANCH 

"Microwave  Communications," by J. 
Williams, Philco Corporation; November 16, II 

UNIVERSITY OF FLORIDA, IRE-AIEE BRANCS 

"Presenting a Technical Paper," by If. 
Constans, Faculty, University of Florida; Decem 
5. 1950. 

GEORGIA INSTITUTE CF TECHNOLOGY, IRE BRA! 

Business Meeting; October 24, 1950. 

'Construction of WGST-FM Transmitter.' 
Ben Akerman, Radio Station WGST; November 
1950. 

Film: "Power in the South"; November 
1950. 

Business Meeting; December 5, 1950. 

ILLINOIS INSTITUTE OF TECHNOLOGY, IRE BR 

"Electronics in Industry," by Tracy Joh 

General Electric Company; November 28. 1950. 

UNIVERSITY OF KENTUCKY, IRE BRANCII 

"Psychology. Science, and Technology," 
J. S. Calvin. Faculty. University of Kentuc 
November 30, 1950. 

MANHATTAN COLLEGE, IRE BRANCH 

"Color Television. Three Systems." by Gear 
Anner, Faculty. New York University; December 
1950. 

UNIVERSITY OF MARYLAND, IRE-AIEE BR AN. 

Films: 'DC Machines." and '‘Vestinghou 

Fluorescent Bulb Factory in West Virginia"; E 
cember 6, 1950. 

UNIVERSITY OF MIAMI, IRE BRANCH 

Election of Officers; November 3, 1950. 

"Construction of an FM Station." by B 
Akerman, Radio Station WGST; November 1 
1950. 

'Demonstration of an Electronic Counter.' I 
C. N. Hoyler, RCA Laboratories; Film: 'Analog.' 
Computer"; December 8. 1950. 

MICHIGAN COLLEGE OF MINING AND TECHNOLOG 
IRE-AIEE BRANCH 

Business Meeting; Film: 'Power Station ar 
Its Problems"; November 14, 1950. 

UNIVERSITY OF MICHIGAN, IRE-Al EE BRANCIIt 

"The Electrical Engineer in the Fields of Sale 
Development.  Design, and  Research,"  by . 
Gammen, Allis-Chalmers Corporation; December 
1950. 

MISSOURI SCHOOL OF MINES & METALLURGY, 
IRE-AIEE BRANCH 

'Electronic Research at Midwest Resear 
Institute.' by H. L. Stout. Faculty. Midwest It 
search Institute; November 30. 1950. 

(Continued on page 46A) 
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FOR 

trmor-clod voltage dividers that stand 
ip to mechanical and electrical abuse 

he toughest wire-wound power resistors 

n use today — Greenohms and Standees 

turd carbon-element controls with single 
,haft or with dual concentric shaft. 

:onitant-impedance I.- and T-pads for 
distortionless volume control of sound 

systems 

Plug-in ballasts and line-voltage regula-
tors for smoother set operation and 

protection 

Wire-wound potentiometers with that 
v•Ivety-smooth mechanical and electrical 

precision 

Power rheostats "'built like a battleship" 

for dependable control functions 

More Rugged Electrically 

More Rugged Mechanically 

10 More Rugged in Safety Factor 

More Rugged for Longer Life 

* A dependable control or 
resistor costs but a few cents. 
But an uncertain control or 
resistor that fails out in the 
field can cost you thousands 
of dollars by way of impaired 
reputation. 

The fact that Clarostat controls 
and resistors are used in the 
majority of today's TV, radio 
and electronic assemblies, 
speaks for itself. Clarostat not 
only supplies such initial 
equipment but also the service 
replacements for the further 
protection of the manufac-
turer's good name and good 
will. 

Designed for Service! That's 
precisely what you are 
demanding and getting, when 
you simply specify CLARO-
STAT for controls and resistors. 

CLAR OSTAT 
CLAROSTAT MFG. CO., INC  DOVER, NEW HAMPSHIRE 
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PUT OUT A STRONGER SIGNAL... 
INCREASE YOUR SERVICE AREA 

VO'E  MENNE 
M e •  NNE 
INIMealh...  • 
I nk  ISNE1i..  IIMIIINME 

11011011k...  MINN M M US 

IIIMIOMMIN 
ME M  • 4,77 M1b... 
MEM& 

0111111111.  •  741•111110111...- 
N 4 (o M MIrna.—  IUU M O M 

•••••  '••• -••ZNEMENEINIEls..- 
M I ME \  NENE w, -̀111ENENNEEN 
W O W\  NE M  -"INEENNIN 
NNMENEEN\  M M.  11aVollEN 

111111111111M 111.111110 
NNEENNENNEN1h-  NEINENNEENN 
1111 =11•1111III MENII  E M MEN 

I MO 

HSLATIVS 
WATTS RADIATED AT 157 MCS 
FOR STANDARD COAXIAL CABLES 

•••••••••••••••1111...._ 
•••••••••••••••••••\•..-
W IIMMININIMMIII111111111•111111••••INIB M: 

with ANDREW low loss, 

High Economy Coaxial Cable 
•  1/3 to 1/2 Less Loss than same diameter plastic 
type cables because 96 % of insulation is air—the 
most effective insulation. 

• No maintenance or operational costs. This advan 
tage far offsets slightly greater original cost. Seam-
less cable and fittings remain completely gas tight - 
and weatherproof indefinitely. 

• Maintains original characteristics indefinitely. 
Lasts practically forever. 

• TO INSTALL — JUST UNCOIL INTO PLACE. Each 
coil contains up to 2,000 feet of seamless semi-flex-
ible tubing. No soldering. No splicing. Bends easily 
around corners or obstructions. Shipped under gas 
pressure at no extra cost when pressure-tight end 
fittings are ordered. 

Low loss and economical opera-
tion will add extra miles to 
your service radius as well as 
give you a stronger signal in 
your present area. There's no 
waste. You get the greatest 

possible range and strength 
from your available power. 

Whether you need transmission 
line for your Communications, 

R A TI 0 
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AM or FM transmitter, Direc-

tional Antenna Syste m, 

Rhombic Receiving Array, the 

solution to your problem is 

ANDRE W low loss, high econ-

omy, semi-flexible transmission 

line. Write for further informa-
tion on Types 737 and S-450 
TODAY. 

TRANSMISSION 

or 

WORLD'S LARGEST ANTENNA EQUIPMENT SPECIALISTS 

LINES FOR AM -FM •TV • ANTENNAS • DIRECTIONAL ANTENNA EQUIPMENT 

ANTENNA TUNING UNITS • TOWER LIGHTING EQUIPMENT 

(Continued front page 444) 

STUDENT 

BRA NC H 

MEETINGS 

COLLEGE or THE CITY OF NEW Yog 

IRE BRANCH 

"Problems and Theory of Diode-Controlle 
Magnetic Amplifiers," by Leo Helterline, Sorense 
Company; November 31, 1950. 

NEW YORK UNIVERSITY. 1RE-AIEE BRANCH 
(EVENING DIVISION) 

"Major Operations in the Manufacture 
Vacuum Tubes," by W. H. Greenbaum, Student 

Associated with Sonotone Corporation, and "Tele 
phone Cable Carrier Systems," by V. J. Sansevero 
Student, Associated with American Telephone ant 
Telegraph Company; December IS, 1950. 

NORTHEASTERN UNIVERSITY, IRE-AIEE BRANC 

"Present Status of Color Television. • by Holli 
Baird.  Faculty,  Northeastern  University,  N 
vember 30. 1950. 

"Electrical  Memory."  by  Patrick  Youtz 

Massachusetts Institute of Technology; Decembe 
7. 1950. 

"Time and Frequency, Signal and Noise." by 
Sze-Hou Chang, Faculty. Northeastern University 

December 14, 1950. 

OREGON STATE COLLEGE, IRE BRANCH 

"Measurements  on  Aircraft  Antennas  by 
Means of Models." by G. L. Hollingsworth. Boeing 
Airplane Company; November 9, 1950. 

"Miniaturization and Plastic Casting Tech-
niques in Radio," by W. F. Biggerstaff, United 

States Forest Service Radio Laboratory, and 
"Practical Circuitry, Cathode-Ray Oscilloscopes," 
by Richard Ropiequet, Tektronix, Inc.; November 
20. 1950. 

"The Federal Communications Commission,' 
by F. H. McCann, Federal Communications Com-
mission; December 7, 1950. 

PENNSYLVANIA STATE COLLEGE, 

I RE-A I EE BRANCH 

"More Waves, More Words. Less Wires," by 
J. 0. Perrine. American Telephone and Telegraph 
Company; November 9. 1950. 

UNIVERSITY OF PENNSYLVANIA. IRE-Al E E BRANCH 

"Starting in an Engineering Career." by C. G. 
Veinott, Lima Motor Works of Westinghouse; 
November 7. 1950. 

*Industrial Television Equipment and Applica-
tions," by M. C. Banca, Radio Corporation of 
America; November 13, 1950. 

PRINCETON UNIVERSITY. IRE-AIEE BRANCH 

"The AIEE. its Structure. and What it Means 
to You." by J. H. Neher. Philadelphia Electric 
Company, and "The Institute of Radio Engineers," 
by A. W. Friend, RCA Laboratories; November 16. 
1950. 

"The Engineering and Industry," by C. S. 
Purnell. Westinghouse Electric Corporation; Film: 
"Electrical Proving Ground"; November 30. 1950. 

SAN JOSE STATE COLLEGE. IRE IlsANcit 
"Problems in the Operation of Low-Frequency 

Loran." by Hugo Romander. Sierra Electronics; 
November 20. 1950. 

SEATTLE UNIVERSITY. IRE BRANCH 

"Systems of Amplitude Modulation." by J. R. 
Hall. Student, Seattle University; November 21. 
1950. 

(Continued on page 484) 
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110. 
washday 

blues • • • • 

e new Sheldon giant washing machine that uses over  1,000 gallons of water 

ery hour of the day. Sheldon's Irvington, N. J. plant uses 360,000 gallons of 

der per day much of which comes from wells within the plant. 

at 

%Mon 
The sensational, extra-fast washing and trouble-free efficiency of our newest type glass-blank washing 
machine allows us to take care of the tremendous demand for Sheldon Television Picture Tubes . . . 
and to maintain the perfect screen quality of these tubes. 

This specially designed automatic washing machine actually washes our glass-blanks in three cycles: 
First, the inside face of the glass-blank gets an acid wash; then it is rinsed with water. Next, the 
inside face is given a caustic wash, and then rinsed again with water. As the final step, the inside face 
is rinsed for several minutes with a high pressure stream of "thirsty water" — water from which all 
minerals and foreign substances have been removed by our special equipment and techniques. 

When the glass blank leaves our washing machine, the inside surface of the glass-blank is bac-
teriologically clean and medically pure . . . so pure, in fact, that it is "thirsty" or "hungry" to reabsorb 
foreign substances . . . PRIMED to receive the phosphor coating. The phosphor coating is applied 
over this "thirsty" surface to consistently produce the uniformly perfect blemish-free, "TELEGENIC" 
screen for which Sheldon Picture Tubes are famous. 

WRITE today for the latest "Sheldon 'TELEGENIC' Picture Tubes —General Characteristics 
& Dimensions Wall Chart" containing the new Sheldon VITATRON Glass-Metal 1 9AP4B 
and 1 9AP4D, and the New Rectangular 20CP4! 

TELEVISION MIS-INFORMATION NO. 4 is off the 
press! Write for your copy today! 

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

NATURAL IMAGE 

SOFT GLOW 

Victurut r.uk. 

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

Branch Offices 8. W arehouses:  CHICA G O 7, ILL., 426 S. Clinton St.  • LOS ANGELES 26, CAL., 1755 Glendale Blvd. 

SHELDON TELEVISION PICTURE TUBES  •  CATHO W RAY TUBES  •  FLUORESCINT STARTERS AND LA MPHOLDERS  •  SHELDON REFLECTOR & INFRA-RED LAMPS 

PHOTOFLOOD & PHOTOSPOT LAMPS  • :PRING-ACT'ON PLUGS  •  TAPMASTER EXTENSION CORD SETS & CUBE TAPS  • RECTIFIER BULBS 

VISIT SHELDON BOOTHS NO. 390-1-2 AT THE RADIO ENGINEERING SHOW, MARCH 19-22, GRAND CENTRAL PALACE, N. Y. • 
I — ALLIED ELECTRIC PRODUCTS INC. 
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plus these ELECTRICAL 

and MECHANICAL features 

this new five-inch Browning 'scope 
gives you the basic laboratory 
equipment for pulse work — in 
a single, compact unit with: 

• Triggered sweep rate continu-
ously variable from  1.0 to 
25,000 microseconds per inch. 

• Sawtooth sweep rate 10 cycles 
to 100 KC. 

• Sweep calibration (triggered 
and sawtooth) in microseconds 

to ±o7 
per screen division accurate 

• Vertical amplifier flat within 
3 db. from 5 cycles to 5 
megacycles. 

• Sensitivity 0.075 volts  RMS 
per inch. 

• Horizontal amplifier d.c. to 
500 KC, sensitivity 2 volts per 
inch. 

• Self-calibrating on both X and 
Y axis. 

• Readily portable . . . weighs 
but 50 pounds. 

• SUP1 cathode-ray tube operates at accelerating potential of 2600 
volts • Sweep starting time is approximately 0.1 microsecond 
• Sweep may be triggered or synchronized by positive or negative 
sine-wave or pulse signals of 0.5 volts (external) or 0.75 inches 
deflection (from vertical amplifier) • Three-step attenuator — 
100:1, 10:1, and 1:1, plus continuous adjustability over entire range 
• Peak-to-peak vertical calibration voltages of 0-2-20-200 at accu-
racy of ± 10% • Cathode connection, brought out to front panel, 
allows external blanking and marker connection • All deflection 
plates are available for direct connection • Steel cabinet finished 
in black wrinkle  • Steel panel finished in black leatherette 
• Copper-plated steel chassis with lacquer finish  • Controls 
grouped by function for operating convenience • Free-view screen 
has graduated X. and Y-axis scales • Size: 10" wide, 141/2" high, 
163/4" deep • Instrument draws 180 volt-amperes at 115 volts 
60 cycles. 

NET PRICE, F.O.B. Winc hes ter,  M ass  $485.00 

FREE BULLETIN gives further data on this new, low-cost, versatile 
oscillosynchroscope. Ask for data sheet ON-54 

In Canada.  ad-
dress Measurement 
Engineering  Ltd., 
Arnprior,  Ontario 

Export Sales 
9 Rockefeller Plaza 

Room 1422 
New York 20 

48s 

BR O W NI N G 

Student Branch Meeting 
(Continued from page 464) 

SOUTHERN M ETHODIST UNIVERSITY, 

IRE-Al EE BRANCH 

Film: 'Mobile Telephones"; November 

1950. 

"Sangamo Thermocouple Instruments." 
Wendell Fowler; November 27, 1950. 

SYRACUSE UNIVERSITY. IRE-AIEE BRANCH 

'Propagation of 100-Kc Radio Waves,' 
S. E. Clements, Faculty, Syracuse Universit 
December 13, 1950. 

UNIVERSITY OF TEXAS, IRE-AIEE BRANCH 

'Registration of Professional Engineers,• b 

C. L. Svenson, Texas Board of Registration for Pro 
fessional Engineers; November 20, 1950 

Film: 'Refining Copper and Manufacture o 
Cables." by Anaconda Wire and Cable Company 
December 4, 1950. 

'Radio Astronomy, • by  C.  R.  Burrows 

Faculty, Cornell University; December 14, 1950. 

TULANE UNIVERSITY, IRE-AIEE BRANCH 

Business Meeting; November 30, 1950. 

UNIVERSITY OF VIRGINIA, IRE BRANCH 

'Employment  Possibilities  with  Genera 
Electric.' by Alvil Clay, General Electric Corn 
pany; November 14. 1950. 

'Television Station Planning and Proof 
Performance.' by W. L. Braun; November 28 
1950. 

Tour through Telephone Exchange; Decemba 
5 1950. 

UNIVERSITY OF W ASHINGTON, IRE-AIEE BRANC1 

"Branch Activities. Membership. and How tc 
Join AIEE and IRE as a Student Member.' In 
E. A. Loew. Faculty. University of Washington 
October 5. 1950. 

'Constitutional  Amendment.'  by  G.  W 
Arnold; October 19, 1950. 

'After College. What?' by Bob Lemnian 

Allis-Chalmers Company,  and  Migue  Talcott 
Radio Station KING-TV; November I. 1950 

"Engineering Economics." by \V. S. Gordon; 
November 28. 1950. 

The following transfers and admissions 
were approved and will be effective as of 
February 1, 1951: 

Transfer to Senior Member 

Bamford. H. S.. 300 Oak Rd., Glenside, Pa. 
Bueffel. B. H.. Jr.. Bucknell University, Lewisburg, 

Pa. 

Burgett, M. I., Jr.. 714.3 Lincoln Dr., Philadelphia 
19, Pa. 

Colodny, S. H.. 2908 Princeton Ave., Philadelphia. 
Pa. 

Fontana, R. E., 214 N. Monroe. Albuquerque. 
N. Mex. 

Garman, R. L.. General Precision Laboratory. 63 
Bedford St., Pleasantville, N. Y. 

Grimm, A. C., RCA. Lancaster, Pa. 
Janes. R. B., RCA, Lancaster. Pa, 
Lloyd, C. G., 830 Lansdowne Ave., Toronto, Ont., 

Canada 
Masters. E. W., 2743 Farwell Ave., Chicago 45. III. 
Moore, R. C.. 201 Glendalough Rd.. Philadelphia 

IS. Pa. 

Myers, J. F.. 204 Clark St., Kenmore 17. N. Y. 
Nekut, A. G., RCA Victor Division, Lancaster, Pa. 
Nims, A. A., Jr., 206 Huron Rd., Baltimore 28, Md. 
O'Brien. B. C.. c/o WHEC, 40 Franklin St., Roches-

ter 4, N. Y. 

(Continued on page 64A) 
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GENERAL CERAMICS 
Ferramics are soft magnetic 

materials featuring: 

HIGH PERMEABILITY 
HIGH VOLUME RESISTIVITY 

HIGH EFFICIENCY 

LIGHT WEIGHT 

ELIMINATE LAMINATIONS 

TY P E O F  FE R R A M I C  M A T E R I A L 

PROPERTY UNIT 

A 
34 

B 
90 

c 
159 

D 
216 

E  G 
174  254 

H 

419 

I 
141 

J 
472 

Initial permeability 
at 1ms/sec 

- 15 95 220 410 750 410 850 600 330 

Maximum permeability - 97 183 710 1030 1710 3300 4300 1010 750 

Saturation flux density Gauss 840 1900 3800 3100 3800 3200 3400 1540 2900 

Residual magnetism Gauss 615 830 2700 1320 1950 1050 1470 660 1600 

Coercive force Oersted 3.7 3.0 2.1 1.0 0.65 0.25 0.18 0.40 .80 

Temperature coefficient 

of initial permeability 
% /° C. 0.65 0.04 0.4 0.3 0.25 1.3 0.66 0.3 0.22 

Curie point °C. 280 260 330 165 160 160 150 70 180 

Volume resistivity Ohm-cm 1 x109 2x10 5 2x10) 3x107 4x10 5 1.5x108 1x104 2x10 5 - 

Loss Factor, 
at  I mc/sec 

at  S mc/sec 

al 10 mc /sec 

- 

- 

- 

- 

.0004 

.0005 

.00016 

.0011 
- 

.00007 

.0008 
- 

.00005 

.0012 
- 

.00008 

.002 
- 

.00008 

.00075 

.0017 

.00030 

.00155 

.00275 

.0003 

.005 
- 

.000055 
- 
- 

GENERAL CERAMICS AND STEATITE CORP. 
GE NE R AL  OFFI CE S  and  PL A N T  KE AS BE Y  NE W  JE R SE Y 

AARE RS OF STEATITE, TITANATES, ZIRCON PORCELAIN, FERRAMICS, LIGHT DUTY REFRACTORIES, CHEMICAL STONEWARE, IMPERVIOUS GRAPHITE 11-10 ,C LI 1,1.V6) (il• 1 III, 1.1? I:.  l'ebruary, 1951 



POSITIONS OPEN IN RE-

SEARCH AND ADVANCED 

DEVELOPMENT 

PROGRAMS 

TO 

Research Physicists 

Senior Electronic 
Engineers 

Senior Mechanical 
Engineers 

Engineering Physicists 

Circuit Engineers 

Microwave Engineers 

Vacuum Tube Research 
Engineers 

Technical Report 
Writers 

Electronic Technicians 

Experienced or Holding 

Advanced Degrees 

For Research, Design, or 

Development In 

Radar, Servomechanisms, 

Computers, Receivers, Photo 

Emission,  Secondary Emis-

sion, Converters, Pulse and 

Timing Techniques, Special 

Test Equipment, Special Pur-

pose Tubes, Circuit Design, 

Solid State Physics, Light and 

Electron Optics, etc. 

We invite interesied person-

nel with experience in the 

above fields to submit a com-

plete and detailed resume of 

education  and  experience, 

together with salary require-

ments and availability date, 

to: 

The Employment Department 
CAPEHART-FARNS WORTH 

CORPORATION 

Fort Wayne 1, Indiana 

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 • reason for the 
refusal. 

PROCEEDINGS of the I.R.E. 
I East 79th St., New York 21, N.Y. 

ELECTRONIC ENGINEER 
'-'mall California transmitting tube com-

pany requires engineer for medium fre-
quency tube work, also for development 
and manufacture of klystrons and pulse 
tubes. Give full details giving age, experi-
ence, availablity and salary expected. Box 
632. 

ENGINEERS AND PHYSICISTS 
Project and senior engineers desired for 

work on several theoretical and experi-
mental programs of diversified nature in-
volving military applications of electron-
ics. Applicants should have 3 or more 
years of experience in research and devel-
opment in some branch of electronics and 
preferably advanced graduate training. 
Command of physical fundamentals and 
analytical ability important. Small, ex-
panding company located in college town. 
Opportunities of graduate study. Reply 
Personnel Manager, Haller, Raymond and 
Brown, Inc., State College, Pa., stating 
education, experience, salary expected. 

(Continued on page 52A) 

electronic 

engineers 

(3 seniors) 

wanted by 
0 2 `  fi) . 

c.. eeee 4(0 06)///11/// P 

The manufacturer of world-
famous Freed-Eisemann Radio. 
Phonographs and Television 
Consoles requires 3 engineer-
to act as group leaders on de-
sign and production of com-
munication equipment on im-
portant government contract-. 
Must have a minimum of 7 
years experience in this field. 

MI Write, giving complete out-
line of education, experience 
arid .allar, required sr, Freed 
Radio Corp., 200  Hudson 
.ireci, New York 13, N.Y. 

ELECTRONICS 
ENGINEERS FOR 
SOUTH WEST 

ATOMIC ENERGY 
INSTALLATION 

2 to 10 years experience in re-

search, design, development, 
or test 

A variety of positions open for 

men with Bachelor's or ad-

vanced degrees qualified in 

one or more of the following 
fields: 

• UHF TECHNIQUES 

• PULSE CIRCUITS 

• SERVO-MECHANISMS 

• TELEMETERING 

• RELAYS 

• LOW PO WER APPLICATION 

• INSTRUMENTATION 

• STATISTICAL ANALYSIS 

• TEST EQUIPMENT RELATING 

TO ABOVE FIELDS 

Patent History Desirable But 

Not Necessary 

These openings are for per-

manent  positions  at  the 

Sandia Laboratory in Albu-

querque, New Mexico. Al-

buquerque is the largest city 

in New Mexico, a mile above 

sea level, with a sunny, warm, 

dry climate, and a population 

of 100,000. Located in the Rio 

Grande Valley at the foot of 

the Sandia Mountains, which 

rise  to  11,000 ft.,  Sandia 
Laboratory  is operated  by 

Sandia Corporation, a sub-

sidiary of the Western Electric 

Company, under contract with 

the Atomic Energy Commis-
sion. This laboratory offers 

pleasant working conditions 
and liberal employee benefit 

plans. 

MAKE APPLICATION TO: 

PROFESSIONAL 

EMPLOYMENT DIVISION 

SANDIA CORPORATION 
SANDIA BASE 

ALBUQUERQUE, 

NEW MEXICO 

PR(lt:/. I I ,,  01-. I IlL I .1‘' .1.. 1,1,r liar 3, 1Y51 



OPPORTUNITY FOR ELECTRONIC 
ENGINEERS 

A leading new (1946) company in the field of high quality electronic equipment has 

openings for outstanding 

PRODUCTION DESIGN ENGINEERS 
Engineers of outstanding ability and five to ten years experience in the develop-

ment and design for production of electronic equipment are desired. 

RESEARCH MEN 
are needed for enlargement of an important research and development program on 
government and industrial projects. Applied physicists, electronic engineers, and 

applied mathematicians are sought. Considerable advanced development experience 

and advanced degrees are desirable. 

WORKING CONDITIONS ARE ATTRACTIVE 

Interesting projects are underway in the fields of radar, air traffic control, blind 
landing, computers, servos, and general electronics. New projects will be established 

to suit the qualifications of the staff. 

Liberal vacation and sick leave policies are furnished, together with excellent hos-

pitalization and insurance plans. 

Access to the Graduate Schools of Massachusetts Institute of Technology, Harvard 

University, and Boston University is provided. 

HOUSING IS ADEQUATE IN BOSTON AREA 

Houses for purchase or rental and apartments are readily available in the Boston 
area. Assistance will be provided new employees in locating living quarters. Moving 

expenses will he paid. 

New York interviews March 19-22. Call Mr. A. D. Cole 
Waldorf Astoria Hotel, El 5-3000 

OR WRITE PERSONNEL MANAGER 

LABORATORY FOR ELECTRONICS, INC. 
11 LEON STREET 
BOSTON IS, MASS. 

PROCLLDING.S. February, 1951 



Physicists • Mathematicians 
Engineers 

Applied Physics Laboratory 
The Johns Hopkins University 

has openings for 

SENIOR STAFF MEMBERS 
Physicists 
Theoretical and Experi-
mental 

Mathematicians 
Applied —Dynamics 
Analysis 

Electrical Engineers 
Micro-waves, UHF Pulse 
Circuits, Telemetering, 
Radar 

• 

Aerodynamacists 
Dynamics, General Super-
sonic Performance 

Mechanical Engineers 
Servo-mechanisms, 
Engineering Design 

Project Engineers 
Engineering Test Program 
Coordination 

Computing Machine Operators 
Maddida, Reac, Simulators 

Excellent opportunities in modern research laboratory. 
Interviews will be arranged for qualified candidates. 
All replies confidential. 

