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FILTER SPECIALIOS 
PRODUCERSORF PERMALLOY DUST TOROID COILS AND FILTERS FOR 0 R A DECADE 

a N W ' 

FOR FILTERS 

NARROW BAND 

SHAW) CUTOFF 

MYER 

LOW FREQUENCY 

- LOW PASS 
FILTER 

SUB-OUNCER 

TOROID FILTERS 

BROAD BAND 

SHARP CUTOFF 

FILTER 

ATTENUATES 

10K( TO 30 

MEGACYCLES 

nOr OJE K , Od C,C1. ” 

Filters employing SUB•OUNCFR toroids and 
special condensers represent the optimum 
in miniaturized filter performance. The band 
pass filter shown 
weighs 6 ounces. 

write for catalog PS-409 

HOA, C, D 

TOROID COILS 

11}: - Da. x 11"i - High. 

HOB 

TOROID COIL 

UNCASED TOROIDS 

150 VA RI C K  STREET 

VIC 

VARIABLE 

INDUCTOR 

FOR HIGH Q COILS 

500  M O 

RCOU NCv - C 'G US 
•0 Aur.t..1 CD 

NE W YO R K  13,  N. Y. 

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



What to SEE at 

The Radio Engineering Show 
March 6-9, 1950 at 

243 Exhibits of 

Radio-Electronic Equipment 

Firm  Booth 

Ace Engineering & Machine Co., Inc., 
Philadelphia. Pa.  351 

Screen room cell type (8' wide, 7' high. 
5 deep) for shielded testing 

Acro Transformer Co., Long Island City, 
N 

Advance Electric & Relay Co., Los An-
geles, Calif. 
Relays 

Aerovox Corp., New Bedford, Mass.  124 
Molded tubular capacitors. Oil and Wax 
Impregnated Capacitors, Electrolytic Ca-
pacitors and Mica Capacitors, Metallized 
paper  capacitors.  ceramic  capacitors. 
Aerovox vibrator. 

Aircraft-Marine Prods., Inc., Harrisburg. 
Pa. 

Solderless Terminals, Solderless Wiring 
Devices, Machines and Tooling for their 

in 

363 

135 

273 

Alden Products Co., Brockton. Mass. 
Facsimile equipment. 

Alfas Paper & Eng. Co., Brockton. Mass. 305 
Highly sensitive Alfax recording papers 
for use in computer recording, recording 
of radar, infra-red; etc.; high speed fac-
simile for communications, weather data 
and latest business methods 

Allied Control Company, Inc., New York. 
N. Y.  279 

Relays. 

Allied Electric Products Inc., Irvington, 
N. J  326 

Spring•Action  Plugs, Tapmaster Exten-
sion Cord Sets. 

Alpha. Metals, Inc., Brooklyn, N.Y.  366 
Solder-Tri-Core Energized Rosin. Lead for 
Shielding. 

Altec Lansing Corp., New York, N.Y. 
Loudspeakers,  amplifiers,  transformers, 
radio tuners, Intermodulation Test Equip. 
ment and Microphones. 

American Chronoscope Corp.. Mt. Vernon, 
N  X 

Chronoscopes and accessories. 

American Lava Corp., Chattanooga, Tenn.  55 
Ceramic insulators for radio, television, 
radar, electronic components, wire com-
munications,  control  equipment  and 
household appl iances 

American Phenolic Corp., Chicago.  Ill. 
111 & 112 

Radio components. Coaxial cable R.F. con-
nectors, Television antennas, AN connec-
tors, industrial sockets and connectors. 
Plastics. 

American Structural Prods. Co., sub of 
Owens•Illinois Glass Co., Toledo. 0. 
Kimble all-giass round cathode ray bulbs 
in 3. 5, 7, 10, 12,4 and 16 inch sizes, Kim-
ble  all-glass  rectangular  cathode  ray 
bulbs in 14. 10 and 19 inch sizes. 

oo 

Grand Central 

Booth 

Radio Co.  St. 
202 

Firm 
American  Television  & 
Paul, Minn. 

Auto Radio Vibrators, Inverters. Battery 
Eliminators. Power Supplies 

Amperes  Electronic  Corp.,  Brooklyn, 
N Y.  10, 11, 12 

Transmitting,  Industrial,  high  power, 
special purpose, electromedical, cadiation 
counter. etc..—tube types. 

Ampro Corp., Div., Gen. Precision Equip. 
Corp., Chicago, Ill. 

Ampro Stylist 16mm. Motion Picture Pro-
jector and Ampro Tape Recorder. 

Antara Products, Gen. Aniline & Film 
Corp. New York, N. Y. 

Carbonyl Iron Powders for use in cores 
and coils. 

Applied  Science  Corp.  of  Princeton, 
Princeton, N. J. 

Telemetering  Equipment,  High  Speed 
Multichannel sampling devices and their 
applications. Other special purpose equip-
ment. 

23 

356 

Askania  Regulator  Co.,  Div.  General 
Precision  Equipment  Corp..  Chicago, 
Ill.  F 

Tension  control  equipment.  regulators 
and controls for industry. 

Atomic Instrument Co., Boston, Mass.  343 
Nuclear Measurement Apparatus. 

Audio Devices, Inc., New York, N. Y. 231 
Display of recording discs, recording and 
playback points and recording tape. 

Automatic Electric Sales Corp., Chicago, 

Relays, stepping switches, and other tele. 
phone  type  remote  control  components 
with emphasis on new design miniature 
stepping switch. 

Ballantine Labs., Inc., Boonton, N. J.  100 
Sensitive Electronic voltmeters, Geiger-
Mueller Counter Tubes. 

Barker & Williamson, Inc., Upper Darby, 
Pa. 

Test  Equipment, Coils, Capacitors and 
Com ponents. 

AS  Ir mi ell1 0  AT 

I Z GIIIIIIP" 
N O:oat. 

290 

Palace, New York 

Six Million Dollars Worth of 
Components, Tools and 

Materials 

Firm  Booth 

Barry Corporation, Cambridge. Mass.  285 
Vibration and Impact Isolators, standard 
aircraft mounting bases. 

Beam  Instruments  Corp.,  New  York, 
N. Y. 

Twin beam cathode ray oscillographs of 
various models for industrial and H.F. 
applications  in  laboratories,  production 
testing,  and  servicing.  Associated 
cameras and motor drives. Special cath-
ode ray tubes. 

Bondi,/ Aviation Corp.,  Baltimore, Md. 
15, 16, 17 

VHF Omni-Directional Navigational Sys-
tem. VHF Transmitter, Air-Martin Port-
able Radio (3 band), VHF Direction Finder 
(ground)  VHF  railroad  communication 
unit & Components, Special development 
of Transformers & coils 

Bend's Aviation  Corp.,  Eclipse-Pioneer 
Div., Teterboro, N.J.  15, 16, 17 

Special Purpose Tubes, Synchros, Small 
Servos, Gyros. 

Bendix Aviation Corp., Scintilla Magneto 
Div.. Sidney, N. Y.  15, 16, 17 

Electrical  Connectors,  Electric  Filters. 
Plastics, Bus-K-Nects, Ceramics, switches 
and radio shielding. 

Bendix Aviation Corp., Red Bank Div., 
Red Bank, N. J.  15, 16, 17 

Dynamotors,  Regulated  Dynametors. 
Fractional H.P. Motors. 

Bendix Aviation Corp., Pacific Div., N. 
Hollywood, Calif. 

Airport & Aircraft Equipment. 

Berkeley Scientific Co., Richmond, Calit  333 
Nuclear Instruments, Electronic Counters 
and Timers. 

Beta Electric Corp., New York, N. Y.  237 
Portable Projection Oscilloscopes, High 
Voltage Power Supplies, Kilovoltmeters, 
Electronic Control Equipment. 

Bird Electronic Corp., Cleveland, Ohio  238 
RF Wattmeters and terminations, coaxial 
switches. VHF and UHF Antennae and 
filters. 

251 

15, 16, 17 

Bliley Electric Co., Erie, Pa.  256 
Quartz crystal units, crystal ovens, crys. 
tal controlled oscillators and frequency 
standards. 

Book Shop Bindery, Chicago, ill.  329 
A binding service for technical and pro• 
fessional journals of individual and in-
dustrial  research  libraries.  Distinctive. 
durable and economical. 

Boonton Radio Corp., Boonton, N. J. 276 & 277 
202-B FM Signal generator, 203-13 Uni• 
verter. 202-D Telemetering Signal Genera-
tor, 160•A and 170•A Q•Meters, 211-A Signal 
Generator, 212•A Glide Slope Test Set, 
202-C Mobile Radio Signal Generator. 
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Playing a tune for 

Before you talk over some of the new Bell 
System long distance circuits, your operator 
presses keys like those shown above, one for 
each digit in the number of the telephone you 
are calling. Each key sends out a pair of tones, 
literally setting the number to music. 

In the community you are calling, these 
tones activate the dial telephone system, to give 
you the number you want. It is as though the 
operator reached clear across the country and 
dialed the number for you. 

BE L L  TE L E P H O N E 

Above is the Bell System's new ''musical keyboard  Insert shows the digits of 
telephone numbers in musical ôtation. lust as they ore sent across country. 

a telephone number 

This system, one of the newest developments 
of Bell Telephone Laboratories, is already in 
use on hundreds of long distance lines radiat-
ing from Chicago. Cleveland. New York, Oak-
land and Philadelphia, and between a number 
of other communities. 

It will be extended steadily in other parts of 
the country — a growing example of the way 
Bell Telephone Laboratories are ever finding 
new ways to give you better, faster telephone 
service. 

LA B O R A T O RI E S 
Exploring and inventing, devising and perfecting, for continued improvements and economies in telephone service 



(*OSCILLATORS GIVE YOU PRECISE 

TEST VOLTAGES from 1/2 cps to 10 mc! 

ANOTHER -hp- SERVICE 
Person-to-Person Help With 
Your Measuring Problems 

Almost anywhere in America, —hp— field 
representatives can give you personal help 
with your measuring problems. They have 
complete data on —bp— instruments, their 
performance, servicing and adaptability. 
Call the nearest —hp— field representative 
whenever, wherever you need help with a 
measuring problem. 

BOSTON 16, MASSACHUSETTS 
Burlingame Associates 
270 Commonwealth Ave. 
KEnmore 6-8100 

CHICAGO 40, ILLINOIS 
Alfred Crossley & Associates 
4501 Ravenswood Ave. 
UPtown 8-1141 

CLEVELAND 12, OHIO 
M. P. Odell 
1748 Northfield Avenue 
Potomac 6960 

DALLAS 5, TEXAS 
Earl W. Lipscomb 
4433 Stanford Street 
Logan 6-5097 

DENVER 10, COLORADO 
Ronald G. Bowen 
1896 So. Humboldt Street 
Spruce 9368 

FORT MYERS, FLORIDA 
Arthur Lynch and Associates 
P. 0. Box 466 
Fort Myers 1269 M 

HIGH POINT, NORTH CAROLINA 
Bivins & Caldwell 
Room 807. Security Bank Building 
Phone 3672 

LOS ANGELES 46, CALIFORNIA 
Norman B. Neely Enterprises 
7422 Melrose Avenue 
W hitney 1147 

NE W YORK 13, NE W YORK 
Burlingame Associates 
103 Lafayette St. 
Dlgby 9-1240 

SAN FRANCISCO 3, CALIFORNIA 
Norman B. Neely Enterprises 
954 Howard Street 
D Ouglas 2-2609 

TORONTO 1, CANADA 
Atlas Radio Corporation, Ltd. 
560 King Street West 
Waverley 4761 

WASHINGTON 9, D. C. 
Burlingame Associates 
2017 S. Street N. W. 
Decatur 8000 

Fim;.7( 

• -1 

—hp— MODEL 200C 

From 1/2 cps to 10 mc, there's an -hp- resistance tuned oscillator en-
gineered to your exact need. Ten precision oscillators in all, including a 
portable unit that operates from batteries. Each has the familiar -hp-
advantages of high stability, constant output, wide frequency range, low 
distortion and no zero set during operation. -hp- precision oscillators 
are used by radio stations, manufacturers, research laboratories and sci-

entists throughout the world. 

SPECIFICATIONS OF —hp— OSCILLATORS 

INSTRUMENT FRIO. RANGE OUTPUT DISTORTION FRIO. RESPONSE PRICE 

-hp- 2004. 35 cps to 35 kc I watt/22 5n Less than I% t- I db to 15 kc $120.00 

-hp- 2008 20 cps to 20 kc 1 watt/22 5n less than 1% ± 1 db to 15 kc 120.00 

-hp- 200C 20 cps to 200 lic 100 few iiOn 
less than I% 
to 20 Ii 

± 1 db to 150 kc 150.00 

-hp- 200D 7 cps to 70 lit 1°0 'w/I N  
Less than 1% 
10 cps to 70 Itc 

± 1 db throughout 

range 
175.00 

-hp- 200H 60 cps to 600 tic 10 re..., in less than 3% 
:I= I db, 60 cps 
to 600 tic 

350.00 

-hp- 2001 6 cps to 6 kc 100 rnw/i0v 
Less than I% 
above 10 cps 

± 1 db, 6 to 6000 cps 225.00 

-hp- 2018 20 cps to 20 tic 3 w/42.5v 
less than 1/2 % 
(1 watt output) 

± 1 db throughout 
range 

250.00 

-h  2028 p- 1/2  cps to 50 lie 100 mw/ 10 v 
less than 1•4 
1 to 1000 cps 

± 1 db, 10 to 
50,000 cps 

350.00 

-h  2020 p- 2 cps to 70 kc 100 mw/10v 
less than 7% 
10 cps to 70 St 

± 1 db, 7 cps 
to 70 tic 

275.00 

-hp- 204A 
I &tan,. Oa's, 1 2 cps to 20 tic 2.5 nsw/5., less than I% 

± 1 db throughout 
range 

175.00 

-hp- 6504. 10 cps to 10 mc 15 rnw/3v 
less than I% 
100 cps to 100 tic 

± 1 db throughos4 
range 

475.00 

for complete details on any —hp— 

Instrument, write direct to factory 

or contact the —hp— technical rep-

resentative nearest you. 

HE WLETT- PACKARD CO. 
1855D Page Mill Road, Palo Alto, California 

Export Agents: Froxar & Hansen, Ltd. 

301 Clay Street • San Francisco, Calif., U. S. A. 

INVINWIMMIN 

1pfiRorgtorq instrumencts 
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BOBBINS... 

are additional applications of CLEVE-

LAND phenolic and paper tubing. The 
Kirby Company, Cleveland, Ohio, whose 

samples are shown above, uses CLEVE-
LAND products exclusively in their com-

plete line of radio, television and other 
type bobbins. 

SAFETY 

ECONOMY 
CAPACITY 

See our Exhibit No. 207 
at the I. R. E. Radio 
Engineering Show. 

;7-.102  CLEVELAND  high 

dielectric strength coil forms 

for high voltage power su p-

ply circuits of television 

receivers. 

#96 CLEVELAND coil forms 

with collars insure high qua l-

;ty at low cost. Specify that 

the collars be included an d 

positioned on the core an d 

thus secure a snug fit an d 

an electrically stronger  

assembly. 

COSMALITE, SPIRALLY LAMINATED 
PAPER BASE PHENOLIC TUBES 

Furnished in sizes , an d with punc hing,  notc hing,  threading,  
and grooving that mee t the cus tomer 's individual  needs.  

"Cleveland" qua lity, pr ices  an d deliver ies are  responsible  
for the universa l sa tisfac tion  an d prest ige  of this  product.  

Ask about our kindred produc ts that are  meet ing  both  new  
and established needs in the elec tron ic an d electrical  fields.  

• Reg. U.S. Pat. Off 

gCLEVELAND CONTAINER6f: 
6201 BARBERTON AVE.  CLEV ELAND  2,  OHIO  '---__ .-•low 

-.-.-- PLANTS AND SALES OFFICES ell Plymouth, Wos, , Chicago, Detroit, Ogdensburg. NY .Jomesbuto.N.,1 

ABRASIVE DIVISION or Cleveland. Ohm 

CANADIAN PLANT The Clevelond Contnoner Cenodo lid Pthscoll, °Moth, 

REPRESENTATIVES 

CANADA  WM T BARRON, EIGHTH LINE, RR •I, OAKVILLE. ONTARIO 
M ENTERWO P „GOT RI TKA N 

R. T. MURRAY, 611 CENTR A L AVE , EAST ORANGE, NJ 

NE W ENGLAND  E. P. PACK AND ASSOCIATES, 968 FARMINGTON AVE 

WEST HARTFORD, CONN. 

S  

4A 
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COMPONENTS ; 
Capacitors 

• Choke Coils  Trimmers  
Wire Wound Resistors I 1 

1 
1 BETTER 4 WAYS 

i/ PRECISION 

V U N IfOR MITY 

DEPEN DA.BILIT Y 

MINIAIURIZAIION 

• There is no variation in quality or high perform-

ance characteristics among the million of HI-Q 

Components manufactured every month. Strict 

production control, engineering watchfulness and 

individual testing of every single unit guarantee 

that each of them maintains the uniform precision 

standards for which Hi-C1 has long been noted. 

This never failing dependability is just one of 

many reasons why you will find Hi -Q Components 

the best that you can use. 

The new Ho-Q Datalog is almost ready. You are 

invited to write, reserving an advance copy. 

JOBBERS .. . ADDRESS: Room 1332...101 Pork Avenue, New York, N. Y. 

-7 

Etecou:ca Reetcretace 
A DIVISION  OF  AEROVOX  CORP. 

FR AN KLI NVILLE , N . Y. 

eov. 
SALES OFFICES: New York, Philadelphia, 

Detroit, Chicago, Los Angeles 

PLANTS: Fronk linyille, N. Y., Jessup, Po., 

Myrtle Beach, S. C. 

EXPORT DEPARTMENT: 15 Moore SI., New York 4, N. Y., U. S. A. 
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Aomir e: 

Visit our exhibit booths 49-50 

Right. Desk panel cabinet rack 

Below: Electronic control cabinet 

Not on Your Doorstep 
when you call in KARP 

IM 

KARP METAL PRODUCTS CO., INC. 

223  63rd Street, Brooklyn 20, New York 

Yes? Please send more information and PROOF of how your sheet 
metal workmanship can help us cut our production costs. 

Name 

Title 

Company 

Address 

City  State 

Every manufacturer faces these two big problems 
this year. But Karp can help to keep them off your doorstep. 

If your product requires metal cabinets, housings, chassis or 
enclosures, we can build them in a manner that will effect 
time and money savings on your assembly line. Karp crafts-

manship is so accurate and thorough in detail that all units 
will be completely uniform. All your components will fit 
quickly and easily into place without forcing—without extra 
efforts on your part. 

The resultant savings of your time and effort can help cut 

your costs and permit more competitive pricing, without 
cheapening your product in quality and value. 

Let us prove that Karp's superior craftsmanship also means 
true economy. Pin the coupon below to your letterhead for 
more information. 

WHAT KARP CUSTOM CRAFTSMANSHIP OFFERS 
• Practical help with design prob-
lems, to improve product and cut 
cost. 

• Our large accumulation of tools 
and dies often can save you special 
die costs and time. 

• The specialized skill of several 
hundred of the finest metal crafts-
men; expert forming, drawing, 
bending ... welding with all latest 
techniques. 

• Finest quality painting and 

finishing of all types in dustproof 
chambers equipped with water 
washed spray booth. Baking ovens 
with timing controls. 

• Everything in sheet metal, from a 
simple chassis or panel to the most 
elaborate electronic apparatus 
housings. Any metal, any gauge, 
any size, any quantity—from a 
single lot to large run quantities. 

• Efficient production and on-time 
deliveries. 

I KARP METAL PRODUCTS CO. INC. 
•  223 63rd Street, Brooklyn 20, N. Y. 

)(144) m W ur A mew in W reel aleiai 

PROCEEDINGS OF THE I.R.E.  February, 1930 



MALLORY 

TUNGSTEN CONTACTS 

Although all Mallory tungsten is 

chemically the same, the size, 

shape and distribution of the grain 

• particles are carefully controlled, 
since these factors vitally affect 

its electrical and mechanical prop-

erties. Mallory will gladly work 

with you to find the right con-

tacts to meet your specifications. 

Write today. 

Mallory Contact Know-How 

Drives Customers' Costs 

to Rock-Bottom Level! 

Big savings for customers are the order of the day . . . and 
more and more of these savings are resulting from Mallory 

contact recommendations. 

In the case of a manufacturer of. ignition distributors, 
Mallory began making a whole contact assembly, slashing 
the cost of one important component alone by 50%! In 
addition, Mallory refined certain production techniques for 

an additional large saving. 

That's value beyond expectations! 

Mallory contact know-how is at your disposal. What Mallory 

has done for others can be done for you! 

In Canada, made and sold by Johnson Matthey & Mallory, Ltd., 110 Industry St., Toronto 15.0ntario 

Electrical Contacts and Contact Assemblies 

P. R. MALLORY EL CO.  .Inc. 

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

SERVING INDUSTRY WITH 

Capacitors 

Controls 

Rectifiers 

Special 
Switches 

Resistance Welding Materials 

Contacts 

Resistors 

Vibrators 

Power 
Supplies 

PROCEEDINGS OF THE I.R.E. February, 1950 



RADIO • TELEVISION • INDUSTRIAL 

11 ARA  •  

Variable 
Resistors 
to meet both your 
specifications 
and your budget 
Write for Electronic Components Catalog RC-7 

Sample controls gladly submitted 

to specifications to quantity users. 

Fixed and Variable Resistors • Iron Cores (All standard and special types) • Switches 
(inexpensive line, slide and rotary-action types) • Sintered Alnico II Permanent Mag-

nets ... and hundreds of molded iron powder, metal, carbon and graphite products. 

Electronic Components Division 

STACKP OLE CARB O N CO MPANY  • ST. M ARYS, PA. 

8A 
PROCEEDINGS OF 1 HI: IRE.  February, 1950 



In capacitors performance dA rds on dielectric 

strength to withstand strain.  re El-Menco capaci-

tors leave the factory they  pass severe tests for 

dielectric strength — at  le the working voltage, 

insulation resistance and  capacity value. El-Menco 

f  fixed mica condensers  et and beat strict Army-Navy 

standards. That's w y you can rely on El-Menco 

performance in yo/ Froduct. 

AFO ALWAYS 

Specify ' tested Capacitors by El-Menco . 

ArHEY HOLD UNDER 

STRAIN 

M OLDED MICA E 

CM 15 MINIATURI CAPACITOR 

Actual Size Ma' x 1/2" x Yft". For Radio, Television and 

Other Electronic Applications. 

2 to 420 mrnf. capacity at 500v 0Cer. 

2 to 525 mrnf. capacity at 300y DCer. 

Temp. Co-efFicient r 50 parts per million per chives C for 
most capacity vales's. 

6-dot color coded 

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

encl.. TRI M MER 

CAPACIT O RS 

Write on your 
firm letterhead/or 
Catalog and Samplec 

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

ARCO ELECTRONICS, INC. 135 Liberty St., New York, N. Y. —Sole Agent for Jobbers and Distributors in U.S. and Canada 

, PROCEEDINGS OF TI1E IRE.  brbruary, 1950 9A 



THE DEMAND STILL GROWS 

The Eimac 4-125A beam power tetrode is the standout 
power amplifier tube in modern electronic equipment. 
Since its commercial introduction in the early post-war 
period, the scope of the Eimac 4-125A's application in 
the electron art seems to be limited only by imagination. 
In thousands of installations, many million accumulated 
hours of life have proved this tube's complete dependa-
bility and efficiency of performance. 

Incorporated in the design of the 4-125A are many 
features contributing to its outstanding capabilities. 
Most notable among these are: 

Its pyrovac plate which enables the tube to withstand high 
momentary overloads. 

Its processed non-emitting grids which impart the operational 
stability universally associated with this tube. 

Its internal input-to-output-circuit shielding which allows con-
siderable simplification of associated circuitry. 

Its well engineered mechanical structures that make the tube 
physically rugged and maintain precise element alignment. 

Detailed data and application notes on  the  Eimac 
4-125A tetrode are, upon request, immediately avail-
able. Assistance in unusual application problems involv-
ing the use of the 4-125A is offered as a service of 
the Eimac Field Engineering Department, 

EI TEL- McCULLOUGH,  INC. 
San  Bruno,  Californi-o 
Export Agents: Frazer & Hansen, 301 Clay St., San Francisco, California 

Am. 

EIMAC 4.125A PO WER TETRODE 
Electrical Characteristics 

Filament: yThooltraiagfeed tungsten 

  50 volt 
Current    6 5 amp 

Grid-Screen Amplification Factor 
(Average)  • -  -- - - - -  6 2 

Direct Interelectrode Capacitances (Average) 
Grid-Plate (Without shieldin . 

base grounded) - - ---  - 0 05 put 
Input    108 put 

TranOscuotripcluutctance  3 I out 
SO ma  5, n 2500 v 

E e  400 v I • - • • 2450 simhos 
Maximum Ratings 

(Class-C FM or Telegraphy. key-down 
conditions, I tube) 

Plate voltage, d-c • • • - • • 
Plate current, dc   
Screen voltage, d   
Grid voltage, d•c   
Plate dissipation   
Screen  dissipation   
Grid dissipation   

3000 volts 
225 ma 
400 volts 
SOO volts 
125 watts 
20 watts 
5 watts 

piem II: /)j',',  or- /Ili. 
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CONSTANT VOLTAGE 

POWER SUPPLY TRANSFORMER 

The SOLA "CVE" Transformer deliv-
ers filament and plate voltages 
regulated within  + 3°o or less, 
with line voltage variations of 100-
130 volts. (See chart for typical 
regulation curve.) 

DC
 
OU
T
P
U
T 

SOLA CONSTANT VOLTAGE TRANSFORMER — 

CONVENTIONAL POWER TRANSFORMER 
S20  • 8 

06 
fa4 
• 2 

60 
SS 
56 
54 

SOO 
480 
460 

440 
•10 
400 

380 
360 
340 
3 20 

300 

280 

FIL
A
M
E
NT
 
VO
LT
A
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Now you con enjoy the benefits of a constant voltage power supply 
transformer at lower costs with the SOLA "CVE". This modification of 
the famous SOLA "CV" precision constant voltage transformers pro-
vides a compact regulated source of plate and filament windings on 

the same core. 
Your local electronic distributor has each of the three sizes in stock, 

or can readily supply you with them. We welcome any inquiries you 
may have concerning the SOLA "CVE" and its specific application to 
your requirements. WRITE FOR BULLETIN KCVE-I38. 

See this new transformer and the many other SOLA products at 
BOOTH 21, I.R.E. NATIONAL CONVENTION, March 6th, 7th, 8th and 
9th. GRAND CENTRAL PALACE, NE W YORK CITY. 

SOLA TRANSFOR MERS 
"CV" tor high precision voltage regulation. •"CVE" for regulated electronic power supplies. 

"CVA" for constant voltage appliance application. 

Transformers for: Constont Voltage • Cold Cathode Ugh•,9 • A.rport Ught.ng • Serles Lighting • Fluorescent Lighting • lurn;nous Tube Signs 
Oil Burner Ignition • X-Ray • Power • Controls • Signal System • etc  • SOLA ELECTRIC COMPANY, 4633 W. 16th Street, Chicago 50, Illinois 

Alavafaciarcd under licrout by:  ADVANCE COMPONENTS LTD., Walth•mstow, E-, England  ENDURANCE ELECTRIC CO., Concord West. N. S W., Australia 
M. C. B. & VERITABLE ALTER- Courbevcnc (Seale). France  UCOA RADIO S.A., Buenos Aires. Argenttna 

NADI W O N* ONa Oa .0aa Oa TO( 
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• 
Schematic of the "CVE" 

Catalog =7105 
S ••ItsCIC @ 50 MA Input 
to filter 
volts C S @ 2 5 amps 

0 volts, 20 amps 
parity 43 V A 

idles-3-1/ V 
prIt-3-3/111-

•Cotalog =7104 
385 volts DC @ 110 M.A. to. 
put to AIN, 

• 3 volts C T @ 30 amps 
5 0 volts, 2 0 amps. 
Cepoeity 75 V A. 
Height-4-13/ W 
Width-3-1/11" 
Depth-3-15/16" 

'*Catalog =7107 3100 volts D C @ 250 M A In. 
4 put to filter 
.3 volts @  0 amps  unr•a• 
uleted 
.3 volts @ 4 0 amps 
3.0 volts @ 30 amps. 
Copacity 210 V A 

Width-4.i/2" 
Depth-4-1/2" 

'Nominal values. Volloge regulated unless 

Otherwise specified 
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Specialization is 
a m an=  gm= m m.  = MB M O M   

11•1 ,-

tesax-ec  

Specialization—and only specialization—can keep 
manufacturers abreast of today's resistance needs. 

The constantly-growing multitude of resistor 
applications demands full-time concentration on 

resistance products. IRC has concentrated—for 25 years! 
Result:—The widest line of resistance products 

in the industry; parts designed to suit specific circuit 

requirements in virtually every type of application; 

unbiased recommendations. 

LOW-WATTS. r•E WIRE WOUND REQUIRE-

MENTS are met efficiently by IRC Type 
SW Wire Wound Resistors. Exceptional 
low-range stability and economy suit these 
small, completely insulated resistors to use 
in meters, analyzers, cathode bias resistors, 
television circuits, low-range bridge circuits, 
high stability attenuators, low-power igni-
tion circuits. Check coupon for Bulletin B-5. 



'important 
•  where high 

resistance  and  power  are  required,  Type 

n al  .1 Mg = NM MO MVX high ohmic, high voltage resistors afford 
exceptional stability. Construction is similar to 

that of Type MV, but distinctive terminal permits 
mounting through a hole in mounting block of 
insulating material without terminal interference. 

Long resistance path per-
mits use of high voltage 
on resistor while keeping 
voltage per unit length of 
path comparatively  low. 
Check  coupon  for 
Catalog G-2. 

IN CRITICAL HIGH-FREQUENCY CIRCUITS, Type MP High Frequency 
Resistors offer dependable performance and unusual stability. Special 
resistance film on a steatite ceramic form provides a stable resistor with 
low inherent inductance and capacity —entirely suitable for broad band 
RF amplifiers, RF probes, dummy loads for transmitters, television side. 
band filters, radar pulse equipment, and other circuits involving steep 

wave fronts. Send coupon for Bulletin F-1. 

offers many ad-
vantages to eng  ers  and  purchasing 

agents. Its modern isA6" diameter size 
features a one-piece dual contactor of 
thin, high-stress alloy; simplified single-unit 
collector ring; molded voltage baffles; and 
special brass element terminals that will not 
loosen or become noisy when bent or 
soldered. Increased arc of rotation pro-
vides same resistance ratio as larger IRC 
controls. Salt-spray materials are employed. 
Complete mechanization in manufacture 
assures absolute uniformity and provides a 
dependable source of supply for small 
control requirements. Coupon brings you 
full details in Catalog A-4. 

--mnamainall1111111111111.1•11.1111111111111111111110111= Mil wr 

Power Resistors • Voltmeter Multipliers 
• Insolated Composition Resistors • Low 
Wattage Wire Wounds • Controls 
• Rheostats • Voltage Dividers • 
Precisions • Deposited Carbon 
Precistors • HF and High Voltage 
Resistors • Insulated Chokes. 

INTER N ATI O N AL 

RESIST A NCE  C O MP A NY 

401 H. Broad Street, Philadelphia 5, Po. 

In Canada: International R esistance Co, Ltd, Toronto, Lit 

When you have special need of maintenance or 
experimental quantities of standard resistors in 
a hurry, simply phone your local IRC Dis-
tributor. IRC's Industrial Service Plan keeps 
him fully stocked with the most popular types 
and ranges —enables him to give you 'round-
the-corner delivery of small order requirements. 
We'll gladly send you his name and address. 

4 •1  m• Mak  11• 1  • =.11,  111•1 •• 

INTER N ATI O N AL  RESIST A NCE C O. 

405  N. BR O A D ST.,  PHIL A DELP HI A  5, P A. 

Please send me complete information on the items checked below 
1 New "0- Controls r I MP High Frequency Resistors 
11 BW Insulated Wire Wounds  MVX High Voltage Resistors 

F I Name of Local IRC Distributor 

N A ME   

TITLE   

C O MP A NY 

A D DRESS   

• 
• CO  ADV. 4,011•CY 
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Guyed Radio 
938 feet cabovis th• 

omo plain, with a Generul 
ciric 8-bay circular FM an-

tenna and its beacon, for KOC T-
FM, Oklahoma City, Oklahoma 

Above: Truscon Self -Supporting 
feel Radio Tower, operated by 
.VMRI-FM, Marion, Indian, , lifts its 

I. Collins 0-ring side-mowited an-
.• nna 336 feet into the Hoosier sky. 

Below: WSAR, Fall River, Mass., 
uses four Truscon Guyed Steel 
Radio Towers, each 329 feet high. 

‘7 9  

938 
FEET 

1 

A 

"'egg 

#‘01SC 

TOWERS 
OF 

STRENGTH 

FEET 
Up they go . . . more and more  
Truscon Radio Towers . . . strong, 
sturdy steel fingers setting new high 
standards of antenna performance . . 
reaching far out to serve audio and video  V 
broadcasters and their audiences everywhere. The six new towers shown here 
vary from 329 feet to a lofty 1220 feet, yet all have one characteristic in common— 
each is designed to meet exactly the particular operating and geographical 
needs of its specific location. Truscon draws upon a background of world-wide 
experience to engineer and erect exactly the tower you need— tall or small 

guyed or self-supporting . . . tapered or uniform in cross-section . . . 
for AM, FM and 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. 

Above This Truscon Self-Supporting 
Tower meets FM and TV needs for 
WRVB, Richmond, Va It mount• both 
an R C A 1-section pylon FM antenna 
and on R.C.A 6-section TV antenna. 

Below Rising to on overall he 
of 425 f•et, this Truscon T. 
H-30 5elf-Supporting Tow• 
topped with an 8-bay G•a• 
Electric antenna. It is operated 
WFXI.-FM, Royal Oak, Michig 

X 

f 

Left: These new 1220-foot 
Towers, designed and engi-
neered by Truscon, are the 
world's tallest radio towers. 

• 
• 
• 

0•6 

-- TRUSCON hAl 
SELF-SUPPORTING 

AND UNIFORM TOWERS 
CROSS SECTION GUYED 

COPPER GR OUND SCREEN 

TRUSCON  STEEL COMPANY 
Y OU N GST O W N  1, O HI O 

Subsidiary of Republic Steel Corporation 

• 
• 



N w Dust-r ht Plug-in Enclosure for 
TYPE "1 

TWIN CONTACT 

To Meet Severe Operating Conditions 

Steel cover, securely held by 
a slotted-head screw, is easily 
removed for inspection. 

* This new CLARE dust-tight plug-in enclosure for the small Type "3" 
Relay offers designers a number of unusual features for installation on 
industrial equipment. 

Entrance of dust is prevented by the steel cover and by use of a Neoprene 
gasket which is closely fitted at the factory to the relay terminals. The dust-
tight cover is easily removed for inspection. Use of standard radio plug 
simplifies installation and cuts wiring costs. Base is secured to chassis to 
prevent plug from being jarred or accidentally pulled from its socket. 

Exclusive design of the CLARE Type "J" Relay allows the twin contacts to 
operate independently of each other. One contact is sure to close, reducing 
contact failure to the practical limit. This relay combines all the best fea-
tures of the conventional telephone-type relay with small size and light 
weight. It provides unusually high current-carrying capacity, large contact 
spring capacity, extreme sensitivity and high operating speed. 

This new dust-tight enclosed relay is one of many outstanding CLARE con-

tributions in the development of new and better relay components for indus-
try. CLARE Sales Engineers are located in principal cities to consult with 
you on your relay problems. Call them direct or write: C. P. Clare & Co., 
4719 West Sunnyside Avenue, Chicago 30, Illinois. Cable Address: CLARE-
LAY. In Canada: Canadian Line Materials Ltd., Toronto 13. 

Write for Bulletin No. 108 

nst in the ndustrial Fie 

Neoprene gasket, closely fitted at 
factory to relay terminals, between 
base and cover, effectively 
occludes dust. 

Plug is standard radio-type plug. 
Standard finishes are silver lustre 
lacquer for cover, cadmium for 
base. Retaining screws hold base 
securely to panel. 



"NOTHING IS TOO GOOD 
I FOR MY FAMILY-

1 

WE BUY THE BEST-
YOUR CUSTOMERS WANT THE BEST tube possible in the television sets in their homes. They want 
their families to enjoy pictures as only Sheldon "Telegenic" Tubes can show them—where Black is 
Black, White is White ... and between, all the natural intermediate shadings. They want their families 

to have "round-the-clock" viewing in daylight, artificial light or 
darkness uithout glare, without eyestrain. 

Give them Sheldon "Telegenic" Picture Tubes! 
WRITE for Descriptive Literature on these NE W All-Glass Tubes: 

10", 12 1/2 " and 16" Velour Black • • • 16" 52° Deflection Angle, 
interchangeable with glass-metal 16AP4 • • • 16" Rectangular • 
Short 16" 70° Deflection Angle 171/2 " overall. • •19" 70° Deflection Angle. 

SHELDON ELECTRIC CO. 
Division of Allied Electric Products Inc. 

68-98 Colt Street, Irvington 11, N. .1. 
Branch Offices & Warehouses: CHICAG O 7, ILL., 426 S. Clinton St.  LOS ANGELES 6, CAL., 2559 W. Pico Blvd. 

SHELDON TELEVISION PICTURE TUBES  • CATHODE RAY TUBES  • FLUORESCENT STARTERS AND LAMPHOLDERS  •  SHELDON REFLECTOR It INFRA-RED LAMPS 

PHOTOFLOOD a PHOTOSPOT LAMPS  • SPRING-ACTION PLUGS • TAPMASTER EXTENSION CORD SETS IL CUBE TAPS  • RECTIFIER BULBS 

lem= 0.VISIT THE SHELDON BOOTH NO. 326 AT THE I.R.E. SHOW, MARCH 6-9, GRAND CENTRAL PALACE, N. Y. C.li m min 

ioN 

11, 

l'IOR  LI )1.\(, ‘, ()I-  1111. 1.R.L.  bebruary, 1930 



final inspection 
gives you assurance that 

AlSiMag Custom Made Technical Ceramics 

are within the specifications you set 

Ouality control plus careful final inspection have earned AlSiMog a reputation for exceptional quality. 

Quality control at every step of production permits an unusually high percent-

age of AlSiMag production to be OKehed promptly at final inspection. 

Final inspection is guided by your specifications. It varies from simple visual 

inspection to elaborate individual physical or electrical tests. Practically every 

known inspecting device is available including flash-over electrical gang testers, 

dye checks for density and invisible checking; camera, pin, plug, dial and go 

or no go gauges; Arma electric sorting machines, optical projectors for di-

mensional accuracy of profile. Where unusual and especially rigorous final 

inspections are required, the facilities of the Research Division are available. 

AMERICAN LAVA CORPORATION 
48 T H  YE A P  O f  (  R A144 .1C  LE A D E R S H I P 

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

OFFICES, METROPOLITAN AREA, 671  Brood St., N•work, N. J., Mitchell 2.8159  • CHICAGO, 9 South Clinton St., C•ntrol 60721 
PHILADELPHIA,  1649  North  Brood  St.,  St•v•nson  4•2823  •  LOS  AN GELES,  232  South  HIll  St.,  AL ,,tual  9076 
NE W EN GLAND, 38-11 Brottl• St., Cornbridgra. Matt.. Kirkl•nd 7•4498  • Si. LOUIS, 1123 Washington  Gar II•ld 4959 



AIlen-Brodley 

Molded Resistors 
rated at 70°C 

Ambient Temperature 
1111111 ., 

SIZES OF UNITS 

Rating  L  D 

/ 

The honeycomb carton prevents 
tangling of leads and saves time. 

1 r"tfo,1 

A fa://11111/1111 
Other 

Molded Resistors 
rated 0140°C 

Ambient Temperature 

E  Va lley of 
xcessive Resistance Changes 

Open Circuits 
Unsatisfactory Operation 

Field Troubles 

NO OTHER FIXED RESISTORS 

have this margin of safety 
Bradleyunits are rated ultra-conservatively.  Composition 

resistors are usually rated at an ambient temperature of 40 C 
. . . but Bradleyunits are rated at 70 C. That means a big 
margin of safety in Allen-Bradley resistor performance. It 
explains why, in wartime service, Bradleyunits were accepted 
in every combat zone as "tops" in quality. 

Bradleyunits operate at full rating for 1,000 hours with less 
than 5% resistance change. They withstand all extremes of 
temperature, pressure, and humidity. 

Available in all standard R.M.A. values as follows: 

-watt —10.0 ohms to 22 megohms 
1-watt — 2.7 ohms to 22 megohms 
2-watt-10.0 ohms to 22 megohms 

Let us send you a complete A-B resistor chart. 

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

ALLE r-BIO OLEY 
FIXED & ADJUSTABLE RADIO RESISTORS 

18A 
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DESIGN FOR TRUE PRODUCTION ECONOMY THIS YEAR 

...Transformers 
BUILT  TO  MEET  YOU R  EX ACT  RE QUIRE ME NTS 

We have specialized knowledge, skill and a full range 
of facilities for mass-produced economical units and 
hermetically sealed transformers 6f all types, as well 
as for large single and 3-phase transformers. 

For a superior product, priced competitively ... for 
assured efficiency and long service life, let FERRANTI 
build transformers to your precise needs. 

CHECK YOUR REQUIREMENTS 

Power and Rectifier Transformers up to 50 KVA (High Volt-

age or High Current)... Saturable Reactors ... Special Cores 

and High Temperature Insulation . . . Class B Hermetically 

sealed Types. 
• 

Television Transformers ... Control 

Transformers... Audio Transformers 
... Power and Audio Filter Chokes 

We invite your inquiries 

Ferranti Electric, Inc. 
30 ROCKEFELLER PLAZA, NEW YORK 20, NEW YORK 

PROCEEDINGS OF THE I.R.E.  bebruary, Ii u 
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74 Most   

Widely Used   

 Electrolytics in   

 TV Receivers Today 
• • • • Television set makers are turning to Sprague 

as their major source for electrolytic capacitors. 

• • • • Stability under maximum operating condi-
tions plus outstandingly I-o-n-g service life are 

the reasons for this preference. 

• • And expanded facilities, now being com-

pleted, permit Sprague to accept a larger portion 
of your requirements 

PI O N EE R S  IN 
SPRAGUE SPRAGUE ELECTRIC COM M'? 

North Ada m,. Mossochusettt 

ELE CTRI C  A N D  ELE CT R O NI C  DE VEL OP ME NT 

PROCEEDINGS OF THE I.R.E.  February, 1950 



5 KW 

VACUUM TUBE BOMBARDER 

OR 

INDUCTION 
HEATING UNIT 

Simple ... Easy to operate ... Economical Stand-

ardization of Unit Makes This New Low Price Possi-

ble. Never before a value like this new 5 KW model 
"Bombarder" or high frequency induction heater ... 

for saving time and money in vacuum tube de-gassi-

fying, surface hardening, brazing, soldering, anneal-

ing and many other heat treating operations. 

This compact induction heater saves space, yet performs with high 
efficiency. Operates from 220-volt line. Complete with one heating 

coil made to customer's requirements. Send samples of work wanted. 

We will advise time cycle required for your particular job. Costs, com-

plete, only $1535. Immediate delivery. 

AT THE IRE SHO W 

SEE! TELEVISION DEMONSTRATION 

with COLOR SUPER-IMPOSITION 
Scientific Electric announces the first theatre size manually con-
trolled color super-imposed television units.... Available in sizes 
from 20" x 27" to 6 ft. x 8 ft. . . . Remote controlled with color 
super-imposition as desired by the operator. 

• 

105-119 MONROE ST. 

Scientific Electric Electronic Heat-
ers are made in the following range 
of power: I-2-3 1/2-5-7 1/2-10-12I/2-

15-18-25-40-60-80-100-250K W. 

GARFIELD, N.J. 

PROCEEDINGS OF THE I.R.E. 21A 



electronic voltage regulators 

MAXIMUM ACCURACY 

by sorensen 
MINIMUM DISTORTION • FREQUENCY INSENSITIVITY 

1011111‘111 MCA 11011 
go 

.11 
•  I 

, • , 

Standard AC: 

MODEL IN VA 
CAPACITY 

1505 
5005 

2505 
10005 

2,0005 
3,0005 

50005 
10,0005 
15,0005 

Harmonic 
Distortion 

3% 
max, 

2% 
max. 

3% 
max. 

3% 
max. 

Regulation 
Accuracy • 0 1% against line or load 

Input Voltage 95-130 VAC; also available for 190-260 
VAC Smgle Phase 50-60 cycles 

Output Voltage Adiustable betw•en 110-120; 220-240 in 

230 VAC models. 
Load Range 0 to full load 

P. F. Range Down to 07 P F. All models temperature 
compensated 

NOTE: REGULATORS CAN BE HERMETICALLY SEALED 

Stan ard DC: 
Output Voltage 6 12 28 48 125 

••Load in Amperes 5-15-40-100 5-15-50 5-10-30 15 5-10 

Input Voltage 95-130 VAC single phase 50 60 cycles; 
adopter available for 230 VAC operation. 

Regulation 
Accuracy 0.2% from 0.1 to full load 

Ripple Voltage 
RMS Maxi- 
mum 

1%. 

Recovery Time 
0.2 seconds-value includes charging time 
of filter circuit for the most  hange 
in load or input conditions. 

'Adjustable -4- 10% —25%. 
• 'Individual model  identified by indicating output voltage 
first then ampere . 
Example: E-6-5 7--- 6 VDC 6, 5 amperes 

LI 

SPECIALS Your particular requirements can be met by employing the 
ORIGINAL SORENSEN CIRCUIT in your product or application. SORENSEN 

REGULATORS can be designed to meet JAN specifications. SORENSEN engin-

eers are always available for consultation about unusual regulators to meet 

special needs not handled by THE STANDARD SORENSEN LINE. 

Write tia,t cosolete lavratwie 

florensen and company, inc. 
375 Fairfield Ave., Stamford, Connecticut 

What to SEE at the 1950 
Radio Engineering Show 

(Continued from page 1/1. 

Fir m 

W. H. Brady Co., Milwaukee, Wis.  258 
"Qiiik Label" self adhesive wire markers. . 
name  plate,  inspection  labels,  terminal 
markers, printed roll tapes, die-cuts masks 
and stencils. 

William Brand & Co., New York, N. Y., 
hie.igo. Ill  84B & 85 

Varnished and Plastic Electrical Tubings 
and Sleevings. Plastic insulated Hook-up 

Ili•Voltage Wires and Cables. 

Brentano's  Technical  Book Department, 
New York, N. Y. 

Books of all publishers in the fields of 
Radio, Radar, Electronics. Electrical and 
Communications Engineering and related 
lmoks on Higher Mathematics and thy.-
'Cs. 

259 

British Industries Corp., New York, N. V.  270 
Irvin  NItilticore Solder, Garrard  Record 
(hangers. 

Brooks & Perkins, Inc., Detroit, Mich.  61 
beep drawn magnesium radio and radar 
boxes and covers, misc. stampings, innum-
erable fabricated mfg. parts pertaining to 
aircraft and airborne equip. 

Browning Labs., Inc. Winchester, Mass.  G 
Cathode Rio Oscilloscopes, Timers. FM. 
AM Tuners, Frequency Meters. 

Brujac Electronic Corp., New York, N.  V. 
High Voltage Power Supplies, Electronic 
Microammeters, Impedance bridges, Com-
posite  Video  Signal  Generators,  Video 
Sweep Generator. 

236 

Brush Development Co., Cleveland, Ohio 

70, 71 
Magnetic  Recording  Equipment,  Indus' 
trial Instruments, Acoustic Devices and 
11.1...i-soni c equipment. 

Bud Radio, Inc., Cleveland, Ohio  289 
Sheet-Metal Housings, Variable Condens• 
ers,  Air- Wound  Coils,  plugs,  jacks, 
choices, and other misc, radio and elec-
tronic components.  Special  sheet  metal 
fabrication. 

Burlington  Instrument  Co.,  Burlington. 

228 
AC and DC Electrical Indicating Instru• 
ments, AC and DC portable instruments. 
Voltage regulators. synchrontzers. 

Burnell & Company, Yonkers, N.Y.  331411 
High Q Toroids. Magnetic Amp. Coils, 
Audio Filters. 

Bussmann  Manufacturing  Company.  St. 
Louis. Mo. 

Fuses and Fuse Holders of all types for 
the  protection  of  radio  and  electronic 
equipment. 

316 

Caldwell-Clements, Inc., New York, N. V  249 
"Tele•Tech" television and telecommuni-
cations engineering magazine and "Radio 
and Television Retailing" merchandising 
and servicing trade magazine. 

Calidyne Company, Winchester. Mass.  312 
Equipment,  Electrodynamic 

Shaker, Calibrators and Power Supplies, 
High  Sensitivity  Accelerometer,  Vibra-
scope, Vibration Meter, Calivolters 

Cambridge Thermionic Corp., Cambridge, 
Mass. 

Terminals,  Terminal  Board  Assemblies, 
Electronic Hardware, IF and RF Chokes 
and Coils, Earth Shock and Cnderwater 
Pressure Gauges. 

Cannon  Electric  Development  Co.,  Los 
Angult... I .11 it 

Connectors•Multiple Contact Electronic. 

(Continued ors page 26A) 
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LAVOIE C. I. METER 

AS EXHIBITED AT THE RADIO ENGINEERING SHOW 

V  --

.NCR  

30  4 4 

Aklite... top, unequalled performance in a Crystal Impedance Meter that 
definitely provides: 

* GREATER ACCURACY of setting of load capacitance. 

* EASIER TUNING of fine frequency control. 

* GREATER RANGE of crystal activity — both high and low. 

* INFORMATION and INSTRUCTIONS to more easily obtain data relative to 

crystal activity level. 

* COARSE FREQUENCY SETTINGS recalibrated to improve operation. 

* GREATER SENSITIVITY available at higher crystal resistance values. 

Booth Nos. 87, 88, 89 

* FOR THESE AN D OTHER 

FE AT URES,  SEE  THE 

LAVOIE C.I. METER 
AT THE SHOW,OR WRITE FOR 

BULLETIN LA•5l A FOR FULL, 

DETAILED INFORMATION 

creet ado 
RADIO ENGINEERS AND MANUFACTURERS 

MORGANVILLE, N. J. 

Specialists in the Development and Manufacture of UHF Equipment 

PROCEEDINGS OP THE I.E.B.  brbruary, 1950 23A 



71e0 HMITE zerree rade 
INDUSTRIAL RESISTOR ASSORTMENTS 

8 DIFFERENT ASSORTMENTS AVAILABLE 
Ratings, Values, and Tolerances for Every Need 

Ohmite's Service Resistor Assortments and 
plastic cabinet have been received so enthus-
iastically that Ohmite now offers these larger 
INDUSTRIAL Assortments, designed for engi-
neering use. 

Eight different Industrial Assortments are 
available, of different wattages and tolerances. 
And, like the Service Assortments, the useful 
cabinets are included with the resistors at no 
extra cost! 

The attractive black-and-maroon cabinets are 
solid molded of strong, lustrous plastic. They 
are factory packed with carefully selected Little 

Devils, covering the complete 
range of RMA values, in either 
±5% or ±-10% tolerance. 

Contributing to  /925-1950 

ONE-QUARTER CENTURY OF PROGRESS 

in the ELECTRICAL CONTROL INDUSTRY 

RESISTANCE and WATTAGE 
Marked on Every 

LITTLE DEVIL COMPOSITION RESISTOR 
No more guesswork ... when you use in-

dividually marked Ohmite "Little Devils." 
Every unit is not only color coded, but in-
dividually marked for quick, positive iden-
tification. Little Devils—made for Ohmite 
by the Allen-Bradley Company—are recog-
nized as "tops" in quality throughout the 
world. 

ASSORTMENTS IN BOTH ±-5% and -710% TOLERANCES 

Assortment 

INDUSTRIAL 
+ION tolerance 
(77 resistance 
values) 

INDUSTRIAL 
+5% tolerance 
(153 resistance 
values) 

RADIO SERVICE 
+10% tolerance 
(40 resistance 
values) 

Quantity of 
Stock No.  Resistors  Wattages  Net Price  

Assorted lf, 1, 
CAB-21  1010  and 2 watt  $ 99.75 
CAB-22  1060  1/2 watt  79.50 
CAB-23  700  1 watt  78.75 
CAB-24  510  2 watt  76.50 

Assorted 1/2, 1, 
CAB-41  2025  and 2 watt  397.50 
CAB-42  1650  % watt  247.50 
CAB-43  1240  1 watt  279.50 
CAB-44  1000  2 watt  299 50 

CAB-1  125  1/2 watt  12.50 
CAB-2  125  1 watt  18.75 
CAB-3  125  2 watt 25.00 

Prices subject to chonge without notice 

ASK YOUR DISTRIBUTOR, TODAY! 

HMOTIE 
MANUFACTURING CO. 

4861 Flournoy St., Chicago 44, Illinois 

RHEOSTATS • RESISTORS • TAP SWITCHES 



Here is a cylindrical d-c paper-dielec-
tric capacitor that remains positively 
sealed, regardless of the position 
in which the unit is mounted. The 
G-E Case Style 40 utilizes a deep-
drawn aluminum case with double-
rolled base seams, avoiding solder. 
seams. The silicone bushing elimi-
nates gaskets, maintains the hermetic 
seal  by compression alone.  And 
beneath the case, these units embody 
the excellent materials and construc-
tion, give the outstanding perform-
ance characteristic of General Electric 
capacitors. 
The Case Style 40 capacitor for 

Please address inquiries to Transformer & Allied 

r del of 
FOR 

Motors 

Luminous.tub• 
transform•rs 

Fluoresc•nt lamp 
ballasts 

direct panel mounting with solder-lug 
terminals, is built in these ratings: 

600 volts-1, 2 and 4 mu f 
1000 volts-1 and 2 mu f 
1500 volts—.25, .5 and 1 mu f 
This is but one case style of a com-

plete line of d-c capacitors made by 
General Electric to JAN-C-25 Specifi-
cations and suitable for both com-
mercial and armed services applica-
tions. G-E paper-dielectric capacitors 
are available in characteristics E 
(Mineral Oil) or F (Pyranol*) and in 
case styles 40, 53, 54, 55, 61, 63, 65, 
67, 69 and 70. Apparatus Department, 
General Electric, Schenectady 5, N. Y. 

Product Div., General Electric Co., Pittsfield, Mass. 

GENERAL 
Industrial control 

Radio filters 

Radar 

Electronic equipm•nt 

Communication 

systems 

Capacitor discharge 

welding 

Flash photography 

Stroboscopic 

equipment 

Television 

Dust precipitators 

Radio Interference 

suppression 

impulse generators 

AND MANY OTHER APPLICATIONS 

This is how the silicone bushing per-
manently compression-seals the new 
G-E Case Style 40 capacitor. Note 
that the conventional gasket is com-
pletely eliminated. This CP-40 can be 
freely handled with no worries about 
rupturing its seal. 

ELECTRIC 
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What to SEE at the 1950 
Radio Engineering Show 

(  inued fr,m Nue 2'.4 

Fir m  Booth 
Capitol  Radio  Eng.  Inst.,  1Vashington 
D. C.  325 

Complete library of CREI Text material. 

Carter Motor Co., Chicago. Ill. 
Dynamotors,  Genemotors,  Magmotors. 
Small DC to AC Rotary Converters, for 
wire and tape recorders and television. 
New 400 cycle Aircraft models also will be 
displayed. Newly developed Multi-Output 
or Multi-Input Micro- Magmotors also dis-
played. 

219 

Carter Parts Company, Chicago, Ill.  254 
Jacks,  Plugs,  Switch  stack  assemblies, 
Resistors.  Rheostats,  Potentiometers, 
T&L. Pad Attenuators, Plunger Switches. 

Caterpillar Tractor Co., Peoria, III.  46, 47, 48 
Diesel electric generator plant, cutaway 
Diesel engine, Eseco automatic switching 
panel, slide projector machine. 

Central Scientific Co., Chicago, Ill. 
Cenco High Vacuum  Pumps and gages. 
Electronic  Electrometer,  11'heatstone 
Bridges,  Resistance  Boxes,  Potentio-
meters, and other laboratory instruments 
of interest to engineers. 

Centralab, .Div. of Globe Union. Inc. Mil-
waukee, Wis.  232 & 233 

Ceramic  Capacitors,  Printed  Electronic 
circuits, controls, switches, special ceram-
ics, components. 

Century Geophysical Corp., Tulsa, Okla. 
Recording  oscillographs,  and  associated 
test equipment, galvanometers, geophysi-
cal instruments. 

Chatham Electronics Corp.. Newark, N. J. 
120 & 121 

40 Megawatt hydrogen Thyratron, Minia-
ture Hydrogen Thyratron, Industrial and 
Special Purpose Tubes, Regulated Power 
Supplies. 

Cinch Manufacturing Corp., Chicago. III.  257 
Tube Sockets, Shields, Connectors, Ter. 
minal Strips, Lugs, Clips, Brackets, etc. 

C. P. Clare & Co., Chicago, III.  /04 
Relays, including hermetically sealed re-
lays, stepping switches, lever kofs, push 
keys, turn keys. 

Clarostat Mfg. Co., Inc., Dover. N. H.  214 
Controls (wire wound and carbon), Re-
sistors (wire wound metal clad, flexible) 
Power Rheostats and Televilion Parts, 

Cleveland Container Company, Cleveland, 
Ohio. 

207 
A complete line of phenolic tubing for coil 
forms, deflection yoke sleeves, and gen-
eral radio insulation applications. 

Sigmund Cohn Corp., New York, N. Y.  2113 
Radio  tube  fi lament  and  grid  wiles. 
Etched Tungsten and Molybdenum wires. 
Enamelled special alloy wires of small 
sizes, Platinum metals and their alloys, 
Electroplated wires, rhodium plating solu-
tion, Wollaston process wire. 

Collins Radio Co., Cedar Rapids. Iowa  75-80 
Airborne  transmitters  and  receivers, 
Broadcast AM and FM transmitters and 
speech equipment, specialized mechanical 
accessories  for  radio  equipment.  VHF 
ground station transmitters and receivers. 

Communication Products Co., Inc., Key-
port, N J. 

18, 19, 
Coaxial Aircore Transmission  Line and 
accessories.  Rotary  Band sw.tches, An-
tennas for Mobile Service, Dehydrators. 

Communications  Equipment 
lyn, N. Y. 

Radar Waveguides 

26 

Co.,  Brook-

(Continued on page 2711) 



What to SEE at the 1950 
Radio Engineering Show 

lied Irvin rIge 264 

Firm  Booth 

Condenser Products Co., Chicago, 111.  02 
Capacitors, power supplies. pulseforming 
networks. 

Continental Carbon, Inc., Cleveland, Ohio 224 
Nobleloy Metal Film, Carbon Film, Carbo-
mite resistors, suppressors, wire wound 
resistors, low rowel capacitors 

Continental Electric Co., Geneva, Ill.  350 
Photo Electric Cells, Phototubes, Recti-
fiers, Thyratrons. and Gauges. 

Cornell-Dubilier Electric Corp., So. Plain-
field. N. J.  73 & 74 

Vibrators, Converters, Antennas, TV and 
Antenna Rotators. 

Corning Glass Works, Corning, N. Y.  359 & 360 
Television tubes, glass parts tor radio and 
other electronic applications, Metallized 
glass components for radio and television. 

Cossor (Canada) Ltd., Halifax, Canada  251 
Twin Beam Scopes, Cameras & Drives. 

Croname, Inc., Chicago, Ill.  262 
Nameplates, Dials, Escutcheons, Panels, 
Television  Masks, Television Implosion 
Plates. 

DX Radio Products Co., Inc., Chicago, Ill. 306 
Deflection Yokes (Standard and 70 Degree 
Television Tubes) DX Tuners, (replace-
able coils) adaptable to high frequencies, 
Speakers, all sizes, Toroidal transformers, 
Horizontal  Output  Transformers,  Ion 
Traps. 

Daven Co., Newark, N. J.  94B & 95 
Audio, video and RF attenuators, rotary 
switches, measuring equipment, resistors. 

Bryan Davis Publishing Co., Inc., New 
York, N. Y. 

"Television Engineering," "Service" 

Dial Light Co. of America,  New York 
N. V. 

Pilot  light  assemblies, warning  signal 
lights, lockets for min. bayonet and can• 
dlelabra screw base tamps. 

Diamond Mfg. Co., Wakefield, Mass. 
Co•A x ia I Cable  Connectors,  Electronic 
Test Equipment and Radar Components. 

288 

26 

253 

Distillation Products Industries, Div. of 
Eastman  Kodak  Company,  Rochester. 
N. Y.  226 & 227 

High Vacuum Exhaust Units, High Vac. 
uum Pumps, High Vacuum Nleasttrement, 
Instrument Lubricants. 

Allen B. DuMont Labs., Inc., Instrument 
Div., Clifton, N. J.  125-128 

Cathode.ray Oscillographs and Cathode. 
ray Tubes. 

Allen B. DuMont Laboratories, Inc., Elec. 
ironic Parts Div., E. Paterson, N. J. 
New Four-Section and Three•Section Min• 
'attire DuMont lnputuners, a new Du-
Mont Wide Angle Deflection Yoke, and 
Mounting and Deflection Components for 
the I9AP4 Cathode Ray Tube. 

25 

Allen  B.  DuMont  Laboratories,  Inc., 
Transmitting  Equip.  Dept.,  Clifton, 
N. J.  240-244 

Television Transmitting and studio equip-
ment. 

Allen B. DuMont Labs., Inc., Tube Divi-
sion, F.. Paterson, N. J.  25 

Television•type Cathode•ray Tubes. 

Dumont Electric Corp., New York, N. Y  211 
Capacitors. 

(Confinned on page 804) 
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GRAND CENTRAL PALACE 

MARCH 6th to 9th 

BOOTHS 111 and 112 

AMERICAN PHENOLIC CORPORATION 
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MORE  litberli FIXED STATION ANTENNA 

EQUIPMENT IS USED THAN ANY OTHER KIND! 

HERE'S W HY: The topnotch engineering that only the world's largest antenna equip-

ment specialists can give . . . the uniform dependability of Andrew equipment . . . 

its superior performance . . . the fact that only Andrew makes a complete line of 

fixed station antenna equipment. 

But that's not all. An imposing parade of "firsts" maintain Andrew leadership. 

Some current Andrew "firsts" ore 1) the exclusive Folded Unipole Antenna, 2) the 

new Hurricane Models, 3) the Corner Reflector Antenna, and 4) a Very High Gain 

Communications Antenna soon to be announced. 

COAXIAL CABLE, Type 737. Significantly, there is more of this Andrew 7/8" dia meter 

cable now in use than all similar makes combined! You get a bonus of extra miles 

added to your service radius because loss characteristics are exceptionally low. 

FOLDED UNIPOLE ANTENNAS. Another Andrew "first" and made only by Andrew. 

Thousands of these popular antennas are in use at fixed stations throughout the 

world. More new stations are using it than any other antenna. Users acclaim 1) its 

quieter reception produced by the grounded radiating element, 2) the excellent im-

pedance match, and 3) its greater transmitting coverage. 

Extra! Now available in Hurricane M odels to insure uninterrupted operation 

when you need it the most. 

COAXIAL ANTENNAS. Most economical where signal-to-noise ratio is high. Above 

108 M CS only. 

CARDIOID ANTENNAS. * If you operate along a shore or border line and want your 

signal to cover only a certain 180° area, this rugged antenna is made to order for 

you. It concentrates your signal where you want it and doesn't waste radiation where 
you don't want it. 

CORNER REFLECTOR ANTENNAS. For narrow angle coverage or point-to-point relay-

ing. Concentrates your signal in the exact area where you want it, using a 60 ° beam. 

Avoids interference to and from the remaining area. For the 72-76 and 148-174 M CS 

bands. Only Andrew makes a commercial model of this special purpose antenna— 

another Andrew "first." 

It will pay you, too, to use Andrew fixed station 

equipment. Write for further information  todayl 

C O R P O R A T I O N 

363  EAST  75th  STREET  • CHIC A G O 19 

frorld's Largesi Allem/a Equipment Specialists 

VERY HI GH GAI N 

COMMUNICATIONS ANTENNA 
(soon to be announced) 

The highest gain antenna in mobile communica-

tions history. It actually delivers the full gain of 

6.5 db as claimed — the same as increasing your 

power 41/2  times1 Think of the economy. Now, for 

the first time, you can cover areas you couldn't 

reach before! It's another pace-setting Andrew 
"first." Frequency range is 148-174 MCS. 

TRANSMISSION LINES FOR AM FM ty • ANTENNAS • DIRECTIONAL ANTENNA EQUIPMENT • ANTENNA TIM M UNITS • TOWER MI MIC EINIPNENT • CINSULTINC ENOINEEIING SEIVICES 
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Your own eye test 

selects the best! 

II 
ALLEN B. DU MONT LABORATORIES, INC. 

Literature and Quotations on Request 

C ALLEN Et OU .ONT LABORATORIES. INC. Trade-mark. 

•  TUBE DIVISION, CLIFTON, N. J.  •  PLANTS AT ALLWOOD AND PASSAIC, N. J. 
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M a g ma I h. 

Lidat for the words liTranscn"bed by AMPEX yter the rat- shows in ra40 

Read what MARTIN BLOCK 
(CREATOR OF "MAKE BELIEVE BALLROOM") 

thinks about the 

-1r:E YS: 3" 
Nerjes 

lope recorder 

vvri e w  565 fifth avenue  both 17.e y. 

Mr. Henry McMicking 
Ampex Corporation 
1155 Howard AVEITIU8 
San Carlos, California 

My dear Mr. McMicking: 

In the fifteen years that the Make Believe 
Ballroom has been on the air in New York, I 
have always striven for the finest quality 
on audio reproduction; consequently, much 
equipment has been tested and many companies 

have been dealt with. 

The purpose of this little note is to let 
you know how much I appreciate the superb 
engineering and design of your Ampex 300. 
You and I know that the public is not "quality 
conscious", but there was an immediate reaction 
to a vastly superior reproduction of recording 
on the air, on the first day we started using 

your equipment. 
May I at this time, also, compliment you on 
your New York staff.  Ur. Hudson and your 
engineers have done everything to make the pur-
chase painless and the operation a pleasure. 
Believing the listening public is entitled to 
the best in sound reproduction, I hope you will 
feel free to use this letter in any way, that 
it may serve as an added incentive to other radio 

stations to get on the Ampex band wagon. 
Cordially, 

TIIE UNITED STATES DEPARTMENT 01.. 

STATE IS NO  USING AMPEX 

on the "VOICE OF AMERICA" 

broadcasts at six beaming points throughout 

tho• 11 ,rl d. 

August 5, 1949 

Martin Block 

.41130 or your dial 
34 hours a day 

Manufactured by Ampex Electric Corporation, 

Price approximately $1,500.00 
for Console, Portable or 
Rack-Mounted Models* 

'meter panel extra 

San 

Designed by 
engineers who had 
your broadcast 
results in mind. 

Carlos, Calif. 
DISTRIBUTED BY 

Bing Crosby Enterprises  • Graybar Electric Co ., 
9028 Sunset Blvd., Hollywoo d 46,  Ca lif. 420 Lexington  Ave, New York 17, New  Yor k 

Audio & Video Products Corporation 
1650 Broadway, New York, New York 
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In TELEVISION SETS, magnetic focusing eliminates blur; gives clear, sharp 
reception even during warm-up, or line voltage fluctuations; and the first focusing 

adjustment is the last. The thin ring-tYpe permanent magnets of Alnico V and VI 
produced by Arnold for this use (several sizes are pictured here) are cast, not 

sintered, in order to save on first cost. It's a difficult job, but Arnold's advanced 
methods produce these rings in the desired quality and any quantity, without trouble. 
—No matter what the application, in any grade of Alnico or other materials, you 
can depend on Arnold Permanent Magnets. We'll welcome your inquiries. 

• 

Amoco an d-VI  RINGS 

FOR MAGNETIC FOCUSING ASSEMBLIES 

-xt, ,;row 

HE A R N OL D ENGINEERING CO MPANY 

Subsidiary of 

ALLEGHENY LUDLUM STEEL CORPORATION 
147 East Ontario Street, Chicago 11, Illinois 

Specialists and Leaders in the Design, Engineering and Manufacture of PERMANENT MAGNETS 
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16GP4  I6AP4 

..• the new, short metal-cone kinescope 

with "Filterglass" face plate 
The new RCA-16GP4 offers special advantages to de-
signers of large-screen television receivers: 

Shorter —Nearly 5" shorter than the 16AP4, the new, 
wide-angle RCA-16GP4 permits reduction in depth of 
chassis and cabinet, and thus makes possible greater com-
pactness in receiver styling. In addition, the 16GP4 per-
mits economies in tube stocking, packaging, and shipping. 

"Filterglass" Face Plate—Of high-quality glass and almost 
flat, the "Filterglass" face incorporates a neutral light-
absorbing material to give improved contrast by minimiz-
ing ambient-light reflections and reflections within the 
face plate itself. The circular face plate provides a large 
picture with full scan. 

Tilted Ion-Trap Gun—New tilted gun requires only a single-
field, external magnet. 

Duodecal 5-Pin Base—Permits use of lower-cost segment 
sockit. 

Less Weight —The RCA-16GP4 weighs substantially less 
than a comparable all-glass tube so That, with ordinary 
precautions, it can be safely shipped in the receiver. 

RCA Application Engineers are ready to co-operate with you 
in apply ing the 16GP4 and associated components to your 
specific designs. For further information write RCA, 
Commercial Engineering, Section B47R, Harrison, N. J. 

. • . the RCA-6CD6-G Horizontal-Deflection 
Amplifier for  I 6GP4 Systems. The RCA-
6CD6-G makes possible the design of horizontal. 
deflection circuits in which the plate voltage for 
the tube is supplied in part by the circuit and in 
part by the low-voltage power supply. Ordinarily 
only one 6CD6-G is required for kinescopes with 
deflection angles up to 700 and operating at 14 kv. 

THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA 

RA DIO CORPORATIO N of A MERICA 
EL ECTR O N TUBES 

HA R RISO N, N. J. 

32A 
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Sir Robert A. Watson- Watt 
VICE-PRESIDENT, 1950 

Sir Robert Alexander Watson- Watt was born at 
13rechin in the County of Angus, Scotland, on April 13, 
1892. He was educated at Brechin High School and at 
University College, Dundee, in the University of St. 
Andrews, graduating in 1912 with a special distinction 
in electrical engineering. He was invited immediately 
thereafter to become Assistant to the Professor of 
Natural Philosophy in University College, Dundee. 
After teaching physics for a brief period in this capac-

ity, he was appointed to the British Weather Service. In 
1917 he became Aleteorologist-In-Charge of the Branch 
:Meteorological Office at the Royal Aircraft Establish-
ment. A special purpose of this appointment was to 
enable him to investigate the possibilities of radio in 
the location of thunderstorms as a basis of thunder-
storm warning to aviators. 

He was later transferred from the Air Ministry to the 
Department of Scientific and Industrial Research. When 
the work of the Radio Research Station was merged 
with the radio program of the National Physical Lab-
oratory in 1934, Sir Robert was appointed the first 
Superintendant of the Radio Department, National 
Physical Laboratory. 

Sir Robert, who is considered England's foremost ra-
dar authority, was the leader of the earliest British work 
on radar, or radiolocation, as it was then called, and also 

was the first Director of Communications Development 
in 1938. In 1940 he became Scientific Advisor on Telet 
communications in the Air Ministry and _in the Ministri 
of Aircraft Productimi. fk was Vice Controller of 

Communications Equipment in ALA. P. in 1942, and 
Deputy Chairman of the Radio Board of the War 
Cabinet, tinder the chairmanship of 'Sir Stafford Cripps - 
in 1943. After the war he retained his appointment as 
part-time Scientific Advisor in Air Ministry, adding to,, 
it corresponding appointments in Ministry of Supply, 
Ministry of Transport, and NI inistry of Civil Aviation. 
In 1947 he founded the scientific advisory and consult-  
ing engineering practice of Sir Robert Watson- Wat 
and Partners, Ltd. 

His honors include his knighthood, conferred in 1942 

the Companion of the Order of the Bath, awarded in 
1941, Fellowship of the Royal Society, the U. S. Meda 
for Merit, the Valdemar Poulsen Gold Medal of the 

Danish Academy of the Technical Sciences, and the 
Hughes Medal of the Royal Society for his pioneer ref 
searches in radio-teleg.raphy. 

Sir Robert, who is now engaged in work on the peace: 
time applications of radar, especially in the service oi 
civil aviation, became a Senior Alember of IRE in 1946, 
and a Fellow in 1947. Ile is President of the Royal Mete-
orological Society and of the I nsi it ute of Navigation. 

' 
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The value of IRE papers, in a large measure, depends on the ease with 
which they can be assimilated by the reader. Prospective authors are urged to 
give thoughtful consideration to suggestions here given to that effect. 
The following guest editorial is by a member of the IRE Board of Editors, 

who is also Vice-President in Charge of Engineering of the United Broadcasting 
Company, and President of Cleveland Institute of Radio Electronics. As the 
author of the radio and communication engineering text material used by that 
school, and as a practicing engineer, his proposal should be helpful to prospec-
tive authors of technical papers.—The Editor. 

Technical Writing for Students 
CARL E. SMITH 

During the many years I have been preparing technical material for broadcasting employees, 
and for student consumption at a school, I have come to the conclusion that such material 
must be carefully organized and skillfully presented if it is to have a real teaching value. The 
content must speak the truth, of course, but no matter how great the professional value of the 
material presented, this value is lost to the reader unless effectively presented. 
This means, first, that the technical writer should properly appraise the mental capacity of 

his reader audience. For example, in my IRE editing experience, I have found that most tech-
nical reports prepared for company records or from postgraduate theses need to be thoroughly 
revised to make them suitable for IRE publication. In a way, anyone who reads a technical 
article or paper is a student and he brings to the reading a certain basic technical knowledge. 
In addition, he has developed a certain degree of ability to absorb new information of a technical 
nature. I believe the writer can make this absorption process a little easier for him by organizing 
the subject matter in a step-by-step manner. This procedure should be as much in line with the 
reader's normal, logical thinking processes as possible, NEVER putting the cart before the 
horse. To oversimplify is to write down. To stop short of a full ex-position imposes an unfair 
mental burden on the reader. A crystal-clear word description profusely illustrated with dia-
grams is to be preferred in qualitative treatments. Even in quantitative writing it is preferable 
to minimize the mathematics in the text and clearly state in words the significance of each step, 
relegating intermediate mathematical steps to an appendix when necessary. In many cases a 
word description with references and the final design equation will suffice. To make sure the 
reader understands the subject matter thoroughly, it should be illustrated with practical ex-

amples. 
When I write a technical paper for publication or a lesson for our students or technical 

broadcasting employees, my procedure in general is to develop the theory inductively, select 
appropriate illustrations, and if necessary develop design equations step by step from the 
fundamentals. Then the subject matter is reduced to practice with examples. When I receive 
a troubled query from some reader or student I feel I have failed to teach with full effectiveness 
or my method of presentation is at fault, and I conclude that a re-write is justified. We can do 
that with lessons, but not with technical articles or books. So, in the case of a writer preparing 
a technical paper or article I suggest that the script be read by the student type of reader 
before going to the editor. That type of reader is the most appreciative and also the most 
critical. If you satisfy him you will also be doing a better job for the other type, the casual reader. 
Surely an engineering article should teach engineering. I firmly believe that writers on an 

engineering level should try more earnestly to instruct as well as describe and expound; then 
more good will be accomplished by our articles. 



116  PROCEEDINGS OF THE I.R.E. Februa l 

Report on the International Television 
Standards Conference* 

I. INTRODUCTION  committed itself to institute in the future an 

THE INTERNATIONAL Radio Con-
sultative Committee (CCIR) held a 
conference at Zurich, Switzerland, on 

July 4-14, 1949, to study international 
problems relating to television. This confer-
ence, under the sponsor-Ship of CCIR Study 
Group 11 (Television), was called in accord-
ance with recommendations of the CCIR 
Plenary Session held at Stockholm, Sweden, 
in 1948. The results of the conference will be 
considered and acted upon at the next Plen-
ary Session to be held in Prague in the spring 
of 1951. It is hoped that these deliberations 
will result in international agreements on 
television standards which will minimize in-
terference between stations, facilitate the 
interchange of programs among nations, and 
provide a television system based on the 
best technical knowledge available. 
Prior to the conference, a questionnaire 

was sent to the administrations of all nations 
associated it ith the CCIR. Replies to the 
questionnaire were received from thirteen 
nations and three commercial companies. Of 
these, eleven nations and three commercial 
companies sent delegates to the conference, 
as follows: Austria, Belgium, Denmark, 
U.S.A., France, Italy, Netherlands, Great 
Britain, Sweden, Switzerland, Czechoslo-
vakia, Cie. Gen. de T.S.F. (France), L. M. 
Ericsson (Sweden), and RCA (U.S.A.). 
Hungai y and Yugoslavia replied to the ques-
tionnaire but were not represented at the 
conference. 

II. NATIONAL POSITIONS ON TELE-
VISION STANDARDS 

A. The United States 

The American position was that the 
U.S.A. television standards (525 lines, 30 
frames, 4.25-Mc bandwidth) are the most 
suitable for adoption as a worldwide or re-
gional standard on the basis that they would 
provide a high quality of service with a mini-
mum of restriction on future progress. 

B. Great Britain 

Great Britain advocated the adoption of 
the British standards of 405 lines and 2.75-
Mc bandwidth on the basis that they pro-
vided a satisfactory quality of service. More-
over, the British government is committed 
to continue service on these standards do-
mestically for a number of years. It might 
therefore be necessary for neighboring Eu-
ropean nations to adopt the 405-line stand-
ard in order to exchange programs with 
Great Britain. Furthermore, in order to 
minimize interference, the stations on the 
continent should adopt carrier frequencies, 
in the band 41 to 68 Mc, identical to the 
British frequencies. This allocation involves 
one 6.75-Mc channel for double sideband op-
eration and four 5-Mc channels for vestigial 
sideband operation. 

C. France 

The French government operates at pres-
ent a 450-line service and, in addition, has 

• Decimal classification: R007.9XR583. Adapted  negative modulation, 4 nations voted for  . What are the possibilities of standardiza-
from 'Report to the RMA Engineering Department 
on the International Television Standards Con-  negative agains.t. two (Great .B.iitain .and  u.on.and what are the preferred characteris-
ference held at Zurich, Switzerland. July. 1949.•  . . France) for positive, the remaining nations  tics in the recording of television pictures on 
by Donald G. Fink.  indicating no marked preference. On AM  film? 

819-line service using a 10.4-Mc bandwidth 
and a 14-Mc channel. During the meeting, 
France agreed to change from the 450-line 
service to the British standard of 405 lines. 
On higher bands (174-216 Mc and 470-960 
Mc), they intended to use the 819-line stand-
ard for monochrome service with the hope of 
finding a method of converting from 405-line 
images to 819-line images in order to facil:-
tate the interchange of programs between 
their two domestic services, as well as be-
tween French and British services. 

D. Other Nations 

The other nations, headed by Nether-
lands and Sweden, favored a 625-line 25-
frame standard on a bandwidth of 4.75 Mc 
and a channel of 6.75 Mc. They felt that, on 
the one hand, the British 405-line standard 
was "obsolescent" or "low-definition," and 
that, on the other hand, the U.S.A. 30-frame 
standard was unsuitable for 50-cps power 
systems. The American delegation pointed 
out that the proposed 625-line 25-frame 
standard was not in fact very different from 
the 525-line 30-frame standard so far as 
equipment operation is concerned, provided 
that the system is divorced from dependence 
on the power supply frequency. 

CONCLUSIONS OF THE 
CONFERENCE 

During the conference, unanimous agree-
ment was reached on the following four 
points: 
I. The aspect ratio should be 4 units hor-

izontally and 3 units vertically. This agrees 
with the U.S.A. standard, but represents a 
change in the British standard of 5 units byll 
units. The British delegates stated that the 
BBC has requested permission from the 
limper government committee to change to 
the 4 by 3 standard in the near future. 
2. Interlacing should be used at a ratio 

of 2-to-1. This was not a controversial issue. 
3. The  vertical  scanning  frequency 

(number of fields per second) should not be 
synchronized with the power frequency. 
Agreement was reached on this important 
point due to the realization that, first, power 
systems would not usually be interconnected 
between nations or even between cities 
within some nations. Thus nonsynchronous 
operation would facilitate the interchange of 
programs between nations and cities not so 
inteiconnected. Secondly, nonsynchronous 
operation would permit the 525-line stand-
ard and the 625-line standard to exist com-
patibly on a worldwide basis. 
4. The direction of polarization need not 

be standardized, as it is not a basic issue. 
(Six nations favored horizontal and two na-
tions vertical polarization.) 
Disagreement persisted on the remaining 

points. On lines and frames, the U.S.A. rec-
ommended the 525-30 value, Great Britain 
and France 405-25 for the 41- to 68-Mc 
band, France 819-25 for higher bands, and 
all other nations 625-25. On positive versus 

versus FM sound, 7 nations favored FM and 
two nations (Great Britain and France) AM. 
The arguments for negative modulation 

and FM sound were given additional weight 
in the light of experience with the intercar-
rier sound system. The British stated that 
the intercarrier system could be used with 
positive modulation (and FM sound) pro-
vided the synchronizing pulses were limited 
at some level above zero carrier. The British 
synchronizing pulses as now radiated do not 
reach the zero level. The British announced 
their intention of experimenting with the 
intercarrier system, using positive modula-
tion, and promised to report the results to 
the next meeting of the Study Group. The 
U. S. delegation invited the Study Group to 
hold its next meeting in the United States in 
oider that American experimentation in 
color television and in minimizing interfer-
ence between stations, as well as other mat-
ters on the agenda, might be viewed first 
hand. 

IV. QUESTIONS POSED FOR 
FURTHER STUDY 

In conclusion, the Study Group formu-
lated the following questions as needing 
further study: 

Question I. 

What are the technical requirements and 
the additional cost necessary to permit the 
operation of a television system to be inde= 
pendent of the frequency of the power sup-
ply? 

Question 2. 

What is the relation between maximum 
brightness and held frequency for absence or 
flicker, for field frequencies of the order of 50 
to 60 fields per second, taking into account 
the decay time of the different colors? 

Question 3. 

What is the value, in minutes of angle, of 
the resolving power of the eye in photo-
graphic and in television systems for ranges 
of brightness values and distances of viewing 
most commonly met with in television? 

Question 4. 

What are the conditions of measurement 
required to allow the comparison of the re-
spective qualities of television and cinema 
pictures, and what are the results of such 
comparisons? 

Question 5. 

What are the respective advantages and 
disadvantages of positive and negative pic-
ture modulation and of amplitude and fre-
quency sound modulation, taking into ac-
count the following four points: 
(a) Effect of noise on picture 
(b) Effect of noise on synchronization 
(c) Automatic gain control 
(d) In tercarrier sound reception? 

Question 6. 

V 

1 
,4 
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Conductive Plastic Materials* 
MYRON A. COLERt, F. ROBERT BARNET, ALBERT LIGHTBODYt, AND H. A. PERRY, JR.$ 

ft
been  CLASS of plastic materials has 
been  developed. The outstanding 
characteristic of these materials re-

sides in the fact that they have substantial 
and predeterminable electrical conductiv-
ities, and yet possess the desirable general 
mechanical and fabrication properties of 
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Fig. 1—Effect of frequency on resistivity. 
Markite MS-501 at 24°C. 

• Decimal classification: R281. Original manu-
script received by the Institute. February 28, 1949; 
abstract received. August 26. 1949. 
t Markite Company. New York, N.Y. 
Plastics Division, Naval Ordnance Laboratory, 

White Oak. Md. 

ordinary plastics. Thermosetting, thermo-
plastic and elastomeric variants have been 
produced. 
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Fig. 2—Thermal expansion versus tempera-
ture. Reference temperature, 25°C. 

Representative data for one type are 
presented in Table I. Particular attention is 
called to the significant thermal and electri-
cal conductivities; the latter is approxi-
mately 1012 times that of a general purpose 
phenolic. The material follows Ohm's Law 
at low and moderate current densities and 
appears to be free of frequency variation 
effects (see Fig. 1). The temperature co-
efficient of resistivity is positive and of the 
order of 0.2 per cent/°C. 
It has proven possible to match the 

thermal expansion of the MS-501 material 
with an insulator plastic throughout the 

range from —50°C to 80°C (see Fig. 2). 
Since the materials are comoldable, this 
favors the molding of composite conductor. 
insulator structures which will be liquid-
tight and nonseparating at extremes of 
temperature. 
The range of resistivities covered by 

these conductive plastic materials is in-
dicated in Fig. 3. The range extends roughly 
from the resistivity of distilled water to 
values approaching that of mercury. Many 
of the materials can be metal-plated 
directly. As a group, they exhibit compara-
tively low densities which commends their 
use where weight reduction is important, 
e.g., on aircraft and in devices to be rotated 
at great speeds. Other more specific applica-
tions of interest include low ohmic resistors 
for the higher frequencies, nonlinear variable 
potentiometers, shields, attenuators, elec-
trodes, and three-dimensional circuits. 
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Fig. 3—Resistivity spectrum. Shaded area 
corresponds to markite materials super-
imposed. (Based on modification of 
chart by Yerzley, Ind. Eng. Chem., vol. 
35, p. 330; 1943.) 

TABLE I 

MARE1TE MS-501 CONDUCTIVE PLASTIC MATERIAL 
Typical Data on Physical Properties 

1 
2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

Type 
Fabrication Methods 

Color 
Specific Gravity 
Tensile Strenith—Ultimate, psi 
Elongation, '7o 
Tensile Modulus of Elasticity, psiX 10-6 
Tensile Strength—Proportional, psi 
Flexural Strength—Ultimate, pss 
Flexural Modulus of Elasticity, psiX10-6 
Flexural Strength—Proportional, psi 

• Compressive Strength, psi 
Impact Strength—Izod ft. lbs./in. notch 
Hardness—Rockwell, M 
Moisture Vapor Trans., g/100 sq. in./24 hr./mil 
Water Absorption gain, % 
Specific Heat, Cal/°C/g 
Thermal Expansion Coefficient, cm/cm/°C X106 
Thermal Conductivity, cal/sec/cm6/C X104 
Heat Distortion Temperature, °F 
Electrical Resistivity, ohm-cm 

Thermosetting 
Compression, 

Molding, Machin-
ing, Grinding 

Black 
1.57 
7,400 
0.80 
13 

2,100 
11,000 

11 
7,700 
26,400 
0.37 
106 
44 

0.55 
0.31 
3.8 
21 
306 
0.01 

• 
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1. INTRODUCTION 

It is the purpose of this Standard to establish general 
principles governing the formation and application of 
reference designations and to provide a list of such des-
ignations applicable to parts used in electrical and elec-
tronic applications. 

1.1 Reference Designations 

Reference designations are combinations of letters 
and numbers used to identify the parts of a piece of ap-
paratus or equipment on schematic (see par. 2.4) and 
other drawings, diagrams, parts lists, instruction books, 
etc. The reference designations may also be stamped on 
the apparatus or equipment on or near the parts which 
they identify. The letters in a reference designation show 
the kind of part, such as a resistor, amplifier, electron 
tube, etc., and the number differentiates between parts 
of the same kind. A reference designation is not an ab-
breviation for the name of the part. 

1.2 Other Designations 

This Standard does not prevent the use of other than 

reference designations. In cases where other designation-
are used, it is preferable that the reference designations 
be used in addition. The other designations will be un-
derlined except when confusion between the two types 
of designations will not result. 

1.3 Scope 

This Standard supplements and is parallel with Stand-
ards on Abbreviations, Graphical Symbols, Letter Symbols 

and Mathematical Signs, 1948. 

1.4 Purpose 

Reference designations have two main purposes as 

follows: 

1.4.1 For reference to parts in descriptions of the opera-

tion of a circuit or mechanical device. 
1.4.2 For the iaentification of replaceable parts in stock 
control and maintenance operations. 

2. DEFINITION OF TER MS 

2.1 Code 

For this Standard a code generally consists of a name 
(which will usually indicate a function) plus one of the 
following: A number, drawing number, model number, 
specification number, or style number, etc. These num-
bers consist of numerals and letters alone or in various 
combinations. The name portion of a code may be omit-
ted when the meaning as conveyed by the graphical 
symbol or reference designation is clear. For example, 
"6AK5" is usually used in conjunct ion with the proper 
graphical symbol instead of "6.A1K5 fl 'BE." 

Examples: 

Number+ Name 
Drawing Number+ Name 

Name+ Model Number 

—913 Modulator 
— ED-64372-01 Wave-

guide Assembly 
—Tuning Unit, 

Model 519D 
Specification Number+ Name—J6864 Amplifier 
Name+ St vie Letters —Generator, SK 

2.2 Major Assembly 

For this Standard, a major assembly is a complete 
piece of apparatus or equipment as supplied by a manu-
facturer and identified by a code. The term "assembly" 
is often used instead of "major assembly." For the pur-
pose of applying reference designations, a major assem-
bly will usually be the largest unit employing a single 

system of reference designations. A major assembly is 
composed of parts which may be either elements or sub-

assemblies, coded, or uncoded. 

2.3 Subassembly 

2.3.1 For this Standard a subassembly is a part of a ma-
jor assembly consisting of a group of parts which, for 
purposes of identification, is considered as a unit. 
2.3.2 A subassembly may or may not be replaceable as 
a unit. A grouping of parts indicated by boundary lines 
on a schematic diagram is not necessarily an integral 
physical unit. Since the schematic diagram is primarily 
functional, the grouping of parts is also functional and 
may include parts which in the actual equipment are 
separated physically. 
2.3.3 A subassembly will usually be coded, but coding 
is not a necessary criterion for a subassembly. 
2.3.4 A subassembly may be given a reference designa-
tion and the parts of a subassembly may also be given 
reference designations. 
0.3.5 Examples of subassemblies are: Amplifier, filter, 
printed circuit, rectifier, and waveguide assembly. 
2.3.6 Subassemblies which require separate identifica-
tion on schematic drawings in accordance with the prin-
ciples outlined herein will he circumscribed by a line 

which may be either: 
, indicating an electrical shield 
Inch is also a mechanical 
boundary, 



120  PROCEEDINGS OF THE LR.E. February 

or 

 , indicating the boundary of a me-
chanical grouping or a grouping 
for convenience. 

The presence of a shield line around a group of appa-
ratus does not necessarily indicate that it is a subas-
sembly for the purposes of this Standard. 

2.4 Schematic Drawings 

In this Standard "schematic drawing" includes draw-
ings known as "Elementary Diagrams" in the power 
field. 

3. FOR MATION OF REFERENCE DESIGNATIONS 

3.1 Letters 

3.1.1 The letter or letters of the reference designation 
shall be as indicated in par. 7.1. 
3.1.2 The letter E, in the case of terminals, may be 
omitted from drawings and not stamped on equipment 
for such parts as transformers, panels, sockets, etc. 
where no confusion will result. 

3.2 Numbers 

Tho number of the reference designation follows the 
letter or letters without a hyphen and shall be of the 

same size and on the same line. For example Cl, S14 and 
MG5. The assignment of numbers should preferably 
start with 1 in the upper left-hand corner of the sche-
matic drawing of the major assembly or subassembly and 
proceed in numerical order in a logical manner through 
the drawing. However, it is not required that the series 
of numbers be necessarily consecutive or complete. For 
instance, in the case of successive improvements of a 
piece of equipment, some of the parts may be eliminated. 
Here it is unnecessary to redesignate the remaining 
parts merely to keep the number series consecutive. The 
parts list will show which numbers are missing. 

4. APPLICATION OF REFERENCE DESIGNATIONS 

4.1 General 

4.1.1 Reference designations are assigned to electrical 
and mechanical parts on schematic and other diagrams 
and in instruction books, spare parts lists, etc. Common 
hardware items such as bolts, nuts, and washers will 
usually not require reference designations. 
4.1.2 The assignment of reference designations will usu-
ally be made on the schematic drawing, which conse-
quently controls the designations to be applied on other 
drawings, such as equipment and assembly drawings, 
and in parts lists. 

4.1.3 Reference designations should also be marked on 
or near the appropriate parts. It is recognized that in 
some cases, particularly in compact groupings of small 
parts, this will be impracticable. 
4.1.4 When a reference designation, other designation 
or a code appears on a schematic diagram near a graph-
ical symbol and it is NOT intended that it be marked 
on or near the actual part, such designation or code shall 
be enclosed in parentheses on the schematic diagram. 
4.1.5 The assignment of the number portions of the 
reference designations for the parts will depend on the 
conditions of manufacture, supply and use. Two cases 
can be distinguished: (1) A major assembly with a sin-
gle number series; and (2) a subassembly with its own 
internal number series. 

4.2 Major Assembly with a Single 
• Number Series 

In this case a single series of numbers shall be used for 
each kind of part throughout a major assembly, regard-
less of whether the parts are included in subassemblies 
or not. This method will in general be confined to the 
smaller and simpler major assemblies, usually those 
without separately manufactured subassemblies. Fig. 1 
is an example. For purposes of illustration only, this 
major assembly has been coded an XX Major Assem-

Fig. I 

bly. This same major assembly, with changes in the as-
sumptions as to how it is subdivided, is used for the 
other examples of the methods of designating parts of 
subassemblies. Fig. 2 is an example in which a major 
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.assembly has been divided into two subassemblies and a 
remainder. The parts designations are here identical 
with those of Fig. 1. In this case the reference designa-

r 
FLI  ARI 

1I F- - - 

- 

i 
i 

LI 1 C3 

X X MAJOR ASSEMBLY 

Fig. 2 

tions for the subassemblies themselves may be conven-
ient for description, and for correlation with block dia-
grams, such as Fig. 3, but they are not essential for the 
identification of a part within a subassembly since the 
part designation is itself sufficient. 

FL I 

FILTER 

ARI 

4.3 Subassembly with Its Own Internal 
Number Series 

There is a case in which it is advantageous to number 

the parts of a subassembly with its own internal number 
series. This case is especially applicable to multiple-use 
subassemblies which may appear more than once in a 

FLI 

410 FILTER 
r 

LI 

ARI 

J5062 AMPLIFIER   

1 3 

X X MAJOR ASSEMBLY 

• Fig. 4 

major assembly, or in more than one major assembly. In 
this case the reference designations internal to the sub-
assembly will remain the same, no matter where the 
subassembly is used, and the code of the subassembly 
shall appear on the pertinent drawings. In this case the 
parts of a major assembly not included in the above 
subassemblies (but including parts in subassemblies not 
assigned separate internal number series) shall be num-
bered in a single series as outlined in par. 4.2. Fig. 4 
illustrates this case. 
The parts of subassemblies having separate number 

series may be identified either by means of the code of 
the subassembly and the part reference designation or 
by means of a compound reference designation formed 
by prefixing the part designation with the subassembly 

designation. 

5. CO MPLETE IDENTIFICATION OF PARTS 

5.1. Abbreviation of Compound Reference 
Designations 

Under certain conditions where no confusion will re-
sult, the initial letter part may be omitted from a com-
pound reference designation. This provision applies to 

such cases as are exemplified by Fig. 5. It should be 
noted that in order to apply this principle the number 
portions of the reference designations for any two sub-
assemblies can not be the same even though the subas-
semblies are of a different kind. 
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FL 5 
418 FILTER 

F LI 
416 FILTER 

F L 3 

410 F Ny e_ 

L I 

YY MAJOR ASSEMBLY 

AR2 
J5062 AMPLIFIER 

ARA 

J5662 AMPLIFIER 

AR6 
J5062 AMPLIFIER 

Fig. 5 

5.2 Examples of Compound Reference 
Designations 

12.,,,ifoolcs of comimund reference designations and 
abbreviated compound reference designations are given 
in the 1,1i di• below. Where applicable (the case of Fig. 4) 
examples lit given of parallel identification of the same 
palls by the use Of the subasselohly rode, together with 
the reference designation for the part. 

1. I31.': 

\ \III'l I "III IIPI \flu\ 01 PARIS (NMI I) 

Identification of sante part in 

I. ig 2 Fig. 4 

R I  RI  1) HARI 
WI RI of 418 Filt. 

1.1  LI  (a) 1:111.1 
th) 1.1 of 418 MIL 

(4  CI  Li) A RI C2 

Ii) (2 of J5862 A mpl. 
R3  10 (.1) A R1 R2 

(1)) 1<2 of 35862 A mp!. 

R4  R4 _ RI  RI, R3, R5 

Fig. 5 (note 1) 

11(1, 3RI, SRI 

lii , 31.1, 51.1 

2C2, 4C2, 6C2 

2R2, 41 0, 6R1 

Note I. The code XX Major Assembly (or l'Y Major Assembly for 
Fig. 5) is a necessary part of the complete identification except for the 
exa mples (b) of Fig. 4 where the code, 418 Filteror J5862 A mplifier, is 
used in its place. 

.Vi 2. Since the parts of Fig. I appear three ti mes in Fig. 5. 3 en-

tries of each are given. All are exa mples of abbreviated co mpound 
reference designations. 

6. SPECIAL PROCEDURES FOR SOCKETS AND CONNECTORS 

6.1 Sockets 

A socket which is alwa s associated with a particular 
plug-in or screw-in device, such as an electron tube or a 

fuse, should be designated by a symbol which includes 
the symbol of the inserted device. For example, the 
socket for fuse F7 should be designated XF7. 

6.2 Connectors 

In the case of a stationary connector, the reference 
designation both of the connector and of the associated 

movable connector or ad: pier t his latter in parenthe-
ses) should be marked On the chassis or panel adjacent 
to the stationar. connector. 

Examples: a. J5 h. j5 

(PS)  ((.1)-1) 

(P4) 

In this case the reference designation in parentheses will 
not USlla Hy be found on the schematic drawings. 

7. LISTS 

7.1 Alphabetically by Part Name 

7.1.1 Classes of parts included in par. 7.1 have been 
marked with an asterisk to facilitate the designation 
of parts not specifically included in the list. In case of 
doubt, a letter or letters already assigned to the part 
or class most similar in function should be used. 

Item 

AR  Amplifier 
•  Antenna 
•  Arrester, lightning 

5 

10 

AT  Attenuator 

B* Blower, fan, motor, prime mover 
Ot ransformer 

BT  Battery 

TB Block, conneeting 
CB  Breaker, circuit 

Buzzer 
\V Cable 
• Capacit or 

•  Cell, light-sensitive, photo-e nissive 
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15 L  Choke 
•  Chart 
•  Connector (movable portion or portion lo-

cated on a plug-in device) 
Connector (stationary portion) 

•  Contact, electrical 
20  K  Contactor (electrically operated) 

•  Contactor (mechanically or thermally op-

erated) 
•  Counter (indicating device) 
DC Coupler, directional 
CP Coupling (aperture, loop or probe) 

25 E  Counterpoise 
HY  Coil, hybrid 
• Coil, induction, loading, relay operating, 

retardation, tuning 
• Coil, repeating 
•  Crystal, piezoelectric 

30 S Cut-out, thermal 
CR  Detector, crystal 
I* Device, indicating (except meter or ther-

mometer) 
•  Dial (circuit interrupter) 
I*  Dial or indicating device (except meter or 

thermometer) 

35 DP  Diaphragm 
•  Dynamotor 
EQ  Equalizer 
•  Exciter 
•  Fan 

40  FL  Filter 
•  Fuse 
NI* Gauge, meter, thermometer, etc. 

Generator 
HS  Handset 

45  H*  Hardware, bolts, nuts, screws, etc. 
PU  Head, erasing, recording, reproducing 
HT  Headset, or telephone receiver (not part of 

handset) 
HR  Heater (element for thermostat, oven, etc.) 

Inductor 
50  P  Jack (connector, movable portion or por-

tion located on a plug-in device) 
Jack (connector, stationary portion) 

HY  Junction, hybrid 
CP  Junction, Tee or Wye 

Key-switch 
55 S  Key, telegraph 

RT  Lamp, ballast 
HR  Lamp, heating 

Lamp, illuminating 
RT  Lamp, resistance 

60  I  Lamp, signal 
Line, artificial 

DL  Line, delay 
LS  Loudspeaker 

Meter 
65  MK  Microphone 

•  Modulator 
•  Motor 
MG  Motor-generator 
A*  Mounting not in electrical circuit (not a 

socket) 
70  Nameplate, chart, etc. 

Network, general (where specific letters do 

not fit) 
Oscillator (excluding electron tube used in 
oscillator), magneto-striction 

Pad 
Part (misc. electrical) 

75  Part, hydraulic 
Part (misc. mechanical), bearing, coupling, 
gear, shaft, etc. 

A*  Part, structural 
W*  Path, guided transmission 
PÌ  Pickup, erasing head, recording head, re-

producing head 
80 P Plug (connector, movable portion or por-

tion located on a plug-in device) 
Plug (connector, stationary portion) 
Potentiometer 

N* 

AT 
E* 
LT* 
0* 

I'S  Power-supply 
13*  Prime-mover 

85 E  Protector (carbon-block or gap) 
RE Receiver, radio 
HT Receiver, telephone (not part of handset) 

Receptacle (connector, stationary portion) 
CR  Rectifier, crystal or metallic 

90  VR Regulator, voltage (except an electron tube) 
NI  Recorder, elasped time (clock) 
NI  Register, message 
•  Relay (electrically operated switch) 
RP Repeater (telephone usage) 

95  R  Resistor 
•  Rheostat 

Ringer, subscriber's set 
• Shield, electrical 
• Short 

100 X  Socket (see paragraph 6.1. Examples: XAR 
XF, XV, etc.) 

• Solenoid 
LS Speaker, loudspeaker 
TB  Strip, terminal 
A* Structural part 

105  Z  Subassembly, general (where specific let-
ters do not fit) 

Switch (mechanically or thermally op-
erated) 

Terminal, individual 
AT  Termination, resistive 

Thermometer 
110  RT  Thermistor 

TC  Thermocouple 
Thermostat 

MT  Transducer, mode 
Transformer 
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115  Q 
MK 
TR 

CR 
120 

Transistor 
Transmitter, telephone 
Transmitter, radio 
Tube, electron 
Varistor 
Vibrator, indicating 
Waveguide 
Winding, relay 
Wire 

7.2 List—Alphabetically by Letters 

7.2.1 Classes of parts included in par. 7.2 have been 
marked with an asterisk to facilitate the designation 
of parts not specifically included in the list. In case of 
doubt, a letter or letters already assigned to the part 
or class most similar in function should be used. 

Item 

A* Mounting (not in electrical circuit and not 
a socket), structural part 

AR  Amplifier 

AT Attenuator, pad, resistive termination 
B* Blower, fan, motor, prime mover 

5 BT Battery 
Capacitor 

CB  Circuit breaker 

CP  Coupling (aperture, loop, or probe), coaxial 
or waveguide junction (Tee or Wye) 

CR  Crystal detector, crystal or metallic recti-
fier, contact rectifier, varistor 

10 D  Dynamotor 
DC Directional coupler 
DL Delay line 
DP Diaphragm 

E* Antenna, binding post, counterpoise, di-
pole antenna, electrical shield, electrical 
contact, electrical parts (misc.), lightning 
arrestor, individual terminal, loop an-
tenna, protector (carbon-block or gap), 
short 

15 EQ Equalizer 
Fuse 

FL Filter 

Exciter, generator, vibrator (rectifying) 
H* Hardware, bolts, nuts, screws, etc. 

20 HR Heater, (element for thermostat, oven, 
etc.), heating lamp 

HS  Handset 

HT  Telephone receiver (not part of handset), 
headset 

HY  Hybrid coil or hybrid junction 
I*  Bell, buzzer, dial, illuminating lamp, indi-

cating device (except meter or thermom-

eter), signal lamp, subscriber's set ringer, 
vibrator (indicating) 

25  J  Connector (stationary portion), jack, plug, 
receptacle 

Relay (electrically operated contactor or 
switch) 

Choke, inductor, loading coil, induction 
coil (telephone usage), relay operating 
coil, retardation coil, solenoid, tuning coil 

LS Loudspeaker, speaker 

M*  Counter (indicating device), elapsed-time 
recorder (clock), gauge, message register, 
meter, thermometer 

30 MG Motor-generator 

MK Microphone, telephone transmitter 
MT  Mode transducer 
N*  Chart, nameplate, etc. 

0*  Mechanical part, bearing, coupling, gear, 
shaft, etc. 

35 P Connector (movable portion or portion lo-
cated on a plug-in device), jack, plug 

PS Power supply 

PU Pickup, erasing head, recording head, re-
producing head 

Transistor 

Potentiometer, resistor, rheostat 
40 RE Radio receiver 

RP Repeater (telephone usage) 
RT Ballast lamp, resistance lamp, thermistor 

Contactor, dial (circuit interrupter), key-
switch, telegraph key, mechanically or 
thermally operated switch, thermal cut-
out, thermostat 

1' Autotransformer, induction coil (telephone 
usage), repeating coil (telephone usage), 
transformer 

45 TB Connecting block, group of individual ter-
minals on its own mounting, terminal 
board, terminal strip 

TC Thermocouple 
TR  Radio transmitter 
U* Hydraulic part 

V  Electron tube, light-sensitive cell, photo-
emissive cell 

50 VR  Voltage regulator (except an electron tube) 

W*  Cable, coaxial cable, guided transmission 
path, waveguide, wire 

X  Socket (See par. 6.1. Examples XAR, XF, 
XV) 

Oscillator (excluding electron tube used in 
an oscillator), piezoelectric crystal, mag-
neto-striction oscillator 

Z*  Network or subassembly, general (where 

more specific letters do not fit), artificial 
line, modulator 
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Summary—The transmission requirements for radio relay sys-
tems for television network operation are discussed. A system de-
signed by the Phileo Corporation and employing heterodyne modula-
tion with a SAC-19 Klystron, developed by the Sperry Gyroscope 
Corporation for this application, is described. Western Union has 
installed this equipment, which operates in the 6,000-Mc common 
carrier band, between New York and Philadelphia, and photographs 
are included showing the repeater, antenna, and the results of a 
square-wave and CBS test pattern after transmission over the cir-

cuit. 

p
IONEER work in the application of microwaves 
to telegraphy was done by the Western Union 
Telegraph Company developing jointly with the 

Radio Corporation of America an experimental relay 
system between New York and Philadelphia in 1945. 
This circuit was later expanded by Western Union to 
include a second circuit via an alternate route between 
these two cities. Also, a triangular system connecting 
New York, Pittsburgh, and Washington has been com-
pleted.' It was envisioned from the beginning that the 
same physical facilities, towers, buildings, power plants, 
and the same maintenance personnel which were used 
for the telegraph circuits, could be shared with tele-
vision systems. Accordingly, in 1947, active develop-
ment work was initiated with the Philco Corporation 
for the design of equipment capable of meeting the ex-
acting requirements of television network operation. 
In an attempt to define the transmission objective, it 

is assumed that a practical value of signal-to-noise ratio 
in a video channel which has been relayed from New 
York to San Francisco would be 25 db (measured at 
the peaks, or maximum instantaneous amplitudes, of 
signal and noise). This value is far from the ideal value— 
it is the minimum value considered useful. Since inter-
connection of similar systems is planned to facilitate 
networking, 9 db should be added, and also a 6-db 
maintenance margin. This increases the system re-
quirement to 40 db between major cities which are con-

A Microwave System for Television Rela yin g* 
J. Z. MILLARt, SENIOR MEMBER, IRE, AND W. B. SULLINGERt 

then be only 5 to 10 db. This transmission method  
would require a radio-frequency band  of  approxi-
mately 20 Mc to accommodate the sidebands,  and  a 
minimum peak carrier-to-noise ratio  of 35  db  will  be  
required for an intercity system havin g approximately  
10 repeaters. This will require a signal  level  on  the  
input to each intermediate-frequency system of ap-

proximately 750 microvolts. 
As it is impractical to use diversity reception in a 

system which does not utilize a subcarrier, and espe-

cially since video signals are  sensitive  to  phase  distor-
tion, the amount of margin needed  to  overcome  the  
effects of fading will be at least 30 db, and might be as 

high as 40 db, depending upon the  continuit y of service  
desired. Assuming space losses corresponding to normal 
re peater station separations, and conventional  antenna  
power gains, t.he required transmitter power will be  

approximately 15 watts, if it is assumed  that  fading  
does not occur in all repeater sections simultaneousl y. 

The choice of a microwave fre quenc y band  for  television  
relay is dictated by many factors.  The  4,000 -Mc  band  
is more stable than the  6,000-Mc  band  with respect to 
fading and atmospheric attenuation,  but  requires much 
larger and more costly antennas for the same power gain 

n 
and larger waveguides and  su pport  structures.  An  ex-
amination of propagatio records, considering the hours 

most useful for broadcasting, leads  to  the  conclusion  
that the 6,000- Mc band would  be  satisfactory  for  tele-
vision transmission. The  common  carrier  band  between  
10,700 and 11 ,700  Mc is considered  primarily  useful  
only for short-distance rela yin g. 
The most controversial parameter  of a video trans-

mission system is the fre quenc y response  required  for  
broadcasting networks. Perha ps it is a little  forward -

looking to provide a video  res ponse  ranging  from  30  
cycles to 5 Mc, when none  of the  receivers  being  used  
can be manufactured to res pond  to  frequencies above 

sidered to be logical switching points, a value readil y   
about 4 Mc because of the required separation be-

realizable in current microwave practice.  tween the video intermediate-frequency and sound 
Of course, it would not be possible to devote enough  intertriediate-frequeitcy frequencies of 4.5 Mc. Never-

frequency spectrum to each video program channel to  theless, this response should be provided to take care of 
permit the use of a subcarrier and double frequency  future requirements, and to permit transmission of un-

modulation' as was done in the RCA system' for tele-  distorted synchronizing pulses. 
graph transmission. However, one level of frequency It is a fortunate circumstance that amplitude distor-
modulation is feasible if the deviation index is held to a tion is not very noticeable in a television image. A cir-
value near unity, but the FM noise improvement will  cuit having a combined harmonic production when 

tested with a single frequency of less than 5 per cent 
(down 26 db) would probably pass unnoticed by the 
average observer. In contrast, the relative phase rela-
tions of the frequency components of the complex tele-
vision wave must be preserved by passing the signals 
only through circuits having almost linear phase shift; 
that is, circuits where the phase shift is proportional 
to frequency. A departure from phase linearity, that is, 
a delay distortion of as much as 50 milli-microseconds, 

• Decimal classification: R583. Original manuscript received 
by the Institute, April 25, 1949; revised manuscript, November 7, 
1949. Presented, 194,9 National IRE Convention, New York, N. Y., 
March 10, 1949. 
f The Western Union Telegraph Company, New York, N. Y. 
J. Z. Millar, "A preview of the Western Union system of radio 

beam telegraphy," Jour. Frank. Inst., vol. 241, no. 6, June, 1946; 
also vol. 242, no. 1, July, 1946. 
s Leland E. Thompson, 'A microwave relay system," PROC. 

i.R.E., vol. 34, pp. 936-942; December, 1946. 
G. G. Gerlach, "A microwave relay communication system," 

RCA Rev., vol. 7, pp. 567-601; December, 1946. 
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is objectionable in a television image. 
over-all requirement, it can be seen th 
tortion requirement for each intercit 
greater degree for each repeater of a 
be exceedingly rigorous. Furthermore, 
component parts of the equipment 
dinated, and phase equalization applie 
ticable. 

Such perfection in phase response requires the em 
ployment of testing and alignment techniques making 
use of transient, or time-function, methods. These tech-
niques are also invaluable in the laborator . It is further 
desirable constantly to monitor terminal-to-terminal 
transmission with high-quality monitors to detect 
gradual signal quality deterioration before it can become 
serious. 

The most obvious method of accomplishing the re-
peatering function is to demodulate, amplify, and then 
modulate a new carrier frequency. The difficulty with 
this method is that repeated demodulation and modula-
tion will introduce cumulative distortion because of 
nonlinearity in the functional units. 
Of course, by using antennas of good enough front-to-

back ratio, a straight-through radio-frequency repeater 
is possible, but present experience indicates that all 
tubes capable of amplifying microwave frequencies are 
too noisy for this application, except at very short re-
peater spacings. The best choice of radio repeater, if a 
subcarrier type transmission system cannot be em-
ployed, is the so-called heterodyne repeater. In this 
repeater, the incoming wave is translated by heterodyn-
ing to the intermediate-frequency range, amplified, and 
then translated back to the microwave range, and 
further, amplified before being radiated. This system 
most closely approaches the transmission goal, but be-
cause of equipment limitations it may be some time be-
fore coast-to-coast circuits meeting the minimum band-
width and distortion requirements will be available. 
The term "heterodyne modulation" describes any 

system by which radio-frequency carrier is mixed with a 
modulated wave to produce modulated rf sidebands. 
One system for accomplishing this result makes use of 
a balanced crystal mixer, but because of power limita-
tions of the crystals, several stages of microwave 
klystron amplification were required. The Sperry Type 
SAC-19 tube, known as a heterodyne-mixer and de-
veloped by the Sperry Gyroscope Corporation for this 
application, accomplishes the desired result in one 
stage, and produces a power output of from 1 to 1.7 
watts. Fig. 1 shows the Sperry SAC-19 tube. It is con-
sidered a unique contribution to the art. 
For applications where adequate signal-to-noise ratio 

cannot be obtained with approximately 1.7 watts out-
put, later equipment and an improved version of the 
tube capable of producing an output power of over 6 
watts may be used. 
Other design requirements relate to (1) reversibility 

of circuits to meet more nearly the transmission needs of 
broadcasters; (2) common antennas and waveguides for 
all circuits at a repeater or terminal station; and (3) 

Since thi, is an 
.11 I he pli.r-,(• (I Is-

. II) .1 
stt•Iii,  ill 

I lie design of all 
iitiv-t be co-or-
d wherever prac-

Fig. 1 --Sperry SAC-19 tube. 

location of all radio components in the building at the 
base of towers, or in rooms near the top of concrete 
towers. 

Keeping the above object ives in mind, the two tele-
vision relay circuits which have been installed between 
New York and Philadelphia by Western Union will be 
described. Ph ilco hslcl TLR-2 Television Radio Re-
lay Equipment was employed. 

The two circuits are independently reversible with a 
switching time of less than 15 seconds, which makes 
possible the use of a single relay circuit for transmitting 
consecutive programs in opposite directions, and re-
duces the amount of equipment necessary as compared 
to two-circuit service. 

The bandwidth required for each transmitter is 20 Mc 
and adjacent channels are separated by 40 Mc between 
center frequencies. Alternate stations in a given direc-
tion of transmission use alternate , frequency bands. 
Therefore, the two reversible circuits between New 
York and Philadelphia require only four properly spaced 
20- \lc bands. 

The operation of a typical repeater can best be de-
scribed by reference to the block diagram shown in Fig. 
2. In a typical repeater installation, the incoming 6,115-
NI • signal is ic cc up on the antenna and is fed down 
the 100-foot, 11- by 1-inch waveguide, to the antenna 
switch. Folk) ing the antenna switch is an rf filter for 
preselection. This filter provides approximately 25 db 

of selectivity at frequencies 40 Mc removed from the 
channel. The signal from the filter is coupled through 
a flexible waveguide into the crystal mixer, which is 
mounted on the receiver chassis. 

The 75-Mc intermediate frequency is obtained by 
beating the incoming signal against the transmitter 
local oscillator, which in this case would be tuned to 
6,040 Mc. The 75-Mc intermediate-frequency signal ob-
tained from this amplifier is fed through a 50-ohm 
cable into the converter unit in the transmitter at the 
relay station. A discriminator is also included at the 
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• end 
and 

of the 75-Mc intermediate-frequency amplifier, 
the output of this discriminator is amplified by a 

the output of the rf filter into the antenna switch, 
which in turn connects the transmitter to either the 
eastbound or the westbound antenna, through the 100-
foot waveguides which run up the tower. 
Fig. 3 shows the response of the 75-Mc intermediate-

frequency amplifier and the discriminator characteristic. 
A television signal wave is superimposed to indicate the 
manner in which the frequency is deviated. The ter-

Fig. 2—Block diagram of a repeater. 

three-stage video amplifier to provide a 2-volt peak-to-
peak video signal for driving both a television trans-
mitter and a video monitor separately. This video am-
plifier is a necessary part of the terminal receiver, and 
in a repeater unit it is included both for monitoring 
purposes and to permit the dropping of a program at 
intermediate relay points without degradation to 

through transmission. 
The converter unit includes a crystal-controlled oscil-

lator, which is multipled up to 190 Mc. Beating the 
75-Mc intermediate-frequency signal against this 190-
Mc carrier produces the second intermediate frequency, 
115 Mc. The signal is amplified in the 155-Mc pre-
amplifier and in the 115-Mc power amplifier to approxi-
mately 80 volts peak-to-peak. A second FM dis-
criminator is provided for monitoring purposes and to 
provide an AFC signal to the deviator when the same 
equipment is used as a terminal transmitter. 
The 80-volt peak intermediate-frequency signal is 

connected into the cathode circuit of the SAC-19 tube. 
This is a two-cavity klystron, tunable throughout most 
of the 6,000-Mc common carrier band, and which has 
20-Mc bandwidth at each cavity setting. When oper-
ated as a heterodyne mixer, the buncher cavity of the 
klystron is tuned to the local oscillator frequency, 
6,040 Mc. The catcher cavity of the klystron is tuned to 
6,155 Mc, which is the sum frequency of the local oscil-
lator and 115 Mc. The accelerating potential of the 
klystron is 500 volts, and the 80-volt intermediate-fre-
quency signal modulates the velocity of the electron 
beam approximately 10 per cent. This varies the transit 
time of the electrons through the drift space of the 
klystron, and consequently modulates the energy which 
is fed into the buncher cavity. 
The modulation produces sidebands spaced at 115-

Mc intervals from the rf carrier. These sidebands each 
contain the frequency-modulation intelligence which is 
present on the 115-Mc intermediate-frequency signal. 
By tuning the catcher cavity to either the first upper or 
first lower sideband, a frequency-modulated wave is ob-
tained which contains the desired intelligence. The 
carrier and the undesired sidebands are suppressed by 
the selectivity of the catcher cavity, and also by the rf 
filter which follows the synchrodyne mixer. This filter 
has a selectivity of approximately 55 db at 115 Mc from 
the center frequency. A flexible waveguide connects 
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3—Characteristics of an intermediate-frequency amplifier 
and discriminator. 

minal transmitter, shown in Fig. 4, includes the samecom-
ponents as the transmitter section of the repeater, with 
the addition of the deviator, and a deviator power sup-
ply. The composite television signal input to the devi-

VIDEO 
INPUT 

DEVIATOR 
115 MC 

PREAMPLIFIER 

115 MC 
POWER AMPLIFIER 
DISCRI MINATOR 

AND 
A F C AMPLIFIER 

VIDEO 
MONITOR 

FILTER 

HETERODYNE 
MIXER 

R F LOCAL 
OSCILLATOR 

Fig. 4—Block diagram of a terminal transmitter. 

ator unit is used to deviate two 2K28 reflex klystrons in 
opposite frequency sense. The outputs of these oscil-
lators are mixed in a crystal to produce a difference fre-
quency of 115 Mc which becomes frequency-modulated 
in the process in accordance with the input video 
signal. Maximum deviation, corresponding to the volt-
age difference between the tip of the synchronizing 
signal and peak white, causes a deviation of 12 Mc. The 
difference frequency corresponding to the synchronizing 
pulse peak is established and held at 123 Mc. ()Iie of the 
deviat or oscillators is controlled by an automatic-fre-
quency control circuit in such a way that this frequency 
reference is held constant, regardless of oscillator drift 
or picture content. The resulting signal band is then 
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amplified in an amplifier with a pass band of 105 to 125 
Mc. The output from this amplifier is applied to the 
Sperry SAC-19 synchrodyne, as in the case of a re-
peater. 

The terminal receiver, shown in Fig. 5, includes the 
same units as the receiver section of the repeater, ex-
cept that an rf local oscillator and a power supply must 
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IF AMPLIFIER 

AND 
DISCRIMINATOR 

VIDEO AMPLIFIER 
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A.V.C. GATE 

It 

VIDEO 
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Fig. 5—A terminal receiver. 

be added to supply the frequency which, in the repeater, 
comes from the transmitter local oscillator. However, 
this oscillator is stabilized in the same manner as the 
transmitter local oscillator. Adequate frequency sta-
bility is achieved by operating the Sperry SAC-19 tube 
as a precision oscillator. As an oscillator, both cavities 
are tuned to the desired frequency, and the feedback is 
arranged through a loop containing a precision cavity 
having a loaded Q of about 10,000. Since the tempera-
ture coefficient of the cavity is very low, in the order of 
two parts per million per degree centigrade, the oscil-
lator may be depended upon to hold the transmitter 
frequency well within the FCC tolerance of ± 0.05 per 
cent, and what is more important, to keep the received 
signals within the acceptance of the various intermedi-
ate-frequency amplifiers throughout the system. 
From the foregoing, it can be seen that at a repeater 

station, if the incoming frequency should for any reason 
be high or low, the change in the outgoing frequency 
would be in opposite sense, and of the same magnitude. 
At the next repeater in the chain, the reverse action 
would take place. Since the local oscillator and the 
crystal oscillator in the repeaters are both very stable 
devices, and since the AFC system of the terminal trans-
mitter holds the synchronizing signal tips at a fixed 
frequency, the arrangement insures that the signal 
swing is centered on the receiving discriminator for any 
reasonable number of repeaters. In the later design, 
known as the VLR-3, the frequencies have been rear-
ranged to make local oscillator variation at a repeater 
cancel out. This will also be an improvement because 
the video polarity will be the same at each repeater. 
The sound program portion of a television transmis-

sion should also be handled over a radio relay system. 
To date, no adequate method of multiplexing the two 
signals on a single television relay channel has been 
found because of cross-modulation limitations. 
The provision of separate radio equipment for the 

sound channel seems the best approach, as it permits 
multiplexing of similar material, and provides a 
method of deriving the much-needed service channel for 

maintenance of the system. However, many parts may 
be common, such as antennas, waveguides, local oscil-
lators, power supplies, etc. Obviously, the sound and 
service channels should be two-path or duplex systems. 
Fig. 6 shows the antenna. The waveguide lines are 

run up the towers and are connected to the antenna with 
flexible waveguide sections. The antenna reflector is a 
4 foot by 8 foot truncated parabola having a focal length 
of 35.8 inches. The parabolic reflector is mounted with 
the long dimension vertical and is excited by a vertically 
polarized horn feed which is held to within an inch of 
the focal point by four stainless steel rods. Two sus-

Fig. 6—Antenna. 

ceptance tuners are mounted on the horn, just behind 
the mouth. These tuners are adjusted in the laboratory, 
and then soldered in position. A pressurizing window 
made of polystyrene, approximately one-half wave-
length thick, is used with a rubber gasket to seal the 
end of the horn. This window is also part of the tuning 
system. The voltage standing-wave ratio of the horn-
and-dish assembly, when measured at the input of the 
horn feed on the back side of the paraboloid, is under 1.1 
throughout the frequency band from 6,115 to 6,235 
Mc. These antennas have a power gain of approxi-
mately 7,500, a horizontal half-power directivity of 
3 degrees, and a vertical half-power directivity of ap -
proximatey 11 degrees. An antenna mounting system, 
providing both vertical and horizontal adjustments, 
makes possible the accurate aiming of the paraboloid 
toward the next repeater station. 