For further information write to — 

E. M. LANE 

Applied Physics Laboratory 

The Johns Hopkins University 
8621 Georgia Avenue, Silver Spring, Maryland 

SCIENTISTS 
AND 

ENGINEERS 
for 

challenging  research  and  ad 

vanced development in fields of 

RADAR 

GYROSCOPES 

SERVOMECHANISMS 

MECHANICAL SYSTEMS 

ELECTRONICS CIRCUITS 

APPLIED PHYSICS AND MATH 

PRECISION MECHANICAL DEVICES 

ELECTRICAL SYSTEM DESIGN 

GENERAL ELECTRONICS 

INSTRUMENTATION 

MICROWAVES 

COMPUTERS 

AUTOPILOTS 

Scientific or engineering 
degree and extensive technical 

experience required. 

W RITE: 
Manager, ENGINEERING PERSONNEL 

BELL AIRCRAFT CORPORATION 
P.O. Box 1, Buffalo 5, N.Y. 

VIBRATION 

ENGINEER 

Product development labora-

tories Kew  Gardens,  L. I. 

needs experienced engineer 

to do shock & vibration work 

relating to microphonism & 

strength  of vacuum tubes. 

Must be able to work and de-

sign electro-mechanical de-

vises. EE or ME degree plus 

minimum 2 years experience 

in electronics preferably with 

specific vibration experience. 

Please address replies to per-

sonnel manager: 

Sylvania Electric 
Products, Inc. 
40-22 Lawrence St. 

Flushing, N.Y. 

(Continued from page 50.1) 

ENGINEERS 

National Broadcasting Company nee 
experienced engineers with commerci 
television operating experience or standa 
broadcasting control room experienc 
Apply Room 505, 30 Rockefeller Plaz 
New York, N.Y. 

ELECTRON TUBE ENGINEERS 

For development and productior. E 
perience miniature or sub-miniature tube 
desirable. Apply by letter only to Persot , 
nel Dept., Sonotone Corp.,  Elms for, 
New York. 

RADIO AND TELEVISION ENGINEERS 

Experienced in design of high frequeng. 
circuits such as FM tuners, TV boostei 
and TV antennae. Salary commensura 
with ability. Write giving full details-
Mr. Stone, Talk-A-Phone Company, 151 
South Pulaski Road, Chicago 23, II 
Lawndale 1-8414. 

ENGINEERS 

Physicists, chemists or EE's with Phi 
or equivalent and experience in the fiel 
of solid state physics for research wor 
on semi-conductor devices employing ger 
manium and silicon. An excellent oppor 
tunity in a research laboratory of a lead 
ing manufacturer with laboratories in Ne% 
York State. Send complete resume. Ou 
employees have beeit notified. Box 633 

DEVELOPMENT TECHNICIANS 

At least 3 years experience in layout 
(Including rough drafting) of electronis 
chassis. Should also be experienced in elec 
tronics  testing and  trouble  shooting 
Write: Personnel Director, Box 30. Stati 
College, Pa. 

SENIOR ELECTRONICS ENGINEER 

For (Icsign and development of cireuitr3 
for ultrasonic equipment timing circuits 
audio oscillators amplifiers, and audic 
measuring equipment to meet Navy speci• 
fications. Experience required: 3-5 years 
in development of audio or supersonic 
equipment for government or industria; 
usage. Must have B.S. in physics or elec-
trical engineering. Write : Personnel Di-
rector, Box 30, State College, Pa. 

ELECTRICAL ENGINEER 

Graduate electrical engineer with a mini-
mum of 2 years' exper ience , for  des ign  
and development of au dio trans formers  
and filters. Permanen t pos ition  with pro -
gressive firm located in Chicago . .Give 
details stating age, education , ex perience , 
references, availability for work and salary 
expected. Box 634. 

ELECTRONIC SCIENTIST 

For research in upper atmosphere rocket 
program. Must have an appropriate de-
gree, and at least 3 years' experience, with 
emphasis on electronics as applied to upper 
atmosphere research or an allied field. 
Please address replies, containing a brief 
resume of experience to Employment Offi-
cer, Naval Research Laboratory, Wash-
ington 25, D.C. 

(Continued on page 544) 
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another great new G-E 

triode for FM and 

Has an output over one-third 
higher than the famed 61.-
904, its predecessor. 

lenty of output • .. wo GL-6039's 
/ill put out 25 kw in FM-10 kw in 
:levision. Here's sufficient final 
ower for medium-size transmitters 
. . or output to spare for the in-
termediate stage of large commer-
ial installations. 

.ow operating cost... The modest 
-v, 78-amp requirement of the 
;L-6039's filament, slashes by three-
parters the watts needed for Type 
iL-9C24, itself a pioneering FM-TV 
node with fine performance. Thor-
ated-tungsten construction, among 
)ther filament features, cuts your 
)ower bills materially. 

Real v-h-f operation... 220 mc at 
' flax plate input gives you full FM-
IN band coverage. 

'asy to install . . . The GL-6039 
weds no neutralizing, when em-
?loyed in a properly designed 

Requires 1,100 w less fila-
ment power, or a 75-percent 
reduction. 

grounded-grid amplifier circuit. 
Features which help make the tube 
so efficient, are its low lead induc-
tance, the fact that all outer metal 
parts are silver-plated to cut r-f 
losses, and the large terminal-con-
tact areas made possible by G-E 
ring-seal design. 

Sturdy, dependable... Newest of a 
family of modern G-E power tubes 
for FM-TV that has proved its worth 
in hard station service, Type 
G1.-6039 is engineered to stand up! 
The tube is trim, with real built-in 
structural strength—mounts solidly 
and closely in today's compact trans-

mitters. You can rely on its full-
time, full-life performance. Ask for 
a visit by a G-E tube engineer, to 
prove that the GL-6039 will give 
your new circuit peak power, im-
proved economy! ElectronicsDepart-
ment, General Electric Company, 
Schenectady 5, New York. 

GENERAL 

-1&6031 

RATI N G S 
Filament voltage  5 v 
Filament current  78 amp 
Grid-plate transconductance  11,000 micromhos 
Interelectrode capacitances: 
Grid-filament  24 micromicrofarads 
Grid-plate  15.7 micromicrofarads 
Plate-filament  0.47 micromicroforads 

Type of cooling  water and forced air 

Plate ratings per tube, Class B r-f power 
amplifier (video service, synchronizing 
peak conditions): 

Max voltage 
Max current 
Max input 
Max dissipation 

•Power output, typical operation 
(at 5,000 v and 2.2 amp, band 
width 5 mc) 

6,000 v 
2.25 amp 
13.5 kw 
7 kw 

5.4 kw 

Plate ratings per tube, Class C r-f power 
amplifier (key-down conditions without 
amplitude modulation): 

Max voltage 
Max current 
Max input 
Max dissipation 
•Power output, typical operation 
(at 7,000 v and 2.08 amp) 

*Includes power transferred from driver to output 
of grounded-grid amplifier. 

7,500 v 
2.25 amp 

16 kw 
7 kw 

12.8 kw 

ELECTRIC 
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The W. L MAXSON 

CORPORATION 

IS 

SEEKING 

Outstanding 

ENGINEERS 
AND 

PHYSICISTS 
with 

AMBITION 
TO 

FURTHER 

PRESENT 

STANDING 

Immediately 

Minimum Requirements are: 

1. Five to ten years experience 

in advanced electronic re-

search and development 

2. Outstanding  record  of in-
genuity 

3. Ph.D., M.S. or equivalent 

Please send resume and salary re-

quirements to: 

The W. L. MAXSON 
CORPORATION 
460 W. 34th St. 

New York 1, N.Y. 

I( at,tisied from page 52.4) 

RADIO & RADAR ENGINEERS 

Radio and radar engineers for aircraft 
installation and application design work. 
Should have 5 or more years' experience 
with aircraft radio or radar systems and 
preferably have aircraft installation or 
antenna design, selection and application 
experience. Experienced aircraft electri-
cal engineers are also needed. Contact 
Engineering Personnel Section, Chance 
Vought Aircraft, P.O. Box 5907, Dallas, 
Texas. 

ELECTRONIC ENGINEER 

Electronic engineer to head engineer-
ing department. Must have had experience 
in development and design of quartz crys-
tals for frequency control and thorough 
knowledge of manufacturing processes. 
Box 636. 

ENGINEERS 
Florida East Coast opportunity for 

permanent positions in Electronic Instru-
mentation Research and Development. 
Telemetering, Pulse Circuits and Com-
puter experience desirable. Junior. Senior 
and Project Engineers may send resume 
of education, experience, references, avail-
ability and salary expected to Radiation, 
Inc. Melbourne, Florida. 

ELECTRONICS ENGINEER- WRITER 

A long-established concern of high re-
putetn the military instruction book field 
requires a technical writer of project 

(Continued on page 56A) 

Graduate 

ENGINEERS 

Good Opportunities 
for 

ELECTRONICS 
Engineers or Physicists 

M.S. or Ph.D. in Physics, Physical 
Chemistry, E.E., M.E., or Ch.E. for 
industrial electronics research. Must 
be outstanding technically with at 
least a few years research ex-
perience, and interested in the de-
velopment of instruments and physi-
cal techniques. OP 

Give experience, education, age, 
references, personal history, salary 
received and salary expected. Please I 
be complete and specific. 

All inquiries will be considered 

promptly and kept confidential. 

E. I. du Pont de Nemours 8, Co. (Inc.) 
Engineering Department Personnel 

Wilmington 98. Delaware 

CIRCUITS AND MICROWAVE ENGINEERS 
Permanent Positions for Men with Several Years of Experience 

A rapidly expanding organization with long range programs for commercial 
and government developments offers excellent opportunities in the field of 
general instrumentation including VHF, UHF, and microwave test equip-
ment. 
Our modern, well equipped laboratories are conveniently located in down-

town Brooklyn and offer a stimulating and pleasant working atmosphere. 
Men with Master's or Ph.D. degrees are preferred. 

trir) /,) 
RESEARCH and DEVELOP MENT CO • Inc. 
202 TILLARY STREET. BROOKLYN I N. Y 

RESEARCH OPPORTUNITIES IN THE LOS ANGELES AREA 
Unusual Opportunity for Senior men with degrees and at least five years of 
outstanding proven accomplishment to achieve further growth by working 
with some of the nation's outstanding scientists on commercial and military 
projects in large modern electronics laboratories. 

ELECTRONIC ENGINEERS  SERVOMECHANISMS 
PHYSICISTS—CIRCUITRY  ENGINEERS 

PHYSICISTS—ANALYSIS  ELECTRO MECHANICAL 
PHYSICISTS—OPTICS  ENGINEERS 
PHYSICISTS—ELECTRON  TUBES  MECHANICAL DESIGNERS 

Long term program of research and development in the fields of Radar, 
Guided Missiles, Computers, Electron Tubes, and related equipment. 

Please do not answer unless you meet the above requirements. 

RESEARCH AND DEVELOPMENT LABORATORIES 
Hughes Aircraft Company  CULVER CITY, CALIFORNIA 

54A 
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VEW..JAN COMPONENT STANDARDS BRING DEPENDABILITY 
111 components meet the latest JAN (Joint Army-Navy) specifications. 
his means maximum resistance to wear, corrosion, humidity, fungus, 
temperature, and time. Thus, equipment failure is minimized and main-
seance and replacement costs are reduced to the absolute minimum. 

'emperature —equipment operates dependably from — 55'C to 
r75 C (— 67 F to +167'F). 

lumidity —equipment performs normally at 100% humidity with con-
ensation. 
1Ititude —equipment operates at full power at altitudes up to 10,000 
eet (3,048 meters), and withstands shipping altitudes up to 30,000 feet 
?,144 meters). 

YEW.. UNIT CONSTRUCTION PROVIDES OPERATING FLEXIBILITY 
- flexible, multifrequency station can be formed from a combination 
.4 96D and 96-200C Transmitters, one or two 50H Modulators and a 
:6D Rectifier. This provides for either simultaneous transmission on 
everal frequencies or the selection of an individual frequency best 
uited to your particular communication problem. 

'VFW.. FRONT CONTROLS PROVIDE ADJUSTMENT CONVENIENCE 
lI controls are located on the front of the transmitter: all R. F. stages 
'rid antenna tuning, under and overload and tone-keying adjustments, 
;election switch for external frequency shift excitation, rotary meter 
twitch, exciter output control. 

NEW.•. DRAWER-TYPE CONSTRUCTION Means Easy Maintenance 
Ball bearing, drawer-type construction permits the transmitter to be 
quickly withdrawn from cabinet. All components are instantly accessible 
... no components are hidden or buried. 

Write Today 
for complete information and specifications. 

WILCOX 
ELECTRI C  CO MP A NY 

KANSAS CITY 1, MISSOURI • U.S.A. 

tablaslablal. 

WILCOX ANNOUNCES A 

Camera /Yew 
96 Series 

Transmitting Station 
2-18 ai ds  2500 Watts 

PROCEEDINGS OF TIIE I.R.E.  February, 1951 
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&caustic Eafasertts 
RENDIX RADIO DIVISION 

Bendix Aviation Corporation 

PRODUCTION DESIGN  RESEARCH 

Openings for experienced en-
gineers or recent graduates 
who are seeking a permanent 
position in a modern, well-
equipped electronics organiza-
tion working with a special-
ized and highly technical 
professional group. 

Positions available for work 
on: Search and Airport Sur-
veillance Radar; G.C.A.; Com-
munication and Navigation 
Equipment;  Broadcast and 
Television; Mobile Equipment; 
Test Equipment. 

Housing and rentals in area aro plentiful 

Send resume to: 

MR. W. L. WEBB, Director 
Engineering and Research 

BENDIX RADIO DIVISION 
Baltimore 4, Maryland 

An invitation from Lorkheed in California to 

SENIOR 
ELECTRONIC SYSTEMS 

ENGINEERS 

Lockheed invites yo 
long-range productio 
the aircraft of the fut 

Lockheed offers an 
mensurate with your 
a future in aeronautic 
Lockheed provides g 
ances for those who 
If you have: 

I. An M S. or Ph.D. i 
Physics — 

2. A minimum of t 
advanced electro 
including radar 
vomechanisms, co 

3. Familiarity with 
mint requirement 

Write today—giving fi41 details as to education, 
experience and salary requirements. Address: 

Karl K Kunzr, Employment Manager 
LOCKHEED Aircraft Corporation 
Burbank. Catforn I a 

to participate in its 
program, developing 
re. 

ttractive salary corn-
ility and background. 
I science. In addition, 
nerous travel allow-
alify. 

Electrical Engineering or 

ree years' experience in 
ic systems development, 
icrowave techniques, ser-
puters and fire control — 

rborne electronics equip. 

(Continued from page 54A) 

director calibre for permanent employ-
ment. A solid electronics background is 
essential, as is direct experience in the 
planning and writing of instruction books 
to Navy, Air Force, and Signal Corps 
specifications. Security clearance will be 
required after employment. Concern is 
located in downtown New York City. 
Send detailed resume to Box No, 638. 

ELECTRONIC ENGINEERS 
Senior engineers or Physicists, degree 

and experience in Radar, Pulse Circuits, 
Digital or Analogue Computers, or Servo-
mechanisms. Electronic Engineering Com-
pany 180 S. Alvarado Street, Los An-
geles 4. California. 

CIRCUITS AND MICROWAVE ENGINEERS 
Rapidly expanding company in the in-

strumentation field has openings for Se-
nior engineers with several years of ex-
perience. Men with Masters or PhD 
Degrees preferred. Excellent opportuni-
ties in field of VHF. UHF and micro-
wave test equipment. Location Brooklyn. 
Send complete resume to Box 639 I.R.E. 

ELECTRONIC ENGINEERS 
Naval Ordnance Laboratory, outside 

Washington, D.C., offers unusual oppor-
tunities to men with college degrees, in 
the fields of communications and instru-
mentation. Starting salaries may run as 

(Continued on page 58A) 

NATIONAL UNION 

RESEARCH DIVISION 
Senior engineers and physi-

cists are needed for research 

and development of Cathode 

Ray, Subminiature, Second-
ary Emission and highly spe-

cialized types of Vacuum 

Tubes. 

Junior Electrical Engineers 

are desired for training as 

tube or circuit design engi-
neers. 

Men qualified by virtue of 
education or experience to 

handle problems in the field 
of tube or circuit design are 
invited to send their resumes 
to: 

Divisional Personnel Manager 

National Union Research Division, 

350 Scotland Rd., Orange, N.J. 

Position available in the 

midwest for a competent 

electronics  circuit  engi-

neer. Duties consist of di-

recting the operation of 

an electronics instrument 

group in an A.E.C. labora-

tory. The candidate should 

have broad experience in 

electronic  circuitry,  par-

ticularly that used in con-

nection with nuclear phys-

ics measurements. Salary 

commensurate with quali-

fications. 

Box 647 

The Institute of Radic 

Engineers, Inc. 

I East 79th Street, New York 21 

N.Y. 

ENGINEERS 
ELECTRONICS 

RESEARCH AND 

DEVELOPMENT 

In Baltimore, Maryland 

Career Positions 
for 

Top Engineers and Analysts 
in 

Radar Pulse, Timing and In-
dicator Circuit Design 
Digital and Analogue Com-
puter Design 
Automatic Telephone Switch-
board Design 

Also 
Electro-Mechanical Engineers 
Experience in servo-mechanism. lips-
dal weapons, fire control, and guided 
missile design. 
Recent F—E. graduates and those with 
at least one year electronics research 
and development work will also be 
considered. 
Salary commensurate with ability. 
Housing reasonable  and plentiful. 
Submit resume outlining gualifica-
Sons in detail. Information will be 
kept strictly confidential. Personal In-
terviews will be arranged. 

THE  GLENN  L. MARTIN  COMPANY 

Employment Department 

Baltimore 3, Maryland 
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ai0 

no w 

-transformer? 
, • 
Vendixt• Specialized Dynamotors 

are made for the Job! 

• • 

Whenever DC power is required at other than the supply 
voltage, Bendix* Specialized Dynamotors function as DC 
transformers. They can be wound for any input or output 
voltage between 5 and 1200 volts, and they can deliver 

power up to 500 watts. Multiple outputs can be supplied to 
correspond with several secondaries on transformers, and 
their output voltages can be regulated within close limits 
regardless of input voltage or load variations. Bendix 
Specialized Dynamotors are tailored to the exact require-
ments of each application by the design of the windings used 

in standardized frames. This reduces the cost, size and 
weight to an absolute minimum, consistent with the oper-
ational requirements. Compliance with Government speci-
fications is assured by the choice and treatment of materials 
and the basic design. A complete description of your require-
ments will enable our engineers to make concrete recommenda-
tions . . . All orders are filled promptly and at moderate cost. 
SiLG. U. S. PAT. Of?. 

RED  BANK  DIVISION  OF 

BENDIX  AVIATI ON  CORPORATION 

RED  BA NK, NE W JERSEY 

bps,'  Ir. Boodia inieinational Division, 12 Filth Avenue. N. Y. II N. Y. 

Write for this colorful and informative book 
— it's tree. You'll find it loaded with facts 
and figures about all types of dynamotor& 

swu m" C O 41100 
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OPPORTUNITIES 
FOR 

ENGINEERS 

SCIENTISTS 
GENERAL  ELECTRIC  COMPANY, 
Electronics Dept., has excellent oppor-
tunities for experienced technical per-

sonnel in the following areas: 

ADVANCED DEVELOPMENT 

DESIGN —CIRCUIT,  COMPO-
NENT, AND PRODUCT 

FIELD SERVICE 

TECHNICAL WRITING 

These positions available 
in the following fields: 

-TRANSMITTERS, RADAR, 
TUBE, RECEIVERS— 
TELE VISION AND 
COMMUNICATIONS 

If you have a bachelors or advanced 
degree in Electrical or Mechanical En-
gineering, Physics,  Metallurgy,  or 
Physical Chemistry and experience in 
the electronics industry it will be worth 
your while to investigate these oppor-
tunities. 

Send complete resume (Listing salary 
requirements  and  availability)  to: 
TECHNICAL  PERSONNEL,  ELEC-
TRONICS PARK, SYRACUSE, N.Y. 

General Electric Co. 

PHYSICISTS 

AND 
ENGINEERS 

You can find plenty of positions where 
you will work on minor improvements 
en  radar, telemetering systems, and 
other conventional devices.  However, 
you will find very few positions where 
you can break ground in new fields hiv-
ing tremendous significance. This you 
can do at the JACOBS INSTRUMENT 
COMPANY, whose entire effort is de-
voted to pioneering activities in new 
fields that it has opened up itself. One 
of these fields, for example, la that of 
ultra-high speed, ultra-compact digital 
computers and controllers. This cern-
pany's JAINCOMP family of computers 
dominates this field. Other equally im-
portant fields are being developed. En-
gineers and physicists with sound back-
grounds and experience in the design 
of advanced electronic circuits or pre-
cision  mechanical  instruments  may 
qualify,  also  individuals  with  good 
backgrounds in applied physics. A few 
openings exist for outstanding Junior 
E. E.'s and physicists, also experienced 
technicians; applicants for these posi-
tions must apply in person. 

JACOBS 
INSTRUMENT CO. 

4718 Bethesda Ave. 

Bethesda 14, Maryland 

(Continued from page 56A) 

high as $6400. Men with specialized ex-
perience in the video or the instruments 
fields are urgently required. Attractive 
openings exist for men with inclinations 
in other directions. Address: Personnel 
Department, Atten: UT, Naval Ordnance 
Laboratory, White Oak, Silver Spring 19, 
Maryland. 

ELECTRONIC ENGINEERS 
At least three (3) years' post-college 

experience in development, DC amplifier, 
digital computers, pulse and servo design. 
Establish Company, New York City, Box 
640. 

ELECTRONICS ENGINEERS 
Sales, design and application engi-

neering. Positions open in Sales and En-
gineering Depts. of manufacturer of 
communications equipment. Salary com-
mensurate with experience. Location Chi-
cago. Box 642. 

TELEVISION ENGINEER 
For design and development of Tele-

vision and Radio Receivers' by one of 
Chicago's oldest Television and Radio 
manufacturers. Applicant required to have 
college degree or equivalent. Experience 
necessary in design and measuring tech-
nique. Give age, experience, reference, 
etc. Salary open. Apply box 643. 

(Continued on page 60A) 

ENGINEERING 
OPPORTUNITIES 
IN 

Westinghouse 
Wanted: 

Design Engineers 
Field Engineers 
Technical Writers 

Must have at least one year's 
experience. 

For work on airborne radar, 
shipborne radar, radio communi-
cations equip., microwave relay, 
or micro-wave communications. 

Good pay, excellent working 
conditions; advancement on in-
dividual merit; location Balti-
more. 

Send resume of experience and 
education to: Manager of In-
dustrial Relations, Westinghouse 
Electric Corp., 2519 Wilkens 
Ave., Baltimore 3, Maryland. 

PROJECT 

ENGINEERS 

An Invitation 
is Extended to 

ELECTRONIC & RADIO 

ENGINEERS 

ATTENDING THE 

I R E CONVENTION 

TO VISIT OUR PLANT 

AND INVESTIGATE THE 

OPPORTUNITIES AVAILABLE 

AT PRESENT IN OUR 

ENGINEERING DIVISION 

APPLY OR PHONE FOR APPOINTMENT 

EMPLOYMENT OFFICE 

SPERRY 
GYROSCOPE CO 

DIVISION OF THE SPERRY CCAF 

GREAT NECK, L.I., N.Y. 

RESEARCH 
OPPORTUNITIES 
The University of Michigan is ex-

panding its research organization 
and will have a number of excellent 
opportunities open in important re-
search programs for ENGINEERS. 
PHYSICISTS AND MATHEMA-
TICIANS. Work classification., are 
in the field of: 

Electronics 
Systems Analysis 
Simulation and Automatic Compu-
tation 

Propulsion and Combustion 
Servo-mechanisms 

Researchers have an opportunity 
to complete their requirements for 
graduate degrees while employed. 
Salaries are commensurate with 
training and experience. Applicants 
are invited to send a resume of edu-
cation, background and experience 
to 

Personnel Office 

University of Michigan 

Ann Arbor, Michigan 
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-cos+ no more fon 
PHENOLIC TYPES 

These glass-bonded mica sockets are pro-
duced by an exclusive MYCALEX process 
that reduces their cost to the level of phenolic 
sockets. Electrical characteristics are far supe-
rior to phenolics while dimensional accuracy 
and uniformity exceed that of ceramic types. 

MYCALEX miniature tube sockets, available 
in 7-pin and 9-pin types, are injection molded 
with great precision and fully meet RT MA 
standards. They are produced in two grades, 

SINCE 1919 

it.tYCAL  
THE  IN S UL AT 

TRADE MARKREG US PAT OFF 
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lotu1oc miniaftire 
TUBE SOCKETS 
OFFER ALL THESE ADVANTAGES: 

• • • CLOSER TOLERANCES 

..... LO WER DIELECTRIC LOSS 

....... HIGH ARC RESISTANCE 

HIGH DIELECTRIC STRENGTH 

• GREAT DIMENSIONAL STABILITY 

.. IMMUNITY TO HUMIDITY 

• HIGH SAFE OPERATING TEMPERATURE 

,.,•••••••••• 

'PO IC1117111F fli" 

'( 

described as follows, to meet diversified 
requirements. 

MYCALEX 410 conforms to Grade L-4 speci-
fications, is priced comparable to mica-filled 
phenolics. Loss factor is only .015 at 1 mc., 
insulation resistance 10,000 megohms. 

MYCALEX 410X is low in cost but insulat-
ing properties greatly exceed those of ordinary 
materials. Loss factor is only one-fourth that 
of phenolics (.083 at 1 mc.) but cost is the 
same. Insulations resistance 10,000 megohms. 

MYCALEX TUBE SOCKET CORPORATION 
Under ExclusIve Locense of 

MYCALEX CORPORATION OF AMERICA 

30  ROCKEFELLER  PLAZA,  NE W  YORK  20, N. Y. 

CORPORATION OF A MERICA 
Owner% of MY(Alf  Poivro, 

['scuff's Offices. 30 Rockefeller Plain, New York 20 • Plant and General Offices Orton, New Jersey 

• .59 



The little cartridges 

that fill the Big need 

for High Fidelity 

Phonograph Reproduction.. 

THE 

NE W  SHURE  VERTICAL 
DRIVE" 

CRYSTAL PICKUP CARTRIDGES 
Big things often come in little packages . . . So it is with the 
superlative new Shure "Vertical Drive" Crystal Cartridges. 
They reproduce all the recorded music on the new fine-
groove recordings—a reproduction that meets the strict 
requirements of high compliance and full fidelity. The "Ver-
tical Drive" cartridges are requisite for the critical listener— 
the lover of fine music. They are especially recommended 
for those applications where true fidelity is essential. 

W 2 3A  for 
standard 
width -SINGLE  recom.  . groove 

MODELS: 
W21A for fine-
groove rec.. 
*eds. 

TURNOVER 
MODELS: 

W22A  and 
W22AB for 
both standard 
and  line. 
g r o o v e  r• -
cording,. 

Unusually highly compliant, these "Vertical 
Drive" Cartridges will faithfully track stand-
ard records with a force of only 6 grams— 
micro-groove records with a force of only 5 
grams (an added protection for treasured re-
cordings). Will fit standard or special mount-
ings. Have more than adequate output for 
the average audio stage. 

Microphones and Acoustic Dovicoi 

225 WEST HURON STREET, CHICAGO 10, ILL. 

60A 

SHURE BROTHERS, INC. 

CABLE ADDRESS: SHUREMICRO 

Positions Open 
(-,,mmii(,f from rage 58,4) 

ELECTRONICS ENGINEERS 

A large Cleveland manufacturer of 
Automotive and Aircraft Engine Parts 
is entering the Electronics Field. Devel 
opment Engineers and Laboratory Tech 
nicians are needed to conduct development 
testing of qualification test samples, de 
sign and build test setups, writing re 
ports etc. Work is original in the fiel 
of high frequency signal transmission 
(frequencies up to 11,000 mega-cycles pe 
second). Reply should give training, ex 
perience in detail, past employers, earn 
ings and other pertinent facts. Thompso 
Products, Inc., 2196 Clarkwood Roa 
Cleveland 3, Ohio. 

ENGINEERS 
Four senior electronics research an 

development engineers with a minim 
of five years' experience in pulse and gen 
eral radar design. Assignments will in 
elude microwave test equipment projec 
and guided missile development. Degr 
essential. Excellent opportunity for ad 
vancement in rapidly expanding company.. 
Modem plant of 250 workers located in 
Los Angeles area. Three experienced ju-
nior engineers also required. Send re•-urne 
of education, experience, salary de,ired, 
to Box 644. 

ELECTRICAL ENGINEER 
B.S. or M.S. to work with group on 

circuits  and  miniaturization  problems 
relating to electronic equipment and tech-
nique. Must be capable of job planning 
and project control. Minimum 5 years' 

(Continued en page 62A) 

PHYSICISTS 
AND 

SENIOR RESEARCH 
ENGINEERS 

POSITIONS NOW 

OPEN 

Senior Engineers and Physicists having out-
standing academic background and experience 
in the fields of: 

• Microwave Techniques 
• Moving Target Indication 
• Servomechanisms 
• Applied Physics 
• Gyroscopic Equipment 
• Optical Equipment 
• Computers 
• Pulse Techniques 
• Radar 
• Fire Control 
• Circuit Analysis 
• Autopilot Design 
• Applied Mathematics 
• Electronic Subminieurixation 
• Instrument Design 
• Automatic Production Equipment 
• Test Equipment 
• Electronic Design 
• Flight Test Instrumentation 

are offered excellent working conditions and 
opportunities for advancement in our Aero-
physics Laboratory. Salaries are commensurate 
with ability, experience and background. Send 
information as to age, education, experience 
and work preference to: 

NORTH AMERICAN AVIATION, INC. 

Astrophysics Laboratory 
Box No  N-4, 12214 South Lakewood Blvd. 

Downey, California 

PROCEEDINGS OF THE I.R.E. February, 1951 



Nu Can Depend on 
for 

Sn• many years Daven has beeen known 

0 quality of its attenuators. And, although 
production has grown to include a wide 

of instruments for the electronics in-

a, the development of its attenuators has 

m apace. Much of the testing equipment 

I.y Daven to guide them in the manufactur-

f attenuators has been developed by 

own engineering specialists. As a result, 
ut attenuators have become the standard of 

:dustry, by which all other similar equip-

his measured. Shown and described here 

1,0 of the newest units that are typical of 
1st Daven line of attenuators. Your inquiry 

lecific information to apply to your own 
ilar problems is invited.  Let Daven 

you with completely detailed catalog 

HE  vENco. 
195 CENTRAL AVENUE 
NE WARK 4, N. J. 

ttenuators 

RF Attenuation Network 

This equipment is an exclusive Daven development. 
It is a moderately priced attenuator incorporated in an 
RE Attenuation Box to insert accurate losses from D.C. 
to 225 MC. The unit has many applications where attenua-
tion of UHF is desired, since it can be utilized as an 
all-purpose laboratory and test instrument. 

ZERO INSERTION LOSS OVER ENTIRE FREQUENCY RANGE. 
FREQUENCY RANGE: Zero to 225 MC. 
IMPEDANCE ACCURACY: Within ± 5 % over frequency 
range. 

ATTENUATION ACCURACY: ± 5 % over frequency range. 
CONNECTORS: Receptacles are supplied.  Cable plugs, 
if required, will be supplied at a slight additional 
cost.  When ordering, specify which type connector is 
desired —either Series "BNC" (UG-185/ W or Series 
"N" IUG-58/1.1). 

ORCUIT:  Constant input and output impedance (un-
balanced).  Zero initial loss. 

. RESISTOR ACCURACY: ±2 % at D.C. 

Carrier Frequency Decade Attenuator 

This equipment is particularly applicable to extremely 
accurate measurements from D.C. to 200 kc. and can be 
used up to the lower radio frequencies. The Decade type 
switches make the box convenient to use. In addition, there 
are svv itch stops which prevent return from full to zero 
attenuation when making adjustments. A total of 110 Db. 
is available in 1.0 Db. steps, or 111 Db. is available in 
0.1 Db. steps. Both of these types may be obtained in 
either a balanced H or an unbalanced T network. 

ACCURACY: Each individual resistor is adjusted within 
± 0.25 % of its correct value. The error in attenuation 
is less than ±1 % of the indicated value, provided 
the output is matched by a pure resistance. 

FREQUENCY ERROR: At frequencies below 200 kc., the 
total error in attenuation will not be greater than 
1 •/. of th• indicated value. 



Positions Open 

Microwave Equipment 

KINGS proudly introduces a new and complete 

line of microwave equipment. Many 

improvements in design and construction 

are your assurance of the finest in 

precision instrumentation. Our engineering 

department is ready to cooperate on your 

most exacting microwave and research 

problems. Inquiries are invited. 

A . (  USW ii W  ‘  _ 'W - ‘  W W W NI l• MI I 
a I = III , OLIK . MI • • 111 111111111 • MIIII II In MII • 
ir 1 7111  'MP II  • M IIIMII • • •11111 111 111  M E M 
IN..III A MINIINENITI IIIII M • • • •11  111111. • • 

IlaiNs•C  1 
V III  • M'I tIMI IIIMIIII 

I MO  111/11111 M111 • 111111M III MI  MB  IN 
= I   Mi• • • • • • • •11M a  N M = III 
II   N M  a • E,.  /1111 = MIMI OS NI CO., INC. 

SO Marbledale Road, Tuckahoe 7, N. Y. 
an affiliate of Kings Electronics Company, Inc. 

(Conformed from page 604) 

experience in both audio and TV circu 
and tube component design or equipm 
production. Prefer engineering physic 
or electrical engineer with some mecha 
cal design experience and major inter 
in circuits. Position is with physics La 
ratories. Sylvania Electric Products Inc. 
Bayside, Long Island. Please address re. 
plies to Personnel Manager, 40-22 I .tv,-
rence Street, Flushing, New York. 

ELECTRONICS SALES ENGINEERS 
Positions open for mature gradu.de 

sales engineers over 28 years of age, pref-
erably with practical experience in appli 
cation of dielectric heating to industrial 
problems. Excellent opportunities for type 
of individuals interested in affiliation with 
successful rapidly expanding organiza-
tion. Locations in Chicago and other ter-
ritories. Box 646. 

PHYSICIST 
To conduct research on gaseous dis-

charges. Prefer man with PhD in Phys-
ics with courses in Atomic Physics, Spec-
troscopy and Chemistry, or M.S. with two 
years experience in nuclear research or 
gas discharges or thermionic emission. 
Position is with Long Island Laboratory 
of nationally known electronics company. 
Box 645. 

ENGINEERS AND PHYSICISTS 
Electrical engineers and physicists m 

University connected Research Institute' 
outside continental United States. Mini-

(Continued on page 634) 

Positions available for 

SENIOR 

ELECTRONIC 
ENGINEERS 

with 
Development & Design 

Experience 

in 

MICRO WAVE RECEIVERS 

PULSE CIRCUITS 

SONAR EQUIPMENTS 

MICRO WAVE 

COMMUNICATIONS 

SYSTEMS 

Opportunity For Advancement 

Limited only by Individual 

Ability 

Send complete Resume to: 

Personnel Department 

MELPAR, INC. 
452 Swann Ave. 

Alexandria, Virginia 

PROCEEDiNG.) vi. Ill!. Hid,. bebruary, 19,51 



Positions Open 
.  /Continued from page 624) 

um  B.S. degree.  Security clearance 
pessary. Send Airmail resume of train-
k and professional experience, photo-
lph, references, salary desired to Box 
t • 

PHYSICISTS-ENGINEERS 
• 
':ornell Aeronautical Laboratory, an 
gliate of Cornell University, has perma-
lit positions open in fields of pure and 
olied physics for men of project engt-
m caliber with advanced degrees and 
exrience in physics, applied mathemat-
ri, electronics, and mechanical instru-
irnt design. The position of our labora-
ty is between those of universities and 
:nmercial research institutes, and corn-
b es, we believe, many of the traditional 
aiantages of both. Inquiries confiden-
t!; address Mr. Nathaniel Stimson, 
Ipt. R, Cornell Aeronautical Lab., P.O. 
Ix 235, Buffalo 21, New York. 

TECHNICAL WRITERS 

Electronics section of leading technical 
plisher offers permanent positions to 
verienced  writers  with  engineering 
I:kground; must be familiar with Gov-
eiment instruction book specs  Send 
rume and salary desired, P.O. Box 311, 
Inkers, New York. 

*  * *  * 

Positions Wanted 
By Armed Forces 

Veterans 

lu order to give a reasonably equal op-
Irtunity to all applicants, and to avoid 
ercrowding of the corresponding coi-
n, n, the  following  rules have been 
opted: 
The Institute publishes free of charge 
tices of positions wanted by I.R.E. 
!mbers who are now in the Service or 
ye received an honorable discharge. 
tch notices should not have more than 
e lines. They may be inserted only after 
lapse of one month or more following a 
evious insertion and the maximum num-
r of insertions is three per year. The 
stitute necessarily reserves the right to 
line any announcement without assign-
ent of reason. 

ELECTRONIC ENGINEER 

B.E.E. 1942. Age 30, married, 1 child. 
inc years' experience in research and 
velopment. Experience includes UHF, 
crowaves and servomechanisms. Inter-
xed in changing ri(p.ition. Box 495 W. 

ENGINEER 

Mature engineer. age 40, broad experi-
ce including industrial design, field engi-
el-, foreign experience. B.S. in EE. Uni-
irsity of Illinois, UHF major. Now com-
t•ting work for M.S. in E.E., physics 
ophasis in research. Domestic or foreign 
oployment  (supervision  of  overseas 
lanch) will be considered. Box 496 W. 

(Continued on page 644) 

06-571/U  06-21111/U  U6-463/U UG-1901J uo.iss/u UG-SSAJ 

06.222/U  U6-174/U 

41-b 

11:1 mi 
SO-239 ve-hioatu 

preferred  by  engineers  every where 

From coast-to-coast, engineers in all fields look to 

Kings Electronics for the finest coaxial connectors. 
Special problems in design and fabrication receive 

the wholehearted cooperation of Kings own engineering department. 

For precision-made, pressurized R. F. Connectors 
call on Kings — the leader. Quotations on request. 

811 LEXINGTON AVENUE, BROOKLYN 21, N. Y. 
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Positions Wanted WHEN YOU NEED A MINIATURE TRANSFORMER 

CHECK 
THESE FEATURES 

OF THE 

SIZE AND WEIGHT Because they are designed for high 
operating temperatures, Hornet Transformers and Reactors have 

only about one-fourth the size and weight of Class A units of 
comparable rating. 

VOLTAGE RATINGS Designs are available for RMS test 
voltages up to 10,000 volts at sea level, and up to 5,000 volts at 

50,000 feet altitude. Power ratings from 2VA to 5KVA. 

POWER FREQUENCIES These units are designed to oper-
ate on 380/1600 cps aircraft power supplies,. 60 cps power sup-
plies, and any other required power frequency. 

AMBIENT TEMPERATURES Hornet Units can be designed 
for ambient temperatures up to 200 deg. C. Size for any. given 

rating depends upon ambient temperature and required life. 

LIFE EXPECTANCY Extensive tests indicate that the life 
expectancy of Hornet units at continuous winding temperatures 
of 200 deg. C. is over 50,000 hours. 

MOISTURE RESISTANCE Since Hornet Transformers and 
Reactors contain only inorganic insulation, they are far more 
moisture resistant than conventional Class A insulated units. 

EFFICIENCY Regulation and efficiency of Hornet Trans-
formers compare favorably with Class A units. 

SPECIFICATIONS Hornet Transformers meet the require-
ments of Government specifications covering this type of equip-
ment. 

Bulletin 11300, containing full electrical and dimensional 
data on Hornet units, is now arailable. 11-rite for it, or tell 
us your specifications for special units. 

NE W YORK 
TRANSFORMER CO., INC. 

ALPHA NE W JERSEY 

(Continued from page 63,4) 

ELECTRICAL ENGINEER 
11.S.E.E. Columbia, Tau Beta l'i 

31, married. Seven years' develop 
production and administrative expert 
Wide shop background, inventive all 
capable trouble shooter. Designed, de 
oped, manufactured electronic controls 
machinery precision  electro-mechan 
devices. 21/2 years Navy, radar and soi 
instructor. New York metropolitan ,r 
Box 499 W. 

COMMUNICATIONS TECHNICIAN 
Age 34, married. Extensive experia 

installation maintenance D.S.B., S.S 
Diversity communications receivers: 
(110-telephone terminal units, etc., rad 
facsimile specialist. Six years' wartii 
experience line communication and mob 
radio. Five years' British communicatic 
company. Consider suggestions for it 
1951. Canada preferred. Box 505 W. 

ENGINEER 
Three years' experience as Producti 

Supervisor and test B.S.T.E. A T.I. 
some experience at circuit design, sev 
years' analyzing and repair TV and ray 
receivers. Age 27, married, one child. 
sires either production or design, M . 
west. Box 506 W. 

ENGINEER 
B.E.E. Age 27, married, child. Prese 

salary $5300. Eight years' experience 
radar, radio-facsimile, pulse, video c' 
cuits development. Now with large 
search laboratory. M.S. expected in J 
1951.  Interested in position requiri 
greater responsibility. Metropolitan N 
York City. Box 507 W. 

(Continued from page 48.4) 

Patterson. T. C., "Vindomora," Gillas Lane (F 
Houghton-Le-Spring. Co. Durham. Ea 
land 

Pedersen. I. C".. 1830 S. 54 Ave.. Chicago 50, III. 
Richards. P. A., 1409 New Holland Pike. La 

R.F.D. 5, Pa. 

Scal. R. K-F., 3513 Idaho Ave., N. W.. Washingt 
16, D. C. 

Smith. H. M., Box 578, Sackville, N. B.. Canada 

Smullin, L.. D.. Massachusetts Institute of Tecluno 
egY. Rm. 20-B-003, Cambridge 39. Mas 

Stewart. N. H., Westinghouse Electric Corporatio 
Bloomfield. N. J. 

Veith. F. S., 28 Kreider Ave.. R. D. 3. Lancaste 
Pa. 

Webb, D. T.. Philco Corporation, C & Tioga S 
Philadelphia. Pa. 

Webb, E. L. R.. 31 Dunvegan Rd.. Manor Part 
Ottawa. Ont.. Canada 

Admission to Senior Member 
DeFrance. J. J.. 35-06 201 St., Bayside. L. I.. N. 
Golay. M. J. E.. 372 Hollywood Ave. West En 

N. J. 
Greer. W. J.. Box 2535. Houston 1. Tex. 
Kearney, J. P., 2315 Westbrook Dr.. Toledo. hi 
Mostafa, A. E.. Faculty of Engineering. Farouk 

University. Alexandria, Egypt 
Rinia. H., Philips Research Laboratories. Find 

hoven. Holland 
Swift, M. E., R. D. 1, Lansdale, Pa. 
Zeitz, A.. 1048 Norwood Ave.. Elberon. N. J. 

(Continued on page 664) 
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INCREDUCTOR 
newest component in the electronic field 

INCREDUCTOR is the trademark designating a new type variable induc-

tor that is: 

—electrically controlled —no moving parts 

—variable over a useful inductance range of 100 to I—or 200 to 1— 
or even more in some applications 

—low in loss—maintains high Q even at megacycles 

—controlled with minimal power, compact and light in weight 

—the result of years of intensive research by C. G. S. engineers* 

These valuable characteristics of the INCREDUCTOR are attained by 
the use of separate control and signal windings, specially arranged on a 

ceramic core having unusual magnetic properties. 

Alternating or direct current variations through the low power control 

winding produce corresponding variations in the inductance of the INCRE-

DUCTOR signal winding. 

The standard line of C. G. S. INCREDUCTORS now available includes 
units with a wide range of starting inductances and frequencies. For those 
applications in which the standard C. G. S. INCREDUCTORS will not pro-
vide the requisite characteristics, C. G. S. will design and produce INCRE-

DUCTORS to meet your specific requirements. 

Write us on your letterhead for a descriptive bulletin, including inform?) 
tion and prices on standard units, together with helpful design data.** 

* Pat. applied for. 
** See also -300 to 4000 Kc Electrically Tuned Oscillator" by A. I. Pressman and 1 P Blewett, Pr 
I. R. E. January 1951. 

C. G. S. LABORATORIES, INC. 
390 Ludlow Street  Stamford, Connecticut 

O F  III!  I  ti t ; 



DIRECTIONAL ANTENNAS 
Workshop directional  and bi-directional) antennas are designed ex-

pressly for point-to-point communications, particularly — railway, high-

way patrol, public safety, police, utility, pipe lines, forestry, and other 

similar uses. Their high gain and sharp directivity provide strong, clear 

reception and long-range coverage at minimum cost. Rugged, heavy-

gauge aluminum elements and enameled steel supports guarantee long, 

dependable service with no maintenance expense. Installation is very 

simple, requiring only an iron pipe mast and cable. Ten different models 
are available, one for each operating band. 

GAIN — Conservatively rated at 7.6 db. over a 1/2 -wave dipole; 15.2 

db. for system when used in pairs — one at 
each end of circuit 

RUGGED CONSTRUCTION — Withstands steady  65  mph 

wind with 1/2 " radial ice; 85-90 mph without 
ice with adequate safety factor 

1/2 -POWER ANGLES — 64° Horizontal, 68 ° Vertical 

FRONT-TO-BACK RATIO — 20 db., measured 

OTHER 

W ORKSHOP 

ANTENNAS 

Aeronautical Ground Station 
For aircraft communi-
cations — omnidirec-
tional. 

Parabolic Antennas 
For radio, microwave. 

STL and TV relay and 
communications. 

Beacon 
For fire, police, taxi-

cab, and private fleet 
communications. 

TV, FM and Amateur 

VSWR — Less than 1.5:1 

IMPEDANCE — 52 ohms 

VERTICAL POLARIZATION — Horizontal on request 

MOUNTING — 11/2 " standard threaded pipe 

ENGINEERING and CONTRACT SERVICE. The 

WORKSHOP handles scores of special govern-

ment and commercial antenna problems every 

year from design through production. If your 

product or service  requires  high-frequency 

antennas — research, design, or production — 

get in touch with the WORKSHOP. Write, 
or phone Needham 3-0005. No obligation. 

The WORKSHOP ASSOCIATES, Inc. 

Specialists in High Frequency Antennas 

135 Crescent Road, Needham Heights 94, MassachusettS 

(.,,utinued trout f I ge 

Transfer to Member 

Bourret, P. L.. Ateneo de Manila, 406 Padre Fan 

Manila. P. I. 

Coe. J. C., 4468 Stoddard St., San Bernardino. ( 
Fankhauser, J. E., Department of Electrical I. n 

gineering, State University of Iowa.  
City, Iowa 

Fitch. W. M.. 734 N. Taylor Ave., Oak Park. I 
Grauling. C. H. Jr.. 127 E. Clement Sr.. Baltim 

30, Md. 

Hafstrom. J. R.. 618 Glenwood Rd., Madison 

Howard, L. L.. 818 W. Vine St.. Champaign, III. 
Jones, R. B., 4322 Arlington Ave.. Fort Wayne. I 

Klehfoth, W. G., 516 19 St.. N. E., Cedar Rani 
Iowa 

Koppel. R. J..  67-71 Yellowstone Blvd., Fore 
Hills, L. 1., N. V. 

Letts. R., 2440 Trenton Rd.. Town of Mt. Roy 

Que., Canada 
Manoog. J. C., 70 June St.. Worcester. Mass. 

Michael, F. R., 1300 Church Rd., Oreland, Pa. 
Murakami. T., 1112 Mercer Dr., Haddonfield. N. 
Nordstrom. G. J., 1651 11 St.. N. W., Cedar Rap' 

Iowa 
Parnell. J.. 545 Locust Ave.. Philadelphia 44. P.. 
Paulin. W. P., 422 •Davenport Rd., Toronto. Ont. 

Canada 
Pratt, G. W.. Philco Corporation. Church Rd 

Lansdale, Pa. 
Sheldon. H. W.. 8102 New Second St., Elkins Par k 

Philadelphia, Pa. 
Stubbe, R. R.. R. D. 1. Sunbury, Pa. 
Tustin. W., 13941 12 St.. S. W.. Seattle 66, Wash. 
Vijayaraghavan, K., Lecturer in Physics. Ann 

malai  University.  Annamalainagar, 
India 

White, W. H., 1454 S. Gordon St.. S. W.. Atlant 
Ga. 

Ziniuk, M. A., 4517 Springwells Ave.. Detroit 10 

Mich. 

Admission to Member 

Adams, R I. . 131 Albany Ave., Westbury. L. I. 
N V. 

Ball, D. F 3910 Purdue St.. Houston. Tex. 

Beaton, C. R.. 63 Cedarlawn. Valley Stream. I.. I 
N. Y. 

Colvin, J. W.. 212 Linden Ave., Towson 4, Md. 
Crail, A. C.. 18204 Waterbury, Maple Heights. Ohio 
DeZube, L. H., 11.28 Wagner Ave.. Philadelphia 41, 

Pa. 
Eike, 0. M., 506 N. Lincoln Ave.. O'Fallon, Ill. 
Ellis. C. 0.. c/o Rock Island Lines, Chicago 5, Ill. 
Follis, F. R.. 10775 Galvin St.. Culver City. Calif. 
French, H. N., 66 Fairview Ave., Chatham, N. J. 
Gay, %V. D.. 15883 Evanston, Detroit 24. Mich. 
Greenspan. J., 575 Ocean Ave.. Brooklyn 26. N. Y 

Greig. C.. Provincial Wireless Officer, Wireless Sta. 
Dilkusha, Lucknow, India 

Jewell. R. L., Jr.. 826 Parker St., Roxbury 20. Mass. 
Kline, L. H.. 2677 Euclid Heights Blvd Cleve'an 

Heights 6, Ohio 
:Mathews. K. C., 5633 N. Kenmore Ave., Chicago. 

Murray. R. W., Jr.. 528 Spruce Ave.. Upper Darby. 
Pa. 

Phillips. T. L.. 9 Pond St.. Jamaica Plain 30. Mass. 
Reynolds, J. H., c/o Mackay Radio & Telegraph 

Company, 345 Hudson St., New York, 
N. Y. 

Sauber, J. W., Electrical Engineering Department. 

University of Tennessee. Knoxville. Tenn. 
Tompkins, F. G.. 547 E. Ford Ave., Barberton, Ohio 
Turner. R. J. A.. c/o Chalmers, R. R. 3. Belleville. 

Ont.. Canada 
%Varr, G. D.. 405-B Langley, China Lake. Calif. 
Woodbury. C. P.. 54 Roydon Dr., E.. Merrick. L. 1.. 

N. V. 

(Continued on page 684) 
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P I4 
SPECIFY o 

for Accurate, Dependable Electrical Measure ments 

BECAUSE Simpson has developed quality control to 
a new modern high with this successful production 
policy. Design everything that goes into an instrument 
—make everything that goes into an instrument—keep 
designing for the future—keep quality steadily higher 
—keep prices consistent with material and labor costs 
without exploitation. This quality control is evident 

t --ROCEEDINGS OF THE I.R.E. 

cumin@ 
1111111FICAl. 

B's 

in every Simpson instrument whether panel or switch-
board, custom-built or stock. The instruments illus-
trated in panel below are only a few of the wide vari-
ety of instruments in the complete Simpson line. Let 
Simpson engineers help you solve your panel instru-
ment problems—and for your standard instrument re-
quirements take advantage of our large stock. 

ELECTRIC CO MPANY 

5200 W. KINZIE ST, CHICAGO 44 • COlumbus 1-1221  • In Canada: BACH SIMPSON, LTD., LONDON, ONT. 

February, 1951 1,7 \ 



PRESTO.... most carefully 
made recording disc in the world 

- grading and labeling step 
Although every recording disc that leaves the modern 

PRESTO plant is made with meticulous care and the finest 

materials, only those that have passed the most rigid inspec-
tion can qualify for the "Green Label." This label on a disc 

means that it possesses as perfect a recording surface as can 
be created by modern methods. 

After discs have been carefully graded, they are assigned 

various color label distinctions. Drive holes are punched 

and they are sent to the labeling press, where brilliant col-
ored labels are stamped into the lacquer surface. "Green" 
means the finest, "Brown" is applied 

to those discs with slight imperfec-

tions, while the "Orange" label de-

notes a disc of lighter gauge and 

smaller diameter. 

Labeling is another of the quality-
controlled processes in PRESTO 

disc manufacture ... another reason 

why the PRESTO label is always a 
reliable guide in your selection of a 

recording disc. 

RECORDING CORPORATION 

Paramus, New Jersey 

Mailing Address: 

Box 500, Hackensack, New Jersey 

The famous PRESTO "Green Label" 
. . world's finest recording disc. 

In Canada: 
Walter P. Downs, Ltd. 
Dominion Sq. Bldg. 
Montreal, Canada 

Overseas: 
M. Simons I. Son Co., Inc. 
25 Warren Street 
New York, New York 

(Continued from page 664) 

The following elections to Associate grade 
were approved and are effective as of Jan-
uary 1, 1951: 

Ackley, R. M., 755 Carnegie Ave., Johnstown, l's 

lioedeker. II. F.. 302.3 N. Broadway. Chicago. Ill 
Brooks. K. L.. 4325 S. E. Madison. Portland. Ore. 
Brown, E. A.. 519--A E. South St., Angola. Ind, 
Buclibinder, M. M., 40 Featherbed Lane, New 

York 52, N. V. 
Carlson, R. C.. 1816 Lamont St., Washington, D. C. 

Cherniack, I.. 1272 Van Pelt Ave.. Los Angeles 63, 

Co'tun, L.. 1846 76th St.. Brooklyn 14. N. Y. 

Coyle.  1508 N. Washtenaw. Chicago 21, III. 
Daliinden. D. T., 7965 Earl St.. Oakland 5. Calif. 
Dander. D. A.. 30 W. Fourth St., Emporium. Pa. 
Die'man, J. P., 3548 Douglas Rd.. Toledo, Ohio 
Dimenna, D. L.. 746 Maple St.. Bridgeport 8. Conn. 