RG-50/U, (11 inches Xi inch -A inch wall) silver-
plated brass waveguide is used for connecting the an-
tenna systems to the equipments. Silver-plating on the 
inside of the guides reduces attenuation to the mini-
mum. The entire antenna line is pressurized by a dry-
air unit. 

Fig. 7 shows the reversing antenna switches which are 
supplied at the repeaters and terminals to connect the 
eastbound and westbound antennas to particular trans-
mitters and receivers. These antenna switches are 
mounted on the top of the cabinets which contain the 
equipment, and connections are made to the waveguide 
runs by means of flexible waveguide sections. 
The waveguide reversing switch in the antenna sys-

tem may be operated remotely by the broadcast sta-
tion operator at the terminal, as the mechanism is 
is solenoid-operated. 
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Fig. 7—Waveguide switch. 

Fig. 8 shows a front view of two repeaters, one 
with the front cover panels removed. Metering indica-
tions and operating adjustments are accessible with the 
covers in place. When these covers are removed, all the 
apparatus is completely accessible. The upper section 
comprises a relay transmitter, and the smaller section 
directly below comprises a relay receiver; remaining 
rack units are power supplies. 
The transmission performance of the television relay 

circuits between New York and Philadelphia is best 
shown by a series of photographs. For convenience, the 

Fig. 8—Front view of two repeaters, one with front cover 
panels and door removed. 

Fig. 9—Transient response of the two New York-Philadelphia 
television relay circuits connected in tandem. 

two circuits were connected together at Philadelphia, 
which made it possible to impress a signal at New York 
and photograph this signal before and after transmission 
over the two circuits in tandem. Fig. 9 is a composite 
photograph of three oscilloscopic images of a 100-kc 
square-wave signal. The first image is the output wave 
of the signal generator. The second image shows the 
wave after it had been transmitted to Philadelphia over 
the first circuit and returned to New York over the 
second circuit. The third image shows the wave after 
removing the overshoot by transient response adjust-
ments in the video amplifier. 
Fig. 10 shows the CBS test pattern photographed 

on a DuMont monitor after the signal had been trans-
mitted to Philadelphia and back to New York. Within 
the limits of photographic resolution and the accuracy 
of the monitor, no distortion or ghosting is apparent. 

Fig. 10—Test pattern transmission over the two New York-
Philadelphia television relay circuits connected in tandem. 

The resolution provided by the relay is more than ade-
quate for the transmission of this particular test pat-
tern, and the contrast is well preserved. Microwave 
relay systems are already playing an important part in 
Western Union's mechanization and plant improvement 
program. Present engineering contemplates the sharing 
of towers and other physical plant along many of these 
routes by intercity television circuits, should future cir-
cumstances make it desirable to furnish such facilities. 
These circuits may also be used to secure large numbers 
of voice bands for facsimile message transmission, or 
larger bands for high-speed facsimile telegraph. Thus 
it can be seen that microwave radio offers the great 
promise of providing adequate facilities economically 
for Western Union's many services, as well as the means 
for expanding its field of public communications. 
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The 1)eign of Electronic Equipment Using 
Subminiature Components* 

M. L. MILLERt 

Summary—This article discusses briefly the advantages and dis-
advantages of subminiature design, and indicates the amount of 

space that can be saved by such design. It discusses in greater detail 
the major problems of design, and presents some practical sugges-
tions concerning the methods and materials found most useful. 
For several years there has been an ever-increasing interest in the 

construction of electronic equipment using subminiature tubes and 
exceptionally small components. Various laboratories and develop-

ment groups have collectively constructed nearly every type of ap-
plicable circuit using such components. Since the method of design 

using small components is somewhat different than the regular 
design procedure, it is felt that a review of some of the more pertinent 
facts is in order. The information presented here, although probably 
applicable in part to all subminiature tubes, is based upon experience 

with high-performance tubes of the heater-cathode type used in cir-
cuits where ten or more such tubes are in a single piece of equip-
ment. Many of the data are, of course, applicable to design of com-
pact equipment using any tube type. 

I. ADVANTAGES OF SUBMINIATURE DESIGN 

rCHE USE OF subminiature components, in gen-
eral, is undertaken only because a saving of size 
and weight or a more rugged construction can be 

achieved. There are certain applications where such 
tubes are useful because of their better high-frequency 

characteristics, but such will not be treated specifically. 

/. Space Saving 

The use of small lightweight components results di-
rectly in a weight savings, but, as will be pointed out 
later, it is not always possible to save as much space as 
seems at first possible. Since the amount of space sav-
ings achievable depends upon the operating tempera-
ture, such will be discussed following the discussion of 
temperature. 

2. Shock Resistance 

The susceptibility to damage from shock or vibration 
of any structure depends, among other things, upon its 
moment of inertia and the stiffness of the mounting. 
Thus, the reduction of the mass of the structure improves 
the ruggedness of components, providing that the stiff-
ness of the mounting does not suffer. Many small com-
ponents are mounted by their leads. With subminiature 
components, such leads can be made quite short which 
further improves the ruggedness of the equipment. In 
general, the lead stiffness does not reduce in proportion 
to the mass of the component. For somewhat the same 
reasons, the components:themselves will be more rugged. 
Thus, improved ruggedness, as well as space and weight 
savings, can be achieved by simple means, providing 

* Decimal classification: R004X700. Original manuscript re-
ceived by the Institute November 9, 1949. Presented, IRE Fort 
Wayne Section, Fort Wayne, Ind., October 10, 1949. 
t Capehart-Farnsworth Corporation, Fort Wayne, Ind. 

subminiature components are used, and it is, in general 
for these reasons that such components are used. 

It. DISADVANTAGES OF SUBMINIATURE DESIGN 

The first difficulties encountered in using subminia-
ture components are generally not those which prove 
to be of major importance. Lack of familiarity with 
compact design generally handicaps the early efforts of 
any group undertaking such work, with the result that 
there is generally an overemphasis on such activities as 
deleting terminal strips, using no chassis, and combining 
components into exceptionally compact structures to 
save additional space. The major difficulties connected 
with such design are, in their approximate order of im-
portance, as follows: 

1. High temperature resulting in reduced life and re-
liability. 
2. Difficulty of parts replacement. 
3. Circuit difficulties at low frequencies. 
4. High cost. 

I. High Temperature 

The high temperatures are a direct result of reducing 
the size of the equipment without a proportional reduc-
tion of the power input. The effect of this on the design 
of different types of cirucits will be discussed later. 

2. Parts ReplaCement 

The difficulty of parts replacement can be greatly re-
lieved by careful design, but, under the best of circum-

stances, the compact design generally leaves little room 
for parts removal, and frequently it is necessary to re-
move several parts to replace a single one. This diffi-
culty becomes greater because the removal of a part in 
close quarters frequently damages it, and because most 
subminiature tubes are soldered into the circuit. Trou-
bleshooting by parts replacement is nearly impossible. 
These difficulties require that consideration be given to 
the use of small replaceable subassemblies. If this is not 
done, greater skill of maintenance personnel is required, 
and, frequently, special test equipment must be devised 
for the use of maintenance personnel. 

3. Difficulties at Low Frequencies 

The difficulty of design for low frequencies stems from 
the desire to minimize the size of the components. At 
frequencies below about a kilocycle, transformers or 
chokes become too bulky to be considered except as a 
last resort. There is an ever-present urge to use large-
value resistors as grid leaks, and thus reduce the size of 
coupling capacitors in resistance-capacity coupled am-
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plifiers. This leads to difficulties with capacitor leakage 
because of the high ambient temperatures, and requires 
tubes with exceptionally small grid conductance. 

4. High Cost 

The high cost of the equipment stems from three 
sources. The components themselves are generally 
rather special and thus are expensive. This cost may go 
down with increased use, but at the present time com-
ponent costs can be expected to be from two to twenty 
times as expensive as larger components that would 
serve the same purpose. The cost of design for most cir-
cuits can be expected to be somewhat greater because 
the final layout must be made by exceptionally skilled 
personnel after careful planning, and frequently after 
the construction of several prototype units to study the 
design. The final cost differential results from the cost 
of replacing any parts found to be defective or of im-
proper value. To reduce this cost of replacement it will 
be found economically desirable to increase the expen-
ditures for incoming inspection. 

III. EFFECT OF HIGH TEMPERATURES 

With octal-base tubes and orthodox construction, it 
is seldom found necessary to use special means of heat 
dissipation of electronics equipment. With subminiature 
components, heat dissipation can become one of the ma-
jor considerations of design. 
There has been set up an empirical relationship be-

tween the number of watts to be dissipated and the area 
of the case capable of dissipating such wattage into still 
air at room temperature. The range of values of interest 
are from 6 square inches per watt to 14 square inches per 
watt. With reasonable care in construction and com-
ponent selection, almost any electronic circuit can be 
made to operate continuously with 6 or more square 
inches per watt, and almost no piece of electronic equip-
ment can be expected to operate continuously with less 
than 14 square inches per watt. Between these two lim-
its the frequency of operation, the band pass, the case 
material, the thermal bonding between dissipative ele-
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Fig. 1—Plot of temperature rise above ambient of a typical aluminum 
box having about 150 square inches of surface. 

ments and the case, the required stability of the equip-
ment, and the presence or absence of automatic control 
or compensation circuits all enter into the maximum 
workable dissipation per square inch. Fig. 1 shows the 
relationship between case temperature and square 
inches of aluminum case per watt. 

1. Broad-Band High-Frequency Amplifiers 

Broad-band high-frequency amplifiers whose gain and 
frequency stability requirements are average can be 
built having case areas of 2 to 24 square inches per watt. 
Such units operate satisfactorily with case temperatures 
approaching 100°C, providing components are picked 
carefully. Such high dissipations per square inch are pos-
sible because the circuit Q's are low, the capacitors 
small, the tuning not exceptionally critical, and most of 
the dissipation is in the tubes where it is easily conducted 
directly to the case or outside of the unit. Because such 
amplifiers must be constructed "in line," it is very dif-
ficult to reduce the case area below the figures given. 
Thus, the maximum dissipation per square inch is un-
known, but is probably close to the above. 

2. Other Alternating Current Amplifiers 

Low-frequency or narrow-band amplifiers whose fre-
quency or gain characteristics are critical must be al-
lotted larger case areas, generally of the order of 3 to 5 
square inches per watt. This is true, in part, because 
paper capacitors are necessary, effective circuit Q's may 
be high, or narrow tolerances must be held during opera-

tion. 

3. Direct-Current Amplifiers 

High-gain dc amplifiers or low-gain dc amplifiers hav-
ing exceptional stability requirements may require 
cases having over 5 square inches per watt. 

IV. SIZE OF EQUIPMENT 

In general, a reasonable measure of the complexity 
and power consumption of electronic equipment is the 
number of tubes. Heater-cathode subminiature circuits 
generally consume on the average of 2 watts per tube. 

1. Smallest Size 

To estimate the smallest possible size units, it can be 
assumed that the equipment is to be contained in a long 
flat box 4 X2 inches and that there should be a surface 
of 14 square inches per watt. The spacing between tube 
centers would be 0.6 inch resulting in 0.6 cubic inch per 
tube. This probably is a more compact design than can 
be achieved with any very useful circuit. About 0.9 
cubic inch per tube is the most compact practical de-
sign achieved to date. It is a 60-Mc intermediate-
frequency amplifier using printed circuits. 

2. Larger Units 

If the shape of the elongated box is changed to 2 
inches by 2 inches in cross section to permit the use of 
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larger components and a surface of 3 square inches per 
watt is allowed, the tube centers will be 0.75 inch and 
the resulting volume will be 3 cubic inches per tube. This 
is about the minimum size that can be achieved with 
diversified circuits using separate components. 
If twenty tubes consuming 40 watts are to be pack-

aged in a cube so that the area of the container is 120 
square inches (3 square inches per watt), the sides of the 
box will be about 4.5 inches. The volume of the box will 
be about 90 cubic inches or about 4i cubic inches per 
tube. 

Even this is a "small" container for a twenty-tube cir-
cuit, but it might contain considerable unused space if 
designed using subminiature components. 
From the above it can be seen that size, although dic-

tated by case area, can be reduced to a value far below 
that possible with larger components. 

V. SOME THERMAL DESIGN CONSIDERATIONS 

The amount of space that must be used to provide 
the necessary case area, and at the same time just en-
close all of the parts, is at once the first, and essentially 
the only, problem in design after a workable schematic 
diagram is completed. All other design problems only 
contribute to this solution. However, a knowledge of the 
required case area, the dimensions of the largest parts, 
and the desired shape and size of the finished product 
will generally lead directly to the first trial solution. 

1. Thermal Bonding 

The first consideration of design must be good ther-
mal bonding between the major heat sources and the 
case. In most designs it will be found very helpful to 
bond the chassis to the case as well as possible. The 
tubes should be contained within close-fitting metal 
sleeves which are in contact with the chassis over a rea-
sonable area. Whenever possible, the bonding should 
consist of a metal-to-metal contact of at least  square 
inch of surface per tube. Because of their good thermal 
conductivity, aluminum or copper is recommended as a 
material for the sleeves. 

2. Chassis Material 

Aluminum chassis material is recommended wherever 
possible. Where such metal is not sufficiently strong in 
thin sheets, thick aluminum chassis plates (* inch thick) 
are recommended because they offer good stiffness, light 
weight, good thermal conductivity, and can be tapped, 
thus eliminating nuts. 

3. Case Material 

All of the dissipation figures given in HI above were 
based upon experience with equipment dissipating from 
15 to 150 watts and having aluminum and/or steel cases. 
The temperature gradient in the steel sheet may be so 
large as to reduce the effective case area unless carefully 
distributed thermal bonds between heat sources and 
case are provided. Thus, steel cases are somewhat in-
ferior to aluminum cases where there is only a small 
bonding area between chassis and case. 

4. Forced Air Cooling 

Where the wattage dissipation per square inch ex-
ceeds the values given above, it is necessary to use forced 
air cooling or some other suitable means of heat dissi-
pation. Where such is feasible, the compactness of the 
equipment is dictated by the size of the components and 
the space required to ventilate them. 

VI. SELECTION OF COMPONENTS 

The selection of components for use in subminiature 
electronic design consists, in general, of finding small 
components that will stand the high temperatures. 

I. Tubes 

Considerable has been written about subminiature 
tubes and their application. There are now available 
tubes of almost every type necessary to design any elec-
tronic circuit, excepting those which require tubes with 
large plate dissipations. For the majority of applications 

tube size is of secondary importance, providing the tube 
is in a T-3 (or smaller) envelope. If it were possible to re-
duce the power consumption of the tube in proportion 
to its size, then any reduction of size and dissipation 
would be advantageous. 

2. Resistors 

Standard half-watt insulated carbon resistors will 
supply substantially all resistor needs. The insulation is 
important, and the use of narrow tolerance parts will be 
found advantageous because somewhat larger changes 
(of all parts) due to temperature changes can be ex-
pected than with less compact equipment. Other resis-
tor requirements can also be met with standard parts. 
Small variable resistors are available, but there remains 
a need for a subminiature locking-type potentiometer. 
For units that are to operate with case temperatures ap-
proaching 100°C, it may be necessary to use resistors at 
less than their full rating. The ma,nufacturers' recom-
mendations should be followed in this regard. 

3. Capacitors 

Electronic circuit designers have long considered a 
capacitor as a device drawing only reactive current and 
serving as an open circuit for dc. At temperatures above 
100°C, this idea must be modified greatly unless capaci-
tors of exceptional physical size or small capacitance are 
used. For capacitors of the size range of 0.01 to 1 id op-
erating at 150°C, a dissipation factor of 10 per cent is 
above average. In this size range, the dc leakage at 
150°C is less than 10 megohm-microfarads for any 
known capacitor suitable for use in subminiature equip-
ment. Most manufacturers of small capacitors do not 
recommend that they be operated above about 100°C 
and promise very little for their performance at higher 
temperatures. Some of the lowest leakage capacitors 
found to date are the new metalized paper capacitors, 
but these generally have leakages of about 1 megohm-
microfarad at 150°C. Molded mica and ceramic capaci-
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'tors are generally not much superior as far as leakage is 
concerned, probably because of case leakage. A few 
samples of uncased mica capacitors showed leakages of 
nearly 10 megohm-microfarads at 150°C. In general, no 
satisfactorily high leakage resistance capacitors are 
available for high temperatures. The circuits must be so 
designed as to permit considerable capacitor leakage. 
Electrolytic capacitors will operate for a considera-

ble period at 100°C or slightly above. 
Variable capacitors are generally to be avoided when-

ever possible because of their size. However, compres-
sion mica trimmers generally are satisfactory for circuits 
that are not excessively critical. Cycling in temperature 
a few times sometimes improves the stability of such 
trimmers. 

4. Inductances 
Small high-quality inductances are available from 

many component manufacturers. Although such units 
are generally not recommended for use at high tempera-
tures, no difficulty has been encountered with them in 
subminiature equipment. No undue reduction of life has 
been noted, and the increase of the copper loss at high 
temperatures is generally not sufficient to cause diffi-
culty. Wherever the shielding can be dispensed with, 
iron core units should be selected without cases to save 
space. 

5. Transformers 
The size of iron-core audio transformers is dictated by 

the same considerations as inductances. Thus, the above 
applies to them. With power transformers it is possible, 
by use of silicon and glass insulation, to operate the 
transformers at high flux and current densities with re-
markable savings of space and weight. Such operation 
is permissible only if the life requirement of the unit is 
reduced, because the interturn insulation must remain 
the ordinary wire enamel to save space. An example of 
such a unit is a 350 VA, 11-winding, 3-phase, 400-cycle 
power transformer that occupies 15 cubic inches and 
weighs 21 ounces. 

6. Miscellaneous 
Other components sometimes require greater care in 

their selection than the major ones, but space does not 
justify detailed discussions of such equipment. Briefly, 
wire must be the highest quality available (glass-insu-
lated wire is nearly essential); the smallest relays avail-
able are quite suitable for most applications, although 
melted wax from other components can cause fouling of 
the contacts; terminal lugs and mounting strips are gen-
erally too large, but specially constructed ones are ex-
cessively expensive. Suitable small connectors are diffi-
cult to find. Doubtless there will be available at some 
time in the future a connector having most of the good 
points of the many now proposed or available. 

VII. SPECIFIC CIRCUIT DESIGN 

in general, the use of subminiature components does 
not alter the circuit design but creates a new emphasis 

upon certain circuit problems. The major design prob-
lems generally are mechanical. However, certain elec-
trical considerations are of importance. 

I. Radio-Frequency and Intermediate-Frequency Design 

After the smallest available components have been 
found, the only design problem is that of providing the 
increased shielding required because of the reduction of 
the size of the amplifiers. Exceptional care in the place-
ment of the components must be used. 

2. Audio and Video Design 

Because the size of transformers and inductors is not 
subject to much reduction, selective-frequency circuits 
in the low audio band require the use of filters or tuned 
circuits using only resistors and capacitors. The capabil-
ities and limitations of R-C filters (including twin-tee 
filters) are well documented. Therefore, it is only neces-
sary to adapt such circuits to the problems at hand. 
The R-C type of filter generally requires greater gains 

in the associated amplifiers, but even the size of an ad-
ditional gain stage is small in comparison to the size of 
an inductor. 
For broad-band audio or video amplifiers resistance-

capacity interstage coupling is essential, and the prob-
lems of capacitor leakage become important. The cath-
ode follower will be found to be the standard imped-
ance-matching device in subminiature design. In gen-
eral, transformers will be found useful as a last resort. 
Power at audio or video frequencies is limited by the 

plate dissipation of subminiature tubes with the result 
that one or two watts is the upper limit. At any fre-
quency, the number of subminiature tubes that can be 
paralleled successfully is an interesting engineering 
problem. Because the tubes are soldered into the circuit, 
it is frequently difficult to find a defective tube, and it 
is sometimes difficult to remove the tube without break-
ing the leads on one or more other tubes or parts. The 
result is that the cost of finding and replacing a single 
defective tube may be quite large in comparison to the 
cost of replacement of a miniature tube which would 
have had greater plate dissipation and occupied at most 
only a small additional space. 

3. Direct-Current Amplifiers 

Only the warm-up characteristics of subminiature dc 
amplifiers can be expected to differ from ones having 
larger components. Since the amplifier will operate at 
higher temperature, special care must be used in select-
ing and placing components to minimize the tempera-
ture drift of the amplifier. If this is done, and special 
care is used to insure good thermal bonding, the warm-
up characteristics of the subminiature amplifier may be 
superior to one of orthodox design. The good thermal 
bonding will result in rapid approach of all components 
to the stability temperature, and thus shorten the 
warm-up period. This improved warm-up characteristic 
can be achieved at any frequency by careful design. 
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4. General 

With tubes that are soldered into the circuit it is fea-
sible to adjust some circuit parameters by parts replace-
ment. Since the operation of tube replacement requires 
the use of a soldering iron, if the necessary parameter 
adjustment can be made by substitution of one or two 
standard RMA resistors, most of the space required for 
a potentiometer or rheostat can be saved by simple parts 
replacement. Such adjustments require more time, but, 
if the layout is so filmic that the required part is easily 
accessible, the time used for adjustment can be made 
short in comparison to that of tube replacement. 

VII I. LAYOUT 

Various laboratories have produced differing solutions 
to the problem of layout of subminiature equipment. 
Each of these solutions is based upon the particular re-
quirements of the laboratory making the equipment. At 
the present time there is no means of passing compara-
tive judgment upon the various solutions. A few of the 
important considerations will be outlined here. 

1. Layout Using Components 

To save the maximum amount of space it is necessary 
to group the tubes into clusters of three or four so that 
common terminals can be used as much as possible. This, 
of course, applies only to the frequency bands where 
parallel (or series) operation of heaters and close prox-
imity of parts are permissible. As previously mentioned, 
the tubes should be supported in the clusters by metal 
sleeves which offer good thermal bonding to the chassis. 
Fig. 2 shows tube clusters before mounting. Terminal 

Fig. 2—Typical tube clusters for T3 tubes (2-inch diameter) used in 
compact equipment to take advantage of common terminals to 
save space. 

lugs can be arranged in a rectangle around the tube 
clusters and the parts supported on the lugs with the 
shortest possible leads. With this type of construction, 
capacitors can generally be placed so that they are not 
adjacent to resistors or tubes having high dissipation, 
which results in less capacitor leakage. 
The most compact design generally requires that com-

ponents and/or wiring appear on both sides of a chassis 
while the tubes protrude through the chassis. By orient-

ing tubes properly, it is possible to have wiring on both 
sides of the chassis, but it is frequently advantageous to 
mount potentiometers, chokes, trimmers, and trans-
formers with pigtail leads on one side of the chassis be-
tween tube clusters while retaining the major portion of 
the wiring all on one side. Fig. .4 shows an if strip using 
this type of construct ion. 

Fig. 3—Typical 5-stage intermediate-frequency amplifier using sub-
miniature components. This amplifier chassis is 61 inches long by 
1! inches Wide. 

2. Printed Circuits 

Printed circuits appear as a final means of further 
compacting equipment where the space saved by such 
means can be used. The space limitations set up by the 
heat generated are generally of such a nature that more 
orthodox components can be used. In general, the cost 
of printed circuits cannot be justified for development 
or small product ion work unless full advantage can be 
taken of the space saved. At least one laboratory has 
demonstrated the remarkable space savings that can be 
achieved by using printed circuits on high-gain inter-
mediate-frequency amplifiers where nearly all com-
ponents can be printed on glass or ceramic, and thus 
withstand exceptionally high temberatures. Reference 
should be made to National Bureau of Standards Cir-
cular 468 and Miscellaneous Publication 192. 

I X. POTTING' AND CASTING 

Where it is desired to achieve the ultimate in rugged-
ness, to prevent corona at high altitudes, or minimize 
the effects of humidity, complete units can be potted in 
wax or cast into plastic. The potting wax is disadvan-
tageous because most subminiature equipment operates 
near the melting temperature of suitable waxes. 

1. Casting 

The casting materials, such as polyester-styrene res-
ins, set at room temperature and will 'withstand high 
temperatures after setting. Electronic equipment can be 
cast into such material with the result that the cast unit 
will withstand more vibration or shock than the tubes 
contained within it. Of course, moving parts must be 
excluded from the cast sections. 
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2. Size and Weight of Cast Units 

Once cast into such material, there is no possibility of 
parts replacement. Thus, such cast units must them-
selves be considered as replaceable units. This limits the 
number of parts that can be cast into a single unit, and 
suitable means for determining the number of parts 
based upon their reliability must be devised by the de-
sign group. The problem of making suitable intercon-
nection between such cast units requires either small 
plugs or the use of cast-in soldering terminals and/or 

pigtails. 
Cast units are generally somewhat heavier than the 

equivalent units assembled on an aluminum chassis. 

3. Typical Construction 

One of the best designs found to date is to assemble 
all parts petween two thin sheets of insulating material 
in such a manner that the reads protrude through small 
holes in the material. The connections are made by 
bending and soldering the leads outside the insulating 
sheets. With some care in design the resulting assem-
blage will be sufficiently rigid to test before casting. 
After test, the unit is supported in a mold and the cast-
ing resin poured over it and allowed to set. For most 
applications the casting resin will function as both sup-
port and a heat-conducting medium; thus, no chassis is 
required. By casting mounting lugs or screws into the 
assembly it can be fastened to other parts in any man-

Fig. 4—Subminiature assembly ready to be cast in polyester-styrene 
resin, and the mold in which it is to be cast. 

ner desired. Fig. 4 illustrates this type of construction 
before the casting resin is poured. 

X. CONCLUSIONS 

The serious application of subminiature components 
to electronic design is rather recent with the result that 
a universally ,applicable layout and design procedure 
has not yet been found. It is probable that no single 
solution will satisfy all needs. At the present time, it is 
hoped to offer only sufficient general information to 
persons starting new designs so that they will be able to 
judge the suitability of subminiature design for their 
specific problems, or so that once started, they will not 
repeat all the errors of the earlier workers in the field. It 
is hoped that the information contained in this discus-
sion will provide such minimum guidance. 

Electron Beams in Axially Symmetrical Electric 
and Magnetic Fields* 
C. C. WANGt, SENIOR MEMBER, IRE 

Summary—The problem considered in this paper is the formula-

tion of the equations governing the motion of an electron beam in 

axially symmetrical magnetic and electric fields. The equations are ob-
tained for the trajectories of the electrons along the outer edge of the 
beam for the most general case, in which there are both axial and 
radial components of the fields. It is shown that, as a result of sym-
metry, the combined effects of the electric and the magnetic fields 
can be expressed as a single generalized potential function which de-
pends only on the axial and radial space co-ordinates. This permits 
one to express the axial and radial force components as the axial and 
radial components of the gradient of this potential function. 
Numerical solutions have been obtained by numerical integra-

tion for the trajectories in a uniform magnetic field. Curves are pre-

sented in normalized form, giving the results of these solutions for 

cases likely to be encountered in practice. It is shown that there ex-
ists an equilibrium radius for which the net radial forces acting on 

• Decimal classification:1(138.3. Original ma misuripi received by 
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4, 1949. 
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the electrons is zero, and that the outer radius of the beam will oscil-

late about this equilibrium value, the amplitude being nonsymmetri-
cal and depending upon the initial conditions, and the wavelength 
(distance between successive maxima) depending upon the ampli-

tude. 

INTRODUCTION 

1
101( CERTAI N TYPES of electron tubes, it is 
desirable to keep an electron beam to a small 
diameter for a considerable length. It is not very 

difficult to do this if the electron beam dcnsit y involved 
is not large, as in a cathode-ray tube or electron micro-
scope, in which the repulsion forces between electrons 
are negligible. As a matter of fact, the electron optics 
used in such kinds of tubes treat the trajectories of in-
dividual electrons as if the other electrons do not exist. 
Usually pure electrostatic means of control are suffi-
cient to control t he motion of an electron beam as one 
desires. 
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In high-power klystronsl or traveling-wave tubes, 
the electron beam current required is relatively large 
At the same time, the beam has to be kept small to get 
better beam-field interaction of considerable length to 
yield good efficiency and gain. For obvious reasons such 
beams are confined within a unipotential cylinder or 
conductors, so that no electrostatic field can be used to 
counteract the space charge repulsion. It is necessary in 
such cases that some extra forces be provided, in order 
to accomplish the above objectives in electron beam 
requirements. 
It has been known that an electron beam has the 

tendency of following magnetic lines of force. There-
fore, one obvious way of obtaining a long beam of small 
diameter is to immerse the beam along the magnetic 
lines of force of a longitudinal magnetic field all the way 
down to the cathode region where the beam originates. 
As the space-charge repulsion force causes the electron 
to cross the magnetic flux, the resultant action of the 
magnetic field is always in such a direction as to bring 
the electron back to the same magnetic line of force 
which it originally followed. The stronger the magnetic 
field is, the less distance the electron has to go astray 
before it comes back. Thus by increasing the magnetic 
field strength indefinitely, one can make the undulations 
as small as possible. 
However, in a practical tube, if very high current 

density is desired, the magnetic field required to make 
a beam with tolerable undulations may become prohibi-
tive. Actually, this brute force method of using a strong 
magnetic field with completely immersed cathode has 
been adopted generally in many designs of the so-called 
"magnetically focused tubes." 

The present paper considers the general equations 
governing the motion of an axially symmetric electron 
beam in an axially symmetric magnetic field, in order to 
determine the magnetic forces involved under different 
circumstances. From this study, it becomes evident that 
instead of letting the electron beam follow the mag-
netic flux closely from the beginning to end, the proper 
way is to deliberately let the beam cross the magnetic 
flux lines in a controlled region before the beam proceeds 
to follow the magnetic lines of force. By so doing, one 
can completely eliminate the undulations and obtain 
an indefinitely long parallel beam as long as the mag-
netic field exists. And, it is no longer necessary to use 
as strong a magnetic field as one can obtain. For a given 
system, the magnetic field required to keep a given size 
parallel beam is a definite quantity. The least amount of 
magnetic field is required when the magnetic field is 
completely excluded from the cathode region. The fol-
lowing equations are developed to cover all the cases 
with various amounts of magnetic flux included in the 

1 E. R. Warnecke, P. Guerrard, and C. Fauve, "Sur les Effects de 
Charge D'espace les tubes a modulation de vitesse a groupement 
par glissement," Ann. de Radioekdride, Tome II, no. 9, pp. 1-8; 
July, 1947. 
2 J. R. Pierce, "Theory of the beam-type traveling-wave tube," 

PROC. I.R.E., vol. 35, pp. 111-123; February, 1947. 

• 
cathode region. Numerical integrations are carried out 
so that the beam trajectories can be easily calculated 
if the magnetic and electric field configurations of the 
system are given. 

MATHEMATICAL STATEMENT OF THE PROBLEM 

Problems of electron dynamicss can be treated in 
terms of the conservation of energy considerations, or 
more specifically in terms of a Hamiltonian function 

H  in(fs i2 r262)  e4, = 0, (1) 

where II is the algebraic sum of the kinetic energy ex-
pressed in cylindrical co-ordinates of r, z, and 0, and 
the potential energy, 0. As written, this equation as-
sumes that the electrons all originate from a common 
cathode at zero potential and with zero initial velocity. 
We will find it convenient to write the Hamiltonian in 
terms of generalized momenta, pr, p,, and p,, and use the 
three Hamiltonian equations 

dp, OH 
—  = —  (2) 
di  Or 

dp, OH = 
di  Oz 

dpo aEl 
dl   ae 

(3) , 

(4) 

As a result of our assumed axial symmetry, the ex-
ternal magnetic field can be expressed in terms of a 
single component of the magnetic vector potential, As, 
where the magnetic field is given by the curl of the mag-
netic vector potential, in this case. 

1 arA 

r Or 

OA, 
= —  • 

Os 

(5) 

(6) 

In performing the partial differentiations in equations 
(2) to (4), the Hamiltonian must first be expressed ex-
plicitly in the generalized momenta and space co-
ordinates. The velocities are eliminated from the 
Hamiltonian through the following substitution. 

Pr =nzt (7) 
p, = mt;. (8) 

po = mr2e — erzl e, (9) 

and the Hamiltonian can then be written 

1 
H [ps2 + ps2 ( 

eilo)2 — eck = O. (10) 2m 

Starting with these equations, we will show that the 
angular velocity 6 must be a function of the space co-
ordinates only. As a result of this fact, we can ignore 

J. C. Slater and N. H. Frank, "Introduction to Theoretical 
Physics," McGraw-Hill Book Co., New York, N. Y., 1st Ed.; 1933. 
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'the 0 co-ordinate of the electron motion and study the 
electron trajectories in the r, z plane. In this plane the 
motion of the electrons is subject to a potential func-
tion, which is the difference between the ordinary elec-
trostatic potential and an additional function equal to 
the rotational kinetic energy expressed as a function of 
the space coordinates. This potential function is 

_  r202. 
2 

The next step in the analysis consists in solving for 
the resulting electron trajectories. This has been done 
both by numerical integration and by constructing a 
mechanical model of the potential function on which 
small balls, representing electrons, may be rolled. Com-
plete solutions are given for the constant field case with 
various amounts of magnetic field threading through the 
cathode. A method of treating slowly varying magnetic 
fields is also proposed, and an extension made to the 
case of more rapidly varying fields by treating the prob-
lem in steps. 

ELECTROSTATIC AND MAGNETIC POTENTIAL FUNCTIONS 

Before proceeding with the detailed solution, we will 
have to inquire into the meaning of the potential func-
tions that we will find convenient to use. 
Let us consider an actual beam system as shown in 

Fig. 1(a). In general, electrons from a cathode shown 
as being at a zero potential are accelerated and focused 
by a series of apertured electrodes (A1, A2, and 213) per-
haps with an auxiliary magnetic field produced by 
coils Bland B2. The path of an edge electron (in the r, z 
plane) is shown as curves OPQ, while an interior elec-
tron might follow some other path O'P'Q'. The curves 
OPQ can be thought of as being either the envelope of 
the beam or as being the trajectory of an edge electron 
referred to a rotating system of coordinates which fol-
lows the rotation of the electron beam. The working 
portion of the beam will usually be restricted to the 
region confined by the electrode A3, where the electrons 
are traveling at their maximum velocity, and we will 
concern ourselves mainly with this region. 
The total electrostatic potential at any point can be 

obtained by solving Poisson's equation subject to the 
prescribed boundary conditions (usually given by the 
potentials of the confining electrodes). This potential 
depends upon the magnitude and distribution of the 
space charge. We will find it convenient to consider this 
total potential as a superimposition of two potential 
functions 4n, and 4,,  where 4n, is the Laplacian potential 
which is independent of the space charge and de-
termined only by the boundary conditions, that is 

V24,1, 0 (11) 

(4,L)sissuode. = applied potentials.  (12) 

The second component 4). is the potential satisfying 
Poisson's equation when all of the electrodes are at zero 
potentials, that is 

(a) 

v24). = p ie 

(44)electrodes = 0. 

(13) 

(14) 

Fig. 1(b) is a plot of the way in which 4n, and 44 on the 
beam axis might vary for the structure shown in Fig. 
1(a). In general, 43 is small compared to 43L in the high-
voltage region, a fact that makes the solution of the 
variable field case much easier. 

At 

B, ,112,•RE COILS 

A, ,•RE ELECTRODES 

401'1 

Its 

SECTION  EL —   

0 

SCAM PAD.VS 
M IT Tu n 

A  PADU A .3 

(b)  (c) 
Fig. 1—(a) Schematic diagram illustrating a circularly symmetrical 
beam system. OPQ is the boundary of the beam and O'P'Q' is 
the trajectory of an inner electron. Al, As, 113 are electrodes, and 
B , B 2 are magnetizing coils. (b) Diagram illustrating the relative' 
magnitude of the components of the electrostatic potentials along 
the axis. i6L is the Laplacian potential, which is independent of the 
space charge, and 0. Is the space-charge potential. (c) A similar 
plot of the potential functions across a section perpendicular to 
the axis. 

We need to know the value of 44 over the interior of 
the beam, in order to obtain the axial component of 
velocity and hence the total charge per unit length at 
any point along the beam. We will define the ratio of 
this total charge to the apparent charge per unit length 
calculated in terms of the total current and potential 
(14) of the confining electrode, that is 

2r f prdr 

 •  

2e 
ill —  V b 

?Pt 

(15) 

where r1 is the outside radius of the beam, p is the space 
charge density, and / is the total current. The quantity 
is always greater than unity because of two effects 

which are additive. In the first place, the z component of 
the velocity is only one component of the total velocity. 
Also, the actual potential will sag in the interior of the 
beam because of space charge (4). is always negative). 
In trajectory studies, the quantity E can be treated as 
a nearly constant quantity if the nearby electrode po-
tential 14 is constant. 
The space-charge component of the radial electric 

field for a uniform axial charge distribution is obtain-
able from Gauss' theorem by dividing the total charge 



138 
PROCEEDINGS OF THE I.R.E. February 

by 27re times the radius. By integrating this, the value of 
0, external to the beam is found to be 

— 

27re 
v 2eVb 

(16) 

where b is the radius of the external electrode. The as-
sumptions underlying (16) must be stated clearly. This 
equation is true, irrespective of the shape of the beam 
or of the confining electrodes (of course always limited 
to axially symmetric systems), if only the total charge 
per unit length in the beam is constant along the beam. 
Actually, this equation may be used for most practical 
cases with a fair degree of accuracy, even though the 
charge distribution is not strictly uniform. 
Inside the beam the values of ck, will depend upon the 

radial charge distribution. Samuel 4 has shown that a 
uniform charge distribution can be realized for the 
case with magnetic field excluded from the cathode. 
Such a distribution seems not unreasonable for the more 
general case. The deviation from uniformity occurs only 
for very high perveance beams, and can be considered 
as a second-order effect in beams we are likely to deal 
with in practice. If the charge distribution is approxi-
mately uniform, the space-charge component of radial 
electric field will be proportional to the radius, with 
the coefficient of proportionality such as to match the 
external conditions as specified by (16) at the edge of 
the beam. It can also be shown in the following analysis, 
with certain restrictions, that the magnetic force is also 
proportional to the radius. Since the resultant forces 
are proportional to the radius, we are able to assume 
that the paths of the interior electrons are similar to 
those of the edge electrons (that is, having the same 
axial component of velocity and having the radial 
component of velocity and displacement proportional 
to the radius). An interior path in the r, z plane might 
then be as shown in Fig. 1(a) by the path O'P'Q' 
where the edge electron path is OPQ. Under this as-
sumption, it is only necessary for us to study the 
trajectory of the edge electron. 
Equation (16) can now be interpreted as defining 

space charge potential experienced by an edge electron. 
This potential can be considered to be a fixed function 
of the space co-ordinates only. It defines the space-
charge potential that an edge electron would assume 
were the beam of such a shape as to permit the edge 
electron to reach the co-ordinates in question. Since cpj, 
must be a fixed space function, the total potential 
which should be used in the Hamiltonian (1) when it is 
applied to the edge electrons is then 

=  
El 

_ log,. — 
./2e17b 

2re   
V  m 

(16a) 

4 A. L. Samuel, "On the theory of axially symmetric electron 
beams in an axial magnetic field," PROC. IRE., vol. 37, pp. 1252-1258; 
November, 1949. 

where the 1"s are used in place of O's to refer to edge 
electrons only, and r is now used without a subscript to 
mean the radius of the beam. If numerical values are 
introduced, this can be written as 

= rt, [—(bi= — 0.01515  log, (—b-)] (16b) 
r 

where K is the effective perveance in microamperes per 
volts30 that is 

=  X 106.  (16c) 
Vb3" 

We must now give some consideration to the mag-
netic potential function. We have seen that the applied 
magnetic field can be expressed in terms of a single com-
ponent A. of the magnetic vector potential. Integrating 
(5), we can write 

r.18 = f r/3,dr. (17) 

Equation (17) defines rA. as a quantity proportional to 
the magnetic flux enclosed in a circle of radius r. The 
choice of zero as the lower limit of integration is equiva-
lent to setting A. equal to zero on the axis, a choice we 
are at liberty to make. 

We note further that the third Hamiltonian equation, 
equation (4), may be set equal to zero in view of our 
assumption of axial symmetry. On substituting the 
value of p. from (9) we have 

—  (ntr20 — (7.10 = 0 
dt 

or 

(18) 

mr26 — er.1 6 = — (19) 

where r,A8, is a measure of the flux at the cathode pass-
ing through a circle of radius r. Equation (19) implies 
that the electrons leave the cathode with zero angular 
velocity. Equations (18) and (19) imply that the angular 
momentum mr20 must change along the electron path in 
such a way as to keep the generalized angular mo-
mentum p, a constant. Furthermore, a difference be-
tween the angular momentum at any two points at 
different radial distances can be expressed as the dif-
ference between the enclosed magnetic flux for two 
circles of the specified radii (this is in view of the inter-
pretation of rAe noted above). A convenient way to 
write (19) for the edge electron is to define a radius 
function g, as shown in Fig. 2, by the radial co-ordinates 
of a line of flux which goes through the edge of the 
cathode and write 

mr26 = e(r.I — r,.1 0,) = e f  r13,dr.  (20) 

This equation shows that the angular momentum is a 
space function only and is independent of the path of 
the edge electrons, since the magnetic field is assumed to 

0•11 
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function and the electronic charge. Since t and t are 
not space functions, the coefficients of t and  in (24) 
must be individually equal to zero. That is, 

FLUX 

Fig. 2—Diagram illustrating the motion of an electron in a magnetic 
field. Force acting on an electron in the circumferential direction 
is proportional to the cross product of the magnetic field B and 
the velocity vector AB in the r-z plane. g is the radius of the line 
of force which passes through the edge of the cathode. 

be fixed in space. By way of contrast, t and are not 
space functions, since within the limitations imposed by 
(1), t and  may assume any combination of values and 
are not fixed by the co-ordinates. 

DERIVATION OF TRAJECTORY EQUATIONS 

We are now in a position to specialize the Hamil-
tonian equations to apply to the edge electrons only 
and derive the trajectory equation. It follows from (1) 

that 

dH 
—  = 0, and 11 = 0. (21) 

Differentiating (1), we replace ck by V to signify that 
we are considering an edge electron and observing 
Euler's convention of differentiation following the 
motion of a particle where 

d ,3 a a a 
t- -

di  axk Or Oz 

since amo =0 because of symmetry. Equation (22) ap-
plies only to the space functions, which in this case 
include 

eV — lmr262 

as shown in the previous section. Then 

m d  dl  m 
(t2 i2) = eV — — r262 

2 di  di  2 

or 

m(it ) = (eV — r202\ 
2 

(22) 

(23) 

a 
— (eV — — r262).  (24) 
ar 2 

The operation indicated on the right can be performed 
, only when 82 is expressed explicitly in terms of space 
functions. 
As a result of the presence of the magnetic field, we 

see that there exists a new potential function which is 
given by the local electric potential minus a term which 
accounts for the rotational energy. The kinetic energy, 
which must be divided between radial and axial com-
ponents, is given by the product of this new potential 

m 
mi, = —a ( eV — — r262 

or  2 

and 

(25) 

a 
m2 = — (eV — — r20'). (26) 

az 

Equations (25) and (26) are the equations for the 

trajectory of the edge electrons. 
Introducing the value of 6 from (19) and replacing A• 

by its equivalent in terms of the magnetic field, we can 

write 

and 

av 
mi; = e-- — er6B: mr62 

Or 

av 
- rn = e  er6B„ 

Oz 

(27) 

(28) 

where the equations are written in such a form as to 
separate the electric forces, the Lorentz forces, and the 
centrifugal force. Actually, (27) and (28) can be derived 
directly from the Hamiltonian differential equations 
(2), (3), and (4). In the present treatment, the potential 
function method is preferred, since only a single gen-
eralized potential function is involved which can be 
studied and visualized in terms of physical space 

models. 

NET RADIAL FORCE ASSOCIATED WITH AN 
ANGULAR ROTATION OF THE BEAM 

The primary purpose of introducing a magnetic field 
is to provide some extra force to oppose the space-

charge repulsion forces. We should, therefore, examine 
more carefully the radial forces that result from an 
angular rotation. As we can see from (27), this force is 
composed of two terms. One term, er6B., the Lorentz 
force, depends upon the direction of rotation, while the 
second, mr62, the centrifugal force, is independent of the 
direction of rotation. Fig. 3 is a plot of the net radial 
rotational force in normalized angular velocity. The two 

terms of interest are 

F = — er6B,  mr62.  (29) 

If we introduce the notation 

1 e 
coil = — 111,  (30) 

2 m 

where coil is the usual Larmor frequency, we can write 

mrw n 2 

6 6 2 

— 2 --  (--)• 
WI!  

(31) 

To counteract the space-charge repulsive forces, 
F/mrcoll2 in (31) should be negative. In a given mag-
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)2 

-CYCLOTRON  FREQUENCY 

4 

LARMOR FREQUENCY 

Fig. 3—Net normalized force F/mrcoli2 in the radial direction at-
tributed to the rotational velocity 6 of a charged particle in a 
magnetic field of Larmor frequency wri, plotted as a function of 

netic field, that is, for a fixed value of curf, this force F 
has a maximum negative value when 0= coH. Conversely 
speaking, this is also the condition to produce a given 
force with a minimum magnetic field. 

Restricting ourselves for the moment to the uniform 
field case, that is, with B. and g both constant, we can 
integrate (20), obtaining 

mr2e = leBs(r2 — g2)  (32) 

or, in terms of coif, 

6 = w„ (1 — (1 )).  • 
kr  / (33) 

We observe that 6 is equal to col, for the special case 
where none of the flux threads through the cathode; 
that is, when g = 0. For the more general case when g 
6 depends upon the radius. When g is real and r is less 
than g, 6 is negative and F is positive (region 0 to C on 
Fig. 3). When r is greater than g, 0 is positive and less 
than wm (region 0 to A on Fig. 3). When g is imag-
inary, corresponding to the condition where the flux 
threading through the cathode is in the opposite direc-
tion to that in the region under consideration, 6 is posi-
tive and greater than (off (region AB on Fig. 3). 
The most economical design as far as the required 

magnetic field is concerned is evidently achieved when 
none of the magnetic flux threads through the cathode. 
Under these conditions, the electrons on entering the 
field will automatically rotate at the Larmor frequency. 
If the required magnetic field strength is not of pri-

mary concern, the same force F can be obtained with 
a smaller value of 6 by allowing some of the magnetic 
flux to thread through the cathode region. This means 
that more magnetic field is required but that a smaller 
fraction of the total energy has to be put into rotational 
form. 

For the third possibility, where the flux threading 
the cathode is in the opposite direction, both the re-
quired magnetic field and the rotational energy are in-
creased. The region of the curve in Fig. 3 from A to B is 
perhaps of academic interest only, and will not be dis-
cussed further. 

TRAJECTORY SOLUTIONS FOR THE UNIFORM FIELD CASH ' 

We will first consider the case where the magnetic 
field and the Laplacian electric field are both uniform 
and where Or, is equal to 14, the potential of a confining 
conductor. Equation (I6b) reduces to 

V = Vb [l —  0.01515 Klog.(- -)2]. (34) 

Equation (33) applies as written, but g is now a con-
stant. In fact, the generalized potential function 
(e V— (m/2)062) is independent of z, equation (26) is 
equal to zero, and the axial velocity  must be a con-
stant. A physical model of the potential function then , 
reduced to a simple cylindrical structure, as will be 
discussed later. 

We can now substitute the value of V from (34) and 
the value of 6 from (33) into (25) to obtain the general - 
trajectory equation. Our work will be simplified con-
siderably if we introduce a normalizing constant, a, 
which has the dimensions of a length and has a physical 
significance in terms of a certain radius which will be 
explained later. The constant a is defined by the rela-
tion 

a (2 e m )3/4 (min 

2 re  VbiRB, 

or, in numerical terms (mks units), 

-Vff VTCVb a = 
1. 203 Vb"4/3,  1.203 X 106/3. 

(35) 

(36) 

In units of gauss, centimeters, volts and amperes, this 
becomes 

•VET X 106 VTCVb ac. = 
1 . 203 Vb114 /32 ((suss)  

All linear dimensions will be expressed in units of a, in 
accordance with the relations as 

Rb  R g R= 
a  a  a 

(36a) 

and Z = — • (37) 
a 

We can also normalize the velocity components by 
defining 

7: = 
/2erc 

V  rn 

and 7,-=   •  (38) 
v 2eVb 

The generalized potential function can now be written 

V —  ?I  r262 

Vb 2 e 

=  1 — . 0 01 515k [log. Rb—  + R2(  Rg-
1 — R2 

or, on substituting in the Hamiltonian, 
7 ,2 +  7, 2 

= 1 — 0.01515K flog.  R2(1 — 
L R2 

R2 / 

(39 ) 

(40) 
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Finally the trajectory equation becomes 

.. eV ba  i[  im 
a2R = _ ,262 

m aR Vb  2 e 

or 

R04\ 1 
a2P =   0.01515K [-1 — (1 —  (41) 

R4 

From (41) we observe that there is one particular 
equilibrium radius at which the radial acceleration is 
zero. Were a beam to be started at this radius with zero 
radial velocity, the beam could be maintained indefi-
nitely with the same cross section. Designating the 
equilibrium radius as r„ or in normalized units as R. 

where 

r„ 
R. = 

a 

we can solve for R. by equating the bracketed term in 
(41) to zero, obtaining 

R. =  + 4'i  +- 4R g4j1 (42) 

or if we solve for R, 
Rg = (Re)1i2(Re2 _ 1)114. (42a) 

When there is no magnetic field at the cathode and 
hence R, is equal to zero (we remember that R. is the 
radius in normalized units of the flux line threading 
through the edge of the cathode), the value of R. is 
unity and the equilibrium radius reduces to the normal-
izing constant a. The value of a is then the equilibrium 
radius for the case in which R,=0. From (42) we note 
that R. varies but slowly with R,, and from (36) we can 
see that the actual equilibrium radius varies directly 
with the square root of the charge density and inversely 
with the magnetic field. 
The potential function in (40) should have a maxi-

mum at R= R. as its derivative is zero at this value. 
Now let us define a potential function P(R) in the fol-
lowing way which involves the variable R in such a 
manner that 

P(R) = — log. R2 + R2 (1 — 1-?if2)2 

= — log. R2 + R2[1 

P(R) — P(R.) 

R.../R.2 -  
R2  J 

(43) 

R2 R.2 — 1]•  (44) 
= — log. — + (R2 — R.2)[1 

R.2 R2 

P(R)—P(R.) is a positive function and is zero at 
R= R.. We can have a power series expansion of this 
function around R=R.. Writing R/R.=X, we can ex-
pand it in terms of a power series of (1—X) or (1—X2), 
such as 

P(R) — P(R.) = 2(2R.2 — 1)(1 — X)2 

(1 — X)̂ 
  [n(n + 1)R.2 

n 

— n(n + 1) + 2] 

(R.2 — 1)(1 — X2) 

X2 

+ E 
vt 2 

(1 — X2)" 

In terms of the P function we can rewrite (39) 

1  (  1 m _ .262) = 7,2 + 7,2 
V b  2 e 

(45) 

= 1 — 0.01515K [log. —  R.2(1  VR  R.2._  1) 1 

R 

R 62 

— 0.01515K[P(R) — P(R.)]. (46) 

P(R)—P(R.) functions are plotted in Fig. 4 with R, 
as parameters. A potential trough like this always gives 
rise to an oscillatory orbit, i.e., the radius will vary from 
a certain maximum value to a certain minimum value. 
The magnitude of the maximum or minimum radius 
depends upon the total energy in the radial direction. 
The oscillation is analogous to the simple harmonic 
motion of a simple pendulum in which the amplitude of 
oscillation depends upon the total energy, except for 
the fact that our potential trough is unsymmetrical 
about R= R. and the amplitude and period are non-
linearly related. The kinetic energy as expressed by yr 
is maximum when the potential energy is minimum, and 
7, is obviously zero when R is at its maximum or 
minimum values. From (46), the maximum value of 
is denoted as 7,,„„., which must be equal to the value 
at which R= R.. We have, therefore, 

Rb2 
= 1 — 0.01515K [log. 

R.2 

+ R.,  (1  ,vRR. g2 _ 1) 2] _ 7. 2. 

Since Rb is always greater than R. if the beam is to pass 
through the drift tube at all, the quantity in the bracket 
is always positive. Theoretically then, the maximum 
kinetic energy depends upon how great a fraction of 
energy in the z direction, 7.2, is retained. The larger 
7. is, the less 7„„.,, is, and the less the amplitude of 
oscillation. In the limit, when 7, is made equal to the 
quantity preceding it in (47),  can be made equal 
to zero. This particular case with 7r,n,m= 0 corresponds 
to the straight rectilinear beam with a radius equal to 
the equilibrium radius. Thus  gives a measure of 
the total energy in the radial direction and can serve as 
a characteristic constant in specifying a definite orbit. 
Equally as well, we can use the maximum radius 
R. or the minimum radius Rini„ to specify a certain 

(47) 
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as plotted as a function of R/R. with R. as parameter. Different scales of R/R, are used for R/R <I and R/R,>1 to give more accuracy of plotting in the former case. 

orbit. They are related to each other by setting •yr =0, 
R= R. or R Rini. in (46) substituting (47) in (46). 
We then have 

= 0.0151517 [P(  — P(Re)j.  (48) 

As in the simple pendulum problem, in specifying 
the total energy 1( , rrnax the orbit is completely de-
termined except for the phase. The particular phase 
the wave is to pick depends upon the initial conditions. 
What we can do is to make numerical integrations in 
(46) for different values of -yrm and to determine for 

\ 2= -y, y= 

kdZ I  

z — ze rk 
R.  Re 

of Zni.,  and Ze to correspond with the radius 
R MaX, Rill in and R,. It is necessary only to plot the wave 
in a half-wave section from /?; to R„,.. because the 
wave is a successive inversion around Zu,.. and Z„,,,. 
With this understanding, the numerical integration is 
given as a function of RjR,. versus Z—Z,. To do this, 
we notice, 

dR  -y, 
= , 

dZ  -y, EddRZ),,,a,. = 

and Z, is taken as the one closest to it. 
Substituting (49) and (47) into (46), we have 

(dR)2 0.01515K 
[P(R) — P(Re)1 ,̂   \--di/max 2  

N/0.01515 

-1-d(—R\  R„) 

CR )2 11/2 
----

0.01515K  [P(R) — P(R e)It 
1 

each case the corresponding values of R/R, to a normal-
ized axial distance Z measured from a certain point, Z,. 
Z. is defined as the Z co-ordinate where the beam crosses 
the equilibrium radius i.e., when R/R,=1. In Fig. 5, 
we see that the beam is having a wave motion of R 
versus Z. In this figure, we define the successive values 

dR 

(49) 

(50) 

(51) 

Equation (51) is integrated numerically and the 
results are plotted in Fig. 6. Each plate corresponds to 
a certain Re and the parameters are 

7:(---  
dZ )  1 
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Fig. 5—Diagrams illustrating the definitions of the quantities 
Z., dR/dZ, R., R.i., R., and S of wave motion of a 

beam. 

In Fig. 7, the corresponding values of dR/dZ are plotted 
versus Z—Z, for the same parameters. The sign to be 
adopted in these diagrams is determined by whether 
the beam is increasing in amplitude or decreasing in 
amplitude. Thus at D, in Fig. 5 dR/dZ is positive, 
while at B it will be exactly the same in magnitude but 
, negative in sign. Similarly, Z—Z, at B is positive, while 
that at D is equal and opposite in sign. 
The "quarter wavelength" Z. —Z, and Zmin —Z. 

are plotted as a function of (dR/dZ),„.. in Fig. 8 and, 

similarly, the "half wavelength" Z. —Zmin is plotted 
in Fig. 9. Through use of these curves, the wave can be 
extended to any number of wavelengths as desired. 
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Fig. 6—Actual numerically integrated curves of the wave motions in a uniform electrostatic and magnetic field with RIR. plotted against 
normalized axial co-ordinate 

IZ — Zo 

± —*Yr R. ). 
Each plate is plotted for a specified value of R.. The parameters 

  dR 

N/0.01515K CZ I.. 
are the normalized maximum slope of the wave motion and are the characteristics of different possible orbits. Notice that a nonuniform scale 
of RIR. is used for RIR.>1 and R/R.<1 to give more details for the latter cases. The dotted lines are the locus for maximum and mini-
mum points of the wave. 
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To explain these curves, we rewrite (41) by defining  the rest of this factor. After substitution from (52), w€ 
another variable S as the deviation of R from R.; thus  have 

S = R — R. 

d2R 

dZ2 dZ2.  
(52) 

d2S  0.015215K ( + RR)(1 +  R2 R.2  — 1)S = 0. (53) —    
dZ2 7= 

This is a perfect simple wave equation of S, if the co-
In the function at the right-hand side of (41) we can  efficient of S is a constant quantity. Indeed, we have a 
factor (R—R,,) out and replace it by S, but leave R in  simple sine wave about R= R. when S remains small and 
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R can be set equal to R. in the coefficient of S in (53). 
Thus, for small S, the normalized wavelength X/a 

must be 

X N/K 
lirn —   
s—o a -y, 1  \1/2 

N/0. 01513 (1    
2 R.2) 

increases. In the limit, when (dR/dZ)max is very large, 
the quarter wavelength will approach the following 
asymptotic values as R approaches oo and 0, respec-

tively, 

(54)  
lim  I zmax  - Z.1 - 

RIR,>>1 Yz 2N/0.01515 

The solution for small perturbation is then simply 

2ra 
S = Sma. sin [ — Z  (55) 

where S. and a depend upon the initial conditions. We 
see from Fig. 6 that the wave is nearly symmetrical and 
sinusoidal for small values of (dRldZ) .. Equation 
(54) actually gives the asymptotic values of wave-
lentghs for (dR/dZ .= 0, as appeared in Figs. 6 to 8. 
Now as S gets large, we might still consider (53) as the 
wave equation, but with a variable wavelength as the 
radius R varies. Since R appears in the denominators 
of the coefficient in (53), the "local wavelength" in-
creases as the radius increases. Thus, in Fig. 8, the quar-
ter wavelength Z.—Z. increases as (dR/dZmax in-
creases, while that of Zmi. —Z. decreases as (dR/dZe.,„„ 
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— Z.i , — 
and - -
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9 

are plotted as a function of the characteristic constant 

Ye  tdR 

N/0.015151C\dZ 

or different values of R.. 

I. 

1/7C-- 
lirn    — Z. I = 0. 

(56) 

(56a) 
R/R. »1 

Therefore, for large perturbation, the wavelength will 
approach twice the value corresponding to (56), or 

ir 
lim   =   (57) 

(aedz),.ax  large a 7,  V0.01515 

We see that for Re= 1, the wavelength for a small 

perturbation is v'2  times as large as that for the large 
perturbation. For large R.'s, the difference becomes very 

slight. 
Using equation (36), we can eliminate a and VK in 

(56) and (57), showing that the wavelength is actually 
directly related to the magnetic field used. Thus, 

x 
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where f is arbitrarily inserted because it is actually can-
celled out between the two factors. The first factor 
measures the wavelength in terms of number of cycles 
of transit of the frequency under consideration. c/f is 
the wavelength in cm. 

VARIABLE FIELDS 

According to equations (25) and (26), the best way 
to handle the variable field case—and the exact way 
—is to construct. a mechanical potential model of 
V-4(m/e)r262 and run different kinds of trajectories 
with steel balls. A complete model can be constructed 
even involving changes of electrostatic potentials such 
as those in the pre-accelerating region. However, the 
general analytic solution with both variable electric and 
magnetic fields are very much involved; we choose to 
treat the constant Laplacian electric field again but to 
have only the magnetic field variable. There are many 
applications in which the magnetic field is not constant. 
Such is the case, for example, when the magnetizing coil 
is not a perfect solenoid and has to be localized to yield 
spaces for electromagnetic field structures. Also, in or-
der to introduce rotation into the beam, the beam has to 
cross the radial magnetic field somewhere in an inter-
mediary region. That is the place where the magnetic 
field is necessarily varying. 
To construct a variable magnetic field potential 

model, we can start from (46). Although this is writ-
ten for a constant magnetic field case, it can be ex-
tended to the variable magnetic field case by consid-
ering a as a variable, according to (36), in which B, 
can be considered as the magnetic field along the axis 
and is a function of z. We see that a is a quantity that 
varies inversely as the magnetic field B.. Similarly, g 
also should be inversely proportional to the square root 
of the magnetic field. From (42) we can calculate R., 
the normalized equilibrium radius, as a function of dis-
tance. The potential function P(R)—P(R.) can be con-
structed at different points along the z axis. The po-
tential surface is formed by connecting the potential 
troughs smoothly together. Thus, in a constant field 
the model would be a cylindrical surface formed by one 
of the potential troughs of Fig. 4, while, with variable 
fields, the surface is a distorted form of cylindrical sur-
faces consisting of successive troughs of Fig. 4 with 
variable equilibrium radius. In particular, when there 
is no magnetic field, the equilibrium radius is infinite, 
and the potential curve decreases logarithmically as R 
increases. An actual potential model made of plaster 
of Paris and paper is shown in Fig. 10, in which a loga-
rithm potential region C for pure electrostatic field is 
connected to a cylindrical trough A for a constant mag-
netic field. The intermediate region B is the variable 
magnetic field region. 

Analytically, for very slow variation of magnetic 
field, we can take the first-order expansion of the mag-
netic potential. This is the same if we treat a (which is 
understood to vary inversely as B. at the axis) as vary-
ing with z. Similarly, g varies as Vit. For completeness, 

1February   

ft 

tte 

Fig. 10—Mechanical equivalent potential model illustrating the po-
tential functions in the r-z plane with different values of magnetic 
field and constant Laplacian electric field. The cylindrical trough, 
section A, represents a section with uniform magnetic field. The 
logarithmic potential, section C, represents the pure electrostatic 
case without magnetic field. The skewed surface B connecting 
section A with section C represents the change of potential func-
tion where the magnetic field is injected into the beam and the 
beam starts rotation. Round dots are steel balls which are made to 
run in the model, and simulate the paths that would be traced by 
a typical electron beam. 

we. can also consider b, the radius of the drift tube, as 
varying with z. Then we have 

tn e4 
= 0.01515 K [1—  — (1 — 

• 2eVb  a2 

2eVb 

2 = 0.0151517[ 1 _db  dal (60) 

Lb dz r2) a dz_l 

Note that the trajectory differential equation relating 
r to z takes the form 

d'r  dr 
z — r — z — • 
dz2 dz (61) 

We see that (60) can be substituted into (61) as 
the coefficient of dr/dz and also the fixed term. If can 
be considered constant, or nearly so, it is a second order 
differential equation. Neglecting the term involving 
dr/dz, we see that the curvature is negative when r is 
greater than the equilibrium radius and vice versa, so 
that the wave has a tendency of always bending toward 
the equilibrium radius. Equation (60) shows that as a 
result of the variation of the magnetic field or the drift 
tube size, the beam is accelerated or retarded in the z 
direction as well. It is retarding when the magnetic 
field is increasing or the drift tube wall is enlarging, and 
vice versa. A negative acceleration 2 and a positive 
slope dr/dz would add a more positive curvature, and 
there are different possible combinations that can ac-
tually affect the trajectory. In general, the wave still 
has a tendency to curve around the equilibrium radius. 
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:The correction term in (61) tends to increase the angle 
of inclination when 2 is negative or retarding. This is 
understandable when energy is converted from the z 
direction into other forms. As in an increasing magnetic 
field, the is component is decreasing, and a larger angle 
results if everything else remains the same. 
Another extreme case is obtained when the magnetic 

field does not vary slowly, but rather has a sudden 
transition. Such is the case, for example, when the field 
is applied to the beam through a magnetic pole piece. 
The discontinuity of horizontal component B, is 
brought about by an infinite B, at the boundary, for 
the magnetic flux must enter the beam in an infinitesi-
mal distance. Under this condition, this infinite B, re: 
acts with 2 and through Lorentz force, taking energy in 
or out of the rotational component re. Conversely, B,. 
reacts with re to add or subtract energy from i. In this 
manner there is perfect interchange of energy between 
and re. On the other hand, t and r cannot change ap-
preciably in reacting with a finite magnetic field. B, 
in a short interval. Thus, at the boundary, we must 

have 
dr dr 

ay: —  = — (62) 
r1+ = r1_,  dz dz 

Now if on both sides of the boundary the field is con-
stant, we can find out the value of a at the left or right 
of the boundary. By using continuation equations of 
(62) we can carry the initial conditions to the second 
region from which the trajectory can follow that in the 
previous section. It takes a few trials because 7, is dif-
ferent on both sides and depends upon dr/dz and r/a 
in each case, but this procedure is not difficult, especially 
when 7, is close to unity. 
This step-function method cah be used to analyze a 

slowly varying field case as well by approximating a 
continuously varying magnetic field with a step varying 
field. The process described automatically takes care of 
the variation of the z terms in (61) if we make fine 
enough divisions in the step functions. 

RELATIVITY CORRECTION 

When we operate a beam at very high voltage, the 
relativity corrections must be applied. In general, the 
self-magnetic field tends to compensate for the electro-
static space charge repulsion force, so that for the same 
equilibrium radius the magnetic field required is less 
than proportional to the square root of voltage as indi-
cated in (36). Let us define a quantity 

eV 
= 1 — • 

mc2 

It can be shown that the normalization constant a of 
(36) must be modified so that 

a„„ —  I   • (63) 
+ 1 

If we again normalize everything with this new value of 
a and make a new transformation, 

/;j7; 2 )114 

Z' = 
2 \ 314 z.  

+ 1) 

Equation (51) again takes the form 

sir Z' —  

if: 
r R 
Re 

(64) 

R,  (65) 

dR)  7  2 1/2 

  [  2/max  
V0.01515   [P(R) — P(R.)11 

0.01515K 

where 7, is defined as 

v2eVb 20-2 
(66) 

The curves of Figs. 6 through 9, can again be used with 
the understanding that Z is replaced by Z'. 
The net result can thus be summarized as follows: 
(I) The magnetic field required to give a parallel beam 

is less with relativity correction by a factor (2/(a+ 1))I/4 

compared with the case without correction. 
(2) In the case where the beam is not strictly paral-

lel, the wave motion is such that comparing the same 
perveance and the same ratio of maximum radius to the 
equilibrium radius, the wavelength appears to be longer 
by a factor of ((a+1)/2)/4. 
It should also be noted that the perveance at high 

voltage with space-charge limited operation is not the 
same as that at the lower voltage for the same tube. It 
is generally lower. Based upon a plane diode, the ratio 
of actual perveance K to that at low voltage Ko has the 
following relations 

dy 
9 fi (y2 _ 1)1/4 

K0  8 V2  (a  1) 3/2 

1 (0 2 1) 

4 : 

9 1 
(0.2 _ 1)2 _ (0.2 _ 

88  16 

105+    2432 (6 2 1)4  • • • ]2 

3 
1 — — (cr — 1). 

28 

1)3 

(67) 

Thus the true perveance as corrected by (67) must 
be used in (66); this correction will again make the 
wavelength even longer for the same tube, compared 
with low voltage operation. 
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The Transmission and Reception of Elliptically 
Polarized Waves* 

GEORGE S1NCLAIRt, SENIOR MEMBER, IRE 

Summary—A vector parameter is defined which represents a 
generalization of the effective length of an antenna to include a 
specification of the polk rization of the field radiated by the antenna. 
It is shown that the parameter so defined is also useful in calculating 
the voltage at the terminals of the antenna when it is used to receive 
plane waves of arbitrary (elliptical) polarization. 

I. INTRODUCTION ALTHOUGH IT HAS been known for  some  time  
that the radiation from many antennas, par-
ticularly airborne antennas, is elliptically polar-

ized, comparatively little attention has been given to 
this aspect of the radiation. When measurements are 
made to determine the patterns of such antennas, the 
radiation is usually treated as if it were linearly polar-
ized. The electric field intensity vector is resolved into 
two orthogonal components in a suitable coordinate 
system, but the fact that these two components may 
not be in time phase is usually ignored. 
In recent years there has been increasing interest in 

antennas designed to radiate circularly polarized waves 
and it has become necessary to devise methods for 
specifying the performance of such antennas. The 
parameters commonly employed to characterize the 
properties of a transmitting antenna (gain, effective 
length, equivalent aperture, etc.) require modification 
when applied to systems using circular or elliptical 
polarization. The need for modification of the param-
eters becomes particularly apparent in determining the 
performance of such antennas when receiving waves of 
arbitrary polarization characteristics. 
It is desirable, therefore, to examine carefully the 

properties of systems which radiate elliptically polarized 
waves, and to devise convenient methods for measuring 
and specifying the performance of these systems. There 
is a need for the definition of a parameter to specify 
the performance of the system, whether transmitting or 
receiving, and which includes a specification of the 
polarization. 

II. THE TRANSMISSION OF ELLIPTICALLY 
POLARIZED WAVES 

The problem of defining a parameter to characterize 

Decimal classification: R111.2 X R 111.6. Original manuscript re-
ceived by the Institute, June 3, 1949; revised manuscript received, 
October 5, 1949. 
Presented, URSI-IRE Fall Meeting, Washington, October 8, 
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the performance of antennas which radiate elliptically 
polarized waves has been considered by Burgess,' who 
has defined a generalized effective length h(0, 4), a) by 
means of the equation' 

E(a) = 
2Xr 

(1) 

where 

E(a)=the electric field component of polarization a 
r =distance from the antenna to the point where 
E is measured 

/ = the terminal current 
Zo = the intrinsic impedance of space for plane 

waves (120 r ohms) 
X = wavelength. 

The angles 0 and  are the usual co-ordinate angles in a 
spherical system (see Fig. 1). 

=0° 
9 =90° 

Fig. 1—Resolution of the field into components in a spherical co-
ordinate system. 

This method of defining the effective length of an 
antenna yields a parameter which is useful, not only for 
specifying the performance of a transmitting antenna, 
but also for specifying the performance when the an-
tenna is receiving plane waves of arbitrary linear polar-
ization. However, it is not too useful in the situation 
when the antenna is receiving plane waves of arbitrary 
elliptical polarization. 

Another parameter, which has been used to specify 
the performance of transmitting antennas of arbitrary 
polarization characteristics, is the radiation vector N 
used by Schelkunoff.3 The radiation vector is equal to 

I R. E. Burgess, "Aerial characteristics," Wireless Eng., vol. 21, 
pp. 145-160; April, 1944. 

2 Rationalized mks units are used throughout. 
s S. A. Schelkunoff, "Electromagnetic Waves," D. Van Nostrand 

Co., New York, N. Y., pp. 332-335; 1943. 
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the principal term in the expression for the magnetic 
vector potential A at large distances from the antenna. 
The electric field intensity E is related to N by the 
equation 

ZoN 
E = — j  

2Xr 
(2) 

The factor Ow' containing time is implied. 
The radiation vector can be a complex vector, so it is 

capable of characterizing a field of arbitrary elliptical 
polarization and, therefore, it completely specifies the 
distant field of an arbitrary transmitting antenna. Since 
N is proportional to the current amplitude in the an-
tenna when transmitting, it must be modified if it is to 
be applied to receiving antennas. By dividing the vector 
N by the amplitude of the input current to the antenna, 
a parameter is obtained which is independent of the 
amplitude of the current, and which depends only on 
the physical configuration of the antennas and on the 
method of feeding. Let 

so that (2) becomes 

— N 
h= 

ZoI h 
E= j —  e- ikr . 

2Xr 

(3) 

(4) 

In (3) the negative sign has been inserted so that in the 
case of linear antennas the vector It will reduce to the 
usual effective length. 
The vector It is obviously a complex vector and it has 

the dimensions of length. It is only in the special case of 
linear antennas that a convenient physical interpreta-
tion can be given to the fact that it has the dimensions 
of length. In some respects it would be better to define 
the vector in a way which would make it dimensionless. 
This could be done, for example, by combining the 
wavelength X (which appears in the denominator of (4)) 
with h, thus obtaining a dimensionless parameter 

so that 

ZoIh' 
E — j  

2r 

(3a) 

(4a) 

However, in view of the widespread use of the concept 
of effective length, the definition in (3) will be retained 
in the following. The vector h is a function of the co-
ordinate angles 0 and 0, but does not depend on the 
radial co-ordinate r (because, by definition, N does not 
depend on r). Equation (4) gives only the distant field 
from the antenna, so that E and h have only 0 com-
ponents and 4, components. 
For a short linear element of length 2L, oriented so 

its axis coincides with the Z axis (Fig. 1) and carrying a 
uniform current, it is readily found that h has only a 

0 component 
he = L sin 0. (5) 

For a half-wave dipole antenna, parallel to the Z axis, 

cos (— cos 0) 2 

sin 0 
(6) 

In the case of a small current loop of area S, with the 
axis of the loop parallel to the Z axis, it is found that 

It has only a 4) component 

h4, = — j 
2wS 

X 
sin 0.  (7) 

Thus It is a negative imaginary quantity and of magni-
tude equal to the effective length of a loop as ordinarily 

defined. 
In general, h may have both 0 and (t• components and 

both may be tomplex. However, one of these com-
ponents (say the 0 component) can be made a positive 
real quantity by a suitable choice of the origin for time, 
and it will usually be convenient to do this. The ct, com-
ponent of h can then be written in the form 

h.= I Ito I oh, (8) 

where Si is the phase angle by which the 41 component of 
the field leads the 0 component. The phase angle Oi 
may lie in any one of the four quadrants. 
For an antenna which radiates circularly polarized 

waves, the vector h can be resolved into two components 
equal in magnitude with one component lagging or 
leading the other by 90° in time phase. That is 

It, = hoot, (9) 

where Si is + 90°. If Si = +90°, then the electric vector 
appears to rotate in the clockwise direction (see Fig. 2). 
If bi = —90°, the rotation is counterclockwise.' 

Fig. 2—The transmitted field, as seen by an observer viewing the 
source of the field. 

4 The rotation specified is that seen by an observer looking 
toward the source of the wave. These rotations are often specified as 
right-handed or left-handed, but since there are two different con-
ventions in use, it is felt that the present method of specifying the 
rotation will be less confusing. 
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III. THE RECEPTION OF ELLIPTICALLY 
POLARIZED WAVES 

In the receiving case, the problem to be considered 
is that of determining the open-circuit voltage produced 
at the terminals of an antenna of arbitrary polarization 
characteristics, when receiving a plane wave of arbi-
trary polarization. " Consider an antenna which, when 
transmitting, is characterized by a vector h as defined 
above. Suppose that this antenna is used to receive a 
plane wave incident from a direction defined by the 
angles Coo and 00, and given by the equation 

Ei = EoeM'r,  (10) 

where 

E0= a constant complex vector 
k = the propagation vector° 
r =radius vector in any direction defined by the 
angles 0 and cti 

so that 

k• r = kr [sin 00 sin 0 cos (4. — 4.0) + cos 00 cos 0].  (11) 

The vector E l may be resolved into its three spherical 
components at each point in space. However, along the 
radius vector which defines the direction of incidence of 
the plane wave, Ei will have only 0 and cti components 
and, if the wave is elliptically polarized, these com-
ponents will not be in time phase. For this particular 
direction, 

E‘ = (Emu  Eooio)eikri,  (12) 

where 4 and io are unit vectors and r1 is distance meas-
ured along the direction of propagation. The positive 
exponent is used in (12) because the wave is an incom-
ing wave. By a suitable choice of origin for time in (12) 
it is possible to make Eoe real and positive. Then Ems, 
may be complex, 

= I &el  (13) 

where 62, is the time phase angle by which the  com-
ponent lags the 0 component. 
Equation (13) should be compared with (8) and it 

should be noted that there is a difference in sign in the 
exponential terms. The signs in these equations are 
arbitrary, and were chosen so that when Si and 52 lie 
in the same quadrant, the two equations (8) and (13) 
represent the same direction of rotation of the vector 
for an observer viewing the source of the wave in each 
case (see Figs. 2 and 3). The difference in sign required 

6 Yung-Ching Yeh, "The received power of a receiving antenna 
and the criteria for its design," PROC. I.R.E., vol. 37; pp. 155-158; 
February, 1948. 

6 W. Sichak and S. Milazzo, "Antennas for circular polarization," 
PROC. I.R.E., vol. 36, pp. 997-1001; August, 1948. 

7 C. W. Harrison, Jr., and Ronold King, "The receiving antenna 
in a plane-polarized field of arbitrary orientation," PROC. I.R.E., vol. 
32, pp. 35-48; January, 1944. 

J. A. Stratton, "Electromagnetic Waves," D. Van Nostrand Co., 
New York, N. Y., p. 408; 1941. 

to do this arises from the difference in signs of the ex-
ponentials in (4) and (12) representing an outgoing and 
incoming wave, respectively. 

Fig. 3—The incoming plane wave, as seen by an observer viewing 
the source of the wave. 

In determining the open-circuit terminal voltage pro-
duced by the incident wave, the 0 and ch components in 
the system can be considered separately and the re-
sults added to obtain the total voltage. The incident 
wave expressed by (12) can be seen to consist of two 
linearly polarized plane waves with a time phase 62 
between them. 

The plane wave component Eoe will produce a ter-
minal voltage 

V' = heE00.  (14) 

This is readily proved° by applying the Reciprocity 
Theorem, it being supposed that the field EN, is pro-
duced by a linear dipole of known characteristics, and 
oriented parallel to Eno. Similarly, for the ck components 
only, 

V" = h EN!. = I /Id, I I EN, I ei(h1-52 ). (15) 

In (15) both ho and E04, are complex numbers (see (8) 
and (13)). The total terminal voltage is 

V = V' + V" = 14E4 ± hoE04.• (16) 

It is apparent that (16) can be written as the scalar 
product of the vectors h and Eo, 

V = h- Eo. (17) 

Equation (17) represents a generalization of the scalar 
equation usually written for linearly polarized systems.'° 

IV. SOME APPLICATIONS 

For numerical calculations, the following form of (17) 
is more useful: 

V = heEne -F holi p:ool  ei(81-a2), (18) 

9 See page 479 of footnote reference 3. 
19 F. E. Terman, "Radio Engineers Handbook," McGraw-Hill 

Book Co., New York, N. Y., p. 785; 1943. 



1950 PROCEEDINGS OF THE I.R.E.  151 

ivhere ho and Eo• are assumed to be positive real quanti-
ties. A number of well known results can be obtained 
from this equation. Consider an antenna which, if 
transmitting, would radiate circularly polarized waves in 
a given direction; and used to receive circularly polar-
ized waves from the same direction. Then 

=I hoI= 

Foe = I E0.1, I = Eo, 

and 

(19) 

(20) 

V = hEo(1 ei(Oi-82)). (21) 

If the antenna and the incident wave are char-
acterized by the same direction of rotation, then 

61=62= ±900, 

V = 2hE.  (22) 

On the other hand, if the rotations are in opposite direc-
tions, Si= —52 = ± 90° so that 

V = 0. (23) 

When investigating the nature of the polarization of 
the field radiated in a given direction by an antenna, 
measurements are often made to determine the polariza-
tion characteristic by receiving the field with a linear 

dipole which is rotated in a plane parallel to the wave-
front. The voltage at the terminals of the dipole, when 
plotted against the polarization angle a (the angle be-
tween the axis of the dipole and a reference direction) 
yields the polarization characteristic. It is often assumed 
that this curve should be an ellipse. The equation of the 
curve is readily obtained from an application of (17) 
and by making use of the Reciprocity Theorem. Assume 
that the dipole is used to transmit, producing a field, 
near the antenna, which is essentially a plane wave, 

Eo = (E0 cos aio E0 sin aio),  (24) 

where a = angle between the axis of the dipole and the 

direction of 4. 
The received voltage is 

V = h• E0 

= E0[1:0 cos a + I 14 I eh sin a].  (25) 

The magnitude of this voltage is 

I V I = Eo[(h, cQsa +j h. I cos 31 sin a)2 
(I  sin I sin 61 sin a)2p12.  (26) 

Considering I Vi as a function of a polar angle a, it is 
readily shown that this is not the equation of an ellipse. 

The Magnetic Amplifier* 
N. R. CASTELLINIt ASSOCIATE, IRE 

Summary—The "small signal" theory of the magnetic amplifier 
is developed under certain simplifying assumptions. Expressions for 
the amplification are derived in terms of electrical and magnetic 
quantities, and conditions for optimum amplification are obtained. 
The predictions of the theory are found to agree qualitatively with 
experimental results of other workers. 

I. INTRODUCTION 

HE MAGNETIC amplifier or, as more commonly 
known, the dc excited iron-core reactor, has al-
ready been described in the literature. Early de-

scriptions are those of Boyajian,1 Dallenback and Ge-
recke2 and more recently those of Buckhold,2 Uno 

• Decimal classification: R363. Original manuscript received 
by the Institute, November 8, 1948; revised manuscript received, 
October 31, 1949. 

Coles Signal Laboratory, Red Bank, N. J. 
Boyajian, 'Theory of d.c. excited iron-core reactors and regula-

tors," Trans. A IEE, vol. 43, pp. 119-936; June, 1924. 
2 W. Dallenback and E. Gerecke, "Die Strom- und Spannungs-

verhiltnisse des Grossgleichrichters," Archie fur Ekk., vol. 14, pp. 
171-248; January, 1925. 
• Th. Buckhold, "On the theory of the magnetic amplifier," 

Archie fur Ekck., vol. 37, No. 4, pp. 197-211; 1943. 

Lamm,' and Kirschbaum and Harder.' It is only in the 
recent publications that the name "magnetic amplifier" 
has been used, and Buckhold appears to be the first to 
derive an expression for the amplification in terms of the 
characteristics of the magnetic material. 
In these treatments the development of the theory is 

based on the normal magnetization curve. In the follow-
ing discussion, on the other hand, the displaced hystere-
sis loop is taken as the starting point. In so doing, em-
phasis is placed on the instantaneous rather than the 
average behavior of the amplifier. 
In this work, it is assumed (a) that the various quanti-

ties (i.e., flux, magnetic intensity, current, etc.) can be 
represented in the steady state as Fourier series, and 

4 (a) A. Uno Lamm, "The Transductor, D.C. Pre-saturate( Re-
actor, with Special Reference to Transductor-Control of Rectifier," 
Esselte Aktiebolag, Stockholm, 1943. 
(b) A. Uno Lamm, "Some fundamentals of a theory of the trans-

ductor or magnetic amplifier," Trans. il IEE, vol. 66, pp. 1078-1085; 
April, 1947. 
* H. S. Kirschbaum and E. L. Harder, 'A balanced amplifier 

using biased saturable core reactors," Trans. A IEE, vol. 66, pp. 273-
278; January, 1947. 



152  PROCEEDINGS OF THE I.R.E. February 

(b) that the amplifier output can be obtained as a small 
variation of the state existing at the quiescent point. 
Starting with the work of Peterson' the first assumption 
can be shown analytically to be correct, and approxi-
mate expressions for the Fourier coefficients can actually 
be derived in terms of the hysteresis loop coefficients. 
The second assumption implies that this work is con-
cerned only with the "small signal theory" of the am-
plifier. 

IL AMPLIFYING ELEMENT 

In the barest essentials, the magnetic amplifier con-
sists of a D-shaped or toroidal core on which two coils 
are wound; one of the coils is supplied with a constant 
source of alternating voltage and the other coil is sup-
plied with a bias dc voltage, and with the signal voltage. 
Alone, this simple arrangement has limited practical 
utility because of the unavoidable mutual coupling be-
tween the two coils. The practical amplifier is obtained 
by using two of these simple units either assembled on 
the same core (i.e., 3-legged core construction) or on 
separate cores and connecting the winding in such a way 
that the interaction between the ac and control windings 
cancels. That is, if M„ represents the mutual inductance 
between the two windings, 

Mp. = M„ = 0 (1) 

is the condition that must obtain for the practical am-
plifier. 

III. NOMENCLATURE AND NOTATION 

The circuit which is considered is illustrated in Fig. 1. 
Interwinding capacities and leakage inductances are 

ebb 

EC C  e 9 

Fig. 1—Magnetic amplifier with load, symbolic representation. 

neglected. In accordance with the previous remarks, the 
amplifying element is indicated in symbolic form. Quan-
tities immediately related to the ac side of the amplifier 
will be referred to as output quantities and quantities 
related to the dc or control side as input, control, or 
signal quantities. From the circuit diagram, it appears 
that an ac generator of instantaneous voltage ebb volts 
and angular frequency co (both dependent on design) 

E. Peterson, "Harmonic production in ferro magnetic mate-
rials," Bell Sys. Tech. Jour. vol. 7, pp. 762-796; October, 1928. 

supplies the output coil consisting of N, turns in series 
with a general load zi. The voltage across the load 
is et and that across the output coil is ea. The instantane-
ous current flowing in the output circuit under these 
conditions is 4. The input coils are supplied with a volt-
age ec which equals the sum of the dc bias voltage E,„ 
and the signal voltage e„. The current flowing in this 
circuit is ic. 
It is convenient to split up these instantaneous cur-

rents and voltages as follows: 

ea = eao  e, 

ib =  ib0  ip (2) 

4 = + ig 

where the quantities with the double subscript indicate 
steady values obtaining before the application of any 
varying voltages in the output or input circuit, and the 
quantities with the single subscript on the right-hand 
side of the (2) variations from these steady values. 
The current 4 flowing in the input coil produces a 

magnetic field intensity lt6 and the current ic flowing in 
the input winding produces a magnetic field intensity 
h.. The output coil voltage ea and the control coil volt-
age ec generate in the material a flux cki, and O., respec-
tively. The material is assumed to have a static perme-
ability /2 and an incremental permeability Ai. In general, 
in dealing with magnetic quantities the same subscript 
will be used as for the corresponding electric quantity. 
The length of the magnetic path is denoted by S, and 
for the ac flux and dc flux, respectively. The cross-

sectional area is assumed to be the same for both paths 
and is denoted by A. 
Absolute values are denoted by a bar over the symbol 

representing the quantity or by the conventional II 
sign enclosing the symbol. Vector quantities are repre-
sented by capital letters, except in the case of harmonic 
components where lower case letters are used. 

IV. STEADY-STATE CHARACTERISTICS OF OUT-
PUT AND INPUT CIRCUITS 

A. Output Circuit 

Consider the output circuit of the amplifier shown in 
Fig. 1. It consists of an ac generator supplying a load 
assumed to have a series resistance ri and inductance II 
(assumed constant) in series with the output winding of 
the amplifier. This winding presents to the generator an 
inductance /p(t) and an effective resistance r,(t) made 
up of the actual resistance of the winding and of the 
resistance due to such effects as hysteresis, eddy current, 
and residual losses.7 

Both the inductance and effective resistance are not 
constant, but vary in a complex way over the applied 

7 V. E. Legg, "Survey of magnetic materials and application in 
telephone system," Bell Sys. Tech. Jour., vol. 18, pp. 438-664; July, 
1939. 



1950 Castellini: The Magnetic Amplifier 153 

'voltage cycle. This is made evident by the peculiar 
shape of the hysteresis loop and the variation of eddy 
current losses over this loop.° Moreover, the hysteresis 
and eddy-current components of r,(t) are a functione.7 
of the permeability Ii. 
The differential equation of this circuit can be written 

immediately 

dzb dib 
ebb = (r14- rw)ib r;(t)  + 4(1) —  (3 ) 

dt  dt 

where ry, is the ohmic component of r(t) and r;(t)= 

r(t) —r. 
Assuming that the solution of (3) for the steady state 

yields for lb a Fourier Series and using for convenience 
the complex form,° the current can be expressed as 

+ 

Similarly, it is also convenient to assume the inductance 
4(0 to be represented by a Fourier Series, 

1,(1) = 

and also for r,;(1) 

+ao 
E ikeik.1 
k —ao 

+z 
r;(t) = E rkei". (5) 

Assuming, further, that the supply voltage is sinusoidal 
and given by, 

ebb = ReEbbe  (6) 

equation (3) can be written by substituting (4), (5), 
and (6) and performing the differentiations indicated: 

ReEbbei("+" = E (re' -I- jx1.)ibae'"̀ 

where: 

E (r,c, jws ioibae g.+ owe 

ri' = ri  r. 

= sw11. 

(7) 

The infinite double sum in (7) is the voltage across the 
output winding less the drop due to r. Denoting by 
a.' its n" harmonic, it can be shown"' to be given by 

+co 

= E [rk' j(n — k)coldib(,k).  (8) 

In general, then, the voltage 4. is complex; accord-
ingly, it will be assumed that: 

"Magnetic Circuits and Transformers," MIT E. E. Staff, 
John Wiley & Sons, Inc., New York, N. Y., Chap. VI, 1943. 

9 E. A. Guillemin, 'Communication Networks," John Wiley & 
Sons, New York, N. Y., vol. 1, Chap. X, 1931. 
Is See page 404 of footnote reference 9. 

=  (9) 

Substituting (9) in (7) and equating coefficients of 
the same harmonic on both sides of the equation, it 
obtains: 

where: 

and'° 

EbbOn =  eb,,'eN 

= rt' 

= 1 for n = 1; ô = 0 for n 1. 

(10) 

Since all the quantities in equations (10) are sinu-
soidal quantities of the same frequency, the equation 
can be represented vectorially. The vector diagram is 
illustrated in Fig. 2. The magnitude of the voltage 

Fig. 2—Vector diagram of output circuit for the nth harmonic under 
no signal condition. 

Ebb& n is assumed constant. Therefore, the terminus of 
its vector is constrained to move in the circular path 
indicated. 

B. Input Circuit 

Similar considerations as above can be applied to the 
input circuit. However, for the purpose of the present 
discussion ic will be assumed sinusoidal and to be given 
by: 

= ReIceio. 

V. AMPLIFIER CHARACTERISTICS 

(11) 

A. General Equation for ib 

The voltage eb developed across the output circuit is a 
function of the state of saturation of the material form-
ing the core. For a given material and design, the state 
of saturation will depend on the total instantaneous 
currents 4 and 4 and also on dib/dt. The dependence on 
the time derivative of 4 is not immediately obvious. To 
show this, imagine that the output circuit of the ampli-
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fier is equivalent to a variable resistance rp in series 
with a variable inductance /p. Then, in the absence of 
control coil excitation, eb can be expressed as the voltage 
1(4) across rp and the voltage dX/dt across 1p• X is the 
effective flux linkages. Thus: 

eb = 1(4)  —dx 
di 

which can also be written 

where: 

dX 
eb = f(ib)  4'1 

alb 

dib 
lb' = — • 

dl 

(12) 

It follows from (12) that for small variations, the general 
expression for eb in the presence of control coil excitation 
can be written: 

eb = F(ib, ib', (13) 

B. General Expression for ip 

Referring to equation (13) the variation of 4 can be 
written immediately (see (2)) 

aeb  aeb , aeb 
ep =  .  

0 tb Ole 

where: 

(14) 

ip' = (3(41). 

In (13), as well as in the sequel, the partial coefficients 
will be understood to be evaluated at the quiescent point. 
The variations ep and ip contains components that are 

products of the interaction of the signal frequency q 
and of the exciting voltage frequency w. Thus it will be 
assumed that these variations have the form: 

ep = Re E keiove (15) 

ip = Re E a.,e)8,1 (16) 

wheref3, includes frequencies nw + lq, (n=0, 1, 2, 3 • • • ; 
1=1, 2, 3 • • • ). The expression for i; may be obtained 
by differentiating (16); 

i; = (Sib' = —dt (Sib) = Re E (17) 

In (17), q may be neglected whenever it appears in the 
coefficients 13,, except when nw = 0 since in practice 
q< <co. Equation (12) gives for the first two partial 
coefficients of (14): 

aeb = df(ib)  d (dX) 

aib  di,,  dl \dio 
(18) 

aeb  dA 
(19) 

di,, 

Now, df(ib)/dib and dX/dib are functions of eb and there-
fore may be expanded in Fourier series with angular 
frequency w. The coefficient dX/dib will be recognized as 
the inductance of the output winding. Its Fourier ex-
pression may be written as in (5): 

()et, dX 
—  =  = 

aib  d1b  
(20) 

If the expansion for df(ib)/dib which will be recognized as 
the loss resistance rp, is assumed to be given by 

df(ib) 
rbel "1 

b  I _ 
= E 

then, from (18), (20), and (21) 

aeb  oo 

n • = E (rk jkodb)eik.t. 
utb 

(21) — 

(22) 

Considering now the partial coefficient aeb/Oic, which ob-
viously is the dynamic mutual impedance between in-
put and output circuits, heuristically it would be ex-
pected that this coefficient is a function of both co and q. 
Therefore, it will be represented by the trigonometric 
series, 

aeb 
— = Re E 
al, (23) 

Substituting (23), (22), and (20) together with (17), 
(16), (15), and (11) into (14), and equating coefficients 
of the same 3, linear relations are found among the coef-
ficients, which can be written in expanded matrix form 
thus (note that b,-=a,=0 by equation (1)) 

0 
Z410 

Z +I+1  Z.1,2 • • 

• • • ZO-1  Zoo 

Z-1-1 

Z .1.10  

Zo+1 • • • 

:3"41+1 

aq+w 

0 

00_„ 

0 (24) 
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Where: 

Zkn r„  j(kw  q)1„ 

Zmk, =  Zni(kw-f-rtq)• 
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affected. Then, it can be written generally 

(z,,„ +  = —  (33) 
(25) 

The column vector b(--==e„) in equation (24) can be ex-
pressed in terms of the ap's(----0). Referring to Fig. 2, 
the voltage eb„ can be written: 

ebn =  eb.i.  (26) 

Next, consider that equation (10) can be shown to apply 
here because the changes involved are small, and q< <co 
in practice. The voltage variation e„' can be obtained 
by taking the variation of (10). The derivation is 
straight forward but rather lengthy, and will not be 
given here. The result obtained, assuming that Vb., 

X. and Ekk are constant, is: 

where: 

elm =  ZInClipn 

where 4. and z,„, are characteristic values" of Z, and 
2„,. It follows that in the case in which 1 is sinusoidal 
only the first two sidebands of i„„ are present (i.e., 
co-i-q;—cd+q). In the sequel, consideration will be 
limited to the last case. No confusion will arise if the 
sideband subscript is dropped and equation (33) written 

simply: 
(z p  i p  Z es i g• (33a) 

From equations (33), (32) or (33a), the equivalent circuit 
of the amplifier is easily visualized. It will be noted that 
it possesses a time constant which depends on the internal 
characteristics and on the character of the load and not 
only on the impedance of the output circuit." 

(27) D. Conditions for Maximum Amplification 

Consider equation (33a). It will be apparent that, for 

[1 — oneiori2-°‘̂'+" sin (0i„' — 0)] [1 — on 4—(712))  sin (X,, — 0)1 
= 1 — o sin2 (X„ — 0) 

It will be noted that 0 =1 in all cases in which 
From (26) and (27) the variation e„ is therefore 

epn = [rw  Zin Olipn  pt. (29) 

It follows from (29) that the vector e9 can be written as 
the product of a diagonal matrix and column vector i,, 

thus 

where: 

= 

e„ = — Zji, (30) 

re (31) 

Inserting (30) in (24) and using abridged matrix nota-
tion throughout to save space, (24) takes the form: 

[Z,, = — Za„. (32) 

Equation (32) is the fundamental equation of the ampli-
fier. In it, Zi is a diagonal matrix (31), but 4 and Z. 
are not. Immediately the question arises whether these 
matrices can be reduced to true diagonal form. Discus-
sion of this question is beyond the scope of this paper. 
However, in order to simplify the following discussion, 
it will be assumed here that diagonalization has been 

(28) 

a given set of operating conditions, there must exist 
some value of load reactance xi between minus infinity 
and infinity and some value of load resistance ri' be-
tween zero and infinity at which maximum gain will be 
obtained. This follows because at the limits indicated 
for these parameters the gain is zero. 
(1) Optimum load reactance. 
The current gain of the amplifier will be defined by: 

Then, the equation 

— z. 

dG dt-
=  = 0, 

dxi dxi 

(34) 

(35) 

when solved for xi, should yield the optimum value of 
the reactive component of the load. 
Obtaining the derivative in (35) by differentiating 

(29) and (28), after factorization and collection of real 
and imaginary terms the result is: 

dit dP _ dQ) 
(36) 

dxt dxt dxi  dxi 

where: 

" II. Margenau and G. M. Murphy, "The Mathematics of 
Physic and Chemistry," p. 301; D. Van Nostrand Co., Inc., New 
York, N. Y., 1943. 

2 See Section VIII of footnote reference 4b. 
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[  P  1 

P = 1 — sin'  + sin' r — sin r sin 1,/, cos (4, — r) 

Q = 4 sin 20 — sin 27 + sin r sin 4, sin (1,1, — 7) 

and 

11, = A + 01' — 

= 20/' — 0. 

where: 

(37)  rh.= the hysteresis, eddy currents, and residual loss 
component, and making the following assumptions: 
The rw term in ri' can be neglected in comparison with 
ri and the rii(no-frh.) terms are negligible in compari-
son with r,° terms, the result obtained from (41) for the 
value of optimum resistance ro, is 

In order for equation (36) to be satisfied, both the real 
and imaginary components must vanish. Considering, 
for instance, the real component, taking z, defined by 
(10) and noting that 

dP  dP d01' dP cos' 01' 

dxt — dxg— dxt 

it obtains for the optimum reactance xop 

xop = — 
2 cos' 01' dP 

d01' 

1 p2 1 

cos' 01' r ( ')  4. (38) 

It appears from equation (46) that, since x0„ must be 
real, it must be negative; that is, the load reactance for 
maximum gain must be capacitive. Buckholda in his 
work arrives at a similar conclusion. Also, it is believed, 
that this might explain the experimental results of 
Kirschbaum and Harder' who obtained a higher value 
of amplification when they employed second and fourth 
harmonic filters in the output. These filters would ap-
pear capacitive to the fundamental. 
(2) Optimum load resistance. 
The load resistance for maximum power amplification 

will be determined for the case in which the load react-
ance is zero (i.e., Os' = 0) because in the general case the 
equations become too unwieldy. 
The power amplification A will be defined by 

ri 

A = —1G1 2 (39) 
re 

and, therefore, the condition for maximum power am-
plification 

dA 
= 

dri  

is equivalent to 

—  d13--1-zpl 

dr, 

Writing: 

z, = r,,  rh.  jx, 

(40) 

= 0.  (41) 

v  _ rw 2 — 2rwrhe  
rop — [1 — sin (A — 0)]   p2 +  Q2 (42) 

where P and Q are as defined in (37) with the added con-
dition that 0/' = 0. 

Equation (42) is not easily interpreted, because in 
effect it is not in closed form. However, for the funda-
mental component, if the assumption is made that 
X =77/2 and r,, is negligible (42) reduces to: 

Top =  N/XpOXp,  (43) 

where xpo is the reactance of the output winding at the 
operating point. Applying (43) to the experimental data 
of Kirschbuam and Harder it is found that the amplifi-
cation for the value of resistance computed from (43) 
is within about 1 per cent of the experimental value. 
The value of resistance computed from (43) is too high 
(i.e., about 8 percent). This would, however, be expected 
on the basis of the assumptions made. 

VI. AMPLIFIER CHARACTERISTICS IN TERMS OF 
• MAGNETIC QUANTITIES 

A. Expression for Amplification 

Additional insight into the operation of the magnetic 
amplifier is obtained by expressing the amplification in 
terms of the magnetic field intensity, .the flux density, 
and the permeability. This can be done in the general 
case; but it will, here, serve the purpose better to con-
sider equation (33a) under the assumptions that: 
(1) losses are absent (i.e., r,,= 0; X= 7[12) 

(2) the load is a pure resistance (i.e., 01' =0). 
Then, substituting for  under these conditions from 

equation (29), it obtains for ip. 

ip = 
— 

Ti cos 0 sin 0 

1 — sin' 0 

It can be shown that (44) can be written 

ip 

ae, 
ale 

04 
Xp0 aib 

where the partial coefficients have been written in place 
of x„, and xp and xpo is the reactance of the output wind-
ing at the operating point. 

10. (44) 

(44a) 



1950  Castellini: 

Considering, now, the equalities 

dbb  d 
— eb = N  — = — f(hb, 11,) 

dt  dt 

=  N„ ib, N, 

dt UT, Sc I 

and 

L p() 

4riVp2Aµ,1010-7 

The Magnetic Amplifier 

holds approximately. 

bb  ish,  Alhb. 

where 1.11,o and LA are, respectively, the incremental 
permeability and inductance at the operating point, it 
is easily shown that (44a) takes the form 

abb 

N „S „  ahe 
i„ = 

NpS,  abb 
izt,o 

ahb 

Equation (45) is the desired equation. It expresses the 
change in output current in terms of the design of the 
core and winding and in terms of the fundamental char-
acteristics of the core material. 

B. Criteria for Maximum Amplification 

The partial coefficients appearing in (45) can be in-
terpreted in terms of permeabilities by reference to 
Figs. 3 and 4 which illustrate, in greatly exaggerated 
form, displaced loop under conditions of constant hb and 

ib 

UPPER B Ro9NCH 

OF 'WS TO-R/5 / S 
OO P 

NO PAlO4 
CUR VE 

po(160  A 0, ca) 
(4„4,4\ 

41,4 

Fig. 3—Displaced hysterisis loops, idealized, under conditions of con-
stant hb and at two values of polarizing magnetic intensity 11.. 

14, respectively. This interpretation is based on the as,-
sumption that, for small changes, the following relation 
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(46) 

Consider Fig. 3. Forming the quotient of the change in 
flux to the change in he in passing from point Po to 
point P1, in terms of equation (46), and passing to the 
limit, it is found that 

abb a" l  al4,0  — I hal  —1 hb0I   (47) 
Oh,  al hc hcl 

choftee geRAtcm / 
OF 

HYSTER/5/5 / 
LOOP 

NORA,I4L  I 

CURVE 

po 646, 4, 'co) 

AC 
Fig. 4—Displaced hysterisis loops, idealized, under condi-

tions of constant h. and variable hb. 

In a similar way, considering Fig. 4, it is found that 

abb 
Ai° + I hbo I al  (48) 

ahb hbl 

Substituting (47) and (48) into (45) the desired ex-

pression is 

140 — hal Al at  I aa hbol 
NS,, a l !fel al /gel i9. (49) 

N„S,  aA 
2tiao — I hbol  A 

al hbl 

Equation (49) gives interesting insight regarding the 
conditions to be met and those characteristics which a 
magnetic material should possess to make the best pos-
sible amplifier. For a given winding and core design, 
the amplification will be the larger, the more pronounced 
is the following inequality: 

°A 
1,0 — I hal   Ihbo IaI hI 
• 0µ6 

> > 20.140  — I hbo I • (50) 
0 I hb I 
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It would, now, be very important to determine even 
qualitatively, whether practical magnetic materials 
actually possess characteristics which satisfy the in-
equality predicted by the theory. 
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Fig. 5—Polarizing magnetic intensity Hd.-oersteds. 

Data which would permit an extensive and direct 
check of the expression (50) is not available, however, 
for at least one material—U.SS Transf. 72, 29-gauge 
data was found" which could be put into the form to 
permit such check. These data are presented in Figs. 5 
and 6. A perusal of these figures will show that (50) is 

IS  S. S. Attwood, "Electric and Magnetic Fields," John Wiley 
& Sons, New York, N. Y., p. 334; 1941. 

satisfied in the region of the characteristics where 
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< < 0 

aI kJ 

and 
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Fig. 6— Alternating-current magnetic intensity Hs-oersteds. 
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C A D 

CORRECTION 

Leo Storch, author of the paper, "Design Procedures for Pi-Network Antenna 
Couplers," which appeared on pages 1427-1432, of the December, 1949, issue 
of the PROCEEDINGS OF THE I.R.E., has brought the following errors to the at-
tention of the editors: 

In Fig. 2, page 1429, the centers of the two circles should be labeled (—X3') 
and (—X3"), respectively. 

In the biography of Mr. Storch on page 1443, the advanced degree should 
read M. S., instead of M. A. 
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Summorp—Previous use of secondary-emission multiplication in 
receiving tubes has been accompanied by difficulties with life and 
has been accomplished in oxide cathode tubes by shielding the 
secondary emitter from cathode evaporation. This shielding required 
a complicated tube structure and additional electrodes and leads. 
This paper describes methods of controlling cathode evaporation to 

obtain satisfactory tube life and even to enhance secondary emission 
gain in simple tube constructions in which the secondary emission 
surface is directly exposed to the oxide cathode evaporation. A 1.4-

volt filament tube is described which may be operated to give a trans-

conductance of three times the 'normal input transconductance, or 
may be operated to give the normal input transconductance with • 
reduction to 40 per cent of the original total battery power. The con-
struction and characteristic curves of an indirectly hested oxide 

cathode tube with the dynode directly exposed to the cathode are 
given. A transconductance of 24 ma volt and a wide-band figure of 
merit of two to three times that of conventional tubes is obtained. A 

high cathode temperature reduces dynode life, but a vatiation of 

10 per cent in heater voltage seems satisfactory. 

I NT RoDUCTION 

i IIE II )E: OF applying secondary electron emis-
sion as a means of amplification has been appeal-
ing for many years.' This form of multiplication 

or amplification has been used for about a decade in 
photoelectric multipliers' but has been used to only a 
very limited extent in grid controlled tubes." A satis-
factory life in the photoelectric multiplier is easier to 
obtain because of the low current densities involved and 
the absence of the contamination produced by an oxide 

cathode. 
The present interest in wide-band amplifiers has led 

to a reconsideration of the application of secondary 
electron emission multipliers to conventional grid-input 
structures. Thompson' explained some of the factors 
involved, and a summary of the characteristics that can 
he obtained by secondary emission amplification leads 

to the following: 

• Decimal classification: R138. Original manuscript received 
by the Institute. July 22. 1949; revised manuscript received, No-
vember 9. 1949. Presented. 1949 IRE National Convention, New 
York, N. Y., March 9, 1949. 
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Receiving Tubes Employing Secondary Electron 
Emitting Surfaces Exposed to thc Evaporation 

from Oxide Cathodes* 
(.• W. NlUELLERt, SENIOR MEMBER, IRE 

(I) For wide-band amplification, it is well known 
that a figure of merit for a tube is proportional to the 
ratio of transconductance to capacitance. By applying 
secondary emission to a conventional grid structure 
the transconductance is multiplied by the secondary-
emission amplification W ithout increasing capacitance. 

2 The input conductance is left unchanged. 
The amplification of the added multiplier can be 

made essentially frequency independent up to frequen-

cies of the order of a thousand megacycles. 
(4) The additional noise introduced is small. 
(5) One can obtain a high transconductance without 

an extremely critical input structure. Although one sub-
stitutes the poi.sible difficulty of a critical secondary-
emission (dymx1e) surface, our experience indicates 
that the control of this surface is readily possible with 
present receiving-tube manufacturing techniques. 
Early experimenters with secondary electron multi-

plication soon found that the secondary emission yield 
of a surface decayed very rapidly on life when exposed 
to an oxide cathode, and sought to overcome these diffi-
culties by shielding the secondary emitter or dynode 
from cathode evaporation." Even with this shielding, 
considerable difficulty with the life of the secondary 
emitter was experienced. Secondary emission amplifica-
tion has also been applied to laboratory beam-deflection 
amplifier tubes' and, since the war, much work has 
been done in these laboratories to use secondary 

emission in other tube types. 
Contrary to previous results, in which exposure to 

oxide cathodes resulted in rapid decay of secondary 
emission, experiments to be discussed will show that 
cathode evaporation difficulties can be overcome and 
such evaporation may even be used to enhance second-
ary emission. A small amount of evaporation can be 
advantageous; a large amount may he disastrous. 

1. EXPERIMENTAL METHODS 

Fig. 1 shows a type of structure used for many of the 
secondary emission measurements. It consists of a low 
voltage gun (adapted from the beam-deflection tube)7 
giving a rectangular beam with a current density of 50 
to 75 ma per square cm, a set of deflection plates to 
permit one dimensional scanning, a series of apertures 
to eliminate stray currents, a collector, and a rotating 

6 G. R. Kilgore, 'Beam deflection control for amplifier tubes,' 
RCA Rev.. vol. VIII, pp. 480-505; September. 1947. 

7 E. W. Herold and C. W. Mueller, 'Beam deflection mixer 
tubes for u-h-f,' Ekctronics, vol. 22, pp. 76-80; May. 1949. 
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:AT NODE  
SHIELD --DJ 

dynode structure. Eight samples, which may all be 
different, are mounted on the dynode structure and, by 
rotating the tube assembly, any one of the dynodes may 
be brought in front of the collector for observation. By 
means of evaporators, which may be either filamentary 
or indirectly-heated cathodes in the corners of the col-
lector, the effects of evaporation on the dynode may be 
studied. Although the emitter for the gun of this tube 

DEFLECTION AAAAAA 1 004 APERTURES 

050 APERTURES 
100 SPACING 
EVAPORATING P1 AAAAAA S OR CATHODES 

RO'MO DYNODE 
ASSEYOLT 

COLLECTOR 
SUPPRESSOR MELD 

Fig. 1—Sectional view of tube for testing effect of evaporation 
on secondary emitter surfaces. 

has an oxide cathode, the presence of any evaporated 
material from this cathode on the dynode has never 
been detected. Thus the gun structure shows that one 
may eliminate cathode contamination by the use of 
small apertures; two 0.004-inch apertures about  inch 
apart so limit the solid angle that evaporation is 
negligible. Fig. 2 shows a photograph of this experimental 
tube. The glass structure is made long to keep the glass 
seals as far away from the test surfaces as possible and 
thus eliminate contamination from the heated glass 
during sealing in. 

In this type of tube many dynode surfaces have been 
examined in an attempt to obtain most of the following 
desirable features: 

(1) The secondary electron yield should be constant 
throughout life under high primary current density 
bombardment. 

(2) The yield should be as high as possible at as 
low a voltage as possible. 

(3) No processing should be necessary in the tube in 
which the emitter is to be applied, i.e., the secondary 

Fig. 2—Photograph of tube for testing secondary emitter 
surfaces. 

emitter should be capable of complete processing prior 
to use in a tube and thereafter no harm should come 
from ordinary handling, baking, and degassing pro-
ced ures. 
(4) Processing should be simple and easily repro-

duced. 
(5) A long life should be obtained with direct expo-

sure to oxide cathode evaporation. 
(6) The dynode material should be nonmagnetic, 

capable of being punched, formed, and resistance-
welded, and should not flake or scratch easily. 
Although many materials have been studied with the 

above objectives in mind, the best results were obtained 
with processed silver-magnesium alloy,6 about 2 per 
cent magnesium in silver. This alloy, after polishing, 
forming, and cleaning, is heated in a vacuum with a 
residual air pressure of 10-6 to 10-6 mm of mercury in 
order to diffuse magnesium to the surface and oxidize 
it. One then obtains a thin layer of magnesium oxide, 
which may contain some free magnesium or oxygen, 
on a silver-magnesium alloy base. This material is then 
used in the tube where no further treatment except out-
gassing is applied. In all the following discussions in this 
paper, unless it is specifically stated otherwise, the 
dynode used consists of this processed silver-magnesium 
alloy. 

Fig. 3 shows the influence of the evaporated material 
from a regular 1.4-volt, 0.050-ampere, oxide-coated 
filament on preprocessed silver-magnesium alloy. The 
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Fig. 3 — E vaporation test of 1.4 -volt fila ment on preprocessed 

silver-magnesium alloy. 

filament consists of a very small diameter nickel-tung-
sten alloy wire coated with a triple-carbonate spray. The 
thirty-second heating at 40 ma hardly changes the sec-
ondary-emission ratio, while each additional heating in 
steps of 10 ma increases the ratio, but the final heating 
at 85 ma does not change the ratio from the 70 ma 
heating. This dynode activation occurs at heating values 
at which the filament is also activated for thermionic 
emission, which is very convenient for the use of sec-

V. K. Zworykin, J. E. Ruedy and E. W. Pike, "Silver-magnesi-
um alloy as a secondary emitting material," Jour. App. Phys., 
vol. 12, pp. 696-698; September, 1941. 

A 
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ondary-emission multiplication in filament tubes. Obvi-
ously, an activation which gave good secondary emis-
sion, but no primary emission would be inconvenient. 
In the case of indirectly-heated cathodes, much larger 

volumes of coating material are available for evapora-
tion and the problem of evaporation control is more 
difficult. However, experiments in the tube of Fig. 1 
showed that control of evaporation to maintain life and 
also to enhance the secondary emission ratio was pos-
sible. Further data on the indirectly heated cathode will 
be illustrated by application to the tubes shown in Part 
III of this paper. 

II. SECONDARY EMISSION IN FILAMENT-TYPE TUBES 

Fig. 4 shows the construction of a developmental tube 
in schematic which is similar to that of the RCA Type 

DYNODE 

CONTROL 
GRID 

FILAMENT 

PLATE 

SCREEN 
GRID 

Fig. 4—Experimental filament-type secondary emission tube. 

1U4 with the suppressor used as the plate. Primary 
electrons from the filament are accelerated by the screen 
grid, pass between the wires of the plate, and liberate 
secondary electrons at the dynode, which are then col-
lected by the plate. The circuit of Fig. 5 shows the 
connections of the tube to a battery. Note that the 

INPUT 

I D 

u-T PUT 

Fig. 5—Circuit of filament-type secondary emission tube. 

current arising from the secondary electrons flows in 
plate-dynode loop and through only a section of the 
battery. This fact allows power saving possibilities as 
will be illustrated later. The output may be taken from 
the plate, in which case the full gain is realized; or, 
alternatively, the output may also be taken from the 
dynode, in which case the gain becomes decreased by 
unity. With dynode output, an amplifier is obtained 
with no phase reversal between input and output. 
Fig. 6 shows results obtained in actual miniature 

tubes. Since, in this type of structure, some primary 
current is intercepted by the plate, a correction would 

.7c 

be necessary to get the true secondary emission ratio; 
consequently, the secondary emission gain plotted is de-
fined as /B//B-F/D. This factor involves the efficiency of 
the output structure and is the important one in tube 
design. The tubes of lot A and C were given a factory 
Sealex automatic exhaust. Curve A gives the results of 
the combination of evaporation from an oxide-coated 
filament and a nickel-plated steel dynode which gives a 
gain less than unity and shows that the evaporated ma-
terial is not thick enough to give a high-gain character-
istic independent of the base metal. Curve B illustrates 
the performance of the processed silver-magnesium 
dynode with a tungsten filament and no evaporation. 
Curve C shows that the conditions for high gain are 
the combination of the evaporation from the oxide-
coated filament and the preprocessed silver-magnesium 
dynode. 

2 

50 100  ISO  200  250  300 

DYNODE  VOLT 

Fig. 6—Curves of secondary-emission gain versus dynode voltage: 
A—Oxide-coated filament and nickel-plated steel dynode. B— 
Tungsten filament and preprocessed silver-magnesium alloy 
dynode. C—Oxide-coated filament and preprocessed silver-mag-
nesium alloy dynode. 

In a battery-operated tube, one strives for a uniform 
high gain during life at low bombarding voltages. 
With a low bombarding voltage, only the first few atomic 
layers of the dynode surface are used and the dynode is 
particularly susceptible to the influence of evaporated 
material. The evaporation during life from an oxide-
coated filament of very small diameter is low because of 
the relatively small quantity of oxide used. The ratio 
of dynode area to cathode area is very large, causing 
deposits on the dynode per unit area to be small. This 
large ratio of areas is an important feature of this type 
of tube construction. The low current density of  to 
ma per square centimeter at the dynode does not im-
pose stringent life requirements, and satisfactory life 
of over 500 hours has been obtained. 
Table I gives typical performance data of a develop-

mental filament tube, and also illustrates the power 
saving possibilities. The tube may be operated under 
conditions which give maximum gain or minimum power 
consumption. If the voltages on the secondary emitter 
tube are adjusted to give the same transconductance as 
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a standard tube, the 1U4 for instance, only 40 per cent 
of the 1U4 total power is required and even then 70 per 
cent of the remaining power is used for heating the 
filament. If the same power is used, twice the transcon-
ductance can be obtained. Other combinations are 
possible as shown in the Table and, though not shown, 
a transconductance of 5,000 µmho may be obtained at 
a dynode voltage of 250. 

TABLE I 

TYPICAL OPERATING CONDITIONS AND POWER CONSUMPTION OF 
SECONDARY-EMISSION FILAMENT-TYPE TUBE COM-

PARED WITH REGULAR TUBE 

Tube 
Transcon-
ductance 
Andio 

Developmental 
Secondary-
Emission Type 

a 
a 

Standard 1U4 

Total 
Power* 
Watts 

Applied Volts 
Control grid =0 

Flak Dynode Screen 

900  0.10  90  674 
1,400  0.15  90  674 
1,800  0.27  90 674 
2,300  0.34 1124 90 
2,700  0.46  135  90 
900  0.26  90  ---
730  0.16 674 --

32 
45 
674 
674 
674 
90 
674 

* Filament power of 0.07 watts included. 

III. APPLICATION OF SECONDARY-EMISSION MULTIPLI-
CATION TO INDIRECTLY HEATED OXIDE 

CATHODE TUBES 

The application of secondary emitters directly ex-
posed to an indirectly heated oxide-coated cathode is 
desirable because of the simplification obtained by 
eliminating some focussing electrodes and voltages in-
herent in the orbital beam structure.3•4 The problem of 
operating the dynode directly exposed to the oxide-
coated cathode in this case is much more difficult be-
cause of the large cathode used. 
Fig. 7 shows the construction of an indirectly heated 

oxide-coated cathode tube. The structure, placed in a 
7-pin miniature envelope, is similar to that of the 
standard 6AG5 with the plate replaced by a multiplier 
section. The electron stream as shown in Fig. 7, is 
directed between the plates to the dynode surface. 
The plate-dynode configuration was arrived at by 

experiments on a rubber-membrane large-scale model, 
and then refined by experiment in tubes. Since the col-
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Fig. 7—Experimental high transconductance secondary emitter 
tube. 

lection problem is critical and always exists in a second- , 
ary-emission tube, the features desired in the output] 
section are listed below: 
(1) A good collection field at low dynode-to-plate 

voltage differences even with high current densities. A 
low collection voltage is desirable to reduce plate heat 
dissipation requirements. 
(2) Interception of a minimum of primary current 

by the collector or plate. 
(3) Adequate dynode and plate heat dissipation. 
(4) A small transit angle spread of the electrons. 
(5) A low dynode current density. 
(6) An arrangement which will accommodate large 

electrode voltage variations with a minimum change of 
tube characteristics. 
A reasonable compromise between these requirements 

must be worked out and the over-all result obtained is 
illustrated in Figs. 8 to 10 showing characteristics of a 
developmental tube. 
Many types of grid or input structure may be used 

with the secondary emission output and tests were 
actually made on two types. One was that of the stand-
ard RCA type 6AG5 tube which is a typical low-cost 
high-production electrode system. The other experi-
mental type had closer spacings and gave an input trans-
conductance, (i.e., transconductance measured as a 
normal pentode) of 7.5 ma per volt. This structure also 
had a higher transconductance-to-current ratio which is 
desirable in order to minimize direct-current losses in 
the tube and associated bleeders or power supplies. The 
performance of both experimental types was similar 
in that the output transconductance was about three 
times the input transconductance. The over-all tube 
characteristics are illustrated by characteristic curves 
from the tube having this higher transconductance in-
put structure. 

Fig. 8 shows the plate current family. Note the flat 
plate-current characteristic over a wide plate-voltage 
range. The plate current finally ...drops off due to the 
plate "robbing" current from the dynode so that this 
current is no longer multiplied by the secondary emis-
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Fig. 8—Plate-current plate-voltage characteristics of tube 
of Fig. 7. 
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Fig. 9—Dynode-current dynode-voltage characteristics of tube 
of Fig. 7. 

sion ratio. Fig. 9 shows the dynode current family, and 
a load line showing the maximum allowable resistance 
in the dynode circuit in order to insure stability as will 
be discussed later. This resistance may be an output 
load or the resistance of the power supply or network 
supplying the dynode voltage. Fig. 10 shows grid-control 
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Fig. 10—Transconductance—control-grid voltage curves of the 
tube of Fig. 7. 

characteristics plotted in terms of ma per volt, which 
gives a more convenient number for high transcon-
ductance tubes; multiplication by 1,000 will convert the 
units to micromhos if desired. Table II gives data com-
paring various tubes for wide-band operation and shows 
how a wide-band figure of merit of 2i times that of the 
type 6AK5 tube may be obtained. The close-spaced 
404A9 uses special equipment and techniques in its con-

9 G. T. Ford, "The 404A, a broadband amplifier tube," Bell. 
Lab. Rec., vol. 27, pp. 59-61, February, 1949. 

struction which are not normally used at present in 
receiving tube manufacturing technique. 

TABLE II 

COMPARISON OF HIGH-TRANSCONDUCTANCE TUBES 

Description 
Transcondua-

once 

ma/v 

Equivalent 
Noise 

Resistance* 

Ohms 

6AG5 
6AK5 

Multiplier type 
404A 

5.0 
5.1 
24.0 
12.5 

1,600 
1,700 
1,300 
600 

Wide-Band 
Figure of Merit 

gm 

21-C total 
Megacycles 

72 
90 
250 
150 

• Calculated va ues. 
C total includes input 'hot" or operating capacity, socket capacity and 

output capacity. 