Doherty, R. P.. Box 8114, Albuquerque. N. Mex. 

East'. G. H., 845 W. Woodruff Ave.. Toledo 7, Ohio 
English, K. II.. ...160 St. James St., Burnley. Lancs.. 

Erskine. H. E., Old Mill Rd.. Ayer. Mass. 
Flosdorf, F. H.. 636 Anderson Ave., Cliffside Park 2, 

N.J. 
Flynn, M. W., 24 Fairbank Ave., Toronto 10, Ont.. 

Canada 
French. J. C., 449 Poplar St.. Hazard. Ky. 
Gopalakrishnan, E. S.. 7 Hunters Rd.. Madras 7. 

India 
Gray, L. D., Glenn L. Martin Co.. Holluman Air 

Force Base. Alamogordo, N. Mex. 
Hackney. C. B., 5647 W. North Ave.. Chicago 39, 

Hallisey. R. J., 5 California Ave.. Saco, Maine 
Hancock, J. B., 334 Severin St., Modesto. Cal:: 
Hanna, R. N., 908 Prospect Ave., Toledo 6. Ohio 

Heron, L. R., Electronics Division. Naval Air Sta-
tion. Squantum, Mass. 

Herrick. K. R., 2516 Fulton, Toledo 10. Ohio 
Nickerson. J. E.. Albany Post Rd., Wappingers 

Falls, N. Y. 
li fters, G. D.. 108 E. Broadway, Anaheim, Calif. 

Hill. E.. W., 2502 St. Isabel St.. Tampa 7, Fla. 
Hines, L. J., 712 E. Ogden Ave., Milwaukee 2. Wis. 
Hollowed, E. J., 1327 N. Massasoit Ave.. CLicasto 

51. III. 
House. H. J., 19 Grove Ave. Auburn. N. V. 
Icillakis, M. A.. 65 Ag. Meletiou. Athens 8. Greece 

Ingersoll, G. F.. 634 Spencer, Toledo. Ohio 
James. F. L., 6172 -.May Way, Honolulu, Oahu, 

T. H. 
Jensen. R. E.. 5633 N. Mozart St.. Chicago 45. Ill. 
Johnson. C. L.. 324 S. Grand, Independence, Mo, 

Jones, C. W.. Box 305, Paris, Tenn. 
Kalet, E., 29-04 169 St., Flushing, L. I., N. Y. 
Karr. R. J.. 1066 W. Winona, Chicago 40. III. 
Kennewell, E. M., 3 Highway Grove, E. Praliran 

S. 1, X'ictoria. Australia 
Kerbin. J. F., Millbrook, N. V. 
Kerfoot, J. H., 23 Kings Lynn Rd.. Toronto IS. 

Ont., Canada 

Kirby. R. P.. 2805 Lucas Dr., Beaumont, Tex. 
Klein. J., 2400 W. Wilson Ave., Chicago, III. 

Koehler, J. A., 68 Lafayette Ave., Maywood. N. J. 
Kounalis, L. E., 155 N. Main 64, Salt Lake City. 1 

Utah 
Kronengold. M.. Video Corporation of America, 229 

W. 28 St., New York 1. N. V. 
Lambert, K.. 3736 Ledgewood Dr.. Cincinnati 7. 

Long. M. OGh.i,o 108 Timothy St.. Johnstown, Pa. 

Makleff, P., 1368 50 St., Brooklyn, N. V. 

Markowitz. R. S.. 4948 Boudinot St., Philadelphia 
20. Pa. 

Marsh, W. F.. 308 N. Scoville Ave.. Oak Park. Ill. 

Martin, P. E., Bendix International, 72 Fifth Ave.. 
New York. N. V. 

Mason. N. 0., 239 E. 211 St., Cleveland 23. Ohio 
(Continued on page 71A) 
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IPROCIiliDINGS OF THE I.R.E. 

LOOKING FOR A Better WAY? 

EPUT 
• ELECTRONIC TACHOMETRY • SECONDARY 

FREQUENCY STANDARD • FREQUENCY MEASUREMENTS 

• HIGH SPEED COUNTING 

The Berkeley Events-Per-Unit-Time* Meter will automat-
ically count and display the number of events that 
occur during a precise one second interval at rates up to 
100,000 per second. Accuracy is ± one event. These 
events may be any mechanical, electrical, or optical oc-
currences regularly or randomly spaced that can be con-
verted into changing voltages. Thus the EPUT becomes 
an extremely flexible tool which may be used as a precision 
electronic tachometer, a secondary frequency standard, a 
device for rapid determination of unknown frequencies or 
simply a multi-purpose general laboratory instrument. 

AUTOMATIC: This unit will count for a precise one second 
intersal, display the results in direct reading form for a 
period variable from one to five seconds, and then auto-
matically recycle. On "Manual" operation the instrument 

TIM 

(%ill( ount for one second and display the result indefinitely 
until the "reset-count" button is again depressed. 

SELF-CHECKING: Important test feature permits one-second 
(11e(k of the entire circuit with the exception of the 100 kc 
crystal itself. A panel "test" switch allows the instru-
ment to count its own 100 kc crystal and display the 
"00000" result directly. 

MODIFICATIONS  Standard modifications available: a se-
lectable 0.1, 1, and 10 second time base; addition of me-
chanical register for extended range; addition of panel 
switch to permit use as straight counter; scanning feature 
to provide a time base in any multiple of 10 seconds. 
Special modification including accessories such as tach-
ometer pickups and phs)tocell arrangements can be sup-
plied to meet specific requirements. 

1°4  
• TIME INTERVAL MEASUREMENTS 

• PRECISE LO W-FREQUENCY MEASUREMENTS 

• HIGH SPEED COUNTING 

The Berkeley Time Intersal Nleter*, Model 510, provides 
a direct reading of elapsed time between any two events 
in the range of 0.000010 to 1.0000 seconds. Accuracy of 
measurement is ± 10/u secs. Any occurrences that can be 
translated into chaliging voltages may be timed. Timing 
may be started and stopped by independent voltages. The 
polarity of these control voltages may be selected by 
means of toggle switches so that the unit may be started 
and stopped by either positive or negative pulses. A sensi-
tivity control permits selection of the amplitude of the 
start or stop voltages at optimum level for elimination 
of interference. 

OPERATION: By use of photocell attachments the interval 
bet(seen mu separate light flashes may be timed. Simi-
larly by use of an added photochannel and a single photo-
cell duration of a light period or a dark period may be 
determined. 

MODIFICATIONS: Standard modifications available: addi-
tion of a photocell channel; the addition of a mechanical 
register to extend range to 10 seconds; threshhold control 
to permit selection of precise amplitude of input pulse so 
unit may be made to operate at any desired position on 
sine ,A.I‘e; panel switch to permit use as straight counter. 

For LABORATORY OR PRODUCTION LINE! 

DIRECT READING: The only truly direct 
reading equipment of its kind, pre-
senting results in decimal form on an 
illuminated panel. No interpolation, 
no lights to add. A convenience in the 
laboratory; a necessity in production. 

COMPACT: The Models 554 and 510 
are standard 19" single rack units 
mounted in Berkeley cabinets 203/4 " 
wide x 101/2 " high x IS" deep. Weight 
per unit, approximately 60 pounds. 

RELIABILITY Both of these instruments 
elk utillie the standard plug-in Decimal 

Counting Units that Berkeley has long 
pioneered in the electronic industry. 
These are the same units now being 
incorporated into the standard equip 
ment of other leading instrument man 
ufacturers and research laboratories 

The Models 554 and 510 are them-
selves standard production units that 
have been manufactured in quantity 
for many months. Continued repeat 
orders from industrial users are the 
best tribute to performance of this 
equipment. 

WARRANTY: Complete facilities, from 
research and design to final quality 
control inspection, insure fine elec-
tronic workmanship, good ( lean pack-

aging, and optimum performance. All 
Berkeley instruments are warranted 
for 1 year from date of delivery to 
your plant or laboratory. 

MODEL 550: A combination of the EPUT 
and the TIM is available in the Model 
550. This is a double 19" rack unit 
providing all of the facilities of the 
Models 554 and 510, plus a provision 
for the direct determination of fre-
quency ratios. 

For complete information, write for Bulletins IRE-510 and IRE-554 

s q eo,12.04 a, &an 
2200 WRIGHT AVE. • RICHMOND, CALIF. 

February, 1951 



Microwave 
"Shutter" 

by TERPENING 
The "shutter" you see in the waveguide section above is de-
signed to close automatically when the radar is not operating. 
This prevents damage to the crystal detector, which might be 
caused by radiation from other nearby radars. 
Specifications called for very high attenuation when closed, 

extremely low attenuation when open, and fully automatic 

operation. 
As designed and produced in quantity in our plant, the per-

formance of this component exceeded our customer's expec-

tations. For example: 
with the solenoid-actuated shutter in closed position, at-

tenuation is greater than 40 db, 
m.ith shutter open, attenuation is negligible—a few hun-

dredths of one db. 
This is a typical example of the work we are set up to handle— 
from design through production —from single component to 
entire transmission line. Although our engineering staff, lab-
oratories, and fully equipped shop are usually busy on gov-
ernment contracts, our unusual facilities may permit us to work 
with you on special components for military microwave sys-
tems. We shall be happy to talk with you about your present 

and or future needs. 

Investigate 

MULTI-SWAGE 
Economy Way to Get Volume! 

If it's VOLUME you need on small 
tubular metal parts similar to these, be 
sure to look into Bead Chain's MULTI-
SWAGE Process. Send the part (up to 
I " dia. and to 1 12" length ) and your 
specs for a quotation. Chances are 
you'll find a new way to effect im-
portant savings. 

Much Cheaper Than Solid Pins 
Many prominent users of solid pins for 
electronic and  mechanical  purposes 
have cut costs by switching to Multi-
Swaged tubular pins . . . without 
sacrificing strength or accuracy. Often 
this is possible to accomplish. 

Typical Applications — 

As terminals, contacts, bearing pins, 
stop pins, male-female connections, etc., 
in a wide variety of electronic and 
mechanical products: —Toys . . . Busi-
ness Machines . . . Ventilator louvres 
. . . Radio and Television apparatus . . . 
Terminal-boards . . . Electric Shavers 
. . . Phono Pick-ups, etc. For DATA 

BULLETIN, write to 

TRACK El M A RK 

The  BEAD CHAIN mfg. Co. 
11 Mountain Grove St., Bridgeport 5, Conn. 

Manufacturers of BEAD CHAIN —the kink-

less chain of a thousand uses, for fishing tackle, 
novelty, plumbing, electrical, jewelry and in-

dustrial products. 
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(Continued from page 684) 

Matuzich, J. D.. Scipio Center. N. Y. 
McCarter. W. L.. 4684 W. Eighth Ave.. Vancouver. 

B. C., Canada 
like. J. G., 71 Elmwood Ave., Bridgeport 5. Conn. 
Muir, L. M.. British Insulated Callenders 1ED 

Cables, Ltd.. Prescot, Lancs.. England 
\..rtonis. W. C., 12254 Gallagher. Detroit 12. Mich. 

/Newell, P. A.. 12201 Woodland Ave., Cleveland 

20. Ohio 
Noffsinger. D. T.. 354 H, Rock Springs. Wyo. 
Dew. F. G.. 314 Poplar Sr., Emporium, Pa. 
Parker, H. L., Kansas Highway Patrol, NfarysvIlle, 

Kan. 
P.o tenson. C. F., 3 Braemar St., Ottawa. Ont.. 

Canada 
Petty, D. E.. 1838 Harlan Rd., Toledo, Ohio 
Pivarnik, W., 3624 N. Lotus Ave.. Chicago 41. III. 

Poonpatana, S., Signal Inspector Department. 
Span-Dang Bang-Sue. Banghoh. Thailand 

Proferes. N. J., 1511 Timber Lane. Falls Clisrch, 

Va. 
Rao. K. L., Planning & Development Unit, All 

India Radio Broadcasting, New Delhi, 

India 
Raymond, W. D.. 7614 S. Jeffery Ave.. Chicago 49, 

Ill. 
Raziuddin, S. M.. Telecommunication Inspector. 

P. 0 Railway Bldg., Chittagong. E. P.. 

India 
Rivers, L. B., 11 Bank St., Red Bank, N. J. 
Roberts, W. L., 1016 Alvarado Rd.. Berkeley 5. 

Calif. 
Robinson, W. H.. 2053 E. 17 St.. Salt Lake City 5, 

Utah 
Rocheleau. G. S. 9 Broad St.. Emporium. Pa. 
Romano. S. S.. 104 N. Caryl Ave., North Lake 

City, Ill. 
Romans, W. E.. 4030 N. Sheridan Rd.. Chicago, III. 

Roylance. D. T.. 275 E. Truman. Salt Lake City. 

Utah 
Schwartz. E. V., 3869 Sawtelle Blvd., Culver City, 

Calif. 
1 Scott. R. E.. Walter Kidde & Company. Inc., 675 

Main St.. Belleville 9, N.J. 

Seitz. S. S.. 10 Midwoocl St.. Brooklyn 25. N. Y. 
Slaughter. W. R.. 5050 N. Broadway, Chicago 40. 

Ill. 
' Spencer, R. E.. Prince George, B. C., Canada 
Stancliff. V. A., 145 Dessa Dr., Hamden 14, Conn. 

Stone, E. 0., R. D. 1, Seneca Falls, N. Y. 
Stone. J. L., III, 3170 17 St.. N. W., Washington. 

D. C. 
Stuff. A. C., British Embassy. Washington, D. C. 
Sutton. R. H.. 1258 Ridgedale Lane, Salt Lake 

City. Utah 
Tait. R. B.. 2325 N. 30 St., Milwaukee. Wig 
Taylor. D. P.. 110 Forest Hill Rd., Toronto. Ont., 

Canada 

Thiruvenkatam. K.. co M. S. Rallis India, Ltd., 
Oil Factory. Cuddalore Old Town, South 
Arcot District. S. India 

Thomas. J. K., II, 8200 Ridge Ave., Philadelphia 28, 
Pa. 

Truesdell. R. M., 608 21 Ave.. S. W., Cedar Rapids. 
Iowa 

Venkatachalarn. K.. E. T. 21 Railway Quarters. 

El more. Madras. India 
Walsh. R. J., 26 S. Wood St.. Emporium, Pa. 
Whitley.  K. C., 19 Currong, Canberra City, 

Australia 
Winter. L. E., 310 Eighth Ave., Marion. Iowa 
'oznlak. A. J., 1002 E. Third St.. Port Clinton, 

Ohio 

Young, E. A., 2171 Sugar Grove Ave.. Indianapolis, 

Ind. 
Zahniser, R. M., 473 Sherman Ave., Sharon, Pa 

We will be grateful if you will men-
tion PROCEEDINGS of the I.R.E. 
when writing to our advertisers. 

Sri* CP l'Ef •LIIIIIE 

tini111100$1611 Hilt 
A new transmission line based 

upon a new plastic—TEFLON 
CP TEF-LINE transmission line, utilizing DuPont 

Teflon insulators, greatly reduces high frequency 
power losses. Furthermore, operation of transmis-

sion line at frequencies heretofore impossible owing 
to excessive power loss now becomes easily possible. 
For TV, FM and other services utilizing increas-

ingly high frequencies, TEF-LINE by CP is a 

timely and valuable development worthy of in-

vestigation by every user of transmission line. 

CP SUPER TEF-LINE IS AVAILABLE NO W! 

Tel-Line can be delivered immediately in three standard 
sizes- 7/8", 15/8" and 31/8". With the exception of elbows and 
gas stops, the new Seal-O-Flange Super Transmission Line 
is interchangeable with all other CP fittings including end 
seals, tower hardware, flanges, "0" rings, inner conductor 
connectors and miscellaneous accessories. 
Check your transmission line requirements with the new 

CP TEF-LINE BULLETIN which is available on request. 
If you need help in planning installations, our engineers will 
be happy to talk over specific problems at your convenience. 

• TO WER HARD WARE  • AUTO-DRYAIRE DEHYDRATORS 

• 10-LOSS SWITCHES  • COAXIAL DIPOLE ANTENNAS 

• SEAL-O-FLANGE TRANSMISSION LINE 

avionveeatai,ve Feeha ayai, A 4# 

KEYP O RT N EW JERSEY 
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Specify :3 :TAEZE "Monobloc" 
Waterproof and Pressure Sealed 

CONNECTORS 
ANOTHER 

(8(RgE/7 M A P. K. 
PRODUCT 

-4-• 

The only APPROVED Monobloc System 
for Advanced Radar, Communications, 
and Electronic Equipment 

Breeze "Monoblocs", with single piece plastic inserts, 

offer outstanding advantages in assembly, wiring, 

mounting and service in the field. 

Single piece inserts make a tighter 
unit, eliminate the air spaces within 
conventional multiple-piece inserts, 
greatly reduce the opportunity for 
moisture shorts. 

Removable contact pins make pos-
sible bench soldering of leads, quick, 
error free assembly of Breeze Water-
proof Connectors and panel-type 
"Monobloc Miniatures." 

Single-Hole Panel Mounting is all 
that is required for either Water-
proof or Pressure Sealed types. 

Other Breeze Precision Products 

Pressure Sealed types are available 
for values up to and including 75 
psi, or they can be specially engi-
neered for greater pressures. They 
meet specified requirements of shock, 
vibration, salt spray, humidity and 
temperature cycling from —65° to 
+185° F. 

Breeze ''Monobloc" Waterproof 
and Pressure Sealed Connectors 
are engineered to your require-
ments in aluminum, brass or steel 
—in all sizes and capacities. They 
are fully tested and approved... 
cost no more than ordinary types. 

Write for Details 

problem, ask BREEZE for the answer! 

ACTUATORS:  RADIO SHIELD-  "AERO•SEAL" 
All types, sizes.  ING: For any  Worm-DriveHose 
Complete control  typo of high or  Clamps. Vibra• 
systems  engi•  low tension sys•  lion proof, uni-
neered to re-  tem. New type  form clamping, 
q uir e men t s.  "unit leads" or  use again and 
Above: Landing  re-wirableleads.  again.Allclamps 
gear actuator  Flexibleshielded  have stainless 
Fairchild Packet,  conduit,  steel bands. 

If you have a tough connector 

BREEZE 
CORPORATIONS, INC. 
41G SOUTH SIXTH ST NEWARK, N 

In " IY 1 SECOND! 
COMPLETE 

AUDIO WAVEFORM ANALYSIS 
with the 

AP-1 PANORAMIC 
SONIC ANALYZER 

• 
Occillograph of wave-  Panoramic Sonic An. 
form to be analyzed  alysis  of  the ume 

wave 

Provides the very utmost in speed, sim-

plicity and directness of complex waveform 

analysis. In only one second the AP-1 auto-

matically separates and measures the fre-

quency and amplitude of wave components 

between 40 and 20,000 cps. Optimum fre-

quency resolution is maintained throughout 

the entire frequency range. Measures corn. 

ponents down to 0.1%. 

• Direct Reading 

• Logarithmic Frequency Scale 

• Linear and Two Decade Log 

Voltage Scales 

• Input voltage range 10,000.000:1 

AP-1 is THE answer for practical investi-

gations of waveforms which vary in a ran-

dom manner or while operating or design 

constants are changed. If your problem is 

measurement of harmonics, high frequency 

vibration, noise, intermodulation, acoustics 

or other sonic phenomena, investigate the 

overall advantages offered by AP-1. 

Write NO W for complete speci-
fications,  price and delivery. 
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Just 60 SECONDS 
/ 

/ 
/ 

from now • • • 

... and for thrifty 

SINGLE-FRAME 

recording 

••PP, 

__a finished 

THE DU MONT TYPE 296 
Oscillograph-record Camera 

• The Type 296 is an inexpensive 
oscillograph-record camera, greatly 
improved for general-purpose appli-
cation with any standard 5-inch cath-
ode-ray oscillograph. It incorporates 
a compact, all-metal, 35mm camera, 
calibrated shutter and a high-quality 
1/2.8, 75mm, coated lens which in-

creases its capability 57% over the 
Type 271-A which it supersedes. Con-
struction is rugged and durable: op-
eration simple and foolproof. The 
Type 296 weighs only 0/2 lbs. Puce... 8149.50 

...with the camera that brings a new speed and 

efficiency to oscillograph-recording techniques 

The OOMONT TYPE 297 
Oscillograph-record Camera 

You've just advanced the film 

after making an exposure.That starts 
the Polaroid-Land "packaged" de-

veloping process. And while you're 

waiting for its completion—in just 60 

seconds—you can start the next ex-

posure or set of exposures. With the 

Type 297, once you've snapped the 

shutter, its self-contained, 60-second, 

developing process leis you forget 

SP E CI E! 

LENS—Du Mont. Wollensak 1/2.8 or 1/1.9, 
75mm. coaled. 

SHUTTER  Wollensak Alphas:  shutter 
speeds of 1/25, 1/50, 1/100 sec. Time 
and Bulb. 

FOCUS Fixed. May be adjusted for spe-
cial oscillographic work. 

WRITING SPEED Writing rates of 3.5 in 
sec. have been recorded consistently at 
12,000 volts accelerating potential. 

about the variables of the darkroom. 

And with such special oscillo-

graphic features as simultaneous 

viewing and recording, an illumi-

nated data-card, sturdy and easily 

attached  mounting,  and  overall 

economy oi the Polaroid film, Du 

Mont has ad thd even greater mean-

ing to this exciEngly fast method for 

"printing" the osc:illograph image. 

C A TI O N S 

PRINT SIZE - 31/4  x 4 1/4 in.— one, two. 
three, or more exposures per print. 

IMAGE REDUCTION RATIO 2.25:1. 

PHYSICAL SIZE Length, 1456 in.: height. 
10 in.; width, 6 in. 

WEIGHT—I2 lbs. 

PRICE   $285.00 with 1/2.8 lens 

$355.00 with 1 1.9 lens 

Write lot bulletin on photographic techniques. 

ALLEN  B. DU  MONT  LABORATORIES, INC., INSTRUMENT DIVISION, 1000  MAIN  AVENUE, CLIFTON, NE W JERSEY 

Fthruary, 7.i 
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News—New Products 

LOW-COST PROTECTION 
for Airborne Electronic 
Equipment 

Veil L 
*TEMPROOF Mounting 

• Exceed AN-E-19 Drop Tes 
Requirements 

• Designed for JAN-C-172 
Equipment 

• Maintain Efficiency from 
—80°F to +250°F 

*Tem percture- proof 

Here is reliable vibration protection for base-mounted 
airborne electronic equipment . . . and for other apparatus 
which must function properly above and below usual 
temperatures. And TEMPROOF Mountings are priced 
to meet the needs of manufacturers in competitive markets. 

TEMPROOF Mountings provide superior protection 
by maintaining their high vibration-isolating efficiency 
from — 80°F to + 250° F. Selective-action friction damp-
ers prevent excessive movement at resonant frequencies. 
Equipment does not sag or droop . . . mounting drift is 
negligible. The unusually wide load range of TEM-
PROOF Mountings makes it possible to standardize on 
one mounting for several types of equipment, and to effect 
additional economies in purchasing, storage and assembly. 

For complete information on TEMPROOF Mountings, or for 
specific recommendations concerning their use, write to Product 
and Sales Engineering Department. A quantity of Vibration Iso-

lation and Natural Frequency Charts in full color is available. 
Copy of each will be sent free upon request. 

LORD MANUFACTURING CO MPANY • ERIE, PA. 
Canadian Representative Railway & Power Engineer,ng Corp Ltd 

These manufacturers have invited PROCEEDINGS IF 
readers to write for literature and further technical 

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

(Continued from page 23A) 

Recent Catalog 
• • • Parts Section, Receiver Div., General 
Electric Co., Electronics Park, Syracuse, 
N. Y., has prepared a phono accessory 
catalog with descriptions and data on 
variable reluctance cartridges, replace-
ment baton styli, tone arms, and phono 
preamplifiers. 

Electronic Counter 
Tachometer 

The Potter Instrument Co., Inc., 115 
Cutter Mill Rd., Great Neck, L. I., N. Y. 
announces a new high-speed electronic 
counter tachometer for high accuracy revo-
lution and frequency measurements. 

Fundamentally, the instrument total-
izes the number of counts derived from the 
source being measured during a precisely 
established time interval of 0.6 second 
(0.01 minute). This reading is displayed 
on a direct-reading, four-digit electronic 
counter using ten neon glow lamps for 
each digit. After each measurement and 
display period, the instrument automatic-
ally resets and recycles. The display time 
is adjustable over a period of from 0.5 
second to 4 secotals, or can be set to hold 
the count indefinitely. 
The 0.6-second time interval is estab-

lished by counting 60,000 cps of the 100-
kc crystal oscillator contained in the unit. 
The instrument can be used to measure 

frequencies up to 100,000 cps with an ac-
curacy of ± 1 cps. In addition to the elec-
tronic counter registration of the measured 
frequency, the unit also includes a count 
rate meter which can be used when the 
unknown frequency source is being ad-
justed. This type of indication reflects in-
stantaneous changes and is useful when 
the cource of frequency must be manually 
adjusted to a specific point. 

Two-Signal Audio Generator 
A new Type 1303-A, tno-signal audio 

generator, designed specifically for supply-
ing the test signals necessary in the various 
methods of measuring intermodulation dis-
tortion in audio systems, has been de-
veloped by General Radio Co., 275 Massa-
chusetts Ave., Cambridge 39, Mass. 

(Continued on page 76A) 
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3,000,000 
SARKES TARZIAN ' al thuz-- Ke.ot a RECTIFIERS 

PO WER RECTIFIER 

Pdc/A# 

sh;frbaidifi-

(Radio, Television and Electronics) 

t 41. A W A, S q: C & 

rc 

Inc. 

the Sarkes Tarzian 

For all current and voltage ranges 

'V Revolutionary center cooling allows complete 
sealing against humidity 

Small size and light weight for any power 
rating 

Salt spray resistant finish on request 

'Fake advantage of our free engineering service 
on all types of .selenium rectifiers 

RECTIFIER DIVISION Dept. K, 415 North College Avenue, Bloomington, Indiana 

PROChEDINGS OF M E 1.1(.1:  Frbruary, 1951 



IN ST R U ME NTS 

TH AT BEL O N G 

IN * a t 

LAB O R AT O R Y 

Type 310-A Z-Angle Meter — 
30 to 20,000 c.p.s. 

Measures  impedance  directly  in  polar  co-
ordinates as an impedance magnitude in ohms 
and phase angle in degrees Z  Measures, 
with  equal  ease,  pure  resistance,  inductance, 
capacitance or complex  impedances comprised 
of most any  RLC  combinations.  Range:  Im-
pedance (Z), 0.5 to 100,000 - ohms; Phase Angle 
(e), +90° (XL) through 0° (R) to —90 ° (Xc). 
Accuracy:  Within  ±  1%  for  impedance and 

2° for phase angle. Price: $470.00. 