A tube with a transconductance of 20 ma per volt 
or greater is, of course, sensitive to grid bias voltage 
which may be affected by grid-cathode contact poten-
tial changes. In addition to this variation, a multiplier 
tube is also subject to secondary-emission-ratio varia-
tion. In order to minimize the effect of both of these 
variables on output, the circuit for the dc supply shown 
in Fig. 11 has been found valuable. In this circuit, 
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Fig. 11—Stabilizing circuit for multip ier-type tubes with typical 
resistance values for the tube of Fig. 7. 

stabilization is obtained by running both plate and 
cathode currents through the self-biasing 1,000-ohm 
resistor, R3. Thus variations of dynode current which 
change plate current will also change the bias voltage 
tending to keep plate current constant. Manual adjust-
ment of control grid bias is accomplished by varying Rg. 
Many tests have been made using only a 100-ohm 
cathode resistor and no dynode current stabilization, 
but for maximum stability during life, better results 
are obtained by a circuit as shown in Fig. 11, where 
some typical resistance values are given. 
In designing the constants of the circuit of Fig. 11, 

one is not completely free in the choice of R1 and R2. 
Since the current to the dynode is negative, the dynode 
dc voltage will always be higher than the source voltage 
when any series resistance is present. The requirements 
on R1 and R2 are determined from a load line on the 
dynode characteristic curve of Fig. 9, established so 
that only one stable operating point exists, i.e., the load 
line cuts the applicable curve at only one point. This 
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requirement with a margin of safety in the described 
tube is RiR2/RI-FR2= 10,000 ohms. 
By using the dynode voltage source to furnish screen 

and anode power to other tubes in a circuit, the power 
lost in the potentiometer can be decreased and over-all 
efficiency improved. Power saving is also possible by a 
complete redesign of the stabilizing circuit to use a non-
linear resistance (such as Thyrite) for R2 in the circuit, 
since such a resistor will be satisfactory at much higher 
resistance values than those needed with a linear re-
sistor. 
The most important factor in the secondary-emission 

amplifier tube is its life performance. The principal 
factors that influence the life are: bombarding current 
density, dynode temperature, and evaporation from the 
oxide cathode. The bombarding current density of 5 to 
10 ma per square centimeter is kept low by spreading 
out the electron beam as much as possible, and dynode 
temperature is kept low by the large dynode area. 
Control of cathode evaporation is an important factor 

in obtaining a long life. The amount of foreign material 
which can change or "poison" a secondary emitting 
surface is small. Johnson" gives an interesting example 
of a secondary emission ratio change of an oxide-cathode 
from 12 to 5 (1,250 volts bombarding energy) in 6 hours 
when exposed to the evaporation of another hot oxide 
cathode while no bombardment takes place. Johnson 
calculates that during this time, material equivalent to 
less than 0.1 monatomic layer of barium is evaporated 
on the cathode acting as the secondary emitting target. 
In an indirectly heated oxide cathode tube, methods 

of evaporation control which depend upon limiting the 
solid angle of evaporation are not convenient, conse-
quently the amount of evaporation from the cathode 
must be reduced. Two methods of decreasing evapora-
tion from an oxide cathode are available: (1) by tem-
perature, and (2) by chemical means. 
The latter method has been principally used but, of 

course, any evaporation rate is quite sensitive to tem-
perature. As is well known, in an oxide cathode, the 
amount of free barium produced by the reduction of the 
BaO coating is dependent upon the composition of the 
cathode core material.".'2 The rate of evaporation of the 
free barium is higher by several orders_of magnitude 
than the evaporation of barium oxide, strontium, or 
calcium oxide. Consequently, the life of the secondary 
emitter surface is a function of the amount of reducing 
material in the cathode core material. 
In order to check the effect of reducing material in 

the cathode core material in the tube of Fig. 7, two lots 
of tubes were made and processed as nearly identically 
as possible. One lot had approximately 0.35 per cent 

ni J. B. Johnson, "Secondary electron emission from targets of 
barium-strontium oxide," Phys. Rev., vol. 73, pp. 1058-1073; 1948. 
n M. Benjamin, "The influence of impurities in the core-metal 

on the thermionic emission from oxide-coated nickel," Phil. Meg., 
vol. 20, pp. 1-24; 1935. 

13  E. M. Wise, "Nickel in the radio industry," PROC. I.R.E, vol. 
25, pp. 714-752; June, 1937. 

reducing material in the core metal and the other had a 
maximum of 0.05 per cent. Both cathodes were sprayed 
with the same triple carbonate spray. After 500 hours 
of life, the secondary emission gain of the tubes with the 
0.35 per cent reducing material had decayed on an 
average of 25 per cent, while the other lot had decayed 
only 6 per cent. 
In any diffusion and evaporation process, tempera-

ture is an important factor. Fig. 12 shows results of 
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Fig. 12 —Life curve illustrating the effect of cathode 
temperature on gain. 

2600 

temperature variation tests. A single curve which is a 
composite of several tubes is used to illustrate the be-
havior. These tests were conducted at a current density 
of 1 ma per square centimeter. The gain is practically 
constant to 2,000 hours, at which time the heater volt-
age of the cathode was increased to 7.5 volts, which 
corresponds to an increase of about 75°C in tempera-
ture. The gain immediately began to fall and continued 
to drop for 200 hours. On returning the heater voltage 
again to 6.3 volts, there is a slight increase and then a 
further decrease, but behavior of individual tubes varied 
considerably in this region. At present a tentative limit 
of ± 10 per cent on cathode heater voltage has been set, 
but it is hoped to extend this range by further work. 

CONCLUSION 

In conclusion, this work has demonstrated the suc-
cessful use of secondary emitting surfaces directly ex-
posed to oxide cathode surfaces which has greatly 
simplified tube construction. Possible constructions for 
both filament and indirectly heated cathode tubes have 
been successfully made and a reasonable life demon-
strated. 
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Propagation of Short Radio Waves Over Desert 
Terrain* 

J. P. DAYt, MEMBER, IRE, AND L. G. TROLESEt, SENIOR MEMBER, IRE 

Summary—Results are given of an experimental investigation of 
the effect of relatively simple topography and meteorology upon the 
propagation of short radio waves over an optical 26.7-mile path and a 
nonoptical 46.3-mile path. Two types of meteorological conditions 
were encountered during the course of the experiments performed in 
the Arizona desert. In the daytime the atmosphere was well mixed 
with the index of refraction distribution nearly standard. At night a 
small scale duct was formed, due to a temperature inversion arising 
from the cooling of the ground by radiation. Measurements of the 
vertical distribution of field strength over a 190-foot interval were 
made under these two meteorological conditions for frequencies of 
. 25, 6.3, 170, 520, 1,000, 4300, 9,375 and 24,000 Mc. The effect of the 
diurnal meteorological cycle on the field strength is discussed for both 
the optical and nonoptical path. Diffraction effects on the short path 
due to small scale irregularities of the terrain are also discussed. 

INTRODUCTION 

A
STHE WAVELENGTH under consideration be- 
comes shorter, two factors add increasing com-
plexity to the problem of the propagation of 

radio waves through the lower troposphere. These two 
factors are the inhomogeneity of the atmosphere and 
the irregularity of the terrain. This paper reports an. 
experimental investigation of the influence of these two 
factors on the propagation of short waves varying in 
frequency from 25 to 24,000 Mc for conditions found 
over desert terrain. 
The experiments described in this paper were per-

formed during the winter season in the Arizona desert 
where the atmosphere is usually dry and clear with little 
cloudiness. Due to nocturnal radiation from the ground, 
a large diurnal change in surface temperature takes 
place. This nighttime cooling of the ground results in a 
temperature inversion in the lower layers of the at-
mosphere, thus forming a small scale radio duct. The 
duct increases in height and intensity as the night 
progresses. A series of index of refraction profiles for a 
24-hour period is shown on the bottom chart of Fig. 2, 
Although the duct is of weak intensity and low height 
the effect on the higher frequencies is pronounced. In. 
the daytime the atmosphere is well mixed and the index 
of refraction distribution is nearly linear with height, 
except for a steep positive gradient very near the sur-
face due to intense heating of the ground. These two 
conditions, nearly standard refraction in the daytime 
and a small scale duct at night, were the only conditions 
encountered during the investigations. 

• Decimal classification: R112. Original manuscript received by 
the Institute, February 14, 1949; revised manuscripts received, June 
22, 1949, and September 26, 1949. Presented, West Coast IRE Con-
vention, Los Angeles, Calif., October 1, 1948. 
t United States Navy Electronics Laboratory, San Diego, Calif. 

The terrain was remarkably uniform with irregulari-
ties which would ordinarily be considered of very small 
scale; however, the effect of these irregularities is found 
to be appreciable at the higher frequencies. 

EXPERIMENTAL SETUP AND PROCEDURE 

Measurements were made over two paths, one 26.7 
miles in length, and the second a longer path of 46.3 
miles. A few measurements were made by means of an 
airplane to altitudes of 8,000 feet. The common trans-
mitting terminal was located near Gila Bend, Ariz., 
the 26.7-mile path receiving station near Sentinel, 
Ariz., and the 46.3-mile receiving terminal near Date-
land, Ariz. The two paths were nearly co-linear, with the 
26.7-mile receiving station displaced 600 feet from the 
long path. The terrain was mostly flat desert covered 
with small brush. Profiles of the two paths are shown in 
Fig. 1. An examination of the profiles shows that the 
deviations of the terrain from a smooth sphere are less 
than 100 feet for both paths. 

PROF LES 
DRA M FOII K•I2 

SnauTE  MILES 

Fig. 1—Profiles of transmission paths. 

Transmitters and receivers were located in elevator 
cabs mounted on 200-foot towers, thus enabling the 
measurement of vertical distribution of field strength. 
On the short path, receivers were within the line of sight 
for most transmitter and receiver elevations, while on 
the longer path, receivers were always well below the 
line of sight. The vertical distributions of field strength 
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(height-gain curves) were recorded simultaneously for 
170, 520, 1,000, 3,300, 9,375, and 24,000 IN lc at the two 
receiver locations. Later a few additional measurements 
were added at 25 and 63 Mc. For 3,300, 9,375, and 
24,000 Mc the transmitters were modulated with one-
microsecond pulses and the received field recorded by 
peak-pulse reading receivers. Continuous wave was used 
for the lower frequencies. Height-gain curves were ob-
tained at frequent intervals during 24-hour operating 
periods. Most of the measurements were made with 
horizontal polarization with occasional checks with ver-
tical polarization. 
Meteorological measurements were made concur-

rently with radio measurements. Dry-bulb temperature 
and dew-point temperature were measured at various 
heights up to 200 feet on each tower, and dry-bulb 
temperature and relative humidity were measured to 
heights of 1,500 feet at three intermediate points along 

the path by means of a captive balloon technique. These 
measurements furnished the necessary data for calcula-
tion of the index of refraction distribution. 

RESULTS OF MEASUREMENTS 

Diurnal Variations in Field Strength 

Measurements were taken during a number of 
twenty-four hour intervals over a period of several 
months. The cyclic variation in meteorological condi-
tions occurs with the same general character night after 
night and, in fact, from year to year. The field-strength 
variations reflect this consistency. Apart from transient 
details it suffices, therefore, to examine representative 
samples for one 24-hour interval. To illustrate the di-
urnal variation, discrete points were taken from the 
height-gain curves and plotted for several fixed ter-
minal heights. This type of plot is shown for the 26.7-

••• 
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mile path in Fig. 2. The terminal heights are given as 
heights of the elevator cab floors above the base of the 
tower. The antennas were located on the face of the cab 
from 2 to 7 feet above the floor. Six frequencies are 
shown, as well as an hourly plot of the index of refrac-
tion distribution. The index of refraction curves are 
averaged curves of equivalent index of refraction (B 
curves) based on the transformation of the earth's 
radius to 4/3 times the actual radius.' This multiplying 
factor K has the value 4/3 for certain average condi-
tions for which the atmosphere's refraction is termed 
standard. During the daytime the index of refraction 
curves show a steep positive gradient in the first few 
feet, and are nearly linear above with a slight positive 

B n-l-ah where n is the actual index of refraction, h is the 
altitude in feet, and a •• 1.18 X10-6 per foot. 

TIME 

for the 46.3-mile path. 

slope. Thus, apart from the first few feet, the at-
mosphere is slightly substandard during the daytime 
and equivalent to K=1.2 rather than 4/3. From the 
profile of Fign which is drawn for K =1.2, it will be seen 
that the 26.7-mile path is optical for the terminal 
heights of 190 feet, Fig. 2(a), and 100 feet, Fig. 2(b), 
but is nonoptical for the terminal heights of 25 feet, 
Fig. 2(c), and 1 foot, Fig. 2(d). An examination of 
Fig. 2 shows that there is a marked difference in the 
diurnal change of field strength for the optical terminal 
heights as contrasted to the nonoptical heights. This is 
especially true for the microwave frequencies. The 
higher terminal heights are in the interference region 
and the fields may decrease or increase as the tempera-
ture inversion forms, depending on how the lobe struc-
ture is distorted for the various frequencies. For the low 
terminal heights the field always increases as the duct 
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forms, and, though variable during the night, is always 
higher at night than during the day. The magnitude 
of the change is always much greater for the non-
optical heights. 
Receivers on the 46.3-mile path are well below the 

line of sight for all terminal heights. Fig. 3 shows the 
character of the diurnal change of field strength for this 
path as well as the index of refraction curves for a 24-
hour period. An examination of the index of refraction 
curves of Fig. 3 shows that the bottom few feet of the 
index of refraction profile swings from a steep positive 
slope during the hot daytime hours to a negative slope 
between 1700 and 1800 somewhat before sunset which 
occurred at 1810. Above the first few feet the curve 
varies linearly with height, and has a slight positive 
slope during the afternoon and early evening. As the 
night progresses from 1800 to 0900 the following morn-
ing, the duct resulting from the low-level negative gra-
dients is constantly rising in height and increasing in 
intensity. During this period the upper portion of the 
meteorological profile is gradually changing from a 
positive slope toward a negative slope. From 0800 to 
0900 in the period after sunrise (at 0725), the ground 
begins to heat and the slope in the bottom few feet 
changes back to positive. Above the first few feet the 
slope is negative for several hundred feet, but gradually 
swings over as the morning progresses to form finally a 
nearly linear curve of slightly positive slope which per-
sists throughout the afternoon. 
The diurnal meteorological cycle is more readily ap-

parent in the top plot of Fig. 4. This shows contours of 
constant index of refraction gradient plotted against 
altitude and time. Positive gradients are shown by 
dotted lines and negative gradients by solid lines. At 
low altitudes the positive gradients die out after 1700 
and negative gradients appear and persist throughout 
the night. The field strength plots of Fig. 4 are plots of 
the maximum values of field recorded in the 190-foot 
vertical receiver excursion for a transmitter cab height 
of 100 feet on the 46.3-mile path. This plot shows that 
the rise and HI of the signals correlate with the onset 
and disappearance of negative gradients at low alti-
tudes. Some of the minor signal variations can be asso-
ciated in time with corresponding variations in the gra-
dient structure, but the correlation is not consistently 
one to one. 
On the 46.3-mile path the diurnal change in field 

strength increases as the frequency increases to 3,300 Mc 
but it is less for 9,375 and 24,000 Mc than for 3,300 Mc.2 

Relative values of field strength were measured with good accu-
racy on all frequencies. Absolute values of field are considered good 
except for 24,000 Mc. The meteorological condition is most nearly 
the same from day to day at a time in the middle of the afternoon. 
On the 26.7-mile path, at terminal heights for maximum field, the 
measured field at this time of day varied less than ±2.5 db from a 
mean value over a two-month period for all frequencies except 
24,000 Mc. On 24,000 Mc the observed variation was +13 db. 
What part of these variations is due to atmospheric effects and what 
part to measurement inaccuracy is not known, but these figures are 
considered upper limits of experimental error. 
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Fig. 4—Diurnal variation in field strength and index of 
refraction gradient. 

This result is unexpected as is also the fact that the 
diurnal change for 3,300 and 9,375 Mc is greater on the 

••• 
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26.7-mile path, with low terminals, than on the longer 
path. (The 24,000-Mc signal was below detection at low 
heights and cannot be included in this comparison.) 
Rocco and Smyth in a papera on the subject of dif-
fracted fields have indicated a possible explanation of 
the above facts. During the daytime, when the at-
mosphere is nearly standard, the received fields on the 
46.3-mile path should agree with values calculated on 
the basis of standard diffraction theory. Agreement was 
found on the lower frequencies, but for low terminal 
heights the measured signals at 3,300 and 9,375 Mc were 
many tens of db too high. Apparently some mechanism 
other than refraction and diffraction must be postulated 
to explain these high daytime fields, and atmospheric 
scattering by turbulent air parcels has been suggested 
as a possible mechanism. Meteorological measurements 
have been made on these turbulent air parcels, but the 
significant connections between the radio and meteoro-
logical observations of this phenomenon are as yet lack-
ing. 
During the night, at times of greatest refraction, the 

fields for 3,300 and 9,375 Mc on the long path rise to 

M. D. Rocco and J. B. Smyth, "Diffraction of high-frequency 
radio waves around the earth," PROC. I.R.E., vol. 37, pp. 1195-1204; 
October, 1949. 

about the same absolute value. In the daytime the ob-
served fields for 9,375 Mc are in general somewhat 
higher than for 3,300 Mc (for low terminals). The cal-
culated diffracted field on the other hand is lower for 
9,375 Mc than for 3,300 Mc. The minimum value of 
field strength in a 24-hour cycle drops to the daytime 
diffracted field value for lower frequencies, but for high 
frequencies the "scattered" field is dominant and pre-
vents the signal from dropping to the diffracted field 
value. The scattering mechanism is apparently more ef-
fective on 9,375 Mc than on 3,300 Mc, and consequently 
the diurnal change on 9,375 is less. Table I illustrates 

TABLE I 

CALCULATED AND OBSERVED FIELD-STRENGTH VALUES 
IN db RELATIVE TO FREE SPACE 

46.3-Mile Path  Transmitter and Receiver Heights  25 Feet 

Frequency 
in Mc 

(1) 
Calculated 
Diffraction 
Field 

(2) 
Observed 
Daytime 
Field 

(3) 
Maximum 
Observed 
Nighttime 
Field 

3,300 — 94 
9,375  —127 

—70 —25 
—60 —27 
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this point with representative values of field strength 
for transmitter and receiver heights of 25 feet. 
The fact that the observed diurnal change is higher 

on the 26.7-mile path with low terminals than on the 
46.3-mile path implies that the scattered field com-
ponent is much weaker than the diffracted field on the 
short path. 

VERTICAL DISTRIBUTION OF FIELD STRENGTH 

26.7-Mile Patti 

The vertical distribution of field strength is shown as 
height-gain curves for one 24-hour period on the 26.7-
mile path by Figs. 5 and 6, which are for transmitter 
cab heights of 190 and 1 foot, respectively. Height-gain 
curves for six frequencies were recorded simultaneously. 
During the daytime the shape of the height-gain 

curves is in general repetitive for all frequencies, al-
though for the low transmitter height the higher fre-
quency curves show minor variations. With the trans-
mitter cab at 190 feet (Fig. 5), the first interference 
maximum for the three lower frequencies occurs at re-
ceiver heights considerably above the 190-foot tower 
height. At 3,300 Mc the received daytime height-gain 
curve shows the first interference maximum at about 
110 feet and the first minimum just below 190 feet. For 

9,375 Mc two intcrference maxima and one minimum 
are noted. The 24,000-Mc daytime height-gain curve 
shows but slight evidence of an interference pattern. It 
will be noted that other small scale maxima and minima 
are present at all frequencies. For example, the 1,000-
Mc curve has maxima at 30 feet p 60 feet, 85 feet, and 
minima at 45 feet, 75 feet, and 100 feet. These varia-
tions are characteristic of a knife-edge diffraction pat-
tern and will be discussed in detail later in a section on 
diffraction and interference effects. 

Just before sunset the shape of the height-gain curves 
for the three higher frequencies begins to be modified. 
For a transmitter cab height of 190 feet a gradual de-
pression of the lobe structure takes place on 3,300 and 
9,375 Mc, but early in the evening any semblance of a 
lobe structure disappears and the shape of the curves 
is then quite variable throughout the night. At times 
the field is almost constant with height. In other cases 
a deep minima may be present on one curve and absent 
on the next. Some time after sunrise the curves for 3,300 
and 9,375 Mc again show the daytime interference lobe 
structure with lobes tending to rise as the morning 
progresses. 

By contrast with the higher frequencies, the height-
gain curves for 170, 520, and 1,000 Mc are only slightly 
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I modified by the presence of the nighttime duct. The 
lower portions of the curves gradually shift toward 
' higher field strength as the night progresses, while the 
upper portions are but little affected. 

46.3- Mile Path 

The height-gain curves for a 24-hour period on the 
46.3-mile path are presented in Figs. 7 and 8. On this 
longer path the shape of the daytime height-gain curves 
is more variable than on the short path, although the 
general shape is repetitive even on the higher frequen-
cies. The curves for the lower frequencies are altered 
somewhat more during the night on the long path than 
on the short path. The curves for 3,300 and 9,375 Mc, 
on the other hand, change less throughout most of the 
night on the long path than on the short one. 
Receivers on the 46.3-mile path are well below the 

line of sight and the height-gain curves should show the 
field increasing monotonically with height, especially 
in the daytime when the atmosphere is nearly standard. 
However, from Fig. 7 it is apparent that the curves for 
3,300, 9,375, and 24,000 Mc show pronounced minima 
both in the daytime and nighttime. On 3,300 Mc a min-

imum occurs at a height which is about 130 feet in the 
daytime, and then drops to about 120 feet and persists 
for a good part of the night. The height of this mini-
mum seems to be insensitive to transmitter height. This 
suggests that the minimum is due to some type of dif-
fraction process near the receiver location, but the spe-
cific nature of the process is not known. 
At low transmitter height, Fig. 8, it will be noted that 

the height-gain curves for 3,300 and 9,375 Mc show 
rapid scintillations of field in the daytime. These are 
variations with time, not with height, and appear when 
receivers are fixed in height or moving. At the low 
transmitter height, the average field is at times prac-
tically constant with height. It is the presence of th e 
scintillating fields, which are much higher than pre-
dicted by standard diffraction theory, which suggests 
a scattering process in the atmosphere. 

DIFFRACTION AND INTERFERENCE EFFECTS 

In this section the effect on the lobe structure of the 
small terrain irregularities of the short path will be 
considered. An examination of the profile of the 26.7-
mile path shows irregularities in the terrain which, 
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though small, might produce diffraction effects some-
what like knife-edge diffraction.' 6 The field-strength 
profiles of Fig. 5 show variations with height which 
have the appearance of a knife-edge diffraction pattern. 
These variations are persistently present, day and night, 
and for all transmitter heights. An examination of the 
heights at which minima and maxima occur seems to 
confirm that the behavior is like knife-edge diffraction. 
In Fig. 9 the experimental data are shown in the 

form of a plot of wavelength versus the square of the 
heights at which the maxima and minima occur. For 
fixed wavelength the height of successive maxima and 
minima can be shown as a function of the index integer 
(n =1 for first maximum, n=2 for first minimum, etc.). 
Fig. 10 shows this type of plot for 3,300 Mc where many 
maxima and minima are noted. Both of these plots6 

4 J. C. Shelleng, C. R. Burrows, and E. B. Ferrell, "Ultra-short-
wave propagation," PROC. I.R.E., vol. 21, pp. 427-463; March, 1933. 

6 Summary Technical Report of the Committee on Propagation, 
N.D.R.C., vol. 1, chap. 14; vol. 3, chap. 8, 1946. 

6 In both Fig. 9 and Fig. 10 a better fit was obtained by adding a 
constant factor of 12 feet to the cab height. Since the base of the 
tower is a few feet above the general level of surrounding terrain, and 
antennas are a few feet above the cab floor, this seems like a reason-
able correction to the arbitrarily chosen height scale. 
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2400 

show that the data conform with Fresnel-Kirchoff dif-
fraction theory for a knife edge. 

The location of the apparent knife edge was calcu-
lated from the diffraction pattern at the different fre-



1950 
Day and Trokse: Wave Propagation Over Desert Terrain 173 

qnencies. Values ranging from 0.4 to 0.7 mile from the 
receiver tower were obtained. An examination of the 
profile shows a rolling ledge at 0.5 mile from the re-
ceiver tower (26.2 miles from the transmitter tower) 
rather than the expected sharp ridge. Measurements 
taken later with a 3,300-Mc transmitter located in a 
truck at several distances confirmed that the ledge was 
responsible for the diffraction pattern. Fig. 11 shows 
successive height-gain curves taken at 0.32, 0.68, 2.0, 
and 6.9 miles from the receiver tower. Curve A at 0.32 
mile shows the typcal interference pattern with equi-
spaced lobes due to a direct and ground-reflected ray. 
In contrast, curves B, C, and D taken with the trans-
mitter located beyond the ledge show striking diffrac-
tion patterns with the heights of successive maxima 
and minima varying as the square root of the index 

,integer. 
As mentioned before, this diffraction effect was per-

sistently present and generally did not vary with time 
of day. Occasionally, however, a striking intensification 
of the diffraction pattern was noted during the night. 
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One example can be seen on Figs. 5 and 6 for the 3,300 
and 9,375-Mc frequencies at times between 0330 and 
0530. On Fig. 10 the heights of successive maxima and 
minima versus the index integer are shown as crosses for 
daytime data, dots for nighttime values. The only 
difference between the night and day data is a slight 
shift in the heights. The variations seem unquestion-
ably to be due to the same diffraction effect, but with 
tremendous increase in the amplitude of the variations 
(up to 23 db). The cause of this effect is not understood. 
The daytime height-gain curves for 24,000 Mc with 

transmitter cabs at 190 feet have a shape suggestive of a 
second knife-edge diffraction pattern with the knife 
edge located at greater distance from the receiver tower 
than the ledge at 0.5 mile. The profile shows two sharp 
ridges at 6.8 and 8.3 miles from the receiver tower 
(19.9 and 18.4 miles from the transmitter). To the east 
of these ridges (left on profile plot) the terrain is nearly 
a plane for about 12 miles between points A and B. 
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An extension of this plane intersects the transmitter 
tower at 97 feet and the receiver tower 48 feet below its 
base. Height-gain curves were calculated for trans-
mitter heights of 190 feet assuming a direct ray and a 
reflected ray each ray being perturbed in amplitude and 
phase by a single knife edge located at 19.9 miles from 
the transmitter. If a reflection coefficient of unity is 
assumed at the ground the calculated curves depicted 
in Fig. 12 are obtained for the three microwave frequen-
cies. The agreement with the measured curve is fair for 
3,300 Mc. For 9,315 and 24,000 Mc the interference min-
ima are much too deep as compared to measured values. 
It is interesting to note, however, that the minima on 
9,375 and 24,000 Mc are filled in to some extent, even 
though a reflection coefficient of unity was used in the 
calculations. Thus if the height-gain curve was assumed 
to result from two rays unperturbed by knife-edge dif-
fraction, the apparent reflection coefficient estimated 
from the height-gain curve would be less than the actual 
reflection coefficient. For example, the calculated curve 
for 24,000 Mc would indicate an apparent reflection co-
efficient increasing with receiver height, even though 
unity reflection coefficient was used in the calculations. 
If diffraction is not taken into account and the observed 
height-gain is assumed to be made up of a direct and 
ground reflecting ray, the observed variation of the 
depth of minimum with height might be interpreted as 
a variation of the reflection coefficient.? 
A reflecting surface may be considered flat if surface 

irregularities do not cause path differences exceeding a 
small fraction of a wavelength. Thus specular reflection 
may be expected if 

H cos 0 
 <<1 
X (1) 

where H is the height of surface irregularities, X the 
wavelength, and 0 the angle of incidence. The measure-
ments of Ford and Oliver' indicate that when the 
above fraction is about  a reflection coefficient of 0.5 
results, and that when the fraction is a reflection co-
efficient greater than 0.1 is improbable. On this basis 
reflection coefficients of 0.6 for 9,375 Mc and 0.2 for 
24,000 Mc appear to be plausible values if irregularities 
of 10 feet are assumed in the reflecting plane. Between 
points A and B on the profile, where reflection takes 
place, the terrain is plane within +10 feet. Using these 
values of reflection coefficient, the curves shown in Fig. 
13 were calculated which are in fair agreement with 
measured curves. 

For the lower frequencies, even the irregularity at 19.9 
miles which was considered as a knife edge for the higher 
frequencies satisfies inequality (1). In this case calcula-
tions based on a smooth earth which best fits the profile, 

7 E. W. Hamlin and \V. E. Gordon, "Comparison of calculated 
and measured phase difference at 3.2 centimeters wavelength," 
PROC. I.R.E., vol. 36, p. 1218; October, 1948. 

L. H. Ford and R. Oliver, "An experimental investigation of 
the reflection and absorption of radiation of 9-cm. wavelength," Proc. 
Phys. Soc. (London), vol. 58, pp. 265-280; May, 1946. 
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and a high value of reflection coefficient would seem 
reasonable. This is borne out by Fig. 14, which shows 
height-gain curves taken by means of an airplane. Field 
strength was recorded as the plane descended from an 
altitude of 7,700 feet to 600 feet. Although the angle 
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ot incidence is much smaller for this airplane data as 
compared to the tower data on the 26.7-mile path, the 
height-gain curves for 170 and 520 Mc are very smooth 
with high apparent reflection coefficient, indicating in-
'sensitivity to irregularities of the ground. At 1,000 Mc 
the height-gain curve appears to be affected somewhat 
by pound irregularity, and at 3,300 Mc the curve is 
quite irregular with the apparent reflection coefficient 
varying from 0.12 to 0.92, depending upon the degree 
of roughness of ground at the point where reflection 
:takes place. 
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Fig. 15 —A comparison of calculated and measured height-gain curves 
for a 26.7-mile path, with transmitter cab at 190 feet. The cal-
culation was made on a basis of plane earth and unity reflection 
coefficient. 

I Calculated and measured height-gain curves for the 
three lower frequencies are shown in Fig. 15 for the 26.7-
mile path. For these calculations a plane earth was 
assumed, since deviations from a plane along the path 
still satisfy the inequality (1) for 170 and 520 Mc at the 
angles of incidence involved. The agreement for these 
two frequencies, apart from the effects of the knife edge 
at 0.5 mile from the receivers, is fairly good. For 1,000 
Mc the agreement is not as good; the shape of the curve 
is about right, but the absolute value is displaced. This 
may be due partly to possible inaccuracy of the measure-
ment of absolute value. However, it is apparent that for 
this frequency the irregularities of terrain on this path 
may begin to have an effect. 
• For transmitter heights less than 190 feet other ir-
1 regularities in the terrain would probably have to be 
considered. No attempt was made to calculate height-
. gain curves for transmitter heights other than 190 feet. 

CONCLUSIONS 

Some of the main features brought out by these ex-
periments may be summarized as follows: 
In the Arizona Desert during the winter season, which 

is characterized by clear skies and low moisture con-

tent in the atmosphere, nocturnal radiation from the 
ground can produce a duct which has a marked effect 
on the propagation of short radio waves. The scale of 
the meteorological phenomena is such that the diurnal 
change of radio fields varies from a negligible value on 
63 Mc to about fifty decibels at microwave frequencies 
on paths of 26.7 and 46.3 miles. Thus this type •of me-
teorological situation primarily affects microwave fre-
quencies in contrast to larger scale meteorological con-
ditions found in other areas, particularly coastal areas 
which have a pronounced influence on the propagation 

of frequencies as low as 50 Mc. 
On the 26.7-mile path the diurnal variation of signals 

is markedly different for high terminals, within the line 
of sight, than for low terminals below the line of sight. 
For high terminals the fields vary less, and at the higher 
frequencies may decrease rather than rise at night. For 
low terminals the signals rise sharply at night for all 
frequencies, and display a much greater diurnal change. 
For the 46.3-mile path the maximum diurnal change 

occurs for 3,300 Mc with less change at 9,375 and 24,000 
Mc. This unexpeeted result arises because, in the day-
time when conditions are nearly standard, the fields for 
9,375 and 24,000 Mc do not drop to values which would 
be expected on the basis of diffraction around a suitably 
enlarged earth. It seems plausible that some mechanism 
other than diffraction, such as scattering from inhomo-
genous air parcels, plays a role at these higher frequen-
cies for long paths. Such inhomogeneities apparently 
do not influence the field strength on the short optical 

path. 
A distinct correspondence is noted between the for-

mation and breaking up of the temperature inversion 
and the diurnal variation of field strengths. However, a 
detailed one to one correlation is not apparent. 
For the 170, 520 and 1,000 Mc frequencies the effect 

of the duct on the shape of the height-gain curves is not 
pronounced. The major effect is a shift in absolute value. 
In contrast, the microwave height-gain curves are radi-
cally modified in shape during the night. 
Although the terrain in this particular location is ex-

ceptionally smooth and regular, rather striking effects 
due to small irregularrities were noted. In one case on 
the 26.7-mile path a small ledge, very unlike a knife edge 
in appearance, is shown to produce a diffraction pattern 
which conforms fairly well to simple knife-edge theory. 
Occasionally at night an extreme intensification of this 
diffraction pattern occurred. No explanation has been 
found for this apparent change of magnitude of a dif-
fraction effect by the presence of a refractive atmos-
phere. 
On the optical 26.7-mile path the irregularities of the 

terrain appreciably perturb the microwave fields, 
whereas the lower frequencies are fairly insensitive to 
the small irregularities found on this path. 
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Spurious Modes in Coaxial Transmission Line Filters* 
DOUGLAS E. Al( )1 )Et, SENIOR MEMBER, IRE 

Summary—Coaxial transmission line filters in which the shunt 
reactive elements are conducting rods inserted between the inner and 
outer conductors of the series coaxial transmission line may be ana-
lyzed by the use of well-known transmission line equations if only the 
TE M mode propagates. When other "spurious" modes are im-
portant, the problem is not so simple. Some equations are presented 
for the cutoff frequencies of such spurious modes, and supporting ex-
perimental data is included. 

I. INTRODUCTION 

COA XIAL TRANS MISSION line filters for use at 

very high frequencies have been described'-' and 

their elementary theory developed. It has been 

shown' that for very high cutoff frequencies the filter 

shunt transmission lines become extremely short. If 

these shunt transmission lines are omitted, the elemen-

tary low-pass and band-pass filter prototypes become 

those shown in Figs. 1 and 2, respectively. Although the 

shunt elements indicated are single rods, it is often of 

advantage to use several rods which may be grouped in 

various ways around the circumference of the filter 

body. 

Fig. 1—Low-pass filter prototype with shunt transmission lines 
omitted. (Midseries section). 

Fig. 2—Band-pass filter prototype with shunt transmission lines 
omitted. (Midseries section). 

* Decimal classification: RI43.2 X R386. Original manuscript re-
ceived by the Institute, January 10, 1949; revised manuscript re-
ceived, August 17, 1949. This work was done under contract number 
W28-099-ac-128 between the Watson Laboratories, AMC, and 
Lehigh University. 

Lehigh University, Bethlehem, Pa. 
D. E. Mode, "Low-pass filters using coaxial transmission lines 

as elements," PROC. I .R.E., vol. 36, pp. 1376-1383; November, 1948. 
2 Ramo and Whinnery, "Fields and Waves in Modern Radio," 

John Wiley and Sons, Inc., New York, N. Y., chaps. 8 and 9; 1944. 
3 Radio Research Laboratory Staff, "Very High-Frequency Tech-

niques," McGraw-Hill Book Company, Inc., New York, N. Y., 
chaps. 26, 27, and 32; 1947. 

I I. BAND-PASS COAXIAL TRANSMISSION 
LINE FILTERS 

The simple band-pass filter of Fig. 2 has an electrical 

equivalent circuit shown in Fig. 3, where the series 

transmission line has been replaced by its exact equiva-

lent "pi" and the shunt rod by a transmission line rep-

resentation. If more than one shunt rod is used per sec-

Fig. 3—Equivalent circuit of the band-pass filter prototype 
shown in Fig. 2. (Midshunt section). 

tion, Fig. 3 is still applicable if the shunt rod group is 

translated into an equivalent single transmission line. 

The reactive elements are defined as follows: 

ZA = jZk sin 241f/fk (1) 
ZB = — jZk cot Of/fk  (2) 

Z, = jZoi tan Oif ilk  (3) 

where Zk and Zoi are the characteristic impedances of 

the series and equivalent shunt transmission lines re-

spectively, 01 is the electrical length of a shunt rod at 

the frequency f, 20 is the electrical length of the series 

line at the frequency f, and 1k is an arbitrary reference 
frequency. 

The lower cutoff frequency of the band-pass filter oc-

curs when the ratio Z1/4Z2 (Z1 and Z2 are the total series 
and shunt impedances of a filter section, respectively) 

assumes its lowest frequency zero. Making the substitu-
tion, 

Zol = Zk/d  (4) 

the lower cutoff frequency is given by the smallest value 
off satisfying the equation 

d cot Oif ilk = tan Ofilk.  (5) 

The characteristic impedance Zol is calculated by an em-

pirical formula given previously' for low-pass filters. 
This is, 

Zoi = 138 log  2. io — 
dI 

(6) 
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',There d1 is the diameter of a shunt rod. For complete-
tess, three image impedance curves are shown in Fig. 4 
vhich are typical of the band-pass structure of Fig. 2. 

/0  20 30  1.0 

NorreeAreel ffreree4c1 

Fig. 4-Band-pass filter image impedance characteristics. 
=15°, Oi =26°, atfifk=1.0. 

III. EXPERIMENTAL RESULTS 

Twelve filter models were built and tested; these had 
n common the parameters ct, = 15°, 61= 26°, and fk = 1,155 
klc. The filter image impedance was chosen to match a 
52-ohm line at a value of M k =2.6, giving the dimen-
;ions D5=2.74 inches, dk =1.26 inches, and 20=0.854 
nch. Six filters had shunt rods of I inch diameter and 
:he other six shunt rods of  inch diameter. Each of 
-hese filter groups involved the following: 

A. A single shunt rod per section. 
B. A single shunt rod per section, alternate rods 
transposed. 

C. Two shunt rods per section, spaced 180°. 
D. Two shunt rods per section, spaced 90°. 
E. Two shunt rods per section, spaced 180°, trans-
posed. 

F. Four shunt rods per section, symmetrically 
spaced. 

A photograph of a filter having four 1-inch rods per sec-
) don is shown in Fig. 5. 

Fig. 5 -Disassembled view of a band-pass filter having four 
shunt rods per midseries section. 

to 
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An accurate way of computing either 20 or d is not as 
yet evident. Experiments indicate that 20 may be taken 
as the distance between the centers of shunt rods for a 
filter of type A, but should be measured between rod 
surfaces when the filter is type F. Also, the parameter d 
which is a measure of the shunt rod group impedance is 
not easily defined when a number of rods are used in a 
section. Although two rods spaced 180° apart may be 
assumed to have one-half the impedance of a single rod, 
the situation becomes more complicated due to mutual 
effects when either more rods are used or their spacing 

decreased. 
The results of the tests on the twelve filter models are 

summarized in Table I. In describing the filter type, the 
first number indicates the number of shunt rods used 

TABLE I 
Experimental and Calculated Lower Cutoff 
Frequencies of 12 Band-pass Filters 

Filter 
Type 

TE M Cutoff Frequencies 
in Mc 

Experimental  Calculated 

Calculated 
TEI, Cutoff 
Frequency 
in Mc 

1 
1-T 
2-180° 
2-90° 
2-T-180° 
4-90° 

1 
1-T 
2-180° 
2-90° 
2-T-180° 
4-90° 

Filters With 1' Shunt Rods 
820  1,425 

1,300 1 425 
1,800  1,875 
1,280  1,875 
1,940  1,875 
2,900  2,950 

Filters With r Shunt Rods 
920 2,000 

1,780 2,000 
2,000  2,500 
1,400  2,500 
2,600  2,500 
4,000  3,530 

950 
1,950 
1,950 
1,285 
4,075 
4,075 

990 
2,130 
2,130 
1,360 
4,920 
4,920 

per section, the letter T indicates transposition, and the 
final number specifies, in degrees, the separation be-
tween shunt rods in a given rod group. The second and 
third columns represent the experimental and theoreti-
cal lower TE M cutoff frequencies, respectively, and the 
fourth column lists the cutoff frequency of a spurious 

mode to be discussed in the next section. 

IV. SPURIOUS MODE TRANSMISSION PAST SHUNT RODS 
IN COAXIAL TRANSMISSION LINES 

Table I shows a poor agreement between the ob-
served and calculated lower TE M cutoff frequencies in 
several cases. That this is due to spurious or higher or-
der mode transmission is now to be shown. 
Besides the principal or TE M wave there are also TM 

waves which may propagate in a coaxial transmission 
line; what is most important is that certain of these 
waves may travel past a shunt rod without attenuation 
due to the rod. The lowest order TM mode requires 
that there be room for about a half wavelength of field 
variation between the inner and outer conductors of the 
coaxial transmission line. This leads to 

3 X 1010 
IC = n 

L'h dk 
(7) 
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where f„ is the lowest cutoff frequency (approximate) of 
the TM wave system and the dimensions are in centi-
meters. For the filters considered, (7) gives a TM cutoff 
frequency near 8,000 Mc and so a TM mode cannot be 
responsible for the anomalies turned up in Table I be-
cause they occur at much lower frequencies. 
Certain TE modes are also able to propagate unatten-

uated past shunt rods. An approximate way of calculat-
ing the TE cutoff frequencies is to convert the coaxial 
transmission line into an equivalent rectangular wave-
guide by thinking of it as being rolled out flat so that the 
inner and outer conductors form the top and bottom sur-
faces of the hypothetical rectangular waveguide and the 
adjacent shunt rod surfaces become the sides. The width 
of the equivalent guide is the average distance between 
adjacent shunt rod surfaces. The TE cutoff frequencies 
may then be had from the well-known rectangular wave-
guide theory. A filter having but one shunt rod per sec-
tion is shown in cross section in Fig. 6, in which the 

Fig. 6—Cross section of a filter haying one shunt rod per section. 
The electric field is roughly indicated by the dashed lines. 

electric field of the lowest order TE mode is shown by 
the dotted lines. This mode of transmission is termed a 
TEio mode because there is but one cyclic variation in 
the electric field in the circumferential direction (be-
tween adjacent shunt rod surfaces) and none in the 
radial direction. The approximate cutoff frequency for 
this mode is, 

3 X 10" 
=   (8) 
r(Dk  dk) — 2d1 

with the dimensions in centimeters. Figs. 7 and 8 give 
rough cross-sectional views of filters having double 
shunt rods spaced 180° and 90°, respectively. Approxi-
mate equations for the TEio cutoff frequencies are, 

3 x 101. 
=  (9) 
— (Dk  dk) — 2d, 
2 

Fig. 7—Cross section of a filter hay ng two shunt rods per section 
spaced 180°. The electric field is roughly indicated by the dash& 
lines. 

=   
3r 

3 X 1010 

— (Dk dk) — 2d1 
4 

(10: 

for the filters of Figs. 7 and 8, respectively, and if fout 
shunt rods are used, there results, 

1, = 

— (th  dk) — 2d1 
4 

3 X 10" 
(11)1_ 

The effect of transposing shunt rods is interesting. 
Consider, for instance, a filter using but one shunt rod 
per section and having these rods transposed. The 
transmission mode indicated in Fig. 6 could then propa-
gate undisturbed only if the field could somehow twist 
through 180° in the small space between shunt rods. As 

Fig. 8—Cross section of a filter haying two shunt rods per section, 
spaced 90°. The electric field is roughly indicated by the dashed 
lines. 
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no reasonable mechanism exists which may account for 
such twisting, it might be expected that spurious mode 
transmission, if any, would have to be of the type 
shown in Fig. 7 for this field is able to propagate past the 
transposed rods without resort to rotation. Equation 
(9) should therefore be applicable to the case of single 
shunt transposed rods. Extensions of this idea should 
not be difficult for other combinations of transposed 
shunt rods. 
The equations given above were employed to calcu-

late the first order TE mode cutoff frequencies in the 
various filters reported, and the results are shown in the 
fourth column of Table I. It may be seen that in most 
cases where the agreement between experimental and 
theoretical TEM cutoff frequencies was poor, the inclu-
sion of the possibility of spurious mode transmission 
.explains the discrepancy. From the standpoint of design, 
the above indicates that if spurious mode transmission 
is to be eliminated in the useful portion of the attenua-
tion band of a coaxial transmission line filter, a sufficient 
number of shunt rods must be used per section or else a 
transposition scheme employed so that spurious trans-
mission occurs only at frequencies which are out of the 
working attenuation band of the filter. 
Another spurious mode which is troublesome occurs 

when the circumference of either the inner or outer con-
ductor of the coaxial line is equal to a multiple of a 
wavelength and a circumferential resonance may occur. 
This is not a new phenomenon, having been previously 
described by the Harvard research group.* Although cir-
cumferential resonances are not transmission modes, 
they are able to extract sufficient energy from the trans-
mitted mode to introduce a "hole" in the pass band of a 
filter. For instance, in the filter models described, at-
tenuation peaks of as much as 40 db were found in the 
neighborhood of 2,950 Mc. These were due to circumfer-
ential resonances on the inner conductor of the coaxial 
line (the circumference is 10.07 cm, corresponding to a 
full wave resonance frequency of 2,980 Mc). Slots cut 
axially into this conductor and filled with pencil lead 
(an absorbing material) substantially eliminated the 
attenuation peaks. In other filter designs not reported 
here resonances have been observed on the inside surface 
of the outer coaxial line conductor. 

V. A MORE EXACT METHOD FOR CALCULATING THE TE 
MODE CUTOFF FREQUENCIES IN COAXIAL 
TRANSMISSION LINES HAVING SHUNT 

OBSTACLES 

The equations for the electromagnetic field of a TE 
wave in cylindrical co-ordinates are well known. For the 
problem at hand it is only necessary that certain bound-
ary conditions be satisfied. At the surface of a shunt rod 
the radial component of the electric field must be zero, 
and at the surface of either the inner or outer conductor 
of the series transmission line, the electric field in the 4, 
direction must be zero. The equations for these field 
components are,2 

E, = g(f, r)[.1J„(k,r)  B7:„(ker)] 

• [—nC sin n4)  nD cos n41)] (12) 

= h(f, r)[A.1„'(1e,r)  14.:„(ker)] 

• [C cos n4p  D sin n.dd (13) 

in which J„ and N„ are bessel functions of the first and 
second kinds. The choice of the .1_„ or N„ function de-
pends upon whether n is or is not fractional. The bound-
ary conditions for Er may then be satisfied if D is set 
equal to zero, the origin of (I) chosen at the surface of a 
shunt rod, and the sine function made to vanish when 
0=0, where  is the angle between adjacent shunt rod 
surfaces. Because 1/./ is a function of the radius at which 
it is measured, the analysis is approximated by comput-
ing it at the mean radius. If fan-shaped shunt rods are 
used (true conical sections) this approximation becomes 
exact. The above gives, 

Mr 
= -  • (14) 

If n is not an integer, which is usual, the lowest order 
TE mode has for its circumferential component, 

E4, = h(f, r)rir„10(k,r)  BJ',10(k,r)1C cos 1-rP, (15) 

which must vanish at the surfaces of the series transmis-
sion line conductors. Hence, 

.1J',10(k,a) ±  _„10(11,a) = 0 

.1.1'„14,(k,b)  = 0, 

where a and b are the radii of the inner and outer con-
ductors of the series transmission line, respectively. The 
cutoff frequency in terms of le, is,2 

3 X 10" X kc 
IC = 

27r 

(16) 

(17) 

if the dimensions are in centimeters. The value of k, is 
obtained by simultaneous solution of equations (16), the 
smallest value corresponding to the lowest order mode. 
As equations (16) are transcendental, a graphical solu-
tion must be resorted to, a better form for this purpose 
being, 

J',Ii(k,a)  J'„10(k,b) 
• (18) 

J'_„/0(kca)  J'_,/4,(keb) 

The process of finding a solution of (18) requires the 
computation of fractional order bessel function deriva-
tives. The following relations are useful in this respect: 

and, 

J„'(x) = 1V,,_7(x) - (19) 

x" 1 /x\"2 
J„(x) = — 

n! 2 1!(n   

1  4 

+ 2!(n  2)!(2) - etc., (20) 
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in which n is unrestricted and the factorials are had by 
reference to their definition in terms of the gamma func-
tion. 
As an illustration, suppose that the cutoff frequency 

of the lowest TE mode in the filter having f-inch rods in 
90° section be calculated. The mean value of 1,1/ is 1.387r. 
Either side of equation (18) then becomes, 

fo.726(x) = J _0.276(x) 1 1.725(x) 

-o.726(x) .1 -1.725(x) — -10.275(x) 
(21) 

and a plot of this is shown in Fig. 9. The work is finished 
when the first two equal values of the function are found 
which are separated in x by the factor b/a. The dotted 
line in Fig. 9 defines two such values separated by the 
factor b/a =2.17. As x is equal to about 0.47 at the first 
intersection, substitution into equation (17) gives 1,404 
Mc for the cutoff frequency. This may be compared 
with the approximate theoretical value of 1,360 Mc and 
the experimental value of 1,400 Mc. 

a 

-a2 

February l 

/9,67,,ment x  Besse/ A etApos 
nc  to  1.0 

r 

_   _ /1 

a'Ae x r 04 ,7 

Ri o 
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2.17 

Fig. 9—Plot of equation (21) versus x. The dashed line defines 
values of x separated by the radius ratio b/a. 

The Analysis of Broad-Band Microwave Ladder 
Networks* 

M. C. PEASEt, MEMBER, IRE 

Summary—By expressing the transmission matrix in terms of the 
Pauli spin matrices it has been found possible to write formulas for 
symmetrical ladder networks that are practical for analysis, even in 
the presence of gross line effect or parameter variation. These for-
mulas are particularly useful for broad-band microwave filters. 
General formulas are given for the combination of 2, 3, 4, and 5 

elements. Detailed formulas are also given for elements that may be 
described as parallel resonant structures in shunt at the center of a 
length of line or waveguide. 
An example is given illustrating the "line effect" in a low- Q struc-

ture that otherwise would show a "Butterworth" or "semi-infinite 
slope" characteristic. 

INTRODUCTION 

/T IS THE purpose of this paper to present formulas for the analysis of ladder networks that appear to 
have considerable advantages when applied to 

broad-band microwave structures. 
In general the analysis of wide-band microwave filters 

is greatly complicated by the existence of line effects. 
While normal methods1.2 are theoretically applicable, 

• Decimal classification: R143. Original manuscript received by 
the Institute, April 14, 1949; revised manuscript received, August 25, 
1949. 

Sylvania Electric Products Inc., Boston, Mass. 
E. A. Guillemin, "Communication Networks," vol. II, John 

Wiley & Sons, Inc., New York, N. Y., 1947. 
2 P. 1. Richards, "Applications of matrix algebra to filter theory," 

PROC. 1.R.E., vol. 34, pp. 145 P-151 13; March, 1946. 

the matrices and equations become hopelessly involved 
as the number of elements increases. 
We shall give general formulas for symmetrical 2-, 3-, 

4-, and 5-element structures which are practical, even in 
the presence of gross line effects or significant variation 
of the other parameters. It would not be difficult to ex-
tend these further, if desired. NVe shall give explicit 
formulas for quarter-wave coupled filters including the 
line parameter. Finally, we shall give an example of a 
5-element filter with approximately a 13 per cent band-
width. The derivation of the formulas is outlined in the 
Appendix. 

THEORY 

We are concerned with filters constructed symmetri-
cally by the series connection of known elements. Each 
element may be described by its transmission matrix," 
relating its input voltage and current to its output. We 
shall write the matrix 

((a)) = 
A j 

jC D 

The matrix of successive elements, connected in 
series, is obtained by multiplying' the component 
matrices. 

(1) 
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'As discussed in the Appendix, we define four coeffi-

:ients for (1) by 

ao = i(A + D)  az = B + C) 

al = -1(B + C)  a3 = 1(A — D). 
(2) 

If the structure represented by ((a)) is lossless, these 
oefficients are all real. If the network is symmetric, a3 
vanishes at all frequencies. 
If the network is normalized and matched, the voltage 

,transmission function T= (voltage out)/(voltage in) is 
given by 

1 2 
(3) 

for the symmetric case. 
T is related to the VSWR (voltage standing-wave 

'ratio), a, by 

1 12_  1 + (a -- 1)2 

T  4 a. 
(4) 

It is therefore necessary to calculate only a2 for a 
symmetric network to obtain its significant behavior. 
The essential formulas for the combination of these 

coefficients are given below. Double parentheses indicate 
matrices, while single parenthesis refers to the coefficient 
indicated by the subscript, a, b, c indicate successive 
elements in the network which are assumed to be in-
dividually symmetric (i.e., identically tuned). 

Two Elements: 

Three Elements: 

where 

((a — a)) = ((a))• ((a)) 

(a — a)o = 2a02 — 1 

(a — a), = 2a0a, 

(a — a)2= 2a0a2 

(a — a)3 = 0. 

((b — a — b)) = ((b)) • ((a)) • ((b)) 

(b — a — b)o = — ao+ 2bogoo 

(b — a — b), = al+ 21),gob 

(b — a — b)2= az + 2b2gob 

(b — a — b)3 = 0 

(5) 

(6) 

gob = aobo — alb, + (42.  (7) 

Four Elements: 

((b — a — a — b)) = ((b))• ((a — a))• ((b)) 

and the significant coefficient is 

(b — a — a — b)2= 2a0a2 + 2b2goa-b  (8) 

where 

gaa— = b0  2a0ga to.  (9) 

Five Elements: 

((c —b —a —b —c)) =((c))• ((b —a —b))•((c)) 

(c — b — a — b — = az + 21,2goo + 2c2goo_, (10) 

where 

gab—. = g.  2gabgb. — 2a0co.  (11) 

THE MICROWAVE FILTER 

We shall apply these formulas to symmetrical filters 
of the type described by Fano and Lawson.3 We shall 
assume that we may represent the structure as simple 
shunt elements identically tuned and spaced uniformly 
along a transmission line or waveguide. The method 
could easily be adapted to other structures, such as 
series elements, or mixed, or to varying line lengths. 
If the doubly loaded 124 of the ((a)) element is denoted 

by "a," etc., and we include lengths of line 0/2 electrical 
degrees on each side in our element, then, as may be 
found by normal methods,L2 

(a)0 = cos 0 — ax sin 0 = 

(a) 1= sin 0 + ax cos 0  (12) 

(a)2 = ax 

where 

x = (f/f0 — fo/f)  (13) 

and fo is the resonant frequency. More generally, the 
shunt susceptance of the element is ax, where x is any 
appropriate frequency parameter and a is independent 
of frequency, if possible, and contains the variation from 
one element to another. 
Other elements will be denoted by b, c, etc., and will 

have the same coefficients, with b, c, etc., replacing a. 
The formulas for the transmission functions may be cal-
culted from (5) through (11): 

Two Elements: ((a—a)) 

1 

T2 

2 
= 1 + 4(ax)202. 

Three Elements: ((b — a — b)) 

1 

T3 

2 
= 1 x2(a — 2b + 441,0 2 

(14)6 

(15) 

2 R. M. Fano and A. W. Lawson, Jr., "Microwave filters using 
quarter-wave couplings," PROC. I.R.E., vol. 35, pp. 1318-1323; 
November, 1947. 

4 M . C. Pease, "Q measurements—two- and four-terminal net-
works," PROC. I.R.E., vol. 37, pp. 573-577; May, 1949. 

6 This is the simplest case of a formula given by M. C. Pease in a 
letter to the Editor, "A generalized formula for recurrent filters," 
to be published in PROC. I.R.E. 
For n identical elements of this type, we have 

I7.1.-13a. 1 + (aX)'UN2(41) 

where 14(0) is the Tschebyscheff polynomial of the second kind 
and order n in the variable 0. 
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where 

= cos 0 — bx sin 0.  (16) 

Four Elements: ((b —a —a —b)) 

1 
T4 

2 

= 1 ±  12ax(1) — 2bx(0-1- 20 — 404)1.2 (17) 

Five Elements: ((c—b —a — b c)) 

1 
—T5  = 1 + { (a — 2c)x 2bx(200 — 1) 

4cx(200 — 1)(2040 — 1)1'  (18) 

where 

= cos 0 — cx sin 0. (19) 

Example: 

•  In Fig. 1 we have computed the theoretical "exact" 
solution for a 5-element design that, in the absence of 
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Fig. 1—"Exact" VSWR of 5-element filter which, without line effect, 
would give dotted line ("Butterworth" or Semi-Infinite Slope"). 

line effect, would give a "Buttenvorth," or "semi-
infinite slope" solution. The doubly loaded Q's of the 
elements have been taken as 

a = 4.94 (center element) 

b = 4.00 (second and fourth) 

c = 1.528 (outer elements). 

We have assumed that, if 

so that, from (13) 

then 

Y = Jo/f, 

x= (1/y— y) 

e= 907y. 

(20) 

(21) 

(22) 

From the x and 0 calculated for a given value of y, 
tk, and co are calculated from (12), (16), and (19). 
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Fig. 2—f(X/X0) ="Reduced Susceptance" versus (X/Xo) for quarter-
wave spacing for various values of doubly loaded Q, a. 
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1/ T6I 2 is calculated from (18), and VSWR from (4). 
It is interesting that the line effect actually widens 

the band, slightly, though with the introduction of 
"humps." 

CURVES 

To simplify calculation, in Fig. 2 we have plotted, 
for various values of a, what we call the "reduced sus-
ceptance" 

f(y) = cos 0 — ax sin 0 =  0, co, etc., 

where 0 has the frequency dependency of (20) and (22) — 
i.e., quarter-wave spacing, no waveguide effect (which 
may usually be neglected anyway). 
In Figs. 3 and 4, we have replotted this data for vari-

ous values of- y as functions of a. Fig. 3 is for y> 1, 
with f(y) >O. Fig. 4 is for y <1 with f(y) <0. This is 
usually the most convenient plot. 

/5 

CI — 

Fig. 3—f(X/X0) versus doubly loaded Q, a, for various values 
of X/X0>1(X0/4 spacing). 
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Fig. 4—f(X/X0) versus doubly loaded Q, a, for various values 
of X/Xo<I(Xo/4 spacing). 

CONCLUSION 

We have given formulas for the exact calculation of 
the transmission function of a symmetrical ladder struc-
ture. These are in a form suitable to low-Q microwave 
filters. We have also given the detailed formulas for ele-
ments which are identically tuned units equivalent to 
parallel resonant networks placed in shunt to a line or 
waveguide at equal intervals. 
We have, as an example, calculated the exact VSWR 

for the sequence of elements that, in the absence of a 
"line effect," gives rise to the "Butterworth" or "semi-
infinite slope" characteristic. The line effect is pro-
nounced, introducing very appreciable "humps" in the 
passband. 
Finally, we give curves of the significant function, 

f(y) =0, 0, co, etc., for the commonest case of center-
band quarter-wave spacing. This permits the ready 
calculation of the VSWR of a low-Q filter, including 
line effect. 
The theory is presented in the Appendix. The device 

used is to expand the transmission matrix as functions 
of a group which are essentially the Pauli spin matrices. 
This representation has certain very significant advan-
tages. 

APPENDIX 

The coefficients (2) are obtained by writing 

((a)) = aol  aia  02,3  (ley 

where I, a, ft, and 7 are the 2-square matrices: 

1 0 
I= 

0  1 

0 = 

a 

= 

0 

1 
0 —1 

(23) 

I, a, 13, and 7 may be recognized as the Pauli spin 
matrices° (except for a factor of j in a). They form a 
group having the multiplication table 

2nd term 

I  a  0  7 

a  — / — 7  0 

1st term  #  7  I a 

7  —# —a / 

(25) 

One of their important advantages is that they are 
anti-commuting—i.e., for example, af3= —pa. 
The elements of the original matrix (1) are related 

AD  BC = 1. (26) 

I fence, from (2), the coefficients are related 

00 2 + 01 2 _ 02 2 _ 03 2 = 1. (27) 

It is of some interest, perhaps, that (27) indicates we 
may consider ((a)) as a unit space vector in a four-
dimensional metric of which two dimensions are "space-
like" and two, "time-like." In the case of symmetric 
filters, where 03=0, the metric reduces to the world 
metric of Minkowski for relativisitic space.' 
(3), the equation for 11/T1 2, is obtained from 

1 1/T1' =11A-I- D-F AB  C)1 2 (28)1.2 

by assuming the network is lossless, so that A, B, C, 
and D are real and 

1 1/T1 2 = i(A  D)2 i(B  C)2 (29) 

= ao'  (30) 

from (2). Hence, by (27) 

1/TI = 1 -I- 022 -I- 032. (31) 

In the symmetrical case where a3 =0, (31) reduces to 

(3). 
The multiplications leading to (5) and (6) and their 

further expansion to (8) and (10) may be easily done 
with the aid of (25), using (27) where appropriate. 
The advantages of this somewhat devious method are 

twofold. The anticommuting property leads to the can-
cellation of many of the cross products in, for example, 
the calculation of ((b—a—b)). Furthermore, the ex-
tremely simple form of (3) means that only a single 
coefficient of a symmetric combination need be found. 

(24)  • V. Rojansky, "Introductory Quantum Mechanics," Prentice-
Hall, Inc., New York, N. Y., p. 482, et seq; 1946. 
/ P. G. Bergmann, "Introduction to the Theory of Relativity," 

Prentice-Hall, Inc., New York, N. Y., 1947. 
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Since 1946 he has been affiliated with the 
electron tube department of the Sperry Gy-
roscope Company, Great Neck, L. I., N. Y., 
engaged in similar research on similar prob-
lems. He is a member of Phi Tau Phi, and of 
the American Association for the Advance-
ment of Science. 

For a photograph and biography of 
DOUGLAS E. MODE, see page 90 of the Janu-
ary, 1950, issue, of the PROCEEDINGS OF 
THE I.R.E. 

For a photograph and biography of 
M. C. PEASE, see page 578 of the May, 1949, 
issue of the PROCEEDINGS OF THE I.R.E. 

Correspondence 

L. G. TROLESE 

L. G. Trolese (A'42-SM'47) was born 
on July 2, 1908, in Sonora, Calif. He re-
ceived the B.S. degree in electrical engineer-

ing at the University 
of California in 1930. 
His engineering ex-
perience includes one 
year with RCA Vic-
tor Company as a 
field engineer, and 
five years with Gen-
eral Engineering and 
Heating Company of 
San Francisco as elec-
trical engineer. Since 
1942 he has been with 
the U. S. Naval Elec-

tronics Laboratory at San Diego, Calif., 
where he has been engaged in electromagnetic 
wave-propagation studies. Mr. Trolese is 
currently serving on the IRE Paper Procure-
ment Committee, and is Chairman of the 
San Diego Section of the IRE. 
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"Weighted Average of Voltage" 

Method* 
In a linear passive network which may be 

diagrammed below, where the two indicated 
matrices are the normal transmission ma-
trices of their respective subnetworks, and it 
is desired to find the transient voltage E 1 

under excitation by Es, the following method 
has been found extremely useful and time-
saving. 
Designate the Laplace transform of a 

quantity ( ) by L(  .), and its inverse 
transform by L-1( . ), and use p as the 
variable in the transform. Further, write the 
transform of a voltage or current—symbol-
ized by large Roman letters—by the respec-
tive small letters. 
With reference to the diagram: 

II '; II —II Pic  1:711.11 I  II 
and if 

L[z(jw)J - g(p) 

• +t3G 

ll-crB+fiM 

K y A - - 

N y13- µM 

• Rerelved by the Institute. October IS. 1949. 

then 

es = z(p)is 

where z(p) and (see below) n(p), r(p), are 
rational algebraic functions of p. 
By transforming the above matrix ex-

pression we get 

es = L(F Ea) + L(1118) 

= LIP L-1 [z(P)iall L(1113) 
say, n(p)is. 

Similarly 

e2 L(A Fa) + L(1313) 

L{ A L-1 [z(p)iall  L(B1s) 

say, r(P)ia. 

then 

F4  L -1  [ r(P)  es]. 
vs(P) 

Initial conditions may readily be taken 
accountof in performing the transformations. 
This method of finding the "weighted 

average of voltage" in many cases permits a 

great reduction in time and background 
computations. The circuit in the diagram 
has been so drawn because this method was 
originally developed for analyzing transients 
in cascade or transmission line structures. 

I a  ft 

l : 1 1: 
Fig. I. 

It should be noted that which element 
constitutes the termination of the network 
is often a matter of choice, so that even if 
geometrically the original network and tran-
sient are not positioned to resemble the dia-
gram, this method is applicable if some 
topological distortion of the network would 
bring it into a form equivalent to that pic-
tured. 

A. A. GROMETSIEIN 

Sylvania Electric Products Inc. 
Boston, Mass. 
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TECHNICAL COMMITTEE NOTES 

The Standards Committee at a meeting 
on November 10, under the Chairmanship 
of Professor J. G. Brainerd, approved all but 
three of the Proposed Electron Tubes 
Method of Testing. Professor Brainerd an-
nounced that the Electronic Computers 
Committee has compiled a bibliography of 
published material in its field. Axel Jensen, 
Vice-Chairman of the Standards Commit-
tee, reported for the Definitions Co-or-
dinating Subcommittee. \Vork in the Trans-
ducer Task Group has started under the 
Chairmanship of Jack Morton. C. J. Hirsch 
has started work as Chairman of the Task 
Group on Pulse Definitions. The I RE/Al EE 
Joint Committee on Noise Definitions does 
not yet have a Chairman. M. W. Baldwin 
reported activities of the Television Co-
ordinating  Subcommittee . ... The  first 
meeting of the Subcommittee on Theory and 
Application of Tiopospheric Propagation 
was held on November 3, at the National 
Bureau of Standards, Washington, D. C. 
The Chairman is Dr. H. G. Booker of 
Cornell University. The fundamental pur-
pose of this Committee is to simplify calcu-
lations and to assist in locating quickly the 
most useful sources of information. The 
final product will probably be a bibliography 
which will be published in the PROCEED-
INGS OF THE I.R.E.... The Board of Di-
rectors of the IRE on November 16, ap-
proved the change in the names of the fol-
lowing committees: The  Railroad and 
Vehicular Communications Committee will 
be known as the Mobile Communications 
Committee. The name of the Instruments 
and Measurements Committee has been 
changed to the Committee on Nleasurements 
and Instrumentation .... The Modulation 
Systems Committee held a meeting on No-
vember 17, under the Chairmanship of H. S. 
Black, to consider a list of proposed modula-
tion definitions which was submitted by 
the Subcommittee on PCNI Theory under 
date of November 8.... The Electron 
Tubes Committee irtually completed work 
on Electron Tubes Defin:tions at a meet-
ing  November  16.... The  Committee 
on Measurements and Instrumentation 
held a meeting on November 18, under the 
Chairmanship of Professor Ernst Weber. 
The Chairman listed the Subcommittees as 
follows: Basic Standard and Calibration, 
Chairman, to be announced; Dielectric 
Measurements Subcommittee, J. Dalke, 
Chairman; Magnetic Measurements, Chair-
man to be announced; Audio-Frequency 
Measurements Subcommittee, A. P. G. 
Peterson,  Chairman;  Video-Frequency 
Measurements, Chairman to be announced; 
Radio-Frequency  Measurements,  Chair-
man to be announced; Noise Measurements 
Subcommittee, Chairman to be announced; 
Interference Measurements Subcommittee, 
K. A. Chittick, Chairman; Oscillography 
Subcommittee, P. S. Christaldi, Chairman: 
Basic Techniques of Instrumentation Sub-
committee,  Norman Taylor, Chairman; 

Telemetering Subcommittee, \V. G. Mayo-
Wells, Chairman; Electronic Components 
Subcommittee, J. G.  Reid,  Chairman. 
These Subcommittees  will  be  working 
groups engaged in the preparation of 
standards. The subject of a Symposium 
on Basic Circuit Elements at the IRE 
National Convention was discussed by the 
Committee. Dr. \Veber stated that he 
had organized this Symposium to cover 
the performance of coil, resistors, ca-
pacitors, and transformers. Mr. Frick sum-
marized his report on the FCC Incidental 
Radiation Devices Conference in Wash-
ington on November 1. He represented 
the IRE Industrial Electronics Committee, 
and the Committee on Measurements and 
Instrumentation. Mr. Chittick, who repre-
sented the Receivers Committee, also re-
ported briefly on his phase of the FCC 
Conference, Chairman Weber reported that 
the Symposium on Packaged Electronics 
to be sponsored jointly by IRE and AIEE 
in May, 1950, was in the initial stages of 
preparation. This is another excellent exam-
ple of joint activity.... The Audio Tech-
niques Committee meeting was held on De-
cember 1, with Edward J. Content, Chair-
man. W. L. Black reported on the material 
to be submitted to the Annual Review Com-
mittee.... The Sound Recording and Re-
producing Committee held a meeting on 
November 29, under the Chairmanship 
of S. J. Begun. This committee mill present 
papers at the Symposium on Sound Record-
ing to be held during the 1950 IRE Conven-
tion. It was suggested that sufficient time 
should be left after the presentation of each 
paper for round-table and open discussions. 
The following material is to be presented: 
A General Discussion of Noise, by F. L. 
Hopper; Definitions and Measurements of 
Noise, by A. W. Friend; Frequency Re-
sponse Measurements, by R. L. Zenner: 
Distortion Measurements, by J. 7. Nlenard; 
Problem of Flutter and Wow, by Harry 
Schecter. In addition to the foregoing papers, 
Dr. Begun will present a paper summarizing 
the general philosophy of recording touching 
upon the various current methods in use. 
Chairman Begun introduced C. F. \Vest, 
ho will become a member of the committee 
to facilitate liaison with the Electronic Com-
puters Committee. His committee's interest 
would overlap with this committee's mainly 
in regard to pulse recording. Close liaison 
with the Electronic Computers Committee 
will be needed when the latter committee 
defines specific parts of equipment.... 
The Task Group on Pulse Definitions held 
a meeting on December 6, under the Chair-
manship of Charles J. Hirsch. This task 
group recently appointed by the Standards 
Committee mill correlate all IRE definitions 
pertaining to pulses. A single set of pulse 
definitions mill be submitted to the Stand-
ards Committee.... The Joint Technical 
Advisory Committee held a meeting on 
November 29, under the Chairmanship of 
Donald G. Fink. James Veatch, consultant 
to JTAC, reported on the FCC informal 

 JFebruary 
Conference on Incidental Radiation De-
vices. JTAC will have a representative in 
attendance at future FCC meetings on this 
subject  At a recent meeting of the 
Administrative Committee of the Audio 
Professional Group, Leo L. Beranek was ap-
pointed Chairman to fill the unexpired term 
of 0. L. Angevine.... The Administrative 
Committee of the Antennas and Propagation 
Professional Group held a meeting on No-
vember 2, at the Engineering Laboratories 
of Jansky and Bailey, Washington, D. C. A 
report of the Membership Committee was 
given by P. S. Carter, Chairman. Mr. 
Carter reported that there were 509 mem-
bers of the Professional Group as of October 
30, 1949. Dr. Van Atta has been appointed 
Chairman of the Meetings Committee.... 
The Administrative Committee of the Pro-
fessional Group on Quality Control held a 
meeting on November I, at Syracuse, N. Y., 
under the Chairmanship of R. F. Rollman. 
Plans were discussed for the IRE Annual 
Convention Symposium.... The Admin-
istrative Committee of the Nuclear Science 
Professional Group held a meeting on No-
vember 1, at the Hotel Commodore, New 
York City, The Constitution and By Laws 
as originally submitted have been approved 
by the Executive Committee. Seventy ap-
plications for membership were submitted 
and approved. The Nuclear Science Group 
will sponsor a Symposium at the 1950 IRE 
National Convention. The tentative pro-
gram includes: Elementary Particles, Urner 
Liddel; Particle Accelerators, author to be 
announced; RE Problems in Accelerator 
Designs; Methods of Radiation Detection, 
Dr. John R. Dunning.. . . The Steering 
Committee of the Joint IRE A1EE Sym-
posium on Packaged Electronics held a 
meeting on November 21 under the Chair-
manship of F. Given. This Symposium vk ill 
consist of a two-day meeting which will be 
held in \Vashington, D. C. in the Spring, 
1950. The exact Otes, speakers, and papers 
will be announced later. 

1:NIA-NAB LIAISON COMNIITTEE 
MAPS PROPOSAL FOR MERGER 

Members of the Board of Directors of 
the Frequency Modulation Association have 
voted to accept proposals for a contem-
plated merger with the National Association 
of Broadcasters. An FMA-NAB Liaison 
Committee mapped proposals for the merg-
er m hich will combine the interests of the 
to organizations. 
Reconlmendations of this joint group 

subsequently were approved by NA B's 
board of directors at a meeting in November, 
following which an invitation was extended 
to FMA to merge the two associations. 
No official date was set for effecting the 

merger, but January 1 was the tentative 
target date, FMA-NAB officials said. 
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URSI/IRE JOINT MEETING HELD 
IN WASHINGTON LAST FALL 

The Joint Fall Meeting of the Inter-
national Scientific Radio Union and The 
Institute of Radio Engineers held in Wash-
ington, D. C., on October 31, November 1 
and 2, 1949, was sponsored by the USA 
National Committee of the URSI and the 
recently organized Professional Group on 
Antennas and Wave Propagation of the 
IRE. The session was a departure from the 
practice followed in previous years of having 
a general meeting in the fall as in the spi ing. 
Sponsoring URSI Commissions were as 

follows: 2. Tropospheric Radio Propagation, 
Chairman, Dr. Charles R. Burrows; 3. 
Ionospheric Radio Propagation, Chairman, 
Dr. Newbern Smith; 5. Extraterrestrial 
Radio Noise, Chairman, Dr. D. H. Menzel; 
6. Radio Waves and Circuits, including Gen-
eral Theory and Antennas, Chairman, Dr. 
L. C. Van Atta. 
Papers invited by the Chairmen of the 

Commissions, informal discussions, and a 
few contributed papers were heard at the 
technical sessions at the first two days of the 
meeting. On November 3 administrative 
meetings were held by the various Commis-
sions sponsoring the session. In the after-
noon a joint technical session of all the Com-
missions summarized the activities and 
closed the meeting. Three hundred and forty 
persons attended these sessions and many of 
them participated in the interesting and 
lively discussions which accompanied the 
papers. 
Abstracts of the papers were prepared 

in booklet form as a program. Copies are 
available at a price of $1.00 each and may 
be obtained upon request from Dr. New - 
bern Smith, Secretary-Treasurer of the 
USA National Committee, Central Radio 
Propagation Laboratory, National Bureau 
of Standards, Washington 25, D. C. 

MIDWEST POWER CONFERENCE IS 
SCHEDULED FOR APRIL IN CHICAGO 

"Economy in Power" is the theme of the 
twelfth annual Midwest Power Conference 
to be held April 5, 6, and 7, 1950, at the 
Sherman Hotel, Chicago, according to an 
announcement from Conference Director 
Roland A. Budenholzer, professor of me-
chanical engineering at the Illinois Institute 
of Technology. Dr. E. R. Whitehead, di-
rector of the electrical engineering depart-
ment at Illinois Tech, is conference secre-
tary. 
The annual three-day meeting is spon-

sored by the Illinois Institute of Technology 
with the co-operation of 18 midwestern uni-
versities and professional societies. Attract-
ing each year over 3,000 engineers from all 
parts of the United States and Canada, it is 
now the largest conference of its kind in the 
world. 
Co-operating institutions are: Iowa State 

and Michigan State Colleges, Northwestern 
and Purdue Universities, and the Universi-
ties of Iowa, Illinois, Michigan, Minnesota 
and Wisconsin, Western Society of Engi-
neers, National Association of Power En-
gineers, Engineers' Society of Milwaukee, 

the Illinois chapter of American Society of 
Heating and Ventilating Engineers, the Illi-
nois section of American Society of Civil 
Engineers, and the Chicago sections of 
American Institute of Electrical Engineers, 
American Institute of Chemical Engineers, 
American Institute of Mining and Metal-
lurgical Engineers, and American Society of 
Mechanical Engineers. 

RIDER RECEIVES ESFETA 
RADIO EDUCATION AWARD 

John F. Rider, president of John F. 
Rider, Publisher, Inc., of 480 Canal Street, 
New York 13, N. Y., was the recipient of an 
award given by the Empire State Federation 
of Electronic Technicians Association at the 
banquet of the Radio Technicians' Guild of 
Rochester, N. Y., held at Locust Lawn, 
Ionia, N. Y. 
He received the award for his unceasing 

efforts on behalf of the radio-television 
servicemen of the country, it was announced. 
Mr. Rider was instrumental in inaugurating 
the current ESFETA TV lecture series, 
having delivered the opening talk of the 
series. In addition, during the past year he. 
has traveled extensively for ESFETA, 
lecturing at servicemen's meetings. 
The author of numerous textbooks now 

being used by radio servicemen and techni-
cal educational institutes, Mr. Rider has 
participated in the educational development 
of the radio serviceman since 1921. 

GENERAL ELECTRIC CO. BUILDS 
SYSTEM FOR MICROWAVE RELAY 

General Electric Company's Switchgear 
Divisions are now building a "push-button" 
remote control system, in which radio and 
wire signals will operate eight electric power 
distribution stations covering a 450-mile 
area, according to information from the GE 
Apparatus News Bureau. From one central 
point, the system will control initially 226 
and ultimately 384 individual units of elec-
tric apparatus. 
The supervisory control system will be 

installed in the Colton station of the South-
ern California Edison Company. From 
there a master control panel will switch on 
and off equipment in the outlying stations 
as needed by the power distribution net-
work. In addition to controlling individual 
pieces of equipment, the supervisory control 
system will also report the readings on 28 
instruments and 41 alarm indicators at the 
remote stations. 

NAB COMPLETES ITS INTERNAL 
REORGANIZATION OF STRUCTURE 

The Board of Directors of the National 
Association of Broadcasters has completed 
internal reorganization of the Association, a 
task which was launched over a year ago. 
Additionally, the Board approved a pro-

posal recommending dissolution of the 
Broadcast Measurement Bweau, the audi-
ence measurement organization which is 
jointly directed by NAB, the American 
Association of Advertising Agencies, and the 

Association of National Advertisers. The 
Board has proposed forming a new corpora-
tion to take its place. 
In other actions, the 25-man group, in its 

quarterly meeting extended an invitation 
to the FM Association to merge with the 
NAB, and rescinded a former action which 
had set forth a plan to separate the Broad-
caster Advertising Bureau, now a depart-
ment of the NAB, from the parent struc-
ture, agreeing that it should remain as a 
department of the Association. 
The actions were taken principally upon 

the recommendations of the Board's Struc-
ture Committee which had been created 
last year to present a plan for realigning the 
functions of the Association and the struc-
ture of its internal organization. 

FIRST ELECTRONIC EXHIBIT 
PRESENTED IN NEW MEXICO 

More than 1,000 persons attended the 
first New Mexico Electronic Exhibit held 
November 4 and 5 at the Alvarado Hotel, 
Albuquerque, N. M. Meetings of the New 
Mexico Section of the IRE, and the AIEE's 
Albuquerque subsection of the El Paso 
Chapter, were held in connection with the 
display. 
Thirteen exhibitors represented 81 manu-

facturers who displayed the latest elec-
tronic instruments, allied testing, and lab-
oratory equipment. 

Calendar of 

COMING EVENTS 

AIEE Winter General Meeting, New 
York, N. Y., January 30-February 
3, 1940 

ASTM Meeting on Radio Tube Ma-
terials, Committee B4-VIII, Phil-
adelphia, Pa., March 1-2 

1950 IRE National Convention, New 
York, N. Y., March 6-9 

IRE/URSI Symposium on Antennas 
and Propagation,  San  Diego, 
April 3-5 

IRE/URSI Meeting, Commissions 1, 
6, 7, 4, Washington, D. C., April 
17-19 

Fourth Annual Spring Technical Con-
ference, Cincinnati Section, IRE, 
April 29, Cincinnati, Ohio 

1950 IRE Technical Conference, Day-
ton, Ohio, May 3-5 

Conference on Improved Quality 
Electronic  Components,  spon-
sored by IRE, ALEE, RMA, Wash-
ington, D. C., May 9, 10, and 11. 

Armed Forces Communications As-
sociation 1950 Annual Meeting, 
May 12, Photographic Center, 
Astoria, L. I., N. Y., and New 
York City: May 13, Signal Corps 
Center, Fort Monmouth, N. J. 
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TELEVISION NEWS 

Television receiver production in Oc-
tober rose another 35 per cent to reach a new 
peak in response to a pre-Christmas trade of 
boom proportions. RMA member companies 
reported the manufacture of 304,773 TV sets 
in a four-week October period-35 per cent 
more than in September, and total industry 
production was estimated at more than 
360,000. Television receivers reported by 
RMA  set  manufacturers  numbered 
1,707,613 for ten months with total industry 
production estimated at more than 2,000,000 
TV sets. Radio receiver production also rose 
in October to meet a revived market for 
both AM and FM sets. FM and FM-AM 
radios reported by RMA companies in 
October totalled 83,013, the highest mark 
since last February, with an additional 
50,545 TV sets reported as equipped with 
FM reception facilities. Total set produc-
tion—both TVand radio—of RMA members 
reached 975,053, the highest output for the 
year 1949.. . . The FCC has announced it 
will not grant any new authorizations for 
point-to-point television relays for the pur-
pose of exhibitions or demonstrations of 
television programs, including large-screen 
theater television. The Commission noted 
that in recent weeks it has issued certain 
special temporary authorizations permitting 
the use of radio frequencies for the purpose 
of point-to-point relay of television pro-
grams, which were either exhibited on 
broadcast receivers or on  large-screen 
theater television equipment. It was pointed 
out that these authorizations were approved 
because the parties were not acquainted 
with FCC rules and had made arrangements 
before seeking permission. The FCC notice 
pointed out that no frequencies have been 
allocated for such services, and that the 
Commission now has under consideration 
several petitions requesting the institution 
of rule-making proceedings, looking toward 
the establishment of theater television serv-
ice and the allocation of frequencies for this 
service. . .. Sales of cathode-ray tubes for 
television receivers during the first nine 
months of 1949 were nearly double the value 
of such sales during the entire year of 1948, 
an RMA tabulation of manufacturer reports 
revealed. 
Sales of TV receiver-type picture tubes 

totalled 2,129,210 units valued at $62,525,-
446 in the first three quarters of 1949, com-
pared with  1,309,176 units valued at 
$33,459,554 in the full year 1948.. . . Over 
the dissents of Chairman Wayne Coy and 
Commissioner George Sterling, the FCC 
yesterday scheduled a hearing to start 
January 16 before Commissioner Frieda 
Hennock on the petition of the Zenith Radio 
Corp. (RMA Industry Report, vol. 5, no. 31) 
for authority to conduct "Phonevision" tests 
on a limited commercial basis. Chairman 
Coy, with the concurrence of Commissioner 
Sterling, dissented with the FCC majority 

I me data on which these NOTES are based 
were selected, by permission, from Industry Re-
torts. issues of November 18, November 25, Decem-
ber 2, and December 9, published by the Radio 
Manufacturers Association, whose helpful attitude is 
gladly acknowledged. 

and said he favored granting the Zenith pe-
tition without a prior hearing for a three-
month period of tests. Zenith, in its petition 
proposed to conduct experimental operation 
employing "Phonevision" on its experimen-
tal TV broadcast station W9XZV on Chan-
nel 2 on a limited commercial basis, involv-
ing 30 test subscribers who would be pro-
vided with TV sets equipped to receive 
"Phonevision"  transmissions  and  who 
would be asked to pay specified fees for these 
programs. The FCC, in an order scheduling 
the hearing, said "It is not clear whether 
'Phonevision,' as proposed by the petitioner, 
should be classified as a broadcast service, a 
common carrier, or other type of communi-
cations service, or what frequencies, if any, 
are appropriate for use in the proposed ex-
perimental operations or for use in a general 
commercial 'Phonevision' service in the 
event such service were to be authorized on a 
regular basis." ... There was a total of 94 
television stations on the air at the end of 
November and 17 others under construc-
tion, according to a recent check of FCC 
records.... As the result of petitions from 
RMA and CBS, the FCC has issued a new 
schedule for the resumption of the color 
television hearings and demonstrations in 
February. Under the revised schedule, the 
FCC postponed the initial demonstration by 
Cobr Television, Inc., of its proposed color 
system from February 6 to February 20. The 
date of the second comparative color TV 
demonstration by Columbia Broadcasting 
System, Inc., Color Television, Inc., and 
Radio Corporation of America was changed 
from February 8 to February 23-24. Be-
cause of these changes, the Commission 
postponed from February 13 to February 27, 
the resumption of additional direct testi-
mony to be followed by cross examination of 
witnesses, including President R. C. Cos-
grove.... Two steps in medical television 
were demonstrated in Washington at .the 
third annual clinical session of the American 
Medical Association. One was the use of 
equipment in which the camera was actually 
located in the center of the operating room 
light. The other was another demonstration 
of color television at John Hopkins Hospital 
in Baltimore which was microwaved directly 
to receiving sets in the Armory in Washing-
ton. The color demonstration was staged 
with equipment developed by the Columbia 
Broadcasting System. 

FCC AcTioss 

The FCC has written to Arco Electronic 
Kit Division of New York City rejecting a 
proposal made recently by that concern for 
the testing of the proposed color television 
systems by radio amateurs or "experi-
menters." The Commission wrote that the 
advice of Arco was appreciated, but that it 
felt that the plan "would cause an indefinite 
and unnecessary delay in the final deter-
mination of the issues." . . . The FCC 
amended its notice of hearing concerning the 
use of facsimile broadcasting in connection 
with FM radio stations to include patent 
information on inventions relating to fac-
simile multiplex transmitters and receivers 
described in patent applications now pend-
ing.... A temporary waiver and temporary 
rules concerning operator requirements for 

ship radar stations were extended by the • 
FCC from the present cutoff date of No-
vember 15, 1949, to NIay 15, 1950, or the 
effective date of permanent rules in this 
matter, whichever date occurs earlier. The 
rules waived by the FCC provide that ship 
radar stations be operated by persons li-
censed by the Commission in the ship , 
service. 

RADIO AND TELEVISION NEWS ABROAD 

A British television equipment manu-
facturer, Pye, Ltd., has demonstrated its 
television transmitting equipment to FCC 
Commissioners and members of the staff, 
television representatives, members of the 
press, and others who attended the FCC 
demonstration of color and monochrome 
television this week. The British equipment 
was demonstrated November 21-22 at the 
Carlyle Hotel in Washington, D. C. Similar 
demonstrations are planned by Pe in 
Chicago and New York. The British concern 
has publicly announced its hopes to do a 
$5 million-a-year business in selling tele-
vision transmitting equipment to U. S. 
broadcasters.. . . Facilities for the study of 
television are to be provided in the new 
Radio Engineering Laboratory of the En-
gineering College at Poona, India, according 
to information received by the U. S. Depart-
ment of Commerce. Radio receiving tubes 
are produced in Spain by two companies, 
with total production capacity of about 
2,800,000 tubes annually, according to in-
formation from the U. S. Embassy at Ma-
drid. . . . Production of radio receivers in 
Austria during January-June, 1949, totalled 
51,486 units, according to information re-
ceived by the U. S. Department of Com-
merce. Production in 1948 was 96,437 sets; 
21,246 in 1947; 6,175 in 1946; and 127,472 in 
1937. An estimated 8,000 to 10,000 radio re-
ceivers are in use in Saudi Arabia. No import 
statistics are available but the U. S. and 
United Kingdom are believed to be the 
principal sources of supply, according to in-
formation received by the Department of 
Commerce. Several British film concerns 
have expressed interest in producing tele-
vision films for the American market, ac-
cording to information from the U. S. Em-
bassy at London. The Devon Motion Film 
Studios have completed a 26-minute TV 
film short and sent it to this country. Other 
concerns have contacted the Embassy seek-
ing information on the U. S. market. The 
first television broadcasting station in Latin 
America will begin operation in approxi-
mately four months, and will open up the 
initial major foreign market for U. S.Emade 
television receivers, according to informa-
tion released to RMA yesterday by the 
Consumers Merchandise Branch of the Of-
fice of International Trade. The U. S. 
Embassy at Rio de Janeiro has advised 
Donald S. Parris, of the OIT, that Brazilian 
authorities at present are "deliberating con-
ditions under which licenses will be granted" 
for the importation of TV sets—"whether 
wholly assembled or partially assembled 
sets." The Embassy said there are reports 
that permits will be issued for large-screen 
sets suitable for schools, bars and public 
squares, and inexpensive home sets. 
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IRE People 

Knox C. Black (M'29-SM'43-F'49) has 
recently been appointed as Technical Ad-

/ viser to the Commander, Naval Air Devel-
I opment Center, Johnsville, Pa. This is one 
of a number of special appointments in the 
Department of Defense made under Public 

Law. 
Dr. Black, after serving two years as an 

, Instructor at Harvard University, joined 
the scientific staff of the Boonton Research 
Corporation, Boonton, N. J., in 1929. In 
1930, he became a member of the technical 
staff of the Bell Telephone Laboratories, 
and for the next twelve years was closely 
concerned with research and development 

• work on repeater and regulating equipment 
on the coaxial cable carrier system which is 
now extensively used by the American 
Telephone and Telegraph Company for long-
distance television or multichannel tele-
phone circuits. Beginning on a part-time 
basis in 1941, and later full time, he was 
concerned with war work. In 1943, he joined 
the Staff of Aircraft Radio Corporation of 
Boonton, N. J., but until the end of the war, 
the greater part of his time continued to be 
on war projects either at Aircraft Radio 
Corporation or with the Office of Scientific 
Research and Development. From 1948 to 
1949, he held the position of Chief Engineer 
of Air Associates of Teterboro, N. J. He 
served as a member of Division 15 (and later, 
Division 13) of NDRC for the greater part 
of the war, and since that time has worked 
with the Research and Development Board 
of the Department of Defense. 
In 1948 Dr. Black received a Presiden-

tial Citation for his work for OSRD during 
the war. In addition to his membership in 
the IRE, he is a member of the Phi Beta 
Kappa Society, the American Physical So-
ciety, the Acoustical Society of America, and 
the American Association for the Advance-
ment of St ience. 

t'e 

Sari Hassel (A'19-M'23-SM'43) has 
been elected secretary of Zenith Radio Cor-
poration. He is also a director and assistant 
vice-president of the corporation. 
Mr. Hassel, who was born at Sharon, 

Pa., on January 25, 1896, studied for three 
years at the University of Pittsburgh. 
During the years 1912 until 1914, he owned 
and operated amateur radio equipment at 
Sharpsville. He then managed the ra-
dio station at the University of Pittsburgh. 
After serving for one year in the Naval 

Radio Service, Mr. Hassel became sales 
manager of Chicago Radio Laboratory in 
1919, and was engaged in experimental 
work on the development of radio apparatus 
for short-wave work. 
Mr. Hassel began the manufacture of 

radio parts before the establishment of 
modern broadcasting systems. In 1921, as a 
partner in Chicago Radio Laboratories, he 
was manufacturing complete receivers under 
the trade name "Z-Nith." With Com-
mander E. F. McDonald, Jr., he organized 
Zenith Radio Corp. in 192.3. 

Frank B. Jewett (F'20), out-
standing figure in the scientific and 
engineering ss orld, died November 
18, 1949, at Overlook Hospital,_ 
Summit, N. J., as the result of an 
emergency operation. The recipient 
of many honors for his distinguished 
career in science, Dr. Jewett was a 
former vice-president of American 
Telephone and Telegraph Com-
pany, and was president of Bell 
Telephone Laboratories from its in-
corporation in 1925 until his retire-
ment in 1940. 
The Hoover Medal for 1949, one 

of the highest honors of the engineer-
ing profession, had been bestowed on 
Dr. Jewett prior to his death. The 
medal, which is granted by the 
American Society of Civil Engineers, 
the American Society of Mechanical 
Engineers, the American Institute 
of Mining and Metallurgical Engi-
neers, and the American Institute 
of Electrical Engineers, will be 
awarded post-humously at the Win-
ter General Meeting of the AIE.E 
on January 30-February 3 in New 
York City, and a memoriai to Dr. 
Jewett will be part of the program. 
He was also awarded the 1950 

medal of the Industrial Research 
Institute,  Inc. for "outstanding 
accomplishment in leadership or 
management of industrial research 
which contributes broadly to the 
development of industry or the pub-
lic welfare." 
Dr. Jewett, who was born at 

Pasadena, Calif., on September 5, 
1879, was graduated from Throw 
Polytechnic Institute (now the Cali-
fornia Institute of Technology) in 
1898. In 1902 he earned the Ph.D. 
degree from the University of Chi-
cago. Ile then did advance study in 
electrical engineering and taught 
that subject and also physics as an 
instructor at MIT. 
Prior to his assuming the presi-

dency of Bell Telephone Labora-
tories, Dr. Jewett had served as 
assistant chief engineer, chief engi-
neer, and then vice-president, of 
Western Electric Company, manu-
facturing and supply unit of the 
Bell System. In 1930 he was ac-
claimed as "one of the ten men the 
world could least afford to lose." 
Dr. Jewett was honored by Har-

vard  University when  he was 
awarded the honorary degree of 
Doctor of Science on June 19, 1936, 
with a citation reading as follows: 
"Frank Baldwin Jewett of New 
York City, electrical engineer, presi-
dent of the Bell Telephone Labora-
tories since 1925, the creator of a 
famous laboratory whence came 
miracles of modern telephony, an 
engineer who points the way for in-
dustry to follow." 
In addition to the development 

of innumerable improvements in 
regular telephone equipment, Dr. 
Jewett's laboratory perfected the 
talking motion picture, the modern 
electrical phonograph, the method of 
transmitting photographs for long 
distance over telephone wires, thc 
transatlantic telephone, and the 
high-speed cable. 
President Roosevelt appointed 

Dr. Jewett to the Office for Emer-
gency Management when that office 
was organized in 1940. In June of 
the same year the National Research 
Committee of the Office of Scien-
tific Research and Development was 
created with Dr. Jewett as one of 
eight members. He was in charge of 
research in transportation, com-
munication, and submarine war-
fare, directing its submarine war-
fare laboratories. 
Then he became a member of the 

co-ordination and equipment divi-
sion of the Signal Corps, and con-
sultant to the Army Chief of Ord-
nance. In 1944 he was one of 12 
civilian, Army, and Navy members 
of a committee to create a high 
command in science equal to the 
Army and Navy high commands. 
At the request of the armed 

services, the following year he estab-
lished the Research Board of Na-
tional Security. 
Dr. Jewett, who was given 

honorary degrees by eight other in-
stitutions in addition to Harvard, 
also received many medals. In 1939 
he was awarded the John Fritz 
medal at MIT and was acclaimed 
"as one of that very small group 
who are the leaders, statesmen and 
nobleman of science." He was a 
former president of the National 
Academy of Science and the AfEE. 

A 
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Montague Ferry (SM'46), radio 
engineer, of Loran Research, U. S. 
Signal Corps, Winnetka, Ill., died 
recently. Mr. Ferry, whose varied 
career included numerous engineer-
ing associations and the formation 
of his own firm, was.born on Septem-
ber 22, 1881, in Illinois. 
He attended  Meridian High 

High School, Bostona, Calif., and re-
ceived the Ph.B. degree in electrical 
engineering from Sheffield Scientific 
School of Yale University in 1902. 
He matriculated at MIT, earning 
the S.B. degree in 1903. The follow-
ing year, he was assistant professor 
in electrical engineering at MIT and 
gave lectures in "Theory of Electri-
cal Waves." He also conducted lab-
oratory tests. 
From 1936 to 1941, Mr. Ferry 

established his own business as a 
consulting engineer, handling elec-
tric lighting and telephone estimates 
and supervising contracts in Win-
n c.ttka. He also made check estimates 
of plans for a proposed subway for 
the city of Detroit, and worked on 
radio amplifier systems in his own 
research laboratory. 
Mr. Ferry was president of the 

Engineering Service Corporation, 
with offices in New York, Pitts-
burgh, Chicago, and Los Angeles 
from 1921 to 1936. The firm engi-
neered and contracted electric and 
power for industries, appraisals, and 
war claims, and manufactured a 
tuned radio-frequency receiver and 
amplifier, among its activities. 
It was in 1944 that he became 

associated with the U. S. Signal 
Corps at the Philadelphia Procure-
ment District. Among his early busi-
ness associations was service from 
1906 to 1910 with the Empire Con-
struction Co., and a year as an engi-
neer in the research laboratory of 
Western Electric Co. in 1905. 

Maxwell H. A. Lindsay (A'30) has been 
elevated to the position of chief engineer of 
the American District Telegraph Company, 
Inc., 155 Sixth Avenue, New York 13, N. Y. 
He has been associated with this Company 
since 1932. 
Prior to his promotion, he was assistant 

chief engineer of the Controlled Companies 
of the A.D.T., and was responsible for the 
engineering requirements of all companies 
operations, both as to the design of equip-
ment within the engineering department and 
its applications through the various operat-
ing companies all over the United States. 
He supervised an engineering staff of more 

than 100 people covering the range of pro-
tection services. 
From 1935 until 1946 he was engineering 

supervisor in charge of development and 
application of burglar alarm equipment and 
intrusion detection systems, supervised a 
group of engineers, and engaged in various 
phases of original development and applica-
tion design for production and initial field 
trials. He was associated with Bell Tele-
phone Laboratories from 1926 to 1932 as a 
member of the technical staff. 
Mr. Lindsay was an instructor at MIT 

from 1925 until 1926. He is a member of the 
Acoustical Society of America, the Interna-
tional Municipal Signal Association, and the 
National Fire Protection Association. 

Frank E. Spaulding, Jr. (A'35-
VA'39-SM'48), supervisory engi-
neer with the Radiomarine Corp. of 
America, New York, N. Y., was 
killed in the recent disaster in which 
55 persons lost their lives in an air-
plane collision at Washington, D. C. 
Mr. Spaulding was engaged in 

the design, manufacture, sales and 
maintenance of marine radio equip-
ment, as well as the operation of a 
communication system of marine 
coastal radio stations. as "common 
carrier" under a FCC license. 
Born on January 18, 1910, in Con-

necticut, Mr. Spaulding was edu-
cated at West Haven High School 
and Sheffield  Scientific School, . 
and was graduated from Worces-
ter Polytechnic Institute in 1933 
with the B.S. degree in electrical 
engineering. From 1938 until 1945 
he was a design engineer, working 
on the development of marine radio 
equipment, including receivers, di-
rection finders, automatic alarm 
units, and radio telephone sets. 
He was with General Electric 

Company at Bridgeport, Conn., 
from 1935 until 1938 as a test engi-
neer in the radio receiver engineer-
ing department, conducting tests 
and measurements on receivers and 
component parts and circuit work. 

L. J. N. du Treil (A'14-M'26-SM'43), a 
radio engineer of the Federal Communica-
tions Commission and its predecessors for 
the past 30 years, retired from government 
service on October 31, 1949. He has formed 
the company, L. J. N. du Treil and Associ-
ates, 204 Homedale Ave., New Orleans, La., 
and will engage in the practice of consulting 
radio engineering. Mr. du Treil will also 
establish a frequency measuring service. 

Landon C. Herndon (M'36-
SM'43), Assistant Chief, Field Engi-
neering and Monitoring Division, 
Federal Communications Commis-
sion, died recently. Mr. Herndon 
was born on August 24, 1897, at 
Baltimore, Md. After his graduation 
from high school, he attended busi-
ness college and studied electrical 
engineering in a special course for 
three years. 
Mr. I lerndon served in World 

War I with the U. S. Navy from 
February, 1917, until October, 1919. 
He was assigned to special service in 
sealing ship, commercial, and private 
radio stations; copying secret code 
signals from foreign and American 
long-wave stations for deciphering, 
using apparatus he had designed and 
built himself. He was also an instruc-
tor for Navy personnel radio opera-
tors. During active duty at sea he 
was chief electrician. 
From 1920 until 1921, Mr. Hern-

don was instructor at the Norfolk 
Radio School, Norfolk, Va. Then he 
became a radio inspector with the 
title "assistant superintendent" of 
the  Independent  Wireless Tele-
graph Co., Inc., Norfolk, Va. In 
1921 he became a U. S. Radio In-
spector, Department of Commerce, 
Bureau of Navigation. 

George Tompkins (A'45), pro-
duction manager dr Harvey Radio 
Laboratories,  Inc.,  Cambridge, 
Mass., died recently. He was born 
on July 1, 1900, in New York, N. Y. 
Mr. Tompkins joined Harvey 

Radio Laboratories in 1942 as a 
project engineer and contact man 
between the company and engineers 
of the armed forces and other cus-
tomers interested in radio, radar, 
and other electronic devices. 
Mr. Tompkins, who became a 

radio amateur in 1909 and obtained 
his first operator's license when he 
was 15 years old, commenced his 
business career in 1919 when he 
joined the test department of New 
York Edison Co., assisting in tests of 
all kinds of materials and equip-
ment. He also did experimental 
work on carrier current. From 1926 
until 1929 he was field technician 
with Columbia Phonograph Co. and 
the RCA Victor Co., in Camden, 
N. J., as supervisor of the quality 
division. Front 1930 until 1942 Mr. 
Tompkins conducted his own radio 
service business. 
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Books 

Modern Operational Calculus by N. W. 
McLachlan 
Published (1948) by Macmillan and Co.. Limited. 

g. Martin's Street. London. 211 pages +4-page 
ndex+viii pages. 24 figures. 83 X53. 85.00. 

This book is an excellent compendium of 
methods and processes for the evaluation of 
infinite and improper integrals. As such, it is 
more of a handbook on integrating pro-
cedures than a text on operational analysis. 
The approach is almosx entirely from the real 
variable point of view, and the author seems 
to go out of his way to avoid the use of com-
plex function theory. Within this restricted 
scope, however, the book does have excellent 
virtues. Important convergence theorems, 
'often glossed over in engineering texts on the 
Laplace Transform, are here clearly pre-
sented. In a similar vein, various mathe-
matical processes, whose validity is too fre-
quently taken for granted, are rigorously 
examined. These include differentiation 
under the integral sign, inversion of the 
order of integration of multiple integrals, 
and differentiation and integration of infinite 
series. 
With necessary and/or sufficient condi-

ditions established for the validity of these 
fundamental operations, the author pro-
ceeds to employ them in the evaluation of a 
wide variety of infinite integrals of which the 
Laplace Transform is a specific case. Dr. 
McLachlan also utilizes the Laplace Trans-
form with various limiting processes as an 
intermediate device for evaluating and ap-
proximating many integrals. Integrands in-
volving Besse] Functions, Error Functions, 
Gamma Functions, Sine and Cosine Integral 
Functions, and many others are so treated. 
The author also uses unconventional appli-
cations of the convolution integral and the 
infinite integral theorem to evaluate infinite 
integrals. This book is in fact a rich store-
house of "ingenious devices." 
As mentioned earlier, the book suffers 

' from a narrowness of scope. Thus, only in-
complete consideration is given to the solu-
tion of simultaneous linear ordinary differen-
tial equations with constant coefficients, and 
also to linear partial differential equations. 
The method of solution stops short, since 
contour integration, and hence the system-
atic treatment of inverse Laplace Trans-
forms, is avoided. Results are obtained es-
sentially by Carson's early approach. The 
Laplace Transform of the solution is estab-
lished and then the unknown time function 
is evaluated by recourse to a table. 
Contour integration is employed briefly 

in the solution of problems arising from dis-
continuous periodic applied forces; e.g. saw-
tooths, square waves, repeated impulses, 
etc., and the response in these problems is 
obtained as a Fourier Series. Typifying the 
philosophy of the book, the author is more 
interested in this approach as an ingenious 
device for obtaining Fourier series of special 
periodic functions than as a method for 
solving the differential equations of a class 
of physical problems. The fact that closed 
form solutions for a typical cycle of the 

steady state may be easily obtained is not 
mentioned. 
The circumscribed nature of the book is 

further indicated by the complete omission 
of the spectral concept in discussing time 
functions and their transforms. In this re-
gard no mention whatever is made of the 
Fourier Integral, nor is reference given to 
the convenient table of coefficient pairs of 
Campbell and Foster. 
Some criticism should be offered on the 

organization of the volume. For one thing, 
the footnotes are much too abundant. 
Further, it is generally impossible to read a 
section without encountering numerous ref-
erences to appendices, to other sections 
which have appeared earlier or are yet to 
come, or to footnotes and figures scattered 
throughout the book. The ordering of ma-
terial is somewhat haphazard, and the index 
does not seem to be as complete as the hand-
book character of the book warrants. 
Despite the foregoing objections, this - 

work must still be recommended. It contains 
a host of information on the evaluation of 
Laplace Transforms and other infinite inte-
grals; and it possesses the merit, rare in engi-
neering texts, of giving consideration to the 
validity of mathematical steps. It should 
prove a valuable reference work for engi-
neers and physicists who employ transform 
analysis. 

HERBERT J. CARLIN 
Microwave Research Institute 

Polytechnic Institute of Brooklyn 
New York. N. Y. 

Electric and Magnetic Fields by Stephen S. 
Attwood 
Published (1949) by John Wiley and Sons. Inc.. 

440 Fourth Ave.. New York 16. N. Y. 44 pages +11-
Page index +xi pages +20-page appendix. 245 figures. 
9 X6. 85.50. 

This is the third edition, with no ex-
tensive revision, of an unusual book, first 
written for a pedagogical purpose, which 
has found usage as a reference for profes-
sional engineers who at times encounter the 
aggravating problem of estimating a field 
distribution for a disarmingly simple ge-
ometry. 
As a text, it is intended that the mate-

rial supplement the separate introductory 
courses in electrical engineering by pointing 
out the pervasive role of the field concept in 
present-day analysis and design. The book 
seems generally well-suited to this purpose, 
proceeding from the more easily understood 
electrostatic field through the magnetic 
fields of currents to ferromagnetism, with a 
condensed treatment in the last chapter of 
electromagnetic fields in space and time. 
Emphasis is placed on return to principles, 
to formulate and solve typical problems. 
Rationalized mks units are used. Some elu-
cidation of atomic spectra and the Bohr 
magnetron of dubious value is included which 
could better be assimilated elsewhere. There 
are some omissions from a table of the ele-

men tary particles in which the hydrogen 
atom is included. 
As a reference, the book derives its chief 

value to practicing radio engineers from the 
very numerous, clear and accurate maps of 
electric and magnetic fields for various 
typical configurations, and perhaps from 
the extensive data on the behavior of ferro-
magnetic materials. The static field plots are 
particularly good, and will quickly recall 
half-forgotten details concerning potential 
flux in slots and around wires and corners 
to nonspecialists. 
Adherence to practicality is the apparent 

reason for covering electrostatic fields in the 
first third of the book before mentioning 
Laplace's equation, and then only inci-
dentally. However, this also leads to neglect-
ing the beautiful and convincing demonstra-
tions possible with the rubber membrane 
and the electrolytic trough, both very sim-
ple, practical, and widely used devices which 
circumvent trial-and-error mapping in many 
cases, including some three-dimensional situ-
ations. There is, consequently, no discussion 
of electron optics. A very short chapter 
treats thermionic emission and space-cur-
rent flow. 
Although no extensive revision has been 

made over the previous edition, the unique 
value of the book to a radio engineer con-
tinues to lie in the excellence and abundance 
of the field plots with their associated de-
scriptive material. 

WELLESLEY DODDS 
RCA Laboratories Division 

Princeton, N. J. 

The A.R.R.L. Antenna Book 
Published (1949) by the American Radio Relay 

League. West Hartford. Conn. 265 pages +5-page 
index. 408 figures. 63 X93. $IM. 
Amateurs, experimenters, and practical 

radio men will find this book replete with 
useful information on antennas intended 
chiefly for amateur applications. The book 
is a thoroughly revised version of the previ-
ous edition. 
The first five chapters deal with some of 

the more basic aspects of wave propagation, 
transmission lines, and antennas. The next 
five chapters describe antennas for the vari-
ous amateur bands from three-quarters of a 
meter to 160 meters wavelength. Two more 
chapters are devoted to the mechanical con-
struction of fixed and rotary arrays. No in-
formation is given on microwave antennas, 
such as horns or parabolic reflector types, 
nor is any included on waveguides. 
The book has many excellent pattern dia-

grams and design charts, and has a consid-
erable number of simple, easily applied form-
ulas. References in the text and a 1-page 
bibliography are an aid to the advanced ex-
perimenter interested in obtaining further 
information. 

JOHN D. KRAUS 
Ohio State University 
Columbus 10, Ohb 
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1950 IRE National Convention Program 
HOTEL COMMODORE 

PROGRAM 

Monday, March 6, 1950 

9:00 A.m.-7:00 P.m.—Registration at Hotel 
Commodore. 

9:30 A.m.-9:00 P.M.—Registration at Grand 
Central Palace. 

9:30 A.M.-9:00 P.M.—Radio Engineering 
Show, Grand Central Palace. 

10:30 A.M.-12 :00 m.—Annual Meeting. Prin-
cipal Address by Dr. Ralph Bown, Bell 
Telephone Laboratories, Murray Hill, 
N. J., Grand Ballroom, Hotel Commo-
dore. 

2:30 P.M.-5:00 P.M.—Symposium: "Indus-
trial  Design."  Symposium:  "Nuclear 
Science and the Radio Engineer." "Appli-
cations of Semi-Conductors." "Systems 
1—Communication  Theory."  "Quality 
Control." 

6:30-8:30 P.M. —"Get-Together" Cocktail 
Party, Grand Ballroom, Hotel Commo-
dore. 

Tuesday, March 7, 1950 

9:00 A.m.-7:00 P.M.—Registration at Hotel 
Commodore. 

9:30 A.m.-9:00 P.M.—Registration at Grand 
Central Palace. 

9:30 A.M.-9:00 P.M.—Radio Engineering 
Show, Grand Central Palace. 

10:00 A.M.-12 :30 P.M.—Symposium: "En-
gineering for Quality in Television." Sym-
posium: "Network Synthesis in the Time 
Domain." "Antennas 1." "Systems II— 
Transmission  Systems  and Relays." 
"Measurements." 

12:45 P.M. —President's Luncheon, honoring 
President-Elect Guy, Grand Ballroom, 
Hotel Commodore. 

2:30 P.m.-5:00 P.M.—"Television I—Trans-
mission Systems." "Passive Circuits— 
Filter Circuits and Variable Networks." 
"Antennas II." "Systems III—Modula-
tion Systems and Bandwidth Require-
ments." "Industrial Instruments." 

8:00 P.m.-10:30 r.m. —Symposium: "Tele-
vision." 

Wednesday, March 8, 1950 

9:00 A.M.-1:00 P.M--Registration at Hotel 
Commodore. 

9:30 A.m.-6:00 P.M.—Registration at Grand 
Central Palace. 

9:30 A.m.-6:00 P.m. —Radio Engineering 
Show, Grand Central Palace. 

10:00 A.m.-12:30 P.M. —"Television II— 
UHF and Color TV." "Computers I— 
Digital Computers." "Electron Tubes !— 
Theory and Design." "Active Circuits I — 
Amplifiers." Symposium: "Basic Circuit 
Elements." 

2:30 P.m.-5:00 P.M.—"Television III—Re-
ceivers." "Active Circuits II—General." 
"Electron Tubes II—Theory and Design." 
"Computers II—Information Analysis and 
Computing." "Transmission and Anten-
nas." 

and GRAND CENTRAL PALACE —MARCH 6-9 

6:45 P.M. —Annual IRE Banquet (dress 
optional), Grand Ballroom, Hotel Com-
modore. Awarding of the Medal of Honor, 
the Morris Liebmann Memorial Prize, the 
Browder J. Thompson Memorial Prize, 
the Harry Diamond Award, the Editor's 
Award, and Fellow Awards. 

Thursday, March 9, 1950 

9:00 A.m.-2:30 p.m.—Registration at Hotel 
Commodore. 

9:30 A.M.-6:00 P.M.—Registration at Grand 
Central Palace. 

9:00 A.m.-6:00 P.M.—Radio Engineering 
Show, Grand Central Palace. 

10:00 A.m.-12:30 P.M.—"Audio-Transducer 
Design."  "Electronics  in  Medicine. -

"Propagation 1—Progagation at Iono-
spheric Frequencies." "Electron Tube, 
III—Power Tubes." "Navigation Aids." 

2:30 P.m.-5:00 P.M.—Symposium: "Sound 
Recording."  "Propagation  II—Impact 
of Propagation on Operation of Sys-
tems." "Electron Tubes IV—Materials 
and Techniques." "Components." "Oscil-
lators." 

Committee Meetings 
The following IRE committee meetings 

have been scheduled at the Hotel Com-
modore during the convention: 

Professional Groups Committee (including 
Group Chairmen) 
Chairman, \V. R. G. Baker 
Tuesday, March 7, 8:45 A.M.-i0:00 
A.M., Parlor B 

Sections Committee (annual meeting) 
Chairman, J. F. Jordan 
Tuesday, March 7, 5:00 P.m.-7:00 
P.M., \Vest Ballroom 

Professional Group Chairmen and Group 
Members 

Chairman, \V. R. G. Baker 
‘Vednesday,  March 8, 8:45 A.M.-
10:00 A.M., West Ballroom 

Professional Groups Sponsored by the Meas-
urements and Instrumentation Committee 
Chairman, Ernst Weber 
Thursday, March 9, 8:45 A.M.-10:00 
A.M., West Ballroom 

Audio Professional Group (annual meeting) 
Chairman, L. L. Beranek 
Thursday, March 9, 9:00 A.m.-10:00 
A.m., Grand Ballroom 

Standards Committee 
Chairman, J. G. Brainerd 
Thursday, March 9, 1:00 P.m.-2:30 
P.m., Parlor B 

All chairmen and vice-chairmen of tech-
nical committees are requested to be present 
at the Standards Committee meeting in 
order to present all suggestions for technical 
committee operations to the Standards Co-
ordinator and the Chairman of the Stand-
ards Committee. The Standards Co-ordi-

Annual Meeting' 

MONDAY, MARCH 6 

10:30 A.m. 

This opening meeting of the con-
vention is for the entire membership. 
The meetlng will feature as the princi-
pal speaker Dr. Ralph Bown, Bell 
Telephone Laboratories, Murray Hill, 
N. J. 

nator is looking forward to greeting the"" 
chairmen of all Technical Committees 
personally. This meeting will also provide 
the first opportunity for a get-together with 
the chairmen of the several new technical 
committees created during the past year. 

Women's Program 

Monday, March 6, 1950 

12:30 p.m.-1:30 P.m. —TV Program, flu-
Mont Studios, Madison Avenue and 53 
St. (Limited to first 49 reservations). 

P.M. — "Get Acquainted" at Ladies' Head-
quarters, Hotel Commodore. 

Tuesday, March 7, 1950 

9:30 A.Nf. —"Behind The Scenes" lour - 
Museum of Natural History, Central 
Park \Vest and 78 St. —Luncheon at the 
Museum. (Transportation included). 

3:00 P.m.-5:00 P.M.—Tea at IRE head-
quarters, 1 East 79 St., New York. 

Wednesday, March 8, 1950 

9:30 A.M. —Tour of Good Housekeeping In-
stitute, Eighth Avenue and 57 St. 
I.uncheon at Castleholm. (Transportation 
included). 

2:30 P.M. —Matinee (choice): "Miss 
Liberty," "Where's Charley,' or "Death 
of a Salesman." 

Thursday, March 9, 1950 

9:00 A.M. —Tour of Cunard Liner, "Queen 
Elizabeth," if in port: alternate—trip to 
Metropolitan Museum to view Haps-
burgh collection. (Transportation in-
cluded). 

Note 

No papers are available in preprint 
or reprint form nor is there any 
assurance that any of them will be 
published in the PROCEEDING OF 
THE I.R.E., although it is hoped that 
many of them will appear in these 
pages in subsequent issues. 
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SUMMARIES OF TECHNICAL PAPERS 

SYMPOsrum 

Industrial Design 
1. EVOLUTION AND GROWTH OF 

INDUSTRIAL DESIGNING 
JOHN VASSOS 

(Designer, New York, N. Y.) 

This paper will cover the advantages of 
industrial design in product planning, and 
the need for better looking equipment; de-
signing for present day trends of pleasing 
appearance in addition to good functional 
engineering; a short history of industrial 
design and how it has progressed over the 
years from its initial acceptance during the 
20's, its growth to a recognized industrial 
need during the 30's, and then on into the 
post-war era and its importance in today's 

• product merchandising; examples of the 
evolution of design trends as they have pro-
gressed through the automotive industry, 
modern railroading, and commercial avia-
tion; examples of the great strides in the re-
frigeration industry, with comparisons such 
as the monitor top vs. present clean lined 
design, and the mantle-type radio of the 
early 30's vs. the very up to date and modern 
conceptions of television. 

2. PROCEDURE IN INDUSTRIAL 
DESIGNING 
CLYDE PETERSON 

(Westinghouse Electric Corporation, 
Sunbury, Pa.) 

This paper will be a discussion of the de-
velopment of a console television cabinet 
through the various considerations and steps 
of its progress from inception to production; 
field surveys, dealer, and consumer inter-
views and how they are used to determine 
the most acceptable types and styles; when 
correlated and after broad discussions how 
rough sketches and designs are prepared 
which are developed into two or three of the 
most favorable candidates; the decision of 
the number of samples to be made; full size 
drawings prepared of the selected designs, 
and complete samples built by cabinet 
vendors after a thorough understanding has 
been established with them as to construc-
tion, color, and finish; the presentation to 
Sales and Management of the final determi-
nation of the model to be used. The manner 
in which the designer and the engineer work 
through these stages, and the presentation of 
final drawings, and the final production re-
lease will be discussed. 

3. COST REDUCTION POSSIBILITIES 
IN INDUSTRIAL DESIGN 

W. B. DONNELLY 

(General Electric Co., Syracuse, N. Y.) 
A good design costs no more, and often-

times it is possible that it may be less ex-
pensive, than poorly designed equipment. 
One of the prime requisites in obtaining the 
greatest value for any given cost, is ade-
quate design time in the planning schedule so 
that the greatest advantage can be obtained 
from the studied use of the best materials 
and techniques to be utilized. Hurried de-

signs often result in high costs, because ot 
the lack of proper consideration of manu-
facturing techniques. Complete exploration 
of lower costs and more attractive ma-
terials, added to a close liaison and complete 
understanding with engineering staffs, will 
make for good design at lower cost. 

4. SALES ATTITUDE TOWARDS 
INDUSTRIAL DESIGN 

E. P. THAL 

(North American Philips Co., Inc., 
New York, N. Y.) 

In today's selling, attractive designing is 
one of the prime factors in sales accepta-
bility. Those persons engaged in sales, from 
the distributor to the retail salesman, are 100 
per cent sold on the value of good design. It 
is one of the most important factors in con-
sumer preference, all other considerations 
being equal. The relationship between in-
dustrial design and sales planning, and the 
industrial design activities of the major 
companies will be discussed, along with the 
growth of independent design organizations,-
which today point to the advantages and the 
preference of sales acceptance of good de-
sign. 

SYMPOSIUM 

Nuclear Science and 
the Radio Engineer 

5. NEWS OF THE NUCLEUS 

URNER LIDDEL 
(Office of Naval Research, 
Washington, D. C.) 

Knowledge of atomic nuclei is expanding 
rapidly. Every radio engineer is well ac-
quainted with the antics of electrons. New 
particles appearing on the horizon will, un-
doubtedly, be of importance to him in the 
next several years. Nuclear engineering will 
require a close tie with electron engineering. 
Concepts of the basic particles of matter 

have undergone a complete cycle in the last 
2,000 years. The trend is always toward 
greater complexity until some order can be 
found which simplifies the ideas involved. 
The evolution of some of these ideas will be 
discussed. The characteristics of basic par-
ticles will be delineated, and our present 
knowledge concerning them described. 

6. PARTICLE ACCELERATORS 
M. STANLEY LIVINGSTON 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

The particle accelerators developed be-
fore 1945 were based on relatively simple 
physical and engineering concepts; these 
were the standard cyclotron, the betatron, 
and the several machines for generating di-
rect high voltages of which the best known is 
the Van de Graaff generator. Modern par-
ticle accelerators capable of developing much 
higher particle energies are based on the 
principle  of  synchronous  acceleration 
through hundreds of thousands of small 

193 

steps. An essential part of this principle is 
the "Phase stability" resulting from the 
proper combination of electric and magnetic 
fields to achieve focussing both in the spatial 
coordinates of the orbit and in particle 
energy. The synchro-cyclotron, electron 
synchrotron, and linear accelerator are all 
designed to utilize such phase stability. A 
common characteristic of particle motion in 
these machines is the "bunching" in phase of 
crossing the accelerating gap, and the phase 
oscillations in energy and location which 
maintain the bunching through an ex-
tremely large number of accelerations. The 
practical energy limits of these machines 
occur for different reasons but at approxi-
mately the same limit of about 500 million 
electron volts. The proton synchrotron is the 
one synchronous accelerator capable of 
achieving energies in the 1— to 10-billion volt 
range. These several accelerators will be de-
scribed and the physical principles of the 
particle motions discussed. 

7. RADIO-FREQUENCY PROBLEMS 
ASSOCIATED WITH PARTICLE 

ACCELERATORS 

J. P. BLEWETT 

(Brookhaven National Laboratory, 
Upton, L. I., N. Y.) 

In the previous abstract, Livingston has 
pointed out that most of the modern high 
energy particle accelerators depend on syn-
chronous acceleration in radio-frequency 
fields. The cyclotron, the linear accelerator, 
and the synchrotron all belong to this class. 
In the ordinary cyclotron, the linear acceler-
ator and the electron synchrotron, the fre-
quency is held constant, but in the fre-
quency-modulated cyclotron and the proton 
synchrotron, the frequency must change 
during the accelerating cycle, sometimes by 
factors of ten to one or more. The generation 
and frequency control of the rf signal, and 
its application to the particles under acceler-
ation all present novel problems of con-
siderable difficulty. In the FM cyclotron, the 
frequency range is relatively narrow and 
mechanical tuning is possible, but in the 
proton synchrotron, precise timing require-
ments make electrical frequency control 
essential. This paper will be concerned with 
the new techniques which have been de-
veloped in the solution of these problems. 