Type 31I-A R-F Z-Angle Meter 
for radio frequencies — 100 kc to 2 mc. 

Simplifies laboratory and field impedance and phase angle 
measurements. Ideal for checking impedance of coils, trans-
formers, coupling networks, lines, filters, antennas, etc. Direct-
reading Impedance Range: 10 to 5,000 ohms up to 200 kc, and 
10 to 1,000 ohms at 1 Inc: Phase Angle: +90 ° (XL) through 
0° (R) to —90 ° (Xc). Accuracy: Impedance to within 
and phase angle at. 4°. Price: $385.00. 

Lift Type 410-A R-F Oscillator — 

0 p 100 kc to 10 mc. (Special models L) 46.5 kc to 4.65 mc available.) 
Power oscillator for use as bridge driver 

and general laboratory measurements.  Fea-
tures: High stability, high output (approxi-
mate 30 volts), SO-60 n output impedance, 
expanded frequency scale, direct reading out-
put voltmeter, compact design. Price: $385.00. 

LI 
Designed for use with the phase meter at voltage 

levels below one volt and as a general purpose labo-
ratory amplifier—features high gain negligible phase 
shift and wide band width. Unique circuitry--which 
employs three cathode followers—offers wider fre-
quency range, higher input impedance and lower out-
put impedance than other types. Panel switch selects 
proper feedback compensation when either optimum 
amplification or phase shift operation is desired. 
Outstanding  specifications:  Arnishficabon-10;  100: 

1000 selected by rotary switch . . . Accuracy- 4-2% 
nominal  . Frequency response-4-0.5db from 5 cycles 
to 2mc on gain of 10; -4-0.5db on 5 cycles to 1.5mc on 
gain of 100; -4-0.8db from 5 cycles to lmc on gain of 
1000 . . . Phase ,hilt-0-4-2° from 20 cycles through 
100kc . . . Gain stability--constant with line voltages 
(105-125v). 

bi 
The first commercially available all-electronic in-

strument that directly measures the phase  angle 
between two voltages in a simple operation. Ideally 
suited to applications in such fields as audio facili-
ties, ultrasonics, servomechanisms, geophysics, vi-
brations, acoustics and many others. 
Phase angle readings made directly without bal-

ancing . . . stable at frequencies as low as 2 to 3 
cycles. Voltage range: 1 to 170 peak volts. Termi-
nals for recorder . . . choice of relay-rack or cabinet 
mounting. Price: $525.00.  Cabinet: $25.00. 

Type 320-A Phase Meter — 
frequency range 20 cycles to 100 ht. 

3 Type 500-A Wide Band Decade Amplifier 

Prices: Single Type 500-A in cabinet, 
$205.00 (Rack mount. $200.00): Dual 
Type 500-AR in cabinet, $425.00. 

Technical catalog—yours for the asking. Contains detailed information on all TIC Instru-
ments, Potentiometers and other equipment. Get your copy without obligation—write today. 

TECHNOLOGY INSTRUMENT CORP. 
531 Main Street, Acton, Massachusetts 

6171 
Chica o, 111.-UPtown 6-11 41  Boonton, N.J. —Boonton 8-3097  Rochester, N.Y.-Munroe 314 3 
Cambridge, Mass.-FLiot 4-1 751  Canaan, Conn.-Canaan 649  Hollywood. Cal.-1-1011ywood 9-6305 

Manhasset, N.Y.- Manhasset 7.3424  Dayton, Ohio-Michigan 8721 
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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 front page 74A) 

This generator can also be used .1. 
general purpose laboratory beat-frequency 
oscillator. This oscillator will supply any of 
the 'following signals: A single low-dis-
tortion sinusoidal voltage adjustable in 
frequency from 20 cps to 40 kc in two 
ranges, 20 cps to 20 kc, and 20 kc to 40 kc; 
two low-distortion sinusoidal voltages, 

each separately adjustable, one to 20 kc 
and the other to 10 kc and two low-distor-
tion sinusoidal voltages, with a fixed 
difference in frequency maintained be-
tween the two as the frequency of one 
voltage is varied. The fixed difference fre-
quency is adjustable up to 10 kc, and the 
lower of the two frequencies is adjustable 
up to 20 kc. 
The output of the oscillator is con-

tinuously adjustable up to 10 milliwatts 
into 600 ohms with less than 0.25 per cent 
distortion, and up to 1 watt with less than 
0.5 per cent distortion. Output is calibrated 
both in volts and in (lb with respect to 1 
milliwattin 600 ohms. 

Plant Expansion 

Radio Receptor Co., Inc., 84 N. 9th St., 
Brooklyn 11, N. Y., announces purchase of 
a 90,000 square foot factory at Wythe 
Ave. 8: N. 3 St., Brooklyn, N. Y., to in-
crease space for their manufacture of recti-
fiers, hi heat sealing machines, and airport 
radio equipment. 

Nuclear Test Equipment 
Four new radiation detecting iii-:rii-

ments, are now available from the General 
Electric Co., Electronics Park, Syracuse, 
N. Y. 
The small radiation monitor measures 

the total amount of gamma radiation in a 
given area over a period of time. It is self-
contained, and because it has no batteries 
or tubes is not susceptible to moisture or 
dirt.  Charging is immediately accom-
plished by inverting the device. 
The portable alpha survey meter com-

pletely self-contained, is for the detection 
and indication of alpha radiation. It 
utilizes a proportional counting chamber 
as the detector. Output is given quanti-
tatively on a meter and audibly on head-

(Continued on page 79A) 
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Z°pHAR 
---WAXES 

---COMPOUNDS 

Anti-Corona high heat-resist-

ant compounds for Fly Back 

Transformers. 

Waxes and compounds from 

100° F to 285° F Melting 

Points for electrical, radio, 
television,  and  electronic 

components of all types. 

Pioneers in fungus-resistant 

waxes. 

Our efficient and experienced 
laboratory staff is at your 

service. 

ZOPHAR MILLS, INC. 

112-130 26th Street, 

Brooklyn 32, N. Y. 

The shield 

that fits all 

Miniature 

Tubes 

A flexible shield that snugly fits all 
miniature tubes because it compen-
sates for all variations in tube di-
mensions.  Mini-Shields are made 
for both 15 1/2 and 16 Y2 bulb tubes. 
Send for catalog sheet. 

THE 

COMPANY 
0 6 INCORPORATED 

91 PEARL ST. • BROOKLYN 1, N. Y. 

C.T.C. can get you "out from under!" 

Long experience with the ever-increasing, constantly changing govern-
ment specifications for electronic components has gained C.T.C. nation-
wide acceptance as a supplier to manufacturers handling U. S. contracts 
— especially for the armed forces.  - 
With complete, up-to-date facilities for manufacturing electronic com-

ponents in production quantities, C.T.C. meets the most exacting gov-
ernment standards for materials, tolerances, finishes, moisture prevention, 
anti-fungus treatment and similar requirements the government demands 
in the units you make. 
Years of designing and manufacturing to government specifications 

enable us to handle your problems and save you time, money and worry! 
So, if "spec" problems are getting you down, why not unload them on 
recognized experts? 

Here's What C.T.C. Can Furnish: 

Terminal Board 
Assemblies 

ri 
10111! 

Coil Forms 

Coil 
Assemblies 

Miscellaneous 
Hardware 

Insulated 
Terminals 

Have You Seen This C.T.C. 
Combination Terminal? 

With a screw on top and a termi-
nal lug on the bottom, this com-
bination simplifies top and 

bottom wiring. Remove the screw and 
you can mount components directly to 
the screw end. Or you can adapt 
terminal to provide removable link 
connections at screw end. Unit is plated 
with bright alloy for corrosion resistance 
and easy soldering. Shank heavily knurled 
for secure mounting. Comes in three sizes. 
Send for more information. 

SPECIAL CONSULTING SERVICE 
To aid you in securing exactly the right 

components to meet the requirements of 
your designs, prototypes, etc., C.T.C. 
maintains a staff of thoroughly expe-
rienced component engineers. These ex-
perts will work closely with you for the 
most economical and satisfactory results 
— and where standard parts are not suit-
able will design special units. This service 
is always available to you — without cost! 

CAMBRIDGE THERMIONIC CORPORATION 
456 Concord Ave., Cambridge 38, Mass. 

Please send me: 
Ill More information on how C.T.C. can lighten my "spec" load. 
11 More information on C.T.C.'s cooperative engineering service. 
More information on the following C.T.C. products: 

Name 

Firm   

Street 

City  

 Position   

Zone State   

custom or standard the guaranteed components 

-11 ULSTER 5-6303 
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JUST PLAIN 
RUGGED 

. . yet an 
instrument of 
highest QUALITY 

•. . PRECISION 
• . ACCURACY 

The Burlington "Hermetically Sealed" Instrument was 

designed and is manufactured to conform to JAN 

specifications for sealed instruments. 

• Steel case with heavy copper-cadmium plate and black finish. 
• Excellent shielding due to case material and construction. 
• Double strength clear glass. 
• Black satin anodized aluminum bezel. 

• Glass to metal seal under controlled humidity and temperature 
conditions. 

• D'Arsonval permanent magnet type movement for DC applica-
tions 

• Designed to enhance panel appearance. 
• Available in 11/2" square, 21/2- and 31/2" round case types. 

• Guaranteed for one year against workmanship and materials. Best Buy Burlington 

BURLINGTON INSTRU MENT CO MPANY 

DEPT  1-21, BURLINGTON  IO WA 

INTERMODULATION METER Model 31 

• Completely Self-Contained 
• Direct Reading For Rapia, 

Accurate Measurent en t s 

To insure peak performance from all 
audio systems; for correct adjustment 
and maintenance of AM and FM receiv-
ers and transmitters; checking linearity 
of film and disc recordings and reproduc-
tions; checking phonograph pickups and 
recording styli; checking record matrices; 
adjusting bias in tape recordings, etc. 

MEASURE MENTS 

CORP ORATI O N 

BOONTON NE W JERSEY 

GENERATOR 

LOW FREQUENCY: 60 cycles.* 

HIGH FREQUENCY: 3000 cycles.* 
LF/HF VOLTAGE RATIO: Fixed 4/1. 

OUTPUT VOLTAGE: 10v. max. into 
high impedance or  5 DB M 
matched to 600 ohms. 

OUTPUT IMPEDANCE: 2000 ohms. 

RESIDUAL IM: 0.2 % max. 
(*Other frequencies on special order) 

ANALYZER 

INPUT VOLTAGE: Full scale ranges of 
3, 10 and 20 volts RMS. Less than 
one volt of mixed signal is sufficient 
for operation. 

INPUT IMPEDANCE: Greater than 400 
K ohms 

INTERMODULATION: Full scale ranges 
of 3, 10 and 30%. 

ACCURACY: • 10% of full scale. 

OSCILLOSCOPE connection at meter. 

or..e caw 

NOW BUY 
TOWER LIGHTING EQUIPMENT 

COMPLETE KITS 
EVERYTHING NEEDED 

for ANY Tower 
150 to 900 Feet 

Exposed or Conduit Wired 

Don't let lock of some 

critical fitting hold-up 

completion of 

YOUR JOB! 

H& p Lighting equipment, 
consistently specified by 
outstanding electronic 
engineers, is furnish-
ed as standard 
equipment by most 
leading tower monu-  , 
focturers. 

COMPLETE 

LIGHTING KITS 

SAVE... 

Purchasing Time! 
Erection Time! 
Completion 
Time! 

300 MM 
CODE 
BkACON 

i Patented 
./ ventilator 
dome circulates 
the or, assures 
cooler operation, 
longer lamp 
life. Concave 

s".. base with 
:drainage 
port at low-
est pen! 

SINGLE and DOUBLE 

OBSTRUCTION LIGHTS 
Designed 
for standard 
A-2I traffic 
signal lamps. 
Prismatic globes 
meet CAA spe• 
c,Cco,ons 

MERCURY 

CODE FLASHER 

to wear out. 14-52 IP .341' 
No contact points 4 

.4.. 
flashes per minute. --Ar 

-PECA" SERIES 

PHOTO-ELECTRIC 

CONTROL 

Lights automatically, if 
any part fails. 

PROMPT SERVICE and DELIVERY 
Order through your jobber or Tower MonufaC• 
hoer. We will send his name on request. 

Send for FREE Catalog 
Gives complete bill of material for each of our 

7 kits, with itemized costs. 

HUGHEY & PHILLIPS 
TOWER LIGHTING DIVISION 

326 N. LA CIENEGA BLVD. 

LOS ANGELES 48, CALIF. 

60 E. 42ND ST., NEW YORK 17, N.Y. 
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News—New Products 
Mese manufacturers have invited PROC KOINGS 
-cadets to write for literature and further technical 
,nformation. Please mention your I.R.E. affiliation. 

(Continued from page 76A) 

phones. The semilog meter covers two 
decades without range switch. Power sup-
ply is by storage type batteries. The in-
I strument is calibrated from four to five 
mev. 
The explosion proof ionization chamber 

instrument is a survey meter suitable for 
use in class 1, group D hazardous atmos-Ipheres. Indication of all types of radiation 
is on a standard 3i inch instrument. It is 
pressurized to 15 pounds per square inch 
and has a pressure relief valve and pressure 
operated switches to open battery circuit 
' upon loss of pressure. Conductive rubber 
1 bumpers insure against accumulation of 
) electrostatic charge. 

The beta-gamma survey meter utilizes 1, 
two Geiger-Mueller tubes operating from 
an electronic high-voltage supply to pro-
vide high sensitivity over a wide range of 
levels. The compact unit features a scale 
changing meter, the selecting switch also 
selecting the G-M tube to be used for each 
' of the four ranges from 0 to 500 milliroent-
gens per hour. A detachable probe also 
contains a G-M counter. Battery voltage 
is regulated electronically to provide long-
: term metering accuracy, and battery con-
i dition is indicated on a meter. The instru-
r ment is furnished calibrated in milliroent-
• gens per hour using a radium source. Cali-
bration of each range can be individually 

Ivaried. 
(Continued on page 80A) 

sym-Roiy 
SELENIUM 
RECTIFIERS 

1/2 " sq. to 12" x 16" 
cells—in stacks, or single 
cells for customer assembly. 

Made by a new process to a 
uniform, high quality for con-
tinuous, heavy-duty service. 

Write for literature 

SYNTRON CO. 
242 Lexington, Homer City, Pa. 

Here's why those in the know 

—demand 

Rigid mounting for both plug and receptacle 

Tapered shell design centers to engage contacts 
automatically. 

High-voltage contact-7000 volts, 60-cycle. 
AC peak on special order. 

Socket contacts are full-floating—turn through 
3600. Quick, self-centering —eases inspection 

Highly legible contact numbers on insert faces. 

Inserts of latest approved high dielectric materials. 

Your requirements are responsible 
for the 8 to 10 design advantages 
found in each type of Cannon Plug. 
That's why engineers know the spe-
cification is right when it calls for 
CANNON. The DP Connector Series 
is just one of many Cannon types 
— world's most complete line. Re-
quest bulletins by required type or 
describe connector service you need. 

CANNON 

ELECTRIC 
Since 1915 

LOS ANGELES 31, CALIFORNIA 

REPRESENTATIVES IN PRINCIPAL CITIES 

CANNON 

PLUGS 

Coaxial contact. Inspection door, now 
open, snaps closed, giving constant 

impedence. Twinax contacts available. 

Hand•tinning keeps solder inside cups. 

All contacts, precision-machined from solid 
bar stock, electroplated with silver or gold. 

Insert arrangements are availablewith 
2 to 45 contacts ranging from 15 amp 
to 200 amp capacity. Continuous shield-
ing available in Coaxial and Twinaz. 
Metal finish on shells for shielding 
and bonding ... tin plating on alumi• 
num. Other finishes available on 
special request. 

Type DPD Connectors are permanent 
installations in rack and panel equip-
ment. .. mate automatically ... have 
weight and space-saving advantages 
over other connector types. 
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MOLDED 

eg• S White RESIS T O RS 

S.S.WHITE RESISTORS 
are of particular interest to all 
who need resistors with inherent 
low noise level and good stability 
in all climates. 

HIGH VALUE RANGE 
10 to 10,000,000 MEGOHMS 

STANDARD RANGE 
1000 OHMS to 9 MEGOHMS 

ACME ELECTRIC CORPORATION 

80A 

ARE USED IN THIS 

ULTRA SENSITIVE 

ELECTRONIC PHOTOMETER 

In this instrument —designed for measurement of 

very low light values —S.S. White Resistors serve 

as the grid resistance in the all-important high. 

gain D.C. amplifier circuit. The manufacturer, Photo. 

volt Corp., New York, N.Y., reports that the resistors 

"work very satisfactorily" —which checks with the 

experience of the many other electronic equipment 

manufacturers who use S.S. White resistors. 

WRITE FOR BULLETIN 4906 

It gives essential data about 

S.S. White Resistors, including 

construction, characteristics, 

dimensions, etc. Copy with 

price list on request. 

Photo courtesy of 
Photovolt Corp., New York, N.Y. 

grigli c i t t IIIINNEEIN AL EN VISION 
DENTAL Nrc.co. 45!)  Dept. G-R, 10 E. 40th St. 

NE W  YORK  16,  N.Y. 

You write the specifications and 

Acme engineers will design a trans-

former with the exact output char-

acteristics to provide "top" per-

formance for your product. And re-

member, in addition to quality per-

formance, Acme also can provide 

quality production in custom de-

signed electronic transformers. 

•  442 Water St., Cuba, N.Y., U.S.A. 

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 Iron rage 79 .4) 

New Small Armature 
Winder 

A new Model 36 armature %%inder, de-
signed to wind small armatures and fea-
turing an exclusive stationary armature, 
has just been announced by Geo. Stevens 

Mfg. Co., Inc., 6022 N. Rogers Ave., 
Chicago 30, III. \'ire is fed through a hol-
low spindle to a revolving arm which winds 
wire in the armature slots, permitting 
armature to remain stationary so that it 
cannot fly out and injure the operator. 

(Continued on page 83A) 

don't fail 
to see the 

AMPEREX 
advertisement 
next month 
announcing a 

NE W 

AMPEREX 
TUBE 
You'll find the details on the 

inside front cover next month 

. . . be sure to see them. 

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

In  and Newfoundland. Ro w, Majestic limited 

11.11 Itentclille Road, leaside, Toronto, Ontario. Corrado 

k X 1 

RITIPCAE 
Ga in 

February, 1951 PROCEEDINGS OF THE I.R.E. 



LECTRON WALLY REGULATED 

LABORATORY 
POWER SUPPLIES 

• 
STABLE 
• 

DEPENDABLE 
• 

MODERATELY 
PRICED 
• 

MODEL la 
STA NDARD 

RACK 

M OU NTI N G 

PANEL SIZE 
S1/4 " a 19" 

WEIGHT ILSS. 

• INPUT: 105 to 125 VAC, 
50-60 cy 

• OUTPUT =1: 200 to 325 
Volts DC at 100 ma 
regulated 

• OUTPUT  6.3 Volts 
AC CT at 3A unregu-
lated 

• RIPPLE OUTPUT: Less 
than 10 millivolts rms 

For complete information write 
for Bulletin G8 

1,1111101 ELEITI1011C 1C  O R  P  O R  A  T  I O N  

NE W YORK, CORONA 

Langevitt 
A MPLIFIERS 

For broadcast, public ad-
dress, recording, and music 
services — custom designs 
for special  applications. 

TR ANSFOR MERS 

et \iir * I Open core,  L  encased,  her-
metically sealed, high-tem-

*  perature. Built to your own 
or MIL-T-27 specifications. 

,----) 

Lange yin 
ENGINEERING 

.. 's*  Available for the develop-

ment and manufacture of 
special electronic devices. 

_t For detailed information on our products and services, write to 

angevin 
MANUFACTURING  CORPORATION 

37 W. 65th St., New York 23, N. Y. 

Langeyin The Model 205 Variplotter, highlighting accuracy, speed, and versatility, brings 

to industry and laboratory a new tool with a wide field of application. This 
instrument will present on a 30-inch square plotting surface a precise graphic 
representation of one variable as a function of another variable, requiring 

only that the variables be expressed by d-c voltages. 

ACCURACY 

SENSITIVITY 

RESPONSE 

The static accuracy is .05 percent of full scale at 70°F. The dynamic 
accuracy averages .05 percent of full scale plus the static accuracy 
at a writing speed of 8V2 inches per second. 

The standard sensitivity of the Variplotter is fifty millivolts per inch 
with other ranges of sensitivity available. 

The maximum pen and arm accelerations are 350 and 150 inches 
second squared, respectively. Slewing speeds of both pen and arm 
10 inches per second. 

The Variplotter may be adapted for special use by the addition of accessories selected from 
our standard line —such as multiple variable conversion kits, low-drift d-c amplifiers, analog 

computer components; or components designed for your specific need. 

YOUR INQUIRIES ARE CORDIALLY INVITED 

per 
are 

ELECTRONIC ASSOCIATES, INC. 

LONG BRANCH  NE W JERSEY 
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RR-60W-PP 
Current 10 amps. 

R-90-TL 
Current equal 

0.k\ to copper lead 
\  +10 amps. 

..1011 • 
I. 

10 '7  

FREQUENCY 
SHIFT 

CONVERTER 
Type 107 

Model 2 

BIGGEST PERFORMANCE-Smallest Size    
Four exclusives are yours with the Northern Radio FREQUENCY SHIFT CONVERTER 
—utmost simplicity ref operation, precision tuning, highest quality performance, and 
smallest size in the industry. 

For single and diversity FS receiving systems, this dual channel unit converts mark 
and space tones into DC pulses, and drives teleprinters and other recorders directly. 
Its unique 2" oscilloscope provides the industry's most meaningful tuning pattern 
for precise receiver adiustment —during initial setup and while keying. Its specially 
designed limiter ond discriminator afford an exceptionally high degree of per-
formance. Polar or neutral output is available. Keying speeds up to 600 w.p.m. 
It's only 19" wide x 7" high x 15" deep. 

This unit may also be used as a make and break CW or ICW demodulator. 

See the specifications on this outstanding model in the 1950 IRE Directory. For com-
plete data on the precision-built Northern Radio line, write today for your free latest 
Catalog P-3. 

NODYSLEYV.7 ni3.610 COMP AIN • Zinc • 143-145 West 22nd Street 
New York 11, N. Y. 

Pace - Setters  in Quality Co m munication  Equip ment 

ElHER METIC 
SE ALI N G 
C O M P O N E N T S 

•.• 

4#141044.41c4:04:  AN IMPORTANT ADDITION /I 
TO THE &I FAMILY OF SEALED LEADS— 

R-BOW.PP 
Current 16 amps. 

NEW R and RR 
SERIES TERMINALS 
A conipletely new line of double barrel 
terminals that provide added protection 

RR-60W-I-IP  against flashover without any apple-
Current 10 amps.  ciable increase in terminal size. The 

double barrel results in a longer leakage 
path on both ends of the terminal 
while the upper barrel increases the 
mechanical strength of the terminal 
and facilitates soldering. For 
information call or write today. 

Write for These Descriptive Bulletins-
849—Hermetically Sealed Terminals 
850—Hermetically Sealed Headers 
851 —Gasket Type Bushings 

INC 

ELECTRICAL  INDUSTRIES 
I N C O R P O R A T E D 

44 SUMMER AVENUE  • .NEWARK 4, N. .1.. 

THE 

T WIN TUBE 

POCKE1 

Wt. 161/4 lbs. 
12" x 6"x 7" 

SCOPE 
by "WATERMAN 

A new concept in multiple trace 

oscilloscopy made  possible by 

Waterman developed  RAYONIC 

rectangular cathode ray tube, pro-

viding for the first time, optional 

screen characteristics in each 
channel. S-15-A is a portable twin 

tube, high sensitivity oscilloscope, 

with two independent vertical as 

well as horizontal channels. A 

" must" for investigation of elec-

tronic circuits in industry, school.. 
or laboratory. 

Vertical channels: 10mv rms/inch, with response 

within —2DB from DC to 200kc, with pulse rise 
of 1.8µs. Horizontal channels: lv rms/inch 
within —2DB from DC to 150kc, with pulse rise 

of 3µs. Non-frequency discriminating °Hem,-

°tors and gain controls, with internal calibra-
tion of traces. Repetitive or trigger time bose, 

with linearization, from 1/2 cps to 50kc, with 
± sync. or trigger. .M1.I metal shield. Filter 

graph screen. And a host of other features. 

[WATERMAN PRODUCTS CO., INC. 1 
PHILADELPHIA 25, PA. 
CABLE AD DRESS  POKETSC OPE 

WATERMAN PRODUCTS INCLUDE: 

S-10-B GENERAL  POCKETSCOPE 

S-1 1-A INDUSIRIAL  POCKETSCOPE 

5-14-A HI-GAIN  POCKETSCOPE 

S-14-B WIDE BAND  POCKETSCOPE 

S-21-A LINEAR TIME BASE 

Also RAKSCOPES, LINEAR 

AMPLIFIERS, RAYOP'Ir.  TUBES 

and other equipment 
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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 80A) 

The machine operates at high speed, 
winding 1,000 turns per minute on either 
straight or skewed armatures. Very tight 
armatures may be wound because of the 
uniform tension with which the wire is 
automatically guided and laid in the slots. 
Amount of tension is limited solely by the 
strength of the wire. Positive control over 
number of turns is attained by automati-
cally winding a predetermined number of 
turns. Armature is also automatically 
indexed. 

Frequency Shift Converter 
A small frequency shift converter has 

been  designed and  manufactured by 
Northern Radio Co., Inc., 143 W, 22 St., 
New York 11, N. Y., for single and diver-
sity receiving sv,terns. 

The I \ IlC \lode! 2 is a dual channel 
unit which converts mark and space tones 
into dc pulses and drives teleprinters, 
-tape and other recorders directly. Its in-
tegral 2-inch oscilloscope provides a tuning 
pattern for precise receiver adjustment, 
during initial setup and while keying. 
This unit may also be used as a make 

and break cw or icw demodulator. 
Other specifications of this unit are: 

input FS limits, 100- to 1,000-cps fre-
quency shift; mark frequency set at 2,975 
cps. The cw-icw input, 400 to 7,500 cps. 
Output (1) neutral dc pulses, 60 ma in 
1,800 ohm load, one side grounded; (2) 
polar dc pulses, ± 30 ma in 1,800 load, 
center grounded; (3) may be operated 
into any impedance from 100 to 100,000 
ohms. 