8. DETECTION OF NUCLEAR 
RADIATIONS 

JOHN R. DUNNING 
(Columbia University, New York, N. Y.) 

The basic characteristics will be reviewed 
of the present available devices for detecting 
nuclear radiations, including heavy and light 
charged particles, neutrons, mesons, and 
quanta. The limitations and future possi-
bilities of ionization chamber systems, 
linear amplifiers, geiger and proportional 
counters, fluorescent and conductivity coun-
ters, and general multiplier techniques will 
be discussed. The role of essentially elec-
tronic devices as contrasted with nonelec-
tronic devices such as photographic and 
cloud chamber methods will be considered. 
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Special emphasis will be placed on the prob-
lems of detecting radiations with energies 
over the range from zero to 1 B.e.v. and 
higher, and the problems introduced by 
pulsed operations of radiation sources. 

Applications of Semi-
Conductors 

9. TRANSISTOR TRIGGER CIRCUITS 
HERBERT J. REICH AND PETER 

M. SCHULTEISS 

(Yale University, New Haven, Conn.) 

Following an introductory discussion of 
the characteristics of transistors in the light 
of their application to trigger circuits, the 
authors will discuss several types of trigger 
circuits employing transistors. Some of 
these circuits use transistors only, some use 
transistors and crystal diodes, and some use 
transistors and vacuum tubes. Oscillograms, 
which will be shown, indicate that the 
switching time is of the order of 0.1 micro-
second. 

10. GLASS-SEALED GERMANIUM 
DIODES 

S. F. Ammo 

(Sylvania Electric Products Inc., 
Boston, Mass.) 

Improvements in germanium diodes 
have been constantly directed towards re-
duction in size, improvement in stability, 
and resistance to extremes of temperature 
and humidity. 
The germanium diode has now been 

hermetically sealed in a tiny glass envelope. 
Incidental with this process were many 
mechanical and electrical problems, not the 
least of which was a method of individual 
inspection of diodes to eliminate those hav-
ing imperfect hermetic seals. This glass-
sealed diode which needs no wax filling has 
proved highly successful in meeting the re-
quirements established as is attested by test 
results. 

11. HIGH-TEMPERATURE CHAR-
ACTERISTICS OF GERMANIUM 

DIODES 

LOWELL S. PELFREY 
(Raytheon Manufacturing Co, 

Newton, Mass.) 
This paper will present data on reverse 

characteristics of germanium crystal diodes 
from 0 to 100,000 cycles, and from 25° to 
100° C. 
The data will be in the form of reproduc-

tion of oscillograph traces of the diode char-
acteristic over this frequency range. Meas-
urements of rectification efficiency over 
these ranges of temperature and frequency 
will be made and correlated with the reverse 
resistance data. The frequency range was 
selected so as to be as wide as possible, and 
still keep capacitance effects at a minimum, 
and the temperature range is one commonly 
encountered in actual service. 

12. MATHEMATICAL THEORY AND AP-
PLICATIONS OF SILICON CRYSTALS 
FOR MIXING AND HARMONIC 
GENERATION AT MICROWAVE 

FRE QUENCIES 
P. D. STRUM, J. W. KEARNEY, AND 

J. C. GREENE 
(Airborne Instruments Laboratory, Inc., 

Mineola, L. I., N. Y.) 
This paper presents a mathematical 

theory, based solely upon the static voltage-
current characteristics of silicon crystals, of 
both fundamental and harmonic mixing and 
harmonic generation. The paper also de-
scribes experimental results, obtained at 
both audio and microwave frequencies, 
which verify the theory. The conversion loss 
and harmonic generation efficiency which 
can be obtained from a crystal are deter-
mined by the average value of the param-

eter d (log i) , 
d (log e) 

conditions. Design criteria for optimizing 
this parameter are given for the various 
modes of operation. The theory also allows 
the computation of optimum impedance and 
noise temperature conditions. 

13. CONSIDERATIONS IN LOW 
NOISE FIGURE MICROWAVE 

RECEIVER DESIGN 

M. T. LEBENBAUM AND 
P. D. STRUM 

(Airborne Instruments Laboratory, Inc., 
Mineola, L. L, N. Y.) 

This paper discusses several factors 
which assume increasing importance as the 
noise figure of microwave receivers ap-
proaches more closely that of the theoreti-
cally perfect receiver. 
It is shown that the direct frequency de-

pendence of the minimum n attainable if noise 
figure and the inverse frequency dependence 
of the excess noise of a crystal converter 
establish an optimum frequency for the if 
amplifier for minimum over-all noise figure. 
Methods are suggested for reducing the 

crystal excess noise by about 50 per cent. 
The effect of finite coil Q's as a limiting fac-
tor in if input circuits is discussed. The ef-
fects of image and other spurious responses 
on noise figure and its measurement are dis-
cussed in detail. 

for the particular operating 

Systems I 
Communication Theory 

14. REPRESENTATIONS OF SPEECH 
SOUNDS AND SOME OF THEIR 
STATISTICAL PROPERTIES 

SZE-HOU CHANG, GEORGE E. PIHL, 
AND MARTIN W. ESSIGMANN 

(Northeastern University, Boston, Mass.) 
Spectrographic analysis, autocorrelation, 

and infinite clipping are considered as meth-
ods of transforming and analyzing speech 
sounds with the object of obtaining simple 
representations without excessive loss of in-
telligibility. 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 statistically in-
variant. Experimental techniques for per-
forming the analyses and checking some of 
the results are described. 

15. SPEECH TRANSMISSION 
THROUGH RESTRICTED 
BANDWIDTH CHANNELS 

M. J. DiToRo, W. GRAHAM, 
AND S. SCHREINER 

(Federal Telecommunication Laboratories, 
Inc., Nutley, N. J.) 

It has been recognized for some time that 
the present bandwidth of about 3,000 cps 
used for speech transmission is much larger 
than required to transmit the speech of one 
person with satisfactory articulation and 
speaker recognition. This is because the 
speech of one person does not fill up all the 
3,000 cps bandwidth allotted to it all of the 
time. For example, during pauses between 
ords or sentences, the bandwidth is idle. 
Another reason is the redundancy arising 

because of the quasi-periodic nature of the 
voiced sounds. The Fourier transforms of the 
latter indicate a partially-utilized spectrum 
characterized by a number of narrow band 
clusters (or sidebands) around harmonics of 
the fundamental frequency or pitch of the 
sound. An equivalent electrical network is 
derived for the acoustic cavities of the hu-
man speech system, from larynx to mouth, 
which indicates why these redundancies 
exist and also indicates, by its natural 
modes, the seat of the information content 
in speech. 
Various electronic methods are con-

sidered by which these redundancies may be 
exploited to reduce the bandwidth required 
for the transmission of the speech of one per-
son. Consideration is given to methods 
which give moderate compression of the 
bandwidth with reasonable equipment size, 
and also, at the other extreme, to those 
methods which result in a considerable re-
duction in bandwidth but with consequent 
increase of equipment size. 

16. APPLICATION OF COMMUNI-
CATION THEORY TO PERIODIC 

RADJO SYSTEMS 

M. LEIFER AND N. MARCHAND 

(Sylvania Electric Products Inc., 
Bayside, L. I., N. Y.) 

The statistical theory of Wiener and 
Shannon is used as a basis for the choice of 
the values of the fundamental parameters of 
bandwidth and power for periodic radio 
systems. The term "periodic system" is here 
taken to mean any system which employs a 
repetitive type of transmission, such as 
radar. The transmitted signals do not con-
vey information since these signals are 
known, but they do establish a basis for 
generation of information through space 
modulation or absorption modulation be-
tween transmission and reception. The prob-
lems of detection of the signals when ob-
scured by interference and noise are shown 
to be related to corresponding problems in 
such diverse fields as spectroscopy and rec-
ognition. Correlation of the received signals 
with standard signals is employed in the 
solution of these problems, and this method 
of analysis leads naturally to emphasis upon 
the spectral distribution of such signals. 
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.17. SOME ASPECTS OF DATA 
TRANSMISSION OVER NARROW-

BAND COMMUNICATION 
CIRCUITS 

MILLARD M. BRENNER 
(Signal Corps Engineering Laboratories, 

Fort Monmouth, N. J.) 
This paper outlines some problems en-

xountered in transmitting signals represent-
ing precise time-variable position data over 
noisy, narrow-band transmission facilities. 
Since instantaneous input-output error must 
be kept very small, precision in both message 
value and message timing must be main-
tained. Available carrier-to-noise levels re-
quire an expansion of the original data mes-
sage bandwidth in order that the instan-
taneous message value may be transmitted 
with high precision. Transmission delay due 
to finite bandwidth has fixed and variable 
components. Dynamic errors due to delay 
can be compensated for to an extent, some 
'error being due to the uncertainty compo-
nent of the delay, which is inversely related 
to bandwidth and carrier-to-noise ratio. 

18. THE STATISTICAL PROPERTIES 
OF NOISE APPLIED TO RADAR 

RANGE PERFORMANCE 

S. M. ICAPLAN AND R. W. McFALL 
(General Electric Co., Schenectady, N. Y.) 

This paper deals primarily with the per-
formance of radars having intensity modu-
lated displays, i.e. displays which convert 
signal amplitude to cathode ray tube spot 
intensity. The advent of high speed scan-
ners, which yield few pulses per target, using 
intensity modulated displays has necessi-
tated an analytical approach, as empirical 
methods have proven inadequate. Statistical 
concepts involved in the effect of receiver 
noise on the display are analyzed. This 
analysis yields several graphs from which 
the radar detection range can be calculated 
for any desired detection probability, and 
from which computations of the probability 
of false targets echoes can be made. 

Quality Control 
19. ACCELERATED LIFE TESTING 

OF VACUUM TUBES 

JEROME ROTHSTEIN 

(Signal Corps Engineering Laboratories, 
Fort Monmouth, N. J.) 

Industry and the Armed Services need 
accelerated tube testing procedures for eco-
nomic and military reasons, respectively. 
Tube failure occurs in many forms whose 
relative frequencies depend on manufactur-
ing and operational variables. A survey of 
failure data covering 90 per cent of the in-
dustry has been made and analyzed, and at-
tempts at accelerated testing evaluated. The 
philosophy of government sponsored work 
will be outlined. It is to analyze important 
failure types, devise conditions accelerating 
them individually, correlate accelerated with 
normal failure rate for each type, and from 
the former synthesize information equiva-
lent to conventional life data. Difficulties 
and alternative plans will be discussed. 

20. STATISTICAL EVALUATION OF 
LIFE EXPECTANCY OF VACUUM 
TUBES DESIGNED FOR LONG-

LIFE OPERATION 
ELEANOR M. MCELWEE 

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

Life-test data on subminiature vacuum 
tubes designed for 5,000 hours are analyzed 
statistically and an equation is derived for 
the curve of life survival percentages. Corre-
lation of individual types to the general 
curve is found to be extremely high. Con-
trols 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 re-
leased by this 500-hour plan were continued 
in operation for 5,000 hours, and the results 
are shown to be satisfactory. 

21. APPLICATION OF STATISTICS 
TO ACCEPTANCE 
SPECIFICATIONS 

BARTON KOSLOW 
(Allen B. DuMont Laboratories, Inc., 

Clifton, N. J.) 

Specification by a design engineer with-
out production knowledge often results in 
uneconomical specification. Using the ex-
perience from a pilot or production run has 
greater merit. A simple statistical analysis of 
this information has the advantage of 
greater efficacy and accuracy of prediction 
from the same data. 
The use of control charts and the fiducial 

probability of a mean is illustrated. Further 
classification of basic assumptions and pro-
cedures is then made. 
How the statistical method overcomes 

the difficulties of the usual types of specifi-
cation is discussed. In conclusion, a point-
by-point comparison of the different specifi-
cation methods is achieved. 

22.  STATISTICAL  METHODS IN 
RESEARCH AND DEVELOPMENT 

L. LUTZKER 
(Allen B. DuMont Laboratories, Inc., 

Passaic, N. J.) 

The statistical method, called 'Analysis 
of Variance," is used when one wishes to 
assess the relative importance of various 
factors contributing toward variation in a 
desired result. An experiment, involving 
variation in the factors under study, is de-
signed so that it will yield data in systematic 
groups. The source variance among groups 
is then compared with the error variance and 
the significance of the result determined. By 
this method of analysis, those factors exert-
ing significant influences on the final data 
are established. In addition, the existence 
and extent of interactions among the factors 
examined are ascertained. 

23. STATISTICAL ENGINEERING 
OF TOLERANCES 
EUGENE D. GODDESS 

(Sylvania Electric Products Inc., 
Boston, Mass.) 

Inherent in mass production is the im• 
plication of selection of stochastic variables, 
i.e., those chosen by chance. Hence the de-
termination of over-all tolerances is gov-

erned by those aspects of compound proba-
bility which obtain in these situations. 
Probability theory will be discussed as it af-
fects the theoretical basis for addition of 
tolerances. Reference will be made to the 
addition of tolerances when the universe is 
normal, either complete range or truncated. 
Design examples of radio components and 
circuits will be given. 

SYMPOSIUM 

Engineering for 
Quality in Television 
24. TOP MANAGEMENT EVALUATES 
QUALITY IN TERMS OF SOUND 

ENGINEERING 
ALLEN B. DuMoNT 

(Allen B. DuMont Laboratories, Inc., 
Passaic, N. J.) 

Although quality of the product depends 
upon many things, one of the most impor-
tant of these, perhaps, is quality of design. 
Therefore, while covering several broad 
phases of Engineering for Quality, Dr. Du-
Mont will discuss the part played by the 
technical man, not only as applied to the de-
sign function, but also to the many associ-
ated functions as well. 

25. STATISTICS—A NEW TOOL 
FOR THE PLANNING AND 
ANALYSIS OF LABORATORY 

EXPERIMENTS 
ENOCH B. FERRLLL 

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

The statistical methods that have been 
developed for use in quality control are a 
powerful tool in the interpretation of labora-
tory experiments where only a small amount 
of data are available. An understanding of 
these methods also permits more logical 
planning of experiments and improves what 
we might call "the efficiency of experimenta-
tion." 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. 

26. SPECIFICATION FOR QUALITY 
OF THE VISUAL OUTPUT OF 
PICTURE TUBE SCREENS 

A. E. MARTIN 
(Sylvania Electric Products Inc., 

Bayside, L. I., N. Y.) 
Among the several significant aspects of 

quality control as applied to television re-
ceiver manufacture are those which specify 
the visual output from picture tube screens. 
They are: chromaticity, luminance and con-
trast. A review is given of the problems inci-
dental to the measurement of each named 
aspect. There follows a discussion of the 
present status of such measurements in the 
television industry, with emphasis upon the 
availability of adequate standardization. 
The importance of this is made clear by the 
fact that the correct interpretation of data 
by the I.C.I. system depends upon the 
maintenance and use of satisfactory stand-
ards. The conclusion of these remarks em-
bodies a delineation of further work needed 
for the firm establishment of quality specifi-
cations. 



196 PROCEEDINGS OF THE I.R.E. Februarl 

27. THE IMPORTANCE OF PRACTICAL 
DESIGN AND SPECIFICATIONS 
FOR EFFECTIVE PRODUCTION 

AND HIGH QUALITY 

J. MANUELE 

(Westinghouse Electric Corporation, 
East Pittsburgh, Pa.) 

An almost perfectly designed television 
set may be a work of art and a triumph to 
science. It may out-perform contemporaries, 
but unless it can be produced en masse and 
with manufacturable ease, it has very little 
chance for success: In his paper, Mr. 
Manuele will elaborate on the need for a 
practical design, that is, one which is com-
patible with present facilities for production, 
for adequate covering specifications, and for 
a system of quality control by which an 
item can be evaluated from raw material to 
finished product. 

SY MPOsiu m 

Network Synthesis in 
the Time Domain 

28. A COMPARISON OF FREQUENCY 
AND TIME DO MAIN VIEWPOINTS 

IN CIRCUIT DESIGN 

W. H. HUGGINS 

(Air Force Research Laboratories, 
Cambridge, Mass.) 

Many familiar concepts of frequency 
filtering have their counterparts in the time 
domain. With the recent development of 
pulse communication systems and informa-
tion theory, the treatment of signals as 
actual functions of time, rather than as some 
equivalent spectrum of frequency compo-
nents, is a matter of growing importance. 
The classical relations between time and 

frequency formulations of network theory, 
will be reviewed with emphasis on methods 
of interpreting the characteristics of net-
works and signals in the frequency and time 
domain. Two possible design criteria formu-
lated in the time domain will be described 
and the need for a more general approach 
which combines both frequency and time 
viewpoints is indicated. 

29. STUDY OF TRANSIENT EFFECTS 
BY A NEW METHOD OF INTEGRAL 

APPROXIMATION 
M. V. CERRILLO 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

The characterization of the nature of a 
transient at different intervals of time and 
the correlation of wave forms with the 
analytical elements of the system and the 
excitation functions constitute one of the 
basic studies in the foundation of the theory 
of synthesis of discrete and distributed 
electrical and similar linear systems. 
By means of certain methods of approxi-

mate integration, here described, the above 
goal can be fairly well attained. Pertinent 
theorems of transient equivalence have been 
discovered, which led to the concept of 
"generating functions." Some other impor-
tant relations between the time and fre-
quency domains can be derived, which are of 
great help in showing the proper approach 
to the solution of certain problems of net-
work ..ynt hesis. 

30. APPLICATIONS OF THE INTEGRAL 
APPROXIMATION METHOD OF 
TRANSIENT EVALUATION 

W. H. KAUTZ 
(Massachusetts Institute of Technology, 

Cambridge, Mass.) 

The principal features of the method of 
approximate integration as applied to linear, 
lumped-constant networks are illustrated 
with a number of examples. In particular, 
the response of networks to a particular class 
of applied transient stimuli, including fre-
quency modulated transient signals, is dis-
cussed from a general standpoint to illus-
trate the correlation between the time and 
frequency domains. Finally, an example of 
the synthesis of networks for prescribed 
transient and spectrum response is worked 
out to demonstrate the approximation tech-
niques involved and resultant forms of the 
transient solution. 

31. TRANSIENT RESPONSE OF 
ASSYMETRICAL CARRIER 

SYSTEMS 

G. M. ANDERSON AND E. M. WILLtams 

(Carnegie Institute of Technology, 
Pittsburgh, Pa.) 

It is known that systems such as vestigial 
sideband television systems having asym-
metrical amplitude and phase characteristics 
about the carrier frequency possess a certain 
type of nonlinearity in response even though 
the system is linear in the total signal. The 
paper describes a vector integral method of 
time-domain analysis, analogous to the 
super-position integral for linear systems, for 
determining transient response to arbitrary 
modulation. Typical experimental responses 
are shown and analytical means are given for 
placing limits on the transient response 
variation as a function of the signal modula-
tion. Conditions are pointed out which give 
unusual singularities in the transient re-
sponse. 

Antennas I 
32. WAVEGUIDE APPLICATIONS 
OF ARTIFICIAL METALLIC 

DIELECTRICS 

W. E. KOCK 

(Bell Telephone Laboratories, Inc., 
Murray Hill, N. J.) 

Artificial dielectrics consist of arrays of 
metallic elements whose size and spacing are 
small compared with the wavelength. The 
polarization effect of a true dielectric is 
duplicated through the polarization of the 
individual dipole elements. Originally em-
ployed as lightweight substitutes for true 
dielectrics in microwave lens antennas, they 
also find use in other microwave applications 
where true dielectrics would ordinarily be 
employed. The present paper describes the 
use of iterative dipole structures as variable 
phase shifting elements in waveguides, as 
wave-guiding structures both in free space 
and over conducting plates, and as wave-
guide mode converters. A longitudinal row of 
transverse dipoles in which the plane of di-
poles is gradually rotated provides a polari-
zation rotation device also useful for wave-
guide mode converters. 

33. THE EFFECTS OF ANISOTROPY IN 
A THREE-DIMENSIONAL ARRAY 

OF CONDUCTING DISKS 
GERALD ESTRIN 

(University of Wisconsin, 
Madison, Wis.) 

This microwave delay lens medium is 
shown to have both magnetic and electric 
anisotropy, which necessitates an analysis 
describing its refractive properties for ob-
liquely incident waves. 
A simple linear transformation is applied 

to the field equations such that the trans-
formed system is magnetically isotropic 
Classical solutions from studies in optics 
provide the ray velocity surfaces in that sys-
tem. An inverse transformation yields thE 
ray velocity surfaces in the original medium. 
Huyghens construction is employed, fot 

two particular arrays, to determine the di-
rection of the refracted wave after obliquE 
incidence. 

34. A STUDY OF SINGLE-SURFACE - 
CORRUGATED GUIDES 

WALTER ROTNIAN 
(Air Force Research Labora-
tories, Cambridge, Mass.) 

A series of experiments were conducted 
to determine the properties of single surface 
corrugated structures as transmission lines 
and as radiators. Two types of surfaces were 
tested: the first is a flat grooved plate fed by 
a waveguide, and the second a circular cor-
rugated cylinder of "disk-on-rod" structure 
fed by a coaxial line. A modification of the 
second type results in a spirally grooved rod 
with similar properties. 
The measured field parameters are found 

to be predictable from existing theory. For 
properly designed structures the energy is 
essentially bound to the corrugated surface; 
little radiation occurs, and the attenuation 
of the traveling wave is due chiefly to losses 
in the metal. The effect of filling the corruga-
tions with solid dielectric is also subject to 
analysis. 
Although attempts to use the various 

units as antennas by radiating from dis-
crete points on the surface present distinct 
disadvantages, tapering the corrugations to 
match the guide impedance to that of free 
space has met with some success. 

35. A STUDY OF THE CURRENT 
DISTRIBUTION ON THE HELIX 

JAMES A. MARSH 
(Ohio State University, Columbus, Ohio) 
The current distribution on a uniform 

circular helix has been measured over a 
three-to-one frequency band which spans 
the axial mode of radiation. The measured 
distributions have been analyzed in terms of 
traveling waves of current which may be as-
sociated with three different transmission 
modes on the helix. The relative amplitude 
functions of these traveling waves, as well 
as their associated phase velocities, have 
been approximated. Current distributions 
which have been calculated by superposing 
three or more of these traveling waves are in 
good agreement with the measured data. 
Work described in this paper was carried 

out, in part, under a contract between the 
Wright-Patterson Air Force Base of the Air 
Materiel Command and the Ohio State 
University Research Foundation. 
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• 36. DIFFRACTED BEAMS IN 
METAL LENSES 

ALBERT E. HEINS 
(Carnegie Institute of Technology, 

Pittsburgh, Pa.) 

If a plane electromagnetic wave is in-
:ident upon an infinite set of staggered, 
Nqually-spaced semi-infinite parallel planes, 
there will be at least one reflected wave in 
free space and possibly a transmitted wave 
in the ducts, depending on the wavelength, 
the spacing, and the polorization. For the 
E-plane case (discussed by Carlson and 
Heins for the case of a single reflected and 
transmitted wave) we show that diffracted 
beams may arise by modification of the 
original conditions on wavelength, angle of 
stagger of the parallel plates, and angle of 
incidence of the plane wave. The results are 
also presented numerically. 

• 

:5 
. 
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Systems II 
Transmission Systems 

and Relays 
37. SIGNAL CORPS HIGH-FRE-
QUENCY RADIO COMMUNI-
CATION RESEARCH AND 

DEVELOPMENT 

JOHN HESSEL AND H. F. MEYER 

(Signal Corps Engineering Laboratories, 
Fort Monmouth, N. J.) 

The role of hf radio communication in 
the military communication system is de-
scribed. A statement is made of the tech-
nical problems requiring solution in order to 
improve hf communications. The inte-
grated program of research and development 
now being pursued by the SCEL to accom-
plish these improvements is presented. The 
subjects covered include modulation studies, 
diversity investigations, stable frequency 
generating sources, single sideband tech-
niques, radioteletype advances, and system 
integration analyses. The inter-relation of 
the various projects to improved communi-
cation equipment, facilities, and systems is 
discussed. 

38. MILITARY SINGLE SIDEBAND 
EQUIPMENT DEVELOPMENT 

R. A. KULINYI 
(Signal Corps Engineering Laboratories, 

Fort Monmouth, N. J.) 
This paper gives a review of Signal Corps 

Engineering Laboratories' activity in single 
sideband (SSI1) development. Characteris-
tics are given of a typical transmitting and 
receiving system presently used by the mili-
tary services. Experimental systems are de-
scribed which employ audio phase-shift 
net works instead of channel filters. One 
type of transmitter uses sideband gene-
rators which operate at a low level, followed 
by linear amplifiers. Another experimental 
transmitter will generate the desired side-
band at a high power level. Projects are de-
scribed which lead to both high- and low-
frequency embodiments of the high level 
principle. Adapters for SSB reception with 
double sideband receivers are considered. 
One, already under test, uses phase-shift net-
works. A second adapter developed at 
this time is intended to evaluate all avail-
able means of sideband selection to provide 

best obtainable performance. A brief de-
scription is given of a test program for com-
paring various SSB systems and some in-
strumentation problems are considered. 

39. RADIO RELAY DESIGN DATA 
60 TO 600 Mc 
R. GUENTHER 

(Signal Corps Engineering Laboratories, 
Fort Monmouth, N. J.) 

This paper presents general design data 
for a complete radio relay transmission 
system including propagation characteris-
tics (60 to 600 Mc) multichannel operation 
and various types of modulation. All param-
meters are determined by the noise figure of 
the receiver. From these figures either a level 
diagram may be plotted as usual in commu-
nication circuits, or the final signal to noise 
ratio per channel may be obtained from 
simple addition or subtraction of the various 
parameters respectively. Thus, a convenient 
procedure for practical use is obtained which 
permits a quicker and reliable design. In 
order to extend the figures to various types 
of modulation a new parameter has been de-
fined which takes care of the efficiency of the 
demodulator. 

40. MULTIPLEX MICROWAVE 
RADIO RELAY 

D. D. GRIEG AND A. M. LEVINE 

(Federal Telecommunication Laboratories, 
Inc. Nutley, N. J.) 

A description is given of a 5,000-Mc 24-
channel radiotelephone relay system suita-
ble for both short- and long-haul trans-
mission. 
Multiplexing of the voice channels is ac-

complished on a time-division basis, to-
gether with pulse-time modulation of the 
channel pulses. The rf is modulated by 
means of frequency-shift keying with the 
pulses and spaces being at different carrier 
frequencies. 
The relay system consists of terminal 

equipment for accomplishing the time-
division multiplex and pulse-time modula-
tion, and rf transmitters and receivers for 
the microwave transmission. The repeater 
comprises a transmitter and receiver con-
nected back to back, and pulse frequencies 
rather than audio frequencies are handled. 
The main features of this system include 

the minimization of cross stalk and distor-
tion coupled with improved transmission 
characteristics. 

41. CROSS TALK IN FREQUENCY- AND 
PHASE-MODULATED RADIO RELAYS 
USED IN CONJUNCTION WITH 
MULTICHANNEL TELEPHONY 

EQUIPMENT 
SAUL FAST 

(Signal Corps Engineering Laboratories, 
Fort Monmouth, N. J.) 

In transmitting the frequency division 
multiplexed output of a carrier telephone 
terminal over a radio relay, the achievement 
of high signal to cross talk ratios presents 
considerable difficulty. A general method is 
developed for treating cross talk arising in 
nonlinear circuits. This method is applied to 
direct and indirect phase and frequency 
modulatiors coupled -circuit, and single-
tuned interstages and discriminator cir-

cuits. The effect of mistuning is also treated. 
Relations are obtained between cross talk 

to signal ratio per channel and harmonic 
distortion for each of these circuits. There is 
considerable difference in cross talk to signal 
ratio per channel when frequency or phase 
modulation is employed. 
The effect of cascading distorting cir-

cuits on the cross talk is considered and 
methods of minimizing cross talk are pre-
sented. 

Measurements 
42. OSCILLOGRAPHIC PRESENTATION 
OF TIME DELAY AND DISTORTION 
IN BROAD-BAND FM SYSTEMS 

A. R. VALLARINO 

(Federal Telecommunication Laboratories, 
Inc. Nutley, N. J.) 

Two panoramic equipments have been 
developed to help in the design of broad-
band FM systems over the range of 100 kc 
to 10,000 Mc. Maximum bandwidth is 40 
Mc. These are as follows: (1) An equipment 
to measure the incremental time delay 
(phase-frequency slope) of intermediate 
transmission networks. (2) An equipment 
to measure the amplitude-frequency slope 
characteristics of modulator and demodula-
tor components. 
Incremental time delays of 1 millimicro-

second (10-9 secs) and static harmonic dis-
tortions of 70 db can be measured. In both 
cases the slope characteristic is presented on 
an osciloscope. Time delay measurements 
can be made from 100 kc to 5000 Mc. Dis-
tortion measurements from 10 Mc to 10,000 
Mc. 

43. ROCKETS RANGE INSTRU-
MENTATION 

E. R. TOPORECH AND F. M. ASHBROOK 

(U.S. Naval Ordnance Test Station, 
Inyokern, Calif.) 

The problem of obtaining ballistic infor-
mation for the study and evaluation of the 
performance of rockets and guided missiles 
is complex. It is necessary to determine such 
quantities as position in space, trajectory, 
acceleration, roll, pitch, yaw, etc. Electronic 
and photographic equipment are used to 
obtain the necessary information on missile 
performance. Electronics provide such items 
as precise timing, electronic and magnetic 
sensing avices including telemetering, radar 
equipment, and recording techniques. The 
photographic equipment is used to make 
graphical records of functions and to record 
the position in space of the missile, which is 
correlated with the electronic for time def-
inition, etc. 
The diversity encountered in an experi-

mental program such as is performed at 
NOTS requires unusual flexibility of precise 
instrumentation of many and varied kinds. 
These requirements have lead to the devel-
opment of many unusual techniques in the 
instrumentation field. 

44. NEW TEST EQUIPMENT FOR 
THE UHF TELEVISION BAND 

JOHN EBERT AND H. A. FINKE 
(Polytechnic Research and Development 

Co., Inc., Brooklyn, N. Y.) 
This paper covers the imoortant electri-
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cal and mechanical design solutions for three 
new pieces of test equipment that were de-
veloped for the uhf television band. All three 
have novel electrical solutions that combine 
distribution and lumped circuit techniques. 
The test equipments to be discussed are: 

1. A sweep-frequency oscillator operat-
ing at fundamental frequency. 
2. A novel direct-reading cavity-type 

frequency meter and marker. The drive on 
this instrument has been linearized to a de-
gree that permits checking frequency dif-
ferences to 0.1 Mc per second. 
3. A calibrated variable noise source 

using a coaxial noise diode. 

45. DIRECT READING PHASEMETER 

L. H. O'NEILL AND J. L. 11 ist 

(Columbia University, 
New York, N. V.) 

A device for measuring the phase differ-
ence between two sinusoidal voltages in the 
frequency range 7 cps to 100 kc is described. 
The method employs the summation or sub-
traction of the to voltages. Accurate sum-
mation and subtraction is performed by the 
use of feedback amplifiers. The phase differ-
ence may be read directly on a vacuum-tube 
voltmeter. The precision of measurement 
may be made as high as is desired through 
the use of multistage feedback amplifiers. 
However, precisions of the order of 1/2° are 
obtained by the use of relatively simple 
circuitry. 

46. MEASURING PROCEDURE FOR 
RADIOTELETYPE 
CONVERTERS 

H. C. HAwKiNs 

Signal Corps Engineering Laboratories, 
Fort Monmouth, N. J.) 

The performance of frequency shift radio-
teletype converter equipment is determined 
by a number of factors. A series of measuring 
procedures for determining the limitations 
imposed by any single one or combination of 
these factors is described. Included in the 
tests are measurements of signal to random 
and impulse noise, tolerable input signal 
drift, interference susceptibility, input level 
range, magnitude of frequency shift, diver-
sity action, and keying speed limits in terms 
of teletype printer hits and telegraph dis-
tortion. The test procedures described are 
compared with those performed and re-
ported by other agencies. The need for uni-
form standards is stressed. 

Television I 
Transmission Systems 
47. 5-Kw VISUAL AND 2.5-Kw 

AURAL TELEVISION 
AMPLIFIERS 

I'. BREEN 

(Allen B. Du Mont Laboratories, Inc., 
Passaic, N. J.) 

This paper describes 5-kw visual amd 
2.5-kw aural amplifiers to be driven by com-
mercially available low-power visual and 
aural television transmitters. The design 
stresses simplicity in operation and main-
tenance, since each amplifier consists of only 
one grounded-grid, push-pull stage using 

forced air-cooled Eimac 3X2500A3 tubes. 
Both the visual and aural amplifiers give a 
power gain of between 5 and 6. Performance 
data showing compliance with all present 
and proposed FCC and RNIA requirements 
are given, as well as a complete description 
of the mechanical and electrical features of 
both amplifiers. 

48. DESIGN CONSIDERATIONS IN 
TV TRANSMITTERS 

L. Put.t..Acx, E. BRADBUR.D, AND I. KRAUSE 

(Federal Telecommunication Laboratories, 
Inc. Nutley, N. J.) 

The following topics of TV transmitter 
design are discussed and particular solutions 
presented to the following problems: 
(1) The general problem of the TV 

transmitter, i.e., obtaining wideband ampli-
tude modulation w ith good linearity, stable 
characteristics, and dc transmission. (2) 
The level at w hich to introduce modulation. 
The relative advantages and disadvantages 
of the various methods are discussed in some 
detail. (3) Selection of the output tube for 
the aural and visual transmitters. Design of 
the exciter chains. (4) The modulator is 
examined with special consideration given to 
dc stability and economy of design. (5) 
Stability, regulation, and transient response 
in relation to power supplies, control, and 
metering circuits. (6) Sideband filtering 
from the viewpoint of long-term stability, 
picture quality, and maintenance of con-
tinuous operation. (7) Monitoring methods 
are presented for properly appraising picture 
quality and measuring per cent modulation. 
Methods for measuring aural and visual 
power outputs are presented. (8) Mechani-
cal considerations, i.e., cooling, ease of 
maintenance, tube replacement, and tuning. 

49. WIDEBAND RF PROBLEMS IN 
TELEVISION TRANSMITTERS 

L. Iiiimant leo AND L. PoLL.1( K 

(Federal Telecommunication Laboratories, 
Inc., Nutley, N. J.) 

The follow ing topics of TV rf transmitter 
design are discussed and particular solutions 
presented: (1) Gain bandwidth products of 
coupling networks and the application of 
these principles to power amplifiers; (2) the 
modulated power amplifier design in relation 
to such considerations as coupling networks, 
ease of tuning, long term stability, and drive 
regulation; (3) phase modulation of the 
visual carrier and methods for reducing this 
effect: (4) design of the power output stage 
with respect to the coupling network, volt-
age problems, reducing of stray capacitance, 
effect of long lines on bandwidth, etc.; (5) 
sideband filter design; and (6) monitoring 
and general transmitter measurements by 
the use of reflectometer. 

50. THE VIDICON —A NE W PHOTO-
CONDUCTIVE TELEVISION 

PICKUP TUBE 

P. K. WEIMER, S. V. FORGUL, 
AND R. R. GOODRICH 

(RCA Laboratories, Princeton, N. J.) 

Photoconductivity offers the possibility 
of designing a television pickup tube in its 
simplest, most sensitive, and most compact 
harm. A new television pickup tube called 

the "vidicon" and employing a photocon-
ductive target is now in an advanced stage 
of experimental development. 
The particular form of vidicon to be de-

scribed is one inch in diameter and six inches 
long. It is particularly adapted to industrial 
applications by virtue of its simplicity and 
compactness. The target sensitivity is suf-
ficiently high to permit operation at moder-
ate light levels without requiring an electron 
multiplier. In some cases experimental tar-
gets have exceeded one thousand micro-
amperes per lumen. 

51. INDUSTRIAL TELEVISION 
SYSTEM 

R. C. W EBB AND J. 1\1. NIORGAN 

(RCA Laboratories, Princeton, N. J.) 

A miniature television camera system 
has been developed around the new "vidi-
con" photoconductive pick-up tube for in-
industrial use. A simplified self-contained 
synchronizing generator in the master, 
control-monitor unit establishes a scanning 
rate identical with RNIA standards for 
broadcasting, thus making it practical to use 
existing TV receivers as extension monitors. 
An improved method of obtaining hori-
zontal deflection in the camera makes possi-
ble the use of camera cable lengths up to 500 
feet. The camera contains a small video am- i-
plifier and a servo motor for remote control 
of optical focus. Total power consumption is 
only 350 watts. 

Passive Circuits 
Filter Circuits and Variable 

Networks 

52. FREQUENCY ANALYSIS OF 
VARIABLE NETWORKS 

LOTH A. 

(Columbia University, New York, N. Y.) 

The familiar frequency domain techniques 
commonly used in the analysis of fixed linear 
networks are extended to linear variable 
networks. It is slio‘%n that a function 
H(fig; 1) termed the system function of a 
variable network, possesses most of the 
fundamental prqperties of the system func-
tion of a fixed network. It is further shown 
that II ( j,; 1) satisfies a linear differential 
equation in t, which is of the same order as 
the differential equation relating the input 
and output of the network. Two methods of 
solution of this equation covering most 
cases of practical interest are given. On the 
basis of the obtained results it appears that 
frequency domain analysis possesses sig-
nificant advantages over the conventional 
approach using the impulsive response of 
the network. 

53. DISTORTION BANDPASS CON-
SIDERATIONS IN ANGULAR 
MODULATION SYSTEMS 

ALBERT A. Gritt.t( It 

I I linOiS Institute of Technology, 
Chicago, Ill.) 

The distortion introduced into an angu-
lar modulated signal transmitted through a 
linear network or medium is analyzed using 
the sideband approach. It is shown that 
closed form solutions may readily be found 
for transfer functions which are linear ex-

t„-
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mential functions of frequency. A few ex-
nples of possible transfer functions are 
eated illustrating the distortion tendencies 
.r both amplitude and phase character-
tics. A rule-of-thumb-formula is derived to 
hermine the maximum undistorted modu-
tion frequency which may be transmitted 
'rough a network of a given bandpass 
laracteristic. 

54. CONCERNING THE LOWEST 
POSSIBLE UNLOADED RESONANT 
CIRCUIT Q'S WHICH CAN BE 
USED IN MULTIPLE RESO-
NANT CIRCUIT FILTERS 

MILTON DISMAL 

Federal Telecommunication Laboratories, 
Nutley, N. J.) 

For the small percentage pass bands (10 
er cent to as low as 0.1 per cent in some 
-ases) which are required for the great 
majority of selective circuit designs in the 
f, vhf, and microwave region the usual 
her designs produce unnecessarily poor 
assband response because they assume that 
he "unloaded Q" of the resonators which 
re used are very much higher than the 
-actional mid-frequency (foi gs as) being 
sod. 
This paper shows how the constants of 
iultiple resonant circuit filters must be 
aried when the above assumption is not 
rue. In particular it is shown that no loss 
/hatever in sharpness of cutoff need be 
uffered if the designer can obtain resonators 
Those unloaded Q is higher than 

QmIn > ' 
1 

56. FILTERS FOR TELEVISION 
INTERFERENCE 

A. M. SEYBOLD 

(Radio Corporation of America, 
Harrison, N. J.) 

Television interference caused by radio 
amateur transmitters is divided into two 
classifications: interference produced by 
transmitters in the form of harmonic radia-
tion, and interference appearing in television 
receivers as a result of acceptance of strong, 
amateur-band signals. The amateur's solu-
tion of these problems is discussed. 
Shielding the transmitter, filtering its 

supply and control leads, and inserting a 
low-pass filter in the transmission line mini-
mize harmonic radiation. 
High-pass filters placed at television-

receiver antenna terminals improve rejec-
tion of amateur signals. Simplified equations 
for low-pass filters and both shunt-derived 
r-section and series-derived T-section high-
pass filters are presented. 

Antennas II 
57. ON THE RELATION BETWEEN THE 
GEOMETRY AND THE IMPEDANCE 
CHARACTERISTICS OF TYPICAL 

RADIATING SYSTEMS 

T. H. CROWLEY AND V. H. RUMSEY 

(Ohio State University Research Founda-
tion, Columbus, Ohio) 

A systematic experimental investigation 
of the effect of the geometry of a radiating 
system on the impedence versus frequency 

cosh [  1  /V(vp/v.)2 - 1)] 
fo 

\ Ahab/ 
sin ( —) sinh E—n sinh-1 (1/ 01vv.)2 _ 1) 

90° 1 

A quadruple-tuned 1,500-Mc filter unit 
s described and shown. 

• 55. TUNABLE MICROWAVE WAVE-
GUIDE FILTERS 

W. SICHAK AND H. A. AUGENBLICK 

(Federal Telecommunication Laboratories, 
Inc., Nutley, N. J.) 

Heretofore, tunable waveguide filters 
have consisted of cavities connected with 
quarter-wavelength coupling lines and tuned 
by means of a lumped reactance in the 
cavity. Such filters exhibit assymmetrical 
frequency response and a bandwidth pro-
portional to the cube of frequency when 
tuned. 
A different method of tuning is to main-

tain constant guide wavelength as the filter 
is tuned. A filter so tuned will exhibit sym-
metrical pass-band response and essentially 
constant bandwidth. 
Various methods of varying guide wave-

) length are investigated, including (1) chang-
, 1 ing the guide width, (2) inserting a dielectric 
strip in the broad face of the guide, and (3) 
inserting a metal strip in the broad face of 
f the guide. 

characteristic, based on Schelkunoff's analy-
sis, leads to a procedure for controlling the 
impzndence characteristic by means of the 
geometry. The particular cases of a radiator 
in free space and in the presence of a plane 
reflector are considered in detail. The general 
principles of frequency compensating apply 
to wire antennas, slot antennas, and radia-
tors in cavities. The frequency compensating 
effects obtainable in practice are strikingly 
borne out by measurements. 

58. A METHOD FOR STUDYING 
THE RESPONSE OF LOOPS TO 
THE ELECTROMAGNETIC 

FIELD 
BEVERLY C. DUNN, JR. 

(Harvard University, Cambridge, Mass.) 
Loop response is studied by means of a 

cavity resonator of specialized design. The 
loop is placed in a rotary mount fixed in 
position along a tube equipped with identical 
pistons. The pistons can be moved axially 
and rotated; thus by mounting exciter, 
monitor, and polarizer on the pistons, a re-
sonant mode can be moved axially and ro-
tated with respect to the loop position by 
corresponding motions of the pistons. A 

wide range of complexity of loop excitation 
is therefore available for investigation of 
loop response to intricate field distributions 
as a function of the characteristics of the 
loop system. 

59. MEASUREMENT OF THE RADIA-
TION EFFICIENCY OF ELLIPTICALLY 

AND LINEARLY POLARIZED 
ANTENNAS 

JOHN ROWEN 

(Ohio State University Research 
Foundation, Columbus, Ohio) 

The development of a direct reading ef-
ficiency meter has made possible a study of 
the radiation efficiency of a number of 
linearly and elliptically polarized antennas. 
The operation and calibration of the effi-
ciency meter will be described briefly, and 
verification of its accuracy will be made upon 
the basis of measurements of a number of 
substantially lossless antennas. The use of 
this meter on a number of polyrods and 
several elliptically polarized antennas will be 
discussed. 

60. BROAD-BAND UNDIRECTIONAL 
ANTENNA 50 TO 170 Ific 

V. J. COLAGUORI AND R. GUENTHER 
(Signal Corps Engineering Laboratories, 

Fort Monmouth, N. J.) 

This paper deals with the design and test 
of a dipole array consisting of two driven 
cylindrical elements relatively large in diam-
eter with suitable reflectors. The required 
frequency range is 50-170 Mc (3.4 to 1), the 
nominal input impedance 50 ohms, unbal-
anced, with deviations within about 3:1 
VSWR. The pattern requirements call for a 
unidirectional characteristic with side lobes, 
irrespective of their direction, 10 db below 
the desired direction. Their requirements 
represent just about the limit realizable 
with a dipole array. Calculations of the 
dimensions of the antenna and balancing 
transformer are carried out. Measurements 
show the achieved characteristics of the an-
tenna and balancing transformer separately, 
as well as for the entire system. 

61. ANTENNA SYSTEM FOR VERY-
HIGH-FREQUENCY RADIO 
RANGES AND DIRECTION 

FINDING 

F. J. LUNDBURG AND F. X. BUCHER 
(Federal Telecommunication Laboratories, 

Inc., Nutley, N. J.) 

A cylindrical bird-cage like structure 
which is excited internally by a dipole field 
and a loop field produces the necessary in-
formation for a VOR system. The bird-cage 
like structure modifies the impedance of the 
short rotating dipole to provide a suitable 
match over the frequencies assigned to 
VOR's. The cage structure minimizes 
electric current sheet radiation resulting in a 
high degree of pure horizontal polarization. 
Since the system utilizes a rotating dipole 

for azimuth information, errors associated 
with systems employing goniometers are 
eliminated. Space is available for suitably 
mounting distance measuring equipment 
giving a complete p, e system. 
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Systems III 
Modulation Systems and 
Bandwidth Requirements 

62. PRODUCT PHASE MODULATION 
AND DEMODULATION 

D. B. HARRIS AND D. 0. McCoy 
(Collins Radio Co., Cedar Rapids, Iowa) 
A type of phase modulation system is 

described in which modulation of the phase 
angle of a carrier wave is brought about 
through an amplitude modulation process. 
The modulating voltage e„„ is first impressed 
in parallel on a "Sine Phase Converter" and 
a "Cosine Phase Converter," which produce 
respectively, at their outputs, the functions 
sin ke„, and cos ke.. The first of these modu-
lating functions is used to modulate, in a 
balanced modulator, the carrier wave, cos 
WI. The second modulating function modu-
lates in a similar balanced modulator the 
same carrier wave displaced in phase by 90 
degrees, or sin wt. The outputs of the two 
modulators are added to produce a phase-
modulated wave in accordance with the tri-
gonometric identity sin ke„, and cos wt-I-cos 
ke„, sin we =sin (a+ke.). 
The "Phase Converters" proposed con-

sift of oscilloscope tubes in which the phos-
phor has been replaced with an anode for 
collecting electrons, and a mask is interposed 
in the electron beam in order to produce at 
the anode, a voltage proportional to the sine 
or cosine of the linear beam deflection, which 
in turn is proportional to the modulating 
voltage applied to the deflecting plates. It is 
indicated that phase deviations as high as 
±25T radians may be obtained with this 
system. 

63. SOME NOVEL METHODS FOR 
THE GENERATION OF PCM 

N. R. CASTELLINI, D. L. JACOBY, 
AND B. KEIGHER 

(Signal Corps Engineering Laboratories, 
Fort Monmouth, N. J.) 

Methods for the generation of pulse code 
modulation are described which all have in 
common the characteristics that they are 
self-limiting, self-quantizing and that they 
can be operated at relatively high speed by 
trading bandwidth for time. The circuits are 
relatively simple in that the number of ele-
ments in the circuits is proportional to the 
number of digits and not to the number of 
levels. In these methods the code is obtained 
by operating directly on pulse-width modu-
lation by using delay lines as yardsticks of 
comparison. In addition to being useful for 
the generation of binary PCM, the methods 
are readily adaptable to the generation of 
PCM to higher base (i.e., ternary, quater-
nary, etc.). An experimental circuit de-
signed to operate at 1-Mc repetition fre-
quency will be described. 

64. A HIGH-CAPACITY MATRIX-
COMMUTATED RADIO 
TELEMETERING 

SYSTEM 
J. P. CHISHOLM, E. F. BUCKLEY, 

AND G. W. FARNELL) 
(Massachusetts Institute of Technology, 

Cambridge, Mass.) 
Discussion of basic requirements for 

high capacity pulse-time telemetering sys-
tem. Development of a simple matrix com-
mutator capable of providing 128 sequential 
channels with as many as 2,000 information 
samples per second on each channel. Descrip • 
tion of a subminiturized PAM-FM tee-
metering system employing a matrix com-
mutator and a reactance-switched fre-
quency-modulated transmitter. Discussion 
of applicability of these techniques to voice 
communication systems. 

65. TECHNIQUES FOR CLOSER 
CHANNEL SPACING AT VHF 
AND HIGHER FREQUENCIES 

CHARI.ES F. 1-buns Asn WAL.IoN B. Bisnon 
(Air Force Research Laboratories, 

Cambridge, Mass.) 

Physically separated radio transmitteis 
can be frequency-division multiplexed to 
obtain a great economy of bandwidili utili-
zation at vhf and higher frequencies by use 
of a common reference signal in lieu of 
locally generated high-frequency oscilla-
tions. In an individual transmitter, a ino,Iti-
lated low-frequency sub-carrier is hetero-
dyned with a harmonic of the referent e sig-
nal, and the sum (or difference) frequen(y 
band is selected for transmission. Amplit ude-
modulated voice signals spaced less than 10 
kc apart at greater than 100 Mc have been 
separated with ease by use of a standard low - 
frequency communication receiver preceded 
by a wide-band mixer using a local oscillator 
signal synchronized with the transmitter 
reference signal. 

66. HIGHLY SELECTIVE MOBILE 
RECEIVER 

R. T. ADAMS AND R. A. FEtst.N10.1.1, 

(Federal Telecommunication Laboratories, 
Inc., Nutley, N. J.) 

G. \V. SELLERS 

(Capehart-Farnsworth Corporation, 
Fort Wayne, Ind.) 

A mobile receiver for operation between 
152 and 174 Mc is described that permits 
reception where adjacent-channel (60 and 
120 kc away) interference is of the order of 
volts. Its selectivity curve is 30 kc wide at 
the 6-db points and at 30 kc off resonance 
the attenuation is 100 db. High overload 
capabilities of the input circuits withstand 
interfering signals 100 db above the desired 
signal without loss of sensitivity. The dis-
tortion at high signal levels is low. Novel 
circuit elements and techniques used in the 
receiver will be described. 

Industrial Instruments 
67. USE OF IMAGE CONVERTER 

TUBE FOR HIGH-SPEED 
SHUTTER ACTION 
A. W. 110GAN 

(Naval Ordnance Laboratory, 
Silver Spring, Md.) 

The equipment described provides .t 
means of obtaining high-speed photographs 
while utilizing a continuous light source. The 
paper will describe apparatus for "one shot" 
exposures of one microsecond or more, and 
will discuss motion picture and stroboscopic 
applications of the scheme. 
The heart of the equipment is an image 

photottibe such as type 1P25 . Images are 
impressed on the photocathode and the tube 
is pulsed electrically for a duration equal to 
the exposure time desired. The image will 
then appear on the fluorescent screen, and 
may either be viewed directly or photo-

graphed. 

68. ULTRASONIC PULSE INSTRU-
MENTS FOR AUTOMATIC CON-

TINUOUS MEASURMENT 
OF PHYSICAL PROPER-
TIES OF SOLIDS AND 

LIQUIDS 

NLI v R. RICH 

(NA:, I  Abill ltilt,  if)ilcatstisr.i)rig Co., 
t ti  

I Iii,,-onic in,trumentation using the 
1.1(.1,11i,-- of transmission of ultrasonic 

in.ed in measure the elastic proper-
t  sol I s and the viscosity of liquids. The 
time ot plopagation of ultrasonic pulses is 

in an automatic recording in-
strument tu  ield a continuous record of 
moduli! , of cl.i,ticity showing the changes 
that o air  the material is put through 
pro;.;ram , of variation in stress, elongation, 
tempei.dure.ind humidity. The attenuation 
of ultr.,-onic pulses in liquids is measured 
and re( 'ii led in an automatic recording in-
martial it to measure and control viscosity of 

and of licr liquids and the polymeriza-
tion of plastics. 

69. ELECTRONIC DUPLICATOR 
ATTACHMENTS FOR AUTO-
MATIC MACHINE TOOL 

OPERATION 

WILFRED ROTH 

R,tyth(utt Manufacturing Co., 
Waltham, Mass.) 

Serx oniedianisins employing electronic 
control eknients designed for attachment to 
exi,aing machine tools to permit the auto-
mat ic duplication of given patterns  ar e dis-
cussed. A single-motion duplicator, when at-
tached to a lathe, is used to automatically 
turn figures of revolution and, when attached 
to a milling machine, is used for die sinking. 
A two-motion duplicator, in conjunction 
with a standard- miller, is used to reproduce 
contours of planar figures. By proper utiliza-
tion of these two basic systems, three-
dimensional patterns can be automatically 
duplicated. Discussion of the design require-
ments, stability criteria, and actual electro-
mechanical embodiments are presented. 

70. MODERN METHODS OF 
SERVO SYNTHESIS 

RAWLEY McCoy AND DONALD HERR 

(Reeves Instrument Corporation, 
New York, N. Y.) 

Gewertz, Fry, Bode, Foster, and 
Guillemin, among others, have made ma-

terialanaly sciso nantrdi bsuytnthesis Contributions in the field of network 
pertaining s o r 

realizability, synt hesisP to a i re fre-
quency function, equivalence, an d dua lity. 

e p tci pbehdysica 

Many of these results are directly applicable 
.to the analysis aml design of servomechan-
isms, especially to the design of RC networks 
and amplifiers in the control loops, and to 
the problem of system  sta bility.  Noise,  non -
linearity, and departure from ideal of servo 
components, and the techniques of deter-
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mining the required networks, their func-
tional forms, and their interconnections, are 
remaining problems of servo design. The use 
of one tool, a flexible differential analyzer of 
the analogue type, in modern servo design, 
is described; the proposed use of a second 
tool, a flexible polynomial-plotter, in modern 
servo design is also presented. In a typical 
case economically justifying such techniques, 
their application to a specific system design 
problem to fulfill prescribed steady-state 
and transient performance requirements, is 
made. 

71. AN ELECTRONIC FLOWMETER 
AND ITS INDUSTRIAL 

APPLICATIONS 
Et cr.,' MITTELMANN AND V. J. CUSHING 

ittelmann Co., Chicago, Ill.) 

Based on the earlier work of A. Kolin, an 
electronic flowmeter for industrial applica-
tions was developed. If the flowing liquid 
passes through a magnetic field, a potential 
proportional to the velocity of the liquid will 
be developed across two measuring elect-
rodes. It is shown that the velocity potenti-
als are u ithin all practical limits independent 
of the distribution of the laminar flow and 
also within wide limits of the conductivity 
of the liquid. The amplifier and interference 
compensation circuits are discussed, along 
with various uses for the new flownieter in 
the chemical, food, and electronic industries. 

SYMPOSIUM 

Television 
72. A round-table discussion of current 

1: television developments, including such items 
e as color television and uhf allocation. The 
session will be presided over by Donald G. 
Fink as moderator. 

Antennas III 
(This session has been canceled due to con-
flict with the Television Symposium) 

73. RADIATION FROM CIRCULAR 
CURRENT SHEETS 

i W. R. LEPAGE, C. S. ROYS, AND S. SEELY 
(Syracuse University, Syracuse, N. Y.) 

An analysis is carried out for the 1 three-
dimensional radiation pattern of a system of 
coplanar concentric  cylindrical  current 
sheets. The cylinders are of small height, and 
have elements perpendicular to the plane of 
the circles. Two solutions are available; one 
is general and the other emphasizes beam 
formation. A prescribed horizontal pattern 
can by synthesized by the use of either solu-
tion. In one case the pattern is expressed as a 

' Fourier series, and the array reduces to a 
single circle. In the other case the pattern is 
I expanded in a Bessel-Fourier series, and a 
system of concentric circles is required. The 
two methods may be combined to simul-
taneously synthesize prescribed horizontal 
and vertical patterns. 

74. RADIATION PATTERNS OF 
CIRCULAR AND CYLINDRICAL 

ARRAYS 

JOHN E. WALSH 
(Air Force Research Laboratories, 

Cambridge, Mass.) 

Approxiniate formulas are derived, in 

closed form, for the horizontal and vertical 
patterns of arrays of dipoles arranged on an 
arc of a circle, or on the surface of a right 
circular cylindrical segment. Patterns are 
discussed from the point of view of depend-
ence of side lobe level and beamwidth on the 
radius of the arc or segment and the central 
angle subtended. 

75. PROPERTIES OF GUIDED 
WAVES ON INHOMOGENEOUS 
CYLINDRICAL STRUCTURES 

RICHARD ADLER 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

An analysis is given of some basic pro-
perties of exponential modes on passive cy-
lindrical structures in which e, p, and p vary, 
over the cross section. The bounding surface 
need not be completely opaque; open struc-
tures (like t he dielectric rod) and those 
bounded by a wall with prescribed admit-
tance are considered. Major, but not ex-
clusive, attention is given to nondissipative 
systems. The modes are compared to those 
encountered in conventional waveguides 
with respect to orthogonality conditions, s 
power-flow properties, characteristics of the 
propagation constant, and frequency-de-
pendence of the field configurations. 

76. SCATTERING OF PLANE ELEC-
TROMAGNETIC WAVES BY A 
PERFECTLY CONDUCTING 
HEMISPHERE OR HEM-
ISPHERICAL SHELL 

EDWARD kENNAUGH 

(Ohio State University Columbus, Ohio) 
Expressions are derived for the total 

field produced when a plane polarized elec-
tromagnetic wave is incident upon a per-
fectly conducting hemisphere or hemispheri-
cal shell. No assumptions limiting the ratio 
of diameter to wavelength are necessary. 
Evaluation of related coefficients is shown to 
be dependent upon the solution of an in-
finite set of linear equations, which can be ap-
approximated with sufficient accuracy by 
solving a finite subset. For a ratio of radius 
to wavelength of 0.376 and incidence along 
the symmetry axis, diffraction by a hemi-
spherical shell is treated by this method and 
the total field obtained. 

77. DIFFRATION BY A PROLATE 
SPHEROID 

F. V. SCHULTZ 
(University of :Michigan, Willow Run Air-

port, Ypsilanti, Mich. 

The problem of the diffraction of a plane 
electromagnetic wave by a perfectly con-
ducting prolate spheroid is solved for the 
case in which the incident wave strikes the 
spheroid nose-on. The solution involves 
setting up for the diffracted wave a series in 
terms of two sets of solutions of the vector 
Helmholtz equation. The undetermined co-
efficients used in this series are evaluated by 
using the boundary conditions existing on 
the surface of the spheroid. Numerical re-
sults are found for the back-scattering cross-
section of a spheroid with a particular ec-
centricity, and these results are compared 
with those obtained using physical optics 
and geometrical optics. 

Television II 
UHF and Color TV 

78. A 1-Kw UHF TELEVISION 
TRANSMITTER 

T. M. GLUYAS 

(Radio Corporation of America, 
Camden, N. J.) 

A 1-KW uhf television transmitter op-
erating in the channel from 529-535 Mc is 
described. Methods of employing eight 
standard tubes in the output stage to de-
velop the required power, design problems 
encountered, the measuring techniques em-
ployed, and novel features are covered. Per-
formance data is included. Photographs of 
oscilloscope and kinescope monitors ac-
company the paper. 

79. A SUPERGAIN UHF TELEVISION 
TRANSMITTING ANTENNA 

0. 0. FIET 
(Radio Corporation of America, 

Camden, N. J.) 

A uhf television transmitting antenna of 
high power gain will be described. This an-
tenna is designed to operate in the channel 
from 529 to 535 Mc. Problems associated 
with transmission lines and the application 
of waveguide techniques to the elements of 
the radiating system will be discussed. Per-
formance data, design problems, experi-
mental techniques, and novel features will be 
presented. Illustrations will accompany the 
paper. 

80. DESIGN OF A HYBRID RING 
DIPLEXER FOR ULTRA-HIGH-
FREQUENCY TELEVISION 

USE 

W. H. SAYER AND J. M. DE BELL, JR. 
(Allen B. DuMont Laboratories, Inc., 

Passaic, N. J.) 
The hybrid ring diplexer solves two of 

the problems which beset uhf transmiter de-
signers: (1) In one television channel it per-
mits the mixing of sound and video fre-
quencies with substantially no interac-
tion, an the same time providing feeding out-
puts for a turnstile type of antenna. (2) It 
allows the superposition of one or more pairs 
of synchronized uhf power sources for at-
taining a high-carrier power from inher-
ently low-powered units. 
This paper will outline the simple design 

considerations, and discuss the performance 
and applications of a hybrid ring diplexer at 
610 Mc. 

81. CONSTRUCTION AND OPERATION 
OF AN EXPERIMENTAL UHF 

TELEVISION STATION 

RAYMOND F. GUY AND FREDERICK W. SMITH 
(National Broadcasting Co., 

New York, N. Y.) 

The engineering considerations involved 
in the construction and operation of an ex-
perimental television broadcast station in 
the ultra-high-frequency band are pre-
sented. The transmitter, KC2XAK, is 
located in Bridgeport, Conn., and operates 
in the band from 529 to 535 Mc with a 
newly developed high-gain antenna. 



200 

Systems III 
Modulation Systems and 
Bandwidth Requirements 

62. PRODUCT PHASE MODULATION 
AND DEMODULATION 

D. B. HARRIS AND D. 0. McCoy 
(Collins Radio Co., Cedar Rapids, Iowa) 

A type of phase modulation system is 
described in which modulation of the phase 
angle of a carrier wave is brought about 
through an amplitude modulation process. 
The modulating voltage e„„ is first impressed 
in parallel on a "Sine Phase Converter" and 
a "Cosine Phase Converter," which produce 
respectively, at their outputs, the functions 
sin ke., and cos ke.. The first of these modu-
lating functions is used to modulate, in a 
balanced modulator, the carrier wave, cos 
a. The second modulating function modu-
lates in a similar balanced modulator the 
same carrier wave displaced in phase by 90 
degrees, or sin cot. The outputs of the two 
modulators are added to produce a phase. 
modulated wave in accordance with the tri-
gonometric identity sin ke„, and cos tat +cos 
ke„, sin cot =sin (.11-1-ke.). 
The "Phase Converters" proposed con-

si-at of oscilloscope tubes in which the phos-
phor has been replaced with an anode for 
collecting electrons, and a mask is interposed 
in the electron beam in order to produce at 
the anode, a voltage proportional to the sine 
or cosine of the linear beam deflection, which 
in turn is proportional to the modulating 
voltage applied to the deflecting plates. It is 
indicated that phase deviations as high as 
+25T radians may be obtained with this 
system. 

63. SOME NOVEL METHODS FOR 
THE GENERATION OF PCM 

N. R. CASTELLINI, D. L. JACOBY, 
AND B. KEIGHER 

(Signal Corps Engineering Laboratories, 
Fort Monmouth, N. J.) 

Methods for the generation of pulse code 
modulation are described which all have in 
common the characteristics that they are 
self-limiting, self-quantizing and that they 
can be operated at relatively high speed by 
trading bandu idth for time. The circuits are 
relatively simple in that the number of ele-
ments in the circuits is proportional to the 
number of digits and not to the number of 
levels. In these methods the code is obtained 
by operating directly on pulse-width modu-
lation by using delay lines as yardsticks of 
comparison. In addition to being useful for 
the generation of binary PCM, the methods 
are readily adaptable to the generation of 
PCM to higher base (i.e., ternary, quater-
nary, etc.). An experimental circuit de-
signed to operate at 1-Mc repetition fre-
quency will be described. 

64. A HIGH-CAPACITY MATRIX-
COMMUTATED RADIO 
TELEMETERING 

SYSTEM 
J. P. CHISHOLM, E. F. BUCKLEY, 

AND G. W. FARNELL) 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

Discussion of basic requirements for 
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high capacity pulse-time telemetering sys-
tem. Development of a simple matrix com-
mutator capable of providing 128 sequential 
channels with as many as 2,000 information 
samples per second on each channel. Descrip 
tion of a subminiturized PAM-FM tee-
metering system employing a matrix 
mutator and a reactance-su itched  
quency-modulated transntitter. Dist ussion 
of applicability of these technique- to voi, 
communication systems. 

65. TECHNIQUES FOR CLOSER 
CHANNEL SPACING AT VHF 
AND HIGHER FREQUENCIES 

CHARLES F. HOBBS AND WALloN It.  
(Air Force Research 1...1 ,ora•  

Cambridge,  1.tss 

Physically separated rad', 
can be frequency-dicision 
obtain a great economy of 
zation at vhf and higher frop (-(. 
of a common reference sit:t..•1 to 

locally generated high-frcq an, 
tions. In an individual transmU  : 
lated low-frequency sub-carrit r 
dyned with a harmonic ,,1 th, 
nal, and the sum (or dit:crcit 
band is selected for transItti—i, 
modulated voice signals spa,  •, 
kc apart at greater than 100  lc 
separated with ease by use of a  
frequency communication rect 1r : • 
by a wide-band mixer using  : 
signal synchronized with the 
reference signal. 

66. HIGHLY SELECTIVE MOBILE 
RECEIVER 

R. T. ADAMS AND R. A. 1 i 

(Federal Telecommunication I d 
Inc., Nutley, N. J 

G. W. Si- LLI-RS 
(Capehart-Farnsworth Corp, : 

Fort \Vayne, 111(1.1 

A mobile receiver for opera! 'ii l \\ I, 
152 and 174 Mc is described that ;  l• - 
reception where adjacent-channel (60  : 
120 kc away) interference is of the order , 
volts. Its selectivity curve is 30 k, wide at 
the 6-db points and at 30 kc oft re-onan,-e 
the attenuation is 100 dl. Ilich over1,3,; 
capabilities of the input circuits Nl it hstand 
interfering signals 100 db above the desired 
signal without loss of sensitivity. The dis-
tortion at high signal levels is low. Novel 
circuit elements and technique, used in the 
receiver will be described. 

Industrial Instruments 
67. USE OF IMAGE CONVERTER 

TUBE FOR HIGH-SPEED 
SHUTTER ACTION 
A. W. IIOGAN 

(Naval Ordnance Laboratory, 
Silver Spring, Md.) 

The equipment described provides .t 
means of obtaining high-speed photographs 
while utilizing a continuous light source. The 
paper will describe apparatus for one shot" 
exposures of one microsecond or more, and 
x'ill discuss motion picture and stroboscopic 
applications of the scheme. 
The heart of the equipment is an image 

Februar 

phototube such as type 1P25. Images ar 
impressed on the photocathode and the tu 
is pulsed electrically for a duration equal 
the exposure time desired. The image wi 
then appear on the fluorescent screen, an 
PlaV  either be viewed directly or phot 
graphed. 

68. ULTRASONIC PULSE INSTRU-
MENTS FOR AUTOMATIC CON-

TINUOUS MEASURM ENT 
OF PHYSICAL PROPER-
TIES OF SOLIDS AND 

LIQUIDS 

\Niiv R. I:tell 
lanufacturing Co., 

\\ It hitti, Mass.' 
im-trumentation using the 
transmission of ultrasonic 

- a me,i,tire the elastic proper 
the vi-( osity of liquids. The 

_ t•n of ultrasonic pulses i 
n all automatic recording in-
:. leld a continuous record o 

shcm ing the chang 
- (he material is put through 
var:ation in stress, elongation, 
.T H humidity. The attenuation 
:•a!ses in liquids is measured 
ti  n automatic recording in-
-tireand control vi-cosityo 
oids and the polymeriza-

e,,. ELECTRONIC DUPLICATOR 
A ITACHMENTS FOR AUTO-
MATIC MACHINE TOOL 

OPERATION 

\\ ILERLD ROTH 

ti Manufacturing Co., 
WaItharn, Mass.) 

,M-ins employing electronic 
,•.•- bes ned for attachment TO 

!ool , to permit the au•o-
n of given patterns art- di--
Into:JAI duplicator.  ' 
is used to .11120 

7-cV , ion and, %% hen attached 
him.. is used for die sinking. 
Htlicator, in con iunct in 
i miller, is tise,l •  • . e 
figures. Hy a• 

1.•(-) basic systems, three-
c:als can be automatically 
I-sion of the design require-
rileria, and actual electro-
liments are presented. 

70. MODERN METHODS OF 
SERVO SYNTHESIS 

kAw1-1 McG)V AND DONALD III RR 

'Ret:veq•I il.trtunent Corporation, 
New York, N. V.) 

Caner, Gewertz, Fry, Bode, Foster, and 
Guillemin, among others, have made ma-
terial contributions in the field of network 
analysis and synthesis pertaining to physical 
reali7al,iliiy, synthesis to a prescribed fre-
quency function. etjoivalence, and duality. 
Many of these re,ults are directly applicable 
to the analysis .ttni design of servomechan-
isms, especially to the design of RC net" orks 
and amplifiers in the control loops. and W 
the pralem of system stability. N, ,se, non-
linearit y„tnd departure from ideal ot servo 
conqq.inen  15, and the techniques of deter-
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flitting the required networks, their func-
ional forms, and their interconnections, are 
•emaining problems of servo design. The use 
one tool, a flexible differential analyzer of 
he analogue type, in modern servo design, 
s described; the proposed use of a second 
ool, a flexible polynomial-plotter, in modern 
,ervo design is also presented. In a typical 
:ase economically justifying such techniques, 
heir application to a specific system design 
woblem to fulfill prescribed steady-state 
uul transient performance requirements, is 
nade. 

, 71. AN ELECTRONIC FLOWMETER 
AND ITS INDUSTRIAL 

APPLICATIONS 

17,UGENE NIITTELMANN AND V. J. CUSHING 

(Mitte!mann Co., Chicago, Ill.) 
Based on the earlier work of A. Kolin, an 

tlectronic flowmeter for industrial applica-
;ions was developed. If the flowing liquid 
3asses through a magnetic field, a potential 
3roportional to the velocity of the liquid will 
3e developed across two measuring elect-
-odes. It is shown that the velocity potenti-
ils are v. ithin all practical limits independent 
3f the distribution of the laminar flow and 
ilso within wide limits of the conductivity 
)f the liquid. The amplifier and interference 
compensation circuits are discussed, along 
with various uses for the new flomaneter in 
the chemical, food, and electronic industries. 

SYMPOSIUM 

Television 
72. A round-table discussion of current 

television developments, including such items 
3,s color television and uhf allocation. The 
session will be presided over by Donald G. 
Fink as moderator. 

Antennas III 
(This session has been canceled due to con-
flict with the Television Symposium) 

73. RADIATION FROM CIRCULAR 
CURRENT SHEETS 

W. R. LEPAGE, C. S. ROYS, AND S. SEELY 
(Syracuse University, Syracuse, N. Y.) 

An analysis is carried out for the three-
dimensional radiation pattern of a system of 
coplanar concentric cylindrical current 
sheets. The cylinders are of small height, and 
have elements perpendicular to the plane of 
the circles. Two solutions are available; one 
is general and the other emphasizes beam 
formation. A prescribed horizontal pattern 
can by synthesized by the use of either solu-
tion. In one case the pattern is expressed as a 
Fourier series, and the array reduces to a 
single circle. In the other case the pattern is 
expanded in a Bessel-Fourier series, and a 
system of concentric circles is required. The 
two methods may be combined to simul-
taneously synthesize prescribed horizontal 
and vertical patterns. 

74. RADIATION PATTERNS OF 
CIRCULAR AND CYLINDRICAL 

ARRAYS 

JOHN E. WALSH 
(Air Force Research Laboratories, 

Cambridge, Mass.) 

Approximate formulas are derived, in 
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closed form, for the horizontal and vertical 
patterns of arrays of dipoles arranged on an 
arc of a circle, or on the surface of a right 
circular cylindrical segment. Patterns are 
discussed from the point of view of depend-
ence of side lobe level and beamwidth on the 
radius of the arc or segment and the central 
angle subtended. 

75. PROPERTIES OF GUIDED 
WAVES ON INHOMOGENEOUS 
CYLINDRICAL STRUCTURES 

RICHARD ADLER 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

An analysis is given of some basic pro-
perties of exponential modes on passive cy-
lindrical structures in which e, IA, and p vary, 
over the cross section. The bounding surface 
need not be completely opaque; open struc-
tures (like the dielectric rod) and those 
bounded by a wall with prescribed admit-
tance are considered. Major, but not ex-
clusive, attention is given to nondissipative 
systems. The modes are compared to those 
encountered in conventional waveguides 
with respect to orthogonality conditions, 
power-flow properties, characteristics of the 
propagation constant, and frequency-de-
pendence of the field configurations. 

76. SCATTERING OF PLANE ELEC-
TROMAGNETIC WAVES BY A 
PERFECTLY CONDUCTING 
HEMISPHERE OR HEM-
ISPHERICAL SHELL 

EDWARD kENNAUGH 

(Ohio State University Columbus, Ohio) 
Expressions are derived for the total 

field produced when a plane polarized elec-
tromagnetic wave is incident upon a per-
fectly conducting hemisphere or hemispheri-
cal shell. No assumptions limiting the ratio 
of diameter to wavelength are necessary. 
Evaluation of related coefficients is shown to 
be dependent upon the solution of an in-
finite set of linear equations, which can be ap-
approximated with sufficient accuracy by 
solving a finite subset. For a ratio of radius 
to wavelength of 0.376 and incidence along 
the symmetry axis, diffraction by a hemi-
spherical shell is treated by this method and 
the total field obtained. 

77. DIFFRATION BY A PROLATE 
SPHEROID 

F. V. SCHULTZ 
(University of Michigan, Willow Run Air-

port, Ypsilanti, Mich. 
The problem of the diffraction of a plane 

electromagnetic wave by a perfectly con-
ducting prolate spheroid is solved for the 
case in which the incident wave strikes the 
spheroid nose-on. The solution involves 
setting up for the diffracted wave a series in 
terms of two sets of solutions of the vector 
Helmholtz equation. The undetermined co-
efficients used in this series are evaluated by 
using the boundary conditions existing on 
the surface of the spheroid. Numerical re-
sults are found for the back-scattering cross-
section of a spheroid with a particular ec-
centricity, and these results are compared 
with those obtained using physical optics 
and geometrical optics. 

Television II 
UHF and Color TV 

78. A 1-Kw UHF TELEVISION 
TRANSMITTER 

T. M. GLUYAS 

(Radio Corporation of America, 
Camden, N. J.) 

A 1-KW uhf television transmitter op-
erating in the channel from 529-535 Mc is 
described. Methods of employing eight 
standard tubes in the output stage to de-
velop the required power, design problems 
encountered, the measuring techniques em-
ployed, and novel features are covered. Per-
formance data is included. Photographs of 
oscilloscope and kinescope monitors ac-
company the paper. 

79. A SUPERGAIN UHF TELEVISION 
TRANSMITTING ANTENNA 

0. 0. FIET 

(Radio Corporation of America, 
Camden, N. J.) 

A uhf television transmitting antenna of 
high power gain will be described. This an-
tenna is designed to operate in the channel 
from 529 to 535 Mc. Problems associated 
with transmission lines and the application 
of waveguide techniques to the elements of 
the radiating system will be discussed. Per-
formance data, design problems, experi-
mental techniques, and novel features will be 
presented. Illustrations will accompany the 
paper. 

80. DESIGN OF A HYBRID RING 
DIPLEXER FOR ULTRA-HIGH-
FREQUENCY TELEVISION 

USE 

W. H. SAYER AND J. M. DE BELL, JR. 
(Allen B. DuMont Laboratories, Inc., 

Passaic, N. J.) 
The hybrid ring diplexer solves two of 

the problems which beset uhf transmiter de-
signers: (I) In one television channel it per-
mits the mixing of sound and video fre-
quencies with substantially no interac-
tion, an the same time providing feeding out-
puts for a turnstile type of antenna. (2) It 
allows the superposition of one or more pairs 
of synchronized uhf power sources for at-
taining a high-carrier power from inher-
ently low-powered units. 
This paper will outline the simple design 

considerations, and discuss the performance 
and applications of a hybrid ring diplexer at 
610 Mc. 

81. CONSTRUCTION AND OPERATION 
OF AN EXPERIMENTAL UHF 

TELEVISION STATION 

RAYMOND F. GUY AND FREDERICK W. SMITH 
(National Broadcasting Co., 

New York, N. Y.) 

The engineering considerations involved 
in the construction and operation of an ex-
perimental television broadcast station in 
the ultra-high-frequency band are pre-
sented. The transmitter, KC2XAK, is 
located in Bridgeport, Conn., and operates 
in the band from 529 to 535 Mc with a 
newly developed high-gain antenna. 
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82. ELECTRO-OPTICAL FILTERS 
FOR COLOR TELEVISION 

VICTOR A. BABITS AND FRANK HICKS, JR. 
(Rensselaer Polytechnic Institute, 

Troy, N. Y.) 
An electrically controlled color filter 

which can be used in different color tele-
vision systems and which is Lased on the 
interference phenomenon of polarized light 
will be described. 
In this color filter the three primary color 

components of the color picture to be tele-
vised are produced by using either the Kerr, 
the Faraday, or the Pockels effect exhibited 
by certain substances. These substances 
used in conjunction with phase shifting and 
polarizing materials form a device which, 
under the influence of three different electric 
or magnetic fields, has three transmission 
characteristics for the three primary colors. 
A variety of color control circuits and a 
single field electro-optical system using these 
circuits for the control of the transmitted 
primary color components will be described. 
The application of these electrical color 
filters to a color television system and to 
color motion pictures will be presented. 

Computers I 
Digital Computers 

83. STATIC MAGNETIC PULSE 
CONTROL AND INFORMATION 

STORAGE 

AN WANG 

(Harvard University, Cambridge, Mass.) 

Magnetic materials having rectangular 
hysteresis loops are utilized to control the 
transfer of electrical pulse energy through 
the magnetic core by its state of residual 
magnetism. A high power controlling ratio is 
obtainable through the incorporation of uni-
directional current devices. A static, high-
efficiency pulse power distribution system is 
then available. By the combination of the 
information storage property of the residual 
magnetism and its pulse controlling effect, 
stored information can be transferred from 
one magnetic core to another by electrical 
pulse only. Digital information can thus be 
stored, read-out, and shifted between cores 
statically, constituting a new memory 
system. 

84. THE DESIGN OF DIODE 
GATE CIRCUITS 
RALPH J. SLUTZ 

(National Bureau of Standards, 
Washington, D. C.) 

A generalized procedure of designing 
diode circuits for pulse gating has been de-
veloped, with particular attention to the 
extremely high reliability required for elec-
tronic digital computers. To insure this re-
liability the procedure guarantees a specified 
minimum performance under the worst pos-
sible combination of tolerance extremes for 
the diodes, resistors, supply voltages, and 
circuit capacitances. Circuits have been suc-
cessfully included in the computer under 
construction at the National Bureau of 
Standards in which a single vacuum tube is 
driven by a gating complex containing over 
40 independent logical elements (diodes). 

Even larger complexes are clearly feasible if 
the occasion arises. 

85. MARGINAL CHECKING AS AN 
AID TO COMPUTER 

RELIABILITY 

NORMAN H. TAYLER 
(Massachusetts Institute of Technology, 

Cambridge, Mass.) 
Deteriorating components, particularly 

crystals and vacuum tubes, cause reduction 
of safety margins and are a principal source 
of error in digital computing and pulse 
communication. 
Marginal checking varies voltages in 

logical circuit groups, inducing inferior parts 
to cause failure while a test program or 
pulse transmission detects and localizes 
potential failure. In a digital computer this 
can be automatically accomplished IA ith the 
computer itself acting as the detector. 
In one trial, the application of this type 

of preventive maintenance for half an hour 
per day improved reliability 50 to 1. This 
technique is applicable to circuits using on-
off signals. 

86. DEVELOPMENT OF THE 
CALIFORNIA DIGITAL 

COMPUTER 

DAVID R. BROWN AND PAUL L. MORTON 

(University of California, Berkeley, Calif.) 

In the low-cost general-purpose elec-
tronic digital computer being built by the 
University of California at Berkeley, any 
one of 10,000 ten-decimal-digit numbers can 
be obtained from the compact magnetic-
drum memory in an average access time of 
eight milli-seconds. The large memory, 
storing both orders and data, makes possible 
much computation without automatic ac-
cess to input; the memory is loaded from 
punched paper tape read photoelectrically. 
Binary-coded decimal numbers pass serially 
through the arithmetic unit on four parallel 
channels, and single-address operations (in-
cluding division and square rooting) will be 
performed approximately 60 per second. 

87. A NEW CLASS OF SWITCHING 
TUBES FOR DIGITAL 
APPLICATIONS 

JOSEPH KATZ 
(University of Toronto, Toronto, 

Ont., Canada) 

Tubes designed to reduce the complexity 
of electronic stA itching circuitry are de-
scribed. The tubes contain one electrode for 
each input and one for each output channel. 
The electrodes are designed so that particu-
lar combinations of input voltages result in 
current flow to the corresponding combina-
tion of output electrodes. Focusing is pro-
vided by a limiting resistor which restricts 
the total current and hence the cross section 
of the electron beam. Particular examples of 
such tubes are Binary Adder, Subtractor, 
and Matrix Tubes. 

These tubes feature cylindrical or conical 
cathodes, three input electrodes disposed 
symmetrically around the cathode, and out-
put electrodes placed opposite the windows 
in or gaps between the input electrodes. 

Electron Tubes I 
Theory and Design 

88. MONOFORMER 

A. C. MUNSTER 

(Philco Corporation, Philadelphia, Pa.) 

The Monoformer which will be demon-
strated in the course of this paper is a four-
terminal nonlinear device which, by selec-
tion of the appropriate Monoformer Tube, 
may be made to have any desired single-
valued transfer characteristic. The Mono-
former Tube is a special cathode-ray tube 
having a target whose geometric properties 
determine the transfer characteristics of the 
Monoformer itself. This target is separated 
into two areas, the line of separation repre-
senting a curve which is the transfer char-
acteristic of the monoformer. Signals ob-
tained from the target provide output and 
are also used to cause the electron beam to 
rest on the curve independently of the de-
flection of the beam caused by input signals 
applied to the other pair of deflection plates. 
The response time of the Monoformer is 

several orders of magnitude faster than 
motor-driven servo potentiometer systems. 
Its accuracy is to within 3 per cent. 

89. A NEW TYPE OF FREQUENCY. 
CONTROL TUBE 

R. \V. SLINKMAN 

(Sylvania Electric Products Inc., 
Emporium, Pa.) 

This paper will cover the development 
and application of the SR1041A variable 
capacitance tube. This development pro-
ceeded from an idea proposed by Black-
stone Associates of Chicago. Variations in 
bias produce variations in plate current suf-
ficient to actuate a bytnetallic element con-
trolling capacity. By shunting this capacity 
across the oscillator circuit and using the 
output of an AFC circuit to vary the bias, 
oscillators of extremely good stability may 
be obtained. Since the device has thermal 
lag, it is unaffected by modulation fre-
quencies and ha 3 application in FM re-
ceivers and transmitters. 

90. MIT ELECTROSTATIC STORAGE 
TUBE 

S. H. DODD, H. KLEMPERER, AND 
P. YOUTZ 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

A beam-deflection electrostatic tube was 
developed to store binary-coded information 
at two stable potential levels, 100 volts 
apart, for digital computers or communica-
tions systems. A single 2,000-volt electron 
beam writes or reads one of 400 binary digits 
on a four-inch target. A 100-volt electron 
flood replaces leakage and retains stored 
information  indefinitely.  The  potential 
boundary stability on the storage surface is 
assured by a rnosiac of conducting beryllium 
squares. Access time is 25 microseconds. 
Tubes are in pilot production for a digital 
computer. Future developments should in-
crease access speed to 6-12 microseconds 
and storage density to 1,024 binary digits. 
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01. PERFORMANCE AND ANALYSIS 
OF A TRANSVERSE CURRENT 
TRAVELING-WAVE AMPLIFIER 

AND LIMITER 

L. M. FIELD 
(Stanford University, Stanford, Calif.) 

A tube is described in which a wide rib-
( bon beam is sent normal to the direction of 
propagation of waves on a flattened, skewed 
helical circuit. As a result waves increase ex-
ponentially in both beam and wave propaga-
tion directions. The small signal analysis will 
be summarized and results found to check 
, closely with experiment. Gain in db varies 
as current squared at low currents, but 
reaches an asymptotic value at high cur-
rents. Typical performance of first models is: 
net gain 30 db at 200 Mc; operation from 
150 to 350 Mc; beam voltage 50 volts; beam 
current 60 milliamperes; and at limiting 
levels, less than 0.1 db variation in output 
-for 20 db change in driving power. 

92. AN EXPERIMENTAL ELECTRON 
TUBE USING SPACE-CHARGE 

DEFLECTION OF THE 
ELECTRON BEAM 

J. T. WALLMARK 
(RCA Laboratories, Princeton, N. J.) 
Conventional electron tubes have been 

built using either grid control or deflection 
control; the tube to be described uses a new 
principle combining both of these methods 
of operation. The grid-controlled space 
charge produces displacement of the electron 
beam on an intercepting edge which is con-
verted into additional anode current varia-
tion. Experimental tubes utilizing this 
principle have been built, incorporating a 
single-stage secondary-emmission multiplier, 
and giving a transconductance of 25,000 
micromhos with only 3 ma output current. 
This high transconductance with low current 
and small capacitance should be make this 
tube quite valuable for broad-band amplifier 
applications. 

Active Circuits I 
Amplifiers 

93. THE ANALYSIS AND DESIGN 
OF A BAND-PASS DISTRIBUTED 

AMPLIFIER 

V. C. RIDEOUT AND T. P. TUNG 

(University of Wisconsin, Madison, Wis.) 

An exact analysis of the simple distri-
buted amplifier with 2n filter sections and 
n —1 tubes has yielded general expressions 
for gain and phase. These expressions when 
applied to the band-pass case show that the 
midband gain is increased by 20 log (n —1) 
decibels over the single-tube case, and also 
that some ripple and peaking at the edges of 
the band are unavoidable by any simple 
means. 
Parallel-tuned transformer filter sections 

are shown to have some advantages over 
constant-k filter sections in the band-pass 
case, and the use of series-parallel trans-
formers as terminating sections gives further 
advantages. A four-tube 6AK5 amplifier of 
this type has been built and gives 15 db 
gain over a 23-Mc band centered at 65 Mc. 

94. AN INVESTIGATION OF THE 
400-MEGACYCLE AMPLIFIER 
PERFORMANCE OF THE 
TYPE SN-973B SUBMINI-
ATURE RE PENTODE 

NORMAN B. RITCHEY 
(Sylvania Electric Products Inc., 

Kew Gardens, L. I., N. Y.) 
The design of a single-stage rf amplifier 

is discussed. This unit was built to evaluate 
the performance of the subminiature pen-
tode at ultra-high frequencies. 
The measurement techniques used to 

evaluate tube impedances are outlined. 
From these impedances and conventional 
theory on impedance matching, the stage 
gain was evaluated. Measurements were 
made on an amplifier stage and a comparison 
is given, showing that performance pre-
dictions are possible at these frequencies. 
Measurement techniques used in evaluating 
tube gain and bandwidth are also given. 

95. AN EXTENSION TO STAGGER-
TUNED AMPLIFIER DESIGN 

JOSEPH M. PETTIT 
(Stanford University, Stanford, Calif.)  .. 

This paper concerns stagger tuning of 
amplifier stages having double-tuned coup-
ling networks rather than the customary 
single-tuned circuits. The former networks 
have substantially greater gain-bandwidth 
factors. 
One previous approach is Wallman's 

"stagger damping", which has been treated 
for the narrow-band (or high-Q) case only. 
By use of a new lowpass-bandpass trans-
formation, arbitrary bandwidths can be ac-
comodated and greater flexibility is afforded 
in the design of the individual circuits. A 
specific amplifier is described which has three 
double-tuned stages staggered to provide an 
over all fractional bandwidth of 0.67. The 
bandwidth is almost 30 per cent greater 
than would be provided by three identical 
stages with the same over-all gain. The 
difference would be even more pronounced 
with a greater number of stages. 

96. ULTRA-HIGH-GAIN DIRECT-
COUPLED AMPLIFIER 

CIRCUITS 
W. K. VOLICERS 

(Consulting Engineer, Schenectady, N. Y.) 
By lowering the screen voltage of pen-

todes below 10 per cent of their plate supply 
voltage and increasing the resistance of 
their plate load 10 or more times beyond 
conventional values the amplification factor 
of tubes, "starved" in this manner, is greatly 
increased in spite of a decrease of their 
mutual transconductance. Stage gains as 
high as 2,500 were measured in this condi-
tion, using regular 6SJ7 tubes. By incor-
porating the principle of starvation in a new 
direct-coupled amplifier two basic aims 
can be achieved: (a) a drastic increase of 
over-all gain permitting omission of amplifi-
cation stages and reduction of manufactur-
ing costs (example: 3-tube radio receiver 
having only 4 resistors and 4 condensers), 
or, (b) "trading" of surplus gain for mini-
mum distortion and maximum stability 
(examples: TV oscilloscope amplifier and 
sensitive VTVM for dc). 

97. ANALYSIS AND DESIGN OF 
SELF-SATURABLE MAGNETIC 

AMPLIFIERS 

S. COHEN 
(Sperry Gyroscope Co., 
Great Neck, L. I., N. Y.) 

A self-saturable magnetic amplifier cir-
cuit consisting of a reactor winding in series 
with a dry disc rectifier, a resistive load and 
an ac voltage source is described and ana-
lyzed. 
Optimum values of load resistance and 

power can be obtained as function of the 
quality of core material (B-H curve as ap-
proximated by two straight lines), type of 
core, and characteristics of the rectifier 
elements. A fair degree of agreement is ob-
tained with experimental results. 
Amplifier stages made up with a com-

bination of these basic circuit elements can 
be used as multistage amplifiers in servo-
mechanisms and other applications. 

SYMPOSIUM 
Basic Circuit 
Elements 

98. PERFORMANCE— 
MEASUREMENT OF 

CAPACITORS 
H. T. WILHELM 

(Bell Telephone Laboratories, lac., 
Murray Hill, N. J.) 

The performance of capacitors as a func-
tion of frequency will be presented with 
particular emphasis on effects of dielectric 
loss and inductance. Established measure-
ment concepts and techniques will be dis-
cussed and limitations of the existing meth-
ods of measurement will be pointed out; in 
particular, the residual errors and connec-
tion errors. Special measurement techniques 
such as insertion and substitution methods 
will be described. 

99. BEHAVIOUR OF RESISTORS 
AT HIGH FREQUENCIES 

G. R. ARTHUR, H. L. KRAUSS, 
and P. F. ORDUNG 

(Vale University, New Haven, Conn.) 
S. E. CHURCH 

(Bell Telephone Laboratories, Inc., 
Murray Hill, N. J.) 

Results are presented on recent investi-
gations for the behavior of carbon resistors 
as a function of frequency up to 50 Mc. 
Using a distributed-constant equivalent cir-
cuit, the prediction of impedance values 
from low-frequency measurements is pos-
sible. For wide-band applications, a distri-
buted constant resistor which utilizes ca-
pacitance to ground as a parameter is under 
development, and preliminary test results 
will be given. 

100. INDUCTORS, THEIR 
CALCULATION AND 

LOSSES 

ROBERT F. FIELD 

(General Radio Co., Cambridge, Mass.) 

Methods of calculating the inductance of 
both air- and iron-cored inductors will be 
presented, including some refinements with 
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particular emphasis on distributed capaci-
tance. The treatment of losses will be based 
on the dissipation factor, and will include 
single layer and multiple layer solenoids and 
toroids. The importance of the dissipation 
factor of the distributed capacitance will be 
stressed. 

101. TRANSFORMER  PERFORMANCE 
AND MEASUREMENTS 

REUBEN LEE 

(Westinghouse Electric Corp., 
Baltimore, Md.) 

Performance characteristics of trans-
formers as a function of frequency will be 
discussed with particular emphasis on the 
influence of distributed capacitance in the 
higher frequency ranges. The methods of 
measuring the response characteristics, the 
input impedance, and insertion loss will be 
presented with emphasis on interpretation 
of the results. Shielding problems, magnetic 
pickup, and harmonic distortion will be sur-
veyed. 

Television III 
Receivers 

102. USE OF MINIATURE PENTODE 
RCA-6CB6 IN TELEVISION INTER-

MEDIATE-FREQUENCY 
AMPLIFIERS 

\V. E. BABCOCK 

(Radio Corporation of America, 
Harrison, N. J.) 

New miniature pentode, RCA-6CB6, in 
video intermediate-frequency amplifiers op-
erating at 41.25 to 45.75 Mc per second 
offers advantages over comparable types 
because of lower grid-plate capacitance, 
higher  transconductance,  and  separate 
cathode and suppressor connections. 
Determination of damping-resistor val-

ues for stagger-tuned if amplifiers takes into 
account input conductance components due 
to transit-time effects, tube lead induc-
tance, and grid-plate feedback capacitance. 
Curves show changes in input conductance 
and capacitance with transconductance. 
These changes are minimized by use of 
proper value of unbypassed cathode re-
sistor. Four methods are suggested for im-
proving rejection characteristics. 

103. NOISE SUICIDE CIRCUIT 

HAROLD E. BESTE AND GEORGE D. HULST 

(Allen B. DuMont Laboratories, 
Inc., Passaic, N. J.) 

The operation of television receivers in 
weak signal areas depends upon the ability 
of the various circuits of the receiver to 
operate under conditions in which unde-
sired noise has the same order of peak 
amplitude as the desired signals. 
A novel circuit is described which allows 

the reception of television signals without 
loss of scanning synchronization under very 
severe noise conditions. The circuit gives 
positive discrimination against all common 
types of undesired noise, including not only 
short-duration impulses, but also continu-
ous interfering signals, and thermal noise. 

104. QUALITY RATING OF 
TELEVISION IMAGES 

P. MERTZ, A. D. FOWLER, AND 
H. N. CHRISTOPHER 

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

In the transmission of television signals, 
deviations from an ideal medium assume 
importance. Two techniques were explored 
for rating the impairments subjectively. 
Both employ viewing of the received picture 
by a number of observers. The first is an 
extension of Baldwin's. The observer votes 
a choice between two slightly different pic-
tures. The impairment is measured in 
liminal decrements computed from the vote. 
In the second the observer characterizes the 
picture by one of a series of pre-worded 
comments. The techniques have been used 
to evaluate the importance of echoes and 
noise, and make comparisons with sharpness 
and other quality parameters. 

105. TELEVISION IMAGE REPRO-
DUCTION BY USE OF VELOCITY-
MODULATION PRINCIPLES 

M. A. HONNELL AND M. D. PRINCE 

(Georgia Institute of Technology, 
Atlanta, Ga.) 

This paper describes a composite tele-
vision system in which a picture televised 
by a conventional video camera is repro-
duced by velocity modulating the hori-
zontal motion of the writing spot on the 
screen of the kinescope. Photographs are 
presented which indicate the nature of the 
image reproduction achieved by velocity 
television reproduction. This system may 
offer some advantages in the transmission 
of printed material and line drauings. An 
analysis is presented indicating the response 
of the system to a general image. 

106. DESIGN OF PRINTED-
CIRCUIT TELEVISION 

TUNER 
D. MACKEY AND E. J. SASS 

(Radio Corporation of America 
Camden, N. J.) 

A high-gain twelve-channel turret-type 
television tuner has been developed in which 
the coil system is produced by printed-cir-
cuit techniques. Printed coil segments for 
each channel include a tuned antenna coil, a 
double-tuned "M"-derived band-pass rf 
transformer, and a tuned oscillator coil for 
each of the high-frequency channels. 
The factors leading to the choice of the 

type of printed-circuit technique employed 
and the comparative advantages of the 
several methods of producing printed cir-
cuits will be discussed. 
Other matters of interest in the design 

of the tuner, including the general mechani-
cal design, the contact design, and the cir-
cuitry will be described in some detail. 

Active Circuits II 
General 

107. FREQUENCY-MODULATION 
INTERFERENCE 
L. B. ARGUIMBAU 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

When two frequency-modulated signals 
with standard broadcast deviation and pre-
emphasis interfere, the signal-to-interference 
ratio on the output of an "ideal receiver" 
is improved by some 30 db with respect to 
the input ratio. It is shown that with proper 
receiver design this relationship holds even 
though the signal and interference differ 
by only a fraction of a decibel. Methods of 
computing  the  root-mean-square  inter-
ference are discussed. Receiver operation 
under common-channel and multipath con-
ditions are demonstrated. 

108. THE THEORY OF AMPLITUDE-
MODULATION REJECTION IN 
THE RATIO DETECTOR 

B. D. LouctiLIN 

(Hazeltine Electronics Corp. 
Little Neck, L. I., N. Y.) 

A mathematical analysis is presented of 
the AM rejecting properties of the ratio 
detector. The operation with 100 per cent 
efficient diodes is first treated and it is 
shown that in this case compensating re-
sistors which reduce the effective efficiency 
of the diodes must be used to obtain opti-
mum AM rejection. The operation with prac-
tical diodes is then treated and design charts 
for optimum AM rejection are presented. 
Apparent limiting action within the ratio 
detector circuit is described and it is shown 
that the degree of apparent limiting is inci-
dental and unrelated to the AM rejection 
properties of the ratio detector. 

109. AN IMPROVED METHOD OF 
FREQUENCY CONVERSION 

VERNON II. ASKE AND J. GRUND 
(Sylvania Electric Products Inc., 
New Gardens, L. I., N. V.) 

The theory and experimental results are 
given for a frequency-conversion system 
which results in a g,=2g„,hr. This compares 
with the conventional mixer whose g, 
approaches g„, /r. A pentode tube is used in 
a relatively simple circuit to derive these 
results. This circuit retains the advantages 
of the conventional pentode mixer while 
greatly increasing the effective conversion 
transconductance nd overcoming the noise 
disadvantage of the usual pentode mixer. 
Comparisons are made between the new 
circuit and other mixing circuits. 

110. COMMON FREQUENCY 
CARRIER SHIFT RADIO-
TELETYPE CONVERTER 

R. R. TURNER 
(Signal Corps Engineering Laboratories, 

Fort Monmouth, N. J.) 
A converter design utilizing a new 

technique to reduce channel spacing is 
described. This equipment employs the 
narrow bandpass filters usually found in the 
audio converters while retaining the ad-
vantages of the IF type of converter. Due 
to a novel arrangement of circuits, the de-
sign would theoretically be less subject to 
adjacent channel interference, and also per-
mit positive automatic frequency control. 
Data are presented showing the performance 
of an experimental model in the presence of 
random noise, impulse noise, and adjacent 
channel interference, compared with the 
standard military converter. 
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.111. A SIMPLE CRYSTAL DIS-
CRIMINATOR FOR FM OS-
CILLATOR STABILIZATION 

J. RUSTON 

(Allen B. DuMont Laboratories, 
Inc., Passaic, N. J.) 

A crystal discriminator employing only 
le quartz crystal and very simple in ad-
istment is described in detail. The input 
equency is measured by comparing the 
-ystal impedance with a reference im-
edance which remains substantially con-
:ant of the range of measurement. The 
ccuracy of center frequency measurement 
the presence of frequency modulation, 

nd variation of component values can be 
alculated in terms of the circuit parameters 
nd shown to be adequate for the require-
-lents of broadcast transmitters. 
The discriminator was developed for 

enter frequency stabilization of the FM 
"xciter unit in a television sound transmit-
er. The complete exciter unit is described 
wiefly. 

Electron Tubes II 
Theory and Design 

112. A NEW "SOFT STRUCTURE" 
FOR RUGGED RECEIVING TUBES 
TO IMPROVE RESISTANCE 
TO SHOCK AND ELECTRON 

EMISSION 

GEORGE W. BAKER 
;Kip Electronics Corp., New York, N. Y.) 

A rugged receiving tube will withstand a 
mechanical shock that does not cause any 
part of it to deflect past its elastic limit. 
Instead of making the structure of a larger 
receiving tube very stiff to reduce the de-
flection during shock, it is designed to de-
flect considerably and a greater shock can 
be applied without reaching the elastic 
limit. 
This same design reduces the distortion 

of the base metal of the cathode during 
shock, and this has been found to greatly 
improve the constancy of electron emission. 
A sample GT type receiving tube will be 
shown. 

113. HYDROSTATIC PRESSURE IN AN 
ELECTRON GAS: ITS APPLICATION TO 
ELECTRON BEAM-ELECTROMAG-
NETIC WAVE INTERACTION 
P. PARZEN AND L. GOLDSTEIN 

(Federal Telecommunications Laboratories, 
Inc., Nutley, N. J.) 

The concept of hydrostatic pressure in 
an electron gas has been utilized by Hahn 
and Bailey to discuss space-charge behavior 
and electromagnetic wave propagation in 
electron beams. The feasibility of the appli-
cation of this concept usually depends upon 
the degree of validity of the tacit assumption 
that the process is isothermal. It is shown 
that the process of electromagnetic wave 
propagation in an electron gas is approxi-
mately isothermal if the ratio of random 
energy to directed energy is small. Calcula-
tions of the amplification of electromagnetic 
waves in electron beams show that the 
amplification is less than that due to a 
monochromatic beam. 

114. HIGH-VOLTAGE REGULATION 
BY MEANS OF CORONA DIS-
CHARGE BETWEEN COAXIAL 

CYLINDERS 
S. W. LICHTMAN 

(Naval Research Laboratory, 
Washington, D. C.) 

The corona discharge between coaxial 
cylinders affords a practical means for 
stabilizing high voltages in a manner analo-
gous to the stabilization of low voltages by 
the familiar glow-tube regulator. The corona 
regulator is particularly suitable for stabi-
lizing voltages above several hundred volts 
at currents below one milliampere. It is 
accordingly well adapted for controlling the 
beam focusing and accelerating potentials 
of cathode-ray devices such as oscilloscope, 
iconoscope, and kinescope tubes, of electron 
diffraction cameras, and for stabilizing Gei-
ger tube voltage sources. This paper de-
scribes some of the important theoretical 
aspects of the corona discharge region as 
related to voltage stabilization. Construc-
tional features and performance charac-
teristics of typical high-voltage regulating 
tubes are described. And circuit design 
relationships are presented for adapting 
particular corona regulator tube charac-
teristics to specific performance require-
ments. 

115. THYRATRON GRID EMISSION 
AND THE TRIGGER-GRID 

THYRATRON 
L. MALTER AND M. R. BOYD 

(RCA Laboratories, Princeton, N. J.) 

Electron emission from thyratron grids 
particularly when increased by gas amplifi-
cation, limits the performance characteris-
tics. Studies indicate that the thyratron grid 
serves a double function: (I) as a firing 
electrode, and (2) as a recovery control de-
vice. In many types these functions are 
combined in a single electrode. By separating 
the functions, the deleterious effects of grid 
emission can be reduced. The firing function 
is assigned to a small area electrode known 
as the trigger grid, and the recovery function 
is assigned to another electrode referred to 
as the blocking grid. 
Modification of conventional structures 

so as to make use of the separation of func-
tions enables the power handling capabili-
ties and sensitivity to be increased several 
fold. Other accompanying benefits are: (1) 
decreased recovery time with large values of 
grid  resistor;  (2)  decreased  plate-grid 
capacitance; and (3) less critical heater 
voltage. 

116. HIGH-INTENSITY PULSE-
DISTRIBUTION TUBE 

P. M. G. TOULON 
(Consulting Engineer, Neuilly-on-

the-Seine, France) 
Electronic processes for gating a multi-

plicity of channels at low level are well 
known, but there is need for a device 
capable of providing distribution of current 
pulses of relatively high intensity. 
A gas tube having as many as 64 anodes 

has been used for distribution of impulses 
of two amperes peak. With another special 
tube, peak currents of over 100 amperes 
have been commutated. 

An application of this device in conjunc-
tion with a master oscillator synchronized 
with the incoming signal is described. 

Computers II 
Information Analysis and 

Computing 
117. A DISCUSSION REVEALING 
SOME LATE DEVELOPMENTS 
IN ELECTRONIC ANALOG 
COMPUTER TECHNIQUES 

H. I. ZAGOR 
(Reeves Instrument Corp., New York, N. Y.) 
The REAC and associated computing 

components as a flexible and practical tool 
for solving ordinary linear and nonlinear 
differential equations will be described. A 
discussion of the capabilities of the various 
components such as amplifiers, integrators, 
servos, resolvers, input-output tables, limit-
ers and relay amplifiers will be given. Il-
lustrative problems in such diverse fields 
as flutter, electron flow, automatic pilot 
design, Fourier analysis, engine control, 
integral and boundary value equations will 
be presented and various techniques in-
volved in obtaining these solutions will be 
shown. 

118. AN ELECTRONIC STORAGE 
SYSYEM 

E. W. BIVANS AND J. V. HARRINGTON 
(Air Force Research Laboratories, 

Cambridge, Mass.) 

A digital storage system using the RCA 
Radechon, a barrier grid storage tube, is 
described. The information to be stored 
consists of code groups of 9 pulse positions 
in a 10-sec interval. A novel method of 
Radechon operation is employed in that the 
secondary collector system is not used, 
instead, the reading signals are measured at 
the back plate, the same electrode on which 
the write signals are impressed. Deflection 
voltages are generated by a weighted addi-
tion of the plate voltages of a binary counter. 
Read and write operations are asynchronous 
with a 12-tisec minimum time between 
operations. 

119. EXPERIMENTAL DETERMINA-
TION OF SYSTEM FUNCTIONS 

BY THE METHOD OF 
CORRELATION 

J. B. WIESNER AND Y. W. LEE 
(Massachusetts Institute of Technology, 

Cambridge, Mass.) 

An application of the theory of correla-
tion functions is made in the determination 
of the transfer functions of linear and non-
linear systems. Random noise with a uni-
form power density spectrum over a wide 
range is used as the source of power. The 
auto-correlation function of the input and 
output are obtained by means of an elec-
tronic correlator. System functions are then 
determined from the correlation functions. 
Illustrative cases are presented. 

120. MEASUREMENT AND ANALYSIS 
OF NOISE IN A FIRE-CONTROL 

RADAR 
R. II. EISENGREIN 

(Sunstrand Machine Tool Co., 
Rockford, Ill.) 
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The determination of an optimum de-
sign for an automatic-tracking radar-con-
trolled fire-control system is hindered by a 
serious problem of analyzing the character 
of the radar noise, i.e., the unwanted portion 
of the radar signal return from an airborne 
target. This paper discusses an "instan-
taneous subtraction' method of optically 
measuring radar noise, and its value is 
assessed on the basis of flight test data. 
The procedure for deriving a noise power 
spectrum from the calculated autocorrela-
tion function of a noise record is described. 
Typical autocorrelation and power spectrum 
curves are presented. 

121. A DIGITAL ELECTRONIC 
CORRELATOR 

H. E. SINGLETON 
(Massachusetts Institute of Technology, 

Cambridge, Mass.) 
Earlier experimental work has demon-

strated the practical utility of electronic 
computation of correlation functions, and 
has led to the design of an improved and 
more flexible electronic correlator. The new 
machine accepts inputs covering a wide 
frequency range (dc to 10 megacycles) and 
evaluates correlation functions for argu-
ments from 0 to 0.1 second. In order to 
obtain a high degree of accuracy and 
stability, the signals are sampled and con-
verted to binary numbers, and the storage 
and computation are carried out digitally. 
The theory, design, and application of the 
correlator are discussed, and a number of 
results are presented. 

Transmission and 
Antennas 

122. SURFACE-WAVE-TRANSMISSION 
LINES 

GEORGE GOUBAU 
(Signal Corps Engineering Laboratories, 

Fort Monmouth, N. J.) 
In 1899, A. Sommerfeld published a paper 

about wave propagation along a cylindrical 
wire of finite conductivity. The type of 
surface wave he investigated has found 
little consideration. As a matter of fact, 
the field extends far from the conductor and 
it may have appeared questionable whether 
such a wave could be excited and used for 
transmission lines. However, it can be shown 
that coating of the conductor by a thin 
layer of dielectric or any other modification 
of the conductor surface which is proper to 
reduce the phase velocity results in a 
shrinking of the cross section of the field. 
Such modified surface waves can be easily 
excited. Transmission lines using these 
waves have been built and examined for 
their applicability for microwaves. The 
measured transmission loss is a fraction of 
that in coaxial lines, and approaches the 
loss in waveguides. 

123. FREQUENCY-MODULATION DIS-
TORTION IN LINEAR SYSTEMS 
HAVING SMALL SINUSOIDAL 
IRREGULARITIES IN TRANSFER 
CHARACTERISTICS, WITH 
APPLICATION TO LOSS-
LESS WAVEG MDES 
F. ASSADOURIAN 

(Federal Telecommunication Laboratories, 
Inc., Nutley, N. J.) 

A first-order analysis yields formulas 
for harmonic and total distortions for pure 
frequency modulation at a single frequency 
in linear transmission  systems having 
transfer amplitude and phase characteristics 
departing from flatness and linearity, re-
spectively, by small sinusoidal variations. 
Total distortion varies linearly with the 

amplitude of either sinusoidal variation if 
the other is made zero. The distortion formu-
las are applied to lossless waveguides termi-
nated by pure resistances. The dependence 
of total distortion on such parameters as 
waveguide length and modulation frequency 
is illustrated numerically and graphically. 
The distortion formulas may also be applied 
to amplifiers and filters with suitable trans-
fer characteristics. 

124. THE REPRESENTATION, MEAS-
UREMENT, AND CALCULATION OF 
EQUIVALENT CIRCUITS FOR 
SLOTS IN RECTANGULAR 

WAVEGUIDE 

J. BLASS, L. FELSEN, H. KURSS, N. MAR-
CUYITZ, AND A. A. ()LINER 

(Microwave Research Institute, Polytechnic 
Institute of Brooklyn, Brooklyn, N. Y.) 

The equivalent circuits representative of 
microwave structures are usually critically 
dependent upon the choice of reference 
planes. "Invariant" representations will be 
presented in which the values of the circuit 
parameters depend solely on electrical 
measurements (independent of any absolute 
distance measurements), while the less ac-
curate mechanical measurements affect only 
the location of the reference planes. A 
general description and some details of the 
precision measurement methods employed 
will also be given. The measurement meth-
ods and the equivalent circuit representa-
tions will Le discussed in connection with a 
systematic investigation of the impedance 
properties of rectangular slots in rectangular 
waveguide. The theoretical program under-
taken in connection with this investigation 
utilizes variational formulations for aper-
ture-type discontinuities. The appropriate 
variational expressions will be given and 
briefly discussed. Experimental and theo-
retical results for a wide range of slot dimen-
sions will be given for transverse slots cou-
pling two similar guides, slot coupled E-
plane Tee's, and slots radiating into space 
from the end and from the broad face of the 
guide. Effects of thickness will also be 
considered. 

125. DIELECTRIC TUBE ANTENNAS 
R. E. BEAM AND D. G. HARMAN 

(Northwestern University, Evanston, Ill.) 
Experimentally determined  radiation 

patterns of dielectric tube antennas of uni-
form, tapered and flared cross sections are 
given for various tube lengths and ratios of 
inside-to-outside diameters including solid 
rods. Curves representing the variation of 
the most important features of the radiation 
patterns obtained from over 200 experi-
mentally determined patterns are plotted 
for tubes excited in the hybrid HER mode. 
An approximate end-fire array theory of the 

radiation patterns is given. Results indicate 
that dielectric tube antennas have desirable 
characteristics for use in highly directive 
antenna arrays. Dielectric tubes having 
ratios of inside-to-outside diameters of 0.7 
or greater have side lobes which are 20 
decibels below the major lobe. 

126. MEASUREMENT OF CURRENT 
AND CHARGE DISTRIBUTIONS 
ON ANTENNAS AND OPEN-

WIRE LINES 

D. J. ANGELAKOS 

(Harvard University, Cambridge, Mass.) 

An experimental investigation has been 
made of the distributions of current and 
charge amplitude and phase on cylindrical 
antennas and on the driving lines. The 
presence of a stub support modifies the 
distributions on the antenna only near the 
junction of the antenna, line, and stub; 
however, for antenna loads near anti-
resonance, the distributions on the line as 
well as the impedances of the structure are 
altered considerably. 
A corrective network is defined for the 

terminal region of the junction. Impedance. 
of theoretical models of antennas, the net-
work, and conventional transmission-line 
equations may then be used to predict the 
apparent impedances of the structure. 

Audio 
Transducer Design 

127. SOUND SYSTEM DESIGN 
FOR REVERBERANT 
AUDITORIUMS 

L. L. BERANEK, W. H. RADFORD, AND 
J. B. WIESNER 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

In connection with The Mid-Century 
Convocation at MIT, sound systems were 
installed in three auditoriums whose volumes 
range from 237,000 to 5,500,000 cubic feet, 
and in which there is no acoustical treat-
ment. Calculations based on reverberation 
data taken in these auditoriums and on 
articulation index theory revealed the need 
for over-all frequency characteristics which 
were substantially flat from 500 to 3,000 
cps, and which were tailored in such a way, 
both above and below those frequency 
limits, to reduce the effects of reverberation 
and to preserve naturalness of speech. 
Audience reactions indicated near-perfect 
intelligibility and little deterioration in 
voice naturalness. 

128. HIGH-EFFICIENCY LOUD-
SPEAKERS FOR PERSONAL 

RADIO RECEIVERS 
H. F. OLSON, j. C . BLEAZEY, J. PRESTON, 

AND R. A. HACKLEY 
(RCA Laboratories,  Princeton,  N. J.) 

The term "personal radio receiver" is 
used to designate a radio receiver with self-
contained power supply, and one small 
enough to be easily carried by hand or in the 
pocket. Performance and compactness of 
such receivers is limited by the efficiency of 
conversion from electrical power to sound 
power by the loudspeaker. Since electrical 
power output is limited in such receivers, 
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loudspeaker efficiency is an important fac-
tor. Theoretical and experimental investiga-
tions have been made of direct radiator, 
combination direct radiator and phase 
inverter, horn, and combination horn and 
phase inverter type loudspeakers. An effi-
ciency of 25 per cent has been obtained with 
the combination horn and phase inverter. 
This loudspeaker system has been incor-
porated in a complete 4-tube radio receiver 
having a content of 25 cubic inches. 

129. A REVIEW OF DIRECT 
RADIATOR LOUDSPEAKERS 

F. H. SLAYMAKER 
(Stromberg-Carlson Co., 
Rochester, N. Y.) 

Loudspeakers are multiple resonant 
structures having irregular frequency re-
sponse and transient characteristics. These 
chavicteristics can be controlled by suitable 
choice of diaphragm material, diaphragm 
shape, flux density, and amplifier imped-
ance. Other loudspeaker defects include the 
generation of subharrnonics and rattles. 
Rattles, however, are often attributable to 
minute amounts of clipping, and short-lived 
oscillations in the amplifier too small to be 
measured  v. ith conventional  distortion 
meters. An air of mysticism is often associ-
ated with loudspeakers and, although this 
paper is not intended to be definitive, it is 
hoped that it will help put the choice of 
loudspeakers on a realistic basis. 

130. LOUDSPEAKER HOUSINGS 

WILLARD F. MEEKER 

(Stromberg-Carlson Co., 
Rochester, N. Y.) 

The performance of even the best loud-
speaker may be greatly degraded by the use 
of an inadequate housing. The usual open-
back cabinet of present-day radio and tele-
vision receivers invariably introduces un-
desirable resonances. Closed-back and phase. 
inverter housings are often used in more 
elaborate reproducing systems. The recent 
application of room acoustics theory to 
loudspeaker housings necessitates a revision 

t of the conventional theory for both the 
: closed-back and the phase-inverter housings. 
I The problem of evaluating the performance 
of loudspeakers in these housings has not 
been completely solved. Listening tests may 
be misleading unless the loudspeaker posi-
tion in the listening room is considered. 

131. A MINIATURE CONDENSER-
TYPE MICROPHONE 
JOHN K. HILLIARD 

(Altec Lansing Corp., Hollywood, Calif.) 
This paper describes a microphone sys-

1 tem, the acoustic transducer consisting of a 
i condenser unit having an over-all diameter 
) of 0.6 inch. Factors governing the size 
of a microphone and how it is related to its 

1 frequency response are discussed. The gen-
• eral design considerations are explained. 

The microphone is omnidirectional over a 
: 360° spherical pattern, has high sensitivity 
and is extremely rugged to shock. All of the 
special accessories are discussed in relation 
to their use in broadcasting, television, and 
recording application. A short demonstra-
tion will follow the paper, showing the vari-
ous characteristics of the microphone. 

Electronics in 
Medicine 

132. EFFECTS OF INTENSE MICRO-
WAVE RADIATION ON LIVING 

ORGANISMS 

JOHN W. CLARK 
(Collins Radio Co., Cedar Rapids, Iowa) 
A study has been made of the effects of 

intense microwave radiation on living or-
ganisms, to ascertain whether or not any 
damage to personnel exposed to such radia-
tion may be anticipated. It was found that 
certain parts of the body which are not 
adequately cooled by the blood stream are 
indeed vulnerable to microwave radiation 
of the order of one watt per square centi-
meter. Damage to the eye has been demon-
strated in laboratory animals; this damage 
takes the form of cataract of the lens. Ac-
cordingly standards should be established 
for the protection of personnel who work 
with high-power microwave equipment. 
A mathematical theory has been de-

veloped to account for the temperature 
distribution in tissues which are exposed to 
microwave radiation and which are cooled 
by conduction only. This theory checks_ 
well with experiment; it predicts that the 
greatest temperature rise at a given power 
density will occur at about 10 cm wave-
length. With the aid of this theory it is 
possible to predict the shape of the tem-
perature distribution at any frequency. 
This is useful in evaluating the benefits or 
dangers which may be derived from the use 
of electromagnetic radiations for therapeutic 
purposes. 

133. A DIFFERENTIAL 
VECTORCARDIOGRAPH 

STANLEY A. BRILLER 
(Bellevue Hospital, N. Y.) 
NATHAN MARCHAND 

(New York University College of Medicine, 
New York, N. Y.) 

The electromotive forces generated by 
cardiac muscle during its activity vary in 
size and direction. They therefore lend 
themselves to vectoral representation, and 
in the case of the human heart all the forces 
involved may be recorded as a vector-time 
diagram (vectorcardiogram). 
Construction of electronic equipment for 

making vectorcardiograms has presented 
several instrumentation problems. One of 
these has been the problem of avoiding the 
superimposition of the vectordiagrams of 
the various phases of the cardiac cycle known 
as the P form, the QRS form, and the T 
form. To overcome this and other difficul-
ties, an apparatus was designed and con-
structed consisting of a dual-beam cathode-
ray tube for simultaneous recording of the 
frontal and sagittal thoracic projections of 
the spatial cardiac vectors. The design 
incorporates circuits which automatically 
achieve separation and photographic regis-
tration of the several vector loops of suc-
cessive heart beats. Other components of 
the apparatus include: a network to convert 
heart voltages into an orthogonal set; a 
three-channel, low-frequency amplifier; a 
synchronized timing unit; a time marker; 
an electronically operated camera; and a 
direct writing interval delineator. 

134. ELECTRONIC MAPPING OF 
THE ELECTRICAL ACTIVITY 

OF THE HEART AND 
BRAIN 

STANFORD GOLDMAN 

(Syracuse University, Syracuse, N. Y.) 
This paper describes means whereby a 

picture of the electrical potential distribu-
tion on the surface of any desired portion of 
the human body is shown on the screen of a 
cathode-ray tube. A number of pickup elec-
trodes are located in an ordered array on the 
surface of interest. With the aid of an elec-
tronic counter type of commutator, the 
voltages picked up on the electrodes are 
impressed upon a scanning signal. A radar 
PPI type of display is then obtained from 
this signal, wherein the cathode-ray tube 
screen represents the area of interest, and 
the light intensity at any point on the screen 
is proportional to the instantaneous voltage 
of the corresponding point on the body. In 
this way a cathode-ray tube screen has been 
used to show moving pictures of the heart or 
the brain in action. 
It is found that the electrical activity on 

the surface of the chest gives an informative 
picture of the conduction of electrical im-
pulses within the heart itself. Results al-
ready obtained indicate that the pictures 
will be useful for diagnostic purposes and 
will be valuable in studying the physiology 
of the heart. Electronic mapping pictures of 
the brain have shown that the alphawaves 
of the brain are traveling waves and the 
paths and speed of travel can clearly be 
seen in the pictures. Insofar as time permits, 
motion pictures will be shown at the meeting 
of the heart and brain in action. 

Propagation I 
Propagation at Ionospheric 

Frequencies 
135. CALCULATION OF EFFECTIVE 
PHASE, GROUP, AND PULSE 
VELOCITIES OF WAVE 

PROPAGATION 
A. FISCHLER, G. H. SLOAN, AND 

D. GOLDENBERG 
(Signal Corps Engineering Laboratories, 

Fort Monmouth, N. J.) 

Methods are deduced for calculating the 
fractional deviations from c (the velocity of 
light in vacuo) of the effective velocities of 
unmodulated, simply modulated, and pulse-
modulated waves as functions of earth 
conductivity and dielectric permittivity, 
frequency, antenna heights, and polariza-
tion. The method represents an approach 
to first-order accuracy of radio ranging over 
short distances by means of interval timing 
(e.g., radar, interferometry, etc.). A tech-
nique of accurately measuring earth con,-
stants is implicitly indicated, even with 
existing apparatus. 

136. AN ATMOSPHERIC WAVE-
FORM RECEIVER 

WILLIAM J. KESSLER AND 
SYDNEY E. SMITH 

(University of Florida, Gainesville, Fla.) 
A triggered sweep oscillograph designed 

expressly for the observation of atmospheric 
wave forms is described. 
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A remote omnidirectional antenna is 
used to feed the signal channel amplifier 
which must display essentially uniform 
amplification  and  delay  characteristics 
throughout the frequency range correspond-
ing to the significant energy components of 
most atmospheric signals. An 18-microsecond 
delay line is used in the signal channel to 
permit delineation of the leading edge of the 
atmospheric  disturbance  triggering  the 
sweep generator. The display of time-
interval markers is unique in that they 
appear on a second elevated sweep to elimi-
nate confusion with the characteristic varia-
tions of the atmospheric wave forms. This 
is accomplished with a display tube con-
taining a single electron gun by delaying the 
marker sweep approximately 1,500 micro-
seconds and simultaneously blocking the 
signal channel. 
An external brightening pulse is pro-

vided to brilliance modulate the cathode-
ray tube of an associated atmospherics 
direction finder to permit identification of 
the azimuth of the recorded wave forms, and 
to control a solenoid-operated still camera 
to advance the normally stationary film 
one frame after each exposure. Typical ex-
amples of atmospheric wave forms showing 
unmistakable ionospheric returns correspon-
ding to a virtual height of approximately 
90 kilometers are included. 