Compact Four-Decade 
Audio Oscillator 

The new Model 510-A audio oscillator, 
with a frequency range from 18 to 210,000 
cps in four decades, is available from The 
Electronic Workshop, Inc., 351 Bleecker 
St., New York 14, N. Y. 
The unit (dimensions 4 X5i X4 inches) 

will deliver 10 volts into 10,000 ohms, with 
output constant within 0.5 db over the en-
tire frequency range. Distortion at this 
amplitude is less than 0.3 per cent from 
100 to 15,000 cps and rises to no more than 
0.5 per cent at 30 cps. Source impedance 
of the cathode-follower output is 560 ohms; 
a matching transformer will be made 
available to feed low-impedance balanced 
lines. The total frequency error due to 
drift and dial calibration is less than ±2 
per cent; the 320° dial gives a scale length 

(Continued on page 844) 

leva li;te 
hz 15/ 

Events are changing so rapidly from 

day to day that it is difficult to pre-

dict what will happen next . . . 

material may be restricted or abun-

dant . . . prices may be higher or 

lower . . . deliveries may be better or worse . . . 

your guess is as good as ours. However, in spite 

of unsettled conditions, we may be in a position 

to give you just what you want. So send in your 

orders or call us when you need radio and elec-

tronics components or sheet metal products. We'll 

be honest with you and tell you eicactly what we 

can do for you. 

You will always make more sales and more profits 
when you sell BUD Products. First of all, you sell 

the highest quality, precision made parts. Second, 
you save time and money by getting so many of 

your items from one source of supply . . . because 

BUD makes the most complete line in the field. 

Third, you get more store traffic because BUD has 

the most "wanted" products. You will do a bigger 

business and have more satisfied customers when 

you standardize on BUD Products. 

The Mark of 
Perfection 

BUD RADIO, Inc. 
2110 East 55th Street Cleveland 3, Ohio 

ONE OF OUR 

PRECISION PRODUCTS 

CAVITY WAVEMETER 

Frequency Range 3700 to 4200 MC 

Q over 20,000 

MANUFACTURERS THREAD GRINDING. INC. 
P. 0. Box 66 EAT ONT O WN. N. J.  ASBU RY PA RK 1-1 01 9 
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II 

I M SMALL,COMPACT, 

j  WELL DESIGNED, 

AND COMPLETELY 

RELIABLE!" 

0' a e 

AGASTAT 
TIME DELAY RELAY 

Solenoid actuated — pneumatically timed. For AC and DC service. A special dia-
phragm and cap encase the head, providing an enclosed, dustproof liming cham-
ber in which the air used for timing is recirculated. Low cost with dependability. 

AGA  AGA  AGA  AGA 

ntu:•.! micros 

AMERICAN GAS ACCUMULATOR COMPANY 
1027  NE W ARK  AVE N UE  •  ELIZ ABET H  3,  N  J. 

A Wide Band Sweep With Markers For Aligning 
Radar IF Amplifiers. Displays Amplitude vs. Fre-
quency Response on Standard Oscilloscope 

FEATURES: 

• Increases Production Speed when substituted 
fur conventional CW point-by-point methods 

• Wide Band Linear Sweep 

• Pulse Type Crystal Positioned Marks at Speci-
fied Frequencies 

• Marks Individually Switched On or on' 
• Output Amplitude Remains Virtually Constant 
While Sweeping 

• Output Level Control on IF and Pulse Outputs 

ELECTRIC 
14 Maple Avenue 

THE 
RADA-SWEEP 

NEW 

Designed specifica I I N' fr  yr y,,.,,,g a constant 
amplitude frequency modulated signal for ex-
ploring the frequency response of Radar IF 
amplifiers. Frequency marks of pulse •tnie are 
connected directly to oscilloscope and are not 
affected by IF amplifier under test. These marks 
are controlled by front panel switches which turn 
them on or off individually. Marks at any speci-
fied frequency can be supplied and frequency Is 
changed by changing pilig-in crystals. A wide or 
a narrow sweep logy he selected by front panel 
witch. 

Price: 5305.00 F.O.B. Factory with marks as 

above. Special marks at 020.00 each. Prices 10%higher   outside U.S.A. and Canada. 

Phone CAldwell 6-4000 

COMPANY 

Pine Brook, N. J. 

News New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued from rage 834) 

of over eight inches. The output control is 
logarithmic and is calibrated approxi-
mately in output voltage. 

Recent Catalogs 

• • • Allied Electric Products, Inc., and 
Sheldon Electric Co., Division, 68 -98 Coit 
St., Irvington 11, N. J., have printed a 
comprehensive 1950 -1951 catalog '1 o 
with technical data and prices concernin,,; 
electrical cords, plugs, female outlets, tele-
vision tubes, and lamps. 

PROFILING 

MODELING 

GREEN . ft  
ENGRAVER 
Proved Profitable — 
Machine  Tool,  Radio,  Electrical 

and Instrument Mfrs., Sales Pro-
motion and Advertising. 

Fast, rugged, convenient —and inexpensive. The 
Green Engraver is tops for low-cost perform-
ance —zips out precision work on metal, plastics 
or wood . . . cuts four lines of letters from 
3/64" to 1" on curved or flat surfaces . . . 
operates by tracing . . . makes anyone an expect 
. . . engraves panels, name plates, scales, dials, 
molds, lenses and instruments. (Also widely used 
for routing, profiling and three dimensional mod-
eling.) Electric etching attachment available. 

Special attachments and engineering seers.. 
available for production work. 

FREE —Fact-pocked folder. Send for 

yours today 

GREEN INSTRUMENT CO. 

361  Putnam Ave. 
Cambridge, Mass. 
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Universal 
- dependability 
The "Planet" trade name 

marks the most completely 

reliable line of popular 

type, dry electrolytic con-

densers that high-quality 

materials, the best work-

manship, and long experi-

ence can produce. 

All "Planet" Capacitors carry 

a 1-year replacement guar-

antee, are attractively pack-

aged, and  manufactured 

in specifications and mounts 

best suited to your needs. 

For complete information 

write today for our latest 

catalog "C-2". 

PLANET 
coReoxAtio 

225 Belleville Ave 

C 2 
C22 

c 3 

C 33 

C44 

10.2 

6.3 

6.3 
5.5 

5.4 
4.8  220 

171 

184 

197 

4.1 252 

3.2 
2.15 

2.8 
1.9 

2.4 

2.i 

0.36 

0.36 

0.44 
0.44 
0.64  

0.64  

1.03 

Pety low CofloCd  eif 
eott4P. 

014 
aie-spaced arliculated 
R.F. CABLES 

THE LO WEST EVER 
CAPACITANCE OR 
ATTENUATI ON 

/re are 

speriii/4 organ/Sea/to .0e 
SPOT DELIVERIES TO U.S.A 
efah/e aoar rash °trier for 
shipment q a/yerey@hi.̀ 
Seeemee by aoar own "eked 

l TN 
TYPES  

A 1  74 
A2  74 
A 34  73  0.6  1.5  0.88 

LOW EAPAC 
TYPES 

C I 

CAPM 
/11 9 

7.3 

IMMO 
OHMS 

150 

ATTEN 
db/100ft 
100PAys 

2.5 

OD! 

0.36 
PHOTOCELL 
CABLE PC1 132 

173 

3.4 

Cu 

TRANSRADIO LTD 
CO N TRA CT O R S  T O  M M.  G O VE R N ME N T 

138A CROM WELL ROAD-LONDON SW7 ENGLAND 

C46111 709ANIRAD LONDON 

MODEL 300 

VARIABLE 

ELECTRONIC 

FILTER 

Two simple controls are all that are neces-

sary to operate the Model 300 Variable Elec-

tronic Filter. With the variable frequency dial and range switch 

any cut-off frequency from 20 cps to 200 KC may be quickly and 

accurately selected and reselected. With the range switch either 

low-pass or high-pass filter action may be chosen. In either case 

the rate of attenuation is 18 db per octave and the insertion loss 

0 db. For higher rates of attenuation or continuous band pass 

operation two or more sections can be cascaded. Its low noise 

level and flexibility of operation make the Model 300 indis-

pensable in geophysical and acoustic research, industrial noise 

measurements, in the automotive and aircraft industries as well 

as the radio broadcasting, recording and motion picture studio. 

Write for further information today. 

HIGH POWER 
FLE XI B LE 

SPECIFICATIONS 

• CUT OFF RANGE 
20 cps to 200 KC 

• ATTENUATION RATE 
18 db per octave 

• SECTIONS 
Single, can be high pass 
and low pass 

• INSERTION LOSS  0 db 

• PASS BAND LIMITS 
2 cycles to 4 MC 

• NOISE LEVEL 
80 db below 1 volt 

S Ki SPENCER- KENNEDY LABORATORIES, INC. 
EN  181 MASSACHUSETTS AVE., CAMBRIDGE 39, MASS, 
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•  • 

NE y Precious !11iLdIs 
YOUR DESIGN PROBLEM SIMI'LIFI 

OF ONE OF OUR STANDAR 

HEADED AND FORMED WIRE CONTACTS 

' 
41 

pee-1 VIT-

.004 

.41 

in In tl u s r 
II WITH THL 

II CONTACTS 

This simplified chart shows the 

form and overall dimensions 

of a few of the many types of 

contacts made from Ney Pre-

cious Metal Alloys with elec-

trical and physical properties 

that have proved exceptionally 

satisfactory for brush or wiping 

contact applications. Full tech - 

nical and test data are available 

on request. Other Ney Pre-

cious Metal Alloys have solved 

many special industrial appli-

cation problems. Consult us 

freely without obligation. 

Write or phone (Hartford 2-4271) our Reward, Department. 

THE J. M. NEY CO MPANY 171 ELM STREET  • HARTFORD I, CONN. 
SPECIALISTS IN PRECIOUS METAL METALLURGY SINCE 1812 

SUPPRESS RADIO INTERFERENCE 
.Eliminate Errors in Critical RF Measurements 

Reduce the area background level of radio interference to a negligible 
minimum for critical tests and measurements! Ace Pre-Built Screen Rooms 

are moderately priced-- suppress interference 
far more efficiently than ordinary screen rooms 
or enclosures- - and provide for a high degree of 
accuracy by eliminating gross systematic errors 
in your test setup and calculations. They're easy 
to install and easy to enlarge or move. Write, 
wire or 'phone for further details. 

ATTENUATIONS of 100 to 140 db. 

FROM 0.15 to 10,000 mc. 

1644 N. Lawrence Si. Philadelphia 40, Pa. 

Use 
SILVER 
GRAPHALLOY 
For extraordinary 
electrical performance 

THE SUPREME BRUSH 
AND CONTACT MATERIAL 

IN BRUSHES 

• for high current 
density 

• minimum wear 

• low contact drop 

• low electrical noise 

• self-lubrication 

IN CONTACTS 

• for low resistance 

• non-welding 

character 

C 

Accumulated design experience counts — 
L  cell on us! 

GRAPHITE METALLIZING 
CORPORATION 

1001 NEPPERHAN AVENUE. YONKERS 3, NEW YORK 

845A 
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AUDIO TRANSFORMERS 

that pass 

all tests! 

• 

The test of time, no 
less than test by leading technicians. 
has proved the range of Partridgc 

Audio Transformers to be the most 
efficient and reliable in the world. 

For example the famous 

WILLIAMSON Output TRANS 
FORMER, of which there is no U.S 
equivalent (vide "Audio Engineering" 
Nov. 1949) is produced to the original 
specification and comes to you for 
S21.00, mail and insurance paid. Then 

there is the 

*PARTRIDGE CFB 20 Watt output 
type, universally accepted as without 

rival anywhere. Here are some brief 
figures: Series leakage induct. 10 m.H; 
primary shunt induct. 130 H, with 'C' 

core construction and hermetically 
sealed—to you for $30.00, mail and 
insurance paid. 

• 

send for fullest data, including square wave tests. 
distortion curves etc. Well rush this Air Mail to-
gether with list of U.S. stockists. 

YOU CAN 

JUDGE FOR YOURSELF 

at the 

RADIO 

ENGINEERING SHOW, N.Y. 

(STAND 363) March 19th•23rd 1951 
where the range of Partridge Audio 
transformers it being exhibited 

NOTF. titling, h by intured marl per ',quo n 
upon receipt of your ordinary dollar check. 

Jobber: aff invited to handle the traniformer that 
the State, 11  taxer to buy—remember, immediate 

truer rtr.rh, in yew York , 

Pr 
PARTRIDGE TRANSFORMERS LTD. 

I- RIM 
rIGLAtilD 

DO YOU KNOW? 
that a PILOT LIGHT 

CAN IMPROVE YOUR PRODUCT 
. . add attraction — safety — service? 

— what lamp to use 
— how to use it 
—what it will do 
— what it will cost 

THIS MAY BE THE ONE 
Designed for low cost NE-51 Neon 

• Built-in Resistor • Patented 
• U/L Listed  • Rugged 

Catalogue Number 521308 — 997 
for 110 or 220 volts. 

SAMPLES 
for design purpose 

NO CHARGE 

NC M Write for the 
L  HANDBOOK OF PILOT LIGHTS." 

Write us on your design problems. 

The DIAL LIGHT COMPANY of AMERICA 
Foremost Manufacturer of Pilot Lights. 

900 BROADWAY, NEW YORK 3, N. Y.  TELEPHONE SPRING 7-1300 

INCREASED ACCURACY 

• SWEEPS .01 sec cm to .1 psec 
Accuracy 5% or greater. 

• .040sec RISE TIME 

• FULLY REGULATED POWER 

SUPPLY. 

• VOLTAGE CALIBRATOR 

5% Full Scale Accuracy. 

CM 

TEKTRONIX TYPE 511 AD OSCILLOSCOPE 
Price $845.00 1. o. b. Factory 

Increased accuracy in sweep time calibration is made possible by the use of 
dual Sweep Multiplier dials. The 2 megohm variable carbon resistor formerly 

used has been replaced by a combination of 1% fixed resistors and a 

variable element which comprises only 10% of the total. 
Electronic regulation of all DC voltages preserves the inherent accuracy 

regardless of severe line voltage variations. 

Write for further information on the Type 511 AD 
and other Tektronix instruments. 

TE KTR ONI X, INC.  
712 St. Ilawtherus Blvd. Portland 14.0re. 

11111 111a./.  



Cu--; 

°}41"/ 
TUNGSTEN 

and 

MOLYBDENUM 

GRID WIRE 
Made to meet your 

specifications ... 

for gold content, 

diameter and 

other requirements. 

I 9 0 I 

SIGMUND COHN CORP. 

44 GOLD ST  NE W YORK 

Mr FARCE OCUUERNAC NDD  .TIME OMNE VA ES NA U RMIrE NTE NI. YTS, 

Model 801 
by 4y ot reA 

Now, the Putter Instrument 

Company  offers  all  in  one 

equipment, the features here-

tofore  available  only  in 

separate  counting  tystems. 

Two complete counting chan-

nels, a 100 kc crystal oscillator 

time base and unique gating 

circuits are combined to pro-

vide the new FREQUENCY-

TI ME COUNTER. 

ANY FACTOR 
MAY BE 
MEASURED 
FOR FIXED 
VALUE OF 
THE OTHER 

Universal 6-in-One 
MEGACYCLE 

FREQUENCY-TI ME 
.11  COUNTER 

FREQUENCY 
MEASUREMENTS 

0 to 1 A, range by counfing cyctes 
per pre selected tune or by rbects 

urusg tune per pre selected count 
Accuracy 0 001 % 1.1111NI T y T 

TIME INTERVAL 
MEASUREMENTS 

0 tO 10 seconds ± 10 micro-
seconds 

FREQUENCY 
RATIO MEASUREMENTS 

Rolm, of two external frequenc.es 
con be measured 

SECONDARY FREQUENCY 
100 tic crystal oscdtaior ...oh d. 
sided frequencies ovoiloble or 10 
1 1., and 100. 10, 1 cps 

TOTALIZING COUNTER S .1  decad•s, pulses 0 to  1 rru 
s ne *ore 10 cps to I Inc 

DIRECT RPM READING 
TACHOMETER 

Through the use of on external,60 
count per reyolubon photoeleOrIc 
duc generator an OCCur0Cy of t 1 
rpm u obtooned 

Please address inquiries to Dept. 5-F 

POTTER  INSTRU MENT  CO MPANY 
I N C O R P O R A T E D 

I 15  CUTTER  MILL  RD.,  GRE AT  NE CK,  NE W  Y ORK 

a nnattit an g. - •/    A NEW, IMPROVED OVEN...   

A 

the JKO7E 
With Thermostat Sealed In Helium 
Here s another important JAMES KNIGHTS develop. 

ment, the JKO7E Oven. It features a thermostat that's 
sealed in a glass envelope that has been filled with 
helium.  Contact  arcing  is eliminated—temperature 
differential is greatly minimized by providing closer 
thermo-coupling to the thermostat! In addition, it's 
completely dust and tamper proof! 
The new design results in greater frequency stability 

—longer life—greater reliability than is possible with 
mercury thermostats! The JKO7E is available with either 
a 6.3 volt 10 watt heater, or a 115 volt 12 watt heater. 
It's broadcast, FM & TV, R.C.C. approved! 

Additional JKO7E Specifications 
Will hold any JK type crystal evcept H-6, H-I8T and 

H-I9 
Normal operating temperature 50° C  2° C 
Will hold any temperature as much as 75° C above 

the ambient 
Supplied complete with Johnson No. 137 Socket 

Also Ideal As Frequency Standard 
When Used With JK Stabilized H-18 
The JKO7E, when used with the JK H-113, 100 KC 

Crystal, or similar type, is also ideal for extremely 
accurate frequency measurements. 

JK Stabilized H-18 Specifications 
Frequency Range: 80 KC to 2 MC 
Hermetically sealed metal holder 
Wire mounted silver plated crystal 
Octal base 

Complete Information On Request 
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Behind the Scenes at the 
Radio Engineering Show 
Power can be a problem at the annual 

Radio Engineering Show! It takes as much 
as 235 kw to run and light the exhibits in 
addition to the normal lighting of the halls. 
A  Caterpillar  standby  installation 

"saved the day" for IRE in March 1950. 
New York City was observing an amuse-
ment brown-out due to the coal strike 
when the last show opened. Faced with a 
power reduction to 25% of its needs, the 
, Show turned to one of its exhibitors for 
help. 
The Caterpillar Tractor Company of 

Peoria. Illinois, was exhibiting standby 
diesel power plants in the show. William C. 
Copp, Exhibits Manager, appealed to the 
firm for use of the model to be displayed, ibut found it was to be a non-operating, 
cut-auay display unit. However, The 
Caterpillar Company flew in its standby 
experts and shipped units to carry the 
whole load —enough electric power gen-
erator, io carry a small midwestern town. 

The picture shows Chief Engineer 
E. Olin switching in the first unit only 
twenty hours after the "Cats' left Peoria. 
The whole battery was composed of four 
45 kw units and one 65 kw giant. The unit 
ill the picture is a self-regulating ac 45 kw 
diesel generator. 
The installation carried the load for 

two days. When the "brown-out" was 
lifted, standard power was resumed but 
only because five big diesels in a tiny court 
between two high buildings naturally were 
noisy. Another few hours and the big "resi-
dential mufflers" which arrived later, 
would have cured this. 
The 'Cats" solved a crisis in the nick 

of time and demonstrated conclusively 
that as exacting a power requirement as 
the Radio Engineering Show could be met. 
The Caterpillar Tractor Company con-
tributed the entire installation and travel 
costs to IRE. 

"A Parcel or Two!" 

This is what that beautiful Amphenol 
exhibit looks like before it is all assembled. 
Floor crew handlers bring in 35,000 boxes, 
crates and packages to set up the Radio 
Engineering Show. About 180 truck loads 
of equipment worth over seven million dol-
lars come into the show each year. 

COMING AGAIN 

September 1951 
(Closing May 30) 

;71 

We  
3/2 lbs. 

712 PAGES 

Lists 19,049 

Engineers 

L. 

Directory to 

2500 Firms 

Indexes 75 

Engineering 

Product Classes 

Goes to Every 

IRE Engineer. 

Distributors 

Edition 1500 

Hundreds of sub-
classificabons 

FILL OUT 

NEW 1951 

PRODUCT 

LISTINGS ON 

NEXT PAGE 

Size 81/2" x 11" 
Print Page 7" x 10" 

All advertising faces listings 
except spreads and catalogs 

Complete Catalog Section 
\lanufacturers have created in the IRE DIRECTORY 
a most useful section! In 1950, twenty-four firms placed 
124 pages of "Complete Catalog Data" in the form of 
spreads and catalog inserts in this book. Altogether, 212 
firms placed advertising in the directory, providing IRE 
members with a well organized and permanently ac-
cessible file of product illustrations, specifications and 
"where-to-buy" information of the utmost practical value. 
• Rates for display advertising and for catalog inserts are 
economical. Write "Advertising Department" for details. 

Estubli;heJ  1913 

A Balanced Pronirnion 
"Proceedings of the 1.R.E." The IRE Yearbook 

The Radio Engineering Show 

303 WEST 42nd STREET, NE W YORK  18,  N. Y. 
Circle 6-3026 
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IRE DIRECTORY QUESTIONNAIRE 

Method to be used by firms to induate 
products manufactured or services ren-
dered. Please read the entire questionnaire. 
Products are grouped beneath basic head-
ings to facilitate location. Immediately 
following each major product group is a 
space to check whether or not your firm 
carries this item in stock. Please indicate 

this with es ery item you check off, no dis-
crimination in your listing will result if 
you check "no." 
Do not check products that you do not 

manufacture for sale to the industry. 
Components manufactured for incor-

poration in your own end products (and 
not intended for sale) should not he listed. 

as this will only result in annoyance to 
you, and the firms who make inquiries 
concerning product availability. 
After checking off the products please 

fill in the coupon carefully and mail the 
entire form to: Frank MacAloon, Industry 
Research Div., Proceedings of I.R.E., 
O3 W. 42nd St., New York 18, N.Y. 

Industry Research Division Information Service 

1. Amplifiers. 
In Stock ( ) Yes ( 1 No. 
(  ) a. Broadcast Speech In-

put Equipment. 
) b. Dynamic Noise Sup-

pressors. 
) c. High Fidelity. 
) d. Inter-communication 

Systems. 
) e. Medical Equipment. 
) f. Peak Limiting. 
) g. Phonograph Pre-am-

plifiers-equalized. 
( ) h. Power Amplifiers. 
( ) i. Pre-amplifiers. 
( ) j. PA Systems. 
( ) k. Recording Amplifiers. 
( ) I. Television. 

2. Antennas. 
In Stock ( I Yes ( ) No. 
(  ) a. AM Broadcast. 
( ) b. Dummy. 
( ) c. FM Broadcast. 
( ) d. Miscellaneous. 
( ) e. Receiving Types. 
( ) f. Relay Systems. 
( ) g. Television Broadcast. 
( ) h. TV Multiple Outlet 

Distribution Systems. 
( ) i. UHF-VHF 

3. Antenna Accessories. 
In Stock ( ) Yes ( I No. 
(  ) a. Feeder Systems. 
( ) b. Insulators. 
( ) c. Phasing  & Tuning 

Equipment. 
( ) d. Support Towers. 
( ) e. Tower Lighting Equip. 

4. Attenuators. 
In Stock ( I Yes ( I No. 
(  ) a. Audio Frequency. 
( ) b. Radio Frequency. 

5. Batteries. 
In Stock ( ) Yes ( I No. 
(  ) a. Flashlight & Miscel-

laneous Dry. 
( ) b. Hearing Aid. 
( ) c. Portable Radio. 
( ) d. Storage. 

6. Blowers & Cooling Fans. 
In Stock ( ) Yes ( ) No. 

7. Books & Book Publishers. 
Bridges, see 67a. 

8. Cabinets & Consoles. 
In Stock ( I Yes ( 1 No. 
(  ) a. Metal. 
( ) b. Plastic. 
( ) c. Wood. 

9. Cable & Wire. 
In Stock ( ) Yes ( I No. 
(  ) a. Coaxial Cable. 
( ) b. Copper. 
( ) c. Molybdenum. 
( ) d. Precious Metal. 
( ) e. Pre-formed Harnesses. 
( ) f. Rubber Insulated. 
( ) g. Shielded Types. 
( ) h. Synthetic Insulated. 
( ) i. Tungsten. 
( ) j. UHF Types. 

10. Capacitors: Fixed. 
In Stock ( ) Yes ( ) No. 
(  ) a. Ceramics. 
( ) b. Electrolytic. 
( ) c. Mica. 
( ) d. Oil Filled. 
( ) e. Paper. 

21. 

22. 

23. 

( ) f. Pressurized Gas. 
( ) g. Printed Circuit. 
( ) h. Vacuum. 

11. Capacitors: Variable. 
In Stock ( ) Yes ( I No. 
(  ) a. Neutralizing. 
( ) b. Precision. 
( ) c. Temperature Fre-

quency Compensat-
ing. 

( ) d. Trimmers. 
( ) e. Tuning. 
( ) f. Vacuum. 

12. Ceramics. 
In Stock ( ) Yes ( ) No. 
(  ) a. Coil Forms. 
( ) b. Custom Fabrication. 
( ) c. Rods. 
( ) d. Sheets. 

13. Chassis & Relay Racks. 
In Stock ( ) Yes ( I No. 
(  ) a. Open Stock. 
( ) b. Custom Fabrication. 

14. Coils.  • 
In Stock ( I Yes ( 1 No. 
(  ) a. AF Chokes. 
( ) b. Miscellaneous. 
( ) c. RF Chokes. 
( ) d. Toroids. 
( ) e. Transformer Coils. 
( ) f. Tuning. 

15. Computers. 
In Stock ( I Yes ( 
(  ) a. Analog. 
( ) b. Digital. 
Condensers, see 10 & II. 

16. Connectors. 
In Stock ( I Yes ( 1 No. 
(  ) a. AN Standard Types. 
( ) b. Coaxial. 
( ) c. Microphone. 
( ) d. Power. 
Consoles, see 8. 

17. Consulting Engineers. 
( ) a. Accoustical. 
( ) b. Electrical. 
( ) c. Mechanical. 
( ) d. Radio. 

18. Converters. 
In Stock ( ) Yes ( ) No. 
(  ) a. Frequency. 
( ) b. Vibrator. 

19. Cores & Core Materials. 
In Stock (  Yes ( 1 No. 
(  ) a. Complete Cores. 
( ) b. Laminations. 
( ) c. Powdered Metal. 

20. Crystals. 
In Stock ( 1 Yes ( 1 No. 
(  ) a. Germanium & Sili-

con. etc. 
( ) b. Oscillating Quartz. 
( ) c. Piezo-Electric. 
Crystal Holders. 
In Stock ( ) Yes ( I No. 

Discs, Recording, see 56a. 

Distribution. 
( ) a. Jobbers and Whole-

salers. 
( ) b. Manufacturers Repre-

sentatives. 
( ) c. Sales & Service. 
Dynamotors, see 44a. 

Electronic Control Equip-
ment. 
In Stock ( ) Yes ( 1 No. 

1 No. 

24 

25 

26. 

27. 

28. 

29. 

30. 

31. 

• 

( ) a. Air Conditioning 
Controls. 

( ) b. Burglar Alarm & Pro 
tection Devices. 

( ) c. Combustion & Smoke 
Elimination. 

( ) d. Fire Prevention & De-
tection. 

e. Production Controls, 
Counting & Sorting. 

f. Variable Speed Regu-
lators. 

g. Voltage  Control  & 
Stabilization. 

. Equalizers. 
In Stocii ( ) Yes ( / No. 
(  ) a. Dialogue. 
( ) b. Line. 
( ) c. Magnetic Reproducer 

Types. 
( ) d. Sound Effects. 
Fabricators. 
( ) a. Contract Assemblers. 
( ) b. Electro Plating. 
( ) c. Hermetic Sealing 

Service. 
) d. Metal Spinners. 
) e. Plastic Moulders. 
) f. Stampings. 

( ) Metal 
( ) Laminated 

Plastic 
( ) g. Other,   
Facsimile Equipment 
In Stock ( 1 Yes ( 1 No. 
Filters. 
In Stock ( ) Yes ( ) No. 
(  ) a. Band Pass & Band 

Rejection. 
( ) b. Dividing Networks. 
( ) c. Noise Elimination. 
Sound effects, see 29d. 
Frequency Measuring Equip., see 43, 
46, 69. 
Fuses & Fuse Holders. 

Generators, see 44c. 
In Stock (  yes  ( ) No. 

Graphic Recor ders.  
In Stock ( ) Yes ( 1 No. 
(  ) a. Industrial. 
( ) b. Medical. 

Hardware & Manufactur. 
ing Aids. 
In Stock s 
( ) a. A clIh eYsei've( LIabNleos.. 
( ) b. Bushings. 
( ) c. Cans. 
)
d. Gaskets. 
. Dials. 

) e   
( ) f. Gromets. 
( ) g. Knobs. 
( ) h. Metal  Bolts,  Nuts. 

Rivets. Screws, Studs. 
( ) i. Terminals. 
( ) j. Other. 

Induction Heating Equip-
ment. 
In Stock Yes ( I NO. 

) a. Manufactur ing  
Processes.   

( ) b. Medical Applications. Inductors, see 14. 

32. Insulation. 
In Stock ( I Yes ( 

) a. Cloth. 
( ) b. Glass. 
( ) C. Mica. 

I No. 

( ) d. Paper. 
) e. Plastic. 
) f. Rubber. 
) g. Synthetic. 
) h. Varnished Cambric k 

33. Jacks, Jack Fields. 
Plugs & Patch Cords.  ' 
In Stock ( I Yes ( I No. 

34. Keys. 
In Stock ( I Yes ( ) No. 
(  ) a. Switching. 
( ) b. Telegraph. 
Knobs, see 30g, 46c. 

35. Laboratories & Custom 
Builders of Equipment. 

36. Lacquers & Paints. 
In Stock ( ) Yes ( ) No. 
( ) a. Conducting & 

Magnetic. 
( ) b. Finishing. 
( ) c. Fungus Proofing. 
( ) d. Moisture Proofing. 

37. Loudspeakers & Head-
phones. 
In Stock ( ) Yes ( ) No. 
(  ) a. Commercial Grade 

Loudspeakers. 
( ) b. Headphones. 
( ) c. High Fidelity Loud-a' 

speaking Systems. 
( ) d. High Frequency. 
( ) e. Low Frequency. 

38. Machinery 84 Tools. 
In Stock ( 1 Yes ( I No. 
(  ) a. Coil Winders. 
( ) b. General Production • 

Machy. 
( ) c. Marking & Engravin; 

Machy. 
( ) d. Soldering Irons & 

Guns. 
( ) e. Tube Machinery. 
) f. Vacuum Pumps. 

( ) g. Welders -Brazers. 
( ) h. Other. 

39. Magnets. 
In Stock ( ) Yes ( ) No. 
(  ) a. Electro. 
( ) b. Permanent. 

68, 69. 
Measuring Equipment, see 41, 66, 6711 -

40. Metals: Base. 
In Stock ( ) Yes ( 1 No. 
(  ) a. Copper. 
( ) b. Ferrous. 
( ) c. Non-ferrous,  exclud 

ing Copper. 
( ) d. Powdered. 
( ) e. Precious & Rare. 

41. Meters. 
In Stoc k ( ) Yes  ( ) No.  

( ) a. Ammeters.  4 
b. Elapsed Time. 

( ) c. Frequency Indicating.,: 
( ) d. Voltmeters. 
( ) e. Volume level 

Meters (db & vu). 
( ) f. Wattmeters & Watt 

Hour Meters. 
Vacuum tube Voltmeters, see 671 

42. Microphones. 
In Stock (  Ye;  ( I N o. 

)  a. Carbon. 
( ) b. Condenser. 
( ) c. Crystal. 
( ) d. Magnetic. 

4 



IMonitoring Equipment. In Stock ( i Yes ( I No. 
(  ) a. Frequency. 
( ) b. Modulation. 
( ) c. Television. 
. Motor Generators. 

In Stock ( ) Yes ( ) No. 
( ) a. Dynamotors. 
( ) b. Frequency 

Changers. 
( ) c. Motor-Generators. 
( ) d. Rotary Converters. 

15. Motors: Very Small. 
In Stock ( I Yes ( ) No. 
(  ) a. Blower Motors. 
( ) b. Syncro Controls. 
( ) c. Timing Devices. 
. Moulded Products & Serv-
ices. 
In Stock ( ) Yes ( ) No. 
(  ) a. Cabinets. 
( ) b. Insulators. 
( ) c. Knobs & Parts. 
( ) d. Proprietary Mould-

ings. 
( ) e. Special Fabrication. 

. Optical Systems, Mirrors, 
Screens, & Accessories. 
In Stock ( ) Yes ( ) No. 
Oscillators, see 66a, 69b, c, d, e. 

. Oscillographs & Acces-
sories. 
In Stock ( ) Yes ( ) No. 
( ) a. General Purpose, 

Cathode Ray. 
( ) b. Recording. 
( ) c. Recording Cameras. 
( ) d. Synchroscopes, 

Cathode Ray. 
( ) e. UHF C-R Equip. 
Panels, see 13. 

. Phonograph & Transcrip-
tion Reproducing Equip-
ment. 
In Stock ( ) Yes ( I No. 

- (  ) a. Crystal Pick-ups. 
( ) b. Magnetic Pick-ups. 
( ) c. Phonograph Motors. 
( ) d. Playback Arms. 
( ) e. Record Changers. 
( ) f. Styli. 
( ) g. Turntables, complete. 
Pre-Amplifiers, see Ii. 

0. Pilot Lights & Assemblies. 
In Stock ( ) Yes ( ) No. 
(  ) a. Incandescent. 
( ) b. Neon. 

51. Plastics. 
In Stock ( ) Yes ( ) No. 
(  ) a. Raw Powders, for 

Moulding. 
( ) b. Rods. 
( ) c. Sheets. 
Plugs, see 16, 33. 

52. Point To Point Communi-
cation Equipment. 
In Stock ( ) Yes ( ) No-
(  ) a. Aircraft & Airport 

Equipment. 
( ) b. Citizen Radio. 
( ) c. Emergency Communi-

cations. 
( ) d. Fleet Dispatching. 
( ) e. Police & Fire Depart-

ment Equipment. 
( ) f. Ship to Shore Equip. 

i ( ) g.. Telemetering Equip. 
53. Power Supplies. 
p  In Stock ( ) Yes ( ) No. 

(  ) a. Electrically Powered.  

( ) b. Gasoline Driven. 
( ) c. Voltage Regulated 

Output types. 
Printed Circuits, see, I0g, 36a, 60e. 

54. Receivers. 
In Stock ( ) Yes ( No. 
(  ) a. Broadcast. 
( ) b. Communications. 
( ) c. Fixed Frequency. 
( ) d. Frequency Modula-

tion. 
( ) e. Radar. 
( ) f. Special Purpose. 
( ) g. Television. 
( ) h. UHF-VHF 
Racks, see 13. 
Radar, see 54e, 7Id. 

55. Recording Equipment. 
In Stock ( ) Yes ( I No. 
(  ) a. Disc Recorders. 
( ) b. Magnetic Tape 

Recorders. 
( ) c. Magnetic Wire 

Recorders. 
56. Recording Accessories & 

Supplies. 
In Stock ( ) Yes ( I No. 
(  ) a. Blanks. 
( ) b. Cutting Needles. 
( ) c. Disc Recording 

Heads. 
( ) d. Magnetic Recording 

Playback & Biasing 
Heads. 

( ) e. Magnetic Recording 
Tape. 

( ) f. Magnetic Recording 
Wire. 

57. Rectifiers. 
In Stock ( ) Yes ( ) No. 
(  ) a. Metallic. 
( ) b. Vacuum Tube. 
Regulators, Voltage, see 74. 

58. Relays. 
In Stock ( ) Yes ( I No. 
(  ) a. Hermetically sealed. 
( ) b. Instrument. 
( ) c. Keying. 
( ) d. Mercury. 
( ) e. Power Control & 

Overload. 
( ) f. Stepping. 
( ) g. Telephone Types. 
( ) h. Time Delay. 

59. Remote Controlling Equip-
ment. 
In Stock (  Yes (  No. 
(  ) a. Automatic Tuning 

Mechanisms. 
( ) b. Flexible Shafts. 
( ) c. Remote Controls. 
( ) d. Switching Functions. 
( ) e. Servo-Mechanisms. 

60. Resistors. 
In Stock ( I Yes ( I No. 
(  ) a. Carbon Fixed. 
( ) b. Carbon Variable. 
( ) c. Potentiometers. 
( ) d. Precision. 
( ) e. Printed Circuit. 
( ) f. Rheostats. 
( ) g. Vacuum Sealed. 
( ) h. Wire Wound, Fixed. 
( ) i. Wire Wound, 

Variable. 
61. Schools & Institutions, 

Technical. 
62. Sockets, Vacuum Tube. 

In Stock ( I Yes ( I No. 
(  ) a. Receiving Tube 

Types. 

Send to: Industry Research Div., Proceedings of the I.R.E. 
Rni. 707, 303 West 42nd St., New York 18, N.Y. 

Transmitting Tube 
Types. 
Underwriters Labora-
tories Approved 
Types. 

63. Solder. 
In Stock ( I Yes ( I No. 
(  ) a. Acid Cored. 
( ) b. Plain. 
( ) c. Precious Metal. 
( ) d. Pre-forms. 
( ) e. Rosin Cored. 
Speakers, see 37. 

64. Switches. 
In Stock ( I Yes ( ) No. 
(  ) a. Band Switches. 
( ) b. Circuit Breaking. 
( ) c. Key. 
( ) d. Mercury Switches. 
( ) e. Momentary Contact. 
( ) f. Power. 
( ) g. Precision Snap. 

Acting. 
( ) h. Rotary. 
( ) i. Time Delay. 
( ) j. Toggle & Push 

Button. 

65. Television Equipment. 
In Stock ( I Yes ( ) No. 
( ) a. Cameras. 
( ) b. Camera Chains. 
( ) c. Color Adaptors. 
( ) d. Color Converters. 
( ) e. Projectors. 
( ) f. Studio Lighting 

Equipment. 
( ) g. TV Tuners. 
Also see, 11, 2g, h, 43c, 54g, 69d, 71f, 
and 72c, d, f, g. 

66. Testing & Measuring 
Equipment: Audio Fre-
quency. 
In Stock 
(  ) a. 

) b. 

) c. 

) d. 

) e. 

) f-

( ) Yes ( ) No. 
Beat Frequency 
Oscillators. 
Distortion & Noise 
Analyzers. 
Intermodulation 
Distortion Analyzers. 
Resistance Capacity 
Oscillators. 
Square Wave 
Generators. 
Wave Form Analysis 
Equipment. 

67. Testing & Measuring 
Equipment: General. 
In Stock ( I Yes ( ) No. 
(  ) a. Bridges, all types. 
( ) b. Capacitance Decades. 
( ) c. Capacitor Testers. 
( ) d. Multi-meters. 
( ) e. Resistance Decades. 
( ) f. Resistor Testers-

Ohmmeters. 
( ) g. Stroboscopes. 
( ) h. Tube Testers. 
( ) i. Vacuum Tube 

Voltmeters. 
( ) j. Vibration Testing 

Equipment. 

68. Testing & Measuring 
Equipment: Nuclear. 
In Stock ( ) Yes ( I No. 
(  ) a. Dosimeters. 
( ) b. Ionization Chambers. 
( ) c. Scalers. 
( ) d. Scintillation 

Counters. 

COUPON 
Date 

( ) e. Survey Meters. 
Geiger-Mueller tubes, see 72b. 

69. Testing & Measuring 
Equipment: Radio Fre-
quency. 
In Stock ( ) Yes ( ) No. 
(  ) a. "Q" Meters. 
( ) b. Signal Generators, 

AM. 
( ) c. Signal Generators, 

FM. 
( ) d. Signal Generators, 

TV. 
( ) e. Standard Frequency 

Generators & 
Multi-Vibrators. 

( ) f. Sweep Generators & 
Calibrators. 

( ) g. Wavemeters. 

70. Transformers. 
In Stock ( I Yes ( I No. 
(  ) a. Audio Frequency. 
( ) b. Hermetically Sealed. 
( ) c. High Fidelity Audio. 
( ) d. Power Components. 
y e. Pulse Generating. 

( ) f. Radio Frequency. 
( ) g. Voltage Regulating. 

71. Transmitters. 
In Stock ( ) Yes ( ) No. 
(  ) a. AM Broadcast. 
( ) b. Communications. 
( ) c. FM Broadcast. 
( ) d. Radar. 
( ) e. Special Types. 
( ) f. TV Broadcast. 
( ) g. UHF-VHF 

72. Vacuum Tubes. 
In Stock ( ) Yes ( ) No 
( ) a. Cathode Ray. 
( ) b. Geiger-Mueller. 
( ) c. Iconoscopes. 
( ) d. Image Orthicon. 
( ) e. Industrial Types. 
( ) f. Kinescopes, Black & 

White. 
( ) g. Kinescopes, Color. 
( ) h. Klystrons & 

Magnetrons. 
( ) I. Phototubes. 
( ) j. Pirani Tubes. 
( ) k. Receiving Types. 
( ) I. Rectifiers. 
( ) m. Special Purpose. 
( ) n. Thyratrons. 
( ) o. Transmitting Types. 
( ) p. Voltage Regulators. 

73. Vacuum Tube Component 
Parts. 
In Stock ( ) Yes ( I No. 
(  ) a. Anodes. 
( ) b. Envelopes, Glass. 
( ) c. Envelopes, Metal. 
( ) d. Grids. 
( ) e. Guns-Gun Parts. 
( ) f. Pins-Prongs. 
Varnishes, see 36. 

74. Voltage Regulators. 
In Stock ( I Yes ( ) No. 
(  ) a. Automatic. 
( ) b. Manually Controlled. 

75. Waveguides. 
In Stock ( I Yes ( I No. 
(  ) a. Couidings. 
( ) b. Flexible Types. 
( ) c. Rigid Types. 

76. Waxes, Potting & Sealing 
Compounds. 
In Stock ( I Yes ( 1 No 

Firm Name:  Phone No.   
Address:  Place  Zone ....Seat,. 

To whom in your organization should we direct correspondence concerning: 

Product Data   
IRE Yearly Convention  Advertising 



RADAR SONAR 

sp47. %s 

• 

CirSIS  

3000 MC BENCH TEST PLUMBING 
TEST EQUIPMENT 

IC eld Wayemeter WK type 1143841/0 Tritiumlaiiion type. TYPF N 
Milting*. l'eetler Boot 5111erumeter dial.. UoId Plated \V Cobb, 
Chart 1./ti ter m Meter X00404A. New   $99,511 

Atil4A/AP-10 I'M Plek-up Hipule with "N" Cali  ....  $4.511 
1.11T1l.  1.1(1111111/USE ASSE51111.1', Patt of RT-311 .1191 
API) is. u .i  d  CarMen w/asatie. Tr. Callo and 
Toie N CP11.11. To Oen. Uftes 2C411, 21'43. 11127, Tunable .61.X 
2400 2700 AICH. 1.41Ism Plated  $49.8J 

Beacon 1.1,11tholise yawl!) 111 1111  ninilatifte 2s ‘1•11 In' FAI 
101001, Alta. lion/aid like  $4/.50 ea. 

Nlasiteioon to ‘5.40..stilde Coupler oltli 721.1 111110eNel 1 1 111 • .-0.. 1 
plated  $45.00 

721.6 'I'll Itox 41.101.1.10 011 1. Itilli• alld 1.11.11..,    $12.5i1 
i'•••iii,.  ;9711 ..1 21.2 , Ols's 11,111 

•  ..  $4.00 
.1. SIll 2 I Ili,  N '  .,,••• ••iiii•iii  51233 

21. 161.vtion 61iii. Tilbobb.  • •  9" 
'socket Ik Altg. Market   $12.50 

%v.v.:FAA:IDE  7d ,, 10.11111  
1111/KE 1,1-1N111E. S11.64.11 II  lilt i:It:i ki: 1: x9 li  $32.50 

06.00 Ktiuloi.;  olitt;p1:toNAL  coupi.i,:u . 2;  'II,  No,)  t)0.• 
C.611%' -17AAN. with 1 In, ‘1.0.1.11  111411 01      $32.50 

S Q.  1.1.AN111.: to id choke tol.aptet, ls In.  10116  tjA I 'a In S .; in. 
',tilde .  tHs. "N'' (nitw  ad  1.11 it n .11.1IIII,  Prolw  $27.50 

AN/.61.115.1 10 01.1  111.10 iiiiii  viiii11•00 .111  ..010.1,1 Illa  ill  100  In  4111. 
na%egulde Se1 .1111 .. 1'11111 1.011111/1•11.  15 ilegleeil - • .575.00 per set 

PtitrElt 141 .1.1T1'Ell: 726 KIstion 1111.III  dila!  "N" ••utput  $5.00 

MODULATOR  PULSE NETWORKS 
UNIT BC 1203-13  I5A -1-400-50:  It  Kt' ".t" 

Pros1:1,, 21/0 1.11o0 ITS ',weep-  I Al%  1 iiiimmo•••.. 4ii pps. 
tline: 100 to 2,2,00 mictosee. In  .50 ohms, Imp.  $42.50 

tls•••I nool  mils... snip  G.E. :6E3 .7, 201•1: top:3T :At-

1,,, NN11.11  1.111N1',  N11 11111,..  111 ,1111  "F." C1101111,  3  ....01 101.,,  5 
11.10,.. too.o11,0111..  %on  rolciosee  Is. 201/11 pl.S. .;11 

01/10s  11111.0 1a1100    $6.53 
nil  G.E. :::i: 1.7 NI ISIS. 5.24 lo.".1 

'.01.1r. ;KV. "K" l'K'r Dual 
1 nil  11111  I.  :1 si.01 lion , , 1 
61.0r , . •  , 1 I/ l'1•S  10 0100. 

.00.11.1.01....1 a slatial at .... •alor  ...1.  11.0 2  s S .1 ,1 ,  2 21 
Haile, r,s0111  \lel"...  1.0'. 1.1, %., obio. 

,0 ":,.,I1 11,11 ili Ililont  1/111011  11/11..    $6.50 
1....111.. ..1 St'l: 1,1/5, SI'll 51.1,  7 5E3-1 2011-671', 7.5 Kt'  "K" 

'II 1..1  NVW 11, ...hotel.  Ilicillt. I mierosee. 200 PPS, 
  $121.00  67 ohms imp. 3 ,w•ctions $7.50 

COUPLINGS -UG-CONNECTORS 
uti 10 U  3.75  UG 40U  .$.70  UG  II U  1.60 
UG 40A  $1.10  :,, Coax.  $.50  UG  lu U  1.80 
UG 343  $2.35  ,,, Coax  5.95  UG I5U   $.75 
UG 344  $3.00  UG 53 U  $4.01)  UG206U  5.90 
UG 425   $2.00  UG 54 U  54.00  UG87U  $1,25 
UG 116  $1.95  UG 55 U  $-1.110  UG27U .   51 69 
UG  117   $2.50  11(1 5•• U  51.75  UG21U  S.dv 
UG 51  $1.00  UG 65 U  $1,53  UG167U   $2.25 
UG 52  $1.35  US 141 U  $3.00  UG29U   5.90 
UG 210   11.85  UG 144 U  54.00  UG254U  $1.69 
UG 212   52.40  UG I5J lo  $3.00 

4000 to 6000 mcs. Bench 
Test Plumbing 2" x 1" 

WAVEGUIDE 
sucrrs:1)  LINE.  Morna1 
type 332 complete with polls. 
etc.    $600.00 

FLAP ATTENUATOR  $48.00 
VARIABLE  STUB  TUNER 
AND I. OW  POWER  TER 
$I1NATION   $48.00 

WAY 0751111711 TEE  $48.00 
ADAPTEns: 
Choke to choke  $18.00 
Corer to cover  $14.00 
Choke to omer  $16.00 

WAVEGUIDE TO TYPE "N" 
ADAPTER  545.00 

161111-0710NAL  COUPLER 
Two hole type, type "N" 0 11.-

11 W   $48.00 
KLYSTIION NIOUNT. Equipped 

1th tunable termination and 
In ieromet r adjust.  klt stn., 
antenna tuning .... 1110.00 

CRYSTAL Slot' NT.  ilootoorol 
on). tunable terniina•lon and 
odermr.eter adjuat eryst al tun-
ing   5125.00 

I %%1 ..11 II El‘11 
5'01.04 

6000  Mc.  to  8 500  Mc, 

Bench Test Plu mbing 

1 1/2 " x 3/4" W AVEGUIDE 
Kt.'. 5111115  .61111 N'!', 
imniplete with shield and 11111 
able termination  5125.00 

PLAP ATTENU.1T011, 
 $45.00 

VAR1.6111,E STI•It TUNER .. 
$90.00 

WAVF:GUIDE Di Ts to: "N" 
1DAPTER  518.50 

WAVENIETER 11  • 
51-2.50 

51.61111' TEE ..  $83.00 
IIIIiEt'Til,\'.I  I III 1'1.1 11 

''11/1 

"N" toit-but  $25.00 
PRECISION  CRYSTAL 
'.101 ST• Equipiavl with tun-
Ina slog,  1111.1  Innaldu  ter-
mination   $125.00 

M INH NATIoN 
Pierision aditiq  570.09 

IAHV POWER 1.1. 01 , $35.00 

23,000 TO 27,000 MC. BENCH TEST Piu maiNG  --
1/2 " a  W AVEGUIDE 

PRECISION slArrrED LINE.  xvo,••  $12.00 
Adjustable Probe • • .$200.00 Hit. 1;1 1/11,.  11/  00,  $.1.00 

DIRECTIONAL  corri.E11-  1.111 ,6,  1111V 5V  ace•meter  510110!,  121111  
  $4.00 

 $60.00  Flex. See, 1" clink,.  Ito  1111.1, 0P R E CI SI O N   V.1111A111.E, Al' 
 $5.01 

TMEeNt: UA  TOR. mfg. R e$m90o•0ld0   A'Std"o  C'tiullrve Choke to 00.0  ', roil. to so. ,•on $5.00 
LOW POWER LOAD ...$20.00  Feedliaek  to  Para's! 
SIII'NT TF'F'   $35.00  with pi essitrim..1 window 
$VAVEGUIDE LENGTHS.  2" 

 $27.58 to 6" long. goldplated with  K Band Nliser   $45.00 
eireulai flanges and emildinv  Wateitulde 
nut)   $2.25 per Inch   $1.00 per ft. 
Right  Anale  Bend  E or  II  90' To Ist  $10.10 
PJane. .perlfy combination of  "K" lbood InreetIonal Coupler 
couplings detAred  $12.00  CUlli42.61.8-34 211 I Ill   

45° Bend E ni II Plane. l'hoke   $19.50 ea. 

PULSE TRANSFORMERS 
G.E.K.-2745  139.50 
G.E.K.-2744-A. 11.5 Kt' Mull 
Voltaae, 3.2 KY Low Voltage 
to, 200 KW over. 1279 KW 
111110.)  1 lillefosee.  or .4 Int-
ernat..% (0 11110 PI'S  939.50 

W.E.  :166173  III-Volt  Input 
(misnomer. W.E. inineilanre 
ratio 80 ohm. to 91111 ohms. 
Freq. range: 10 ke, to 2 me. 
2 sections parallel connected. 
potted In 011   $36.00 

W.E.  KS 9800  Input  irons-

former.  Winilltia  rat I,, be-
tween terminals 3-5 and 1-2 
is 1.1:1. and between 101 1111-
nals 11-7 and 1.2 is 2:1. Fre-
. Q11..1101' range: :P18.5211 
Permalloy vole  $6.00 

G.E. :K273I  Repetition Rate: 
(132 PPS. PO, Inip: 50 Ohms, 
See, Imp: 450 Olmin. Pulse 
Width: 1 MI,   Pri, In-
1011: 9 5 KY PK, See. Out-
put: 28 K - 1K, Peak Out-
put : Ition K61' Rider _ 12.75 

Many Others 

MAGNETRONS 

Tube 

2/27 

2131 

2321 A 

2122 

2126 

2132 

2137 

2138 

2139 

2140 

2149 

2134 

2161 

2162 

3131 

5130 

7I4A Y 

7I8D Y 

72067 

720C Y 

725-A 

730-A 

728 

700 

706 

KLYSTRONS 

723A 

707 8 

4I7A 

2K4I 

TEST SETS 

75 12 

75 13 

TS 33 

TS 35 

IS 56 

IS 45/APM3 

TS 62 3CM 

TS 108 

1-105A 

1-158 

1-233 

RC 438 

RF Preamp, 

G R. Brdg. :216 

G R Shunt :229 

G. R. Osc. :213 

IS 226A/AP 

5:9 Gen :804 

BC 221 

IS 10A/A P 

TS 69,'AP 

1-114 

1-126 

Meter 43A 

Sis. Gen, 788 

Megorncter 0-5 
Meg 

TS 1-49 

1-166 

Sig Gen 9.5-500 
MC 

CS' 8I/AP 

IS 59/APN I 

CW 60/ABM 

BC 438 

SONAR 
SYSTEMS 

Q8F 

OBG 

QC 

QC.) 

QCL 

Q(O 

QC5 

QCU 

WEA 

MICROWAVE ANTENNAS 
0ii 122  A.0).   $22.50 
1.1' 21-A Al W IaolI, W/14/4.)n and I 10111.111 .g.  N•qi  $8.00 
11.6K  'Itoe,i  1/1011.11   

$ $16255 :0000  1,1111' 
SA  Iloilo,  tl:  lII  SPrIniro Volt114,1 e ‘l1111  

..  $600.00  
$1.85 !Molt  ,." 

AI'S IS  ••   $99.50 
AN 3119: 1 .6nr, on,.  1..I1  1101.  11111.1.11 14016111101. 

Ii  .0110i  s01111  1.01"6  12 1 . • .. 4.' ..... ..  '$.12'5113700'1 
includin g 11.111.1.0111, 10111.1.11,,.  /111 0 III'.I 1000111111 

hni,,o, III  
• 1", ....011, 

AI'S 4 : ,,,•  , I  . 1  Cutler 7,1,1 dipole 
dIfect1.0..,  .9.1..1,1.1  I"  ttuwatilele  Dote 
..... tot owl a at III, 111.110511 , .111  I110 1/1.11 1/11 111111 tettical 6011 11  Si .n, 

1.01111,1010    585.00 
AN../1:1•14':  t,  telketoi orrto‘ 

,• 11 ' 1",1̀.1 , 1 111 11  \ 1'1  11  .  .6. . 
RELAY  SY ,,TE01  11E1 LECTORS  ,,;. 