137. RADIO WAVE PROPAGATION 
IN A CURVED IONOSPHERE 

JOHN M. KELSO 
(Pennsylvania State College, 

State College, Pa.) 
Using a double parabola approximation 

to the Chapman distribution of electron 
density as a function of height, and the 
assumption of a curved ionosphere, curved 
earth geometry, analytic expressions are 
obtained for the true height of reflection, 
ray path, reflection coefficient, ground 
range, and group path. Graphical results 
are given for the maximum useable fre-
quency factor. Where possible, the above 
results are compared with results obtained 
by assuming a plane ionosphere. 
All of these calculations are made under 

the usual restrictions of neglecting the 
earth's magnetic field, and most of the 
effects of collisions of electrons uith heavy 
particles. 

Electron Tubes III 
Power Tubes 

138. DEVELOPMENT OF 10-CM 
HIGH-PO WER PULSED 

KLYSTRON 
M. CHODOROW, E. L. GINZION, 1. NEILSEN, 

AND S. SON KIN 
(Stanford University, Stanford, Calif.) 
This paper presents the results of a two-

year program just completed at Stanford 
University. The basic problems, both the-
oretical and practical, v. hich had to be 
solved during the course of this program 
will be discussed. 
Some of the specific topics to be treated 

are: operation of klystrons at 400-kv level, 
design of suitable modulators, pulse trans-
formers, and other components; the design 
and construction of successful tubes; and 
the operating characteristics of some of the 
tubes. 

139. SPACE-CHARGE EFFECTS IN 
REFLEX KLYSTRONS 

V. WESTBERG AND M. CHODOROW 

(Stanford University, Stanford, Calif.) 
In simple reflex klystron theory it is 

usually assumed that the potential in the 
reflector region varies linearly with distance. 
For many practical tubes this is not true, 
due to space charge effects and reflector 
curvature. The effect of this departure from 
the linearity in potential can be represented 
by a numerical factor F which modifies the 
true transit angle to give an effective bunch-
ing angle. The power output, loading, elec-
trical tuning, will all be altered in a cor-
responding way. By various approximate 
methods it has been possible to calculate the 
F factor as influenced by space charge for 
a wide range of operating parameters. 
Measurements on some typical tubes agree 
quite well with the theoretical value. Using 
these calculated values of the F factor, it is 
now possible to predict more accurately the 
operating characteristics of a reflex klystron 
for any given mode. 

140. RECENT DEVELOPMENT IN 
HIGH-PO WER KLYSTRON 

AMPLIFIERS 
C. VERONDA AND V. LEARNED 

(Sperry Gyroscope Co., Great Neck, L. 1., 
N. Y.) 

Early klystons were limited primarily to 
gridded interaction gaps with ion-focused 
electron beams. They were limited in power 
and were not particularly suitable for pulse 
operation. 
Recent work has developed magnetically 

focused electron beams which are suitable 
for both pulse and continuous-wave opera-
tion at much higher power levels. High-
power klystron amplifiers have been de-
veloped which have excellent power-gain 
characteristics, thus making it practical to 
drive the tubes from stable frequency 
sources. 
The characteristic properties of several 

types of these new klystron amplifiers u ill 
be discussed  and  typical  performance 
characteristics presented. A comparison of 
practical performance characteristics, in 
relation to idealized theoretical charac-
teristics, will be made to show how specific 
klystrons are useful for particular system 
applications. 

141. A NEW SUPER-PO WER BEAM 
TRIODE 

W. N. PARKER, V. E. HARBAUGH, M. V. 
HOOVER, AND L. P. GARNER 

(Radio Corporation of America, 
Lancaster, Pa.) 

The design and operation of a super-
power beam triode tested at 1,000 kilowatts 
average power input is discussed. A unique 
system of electron beam forming permits a 
power gain as high as 1,000 under the condi-
tions required for 80 per cent efficiency. An 
improved method of anode construction and 
water cooling has permitted the testing of 
the tube at an anode dissipation of 500 
kilowatts. New mechanical techniques of 
individual electrode suspension permit ac-
curate alignment of precisely constructed 
electrodes. Processing and testing procedures 
are discussed in conjunction with the facili-

ties required for the development and opera-
tion of super-power tubes. 

142. EXTERNAL CATHODE INVERTED 
MAGNETRON 

JOSEPH F. HULL 
(Signal Corps Engineering Laboratories, 

Fort Monmouth, N. J.) 

In a radically new approach to the 
generation of high peak-pulsed power an 
"inverted" magnetron has been successfully 
operated. This tube consists of a number of 
"inside out" interdigital magnetron anodes 
axially stacked together surrounded by a 
cylindrical cathode whose inner surface is 
the emitter. Over-all efficiencies greater than 
50 per cent have been achieved with peak 
power outputs in excess of 2-kw, 6 per cent 
duty cycle pulse operation. Fifty kw at 
0.1 per cent duty cycle have been obtained 
from a tube designed for cw operation. 

Navigation Aids 
143. ANALYSIS OF COURSE ERRORS 
IN THE VHF OMNIDIRECTIONAL 

RADIO RANGE 

J. WESLEY LEAS 
f,Air Navigation Development Board, Civil 
Aeronautics Administration, Washington, 

D. C.) 

The Air Navigation Development Board 
has been evaluating the accuracy of the 
VHF Omnidirectional Radio Range ‘'OR 
system at Patuxent River Naval Air Sta-
tion, Md., Philipsburg, Pa., and Ogden. 
Utah. 
The method of employing shoran, which 

was used for position determination, will be 
outlined, indicating the techniques of data 
collection and reduction which were used. 
The component errors in the VOR sys-

tem ill be analyzed, including the ground 
station, airborne receiver, and test equip-
ment accuracies. The effect of aircraft 
heading and attitude, and of terrain on 
system accuracy, will be explored. 

144. DYNAMIC ASPECT OF ERRORS 
IN RADIO NAVIGATION SYSTEMS, 
PARTICULARLY IN CASE OF 
FAST-MOVING RECEIVERS 
AND TRANSMITTERS 

H. BUSIGNIES 
(Federal Telecommunication Laboratories, 

Inc., Nutley, N. J.) 

Under conditions encountered on the 
earth's surface and in the atmosphere and 
stratosphere, radio-navigation signals ob-
served on board a moving vehicle show vari-
ations. The frequency spectrum and ampli-
tude of such variations can be predicted. 
They are dependent upon number and posi-
tion of reflections, relative speed, carrier and 
modulation frequencies, and polarization. 
Similar effects are observed when the re-
ceiver is fixed and the transmitter is moving. 
The present and future speed of aircraft 

require that these effects be considered in 
the selection of parameters of radio-naviga-
tion systems. 
Integrating circuits and spectrum trans,-

missions can be utilized to reduce the 
dynamic errors. Examples are given which 
are applicable to instrument landing sys-
tems, omnidirectional ranges, DME, direc-
tion finders, and generally to all radio aids 
to navigation. 
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15: A NEW BASIS FOR ANALYZING 
RADIO NAVIGATION AND 
DETECTION SYSTEMS 

N. L. HARVEY 

(Sylvania Electric Products Inc., 
Bayside, L. I., N. Y.) 

The fundamental requirements imposed 
radio navigation and echo ranging sys-
ns under interference conditions are con-
lered from the viewpoints of the trans-
ssion of information and of signal correla-
m. It is shown that transmission band-
dth and receiver bandwidth may be 
fated as entirely independent system para-
Aers with the receiver bandwidth used 
determining S/N ratio, power, and in-
rmation capacity; and transmission band-
dth in determining the resolution. The 
rrelation function is used to establish the 
lationship between the resolution charac-
ristic and the power density distribution 
the signal spectrum, regardless of how 
e spectrum is generated. 

146. STOCHASTIC PROCESSES AS 
APPLIED TO AERIAL NAVIGATION 

AND DIRECTION FINDERS 

L. A. DE ROSA 

;ederal Telecommunication Laboratories. 
Inc., Nutley, N. J.) 

In radio navigation, the sources of 
leterminate" and "random" errors are 
scussed with means for their reduction. 
oise can be considered as a random error, 
3c1 statistical processes may be used to 
3tain readings under severe noise condi-
ons. It is shown that the use of auto- and 
-oss-correlation techniques, may, in certain 
ases enable the ready exchange of reading 
me, accuracy, and signal-to-noise ratio. 
rediction can be used to increase further 
ie available information for exchange. 
.epresentative applications of the prin-
'pies to direction-finding and omnidirec-
onal radio ranges are presented 

47. 1,000-Mc CRYSTAL-CONTROLLED 
AIRBORNE TRANSMITTER FOR 

DISTANCE MEASURING 
EQUIPMENT 

B. WARRINER 

Federal Telecommunication Laboratories, 
Inc., Nutley, N. J.) 

An airborne pulsed transmitting oscil-
ator for service in Distance Measuring 
:-quipment is described. This oscillator uses 
2C39 tube in a Colpitts circuit with a 
salf-wave coaxial cavity.  A frequency 
unge of 965 to 1,088 Mc with a peak-power 
mtput of 1 kw was used in a 50-channel 
system, but in the current RTCA system 
wily ten channels in the 960- to 985-Mc 
mnd are used. It is designed to reach 
10,000 feet altitude without pressurization 
Ind to have extreme tuning linearity to 
allow stable operation of the A.F.C. servo 
system. 
An ac motor controlled by a miniature 

double triode is used for frequency control. 
A 45-Mc quartz crystal is multiplied to 
about 500 Mc and the multiplier second 
tharmonic is heterodyned against the trans-
mitter and fed into a 60-Mc discriminator. 
The output of the discriminator controls 
the motor. Transmitter frequency is changed 
merely by switching quartz crystals. 

SYMPOSIUM 

Sound Recording 
148. NOISE CONSIDERATIONS IN 

AUDIO SYSTEMS 

F. L. HOPPER 

(Western Electric Co., Hollywood, Calif.) 
Noise limitations of various types of 

sound recording media are discussed. With 
improvement in inherent volume range in 
such a medium as magnetic recording, noise 
limitations imposed by the audio system re-
quire consideration. Noise may be internally 
generated in the system or may be intro-
duced from extraneous sources by electro-
magnetic coupling of circuit exposures to 
interfering fields. Radio- and audio-fre-
quency disturbances, cross talk, thermal 
noise, shot effect, microphonics, ac hum, and 
switching transients are some of the forms 
of disturbance considered. 

149. CONSIDERATIONS OF NOISE 
IN SOUND RECORDING AND 
REPRODUCING SYSTEMS 

ALBERT W. FRIEND 

(Radio Corporation of America, Princeton, 
N. J.) 

The definitions and measuring tech-
niques related to noise in sound recording 
and reproducing systems which have been 
most recently suggested by the IRE Com-
mittee on Sound Recording and Reproduc-
ing are discussed, with particular emphasis 
on their application to magnetic record 
systems. System, equipment, and medium 
noise and their measurement are discussed 
separately. The consideration of noise due 
to the recording medium is further sub-
divided into residual and modulation noise. 

150. MAGNETIC RECORDING FRE-
QUENCY RESPONSE—MEASURE-

MENT PROCEDURES AND 
PITFALLS 
R. E. ZE.NNER 

(Armour Research Foundation. 
Chicago, Ili.) 

A discussion of frequency-response meas-
urements in magnetic recording, including 
definitions, recommended procedures, and 
description of difficulties encountered in 
such measurements. 

151. DISTORTIONS IN RECORDING 
SYSTEMS 

H. E. Rolls 

(Radio Corporation of America, 
Camden, N. J.) 

This paper will describe the distortions 
encountered in recording systems and dis-
cuss problems encountered in measuring 
them. 

152. PERCEPTIBILITY OF FLUTTER 
IN RECORDED SPEECH AND 

MUSIC 
HARRY SCHECTE.R 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

A form of distortion common to sound 
records of all types is flutter or "wow" 
caused by irregularities in speed of the 
recording medium. These speed irregulari-
ties produce frequency modulation of the 

recorded signals. To establish realistic 
tolerances for flutter, we need quantitative 
subjective data on the relative perceptibility 
of flutter as a function of the extent and 
rate of modulation for typical program ma-
terial under typical listening conditions. 
The problem of obtaining such data will be 
outlined and some preliminary results will 
be presented. 

Propagation II 
Impact of Propagation on 
Operation of Systems 

153. A MICROWAVE PROPAGATION 
TEST 

J. Z. MILLAR AND L. A. BYAM, JR. 

(Western Union Telegraph Co., 
New York, N. Y.) 

This paper describes a microwave propa-
gation test which was conducted over a 
period of a year with simultaneous trans-
mission on wavelengths of 16.2, 7.2, 4.7 
and 3.1 cm over an unobstructed 42-mile 
overland path. Comparative charts depict 
variations in daily fading range, illustrate 
diurnal and seasonal influences on fading 
and reveal the marked disparagement be-
tween winter and summer fading. Of par-
ticular significance, curves are offered show-
ing relative field-strength distribution for 
both winter and summer periods. Additional 
curves are included relating to distribution 
of hourly minima with respect to four arbi-
trarily selected signal levels. The various 
curves are useful in considerations bearing 
on continuity of service that may be ex-
pected with relation to wavelength and to 
time of day, winter or summer. Pictures of 
the propagation tower, transmitter units, 
control and recording equipment are in-
cluded. 

154. DIVERSITY RECEPTION 
TECHNIQUES 

S. H. VAN WAMBECR 

(Washington University, St. Louis, Mo.) 

A. H. Ross 

(Signal Corps Engineering Laboratories, 
Fort Monmouth, N. J.) 

An outline is given of the work on di-
versity reception techniques being carried 
out jointly by the Signal Corps and Wash-
ington University, the purpose of which is 
to determine the characteristics, limitations, 
and relative merits of space, polarization, 
and frequency diversity systems. 
Tests conducted over a 900-mile circuit 

are described, and results obtained with 
various antenna spacings and configurations 
are shown in simple graphic form. The 
results can be expressed in terms of 
improvement over the performance of a 
simple reference doublet antenna. Applica-
tion of the engineering information derived 
from this investigation to military radio 
communication problems is explained 

155. EXPERIMENTAL EVALUATION 
OF DIVERSITY RECEIVING 

SYSTEMS 

JOHN L. GLASER AND S. H. VAN WAMBECK 

(Washington University, St. Louis, Mo.) 
Methods used and results obtained in a 

long-range experimental study of fading 
with ordinary and diversity receiving sys. 
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tems are discussed. Results are expressed 
statistically in terms of the nonusable cir-
cuit time, and also in terms of the number of 
fades per minute below least usable level. 
Data for this analysis are obtained on 

semi-automatic equipment which measures 
the total time the signal spends in each of 
seven pre-established intervals of signal 
strength and counts the number of times the 
signal enters each interval. The instruments 
thus accomplish at the time of recording a 
substantial part of the analysis. 
Tests which have been conducted con-

tinuously over a period of about twenty 
months at frequencies of 7, 12, and 16 Mc 
have included polarization, and dual and 
triple spaced-antenna diversity systems. 
Typical results are presented. 

156. COMPARISON OF MODULATION 
METHODS FOR VOICE COM-
MUNICATION OVER IONO-
SPHERIC RADIO CIRCUITS 

M. G. CROSBY 
(Crosby Laboratories, Mineola, L. I., N.Y.) 

H. F. MEYER AND A. H. Ross 
(Signal Corps Engineering Laboratories, 

Fort Monmouth, N. J.) 
Intelligibility tests conducted over an 

ionospheric radio circuit and through a 
multipath simulator using double-sideband 
amplitude modulation, narrow-band fre-
quency modulation, and narrow-band phase 
modulation  with various demodulation 
systems are described. The use of the simu-
lator to verify mathematical analysis of the 
results obtained in evaluating the effects of 
multipath transmission are explained. The 
effectiveness of exalted carrier reception in 
raising the average intelligibility for ampli-
tude or phase modulation in the presence of 
multipath transmission is demonstrated and 
the modifying effects of noise and inter-
ference on the relative merits of the various 
systems are discussed. 

157. COMPARISON OF MODULATION 
METHODS FOR FACSIMILE COM-

MUNICATION OVER IONO-
SPHERIC RADIO CIRCUITS 
M. ACKER AND B. GOI.DBERG 

(Signal Corps Engineering Laboratories. 
Fort Monmouth, N. J.) 

A description is given of intelligibility 
tests conducted on both an actual iono-
spheric circuit and on a multipath transmis-
sion simulator to evaluate the performance 
of various methods of transmitting facsimile 
signals over a radio circuit under multipath 
transmission conditions. Subcarrier FM on 
AM and on narrow-band PM and carrier 
shift modulation systems were used to 
transmit the intelligence together with 
various demodulation methods. Results 
obtained front the tests conducted over the 
actual ionospheric circuit are analyzed by 
statistical methods and the results presented 
in the form of intelligibility ratings. A dis-
cussion of the effects of noise, interference, 
and multipath transmission on the various 
methods is given. The results of the tests 
conducted through the multipath transmis-
sion simulator are presented in the form of a 
novel three-dimensional intelligibility plot. 
Theoretical considerations and correlation 
between the laboratory and actual iono-
spheric circuit tests are discussed. 

Electron Tubes IV 
Materials and Techniques 
158. A VACUUM SEAL BETWEEN 
METALS AND CERAMICS FOR 

HIGH TEMPERATURE 
APPLICATIONS 

H. W. SODERSTROM AND K. H. MCPHEE 

(Collins Radio Co., Cedar 
Rapids, Iowa) 

A new method for joining metals to 
insulators called the "Somac" is described. 
The materials involved are not required to 
have matched coefficients of expansion. For 
most practical purposes there are no size 
limitations. The operating and outgassing 
temperatures can be as high as 1100° C. 
The short overlap of metal and porcelain in 
this seal makes it essentially a butt seal. 
Precision alignment in assembly is pcssible. 
Other applications will be discussed. 

159. EFFECT OF COATING COM-
POSITION OF OXIDE-COATED 
CATHODES ON ELECTRON 

EMISSION 
E. G. WiDELt. AND R. A. HELLAR 

(Radio Corporation of America, 
Harrison, N. J.) 

Investigation of oxide-coated cathodes 
has been made to determine the effect on 
electron emission of varying the proportions 
of emitting oxides. The results show that 
maximum electron emission tinder satura-
tion conditions is obtained from a solid solu-
tion containing strontium oxide (Sr0) and 
barium oxide (BaO) in an approximate 
molecular ratio of 7 to 3. Increased emission 
is obtained by the further addition of cal-
cium oxide to the barium and strontium 
oxides. 
These results also indicate that maxi-

mum size of the coprecipitated barium and 
strontium carbonate particle occurs af the 
same molecular ratio as that giving maxi-
mum electron emission from the oxides. 
When the saturation emission obtained 

with a square-wave voltage pulse was 
measured, the current pulse as observed on 
a synchroscope was also square wax e and 
showed no measurable decay characteristics 
for a pulse duration of 10 seconds. 

160. EFFECTS OF CONTROLLED 
IMPURITIES IN NICKEL CORE 
METAL ON THERMIONIC 
EMISSION FROM OXIDE-
COATED CATHODES 

GEORGE HEas 

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

Emission measurements were made over 
a 500-hour life period on oxide coated 
cathodes having 18 different binary nickel. 
alloy core metals. The samples of nickel 
and of the additive (both of highest purity) 
were vacuum melted together in order to 
provide a rigid control on the composition 
of each alloy. All tubes were processed under 
the same controlled conditions. 
An empirical emission equation 

/ A' exp — -elk) 
kT 

was used. The parameters  and A' were 
found to vary in such a manner that, of 

life, the following relationship existed: 

log .1' = B 

where k and B are constants. 
Some alloys which appear to be espe. 

dally suitable as base metals for oxide-coated 
cathodes are aluminum-nickel, chromium-
nickel, molybdenum-nickel, and thorium. 
nickel. Alloys which resulted in poorest 
emission  were  boron-nickel,  beryllium. 
nickel, and iron-nickel. 

161. INVESTIGATION OF CON-
TAMINANT IN VACUUM 

TUBES 

PAUL D. Wit.Liams 

(Eitel-McCullough, Inc., 
San Bruno, Calif.) 

In an ONR sponsored program, tu 
materials are being examined on a ma 
spectrometer to determine the volati 
components released in vacuum durin 
heating. Of four glasses normally used 
tube construction, nonex glass continued t 
evolve water after extended bake-out 
nod. 
Gases evolved from the blank and tu 

elements lose their identity by reactio 
with other elements. X'olatile componen 
of heated Al-200 ceramic, while injurin 
carburized thoriated tungsten emission d 
not destroy emission. Volatiles from quartz 
heated to softening temperature doe, no 
injure carburized thoriated tungsten emis 
sion. Volatile components of ceramic .A-24 
appear to destroy emission. 

162. HOT STRENGTH PROPERTIES 
OF FILAMENTARY 

ALLOYS 

BERNARD WOLK 
(Sylvania  Electric  Products  Inc.,  Kew 

Gardens, L. I., N. V. 

The results of an investigation of the 
hot strength properties of several nickel-
and cobalt-based alloys are given. These 
materials have as their minor constituents 
such elements as aluminum,  tungsten, 
chromium, etc., and were chosen for their 
possibilities as efficient primary electron 
emitters (when coated with alkaline earth 
oxides) over at ?east 500 hours of life. 
The general term hot strength is defined 

as both resistance to flow, and time to rup-
ture at temperatures around 800°C. A stress 
range was chosen so that accelerated condi-
tions prevail, and a measure of the relative 
strength of a variety of filamentary alloys 
is thereby practicable. 

Components 
163. MINIATURIZATION TECH-
NIQUES: A DISCUSSION AND 

PROPOSAL 

M. ABRASISON AND S. DANKO 
(Signal Corps Engineering Laboratories, 

Fort Monmouth, N. J.) 
Objective analysis of hand-wiring, printed 

circuit, and composite systems of miniature 
circuit fabrication show inherent advantages 
and weaknesses in each system. The best 
features of these approaches have been 
combined into a proposed composite system 
which promises lower costs and higher pro-
duction through assembly simplification. IThis proposed approach, designated as 
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'Auto-Sembly" requires no elaborate or 
expensive tooling and no unfamiliar skills. 
The "Auto-Sembly" approach is based on 
the use of low cost prefabricated conductor 
patterns on an insulated surface, separately 
fabricated components, rapid components-
to-pattern assembly and final protective 
packaging. 

164. THE EXPONENTIAL-LINE 
PULSE TRANSFORMER 

E. R. SCHATZ AND E. M. WILLIAMS 
(Carnegie Institute of Technology, 

Pittsburgh, Pa.) 

This paper describes the theory and de-
sign of exponential-line section transformers 
for very short rise time and extremely high-
power short pulse requirements. 
A general treatment of the theory of 

transients in transmission lines with ex-
ponential taper and negligible losses is given, 
and an approximate treatment for the effect 
"of losses is included. The problems of choice 
of parameters and suitable dielectrics for 
economical transformer design are consid-
ered. Two typical designs are described; 
(1) an experimental one to two, 2-megawatt, 
0.04-microsecond transformer together with 
experimental results and (2) the design of a 
proposed 15- to 100-kv,, 2.03-microsecond, 
200 megawatt transformer to be used in an 
electric ion deflector in a proton synchro-
cyclotron. 

165. UNIVERSAL PRECISION 
RESOLVERS 

DONALD L. HERR 
(Reeves Instrument Corp., 

New York, N. Y.) 

The basic equations and equivalent cir-
cuits of idealized and physical high-preci-
sion, universal-frequency, ac electromag-
r netic resolvers are presented. The influences Iupon optimum performance and design of 
the numbers and skewnesses of stator and 
rotor poles, of stator and rotor winding 
distributions and quality,  of magnetic 
material, of physical dimensions, and of 
manufacturing processes are given. The 
design requirements for high-precision reso-
lution with a maximum functional error of 
± 0.05 of 1 per cent over 360° of shaft rota-
tion, at all three common carrier-frequencies 
of 60, 400 and 1,000 cps, with the same re-
solver, are presented. Particular attention 
is given to space-harmonic suppression by 
the resolver itself, and time-harmonic and 
quadrature noise suppression by the resolver 
and compensating—booster-amplifier com-
bination in a minimum weight and volume 
design now in mass production. 

166. A COMPACT MAGNETIC 
MEMORY 

PAUL L. NlowroN 
(University of California, Berkeley, Calif.) 
A drum of standard aluminum tubing 

8i inches in diameter and 27 inches long, 
coated with magnetite and driven at 3,600 
rpm by a horsepower motor, has been de-
veloped to store 10,000 ten-decimal-digit 
numbers at a cell density of over 900 binary 
digits per square inch. Combination reading-
recording heads operate at a frequency of 
144 kc, with writing currents of about 150 
milliamperes and voltages when reading of 
about 0.1 volt. Tests have shown these 

noncontact heads can be operated up to 
300 kc and 3,000 cells per square inch. 

167. SYNCHRO-CYCLOTRON 
FIELD REGULATOR 

C. S. McKowN 

(Sperry Gyroscope Company, Great 
Neck, L. I., N. Y.) 

WILLIAM P. CAYWOOD, JR. 

(Carnegie Institute of Technology 
Pittsburgh, Pa.) 

High-energy nuclear-particle accelera-
tors present many design problems of a new 
type and magnitude. Such a problem is the 
design of a regulator to control and maintain 
the field of the Carnegie Institute of Tech-
nology 425 mev synchro-cyclotron to less 
than 1 gauss in 20,000. 
This paper contains a description of the 

salient features of a proposed design, "Syn-
chro-Cyclotron Progress Report," October 1, 
1949; Navy contract N7onr-303, Task 
Order 1.) in particular: (a) a method of ap-
plying a proton-controlled oscillator as a 
measuring device for the magnetic field, and 
(b) a mathematical analysis of the electrical 
loop which includes the cyclotron field sys-
tem with a time constant of one minute. The 
means of obtaining very rapid response in 
spite of there being three different circuits 
having significantly large time constants 
(two cascaded excitors in addition to the 
synchrocyclotron field) is considered of spe-
cial interest. 

Oscillators 
168. THE TRANSIENT BEHAVIOR 
OF A CLASS-C OSCILLATOR 

CHESTER H. PAGE 

(National Bureau of Standards, 
Washington, D. C.) 

When a stable oscillator is switched on, 
the bias and amplitude approach their 
equilibrium point via a spiral path in the 
bias-amplitude phase plane. 
Two types of instability exist: (1) the 

common squegg or essentially intermittent 
oscillation, and (2) the weak squegg, wherein 
the bias and amplitude undergo small 
periodic variations. 
The weak squegg is characterized by a 

small elliptical limit cycle replacing the 
stable point. The strong squegg exhibits a 
large sharp-pointed limit cycle, which sur-
rounds either a weak squegg cycle or a stable 
point, providing two allowable states of 
operation. In the latter case, the oscillator 
will always squegg when turned on, but can 
be forced into the stable state. 

169. MODE SUPPRESSION IN BROAD-
BAND REFLEX KLYSTRON 

OSCILLATORS 

A. H. SONNENSCHEIN AND H. A. FINKE 

(Polytechnic Research and Development 
Co., Inc., Brooklyn, N. Y.) 

The design of resonators for externally 
tuned reflex klystron oscillators is greatly 
complicated by the problem of mode inter-
ferences at frequencies other than the de-
sired. The existence of multifrequency 
bunching is an additional complication. 
These problems can be solved by increasing 
the resonator losses to the undesired modes 
beyond the threshold required to sustain 

oscillation. This is accomplished by means of 
microwave filters, so as not to affect the de-
sired mode. The filters described result in 
very simple mechanical structures, requiring 
neither tuning nor tracking, as the oscillator 
is tuned over its desired range. The practical 
application of these methods will be demon-
strated by describing two oscillators which 
have been designed and built. They cover 
without hiatus, the band from 3,600 to 
11,000 Mc per second, using the same tube. 

170. TELEMETERING BLOCKING 
OSCILLATOR 

W. TODD 

(Signal Corps Engineering Laboratories, 
Fort Monmouth, N. J.) 

The theory of blocking oscillators for 
telemetering purposes is derived along with 
an approximate equivalent circuit and 
formulas. The choice of proportions of time 
constants and the mode of operation are dis-
cussed from the standpoint of absolute fre-
quency stability, non-proportional drift, 
pulse width, power dissipation, and tube 
characteristics. Some design-difficulties of 
oscillators of this type and their corrective 
means are discussed. Conclusions are drawn 
as to the most satisfactory design of such an 
oscillator for a typical radiosonde telemeter-
ing application. 

171. SOME ASPECTS OF RF PHASE 
CONTROL IN MICROWAVE 

OSCILLATORS 

E. E. DAVID, JR. 
(Massachusetts Institute of Technology, 

Cambridge, Mass.) 

The effect of an injected rf signal on a 
free-running oscillator may be described 
exactly by means of a graphical construction 
on the Rieke Diagram. The analysis may be 
generalized to include mutual coupling of 
two or more oscillators. The constant phase 
predicted is not observed in practice, the dis-
crepancy being due to residual hum on the 
oscillator electrodes. By utilizing this effect, 
either phase or amplitude modulation may 
be obtained. 
When the oscillator to be synchronized is 

pulsed, there are present (attendant to the 
starting disturbance) certain transient con-
ditions which cannot be described properly 
by the steady-state theory. In particular, 
the phase transient persists several times 
longer than the rf voltage build-up. There-
fore, the preoscillation noise-to-locking sig-
nal ratio is an important parameter in de-
termining pulse-to pulse coherence. 

172. SEVEN-LEAGUE OSCILLATOR 

F. B. ANDERSON 
(Bell Telephone Laboratories, Inc. 

New York, N. Y.) 

This is a wide-range variable-frequency 
bridge-type oscillator which, in a prelimi-
nary form, has been demonstrated to be 
tunable over a range of 20 cps to 3 Mc in one 
sweep of a linear control. The frequency 
scale is approximately logarithmic. Accuracy 
of the order of ±0.5 per cent is attainable 
with ordinary parts. Frequency stability is 
of the order of ± 2 per cent per db of the 
tube gain variation in the lower decades, but 
falls off at high frequencies. A frequency 
range of one billion to one extreme ratio ap-
pears to be possible. 
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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. 21, pp. 556-563; September, 
1949.) Continuation of 2995 of 1949. 

534.213.4  2 
On the Propagation of Sound Waves in 

Narrow Conduits —O.  K.  Mawardi. (Jour. 
Acou,.  Sot.  Amer., vol.  21, pp. 482-486; 
September, 1949.) An approximate solution of 
sufficient accuracy for narrow tubes of ar-
bitrary shapes is derived and applied to the 
case of a wire-filled tube. Losses due to vis-
cosity, radiation, and thermal conduction are 
taken into account. Theoretical predictions 
are in satisfactory agreement with experimental 
results. 

534.232  3 
Theory of  Focusing  Radiators —H.  T. 

O'Neil. (Jour. Acous. Soc. Amer., vol. 21, pp. 
516-526; September, 1949.) The sound field 
due to a concave spherical radiator vibrating 
with uniform normal velocity is determined 
approximately. The radius of the circular 
boundary of the radiator is assumed to be 
large compared with A and with the depth 
h of the concave surface. The point of greatest 
intensity is not at the center of curvature but 
approaches it with increasing values of h/X. The 
greatest intensity is not much greater than the 
intensity at the center of curvature except 
when h/A is small. The calculations are in 
reasonable agreement with Willard's experi-
mental data (3003 of 1949). See also 8 below. 

534.232  4 
The Theory of Sound Vibrations in Open 

Tubes -L. A. Weinstein. (Zh. Tekh. Fiz., vol. 
19, pp. 911-930; August, 1949. In Russian) The 
radiation of a symmetrical sound wave from 
the open end of a tube is discussed and a rigor-
ous solution of the problem is given. The re-
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sults obtained are also applied to the case 01 
asymmetrical waves. 

534.25 
Refracting Sound Waves — W. E.  Kock 

and F. K. Harvey. (Jour. Acous. Soc. Amer.. 
vol. 21, pp. 471-481; September, 1949.) Refrac-
ting structures consisting of arrays of obstacles 
which are small compared with X are described. 
These obstacles increase the effective density of 
the medium and thus reduce the velocity of 
sound passing through the array. Vhen the di-
mensions of individual obstacles approach X/2, 
the effective refractive index varies with X 
and prisms then cause a disrersion of the 
waves. Path-length delay-type lenses for focus-
ing sound waves are also described. A diverg-
ing lens is discussed which can be used in con-
junction with an exponential horn loudspeaker 
to produce an approximately circular wave 
front at the higher audio frequencies. For em 
lenses similar in principle see 2176 of 1948 
(Kock). See also Ben Lab. Rec., vol. 27. pp. 
349-354; October. 1949 

534.321.9  6 
Ultrasonics in Fluids —E. G. Richardson. 

(Nature (London), vol.  164, pp.  772-773; 
November 5, 1949.) Report of a British Asso-
ciation symposium. Most of the papers deal 
with applications of the  ultrasonic  inter-
ferometer. 

534.321.9:534.833.4  7 
An Optical Method for the Determination 

of Ultrasonic  Absorption in  Opaque  Soft 
Media —T. Fluter and R. Pohlman. (Z. Angew. 
Phys., vol. 1, pp. 405-411; June, 1949.) Two 
methods are described which are parti:•ularly 
suitable for materials with low acoustic im-
pedance and high absorption. The methods de-
pend on the diffraction of light by ultrasonic 
waves and on the brightness distribution in the 
various orders of the diffraction spectrum. 
Results are given for various animal tissues 
and also for a few artificial insulating mate-

534.321.9:549.514.51  8 
Ultrasonic Radiation from Curved Quartz 

Crystals --L. Fein. (Jour. Arous. Soc. Amer., 
vol. 21, pp. 511-516; September, 1949.) The 
electroacoustic efficiencies at 1250 kc of four 
one-inch square s-cut quartz crystals ale de-
duced from transmitting frequency responses 
in water, admittance measurements in air and 
water, and radiation patterns in water. One 
crystal is plane; the others have radii of curva-
ture of 25, 7, and 4 cm, respectively; their thick-
nesses are practically equal. Efficiency values 
deduced from acoustic measurements do not 
agree as well with calculated potential efficien-
cies as do those derived from admittance meas-

urements; the latter indicate that the radiation 
resistance is the same for the 4 crystals. The 
point of maximum acoustic intensity is not 
necessarily at the center of curvature of the 
crystal. The admittance measurements in air 
indicate that the effective masF of a crystal 
decreases with increasing curvature. See also .3 
above. 

534.41: 534.78: 621.385.832  9 
The Cathode-Ray Sound Spectroscope — 

R. C. Nlathes, A. C. Nonvine, and K  H. 
Davis. (Jour. Acous. Soc. Amer., vol. 21, pp. 
527-537; September, 1949.) A device for the 
rapid analysis of short samples of speech and 
other sounds. The energy/frequency distribu-
tion of the sound at a particular instant is 
displayed as a two-dimensional pattern, and 
the distribution over an interval as a three-
dimensional pattern. The sample is recorded 
slowly on a magnetic disk, played back 200 
times as fast, and analyzed by a broad-band 
high-frequency system. 

534.612.4  10 
On the Reciprocity Free-Field Calibration 

of Microphones— W. Wathen-Dunn.  (Jour. 
Acou ,. Soc.  Amer..  vol.  21, pp.  542-546; 
September. 1949.) 

534.75  11 
Some Determinants of Interaural Phase 

Effects--I. J. Hirsh and F. A. Webster. (Jour. 
Amu,. Soc.  Amer., vol.  21, pp. 496-501; 
September, 1949.) The binaural threshold for a 
pure tone presented against a background of 
noise depends on the interaural phase differ-
erences of the tone and the noise. Results of 
experiments in which a 250-ces tone was pre-
sented against four different kinds of noise 
background indicate that the threshold for the 
tone in the presence of a periodic masking 
sound is not significantly dependent on inter-
aural phase relations, but the masking and 
interaural phase effects increase as the fre-
quency band of a random masking sound ap-
proaches the frequency of the tone. 

534.78  12 

Extraction and Portrayal of Pitch of Speech 
Sounds —O. 0. Gruenz, Jr., and L. 0. Schott. 
(Jour. Acouc. Soc. Amer., vol. 21, pp. 487-
495; September, 1949.) An improved method 
using a combination of gain control, double 
detection, voiced sound selection, unvoiced 
sound exclusion, and a means of counting 
the fundamental vibrations in the voiced sound 
intervals. Reliable indications of pitch have 
been obtained for frequencies in the range 100 
to 600 cps for a wide variety of voices. The 
pitch-indicating signals have been applied to 
a number of visual portrayal devices such as 
that noted in 3520 of 1946 (Riesz and Schott). 
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534.861:534.76  13 
Stereophony —K. de Boer. (Tijdschr. fled. 

Radiogenoot., vol. 14. pp. 137-146; September, 
1949.) General discussion of the basic princi-
ples of recording and of reproduction for an 
audience. 

621.392.51  14 
Theoretical  Aspects of the Reciprocity 

Calibration  of  Electromechanical  Trans-
ducers—S P. Thompson. (Jour. Acous. .Soc. 
Amer., vol. 21, pp. 538-542; September, 1949.) 
A unified theory is presented in a form from 
which particular calibration theories can be 
derived. Two types of calibration procedure 
are discussed as special caries. 

621.395.61  15 
Directional Microphone —H. F. Olson and 

J. Preston. (RCA Rev., vol. 10, pp. 339-347; 
September, 1949.) The development of a sec-
ond-order gradient system, with ribbon-type 
units, is described. The system has a uniform 
and narrow directivity pattern, and a smooth 
frequency-resrxinse characteristic between 50 
and 15,000 cps. In conventional studios, speech 
can be picked up at a distance of 12 feet. By 
using a monitoring console in conjunction with 
several of these microphones in fixed positions, 
so that each covers a section of the studio area, 
large and rapidly changing areas of action can 
be covered with less variation in output level 
than is possible with the conventional micro-
phone and boom arrangement. 

621.395.623.7  16 
Third-Class Loudspeakers with Low Power 

Consumption —P. V. Anan'ev. (Radiotekhnika 
(Moscow), vol. 4, pp. 18-27; July and August, 
1949. In Russian.) Cheap loudspeakers, which 
would be effective in operation and whose con-
struction would not require materials in short 
supply, are needed for remote collective farms. 

I Loudspeakers using Rochelle salt crystals ap-
t pear to meet the requirements. Such loud-
( speakers, provided with a volume control and 
a special correcting circuit, are described in 
detail; many performance curves are included. 

621.395.623.7  17 
New 15-Inch  Duo-Cone Loudspeaker— 

H. F. Olson, J. Preston, and D. II. Cunning-
ham. (Audio Eng., vol. 33, pp. 20-22, 48; 
October, 1949.) Modifications of the RCA 
loudspeaker Type 1-C IA which make mass 
production possible are discussed. See also 993 
or 2664 of 1947 (Olson and Preston). 

621.395.623.8  18 
Ground Loudspeakers —D. Scott. (Audio 

Eng., vol. 33, pp. 18-19; October, 1949.) See 
19 below. 

621.395.623.8  19 
Underground Loudspeakers—J. Merhaut. 

(Testa Tech. Rep. (Prague), pp. 35-38; March, 
1949.) Description of the loudspeakers set level 
with the ground in the Strahof stadium at 
Prague for use in connection with mass gymnas-
tic and other displays in an arena 1,000 feet 
by 650 feet. The diaphragm is made of syn-
thetic humidity-resisting material. The horn 
is of the folded exponential type. The complete 
unit is 'waled and thus protected against humid-
ity. Performance is unaffected even by rain 
water. Arrangements are provided for easy 
maintenance or replacement of the loudspeaker 
unit without removal of the main cover, which 
is'strong enough for a truck to be driven over it. 

621.395.625.2  20 
Determination of the  (stylus!  Velocity 

Amplitude in "Constant-Velocity" Recording, 
by Measurement of the Width of a Luminous 
Band  J.  Radio Tech. Dig. (Franc). vol. .3, 
pp. 303-305; October, 1949.) Short description 
of the method of Bachmann and Meyer, in 
which the disk groove is illuminated by a paral-
lel beam of light and the pattern formed by 

the reflected beam on a screen a few meters 
away is examined. 

621.395.625.3  21 
New Type of Magnetic Recorder —L. A. 

Fishoff. (Radio Tech. Dig. (Franc), vol. 3, pp. 
291-294; October, 1949.) Short description of 
the principal features of a tape recorder in which 
tape friction is avoided by using magnetic 
coupling. Some details of the mechanism, the 
amplifier, and the motors are included. 

621.395.625.3  22 
Magnetic Recording—M. Alixant. (Radio 

Tech. Dig. (Franc.). vol.  3, pp. 259-291; 
October, 1949. Bibliography, pp. 294-301.) 
Basic principles and modern tapes and re-
cording heads are discussed. Details are given 
of many commercial instruments for recording 
on wire or tape. Most of these are of American 
manufacture, but some French, Swiss, Ger-
man and English recorders are included. 

621.395.625.3:621.395.813  23 
Techniques fo'r Improved Magnetic Re-

cording —L. C. Holmes. (Elec. Eng., vol. 68, 
pp. 836-841; October, 1949.) Essential sub-
stance of a 1948 National Electronics Confer-
ence paper. Summary noted in 2423 of 1949. 

621.395.92  24 
A Modern  Hearing-Aid —( Radio  Tech. 

(Vienna), vol. 25, pp. 613-615, 622; October, 
1949.) Description, with detailed circuit di-
agram, of the "Vienna" lightweight equipment 
using subminature components. The frequency. 
response curve can be adjusted and agc is pro-
vided. The crystal microphone, amplifier, and 
batteries are enclosed in a flat molded case, 
12X 6.5 X 2.5 cm, which can easily be carried 
inside a coat or in a pocket. Four models are 
available, suitable for different degrees of deaf-
ness. One model is of a simpler type without 
tone adjustment.  . 

621.395.625  25 
Elements of Sound Recording [Book Re-

vievd—J. G. Frayne and H. Wolfe. Publishers: 
J. Wiley and Sons, New York, 1949, 686 pp., 
$8.50. (Electronics,  vol.  22,  pp.  233-234; 
November, 1949.) The first 12 chapters review 
fundamental material on microphones, ampli-
fiers, attenuators, equalizers, etc. The main 
interest of the authors is in sound film record-
ing. "...a very welcome addition to the 
literature of sound recording." 

ANTENNAS AND TRANSMISSION LINES 

621.315.2  26 
Highly Balanced Radio-Frequency Trans-

mission Lines—K. H. Zimmermann. (Elec. 
Commas.. vol. 26, pp. 201-203; September, 
1949.) The twinax line differs from. a coaxial 
line in having two identical inner conductors 
which are  insulated  separately  and  then 
twisted. The same dielectric material is ex-
truded over the inner conductors after twist-
ing. The braided shield and thermoplastic 
jacket are then applied as for a coaxial line. 
Formulas and graphs are given for the charac-
teristic impedance of twinax lines; the prac-
tical determination of various parameters ii 
briefly discussed. 

621.315.212  27 
Coaxial  Cable  with  Confocal  Elliptical 

Cylindrical Conductors —M. R. Shebes. (Ra-
diotekhnika (Moscow), vol. 4, pp. 36-44; July 
and August, 1949. In Russian.) The effects of 
deformation of the cylindrical conductors of a 
coaxial cable on its parameters are discussed. 
The results obtained for the characteristic im-
pedance and attenuation are compared with 
those obtained for cables with (a) non-concen-
tric circular cylindrical conductors, (b) cylin-
drical conductors whose cross-sections are 
bounded by limacons. 

621.392.1  28 
Terminal Impedance and Generalized Two-

Wire-Line Theory—R. King and K. Tomiyasu. 
(Pac)c. I.R.E., vol. 37, pp. 1134-1139; October, 
1949.) Conventional transmission-line theory 
neglects variations in the parameters of the 
line, and coupling near a terminating impedor 
or near any other departure from uniformity. A 
theory is derived in which a simple terminal-
zone network N of lumped series and shunt 
elements is introduced to allow for these effects. 
Such a network can be determined for each type 
of termination or discontinuity. The apparent 
terminal impedance z.0 which is the impedance 
actually measured on a lossless line at a dis-
tance X/2 from the termination, is the imped-
ance of the network formed by combining N 
with the theoretical isolated impedance Z. of 
the load. For a fixed termination and given Z., 
may vary greatly with the nature of the con-

nection to the line, the relative orientation of 
line and load, and the type of line and its di-
mensions. 

621.392.1  29 
Energy Relationships for a High Frequency 

Transmission Line—A. L. Ferdshteyn. (Ra-
diotekhnika (Moscow), vol.. 4, pp. 45-50; July 
and August, 1949. In Russian.) Discussion tak-
ing account of losses and specified terminations. 
Conditions for optimum energy transfer are es-
tablished and a conception of Q for the combi-
nation of oscillator, line, and load is introduced. 

621.392.26t  30 
Spatial Beating in Coupled Waveguides — 

P. E. Krasnuslikin and R. V khokhlov. (Zh. 
Tekh. Piz.. vol. 19, pp. 931-942; August, 1949. 
In Russian.) Spatial beating can be observed in 
two parallel coupled waveguides in each of 
which symmetrical waves are propagated. The 
phenomenon consists of a periodic transference 
of wave energy from one waveguide to the 
other. The phenomenon can be regarded as an 
analogy in space of the beating which takes 
place between two coupled oscillatory systems. 
The case of two semi-elliptical waveguides 

coupled through a slot is here investigated theo-
retically and experimental results are given. 

621.392.26t:517.54  31 
Application of Conformal Representation to 

the Field Equations for Rectangular Wave-
guides of  Non-Uniform  Cross-Section —R. 
Piloty, Jr. (Z. Angew. Phys., vol. 1, pp. 441-
448; August, 1949.) By means of conformal 
transformation, the field at an irregularity in 
either the E-plane or the H-plane of a rectan-
gular waveguide can be referred to the field in 
a plane-walled guide filled with a medium 
whose permeability or dielectric constant varies 
from point to point. For excitation by H1,0 
waves, a relatively simple partial differential 
equation for the field can be derived. It is also 
shown that by means of a simple frequency 
transformation the field at an E-irregularity in 
a rectangular waveguide can be referred to that 
at a corresponding irregularity in a band-pass 
transmission line. A method of solving the gen-
eral equation, which among other things en-
ables the impedance transformation of the 
waveguide quadripole to be determined, will be 
given in a later paper. See also 2427 and 2428 of 
1949 (Rice). 

621.392.26 t :621.392.5  32 
Basis of the Application of Network Equa-

tions to Waveguide Problems —Kerns. (See 56.) 

621.392.3.012.1  33 
A Simple Vector Diagram for High-Fre-

quency Lines—P. Cornelius. (Commun. News, 
vol. 10, pp. 33-40; June, 1949.) The input im-
pedance of a lossless hf transmission line can be 
determined, for a given terminating impedance, 
by means of a Smith chart; the attenuation is 
only given if the line is terminated by its char-
acteristic impedance. The impedance of a line 
with losses and terminated arbitrarily can be 
determined by the vector method here given, 
but the attenuation is only given for termina-
tion by the characteristic impedance. The vec-
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tor method is also used to derive various well-
known relations. 

621.392.43  34 
Two-Band Antenna- Matching Networks — 

J. G. Marshall. (QST, vol. 33, pp. 14-18 and 
48-51, 114; October and November, 1949.) 
Continuation of 3869 of 1945. All practical cases 
of antennas working on two harmonically re-
lated  amateur  bands are discussed,  with 
straightforward design formulas. 

621.396.67  35 
Short-Antenna Characteristics —Theoreti-

cal —L. C. Smeby. (Pa0F. IR E., vol. 37, pp. 
1185-1194; October, 1949.) A mathematical 
analysis of experimental data obtained by 
Smith and Johnson (651 of 1948) for antennas 
with umbrella top-loading. The theory devel-
oped agrees satisfactorily with the experi-
mental results. For single-tower operation, the 
horizontally polarized radiation is negligible. 
With the optimum length of umbrella, the ver-
tical radiation characteristic is the same as it 
would be from the radiator without top loading. 
The method of anwlysis can be extended to 
ot her kinds of top loading. 

621.396.67:621.397 6  36 
"Supergain" TV Antenna Developed by 

RCA —(Broadcast News, no. 56, pp. 4-6; Sep-
tember, 1949). An antenna consisting of dipoles 
mounted in front of reflecting screens tX wide 
and IX high fixed on the four sides of a tower. 
The screens are connected electrically to the 
tower and to each other at their vertical edges. 
\Parlous methods of connection to obtain direc-
tional patterns of different shapes are possible; 
rectangular dipole shielding wings connected to 
the edges of the screens at an angle of 135° can 
be used to prevent undesired mutual coupling 
of the dipoles. The antenna is usually fed by a 
single transmission line. Radiators are spaced 
0.9X apart vertically, so that current distribu-
tion is nearly uniform. The power gain relative 
to a dipole, averaged over 360° azimuth, is 1.1n, 
where n is the number of bays of dipoles. 

621.396.67:621.397.6  37 
A Tunable Built-In TV Antenna —R. B. Al-

bright. (Electronics, vol. 22, pp. 134..150; No-
vember, 1949.) This Philco antenna is a X/2 di-
pole consisting of two tapered sections of Al foil 
0.005 inch thick. Signals can be received effi-
ciently from all the 12 existing U. S. vhf tele-
vision channels. A tunable matching circuit, 
which includes a variable capacitor and three 
fixed inductors, enables the user to tune in to 
each channel so as to obtain the best response 
and to eliminate interference. The equivalent 
circuit of the complete system and resonance 
conditions are discussed for the high and the 
low television frequency bands. See also Tele-
Tech, vol. 8, pp. 37, 60; October, 1940. 

621.396.67.029.54  38 
Mode of Action and Design of Modern 

Broadcasting Transmitting Aerials for the Me-
dium- Wave Range —K. Fischer. (Elektrotech. 
u. AI aschinenh., vol. 66, pp. 237-242; Septem-
ber, 1949.) Discussion of ground-wave and 
space-wave effects, radiation diagrams of ordi-
nary antennas, and special antennas designed 
to minimize fading. 

621.396.671  39 
Vertical-Aerial  Radiation  Characteristics 

over Uneven Terrain —H. Kohler. (Elektro-
technik (Berlin), vol. 2, pp. 297-304; November, 
1948.) A detailed theory is given of the direc-
tional characteristics of arrays of vertical an-
tennas over uneven ground. A df system de-
scribed by Stenzel, while giving good results for 
eliminating the effects of variations of earth 
constants in the case of level ground, does not 
give such good results over uneven ground. 
Measurements of directional characteristics 
which support the theory are described and the 
physical connection between measured reflec-

tion factors and the electrical properties of the 
ground is considered. 

621.396.677.029.54  40 
Design Considerations for Directive An-

tennae-Arrays at Medium- Wave Broadcast 
Frequencies, Taking into Account the Final 
Radio-Frequency  Amplifier  Circuits —J.  C. 
Nonnekens. (II F (Brussels), no. 3, p. 80; 1949. 
In English.) Correction to 1605 of July. 

CIRCUITS AND CIRCUIT ELE MENTS 

061.4:1621.317.7+621.38+621.396.69  41 
Radiolympia Review. —(See 145.) 

621.3: 512.974  42 
Vectorial Space. Region of Representation 

for Electrotechnics —(See 132.) 

621.314.3 t  43 
The Direct-Current Choke — W. Blanken-

burg. (Elektrotechnik (Berlin), vol. 3, pp. 135-
140; May, 1949.) Starting from the ordinary 
premagnetized choke, magnetic amplifier ar-
rangements are developed and their properties 
are investigated. A null-current model is de-
scribed with an amplification factor of about 
107; this is controlled by a thermor lement and 
gives a load power of about 1 w. 

621.314.3 t  44 
An Experimental Study of the Magnetic 

Amplifier and the Effects of Supply Frequency 
on Performance —E. 11. Frost-Smith. (Jour. 
Brit. IR E., vol. 9, pp. 358-373; October, 
1949 ) Magnetic amplifiers have hitherto been 
used mainly for amplifying small dc powers. 
The ac supply to the amplifier then operates 
normally at power frequencies. The time con-
stant of the amplifier is limited by the supply 
frequency; the possibility of reducing response 
time by using a supply frequency of about 20 
kc is considered. For a given frequency and 
power output, there is an optimum core size, 
which becomes more critical as the supply fre-
quency is increased. Experifnental results show 
that the magnetic amplifier has distinct possi-
bilities as an af amplifier. 

621.314.31'  45 
Magnetic Amplifiers —(Proc.  I EE (Lon-

don), part II, vol. 96, pp. 767-768; October, 
1949.) Report of an IEE Measurements Section 
discussion on 2728 of 1949 (.Milnes) and 2729 of 
1949 (Gale and Atkinson). 

621.314.3 t  46 
The Magnetic Amplifier —P. M. Kintner 

and G. H. Fett. (Radio and Telesis. News, Ra-
dio-Electronic Eng. Supplement, vol. 13, pp. 14-
18. 28; August, 1949.) An analysis from first 
principles, uith discussion of factors affecting 
design. 

621.314.3 t  47 
Magnetic Amplifiers —M. Alixant. (Radio 

Tech. Dig. (Franc), vol. 3, pp. 153-159; June, 
1949. Bibliography, pp. 159-163.) Short ac-
count of basic principles, practical construc-
tion, and applications. 

621.316.86  48 
Electrolytic Thermistors —F. Gutmann and 

L. M. Simmons. (Rev. Sci. Instr., vol. 20, pp. 
674-675; September, 1949.) A thermistor for 
use with ac is easily constructed by immersing 
Pt electrodes in a viscous solution of water 
glass. A temperature change of only 7.2° at 
300°K will double or halve the resistance. This 
thermistor is three times as sensitive as com-
mercial thermistors, withstands ac potentials 
of more than 240 v, and its resistance and sen-
sitivity when cold are easily controlled. Other 
solutions were tested; they could withstand 
high ac potentials, but were less sensitive. 

621.316.86.001.8  49 
Properties and Applications of Thermistors 

—E. Ancel. (Radio Franc., no. 9, pp. 3-10; Sep-
tember, 1949.) Applications to thermometry, 

temperature compensation and control, power 
measurement, voltage regulation, agc, and in 
relays, oscillators, and modulators, are out-
lined. 

621.318.2:621:23  50 
Permanent Magnets in Drag Devices and 

Torque-Transmitting Couplings —R. J. Parker. 
(Gen. Elec. Rev., vol. 52, pp. 16-20; September, 
1949.) Permanent magnets are used in four 
principal types of torque-transmitting device, 
namely: (a) eddy-current devices, (b) hysteresis 
devices, (c) iron/oil magnetic couplings, and (d) 
salient-pole synchronous couplings. Specimens 
of each of these types are briefly described, and 
formulas for the torque are obtained. 

621.318.42:621.314.263:621.314.3f  51 
The Use of Ferrite-Cored Coils as Convert-

ers, Amplifiers and Oscillators —V. D. Landon. 
(RCA Rev , vol. 10, pp. 387-39(1; September, 
1949.) Theoretical treatment of the behavior of 
nonlinear inductors used as frequency convert-
ers up to a few megacycles shows that (a) if the 
excitation frequency is higher than the signal 
frequency and the if, the circuit regenerates; (b) 
if the excitation is sufficient, the circuit may 
oscillate at the signal frequency and if simul• 
taneously; (c) if either the rf or the if circuit is 
tuned to a frequency above the oscillator fre-
quency, the circuit is degenerative. Experi-
mental results and transformer specifications 
are given, and possible applications are noted. 

621.318.423.011.3  52 
Inductance of Air-Cored Single-Layer Cy-

lindrical Coils —K. Schonbacher. (Elektrotech-
nik (Berlin), vol. 3, pp. 327-329; October, 1949.) 
A simple formula involving the ratio of the coil 
diameter d to its length I is derived from ex-
pressions given by Rayleigh and by Lorenz. For 
all practical cases, the use of correction formu-
las can be avoided by replacing / by l+0.45d. 

62 1.318.572:621.396.645:537.311.33: 
621.315.59  53 

A Transistor Trigger Circuit —H. J. Reich 
and R. L. Ungvary. (Rev. Set. Instr., vol. 20, 
pp. 586-588: August, 1949.) A trigger circuit 

may be formed by inserting a suitable resist-
or in the lead connected to the base of a tran-
sistor. Such circuits are in many ways superior 
to tube circuits; a circuit with a triggering time 
of 0.1 As giving an output of 5-6 v was found to 
be stable at frequencies up to 1 Mc; stability at 
frequencies up to at least 10 Mc is probable. 
The circuit may be converted into a relaxation 
oscillator or a pulse generator. 

621.392  54 

A Network Bisection Theorem —V. D. Lan-
don. (RCA Rev., vol. 10, pp. 448-450; Septem-
ber, 1949.) It is shown how any given symmet-
rical ladder network may be split into two sim-
pler networks such that the transfer factor of 
the whole is equal to half the product of the 
transfer factors of the parts, as here defined. 

621 .392:621.3.015.3  55 
The Effect of Pole and Zero Locations on 

the Transient Response of Linear Dynamic 
Systems —J. H. Mulligan, Jr. (PRoc. IR E., 
vol. 37, p. 1181; October, 1949.) Corrections to 
2165 of 1949. 

621.392.5: 621.392.26 t  56 
Basis of the Application of Network Equa-

tions to Waveguide Problems —D. M. Kerns. 
(Bur. Stand. Jour. Res., vol. 42, pp. 515-540; 
May, 1949.) A mathematical and fundamental 
paper. The solution of network problems can be 
effected by means of a matrix equation in which 
the constants are parameters characteristic of 
the components, and the variables are currents 
and voltages. The physical processes inside the 
components are not explicitly considered. A 
matrix equation is developed to enable this 
technique to be extended to waveguide and 
transmission-line problems;  here tangential 
electric and magnetic fields replace the currents 
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d voltages as variables. Many of the results 
iained are identical with those of the theory 
quadripoles. In particular, a reciprocity 
eorem and Foster's reactance theorem are 
nsidered. 

:1.392.52  57 
Error-Actuated Power Filters —G. New-
sad and D. L. H. Gibbings. (Paoc. I.R.E., 
ol. 37, pp. 1115-1119; October, 1949.) Volt-
es derived from the harmonic voltages of an 
source of impure viaveform are applied 
rough a negative-feedback path to cancel un-
anted harmonics. The method could be ex-
nded to apply to a given band of frequencies. 
irge powers can thus be controlled by means 
components of much lower rating. Design 
mations are given and the operation of a typi-
.1 filter circuit is examined. 

!1.392.52  58 
Smoothing Circuits: Part 2—Inductance-

::apacitance —"Cat hode Ray." ( Wireless World 
A. 55, pp. 418-422; November, 1949.) Con-
;.nuation of 3371 of 1949. The calculation of 
urn voltages is discussed. 

21.392.52  59 
Mechanical Filters for Radio Frequencies — 

I. van B. Roberts and L. L. Burns, Jr. (RCA 
!ea., vol. 10, pp. 348-365; September, 1949.) 
he theory of neck-type and slug-type filters is 
iscussed. A simple type of band-pass filter 
3mposed of loosely coupled metal resonators 
ith magnetostrictive drive and take-off has 
ery sharp frequency discrimination and is 
,aclily constructed for frequencies up to  Mc 
nd bandwidth less than 3 per cent of the mid-
. -equency. The voltage gain of an amplifier 
tage using such a filter is generally considera-
ly lower than that of a stage using electrical 
ircuit coupling. 

21.392.52:621.3.015.3  60 
Transient Response of Filters—M. S. Cor-

i ington. (RCA Rev., vol. 10, pp. 397-429; Sep-
ember, 1949.) The ideal low-pass filter is de-
. ined as one whose amplitude response is con-itant at all frequencies between zero and cut-
off, and which falls off at a fixed rate beyond 
vt-off. The flat characteristic of such a filter is 
lot necessarily desirable when the rise time and 
he amount of overshoot are important. The 
ransient response of an ideal filter has been 
•omputed, and the results applied to the de-rermination of the transient response for sys-
ems with selectivity curves composed of 
itraight-line segments. Relations between the 
i ransient response of a low-pass filter and that 
af the corresponding high-pass filter are con-
. ridered. 

521.392.52.012.8  61 
Generalized Theory of the Band-Pass Low-

I Pass Analogy —P. R. Aigrain, B. R. Teare, Jr., 
and E. M. Williams. (Paoc. IRE., vol. 37, pp. 
1152-115.5; October, 1949.) Laplace transforms 
are used. Video-circuit equivalents are shown to 
!exist for asymmetrical systems with low-level 
Imodulation as well as for symmetrical systems. 
• Several illustrations are given. 

621.392.6  62 
Synthesis of Passive Networks with Any 

Number of Pairs of Terminals, Given Their Im-
• pedance or Admittance Matrices—M. Bayard. 
(Bull. Soc. Franc. Elec., vol. 9, pp. 497-502; 
September, 1949.) The necessary and sufficient 
condition is established for a square symmetric 
matrix to be an impedance or an admittance 
matrix. The condition is that the quadratic 
form associated with the given matrix is a "pos-
itive real function" in the sense in which Brune 
uses the term. This result generalizes the theo-
rem established by Brune for the impedance 
matrices of 2-pole networks (1932 Abstracts, 
p. 280) and by Gewertz for those of quadripoles 
(1934 Abstracts, p. 514). The greater part of the 
mathematical treatment included in the origi-

nal paper presented at a meeting of the Societe 
Francaise des Electriciens is here omitted. 

621.396.611.1  63 
Energy Fluctuations in a van der Pol Oscil-

lator —N. Minorsky. (Jour. Franklin Inst., vol. 
248, pp. 205-223; September, 1949.) The be-
havior of the van der Pol oscillator, whose dif-
ferential equation is 

resembles that of the harmonic oscillator when 
e is small; the very different behavior when e is 
large is examined with the aid of data obtained 
by the method of isoclines. 

The van der Pol oscillator has a prescribed 
energy content which does not depend on the 
initial conditions, whereas the harmonic oscil-
lator can have any energy content. The van der 
Pol oscillator is nevertheless the best means 
available for physical realization of simple har-
monic oscillation if e is small. The perturbation 
method is used to determine the fluctuations of 
energy with time and azimuth for e<<1. For 
e>>1, the energy fluctuations of the van der Pol 
oscillator are quasi-discontinuous, and some-
what analogous to those of a pneumatic ham-
mer. 

621.396.611.1:621.3.015.33  64 
Response of RC Circuits to Multiple Pulses 

— D. Levine. (PROC. IRE., vol. 37, pp. 1207-
1208; October, 1949.) The voltage across the 
capacitor due to the application of several 
pulses in succession is determined by a general-
ized step-by-step process for any number of 
pulses. Only the well-known charge/discharge 
functions for a de circuit are required. The volt-
age across the resistor can then be directly de-
termined. 

621.396.611.1.029.63  65 
Tank Circuits as Resonators in Decimetre-

Wave Technique —G. Megla. (Elektrotechnik 
(Berlin), vol. 2, pp. 305-312; November, 1948.) 
Detailed treatment of the properties of tank cir-
cuits, with illustrations of many different types 
and derivation of suitable formulas for the 
resonance frequency and resistance. Below a 
wavelength of about 10 cm the Q of tank cir-
cuits decreases, so that cavity resonators are 
preferable. 

621.396.615:621-12  66 
The Reciprocator— W. C. White and H. W. 

Lord. (Electronics, vol. 22, pp. 70-71; Novem-
ber, 1949.) A ring oscillator, comprising 2 one-
shot multivibrators whose on and off periods 
can be varied independently between 0.2 and 
1.5 seconds, energizes linear or rotary solenoids 
which generate reciprocating motion in which 
the distance/time relationship during the whole 
stroke can be controlled. 

621.396.614.141.1/.2  67 
On the Theory of Magnetron Barkhausen 

Oscillations —H.  G.  Moller. (Elekirotechnik 
(Berlin), vol. 3, pp. 129-133; May, 1949.) The 
mechanism of the production of Barkhausen 
oscillations in whole-anode magnetrons is simi-
lar to that for triodes. For magnetrons the pe-
riod of the pendular electrons is shorter than 
that of the retraded electrons, the reverse being 
the case for triodes. In consequence of the dif-
ferent frequencies, phase focusing occurs. An 
explanation of the oscillation mechanism is put 
into a mathematical form and the approximate 
paths of the electrons, the dependence of the 
pendular frequency on the amplitude, the ac 
contribution to the space charge, and the exci-
tation factor, are calculated. An upper limit for 
the efficiency can be found if it is assumed that 
the total pendular energy can be converted to 
oscillation energy. 

621.396.615.17:621.317.755  68 
Panoramic Sweep Circuits —C. B. Clark 

and F. J. Kamplioefner. (Electronics, vol. 22, 
pp. 111-114 . November, 1949.) Brief details, 
with block diagrams, of 12 methods of obtain-

ing sweep voltages for panoramic receivers, FM 
signal generators, and rf spectrum analyzers. 

621.396.619.23:621.396.615. 17  69 
A Modulator Producing Pulses of 10-7  Sec-

ond Duration at a 1-Mc/s Recurrence Fre-
quency—M. G. Morgan. (Pacoc. I.R.E., vol. 
37, p. 1178; October, 1949.) Correction to 2185 
of 1949. 

621.396.645  70 
Musician's Amplifier —D. Sarser and M. C. 

Sprinkle. (Audio Eng., vol. 33, pp. 11-13, 55; 
November, 1949.) An adaptation of the Wil-
liamson circuit (2715 of 1945 and 3101 of 1949). 
Williamson's output-transformer performance 
specifications are satisfactorily met by the 
Peerless transformer Type S-265Q. Construc-
tion and performance details are discussed and 
shown graphically. Quality is outstanding. 

621.396.645  71 
Amplification by Direct Electronic Inter-

action in Valves without Circuits —P. Guenard, 
R. Berterottiere, and 0. Doehler. (Bull. Soc. 
Franc. Elec., vol. 9, pp. 543-549; October, 
1949.) See 2977 of 1949. 

621.396.645  72 
Simplified  Preamplifier  Design —H.  T. 

Sterling. (Audio Eng., vol. 33, pp. 16-17, 45; 
November, 1949.) Unnecessary complications 
may be avoided by making practical com-
promises in performance requirements. A modi-
-fled Pickering circuit is recommended. See also 
1608 of 1948 (Burwen). 

621.396.645:539.17  73 
Fast Pulse-Amplifiers for Nuclear Research 

— W. C. Elmore. ( Nucleonics, vol. 5, pp. 48-55; 
September, 1949.) Discussion of the limitations 
affecting the speed of response of amplifiers 
without feedback, and of the design of ampli-
fiers whose speed of response approaches the 
theoretical limit. In each stage of the amplifier, 
the output signal is assumed to rise monotoni-
cally to its final steady value for a step-voltage 
input. The relations between the over-all rise 
time of an amplifier and the rise times of indi-
vidual stages are considered. Characteristics of 
11 tubes useful for pulse amplifiers are tabu-
lated and discussed. 

621.396.645:578.088.7 74 
The Design and Construction of an Ampli-

fier for Bio-Electric Recording—R. T. Jamie-
son. (Trans. S. Afr. Inst. Elec. Eng., vol. 40, 
pp. 204-212; September, 1949. Discussion, p. 
212.) Requirements of such amplifiers are dis-
cussed. An ac mains-operated amplifier is de-
scribed. The pre-amplifier has a gain of 74 db 
and consists of 2 coupled cathode stages fol-
lowed by a cathode follower with gas-tube 
coupling to the input of the high-level amplifier, 
which is a 3-stage resistance-coupled amplifier 
with cathode-follower output and a gain of 66 
db. Full-scale deflection on the cro is obtained 
for a 10-µV input signal. The two amplifiers 
should be isolated in places reasonably free 
from electrical noise. 

621.396.645: 621.385  75 
Operation of Output Valves in High-Power 

Public-Address Amplifiers —N. L. Bezladnov. 
(Radiotekhnika (Moscow), vol. 4, pp. 8-17; 
July and August, 1949. In Russian.) Continua-
tion of 2662 of 1949. The efficiency of the final 
stage of such amplifiers can be improved by (a) 
anode loading, (b) use of a limiting device. In 
case (a), the average anode dissipation under 
dynamic operating conditions, not the maxi-
mum dissipation, should be regarded as deter-
mining maximum permissible anode loading. In 
case (b), the transmission power can be in-
creased without increasing nonlinear distortion. 

The theory of both methods is discussed and 
experimental curves are shown. 

621.396.645.37:518.4  76 
Calculator and Chart for Feedback Prob-

lems —J. H. Felker. (Pitoc. IRE., vol. 37, pp. 
1204-1206; October, 1949.) 
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62 1.396.645.37.001.4:621.3.016.352: 
621.3.015.3  77 

Examination of Amplifier Stability by Ap-
plying a Sudden D.C. Test Voltage —B. Car-
niol. (Testa Tech. Rep. (Prague), pp. 11-20: 
March, 1949.) N yquist 'a theorem and the cor-
responding characteristic curve for feedback 
amplifiers are discussed and practical methods 
for determining the characteristic for any par-
ticular amplifier are described in detail. The 
computation accuracy depends on the exactness 
with which the phase characteristic can be rep-
resented by a aeries of straight lines. The ad-
vantages of the method of testing amplifier sta-
bility by studying tip response to a transient 
voltage or square wave are considered. The ef-
fect of circuit variations in enhancing or reduc-
ing transient oscillations in the output of vari-
ous amplifiers is illustrated by a series of oscil-
lograms. A Nyquist characteristic for one of the 
amplifiers shows the existence of a critical fre-
quency near which a definite tendency to in-
stability exists. See also 218 below. 

621.396.645.371:621.3.015.3  78 
Transient Phenomena in Wide-Band Feed-

back Amplifiers  0 B. Lure. (Zh. Tekh. Fiz., 
vol. 19, pp. 952-972; August, 1949. In Russian.) 
Negative-feedback amplifiers should be widely 
used in video circuits although they give some-
what lower gain than that obtained with the 
usual distortion-correcting circuits. Formulas 
are derived for determining circuit parameters 
when given (a) the time for reaching the steady 
state, (b) the maximum permissible overshoot. 

621.396.662 : 621.396.61  79 
A New Type of V.H.F. Tank Design —B. E. 

Parker. (F M- TV, vol. 9, pp. 14- 15; October, 
1949.) A balanced 2-wire section of transmis-
sion wire is tuned by vat ying its distance born a 
flat conductor. This affects the series induct-
ance and the shunt capacitance, and hence the 
surge impedance. This arrangement has ad-
vantages in a push-pull output circuit, includ-
ing the fact that the tuning element is at earth 
potential. 

621.396.662: 621.396.61 : 513.76  80 
Bilinear Transformations Applied to the 

Tuning of the Output Network of a Transmit-
ter —K. S. Kunz. (Paoc. IRE., vol. 37, pp. 
1211-1217; October, 1949.) The theory of bi-
linear transformations in a complex plane, by 
which circles are transformed into circles, is 
used to determine the actual value C of the sec-
ondary capacitance for (a) resonance of the sec-
ondary circuit, (b) a maximum or minimum of 
the average anode current, (c) maximum cou-
pled-circuit efficiency. (b) and (c) require values 
of C differing widely from that required for (a), 
except for the case of a series load in the sec-
ondary circuit. Although the values of C re-
quired for (b) and (c) may differ considerably, 
the diffetence is small if the Q of the primary 
coil is large and the coupling coefficient very 
small. 

621.396.662.2 •  81 
A New Decade Inductor —H. W. Lamson. 

(Gen. Radio Exp., vol. 24, pp. 1-8; July, 1949.) 
For the range 1 mh-10 h intended for use at 
audio and the lower ultrasonic frequencies. 
Each decade unit consists of four inductors 
whose inductances are in the ratio 1:2:2:5, 
with an over-all es shield and a special switch for 
connecting the inductors in series as required. 
Multi-layer uniformly wound toroidal coils are 
used. These have a banked winding to minimize 
distributed capacitance and can be stacked in 
a compact unit with negligible mutual induct-
ance. The stabilized Mo-permalloy dust cores 
have low eddy-current and hysteresis losses. 
Construction details and electrical properties 
are discussed. 

GENERAL PHYSICS 

530.12:531.18  82 
The Special Relativity Theory —E. KtIbler. 

(ElekiroiechnIk (Berlin), vol. 2, pp. 323-327; 

Novembei, 1948.) A simple explanation, by an 
electrician for electricians, of the electrody-
namic consequences of this theory. 

534.26+535.42  83 
On the Theory of Diffraction by an Aper-

ture in an Infinite Plane Screen: Part 1—H. 
Levine and J. Schwinger. k Phys. Rev., vol. 74, 
pp. 958-974; October 15, 1948.) The caw of a 
scalar plane wave is considered. The wave 
function at an arbitrary point in space is ex-
pressed in terms of its values in the aperture, 
and constructed so as to vanish on t he screen, in 
accordance with the assumed boundary condi-
tion. An integral equation is obtained, by means 
of which the amplitude of the diffracted spheri-
cal wave at large distances from the aperture 
can be expressed in a form which is stationary 
with respect to small variations of the aperture 
fields arising from a pair of incident waves. This 
expression is independent of the scale of the ap-
erture fields. The transmission cross section of 
the aperture for a plane wave is simply related 
to the diffracted amplitude observed in the 
direction of incidence. The method is applied to 
the case of a wave incident normally on a circu-
lar aperture, for which exact results are availa-
ble by using suitable trial aperture fields in the 
variational met hod, approximate but sufficiently 
accurate results are obtained for the diffracted 
amplitude and transmission cross section over 
a wide range of frequencies. See also 3294 of 
1948 (Spence). 

534.26+535.42  84 
On the Transmission Coefficient of a Circu-

lar Aperture —C. J. Bouwkamp, II. Levine, and 
J. Schwinger. (Phys. Rev., vol. 75, pp. 1608.-
1609; May 15, 1949.) Comment on 83aboveand 
the authors' reply. 

535.42:538.566  85 
New Solution of the Problem of the Diffrac-

tion of Electromagnetic Waves by a Plane Per-
fectly  Conducting  Screen -J.  P.  Vasseur. 
(('ompi. Rend. Acad. Sri.. (Paris), vol. 229, pp. 
586-587; September 19, 1949.) Using the same 
notation as in a previous note (3124 of 1949), a 
rigorous expression of Babinet's principle is de-
rived by the help of integral equations, the in-
tegration extending over the surface of the 
screen. This expression of Babiners principle 
has been given by 11. G. Booker in an unpub-
lished paper. See also 1335 of 1947 (Booker). 

537.311.62  86 
Skin Effect —C. Vazaca. (Radio Tech. Dig. 

(Franc), vol. 3, pp. 175-184, 223-233, and 307-
316; June-October, 1949.) Reprint of article in 
Bull. Nat. Recherches Tech. (Roumanie), vol. 
3, 1948. The concentration of the current in the 
surface layers of a conductor carrying ac is 
quite analogous to the concentration of mag-
netic field in the surface layers under the action 
of a longitudinal alternating magnetic field, 
owing to eddy-current effects. Starting from 
Maxwell's equations, formulas are developed 
for the case of a long cylindrical conductor, giv-
ing the law of distribution within the conductor 
of the current density and total current, and 
also of the magnetic field and total magnetic 
flux. Formulas are also derived for the imped-
ance and the complex reluctance, the effective 
depth of penetration of the current and of the 
magnetic field, and the energy dissipated per 
unit length or volume of the conductor. 

537.521.7  87 
The Positive Streamer Mechanism of Spark 

Breakdown — W. Hopwood. (Proc. Phys. Soc.. 
vol. 62 pp. 657-664; October 1, 1949.) 

537.525: 538.551.25  88 

Theory of Plasma Oscillations. A. Origin of 
Medium-Like Behavior —D. 13011 M and E. P. 
Gross. (Phys. Rev., vol. 75, pp. 1851-1864: 
June 15, 1949.) A theory of electron oscillations 
of an unbounded plasma of uniform ion density 
is developed, taking into account the effects of 
random thermal motions, but neglecting colli-

sions. The frequencies are determined at whilg 
a plasma can undergo organized steady-ma, 
small oscillations to which a linear approximi 
ton applies. Organized oscillations of wavl 
length smaller than the Debye length for al 
electron gas are not possible. For a given wavt 
length, a plasma can oscillate with arbitrar 
frequency, but the frequencies not satisfying 
°steady-state dispersion relation" describe me 
tions in which, after some tim-, there is no 'or 
tribution to large-scale averages. The treat 
ment is extended to *he case of large steady 
state oscillations for which the equations ar 
nonlinear, and the general nature of solot ion 
for this case is discussed. See also 89 belo‘k 

537.525:538.551.25:621.396.822  8, 
Theory of Plasma Oscillations, B. Excite 

(ion and Damping of Oscillations —D. Bolin 
and E. P. Gross. (Pity,. Rev., vol. 75, pp. I 
1876; June 15, 1949.) The theory discus-, ',I it 
88 above is extended to include the effects o 
collisions and of special groups of particles hew-
ing well-defined ranges of velocities. A wave 
tends to be damped by collisions in a time of the 
order of the mean time between collisio n. 
Groups of particles having speeds far above t he 
mean thermal speed may cause instability only 
limited by effects neglected in the linear ap-
proximation. In the absence of plasma oscilla-
tions, any beam of well-defined velocity is scat-
tered by the individual plasma electrons acting 
at random, but the scattering is much greater 

when all the particles oscillate in unison. The 
beams are thus scattered by the oscillations 
they produce. This type of instability may be 
responsible for solar and cosmic rf noise. 

538.12  90 
Production of Intense Magnetic Fields by 

means of Pulses. —G. Raoult. (Ann. Phys. 
(Paris), vol. 4, pp. 369 421; July and August, 
1949.) By means of recurrent voltage puls,s, a 
suitable commutator and a grid-controlled Hg 
rectifier, a capacitor is charged and then dis-
charged through a coil about 100 times per 
second. In this way magnetic field liaises of 
roughly sinusoidal shape and of duration about 
15as have been produced with a peak power of 
the order of 90 Mw and a mean power of 850 w. 
The maximum field strength was 52,000 gauss 
in a useful volume of about 3 cm,. Applications 
to phenomena of polarization rotation and mag-
netic double refraction in CS 2 are descrilwd 

GEOPHYSICAL AND EXTRATERRESTRIAL 
PHENO MENA 

523:621.396.9  91 
Astronomy —J. S. Hey. (Mon.  Not.  R. 

Asir. Soc., vol. 1(19, pp. 179-211; 1949. Bibliog-
raphy, pp. 211-214.) General survey of (a) ra-
dio detection of meteors and reflections from 
the moon, (b) solar radiation, an:I (c) galactic 
radiation. 

523.746.5  92 

The Probable Behavior of the Next Sun-
spot Cycle — W. Gleissberg. (Astrophy,. Jour., 
vol. 110, pp. 90-92; July, 1949.) The probabil-
ity laws of sunspot variations, which have 
yielded successful predictions for the present 
sunspot cycle, suggest that a steep ascent to a 
very high maximum is highly probable in the 
next cycle, and that the period of low activity 
preceding the next cycle will be extremely short. 

550 .385"1949.01.24 .26"  93 

Recurrence Features of the Mignetic Storm 
of 1949, January 24-26 —(Obsercatory, vol. 69, 
pp. 195-196; October, 1949.) Great magnetic 
storms, beginning with a "sudden comtnence-

ment" and associated with solar flares, do not 
usually allow any recurrence connected with the 
solar rotation. This particular storm, however, 
did recur with sudden commencements on Feb-
ruary 21, 1949 and March 21, 1949. No positive 
evidence of flares associated with the last two 
storms is available. These storms were of the 
polar type, and were associated with auroras. 
Magnetograms are reproduced and compared. 
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”1.51  94 
The Earth's Upper Atmosphere —D. R. 

Bates. (Mon. Not. R. Asir. Soc., vol. 109, pp. 
215-242; 1949. Bibliography, pp. 242-245.) 
Known facts about the constitution, density 
and temperature at various levels are sum-
marized, and methods of exploring the upper 
atmosphere are surveyed. The ionized layers 
and auroras are also discussed. 

551.510.535  95 
Ionization in the Earth's Upper Atmosphere 

—(Observatory, vol. 69, pp. 185-191; October, 
1949.) Report of a discussion held at Manches-
ter University on July 2, 1949. 

551.557 7:621.396.9  96 
A Radio Method of Measuring Winds in the 

Ionosphere—S. N. Mitra. (Proc. I EE (Lon-
don), vol. 96, pp. 441-446; September, 1949.) 
A pulse transmitter operating at a frequency of 
dbout 4 Mc is used in conjunction with 3 re-
( elvers at the corners of a right-angled triangle 
with sides of the order of 100 m. A single mag-
neto-ionic component received at one point 
will show fading only if the ionosphere changes 
' either by random motion of irregularities or by 
steady motion of the ionosphere as a whole. A 
uniform drift of the ionosphere would cause the 
diffraction pattern to move past a receiver with 
twice the velocity of the drift. Wind velocities 
can thus be deduced when the records at the 3 
receivers are similar but displaced in time. Re-
sults thus obtained are compared with those of 
previous measurements by other methods. 

551.594.6 97 
Large-Scale Variation of the Level of At-

mospherics during the Antarctic Cruise of the 
Commandant Charcot— R. Bureau and M. 
Barre. (Comp'. Rend. Acad. Sci. (Paris), vol. 
229, pp. 626-627; September 26, 1949.) The re-

, corder used on board the Commandant Charcot 
i has been calibrated by Carbenay's method 
'', (2902 of 1948). A map is given showing, for the 
1 various sections of the whole course, the opera-
I tional threshold in maxwells per meter. Longi-
tude and latitude effects are clearly indicated 

/ and the difference between the threshold sensi-
tivities for January and March in Australian 1 waters indicates also a seasonal effect. See also 
3429 of 1949. 

."i 551.594 98 
Atmospheric Electricity [Book Review1— 

J. A. Chalmers. Publishers: Oxford University !Press, Oxford, 1949, 175 pp., 155. (Proc. Phys. 
Soc., vol. 62, pp. 665-666; October 1, 1949.) 

LOCATION AND AIDS TO 
NAVIGATION 

.1 621.396.9 99 
, Radar—(Bulf. Soc. Franc. bet., vol. 9, p. 
f 532; October, 1949.) In Quillet's encyclopedia 

Radar. —En Perse: ?ti mbre (rune milice creee 
the following entries may be found: 

' Pour proteger les voyageurs. (In Persia: 
Member of a militia established for the pro-
tection of travelers.] 

Radarie — Droit peraan paye par les marchan-
discs sous la protection des radars. [Persian 
toll paid on merchandise under the protec-
tion of radars.] 

621.396.9:061.4  100 
Radar Research and Development Estab-

lishment lidalvern1—(Engineer (London), vol. 
188, p. 373; September 30, 1949.) A brief survey 
of work in progress at this establishment, based 
on a visit made on a recent open day. See also 
Nature (London), vol. 164, pp. 740 741; Oc-
tober 29, 1949. 

621.396.9:621.385.832:535.371.07  101 
Radar Screens—de la Pinsonie. (See 267.) 

621.396.933:526.92  102 
Distance-Measuring Equipment for Aircraft 

Navigation - V. D. Burgmann. (Proc. 1EE 
(London), vol. 96, pp. 395-402; September, 

1949.) An airborne light-weight radar set works 
in conjunction with a responder beacon on the 
ground. The radar transmitter sends out a 
stream of pulses which are returned by the bea-
con at a slightly different frequency. The time 
interval between the outgoing and correspond-
ing return pulse is measured automatically and 
shown on a meter calibrated in miles. The de-
sign of the airborne set and results obtained in 
trials on an air route are discussed Well-estab-
lished techniques are used. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

535.37  103 
Review of the Interpretations of Lumines-

cence Phenomena —F. E. Williams. (Jour. 
Opt. Soc. Amer., vol. 39, pp. 648-654; August. 
1949 ) 

535.37  104 
A Survey of Present Methods Used to De-

termine the Optical Properties of Phosphors - 
W. B. Nottingham. (Jour. Opt. Soc. Amer., vol. 
39, pp. 641-647; August, 1949.) 

535.37  105 
The Intensity Dependence of the Efficiency 

of Fluorescence of Willemite Phosphors —W. 
Hoogenstraaten and F. A. Kroger. (Physica's 
Gray., vol. 15, pp. 541-556; July, 1949. In Eng-
lish.) 

535.37 • 106 
Temperature Quenching and Decay of 

Fluorescence in Zinc and Zinc-Beryllium Sili-
cates  Activated  with  Manganese —F.  A. 
Kroger and W. Hoogenstraaten. (Physica's 
Gray., vol. 15, pp. 557-568; July, 1949. In 
English.) Continuation of 3156 of 1949 and 105 
above. 

535.37:546.412.84  107 
Optical  Properties, of  Calcium  Silicate 

Phosphors —F. J. Studer and G. R. Fonda. 
(Jour. Opt. Soc. Amer., vol. 39, pp. 655-660: 
August, 1949.) 

535.37 : 546.471.61  108 
A Correlation between Cathodolumines-

cence Efficiency and Decay [of Mn-activated 
ZnF21 as a Function of Temperature —R. H. 
Bube. (Jour. Opt. Soc. Amer., vol. 39, pp. 681-
684; August, 1949.) 

535.37:546.472.21  109 
Sodium and Lithium as Activators of 

Fluorescence in Zinc Sulfide —F. A. Kroger. 
(Jour. Opt. Soc. Amer., vol. 39, pp. 670-672: 
August, 1949.) 

535.37: 546.472.21  110 
The Luminescence of Zinc Sulfide Acti-

vated by Lead  N. W. Smit and F. A. Kroger. 
(Jour. Opt. Soc. Amer.. vol. 39, pp. 661-663; 
August, 1949.) 

537.311.31+536.212.21:546.78  111 
Thermal and Electrical Resistance of a 

Tungsten Single Crystal at Low Temperatures 
and in High Magnetic Fields —J. de Nobel. 
(Physica,'s Gray., vol. 15, pp. 532-540; July, 
1949. In English.) 

537.312.62 621.396.622  112 
Detection at Radio Frequencies by Super-

conductivity —Lebacqz, Clark, Williams, and 
Andrews (See 223.) 

538.221  113 
Magnetic Materials for Electrical Power 

Plant —F. Brailsford. (Engineering (London), 
vol. 168, pp. 293-296; September 16, 1949.) 
Long summary of paper read before the British 
Association. The progress in steel and sheet-
making processes is reviewed. Different steels 
are compared; the need for improving magnetic 
quality is stressed. Methods outlined include 
directional cold-rolling technique and a labora-
tory method for preferred orientation in silicon. 
iron crystals. For other summaries see 3442 of 

1949 and Electrician, vol. 143, pp. 737-738: 
September 2, 1949. For discussion, see Elec-
trician, vol. 143, pp. 893-894; September 16, 
1949. 

549.514.51  114 
The Quartz Crystal as Raw Material for 

High-Frequency Technics —H. Neels. (Elele-
trotechnik (Berlin), vol. 3, pp. 318-322; October, 
1949.) Discussion of the various forms of natu-
ral quartz, methods of selection by visual in-
spection, and optical and electrical tests for 
twinning. 

549.514.51  115 
A New Crystal Cut for Quartz with Zero 

Temperature Coefficient —E. J. Post. (Tijdschr. 
ned. Radiogenoot., vol. 14, pp. 147-157; Sep-
tember, 1949.) A rotated y-cut making an angle 
of about +36° with the z-axis. It is suitable for 
the frequency range 400-1000 kc and the term 
HT-cut is proposed. Resonators can be mounted 
by soldering springs at the nodal points. 
Spurious responses are absent in the range 
within 10 per cent above or below the main 
resonance frequency. 

549.514.51:621.392.52  116 
Crystals for Electrical Filters —R. Taylor, 

R. Bechmann, and A. C. Lynch. (Research 
(London), vol. 2, pp. 414-417; September, 
1949.) The equivalent circuit of a quartz 
crystal is discussed, and factors that must 
govern the choice of suitable crystals for prac-
tical applications are considered. A crystal may 
have as many as 18 piezoelectric constants, 6 
permittivities, and 21 elastic constants, all of 
which may have different temperature coeffi-
cients. The highest piezoelectric constants for 
various classes of piezoelectric crystal are 
tabulated. Temperature coefficients, ferroelec-
tric properties, methods of growing crystals, 
etc., are briefly discussed. The ideal piezoelec-
tric material has yet to be found. 

621.315.59+621.314.6  117 
Semiconductor Rectifiers —(See 240.) 

621.315.59+621.314.63  118 
Semi-Conductors and Rectifiers —N. F. 

Mott. (Proc. IEE (London), vol. 96, pp. 253-
260; September, 1949.) Full paper: summary 
noted in 2814 of 1949. 

621.315.59+621.315.61  119 
New Dielectric Materials: Semi-Conduc-

tors, Plastics and Silicones —(Electrician, vol. 
143, pp. 735-736; September 2, 1949. Discus-
sion, ibid., vol. 143, pp. 893-894; September 16, 
1949.) Summary of paper presented before the 
British Association by R. W. Sillars, entitled 
"Insulating and semi conducting materials." 
Another summary noted in 3442 of 1949. See 
also 3168 of 1949 (Jones, Scott, and Sillars)• 

621.315.612  120 
Titanates with High Dielectric Constant— 

H. Sachse. (Z. Angew. Phys., vol. 1, pp. 473-
484; August, 1949.) A comprehensive review of 
the results of measurements, made in various 
countries, of the properties of a wide range of 
titanate materials. 57 references are given. 

621.315.612:621.317.37.029.6  121 
The Measurement of the Dielectric Proper-

ties of High-Permittivity Materials at Centi-
metre Wavelengths —J. G. Powles and W. 
Jackson. (Proc. IEE (London), vol. 96, pp. 
383-389; September, 1949.) Results of room-
temperature measurements on ceramic speci-
mens of the titanates of Mg, Ca, Sr, and Ba at 
1.5 Mc and at 9,450 Mc, and on BaTiCh at 
24,000 Mc are discussed. BaTiO3 is unique 
among these materials, because a considerable 
fall in permittivity and a large increase in tan 
occur at the higher frequencies. Variable-

temperature measurements on BliTiOi show 
that the crystallographic change associated 
with the Curie point at 120°C affects the per-
mittivity at 9,450 Mc and at 1.5 Mc in an 
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analogous manner. Measurements at the same 
frequencies on (Ba, Sr) titanate compositions 
are also described; the composition 56 per cent 
BaTi02:44 per cent SrTiO1 has a permittivity 
of 760 and tan t5 0.02 at 9,450 Mc and 20°C. 
The three methods of measuring high permit-
tivities at cm developed in the course of this 
work are described. 

621.315.614:621.317.372  122 
Electrical Testing of Capacitor Paper — 

Endicott. (See 144.) 

621.315.614.62/.63:621.319A  123 
Metallizing Paper far Capacitors —H. G. 

Wehe. (Bell Lab. Rec., vol. 27, pp. 317-321; 
September, 1949.) A German wartime metal. 
vapor spraying process, developed by the 
Bell Telephone Laboratories.  For a given 
capacitance the metallized-paper capacitor is 
much smaller than the corresponding metal-foil 
capacitor, and has the advantage of self-healing 
of punctures through the insulation. 

621.315.615.011.5:537.226.2  124 
A Contribution to the Theory of the Dielec-

tric Constant of Polar Liquids —T. G. Saolte. 
(Physica,'s Gray., vol. 15, pp. 437-449; July, 
1949. In English.) 

621.315.615.2.011.5:537.226.2  125 
The Absolute Dielectric Constant of Ben-

zene —F. van der Maesen. (Physica,'s Gray. 
vol. 15, pp. 481-483; July, 1949.) The dielectric 
constant is appreciably reduced by prolonged 
drying over Na. This confirms the conclusion 
of Hartshorn and Oliver (Proc. Roy. Soc. A., 
vol. 123, pp. 664-685; 1929) that moisture is 
the only impurity of importance in dielectric-
constant measurements. Values obtained differ 
by less than 0.1 per cent from the generally-
accepted standard values. The method of purifi-
cation is discussed. 

621.315:616  126 
Ethoxylines —E. Preiswerk and C. Meyer-

!tans. (Elec. Mfg., vol. 44, pp. 78-81, 166; 
July, 1949.) Properties and applications are 
discussed. The first resins of this type were 
supplied under the trade name Araldite; for 
another account see 3450 of 1949 (Moss). 

621.315.616:546.287  127 
Recent Progress Made in Silicone Rubber 

Materials —C. E. Arntzen and R. D. Rowley. 
(Materials and Methods, vol. 30, pp. 73-76; 
October, 1949.) The chemical nature of sili-
cones, mechanical and physical properties of 
various silastic rubbers, and applications are 
discussed. Silicone rubbers are much less af-
fected by temperatures of the order of 300°F 
than natural rubbers. 

621.315.618.011.5:537.226.2  128 
The Absolute Dielectric Constant of Gases 

at Pressures of 0-80 Atm. at 25°C —J. Clay and 
F. van (ler Maesen. (Physica,'s Gray., vol. 15, 
pp. 467-480; July, 1949. In English.) Experi-
mental values for air, He, Ar, and CO2 are 
tabulated and discussed. A heterodyne beat 
method is used for determining the absolute 
values of small differences of capacitance by 
means of Clay's cylindrical measuring capacitor 
(141 below). 

621.318.22:538.652  129 
The Magnetostriction of Anisotropic Per-

manent Magnet Alloys —M. McCaig. (Proc. 
Phys. Soc., vol. 62, pp. 652-656; October I, 
1949.) Blocks of permanent magnet alloys of 
the system FeNiAlCoCu were prepared with 
columnar crystals. The magnetostriction was 
measured in various directions before and after 
heat treatment in a magnetic field. The results 
agree well with those predicted theoretically, 
and so confirm the postulated crystal structure. 

621.775.7  130 
Sintering of Iron Powders —H. Bernstorff. 

(Metal Treat., vol. 15, pp. 85-89; Summer, 
1948.)  Tabulated  results  of  experimental 

studies In the Degussa laboratories on the 
sintering of DPG Schleuder iron powder are 
used to derive curves showing tensile strength 
and elongation as a function of sintering time. 
For the higher sintering temperatures the 
curves approach constant values. At lower 
temperatures distinct minima are found for 
both strength and elongation. 

666.1.037.5  131 
Glass-to- Metal Seals —(Afero/ Ind. (Lon-

(Ion), vol. 75, pp. 263-2(6 and 292-293; Sep. 
tember 30 and October 7, 1949.) The relative 
merits of various metals and glasses used for 
sealing and various types of seal are discussed 
characteristics of certain glasses are tabulated. 
For many purposes, BTH C40 borosilicate 
glass sealed to Nib-K, an alloy consisting of 
54 per cent Fe, 31 per cent Ni and 15 per cent 
Co, is the best combination now available. No 
great skill is required in preparing or manu-
facturing the seal; pre-bea(ling is unnecessary. 
Seals with diameters up to at least 5 inches 
have been successfully made with these mate-
rials. The nature of stresses in seals is briefly 
discussed. 

MATHE MATICS 
512.974:621.3  132 

Vectorial Space. Region of Representation 
for Electrotechnics —G.  Nasse.  (Bull.  Soc. 
Franc. Elec., vol. 9, pp. 459-474; September, 
1949.) The concept of the region of representa-
tion, limited in classical teaching to the Fresnel 
plane, is shown to be capable of a natural ex-
tension leading to the vectorial space of ge-
ometers, a metric space capable of representing 
under one and the same structure the proper-
ties of monophase and polyphase systems, and 
even those of their transitory states. 

681.142  133 
The University of Manchester Universal 

High-Speed Digital Computing Machine —T. 
Kilburn. ( Nature (London), vol. 164, ii;i. 684-
687; October 22, 1949.) The binary system is 
used, and numbers up to 24, can be accom-
modated. Operations which the machine can 
perform and "addresses" where numbers can 
be stored also have numbers. "Instructions" 
take the form of numbers which specify that a 
certain operation is to be performed on the 
contents of a certain address. An electronic 
storage unit with a capacity of 5,120 digits is 
included; this type of storage was discussed in 
2258 of 1949 (Williams and Kilburn). A mag-
netic storage unit is also available in which the 
numbers stored are less accessible but which 
has a capacity of 40,960 digits a similar stor-
age system was described by Booth (3179 of 
1949). Special circuits are provided to perform 
addition, subtraction, multiplication, and cer-
tain logical operations, but a "sub-program" 
is used for other operations, including division, 
which occur less frequently. The component 
elements of the computing circuits used are 
similar to those used in video-pulse circuits in 
radar (see 1874 of 1948). One type of adding 
circuit is considered in detail. The "control" is 
an electronic storage tube, holding two num-
bers; its operation is described. Arrangements 
are made to enable the machine to perform or 
omit an instruction according to the nature of 
the result obtained at a particular stage of the 
calculation. 

681.142:621.385.032.212  134 
Polycathode Glow Tube for Counters and 

Calculators —Lamb and Brustman. (See 275.) 

MEASUREMENTS  AND  TEST  GEAR 

531.764.5  135 
The Development of the Quartz Clock — W, 

A. Marrison. (Elektrotechnik (Berlin), vol. 3, 
pp. 311-316; October, 1949.) Condensed ver-
sion of the paper noted in 762 of 1949. 

621.317.2  136 
New High-Voltage Engineering Labora-

tory —J. H. Hagenguth. (Gems. Elec. Rev., vol. 

52, pp. 9-14; September, 1949.) The laboratory 
was built for development and research work 
on apparatus used for power transmission and 
distribution. Test power for ac liv tests is 
supplied by one 1,000-kva generator and two 
500-kva generators. Two 500-kw 500-v de 
generators are also available. For studying 
transient  voltages,  such as those due to 
lightning, under controlled conditions, two 
5,100-kv impulse generators are provided. 
These can produce a peak voltage of 7,500 kv 
to ground at a current of 33 ka when operated 
individually, or 66 ka when connected in 
parallel. Five 350-kv 1,000-kva test trans-
formers can be connected in cascade to deliver 
1,750 kv (rms) to ground. A surge current 
generator is also available, capable of producing 
260 ka at 50, 100, or 150 kv. 

621.317.3.011.5:621.365.55:  137 
Dielectric Loss with Changing Tempera-

ture —J. B. Whitehead and W. Rueggeberg. 
(Elec. Eng., vol. 68, p. 874; October, 1949.) 
Summary only. A method of measuring the 
properties of a dielectric while its temperature 
is changing has been developed and applied to 
certain thermosetting materials subjected to 
hf heating. The presence of absorbed moisture 
in small amounts has a pronounced effect on 
the dielectric properties of such materials. The 
two important phenomena are dielectric ab-
sorption and some form of molecular polariza-
tion; their relative importance depends on the 
type of heating cycle. 

621.317.3.029.3  138 
Audio-Frequency  Measurements — W.  L. 

Black and H. H. Scott. (Pauc. IR E., vol. 37, 
pp. 1108-1115; October, 1949•.) Discussion of 
the theory involved in making measurements of 
gain, frequency response, distortion, and noise, 
with particular reference to high-gain systems. 
Techniques of measurement and factors affec-
ting accuracy are also discussed. See also 147 
and 148 below. 

621.317.32  139 
Problems Related to Measuring the Field 

Strength of High-Frequency Electromagnetic 
Fields —R Truell. (Pgoc. IR E., vol. 37, pp. 
1144-1147; October, 1949.) Continuation of 
429 of 1949, with more detailed treatment of 
the parallel-plate field and extension to the 
field in a rectangular cavity. In both cases, the 
field amplitude can be expressed quite simply 
in terms of easily measurable parameters, if 
certain velocity conditions are satisfied by the 
electron beam, and the cyclotron frequency 
!eIH/rnc is equal tp the frequency of the em 
field. 

621.317.32:551.594  140 
A New Method of Measuring the Vertical 

Electric Field in the Atmosphere —J. A. Chal-
mers. (Jour. Sci. Instr., vol. 26, pp. 300-301; 
September, 1949.) A metal ball rolls down an 

inclined earthed gutter and drops into an in-
sulated collector, which thus acquires a poten-
tial proportional to the atmospheric electric 
field. This potential is amplified and measured 
by a galvanometer. 

621.317.335.2 t:621.319.4  141 
Accurate Determination of the Absolute 

Capacity of Condensers: Part 2—J. Clay. 
(Physica,'s Gray., vol. 15, pp. 484-488; July, 
1949. In English.) Results are given 01 new 
precision measurements of the dimensions of 
three variable steel capacitors from which 
their capacitances are deduced. Values ob-
tained agree to within 1 part in 3,000 with 
those found by es and oscillation methods, and 
the absolute value is believed to be accurate 
within 0.01 per cent. For part 1 see 4175 of 
1936. These capacitors were used for the meas-
urements of dielectric constant discussed in 
125 and 128 above. 

621 .315 .612 :621.317.37.029.6  142 
The Measurement of the Dielectric Proper-
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te.of High-Permittivity Materials at Centi-
etre  Wavelengths —Powles and  Jackson. 
te 121.) 

:1.317.372 +621.317.334  143 
Q and L Measurements— W. T. Cocking. 

Vireless World, vol. 55, pp. 449-453; Novem-

m, 1949.) When a Q meter is not available, the 
equency or capacitance detuning methods 
re described form convenient ways of de. 
mining Q and also the inductance and self-
ipacitance of coils; Q is obtained by calcula-
ons involving measured frequencies or ca-
gcitances. Factors limiting accuracy are dis-
used. 

11.317.372: 621.315.614  144 
Electrical Testing of Capacitor Paper—H. S. 

,indicott. (Gen. Elec. Rev., vol. 52, pp. 28-35; 
-ptember. 1949.) Equipment is described for 
easuring the dielectric constant and power 
.ctor of dry, unimpregnated capacitor paper. 
he sample is not removed from the drying 
gamber. The relation between the power-
ietor/temperature curves of dry and impreg-
ated paper is discussed. The time necessary 
gir a test has been reduced from 3 weeks to 2 
ays. 

21.317.7+621.38+621.396.691:061.4  145 
Radiolympia Review —( Wireless World, vol. 

5, pp. 428-444; November, 1949.) An illus-
-ated review of various exhibits, namely (a) 
levision equipment, (b) broadcast receivers. 
•( sound reproducing equipment, (d) compo-
ents and accessories, (e) communication equip-
ant, (f) testing and measuring gear, (g) scien-
fic, industrial, and medical apparatus. See also 
472 of 1949. 

21.317.7.001.4  146 
Operation and Care of Circular-Scale In-

truments: Parts 1 and 2—J. Spencer. (lnstru-
lents, vol. 21, pp. 621-632 and 715-724; July 
nd August, 1948.) A fully illustrated discus-
ion of the mechanism of such instruments, and 
ismantling and reassembling procedure for 
epair, showing the principles of operation of 
Vestinghouse and General Electric moving-coil 
lc meters Types KX24 and DB-12, and mov-ing-iron ac meters Types KA24 and AB-12. 
:alibration adjustments, maintenance, and re-
air of various defects, from simple frictional 
Iefect to component failure, are also considered. 

21.317.7.029.3  147 
Audio Frequency Measurements: Part 1— 

N. L. Black and H. H. Scott. (Audio Eng., vol. 
13, pp. 13-16, 43; October, 1949.) Paper pre-
iented at a joint IRE-RMA meeting at Syra-
:use, N. V. Definitions and minimum stand-
grds for the audio facilities of a broadcasting 
rystem are specified in R.M.A. Standard TR-
105A, published in May, 1948. The technical 
sackground which is the basis for this specifica-
_ion is here surveyed and measurement meth-
xis are discussed thoroughly. A test circuit for 
gain measurements is described. The use of cal-
braced adjustable attenuators is recommended. 
sources of error include mismatch and varia-
:ion in the degree of earthing. The measure-
ment of bridging gain is considered. Part 2: 148 
below. 

621.317.7.029.3  148 
Audio Frequency Measurements: Part 2— 

W. L. Black and H. H. Scott. (A udio Eng., vol. 
33, pp. 18-19, 50; November, 1949.) Continua-
tion of 147 above. Determination of harmonic 
distortion at the output, and intermodulation 
and noise measurements are discussed. See also 
138 above. 

1i 
621.317.7.088.22  149 
The Ratio of Electrical to Friction Torques 

• n Indicating Instruments —G. Szab6. (Jour. 
Sci. In sir., vol. 26, pp. 301-304; September, 
1949.) Factors affecting this ratio at its most 
favorable value are discussed. The shock-ac-

il celeration and shock-velocity are computed for 

the range of deformations where pivots and 
jewels are not damaged. 

621.317.71:621.385.5  150 
The Use of Multigrid Tubes as Electrome-

ters —J. R. Prescott. (Rev. Sci. Instr., vol. 20, 
pp. 553-557; August, 1949.) 

621.317.715  151 
The Galvanometer as a Built-In Component 

—G. Spiegel. (Elec. Mfg., vol. 42, pp. 80-83; 
July, 1948.) Both the jewelled and the taut-
suspension types of galvanometer are consid-
ered. The latter have much greater sensitivities 

and longer periods. 

621.317.72  152 
Compensator —A Device for Measurement 

of Alternating Currents within a Broad Fre-
quency Range —V. lilaysa. (Testa Tech. Rep. 
(Prague), pp. 4-10; March, 1949.) For meas-
urements at frequencies between 20 cps and 20 
kc. One of two synchronous generators supplies 
current to the object under test and the voltage 
developed across it is balanced by the output 
of the other generator. The magnitude and 
phase of this output voltage are controlled by 
means of a potentiometer and a phase shifter, 
both of which are calibrated. Design details and 
applications of the equipment are discussed. 

621.317.726:621.396.615.17  153 
Measurement of the Time Constants of 

Peak Voltmeters Intended for the Study of 
Transient Phenomena —F. dr Clerck. (HF 
(Brussels), no. 3, pp. 81-87; 1949.) For measur-
ing the time constant of the indicating instru-
ment a rectangular pulse is used of duration 
variable and of the order of the time to be 
measured. For the time of charge of the electri-
cal circuit a sine-wave pulse, symmetrical with 
respect to zero and with a rectangular envelope, 
is used, the pulse duration is again variable. 
The discharge time requires the sudden inter-
ruption, for a controlled time, of a sine wave. A 
generator for producing these three types of 
pulse is described and also a method of using it 
to enable the times to be measured on the 
screen of a cro. Other applications of the equip-
ment are mentioned. 

621.317.729:532.517.2  154 
Fields from Fluid Flow Mappers —A. D. 

Moore. (Jour. A ppl. Phys., vol. 20, pp. 790-
804; August, 1949.) Fluid flow within the 
streamline range, made visible by means of po-
tassium permanganate crystals, can be used to 
simulate es, em, and other fields. Flow takes 
place between a flat slab of plaster-of-Paris, 
provided with suitable sources and sinks, and a 
parallel sheet of plate glass. Setting-up tech-
niques for particular problems are described. 
Two-dimensional fields can in general be set up 
easily; some symmetrical three-dimensional 
fields can also be simulated. Photographs of re-
sults obtained are included and discussed. 

621.317.73  155 
Impedance Measurements with Directional 

Couplers and Supplementary Voltage Probe — 
B. Parzen. (Paoc. IR E., vol. 37, pp. 1208-
1211; October, 1949.) the impedometer con-
sists of two oppositely connected directional 
couplers and a voltage probe in a short trans-
mission line. An experimental model for fre-
quencies between 50 and 500 Mc is described. 

621.317.733  156 
The Design and Construction of a Compari-

son Impedance Bridge for Frequencies of 40-
270 Mc/s.— W. C. Weatherley. (Proc. I EE 
(London), vol. 96, pp. 429-432; September, 
1949.) Two types of bridge are described, one 
for measuring "balanced" and the other for 
"unbalanced" impedances to earth. The fre-
quency range is about ± 20 per cent of the 
working mid-frequency. Measurements can he 
obtained without placing bulky apparatus near 
the impedance being measured. Changes in im-
pedance over a definite frequency band are 

measured, rather than absolute impedance. 
Circuit details, suitable components, and cali-
bration procedure are described. Accuracy is 
within ± 2 per cent for resistance comparison 
and within ± 5 per cent for capacitance com-
parison. 

621.317.74:621.395.44  157 
Transmission-Measuring Set for Low-Fre-

quency Carrier Systems —J. Brundage and J. 
Zyda. (Elec. Commun., vol. 26, pp. 204-208; 
September, 1949.) Description of the Type 
902-A set, which includes a stabilized R-C os-
cillator covering the frequency range 300 to 
40,000 cps. A 4-position rotary switch provides 
for sending, receiving, measuring, and calibra-
tion. Transmission power may be varied from 
—40 to +20 db relative to 1 mw, and receiver 
sensitivity is adequate. Self-calibration is ar-
ranged. The unit may be either of portable form 
or rack-mounted. 

621.317.75  158 
Harmonic Analyzer and Synthesizer —J. 

Lehmann. (Electronics, vol. 22, pp. 106-110; 
November, 1949.) Any wave form which can be 
represented by a Fourier sine or cosine series 
having up to 20 terms can be analyzed by this 
electromechanical instrument. Two dials are 
provided on which the amplitude and phase of 
each term can be set. For synthesis, the ampli-
tudes and phases of the first 20 odd harmonics 
..are set on the dials, and the response is plotted 
on a dynamometer-type recorder. For analysis, 
the amplitudes of the steps of a stepped-wave 
approximation to the wave form under investi-
gation are set on the amplitude dials, and the 
frequency response is obtained as two plotted 
curves from twin recorders, in rectangular or 
polar coordinates. Circuit arrangements are 
discussed, and examples illustrating the opera-
tion of the instrument are included. 

621.317.755:621.385.629.63/.64 159 
Traveling-Wave Oscilloscope —Pierce. (See 

264.) 

621.317.761  160 
Electronic Frequency Meter —(Jour. Sci. 

Instr., vol. 26, p. 310; September, 1949.) Made 
by Airmec Laboratories Ltd., High Wycombe. 
Designed to measure frequencies 0-200 cps, 0-2 
kc and 0-20 kc. Input signal can be between 0.1 
and 20v; the wave may be of any shape having 
not more than 2 zeros per cycle. A circuit dia-
gram is given showing the wave form at various 
stages. Pulses of recurrence frequency corre-
sponding to the signal frequency are derived. 
The meter indic es the number of pulses re-
ceived per second. .‘ccuracy within 1 per cent 
is unaffected by mains voltage fluctuations not 
exceeding 10 per cent. 

621.317.761  161 
A New Frequency-Meter and Its Applica-

tion—H. Hochrainer. (Elektrotech. u. Moschi-
nenb., vol. 66, pp. 288-291; October, 1949.) 
The current whose frequency is to be deter-
mined passes through a barretter and thence 
through a capacitor and a resistor respectively 
to opposite corners of a rectifier bridge. If the 
currents through the capacitor and resistor are 
equal, a moving-coil ammeter connected across 
the other diagonal will show no deflection. If. 
however, the frequency alters, the capacitive 
current will change and a deflection will be ob-
tained on one side or the other of the instru-
ment's center zero. Applications to frequency 
recording for power systems and to frequency 
control are considered. 

621.317.763:621.392.261'  162 
Wave-Guide Interferometers as Differen-

tial Wave-Meters--A. B. Pippard. (Jour. Sci. 
Instr., vol. 26, pp. 296-298; September, 1949.) 
The advantages of nonresonant waveguide in-
terferometers over resonant cavities as absolute 
differential wave meters are discussed, and two 
simple interferometers are considered in detail. 
An interferometer using a hybrid junction, and 
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analogous manner. Measurements at the same 
frequencies on (Ba, Sr) titanate compositions 
are also described; the composition 56 per cent 
BaTiO3:44 per cent SrTiO3 has a permittivity 
of 760 and tan 6w. 0.02 at 9,450 Mc and 20°C. 
The three methods of measuring high permit-
tivities at cm developed in the course of this 
work are described. 

621.315.614:621.317.372  122 
Electrical Testing of • Capacitor Paper— 

Endicott. (See 144.) 

621.315.614.62/.63:621.319.4  123 
Metallizing Paper for Capacitors —H. G. 

%Vette. (Bell Lab. Rec., vol. 27, pp. 317-321: 
September, 1949.) A German wartime metal. 
vapor spraying process, developed by the 
Bell Telephone Laboratories. For a given 
capacitance the metallized-paper capacitor is 
much smaller than the corresponding metal-foil 
capacitor, and has the advantage of self-healing 
of punctures through the insulation. 

621.315.615.011.5:537.226.2  124 
A Contribution to the Theory of the Dielec-

tric Constant of Polar Liquids —T. G. Scholte. 
(Physica,'s Gray., vol. 15, pp. 437-449; July, 
1949. In English.) 

621.315.615.2.011.5:537.226.2  125 
The Absolute Dielectric Constant of Ben-

zene —I- . van der Maesen. (Physica,'s Gray. 
vol. 15, pp. 481-483; July, 1949.) The dielectric 
constant is appreciably reduced by prolonged 
drying over Na. This confirms the conclusion 
of Hartshorn and Oliver (Proc. Roy. Soc. A., 
vol. 123, pp. 664-685; 1929) that moisture is 
the only impurity of importance in dielectric-
constant measurements. Values obtained differ 
by less than 0.1 per cent from the generally-
accepted standard values. The method of purifi-
cation is discussed. 

621.315:616  126 
Ethoxylines —E. Preiswerk and C. Meyer-

bans. (Elec. Mfg., vol. 44, pp. 78-81, 166; 
July, 1949.) Properties and applications are 
discussed. The first resins of this type were 
supplied under the trade name Araldite; for 
another account see 3450 of 1949 (Moss). 

621.315.616:546.287  127 
Recent Progress Made in Silicone Rubber 

Materials —C. E. Arntzen and R. D. Rowley. 
(Materials and Methods, vol. 30, pp. 73-76; 
October, 1949.) The chemical nature of sili-
cones, mechanical and physical properties of 
various silastic rubbers, and applications are 
discussed. Silicone rubbers are much less af-
fected by temperatures of the order of 300°F 
than natural rubbers. 

621.315.618.011.5:537.226.2  128 
The Absolute Dielectric Constant of Gases 

at Pressures of 0-80 Atm. at 25°C —J. Clay and 
F. van der Maesen. (Physica,'s Gras., vol. 15, 
pp. 467-480; July, 1949. In English.) Experi-
mental values for air, He, Ar, and CO2 are 
tabulated and discussed. A heterodyne beat 
method is used for determining the absolute 
values of small differences of capacitance by 
means of Clay's cylindrical measuring capacitor 
(141 below). 

621.318.22:538.652  129 
The Magnetostriction of Anisotropic Per-

manent Magnet Alloys —M. McCaig. (Proc. 
Phys. Soc., vol. 62, pp. 652-656; October 1, 
1949.) Blocks of permanent magnet alloys of 
the system FeNiAlCoCu were prepared with 
columnar crystals. The magnetostriction was 
measured in various directions before and after 
heat treatment in a magnetic field. The results 
agree well with those predicted theoretically, 
and so confirm the postulated crystal structure. 

621.775.7  130 
Sintering of Iron Powders —H. Bernstorff. 

(Metal Treat., vol. 15, pp. 85-89; Summer, 
1948.)  Tabulated  results  of  experimental 

studies in the Degussa laboratories on the 
sintering of DPG Schleuder iron powder are 
used to derive curves showing tensile strength 
and elongation as a function of sintering time. 
For the higher sintering temperatures the 
curves approach constant values. At lower 
temperatures distinct minima are found for 
both strength and elongation. 

666.1.037.5  131 
Glass-to-Metal Seals —( Mdal lad. (Lon-

don), vol. 75, pp. 263-266 and 292-293; Sep-
tember 30 and October 7, 1949.) The relative 
merits of various metals and glasses used for 
sealing and various types of seal are discussed 
characteristics of certain glasses are tabulated. 
For many purposes, BTH C40 borosilicate 
glass sealed to Nib-K, an alloy consisting of 
54 per cent Fe, 31 per cent Ni and 15 per cent 
Co, is the best combination now available. No 
great skill is required in preparing or manu-
facturing the seal; pre-beading is unnecessary. 
Seals with diameters up to at least 5 inches 
have been successfully made with these mate-
rials. The nature of stresses in seals is briefly 
discussed. 

MATHE MATICS 
512.974:621.3  132 

Vectorial Space. Region of Representation 
for Electrotechnics —G.  Nasse.  (Bull.  Soc. 
Franc. Elec., vol. 9, pp. 459-474; September, 
1949.) The concept of the region of representa-
tion, limited in classical teaching to the Fresnel 
plane, is shown to be capable of a natural ex-
tension leading to the vectorial space of ge-
ometers, a metric space capable of representing 
under one and the same structure the proper-
ties of monophase and polyphase systems, and 
even those of their transitory states 

681.142  •  133 
The University of Manchester Universal 

High-Speed Digital Computing Machine —T. 
Kilburn. ( Nature (London), vol. 164, pp. 684-
687; October 22, 1949.) The binary system is 
used, and numbers up to 2,0 can be accom-
modated. Operations which the machine can 
perform and "addresses" where numbers can 
be stored also have numbers. "Instructions" 
take the form of numbers which specify that a 
certain operation is to be performed on the 
contents of a certain address. An electronic 
storage unit with a capacity of 5,120 digits is 
included; this type of storage was discussed in 
2258 of 1949 (Williams and Kilburn). A mag-
netic storage unit is also available in which the 
numbers stored are less accessible but which 
has a capacity of 40,960 digits a similar stor-
age system was described by Booth (3179 of 
1949). Special circuits are provided to perform 
addition, subtraction, multiplication, and cer-
tain logical operations, but a "sub-program" 
is used for other operations, including division, 
which occur less frequently. The component 
elements of the computing circuits used are 
similar to those used in video-pulse circuits in 
radar (see 1874 of 1948). One type of adding 
circuit is considered in detail. The "control" is 
an electronic storage tube, holding two num-
bers; its operation is described. Arrangements 
are made to enable the machine to perform or 
omit an instruction according to the nature of 
the result obtained at a particular stage of the 
calculation. 

681.142:621.385.032.212  134 
Polycathode Glow Tube for Counters and 

Calculators —Lamb and Brustman. (See 275.) 

MEASUREMENTS  AND  TEST  GEAR 

5.31.764.5  135 
The Development of the Quartz Clock — W. 

A. Marrison. (Elektrotechnik (Berlin), vol. 3, 
PP. 311-316; October, 1949.) Condensed ver-
sion of the paper noted in 762 of 1949. 

621.317.2  136 
New High-Voltage Engineering Labora-

tory —J. H. Hagenguth (Gen. Elec. Rev, vol. 

52, pp. 9-14; September, 1949.) The laboratory 
was built for development and research work 
on apparatus used for power transmission and 
distribution. Test power for ac liv tests is 
supplied by one 1,000-kva generator and two 
500-kva generators. Two 500-kw 500-v de 
generators are also available. For studying 
transient  voltages,  such  as those due to 
lightning, under controlled conditions, two 
5,100-kv  impulse generators are provided. 
These can produce a peak voltage of 7,500 kv 
to ground at a current of 33 ka when operated 
individually, or 66 ka when connected in 
parallel. Five 350-k v 1,000-kva test trans. 
formers can be connected in cascade to deliver 
1,750 kv (rms) to ground. A surge current 
generator is also available, capable of producing 
260 ka at 50, 100, or 150 kv. 

621.317.3.011.5:621.365.55:  137 
Dielectric Loss with Changing Tempera-

ture —J. B. Whitehead and W. Rtieggeberg. 
(Elec. Eng., vol. 68, p. 874; October, 1949.) 
Summary only. A method of measuring the 
properties of a dielectric while its temperature 
is changing has been developed and applied to 
certain thermosetting materials subjected to 
hf heating. The presence of absorbed moisture 
in small amounts has a pronounced effect on 
the dielectric properties of such materials. The 
two important phenomena are dielectric ab-
sorption and some form of molecular polariza-
tion; their relative importance depends on the 
type of heating cycle. 

621.317.3.029.3  138 
Audio-Frequency  Measurements — W. L. 

Black and II. H. Scott. (Plow. IR E., vol. 37, 
pp. 1108 -1115; October, 1949.) Discussion of 
the theory involved in making measurements of 
gain, frequency response, distortion, and noise, 
with particular reference to high-gain systems. 
Techniques of measurement and factors affec-
ting accuracy are also discussed. See also 147 
and 148 below 

621.317.32  139 
Problems Related to Measuring the Field 

Strength of High-Frequency Electromagnetic 
Fields —R. Truell. (Pstx. 1.R.E., vol. 37, pp. 
1144-1117; October, 1949.) Continuation of 
429 of 1949, with more detailed treatment of 
the parallel-plate field and extension to the 
field in a rectangular cavity. In both cases, the 
field amplitude can be expressed quite simply 
in terms of easily measurable parameters, if 
certain velocity conditions are satisfied by the 
electron beam, and the cyclotron frequency 
leIH/mc is equal to the frequency of the em 
field. 

621.317.32:551.594  140 
A New Method of Measuring the Vertical 

Electric Field in the Atmosphere —J. A. Chal-
mers. (Jour. Sci. Instr., vol. 26, pp. 300 301; 
September, 1949.) A metal ball rolls down an 
inclined earthed gutter and drops into an in-
sulated collector, which thus acquires a poten-
tial proportional to the atmospheric electric 
field. This potential is amplified and measured 
by a galvanometer. 

621.317.335.2 t:621.319.4  141 
Accurate Determination of the Absolute 

Capacity of Condensers: Part 2—J. Clay. 
(Physica,'s Gray., vol. 15, pp. 484-488; July, 
1949. In English.) Results are given of new 
precision measurements of the dimensions of 
three variable steel capacitors from which 
their capacitances are deduced. Values ob-
tained agree to within 1 part in 3,000 with 
those found by es and oscillation methods, and 

the absolute value is believed to be accurate 
within 0.01 per cent. For part 1 see 4175 of 
1936. These capacitors were used for the meas-
urements of dielectric constant discussed in 
125 and 128 above. 

621 .315 .612 :621.317.37.029.6  142 

The Measurement of the Dielectric Proper-
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ies of High-Permittivity Materials at Centi-
netre  Wavelengths —Powles and  Jackson. 
See 121.) 

521.317.372+621.317.334  143 
Q and L Measurements —W. T. Cocking. 

Wireless World, vol. 55, pp. 449-453; Novem-
Per, 1949.) When a Q meter is not available, the 
.requency or capacitance detuning methods 
a-re described form convenient ways of de-
.ermining Q and also the inductance and self-
capacitance of coils; Q is obtained by calcula-
'Lions involving measured frequencies or ca-
pacitances. Factors limiting accuracy are dis-
:ussed. 

621.317.372:621.315.614  144 
Electrical Testing of Capacitor Paper—H. S. 

Endicott. (Gen. Elec. Rev., vol. 52, pp. 28-35; 
September, 1949.) Equipment is described for 
measuring the dielectric constant and power 
factor of dry, unimpregnated capacitor paper. 
The sample is not removed from the drying 
chamber. The relation between the power-
factor/temperature curves of dry and impreg-
nated paper is discussed. The time necessary 
for a test has been reduced from 3 weeks to 2 
days. 

621.317.7+621.38+621.396.691:061.4  145 
Radiolympia Review —( Wireless World, vol. 

55, pp. 428-444; November, 1949.) An illus-
trated review of various exhibits, namely (a) 
television equipment, (b) broadcast receivers, 
(c) sound reproducing equipment, (d) compo-
nents and accessories, (e) communication equip-
ment, (f) testing and measuring gear, (g) scien-
tific, industrial, and medical apparatus. See also 
1472 of 1949. 

621.317.7.001.4  146 
Operation and Care of Circular-Scale In-

struments: Parts 1 and 2—J. Spencer. (Instru-
ments, vol. 21, pp. 621-632 and 715-724; July 
and August, 1948.) A fully illustrated discus-
0 sion of the mechanism of such instruments, and 
dismantling and reassembling procedure for 
repair, showing the principles of operation of 
Westinghouse and General Electric moving-coil 
dc meters Types KX24 and DB-12, and mov-
ing-iron ac meters Types KA24 and AB-12. 
Calibration adjustments, maintenance, and re-
pair of various defects, from simple frictional 
defect to component failure, are also considered. 

621.317.7.029.3  147 
Audio Frequency Measurements: Part 1— 

W. L. Black and H. H. Scott. (Audio Eng., vol. 
33, pp. 13-16, 43; October, 1949.) Paper pre-
sented at a joint IRE-RNIA meeting at Syra-
cuse, N. Y. Definitions and minimum stand-
ards for the audio facilities of a broadcasting 
system are specified in R.M.A. Standard TR.-
105A, published in May, 1948. The technical 
background which is the basis for this specifica-
tion is here surveyed and measurement meth-
ods are discussed thoroughly. A test circuit for 
gain measurements is described. The use of cal-
ibrated adjustable attenuators is recommended. 
Sources of error include mismatch and varia-
tion in the degree of earthing. The measure-
ment of bridging gain is considered. Part 2: 148 
below. 

621.317.7.029.3  148 
Audio Frequency Measurements: Part 2— 

W. L. Black and H. H. Scott. (A udio Eng., vol. 
33, pp. 18-19, 50; November, 1949.) Continua-
tion of 147 above. Determination of harmonic 
distortion at the output, and intermodulation 
and noise measurements are discussed. See also 
138 above. 

621.317.7.088.22  149 
The Ratio of Electrical to Friction Torques 

in Indicating Instruments—G. Szabo. (Jour. 
Sci. lair., vol. 26, pp. 301-304; September, 
1949.) Factors affecting this ratio at its most 
favorable value are discussed. The shock-ac-
celeration and shock-velocity are computed for 

the range of deformations where pivots and 
jewels are not damaged. 

621.317.71:621.385.5  150 
The Use of Multigrid Tubes as Electrome-

ters —J. R. Prescott. (Rev. Sci. Instr., vol. 20, 
pp. 553-557; August, 1949.) 

621.317.715  151 
The Galvanometer as a Built-In Component 

—G. Spiegel. (Elec. Mfg., vol. 42, pp. 80-83; 
July, 1948.) Both the jewelled and the taut-
suspension types of galvanometer are consid-
ered. The latter have much greater sensitivities 
and longer periods. 

621.317.72  152 
Compensator —A Device for Measurement 

of Alternating Currents within a Broad Fre-
quency Range —V. Hlaysa. (Testa Tech. Rep. 
(Prague), pp. 4-10; March, 1949.) For meas-
urements at frequencies between 20 cps and 20 
kc. One of two synchronous generators supplies 
current to the object under test and the voltage 
developed across it is balanced by the output 
of the other generator. The magnitude and 
phase of this output voltage are controlled by 
means of a potentiometer and a phase shifter, 
both of which are calibrated. Design details and 
applications of the equipment are discussed. 

621.317.726:621.396.615.17  153 
Measurement of the Time Constants of 

Peak Voltmeters Intended for the Study of 
Transient Phenomena —F. dr Clerck. (HF 
(Brussels), no. 3, pp. 81-417; 1949.) For measur-
ing the time constant of the indicating instru-
ment a rectangular pulse is used of duration 
variable and of the order of the time to be 
measured. For the time of charge of the electri-
cal circuit a sine-wave pulse, symmetrical with 
respect to zero and with a rectangular envelope, 
is used, the pulse duration is again variable. 
The discharge time requires the sudden inter-
ruption, for a controlled time, of a sine wave. A 
generator for producing these three types of 
pulse is described and also a method of using it 
to enable the times to be measured on the 
screen of a cro. Other applications of the equip-
ment are mentioned. 

621.317.729:532.517.2  154 
Fields from Fluid Flow Mappers —A. D. 

Moore. (Jour. Appl. Phys., vol. 20, pp. 790-
804; August, 1949.) Fluid flow within the 
streamline range, made visible by means of po-
tassium permanganate crystals, can be used to 
simulate es, em, and other fields. Flow takes 
place between a flat slab of plaster-of-Paris, 
provided with suitable sources and sinks, and a 
parallel sheet of plate glass. Setting-up tech-
niques for particular problems are described. 
Two-dimensional fields can in general be set up 
easily; some symmetrical three-dimensional 
fields can also be simulated. Photographs of re-
sults obtained are included and discussed. 

621.317.73  155 
Impedance Measurements with Directional 

Couplers and Supplementary Voltage Probe— 
B. Parzen. (Paoc. I.R.E., vol. 37, pp. 1208-
1211; October, 1949.) the impedometer con-
sists of two oppositely connected directional 
couplers and a voltage probe in a short trans-
mission line. An experimental model for fre-
quencies between 50 and 500 Mc is described. 

621.317.733  156 
The Design and Construction of a Compari-

son Impedance Bridge for Frequencies of 40-
270 Mc/s. —W. C. Weatherley. (Proc. IEE 
(London), vol. 96, pp. 429-432; September, 
1949.) Two types of bridge are described, one 
for measuring "balanced" and the other for 
"unbalanced" impedances to earth. The fre-
quency range is about ± 20 per cent of the 
working mid-frequency. Measurements can be 
obtained without placing bulky apparatus near 
the impedance being measured. Changes in im-
pedance over a definite frequency band are 

measured, rather than absolute impedance. 
Circuit details, suitable components, and cali-
bration procedure are described. Accuracy is 
within ± 2 per cent for resistance comparison 
and within ± 5 per cent for capacitance com-
parison. 

621.317.74 : 621.395.44  157 
Transmission-Measuring Set for Low-Fre-

quency Carrier Systems—J. Brundage and J. 
Zyda. (Elec. Commun., vol. 26, pp. 204-208; 
September, 1949.) Description of the Type 
902-A set, which includes a stabilized R-C os-
cillator covering the frequency range 300 to 
40,000 cps. A 4-position rotary switch provides 
for sending, receiving, measuring, and calibra-
tion. Transmission power may be varied from 
—40 to +20 db relative to 1 mw, and receiver 
sensitivity is adequate. Self-calibration is ar-
ranged. The unit may be either of portable form 
or rack-mounted. 

621.317.75  158 
Harmonic Analyzer and Synthesizer —J. 

Lehmann. (Electronics, vol. 22, pp. 106-110; 
November, 1949.) Any wave form which can be 
represented by a Fourier sine or cosine series 
having up to 20 terms can be analyzed by this 
electromechanical instrument. Two dials are 
provided on which the amplitude and phase of 
each term can be set. For synthesis, the ampli-
tudes and phases of the first 20 odd harmonics 
are set on the dials, and the response is plotted 
on a dynamometer-type recorder. For analysis, 
the amplitudes of the steps of a stepped-wave 
approximation to the wave form under investi-
gation are set on the amplitude dials, and the 
frequency response is obtained as two plotted 
curves from twin recorders, in rectangular or 
polar coordinates. Circuit arrangements are 
discussed, and examples illustrating the opera-
tion of the instrument are included. 

621.317.755:621.385.629.63/.64  159 
Traveling- Wave Oscilloscope —Pierce. (See 

264.) 

621.317.761  160 
Electronic Frequency Meter —(Jour. Sci. 

Instr., vol. 26, p. 310; September, 1949.) Made 
by Airmec Laboratories Ltd., High Wycombe. 
Designed to measure frequencies 0-200 cps, 0-2 
kc and 0-20 kc. Input signal can be between 0.1 
and 20v; the wave may be of any shape having 
not more than 2 zeros per cycle. A circuit dia-
gram is given showing the wave form at various 
stages. Pulses of recurrence frequency corre-
sponding to the signal frequency are derived. 
The meter indim'es the number of pulses re-
ceived per second. Accuracy within 1 per cent 
is unaffected by mains voltage fluctuations not 
exceeding 10 per cent. 

621.317.761  161 
A New Frequency-Meter and Its Applica-

tion—H. Hochrainer. (Elektroiech. u. Maschi-
nenb., vol. 66, pp. 288-291; October, 1949.) 
The current whose frequency is to be deter-
mined passes through a barretter and thence 
through a capacitor and a resistor respectively 
to opposite corners of a rectifier bridge. If the 
currents through the capacitor and resistor are 
equal, a moving-coil ammeter connected across 
the other diagonal will show no deflection. If. 
however, the frequency alters, the capacitive 
current will change and a deflection will be ob-
tained on one side or the other of the instru-
ment's center zero. Applications to frequency 
recording for power systems and to frequency 
control are considered. 

621.317.763:621.392.26t  162 
Wave-Guide Interferometers as Differen-

tial Wave-Meters--A. B. Pippard. (Jour. .Sci. 
Instr., vol. 26, pp. 296-298; September, 1949.) 
The advantages of nonresonant waveguide in-
terferometers over resonant cavities :is absolute 
differential wave meters are discussed, and two 
simple interferometers are considered in detail. 
An interferometer using a hybrid junction, and 
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analogous manner. Measurements at the same 
frequencies on (Ba, Sr) titanate compositions 
are also described; the composition 56 per cent 
BaTiO3:44 per cent SrTiO2 has a permittivity 
of 760 and tan r34•0.02 at 9,450 Mc and 20°C. 
The three methods of measuring high permit-
tivities at cm developed in the course of this 
work are described. 

621.315.614:621.317.372  122 
Electrical Testing of Capacitor Paper - 

Endicott. (See 144.) 

621.315.614.62/.63:621.319.4  123 
Metallizing Paper for Capacitors  II G. 

Wehe. (Bell lab. Re( , vol. 27, pp. 3)7 321; 
September, 1949.) A German wartime metal-
vapor spraying process, developed by the 
Bell Telephone Laboratories. For a given 
capacitance the metallized-paper capacitor is 
much smaller than the corresponding metal-foil 
capacitor, and has the advantage of self-healing 
of punctures through the insulation. 

621.315.615.011.5:537.226.2  124 
A Contribution to the Theory of the Dielec-

tric Constant of Polar Liquids —T. G. Scholte. 
(Physica,'s Gray., vol. 15, pp. 437-449; July, 
1949. In English.) 

621.315.615.2.011.5: 537.226.2  125 
The Absolute Dielectric Constant of Ben-

zene —F. van der Maesen. (Physica,'s Gray. 
vol. 15, pp. 481-483; July, 1949.) The dielectric 
constant is appreciably reduced by prolonged 
drying over Na. This confirms the conclusion 
of Hartshorn and Oliver (Proc. Roy. Soc. A., 
vol. 123, pp. 664-685; 1929) that moisture is 
the only impurity of importance in dielectric-
constant measurements. Values obtained differ 
by less than 0.1 per cent from the generally. 
accepted standard values. The method of purifi-
cation is discussed. 

621.315:616  126 
Ethoxylines —E. Preiswerk and C. Meyer-

bans. (Elec. Mfg., vol. 44, pp. 78-81, 166; 
July, 1949.) Properties and applications are 
discussed. The first resins of this type were 
supplied under the trade name Araldite; for 
another account see 3450 of 1949 (Moss). 

621.315.616:546.287  127 
Recent Progress Made in Silicone Rubber 

Materials —C. E. Arntzen and R. D. Rowley. 
(Materials and Methods, vol. 30, pp. 73-76; 
(ctober, 1949.) The chemical nature of sili-
cones, mechanical and physical properties of 
various silastic rubbers, and applications are 
discussed. Silicone rubbers are much less af-
fected by temperatures of the order of 300°F 
than natural rubbers 

621.315.618.011.5:537.226.2  128 
The Absolute Dielectric Constant of Gases 

at Pressures of 0-80 Atm. at 25°C —J. Clay and 
F. van der Maesen. (Physica,'s Gray., vol. 15, 
pp. 467-480; July, 1949. In English.) Experi-
mental values for air, He, Ar, and CO2 are 
tabulated and discussed. A heterodyne beat 
method is used for determining the absolute 
values of small differences of capacitance by 
means of Clay's cylindrical measuring capacitor 
(141 below). 

621.318.22:538.652  129 
The Magnetostriction of Anisotropic Per-

manent Magnet Alloys —M. McCaig. (Proc. 
Phys. Soc., vol. 62, pp. 652-656; October 1, 
1949.) Blocks of permanent magnet alloys of 
the system FeNiAlCoCu were prepared with 
columnar crystals. The magnetostriction was 
measured in various directions before and after 
heat treatment in a magnetic field. The results 
agree well with those predicted theoretically, 
and so confirm the postulated crystal structure. 

621.775.7  130 
Sintering of Iron Powders —H. Bernstorff. 

(Metal Treat., vol. 15, pp. 85-89; Summer, 
1948.)  Tabulated  results  of  experimental 

PROCEEDINGS OF THE I.R.E. 

studies In the Degussa laboratories on the 
sintering of DPG Schleuder iron powder are 
used to derive curves showing tensile strength 
and elongation as a function of sintering time. 
For the higher sintering temperatures the 
curves approach constant values. At lower 
temperatures distinct minima are found for 
both strength and elongation. 

666.1.037.5  131 
Glass-to- Metal Seals —(Afekil hid. (Lon-

(Ion), vol. 75, pp. 263-266 and 292-293; Sep-
tember 30 and October 7, 1949.) The relative 
merits of various metals and glasses used for 
sealing and various types of seal are discussed 
characteristics of certain glasses are tabulated. 
For many purposes, 13TH C40 borosilicate 
glass sealed to Nib- K, an alloy consisting of 
54 per cent Fe, 31 per cent Ni and 15 per cent 
Co, is the best combination now available. No 
great skill is required in preparing or manu-
facturing the seal; pre-beading is unnecessary. 
Seals with diameters up to at least 5 inches 
have been successfully made with these mate-
rials. The nature of stresses in seals is briefly 
discussed. 

MATHE MATICS 
512.974:621.3  132 

Vectorial Space. Region of Representation 
for Electrotechnics —G.  Nasse.  (Bull.  Soc. 
Franc. Elec., vol. 9, pp. 459-474; September, 
1949.) The concept of the region of representa-
tion, limited in classical teaching to the Fresnel 
plane, is shown to be capable of a natural ex-
tension leading to the vectorial space of ge-
ometers, a metric space capable of representing 
under one and the same structure the proper-
ties of monophase and polyphase systems, and 
even those of their transitory states. 

681.142  133 
The University of Manchester Universal 

High-Speed Digital Computing Machine —T. 
Kilburn. ( Nature (London), vol. 164, pp. 684-
687; October 22, 1949.) The binary system is 
used, and numbers up to 240 can be accom-
modated. Operations which the machine can 
perform and "addresses" ‘'here numbers can 
be stored also have numbers. "Instructions" 
take the form of numbers which specify that a 
certain operation is to be performed on the 
contents of a certain address. An electronic 
storage unit with a capacity of 5,120 digits is 
included; this type of storage was discussed in 
2258 of 1949 (Williams and Kilburn). A mag-
netic storage unit is also available in which the 
numbers stored are less accessible but which 
has a capacity of 40,960 digits a similar stor-
age system was described by Booth (3179 of 
1949). Special circuits are provided to perform 
addition, subtraction, multiplication, and cer-
tain logical operations, but a "sub-program" 
is used for other operations, including division, 
which occur less frequently. The component 
elements of the computing circuits used are 
similar to those used in video-pulse circuits in 
radar (see 1874 of 1948). One type of adding 
circuit is considered in detail. The "control" is 
an electronic storage tube, holding two num-
bers; its operation is described. Arrangements 
are made to enable the machine to perform or 
omit an instruction according to the nature of 
the result obtained at a particular stage of the 
calculation. 

681.142:62L385.032.212  134 
Polycathode Glow Tube for Counters and 

Calculators —Lamb and Brustman. (See 275.) 

MEASURE MENTS  AND  TEST  GEAR 

531.764.5  135 
The Development of the Quartz Clock — W. 

A. Marrison. (Elektrotechnik (Berlin), vol. 3, 
pp. 311-316; October, 1949.) Condensed ver-
sion of the paper noted in 762 of 1949. 

621.317.2  136 
New High-Voltage Engineering Labora-

tory —J. H. Hagenguth. (Gen. Elec. Rev, vol. 

February 

621.317.3.011.5:621.365.55:  137 
Dielectric Loss with Changing Tempera-

ture —J. B. Whitehead and W. Rireggeberg. 
(Elec. Eng., vol. 68, p. 874; October, 1949.) 

perties of a dielectric W hile its temperature 
Summary only. A met hod of measuring the 
pro   I 

is changing has been developed and applied to 
certain thermosetting materials subjected to 
hf heating. The presence of absorbed moist ure 
in small amounts has a pronounced effect on 
the dielectric properties of such materials. The  • 
two important phenomena are dielectric ab-
sorption and some form of molecular polariza-
tion; their relative importance depends on the 
type of heating cycle. 

621.317.3.029.3  138 
Audio-Frequency  Measurements -W.  L. 

Black and II. H. Scott. (Vatic. I.R.E., vol. 37, 
pp. 1108 1115; October, 194%.) Discussion of 
the theory involved in making measurements of 
gain, frequency response, distortion, and noise, 
with particular reference to high-gain systems. 
Techniques of measurement and factors affec-
ting accuracy are also discussed. See also 147 
and 148 below. 

5 2, 1 pp. 9-14; September, 1949.) The laboratory   
was built for development and research work 
on apparatus rased for power transmission and 
distribution. Test power for ac hv tests is 
supplied by one 1,000-kva generator and two 
500-kva generators.  Two 500-kw 500-v dc 
generators are also available. For studying 
transient  voltages,  such as those due to 
lightning, tinder controlled conditions, two 
.5,1 00- kv  impulse  generators are provided. 
These can produce a ireak voltage of 7,500 kv 
to ground at a current of 33 Ica when operated  , 
individually, or 66 ka when connected in 
parallel. Five 350-kv 1,000-kva test trans-
formers can be connected in cascade to deliver 
1,750 kv (rms) to ground. A surge current 

i generator is also available, capable of producing 
260 ka at 50, 100, or 150 kv 

621.317.32  139 
Problems Related to Measuring the Field 

Strength of High-Frequency Electromagnetic 
Fields —R Truett. (Picoc. IR E., vol. 37, pp. 
1144-1147; October, 1949.) Continuation of 
429 of 1949, with more detailed treatment of 
the parallel-plate field and extension to the 
field in a rectangular cavity. In both cases, the 
field amplitude can be expressed quite simply 
in terms of easily rheasurable parameters, if 
certain velocity conditions are satisfied by the 
electron beam, and the cyclotron frequency 
!e!II/nsc is equal to the frequency of the em 
field. 

621.317.32: 551.594  140 
A New Method of Measuring the Vertical 

Electric Field in the Atmosphere —J. A. Chal-
mers. (Jour. Sci. mat,., vol. 26, pp. 300 301; 
September, 1949.) A metal ball rolls down an 
inclined earthed gutter and drops into an in-
sulated collector, which thus acquires a poten-
tial proportional to the atmospheric electric 
field. This potential is amplified and measured 
by a galvanometer. 

621 .317 .335.21.:621.319.4  141 

Accurate Determination of the Absolute 
Capacity of Condensers: Part 2—J. Clay. 
(Physica,'s Gray., vol. IS. pp. 484-488; July, 
1949. In English.) Results are given of new 
precision measurements of the dimensions of 
three variable steel capacitors front which 
their capacitances are deduced. Values ob-
tained agree to within 1 part in 3,000 with 
those found by es and osAllation methods, and 
the absolute value is believed to be accurate 
within 0.01 per cent. For part 1 see 4175 of 
1936. These capacitors were used for the meas-
urements of dielectric constant discussed in 
125 and 128 above. 

621 .315 .612 :621.317.37.029.6  142 

The Measurement of the Dielectric Proper-
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ties of High-Permittivity Materials at Centi-
metre  Wavelengths —Powles and  Jackson. 
(See 121.) 

621.317.372+621.317.334  143 
Q and L Measurements —W. T. Cocking. 

(Wireless World, vol. 55, pp. 449-453; Novem-
ber, 1949.) When a Q meter is not available, the 
frequency or capacitance detuning methods 
here described form convenient ways of de-
termining Q and also the inductance and self-
capacitance of coils; Q is obtained by calcula-
tions involving measured frequencies or ca-
pacitances. Factors limiting accuracy are dis-
cussed. 

621.317.372:621.315.614  144 
Electrical Testing of Capacitor Paper —H. S. 

Endicott. (Gen. Elec. Rev., vol. 52, pp. 28-35; 
September, 1949.) Equipment is described for 
measuring the dielectric constant and power 
factor of dry, unimpregnated capacitor paper. 
The sample is not removed from the drying 
chamber. The relation between the power-
factor/temperature curves of dry and impreg-
nated paper is discussed. The time necessary 
for a test has been reduced from 3 weeks to 2 
days. 

621.317.7+621.38+621.396.691:061.4  145 
Radiolympia Review —( Wireless World, vol. 

55, pp. 428-444; November, 1949.) An illus-
trated review of various exhibits, namely (a) 
television equipment, (b) broadcast receivers, 
(c) sound reproducing equipment, (d) compo-
nents and accessories, (e) communication equip-
ment, (f) testing and measuring gear, (g) scien-
t ific, industrial, and medical apparatus. See also 
3472 of 1949. 

621.317.7.001.4  146 
Operation and Care of Circular-Scale In-

struments: Parts 1 and 2—J. Spencer. (Instru-
ments, vol. 21, pp. 621-632 and 715-724; July 
and August, 1948.) A fully illustrated discus-
sion of the mechanism of such instruments, and 
dismantling and reassembling procedure for 
repair, showing the principles of operation of 
Westinghouse and General Electric moving-coil 
dc meters Types KX24 and DB-12, and mov-
ing-iron ac meters Types KA24 and AB-12. 
Calibration adjustments, maintenance, and re-
pair of various defects, from simple frictional 
defect to component failure, are also considered. 

621.317.7.029.3  147 
Audio Frequency Measurements: Part 1— 

W. L. Black and H. H. Scott. (Audio Eng., vol. 
33, pp. 13-16, 43; October, 1949.) Paper pre-
sented at a joint IRE-RMA meeting at Syra-
cuse, N. Y. Definitions and minimum stand-
ards for the audio facilities of a broadcasting 
system are specified in R.M.A. Standard TR-
105A, published in May, 1948. The technical 
background which is the basis for this specifica-
tion is here surveyed and measurement meth-
ods are discussed thoroughly. A test circuit for 
gain measurements is described. The use of cal-
ibrated adjustable attenuators is recommended. 
Sources of error include mismatch and varia• 
tion in the degree of earthing. The measure-
ment of bridging gain is considered. Part 2: 148 
below. 

621.317.7.029.3  148 
Audio Frequency Measurements: Part 2— 

W. L. Black and H. H. Scott. (A nth() Eng., vol. 
33, pp. 18-19, 50; November, 1949.) Continua-
tion of 147 above. Determination of harmonic 
distortion at the output, and intermodulation 
and noise measurements are discussed. See also 
138 above. 

621.317.7.088.22  149 
The Ratio of Electrical to Friction Torques 

in Indicating Instruments—G. Szabo. (Jour. 
Sci. Instr., vol. 26, pp. 301-304; September, 
1949.) Factors affecting this ratio at its most 
favorable value are discussed. The shock-ac-
celeration and shock-velocity are computed for 

the range of deformations where pivots and 
jewels are not damaged. 

621.317.71:621.385.5  150 
The Use of Multigrid Tubes as Electrome-

ters —J. R. Prescott. (Rev. Sci. Instr., vol 20, 
pp. 553-557; August, 1949.) 

621.317.715  151 
The Galvanometer as a Built-In Component 

—G. Spiegel. (Elec. Mfg., vol. 42, pp. 80-83; 
July, 1948.) Both the jewelled and the taut-
suspension types of galvanometer are consid-
ered. The latter have much greater sensitivities 
and longer periods. 

621.317.72  152 
Compensator —A Device for Measurement 

of Alternating Currents within a Broad Fre-
quency Range —V. Hlaysa. (Testa Tech. Rep. 
(Prague), pp. 4-10; March, 1949.) For meas-
urements at frequencies between 20 cps and 20 
kc. One of two synchronous generators supplies 
current to the object under test and the voltage 
developed across it is balanced by the output 
of the other generator. The magnitude and 
phase of this output voltage are controlled by 
means of a potentiometer and a phase shifter, 
both of which are calibrated. Design details and 
applications of the equipment are discussed. 

621.317.726: 621.396.615.17  153 
Measurement of the Time Constants of 

Peak Voltmeters Intended for the Study of 
Transient Phenomena —F. dr Clerck. (HF 
(Brussels), no. 3, pp. 81-87; 1949.) For measur-
ing the time constant of the indicating instru-
ment a rectangular pulse is used of duration 
variable and of the order of the time to be 
measured. For the time of charge of the electri-
cal circuit a sine-wave pulse, symmetrical with 
respect to zero and with a rectangular envelope, 
is used, the pulse duration is again variable. 
The discharge time requires the sudden inter-
ruption, for a controlled time, of a sine wave. A 
generator for producing these three types of 
pulse is described and also a method of using it 
to enable the times to be measured on the 
screen of a cro. Other applications of the equip-
ment are mentioned. 

621.317.729:532.517.2  154 
Fields from Fluid Flow Mappers —A. D. 

Moore. (Jour. Appi. Phys., vol. 20, pp. 790-
804; August, 1949.) Fluid flow within the 
streamline range, made visible by means of po-
tassium permanganate crystals, can be used to 
simulate es, em, and other fields. Flow takes 
place between a fiat slab of plaster-of-Paris, 
provided with suitable sources and sinks, and a 
parallel sheet of plate glass. Setting-up tech-
niques for particular problems are described. 
Two-dimensional fields can in general be set up 
easily; some symmetrical three-dimensional 
fields can also be simulated. Photographs of re-
sults obtained are included and discussed. 

621.317.73  155 
Impedance Measurements with Directional 

Couplers and Supplementary Voltage Probe - 
B. Parzen. (Puoc. IR E., vol. 37, pp. 1208-
1211; October, 1949.) T.he impedometer con-
sists of two oppositely connected directional 
couplers and a voltage probe in a short trans-
mission line. An experimental model for fre-
quencies between 50 and 500 Mc is described. 

621.317.733  156 
The Design and Construction of a Compari-

son Impedance Bridge for Frequencies of 40-
270 Mc/s. —W. C. Weatherley. (Proc. IRE 
(London), vol. 96, pp. 429-432; September, 
1949.) Two types of bridge are described, one 
for measuring "balanced" and the other for 
"unbalanced" impedances to earth. The fre-
quency range is about ± 20 per cent of the 
working mid-frequency. Measurements can be 
obtained without placing bulky apparatus near 
the impedance being measured. Changes in im-
pedance over a definite frequency band are 

measured, rather than absolute impedance. 
Circuit details, suitable components, and cali-
bration procedure are described. Accuracy is 
within ± 2 per cent for resistance comparison 
and within ± 5 per cent for capacitance com-
parison. 

621.317.74:621.395.44  157 
Transmission-Measuring Set for Low-Fre-

quency Carrier Systems —J. Brundage and J. 
Zyda. (Elec. COMMU11., vol. 26, pp. 204-208; 
September, 1949.) Description of the Type 
902-A set, which includes a stabilized R-C os-
cillator covering the frequency range 300 to 
40,000 cps. A 4-position rotary switch provides 
for sending, receiving, measuring, and calibra-
tion. Transmission power may be varied from 
-40 to +20 db relative to 1 mw, and receiver 
sensitivity is adequate. Self-calibration is ar-
ranged. The unit may be either of portable form 
or rack-mounted. 

621.317.75  158 
Harmonic Analyzer and Synthesizer —J. 

Lehmann. (Electronics, vol. 22, pp. 106-110; 
November, 1949.) Any wave form which can be 
represented by a Fourier sine or cosine series 
having up to 20 terms can be analyzed by this 
electromechanical instrument. Two dials are 
provided on which the amplitude and phase of 
each term can be set. For synthesis, the ampli-
tudes and phases of the first 20 odd harmonics 
are set on the dials, and the response is plotted 
on a dynamometer-type recorder. For analysis, 
the amplitudes of the steps of a stepped-wave 
approximation to the wave form under investi-
gation are set on the amplitude dials, and the 
frequency response is obtained as two plotted 
curves from twin recorders, in rectangular or 
polar coordinates. Circuit arrangements are 
discussed, and examples illustrating the opera-
tion of the instrument are included. 

621.317.755:621.385.629.63/.64 159 
Traveling- Wave Oscilloscope —Pierce. (See 

264.) 

621.317.761  160 
Electronic Frequency Meter —(Jour. Sci. 

Instr., vol. 26, p. 310; September, 1949.) Made 
by Airmec Laboratories Ltd., High Wycombe. 
Designed to measure frequencies 0-200 cps, 0-2 
kc and 0-20 kc. Input signal can be between 0.1 
and 20v; the wave may be of any shape having 
not more than 2 zeros per cycle. A circuit dia-
gram is given showing the wave form at various 
stages. Pulses of recurrence frequency corre-
sponding to the signal frequency are derived. 
The meter indica•es the number of pulses re-
ceived per second. Accuracy within 1 per cent 
is unaffected by mains voltage fluctuations not 
exceeding 10 per cent. 

621.317.761  161 
A New Frequency-Meter and Its Applica-

tion —H. Hochrainer. (Elektrotech. u. MoAchi-
nenb., vol. 66, pp. 288-291; October, 1949.) 
The current whose frequency is to be deter-
mined passes through a barretter and thence 
through a capacitor and a resistor respectively 
to opposite corners of a rectifier bridge. If the 
currents through the capacitor and resistor are 
equal, a moving-coil ammeter connected across 
the other diagonal will show no deflection. If. 
however, the frequency alters, the capacitive 
current will change and a deflection will be ob-
tained on one side or the other of the instru-
ment's center zero. Applications to frequency 
recording for power systems and to frequency 
control are considered. 

621.317.763 621.392.26i  162 
Wave-Guide Interferometers as Differen-

tial Wave-Meters—A. 13. Pippard. (Jour. Sci. 
Instr., vol. 26, pp. 296-298; September, 1949.) 
The advantages of nonresonant waveguide in-
terferometers over resonant cavities as absolute 
differential wave meters are discussed, and two 
simple interferometers are considered in detail. 
An interferometer using a hybrid junction, and 
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operating similarly to Michelson's interferome-
ter, can have extremely high sensitivity in de-
tecting small changes of frequency; experi-
mental results are discussed. 

621.317.772  163 
On a Valve-Type Phase Meter —i. Gilbert. 

(Hely. Phys. Ada, vol. 22, pp. 409- 411; August 
15, 1949. In French.) Description, with circuit 
diagram giving no component details, of a 
meter for reading directly the phase difference 
between two If voltages of any wave form, and 
any amplitude between 20 v and 250 v. For fre-
quencies in the range 20-500 cps the accuracy 
is of the order of ± 2°. A phase meter based on 
similar principles has been described by Flor-
man and Tait (1726 of 1949). See also 3483 of 
1949 (Kretzmer). 

621.317.79:621.396.615  164 
Citizens Band Signal Generator — W. C. 

Hollis. (Electronics, vol. 22, pp. 77-79; No-
vember, 1949.) Construction details of a unit 
which contains a tunable concentric-line reso-
nator in a Colpitts oscillator circuit using a sub-
miniature tube. For earlier articles on Citizens 
Radio see 3482 of 1949 (Lurie) and back refer-
ences. 

621.317.79 : 621.396.822  165 
A Video-Frequency Noise-Spectrum Ana-

lyzer —P. S. Jastram and G. P. McCouch. 
(Prtoc. I.R.E., vol. 37, pp. 1127-1133; October, 
1949.) Requirements for noise-analyzer design 
are discussed. The heterodyne method of analy-
sis is preferred to the tuned-circuit method be-
cause wide frequency coverage can be obtained 
with constant sensitivity and simple tuning ar-
rangements. Design procedures can be worked 
out for obtaining adequate dynamic operating 
range and for suppression of errors. All ciicuits 
after the first modulator operate over fixed 
narrow frequency bands. A practical instru-
ment for a frequency range of 50 kc to 10 Mc is 
described. The width of the analyzing pass 
band is 33 kc. 

621.317.79:621.396.933  166 
Distant Monitoring of Radio Transmissions 

for Naval and Aviation Services —J. Marique. 
(HF (Brussels), no. 3, pp. 71-80; 1949.) The 
subject is considered as affecting ship or air-
craft security, navigation, and communica-
tions. Examples illustrate the results of meas-
urements carried out at the special monitoring 
center established in Brussels since 1946. An out-
line is given of the methods adopted there for 
the measurement of frequency, the recording of 
signals in a given frequency band and analysis 
of the records. 

621.317.794  167 
A Ten Centimeter Broadband Bolometer 

Cavity —T. Miller. (Tele-Tech, vol. 8, pp. 28-
31, 74; September, 1949.) A 10-ma fuse is used 
as the bolometer element of a cavity resonator 
for measuring powers from 100 aw up to several 
mw. Power reflection is <1 per cent for wave-
lengths between 9 and 10.5 cm. The cavity 
bridge circuit and methods of increasing band-
width by means of a resonant diaphragm sold-
ered into the waveguide are described. 

621.319.4.089.6  168 
The Calibration Curves for Bohlrausch Ca-

pacitors —G. Zickner. (Elektrotechnik (Berlin), 
vol. 2, pp. 317-320; November, 1948.) Descrip-
tion of a parallel-plate capacitor with variable 
plate distance, and discussion of the representa-
tion of its calibration curve in cartesian, dou-
ble-logarithmic, or hyperbolic coordinates, and 
also of the best means for determining the error 
curve showing the departure from the exact 
hyperbolic law. 

621.385.001.4: 621.3.015.3  169 
Surge Testing of High Vacuum Tubes — 

H. J. Dailey. (Tele- Tech, vol. 8, pp. 26-29, 60; 
October, 1949.) An experimental investigation 
with artificially generated flash-arcs. Results 
indicate that (a) adding series resistors in the 

anode circuit does not materially affect tube 
damage per flash-arc for low gas pressures, but 
does reduce the tendency towards arcing, (b) 
shielding the filament supports from the anode 
causes prompt failure, (c) internal sources of gas 
must be minimized, (d) initial gas pressure 
should be of the order 10-4  mm Hg to minimize 
flash-arc damage, (e) the filament exposed to 
flash-arc should be at maximum operating 
temperature, (f) the addition of a series resistor 
may increase flash-arc damage if the tubes are 
soft and remain soft. 

621.396.621.001.4:621.3.015.3  170 
Transient Phenomena in Radio Receivers 

—Carniol. (See 318.) 

621.396.645.37.001.4: 621.3.016.352: 
621.3.015.3  171 

Examination of Amplifier Stability by Ap-
plying a Sudden D.C. Test Voltage —Carniol. 
(See 77.) 

621.397.62.001.4 : 621.396.619  172 
Measuring Modulation Depths of TV Sig-

nals —R. P. Burr. ( Tele- Tech, vol. 8, pp. 32-35, 
77; September, 1949.) Description of methods 
used and equipment required, especially for 
cases where only a small test signal is available. 
See also 3593 of 1947 (Buzalski). 

621.317  173 
Hochfrequenzmesstechnik (Book Reviewj 

—O. Zinke. Publishers: S. Hirzel. Leipzig, 2nd 
edn 1947, 253 pp. (Elektrotechnik (Berlin), vol. 
2, p. x; November, 1948.) There are twelve 
main sections dealing with current, voltage, 
field-strength, and power measurements and 
with practically every type of measurement re-
quired in radio technique. " . . . an extraordi-
narily valuable help for every Id technician." 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

531.718.4:621.396.619.13  174 
Measurement and Amplification of Small 

Displacements by Means of F. M. —P. Bricout 
and M. Boisvert. (Rey. Gen. Elec., vol. 58; pp. 
402-404; October, 1949.) An instrument is de-
scribed in which small displacements of the 
plate of a specially constructed capacitor in an 
oscillatory circuit produce frequency variations 
at the mixer grid of a heptode in a Hartley cir-
cuit. This discriminator is due to Bradley (227 
of 1947) and is relatively insensitive to ampli-
tude variations; it operates linearly over a large 
part of the scale. Sensitivity is adjustable 
within wide limits; amplification is above 1,000 
and relative error below 1 per cent. Application 
of the instrument in various pressure measure-
ments are noted. 

534.321.9.001.8: 539.61.08  175 
Evaluation of Adhesion by Ultrasonic Vi-

brations —S. Moses and R. K. Witt. (Ind. Eng. 
('hem., vol. 41, pp 2334-2338; October, 1949.) 
A direct, quantitative method for measuring 
the adhesion of organic coatings to both metal-
lic and nonmetallic surfaces is described. Lon-
gitudinal ultrasonic vibrations are induced by 
an electrodynamic system in a metal cylinder, 
one end of which is threaded for attachment of 
the sample to be coated. The coating separates 
from the face of the sample when the force re-
quired to accelerate it exceeds the adhesion 
force at the interface. The accelerating force is 
determined by the frequency and amplitude of 
the vibration, and the mass and dimensions of 
the film. 

535.247.4  176 
Darkroom Light Meter —S. Becker. (Elec-

tronics, vol. 22, pp. 90-91; November, 1949.) A 
sensitive photocell unit samples the light falling 
upon an enlarging easel and gives the optimum 
exposure time directly in seconds. Complete 
construction details are included. 

535.61-15:621.385.532  177 
Cathode-Ray  Presentation  for  Infrared 

Spectrometer —J. H. jupe. (Electronics, vol. 2 
pp. 189, 193; November, 1949.) Description 
an instrument capable of scanning a band 
width .3µ anywhere in the range 2-16u, in a t 
tal time of about 15 seconds. 

539.16.08  171 
Electron Mobilities in Geiger- Muller CountJ 

era- -H. den Hartog, F. A. Muller, and C. S. W. 
van Rooden. (Physica's Gray., vol. 15, pp. 581 
587; July, 1949. In English.) 

539.16.08  17 
Geiger Tube Quenching Circuit for a Neg 

tive High Voltage Supply--R. J. Watts. (Rev. 
Sci. Instr., vol. 20, p. 699; September, 1949.) A-
modified  Neher-Harper circuit.  The Type 
CK569AX tube was selected for a portable de-
sign; other heater types of tube can be used. 

539.16.08  180 ' 
Speed  of  Operation  of  Geiger-Muller 

Counters —H. den Hartog. ( Nucleonics, vol. 
pp. 33-47; September, 1949. Bibliography, p. 
47.) Discussion of the delays caused by electron 
transit dine, discharge development, discharge 
quenching, and dead-time. The work of various 
authors who have attempted to explain or 
measure some of the complex phenomena in-
volved is reviewed. The resolution of G-NI 
counters is compared with that of other count-
ers. 

539.16.08:621.386  181 
Dead Time and Non-Linearity Characteris-

tics of the Geiger-Counter X-Ray Spectrome-
ter —L. Alexander, E. Kummer, and II. P. 
Klux. (Jour Appi. Phys., vol. 20, pp. 735-740; 
August, 1949.1 

621.316.7.076.7.: 543.712: 676/677  182 
Automatic  Control  of  Moisture -R.  V. 

Coles. (Electronics, vol. 22, pp. 82-86; Novem-
ber, 1949.) Electronic equipment makes cor-
rections proportional to the difference from tile 
desired moisture content as material passes 
through a capacitive measuring element. This 
type of control is specifically useful in the tex-
tile and paper industries. 

621.317.083.7  183 
Electrical  Telemerering --N.  A.  .Abbott. 

(Radio and Teleyis.  News, Radio-Electronic 
Eng. Supplement, vol. 13, pp. 3-6, 29; October, 
1949.) Discussion of primary deter-tors for the . 
actual measurements, intermediate links for 
transmitting the information, and indicating or 
recording units. A block diagram of a typical 
complete telemetering system is included. 

621.317.39:531.775  184 
A Tachometer —A. E. Benfield. (Rev. Sci. 

Instr., vol. 20, pp. 663-667; September, 1949.) 
Theory and operation of a simple instrument in 
which a dc electromotive force is generated by 
means of a magnet attached to the rotating 
member. A formula for the emf is given, and 
the effect of varying the position and orienta-
tion of the magnet is considered. The emf is di-
rectly proportional to the speed of rotation, but 
is rather small; possible ways of increasing it 
are briefly discussed. 

621 .317 .39:1620.178.3+531.768  185 
Modern Vibration Meters with Electrical 

Indication —H. Kohler. (Elektrotechnik (Berlin), 
vol. 3, pp. 301-310; October, 1949.) The physi-
cal principles of vibration and acceleration 
meters are considered and short descriptions are 
given of a wide variety of instruments, includ-
ing capacitive, electrodynamic, and piezoelec-
tric types. These fall into two groups: (a) with 
relatively low sensitivity for investigations 
dealing with machinery; and (b) with high sen-
sitivity for use in seismology and in building 
and mining research. A fuller account is given 
of a piezoelectric acceleration meter with very 
high sensitivity; this has a longitudinally 
stressel Rochelle-salt crystal as indicating ele-
ment. Results obtained with this meter are de-
scribed. 
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621.365.5  186 
Coupling Circuits for H.F. Heating —R. A. 

Whiteman. (Radio and Televis. News, Radio-
Electronic Eng. Supplement, vol. 13, pp. 8-11, 
27; October, 1949.) Design of such circuits for 
optimum power transfer and optimum loading 

of the power stage. 

621.365.54t  187 
(Vacuum] Induction Furnace for High-Tem-

perature Ceramic Research —P. D. Johnson. 
(Jour. Amer. Ceram. Soc., vol. 32, pp. 316-319; 
October, 1949.) An illustrated description. 
Power is supplied by a 9,600 cps generator 
driven by a 90-hp, 3-phase motor. Tempera-
tures up to 2,300°C can be obtained by using 
Mo for the susceptor and the radiation shields. 

621.365.54+:621.785.6  188 
Multi-Purpose Inductance Hardening Units 

—( Machinery (London), vol. 75, pp. 413-415; 
. September 22, 1949.) 

621.365.55t  189 
Temperature  Behaviour  in  Electrically 

Heated  Nonhomogeneous  Bodies  W.  F. 
Kussy. (E/ektrotechnik (Berlin), vol. 3, pp. 323-
326; October, 1949.) Calculations with particu-
lar application to porcelain coil-formers, for 
both short-period and continuous loading. 

621.365.55t:621.317 .3.011 .5 190 
Dielectric Loss with Changing Tempera-

u tnre— Whitehead and Rueggeberg. (See 137.) 

!, 621.38.001.8  191 
Electronics in War and Peace —A. L. 

t. Whiteley. (Engineering (London), vol. 168, pp. 
350-352; September 30, 1949.) Long summary 

1 of paper read before the British Association. 
. The advantages of electronics for war purposes 
are high sensitivity and high speed of response. 
Industrial applications to welding and printing 
are discussed. The development of electronics 
in industry has been slower than expected be-
cause the installation of electronic devices often 
requires the re-design of machinery and the 
training of operating and maintenance staffs. 
The accuracy of electronic devices is often far 
greater than that required. Tube life must be 
lengthened. Electronic engineers must have a 
closer understanding of the processes they hope 

Ito improve. 

621.38.001.8:629.13.052  192 
An Electronic Pressure-Sensitive Trans-

ducer --(,. Day. (Jour. Sci. Instr., vol. 26, pp. 
327-329; October, 1949.) The applied pressure 
varies the interelectrode spacing of a double-
diode tube working under space-charge-limited 
conditions. The resultant changes in the two 
anode currents produce an out-of-balance volt-
age in a bridge circuit of which the diodes form 
two of the arms. The device is primarily de-
signed for use as an aircraft altimeter. 

621.383.001.8:535.61-15  193 
Applying the Infrared Image Converter 

Tube —R. D. Washburne. (Electronics, vol. 22, 
pp. 150, 164; November, 1949.) Description of 
a British tube, Type CRI-143, in which conver-
sion is achieved by means of a uniform field be-
tween the anode and the cathode. The image is 
not inverted, and the tube is much simpler than 
its American counterpart. For another account 
see 1710 of 1948 (Pratt). 

621.383.001.8:536.587  194 
Light-Sensitive Cells —(Overseas Eng., vol. 

23, pp. 128 -129; November, 1949.) Applica-
tions in industry are discussed, with particular 
reference to automatic temperature control 
during welding and pre-heating operations. 

621.384.611 t  195 
Betatron Injection into Synchrotrons—F. K. 

Goward. (Proc Phys. Soc., vol. 62, pp. 617-
631; October 1, 1949.) Factors influencing the 
proportion of electrons which may be trapped 
and accelerated in a transition from betatron 
to synchrotron operation are discussed; this 

transition is important in synchrotron design. 
Machines of various energies are studied; satis-
factory agreement between theory and experi-
mental results is obtained. 

621.384.611.2t  196 
A 30-Million Volt Synchrotron for Medical 

Use —( Nature (London), vol. 164, pp. 726-728; 
October 29, 1949.) A fuller description of the 
equipment noted in 3223 of 1949 (Martin). 

621.384.611.2t  197 
The Dynamics of a Synchrotron with 

Straight Sections—N. M. Blachman and E. D. 
Courant. (Rev. Sci Intr.. vol. 20, pp. 596-601; 
August, 1949.) 

621.384.612.1t  198 
The Electron Cyclotron— W. J. Henderson 

and P. A. Redhead. (Nucleonics, vol. 5, pp. 
60-67;  October,  1949.)  An  experimental 
model, built by the National Research Council 
of Canada, is described. Magnetic field and ap-
plied rf are constant; the electron time lag per 
revolution due to the relativistic increase is 
made equal to an integral number of periods of 
the rf field. This type of accelerator may have 
distinct advantages over other types in the en-
ergy region of 107-10, ev. 

621.385.833  199 
Electron-Optical Shadow Method —(Tech. 

Bull. Nat. Bur. Stand., vol. 33, pp. 106-108; 
September, 1949.) A technique based on exten-
sive theoretical analysis and developed at the 
National Bureau of Standards by L. L. Mar-
ton; theoretical formulas have been derived by 
S. H. Lachenbruch. An electron lens system is 
used to produce a shadow image of a fine wire 
mesh placed in the path of an electron beam. 
From the distortion in the shadow pattern 
caused by deflection of the electrons as they 
pass through the field under investigation, ac-
curate values of field strength can be computed. 
The method can be applied to fields of very 
small dimensions, such as the fringe fields from 
the small domains of spontaneous magnetiza-
tion in ferromagnetic materials. The method is 
somewhat similar to the electron-optical schlie-
ren method, but is much better adapted to pre-
cise determination of field intensity. 

621.385.833  200 
A New Type of Focusing inc Magnetic Lens 

Field -El. Slatis and K. Siegbalin. (Phys. Rev., 
vol. 75, p. 1955; June 15, 1949.) 

621.396.615:621-12  201 
The Reciprocator —White and Lord. (See 

66.) 

Smyth. (Paoc. IRE., vol. 37, pp. 1195-1203; 
October, 1949.) The results of height-gain 
measurements at 7 frequencies in the range 25 
to 9,375 Mc for a nonoptical path in the Gila 
valley, Arizona, can be adequately explained 
by diffraction theory alone for the lower fre-
quencies. Fields observed at the higher fre-
quencies for low terminal heights were consid-
erably stronger than those predicted by stand-
ard diffraction theory, even under meteorologi-
cal conditions which were subnormal near the 
ground. These strong fields had rapid variations 
with time but no variation with height The 
frequency distribution of the signal fluctuations 
agrees with a Rayleigh distribution. Interpreta-
tion of the data according to the waveguide 
theory of atmospheric propagation (507 and 
2892 of 1947) is being investigated. 

538.566  204 
Transmission of Electric Waves through 

Wire Grids— W. Franz. (Z. Angew. Phys., vol. 
1, pp. 416-423; June, 1949.) The transmission 
of plane em waves through a system of parallel 
grids of identical grid-constant is calculated, 
assuming that the radius of the wire is small 
with respect to the wavelength and to the wire 
spacing. The radiation resistances occur as co-

- efficient. in a system of linear equations from 
which the excitation of the individual grids and 
also the transmission properties of the whole 
system can be determined. Comparison with 
the measurements of Esau, Ahrens, and Kebbel 
(2631 of 1939) shows satisfactory agreement 

PROPAGATION OF WAVES 

535.42:538.56  202 
On the Diffraction of an Electromagnetic 

Wave through a Plane Screen —J. W. Miles. 
(Jour. Appl. Phys., vol. 20, pp. 760-771; 
August, 1949.) The screen is assumed infinitely 
thin and perfectly conducting. The diffraction 
problem is formulated, using generalized cylin-
drical coordinates, in terms of the generalized 
Fourier transform of the tangential electric 
field in the aperture. An integral equation for 
this transfoim is obtained. The power trans-
ferred through the aperture is calculated and 
expressed in a variational form of the Schwin-
ger type. The significance and behavior of the 
aperture impedance is considered. Other formu-
lations of the problem, including one involving 
Babinet's principle (1335 of 1947), are dis-
cussed. The variational formulation appears to 
provide a convenient link between the results 
for large wavelengths for which Rayleigh's stat-
ic methods are valid, and those for small 
wavelengths where geometrical optics can be 
used. It appears to be superior to the Kirchhoff 
theory for any assumed aperture field. See also 
1845 of 1948 (Levine and Schwinger). 

535.42:621.396.81.029.6  203 
Diffraction of High-Frequency Radio Waves 

Around the Earth —M. D. Rocco and J. B. 

538.566.2:535.13  205 
The Propagation of Electromagnetic Waves 

through a Stratified Medium and Its WKB Ap-
proximation for Oblique Incidence —H. Brem-
mer. (Physica,'s Gray., vol. 15, pp. 593-608; 
August, 1949.) The plane-wave solution of 
Maxwell's equations for a stratified medium is 
split into a series of terms, which have a simple 
physical meaning; the first of these terms con-
stitutes the W KB approximation. By the in-
troduction of a convenient Hertzian vector, the 
original vector problem is made scalar. The ap-
plication of the saddle-point method to the in-
dividual terms of the series leads to simple geo-
metric-optical approximations 

621.396.11  206 
Velocity of Electromagnetic Waves —C. I. 

Aslaskon. ( Nature (London), vol. 164, pp. 711-
712; October 22, 1949.) The U. S. Air Forces 
used shoran extensively for measuring geodetic 
distances of from 67 to 367 miles. The results 
appeared to indicate that the velocity of em 
waves was 299,792 km. The method of observa-
tion was to determine the minimum of the sum 
of the distances between an aircraft and two 
ground stations as the aircraft flew across the 
line between the stations. The distances were 
corrected for the velocity of radio waves by a 
numerical integration along the ray path 
based on nearly simultaneous psychometric 
observations. See also 3488 of 1948 (Essen and 
Gordon-Smith) and 208 below. 

621.396.11:551.510.535  207 
Some Important Results of the Geometri-

cal-Optical Properties of the Ionosphere —K. 
Rawer. (Rev. Sci. (Paris), vol. 86, pp. 481-485; 
May and June, 1948.) The results are presented 
of calculations of the paths of rays reflected 
from an ionosphere layer with a parabolic ioni-
zation distribution, the angle of projection of 
the rays having any value up to 90°. Curves are 
also given for the field strength and the muf 
factor as a function of distance from the trans-
mitten Values calculated for the radius of the 
zone of silence for different angles of projection 
are in good agreement with the values found 
from formula (12) of Appleton and Beynon's 
paper noted in 3290 of 1940. 

621.396.11.020.64  208 
The Measurement of the Velocity of Propa-

gation of Centimetre Radio Waves Ss a Func-
tion of Height above the Earth: Part 2—The 
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Measurement of the Velocity of Propagation 
over a Path between Ground and Aircraft at 
10,000, 20,000 and 30,000 ft. —F. E. Jones and 
E. C. Cornford. (Proc. 1 EE (London), vol. 96, 
pp. 447-452; September, 1949.) Continuation 
of 1441 of 1948 (Jones). Results of observations 
at two oboe ground stations are given. The 
most probable values for the mean velocity of 
propagation between ground and aircraft are 
299,713 km, 299,733 km, and 299,750 km for 
aircraft heights of 10,000 feet, 20,000 feet, and 
30,000 feet respectively. 

621.396.11.029.66f  209 
Propagation Characteristics of Tenth-Mil-

limetre Waves —R. Franz. (Radio Tech. (Vi-
enna), vol. 25, pp. 461-464 and 581-583; Au-
gust and October, 1949.) Absorption, transmis-
sion, and selective-reflection properties of vari-
ous solids for these waves are reviewed and the 

quartz-lens and residual-ray methods of isolat-
ing them are outlined. Absorption and reflec-
tion properties of gases and dipolar substances 
and resonance phenomena in rock salt and other 
materials are considered. 

621.396.81:621.397.5  210 
WSTV  Field-Strength  Report —Gold-

smith. (See 250.) 

621.396.812+538.566.3  211 
A Survey of Ionospheric Cross- Modulation 

(Wave-Interaction or Luxembourg Effect) — 
L. G. H. Huxley and J. A. Ratcliffe. (Proc. I EE 
(London), vol. 96, pp. 433-440; September, 
1949.) Existing theoretical and experimental 
knowledge is surveyed. The pioneer theory of 
Bailey and Marlyn (1934 Abstracts, p. 199 and 
p. 606) is restated in a form which relates it 
more closely to standard ionosphere theory. 
The experimental results are summarized in 
form which enables the magnitude of the ef-
fect to be deduced approximately for any pair 
of stations. The way in which observations of 
cross-modulation can be used in ionosphere re-
search is outlined. See also 1767 of 1949 (Cutolo 
and Ferrero). 

621.396.812.029.62  212 

Painless Prediction of Two- Meter Band 
Openings — W. F. Hoisington. (QST, vol. 33, 
pp. 22-25; October, 1949.) Several examples of 
long ranges for amateur communication are cor-
related with the corresponding weather maps. 
Long ranges are associated with areas of high 
barometric pressure. The trailing edges of such 
high-pressure areas are particularly important. 

621.396.812.3.029.56  213 
Tropospheric Effects in Short and Medium 

Radio Wave Propagation — W. J. G Beynon. 
(Nature (London), vol 164, p. 711; October 22, 
1949.) The results obtained by Heightman 
(2308 of 1949) are confirmed by measurements 
made in July, 1945, at Loth, Sutherland, on 
wavelengths between 60 and 300 m. Echo sig-
nals of appreciable amplitude appeared at 

ranges of 45 km and 65 km. They could be 
identified as reflections from mountains and 
were observed at all frequencies between 1 Mc 
and 5 Mc. Amplitude was often constant for 
several minutes or even hours, but sometimet 
varied by a factor of 4 or 5 to 1 in a few seconds. 
No well-defined variation in mean amplitude 
was found. 

RECEPTION 

621.396.621 +621.397.62  214 
Mass Production of Radio and Television 

Receivers —M. Alixant.  (Radio  Tech.  Dig. 
(Franc), vol. 3, pp. 197-213; August, 1949.) 
Discussion of modern methods, from the proto-
type to the finished and tested article. 

621.396.621  215 
Features of French Broadcasting Receivers 

for the Season 1949-1950 —J. Rousseau. ( 7'SE 
Pour Tons, vol. 25, pp. 325-328; October, 
1949.) A list is given, with details of tubes fitted 

in each receiver, type of circuit, and number of 
stages. Only a few models have a hi stage pre-
ceding the frequency changer. 

621.396.621  216 
A 400- Mc/s Receiver Front End Employing 

Subminiature Tubes and New Miniature Tuned 
Circuits —V. II. Aske. (Sylvania Technologist, 
vol. 2, pp. 2-5; October, 1949.) A new type of 
matched single-tuned input circuit is used, with 
plunger-type tuning. This is followed by a dou-
ble-tuned rf stage and a pentode-type mixer 
working into a 30- Mc if stage. The if circuit is 
loaded with an impedance which simulates the 
input loading of the if tube. Design considera-
tions and circuit and performance details are 
discussed. Gain could be increased by reducing 
the bandwidth of the rf tubes. Results show 
that tubes are available which can be used sat-
isfactorily for the awkward frequencies between 
400 and 1,000 Mc. 

621.396.621:621.317.35  217 
On the Energy-Spectrum of an Almost Pe-

riodic Succession of Pulses —G. G. Macfarlane. 

(Paoc. I.R.E., vol. 37, pp. 1139-1143; October, 
1949.) The energy/frequency spectrum is dis-
cussed for (a) regularly spaced pulses whose 
amplitudes have random oscillations about a 
mean value, and (b) identical pulses whose re-
currence rate varies in a random manner about 
a mean value. Both spectra have two compon-
ents, a line spectrum and a continuous spec-
trum. In case (a), the envelope of each com-
ponent is proportional to the envelope of the 
spectrum of a single pulse and the spacing of 
the lines in the line spectrum equals the repe-
tition frequency. In case (b), the envelopes of 
the two spectra are not the same as that of a 
single pulse, and the spacing of the lines equals 
the mean repetition frequency. Extension of 
the method of calculation to other cases is 
briefly discussed. 

621.396.621.001.4:621.3.015.3  218 
Transient Phenomena in Radio Receivers 

—B. Carniol. (Testa Tech. Rep. (Prague), .pp. 
21-34; March, 1949.) For testing the af part of 
a receiver, square-wave oscillations with a rela-
tively low fundamental frequency are used, so 
that any transients will terminate within less 
than half a period. Unstable (regencies well out-
side the af range usefully transmitted may af-
fect receiver performance considerably. For the 
hf stages, a rectangularly modulated lit signal  ni 
is used. Relations between frequency character-  is 
istics, phase characteristics, and transients are  ne 
discussed. Transient phenomena occurring in  (S 
tuned circuits and band-pass filters on the sud-  dR 
den application of a dc or hi voltage are consid-  re 
ered in some detail and illustrated by oscillo-
grams and phase characteristics. See also 77 
above. 

constant, the tuning of the local oscillator must 
be lowered as that of the input circuit is raised. 
This is effected by using identical components 
for the two circuits, with variable capacitors 
ganged in opposition. The advantages of such 
an arrangement are enumerated. A differential 
capacitor is used for tuning in two examples of 
receiver circuits, which both use double hetero-
dyning and one of which has an amplifier stage 
or the first if. Intermediate frequencies of 
about 2,000 kc and 100 kc are used. 

621.396.621.53  219 
High Gain V.H.F. Converter —H. O'Heffer-

nan. (Short Wave Mag., vol. 5, pp. 720-724; 
February, 1948.) Design, construction, and 
component details for a 50 to 58 Mc unit of ex-
ceptional performance. The unit is arranged to 
have extremely short rf wiring. Each stage can 
be easily adjusted. Antenna coupling can be 
varied from the front panel. There is similar 
front-panel control of the first rf stage trimmer. 
Transformer or capacitive coupling is available 
between stages, and coils are easily accessible. 
The converter is designed to work into the 
common 1.6- Mc if channel of the main receiver, 
and to be switched in when required. 
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621.396.621.54  220  on 
New Reception Principle for Superhetero-  chi 

dynes —F. Tomek. (Radio Tech. (Vienna), vol. ren 
25, pp. 584-586 ; October , 1949.) Description of  tics 
a patented circuit termed the "summadyne - 
Instead of selecting the difference between the  621 
signal frequency and that of the local oscillator 
as the receiver if, the sum of the two frequen-  tor 
cies is chosen. In order, therefore, to keep the if  dio-

621.396.622  221 
Signal-to-Noise Ratios of Linear Detectors 

—R. H. DeLano. (Pitoc. I. RE., vol. 37, pp. 
1120-1126; October, 1949.) A practical ap-
proach to the problem of obtaining the signal 
and noise spectra of the output of a linear de- j 
tector, given the input signal and the input I 
noise power spectrum. Graphical Fourier anal-
yses are performed since the corresponding 
analytical expressions are cumbersome. The 
ratio of the input bandwidth to the center fre-
quency is assumed small. Certain restrictions 
are assumed for the input signal: an am signal, 
for example, is regarded as the product of a 

slowly varying envelope and a carrier-frequency 
sine wave. A comparison is made with square-
law detection for a few useful cases. The linear 
detector gives a higher output signal-to-noise 
ratio than the square-law detector for some 
types of signal 

621.396.622  222 
An  Improved  Synchronous  Detector — 

W. C. Michels and E. D. Redding. (Rev. Sci. 
Instr., vol. 20, pp. 566-568; August, 1949.) The 
synchronous amplifier design of Michels and 
Curtis (43 of 1942) has been modified to mini-
mize feed back and so to allow pre-amplifica-
tion and a sensitivity of 2X 10, mm/v. The in-
strument has an inductive input impedance of 
2 M11 and a bandwidth of 0.25 cps at 800 cps. 
Its merits are discussed. 

621.396.622:537.312.62  223 
Detec ion at Radio Frequencies by Super-

conductivity -J. V. Lebacqz, C. W. Clark, 
M. C. Wil(iams, and D. H. Andrews. (Paoc. 
I.R.E., vol. 37, pp. 1147-1152; October, 1949.) 
Detection by superconducting CbN was stud-
ied as a function of rf current, bias current, and 
temperature. A nonlinear resistance effect oc-
curs in the transition region, with specially 
gh values of dR/ell for currents <1 ma. This 
believed to be due to the effect of the mag-
tic field of the current superconductivity 

ilsbee hypothesis). The observed values of 
/61/ explain to a certain extent the observed 
ctified potentials at 1 Mc, but the increasing 

rectification observed at higher frequencies is 
not yet explained. See also 2531 of 1949 (Le-
bacqz and Andrews). 

621 .396 .622 :621.396.619.13  224 
Experimental Tube for F. M. Detection — 
J. Giacoletto. (Electronics, vol., 22, pp. 87-89; 
vember, 1949.) A single-tube locked-in os-
ator was used for FM detection by Bradley 
7 of 1947) with a grid-controlled multigrid 
be such as Type 6SA7. For optimum per-
mance of this circuit, the current flowing 
yond the second grid of the tube should not 
ect the oscilhitor circuit except through the 
dback loop. In conventional multigrid tubes, 
oscillator grid and the input-signal grid are 
sufficiently isolated to permit the use of a 
h-impedance input circuit. To overcome 
s difficulty a tube combining beam deflection 
grid control was developed. Audio output 
an early model was low, but proposed design 
limes may increase the average output cur-
t at least fivefold. Performance characteris-
of various FM detectors are compared. 

.396.622.7  225 

Limiter Discriminator versus Ratio Detec-
- H. K. Milward and R. W. Hallows. (Ra-
Electronics, vol. 21, pp. 20-22; November, 
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1949.) Results of tests carried out in England 
indicate that (a) although the difference in nois-
rejection is not great, the discriminator with 
a single limiter has slightly better performance 
than the ratio detector, (b) the discriminator 
with 2 limiters is decidedly superior to the ratio 
detector, particularly when the noise level is 
high. Test apparatus and procedure are dis-
cussed. See also 2345 of 1948 (Maurice and 
Slaughter). 

621.397.82  226 
The Influence of U.H.P. Allocations on Re-

ceiver Design —Reid. (See 258.) 

STATIONS AND COMMUNICATION 
SYSTEMS 

/  621.391.5: 621.395.623.66 : 791.44  227 
Inductive Prompting System —B. H. Den-

•  ney and R. J. Carr. (Electronics, vol. 22, pp. 66-
69; November, 1949.) A system which allows 

v" the producer to communicate with actors in a 
film studio, and which does not interfere with 
the film sound system. A modulated magnetic 
field is detected and demodulated in receivers 
of the hearing-aid type. Receiver leads can be 
made photographically invisible or concealed 
under the actor's clothing. The receivers have 
neither tubes, nor batteries; crystal detectors 
are used. Each actor wears a coil of wire in 
which a secondary current flows; the 100-kc 
transmitter, of which circuit details are given, 
is connected to a single-turn loop which sur-
rounds the set area and induces a strong rf 
field at all points within the area. 

621.396.1:621.396.931  228 
Radio Communications Services: Parts 2 4 

—(FM-TV, vol. 9, pp. 18-21, 45, 21-24, 30, 
and 21-23; July, September, and October, 
1949.) Part 1: 2907 of 1949. 

621.396.619  229 
Neglected Outphasing System of Modula-

tion—W. H. Hartman. (CQ, vol. 5, pp. 18-26, 
68; October, 1949.) Theory, design, and con-
structional details of a practical transmitter us-
ing this form of modulation, which combines all 
the advantages of high-level modulation of a 
class-C amplifier with the economies of low-
level systems. See also 85 of 1936 (Chireix). 

621.396.619.16  230 
A Method of Asymmetrical Pulse Duration 

Modulation- -R. J. Watts. (Rev. Sc,. /n t, , 
vol. 20, pp. (,22-623; August, 1949.) 

621.396.65+621.396.931/.932  231 
Review of the Applications of V.H.F. Radio 

Communications—E.  W.  Northrop.  (GEC 
Jour., vol. 16, pp. 184-196; October, 1949.) 
Discussion of typical equipment both for mo-
bile and for point-to-point communication 
choice of headquarters site, antenna height, op-
timum power and frequency, etc 

621.396.712  232 
The "New Look" at HTBS—(Broadcast 

News, no. 56, pp. 40-45; September, 1949.) 
General description of facilities available, with 
photographs of studios, control room. etc. 

621.396.931  233 
The Planning of "Business-Radio" Services 

at Very High Frequencies—(Proc. IRE (Lon-
don), vol. 96, pp. 381-382; September, 1949.) 
Report on IEE Radio Section discussion meet-
ing. Two main types of service are considered: 
(a) an extension of the ordinary telephone serv-
ice to mobile units, and (b) an exclusive service 
for the various mobile units within one organi-
zation, such as a taxi company. 

621.396.97  234 
25 Years Broadcasting in Austria— W. 

Fuclisel. (Radio Tech. (Vienna), vol. 25, pp. 
576-580; October, 1949.) A review of develop-
meats at the RAVAG station, Vienna. The 120 
kw transmitter installed in 1932 on the Bisam-

berg, the 100-kw Graz-Dohl transmitter and 
low-power transmitters in Karnten and Steier-
mark are mentioned. Subscribers now number 
over 1,200,000. 

SUBSIDIARY APPARATUS 

621-526  235 
Servomechanisms and Modern Physics— 

R. Moch. (Radio Tech. Dig. (Franc>, vol. 3, pp. 
133-145 and 235-249, 252; June and August, 
1949.) The construction and operation-of servo-
mechanisms is studied and also the electronic or 
electromechanical calculating elements which 
can be incorporated in such devices, including 
differentiators, integrators, and apparatus for 
other types of mathematical operations. Vari-
ous examples of the application of servomech-
anisms are briefly described, these include proc-
ess control, stabilization (as in the "atomic 
clock" of the National Bureau of Standards), 
and calculating machines. 

621-526  236 
Design Equations for Servomechanisms — 

B. Parzen. (Elec. Commun., vol. 26, pp. 249-
256; September, 1949.) Reprinted from the 
book noted in 269 below. Fundamental quanti-
ties, and relations between them, are derived. 
for linear lumped constant servomechanisms; 
positioning system using electronic and electro-
mechanical devices are considered in more de-
tail. General theory and its application to typi-
cal positioning systems are discussed. Perform-
anceand stability criteria are briefly mentioned. 
See also 232 of 1949 (James, Nichols, and Phil-
lips). 

621-526  237 
Magnetic Fluid Clutch in Servo Applica-

tions—G. R. Nelson. (Electronics, vol. 22, pp. 
100-103; November, 1949.) Report on experi-
ence obtained with various iron-disk rotor de-
signs running in a mixture of oil and powdered 
iron which solidifies when a magnetic field is 
applied. Such clutch units are useful in servo-
mechanisms at natural frequencies below 30 
cps. 

621.3.076.7: 621.3.016.1  238 
Torque and Speed Regulation with the 

Electronic Amplidyne —J. L. Dutcher. (Elec. 
Mfg., vol. 42, pp. 84-89, 158; July, 1948.) Prin-
ciples of the amplidyne, which differs from a 
conventional generator only in having an extra 
pair of short-circuited brushes, are discussed. 
Circuit diagrams showing its use for various ap-
plications are included. 

621.3.077.2/.3  239 
The Amplidyne Generator —Its Perform-

ance and Design —M. S. Hoffenberg. (Trans. 
S. Ali. Inst. Elec. Eng., vol. 40, pp. 175-188; 
August, 1949. Discussion, pp. 188-191.) Discus-
sion of (a) the desirability of high amplification 
and low time constant in control appratus, (b) 
the cross-field principle of operation of the am-
plidyne, its steady-state operation on dc, and 
the effect of varying the compensation of the 
output stage, (c) the transient and steady-state 
response to ac signals of both perfectly and im-
perfectly compensated meachines, (d) the ef-
fects of rocking the brushes and chording the 
armature windings, (e) two types of stator con-
struction, (f ) the use of an output coefficient as 
an aid to design, (g) the effect of field form fac-
tor on the average flux density, and of quadra-
ture current on specific electric loading, (h) 
variation of power-amplification ratio with 
number of cycles, (i) the magnetic circuit and 
commutation, and (j) the calculation of leakage 
fluxes and stage inductances. 

621.314.6:621.315.59  240 
Semiconductor Rectifier.—(Elec. Eng., vol. 

68, pp. 865-872; October, 1949.) Long su m-
mary, compiled by S. J. Angell°, of 4 papers 
read at an AIEE symposium on "Electrical 
Properties of Semiconductors and the Transis-

tor," namely: "Theory of rectification," by F. 
Seitz; "Boundary layers in rectifiers," by H. V. 
Fan; "Noise in semiconducting contacts," by 
P. H. Miller, Jr. • "A comparison between the 
Schottky rectifier theory and measurements 
upon cuprous oxide cells," by S. J. Angello. 

621.314.63  241 
High Inverse Voltage Germanium Recti-

fiers —S. Benzer. (Jour. App!. Phys., vol. 20, 
pp. 804-815; August, 1949.) Current/voltage 
characteristics were determined for various 
point-contact Ge rectifiers. Inverse voltages of 
several hundred volts were observed; a repro-
ducible negative differential-resistance region 
occurs in the inverse characteristic. The metal 
used for the point contact has little effect; the 
effects of impurities, surface treatment, tem-
perature, and the force of contact are discussed. 
Contact between two Ge crystals is also con-
sidered. 

621.314.63  242 
The Characteristics and Applications of 

Metal Rectifiers —P. A. Goodyear. (Trans. S. 
Afr. Inst. Elec. Eng., vol. 40, pp. 147-172; 
July, 1949.) The characteristics of Se rectifiers 
are briefly described, and applications are con-
sidered fully. The relative merits of Se and 
Cu2O rectifiers are discussed. 

621.314.67  243 
Thoriated Tungsten Filaments in Recti-

fiers—Z. J. Atlee. (Elec. Eng., vol. 68, p. 863; 
October, 1949.) Summary only. A thoriated 
tungsten filament can have an emission effi-
ciency of 30 to 40 ma/w at an operating tem-
perature of 1,800 to 2,200° k with a life of 2,000 
hours; it is thus superior to a pure tungsten 
filament. An account is given of the develop-
ment of a very small 25-w rectifier for use in an 
X-ray application requiring a maximum of 110 
kv and 250 ma from a full-wave bridge rectifier 
with 4 rectifier tubes. Loss of emission by posi-
tive ion bombardment is prevented by a new 
method of applying adequate getter. A new 
seasoning process prevents the deposit of thor-
ium on the anode and glass. 

621.316.722.1  244 
Operation of Voltage-Stabilizing Elements 

with Current-Stabilized Supplies —J. J. Gil-
varry and D. F. Rutland. (Rev. Sci. Instr., vol. 
20,  pp. 633-637;  September,  1949.)  The 
performance parameters are determined. The 
range-regulation factor Q is defined and sug-
gested as a figure of merit. Advantages of a 
current-stabilized power supply for voltage sta-
bilization under varying load conditions are 
emphasized. Stability criteria for the case when 
the stabilizing element has a negative-resistance 
characteristic are given, and also a graphical 
analysis for the case of nonlinear elements. The 
special case of voltage-reference tubes is dis-
cussed, with experimental results. 

621.396.68  245 
Variable Frequency Power Supply —E. B. 

Steinberg. (Elec. Mfg., vol. 43, pp. 100-102; 
May, 1949.) Design details of a single-phase 
parallel inverter, using hydrogen thyratrons 
Type 5C22, which has an output of several kilo-
watts. The output frequency can be adjusted 
between 60 and 5,000 cps. Performance data 
are discussed. 

621.316.7.004.5:621.38  246 
Maintenance Manual of Electronic Con-

trol 1Book Reviewj  R. E. Miller (Ed.). Pub-
lishers: McGraw-llill, New York, 1949, 304 pp. 
84.50. (Electronics, vol. 22, pp. 235-236; No-
vember, 1949.) Based on a series of articles 
published in Electrical Construction and Main-
tenance on the installation and service of elec-
tronic equipment. "The book should be a valua-
ble aid to any engineer, maintenance man, or 
technician who is Involved in any way with 
timing relays, time-delay relays, photoelectric 
relays, electronic motor control, welding con-
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trot, furnace temperature control  and mer-
cury-arc rectifiers." 

TELEVISION AND PHOTO-
TELEGRAPHY 

621.397.331 2  247 
The Image Isocon —An Experimental Tele-

vision Pickup Tube Based on the Scattering of 
Low Velocity Electrons —P. K. Weimer. (RCA 
Rev., vol. 10, pp. 366-386; September, 1949.) A 
description of a new method of generating the 
video signal by introducing additional helical 
motion into the primary beam and collecting 
the electrons not reflected specularly to give an 
output signal of polarity opposite to that of the 
maximum current in the light. This results in 
(a) an improved signal-to-noise ratio in the 
darker parts of the picture, and (b) freedom 
from spurious signals caused by multiplier dy-
node :pots, an advantage which offsets the 
slightly superior resolution of the image orthi-
con. Closer tolerances in component design are 
required. The task of the operating crew is more 
exacting and the time lag is more objectionable 
than in the case of the image orthicon. Applica-
tions of the techniques used in the isocon are 
;uggested for color television and for image-
storage tubes. 

621.397.5  248 
How RCA's Color TV Works —E. W. Eng-

strom (F M-TV, vol. 9, pp. 11-13, 30; October, 
1949 ) The principles of the system were dis-
cussed in 3297 of 1947 and 572 of 1948. Im-
provements have been added which make pos-
sible the transmission of a high-definition color 
picture in a 6-Mc channel. Present receivers 
need no modification to receive these color 
transmissions in monochrome. A block diagram 
of the broadcasting station is included and dis-
cussed. See also Electronics, vol. 22 pp. 122, 
189; November, 1949. 

621.397.5:535.88:791.45  249 
Theater Television Today —J. E. McCoy 

and H. P. Warner. (Jour. Soc. Mot. Pic. Eng., 
vol. 53. pp. 321-350; October, 1949.) 

621.397.5: 621.396.81  250 
W DTV Field-Strength Report —T. T. Gold-

smith, Jr. (F M-TV, vol. 9, pp. 15-18, 30; Sep-
tember, 1949.) Field-strength measurements 
for a hilly path radiating from Pittsburgh are 
tabulated, shown graphically, and compared 
with those expected from the results given in 
the Ad Hoc Committee's report (3524 of 1949). 

621.397.5(437)  231 
Television in Czechoslovakia —J. Havelka. 

(Testa Tech. Rep. (Prague), pp. 2-3; March, 
1949.) Post-war work has hitherto only been 
possible in laboratories. Only locally produced 
equipment is used; this includes a kinescope 
with a flat square front. 625 lines, 25 frames 
per second, and negative modulation are used; 
picture and sound transmission are separate. 

621.397.62+621.396.621  252 
Mass Production of Radio and Television 

Receivers —Alizant. (See 214.) 

621.397.62  253 
New Television Receiver without Trans-

formers. Design with Interchangeable Units — 
R. Aschen. ( TSF Pour Tous. vol. 25, pp. 329-
330; October, 1949.) Continuation of 2658 of 
1949. Full details are given of the sound re-
ceiver, which uses two Type-UF41 pentodes as 
hf amplifier and grid detector respectively, and 
a Type-UL41 pentode for the output stage. 
Sensitivity is of the order of 200 to 300 Atv for 
50 mw in the loudspeaker. 

621.397.62:621.385  254 
Radio-Frequency Performance of some Re-

ceiving Valves in Television Circuits —R. M. 
Cohen. (Radiotronics, no. 138, pp. 58-63; July 
and August, 1949.) Reprint. See 2971 of 1948. 

621.397.645  255 
Stagger-Tuned Television Amplifiers —A. 

Easton. (Radio Tech. Dig. (Franc), vol. 3, pp. 
147-152: _Tune, 1949 ) French version of 1344 of 
June. 

621.397.7  256 

WBAL-TV Channe 11 Baltimore — W. C. 
Bareham. (Broadcast News, no. 56, pp. 72-80; 
September, 1949.) General description of facili-
ties available, with photographs of studios, con-
trol room, etc. and map showing coverage. 

621.397.8  257 
TV Reception below Line of Sight —R. B. 

McGregor  (Electronics, vol. 22. pp. 72-76; 
November, 1949.) Signals were received at a 
point 92 miles from the transmitter and 2,000 
feet below the line of sight with the aid of an 
18-element antenna array, a cascode preampli-
fier (3061 of 1948) at the antenna and special if 
amplifier stages and sweep circuits. Signals 
were received whenever the transmitter was 
operating. About 50 per cent of the time, the 
picture was satisfactory. Sometimes it re-
mained consistently good all the evening. 
Sometimes it was good by day and poor by 
night; more often vice versa. Some frequency-
selective reception was noted. No correlation 
between reception and weather could be found. 

621.397.82  258 
The Influence of U.H.F. Allocations on Re-

ceiver Design —J. D. Reid. (Pitoc. I.R.E., vol. 
37, pp. 1179-1181; October, 1949.) Added pro-
tection of receivers from local oscillator radia-
tion can be obtained by alternate channel as-
signment and receiver if standardization. Addi-
tional protection from image interferencecan be 
given by having the picture-signal station sepa-
rated by V2 times the distance between sta-
tions on adjacent channels, and co-channel sta-
tions separated by double this distance. 41.25 
Mc is suggested as the optimum if for joint 
vhf/uhf usage. 

TRANS MISSION 

621.396.61:621.396.662 
A New Type of V.H.F. 

Parker. (See 79.) 

• 
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Tank Design -

621.396.619.23  260 
Rectifier Modulators with Frequency-Se-

lective Terminations —D. G. Tucker. (Proc. 
IEE (London), vol. 96, pp. 422-428; Septem-
ber, 1949.) A simple method is given for deter-
mining the performance of such a modulator 
provided that the terminating impedance is re-
sistive, zero, or infinite at all significant fre-
quencies. Cases likely to be useful or unavoida-
ble in practice are worked out for the ring, 
Cowan (shunt-type), and series modulators. 
Optimum terminating resistances and mini-
mum insertion losses are tabulated in terms of 
the rectifier ratio and geometric mean resist-
ance. 

VACUU M TUBES AND 
THER MIONICS 

621.385:621.396.645  261 
Operation of Output Valves in High-Power 

Public-Address Amplifiers —Bezladnov.  (See 
75.) 

621.385:621.397.62  262 
Radio-Frequency Performance of some Re-

ceiving Valves in Television Circuits —R. M. 
Cohen. (Radiotronics, no. 138, pp. 58-63; July 
and August, 1949.) Reprint. See 2971 of 1948. 

621.385.001.4:621.3.015.3  263 
Surge Testing of High Vacuum Tubes — 

Dailey. (See 169.) 

621.385.029.63/.64:621.317.755  264 
Traveling- Wave Oscilloscope —J. R. Pierce. 

(Electronics, vol. 22, pp. 97-99; November, 
1949.) The 1,000-v oscilloscope here described 
was developed specially for laboratory exami-

nation of short recurrent pulses. Response is 
almost flat from 0 to 500 Mc. Input impedance 
is 7511. A peak-to-peak signal of 0.37 v gives a 
pattern 10 trace-widths high, which is viewed 
through a microscope. Good vertical deflection 
sensitivity is obtained by means of a traveling-
wave deflection system, without transit-time 
bandwidth limitations. The essentials of the os-
cilloscope are illustrated and discussed. 

621.385.032.21 : 621.317.39: 536.5  265 
On a New Method of Measuring the Tem-

perature of a Thermionic Cathode —P. Gandin 
and R. Champeix. (('omp'. Rend. Acad. Sci. 
(Paris), vol. 229, pp. 545-547; September 12, 
1949.) By differentiation of the expression for 
the anode current I in terms of the saturation 
current, negative voltage of the anode, and 
cathode temperature T, the following formula 
is derived: T= 11,600 p /, where p is the differ-
ential resistance of the cathode/anode space in 
ohms, I is in amperes and T in absolute de-
grees. A simple measurement circuit is de-
scribed; tin:. makes use of a transformer whose 
secondary provides two equal voltages of oppo-
site phase. These voltages should be less than 
0.01 v. One voltage is applied to cathode and 
anode, a variable dc voltage and a galvanome-
ter being included in the cathode lead; the 
other voltage feeds a standard resistor, one ter-
minal of which is connected to the anode. A null 
indicator is connected in the lead common to 
the two branches. Errors in determining T 
should not exceed 2 per cent. Results obtained 
by this method will be given in a later paper 

621.385.032.212: 681.142  266 
Polycathode Glow Tube for Counters and 

Calculators —J. J. Lamb and J. A. Brustman. 
(Electronics, vol. 22, pp. 92-96; November, 
1949.) A cold-cathode neon-filled discharge 
tube whose basket-shaped anode has 30 nar-
row slots. Cathode fingers, in staggered sets of 
10, are located so as to line up with the anode 
segments, the gap being 0.020 inch. The tenth 
finger of one set is separate from the remainder 
and is used for numerical carrying. The initial 
potential difference between anode and cath-
odes is such that a discharge takes place be-
tween only one of the cathode fingers and the 
anode when a potential exceeding the break-
down voltage is applied. The residual ionization 
around this finger favors the formation of the 
next discharge at the adjacent finger of another 
cathode ring when that ring is energized. The 
tube is capable of operation at rates up to 10, 
per second and can be adapted to decade 
counting circuits with rates exceeding 16,000 
per second. 

621.385.832 :535.371.07 :621396.9  267 
Radar Screens--B. de la Pinsonie. (Bull. 

Soc. Franc. Elec., vol. 9, pp, 532-542; October, 
1949.) The mechanism of fluorescence and 
phosphorescence is discussed, the characteris-
tics of screens specially adapted for radar 

presentation are considered and suitable meth-
ods for measuring the various characteristics 
are described, with experimental results, both 
for ordinary radar screens and for the skiatron 
type. 

621.396.645  268 

Amplification by Direct Electronic Interac-
tion in Valves without Circuits —P. Gu6nard, 
R. Berterottiere, and 0. Doehler. (Bull. Soc. 
Franc. Elec., vol. 9, pp. 543-549; October, 
1949.) See 2977 of 1949. 

MISCELLANEOUS 
621.396  269 

Reference Data for Radio Engineers Mook 
Reviewl — Publishers : Federal Telephone and 
Radio Corporation, New York, 3rd edn. 1949, 
672 pp., $1.75. (Elec. Commun., vol. 26, p. 
242; September, 1949.) Material in the second 
edition (See 1301 of 1947) has been expanded 
and new material added, doubling the size. 
See also 236 above. 



[ADVENTURES IN ELECTRONIC DESIGN 

Centrolab's Great New Model 2 Radiohm* 

Cen 

14 Good Reasons Why 
CRL'S Model 2 Radiohm is the Control for Youl 

1. Switch — with positive detent in both on and ott pusi 
tions. Terminals — with surfaces elevated to eliminate 
danger of shorting to cover legs . . . 1/41 " hole diameter 
for simplified wiring . . . hot tin dipped for easy solder-
ing . . . mechanical lock to prevent loosening in soldering 
operations. 
2. Cadmium plated steel cover completely shields resistor. 
3. Insulator's high dielectric strength permits breakdown 
test at 1000 volts R. M. S. Dust and dirt can't get in. 
4. Slop, of cup design, provides superior switch shielding 
... gives you excellent torque strength without distortion. 
5. High grade laminated phenolic shoe maintains high 
insulation resistance under humidity conditions. 
6. Contaa Spring gives you double wiping contacts on 
both resistor and tenter terminal ring . . . is accurately 
formed to maintain uniform pressures and minimize noise. 
7. Elcctro tin-plated terminals provide soldering ease. 
Tightly crimped terminals give you direct contact to re-

sistur  .  assure «instant 1. untaL t under humidity and 
soldering conditions. 
8. Resistor is made of special resistance material bonded 
to high quality phenolic for smooth operation. low noise 
level, outstanding humidity characteristics. 
9. Cadmium-tipped center terminal provides easy soldering 
. . . good shelf life without oxidation. Adequately lubri-

cated for good rotation life, center terminal is finished to 
give you smooth take-off . . . minimum noise. 
10. Laminated phenolic base maintains high insulation re-
sistance under humidity conditions. 
11. Cadrnium-plated steel ground plate assures positive 
grounded cover. 
12. Cadmium-plated steel bushing is accurately finished 
and fit to shaft for smooth rotation. 
13. Retaining ring. 
14. Shaft. Unlimited variations available to meet your 
specifications. 

*Switch Type, Tapped.  Exploded View: Switch Type, Untapped. 

DEVELOPMENTS THAT CAN HELP YOU * 

Division of GLOBE-UNION INC • Milwaukee 



Centrolab reports to 
Pm' 

I.R.E. 
SHO W 

Grand Central Palace 

New York City 

March 6-9 
Centrolab Booth 
No. 232-33 

IMAGINE the large variety of uses for peak-quality controls that are only 15/16" in diameter, 
, yet rated at 1/2 watt. That's Centralab's great new line of Model 2 Radiohms. Designed 
for television and radio sets, sound and test equipment, the versatile Model 2 is just what you 
need for many other electronic uses where a combination of small size and finest performance 
is essential. CRL Model 2 Controls are precision built of the finest materials to give you lower 
noise level . . . longer life. Their clinched terminals insure rigid contact to the resistance 
element under humidity and soldering conditions. What's more, Model 2's complete line of 
3 basic switches — 5, 8, and 1 amp. — provide 24 switch combinations for real flexibility in 
application and design. For all the facts, see your CRL representative or write direct. 

1
 Model "1" Radiohm control, rated 
1/10 watt — plain and switch types. 
No larger than a dime. Designed for 
miniature uses. 2 Let Centralab's complete Radiohm line take care of your special needs. Wide range of variations: Model "R" — wire wound, 3 watts; or composition type, 1 watt. 

Model "E" — composition type, 1/4 watt. Direct contact, 6 resistance tapers. 
Model "M" — composition type, 1/2 watt.  . 
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Electronic Industry 

CRL's new Tubular Trimmers come 
in 3 basic types, 3 capacity ranges. 
Tinnerman locknut and adjusting screw 
available on special request. 4

 For by-pass or coupling applications, 
check Centralab's original line of ce-
ramic disc Hi-Kapi. Disc Hi-Kaps 
are smaller than a dime! 

Ili-Vo-Kapr are filter and by-pass ea-
pacitors combining high voltage, small 
,Ize and variety of terminal connec-
tions to fit most TV needs. 

6
 Centralab's TC (Temperature Compensating) Tubular Hi-Kaps, left, are the most 
stable capacitors available. With TC Hi-Kapi, there's practically no variation due 
to aging or changes in temperature or humidity. For applications where tempera-
ture compensation is unimportant, use Tubular BC Hi-Kaps, right. 7

 Ceramic Trimmers are made in five 
basic types. Full capacity change with-
in 180° rotation. Spring pressure 
maintains constant rotor balance. 

8
 Centralab's development of a revolutionacy, new Slide Switch gives you improved 
AM and FM performance! Flat, horizontal design saves valuable space, allows 
short leads, convenient location to coils, reduced lead inductances for increased ef-
ficiency in low and high frequencies. CRL Slide Switches are rugged and dependable. 9

 Great step forward in switching is 
CRL's New Rotary Coil and Cam In-
dex Switch. Its coil spring gives you 
smoother action, longer life. 



CENTRALAB 
Division of Globe-Union Inc. 
900 East Keefe Avenue, Milwaukee, Wisconsin 

IMPORTANT BULLETINS FOR YOUR TECHNICAL LIBRARY! , 

ROTARY SWITCH 
OPRODU  PR V IER 

LEVER SVIIICH 
PRODut:  PREVIE W • 

Pi ii 0 li C iau kiii I 4'''*'44  

Choose From This List! 
Centralab Printed Electronic Circuits 

973 — AMPEC — three-tube P. F. C. amplifier. 
42-6 — COUPLATE —  P. E. C. interstage coupling plate. 
42-22 — VERTICAL INTEGRATOR —  for TV application. 
42-24 — CERAMIC PLATE COMPONENTS —  for use in low-

power miniature electronic equipment. 
42-27 —  MODEL 2 COUPLATE — for small or portable set 

applications. 
999 — PENTODE COUPLATE —  specialized P. E. C. coupling 

plate. 
42-9 — FILPEC — Printed Electronic Circuit filter. 

Centralab Capacitors 
42-3 —  BC TUBULAR HI-KARs — capacitors for use where 

temperature compensation is unimportant. 
42-4 —  BC Disc HI-KARs —miniature ceramic BC capacitors. 
42-10 —  HI-VO-KAPS —  high voltage capacitors for TV appli-

cation. 
695 —  CERAMIC TRIMMERS —  CRL trimmer catalog. 
981 —  HI-VO-KAPS —  capacitors for TV application. For 

jobbers. 

42-18 —  TC CAPACITORS —  temperature compensating capaci-
tors. 

814 — CAPACITORS — high-voltage capacitors. 
975 —  FT HI-KM'S — feed-thru capacitors. 

Centralab Switches 
953 — SLIDE SWEI CH — applies to AM and FM switching cir-

cuits. 
970 — LEVER SWITCH —  shows indexing combinations. 
995 — ROTARY SWITCH —  schematic application diagrams. 
722 —  SWITCH CATALOG —  facts on CRL's complete line of 

switches. 

Centralab Controls 
42-7 —  Monet -1. RAI/1011M — world's smallest commercially 

produced control. 

Centralab Ceramics 
967 — CERAMIC CAPACITOR DIELECTRIC MATERIALS. 
720 — CERAMIC CATALOG — CRL steatite, _ceramic products. 

General 
26— GENERAL CATALOG —  Combines Centralab's line of 

products for jobber, ham, experimenter, serviceman or 
industrial user. 

Look to CENTRALAB in 1950!  First in component research that means lower costs for the electronic 
industry. If you're planning new equipment, let Centralab 's sales and engineering serv ice wor k with  you.  Fox  
complete information on all CRL products, get in touch with your Centralab Representative. Or write direct. 

103-6 

Yes -1 would like to have the CRL bulletins, checked below, for my technical library! 
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Promptly and at Moderate Cost! 
Bendix dynamotors are built to supply the 
exact power requirements of your equip-
ment—to work from any input voltage and 
to deliver the necessary power at any out-
put voltage. Dual or triple output voltages 
are available for high and low-level por-
tions of the circuit, or for biasing. For crit-
ical circuits, regulated outputs will simplify 
your design problems, especially since a 
regulated filament supply can be obtained 
as a bonus when regulating the high voltage 

output. Bendix will build your dynamotors 
to the usual military specifications or to 
meet even more rigid requirements, such 
as operation at higher temperature, or 
altitudes in experimental equipment. 
Samples or production units of special dyna-

motors are priced competitively. A definite 
proposal will be made upon receipt of the details 
of your problem. For immediate information 
call our Engineering Staff —Red Bank 6-3600, 
Red Bank, New Jersey. 

THE RIGHT DYNAMOTOR FOR EVERY PURPOSE 

• Sizes-23/4" to 51/4 " diameter • Output Voltage -6 to 
1500 volts 

• Single and multiple output 

and input 

• Plain and regulated types 

• Power Range-10 to 
500 watts 

• Input Voltage -6 to 
115 volts 

RED  BANK  DIVISION  OF BENDIX  AVIATION  CORPORATION 

RED  BANK,  NE W  JERSEY 

PROCEEDINGS OP THE  hebriiary, 195,1 

RE D B AN K 

DIVI SI O N 

' ME W 

AVIAT'ON CoRPORATIOld 

37A 
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It also costs less to work 
with the finest materials" 
In high-frequency magnetic fields — in radio, TV, short-

wave, FM, radar and in many forms of telephonic appa-
ratus — the core is the heart of the set. Only the finest 
materials produce the dependable, stout heart. 
National Moldite Company is one of the major core 

manufacturers who know this fact. As their letter at-
tests, they also know that it costs the receiver and 
equipment manufacturer less — when he specifies cores 
made with G. A. & F. Carbonyl Iron Powders. 

Some manufacturers are still penny-wise and pound-
foolish on this subject. 
The savings and the gains are both more numerous 

and more important than are here indicated. Study the 

list below. Let us send you the book described below . . . 
Ask your core maker, your coil winder, your industrial 
designer, how G. A. & F. Carbonyl Iron Powders can 
improve the performance of the equipment you manufac-

ture. It will cost you nothing to get the facts. 

Visit our Exhibit — March 6th to 10th, inclusive — Grand Central Palace, Booth 28. 

These unique 

properties tell 

why G. A. & F. 

Carbonyl Iron Powders 

are superior: 

PROPERTY 

Spherical structure   

Concentric shell structure 
(some types only) 
High iron content   Exceptional permeability and 

compressibility 
Absence of non-ferrous metals  Absence of corresponding 

disturbing influences 

ADVANTAGE 

Facilitates insulation and 
compacting 

Low eddy current losses 

Relative absence of internal 
stress; regular crystal structure  Low hysteresis loss 
Spheres of small size   Low eddy current losses; usable 

for high frequencies 
Variations of sphere size  Extremely close packing 

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 Dept. 12. 

ANTARA® PRODUCTS 
ENERAL 

G A NILINE 
& FILM CORPORATION 

444  MADIS O N  AVE NUE NE W YORK 22, N. Y. 

Iron Powders. 
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NE W LIGHTWEIGHT 
WITH A LONG LIST OF WINS 
OVER HEAVIES . . . THE NE W 

d7'1,:gatio "A C " 

CRYSTAL CARTRIDGE 
• If you want to see knockout performance from 

a miniature pickup cartridge, you are looking for 

the new Astatic "AC" Series Crystal Cartridge. 

This tiny unit weighs in at a total of five grams; 

is approximately 5,16" thick, 1/2" high and 

1-1/2" long, not including pins. Yet, when it 

comes to performance, the "AC" will take on all-corners. Frequency response, 

particularly in the high frequencies, is truly championship calibre. A new 

low measure of inertia of the mechanical drive system is chiefly responsible 

for the full wide range response, excellent tracking characteristics, and 

assures low needle talk and long life for needle and records. 

Employs Astatic's exclusive Taper-Lock Needle, easily changeable without 

tools. Molded Bakelite housing, with metal mounting brackets (fit standard 

1/2" mounting) and needle guards. Available in four models: AC-78 with 

3-mil stylus tip, precious metal or sapphire; AC. with 1-mil stylus tip, precious 

metal or sapphire; AC-AG with new Asiatic "ALL-GROOVE" stylus; ACD 

turnover type, with both 1 and 3-mil point needles. Write for complete details. 

Model ACD 

Turnover Type 

Changing the Taper-Lock Needle 
Placing thumbnail against stub at rear of needle 

(A), simply push in direction of arrow to remove. 

To insert, fold card, on which new needle comes, 

along scored line; place narrow end of needle 

shank in wide end of metal cartridge groove (B) 

and pull card in direction of arrow. 

THE HO ME OF 

ASIATIC PRODUCTS 
44 2 tic/  

CORPORATION 
CO N NE A VI,  OHI O 
, ••••1.1 .• dISF•F,,  100 .1., 

FLOOR SPACE 

Asiatic Crystal Devices monufacarreil 
ander Brnsh Development Co.jratents 

Model . 
AC 

BALT IMORE 

"Navigation Circuitry and Instrumentation 
for VOR Receivers," by E. W. Sheridan, Bendix 
Radio Communications Division; November 16, 

1949. 
BEAUMONT-PORT ARTHUR 

"Equipment Used in the Teaching of Radio." 

by George Kessler and Joe Wilkerson, Instructors, 
Port Arthur College; October 28, 1949. 

"Electronic Digital Computors," by W. T. 
Evans, Sun Oil Company; November 17, 1949. 

Election of Officers; December 7, 1949. 

CEDAR RAPIDS 

"Television at  WOC-TV.  Davenport,"  by 

P.tul Arvidson, Radio Station WOC-TV; Novem-
ber 16, 1949. 

CONNECTICUT VALLEY 

"Recent Developments in Microwave Relays." 
W. E. Bradley, Philco Corp.; November 17. 1949. 

DALLAS-FORT W ORTH 

Modern Transmission Methods in Electrical 
ominunications," by Ralph Sown, Bell Telephone 

laboratories; November 21, 1949. 

DAYTON 

"Anomalous Propagation." by C. R. Burrows. 
Faculty, Cornell University; December 8, 1949. 

DENVER 

"Radio in the Bell System." by P. K. Seyler. 

Mountain States Telephone and Telegraph Com-
pany; December 9, 1949. 

DES M OINES- AMES 

"14F Heating —Dielectric and Induction." by 
F. E. Huila, Westinghouse Electric Corp.; Novem-
ber 14, 1949. 

"Atomic Studies." by F. H. Spediling. Institute 
of Atomic Studies and AEC-Ames Laboratory; 
December 7, 1949. 

DETROIT' 

"The Miracle Tape that Talks." by P. W. Jan-
sen, Minnesota Mining and Manufacturing Com-
pany; September 16, 1949. 

"Electronic Aritlinxetic," by C. N. Hoyler, 
RCA Engineering Research Department; October 
21. 1949. 

"A New Image Orthicon." by Ralph Johnson. 
RCA Tube Department; November 18, 1949. 

EMPORIUM 

Election of Officers; December 15, 1949. 

FORT W AYNE 

"DC Amplifiers," by E. P. Slick, Capehart 
Farnsworth Corp.; December 5, 1949. 

Hous-rox 

"Modern Transmission Methods in Electrical 
Communication." by Ralph Sown, Bell Telephone 
Laboratories; November 22, 1949, 

INDIANAPOLIS 

Inspection Trip of NVFBM-TV Facilities con-
ducted by Harold Holland, Radio Station WFBM-
TV; September 23, 1949. 

"European Radio Systems," by H. J. Skornia. 

Faculty of Indiana University; and Inspection Trip 
of Beta Ray Spectrograph Laboratory conducted 
by Dr. Langer. Faculty of Indiana University; 
December 2, 1949, 

I N YOKERN 

"Nuclear Induction." by E. C. Levintlial, 
Varian Associates; November 17, 1949. 

"Design Considerations in Distributed Ampli-
fiers," by W. R. Hewlett, Hewlett-Packard Com-
pany; December 5. 1949. 

(Continued on page 42A) 
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Disc and Plate Ceramicons® 
for By-passing and Coupling Applications 

STANDARD AVAILABLE CAPACITIES 

ERIE 
TYPE 

811 

88: 

883 

SIZE 

19, 2•• 

Max. Die. 

Mae. 

Mot 

CAPACITY 
RANGES 

.001 PA M 

.0013 

.002 

.005 

.01 

Dual .001 

Dual .0015 

Dual .002 

Duel .003 

Dual .004 

Triple .0015 

COLOR CODE 
OR MARKING 

Silver, Brown, Block, Red, Blue 

Silver, Brown, Green, Red, Blue 

Silver, Red, Block, Red, Blue 

Gold, Green, Black, Red, Blue 

Gold, Brown, Block, Orange, Blue 

Stomp 2-1,000 

Stamp 2-1,300 

Stamp 2-2,000 

Stamp 2-3,000 

Stamp 2-4,000 

Stamp 3-1,500 

ionmiEteety.a.ttaeJ mvciot,ui0 m« 
ERIE RESISTOR CORP., ERIE,  
0  CA NA DA 

High capacity in extremely compact 
size is the distinguishing feature of 
Erie Disc and Plate Ceramicons. For 
example, .01 mfd is now available 
in 19 32" diameter. Illustrations are 
exact size, and their shape as well 
as their compactness make them 
amazingly easy to install in small 
spaces. They simplify soldering and 
wiring operations and speed up the 
assembly line. 
Erie Disc and Plate Ceramicons 

consist of a flat ceramic dielectric 
with silver plates fired onto the di-
electric. Lead wires of 24 gauge 
tinned copper wire are firmly soldered 
to the silver electrodes and the unit is 
given a protective coating of phenolic. 
Such simplicity of construction re-

sults in low series inductance and 
unusual efficiency in high frequency 
by-passing. 
For complete information and sam-

ples to meet your particular needs, 
write us today. 

SPECIFICATI ONS 

Voltage: Units are rated at 500 VDC, ex-
cept Type 811 .01 mfd which is rated at 
400 VDC based on tile test of 1,000 hoius at 
800 VDC and at 85 C. Dielectric strength 

Test; 1,500 VDC. 

Power Factor: 2.5% at 1 K.C. at not more 

than 5 volts RMS. 

InsulationResistance: 7,500 meg.fl min. 

Capacity: Capacity measurements are 
made at room temperature (25 C) at MC 
and at not more than 5 Volts RMS. 

Te mperature Characteristics: 
The capacity of all units except Type 811 — 

.002 MFD and below shall not decrease more 
than 50%, nor increase more than 25% from 

its value at room temperature (25° C), as the 

temperature is varied from +10' C to +75° C. 

Type 811 —.002 MFD and below. units shall not 
decrease more than 20%, nor increase more 

than 10% from capacitance value at roam 
temperature (25° 0, as the temperature is 

varied from —40° C to +85° C. 
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AIRCRAFT 
RADI O 

COR P OR ATI O N 

'Type 11-12. 

atiERNIOR 
900-2100 MEG ACY CLES 

Simplified 
-Compact 

-Portable 

• 

• 

• 

900-2100 megacycles, 
single band 

Directly calibrated, single 
dial frequency control 

Directly calibrated 
attenuator, 0 to -120 dbm 

CW or AM pulse modulation 

Internal pulse generator with controls for width, 
delay, and rate. Provision for external pulsing 

Controls planned and grouped for ease of 
operation 

Weight: 42 lbs. Easily portable -ideal for air-
borne installations 

Immediate delivery 

Write for specifications - investigate the 
advantages of this outstanding new instrument. 

DEPENDABLE ELECTRONIC EQUIPMENT SINCE 1928 

Built to 

Navy Specifications 
for research 

and production 

testing 

fiircraft Radio Corporation 
BOONTON, New Jersey 

• , 

(Continued from page 404) 

Los ANGELES 

"Miniaturized Electric Equipment," by Cledo 
Brunetti. Faculty, Stanford University; November 
8. 1949. 

Panel Discussion: November 29, 1949. 

"Radio  Telemetering for  Testing  Aircraft 
Models," by It. E. Rawlins. Lockheed Aircraft; 
"Distributed Amplifiers," by  W.  R.  Hewlett, 

Hewlett-Packard Company; and Election of Offi-
cers; December.6, 1949. 

LOUISVILLE 

"Television Terminals for Coaxial Systems," 
by L. W. Morrison, Jr., Bell Telephone Labora-
tories; October 21, 1949. 

Talk by 0. W. Towner, Radio Station W HAS; 
November 11, 1949. 

NEW VORK 

"A Storage Oscilloscope for High-Speed Pulse 
or Transient Analysis." by L. E. Flory and W. S. 
Pike, RCA Laboratories; November 2. 1949. 

"The Role of Electronics in the Berlin Airlift." 

by M. A. Chaffee. Airborne Instruments Labora-
tory; November 17. 1949. 

"Television Terminals for Coaxial Systems," 

by L. W. Morrison, Bell Telephone Laboratories; 
December 7. 1949, 

Ch TAWA 

"Measurement of Microwave Antennas by 
Means of a Metal Lens," by G. A. Woonton, Faculty 

McGill University; November 17, 1949. 
"Low Frequency Communications Systems of 

the Royal Canadian Navy in Nova Scotia," by D. 

V. Carroll, Royal Canadian Navy; December 8, 
1949. 

PITTSBURGH 

"An Evaluation of Television Viewing Filters." 

by A. E. Martin. Sylvania Electric Products Inc.; 
November 14. 1949. 

'Duplication of Magnetic Tape Recordings by 
Contact Printing." by Robert Herr, Minnesota 

Mining and Manufacturing Company; December 
12, 1949. 

PRINCETON 

"Alternating Current Phenomena in Super 
Conductors." by Bernard Serin, Faculty. Rutgers 
University; December fc,' 1949. 

SAINT LOUIS 

'The Present Status of Acoustics." by C. E. 
Harrison, Technisonic Studios; December 1, 1949. 

SALT LAKE 

"Network Analyzer for the Study of Electro-
magnetic Fields," by Karl Spangenberg. Faculty. 

Stanford University; and Election of Officers; 
December 5, 1949. 

SAN FRANCISCO 

"Control  and  Screen-Grid  Modulation  of 

Power Tetrodes." by John Honey. Stanford Re-
search Institute; November 9, 1949. 

SACRAMENTO 

"Scope of the California Communications 
System." by E. A. Hosmer, Consultant to Director 
of Finance. State of California; October 11. 1949. 

"Radio-Frequency Spectrum Allocation." and 
"Federal Communications Commission Rules and 
Regulations," by G. J. Maki. Department of Com-

munications, State of California; November 14. 
1949. 

SYRACUSE 

"The Gated Beam Tube (6BN6)." by Robert 

Adler, Zenith Radio Corp., and A. P. Haase. 
General Electric Company; October 6. 1949. 

"Russia and the Bomb." by R. E. Lapp. Navy 
Department; October 31. 1949. 

(Continued on page 444) 
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I 
Where Used: 

the FIRST all band-direct reading  

SPECTRUM ANALYZER 
10 MCS to 16,750 MCS 

Polarad's Model ASA Spectrum Analyzer is the result 

of years of research and development. It provides a 

simple and direct means of rapid and accurate meas-

urement and spectral display of an r.f. signal. 

Outstanding Features: 

• Continuous tuning. 

• Unidial tuning control. 

• 5 KC resolution at all frequencies. 

• 250 KC to 25 MCS display at all fre-
quencies. 

• Tuning dial frequency accuracy 
percent. 

• No Klystron modes to set. 

• Broadband  attenuators  integral 
with equipment above 1000 MCS 

• 

• Only three tuning units required to 
cover entire range. 

• Microwave components use latest 

design  non-contacting shorts for 
long mechanical life. 

• Maximum frequency c)verage per 

dollar invested. 

Frequency marker for measuring 
frequency differences 0-25 MCS. 

The equipment consists of the following units: 

Model ATU-I 

Model ATU-2 

Model ATU-3 

R.F. Tuning Unit —I0 to 1000 MCS. 

R.F. Tuning Unit —I000 to 4500 MCS. 

R.F. Tuning Unit -4500 to 16,750 MCS. 

Polarad s Model ASA Spectrum Analyzer is a laboratory instrument 

used to provide a visual indication of the frequency distribution 

of energy in an r.f. signal in the range 10 to 16,750 MCS. 

Other uses are 
I. Observe and measure sidebands associated with amplitude and 

frequency modulated signals. 

2. Determine the presence and accurately measure the frequency 

of radio and/or radar signals. 

3. Check the spectrum of magnetron oscillators. 

4. Measures noise spectra. 

5. Check and observe tracking of r.f. components of a radar system. 

6. Check two r.f. signals differing by a small frequency separation. 

Model ADU-I 

Model AKU-I 

Model APU-I 

Spectrum Display Unit. 

Klystron Power Unit. 

Power Unit. 

Write for complete details 

Visit our Booths 29 and 30 at the IRE show 

thin& 
Electronics Corporation 

9 FERRY STREET  NEW YORK 7 , N Y 
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Sr* CP TEF-LINE 

SUPS lititalSSIGI Illit 
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! 

Tef-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. 

• TOWER HARDWARE  • AUTO-DRYAIRE DEHYDRATORS 
• LO-LOSS SWITCHES  • COAXIAL DIPOLE ANTENNAS 

• SEAL-0-FLANGE TRANSMISSION LINE 

1 afoleaneaislic 740444 emeteet ifee, 
KE YP ORT Fr)  N E W  JERSE Y 

(Continued from page 42A) 

WASHINGTON 

"Upper Atmosphere Research and Rocket 

Telemetering Systems," by H. E. Newell. Jr., and 
J. T. Mengel, Naval Research Laboratory; Novem-

ber 14. 1949. 
'Nuclear Energy. • by K. K. Darrow. Bell 

Telephone Laboratories; and Election of Officers; 

December 12, 1949. 

WILLIAMSPORT 

"Propagation of Electromagnetic Waves Along 

Single Wires," by C. W. Scheerer, Faculty, Buckneff 
University; November 29, 1949. 

"A New Coupling Circuit for Audio Ampli-
fiers," by F. H. McIntosh. McIntosh Laboratories; 
and "Distortion. Bias, and Frequency Response in 
Magnetic Recordings," by Boyd McKnight, Min-

nesota  Mining  and  Manufacturing  Company; 
December 15, 1949. 

SUBSECTION MEETINGS 

AMARILLO-LUBBOCK 

"Tuning a Directional Antenna Array." by 
Merl Saxon, Radio Stations KBUD and KCNY; 
November 21, 1949. 

LONG ISLAND 

"Instrumentation in Exploration Geophysics," 
by R. D. Wykoff, Gulf Research and Development 

Company; December 13, 1949. 

MONSIOU711 

"Mathematics in Communication Engineer-

ing," by R. M. Foster, Faculty. Polytechnic Insti-
tute of Brooklyn; November 16, 1949. 

NORTHERN NEW JERSEY 

"Air Navigation and Traffic Control." by D. H. 

Ewing, Air Navigation Development Board CAA; 
November 16, 1949. 

STUDENT 

BRA NCH 

MEETINGS 

ALABAMA POLY] I.( iI‘IC I N, Ill( 7E, IRE BRANCH 

Motion Pictures procured from Bell Telephone 
Company; November 14, 1949. 

Election of Officers; November 28, 1949. 

UNIVERSITY OF ALBERTA. IRE BRANCH 

'The Automatic Radio Compass.' by M. Cot-
terill. Student. University of Alberta; November 22, 
1949. 

CASE INSTITUTE OF TECHNOLOGY. IRE BRANCH 

"Why be an Engineer?" by P. D. Scott. Ohio 
Bell Telephone Company; November 2, 1949. 

CLARKSON COLLEGE OF TECHNOLOGY 
IRE BRANCH 

"Industrial  Uses of  Cathode-Ray Oscillo-
graphs." by Edward Ossman, Allen B. DuMont 
Laboratories, Inc; November 17. 1949. 

"Radio Broadcasting," by H. J. Perlis. Student. 
Clarkson College of Technology; December I. 1949. 

(Continued on page 48A) 
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V IAVA #14111144 "-#114-qawfosi4 104 4* 41,0  4<A 

6"112 6~014 

OVr 
%** 

" INDICATOR 
No. 1030 FREQUENCY RANGE: 
cycles to 50 kilocycles. "Q" RANG 
0.5 to 500.  "Q" of inductors 
measured with up to 50 volts aci 
coil. Indispensable instrument fo 
urement of "Q" and inductance 
"Q" and capacitance of capacitors 
tric losses, and power factor of i 
materials. 

A NEW LINE OF MG 

High quality output transform-
er combines unusually wide 
frequency range together with 
very low phase shift and har-

monic  distortion.  Frequency 

range 1/2 Db 20-30,000 cycles. 

MENTAL 
INDUCTANCE BRIDGE 

No. 1110 IMPEDANCE RANGE: One nth. to 
1000 h. in five ranges. Inductance values are 
read directly from a four dial decade and 
multiplier switch. This range can be extended 
to 10,000 henries by the use of an external 
resistance. 
INDUCTANCE ACCURACY: Within plus or 
minus 1 %, through the freque 
60 to 1000 cycles. 

NOW AVAILABLE 
SUB-MINIATURE HER-
METICALLY SEALED 
J.A.N.  COMPONENTS 
FOR SPACE SAYING 
APPLICATIONS. 

Sub-miniature Hi-9 In-
ductors featuring tor-
oid coils - Diameter: 
7/s" x 1" high. Her-
metically sealed. Com-
pression  type  termi-
nals. 

Sub-miniature hermeti-
cally sealed transform-
ers -Diameter: 13/16" 
x 1" high . . . Glass 
type terminals. 

"tom 20  .  • 4,6„l  .5: "../(-4'; Et From . 1'. 41;!<.  ..., .... 
ca* be ,F 4e ,p): -..t4 4 .ti 
roes( the 0.,'  ...'  i.tiv, . -.....-  :lie •',. r mons- .., t ti ..1.:.'.,,, .5  ... ,,,i0 ,  
of coils, . %.): -;7I.;:gic  '/\....--'  

Sob-miniature trams-
, formers with  ocfol 

sockets. 
ALSO   , dialek- •t. ‘  i.,.. 

sulating 454  MAGNETIC  AMPLIFI-
ERS DISCRIMINATORS 
AND NARROW BAND 

TELEMETERING APPLI-H FIDELITY OUTPUT TRANSFORMERS PASS FILTERS FOR 
CATIONS. Send us 

. your requirements. 

Prisysa\y matches following Primary Secondary -±, 1/2 db Masimum 

level  Typo No. typita  tubes 
- . 

Impeda nce Im pedance  from  

Fl9S0 Push  pll  2A3's,  6ASG8s,  300A's, 5000 ohms 500, 333, 250, 20-30000 IS watts 

27SA's,  3's, 6L6's. 
200, 125, 50 cycles 

Fl9S1 Push  psi  2A3's,  6A5G8s,  300A's, 
27SA's, O M: s, 6L6's. 

5000 ohms 30, 20, IS, 10, 
7.5, 5, 1 5, 1 2 

20-30000 
cycles 

IS watts 

F1954 Push pull 'Irks. 150,  6V6, 42 or  2A5 8000 ohms 500, 333, 250, 20-30000 15 watts 

A prime ., 200, 175, 50 cycles 

F1955 Push pull 24411., 250,  6V6, 42 or 2AS 
A prim* 

8000 ohms 30, 20, IS, 10, 
7 5, 5, 25, 1 2 

20-30000 
cycles 

15 watts 

F1958 Push pull 05, IkA6, 53, 6F6, 59, 79, 
89, 6Y6, Class B Altl 59 

10,000 ohms 560, 333, 250, 
200, 125, 50 

20-30000 
cycles 

IS watts 

F1959 Push pull OS, 6A11„ 53, 6F6, 59, 79, 
89, 4V6, Class 13 44, 19 

10.000 ohms 30, 20, IS, 10, 
7.5, 5, 2 5, 1 2 

20-30000 
cycles 

15 watts 

F1962 Push  pull  parallel  2A3's,  6ASG's, 2500 ohms 5CO, 333, 250, 20-30000 36 watts 

300A's, 6A3's, 61.6 200, 125, 50 cycles 

F1963 Push  pull  parall•I  2A3's,  6A5G's, 2500 ohms 30, 20, IS, 10, 20-10000 36 watts 

300A's, 6A1's, 61.6 75, S, 2.5, I 2 cycles 

FI966 Push pull 61-6 or 3800 ohms 560, 333, 250, 20-30000 SO watts 

Push pull parallel 61.6 200, 125, 50 cycles 

F1967 Push pull 616 or 3800 ohms 30, 20, 15, 10, 20-30000 SO watts 

Push pull parallel 61.4 7 5, 5, 2 5, 1 2 cycles 

SEND FOR LATEST CATALOG! 

FREED TRANSFORMER CO., Inc. 
SEPT. FE 1718-36 WEIRFIELD ST., (RIDGEWOOD) BROOKLYN 27, NEW YORK 

P R O( I ii i  S OF TIIE Frbruary, 1950 



A 

46A 

ra poErr'sistors 

••'''. 

?  g t t I S I O N  ?OWE% aod 
.0E11 GlASS INStItIVIED 

gESISIORS 
Ohm 

Procticolly ony Sho%%cross Akro-
resistor including rnin e types con  
be supplied with fibe•r0 Wgl!oss insuloied 

wire ond  ie  

-spec % irnpregnotion which 

increases power Toting ifOtn 2 to A times 

while still ossuring high stobility ond 

close occur ocy• 
Other perseicsitsoorsn  

po wer 

include single layer inductively 

wound 3- to 10-wott r types 

Ast 

SHALLCROSS MANUFACTURING  I 
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atiSON cttS15100 i01k 

Itt4A1111aA.1101,1 W O OS 
Morn/ Shollcross Pcro-Ohrn types ore ee 

conta ins regulotly produced to rneei the n d tor 
close toleronce ond high stobility in 

smolt resistor sizes• Bulletin R3   
complete &toils on stondord and her-
mehcally-seoted niinioture resistors• 

. . .  ok 
A complete assdtmept  types, 

0.6, O S, V OS  kz. 

61\0 \01 O W 01 .1000S ON 0S0S 

.106 0% 0 0014 1000S0 A, 

tomputO, eptkiipmea. 

Keeping  s 

W W1 breast ot Modern advancement 
("   in 

precise electronic circuitry, Shollcross Alcra-Ohrh 

v4ite-stiound resistors ore prime tectuisites• Many 

hermetically-sealed and other specia 

l types ore 

ovoiiobte• for StacitIcross Akro-Ohni Engi-

neering Bulletin R3  tor  npiete etectricol 
Write  cor  

and 

rnechonico1 characteristics plus helpful precision 

resistor setection cioto• 

CIT17.6'0 V't 

r 

ICj 13 a (3' 

See us at Booth :: 280, I.R.E. Sho w, March 6-9. 

, 
CJC:100111141 :10 

vor3 
C:3  C i 
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fiCALFic 

Miniature Tube Sockets 
phicrth_ ivilL SuhpiAl2, You, 

We are now producing 7 pin miniature tube sockets of MYCALEX at 
prices formerly paid for mica-filled phenolics and general purpose bakelite 
but with electrical characteristics which place them in the ceramic class. 
MYCALEX is highly superior in quality yet costs no more than less effective 
insulating materials. 

MYCALEX miniature tube sockets are produced of glass-bonded mica 
by injection molding. It permits closer tolerances, low dielectric loss with 
high dielectric strength, high arc resistance and dimensional stability over 
wide humidity and temperature ranges. 

Above: Complete 7 pin miniature MYCALEX socket. Actual size, two views. 

MYCALEX miniature tube sockets are produced in two qualities to 
satisfy different economy requirements. 

MYCALEX 410 for applications re-
quiring close dimensional tolerances 
not possible in ceramics and with a 
much lower loss factor than mica 
filled phenolics. This top grade in-
sulating agent has an insulation loss 
factor of .015 (at 1 M.C.). It com-
pares favorably in price with top 
grade mica-filled phenolics. 

MYCALEX 410 X for applications 
where general purpose bakelite was 
acceptable but with a loss factor 
of only one fourth of that material. 
MYCALEX 410 X has an insulation 
loss factor of .083 (at 1 M.C.). Prices 
compare with lowest quality insu-
lation materials. 

Write us today and let us quote you prices on your 
particular requirements. We will send you samples and 
complete data sheets by return mail. Our engineers are 
at your disposal and would be glad to consult with 
you on your design problems. 

Visit the Mycalex exhibit at the 

1950 IRE SHO W, Booth 82. 

Our Engineers will show you the 

many problems solved with Mycalex. 

Mycalex Tube Socket Corporation 
"Under Exclusive License of Mycalex Corporation of America" 

30 Rockefeller Plaza, New York 20, N.Y. 

MYCALEX CORP. OF AMERICA 

AI\ A 
AMMEIPINV-Nai.1.1 

-Owners of 'MYCALEX' Parents-

Plantar,/ General When  N J feats!Iwe 0Mces 20 NeeeeIOW Mem New Girl 20, N T. 

STUDENT 

BRA NC H 

Li  MEETINGS 
.. 

(Continued front pa w 14. 

I siVERSITY OF COLORADO, IRE Iliuusal 

"Electronic Circuits Used in Cosmic Ray 

Detection," by H. V. Boehmer. Faculty, University 
of Colorado; and "Solar Variability of Weather,' 

I by J. Jackson, Faculty. University of Colorado; 
November 10. 1949. 

"Hydro-electric  Installations, and  Railway 

Electrification." by R. J. Peters; November 17, 
1949. 

UNIVRIisi1y OE DAYTON, IRE BRANCH 

"Problems in Industry," by Tom Holloran. 
Student. University of Dayton; September 20, 1949. 

"Problems in Industry." by Terry Lorenz. 

Student, University of Dayton; September 27, 1949. 

"Television Receivers," by Tom Holloran. 
Student. University of Dayton; October 14, 1949. 

"Automatic Volume Control." by Dale Smith, 
Student, University of Dayton; October 11, 1949. 

"Superhetrodyne Receivers." by Bob Buttner, 

Student, University of Dayton; October 18, 1949. 
"Vacuum-Tube Voltmeters." by Al Reuther. 

Student. University of Dayton; October 25, 1949. 

"Transistors." by Charles Bowman. Student. 

'niversity of Dayton; November 8. 1949. 

"Television Chain Relays," by Frank.Raso, 
Student, University of Dayton; November IS, 1949. 

"Bessel Functions," by Al  Winkeljohann. 
Student, l'niversity of Dayton; November 29. 1949. 