TOY "JAM" RADAR  GOTATING ANTENNA,  
Nom:  ,IIIs /1.1•  9'  •  •  $100.00 

DBM ANTENNA  1,,,,  'nor, .1,, I,,  v., 

$65.00 

\.1.11  .  „  $4.50 
140-600 MC. CONE tip, Joiemm, •vonolete o .1  •.,1,- 6,1  
1111.01  all6s.  cald  i•s. 0,011111a  0.1 50.   Neu  $49.50 

$19.50 
VAG! ANTENNA AS•46A. API; t. S .14•Itierits   $14.50 ea. 
-6s1: ,11'S 19 151 .01,tentm  Ws: 2  11,1, NA, 01111  
11loole ..m1 10101. • 9. o  21 V DC Dike 

II,  22 1  1..  I NI,  ""  1.1 11  ..  \.'1:  ;17  Radio.  N,am1  t ,  o  

 $94.50 

7/8 " RIGID COAX - %" I.C. 
rigid  coaxial  tuning  stubs with  •• ,10, • still, 

ii. .1.1 Plated 
s 

RIGID COAX ROTARY JOINT. l'10.. .,.11 1/aili ' 

•..1 .11 ,/1' , Pa d  .1  SI ll  1, 1    525 DII no 
'tom, 3101111  P.111  11,  SC R  I   

$35.00 in 
RIGHT ANGLE BEND.  O W N.,  ItiCk1,11 !mil/ $13,01/ 

SHORT RIGHT ANGLE BEND, II II 1.  /11 1,1/1,  • $ 1 111.  
RIGID COAX to 111 A  1.10/1%  ri.11/10.101'    S. rp, 
STUB-SUPPORTED  RIGID COAX,  gold  plated  5  len.• er 

 55.0 RT. ANGLES for :slew..   
51.50 RT, ANGLE BEND 15" L. OA   
$3.59 FLEXIBLE SECTION, It" I.. 5111,- to female  54.25 

MAGNETRON COUPLINGS to ,„" right eoax. with TI1 1001,  gold  1.11. 9q1    

57.50 FLEX COAX SECT. Approx. 30 It.  $16.59 
CC 54 U I Toot flexible Nemo'', .4" IC pre•stiri/ed   $15.00 
RIGID COAX. Bead sopP:oted  $1.20 

SHORT RIGHT ANGLE BEND  $2.50 

WAVEGUIDE 
NI    $1.00 per foot  WRITE  FOR 

i  ." oil   1.50 per loot 
  1.65 per 1001  LISTING OF 
Almitinum  .75 per loot 

•" of ,   3.00 per foot  VARISTORS 
." ,,i.  3.50 per .foot 

I •  . 4.00 per foot  & 
1.20 per foot 

tAt.•11.0.1,• 1.1 HI 'I  1 It lefLtlis or  THER MISTORS 
smaller.)  . .. $8.50 each 

3 cm. aii Inn lie  1.11141  de.ogned for sector scan aortae.. , 11r4.11. 
111.1110110  and  innigation.  weather  forevaqing.  Intercepting  of 
.01.0,13  anetaft  Entf tel  enclosed ill a sticattillated hoti•ing 1 oi 
iiia  0 jiii.a1  .011.111rini  4/n  aitet aft bomb rack  o 

. of  n ipo.,- or large hoinheis. C11011.11010  SOS  111111  i111111,1.10  1"..111/11011I,  and  1..." ,,  'mit 
testily lot inotoliation. Quo ittiO  aUallallle. 

-  --  - 

8500 Mc to 9600 Mc BENCH TEST PLUMBING 
11/4" x %" WAVEGUIDE 

deg 
1.1)1115361/.2- Waveguide Variable Stub Tuner , 

Low Power Termination. 1/11381 10 drone phase shilling ea failoo 

PUincik- DUirpe ctHioonrna.l  'CI'lolupler. 1)11390 23 DB tYls' ,,' "N" out put  'fl'• output ..$$183..5508 

Wayemeter. N.1111I  III  :,41.0  IIICS..  nit!, valibialion. Nlic .toini....,  ad-

last load,  ifeaclo ot t310.  .....  • • • •  • • .............. . 885 :00  
Waytuulde Length. I'Llied and nited sup, coupling-. •o•iikilil- .9 

90 Degree Twist, b" imi2   
90 Degrees Elbows. E. oi 11 Plan ,  2'. .." 1...' "   $2.00 pv2.14., 
Bulkhead Feed- Thor Assem•  bly,mv   

pPrrecis,suurree GGaauuug, y o Saute  I. Ho-.   .:.111,• owl 1 ie.. nippl e   l$11.5,8...800101 

Dual Oscillator- Beacon  Mount. 1., o .61.Slii nada. lot 10  a. _....." 
 52.50 

It 1.1t ,i ion 011 li 1. 0 5141  11/1...  M atching  slugs.  shield., $4z.00 
Dual Oscillator, Mount, I I 140 1, I..  luck 1 '' II 11 00,1 al    
a1/10  tr• I 1.111.:11 1011  altelilialinu  .111g. t 1111 

Di rectional Coupler. UG-4o/U Take MY 20 1111   
Directional coupler. APS-t• Ti In'  "N" take off 20 1)11 ex111$:11.17i,r1 

 518.50 

Rotary Joint, choke to 1110lie  $10.00 
..... . ............... . ............   $17.50 

2K25/723 AB Receiver local lei -011:0, Klystron Mount. complete 
nith eij arid mould. Iris couplin g asol choke coupling to T11 $22 .50 

TR-ATR Duplexer m-etion Stabiii,er rarity will; bellowtos i  above  $8.50  

3 1'111.  INI,  114.01  0011  01.,...1. I/1/r-  1,11 11,  ..  $ 1  50 
3 1,1  !,11  1.. li'l  II .'  1,•Ii.  'P. , ' ,  1 ,  ,  tt IL  pies.urizint: topple 
1I IT:  ''',.    $6.00 ea. 

 56.00 ea. 

I 11'...   $$35.550° Cella : 

A PS. .. .. .. I .. 12 .. ......... ........... ...X.... .. ... ... .. I ..... aj.i..' ...... ......... .... ................' ....................................................... 

1.0111  para./01a  111011111  ti.  feed 

I -...11.1. I the-  o.ne2uide 01111 ,10 $15.00 ea. 
co.vil.11 1 '11. .I... 1,1“',es. solid  ...  .. ...........  -  • 55 c 
Sq. Flange,. Plat Brass   ..  ..............  . 

Rand Preamponer. viinsisting a  2-72:: A/II 1.,t1 oselliallOr. 
piebeal•oit 11141111g WiitegUldt.  and TII/A'TR Duplex seet. Mel. 1•0 
. IF' 81111...  ......................................... $47.50 

SCR 545 RADAR TRAILER - 
"L" BAND SEARCH -"S" BAND TRACK 

mach- 84184 . Mail Orders Promptly Riled, All Oftcet, F.0.8., N.Y.C. Send Money Order or Check. Only shipping charges cent C.O.D. Rated Concerns send P.O. 

COMMUNICATIONS EQUIPMENT COMPANY 
131 LIBERTY STREET, NE W V OR K, N.Y.  DEPT. 1-2  P. J. PL1S U NER  P HONE: 111.‘lia  1-11373 
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ADVERTISEMENT 

HF and UHF power leakage 
positively and economically 

controlled by 
new gasket material 

The unique combination of controlled 
resiliency, stability and conductivity found 
in Metex "Electronic Weather Stripping" 
makes it particularly effective as a shield-
ing material for such electronic applica-
tions as radar equipment, high frequency 
heating, television broadcasting and high 
frequency communication. 

It is available in strips or in die-formed 
gaskets of the shape, size and volume re-
quired by  the particular application. 
Economical in cost, the use of this material 
permits further savings in assembly time 
and eliminates much costly machining of 
closure surfaces that would normally be 
required. 

Metex "Electronic Weather 
Stripping" 

The base material is a knitted —not woven 
—wire mesh which is made from any metal 
that can be drawn into wire. Knitting 
produces a mesh consisting of a multi-
plicity of interlaced loops which increase 
the normal resiliency of the wire and, by 
their hinge-like action, permit freedom of 
motion without loss of stability. 

These characteristics are retained even 
when multiple layers of this mesh are com-
pressed to form gaskets or strips. The re-
sult is a compressible, resilient, cohesive, 
conducting material with a large internal 
surface area. Where hermetic sealing is 
also required, these gaskets are made in 
combination with neoprene or similar 
materials. 

Applications 
Among the Vd ricd applic ii ions where 
Nletex "Electron i, Weather Stripping" has 
already proved its effectiveness and econ-
omy are: Air craft pulse modulator shields, 
wave-guide choke-flange gaskets, shielding 
metal housings, replacing beryllium-copper 
fingers and springs on TR or ATR tube-. 
and ignition shielding to prevent radio 
noise interference. 

The facilities of our engineering depart-
ment are available at any time to a—it 
you in determining the possible ad.ipi 
bility of "Electronic Weather Stripping -

to your specific requirements. A letter, 
addressed to Mr. R. L. Hartwell, Execu-
tive Vice President, and outlining briefly 
your particular problem, will receive iii 

mediate attention.  No obligation, ui 
roir,t• 

METAL TEXTILE CORP. 

MI CR OL A B 
ANNOUNCES A NE W LINE OF MICRO WAVE PRODUCTS 

1411 0.-. 
F L-700 

1 =1  I L-100° 

ii b = wit =i=i  FL-2000 

LOW PASS FILTERS 
Type No.  Cut-off  Price 

Freq. 
FL-I 00  100 Mc. $40 
FL-200  200  35 
FL-400  400  30 
FL-700  700  30 
FL-I000  1000  25 
FL-2000  2000  25 
Impedance-50 ohms 

.11111 111 MINI O 

_ A11 . 11 .11 1111 .1 1 1111111 .1 .- - - 

FL-I0 0 

FL-4o: r 1.•2 0 0 

Al 10 

FIXED ATTENUATORS 
Type No. 
AF-3 
AF-6 
AF- I 0 
AF-20 
AF-30 
AF-40 
Impedance-50 ohms 
Price- $20 

Atten. 
3db 
6 
10 
20 
30 
40 

LOW POWER 
TERMINATION 

TYPE NO. 
TN-50 

IMPEDANCE 
50 OHMS 

MAX. POWER 
1/2 WATT 

PRICE $10 

AVAILABLE FROM STOCK —WRITE FOR TECHNICAL INFORMATION 

MICROLAB 
301 S. Ridgewood Rd. 

South Orange, N.J. 

South Orange 2-7422 

MODEL 708 SPECTRUM ANALYZER 

Frequency range-8500 mc to 9600 mc. 
Receiver—Double conversion superheterodyne. 
IF bandwidth—approximately 10 kc. 
Sweep frequency-10 cps to 25 cps. 
Minimum frequency dispersion—I mc/inch. 
Maximum frequency dispersion—I0 mc/inch. 

Signal input attenuator—I00 db linear. 
Power—I I5V or 230V, 50 cps to 800 cps. 

Vval woute 
,„1,6a0 

MODEL 712 SWEEP CALIBRATOR 

Pip markers at 2.5, 10, 50, and 100 microseconds; 
spacings either positive or negative. 

Internal or external trigger from 200 cps to 3000 
cps. 

Continuously variable gate on markers to 2500 
microseconds. 

Accuracy within 0.2% with ambient of 10°C to 
65°C. 

Calibrate directly from CW frequency standard. 
Power—I15 volts 60 to 400 cycles, 85 volt-
amperes. 

banoga. 
14315 Bessam•r St., Van Nuys, C•14.* Boa 361 

637 East First Ave., Roselle, N J 
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PROFESSIONAL CARDS INDEX AND DISPLAY 
ADVERTISERS 

LESTER W. BAILEY 
Registered Patent Agent 
Senior Member IRE 

PATENT OFFICE PRACTICE specializing In 
ELECTRONICS  MECHANICS 

RADIO 
LINCOLN-LIBERTY BUILDING 

PHILADELPHIA 7 
Broad & Chestnut Streets  Rittenhouse 6-3267 

ALFRED W. BARBER 
LABORATORIES 

Specializing in the Communications Field and 
in Laboratory Equipment 

Offices, Laboratory and Model Shop at: 

32-44 Francis Lewis Blvd., Flushing, L.I., N.Y. 
Telephone: Independence 3-3306 

HAROLD J. BROWN 
Vibrators 

Vibrator Power Supplies 
Electrical Contact Systems 

Mettepoisett, Mess, 

W. J. BROWN 
International Electronics Consultant 

AT PRESENT IN GREAT BRITAIN 

Will undertake assignments for American or 
British Clients. Please address inquiries to 11 
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TO 1-6498  FA-I-0030 

EDWARD J. CONTENT 
Acoustical Consultant 

Functional Studio-Theater Design 
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til Januar, 1, 1952. 

STAMFORD, CONN. 

CROSBY LABORATORIES, INC. 
Murray G. Crosby & Staff 
Radio-Electronic Engineering, 
Research & Development 
FM, Communications, TV 

Test Equipment 
Offices, Laboratory & Model Shop at: 
126 Herricks Rd., Mineola, N.Y. 

Garden City 7-0284 

Richard B. Schuh 

E te a,14- Sea4c4 

Radio-Interference Reduction: 
Development of 

Interference-Free Equipment, 
Filters, Shielded Rooms 

515 W  Wyoming Ave., Philadelphia 40. Pa 
GLadstone 5.5353 

ELK ELECTRONIC LABORATORIES 
Jack Rosenbaum 

Specializing in the design and 
development of 

Test Equipment for the communications. 
radar and allied fields. 

333 West 52nd St.  Telephone: 
New York 19, N.Y.  PLAZA 7-0520 

WILLIAM L. FOSS, INC. 

927 15th St., N. W.  REpublie 3883 
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PAUL GODLEY CO. 
Consulting Radio Engineers 

() flu J. t•pre,  N 
&  N .1 

Phone: Montclair 3-3000 
Established 1926 

HERMAN LEWIS GORDON 
Registered Patent Attorney 

Patent Investigations and Opinions 

Warner Building 
Washington 4, D.C. 
National 2497 

100 Normandy Drive 
Silver Spring, Md. 
Shepherd 2433 

HOGAN LABORATORIES, INC. 
John V. L. Hogan,  Pres. 

APPLIED RESEARCH, DEVELOPMENT, 
ENGINEERING 

Est. 1929. Evceptionally competent staff. Elec-
tronics, Optics, Mechanisms, Facsimile Com-
munication, Electro-sensitive recording media, 
Instrumentation. 
155 Perry Street, New York 14 CHelsea 2-7855 

MEASUREMENTS CORP. 
RESEARCH & MANUFACTURING 

ENGINEERS 

Harry W. Houck  Jerry B. Minter 
John M. van Beuren 

Specialists in the Design and 
Development of Electronic Test Instruments 

BOONTON, N.J. 

Eugene Mittelmann, E.E., Ph.D. 

Consulting Engineer g Physicist 

High Frequency Heating—Industrial Electronics 

Applied Physics and Mathematics 

549 W. Washington Blvd.  Chicago 6, III. 

State 2-8021 

PICKARD AND BURNS, INC. 

Consulting 

Electronic Engineers 

240 HIGHLAND AVE. 

NEEDHAM, M ASS. 

SERVO 
CORPORATION OF AMERICA 

Henry Blackstone, President 

Consultants on 
Electronic Control Problems 

for Industry 
New Hyde Park  Long Island, N.Y. 

TECHNICAL 
MATERIEL CORPORATION 
COMMUNICATIONS CONSULTANTS 

RADIOTELETYPE - FREQUENCY SHIFT 
INK SLIP RECORDING - TELETYPE NETWORKS 

121 Spencer Place, Mamaroneck, N.Y. 

TELREX, INC. 
M. D. Ercolino, Pres. 

H. F. ANTENNA SPECIALISTS 
• The Skill to Design 

• The Facilities to Produce 
• The Ability to Deliver 

Asbury Park, N.J.—Phone AP 2-7252 

Section Meetings 
Student Branch Meetings 
Membership   
Position Open 
Positions Wanted 
New—New Products 

DISPLAY ADVERTISERS 

36A 
42A 
48A 
50A 
63A 
I 8A 

Ace Engineering & Machine Co., Inc.  86A 

Acme Electric Corp.  80A 
Aircraft Radio Corp.  28A 

Airtron, Inc.  44A 
Allen-Bradley Co.  4I A 

American Gas Accumulator Co.  84A 
American Lava Corp.  25A 

American Phenolic Corp.  23A 

Amperex Electronic Corp.  80A 
Andrew Corp.  .  46A 

Antara Prods. Div. of General Dyestuff 
Corp.  .  30A & 3I A 

Arnold Engineering Co.  I9A 

Lester W. Bailey  94A 

Ballantine Labs., Inc.  38A 

Alfred W. Barber  94A 

Bead Chain Mfg. Co.  70A 

Bell Aircraft Corp. .  52A 

Bell Telephone Labs., Inc.  4A 
Bendix Aviation (Radio Div.)  56A 

Bendix Aviation (Red Bank Div.)  57A 
Berkeley Scientific Corp.  69A 

Boontor Radio Corp.  95A 
Breeze Corp., Inc.  72A 

Harold J. Brown .  94A 
W. J. Brown  .  94A 

Browning Labs., Inc.  48A 

Bud Radio, Inc.  83A 

Burlington Instrument Co.  78A 

Cambridge Thermionic Corp.  77A 

Cannon Elec. Development Co.  79A 

Canoga  Corp.  ..  ...  93A 
Capehart-Farnsworth Corp.   50A 

Capitol Radio Engineering Inst.  95A 

Centralab ..  ...  ...  33A, 34A & 35A 
C. P. Clare & Co.  27A 

Clarostat Mfg. Co., Inc.  45A 
C. G. S. Laboratories, Inc.  65A 

Cleveland Container Co.  .13A 
Sigmund Cohn Corp. .  88A 

Communication Prods. Co.  7I A 

Communications Equipment Co.  92A 
E. J. Content  .  94A 

Cornell-Dubilier Electric Corp. .  Cover III 
Crosby Labs.   94A 

Daven Co.  .. 61 A 
Dial Light Co. of America, Inc.  . 87A 

Allen B. Du Mont Labs., Inc.  12A, 73A 

E. I. DuPont de Nemours & Co.  . 54A 

Eitel- McCullough, Inc.  I 6A 
Electrical Industries  82A 
Electrical Reactance Corp.  I 7A 
Electro- Motive Mfg. Co.  2I A 
Electronic Assoc.  8I A 

Electro Search  94A 
Elk Electronics  94A 

Formica Co.  I 8A 
W. L. Foss  .  94A 

Freed Radio Corp.   50A 
Fusite Corp.  II A 

General Ceramics & Steatite Co.  49A 
General Elec. Co. .  3A. 53A & 58A 
General Precision Labs.  29A 

General Radio Co. .  Cover IV 

WHEELER LABORATORIES, INC. 
Radio and Electronics 
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Harold A. Wheeler and Engineering Staff 

Great Neck, N.Y.  Great Neck 2-7806 
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75A 

85A  50 bc. to 75 mc. 8 self contained ranges.  for frequencies up to 30 mc. Accurocy less 

94A 
76A 

6A  OSCILLATOR FREQUENCY ACCURACY: 
, 1%, 50 kc.- 50 mc.  3%, 50 mc.- 75 mc.  CAPACITANCE CALIBR AIION R ANGE: 

at higher frequencies. 

SPECIAL LEADERSHIP TRAINING 
for the Technical Man Who Wants to 
Advance to a Supervisory or Managerial Job 

INSTITUTE 
Established and Endorsed by CAPITOL 
RADIO ENGINEERING INSTITUTE Pioneer 
Electronics Technical School since 1927 

• Investigate today: Holmes new 
streamlined methods for adding 
management- know - what to your 
technical know-how. 

di  Write for full information 
free catalog: Dept. 262C 

3308 14th St., N. W., Washington 10, D.0 

_  M O DEL  350- A 

ULTRA-LO W FREQUENCY 
REJECTION FILTER 

FEATURING:  ADJUSTABLE 
CENTER FREQUENCY AND BAND WIDTH • BAND REJECTION 
OR SHARP NULL FILTERING • 24 DB/OCTAVE SLOPE  • 
CORNER FREQUENCY PEAKING  • LO W INTERNAL NOISE 

DESCRiPTION. Provides either a rejection band in which the gain 
falls at a rate of 24 db /octave or a sharp single frequency null. 

Especially useful for vibration studies, for electro-medical 
research and geophysical and seismological instrumentation. 

KROHN—KITE INSTRU MENT CO. 
580 MASSACHUSETTS AVE., CAMBRIDGE 39, MASS, U.S.A. 
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ACCURATE • DEPENDABLE • VERSATILE 

or  measurement of o 

and capacitance, the 160-A 

0-Meter is the universal choice of radio and electronics engineers. 

Its wide frequency coverage from 50 kc. to 75 mc. is an outstanding 

feature which makes possible the accurate and rapid evaluation of 
components and insulating materials at the actual operating frequency. 

SPECIFICATIONS 

70A  OSCILLATOR FREQUENCY RANGE:  motet./ 5% for direct reading measurement, 

0-MEASUREMENT RANGE: Directly tali-  Main capacitor section 30-450 mmf, occu-
broiedin0,20-250."Multiply-O-By" Meter  rocy 1%, or 1 mmf. whichever is greater. 

calibrated at intervals from x1 to *2, and  Vernier capacitor section  3 mmt., se m 
also at x2.5, extending 0-range to 625.  -3 mml. calibrated in 0.1 mmf. steps. 

0-MEASUREMENT ACCURACY: Approxi-  Accuracy  0.1 mmf. 
Write for literature containing further details 

95.s 



Basic research at RCA Laboratories has led t ,ost of today's :ill-eleetrunic television advances. 

/1/-Liie• hearlofeveceeevivO/7 see 
Why show RCA Laboratories inside 
your television receiver? Because almost 
every advance leading to all-electronic 
ITV was pioneered by the scientists and 
;research men of this institution. 

The supersensitive image orthicon tele-
vision camera was brought to its present 
perfection at RCA Laboratories. The kine-
scope, in these laboratories, became the 
mass-produced electron tube on the face of 
which you see television pictures. New 
sound systems, better microphones — even 

the phosphors which light your TV screen 
— first reached practical perfection here. 

Most important of all, the great bulk of 
these advances have been made available to 
the television industry. If you've ever seen a 
television picture, you've seen RCA Labora-
tories at work. 

*  *  * 

See the latest wonders of radio, television, and 
electronics at RCA Exhibition Hall, 36 West 
49th St., N. Y. Admission is free. Radio Corpo-
ration of America, RCA Building, Radio City, 
New York 20, New York. 

Through research from RCA Lab-
oratories, today's RCA Victor tele-
vision receivers are the finest 
example of electronic engineering. 

4RAID/ 0 C O M P O R A inr 01V 07C A M E R./C.4 

Work/ Leader ir/ Radio — A7/751- /I2 7a/et/is/or/ 

96A 
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A CND 
FILTER FO 
EVERY 
APPLICATION! 
In a wide range of sizes and container shapes to meet every known interference 
filtering application. A few typical types are listed below. Thousands of other 
types on request. Our engineers will be glad to consult with you on your specific 
noise problems. Engineering bulletin on request. CORNELL-DUBILIER ELECTRIC COR-
PORATION, Dept. M21 South Plainfield, New Jersey. Other plants in New Bedford, 
Brookline and Worcester, Mass.; Providence, R. I.; Indianapolis, Ind., and sub-
sidicn y, the. Radiart Corp., Cleveland, Ohio. 

Capacitive inductive filters — single and multiple section 
pi circuits in hermetically sealed containers for aircraft, marine, 
and heavy-duty application requiring filters with high inser-

tion loss over temperature range from —55 to +85 °C. 

Feed-through capacitive TV and radio noise filters — 
Compactl lightweight! Numerous insertion-loss patterns avail-

able. Hermetically sealedl Dykanol impregnation! 

Electrical appliance filters — for fluorescent lamps, food 

mixers, vacuum cleaners, business machines, and. a wide 

variety of other electrical equipment available in many styles 
with both flexible lead and solder lug electrical connections. 

FOR EFFECTIVE NOISE ELIMINATION . . . FOR DEPENDABLE RESULTS 

. . . FOR PREMIUM QUALITY PERFORMANCE . . . ALWAYS SPECIFY C-D! 

I 

icitO loSt 

CO NSISTE NTLY  DEPE NDABLE 

CORNELL-DU M MER 
CAPACITORS  • VIBRATORS • ANTENNAS  • CONVERTERS 

SUO310111, 

mut-% 



Input Voltage range: 
noop ar = 

Type 736-A WAVE ANALYZER $1075 

Specifications 

* FREQUENCY RANGE: 20 to 16,000 cycles. 

* SELECTIVITY: About 4 cycles flat-top band width. Response 
is down 15 db at 5 cycles, 30 db at 10 cycles, 60 db at 
30 cycles from peak. 

* VOLTAGE RANGE: 300 microvolts to 300 volts full scale. 
Over-all range is divided into four major ranges, each of 
which is divided into seven scale ranges. 

* VOLTAGE ACCURACY: Within ± 5' ; on all ranges. 
* HUM: Suppressed by at least 75 db. 

* INPUT IMPEDANCE: 1 meg ohm for direct voltage measure-
ments; 100,000 ohms with input potentiometer. 

* ACCURACY OF FREQUENCY CALIBRATION: ± (2' ( -I- 1 cycle). 
* BUILT-IN CALIBRATORS: For both voltage and frequency. 

This analyzer offers the simplest, most 

accurate and most direct method of 

measuring the amplitude and frequency 

of the components of any complex elec-

trical waveform. 

In its essentials it consists of a hetero-

dyne-type vacuum-tube voltmeter with 

a highly selective i-f filter using three 

quartz bars. At only 60 cycles from 

resonance the attenuation is down by 

75 decibels, yet tuning is very easy by 

virtue of the 4-cycle flat-top character-

istic at resonance. Standards for both 

voltage and frequency are built into the 

analyzer and can be used to check its 

calibration at any time. 

The Type 736-A Wave Analyzer is 

ideally suited for hundreds of types of 

harmonic-distortion measurements on 

any type of audio apparatus, broadcast 

receivers and transmitters, telephone and 

public address systems, oscillators, am-

plifiers and other vacuum-tube circuits; 

hum measurements on a-c operated 

communications equipment; harmonic 

induction studies on telephone lines. 

WRITE FOR COMPLETE DATA 

GENERAL RADIO COMPANY Cambridge 39, 
Massachusetts 

90 West St., New York 6  920 S. Michigan Ave., Chicago 5  1000 N. Seward St.,' Los Angeles 38 