FENN COLLEGE, IRE BRANCH 

'Design Considerations of High-Fidelity Am-

plifiers." by R. M. Holtberg. Student. Fenn College; 
November 9. 1949. 

'ZNIVERSITY  OE ',Loam*.  IRE-AIEE  BRANCH 
Field Trip: December 6, 1949. 

Itusams INSTITUTE OF TECHNOLOGY, 

IRE BRANCH 

Panel Discussion on Graduate Study: by George 
Levy, G. I. Cohn. and Bernard Parmet. Faculty. 
Illinois Institute of Technology; November 17 . 
1949. 

UNIVERSIl Y OF ILLINOIS, I RE-A I EE BRANCH 

"your Future in Engineering," by Messrs. 
Jordan and Fauccet; November 22. 1949. 

STATE UNIVERSITY OF IOWA, IRE BRANCH 

"The  Paper Industry." by Mr. Hortstat. 
Westinghouse Electric Corp; November 30. 1949. 

Student Talks: December 7, 1949. 

"A New Electronic Pressure Measuring De-
vice." by J. E. Aitkinson. Student, State University 
of Iowa; December 14. 1949. 

IOWA STATE COLLEGE, IRE-AIEE BRANCU 

Motion Pictures. "Nerves of a Nation' and 
"Copper Mine"; November 9, 1949. 

'The Institute for Atomic Research at Iowa 
State College." by Frank Spedding, Faculty of 
Iowa State College; December 7. 1949. 

KANSAS STATE COLLEGE, IRE BRANCH 

"Midgets of Telephone Science and Service,' 
by Irvin Mattick, Southwestern Bell Telephone 
Company; December 6, 1949. 

UNIVERSITY OF KENTUCKY. IRE BRANCH 

'Planning for Color Television," by 0. W. 
Towner. Radio Station WHAS; November 22. 1949. 

"Color in Music." by E. T. Noble, Faculty of 
University of Kentucky; December 13, 1949. 

(Continued on page 644) 
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Lucid' Screen (right) shows how improved contrast and clarity under high ambient light eliminates "washing out." (Standard tube at left.) 

Television Industry Adopts 
Another Rauland "First"! 

aThe Rauland-developed 
aluminized tube—giving 

the most brilliant picture 

in Television. 

2 The light-weight 12" metal 

tube — still available only 

from Rauland. And now. 

THE SENSATIONAL NE W RAULAND LUXIDE SCREEN 

WITH ITS VISIBLY BETTER CONTRAST AND CLARITY 

See It in Booth 212 at the Radio Engineering Show 

No single improvement in Television has won such quick 
and enthusiastic public acceptance as the Rauland Luxide 

Screen (black) picture tube— pioneered by Rauland from 

its conception to its present universal acceptance. 

Rauland —first manufacturer of tubes of this type — re-

ceived its initial production quantity of Luxide tube faces 
in mid-June, 1949. Sets featuring these new tubes were 
announced to the public in September. The public received 

them with such enthusiasm that the Television industry, 

almost without exception,has already adopted this Rauland-
developed idea and now offers it under a variety of name,, 

The Rauland Luxide Screen improves picture quality by 

greatly reducing two former troubles— first, reflection of 
ambient light and second, halation within the tube face. 
The results to the viewer are a great reduction in apparent 
"blurring" and a much improved contrast and clarity, espe-
cially in lighted rooms. The improvement is so impressive 

that it has been given considerable editorial publicity. 

Rauland is glad to have made another important contri-

bution to the Television industry and the Television view-
ing public. The headline-making Luxide Screen is an addi-

tional example of Rauland's "Perfection Through Research." 

THE RAULAND CORPORATION 

Pe/Li ar_i_thn_. 7wyA_. 71)e A-P— a 

42 45  N. K N O X  A VE N UE • CHI C A G O  41,  ILLI N OI S 
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RESEARCH and 
DEVELOPMENT 
OPPORTUNITIES 

AT 

FREED-EISEMANN 
Development and resear. Ii oj-

ects in important new field- have 
created interesting opportunities 
for experienced men: 

• Eke-trim  Tube  Ileseareli 
I'll, grist 

•  Elect roil  Tit be  Des it lop-
client Engineer 

•  Optical Engineer 

•  l'hy sico-Clittinist  (solid 
state) 

• Tube Technicians 

Applicants should be capable of 
conducting experimental work in 
the  fields  of electron  tubes, 
cathode ray tubes, photo and 
secondary electron tubes includ. 
ing techniques of high-vacuums, 
pumping, cathodes, screens, etc. 

• Write DIRECTOR It RESEARCH I DEVELOPMENT 

FREED RADIO CORPORATION 
200 Hudson Street, New York 13, N.Y. 

POSITIONS OPEN 
For 

SENIOR RESEARCH ENGINEERS 
AND PHYSICISTS 

Established Electronic end Control Laboratory 
in the Los Angeles, California area, offers ex-
ceptional opportunities for Senior Engineers 
and  Physicists having outstanding academic 
background and experience in the fields of: 

• Microwave Techniques 
• Moving Target Indication 
• Servomechanisms 
• Applied Physics 
• Gyroscopic Equipment 
• Optical Equipment 
• Computers 
• Pulse Techniques 
• Radar 
• Fire Control 
• Circuit Analysis 
• Autopilot Design 
• Applied Mathematics 
• Electronic Subminiaturization 
• Instrument Design 
• Automatic Production Equipment 
• Test Equipment 
• Electronic Design 
• Flight Test Instrumentation 

Salaries commensurate with ability, experience 
and background. Working conditions and op-
portunities for advancement are excellent. Send 
information as to age, education, experience 
and work preference to: 

NORTH AMERICAN 
AVIATION, INC. 
Aerophysics Laboratory 

Box No. N3 
12214 South Lakewood Blvd. 

Downey, California 

The following positions of iiitereq lxi 
I.R.E. members have been reported as 
open. Apply in writing, addressine rept% 
to company mentioned or to Box No. ... 

The Institute reserves the right to refuse any 
announcement without giving a reason for 
the refusal. 

PROCEEDINGS of the I.R.E. 

1 East 79th St., New York 21, N.Y 

ELECTRONIC ENGINEER 
College graduate, E.E., a lib 3 or more 

years experience in electronic circuit de-
sign. Expanding consulting firm, special-
ists in custom building of industrial elec-
tronic instruments, has opening for fast-
thinking engineer who can apply theo-
retical background to practical problems. 
Location Detroit, Michigan. Box 584. 

SALES ENGINEER 

Sales Department of small company en-
gaged in research, development and manu-
facture of instruments specializing in the 
radiation field, requires an engineer with 
sales promotion experience demonstrating 
qualities of aggressive leadership, ability 
in business, business correspondence and 
a good knowledge of electronics. Must be 
capable of planning sales functions and 
following them through to a successful 
conclusion. Contact, Berkeley Scientific 
Company, 6th & Nevin, Richmond, Cali-
fornia. 

VACUU M TUBE ENGINEER 

4-5 years experience microwave meas-
urements, circuits or electronics. Some 
tube engineering and construction experi, 
ence helpful. Ability to direct develop-
ment projects. B.S. in E.E. or physics 
minimum. Large company northern New 
Jersey. Write in detail Personnel Dept. 
Box 586. 

RADIO ENGINEER 

B.E.E. degree required. 4 to 5 )ears 
experience in microwave, pulse. Perma-
nent. Large company. Northern New Jer-
sey. Write Personnel Department. Box 
587. 

ELECTRONIC ENGINEER 

Metropolitan New York company has 
opening for radio engineer with 4 to 5 
years' experience design and development 
of communications equipment. Permanent. 
B.S.E.E. degree minimum. Reply Person-
nel Department, Box 588. 

INSTRUCTOR 
A small eastern college is in need of a 

young man with a Doctors degree who 
has an electronic background and is in-
terested in teaching undergraduate and 
graduate work. Age 30 years or under. 
Write Box 589. 

SALES ENGINEER 
Good technical man with background in 

electrical, electronic and instrument fields. 
Sales experience necessary, and a reason-
ably good connection in the industrial 
electronic and instrument industry. Posi-
tion involves sales and promotion of rec-
ognized line of industrial electronic com-
ponents. State qualifications and salary 
requirements. Applicants located in New 
York area preferred. Box 590. 

'Continued On page 52A) 

COMMUNICATION 
ENGINEER 

• 

To  supervise  engineers  and 

technicians  in  construction  of 

radio communications system in 

Middle East. Qualifications should 

include BE degree or equivalent 

and  supervisory  experience  in 

installation of following types of 

equipment:  Diversity  Receivers. 

Frequency  Shift  Teletype,  VHF 
Relaying and Carrier Telephony: 

knowledge  of  HF  propogation 

and  antenna  design  desired. 

Salary S750.00 month plus main-

tenance: also substantial bonus 

and vacation allowance at end 

of 18 months. Applicants must be 

citizens  and  willing  to  accept 

single status in field. 

Write lull details to Box No. 596 

The Institute of 

Radio Engineers, Inc. 

1 East 79th St, New York 21, N.Y 

.S'enror Electronic 

Circuit Physicists 

for advanced Research and 

Development 

Nlinimum Requirements: 

I. M.S. or Ph.D. in Physics 
E.E. 

2. Not less than five years 

experience  in  advanced 

electronic circuit develop-

ment with a record of ac-

complishment giving evi-

dence of an unusual de-

gree  of  ingenuity  and 

ability in the field. 

3. Minimum age 28 years. 

HUG HES AIRCRAFT 

CO MPANY 

Attention: Mr. Jack Harwood 

Culver City, California 

or 
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I For Tough Machining Jobs, Get 
REVERE FREE-CUTTING BRASS 

Above, Model CS, smallest condenser, air space .009'. 
Below, Model B, largest, air space .01.3". Rotor 
shafts, shown in top illustration, are Revere Free-
Cutting Brass, plates aluminum. Made by The 
American Steel Package Co., Defiance, Ohio, an im-
portant supplier to the electronics industry. 

HERE are several examples of the fact that Revere Free-
Cutting Brass is really good. These rotor shafts for 

variable condensers are cut on automatic machines at 3600 
r.p.m. Circular tools are used to cut the concentric slots 
which are .050" deep. Only one cut has to be taken. Approx-
imately 425 pieces are produced per hour on a 6-second 
cycle. The American Steel Package Company, Defiance, 
Ohio, produces a number of different condenser models, 
with air spacing ranging from .009" up to .042". The slots in 
the shaft of Revere Free-Cutting Brass are all of the same 
width, regardless of air spacing, namely .014" plus or minus 
.0002'. It takes good machines, good tools, good men, and 
good metal to work that closely. A report from a Revere 
Technical Advisor who had collaborated with the company 
states: "Customer is outstanding in his praise of Revere 
Rod." ... If you have a problem in the machining of brass, 
why not give Revere an opportunity to work with you? The 
Revere Technical Advisory Service is at your command. 

REPERE 
COPPER AND BRASS INCORPORATED 

I ounded by Paul Reser,. in 1801 

230 Park Avenue, New York 17, Ne w York 

Mills: Baltimore, Md.; Chicago, Ill.; Detroit, Mich.; Los Angeles 
and Riverside, Calif; New Bedford, Mass.; Rome, N. Y. 
Sales Offices in Principal Cities, Dilfribstiors Everywhere. . 

l'110(  OF THE  bebruary, 1950 51 A 



PHYSICISTS 
AND 

ENGINEERS 
This expanding scientist-

operated organization offers 
excellent  opportunities  to 
alert physicists and engi-
neers who are interested in 
exploring new fields. We de-
sire applicants with exper-
ience in the design of elec-
tronic circuits (either pulse 
or c. w.), computers, gyros, 
antennas, or precision me-
chanical instruments. A few 
openings for Junior Engi-
neers and Technicians also 
exist. This company special-
izes in research and develop-
ment work. Laboratories are 
located in suburbs of Wash-
ington, D.C. 

JACOBS 
INSTRU MENT CO. 

4718 Bethesda Ace. 

Bethesda 14, Maryland 

NATIONAL UNION 

RESEARCH DIVISION 

There are several desirable 
openings for experienced 

PHYSICISTS 

and 

ENGINEERS 

capable of handling the de-
sign and  development of 
electron tubes and circuits. 

Our  growing  organization 
can offer excellent prospects 
for security and advance-
ment to qualified personneL 

Interested applicants are in-
vited to send their resume to: 

Divisional Personnel Manager 
National Union Research Division 
350 Scotland Road. Orange, N.J. 

(Continued from Noe 50A) 

ENGINEER 
Experienced engineer to supervise lab-

oratory and production design work on 
antennas and transmission lines. A mini-
mum of 3 years experience desired, pref-
erably on antenna design although this is 
not essential. Salary is open, depending 
on qualifications and experience. Location 
is Chicago. Write giving personal in-
formation to Andrew Corporation, 363 
East 75th Street, Chicago 19, Illinois. 

LABORATORY ELECTRICIAN 
(ELECTRONICS) 

Involves testing, adjusting and repair-
ing radiological equipment such as Geiger-
Mueller  counters  with  Higginbotham 
scalers, alpha proportional counting cham-
bers, scintillating photo counters and 
radiation survey meters. Requires 4 years 
electronics training and experience. Sal-
ary $3450 per annum. Contact, Officer in 
Charge, Environmental Health Center, 
1014 Broadway, Cincinnati, Ohio. 

ANALYTICAL STATISTICIAN (HEALTH 
& MEDICINE) 

Involves planning statistical methods 
and procedures,  supervising statistical 
projects for analysis and evaluation of 
epidemiological and biological data re 
sanitary quality of bathing, irrigation and 
drinking water. Will advise bacteriolo-
gists, biologists, chemists and engineers 
on environmental health statistical meth-
ods. Requires 6 or more years responsible 
work in experimental statistical research 
and recent statistical training. Salary 
$6400 per annum. Contact Officer in 
Charge, Environmental Health Center, 
1014 Broadway, Cincinnati, Ohio. 

ANTENNA ENGINEER 
Graduate engineer one or more years 

experience in design and testing of air-
borne VHF antennas. Desirable Cali-
fornia location, unusual opportunity for 
advancement. For application form write 
Box 394, Camarillo, California. 

INSTRUCTOR 
Wanted—radio and television instructor. 

No previous teaching experience neces-
sary. State work experience and educa-
tion. $85.00 per week. Apply Tru-Way 
Radio & Television School, 231 Arch 
Street, Nanticoke, Pennsylvania. 

ELECTRICAL ENGINEER 
Graduate electrical engineer from col-

lege of recognized standing. Must have 
majored in communications division of 
E.E. or be a graduate physicist with 
training in electronic and communication 
subjects.  Must thoroughly understand 
principles underlying design and test of 
VHF radio transmitters and receivers. 
Must be familiar with all modern testing 
instruments for VHF communication. Ex-
perience in VHF receiver design impor-
tant. Box 591. 

ENGINEER 
Engineer 3 to 5 years experience either 

M.E. with electronic aptitude and experi-
ence or E.E. with mechanical aptitude and 
experience for engineering development, 
mostly small electro-mechanical devices. 
Location  suburban  Philadelphia.  Box 
592. 

(Continued on rape 54A) 

PHOSPHOR 
RESEARCH 

• 

WESTINGHOUSE  RE-

SEARCH Laboratories in 

East Pittsburgh, Pa., has 

immediate need for a Sci-

entist with experience or 

training in preparation of 

cathode illuminescent ma-

terials for basic research 

in connection with color 

Television.  For  applica-

tions write 

Manager, Technical Em-

ployment,  Westinghouse 

Electric Corporation, 306 

Fourth Avenue, Pittsburgh 

30, Pa. 

PROJECT 
ENGINEERS 

Pedl  opportunities exist for 

Graduate Engineers with design 

and development experience in 

any of the following: Servo-

mechanisms, radar, microwave 

techniques, microwave antenna 

design, communications equip-

ment,  electron  optics,  pulse 

transformers, fractional h.p. 

motors. 

SEND COMPLETE RESUME TO 

EMPLOYMENT OFFICE. 

SPERRY 
GYROSCOPE CO. 

DIVISION OF 

THE SPERRY CORP. 

GREAT NECK, LONG ISLAND 
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A l t it t 
!KOMI% At. CONSTRUCIION 

Dlati W ADES 

—SPECIAL FEATURES— 

SWITCH: Patented knee-action switch for high contact pressure and 
low, uniform, contact resistance. 

VIBRATION PROOF-CONSTRUCTION: Will withstand the Armed Forces 
vibration tests. 

CONTACT RESISTANCE: .002 ohm. Will remain within .0003 ohm 
throughout the life of the unit. 

TYPE OF WINDING: 

1, 10, 100 ohm steps —Ayrton-Perry wound. 
0.1 ohm steps —bifilar wound. 
1,000 and 10,000 ohm steps—unifilar wound. 

TYPE OF WIRE: All units up to 100,000 ohms are wound with man-
ganin. Values over 10,000 ohms are wound with nichrome alloy. 

TEMPERATURE COEFFICIENT: All resistors have a temperature coeffi-
cient of less than ±-.002% per degree C, at room temperature. 

FREQUENCY CHARACTERISTICS: 
0.1, I, 10, and 100 ohm steps—flat to I MC. 
1,000 ohm steps—flat to 50 KC. 
10,000 and 100,000 ohm steps —flat over the audio range. 

SHIELDING: Copper-lined Walnut Cabinet with Alumilited Panel. 

This  new  construction  is supplied  on  individual 
decade  units  and  in  decade  resistance  boxes. 

Write for further information Dept. 1E-8 

VISIT DAVEN AT THE IRE SHO W —Booth 94B 

(Continued from page 52A) 

ENGINEER 

Graduate EE.—prefer electronics or 
servos major. 3 to 5 years development 
laboratory experience in pulse electronics, 
servos or electronic computers. 25 to 
30 years location. Location, New York 
City. Salary up ot $5000. Box 593. 

TELEVISION ENGINEERS 

Television Engineering Department re-
quires the services of 5 project engineers 
for advance circuit development and prod-
uct design for television receivers. These 
vacancies are the result of the ever-
cxpanding television activities in this de-
;.artment. Company is a major producer 
.f finer television receivers and is well 
,itablished. Company is located in north-
western New York State. Opportunities 
advancement are excellent. Salaries 

commensurate with experience. Our em-
ployees know of this ad. Box 594. 

ENGINEERS 

Several engineers needed by contractor 
for work at Naval Air Missile Test 
Center, 50 miles northwest of Los An-
geles. College degree and several years 
experience essential. Radar, computer, or 
telemetering experience preferable. Elec-
tronic Engineering Co., 2008 W. 7th St., 
Los Angele,: 5. California. 

RCA VICTOR 
Camden, N. J. 

Requires Experienced 

Electronics Engineers 

RCA's steady growth in the field of elec-
tronics results in attractive opportunities 
for electrical and mechanical engineers and 
physicists. Experienced engineers are find-
ing the -right position- in the wide scope 
of RCA's actkities. Lquipment is being de-
%eloped for the following applications: 
communications and nits igational equip-
ment for the aviation industry, mobile 
transmitters, microwase relay links, radar 
systems and components, and ultra high 
frequency test equipment. 
These requ;rements represent permanent 

expansion in RCA Victor's Engineering 
Di% ision at Camden, which will pros ide 
excellent opportunities for men of high 
caliber with appropriate training and 
experience. 
If you meet these specifications, and if 

you are looking for a career which will 
open wide the door to the complete ex-
pression of your talents in the fields of 
electronics, write, giving full details to: 

National Recruiting Division 
Box 250, RCA Victor Division 

Radio Corporation of America 

Camden, New Jersey 

PROCEEDINGS OF THE  February, 1950 
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Blaw-Knox is building 
MORE RINGSIDE SEATS 

for the fast-growing TV audience 
Not complete stations, of course, but those outward and visible 

signs of top video transmission efficiency—Blaw-Knox Antenna 
Towers... Electronic Engineers know what they want, and 
know what suppliers can best meet their requirements. For the 

design, fabrication and erection of their antenna. support, 

Blaw-Knox comes to mind first because it "came to radio" first. 

BLA W-KNOX DIVISION 
OF  BLA W-KNOX  COMPANY 

20:Hil FAR MERS BANK BUILDING • PITTSBURGH 22, PA. 
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specify 

AVOID LOSSES FROM 

Not being an extruded plastic, 
it elimin ates  

of  the co st ly 
-blobbing"  insulations 
heat of solder  under 

ing irons 

"NOFLAME-COR" 
the TELEVISION hookup wire 

APPROVED BY 

UNDER WRITERS 

LABORATORIES AT 9 0  CENTIGRADE _600 VOLTS 

0 

Proven BEST, and specified regularly, by leading manufccturers 
of television, F-M  quality radio and all exacting electronic 
equipment For maximum output and minimum relecis. Available 
in all sizes  solid and stranded Over 200 color combinations. 

PRODUCTION ENGINEERS! Specify -NOFLAME-COR" 
for absolute uniformity of diameter, permitting 
clean stripping of insulation without damaq,. 
to the copper conductor .. 

NO NICKING OF CONDUCTORS 

NO CONSTANT RESETTING OF BLADES 

RUBBER  75° 

PLASTIC  80° 

"NOFLAIPellE.COIR'L__90 

• Flame Resistant 

• Heat Resistant 

• High Dielectric 

• High Insulation Resistance 

• Facilitates Positive Soldering 

• Easy Stripping 

• Also unaffected by the heat of impregnation — 
therefore, ideal for coil and transformer leads 

COMPUTE DATA AND SAMPLES ON REQUEST 

"made by engineers for engineers" 

CORNISH WIRE COMPANY, Inc. 
605 North Michogon Avenue, 

15 Park Row, New York 7, N.Y. Checogo 11 
1237 Publ., ledg. r E11,1,4 

Philodelph,o 6 

MANUFACTURERS OF QUALITY MIRES AND CABLES FOR THE ELECTRICAL AND ELECTRONIC INDUSTRIES 

Positions Wanted 
By Armed Forces 

Veterans 
In order to give a reasonably equal op-

portunity to all applicants, and to avoid 
overcrowding of the corresponding col-
umn, the following rules have been 
adopted: 
The Institute publishes free of charge 

notices of positions wanted by I.R.E. 
members who are now in the Service or 
have received an honorable discharge. 
Such notices should not have more than 
five lines. They may be inserted only after 
a lapse of one month or more following a 
previous insertion and the maximum num-
ber of insertions is three per year. The 
Institute necessarily reserves the right to 
decline any announcement without assign-
ment of reason. 

JUNIOR ELECTRICAL ENGINEER 
B.S.E.E. _lune 1949, liticknell Univer-

sity. Married. 26 months experience as 
Navy electronic technician. No other ex-
perience, but willing to learn. Desires 
position in electronics in New York City 
area. Box 352 W. 

COMMUNICATIONS ENGINEER 
Graduate of Ohio State Universit), De-

cember 1947 with B.E.E. Married. Age 
23. Experience: 1% years with automatic 
switching equipment, 1 year part-time in 
electronics development. Desires position 
in electronic or communications field in 
northern New Jersey. Box 353 W. 

;:•  .F;  ;,•  I I 

TELEVISION ENGINEERS 
Wanted by Chicago area manufac-
turer of leading, nationally known 
television and radio receivers. 

CHIEF TELEVISION 
ENGINEER 

To assume full-responsibility of large 
scale research and development pro 
gram. 

Requirements: EE graduate with 
minimum of 10 years in industry 
in similar capacity, a record of em-
inent results demonstrating aggres-
sive leadership, a thorough knowl-
edge of production requirements 
and consumer problems. 

TELEVISION PROJECT 
ENGINEERS 

EE graduates with minimum of 5 
years experience in television de-
sign and development for produc-
tion. Capable of new design and 
full utilization of conventional cir-
cuits in all phases of television re 
ceivers. 

Well equipped laboratories in mod-
ern high speed plant. 

Send résumé to Box soo 

The Institute of Radio 

Engineers 
1 East 79th St.  New York it, N.Y. 
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If it's a problem calling for PRECISION POTENTIOMETERS 

For many years The HELIPOT Corporation has been a 
leader in the development of advanced types of potentiom-
eters. It pioneered the helical potentiometer—the potentiom-
eter now so widely used in computer circuits, radar equip-
ment, aviation devices and other military and industrial 
applications. It pioneered the D UODIAL*-the turns-indicat-
ing dial that greatly simplifies the control of multiple-turn 
potentiometers and other similar devices. And it has also 
pioneered in the development of many other unique po-
tentiometric advancements where highest skill coupled with 
ability to mass-produce to close tolerances have been im-
perative. 

• Tr,..d,  F,5);:tertd 

• 
MODELS F AND G PRECISION 
SINGLE-TURN POTENTIOMETERS 
Feature both continuous and limited me. 
chanical rotation, with maximum effective 
electrical rotation. Versatility of designs per-
mit a wide variety of special features. 
F-3-5 16" dia., 5 watts, electrical rotation 
359* -resistances 10 to 100,000 ohms. 
0-1•5/16- dia., 2 watts, electrical rotation 
35V-resistances 5 to 20,000 ohms. 

-Ask for Bulletin 105- 
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THE e ipo 

In order to meet rigid government specifications on 
these developments—and at the same time produce them 
economically—HELIPOT* has perfected unique manufactur-
ing facilities, including high speed machines capable of wind-
ing extreme lengths of resistance elements employing wire 
even less than .001" diameter. These winding machines are 
further supplemented by special testing facilities and po-
tentiometer "know-how" unsurpassed in the industry. 
So if you have a problem requiring precision potentiom-

eters your best bet is to bring it to The HELIPOT Corporation. 
A call or letter outlining your problem will receive im-
mediate attention! 

A 

MODELS A, B. A C HELIPOTS 
A-10 turns, 46- coil, 1-1316" dia , 5 watts-
resistances from 10 to 300,000 ohms. 
B-15 turns, 140" coil, 3-5 16" dia., 10 watts 
-resistances from 50 to 500,000 ohms. 
C-3 turns, 13.1/2" coil, 1.1316" dia., 3 
watts-resistances from 5 to 50.000 ohms. 

-Ask for Bulletin 104-

LABORATORY 
MODEL HELIPOT 
The ideal resistance 
unit for use in labora-
tory and experi• 
mental  applications. 
Also helpful in cali• 
brating and checking 
test equipment. Com-
bines high accuracy 
and wide range of 
10.horn HELIPOT with 
precision adjustability of DUODIAL. Avail. 
able in eight stock resistance values from 
100 to 100,000 ohms, and other values on 
special order. 

-Ask for Bulletin 106-

4 01 
3-GANGED MODEL A HELIPOT AND 
DOUBLE SHAFT MODEL C HELIPOT 
All HELIPOTS, and the Model F Potentiometer, 
can be furnished with shaft extensions and 
mounting bushings at each end to facilitate 
coupling to other equipment. 
The Model F, and the A, B, and C HELIPOTS 
are available in multiple assemblies, ganged 
at th• factory on common shafts, for the con-
trol of associated circuits. 

MODELS D AND E HELIPOTS 
Provide extreme accuracy of control and ad-
justment, with 9,000 and 14,400 degrees of 
shaft rotation. 
D-25 turns, 234" coil, 3.516" dia., 15 watts 
-resistances from 100 to 750,000 ohms. 
E-40 turns, 173" coil, 3-5 16" dia., 20 watts 
-resistances from 200 ohms to one megohm. 

- Ask for Bulletin 104-

OR 
MODELS R AND W DUODIALS 
Each model available in standard turns-ratios 
of 10, 15, 25 and 40 to 1. Inner scale in. 
dicates angular position of HELIPOT sliding 
contact, and outer scale the helical turn on 
which it is located. Can be driven from knob 
or shaft end. 
R-2" diameter, exclusive of index. 
W-4.3 4" diameter, exclusive of index. Fea• 
lures finger hole in knob to speed rotation. 

-Ask for Bulletins 104 and 114-

• 
MULTITAPPED MODEL I HELIPOT AND 
4-GANGED TAPPED MODEL F 
This Model B HELIPOT contains 28 taps, placid 
as required at specified points on coil. The 
Four•Gang Model F Potententiometer contains 
10 taps on each section. Such taps permit use 
of padding resistors to create desired non. 
linear potentiometer functions, with advantage 
of flexibility, in that curves can be altered as 
required. 

CORPORATION, SOUTH  PASADENA 6, CALIFORNIA 

1 
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If 

the 

Problem 

is 

ELECTRONIC 

... look to for the answer 

From amplifiers to electronic repeaters ... 

from diversity converters to complete re-

ceiver assemblies, test instruments and 

frequency multiplier units, B & W equip-

ment is backed by men who have spent a 
lifetime in the electronic field . . . men 

who know the problems of radio and 

electronics and how to solve them. 

Modern, up-to-date facilities are ready 

2 KW AMPLIFIER 

CONTROL 
UNIT 

DUAL  DIVERSITY 
CONVERTER 

RECEIVER 
ASSEMBLY 

to convert the designs of these engineers 

into components or complete assemblies, 

designed and fabricated to withstand the 

toughest assignments and carrying the 

B & W trade-mark, recognized the world 

See us at 
BOOTH 

I.R.E. Show 

over for excellence. 

Write for the latest B & W 
Catalog to Dept. PR-20 

B&W DISTORTION 
METER 

B&W 
ALL BAND 
FREQUENCY 
MULTIPLIER 

BARKER iLINILLIAMSONINc.. 
237 Fairfield Avenue  Upper Darby, 

Positions Wanted 
( I  ' 'me./ 110111 page 56:1) 

ELECTRONIC ENGINEER 

B.S.E.E. June 1949, Stale College of 
Washington. Single. Age 29. 2 years 
radio operation experience in Army. De-
sires position iff electronic field. Prefers 
Pacific coast area. Box 355 W. 

ENGINEER 

M.S. in physics, June 1949, Fordham 
University. 2 years experience as part 
time instructor in general physics lab. 
Graduate of Navy electronic training pro-
gram. Age 24. Engaged. Desires position 
in sales or development, preferably in 
New York area. Box 356 \V. 

ENGINEER 

11.S.E.E. June 1949. University of Mis-
souri. Tau Beta Pi, Eta Kappa Nu, Pi 
Mu Epsilon. Age 25. Single. Some radio 
experience in Signal Corps. Desires com-
munications •or electronic work.  Any 

in U.S. Box 357 W. 

JUNIOR ENGINEER 

Graduated June 19P) from Newark Col-
lege of Engineering, Newark, New Jer-
sey with a B.S.E.E. degree. 3 years train-
ing and experience as radio technician in 
the Signal Corps, Age 30, married. De-
sires employment as electrical or electron 
engineer particularly in the high frequen-
cies anywhere in U. S. or Canada. Box 
358 XV. 

11 !  r 

MAIMGEMEITI 
CORSULTMG 

Established mid-western 

manage ment consultant 

seeks an engineer with the 

following qualifications: edu-

cational background in elec-

tronics including degree and 

preferably graduate training. 

At least 5 years' experience 

with one or more manufac-

turers of electronic apparatus 

or components in one or more 

of these areas: industrial en-

gineering, production man-

agement, plant engineering 

or design and development. 

Must be willing to travel. 

Salary open. Box 599. 

The Institute of Radio 

Engineers, Inc. 
1 E. 79th St., New York 21, N.Y. 
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.11 

LONG 

•  ACCURAC 

Model 

CAUTION ON HIGH VOLTS 

6000 
200 

300 

60 --

12 -

6000 
12 00 

300 

— 60 

VMI NM III 

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. 

6 3 0-A 
ONLY "17.50 AT YOUR DISTRIBUTOR 

M EM IN No EN ea 1•1 NE 

1/2% 

RESISTORS 
Immmim um Ns mil mi 

= IIIN IN III MI = III MI 

COMPENSATED 

OHMMETER 

CIRCUIT 
IIIMII MIN M MIIMIIII MI 

HAND-DRAWN 

MIRRORED 

SCALES 
El IN  El MI MN 11111 

FOR THE MAN WHO TAKES PRIDE IN HIS WORK 

tt' 

a; 
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PR E S S U RIZE D 
Positions Wanted  

• HARMONICS SUPPRESSED 
• SPURIOUS R.F. ELIMINATED 

opUtif FILTER 

BOLITTRAD 
UP 

I-.-CLEAN WAVEFORM 
FOR 

ACCURATE MEASUREMENTS 

55 MC TO  980 M C 

MODEL 55 

LOW PASS 
FILTERS 

FOR INSERTION IN 52 OH M COAXIAL CABLE. 

FILTER BEHAVES AS TRANS. LINE — MATCHED LOAD 
UNNECESSARY. 

LO W PASS BAND LOSS — 0.20 DB MAXI MU M. 

VS WR INSERTION INCREASE 1.15/1 NOMINAL. 

SHARP CUTOFF — 65 DB 11 % ABOVE fc. 

WIDE RANGE STOP BAND — 50 DB CONTINUOUS 
8 OCTAVES. 

PO WER CAPACITY 50-100 WATTS. 

Write for details 

THE  RO LLIN  CO MPANY 
2070 N. FAIR OAKS AVE.  •  PASADENA 3, CALIFORNIA 

(Continued front page 584) 

SALES ENGINEERING OR TECHNICAL 
ADMINISTRATION 

Well known, highly experienced and 
realistic  engineer-consultant-writer  in 
radio-electronic nucleonic fields, presently 
in California, seeks new employment any-
where. Particularly qualified in sales en-
gineering, public relations and promotion 
of new developments. Very familiar with 
governmental, industrial and educational 
electronic circles nationwide. Box 359 W. 

JUNIOR ENGINEER 

Graduate student of radio and television 
desires junior engineering position in 
electronics industry. Particularly inter-
ested in audio and recording field. Broad-
cast experience. Age 23, married, child. 
Willing to travel occasionally. Prefers 
midwest or south. Box 360 W. 

ELECTRONIC ENGINEER 
B.E.E. Polytechnic Institute of Brook-

lyn, June 1948. Experience includes 1 year 
as communications project engineer and 
several months test and development of 
radiation circuits and equipment. Desires 
position as project or development engi-
neer in New York City or vicinity. Box 
361 \V. 

ELECTRONIC ENGINEER 
M.S.E.E. Univer-ity of Illinois, 1949. 

B.S.E.E. Purdue University, 1948. Age 
27. Single. 2 years teaching experience in 
electronics. Member Eta Kappa Nu. 1st 
radio telephone and Class A Amateur 
licenses. Desires employment in electronic 
research and development. Box 362 W. 

TELEVISION ENGINEER 
13.S.T.E. November 1948, American 

Television Institute of Technology. Age 
29. Married. 3 years Naval experience in 
electronics; 6 months in industry. 1st 
class FCC license. Desires position as TV 
station engineer. Box- 364 \V. 

ELECTRONIC ENGINEER 

B.S. (Pl rs Math) February 1949. 
Married, 2 children. Graduate CREI. 2 
years experience test and research: 2 
years experience Navy radio technician. 
3 years experience Broadcast radio engi-
neer.  1st class radiotelephone license, 
Amateur license. Box 365 W. 

ELECTRICAL ENGINEER 

I3.E.E. August 1949, C.C.N.Y. Cum 
Laude 3rd in class. 3 years experience as 
Navy electronic technician. Desires posi-
tion in research, production or develop-
ment. Salary and location secondary. Age 
26. Box 380 W. 

ENGINEER 

B.S.E.E. June 1949, Oklahoma Institute 
of Technology. Communications major. 
Currently completing M.S. Electronics 
officer, Air Force Reserve. Guided mis-
siles, radar experience. Age 29, married, 
2 children. Available February 1950. Lo-
cation immaterial. Resume upon request. 
Prefer design, development application 
in electronic field. Box 808, Veterans Vil-
lage, Stillwater, Oklahoma. 

ELECTRON IC ENGINEER 
13.S.E.E. January 1950, C.C.N.Y. Mar-

red, age 22. 1 year Army electronic ex-
perience, repair and monitoring. Desires 
position in electronic field. New York 
metropolitan area preferred. Box 381 \V 

(Continued on page 624) 
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I HIGH-POWER TRANSMITTING TUBES FOR AM fitik• Big stations serving big areas know G-E triodes 
will keep them on the air effectively.., dependably! 

„Ow 

GL-891-8 and 61.-892-8  
10 kw power output typical 
operation, Class C Teleg-
raphy. (The two tubes are 
similor except for the am-
plification factor, which is 
8.5 for the GL-891-8, 50 
for the GL-892-8.1 

GL-902 
65 kw power output typical 
operotion, Class C Teleg-

raphy. 
GL-895-8 

84 kw power output typical 
Teleg-operotion, Class C 

raphy. 

.11111111.111111111L-

4A-891-R and GL-892-R 

GL-9(22 

x7ou have plenty at stake in the performance of your power tubes. On 
1, them, your station owners, advertisers, and listening public all rely 
in terms of signal volume and continuity. Play safe by choosing General 
Electric! Install superior tubes . . . as built by a foremost manufacturer, 
and backed by a responsibility that is alert to your needs and to the im-
portance of your tube investment. 
All commonly used types, such as those illustrated, are in the G-E line 

—many of them water-cooled or forced-air-cooled according to your 
requirements. Also, there are G-E modulator and driving-stage tubes; 
receiving types; rectifier tubes of all capacities for a-c to d-c conversion. 
You can get all General Electric tubes for broadcasting from one 

source—your G-E tube distributor. He's near you, so in a position to give 
fast delivery. Moreover, his extensive and varied stock enables you to 
economize in respect to your own inventory of "spares." 
Phone your distributor today! Learn how he can help you keep tube 

performance up, costs down. Also—ask him for your copy of the new 
booklet on increased tube life prepared by G-E engineers as an aid to 
radio-station operators. It's free! Electronics Department, General Electric 
Company, Schenectady 5, New York. 

GENERAL ELECTRI; 
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NEW VISCOUS 

-DAMPED TRANSCRIPTION ARM Positions Wanted 
I  tad( ou..1,. 

Model 1088 

The patented "viscous damping - principle em-
ployed in the New GRAY Transcription Arm 108B 
gives you all these unprecedented features: 

First basic advance in tone arm suspension in 
decades  • Absolutely perfect tracking with 
lowest possible stylus force  • Exhaustively 
PROVED by over a year's constant use • Virtual 
elimination of tone arm resonances • Damping 
exactly controlled  • No groove-jumping at 

NE W MODEL 603 
This is the latest of the universally 
adopted Gray Equalizers used, 
with Gray Tone Arms, as standard 
equipment by broadcasting sta-
tions. The high-frequency charac-
teristics obtainable comprise 5 
steps — flat, high roll-off, NAB, 
good records, poor recoids. An 
auxiliary selector adapts the 
Equalizer to either Pickering or 
GE cartridges. Matches pickup to 
microphone channel. 

Price, $50.70 

Developed by 

GRAY RESEARCH 

fundamental resonances • Prevention of stylus 
damage due to dropping. 

This new arm permits instantaneous change of 

pickups — 78 to 33.3 or 45 RPM. No counter-

weights or further adjustments! IT IS IDEAL FOR 
LP RECORDS. Accommodates all cartridges — 

Pickering, new GE (short), old GE (long). 

Price, less cartridge, $50.70 

EQUALIZER 

There's Modern Magic in TV "Staging" and more 

PROFITABLY VERSATILE TV Broadcasting 

ir 

41t 

FOI fv11  wr;(• for Bullet n T•101 

with the New Stage No.1 

and the GRAY TEL°  p  

This most versatile telecasting 

optical projector enables dual pro-

jection with any desired optical 

dissolve under exact control. 

The accessory STAGE NUMBER  I 

adds three functions separately or 

simultaneously: a) teletype news 

strip, b) vertical roll strip and c) 

revolving stage for small objects. 

The TELOP, used with TV film cam-

eras, permits instant fading of one 

object to another, change by lap 

dissolve or by superimposing. 

Widest latitude is given program 

directors for maximum visual 

interest and increased TV station 

income. 

4111" •  • 

RESEARCH and Development Co., Inc. V 

4., W HI M 

16 Arbor St., Hartford 1, Conn. 

SEE US AT THE I.R.E. SHO W —BOOTH 134 

ENGINEER 

Graduate it Purdue University in 1946: 
with 13.S.E.E. and major in electronics 
and mathematics. Age 23. Married. 3 
years experience with Navy Supply Corps 
(Lt. jg.) Member Eta Kappa Nu. De-
sires research and/or development any-
where in U.S. Box 382 W. 

TELEVISION ENGINEER 

B.S. in E.E., Northwestern University. 
Tau Beta Pi, Eta Kappa Nu. Some grad-
uate work. Age 23. 11/2 years television 
broadcast. Former Navy R.T. Interested 
in television development or field work. 
Midwest. Box 383 \V. 

ADMINISTRATIVE ASSISTANT 

S.M. in E.E. June 1949, MIT. S.B. 
in business and engineering administra-
tion February 1950, M.I.T. Sigma Xi. 
11/4  years Army radiosonde and radar 
experience. 11/4  years research and de-
velopment. Box 384 \V. 

ELECTRICAL ENGINEER 

B.E.E. June 1949, C.C.N.Y. Former 
Navy electronic technician. Desires posi-
tion in television. Will relocate but east 
coast preferred. Box 385 w. 

ENGINEER 

M.S. in E.E  ommunications, 1947. 3 
years full time teaching. Desires teaching 
or industrial position with prospect of re-
search and possibility of work toward 
doctorate. Age 31, married, 2 children. 
Box 386 W. 

ENGINEER 

M.S. ill E.1 ; communications option, 
June 1949. lIE I Cutn Laude June 1948. 
Tau Beta Pi, la Kappa Nu. Age 23, 
single. Navy electronic technician Pro-
gram 2 years. Desires electronic design, 
development or research position New 
York-Long island area. Box 387 W. 

ENGINEER 

Broadcastchief Engineer, overseas or 
states, with FM-TV-AM experience. At 
present overseas  150  KW experience 
N.B.S., A.A.F., 1:..R.D.L. Research and 
development background, technical writer, 
patent law training. College graduate. 19 
years FCC license. Supervisory experi-
ence. Washington, D.C. acceptable. Avail-
able June 1950. Box 388 W. 

INSTRUCTOR 

A.M. (in mathematics), B.S. in E.E. 
Age 22. Excellent record. Slight teaching 
experience. Desires position as instructor 

mathematics or as junior research-
mathematician,  September  1950.  Box 
389 W. 

ENGINEER 

NI. S.C., B.E.E. Ohio State University, 
December 1949. 1 year Signal Corps coin-
numications control, fixed station repair 
and maintenance. Good physics and mathe-
matics background. Thesis work on gas 
discharges. Eta Kappa Nu, Sigma Pi 
Sigma. Age 27, single. Will relocate. De-
sires position development or research 
in gas or vacuum tube engineering, elec-
tronics or instrumentation. Box 390 W. 
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the 

MODEL 3 0 3 

VACUUM 
TUBE 

VOLT-OHMMETER 
. . A Worthy Companion 

of the 260 

SPECIFICATI O NS 

DC Voltage 
Ranges-1.2, 12, 60, 300, 1200 (30,000 with 
Accessory High Voltage Probe) 

Input R $$ i eeeeee —10 megohms for all ranges 
DC Probe—with one megobm isolating resistor 
Polarity reversing switch 
Ohms 
Ranges-1000 (10 ohms center) 

100,000 (1000 ohms center) 
1 megohnt (10,000 ohms center) 
10 megohms (100,000 ohms center) 
1000 megohms (10 megohms center) 

AC Voltage 
Ranges-1.2, 12, 60, 300, 1200 
Impedance (with cable) approx. 200 mmf shunted 
by 275,000 ohms 

AI Voltage 
Ranges-1.2, 12, 60 
frequency Response—Flat to 100,000 cycles 
Decibels 
Ranges— —20 to +3, —10 to +23, +4 to +37, 

+18 to -1-51, +30 to +63 
Zero Power Level-1 M. IV., 600 ohms 
Galvanometer 
Zero center for FM discriminator alignment and 
other galvanometer applications 

R. F. Voltage 
(Signal tracing with Accessory High Frequency 
Crystal Probe) 

Range-20 volts maximum 
frequency—flat 20 KC to 100 M.C. 
105.125 V. 60 cycles 
Size  51/4 "x7"x31/8" (bakelite case). Weight: 4 lbs. 
Shipping WI.: 61/2  lbs. 

Dealer's Net Price Model 303, including DCV 
Probe, ACV—Ohms probe and Ground Lead— 
$58.75; Accessory High Frequency Probe, $7.50 
Accessory High Voltage Probe, $14.85 

Also available with roll lop case, Model 30311T—$64.73 

Smaller and Handier for Greater Portability 
A worthy companion of the world-famous Model 260 is this brand 
new addition to the Simpson line—the Model 303! 
Skilled Simpson engineers spent months of painstaking research 

in the laboratory to produce the Model 303, which is one of the 
most versatile instruments ever made for TV servicing. This rug-
gedly constructed instrument offers the maximum in portability 
because it is approximately 60% smaller than other vacuum tube 
volt-ohmmeters. However, no sacrifice has been made in read-
ability. The 303 has a large 41/2 " meter, despite its handy com-
pactness. 
One of the many features of the 303 is its low current consump-

tion. The AC voltage range is wider than on any other similar 
instrument—from 1.2 volts minimum to 1,200 maximum. Like all 
other instruments bearing the Simpson name, the Model 303 is 
an instrument of highest quality at an amazingly low price. 

SI MPS O N  ELECTRIC  CO MPA N Y 
5200.5218 Woo Kinzie Street, Chicago 44, Illinois 
In Canada, Bach•Simpson, Ltd., London, Ontario 
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THIS IS 
THE 

ANE W 

MINIATURE PO WER 

TRANSFORMER FOR 

USE IN AIRBORNE & 

PORTABLE 

EQUIPMENT 

FEATURI NG 

SMALLER SIZE 

RN 

Illustration shows 

relative  size  of 

HORNET and conven." 

lional transformers of 
com parable  capacity. 

than any previous design, through the use of newly devel-
oped class H insulating materials, and design techniques. As 
shown above, HORNET transformers are only about one-
fourth the siie of similarly rated conventional transformers. 

GREATER PO WER OUTPUT 
because of improved design and construction. HORNET 
transformers operate with unimpaired efficiency at high tem-
peratures, and are suitable for operation at ambient tempera-
tures as high as 150 deg. C. High output plus smaller size and 
lighter weight make these units ideal for use in airborne and 
portable equipment. 

MEETS JAN SPECIFICATIONS 
HORNET transformers are designed and built to meet re-
quirements of current JAN T-27,and equivalent specifications. 

Write for descriptive bulletin 

of sizes and specifications 

NE W YORK 
TRANSFORMER CO., INC. 

ALPHA, NE W JERSEY 

44ICEETIRANC H 
STUDENT 

(Continued from page 48,4) 

LAFAYETTE COLLEGE, IRE-AIEE BRANCH 

Ìs Radio Doomed?" by G. Menkhart, Student. 
Lafayette College; and Film, "Power, by Which We 
Live"; November 22. 1949. 

"Magic Mites.' by Walter Ness, Bell Tele-
phone Company; December 15, 1949. 

UNIVERSITY OF MICHIGAN, IRE-AIEE BRANCH 

*Patent Problems in Engineering,' by W. C. 
Sadler,  Faculty. University of Michigan; and 
Travel Movie: November 17, 1949. 

M ISSISSIPPI STATE COLLEGE, IRE BRANCH 

"Organization, Construction, and Operation of 

Commercial Broadcast Station," by J. Phillips; 
December 1, 1949. 

UNIVERSITY OF M ISSOURI, IRE-AIEE BRANCH 

'The Power Industry Meets the Graduate.' 

by G. S. Whitlow and Ray Schildknecht, Union 
Electric of Missouri; and "IRE and the Radio 

Engineer," by Ray Schildknecht, Union Electric of 
Missouri; December 8. 1949. 

MISSOURI SCHOOL OF MINES AND METALLIURGY, 

I RE-A I EE BRANCH 

"Instrumentation on V-2 Rockets." by G. T. 
Feidler, Sverdrup and Parcel, Inc; November 17. 
1949. 

"What's Different About an Executive." by 
G. W. Talley, Cutler and Hammer Corp; December 
8, 1949. 

NEWARK COLLEGE OF ENGINEERING, IRE BRANCH 

"Carrier Currents in Transmission Lines." by 
Alan Kirsch, Student, Newark College of Engineer-
ing; November 15, 1949. 

"Television Testing Equipment," by Douglas 
David% Student, Newark College of Engineering; 
November 30. 1949. 

'Operation of a Television Broadcasting Sta-
tion.' by Ralph Pocaro. Student, Newark College 
of Engineering; December 13, 1949. 

COLLEGE OF TIIE CITY OF NEW YORK, 

IRE BRANCH 

"Television Manufacturing Test Equipment," 
by J. L. Roemisch, Tel-Instrument Company; 
December 8, 1949. 

"Wires and Cables," by C. Jones, Anaconda 
\'ire and Cable Company; November 17. 1949. 

"Microwave Receivers.' by Sanford Seidler 
Polarad Electronics; November 29. 1949. 

NEW YORK UNIVERSITY, IRE BRANCH 

"Color Television," by George Anner, Faculty 
of New York University; November 16, 1949. 

'Getting Started in Engineering," by C. M. 

Burrill, RCA Laboratories; November 30, 1949. 
'Employment Opportunities," by H. H. Heins, 

Westinghouse Electric Corp; December 7. 1949. 

UNIVERSITY OF NOIRE DAME, IRE-AIEE BRANCH 

"Role of Bell Telephone Company in Television 

Transmission," by J. F. Hughes, Indiana  Bell 
Telephone Company; and Talks by H. E. Ellithorn 
and L. F. Stauder; November 17, 1949. 

OHIO STATE UNIVERSITY, IRE-AIEE BRANCH 

Tour of Radio Station WL W-C; November 17. 
1949. 

THE PENNSYLVANIA STATE COLLEGE, 
IRE-AIEE BRANCH 

Student Paper Competition and Film. "Magic 

of Fluorescence," sponsored by General Electric 
Company; Decemlx.r 8. 1949. 

(Continued on page 66A) 
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Simple and reliab/e... 
and tope for 
fiddly ll 

SAys 

DAN SEymouR 
POPULAR M.C. OF RA01 TV'S "WE ME P  EOPLE0 "AND 

NEW PRESTO 
PT-900 PORTABLE TAPE RECORDER 

Here's the answer for delayed special-events broadcasts — on-
the-spot recording—wherever there is a need for field recording 
of complete broadcast quality. Look at these outstanding engi-
neering features: 
Separate recording and playback heads, each with its own 
associated amplifier, permit monitoring direct from tape. 
High fidelity unit —50 to 15,000 CPS at 15" per second tape 
speed. 3 microphone channels with master gain control in 
recording amplifier. V.U. meter to indicate recording level, 
playback output level, bias current and erase current, and 
level for telephone line. 2-speed single motor drive system. 

Don't choose your tape recorder until you see the new Presto 
l'ortable Tape Recorder. Write for complete details today. 

RECORDING CORPORATION 
Paramus, New Jersey 

Mailing Address: P. 0. Box 500, Hackensack, N. J. 

In Canada Walter P Downs. Ltd Dominion Sp Bldg , Montrea I 

hood the M Simons L Son Co . Inc . 25 Warren St , N Y. Cable Address "Simontrice — New York 

WORLD'S GREATEST MANUFACTURER OF INSTANTANEOUS SOUND RECORDING EQUIPMENT AND, DISCS 

htbruary, 1950 65A 



Student Branch Meetings 

PANORAMIC RADIO PRODUCTS, Inc. 
Cordially invites you to attend dynamie demonstra-
tions of panoramic spectrum analyzers at the 
National Convention, Booth I, March (dh-91h. 

Long recognized as being unexcelled for laboratory, research and production 
applications requiring spectrum or waveform analysis, these instruments help 
collect data more •quickly, simply and accurately. 

Spectral components are graphically visualized on a 
vertical deflections distributed horizontally in order of 
height directly indicates signal level. 

Whether your problem is investigating the characteris-
tics of AM, FM or pulsed signals, spurious oscillations or 
modulation, cross modulation, etc., or monitoring many 
frequency channels simultaneously, it will pay you to see 
these panoramic analyzers in actual operation. 

cathode-ray tube as 
frequency. Deflection 

SA010 INGin1111110 SHO W 

Panoramic Sonic Analyzer, Model AP-1 
Automatic Waveform Analysis in Only 1 Second 

Accepted as the practical answer for truly simple high 
speed analysis of vibrations, noises, harmonics, intermodula-
lion and acoustics, the AP-I automatically separates and 
measures the frequency and magnitude of complex wave 
components. 

Frequency Range: 40-20,000cps, log scale 
Input Voltage Range: SOOuv-SOOV 
Voltage Scale: Linear and two decade log 

Can be calibrated to determine sound level of components 
Presentations easily photographed or recorded. 

Direct Reading and Simple Operation 

Panoramic Ultrasonic Analyzer, 
Model SB-7 

A New Direct Reading Spectrum Analyzer 
An invaluable new instrument for monitoring, telemeter. 
mg, and for investigating ultra audible noises and vi-
brations, the 58-7 allows overall observation of a 
200KC wide band or highly detailed examination of 
selected narrow segments in the ultrasonic region. 

Frequency Range: 2KC-300KC, linear scale 
Scanning Width: Continuously variable from 200KC to 
Zero 

Amplitude Scale: Linear and two decade log 
Input Voltage Range: Imv-SOV 
Scanning Rate: 6.7cps (approx.) 

Panadaptor SA-3, SA-6 
Panalyzor 58-3, SB-6 

For General RF Spectrum Analysis 

Recognized as the fastest and simplest means of in-
vestigating and solving such RF problems as frequency 
stability, modulation characteristics, oscillations, pare-
sales and monitoring under static or dynamic condi-
tions, these models are available in over a dozen dif-
ferent types, designed to meet your particular appli-
cation. 

Panadaptor units operate  with superheterodyne  re-
ceivers which tune in the spectrum segment to be 
observed. 

Panelyzors use an external signal generator for this 
purpose and have a flat response for determining rela-
tive levels of signals. 

Panadaptor, SA-8  Panalyzor 58-8 

For RF Spectrum Analysis Where Maximum 
Resolution Is a "Must" 

Available in  I types with maximum scanning 
widths ranging from 200KC to 20MC, both the SA-8 
and SII-8 feature 

• Continuously Variable  Resolution from  250KC to 
100cps 

• Synchronous and Non-synchronous Scanning 
• Long Persistence Displays plus Intensity Grid Modu-
lation for Analysis of Pulsed RF Signals 

• Continuously Variable Scanning Width from 
Maximum to Zero 

Write Dept. WC for complete 
specifications and prices. 

PANORAMIC.r-\ •\ RF1010 PRODUCTS 

,O ut.• *1, 0.4 0 Av.  .0 0,11v , •11111• 0•1  le  I 

(Comitimied from page 644) 

PRATT INSTITUTE. IRE Ba4t4cir 

'Television Transmitters,' by George Jacobs. 
Voice of America; December 6, 1949. 

"Foster', Reactance Theorem,• Part II, by 
David Vitrogan. Faculty of Pratt Institute; De-
cember 8, 1949. 

PRINCETON UNIVERSITY. IRE-Al EE BRANCII 

'Electronic Calculators.• by C. N. Hoyler, 
RCA Laboratories; December 14, 1949. 

PURDUE UNIVERSITY, IRE BRANCH 

'The Promise of Industrial Television." by 
Madison Cawein. Diamond Power Specialty Corp; 
November 17. 1949. 

"The Antenna Analyzer," by A. C. Todd, Fac-
ulty, Purdue University; December 13, 1949. 

RHODE ISLAND STATE COLLEGE, 

IRE-A I EE BRANCH 

'Effects of Engineering Education on Social 
Progress,' by A. G. Conrad, Faculty. Vale Uni-
versity, November 16, 1949. 

RUTGERS UNIVERSITY, IRE-AIEE BRANCH 

'Crystals and Magnets.• by M. E. McCabe, 
Bell Telephone Laboratories; November 29. 1949. 

Film, 'Watts in Glass," sponsored by Corning 
Glass Company; December 6, 1949. 

SAINT LOUIS UNIVERSITY. IRE BRANCH 

'Standard Syncronizing Signal and How it is 
Generated." by J. E. Risk, Television Station 
KSD-TV: November 17, 1949. 

SEATTLE UNIVERSITY, IRE BRANCH 

'Application of Thermistor and Varistor to 
Control Circuits," by Reverend Fr. McNulty S. J.. 
Faculty of Seattle University; October 21. 1949. 

UNIVERSITY or TENNESSEE. IR E BRANCH 

Film. "Main Line U. S. A;". November 16, 
1949. 

UNIVERSITY OF TEXAS, IRE-AIEE BRANCH 

'How to Get and Hold a Job.' by V. L. 
Doughtie, Faculty of University of Texas; Novem-
ber 14. 1949. 

"Acoustical Design of Broadcast Studios." by 
C. P. Boner, Faculty of University of Texas: 
November 28. 1949.  % 

Film. 'Atom Bomb Test at Bikini"; November 
31, 1949. 

"Maintenance Schedules for Distribution Sys-
tems." by A. B. Weaver, Central Power and Light 
Company; December 5, 1949. 

TUFTS COLLEGE, I RE-AIEE BRANCH 

"General Electric Test Program." by L. A. 
Edlund.  General  Electric Lynn River Works:. 
December 6. 1949 

UNIVERSITY or UTAH. IRE-AIEE BRANCH 

'Lightning and Lightning Arrestors." by E. 
K. McEachron, General Electric Company; Novem-
ber I. 1949. 

Educational Film on Copper; November 22. 
1949. 

"Field Measurements in the TV Band." by 

Vincent Clayton. Radio Station KSL; December 6. 
1949. 

VIRGINIA POLYTECHNIC INSTITUTE, IRE BRANCH' 

Films. 'Party Lines." and "Echoes in War and 
Peace:" November 1, 1949. 

'Essentials of a Good Engineer,' by Franklin 
Thomas, Dean. California Institute of Technology; 
November 8, 1949. 

VALE UNIVERSITY. IRE-AIEE BRANCH 

'Electrical Engineering Aspects of Guided 
Missile Research." by R. %V. Porter. General 
Electric Company; November 17. 1949 
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extreme precision, instant 
in remote indication and control 

GEARED MOTOR-DRIVEN 
INDUCTION GENERATORS: 
Small 2-phase servo motor in 
combination with a compact gear-reducer 
and a low residual induction generator. 
Motor has high torque/inertia ratio 
and develops maximum torque at stall. 
Gear-reducer permits a maximum torque 
output of 25 oz. in. and is available 
in ratios from 5:1 to 75,000:1. 

SYNCHRONOUS MOTORS: 
for instrumentation and other 
applications where variable 
loads must be kept in exact 
synchronism with a constant 
or variable frequency source. 
Synchronous power output 
up to 1/100 H.P. 

CIRCUTROL UNITS: rotary electro-
magnetic devices for use as control 
components in electronic circuits 
and related equipment. Single and 
polyphase rotor and stator 
windings are available in several 
frame sizes. Deviation from sine 
accuracy of resolver shown is 
-±0.3% of maximum output. 

INDUCTION MOTORS: miniature 
2-phase motors of the squirrel cage 

type. Designed specifically to 
provide fast response to applied 
control signals and maximum 

torque at zero r.p.m. Unit shown 
weighs 6.1 oz. and has stalled 

torque of 2.5 oz. in. 

SYNCHRONOUS DIFFERENTIAL UNITS: 
electro-mechanical error detectors with 
mechanical output for use in position or 
speed control servo systems. These torque-
producing half-speed synchroscopes are 
composed of two variable frequency 
synchronous motors and a smoothly 
operating system of differential gearing. 

Output: Speed = N, — —N ' : Torque up to 1.0 oz. in. 
2 

TELETOROUE UNITS: precision 
synchros for transmitting 

angular movements to remote 
points. Accurate within -.±1 0. 
May be actuated by mechanisms 
that produce only 4 gm. cm. 
(.056 oz. in.) of torque. 

ADDITIONAL SPECIAL PURPOSE AC UNITS BY KOLLSMAN7   ̂

,0400 , 

b... 

With the recent addition of new units to Kollsman's already widely diversified line, the 

electronics engineer will find the solution to an even greater variety of instrumentation and 

control problems. These lightweight, compact units offer the high degree of accuracy 

and positive action essential in dealing with exact quantities. They are the product of 

Kollsman's long experience in precision instrumentation and aircraft control — and of con-

siderable work done in this field by Kollsman for special naval and military application. Most 

units are available at various voltages and frequencies. For complete information, address: 

Kollsman Instrument Division, Square D Company, 80-66 45th Avenue, Elmhurst, N. Y. 

KOLLSMAN INSTRUMENT DIVISION 

ELMHURST, NE W YORK  GLENDALE, CALIFORNI A 
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Potentiometer 

for top electrical 
and mechanical 
precision 

application 

Type RV2 High Precision Potentiometer 
One of a series of semi-standardized types of 
metal-base potentiometers with exceptionally 
high electrical accuracy and mechanical preci-
sion. For both linear and non-linear functions. 
Designed for precision instrument, computer 
and military applications. Accurate phasing of 
individual units possible with exclusive clamp-
ring method of ganging. 

0 [3 
Tapped mounting inserts 

Bronze bushing 
Totally enclosed with cover 

"Constrict-O-Grip" clamping to shaft 
—no set screws) 
Precious metal contacts 

Silver overlay on rotor take-off slip -ing 

Type RV3 Precision Potentiometers 
. . . available in models for either linear or 
non-linear functions with stock resistance values 
ranging from 10011 to 200,00011 and power 
ratings of 8 and 12 watts. 360° mechanical 
rotation or limited by stops as desired. Models 
with 5% total resistance accuracy — $6.00 
. . . 1% accuracy — $8.00. Special models 
available for high humidity applications. 

Type RVT Translatory Potentiometer 
Actuated by longitudinal instead of rotating 
motion providing linear electrical output pro-
portional to shaft displacement. Used 
as a position indicator, high amplitude 
displacement type pickup and for study-
ing low frequency motion or vibration. 
Features exceptionally high linearity and 
resolution. Available in various lengths 
depending on amplitude being studied. 

Valuable catalog — yours for the asking. Contains 
detailed information on all TIC Instruments, Potentiom-
eters and other equipment. Get your copy without obli-
gation — write today. 

riTECHNOLOGY INSTRUMENT CORP. 
1058 Main Street, Waltham 54, Massachusetts 

Engineering Representatives  Cleveland, Ohio — PRospect 6171 
Chicago, 111. —UPtown 8-1141  Dallas, Tex. —LOgan 6-5097 Rochester, N.Y. —Charlotte 31934 
Cambridge, Mass.-ELiot 4-1751 Canaan, Conn.-Canaan 649 Hollywood, Cal.-H011ywood 9-6305 

See us at Booth 101 at the show. 
68A 

The following transfers and admissions 
were approved and will be effective as of 
February 1, 1950: 

Transfer to Senior Member 

Blake, F. G.. Jr., 601 South St.. Waltham 54. Mass 
Brazee. G. 1.52 Hutchinson Blvd.. Mount Vernon. 

N. Y. 

Carey, J. G.. 1429 Lilac Rd.. Charlotte 3. N. C. 
Carroll. D. V.. Rm. 2324. "C'' Bldg.. Naval H.Q.. 

Ottawa, Ont.. Canada 
Davis. R. C.. 184 Hillside Ave.. Nutley 10. N. J. 
E0yang, T. T.. 111 Broadway. Rm. 515. New York 

6. N. Y. 
Fenn. W. H.. 149 Willow St., Brooklyn 2, N. V. 
Fromm, W. E.. 160 Old Country Rd., Mineola. L. 1.. 

N. Y. 

Garrand. L. W., 106 Mayfair Ave.. Floral Park 
N. Y. 

Hodgkins, R. W., WGAN, 390 Congress St.. Port-
land 3 Me. 

Horn. L. H., 207 E. Ohio St., Chicago. Ill. 

Horner, S. G. L., Hudson's Bay Company. H. B. 
House. Winnipeg, Man.. Canada 

Knights, S. F.. 317 Second Ave., Ottawa. Ont.. 
Canada 

Knowles, D. D.. 187 Sunset Ave., Verona, N. J. 
Lindsay. M. H. A., American District Telephone 

Company. 155 Sixth Ave.. New York 13. 
N. V. 

McCoy, D. 0.. 526 Dunreath Dr.. N. E., Cedar 
Rapids. Iowa 

McKeel, P. D., 9203 Sligo Creek Pkwy.. Silver 
Spring. Md. 

Myers, J. J., Mutual Telephone Company, Box 
2200, Honolulu. Hawaii 

Peterson. W. E., 2115 W. 84 St.. Los Angeles 47. 
Calif. 

Pierce, J. F., R. D. 7, Box 4441, Pittsburgh 29. Pa. 
Popkin-Clurman. J. R., 46 Lee St., Roosevelt. L. I., 

N. Y. 
Rodgers. L. M., 400 Wellesley Rd., Philadelphia 19. 

Pa. 
Snow, W. B., 11 Windsor Rd.. Summit. N. J• 
Sohon. H.. 1511 Lynnewood Dr.. Havertown, Pa. 
Talamini, A. J., Jr., Shire Ave., Little Falls. N. J. 
Tucker, S. A., 620 W. 149 St., New York 31. N. Y. 
Varone. R. A.. 141141. Linder Ave., Chicago 51, Ill. 

Admission to Senior Member 

Akenbrandt, F. L.. Director of Communications. 

H.Q., U.S.A.F., Washington 25, D. C. 
Cochran, S. W.. 450 Queensboro Lane, Haddonfield. 

N. J. 
Glasser, 0. J., Box 5100, Albuquerque, N. M. 
Kirkpatrick, D. N., 34 Crescent Rd., Livingston, 

N. J. 

McArdle, B. L., 1933 Brighton Hen. Town Line Rd.. 
Rochester, N. Y. 

Pangborn, H. W., 6512 Orion Ave.. Van Nuys. 
Calif. 

Simrall, H. C., Box 217, State College, Miss. 
Summers, S. D., 101 Brandywine Pl.. S. W., Wash-

ington. D. C. 
vanHasselt, M., "Wilmar." Burntwood Rd., Seven. 

oaks, Kent, England 

Willman. R. C. 620 Pomona Ave.. Haddonfield, 
N. J. 

Transfer to Member 

Adams. M. B.. 51 Sunnymount Gardens. Sunny-
vale. Calif. 

Alexander, F. C., Jr.. Mt. Royal Blvd. and Sutter 
Rd., Glenshaw, Pa. 

Andersot., D. B., 13 Heather Lane, New Hyde Park 
N. V. 

Bambara. J. E...394 Second St.. Brooklyn, N. V 

(Continued on page NM) 
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For oscillography at its witty 4e,a, the logical choice continues to be 

TYPE 5XP-

Designed for high sensitivity 

at high operating potentials. 

to' Operates at overall accelerating potentials up to 

29.000 volts with intensitier-to-second-anode voltage 

ratios as high as 10 for recording fast writing rates. 

V Incorporates  special detlection-plate  assembly 

providing highly sensitive scan along one detlection 

axis. 
Detlection factor of more sensitive pair only 10-15 

peak-to-peak volts per inch per kilovolt of second 

anode potential. 
1," Vertical and horizontal deflection plate assemblies 

are mutually isolated by metal shielding. 

t"' Available with any standard long., short' or me. 

dium-persistence screen. Special screen materials and 

metallization obtainable on special order. 

• Detailed literature on ei-
ther or both of these Du Mont 

industrial tubes, on request. 

0  ALLEN 0. DU• MONT LABORAT O , Es 

nUMONT 
ALLEN  B. DU MONT  LABORATORIES,  INC.,  INSTRUMENT DIVISION,  1000  MAIN  AVENUE,  CLIFTON,  NE W JERSEY 

• Years of cathode-ray tube experience and 

specialized research have enabled Du Mont 

to offer, repeatedly, such important devel-

opments as these Types 5XP- and 3RP-A : 

TYPE 3RP-A 

Designed for brilliant trace and high sen-

sitivity in a short, flat-faced 3-inch tube. 

1--.9 Features extremely short overall length — 

inches—for use in compact and portable instruments. 

t...0 Specially constructed vertical deflection plates 

minimize pincushion distortion usually found in flat• 
faced tubes of short length. 

P °  Flat face greatly improves optical qualities of the 
cathode-ray tube, and increases useful screen area. 

1..." Balanced deflection may be employed with Type 
3RP-A, minimizing astigmatic distortion. 

oftro"oesisogookow- - — 

PROCEEDINGS OF THE I.R.E.  February, /930 



All-Metal Vibration and Shock Mounts 

For the first time —a complete new line of all-metal unit mounts 
incorporating MET-L-FLEX (all steel resilient material, impervious 
to extremes of temperature) designed to meet the most critical 
requirements for absorption of shock and vibration! 

Robinson MET-L-FLEX Unit Mounts have these outstanding features: 

1. Only unit mount to incorporate MET-L-FLEX. 
2. Uniform operation throughout temperature ranges 
from minus 70 to plus 250 C. 

3. Mounts cun be furnished for positive or negative 
loading. 

4. High damping effect and minimum drift motion. 
5. New wide load tolerance for individual mounts. 

New engineering features incorporated in Robinson MET-L-FLEX Unit 

Mounts overcome the limitations of previous mounts. The three basic 
Robinson models cover application ranges in pounds in the following 
increments -2 to 5 lbs; 5 to 12 lbs; 12 to 25 lbs. 

Write today for information and prices on these 
new and versatile MET-L-FLEX mounts: Series 6952. 

Look for us at the I. R. E. Show —  Booths 268-269 

Robinson 

UIBRI1T1011 ICIIHROL EflGIflEERS 

(Continued from page 684) 

Beatty, R. W.. 529 Madison Ave., York. Pa. 
Blount, R. H., U. S. Naval Submarine Base, Box 7, 

New London. Conn. 
Brown. R. L., Jr., 7C Elizabeth Rd., Hampton, Va. 

Caldwell, E. E., 36 Longview Ave.. Madison, N. J. 
Canning. R. G., R. D. I. Wappingers Falls, N. Y. 
Cummings, S. J., 61 Forest St.. Neu ton Highlands. 

Mass. 

Dalton. J. L.. 3325 Mt. Vernon Rd.. Cedar Rapids. 
Iowa 

DeHart, R. N.. 7 Lee Ct., New Rochelle, N. V 

Fireman. P.. do Trenton Times. W TOA. Trenton. 
N. J. 

Ingledue. E. F., 599H Hess Rd.. Columbus 10. Ohio 
Keranen, E. W., 8432 Parkview Ave.. Hollywood. 

Lopez, A. F., Department of Electrical Engineering. 

Pennsylvania State College. State College, 
Pa. 

McRae. I. H.. New Zealand Radio College, 24-26 
Hellabys Bldg.. Auckland C.1. New Zea-
land 

Monderer, B. A.. c/o Bill Jack Scientific Instrument 
Company. Solana Beach. Calif. 

Reinhold, H. W., 4711 Elmwood. Royal Oak, Mich. 

Reiss. N. D., 7629 E. Jefferson. Detroit 14, Mich. 
Rynn. N.. RCA Laboratories, Princeton, N. J. 
Stinger. H. J., Route 2. Wayzata. Minn. 
Watkins, L. C.. Jr.. 3236-A "A" St.. Sandia Base 

Branch. Albuquerque. N. M. 
Wildman, R. C.. -Highwood." Manchester-by-the-

Sea. Mass. 
Wood, H. 0., 3459 Tilden St., Philadelphia 29. Pa 

Admission to Member 

Benson, F. A.. Department of Electrical Engineer-
ing, The University  St. George's Sq., 
Sheffield, England 

Bliss. W. R., Decimeter. Inc., 1430 Market St.. 
Denver. Col. 

Dudeck, P. H.. 15744 Whitcomb, Detroit 27, Mich. 
Fraser. D. W., 251 -10 St., N. W., Atlanta, Ga. 
Funk, R. W., 491 Letchworth Dr., Akron 3, Ohio 
Greven, P. J.. do I.C.A.O., Corn. Section, Mont-

real. Que.. Canada 
Haase, A. P.. 721 Davicss St., Owensboro. Ky 
Hallinan, C.. R. F. D. I. Binghamton. N. Y. 

Bayles, 0. J.. Department of Electrical Engineer-
ing. University of Vermont. Burlington. 
Vt. 

Hayt, W. H.. Jr.. Electrical Engineering School. 

Purdue University. West Lafayette. Ind. 
Hill, J. E., 25 Bromfield St.. Watertown 72. Mass 
Holmes. H. B.. III, 138 Manor Dr.. Red Bank. N. J. 

Kirby. R. S.. 10120 Tenbrook Dr.. Silver Spring. 
Md. 

Laverty. N. P., 2310 Sixth St.. Santa Monica, Calif. 

Mailer, M., 70 N. Bath Ave., Long Branch. N. J. 
McConaughy. D. L., Mellon Institute. 4400 Fifth 

Ave., Pittsburgh 13, Pa. 

Neben. H. M., 10815 Central Park Ave.. Chicago 
43, III. 

Packard, K. S., Jr.. 306 Brook Pl., Bellmore, N. Y. 
Paddock, 0. K., 2749 Granville Ave.. Los Angeles 

34. Calif. ' 
Perkins. R. M., Route 1, New Carlisle, Ohio 
Rangan. C. S.. 14 Sarojini Rd.. Bombay 24, India 

Reed. S. F.. 1048 Potomac St., N. W., Washington 
7, D. C. 

Richardson, A. S.. 661 Fillmore St., San Francisco. 
Calif. 

Roehm, F. J., 23 Allan Village. Endicott, N. V. 
Seabury, E. M.. 3614 -165 St., Flushing. L. I.. 

N. Y. 
Silleni, S. R.. Provisional Frequency Board. Maison 

des Congres. Geneva, Switzerland 
Stevenson. W. A., 71 Forge Lane. Levittown. Hicks-

ville. N. V. 

7f1\ 

(Continued on page 72A) 
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WILCOX SERVES THE GOVERNMENTS OF THE W ORLD 

in communications... 

Wherever airplanes fly—wherever lives depend on reliable communications 

—you'll find WILCOX radio transmitting and receiving equipment. From the 

Scandinavian countries to New Zealand...from Portugal to Pakistan, the govern-

ments of the world select WILCOX because of its proven performance under all 

extremes of climate, temperature, and humidity. 

As with many governments, WILCOX is being used by the United States 

government in the basic communication systems for the Air Force, Signal Corps, 

and the Civil Aeronautics Authority. 

The governments of the world have spanned the globe with WILCOX com-

munications. From the Berlin Airlift to the Orient... WILCOX equipments carry the 

messages that help keep freedom a vital force in the turbulent affairs of the world. 

WRITE TODAY... for complete information on all types of point-to-point, 

air-borne, ground station, or shore-to-ship communications equipment. 

WILCOX ELECTRIC COMPANY 
KA NSAS CITY  MISS OURI 

PR(JC Ffl!N(  iI I Hi  I I r 
7IA 



OSCILLOSYNCHROSCOPE 

Model 01-1 5B 

Designed for maximum usef ulnas in labora 
tories doing a variety of research work, this 
instrument is stilted to radar, television, corn 
munication, facsimile, and applications involv-
ing extremely short pulses or transients. It 
provides a variety of time bases, triggers. 
phasing and delay circuits, and extended-
range  amplifiers  in  combination  with  all 
standard oscilloscope functions. 

THESE FEATURES ARE IMPORTANT TO YOU 

• Extended range amplifiers: vertical, 
flat within 3 db 5 cycles to 6 mega-
cycles, full tube deflection: horizontal, 
flat within I db 5 cycles to 1 mega-
cycle. 

• High sensitivity: vertical, 0.05 RMS 
volts  per inch: horizontal 0.1 RMS 
volts per inch. 

• Single-sweep triggered time base per-

mits observation of transients or ir-
regularly recurring phenomena. 

• Variable delay circuit usable with 
external or internal trigger or sepa-
rate from scope. 

• Sawtooth  sweep  range  covers  5 
cycles to 500 Kilocycles per second. 

• 4.000-volt acceleration gives superior 
intensity and definition. 

For complete data, request Bulletin RO-2 50 

SWEEP CALIBRATOR 

Model GL-22A 

This versatile source of timing markers 
provides these requisites for accurate 
time and frequency measurements with 
an oscilloscope: 

• Positive and  negative markers at 
0.1. 1.0. 10. and 100 micro-seconds. 

• Marker  amplitude  variable  to  50 
volts. 

• Gate  having  variable  width  and 
amplitude for blanking or timing. 

• Trigger generator with positive and 
negative outputs. 
Further details are given in Bulletin 
RC-250. 

Model MU-25 

Ask for your FREE copy of 
our brochure illustrating and 
describing all Browning pro-
ducts. 

In Canada. address Meas-
urement Engineering Ltd.. 
Arnprior. Ontario. 

Export Sales 
9 Rockefeller Plaza 

Room  1 4 22,  New  York  20 

SQUARE- WAVE MODULATOR 

AND PO WER SUPPLY 

Model TVN-7 

Here is the heart of a super high fre-

quency signal generator with square-
wave. FM. or pulse modulation. Pro-

vides for grid pulse modulation to 60 
volts, reflector pulse modulation to 100 
volts,  square-wave  modulation  from 
600 to 2,500 cycles. Voltage-regulated 

power  supply  continuously  variable 
280.480 or 180-300 volts dc. For addi-
tional data and application notes. see 
Bulletin RM-250. 

Ne w! FM M ODULATION M ETER 

M D-25 

A simple and inexpensive instrument for check-

ing fixed and mobile transmitters for compliance 

with FCC regulations on FM carrier frequency 

swing due to modulation so as to prevent adja-

cent-channel interference. General coverage of 

all communication bands: 30-50 mc.. 72.76 mc.. 

152-162 mc. Measures deviation up to -t-20 kc. 

Write for Bulletin RD-250 containing 

full details of this useful instrument 

BR O W NI N G 
La b or at o ri e s,  In c. 

W i n ch est • r,  M ass. 

CM ,l NEEPEO  FOS 

(cuatim,r,1 From page 704) 

Sullivan. J. B., 53 Charlotte Rd., Waltham 54 
Mass. 

Tyle, A B., 1834 N. E 52 Ave.. Portland Is. Ore 

Wadsworth. W  B., Worcester Polytechnic Insti• 
tute, Worcester. Mass 

% Back, C. A.. Route 1, Lamed, Karts 
Whiston. R W., 2104 Wellington Rd.. Los Angeles. 

Call' 

The following elections to Associate were 
approved and were effective as of January 
I, 1950: 

Alrich. J. C.. 22191 N. Niagara St., Burbank, Calif. 

Barton. A. J.. 22 Park St., Binghamton. N V. 
Beam, W R.. 8500 -48 Ave.. College Park, Md. 
Blachman. N. M.. 17 Cornell Ave.. Upton. L 

N. Y. 

Borman, S. H., 23 SusqUehanna Ave.. Lansdale. Pa. 
Bortniker, E., 3634 Georgia Ave.. Washington. 

D. C. 
Bower, G. E., 614f E. Sixth Ave.. Tallahassee, Ha 
Brown, F. R.. 501 Poplar Apts.. 10 and N Poplar 

Sts.. Charlotte, N. C. 
Buechner, J. F.. 3120 Adams Rd., Sacramento, 

Calif. 

Busath, S. R., 357 Santa Vnez Way. Sacrautiento, 
Calif. 

Catlin, L. F., 1322 W. School St., Chicago, III. 

Chalmers. P H.. 821 E. Villa St.. Pasadena. Calif. 

Chandler, J., 225 E. Hancock Dr., Augusta. Ga. 
Choksy, N. H., 1020 N Broadway. Milwaukee 2, 

Wis. 

Clay, W. H., Jr., 98 Newark Ave, Bloomfield, N. 3. 
Colby. N. C., R. D. 2. Mt. Holly, N. J. 
Cole. E. B., Jr.. 1608B Dartford Rd.. Baltimore, 

Md. 

Crabtree, A. L., 1525 Lucas Dr., Beaumont, Tea, 
Daverio. A. J., 659 Ogden Ave.. Teaneck. N J. 
Dawson, D. E., 12652 Mark Twain. Detroit. Much. 
Donegan. R. E.. Jr., Box 4500. Florida State Uni-

versity, Tallahassee. Fla. 
Duncan. E. C.. Green Tree Manor G-6. Louisville 7. 

Ky. 

Flashner, G., 20 Symonds St., Salem, Mass. 
Fleming, H. B., 117 Park Rd.. Burlingame. Calif. 
Franevsky. M., 1904, Vale Ave.. Knoxville. Tenn. 
Grist, F. J.. Jr.. 24 Winona Ct., Appleton. %Vim 
Haft ter. T. F., 63 Schoenauring. Zurich, Switzerland 

Hafner. C. G.. 387 E. 160 St., New York, N. V. 
Hanifin. J. F.. 1SC Muldowney Cir.. Poughkeepsie, 

N. V. 
Hazelwood, C. A., 2105 Mershon Ave.. Dayton, 

Ohio 
Hess, N E., Schaurnainkai 41. Frankfort. U. S. 

Zone, Germany 

Higgs. P. T.. 16 Mercereau. Binghamton, N. V. 
Hill, N. E.. 5840 Appoline. Dearborn, Mich. 
Hurd, P. A., 142 Pleasant Valley St.. Methuen, 

Mass. 

James. P. G., Jr.. 91 l'ilton Ave.. Brockton. Mass. 
Jones. V., Jr., Station KAVR. Box 672. Havre, 

Mont. 
Kerr. R. I., 160411 Beatrice, Allen Park. Much 
Koesy, C. B., 514 E. Georgia. 'f allahiassee. Fla. 
Kowalczyk. J. R., 1412 P. Sacramento, Calif. 

Krivanich. M. A.. 1101-2 Florida. Alamogordo, 
N. M 

Kuschel, H. C., 3574 McKinley, Detroit. Mich. 
Lane. C. A., 210 Railroad St.. W. Brownsville. Pa. 

Larson. K. T., 633 Centre St., Trenton. N, 3. 
LaSota. L. S.. 616 Grant St., Loupurex. Pa. 

Lavin. H. D., 926 W. Tabor Rd., Philadelphia. Pa. 
Lavrench, W., 56 Grosvenor Ave., Ottawa Ont.. 

Canada 
Lee. W., 810 Marvin St., Leesville. La 
Leff M., 170 Peshine Ave., Newark, N. 

Libby 1 A.  117 Sagamore St.. San Francisco. 
Calif 

(Couttnued ou page 744) 
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A Complete Line of 

PRODUCTION TEST EQUIPMENT 
for TV Manufacturers 

Tel-Instrument has designed and provided the production test 
equipment for many of the major TV manufacturers. A complete 
line of instruments designed to be unusually critical in the testing 
of TV receivers is available. They are the result of the wide 
practical experience of Tel-Instrument engineers plus a complete 
understanding of the production problems of TV manufacturing 

t 4 

TYPE 2120 

R.F. PICTURE SIGNAL GENERATOR 

Provides picture and sound carrier. 
Modulated  by  standard  R.M.A. 

composite picture signal.  Sound 

carrier stability suitable for testing 

Inter Carrier type receivers.  In-

ternal 400 cycle FM and External 

audio with 75 microsecond pre-
emphasis. Output max. 0.1v p-p 
across  75  ohm  line.  Available 

channels 2.1 3. 

_TIC 

TYF'E 1200 
12 CHANNEL 
R.F. SWEEP GENERATOR 
Intended for precise adjustment of 
RI. head oscillator coils and RI. 
band  pass  circuits.  Pulse  type 
markers  at  picture  and  sound 
carrier frequencies extend to zero 
signal reference  base line.  Ac-
curacy  of  markers  0.02 %  of 
carrier frequency.  1 2 to 15 MC. 
sweep on all channels. Max. I.V 
peak output across a 75 ohm line. 
Provisions for balanced input re-
ceivers. Instant selection by push 
button. 

TYPE 1900 
CRYSTAL CONTROLLED 

MULTI-FREQUENCY GENERATOR 
A 10 frequency, 400 cps. modu-
lated crystal controlled oscillator, 
ideal for production line adjust-
ment of stagger tuned I.F. ampli-
fiers. Available with crystals rang-
ing from 4.5 to 40 M.C. Output 
frequency  accurate  to  0.02 %. 
Immediate push button selection 
of frequency. Output attenuator 
range .5V to 500 microvolts. Self 
contained regulated power supply. 

Write for Detailed 

TYPE 1500 
I.F. WOBBULATOR 

A two band sweeping generator 

covering the range of 4.5 to 50 
M.C. Capable of a band width of 
approximately  -±25 %  on  either 
band.  Five  pulse  type  crystal 
generated  markers  to  specified 
frequencies  available  for  each 
band. Accuracy of markers .05 %. 
Zero signal reference  base  line, 
with  markers  extending to  base 
line. I.V output max. into 75 ohms. 
A saw sweep available for "X" 
axis of scope. 

Engineering Data Sheets. 

—.=--

Tolinslrunient Co. Inc. 
54 PATERSON AVENUE  • EAST RUTHERFORD, N. J 

(Continued from gage 724) 

Mann, R. H., 47 Houghton Cir., Corning, N. Y. 
McCulley, C. R., Jr.. Texas Gas Transmission 

Corp.. 941 Sterick Bldg., Memphis, Tenn. 
McMahon, J. H., 1928 E. Nevada. St. Paul. Minn. 
Mony, A. J., Box 515, Headquarters AMC, Dayton, 

Ohio 
Munnell, E. T., Viking Rocket Group, White Sands 

Proving Ground. Las Cru&s, N. M. 
Mussel!, H. A., 10 Muldowney Cir.. Poughkeepsie, 

N. Y. 

Mussellwitite, J. C., Jr., Box 185, Port Neches, Tex. 
Naidu, M. K. R.. 809 Second Cross Rd., Sriram-

puram, Bangalore. India 
Nielson, R. W., Box 364. Rio Linda, Calif. 
O'Reilly, J. P., .366 W. 25 St., New York, N. Y. 
Peck, W. D., R. D. 4. Picketts Ridge Rd.. Ridge-

field, Conn. 
Petrowski, P.. 246 W. 21 St.. New York, N. Y. 
Pittiglio, A. E., 609 N. Fourth St., Sunbury, Pa. 
Rain, G. R.. Box 33, Buckinghampet. S. India 
Rao. A. R., c/o Ramaprasad Ltd.. Box 51, Vijayada. 

S. India 

Reed, G. G., 488 Chenango St.. Binghamton, N. Y. 
Regnier, L. A., 56 W. Norman Ave.. Dayton. Ohio 
Rice, P. P.. 1108 Saluda St., Hillcrest Rd. 3, Bing-

hamton, N. Y. 
Richardson, A. W., I Rockville Ave., Lexington, 

Mass. 
Rinehart, J. J.. Jr.. 1107 Susquehanna Ave.. Sun-

bury. Pa. 
Roberg, W. F., 1188 S. W. Seventh St.. Salt Lake 

City, Utah 
Russell,-M. F., 3248 Belmont Way, Sacramento, 

Calif. 
Sarma, P. L., Box 7168. Louisiana State University. 

Baton Rouge, La. 
Schulze. C. H.„ 6323 Regant. Philadelphia. Pa. 
Schwartz, A. J., 2111 Davison Ave., New 1"..rk. 

N. Y. 

Scott. J. E., 325 S. Central Ave., Osborn. Ohio 
Seigler. W. C., 2355 Forster St.. Augusta, Ga. 
Shaw, G. H., 11200 Covello St., Sun Valley, Calif. 
Shaw, W. A., 392 Chenango St.. Binghamton. N. Y. 
Shinmondle. J. J.. C.A.A., Williamson-Johnson 

Airport, Duluth, Minn. 
Sibley, A. E.. 2239 N. Keystone. Burbank. Calif. 
Slater, A. P.. 2016 Stoat Way. Sacramento, Calif. 
Slusher. R. W., 7311 Eliclid Ave.. Kansas City, Mo. 
Smith, C. L., 1058 W. Foster Ave., Chicago 40. III. 
Spadoni. A. F., 664-54 St.. Sacramento. Calif. 
Squyres. W. D., 2512 -29 St.. Lubbock. Tex. 
Stachiewicz, B. R., 433 Roslyn Ave.. Montreal, 

Que., Canada 
Starzec. J. S., 2423 L. Sacramento. Calif. 
Struble, R. C., Engineering Library, Bendix-Scin-

tilla Division, Sidney, N. Y. 
Synnamon, J. H., 225 Eberly Ave.. Bowling Green. 

Ohio 

Tarrants, G., 11 Vandergrit Dr., Dayton. Ohio 
Thompson. T. H., Jr.. 1647 N. Springfield Ave.. 

Chicago, Ill. 

Thurston, P. H.. Jr.. 2948A Eastlake Ave., Seattle 2, 
Wash. 

Toomin, H., 362 Forrest St.. Beaumont, Tex. 
Tutle, E. G., 6926 S. Claremont Ave.. Chicago, Ill. 
Uzzo, A.. Jr., 11 Richlee Ct., Mineola, L. I., N. Y. 

Vinare, C.. Institute of High Frequency, 35 Gloria-
strasse. Zurich. Switzerland 

Walker, L. L., Box 100, R. F. D. 3, Charlotte. N. C. 
Walton, H.. Jr.. 2222 Norwood, Orange, Tex. 
Weiland, R. L., Meharry Medical Center. Nashville. 

Tenn, 

White, J. R., 241 Gardiners Ave.. Levittown, L. I., 
N. Y. 

Wolfe, H. W., 6110-37 Ave, Sacramento. Calif. 
York. R. A., 1221 -15 St., San Diego, Calif. 
Ziegler, F. W., 2 Birch Lane, Valley Stream. L. 

N. Y. 
Zohn, R. L., 543 Spruce, Lebanon, Pa. 

(Continued on gage 764) 
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RADIO-ELECTRONIC 
Components by the Thousands! 

• y. • 

6 OUTSTANDING VALUES 

FROM WELLS' FAMOUS STOCK 

B-L Auto Radio Filterpac 
and Battery Eliminator 
Pe.places storage battery for auto radio test 

bench or for sales demonstration. Supplies 10 
amps D.C. continuous or IS amps D.C. inter-
rthttant at 6 volts. Long life B-L Selenium Rec. " 
t.flet. Brand new. 115 V. A. C. Save on our 
low price of only 532.50. 

Heavy Duty Blower 
Centrifugal type blower for cooling your 

transmitter or dark room. Adjustable air 

control. Capacity 100 CFM. 1 1 5 VAC. Price 

only $1 2.95. 

Junior Centrifugal Blower with 25 CFM 

capacity - 56.95. 

S Meter 
Add an $ meter to your receiver at low cost. 

High grade 5 mil movement. 2 inch barrel. 

Only $1.2 5. 

Servo Amplifier 
Beautiful 7 tube amplifier complete 

with 6 relays for servo system opera-

tion. Parts alone worth several times 

our low price. New in original packing 

-only $1 1.95. 

Fractional H. P. Motor 
Perfectly built, silent running motor origi-
nally built for ART/1 3 tuner. 3900 RPM. 

1/20 HP. Instructions for operating on 1 1 5 
VAC. Makes a fine sewing machine motor. 
Priced very low at $7.95. 

Circuit Breaker 

25 A mpere circuit breaker protects your 

equip ment in case of overload. Ideal 

for replacing household fuse boxes. 

Price only $1.95. 

$0.65  FC-814   
.70  83V   
.65 89Y   
.65  YR-90   
.00 VR-92   
60  100R   
.60 FG-I05   
.60 VR-105   39.00 
.80  VU-IlliS   2.40 
.60  1148   29.25 
.60  Ian   .45 
60 VT In British   35  2.55 
.85 VT-127-4 (Triode)..  2.95  1.30 
.75  YR..160   .50  869   19.95 

  .75 VT-154   11.95  86911   27.25 
.35  F0-172  19.75  11724   2.45 

  .60 2058. . . ......... 1.05  f174   1.95 
.60 211 (VT4C)   .60  ))78    1.95 
.60  2I5A   1.75  930 Photo Tube  100 
.40  2214   2.10  954   05 
.60  231D   1.20  955   .55 
.70  2644   2.95  456   .50 
.70  344T11   5.75  957   .05 
.70  304TL   1.75  959    .15 
.70  3074   0.25  991 (51E-18)   .30 
.70  3164   .75  1005   .35 
.60  350B     .35 
A5  3sec   
.50  371A  Sli. :154  111F034/7C4   1.05 

  .75 

.45  37111   As  1616   1.25 

.25 3884   3,95  1010   .45 

.25  3934     1.25 
310  395A   I:::  1(6111   AS 
.50  MX408U   .40  1626   45 
.65   14.50  1629   .40 
.40  4344   3.40  1630   3.95 
.40  4464   1.65  16311    .90 
.10  450TH.  77:05  1641/11K.40   .75 

  .65  4714     .75 
281,7   .70  527   ill  ?CI%   .30 
2807   .65  530  995 8011   2.25 
2SH7   ..40. 631  12.95  $012   3.25 
2587    ..0  6324/11132   3.55  8020   3.25 
','S1.7(1T   .60  C 4556   3.75  8025   6.75 
I2SQ7GT   *6° KU-610   7.05  9091   .65 
1251t7    .60  I1Y-615   1.05  "007   .45 
12X825-2-arnp.  7008   2.55  4401   .60 
Turista,   2.10 7GOC   7.95 

• ,.  70013   7.95  9004    .00 
  11  7024   2.95  0000    .00 

;,.,-;  7034   3,95  3/41111  .05 
.35  I5R    """  7044   1.75 
.35  HF.L.21   7.75  7064   2.65  NEON BULBS 
.95  23114 Ballast   .45 7071 ,  17.50  NE-11  $0.24 
.75  RK24 .   1.75  707B   19.50 

  .95  244    .76  NE-14    .24 
  .90  257.61 T   .55 70114   $ 4.95  NE-20 
  .80  26    15 7I0A   2.45  NE-21 

  .80  27    24 7I3A   1.55  NE-44 

TYPE  PRICE EACH  TYPE  PRICE EACH  TYPE  FRICE EACH  TYPE  PRICE EACH 
044G  $0.95  6114G   .95  28137.   .40  7I4AY   3.90 
014   .45  6B7   .80  30   .75  71511   9.75 
1A5Or   .65  BBB   .95  30 (VT-67) Walkie...  .75  7174   .85 
1622   4.35  6BE6   .65  33 (VT-33) Talkie.. .75  72IA   3.75 
1623   7.50  6C4   .00  34   .35  723AB   14.95 
11342   5.25  601   .70  RK-34   .05  724A   4.25 
IC5GT   .65  6C21  19.25  35Y4   .65  724B   4.25 
1D8GT   .95  61313   .60  36   .00  725A   9.95 
I E7GT   1.95  6E5   .70  37   .00  7264   17.45 
1E7G   1.95  611   .60  38   .40  7304   10.95 
106   .65  60633  -   .80  39/44   .35  801   .50 
11.4   75  6156   .05  45 Spec   .50  8014   
I LC6   .75  ejs   .45  46   .75  1103   5.25 
IN5GT   -75  6,I5GT   As  EF50/VT250   .45  /(04   9.95 
1821 (Crystal Diode)  .85  gjo   90  56   .65  805   5.95 
I N M (Crystal Diode) .95  6J7GT   .,,,,r, 70L7   1.05  807   1.25 
182IB (Crystal Diode) .95    1.75  808    1.65 

.. v 7, 

1822  (Crystal Diode)  .80  6.1146  "'   •?!  RKR-73   1.25  81 I    2.35 
1823 (Crystal Diode1  .80  61C6GT   ...  76   .55  813    7.85 
18234 (Crystal Diode) .85  6L7   .75  77  $0.56  814   3.75 
I N27 (Crystal Diode)  .85  687   '75  VR-78   .65  IS   2.85 
1829 (Crystal Diode)  .85  6870  75  go   .46  826   .75 
IQ5GT   .85  4,147    5.95  3296   4.95 
1114/1294   .65  68C7GT   10  830B   3.95 
1:45   .70  ss Fs   .40  834   5.75 
11'4   .75  6SG7   .115  837   1.65 
2A3   305  68H7   .65  938   3.25 
247   335 611.170T   2.75  841   .50 
2117   .75  68K7GT   9.75  843   .50 
21322/01.659   315  6SL'7GT   .85  651   
2(127193   .35  88876T   .65  1180   
21-26   .35  1114Q7GT   1.20  861   
2C264   45  68 R7   56  844   
2C34   55  6887   1165 ......... 
23214  11.45  6117(3   1166A   
2322  985 6vAGT   
2.126   8.45  61,6G 
2127  12  95  7-7-11 Ballast   
2331   
2332  19,1:71  7'71;   
7.1:14   18-66  784   
'11'4   17.50  7C4/1203A   
2337  13.85  7E6   
2.134   6.95  7F7   
2344  12  95  7137   
2161  27.50  7K7   
2.1.30   1.20  7L7   
282' 379   -66  7N7   
344   .35 
3B22   2.65 
31124   1.75 
313PI    3.75 
3C24 ,240   .50 
3D6 '1299   .65 
3E29   4.95 
3FP7   2.95 
3F174   4.95 
CP1   4.50 
11P7   2.95 
4   .90 
154   .75 
11 131,5  14.95 
5API    3.95 
.6161  2.75 
511P4    3.95 
SrP1    3.75 
51)21  24.75 
5E1'7   3.25 
Sfirl   4 95 
5111'4   4.75 
5323  13  45 
5329  13.05  13-4 Ballast 
5R4GY   .95  14116   
6.4   
6.7   
643   
hAft    
6A1I7 
641-7 
64K5 
44E6 . 

0  
OTI Ballast 
OY   
246 
2460T 
241171/7 
20s 
21.501  
2116   
2351IT  
2.170T  
2K8 

Distributors: Our standard distributor arrangement applies on these items. 

WELLS 
TUBE DEPARTMENT 

Brand new, standard make tubes by the thousands are ready for 
immediate delivery at the lowest prices in our history. Check this 

list for exceptional values. 

.06 

.24 

.24 

JUST OUT! CATALOG H500 
Manufacturers, Distributors and Amateurs 

write for the brand ne w Wells Electronic 

Catalog H500. Full of tremendous values in 

highest quality components. 

41s1A.1srsEs,itc5./   
Order directly from this ad or through your local Parts Jobber. 

320 N. LA SALLE ST., DEPT. P, CHICAGO 10, ILL. 
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Power output, with transformer 

Mechanical Specifications 
Cathode   
Clearance dimensions 
Weight 
Output flange 

Cooling 

Mounting position   

Typical Operation 
Frequency  

VARIAN MICROWAVE ENGINEERING 

•-• 

REFLEX KLYSTRON X-13. FIRST of a new series of 
Varian-engineered klystrons. The X-13 is a wave-guide-
output reflex klystron for use as a bench oscillator, as a 
power source for measurements, as a local oscillator for 
microwave receivers, or low-power f-m transmitter tube. 

It operates over the complete frequency range of 54-in. 
by 1-in. by 0.050-in. waveguide-8100 to 12,400 mc. Of 
the integral-cavity integral-tuner type, it covers the 
range with a single screw tuner. Designed for low-voltage 
operation into a matched waveguide it offers simplicity 
of equipment design and low microphonics. 

rifk  8100-12,400M C 

Cowl Rod. 
Nov;golion 

Common 
Carrie, 
Fixed 

Electrical Characteristics 
Beam voltage  500 volts, max 
Beam current  60 ma, max 
Heater voltage    6.3 volts 
Heater current   1.1 amp 
Reflector voltage  0 to —1000 volts 

100 milliwatts, min 

 Oxide-coated unipotential 
 4 by 2 by 2 in. 

  oz 
 Mates with standard flange 

% by 1 by 0.050 waveguide 
 Forced air for beam power-inputs 

exceeding 10 watts 
......... .....Any 

10,000 mc 
Beam voltage  400 volts 
Beam current  48 ma 
Reflector voltage  575 volts 
Power output  230 milliwatts 
Load vswr  Less than 1.1 
Modulation bandwidth  30 mc 
Temperature coefficient  Less than 0.25 mc 

per degree C 

VARIAN 
associates 

99 washington St. 

san carlos, calif. 

(Continued from page 744) 

The following transfers to the Associate 
grade were approved to be effective as of 
November 1, 1949: 

Aigrain. P. R., 12 Rue Francois Millet, Paris 16E, 
France 

Anderson, K. G.. Box 25, Glenboro, Manit., Canada 
Barret t. A. M., Jr., 703 Jackson Ave., River Forest, 

111. 

Beardsworth, R., Box 403, Garden City, L. I., N. V. 
Begeman, R. H., Sandborn, Ind. 
Bellmar, C. L., 21 Foster Pl.. Hempstead. L. 

N. Y. 

Brown, R. S.. Box 62. A & T College, Greensboro. 
N. C. 

Butler, F,. R., 820 Brunswick Rd.. Essex, Md. 
Deyo. A. E., 12247 fleshy St., North Hollywood. 

Calif. 

Diamantides. N. D.. 7617 Lawnview Ave.. Cleve-
.  land 3. Ohio 

Donaldson, R. J., Jr., 24 Prescott St., Apt. 2, Cam-
bridge 38, Mass. 

Ellison. M.. Jr., 3844 Brayton Ave., Long Beach 7, 
Calif. 

Farrior, J. S.. Jr.. 5001 South Eighth St., Opelika, 
Ala. 

Feigenbaum, 1. A.. 149 Ridgewood Ave.. Newark 8, 
N. J. 

Goldstein. S. J.. Jr.. 4220 N. Capitol Ave.. Indian-
apolis 8. Ind. 

Gruenberg. H.. 513 Riverdale Ave., Ottawa, Ont.. 
Canada 

Harman, W. A., 722 E. Carson #5. Long Beach 7, 
Calif. 

Harrington, D. C., 2137-D -43 St.. Los Alamos. 
N. M. 

Hausman. A. H., 4840 New Hampshire Ave.. N W, 
Washington. D. C. 

Heckelman, A. J., 1086 E. Tenth St., Brooklyn 30, 
N. Y. 

Kellogg, H. A.. 581 Forest Ave., Palo Alto. Calif 
Kostalos. J.. Jr.. 1820 E. 19 St.. Brooklyn 29. N. Y. 
Levy, L. G., 271 Oakland Ter., Hillside. N. J. 

Lisiansky, W.. 4600 Ninth Ave.. Brooklyn, N. Y. 
Mayer. A., 2074 -20 Lane, Brooklyn 14. N. Y. 
Michaud, R. E., 101 Washington Ave., Cambridge 

40. Mass. 

Predmore, E. E.. 2460 University Ave., Apt. 4-D. 
New York 63. N. Y. 

Roth, W., Research Division, Raytheon Mfg. Co.. 
Waltham. Mass. 

Scherzer, K.. 29 Beach St.. Jersey City 7, N. J. 
Shapin, T., Jr.. 4006 Sheridan Rd., Chicago 13. III. 

Stephanz, G. H., 45 Elm St.. Quincy 69, Mass. 
Shields, R. A., Jr.. 210 Farrand Ave.. Highland Park 

3, Mich. 

Ulmer. R. M.. 3041 E. £26 St.. Cleveland 20. Ohio 
White. R. J., Apt. 70A, Parkway. Haddonfield. 

N. J. 

Winsor, D. L.. 910 'G' Ave.. Vinton. Iowa 

Woestman, J. W., 331 Leconey Ave., Palmyra, N. J. 
NVright. C. R., 205 E. Barker Ave.. Michigan City. 

Ind. 
Zumbach, W. F., R.F.D. 1. Osborn View. Box 53. 

Osborn, Ohio 

The following transfers to the Associate 
grade were approved to be effective as of 
December 1, 1949: 

Abjornson. C. A.. 741 S. 19 St.. Apt. 1-E, Rich-
mond. Calif. 

Alliot, E., Jr.. 277 Park Ave.. Apt. 2K, New York 
17. N. Y. 

Anderson, D. P., 3240-A "AS' St.. Sandia Base, 
Albuquerque, N. M. 

Argue. T. A.. 3463 Grey Ave.. Montreal 28. Que.. 
Canada 

Balogh, J.. 1586 E. 48 St.. Brooklyn 3, N. V. 

(Continued on page 774) 
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:... FREQUENCY RANGE 
-IN MC 

WITHOUT TEMPERATURE CON-
RHO CRYSTAL UNITS 

(SHOWN IN PHANTOM) CAN 
BE BUILT TO STABILIZE WITH. 
IN ±.0025% FROM -55̀C TO 
+90°C. WITH TEMPERATURE 
CONTROL. INSTALLED IN TYPE 
TC0-1 OVENS, STABILITY CAN BE 
±.00(11% IF DESIRED. IT PAYS 
TO CONSIDER THE RATIO OF 
COST TO IMPROVED STABILITY. 

UT . . . A COMPLETE 

APPRECIATION OF END USE 

COST FACTORS AS APPLIED 

TO FREQUENCY STABILITY. 

Alwey, Specify Bliley! 

YSTA L 
BLILEY ELECTRIC COMPANY 
UNION STATION BUILDING 

ERIE, PA, 

(Continued from page 764) 

Baumeister, E. A., 2459A N. 17 St.. Milwaukee 6, 
Wis. 

Beaverson, W. A., 92 River St.. Niles, Mich. 
Berge. P. J.. 203-05 Horace Harding Blvd., Bayside, 

L. I., N. Y. 
Bernstein, G., 437 Miller Ave., Brooklyn 7, N. Y. 
Bethge. C. E., 9 E. Union St.. Liberty. Ind. 
Black, A. M.. R.F.D. 4, Clearfield, Pa. 
Blecker, H., 4701 -15 Ave., Brooklyn 19, N. Y. 

Bogatko, A. S., Jr.. 4318 Roland Ave., Baltimore. 
Md. 

Boydstun, L. D., Ephrata. Wash. 
Brandt. W. L., 3426 Binkley, Dallas 5, Tex. 
Bresler, M. A., Tremont Apts.. Cedar House. 23 & 

Livingston Sts., Allentown, Pa. 
Brook, J. B., CGC TRILL IUM (WAK-170) c/o 

Fleet Post Office, San Francisco, Calif. 
Brower, H. P., 9106-A W. Greenfield Ave.. Mil-

waukee 14, Wis. 
Brown, G. J., 9 Fairmount Ter.. Jersey City. N. J. 
Brown, P. M.. 2832 Sunset Pl., Los Angeles, Calif. 
Bryan. J. W., 9418 Rhode Island Ave., Berwyn, 

Md. 
Cady, R. T., 108 E. Walnut St., North Wales, Pa. 
Canavan, T. P., 2296 Andrews Ave.. New York 53, 

N. Y. 
Carter. C. J.. 39 West Maynard, Columbus I, Ohio 
Chernof, J., Jr., 336-77 St., Niagara Falls. N. Y. 
Chernoff, I. E.. 1668 E. 13 St., Brooklyn 29. N. Y. 
Christian. 0. R.. U.S.N., 2200 Minor St., Alex-

andria. Va. 
Clock. D. P.. 160 Old Country Rd.. Mineola, L. L. 

N. Y. 
Cohen, L., 331 Keap St., Brooklyn 11. N. Y. 
Comitz, P.. 306 E. 31 St., New York, N. Y. 
Craig, L. J., 21211 S. Bentley Ave., W. Los Angeles 

25, Calif. 
Crawford, J. A., 127 Linden St., San Bruno, Calif. 
Daush, A. A., Jr.. 2901 S. Palm Grove Ave.. Los 

Angeles 16. Calif. 
Delker, A. G.. Jr.. 466 Sheldon, Lawrenceburg, Ind. 
Detwiler. S. P.. 635 N. Burrowes St., State College, 

Pa. 
Dick, J. 0..520 Belleview Dr.. Apt. 1, Falls Church, 

Va. 
Dowds, H. M.. 50-25 Newtown Rd., Woodside. 

L. I., N. Y. 
Dressler, R., 61 Hathaway Ave.. Elmont, L. I.. 

N. Y. 
Edwards, H. T., Electrical Engineering Depart-

ment, Princeton University, Princeton, 

N. J. 
Erwin, E. V., 4334 -11, N.E., Seattle 5, Wash, 
Fried, W. R., Rm. 186. Skyway Lodge. Osborn. 

Ohio 
Friesser, J. M., 26 Clements St., S.E., Grand 

Rapids 8. Mich, 
Fuller, G. A., Jr.. Box 264. Benjamin Franklin Sta-

tion, Washington 4, D. C. 
Gerry, 0. F.. 68 Geddes St.. Holley, N. Y. 
Gibson, W. G.. 32 Wiggins St.. Princeton. N. J. 
Giulianelli. R. M.. 344 Lincoln St., North Bellmore, 

L. I., N. Y. 
Goldschmidt. K., 147-15 Northern Blvd.. Flushing. 

L. 1., N. Y. 
Grannemann, W. W., 3411 Hollywood Ave., Aus-

tin, Tex. 
Green, P. M., 4039 Walker. Oak Cliffs, Dallas, Tex. 
Hamburger, A., 117 N. McKinley Ave.. Endicott, 

N. Y. 
Hampton. J. W.. 1424 Dartmouth Ave., Baltimore 

II. Md. 
Harbour. R. D., 411 Winter St., Pullman, Wash. 
Heasly, C. C., Jr., 2520 Telegraph Ave., Berkeley 4, 

Calif. 
Hobbs. N. M., London, Ont.. Canada 
Holloway, H. R.. 188-02 -64 Ave.. Flushing. L. I., 

N. Y. 
Honey, J. F., 304 Hedge Rd., Menlo Park, Calif. 

(Continued on Page 784) 

TYPE "DP" SERIES 
for Rack & Panel 

Type DPD —Pin and Socket 

CONNECTORS 

Type 

DPD with 

Pin Insert 

OPB with twinaz 

contact on program 

monitor for radio. 

Type 

DPD with 

Socket 

Insert 

LANGEVIN CO  PHOTO 

This type series of Cannon Electric Con-
nectors contains a wide range and many 
variations of rack and panel connectors 
for radio equipment, quick -disconnect 
and instrument applications. For engi-
neering data, write for DP Bulletin; brief 
data are included in the C48 Catalog. 

Cannon Electric also manufactures sig-
nal equipment for hospitals, industrial 
plants, schools, institutions and many 
other electrical specialties such as con-
duit fittings, D. C. Solenoids, fire alarm 
relays, cable terminals, indicator, path-
way and pilot lights, etc., etc. 

Address Cannon Electric Development Co.. Divi-
sion of Cannon Manufacturing Corporation, 3209 
Humboldt Street, Los Angeles 31. Calif. Canadian 
offices and plant: Toronto. Ontario. World ex-
port: Frazar & Hansen, San Francisco. 

6L17.1a107.1 

104 0 1111 

310041:10@ 
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An Enviable Record of Performance and Dependability! 

The INDUSTRIAL and TELEVISION 

Model S-11-A 

® POCKETSCOPE 
BY WATERMAN 

A "standard" and a "must" wherever 

a dependable, versatile, portable 

AC-DC oscilloscope is required for 

electronic measuring or testing. 

AND NOW . . . new companion 
products in keeping with the rigid Waterman standards of 

engineering excellence... THREE NEW POCKETSCOPES will 

be unveiled in a premiere showing at the IRE Radio Engineer-

ing Exposition ... 

lee Pet6  cif*4,,-41e 
3 BIG FEATURES 
Plus  Extra Added  Attractions !O 

AI 114E RADIO  ENGINEERING SH N/4 

800114 NO. 17 g  E MARCIA 6 io 9 

A SIMULTANEOUS 

DUAL-TRACE 

POCKETSCOPE 

A WIDE BAND 

POCKETSCOPE! 

A HIGH GAIN 

INDUSTRIAL 

POCKETSCOPE 

An Electronic 

Milestone You 

Must See ! 

To Fill a Multitude of 

Engineering Needs ! 

More Versatile... 

Greater Utility! 

Proudly bearing the heritage of the famed  S-11-A 
POCKETSCOPE, these new instruments include such features as 

10-times more sensitivity ... non-frequency discriminating vol-
ume controls... trigger sweep... and many other important 
added features. You must see these wonderful new instruments 
IN ACTION —at the show —to truly appreciate them! 

WAIERMAN PROOOCIS CO., INC. 
PHILADELPHI A 25, PA. 

MANUFACTURERS  OF 

POCKETSCOPES RACKSCOPES ... D. C. AMPLIFIERS 

RAYONIC TUBES AND OTHER ELECTRONIC TECHNICAL EQUIPMENT 

7- \ 

(Continued Irons page 77.4) 

I lopkins, R. C., I26-B Independence, U.S.N.O.T.S.. 
China Lake, Calif. 

Hunt, R. A., 109 Newman Pl., Buffalo 10, N. V. 
Hurt, A. B., Jr.. 223 Forest Rd., Raleigh, N. C. 

Jarvis, D. T., 3481 Gray Ave., Detroit IS, Mich. 
Jensen, P. A., Jr., P.O.Q. 600. U. S. Naval Air 

Station, Pensacola, Fla. 
Johnson. E. 0., 120 Alexander St.. Princeton. N. J. 

Jones. R. A., 1448 W. Clemmonsville Rd., Winston 
Salem, N. C. 

Jorgensen. P. S.. 601 Henry St., Brooklyn 31, N. Y. 
Kane. J. R., 2325 N. SO St., Apt. 109, Milwaukee 

10, Wis. 
Kay, E D.. 6255 Elbrook Ave., Cincinnati 13. Ohio 
Keefer, D. E., 5 East Glebe Rd.. Apt. B. Alexandria. 

Va. 
Kidd, D. E.. 9134 S.E. Ankeny St.. Portland 16. 

Ore. 

Knoblauch, A., Jr., 1662 W. Minnehaha, St. Pau1:4. 
Minn. 

Komen, P. J., Jr., 325 Sunset Dr.. Pullman, Wash. 
Kreider. P. A., 1150 E. 16 St.. Long Beach 13, Calif. 
Kurylo, W.. 38 Myrtle St.. Trenton 8. N. J. 
Lambert. T. A.. 2603 Southern Ave.. S. E., Wash-

ington 20. D. C. 
Landauer, W. E., 771 West End Ave., New York 25, 

N. Y. 
Lemnios, W. Z., II Summer St., Newburyport. 

Maas. 
Logan, W. L., 733 Ida Ave.. Wichita, Kans. 

Louer, P. E., 636 Augusta St., Hampton, Va. 
Magasiny, I. P., 4522 "D" St.. Philadelphia 20. Pa. 
Margolin. A. R., 2912 Oakhurst Ave., Los Angeles 

34, Calif. 
Marshall, A. R., 302 Piez Ave., Hilton Village. Va. 
Mason, D. R., Bell Telephone Laboratories, Inc.. 

Murray HiLt,  N.J. 
Maurer, J. W., 1483 State St.. Schenectady, N. Y. 
Miller, R. E., 911 Garland Ave.. Apt. 2. Takoma 

Park 12, Md. 
Miller. W. B., 4933 Walker, Houston 3. Tex. 
Moline, J. C., 419E Washington. O'Fallon. III. 

Morgan, W. A., 4600 N. Marvine St.. Philadelphia 
40, Pa. 

Motthoff, A. P., Jr.. 410 Vernon St., Oakland 10. 
Calif. 

Niewenhous, J. H., 86 Parkway S., Mount Vernon. 
N. Y. 

O'Connor, R. A., 3287 k. Overlook Rd., Cleveland 
Heights, Ohio 

Park, G. M., 406 N. Second St.. Atchison, Kans. 
Parks, J. V., 615 N. II St., Manhattan. Kans. 
Patterson, A. J., 18 Windsor Ave., Westmount 6. 

Que.. Canada 
Patterson, T. T., Jr., 435 Washington Ave., Had-

donfield. N. J. 
Peterson. It M., 1249 E. Muffin St.. Madison 3. 

Wis. 

Provost, R. D., Jr.. U.S.& Karmick. DMS-33. c o 

Fleet Post Office, San Francisco, Calif. 

Reenstra, W. A., 450 Riverside Ter., Rutherford. 
N. J. 

Reilly, It.. R., 1215 Rosemead Blvd.. San Gabriel. 
Calif. 

Rubin, S.1.681.7cGeorgia Ave., N W., Washington 
2, 0   

Ruderrnan. M., 15792 Pinehurst, Detroit 21, Mich. 
Sageman, R. E., 250 Lorraine Ave.. Mount Vernon. 

N. Y. 

Sail, A. H., 625 W. 164 St., New York 32, N. Y. 
Saunders, E. R., Jr., 31 Dupont Ave.. Kensington. 

Md. 

Scarborough, L. P., Box 133, Mercersburg. Pa. 

Schlecht, M. F., 252 Tennyson Ave., Syracuse 4. 
N. V. 

Schmitz, J. V., 6702 N. Lake Dr., Milwaukee 11. 

Schoenberg, J. P.. 138 Tennis Ave., Ambler, Pa. 
Schultz. It. M., 63 Pleasant Ave., St. Catharines. 

Ont.. Canada 

(Continued on page 794) 
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(Continued from page 784) 

Membership 

Scollar. 1., 1895 Morris Ave.. New York 53. N. V 
Seisler, M.. 1706 Vakona Rd., Baltimore 4, Md. 
Senstad, P. D., Stewartville, Minn. 
Shainis, M. J.. 99 Featherbed Lane, New York 52. 

N. Y. 
Shepard, T.. 1968 Richton. Detroit 6. Mich. 
Snow. C. A., Jr.. 87 Sylvan Ave.. W. Hartford 7. 

Conn. 
Sonnenschein. A. H.. 3569 Broadway. New York 31. 

N. Y. 
Sprunger, R. W.. 2200 Prospect Ave.. Cleveland IS. 

Ohio 
Starks, W. H., 7203 Leonard St.. Philadelphia 24, 

Pa. 
Stevens. R. R.. 15466 Forrer, Detroit 27. Mich. 
Taglauer„ E. R., 3134 Rosina Ave.. Covington. Ky. 
Tajima. G. K.. 5319 2-D Fall Ave.. Richmond. 

Calif. 
Thompson, A. G.. 1310 Minor Ave.. Seattle 1. Wash. 
Tilton, D. S.. 27 Pennacook St., Manchester. N. H. 
Tisdale, G. E.. 915 Westover Rd.. Wilmington 79. 

Del. 
Truxall, F. W.. 3246 -48 St.. Pertsauken. N. J. 
Turnage. H. C.. 3515 Chesapeake Ave., Hampton. 

Va. 
Waller. E. E.. 4225 N. Koetner Ave., Chicago 41. III 
Westburg, V. B.. 1661 Castilleja Ave.. Palo Alto. 

Calif. 
Westenhaver. J.  313 E. Chalmers St., Cham-

paign. 
Whitmer. R. F., Sylvania Electric Products. Inc.. 

Box 6, Bayside, L. I.. N. Y. 
Whittaker, H. F.. Jr., 62 Mall St., West Lynn, Mass. 
Widener. M. W.. 2818 Minton. Corpus Christi, Tex. 

Wise, D. 0., Jr., 131 Elizabeth St., Hartford 5, 
Conn. 

Wolf. A. A., 7131 Cedar Park Ave.. Philadelphia 38. 

Pa. 
Wood. J. R.. City Housing Unit 40. Logan. Utah 
Wood, L. R.. 130 Fifth St., New Toronto. Ont., 

Canada 
Zablocki. H. S., 30 Grove Ter.. Irvington II, 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. 

Recent Catalogs 
• • • A new catalog describing the expanded 
line of transformers is announced by Audio 
Development Co., 2833 Thirteenth Ave., 
South Minneapolis 7, Minn. 

• • • The new line of Sorenson electronic 
voltage regulators is described and illus-
trated in two new catalogs recently re-
leased by Sorensen & Co., 375 Fairfield 
Ave., Stamford, Conn. The catalogs con-
tain complete specifications and descrip-
tions of the many new items. 

• • • A new transformer catalog containing 
a complete line of transformers for broad-
casting and other professional applica-
tions, as well as for amplifier constructors, 
audio enthusiasts, and the replacement 
field has just been published by Peerless 
Electrical Products, Div. Mtec Lansing 
Corp., 161 Sixth Ave., New York 13, N. Y. 

• • • Description of their Multiple Power 
Supply Model 103, Voltage Regulated 
Power Supply Model 245, and Electronic 
Circuit Panel Model 104 is contained in 
three brochures released by Kepco Labora-
tories, Inc., 149-14 41 Ave., Flushing, I.. I., 
N. Y. 

(Continued on page 944) 

FOR 

Cathode Ray Tube 
PRODUCTION 

TUE CE NCO — MEGAVAC PU MP 

Kinescolir 
manufactur-
ing RCA Tube 
I /epartment, 
I.ancaster, 
Pennsyl• 
vania 

is an excellent mechanical unit for high speed evacuating in cathode-
ray and television tube production. This pump is proved for fast 
initial evacuation and dependable and trouble-free service. Makes 
an ideal unit for backing glass or metal diffusion pumps. Speed at 1 
micron, 375 ml; vacuum, 0.1 micron or better. Specify No. 92015A 
Cenco- Megavac Pump mounted with base and motor for 115 volt. 
60 cycle AC operation.  $195.00 

(Also available with motors for other voltages and frequencies.) 

Write Dept. B.P. for engineering Bulletin 10B 
"High Vacuum Equipment." 

See our Booth Q 

I. R. E. National Convention 

VEN(k_ 
CE NTRAL  SCIE NTIFIC  CO MPA NY 

SC4e411461.0 Af2i2c.„4c-144.4 • In Ills.ntenil • eisenucc,./1 

1700  IRVING  PARK  ROAD  CHICAGO  13 

NEW YORK  BOSTON  SAN FRANCISCO  NEWARK  LOS ANGELES  TORONTO  MONTREAL 

ERS. 

Pioneer in Radio Engineering instruction Since 1927 , 
IT AP OL RADIO 

EN GI NEERI N G  INSTI T U TE 
An Auteibled 7ecinistal Jrbtaute 

ADVANCED HOME '111.1D) 
AND RESIDENCE COURSES IN 
PRACTICAL RADIO•ELECTRONICS 
AND TELEVISION ENGINEERING 

Request your free borne shyly or 
resident school f‘italoo by smiling to, 

DEPT. 262B 
16th and PARK ROAD, N. W. 
WASHINGTON 10. D.C. 
Approved /or Veteran Training 
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Welcome to the 1950 
What to SEE at the 1950 
Radio Engineering Show 

I. R. E. CONVENTION 
New York —March 6-9 

BE SURE TO SEE THE 

HUGHEY & PHILLIPS DISPLAY 
(Booth 215) 

300 M M CODE BE AC ON: 

Patented  ventilator • dome  provides 

forced circulation for cooler operation 

and longer lamp life. 

OTHER H & P PR ODUCTS: 

• SINGLE and DOUBLE OBSTRUCTI ON 

LIGHTS 

• MERCURY CODE FLASHERS 

• "PECA" SERIES UNIT PHOTO-

ELECTRIC CONTROL 

• COMPLETE LIGHT KITS FOR A-2, 

A-3, A-4 and A-5 TO WERS 

HUGHEY & PHILLIPS 
TOWER LIGHTING DIVISION 

60 East 42nd St.  326 N. La Cienegn Blvd. 
New York 17, N.Y.  Los Angeles 413 Card 

ANEW 

A. C. METER 

DAMPING VANI 

These new .t.C. instru ments are Magnet/cony Do ming/ by 

use of Alnico Magnets and are of the !tepid   I one 

Tyne ir. i rig ea re Fri  aged :ill ri inti m-4;-

111'1(.4i livid coil, anti multiplier-. ‘11 .tand-

ard ranges available in roi mil. rectangu-

lar or •liti are case styles anti are guaran-

teed  for  one  year  against  tleft.1.1,  in 

worktnunslij 1, or  materials.  Refer inquirit,  to 

Dept. 1 20. 

Burlington Instrument Co., Burlington, Iowa 

(Continued iron, page 27A 

Finn  Booth 

Eitel-McCullough, Inc., San Bruno, Calif.  36 
Transmitting type vacuum tubes including 
the first showing of a radically designed 
heavy duty VHF triode employing an in-
directly heated thoriated tungsten cath-
ode.  Also a new UHF external-anode 
tetrode, a VHF pentode, metal-cone TV 
picture tubes, and other recent  Einiac 
developments. 

El-Tronics, Inc., Philadelphia, Pa.  340 
Nuclear Measurement Equipment. 

Electrical Reactance Corp., Franklinville, 
N. Y.  54 

Ceramic capacitors, resistors, choke coils, 
trimmers. 

Electronic Associates, Inc., Long Branch, 
N. J.  98 & 99 

Demonstration of an  electro-mechanical 
device for recording one variable as a 
function of another variable, sine-cosine 
potentiometers, tile  graders, and other 
devices. 

Electronic Instrument Co., Inc., Brooklyn, 
N. Y. 

Vacuum Tube Voltmeters, Multi-testers, 
Oscilloscopes, High Voltage Probe, Signal 
Tracers, TV-FM Sweep generator, Signal 
Generators, Pocket  Volt Ohm  Milliam-
meter. 

361 

Electronic Mechanics, Inc., Clifton, N J. 320 
Fabricated and molded electrical insula-
tion parts of "Mykroy," a glass-bonded 
mica. 

Electronic  Tube  Corporation,  Philadel-
phia, Pa.  274 & 275 

STRAINALYZER  (4-channel  dynamic 
strain recorder) 2- and 4- channel oscillo-
scopes, DC amplifiers, multi-gun and spe-
cial purpose cathode ray tubes. 

Electronics Research Publishing Co., Inc., 
New York, N. Y.  310 

Compilations of electronic and allied en-
gineering U.S. Patents—Electronic Engi-
neering Patent Index, Bibliographies of 
world's electronic and allied engineering 
literature and  U.S.  Patents, Electronic 
Engineering Master Index. 

Erie Resistor Corp., Erie, Pa. 
Ceramic  Condensers,  Trimmers,  Button 
Silver Mica Condensers, molded plastic 
parts for radio and television application. 

Fairchild  Recording  Equipment  Corp., 
Vv'hitestone, (L.I.) N. Y. 

Demonstrating a Synchronous Tape Re-
corder, Synchronous Disk Recording and 
Playback  Equipment  including  Cutter-
heads, Pickups, Equalizers, Preamplifiers. 
Booster  Amplifiers,  Power  Amplifiers. 
Mixer and VI Panels. 

Federal Telecommunication Labs., Inc., 
Nutley, N. J.  31-34 

Test equipment and Components. 

Federal Telephone & Radio Corp., Clifton, 
N. J.  31-34 

Mobile Radiotelephone Equipment, Multi-
channel Microwave Radio Link and Relay 
Equipment, Telephone & Telegraph Car-
rier Equipment, Aviation Radio Communi-
cation and Navigation Equipment, Trans-
mitter, Industrial and Rectifier Tubes, 
Selenium Rectifiers and DC Power Sup-
plies, High Frequency Cables. 

Ferris Instrument Co., Boonton, N. J.  1, 2, 3 
Complete line of Ferris instruments, with 
new features not shown before. 

Filtron  Co.,  Inc.,  The,  Bayside,  L.I., 
N. Y.  45 

R. F. Noise Suppression Filters. 

(Continued on Pao( 81A) 
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What to SEE at the 1950 
Radio Engineering Show 

(Continued from Page 80A) 

Firm  Booth 
Freed Transformer Co., Inc., Brooklyn, 
N. Y.  103 

Transformers,  Reactors,  Wave  Filters, 
High "Q" Toroid  Inductors,  Precision 
Laboratory Measuring Instruments. 

Furst Electronics, Chicago, Ill. 
D.C. Wide Band Amplifier, Wow Meter 
for slow speed turntables and wire record-
ers. Various types of regulated Power Sup-
plies. 

Gates Radio Co., Quincy, Ill. 
Manufacturers of broadcast, communica-
tions and high frequency transmitters, 
studio and recording equipment, direc-
tional antenna equipment, and all acces-
sories pertaining thereto. 

General Cable Corp., New York, N. Y.  203 
300 ohm TV Flat Lines, 70 ohm miniature 
coaxial  TV;  140 ohm Twin  Shielded, 
Radio Hook-up Wires, RG Coaxial Cables, 
TV Camera Cables, Magnet Wires. 

General Ceramics & Steatite Corp., Keas-
bey, N. J. 
Ferrites  (magnetic  ceramic  materials), 
steatites, titanates, zircon porcelains, wet 
process porcelains, rigid coaxial line. 

General Electric Co., Schenectady, N. Y. 
113-119 

Electronic Equipment and Components. 

General Electronics, Inc., Paterson, N. J.  72 
Electron tubes, oscillators, rectifier, thyra-
trons and cathode ray. 

General Precision Laboratory, Inc., Div. 
General Precision Equip. Corp., Pleas-
antville, N. Y. 

Professional motion picture 16mm. Pro-
jectors for television studios, video record-
ing equipment and a rapid film processor 
for 16mm. film. 

311 

214 

37 

General Radio Co., Cambridge, Mass.  92 & 93 
Coaxial U•If-F measuring equipment, 50 
to 920 megacycle signal generator with ex-
ternal amplitude modulator, V-H-F bridge 
for antenna, line, and other impedance 
measurements, admittance comparator for 
U-H-F impedance measurements, imped-
ance matching etc., simple, inexpensive 
vacuum-tube  voltmeter,  two-frequency 
audio generator for distortion measure-
ments,  poiariscope  for dynamic  strain 
measurements,  Variac  autotransformers, 
impedance  bridges, decade  impedances, 
handy test-lead kit, and quality parts for 
electronic equipment designers. 

Gibbs Division, George W. Borg Corp. 
Delavan. Wis. 

Electronic equipment and components. 

Ed Glass, New York, N. V. 
Products of Acro Transformer Co., Tele-
mark Electronics Corp., and Vector Elec-
tronics Co. 

Gray Research & Development Co., Inc., 
Hartford, Conn. 

Television slide projectors, Sound effects 
Consoles, TV Camera Tu   and Multi-
plexers, special LP tone and transcription 
tone arms and equalizers. 

Green Instrument Company, Inc., Cam-
bridge, Mass. 
Engraving Machines and accessories, 

272 

363 

134 

337 

Guardian Electric Mfg. Co., Chicago, Ill. 358 
Radio Relays 

A. W. Haydon Co., Waterbury, Conn.  136 
Small  A C.  and direct current timing 
motors, Time Delay Relays, Repeat Cycle 
Timers, etc. 

(Continued on page 8241)  , 

•  Many items which you may consider 

"special" may be a regular stock part in the 

large Bud line. Often a minor change or 

adaptation will convert a standard Bud prod-

uct into a part that will fill your needs ex-

actly. The Bud line offers you over 1200 radio 

44 ? 

wait-

and electronic products, enabling you to save 

time and money by eliminating "special" 

problems. Whatever your requirements for ra-

dio and electronic parts —try Bud first! Write 

for latest catalog. 

"Visit the Bud Display Booth 289, IRE Show Grand Central Palace, 

New York City, March 6-9." 

CA MPS 

•A' 
COMOIN11114 

.•  1 " 
A  A CASINITS  COILS  ts  1•01. 

THESE ARE SOME OF THE 1274 ITEMS 
AVAILABLE FRO M IWO RADIO, INC. 

BUD RADIO, INC. 

2110 E. 55' ST. • CLEVELAND 3, OHIO 

PROCEEDINGS OF TIIE I.R.E.  February. 1950 

• low Temperature Coefficient 

• Range; 1 Ohm to 1 Megohm 

• Axial Leads; 1/2  Watt 

• Small Sizsi 1/2 " long x .150" Din. 

• Tolerance;  — 1 % & 5% 

Continental type NF "Nobleley" resistors were designed 
to meet the needs of mlnieture, stable. precision re-
sistors In critical spollostIons. 



JUST PUBLISHED! 
A Comprehensive At.....t  ttttt  Piezoelectric 
Crystals  their Inv estigatioo. Pcmlisetiott 

and Atmlicatioio, 

flt7,111111111,1C 
ClaSTILS 
in their relation to 

Its ,N arrest P. Mason, Ph. 
'Member of the Technical Staff 
Telephone Laboratories, Inc. 

This brand-new book on 
the science of piezoelectric-
ity, covers clearly and fully 
all the latest methods and de-
velopments of the Bell Tele-
phone Laboratories. Included 
are the new sy nthetic crys-
tals DKT and EDT, which 
have such favorable char-
acteristics that they are re-
placing quartz crystals in 
telephone filters. Detailed 
accounts are also given of 
the other crystals ADP, 
which was used during the 
last war as an electrome-
chanical transducing element 
in underwater sound work; 
KDP (potassium dihydrogen 
phosphate), a new ferroelectric type of 
crystal; and the ceramic barium titanate 
which produces an electrostrictive effect 
comparable with the largest piezoelectric 
effect in any crystal. 

The great value of this book for refer-
ence and study of piezoelectricity and re-
lated subjects is enhanced by the chapters 
on crystallographic systems, stresses and 
strains, thermal and electric relations; by 
four chapters on the production and meas-
urement of ultrasonic waves in gases, 
liquids and solids: And by an appendix 
showing how tensors can be applied to the 
calculation of the properties of rotated 
systems. 

PIEPIFLECTRIf 

AND 

liTRASONICS 

MASON 

EXA MINE THIS ROOK FREE! 

se dm convenient oiriler form below to 

obtain an examination copy of this im-
portant nese work. 

---PLEASE ITT OU T AND M AIL— , 

D. Van Nostrand Company, Ilse.  P10E-250 
250 Fourth Avenue  Publishrrs 
New York 3, N. Y.  time IBM 

Please send me a copy of "Piezoelectric Crystals 
in their relation to  ttt i ttttt  ludo 10 days 
I will either return the book or send you $7.50. 

Name   

Address   

City  Zone  State 

-J 

What to SEE at the 1950 
Radio Engineering Show 

(Continued front page 814) 

Firm  Booth 
Haydu Brothers, Plainfield, N. J.  318 
Television Tube gun mounts and compo-
nent parts for same. Induction heaters and 
Induction Heating Equipment. Stamped, 
machined, drawn and pressed precision 
parts. Screw machine parts, formed wire 
parts, gas, oxygen, air burners. 

Reiland Research Corp., Denver, Colo.  317 
Geophysical Instruments, Photographic ac-
cessories, scientific & Industrial instru-
ments. 

Helipot Corp., So. Pasadena, Calif.  ' 83 
Helipot  potentiometers,  Beckman  Duo-
dials, Continuous rotation potentiometers, 
Multitap Potentiometers. 

Hermetic Seal Products Co., Newark, N. J. 129 
Hermetic Seal—Glass to Metal 

Hertner Electric Co., Div., General Pre-
cision Equipment Corp., Cleveland, Ohio  F 
Special motors, Fractional horsepower bi-
cycle motors, Large Screen TV Receivers, 
Hi-capacity battery chargers ar Motor Gen-
erators. 

Hewlett-Packard Co., Palo Alto, Calif. 40, 41 
Electronic test equipment and will feature 
the following new instruments, 360A,B, 
C,D Low Pass Filters, 475A,B Tunable 
Bolometer Mounts, 712A Power Supply, 
2I2A Pulse Generator, 803A UHF Bridge, 
4I7A UHF Detector, 608A UHF Signal 
Generator. 

Hi-Q, Franklinville, N. Y. 
Ceramic  Capacitors,  Resistors,  Choke 
Coils, Trimmers. 

Hickok Electrical Inst. Co., .Cleveland, 
Ohio 

Tube Testers, Signal Generators, Oscillo-
scopes, Vacuum Tube Voltmeters, Kilo. 
voltmeters, Volt Ohm Milliammeters and 
all types of Indicating Instruments. 

Hughey & Phillips, Los Angeles, Calif.  215 
300 MM Code Beacon, Single and Double 
Obstruction Lights, Mercury Code Flash-
ers, Transfer Relays, Photo-Electric Con-
trols, Packaged Light Kits. 

Indiana Steel Products Co., Valparaiso, 
Ind. 

Permanent Magnets, Loudspeaker Mag-
nets, TV Focus Coil Magnets, Ion Trap 
Magnets, Cunife, Magnetic Tape Re-cord-
ing Heads. 

Industrial Products Co., Danbury, Conn.  225 
Coaxial connectors, RF components, panel 
connectors, antennas. 

Instrument Specialness, Co., Little Falls, 
N. J. 

Beryllium Copper Coil and Flat Springs, 
Grounding Strips, High Frequency Contact 
Springs, "Flea" Contacts for Sub-minia-
ture tubes. 

54 

230 

278 

216 

Instruments Publishing Co., Inc., Pitts-
burgh, Pa.  345 

"Instruments," "The Instrument Maker," 
Magazines, Technical books. 

International Nickel Co., Inc., New York, 
N. Y.  122 & 123 

Applications of nickel and nickel alloys 
in electronic industries. 

International  Resistance  Co.,  Phi I a-
delphia, Pa.  102 

Composition Carbon Resistors, high sta• 
bility resistors, carbon resistors, high fre• 
quency resistors, high voltage resistors, 
precision resistors. 

JE'D Manufacturing Co., Inc., Brooklyn, 
N. Y. 

Television and FM antennas, Brackets. 
insulators, accessories. Radio parts and 
accessories. 

217 

ii m 
Ii ii 

TN'Ew' 
p l - COIL 

" FORMS 
by 

CAVBRIDGE THERMIONIC 

These two new slug tuned coil forms 

by Cambridge Thermionic Corpora-

tion are designed to give you top per-

formance while fitting easily into small 
or hard-to-reach places. Illustrations 

are actual size. 

Both have silicone impregnated 

ceramic bodies, grade L-5, JAN-I-10 

for high resistance to moisture and 
fungi. Ring terminals are adjustable. 

Both sizes are provided with a spring 
lock for the slug2 and the mounting 

stud is cadmium plated to withstand 

severe service conditions. 

The LS-5 and LS-6 are available 
with high, medium or low frequency 
slugs. Mounting hardware is supplied. 

Ask for CTC's new Catalog 1300 
describing our complete line of Guar-
anteedComponents. 

See us at Booth 287 at the 
IRE Exposition, Grand Central 
Palace, March 6-9. Our repre-
sentatives will be glad to discuss 
problems concerning electronic 
components with you. 

Turret Lugs Split Lugs 

Terminal  Double. End 
Boards  Lugs Swagers 

C e14/007,  Ylairefatel 
The crifeereanfeed 

C 001 0011ell 4 

CAMBRIDGE THERMIONIC CORP. 
456 Concord Ave, Cambridge 38, Most. 

\ 
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What to SEE at the 1950 
Radio Engineering Show 

(Continued from rage 824) 

\ 

5-SECOND 

HEATING 

LONGER REACH 

SOLDERLITE 

DUAL HEAT 

single heat 
200 watts; 
dual heat 

200/250 watts; 
115 volts 
60 cycles. 

DO 

BOTH 
WITH 

4I -- RIGID-TIP 

STREAMLINED 

You'll save on tools and time with the new 
Weller Soldering Gun WD-250. Whether 
the job is rugged or delicate, your Weller 
Gun does it with the same ease and ef-
ficiency. Chisel-shaped RIGID-TIP pro-
vides more soldering area for faster heat 
transfer. New "over-and-under" terminal 
design gives bracing action to tip. Your 
Weller Gun is light-weight and co mpact, 
gels into the tiglitc.4 spots. 
Weller Guns act willy pay for the mselves 

in a few months. Fa ,•,I 5.-second heating 

saves time on every job. Trigger-switch 
control saves power—no need to unplug 
gun between jobs. Prefocused spotlight 
and longer length mean easy soldering, 
even when the job's buried deep. No other 
soldering tool gives you so many time-and-
money-saving features. Order your new 
250-watt Weller Gun from your distribu-
tor today. or write for bulletin direct. 

SOLDERING GUIDE Get your copy 
of "SOLDERING TIPS"—riew fully Ulm, 
hated 20 pogo booklet of practical 
soldering ',repealer& Prize 10c at 
your distributor's or order direct. 

W ELLER 
MANUFACTURING COMPANY 

871 Par I,er itreet, Easton, Pa 

PROCEEDINGS OF I HI!: LICE. 

Firm  Booth 
Howard B. Jones Division, Cinch Mfg. 
Corporation, Chicago, Ill.  257 

Multi-contact Plugs and sockets, Terminal 
Strips, Fuse Mounts, Barrier Strips, Etc. 

Karp Metal Products Co., Inc., Brooklyn, 
N. Y.  49 & 5,3 

Sheet Metal Cabinets, Housings, Consoles, 
Chassis and Relay Racks for electronic 
equipment. 

Kay Electric Co., Pine Brook, N. J.  22 
Wide range sweeping oscillators, ultra 
short pulse generators, VHF spectrum an-
alyzer, television test equipment, sound 
spectrograph. 

Kelley-Koett Manufacturing Co., Instru-
ment Div., Covington, Ky. 

Personnel instruments, scalers, survey in-
struments (quartz fiber and electronic) 
count rate meters, lead shields, geiger 
tubes, and uranium locators. 

Kenyon Transformer Co., Inc., New York. 
N. Y. 

Transformers and reactors for broadcast, 
commercial, and government service. 

Kester Solder Co., Chicago, Ill. 
Rester "Resin-Five" Core Solder-Hester 
Plastic Rosin-Core Solder, other Hester 
Flux-Core Solders, Solid Wire•Bar Sol-
ders also Solder Preforms and Soldering 
Fluxes of all types. 

Kings Electronics Inc., Brooklyn, N. Y.  2'd 
Connectors Coaxial  and  sound. special 
cable assemblies. 

James Knights Co., Sandwich, Ill. 
Crystal ovens, ultrasonic crystals. 

IC ,rlfzulte ,i  tt wr 

342 

over 

50,000 
references 
to pertinent 
electronic and 
allied engineering 
articles published 
from 1925 to 
the present time . . . 

including 
foreign and domestic magazines, 

journals, proceedings, government 

reports,  technical  house-organs, 

U. S. patents and texts. 

THE ELECTRONIC ENGINEERING 
MASTER INDEX 

is an absolutely indispensable ref-
erence in every electronic and in-

dustrial laboratory, library and Pa-

tent Attorney's office. 

Visit our Booth Na. 310 at the IRE Show 

Write today for full descriptive 
literature 

Electronics Research Publishing Co., Inc. 
Onot. 21  480 Canal 8t.  Nevi York 13, N.Y. 

February, 195C 

BIG 
Performance 

in a .... 
small package 

TRIALLOY CASE AND TRIALLOY 

-- SHIELDS, NICKEL-PLATED FOR 

APPEARANCE AND DURABILITY 

A/ ALL LEADS INSULATED FOR 
„„........./.. 2700 VOLTS. 

THREE TRIALLOY SHIELD LIDS 

CLOSE FITTING. 

HI CONDUCTIVITY INNER 

SHIELDS, COPPER. 

COIL INSULATION 2500 VOLT. 

SPECIAL PUNCHED TRIALLOY 

LAMINATION. 

HUM-BUCKING CONSTRUCTION 

TWO IDENTICAL COILS. 

SOLDERED CONNECTION 

CORE TO CASE. 

...with 
exclusive 
construction 

MOUNTING STUDS WELDED TO SIC 

8-32 BOLTS. 

STURDY LOW-LOSS TRIAD 

HERMETICALLY-SEALED TERMINAL 

HEADER SOLDERED TO LID. 

3 10 12 TURRET PINS. 

This exploded view of a Triad Geoformer (Geo-
physical Transformer) illustrates the construction 
which makes Triad Geoformers and "HS" High 
Fidelity Transformers so outstanding in perform-
once. Although of extreme small size, these units 
deliver a range of performance usually found 
only in much larger transformers—a feature of 
primary importance in the construction of high 
quality equipment for geophysical and general 
electronic applications. 
Triad builds high performance into these units 

through advanced design, exact tooling, special-
ized engineering and the use of finest available 
materials. Built to meet JAN specifications, in. 
corporating Triad's improved method of her-
metic sealing, and vacuum impregnated by the 
exclusive "Climatite" process, Triad Transformers 
are more than meeting today's exacting per. 
formance requirements. Yet their cost is little 
more than that of ordinary cased types. For 
information and prices on Triad Electronic 
Transformers write for Catalog TR-49. 
For information and prices on Triad Gee-

formers (Geophysical Transformers) write 
for Catalog GP-49. 

TRANSFOR MER  MFG  CO 

2254 Sopulvoda Blvd. 

Los Angeles 64, Calif. 
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II. F. COMPONENTS-MICRO W A E-TEST EQUIPMENT 

3 CENTIMETER 

(STD. I" x 1/2" GUIDE UNLESS OTHER WISE 
SPECIFIED) 

723 A/8 Klystron mixer section with crystal 
mount, choke flange and Iris flange out 
Out   $22.50 

TR-ATR Section for above with 724 AIR Cavity 
 $8.50 

105/APS31 Directional Coupler 25 DO ...$25.00 
90 degree twist, 6 inches long  $3.00 
723 AB Mixer- Beacon Dual Oscillator Mount 
with Crystal holder  $12.00 

2 Way Wave Guide directional coupler, type 
N fitting 11/4 " x Ya" guide 26DB  $18.50 

CG 988/APG 13, 12- flexible section  . s/x 
OD  $10.00 
TR-ATR Section, APS 15, for 1824, with 724 ATR 
Cavity with 1B24 and 724 tubes. Complet.: 
  $21.03 

Crystal mount in waveguide  $17.50 
SO-3 Echo box, Xmsn. type cavity w/ bellows 
 $28.50 

3 cm  180° bend  with  pressurizing  nipple 
 $6.00 ea. 

3 cm. 90  bend, 14" long 90" twist with Pies-
surizing nipple  16.00 ea. 

3 cm. "S" curve 18" long.    $5.50 ea 
3 cm. "S" curve 6" long  •  ..  $3.50 ea. 
3 cm. right angle bends. "E" plane 18" long 
cover to cover  $6.50 ea, 

3 cm. Cutler feed dipole. II" from parabola 
mount to feed back  18.50 ca. 

TWIST 45 deg., 6" long  $8.00 
APS-3I mixer section for mounting two 2K25's 
Beacon reference cavity 1B24 TR tube. New 
and complete with attenuating slugs $42 50 ea 

DUPLEXER SECTION for 1824  $10.00 
CIRCULAR CHOKE FLANGES, solid toiass .55 
SQ. FLANGES, FLAT BRASS   ea. .55 
FLEX, WAVEGUIDE  14.00/Ft 
TRANSITION I . l/2 to 11/4 r 9/12, 14 in  WOO 
"X" BAND PREAMPLIFIER, consisting of 2.723 
A/B local osc.'lator-beacon feeding wave. 
guide and TR/ATR Duplexer sect. incl. 30MC 
Pre Amp with tubes .  $67.50 

Random Lengths wavegd, 6" to 18" Lg. $1 10/Ft 
WAVEGUIDE RUN. l'Ar" k '/2" guide, consist-
ing of 4 It section with Rt. angle bend on 
one end 2" 45 deg. bend other end ..••$8.00 

WAVEGUIDE RUN, 11/4 " 11 1/4 " guide, consist 
ing of 4 ft. long  $10.00 

12" SECTION 45 deg twist, 90 deg bend $6.UU 
II" STRAIGHT WAVEGUIDE section choke to 
cover.  Special  heavy  Construction,  silver 
plated   $4.50 

15 DEG BEND 10" choke to cover   $4.50 
5 FT. SECTIONS choke to cover, Silver PIntel 

 $10.00 
18" FLEXIBLE SECTION  $17.50 
"X" BAND WAVEGUIDE 11/4 " x %" OD 1/16 
wall  ...  Per Foot $ .75 

WAVEGUIDE  x I,/2" I.D.  Per Foot $1.50 
TR CAVITY For 724 A TR Tube  13.50 

3" FLEX SECT. sq. flange to Circ. Flange Adapt 
 17.50 

724 TR TUBE (41 TR 1)  $2.50 
SWR MEAS. SECTION, with 2 type "N" output 
probes MID full wave apart. Bell sizes guide. 
Silver plated  $10.00 

WAVEGUIDE SECTION, 12" long choke to cover 
45 deg. twist 13 2'/7" radius, 90 deg. bend 
 $4.50 

SLUG TUNER/ATTENUA7OR, W. E. guide, gold 
plated  16.50 
TWIST 90 deg. 5" choke to Cover w/PreSS 
ple  $6.50 

WAVEGUIDE SECTIONS 21/7 ft: long silo., 
plated with choke flange  $5.75 

ROTARY JOINT choke to choke  $17.50 
ROTARY JOINT choke to choke with de-s 
mounting  $17.50 

W AVEGUIDE 
1/2 " x 1/4 " ID  $1.00 per foot 
I" x 1/2" OD   1.50 per foot 
VA" x IV." OD  1.65 per foot 

x 11/4" OD Aluminum   .75 per foot 
11/2 " . 3" OD  .  3.00 per foot 
21/2 " x 3" OD   3.50 per foot 
I" x '/2 OD Flexible   4.00 per foot 
7/8" rigid coax 1/4 " IC .. ....  . 1.20 per foot 
(Available in 'OFT to ISft. lengths or smaller .I 
UG 65/U 10CM flanges ....  . . $6.75 each 
UG 53/U Cover    4.00 each 
UG 54/U Choke  4.50 each 

CONDENSERS WE HAVE ONE OF THE 
LARGEST SELECTIONS OF 

OIL, ELECTROLYTIC, MICA BATHTUBS, ETC., 
IN  THE  COUNTRY  AT  SURPLUS  PRICES. 
WRITE FOR CATALOGUE. 

SCR 584 
SPARE 
PARTS 

AVAILABLE 

1.25 CENTI METER 

"K" BAND MIXER  $49.50 
"K" BAND FEEDBACK TO PARABOLA HORN, 
with pressurized window  $30.00 

MITRED ELBO W cover to cover  $4.00 
TR/AIR SECTION choke to cover  $4.00 
FLEXIBLE SECTION 1" choke to choke  $5.00 
ADAPTER, id cover to sq. cover  $5.00 
MITRED ELBO W and S sections choke to cover 

 $4.50 
.$1.00 
$  50 

$55.00 

WAVE GUIDE 1/2 x 1/4  per ft. 
K BAND CIRCULAR FLANGES 

"K" BAND MAGNETRON 

No, 
11421 
IN22 
1N23 
i N26 

TEST EQUIPMENT 

MODEL TS-268/U 

lest set designed to provide 
a means of rapid checking of 

crystal diodes IN21, 1N21A. 
114218, 1N23, 'N23A, IN2311. 
Operates on 11/7  volt dry cell 

battery. 3x6x7. 

New   $35.00 

CRYSTAL DIODES 

Each  2 for 
$1.00  $1.79 
1.50  2.79 
1.50  2.79 
3.00  5.90 

10 for 
$ 8.30 
14.00 
14.00 
27.50 

10CM ECHO BOX CABV 14A8A-1 of OBU-3, 
2890 MC to 3170 MCS direct reading microm-
eter head. Ring prediction scale plus 9% to 
minus 9%. Type 14" input. Resonance incli• 
cator meter. New and Comp. w/access. Bo. 
and 10 CM Directional Coupler  $350.00 

3 CM RECEIVER, SO-3. Complete with W.G. 
Mixer Assy (723-A/B). Reg. Fil. Power Supply 
6 stages IF (6AC7)  $99.50 
10 cm. horn assembly consisting of two 5" dishes 
with dipoles feeding single type "hr output. 
Includes UG28/U type "N" "T" junction and 
type "N" pickup probe. Mfg. 
cable. New   $15.50 
10 cm. cavity type wavemeters 6" deep, 61/7" in 
diameter. Coax. output. Silver plated  .. 
 $44.50 ea. 

10 cm, echo box. Part of SF1 Radar W/I15 volt 
DC tuning motor Sub Sig 1118A0  $47.50 

THERMISTOR BRIDGE: Power meter 1-203-A. 
10 cm. mfg. W.E. Complete with meter, in 
terpolation chart, portable carrying case 
 172.50 

W.E. I 138. Signal generator. 2700 to 2900 Mc. 
range. Lighthouse tube oscillator with atten-
uator 8 output meter. 115 VAC input reg 
Pwr. supply. With circuit diagram  $150.00 

3 cm.  wavemeter.  Ordnance 
type micrometer head New: 
Absorbtion type  $85.00 
9000-9500  MC 
type   

SL wavemeter. Type CW60ABM   
IS  89/AP  Voltage  Divider, 
Ranges 100: 1/2 for 2000 to 
2000v. 10:1 for 200 to 2000v. 
Input Z 2000 ohms. Output Z 4 
meg ohms flat response 150 
cy to 5 meg cy  142.50 

ASI4A/AP-10 cm Pick up Di. 
pole with "N" Cables  $4.50 

IS 235 UP Dummy Load  $87.50 

10 cm Wavemeter. WE type B 
435490 Transmission type. Type 
N Fittings. Veeder Root Mi-
crometer dial, Gold Plated 
W/Calib.  Chart,  P/o  Freq. 
Meter X66404A. New  $99.50 

S Transmition 
$92.50 
$125.00 

COMPLETE RADARS AVAILABLE 

SOI Used   $1200.00 
5013 Used   $1200.00 
SE New  $1200.00 
SFI New  $2800.00 
SCR 533 Trailer unused   $950.00 
CXBR Beacon Used  $1500.00 
CPN3 Beacon Used    $1500 00 
APS4  WRITE 
APSIS Major Components  $500.00 
Airborne Radar Altimeter  $175.00 

10 CENTI METER 

WAVEGUIDE TO 1/4" RIGID COAX "DOOR. 
KNOB" ADAPTER. CHOKE FLANGE. SIL-
VER PLATED BROAD BAND  $37.50 

WAVEGUIDE DIRECTIONAL COUPLER, 27 db. 
Navy type CABV-47AAN, with 4 in, slotted 
section  .... ...$32.50 

SC). FLANGE to rd choke adapter, 18 in. long 
OA 11/2 in. x 3 in. guide, type "N" output 
and sampling probe .   

CPR-14AA'0- $1297..505°  

Crystal Mixer wi th tun able ou tpu t TR pick up  
loop, Type "N" connect, Type 62ABH $14.50 

Slotted line probe. Probe dep th adjushble, 
Sperry connector, type   

Coaxial slotted section, t4" rigid coax with 
carriage and probe _.. 

Right Angle Bend 6" radi us  E or  H plain $$2155..07 
Right Angle Bend 3" radius E or H 
cular flanges  $15.00 

AN/APR5A 10 cm antenna equipment consist-
ing of two 10 CM waveguide sections, each 
polarized. 45 degrees  ...  . ..$75.00 per set 

APN-7 TR McNally Cavity for 7078, with tuning 
slugs . . _ ...  ...  . .  . .45.50 ea. 

"5" Band Crystal Mount, gold plated, with 2 
type ''N'' connectors .    $12.50 

PICKUP LOOP, Type "N" Output    $2.75 
TR BOX Pock-up Loop   . $1.25 
PO WER SPLITTER: 726 Klystron input dual "N" 
output  ..  . _ .......... $5.00 

MAGNETR ON TO WAVEGUIDE coupler w,th 
72I-A dupleser cavity. gold plated  $27.50 

10  CM  WAVEGUIDE  SWITCHING  UNIT, 
switches I input to any of 3 outputs. Star I. 
ard 11/2" x 3" guide with square flanges. Com-
plete with 115 vac or dc arranged switching 
motor,  Mfg.  Raytheon. CRP 24AAS.  New 
and complete    .  $150.00 

"5" BAND Mixer Assembly, with crystal ri•ount 
pick-up loop, tunable output  .  $3.00 

72I-A TR CAVITY WITH TUBE. Complete with 
tuning plungers    $12.50 
10 CM, McNALLY CAVITY Type SG  $3.50 
Type SF    

WAVEGUIDE SECTION, 'MC 4 .. .. ... . rt. angle 
bend, 51/2 " ft. OA. 8" slotted section  $21.00 

10 CM OSC, PICKUP LOOP, with male Home. 
dell output  . .  .12.00 

10 CM DIPOLE WITH REFLECTOR in lucite 
ball with type ''N'' or  Sperry  fitting  $4.50  

10 CM, FEEDBACK DIPOLE ANTENNA, in lucite 

Input  
for use with pa rabola ,/s" Rigid Coax 

  $8.00 
PHASE SHIFTER, 10 CM waveguide, we type 
sEiSu-g6s83816. E plane to H plane , matching 

  .595.00 
72IA TR cavities. Heavy silver plated $2.00 ea. 
10pciamte.dhorn and rotating joint assembly, gold 

  $65.00 ea. 

1/4 " RIGID COAX - 3/4 " I.C. 

1/4" rigid coaxial tuning stubs with vernier stab 
adjustment. Gold Plated ..  • • $17.50 
VI RIGID COAX ROTARY .101N7. *Pressurized, 
Sperry 4810613. Gold Plated  ...  .$27.50 

Dipole assembly. Raft of SCR-584 ....$25.00 ea. 
Rotary joint. Part of SCR-584  $35.00 ea. 
RIGHT ANGLE BEND, with flexible coax out-
put pickup loop  .   58.00 

SHORT RIGHT ANGLE BEND, with pressurizing 
nipple   $3.00 

RIGID COAX to flex coax connector   $3.50 
STUB-SUPPORTED RIGID COAX, gold Plated 
5' lengths. Per length  $5.00 

RT. ANGLES for above .   

FLEXIBLE SECTION, 15" L. Male to fer$$n32a:551e°0 
RT. ANGLE BEND 15" L. OA   

 14.25 
FLEX COAX SECT. Approx. 30 ft.  $16.50 

1/4  RIGID 1/4 " IC 
CG 54/U -4 foot flexible section 1/4 " IC ores' 
surized  ...... ....... ........... $15.00 

Vs RIGID COAX. Bead Supported  $1.20 
SHORT RIGHT ANGLE BEND  .....  $2.50 
Rotating loins. with deck mounting  . $15.00 
RIGID COAX slotted section CU-60/AP  $5.00 

SEE YOU Al THE 

IRE SHO W 
BOOTH 1-2nd FLOOR 

MARCH 6-9 INCLUSIVE 

ALL MERCHANDISE GUARANTEED. MAIL ORDERS PROMPTLY FILLED. ALL PRICES F 0 B 
NEW YORK CITY. SEND MONEY ORDER OR CHECK ONLY, SHIPPING CHARGES SENT 

C.O.D. RATED CONCERNS SEND P. 0. MERCHANDISE SUBJECT TO PRIOR SALE 

CO M M U NICA TI O NS EO UI PItI E N T C.O. 
131 Liberty St., New York, N.Y. Dept. D  Cable "Comsupo" Ph. Digby 9-4124 
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1  WHOLESALE ONLY 

Phone or Write 
for Quantity A Price 

DIGBY 9-4124 

ATT. MR. C. ROSEN I1.000,000 Bathtubs 
4,000.030 Micas 

300,000 Sri. Micas 
100.000 Oil Cond. 

4,000,000 Resistors 

400,000 Electrolytics 

.  400,000 H. V. Micas 
t'   5,000 K. V. Cond. 

150.000 Prec. Resis. 

500.000 Tube Clamps 
1,000,000 An. Connectors 

50.000 Dynamotors 

20,000 Po wer Xfrmrs 

20.000 Chokes 

11000 Antennas 

50,000 Audio Xfrmrs 
100,000 400 Cy Xfrmrs 

100.000 Shock Mts. 
25,000 Magnetrons 

5,030 Magnets 

50,000 Pulse Xfrmrs 

50.000 Control Bores 
500.000 Tubes 
300,000 Relays 

503,000 Pots 
35,000 Vibrators 

. 200.000 UG Connectors 

I 2.000 Scopes 
1.500 Asst. Phones 

,  20.000 Headsets 
5,000 Mikes  . 

100,000 Elements 

MAGNETRONS - R A D A R - PULSE EQUIPMENT 

TEST SETS 

ARMY NAVY 
T.S. 33, AP 
T.S. 35, AP 
T.S. 36/APM 
T.S. 45A-APM3 
T.S. 62/AP 
C.S. 60/AP 
804 Feder& Sig. Gen. 

SCR 584 
RC 1056A 
BC 1058A 
BC 10588 
BC 10868 
BC 1088A 
BC 10888 
DiPole Assy 
BC 1090A 
BC 1090B 
BC I094A 
BC 1096A 
RA 7IA 
Variable Spacing 
Magnets 
Bare° Rotate It. 

VAR1STORS 
D-170225  $1.25 
0-167176 .  5.95 
0-1 68687    5.95 
0-171812    5.95 
0-171528  595 
0-168549  5.95 
D• 163298  $1.25 
0-99428    52.00 
D-16187IA  $2.85 
0-171121  .5.95 
3A(12-43)  $1.50 
0-1 67020  .  53.00 

THERMISTORS 
D-I67332 (tube)  $.95 
D-170396 (bead) .$.95 
D-167613 (button) 5.9$ 
D-164600 for MTG in 
'X  band Guide $2.50 
0-167018 (tube)  .5.95 

COAX PLUGS 
Tons of Nuts & Bolts  83ISP  $  35 

Screws, Etc.  811AP .  .. $.35 

1.000 Gibson Girls  831HP  IS UG 2I/U.  5 85 
500 BC 375  UG 86 U.  5 95 

Complete , UG 25I/U. ..  5 75 
503,000 Insulators  ' UG 255/U.  51 25 
1  50,000 Binding Posts UGI46/U.  $1 00  
200,000 Wafer Switches  UG 85/U.  51.25 

300.000 Ceramicons  WRITE FOR 
500 000 Ferrule Resis,  C.E.C. MICRO-

50,000 PL 54  WAVE CATALOG 

25,000 1K 26  NO W  AVAILABLE 

RADAR SETS 

Radar Set R36 TPS2 Rec. indicat,.., ,ew 
 $325.00 

I9/APG2 Junction Box for use w/APG2 radar 
 $55.00 

SCR 663-73 Sperry searchlight training, aircraft, 
tracking, 10 CM 360° horizontal sweep 90' vent. 
sweep. Used ....  ............ . 5450.00 

CPN 10 Cm. Radar beacon  $350.00 
APS1S Consists of transmit., mod. rec, incl. ant., 
400 cy pwr unit, less control boxes & cable, 
nre   $400.00 

Radar PPI assy 12" indicator complete 
w/assoc, equip., desk type console mfg. G E 
New    $475.00 

Receiver Indicator Assy 5" "A" scope w/corr,. 
plete 560 Mc. Rec, preamp, range calib. new 
complete mfg. G.E   $295.00 

Mark S Model 2 Gyro stable element designed 
for use in stabilizing large caliber naval gin 
 $2,000.00 

COAX CABLE, 
PG 9/U. 52 ohms   5.24/ft. 
PG 17/U. 52 ohms imp.  .....  .  5.411/ft. 
PG 57/U. Twin Cond. 95 ohms . .  5.55/ft. 
3116 18/U. 52 ohm imfl armored  $  51/ft. 
PG 23/U. twin coax. 125 ohm imp. armored 

$  50/ft. 
PG 28/U. 50 ohm imp, pulse cable. Corona 

starting voltage 17 KV .  S.SO/ft. 
PG 35/U. 70 ohm imp. armored   $.50/ft. 

Tube 
7131 
2121-A 
2122 
2.126 
2127 
2132 
2137 
2138 Pkg. 3249-3263 mc. 
2139 Pkg. 3267-3333 mc. 
2J40  9305-9325 mc. 
2149  9000-9160 mc. 
2134 
2.161  3000-3100 mc. 
2162  2914-3010 mc. 
3131  24,003 mc. 
5130 
7I4AY 
718DY  2720-2890 mc. 
720BY  2803 mc. 
720CY  2860 mc. 
725-A  9345-9405 mc. 
730-A  9345-9405 mc. 
728  AY, BY, 0', DY, 
700  A, B, C, D 
706  AY. BY. DY, EY, FY, GY 
Klystrons.  723A/8 $12.50; 7078 

W/Cavity 
417A $25.00  2K41 

MAGNETRON MAGNETS 
Gauss  Pole Diam.  Spacing  Price 
4850  4 in.  %  in.  512.50 
5200  21/32 in.  3/4 in.  $17.50 
1300  I% in.  I 5/16 in.  5. 
1860  in,  172 in.  514.50 
Electromagnets for magnetrons  524.50 ea 
GE Magnets type M77651 I5, GI Distance Be-
tween pole faces variable. 2 1/16"  (1900 
Gauss) to l'/2" (2200 Gauss) Pole Dia. Is/8" 
New Part of SCR 584  $34.50 

"C W" MAGNETRONS 

OK 62  3150-3375 mc. 
OK 59 2675-2900 mc. 
OK &I  2975-3200 mc. 
OK 60 2800-3025 mc 

New, Guaranteed  Each $65.00 
OK 915 Raetheon  . . 5150.00 

MAGNETRONS 
Frq. Range  Pk. Pwr. Output Price 
2820-2860 mc.  265 KW. 
9345.9405 mc. 
3267-3333 mc. 
2992-3019 mc. 
2965-2992 mc. 
2780-2820 mc. 

525.00 
$25.00 
525.00 
525.00 
$25.00 
525.00 
$45.00 
$35.00 
535.00 
$65.00 
$85.00 
$55.00 
565.00 
$65.00 
555.00 
$39.50 
$25.00 
$25.00 
$50.00 
550 
$25.00 
$25.00 
$50.00 
$50.00 
550.00 
$20.00 

50 KW. 
265 KW. 
275 KW. 
275 KW. 
285 KW. 

5 KW. 
87 KW. 
10 KW. 
58 KW. 

35 KW. 
35 KW. 
50 KW. 

250 K.W. 
1000 KW. 
1000 K.W. 
50 KW. 
50 KW. 

EY. FY, GY 

FILAMENT  TRANSFORMER 
for ,  ibV/60 cy Pr,: four 6.3V/ 
4,4 SC1.  'Y...̀OVT   $27.50 
Magnetron Kit of four OK's 2675-
3375 inc. w/trans special  $250.00 

SUPERSONICS 
OCU Magneto striction head RCA type CR 
278225-New  $95.00 
Stainless Steei streamlining housings for above 

 $18.50 
OBG Driver Amplifier New   .00 
OCU Magneto striction head, coil plate $a2sre ;r: 
bly, new  $14.50 

0039.2/0CS Magneto striction head coil plate 
assembly  $14.50 
00O2 Sonar complete set-Write for details 
QC-RCA magnetro striction head assy. consists 
of coil, plate, sickle diaphragm plate, milled 

Suspteeersl onbioc dOy scuinlalastsoerm RbCleAd  17-27 Kc. Rec. Drive,, 

Osc. 115 v 60 cy. AC. Designed for use w/200 
watt driver. New less tubes  $39.50 

W.E. Al Console, Consists of Rec. Ind Osc. 
Remote training control 200 watt driver amp. 
i7 27 kc range  $450.00 

OCO 2 Console Sub. Sig. Co.  $450.00 
OBF Sonar mfg. WE complete console consists 
of 10-40 kc rec. driver osc. ind. & control 
unit, and driver amplifier 22-28 tic. Write 

OJASonor OBF w/OJA adapter kits w/cathode 
ray tube indication. Write. 

INDICATORS -SCOPES 
BC 1318 420-50-100 mile range 5" scope w/mtg 
rack, indicator amplifier, BC 9328, visor, ne. 
w/tubes  $24.50 
BC 704A 9-36-90 mile range 5" scope. Write 
BC 137A & BC 938A 12" PPI & "A" scope. 
Complete desk  Rack assy w/osc.  control 
unit. rec., pwr. supls. in unused cond  but 
shelf worn    $300.00 

Radar Indicator RW :81  mfg. by Research 

12" PPI Radar indlc. console P/OSU•1M R53a0dMar 
Enterprise Ltd. 5" scope   

A10S3D0  IAndFSic2a t Ior  1Write or phone for info. 

929 Indicator 
ndicator pr ice . 

$65.00 

Many others hers in stock. 

ALL MERCHANDISE GUARANTEED. MAIL ORDERS PROMPTLY FILLED. ALL PRICES F.O.B. 
NEW YORK CITY SEND MONEY ORDER OR CHECK ONLY. SHIPPING CHARGES SENT 

C.O.D. RATED CONCERNS SEND P. 0. MERCHANDISE SUBJECT TO PRIOR SALE 

CO M MUNICATIONS EOCIP MENT CO. 
1 3 1 Liberty St., New York, N.Y. Dept. 11  Cable "Comaupo" Ph. Digby 9-4124 

PULSE TRANSFORMERS 
G.E.K.-2745  ... $39.50 
G.E.K.-2744-A. 11.5 KV High Voltage, 3.2 KV 
Low Voltage @ 200 KW °per. (270 KW max.) 
1 microsec. or 1/4  microsec. @ 600 PPS $39•50 

W.E. :0166173 Hi-Volt input transformer, W.E. 
Impedance ratio 50 ohms to 900 ohms. Freq. 
range: 10 tic to 2 mc. 2 sections parallel con-
nected, potted in oil   $36.00 

W.E. KS 9800 Input transformer. Winding ratio 
between terminals 3-5 and 1-2 is 1.1:1, and 
between terminals 6-7 and 1-2 is 2:1. Fre-
quency range: 380.520 c.p.s. Permalloy core 
  $6.00 

G.E. :K2731 Repetition Rate: 635 PPS. Pri. Imp 
50 Ohms. Sec. Imp: 450 Ohms, Pulse Width: 
1 Microsec, Pri. Input: 9.5 KV PK. Sec. Out' 
put: 28 KV PK, Peak Output: 800 KW, Rifler 
2.75 Amp.   $64.50 

W.E.  :0169271  Hi Volt input pulse Trans-
former   $27.50 

G.E. K2450A. Will receive l3KV. 4 micro-second 
pulse on pr., secondary delivers I4KV. Peak 
power out 100K W G.E  $4.50 

G.E. 9 K2748A, Pulse Input, line to magnetron 
536.00 

:9262 Utah Pulse or Blocking Oscillator XFMR 
Freq. limits 790-810 cy-3 windings turns ratio 
I:1:1 Dimensions I 13/16 x 11/x" 19/32  $1.50 

Pulse 13I-AWP L-421435  .  $6.00 
Pulse 134,8W-21, L-440895    . $2.25 

PULSE NET WORKS 

I5A-1-403-50: 15 KV, -A- CKT, I MICIOSCC. 
400 PPS, 50 ohms imp.  . .  $42.50 

G.E.  :6E3-S-2000-50P M 6KV. "E" circuit,  3 
sections, .5 microsecond, 2000 PPS, 50 ohms 
impedance   $6.50 

G.E. 0 3E (3-84-810; 8-2.24-405) 50P41; 3KV "E'' 
CKT Dual Unit: Unit 1, 3 Sections. .84 Micro. 
Sec. 

810 PPS, 50 ohms imp.: Unit 2, 8 Sections, 2.24 
microsec. 405 PPS, 50 ohms imp.  .$6.50 

7.5E3-I-200-67P. ?.5 KV, "E" Circuit, 1 microsec 
200 PPS. 67 ohms impedance, 3 sections 57.50 

7.5E4-16-60.67P. 7.5 KV. "E" circuit. 4 sections 
16 microsec. 60 PPS, 67 ohms impedance $15.00 

7.5E3-3-200-6PT. 7.5 KV, "E- Circuit, 3 microsec 
200' PPS. 67 ohms imp., 3 sections  512.50 

DELAY LINES 

D-I63169 Delay Line Small quantity available 
 $50.00 

D-168184: .5 microsec, up to 2000 PPS. 1800 ohm 
term.     $4.00 

0-170499: .25/.50/.75. microsec. 8 KV. 50 ohms 
imp.  ....    $16.50 

D-I65997: 11/4  microsec.  ....  $7.50 

DIRECTION FINDERS 

DAB 3 & 4 2 to 18 Mc mfg. Collins. like new 
 $850.00 

OAK Direction Finder Automatic bearing in-
dicators  $185.00 
complete receiver  $225.00 
loops  $125.00 
RG 23U Twin conductor rf cable 250 ft. reel 
 $50.00 

DPI2 Direct. Finder 100.1500 tic.  $250.130 
OF Rec. only Bludworth Standard Arrow $150.00 

I.F.F. 1 KW Pulsed Output Pkg. Tun-
able 154.186 mc. adj. modulat-

ing pulses 4.10 micrd sec. comp. 115v 60cy 
ac pwr. supply. 
\iodic, output receiver. New w/tubcs $350.00 
Wavemeter for above   $75.00 
Dipole Array for above   $85.00 

Each I5c 

BIRTCHER TUBE CLAMPS 

926C  926B•16 
926-16  926A•14 
926-BI  926A 
926-82  926CI 
926-B8  926-A 11 

10 for $1.40 

926-C15 
926-C- 13 
9268 
926C-I9 

100 for 512.00 

UG TYPE CONNECTORS 
FULL LINE OF UG CONNECTORS 
IN STOCK. IMMEDIATE DELIVERY. 

"AN" CONNECTORS 

4/,7 it or  fib 
?o v a  0) AID 

LARGE VARIETY AVAILABLE 

AT GREAT SAVINGS 

Send your specs and let us quote 

SA 

Sc 

SD 

SE 

SF 

SG 

SL 

SN 

SO1 

S03 

SOD 

SO9 

5013 

SQ 

SU 

TA.1 

TllK 

T111. 

'rum 

A P1:5 

PIL 

A PS2 

PS3 

ATS4 

ATS6 

APS 10 

APS 1 5 

ABA 

Q111: 

quip 

" I,' 

OAK 

CPN3 

CPN6 

DAB 

111'115 

111 -118 

VD 

ZA 



WHAT IS YOUR 
PROBLEM? 

You will 
find the 
answer   

in  

Rah°  iftc5'\'' 

fi thc°  
a 
A Handbook of 721 

problems AND SOLUTIONS 
Save time and trouble. Arranged under radio 
and electronic headings and completely indexed 
for c,uick reference, these problems give you 
step-by-step solutions to every problem com-
monly arising in work on receivers, power sup-
plies, antennas, amplifiers, tubes, transmitters, 
etc. If you are ever •'stuck- on a calculation; if 
you need a check on your figuring; or if you 
want to refresh your memory on the formulas to 
use for a certain problem—you will find your 
answer quickly and easily in this book. 

Good practice for your FCC exams. This book 
shows you how to solve every problem requiring 
mathematics in the FCC STUDY GUIDE for 
licenses of all classes. You will find no better 
handbook for practice in solving problems with 
ease, speed and accuracy. $6.00 

Just 
Published 

for Ratlion  01/9 
'If:al  V 

Television 
.P WAtID  ri  5 ow 

11,  A cl 

1011  f 
The how's 

AND WHY'S in the practical 
terms of operation & servicing 
This book explains the throe) as well as the 
techniques of television construction, operation, 
and servicing in the clearest, most practical 
terms. It gives the radioman all the basic infix-
mation he needs to meet the increasing demand 
for skilled television technicians. It shows how 
and why all modern equipment operates; in-
cludes all the essential mathematics and espe-
cially good marenal on antennas. 5' 00 

SEE THEM FREE 

IThe Macmillan Co., 60 Fifth Ave., New York 11 
IPlease send me a copy of the books checked below. I agree to remit in full or return the 
books within ten days without further obligation 

I o Radio & Television Mathematics, $6.00 
0 Television for Radiomen, $7.00 

ISigned 
IAddress   

Il l 

What to SEE at the 1950 
Radio Engineering Show 

(Continued lions page 8.11) 

Firm  Booth 
ICupfrian Mfg. Co., Binghamton, N.Y.  304 
Flexible Shaft Couplings, Wire Shield• 
ings, Remote Controls. 

Kurman Electric Co., Inc., Long Island 
City, N. Y.  362 

Vibrators, Relays, Relay applications. 

LaPointe  Plascomold  Inc.,  Unionville, 
Conn.  315 

Television Antennas, Masts, Towers & 
accessories. 

James B. Lansing Sound, Inc., I.ns An-
geles, Calif.  U & V 

Speakers. 

Lavoie Laboratories, Morganville, N. J. 87-89 
Otnni Directional Ranges, Oscilloscopes, 
Signal Generators, Pulse generators, Fre-
quency meters, time standards, Xtal Im-
pedance Meters, Wave Meters, Harmonic 
frequency generators. 

Leach Relay Co., Los Angeles, Calif. 
Relays, Aircraft & Industrial. 

Librascope, Inc., Div., General Precision 
Equipmi•nt Corp., Burbank, Calif. 

Tristimulus Computers, Computer Compo-
nents, Integrators, Counters, Multipliers 
and High Speed Recorders. 

Linde Air Products Co., New York, N. Y.  51 
Linde Xenon, Krypton, Argon, Neon, He-
lium, rare gas mixtures, synthetic sap-
phire boules, rods, balls, centerless-ground 
rounds, Synthetic rutile. 

210 

Littelfuse, Inc., Chicago, III.  130 
Instrument Fuses, indicating lights, high 
voltage fuses, circuit breakers. 

Lord Manufacturing Co., Erie, Pa.  319 
Rubber In  and Vibration Mount-
ings. 

M B Mfg. Co., Inc., New Haven, Conn. 
Vibration  testing  equipment,  vibration 
exciters, vibration pickups, vibration iso-
lators. 

McGraw-Hill Publishing Co., New York, 
N. Y. 

"Electronics," "Nucleonics," McGraw-Hill 
Book Co. 

200 

McIntosh  Engineering  Labs.,  Silver 
Springs, Md.  U & V 

Amplifiers. 

W. S. MacDonald Co., Inc., Cambridge, 
Mass.  336 

Scintillation Equipment, Electronic Mi-
croammeter,  Proportioning  Temperature 
Controller. 

Machlett Laboratories, Inc., Springdale, 
Conn.  96 & 97 

Electron tubes for broadcast industry and 
special purposes. 

Magnecord, Inc., Chicago, Ill.  U & V 
Magneenrd tape recording and reproduc-
ing systems and equipment. 

P. R. Mallory & Co., Inc, Indianapolis, 
Ind. 

Television and radio components, tuning 
devices,  variable  resistors,  capacitors, 
switches, resistors. 

Marconi Instruments Ltd., St. Albans, 
England & 23 Beaver St., New York, 
N. Y.  301 & 364 

Advanced design of Radio Communication 
and Radar Test Equipment, Moisture & 
pH Meters, Laboratory Instruments, such 
as signal Generators, Universal Bridge, 
etc. 

Marion Electrical Instrument Co., Man-
chester, N. H. 

New  Ruggedized  Hermetically  Sealed 
Electrical Indicating Instruments. Her-
metically Sealed Instruments, and Elapsed 
Time Indicators, Standard Marion Meters. 

(Continued on page 87A) 

38 

201 

OSCILLOSCOPE 
Meets research and industry 

requirements for measurements of 
zero or low frequency signals up to 
100 Kc /s. 
. Unique Cossor twin beam tube 
permits accurate time and voltage 
comparisons of two independent 
signals with single locked time base. 

$5$9 f o b Halifax 
$795 f.o b. New York 

Amplifiers flat 0-100_1(c s ±  1.5 db 
0.2V/in. deflection at full gain. 

Direct volts measurement from .01  to 
100(J volts. Stabilized throughout for HT. 

EHT and filament supply variations. 

4" flat face twin beam CRT operates at 
2 or 4 KV depending on writing speed 

Direct time readings on repetitive  or 

triggered time base.  Intensity mod zero 
to 80 Kc 's. 

Write for bulletin and details of 
camera and motor drives. 

SEE US AT BOOTH 251 IRE 
CONVENTION 

COSSOR (CANADA) LIMITED 

Windsor St., Halifax, Nova Scotia 

BEAM INSTRUMENTS CORP. 

Room 208, 55 W. 42nd Street, 
New York 18, N. Y. 
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What to SEE at the 1950 
Radio Engineering Show  co=inm  R.F. CABLES 
Firm 

Measurements Corp., Boonton, N. J. 
Electronic test equipment, and measuring 
instruments, standard signal generators, 
television signal generators, square wave 
generators, pulse  generators, uhf radio 
noise and field strength meters, megohm 
meters, megacycle meters, vacuum tube 
voltmeters, peak voltmeters, rf attenua-
t,r,, 1.-C•R bridges. 

Mepco, Inc., Morristown, N. J. 
Precision Resistors, wirewound resistors, 
(low power) meter multiplier resistors,•re-
sistor switch assemblies, solenoid & relay 
coils. 

Microwave Equipment Co., Inc., No. Cald-
well, N. J. 

Microwave test equipment including wave-
guide components, special laboratory in• 
struments and Radar assemblies. 

Booth 
n9 

248 

313 

James Millen  Mfg.  Co.,  Inc., Malden, 
Mass.  43 
Electronic  equipment,  laboratory  and 
measurement equipment, commercial com-
munication equipment and standard and 
spertalizetl components thereof. 

Millivac Instruments, New Haven, Conn.  H 
High Impedance Millivoltmeter for Tele-
vision, FM and Radar frequencies, High 
impedance DC Millivoltmeter, DC Micro-
micro ammeters, Multimeters, Ultrasensi-
tive DC amplifiers. 

Motorola, Inc., Chicago, Ill.  250 
Two-way radio communications equipment 
and microwave equipment. 

Mycalex Corp. of America, Clifton, N. J.  82 
Glass•bonded mica, the "Mycalex" prod-
ucts. 

Mycalex Tube Socket Corporation, New 
York, N. Y. 

Glass-bonded mica, "Mycalex 410" and 
"Mycalex 410X" molded miniature tube 
sockets. 

82 

National Carbon Div., Union Carbide & 
Carbon Corp., New York, N.Y.  52 & 53 
Radio Batteries, Hearing Aid Batteries, 
Batteries for radiation detectors, photo-
Flash and Misc. Laboratory equipment. 

National Company, Inc., Malden, Mass.  14 
Commercial,  communications  receivers, 
electronic components and assemblies, in-
cluding television receivers. 

National Research Corp., Cambridge, Mass. 133 
High vacuum equipment, diffusion pumps, 
vacuum gauges, valves, special equipment. 

National Technical Labs., S. Pasadena, 
Calif.  341 
Beckman radiation instruments comprising 
four portable models of ionization cham-
ber types, battery and AC operated, two 
lightweight portable G-M tube models, 
chamber type pocket alarm, quartz fiber 
Dosimeters, Model RXG-2 Micro-Microam• 
meter, Ultrohmeter. 

Newark Electric Co., Inc., New York. 
N. Y.  >65 

Test Equipment, Audio Equipment 

New York Transformer Co., Inc., Alpha, 
N. J. 

Transformers, "Hornet" 200* C operating 
miniaturized power components. 

J. M. Ney Co., The, Hartford, Conn.  220 
Precious Metal Alloys in Contact Form, 
Fine Size wire and Customers' Exhibit 
of Products, using above precious metal 
alloys. 

North American Philips Co., Mt. Vernon, 
N. V. 

A nuclear exhibit. 

221 

335 

We are specially organized 
to handle direct enquiries 
from overseas and can give 

IMMEDIATE DELIVERIEStoUS.A. 

Cable your rush order ior 
delivery byair. Segment 
dollars lrycheek onyouravnbini 
kansectiOn as simple as any local 
purchase-onradneryiudafornd 

LOW 
ATTEN 
TYPES 
Al 

IHIGH POT,/ FLEXIBLE 

1111OTOCELL cABLI ) A.  

IVERY LOW CAPACITANCE 
CABLES 

LOW 
CAPAC. 
TYPES  

C 
P.0 4 
C.11 

-4.2 
C.22 
C.3 
C.93 
C 4.4 

IMPED: 
OHMS 

74 

CAPAC. 
~ On 

7.3 

ATTEN. I LOAD OG 

db 100 it  K w 
it /00 M O   

IMPED. 
OH MS 

150 

00. 

DAN° 
0.11   '36 fn CIE5 p r. 
0.24  0.44  ti /WEN 
1.5  0.85 110" 

ATTEN. 
4100ft 
NO s 

2.5 0.36 
0.36 
0.36 
0.44 
0.44 
0.64 
0.64 

10.2 132 3.1 
3.2 
2.15 
2.8 
1.9 
2.4 
2.1 

6.3 
-6.3 
5.5 
5.4 
4.8  
4.4 _ 

, 473 
171 
184 
197 
220 
252_ 1.03 

TRANSRADIO LTD 
CONTRACTORS  TO  H M. GOVERN MENT. 

138A CROMWELL ROAD 

LONDON. S.W.TENGLAND 

C A B L E S: T R A N S PZ A D  •  L O N D O N 

60 cycle  

OR 400 CYCLE 

There Is A Transicoil Unit 
Designed to Meet the 

Requirements 
Of Your Particular Application 

Complete Technical Data 
Available Upon Request 

TRANSICOIL CORP. 

ON DISPLAY 

BOOTH 263 

c,‘S 0 0' 93.10 
19-Pk:to: AD 

114 W. Worth St. 

New York 13, N.Y. 

(Continued on page 88A) 
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No matter how special your crystal needs may 

be, the JAMES KNIGHTS CO. is fully 

equipped to meet them. There's a complete 

selection for commercial, broadcast, industrial 

and amateur applications. Special crystals to 

fit special needs will be built to order at mod-

est price. Your inquiries arc invited. 

74 JAMES KNIGHTS ea. 
SA N D WIC H,  ILLI N OIS 

caw', III 
Scalers, geiger counters, accessories. 

Oak Ridge Products, (Mfg. Div. Video 
Television, Inc.) New York, N. Y. 

Miniature Test Equipment, TV & FM An. 
tennas, Mounting Equipment and Hard-
ware. 

What to SEE at the 1950 Radio Engineering Show 

Firm 
Nuclear Instrument & Chem. Corp., Chi-

338 

(Continued from page 1174) 
• 

Booth 

222 

Ohmite Manufacturing Co., Chicago, Ill.  293 
Various sizes of rheostats, resistors, Tap 
switches and R. F. Chokes, along with de-
scriptive literature, Industrial Composi-
tion Resistor Assortments in attractive 
plastic cabinets will be shown. 

Panoramic Radio Products Inc., Mount 
Vernon, N. V. 

Scanning instruments covering sonic and 
radio frequency ranges. 

Par-Metal Products Corp., Long Island 
City, N. Y. 

Relay  racks, cabinets, panels, chassis, 
metal parts. 

245 

Patton-MacGuyer Co., Providence, R. I.  294 
Terminal attaching machine in operation. 
Terminals for electric wire. 

Pennonux Corp., Chicago, Ill. 
Loudspeakers, Head Sets & other acoustic 
products. 

Corporat'on, Industrial  Division, 
Philadelphia, Pa. 

Microwave television and communications 
relay equipment, loran, communications 
and radar equipment, television studio 
equipment, test equipment and laboratory 
products. 

3011 

44  

Polarad  Electronics  Corporation,  New 
York, N. Y.  29 & 30 

Television broadcast studio and field equip-
ment, microwave systems, all band r. f. 
spectrum analyzers, silent public address 
systems, laboratory test and measuring 
equipment. 

Polytechnic Research and Dev. Co., Inc., 
Brooklyn, N. V. 

Microwave test equipment, variable at• 
tenuators, slotted sections and probes and 
frequency meters of novel design. 

271 

Potter & Brumfield, Princeton, Ind.  265 
Relays 

Precision Apparatus Co., Inc., Elmhurst, 
L. I., N. V. 

Electronic test instruments for AM-FM-
TV, CR Oscillographs Sweep Generators. 
Vacuum tube voltmeters, Vacuum Tube 
Testers, R I' Siena Gener.,tor,. etc 

205 

Firm  Booth 
Premix Products, Niagara Falls, N. Y.  213 
Mobile Antennas and Mountings, Marine 
Antennas and Mountings, Remote Control 
Antennas, Antenna Mountings and Sup-
ports. 

Presto Recording Corp., Paramus, N. J. 
New types of professional, high fidelity, 
portable and studio magnetic tape record-
ers, discs and disc equipment. 

Product Development Co., Inc., Arlington, 
N. J.  223 

Antenna and  transmission line compo-
nent, wire and cable connector assemblies 
(special). 

Production Equipment Co., Oyster Bay, 
I.. I., N. Y. 

Coil Winding Machinery 

Pyramid Electric Co., Paterson, N. J.  208 
Electrolytic capacitors, paper capacitors, 
radio-noise suppressors. 

RCA Victor Division, Camden and Harri• 
son, N. J.  4-9 

Tubes, Tube Parts and Machinery, Bat-
teries, Test and Measuring Equipment, 
Electronic Components. 

RCA  Laboratories  Division,  Princeton, 
N. J.  4-9 

Electronic  Research  and  Development 
Projects. 

REF Manufacturing Corp., Mineola, L. I., 
N. Y.  132 

Sheetmetal Specialists, catering to the Air-
craft and Electronic Industries, custom 
and  product ion design, fabrication, as-
sembl y. 

Radio-Electronics, New York, N. Y. 
"Radio-Electronics" Magazine, Gernsback 
library of. radio books. 

Radio Magazines, Inc., New York, N. Y.  94A 
"Audio  Engineering,"  "CQ"  the  radio 
amateur's journal. 

Rahm Instruments, Inc., New York, N. V. 267 
Directo Recording Oscillographs, Ampli-
fiers, Strain gage carrier amplifiers, sig-
nal pickups. 

Rangertone, Inc., Newark, N. J. 
Magnetic tape recorders for broadcast and 
motion picture applications. 

Rauland Corporation, Chicago, Ill.  212 
Display of Televrsion Picture Tubes 

Raytheon  Manufacturing Co., Waltham. 
Mass.  13 

Receiving, Special Purpose, Subminiature 
and Microwave Tubes, Mobile and Broad-
cast, T-V Relay, Electronic Air Cleaning 
and Stored Energy Welding 'Equipment. 
Transformers and Voltage Stabilizers. 

(Continued on page 894) 

TH O MAS ELECTRO NICS, INC. 
showing 

Advance designs in cathode 
ray picture tubes, including 
standards, bent-guns, rectan-
gulars, rounds, in 12 1/2", 14", 
16", and 19" sizes. 

BOOTH 295 

I.R.E. SHO W 

Grand Central Palace 
March 6-9 

THOMAS ELECTRONICS, INC. • 118 NINTH STREET, PASSAIC, N. J. 
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Choose right and make 
Big Savings on 

SMALL METAL PARTS 
COSTS HALVED!  Instead of turning and 

drilling parts like these from solid rod, or 
stamping and forming them, the BEAD CHAIN 
MU LTI-SW AGE Process automatically swages 
them from flat stock. By doubling the pro. 
duction rate and eliminating scrap, this 
advanced process can save you as much as 
fifty percent of the cost of other methods. 
The BEAD CHAIN MULTI-SWAGE Process 

produces a wide variety of hollow or solid 
metal parts —beaded, grooved, shouldered — 
from flat stock, tubing, rod, or wire —of any 
metal. Sizes to 1/4" dia. and 11/2" length. 
GET COST COMPARISON ON YOUR PARTS 

—If you use small metal parts in quantities 
of about 100,000, don't overlook the almost 
certain savings of this high-speed, precision 
process. Send sketch, blueprint or sample 
part and our engineers will furnish facts 
about Multi-Swage economy. Or, write for 
Catalog. The Bead Chain Manufacturing Co., 
60 Mountain Grove St., Bridgeport, Conn. 

Bearings, Shafts 

E =0  
Friction Fasteners 

C: =) 
Stops 

BBEAD CHAIN MULTI-S WAGE 

cD= C1 
 c =3 
Electrical and 
Electronic Ports 

Guides 

Posts, Piot 

T A C O( PA A M.( PROCESS 

What to SEE at the 1950 
Radio Engineering Show 

Q00000Q000000000000000, 
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Firm  Booth 
Reed Research, Inc., Washington, D.C.  i02 
Reed Diotron Circuit 

Reeves Instrument Corp., New York, N.Y.  35 
Reeves Electronic Analog Computer, Servo 
mechanisms, components (motors, ampli-
fiers, mechanical parts) yerticle gyro. 

John F. Rider Publisher, Inc., New York, 
N. Y. 

AM-FM Service Manuals, P-A Equipment 
Service Manuals, Television Service Man. 
uals, Radio, TV and Electronics textbooks. 

Richard Rimbach Associates, Pittsburgh, 
Pa. 

American Institute of Physics Publica-
tions, "Review of Scientific Insts.," "Jour-
nal of Applied Physics," "Journal of Ac-
coustical Soc.," and "Physics Today." 

Robinson Aviation, Inc., Teterboro, N. J. 
268, 269 

Vibration Isolators, Shock Mounts, Mount-
ing Bases, Mounting Systems. 

Rotron Manufacturing Co., Inc., 
stock, N. Y. 

Electron Tube Cooling Devices 

Sanborn Co., Cambridge, Mass. 
Single  and multichannel  direct-writing 
recorders and associated amplifiers, gal-
vanometer assemblies, and photographic 
type oscillographs. 

Carl W. Schutter, Rockville Centre, L. I., 
N. Y. 

Radar Components, consisting of choke 
flanges, cover flanges, special flanges, rigid 
,vaveguirle, brass a•nd aluminl.m adaptors, 
E & H Elbows. 

Scientific Electric, Garfield, N. J. 
Projection Television with color super-
imposition. 

Hermon Hosmer Scott, Inc.. Cambridge, 
Mass. 

DYNAURAL Dynamic Noise Suppressors 
and  amplifiers,  Sound  and  Vibration 
Meters, Noise Generators, Laboratory Ap-
paratus. 

Servo Corp. of America, New Hyde Park, 
L. I., N. Y. 

'Servo mechanisms, analyzers, sub-audio 
generators and direction finding equip-
ment. 

Wood-
347 

260 

327 

352 

Shallcross Mfg. Co., Collingdale, Pa.  280 
Instruments, Resistors, Switches, Atten-
uators. 

Sheldon Electric Co., Irvington, N. J.  326 
R. ctifier 

Sigma Instruments, Inc., Boston, Mass.  209 
Sensitive relays for A.C. & D.C., polar• 
iced relays, High•speed keying relays for 
teletype applications. Magnetic latching 
relays,  three-position  armature  relays, 
temperature compensated relays. 

Simpson Electric Co., Chicago, Ill. 
Electrical  Indicating  Instruments,  and 
radio and television test equipment. 

Mark Simpson Mfg. Co., Inc., Long Is-
land City, N. Y. 

Sound Equipment, high fidelity amplifiers, 
high frequency tweeter tape recorders. 

Smith  Industries  Electronics,  Ball ston 
Spa, N. Y. 

Television Servicing Equipment 

Smith Paper, Inc., Lee, Mass. 
Metallized Condenser Paper, Kraft and 
Hemp Condenser, Kraft and Benares Elec• 
trolytic papers, coil and tan papers. 

130111 Electric Co., Chicago, Ill. 
Sola Constant Voltage transformers. 

(' ',rammed on page 904) 

86 

206 

309 

284 

21 

MEASUREMENTS 
CORPORATION 

Model 59 

2.2 mc. 
31 "  to 
400 mc. 

MEGACYCLE 
METER 

Radio's newest, multi-purpose instrument con-
sisting of a grid-dip oscillator connected to its 
power supply by a flexible cord. 

Check these applications: 
• For determining the resonant frequency of 
tuned circuits,  antennas, transmission 
lines, by-pass condensers, chokes, coils. 

• For measuring capacitance, inductance, 
0, mutual inductance. 

• For preliminary tracking and alignment 
of receivers. 

• As an auxiliary signal generator; modu-
lated or unmodulated. 

• For antenna tuning and transmitter neu-
tralizing, power off. 

• For locating parasitic circuits and spurious 
resonances. 

• As a low sensitivity receiver for signal 
tracing. 

TELEVISION 
INTERFERENCE 

The Model 59 will 
enable you to make 
efficient traps and 
filters for the elim-
ination of most TV 
i nterference. 

Writs tor swill 
Data Sheet. 59TVI 

SPECIFICATIONS: 
Power Unit; 51/4 ' wide; 
61/4 '' high; 7W' deep. 
Oscillator Unit; 33/4 " 
diameter; 2" deers'. 

FREQUENCY: 
2.2 n,c. to 400 mc., 
seven plug•in coils. 

MODULATION 
CW or 120 cycles, or 
external. 

POWER SUPPLY: 
110-120 rolls, 50-60 
cycles, 20 watts. 

MEASUREMENTS CORPORATION 
BOONTON 0  NEW JERSEY 
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IllORDARSON CHT Transformers and Chokes 
. , .Avre4d4e ea* cotute elte eater 

Popular demand has brought back the famous 
THORDARSON CHT line of superior transformers 
and chokes. 

Outstanding in every respect the THORDARSON 
CHT line offers uniform case ciesign, extremely con-
servative ratings, extended frequency range, humbuck-
ing coils in audio and driver types and compound filled 
cases for complete coil protection against humidity. 
The CHT line can be counted upon to give utmost 

satisfaction. Careful design, painstaking workmanship 
and strict quality control are combined with the use of 
highest quality components. This assures you of value 
seldom found today under mass production methods. 
For the best, always specify THORDARSON CHT 

transformers and chokes. They are well worth the slight 
additional cost! 

Write For Your Complete Thordarson Catalog Today! 

CHT LINE 
• Audio Input Transformers 

• Audio Interstese Transformers 

• Chokes, Reactors 

• Driver Transformers 

• Filament Transformers 

• Band Pass Speech Filter 

• Modulation Transformers 

• Splatter Suppressor Chokes 

• Plate Transformers 

• Universal Replacement Power 
Transformers 

• Output Transformers 

*Case Styles 

MORDARSON Electric Mfg. Div., Maguire Ind., Inc 

500 W. Huron St., Chicago, Ill. 

S S ffilittE RESIS T O RS 
MOLDED 

Of particular interest to all who need 
resistors with inherent low noise  
level and good stability in all climates 

•4=E200) 
TYPE  6SX 

Actual Size 

STANDARD RANGE 

1000 OHMS TO 9 MEGOHMS 

Used extensively in commercial equipment 
including  radio,  telephone,  telegraph, 
sound pictures, television, etc. Also in a 
variety of U. S. Navy equipment. 

HIGH VALUE RANGE 

10 to 10,000,000 MEGOHMS 

This unusual range of high value resistors 
was developed to meet the needs of scien-
tific and industrial control, measuring and 

laboratory equipment —and of high voltage 

applications. 

SEND FOR 
BULLETIN 4906 

It gives details of both 
the  Standard  and  High 
Value  Resistors,  including 
construction, characteristics, 
dimensions, etc. Copy with 
Price List mailed on re-
quest. 

JS'/1.4r, 
IIIISTOBI 

S.S.WHITEINDUSTRIAL 
THE S. S. WHITE DENTAL MFG. CO. ..v.sioN 

— DEPT.  GR  10 EAST 40th ST., NEW YORK 16, N. V.  

FLEXIBLE  SHAFTS AND  ACCESSORIES 
MOLDED PLASTICS PRODUCTS—MOLDED RESISTORS 

&esti "Insuseut.;2 .444,4 Tgeta l Egteisfite4e4 

What to SEE at the 1950 
Radio Engineering Show 

(Continued from Page 894) 

Firm  Booth 

Somerset Labs., Inc., Union City, N. J.  292 
Noise suppressing preamplifier for use in 
record  reproducing  systems  including 
models for all uses. Amplifier for music 
reproduction incorporating dynamic noise 
suppression. 

  & Co., Inc., Stamford, Conn. 
59 & 60 

AC line regulators, Regulated DC sup. 
lies, 400 cycle regulators, Inverters, Reac-
tors, Fosterite. 

Spencer-Kennedy Labs., Inc., Cambridge, 
Mass, 

Models 200, 202, 204 Wide-Band Chain Am-
plifiers, Model 212TV Amplifier, Model 214 
Chain Pulse Amplifier, Series 300 Variable 
Electronic Filters, Series 400 Brdige-Con• 
trolled Thyratron Thermostats. 

Sprague Electric Co., North Adams, Mass. 
57 & 58 

Ceramic, Electrolytic, Mica and Paper Di. 
electric Capacitors, Fixed Wire Wound 
Resistors, Radio Interference Filters, high 
voltage networks, Ceramic and Telflun• 
ceramic  covered magnet wire, mercury 
hearing aid batteries. 

Square Root Mfg. Corp., Yonkers, N. Y.  354 
Quad-Loop Built in TV Antennas, TV 
Antennas, 

Standard Piezo Co., Carlisle, Pa.  307 
Quartz crystal and frequency control units. 

Standard  Transformer  Corp.,  Chicago, 
261 

Transformers,  Reactors,  Power  Packs, 
Transmitters, 

Sinpakoff Ceramic & Mfg. Co., Latrobe, 
Pa, 

Assemblies, Metal to Ceramics, Metal to 
Glass, Ceramic to Glass; Capacitor Cera-
mics, Rods, tubes, discs, complete range, 
Ceramics, Plain metallized or assembled. 
Alumina, Cordierite, Magnesia, Porcelain, 
Steatite, STUPALITH, Thoria, Titanates 
and Zircon; Kovar, ..,,Sheet rod, tubing, 
eyelets, leads, fabricated shapes; Resis-
tors, Ceramic, Temperature Sensitive, in. 
fra-red  source;  Seals-Kovar-Glass, Ter-
minals, lead-ins, stand•offs, etc. 

349 

Superior Electric Co., The, Bristol, Conn. 
108-110 

New PO WERSTAT variable transformers 
types 116-216, New Varicell—a stabilized 
and regulated source of variable D-C volt-
age from a-c lines, New 400 cycles Stabi• 
line Voltage Regulators, 

Snrprenant Mfg. Co., Boston & Clinton. 
Mass.  72 

Television Line Cable, Special Coaxial 
Cable, Antifungus Wire, insulation, plas• 
tics. 

Sylvania  Electric  Products,  Inc..  New 
York, N. Y.  104, 105, 106 

Germanium  Diodes, Strobotrons,  Micro. 
wave  Components,  Television  Picture 
Tubes, Radio Receiving Tubes, Subminia-
ture  tubes,  Ruggedized  Tubes,  Glow 
modulator tubes,  Radio and television 
test Equipment. 

synthane Corp., Oaks, Pa. 
Laminated Plastic Products, Sheets, Rods, 
Tubes, Molded Laminated, Molded macer-
ated, fabricated parts. 

(Continued on page 914) 
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What to SEE at the 19501 
Radio Engineering Show I 

(Continued from page 90.4) 

Firm  Booth 

Tech Laboratories, Inc., Palisades Park, 
N. J.  '  218 

Attenuators, variable and fixed, precision 
attenuators,  potentiometers,  Mixers, 
Switches, audio, rf and midget, silver Isoldering pot. 
Tech-Master Products  Co., New York, 
N. Y.  355 

Television Kit., Chassis, Components. 

Technical Materiel Corporation, The New 
York. N. Y.  131 

: Radio Communications and Systems en-1gineering.  
Technology Instrument Corp., Waltham, 
Mass.  101 

Precision linear and non-linear potentio-
meters, new miniature precision potepAio-
meters, Wide-band Decade Amplifier, In-

- strument Knobs. Audio Z-Angle Meter, 
R•F Z-Angle Meter, R-F Power Oscilla-! 
tor, Phase-Angle Meter. 

Tektronix, Inc., Portland, Ore  234 & 235 
Five types wide band oscilloscopes, two 
types square wave generators, wide band 
amplifiers.  conventional  and  direct 

i coupled, "Scope-Mobile," movable support 
3- for oscilloscopes. 

Televac Intrument Co., Boston, Mass.  309 
F's  SerN Ice meter for DC & RF, Universal 
,.ain Meter and signal tracer for TV 
Receivers. 

. Tel-Instrument Co., Inc., E. Rutherford, 

I N. J. 
Tel edapter, Studio Video Line Amplifier, 
Laboratory Video Line Amplifier, 12 Chan-
nel R. F. Wobbulator, Video Distribution 

' Amplifier, Television I. F. Wobbulator, 1 Multi-Frequency Generator, Bar and Dot 
Generator, Television R. F. Picture Signal 
Generator, Television Synchronizing Sig-
nal Generator. 

"Tele-Tech"—A  Magazine,  New  York, 
N. Y. 

Telemark Electronics Corp., New York, 
N. Y. 

"Television Engineering" Magazine 

Television Equipment Corp., New York, 
N. Y. 

TV Cameras, Projection and Wide Band 
Oscilloscopes. TV preamplifiers, boosters 
and RF distribution systems. 

249 

363 

288 

330 

Telex, Inc., Minneapolis, Minx.  348 
Telex  Electro-Acoustic  Products, Light 
weight precision Headsets and ,Under. 
Pillow Speakers. 

T-rminal Radio Corp., New York, N. V.  286 
High  Quality  Sound  Equipment, Test 
Equipment, Miscellaneous radio parts. 

I. H Terpening Co., New York, N. Y.  312A 
Microw, ye Equipment 

Thomas Electronics, Inc., Passaic, N. J.  295 
Cathoile•Ray  picture tubes. Display of 
finished products, component parts. 

Times Facsimile Corp., New York, N. Y. 
23 & 24 

Facsimile Communications equipment, tun-
ing fork controlled frequency standards, 
tube clamps. 

Tinnerman Products, Inc., Cleveland, Ohio 
323 & 324 

Fasteners for radio. 

Transicoil Corp., New York, N. Y.  263 
Servo Motors and Control Motors, Preci-
sion Gear Trains. 

(Confirm •d on pogo 92,4) 
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It is a problem to combine the en-
gineering features of a big radio 
broadcast tower in a lightweight, in-
expensive mast... But TR YLON has 
done just that! Triangular in shape, 
6-1/2 inches across each face, and 
weighing only 2 pounds per foot, the 
new TR YLON Antenna Mast pro-
vides tower ch aracteristics of depend-
able modern design: 

• Light in w•ight, yet sturdy 
•nough for easy climbing and 
high loads. 

• Low wind resistance resulting 
in minimum down load. 

• Double- Weld d at bracing 

points undisr rigid •lectronic 
controls. 

• Hot dip golvaniz•d after 
fa brication. 

• Easy to install and rnaintain. 

• Low cost per lineal foot. 

There are a host of antenna support 
applications for such a mast in heights 
up to 60 ft. These include television 
receiving, mobile communications, 
wire type antennas (rhombics, doub-
lets, etc.), amateur, and many others. 

Write today for detailed specifica-
tions of the TR YLON Antenna Mast 
• • . designed and fabricated by a long 
established tower manufacturer. 

WIND TURBINE CO. 
West Chester  Pennsylvania 

See us at Booth 42 
of the I R E Show. 

NEW T. V. IDEAS] 
NEED ACME ELECTRIC 
TRANSFORMER 12 404mance 

New engineering ideas, to ad-
vance the reception qualities 
of Television, need better than 

average transformer perform-
ance. Acme Electric engineers 

will assist your ideas by help-
ing you design a transformer, 

exactly in accordance with 

your needs. 

• 

A CA n g io e 

T R A N S F O R M E R S 

PROCEEDINGS OP TI/fl I.R.E.  February, 1050 

ACME ELECTRIC 
CORPORATI ON 

442 Water St. 

Cuba, N.Y.,'U.S.A. 
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160-A Q METER 
The 160-A 0-Meter is unexcelled for laboratory and 
development applications, having received world wide 
recognition as the outstanding instrument for measuring 
0, inductance, and capacitance at radio frequencies. 

Frequency Range: 50 kc. to 75 inc. (8 ranges) 
0 Measurement Range: 20 to 250 (20 to 625 with multiplier) 
Range of Main 0 Capacitor 30-450 mmf. 
Range of Vernier 0 Capacitor: • 3 mmf., zero,  3 mmf. 

A limited quantity of these instruments 

is available for immediate delivery. 

.NEW ADDITIONS TO THE. 
RILL 

wlSeletron - 
ENIUM RECTIFIEI 

FAMILY 

joining the more 
than 2.000,000 in 
service in Radio 
and Television! 

Designed Especially for 
Power and Bias Supplies in Television 

NO W SELETRON brings you these two new models ideally 
suitable in size and rating: No. 5S1 at 500 Mils — No. 8Y1, 
the "baby" of them all, measuring only 1/2 " square and 
rated at 15 Mils, 130 volts. While these rectifiers are de-
signed to meet television needs, engineers will find many 
applications for them in other electronic circuits.  Other 
bias type  rectifiers rated  up to 250 volts will  also  be 
available. 

A new leaflet on Bias Type 8Y1, describing its circuit 
possibilities is available. For a copy, write Dept. RE-2 

SELETIO O N  DIVISI O N 

ItADIO 81 1' it C(111PA NY. INc. 
814(1.  1, 1 ,41 Ilad 1, 0 ,10.ot. 

h•INYI 44 laTh ilk it.. $$$$$ int 11.N. Y. • Solos Doporioroolr 161 Woll IVA Si., N.• York II, N. V. 

What to SEE at the 1950 
Radio Engineering Show 

(Continued from Page 91,1) 

Firm  Booth 
Triplett Electrical Instrument Co., Mott. 
ton, Ohio  383 

Electrical Measuring Instruments, 

Truscon Steel Co., Youngstown, Ohio  239 
Technical  information on selfsupporting 
and Uniform Cross-section Guyed Radio 
Towers, Copper Mesh Ground Screen. 

Ungar Electric Tools, Inc., Los Angeles, 
Calif. 

Lightweight soldering pencil irons for high 
speed production work. 

328 

Uni-Products, Inc., Washington, D. C.  302 
I 'tit-Chassis. 

United Electronics Co., Newark, N. J. 
246 & 247 

Transmitting tubes, triodes, tetrodes, rec-
tifiers  and  thyratrons,  mercury,  high 
vacuum,  xenon,  atgon,  argon-mercury, 
vacuum capacitors, 6 mmfd and up. 

United  States,  Department  of Defense 
303, 314, 321 

US Air Force  314 
Exhibits Depicting equipment developed 
for use in air force Electronics. 

US Army Signal Corps.  321 
Research & Development in the fields of 
meteorology, guided missiles, miniaturi• 
zation, microwaves, radiation detectors and 
radar. 

US Navy  303 
Electronics Exhibit 

United Translormer Co., New York, N. Y. 81 
Transformers,  reactors,  chokes,  voltage 
regulators, filters (audio, carrier, super-
, sonic) high Q coils, filter coils, step-down 
transformers, equalizers. 

Universal Winding Co., Providence, R. I. 
A & B 

Coil Winding machines to be in operation 
during the Show. 

Utah Inc., Huntington, Ind.  344 
Speakers and Transformers. 

D. Van Nostrand Co', Inc., New York, 
N. Y.  331 

Publishers of the Bell Telephone Labora-
tory Series and other titles on Television. 
Radio, Electricity and Electronics. 

Varian Associates, San Carlos, Calif.  256 
Klystron tubes, traveling wave amplifiers, 
microwave test equipment, nuclear flux-
meter for magnetic field measuring and 
control. 

Vector  Electronics  Co.,  Los  Angeles. 
363 

Socket-turrets. 

VEE-DX, Unionville, Conn.  315 
Television Antennas, Masts, Towers and 
accessories. 

Victoreen  Instrument  Co.,  Cleveland, 
Ohio  332 

Instrumentation in nuclear physics includ-
ing, portable and laboratory alpha, beta, 
and gamma counters, counting rate meters, 
instrumentation for personnel protection, 
GM counter tubes, subminiature electro-
meter tubes and high megohm resistors. 

Video Television, Inc., New York, N. V. 222 
Television Antennas. 

S. Walter Co., Inc., Brooklyn, N. Y.  322 
She, t metal fabrication for the Electronic 
trade. 

(Continued on page 04A) 
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NOW 
AT A NEW 
LOW PRICE 

• 

THE FERRANTI 
1  ELECTROSTATIC 

VOLTMETER 

We are pleased to announce a sub-
stantial price reduction on this in-
strument, due to the devaluation 
of the pound sterling. It involves 
absolutely no change in the instru-

ment itself. Take advantage of this 

exceptional value. 

The  Ferranti  Electrostatic  Volt-
meter permits voltage readings on 
AC or DC circuits of very high re-
sistance. Available with full scale 

voltages ranging between 300 and 
3500 volts. Special laboratory in-
strument available with full scale 
reading of 150 volts. Full scale ca-

pacitance ranges from 8 mmfds 
for the 3500 volt model to 100 

mmfds for the 150 volt instrument. 
Magnetic  damping.  21/2" dial. 
Write for complete specifications. 

FERRANTI ELECTRIC, INC. 
30 Rockefeller Plata  • New York 20, N.Y. 

FERRANTI, LTD., Hollinwood, England 

FERRANTI ELECTRIC, LTD., Toronto, Canada 

4 41 t r 
C O R P O R  A  O N 

METAL ITE  
Paper Capacitors 

*Every day more electronic equipment manu-
facturers are taking advantage of the SELF-
HEALING, SPACE SAVING and LONG LIFE 
characteristics of METALITE metallized paper ca-
pacitors. *Available in a cardboard tubular con-
struction for use at operating temperatures up to 
• 65  C., and in hermetically sealed metal con-
tainers for use up to • 85 C., without derating, 
METALITE capacitors offer dependable and re-
liable performance. *ASTRON'S high quality 
products include Radio Noise Suppression Filters 
and conventional paper capacitors in hermetically 
sealed metal containers. 

Visit us during the I.R.E. 
National Convention at the 
Hotel Commodore 

Write for METALITE brochure and 
engineering data 

Representatives in principal cities 

ASTR ON CORPORATI ON 
900 Passaic Ave., East Newark, NJ. 

1000, 000 000 
to en d 

10 MICROVOLTS TO 

10,000 VOLTS 

This enormous range of AC voltages is easily 

covered by the Ballantine Model 300 Volt-

meter, Model 220 Decade Amplifier and Model 

402 Multipliers. The accuracy is 2% at any 

point on the meter scale, over a frequency 

range of 10 cycles to 150 kilocycles. The Model 

300 Voltmeter (AC operated) reads from .001 

volt to 100 volts, the Model 220 Amplifier 

(battery operated) supplies accurately stand-

ardized gains of 10x and 100x and the Model 

402 Multipliers extend the range of the volt-

meter to 1,000 and 10,000 volts full scale. 

PROCEEDINGS OF THE  Frbrtupy, 1950 
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BOONTON N. J. • U.S. A. 

MODEL 300 

Featuring a Logarithmic 
Voltage Scale and 
Uniform Decibel Scale 
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The FURST WIDE BAND D. C. AMPLIFIER 
MODEL 120 

A precision instrument designed for use as a preamplifier in conjunction 

with an oscilloscope, vacuum tube voltmeter or other instruments. 

SPECIFICATIONS 

Frequency Response: Within -.±- 1 db (or better) between D.C. and 100,000 cycles per second. 

Gain: Approximately 100. 

Input Connection: Double channel, can be used for single ended and push-pull signals or as a 
differential amplifier. 

Input Impedance: One Megohm shunted by approximately 15mmf in each channel. 

Dual input Attenuotor: One to one, 10 to one, 100 to one and "off" positions in each channel 
independently adjustable. 

Output Connection: Push-pull or single ended. 

Output Impedance: Less than 50 Ohms single ended or 100 Ohms push-pull. 

Hum and Noise Level: Below 40 Microvolts referred to input. 

Low Drift due to operation of heaters of input stage from regulated D.C. power 1-,± 1 Millivolt) 
referred to input. 

Mounting: Metal cabinet approximately 7" wide by 7" high 
by 11" deep. 

See the Model 120 as well as other Furst 

Instruments at the I.R.E. Convention. 

F U R.S T  E L EC T RO NICS 
14 S. Jefferson St.. Chicago 6, Illinois 

insuline 

INSULINE Plug PJ-055B is the new 
precision-made plug manufactured 
to meet these precise requirements. 
It's designed for long life and effi-
cient service under any climatic and 
operating conditions. 

Actual size showing interior detail 

PJ-055B . . . The PLUG 
MANUFACTURED TO 
MEET THE LATEST JAN 

SPECIFICATION P-642 

IMMEDIATE OLIVER!! 

ANY QUANTITIES! 

SPECIAL QUANTITY PRICES! 

PJ-055B 

High compression-molded Resinox insulation gives the PJ-055B extremely 
high dielectric and tensile strengths. The molded Resinox shell combines 
extreme durability  with  high  dielectric,  low  moisture  absorption 
characteristics. 

A complete catalog of INSULIN E products is available upon request 

in s u l i n e CORP ORATI ON OF A MERICA 

INSULINE  BUILDING  • 36.02  35th  AVENUE  • LONG ISLAND •CITY,  N.  Y 

West Coast Branch and Warehouse: 1335 South Flower Si,..,, Los Angeles, Calif. 

QUALITY PRODUCTS SINCE 1921 

What to SEE at the 1950 
Radio Engineering Show 

(Continued front Niue 92.4) 

Firm  Booth 
Waterman Products Co., Inc., l'hiladelphia 
l's.  27 

Portable oscilloscopes, as well as regular 
type, together with associated equipment. 
Rayonic cathode ray tubes will also be ex• 
hibited. 

Webster-Chicago Corp., Chicago, Ill.  255 
Automatic Record Changers, Wire Record-
ers. 

Western  Lithograph Co., Los Angeles, 
Calif. 

E-Z Code Wire Markers, Business Sys-
tems, Cable, Conduit and Pipe Markers, 
High Production Identification Methods. 

107 

Westinghouse Electric Corp., Bloomfield, 
N. J.  62-69 

Electronic Sr Transmitter Tubes. 

Westinghouse Electric Corp., Pittsburgh, 
Pa.  62-69 

Transformers, Hipersil cores, selenium and 
recox rectifiers, instruments, circuit break-
ers, linestarters, alloys,  magnetic ma• 
terials,  comparator  demonstrations  and 
tubes, 

Weston Electrical Instrument Corp., Ne-
wark, N. J.  281482 

Electronic and Radio Test Instruments, 
Panel Instruments, Electrical Measuring 
Instruments, Sensitive Relays, Industrial 
Thermometers, TAGLIABUE Indicating, 
Controlling and recording Instruments for 
Temperature and Pressure. 

Wind Turbine Co., West Chester, Pa.  42 
A tower section and a VHF Antenna. 

Workshop Associates Inc., N,%%ton High-
lands, Mass.  39 

High frequenw antennas. 

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

Small DC Paper Capacitors 
A new line of small dc capacitors for 

use in ambient temperatures up to 125° C 
has been announced by the Transformer 
and Allied Products Div., General Electric 
Co., Schenectady 5, N. V. 

These  l'ermafil dc paper-dielectric 
capacitors require no derating for tempera-
tures up to 100° C and can be used up to 
125 C. Hermetically sealed in metallic con-
tainers, these units are available in case 
styles 61, 63, 65 and 70, as covered by 
Joint Army-Navy Specifications JAN-25-
C, in ratings of 0.10 to 10.0 uf, 600, 1,000, 
and 1,500 volts. Permanently sealed sili-
cone bushings are provided on all types. 

(Continued on Page 964) 
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A Challenge... 
To Senior Engineers 

in 

Electronics 

Servo-mechanisms 

Analogue Computers 

with 

Degree and 3-6 years 

experience 

We want 
outstanding men who are able to 

do creative research in unex-

plored fields—men who have no 

desire for monotonous, routine 

work. 

Investigate 
these career positions if you feel 

capable of working ahead to the 

top of your profession. 

For interview in New York City 

contact 

The Glenn L. Martin Company 

Representatives attending I.R.E. 

Convention March 6th to 9th, 

1950 

at 

Hotel Commodore 

VARI ABLE FILTERS 

"Another SKL first" 
The —SKL — Model 302 includes two independent filter 

sections, each having a continuously variable cut-off range 

of 20 cps to 200 KC. Providing a choice of filter types each 

section has 18 db per octave attenuation. When cascaded 

36 db is obtained in the high and low pass setting and 18 

db in the band pass position. With low noise level and 0 

insertion loss this versatile filter can be used as an analyzer 

in industry and the research laboratory or to control sound 

in the communications laboratory, radio broadcasting, 

recording and moving picture industries. 

MODEL 302 
VARIABLE 

ELECTRONIC 

FILTER 

SPECIFICATIONS 

• CUT-OFF RANGE 
20 cps to 200 KC 

• SECTIONS 
2—can be high, low and 
band pass 

• ATTENUATIONS 
36 db octave maximum 

• INSERTION LOSS . 0 db 

• NOISE LEVEL 
70 db below 1 volt 

• FREQUENCY RESPONSE 
2 cps VI 2 MC 

S Il l SPENCER-KENNEDY LABORATORIES, INC. 
le  181 MASSACHUSETTS AVE., CAMBRIDGE 39, MASS. 

TE K T R O NI X 
DIRECT COUPLED OSCILLOSCOPE 

The Tektronix Type 512 is a corn-
pletely.new direct coupled cathode 

roy oscilloscope which provides the 

sensitivity; bond pass; sweep ranges; 

flexibility and dependability so neces-

ary for precision applications. 

*  *  * 

Present users throughout the world— 
leading universities; industrial organi-

zations; branches of armed services; 

physiologists; geophysicists, etc.—have 

come to consider the Type 512 an 

indispensible instrument by virtue of 
its full complement of outstanding 

characteristics. 

DC-2 mc. 

:111 

IN 

SWEEPS 3 sec-30 microsec. 

said esilloa 
'S. 

$950.00. 
f.o. b. Portliaind, 

°refloat 

5 Millivolt Sensitivity DC or AC 

Detailed Specific o 'ions on request. 

TE KT R O NI X,  IN C. 

712 5.E. Howthetne Bird. Portland 14, Or•gon - Mit 6197 - Coble': Tektronix 

PROCEEDINGS OF TIIE I.R.E. February, 1950 
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• Low Loss 

• High KVA Rating 

• Shielded From External Elec-
trostatic Fields 

• Low Internal Distributed In-
ductance 

• Complete Dependability 

•\. 

PRESSURIZED 
CAPACITORS JOHNSON 

Use of a gas dielectric under pressure permits 
high voltage ratings and large values of capacity in a 
small volume of space, yet all the advantages of air 
dielectric capacitors are retained. Construction prevents 
erratic performance due to changes of barometric pres-
sure or humidity as well as excluding all foreign matter 
which could cause flashovers. In contrast to comparable 
solid  dielectric  capacitors,  permanent damage  to 
JOHNSON pressurized capacitors from flashovers is 
improbable. 

JOHNSON designed and built pressurized capa-
citors are available in fixed, variable and semi-variable 
types. Capacity values to 10,000 %mi., voltage ratings 
to 32,000 volts peak and currents from 40 to 80 amperes 
are available in standard units. Special units with even 
higher voltage and current ratings can be supplied. 

Plates are polished aluminum with rounded edges. 
Shells are copper plated steel; insulation steatite. Seals 
are corprene which is impervious to moisture and oil, is 
stable and does not deteriorate with age. Dielectric is 
200 P.S.I. oil pumped nitrogen. 

The reliable performance of JOHNSON pressur-
ized capacitors is due to conservative design and excel-
lent workmanship. Complete dependability is assured. 

Write For 
Illustrated JOHNSON Catalog and P.-ices 

J O H N S O N... et puneued ga4ite  Radio 
E. F. JOHNSON CO . WASECA , MINNESOTA 

Vt Very Low Frequencies covered by Me... 

02%  - 
di lir. 

:4 6. WI 

•,• 

STODDART NM-10A   
RADIO INTERFERENCE AND 
•  MEASURES  radiated  and  conducted 

signals,  including  pulse  or  random 
interference. 

•  RANGE -14 kc to 250 kc. 

•  SENSITIVITY —  Field  strength  using 

rod antennas one microvolt-per-meter 
to  2 volts-per-meter.  Field  strength 
using  shielded  loop  antennas  10 
microvolts. per-meter to 100 volts-per-

meter.  As a two-terminal voltmeter, 

Main office and plant: 
6644 Santa Monica Blvd. 

Hollywood 38, Calif. 
Phone: Hillside 9294 

-•• 

FIELD INTENSITY METER 
either balanced or unbalanced,  one 

microvolt to one volt. 

• READS directly in microvolts and db. 

• A.C. PO WER SUPPLY REQUIREMENTS 
105  to  125  volts  or  210  to  250 
volts A.C.  Single phase source may 

be  ANY  FREQUENCY  BET WEEN  50 

CPS AND 1600 CPS. No shock hazard. 

• GRAPHIC  RECORDER  included  with 
versatile  complement  of  accessories. 

Write for complete technical data 

STODDART AIRCRAFT RADIO CO.   
8-247 General Motors Bldg. 
Detroit 2, Michigan 

Phone: Trinity 1-9260 

1346 Connecticut Ave. 
duPont Circle Bldg. 
Washington 6, D. C. 

Phone: Hudson 7313 

News New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

(Continuer/ from page 91/1) 

Radiation Counter Tube 
Amperex Electronic Corp., 25 11:ash-

ington St., Brooklyn I, N. V., announces a 
new, thin metal wall radiation counter 
tube, Type 52N, for beta and gamma de-
tection. 

It is claimed that this self-quenching 
tube features rugged mechanical construc-
tion, unlimited life, unchanging character-
istics with use, low operating voltage, and a 
long plateau. 
The Type 52N tnay be operated over a 

wide temperature range without affecting 
tube life or electrical characteristics. Acci-
dental overvoltage will not harm this tube. 
For complete data, write Mr. Myron 

Sinoller. Amperex Electronic Corp. 
(Can:firmed on page 97A) 

CAROL CABLE COMPANY DIV. 
of 

THE CRESCENT COMPANY, INC. 
Pawtucket, Rhode Island 

Has a special department 

making 

Unusual Cables 
for the electronic field. 

We invite your inquiries. 
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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 pope 96A) 

Miniature Selenium Rectifiers 
The International Rectifier Corp., 6809 

S. Victoria Ave., Los Angeles 43, Calif., 
has developed a new line of high-voltage 
selenium miniature rectifiers for electronic 
applications requiring the conversion of ac 
to dc. 

These rectifiers, which are compact yet 
conservatively designed units, consist of 
six individually tested and matched cells 
connected in a half-wave circuit, and rated 
at a maximum peak inverse voltage of 380 
volts. The current ratings which are avail-
able are: 75 ma, 100 ma, 150 ma, 200 ma, 
250 ma, 300 ma, and 350 ma. 

(Continued on page 98A) 

CABINETS • CHASSIS • PANELS • RACKS 

BUILDING Electronic 
Equipment ? SAVE 
MONEY and TIME with 
PAR-METAL HOUSINGS! 
They're Standardized! 

We offer on extensive 
selection of units for 
Manufacturers, Service 

Men, P . 
Men, Arne:, 
fours, etc. 

• READY-TO-USE 
• LOW IN COST 
There's a Por-Metol Hous-
ing for every purpose, from 

a small receiver too deluxe 
transmitter. 

You moy order Por-Metol 
units practically from stock, 
thus eliminating the need 

for speciol mode-to-order 
equipment on many jobs. 
Remember.  Par- Metal 
equipment is made by elec-

tronic specialists, not just a 
sheet metol shop. 

GlftaMETRIL 
PRODUCTS CORPORATION 
32.62— 49th ST. LONG ISLAND CITY 3. N Y 
Export Dept  Rod.. lo'D'o0'.0o01 CO'D 

13 fop 40 Street, New Ntod. 16 

QUALITY 
TRANSFORMERS 
are specified for all high quality 

equipment specifications 

I Rf National [onvention 
6RAM9 Ci#7141 PALACE 

and 
A WL COMMON 
Wer./ rorA Alarch 

6'9 
/950 

BOOTH 
#56 

See our latest catalog 

at our show booth 

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

ofi NEY 
Precious Metals 
in Industry 

PALINEY* OREATLY IMPROVED LINEARITY WITH 
BRUSH NINTAPTS 

Results of life tests on nickel-chrome wire-wound 

potentiometers, using contacts of PALINEY* #7 in 
comparison with phosphor bronze, showed greatly 

improved linearity maintained through longer service 
life. If you have this or similar contact problems write 

or call our Research Department for detailed test data. 

*Reg. T.M. of J. M. Ney Co. 
Write or phone (HARTFORD 2-4271) our Research Department 

THE J. M. NEY COMPANY 
171 ELM ST. • HAIITF111111 1, rONNI. 

SPECIALISTS IN PRECIOUS METAL 
METALLURGY SINCE 1812 

0 25 50 75 i00 

Cathode Ray Oscillograph shows 
performance of modified potentio-
meter after one million cycles or two 
million sweeps of PALINEY* #7 
contact over wire. The initial error 
was reduced to :_+= .12% and this 
linearity was maintained throughout 
the test. 

PROCEEDINGS OF THE I.R.E. 
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SYNTHESIS 
IS A HIGH CLASS WORD 
FOR  DESIGNING 
SERVO MECHANISMS 

• 

SEE BOOTH 352 
Radio Engineering Show 

. SERVOSCOPE is A HIGH CLASS 
ImNSTRUMENT FOR SERVO SYNTHESIS! 

MEASURES amplitude & phase vs. frequency 

CARRIERS accepted, 50 to 800 cps 
MODULATES chosen carrier, 0.1 to 20 cps 

ANALYZES D.C. or A.C. automatic controls 

SUB-AUDIO sine generator. 0.1 to 20 cps 

SQUARE WAVE generator, 0.1 to 23 cps 

PHASE READING to 1° accuracy, 2 methods 
LINEAR SWEEP for external use. 0.1 to 20 cps 

SERVO CORP. OF AMERICA 
NE W  HY D E  PA R K,  N. Y. 

= SigaV Potet*  
Pfte 

Icktivw 
5aeeefl' 

STODDART NM-20A 
RADIO INTERFERENCE AND FIELD_ INTENSITY METER 
•  A portable unit that you can DEPEND 

upon(  Designed  especially to  with-
stand the rigors of all-weather field 

operation  and  yet  provide  reliable 
performance. 

•  Measures FIELD INTENSITIES of radio 
signals  and  r.l.  disturbances  using 

either a rod antenna or a rotatable 
loop antenna. 

•  May be used as a two-terminal r.f. 

voltmeter  (balanced or unbalanced), 
frequency  selective  over  the  CON-
TINUOUS RANGE 150 kc to 25 mc. 

•  ONE MICROVOLT SENSITIVITY as a 
two-terminal voltmeter; 2 microvolts-
per-meter using rod antenna. 

• Operates from self-contained dry bat-
teries  or  external  A.C.  power  unit 

providing well-regulated Filament and 
plate supplies. 

Write for complete technical data 

STODDART AIRCRAFT RADIO CO.   
Main office and plant: 

6644 Santa Monica Blvd. 
Hollywood 38, Calif. 
Phone. Hillside 9294 

8-247 General Motors Bldg. 
Detroit 2, Michigan 

Phone  Trinity 1-9260 

1346 Connecticut Ave. 

duPont Circle Bldg. 
Washington 6, D. C. 

Phone. Hudson 7313 

91, 

INews—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

(Coritinurd from page 974) 

New Twin-Driven 
High-Gain Antenna 

A new high-gain antenna, the Twin-
Driven Yagi, has been introduced by 
Technical Appliance Corp., Sherburne 
N.Y. 

Taco has designed and developed this 
new type low-band antenna to overcome 
the detrimental effects of parasitic ele-
ments that are used in all Yagi type an-
tennas. In the usual type Yagi, the mutual 
impedance of the parasitic elements re-
duce the impedance of the array to a very 
low value. 
Physically, the Twin-Driven Yagi is 

made up of two 300-ohm folded dipoles and 
two parasitic elements on one horizontal 
cross-arm. Instead of the conventional 
Yagi system whereto), energy for the direc-
tor elements is transferred by mutual 
coupling from the one driven element, this 
antenna has a director system which is fed 
with a transmission line from the main 
driven element. Therefore it can be con-
sidered as a Yagi with a standard re-
flector system composed of a driven ele-
ment and a parasitic element. 
Gain may be increased through the use 

of a stacked array of this antenna. A 
special transmission line matching net-
work connects the two antennas producing 
a 300-ohm impedance at the terminal 
panel. 

Hermetically Sealed Germa-
nium Diodes 

New germanium crystal diodes that are 
compact, moisture-proof, and enclosed in 
hermetically sealed glass cartridges have 
been announced by the Electronics Div.. 
Sylvania Electric Products Inc., Em-
porium, Pa. The new crystals are available 
in two types: IN34A, a general purpose 
diode, and IN58A, a 100-volt diode. 

(Continued on page 004) 
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Wide band 
amplifiers to 1 m.c. 

HIGHEST PRACTICAL SENSITIVITY 
.03 volts per inch. 

DE MODULATOR — RETURN ELIMINATOR 

SYNCHRONIZED LINEAR FM SWEEP 

PHASING CONTROL 
SYNUSOIDAL SWEEP 

DIRECT CONNECTION TO VERTICAL 

PLATES AVAILABLE 

Ideal for industrial and laboratory 
applications, and for fast accurate re-
ceiver alignment. Model 195B. Write 
for complete information today. 

for Accuracy NA\‘..\ \ N 
World famous 

for 39 Years 

111•111 . 

THE 
Nt\ 

ELECTRICAL INSTRUMENT CO. 
10587 Dupont Ave., Cleveland 8, Ohio 

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 98.4) 

Electrical characteristics, ratings, and 
prices of the new "glass" type crystals are 
the same as those for corresponding 
"ceramic" types which have been marketed 
by Sylvania since the war. New terminal 
design permits units to be mounted side-
by-side without danger of shorting. 
Electrical features include small inter-

electrode capacitance; small shunt capac-
itance; low forward resistance; high back 
resistance; long life; ability to work into a 
low resistive load with efficiency; elimina-
tion of heater supply difficulties. 

Differential Computing 
Potentiometer 

Augmenting its line of precision poten-
tiometers, the Fairchild Camera and In-
strument Corp., 88-06 Van Wyck Boule-
vard, Jamaica 1, N. Y., announces the 
Type 748 D-C-P (differential computing 
potentiometer). 

It is designed primarily for applica-
tions requiring the addition or subtraction 
of two variables in a single unit, with one 
voltage source. Uses include servomecha-
nisms for computing or power amplifica-
tion, direct replacement of two single 
potentiometers when one is being used for 
compensation or correction purposes, etc. 

(Continued on tape 100A) 

1 

The  new  TECH-MASTER  "Super-16" 
and other models including  10" up 
to 19" TV Kits featuring Keyed Auto-
matic Gain Control will be on display 
in our booth No. 355 at the I.R.E. 

Radio Engineering Show. 

Other Tech-Master developments to be 
seen are: AGC Kits, 16-CK Conversion 
Kits, Hi-Sweep Voltage Multiplier Kits 

for 63015 circuits, and Booster Kits. 

Tech-Master TV chassis also 

available  completely  wired 
for  custom  installations -

10 - to 19 - Kinescopes. 

TECH-MASTER PRODUCTS CO. Air 
443-445 Broadway, New York 13, N. Y 

More I•ading •ngineers and tech-
nicians have built Tech-Moster for sheer 
own use than ony other Television Kit. 

ONLY $21 5*FOR 

THE GREEN 
ENGRAVER 
yet it's fast, versatile 
and rugged enough 

for die steel 

The Green En-
graver  offers 
great speed and 
convenience.  Quickly 
cuts up to four lines 
of letters from 3/64" to 1" on curved 
or flat surfaces whether made of metal, 
plastics or wood ... operates by Mere-
ly tracing master copy — anyone can 
do an expert job. Special attachments 
and engineering service available for 
production work. Just the thing for 
radio, electronic apparatus and instru-
ment manufacturers. 
For quality engraving on 

1 
1 

• Panels • Name Plates • Scales 

• Dials • Molds • Lenses • Instruments 
. . . also does routing, profiling and 
three dimensional modeling. 
*Price does not include master type 
and special work holding fixtures. 

GREEN INSTRUMENT CO. 

361  Putnam Ave. 

Cambridge, Mass. 

See us at the I.R.E. Show, Booth 337 
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I More efficient 
I Easily installed 

by 2 men in less than 
hours —no soldering 

necessary 

II Quickly moved or 
enlarged 

I Low priced 
I Available in various sizes 
I Approved and used by 
leading laboratories and 

plants 
WRITE, WIRE OR 
'PHONE FOR 
DETAILS 

SEE IVIEM A1 IVIE sHO 
Visit Booth 35 1 at the  1.13.E. show to% 
demonsttat‘ons of the ternatSable flacons 

ellictencs of 0.CE SCREEhl BOOMS. 

ACE ENGINEERING e 
AND MACHINE CO. 

3642 N. La wrence Street 

PHILADELPHIA 40, PA.  REgent 9-1019 

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 994) 

Retaining the inherent accuracy of a 
single  potentiometer,  this  dual  unit, 
through coin-silver precision slip rings 
in the cover plate, will produce a net vol-
tage sum or difference when one variable 
rotates the shaft, while the other rotates 
the body of the potentiometer. 
Specifications: Body diameter, 3.093 

inches, flange diameter, 3.718 inches: 
guaranteed accuracy, ±0.1 per cent: maxi-
mum over-all resistance, (± 10 per cent) 
150,000 ohms. 

Double-Reverse Continuous-
Play Recorder 

A continuous-play magnetic tape re-
corder, Model 810-DV, eliminating the 
usual continuous tape loop, is now in pro-
duction by the Twin-Trax Div., Amplifier 
Corp. of America, 398-1 Broadway, New 
York 13, N. Y. 

Continuous repetition in this instru-
ment is achieved through double reversal 
of standard magnetic tape. Half the 
message is recorded on one sound track in 
forward tape travel, and the other half 
on the second sound track in reverse tape 
travel. Special solenoids are used which 
reverse the direction of tape travel in both 
directions virtually instantaneously (i 
second). 
No adjustment is required on the re-

corder when a new message of different 
length is to be recorded and played back 
repetitiously. It is only necessary to place 
a small strip of pressure sensitive self-
adhering metal foil at each end of the 
length of tape required for the message. 
The foil then acts as the shorting arm of 
a switch which applies voltage to the re-
versing solenoids through sensitive relays. 
When the message is no longer needed, the 
foil is easily removed from the tape, and 
both foil and sound recording tape may be 
used over again. 

I 

Seded 
TUNGSTEN 
WIRE 

FROM .0004" TO .00015" 

AND EVEN SMALLER 

, 

ACCURATE 

UNIFORM 

SMOOTH 

Also 

available in 

Molybdenum 

and other 

metals 

Write for Details 

and List of Products 

SIGMUND COHN CORP. 

44 GOLD ST.  NEW YORK 

SI NCE I 9 0 1 

100A 

(Continued on page 1014) 
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News—New Products 

don't fail 

to see the 

AMPEREX 

advertisement 

next month 

announcing the 

NE W 

AMPEREX 

TUBES 
You'll find the details on the 

inside front cover next month 

. . . be sure to see them. 

AMPEREX ELECTRONIC CORP. 
25 WASMINGTON STREET, PRO M TN I. Pi. Y.  \Al 

I. (anode and Newfoundland flo ws Idateilii Unified 

11.0 Broad & load. learrife, Toronto, Oriarro, Corrado 0r̂PC" 

Dr. Samuel Lubkin, SM '46 
President 

Electronic Computer 
Corporation 

Announces 
The Opening of Offices and 

Plant 

at 

265 Butler Street 
Brooklyn I 7, N.Y. 

• CONSULTATION 

• RESEARCH 

• MANUFACTURE 
Electronic Digital 
Computers 

Allied Applications 

See the 

M A G NE C OR D 

TAPE 

REC OR DERS 

New Features  • New Advancements 
Magnecord magnetic tape recording equipment has 

been the first choice of radio engineers for two rea-

sons: (1) Broad Band Reproduction — 40 cps to 15 

kc, and (2) Unit Construction — for greater flexibility, 

portability, and economy.  Now see how the new 

Magnecorders are better than ever and how 

present Magnecorders can be modernized. 

Remember — More Radio Engineers Choose MAGNECORDERS 

Than AB Other Professional Magnetic Recorders Combined! 

Wrihs for the name of your nearest dealer. 

your 

INC., CHICAGO 1, ILL. 
160  N O R T H  MI C HI G A N  A V F N U E 

World's torg•st and Oldest Manufacturer of Professional Magnetic Recorders 

These manufacturers have  invited PROCEEDINGS 

readers to write for literature and further technical 

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

(Continued freni page 1(10.4) 

Frequency Standard 
A new frequency standard, employing 

a 100-kc crystal and a self-contained 
power supply, is the latest addition to the 
line of equipment of Bliley Electric Co., 
227 Union Station Bldg., Erie, Pa. 

This unit features a 24-hour frequency 
stability of two parts in 10 million, when 
subjected to line voltage fluctuation of as 
much as 10 per cent. 
The frequency source employed is a 

Bliley GT cut-quartz crystal unit tem-
perature stabilized to within 0.1°C in a 
specially designed oven employing a 
mercury thermometer and external relay. 

Television Transformers 
The addition of three horizontal de-

flection output and high-voltage trans-
formers to the Stancor line of television re-
placement transformers has been an-
nounced by Standard Transformer Corp., 
3580 Elston Ave., Chicago 18, III. 

Included are the A-8119, duplicate 
of RCA Type 211T5, for use with 
the 16AP4 and similar kinescopes: the 
A-8127, duplicate of RCA Type 2111'3, 
for use with the 10I3P4; and the A-8128, 
designed to fill the need for a trans-
former between the 10-inch and 16-
inch sizes, and also for use in converting 
a smaller receiver to a 16-inch receiver. 
Complete description and prices avail-

able in Bulletin DY-354. 
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THE NEW 

BERKELEY 
MODEL 700 

DECIMAL COUNTING UNIT 

This unique pack-
aged component is Caul), built into 
your apparatus. It has true decimal 
reading, and simple binary circuit with 
reliable automatic interpolation. Min-
iature size. Moderate price. Immedi-
ate shipment. 

Send for Bulletin DCU-1 i6 

SIXTH AND NEVIN AVE • RICHMOND, CALIFORNIA 

NOW! Everything you want to know 
about ... 

New! Illustrated! Authoritative! 
Includes COLOR TELEVISION 

315 
Illusbations, 
Mini IN 

Fill Gobi' 

BIG 
MASTER 
INDEX 

Just off the press: a GOLD MINE OF IN hUltlilATION 
about television servicing and trouble- shooting, fully 
illustrated. clearly explained. Ira a complete, up-to-the-
minute explanation  of television, including UHF. Color 
TY, new adapters , converters  and practical applications. 
Shows you step-by-step, how to repair, adjust. align. 
service all makes .. how to locate and correct troubles 
in a hurry. Editedf by COYNE television experts. Easy-
to-follow instructions. The perfect reference book and 
practical working guide for radio and TV servicemen 
and retailers, broadcasters, inst rectors, students, indus-
trial libraries . . for everyone interested in keeping 
up with the swift aliviince of modern television. At your 
book ileitler or get your copy today on 7-Day Trial Offer. 

SEND NO MO NEY  h-ad, 

INSPECT 7 DAYS  7 it'll dart. i'oU Must b. satisfied 

AT OUR RISK O,irds.T11:1172g7nnliI VA V .No  

ORDER TODAY—TRIAL OFFER COUPON 
I Educational Book Publishing Division 
COYNE ELECTRICAL & RADIO SCHOOL 
SOO S. Pauline St„ Dept. TO-EI. Clpeego 
YES' Rush >our nedn'itAt -Tleni.TI. 1.E%  /NI  . 

amnadn  Ttrso.uasli 'rp lu,:sit opooteintagg Me.a Bnuooalk  orno atrr ial olfer. I all Par  be returned in 7 days For 
Prompt rotund. 

Name   

Address 

City.  Zone  State   
I  am enclosing$4.26. You par postage. Same Money Hack I I Guarantee 

noi a miemeo n n memt mnimit med mei i ensn ei 

102A .PROCEEDINGS OF THE I.R.E.  February, 1950 



INDEX AND DISPLAY ADVERTISERS (Continued) 

Ferranti Electric, Inc.   I9A, 93A 
W. L. Foss   103A 
Freed Transformer Co., Inc.   45A 
Freed Radio Corp.   50A 
Furst Electronics   94A 

General Aniline & Film Corp.  38A, 39A 
General Electric Co.  25A, 6IA 
General Radio Co.   Cover IV 
Paul Godley   103A 
Gray Research & Development Co , 
I nc.   62A 

Green Instrument Co. ..  99A 
H. L. Gordon   103A 
Samuel Gubin   103A 

Haydu Bros.   73A 
Helipot Corp.   57A 
Hewlett-Packard   3A 
Hickok Electrical Instrument Co.  99A 
Hughes Aircraft Co.   50A 
Hughey & Phillips  ..  80A 

Insuline Corporation of America   94A 
International Resistance Co.   I2A, I3A 

Jacobs Instrument Co. ..   52A 
E. F. Johnson Co.    96A 

Karp Metal Products Co., Inc.   6A 
Kenyon Transformer Co., Inc.   97A 
James Knights Co.   88A 
Kollsman Instrument Div., Square D 
Company   67A 

Lavoie Labs.   23A 

Macmillan Co.   86A 
Magnecord, Inc.   10IA 
P. R. Mallory & Co., Inc.   7A 
Measurements Corp.  89A, 103A 
Mycalex Corp. of America   48A 

National Union Research Division .  52A 
New York Transformer Co.   64A 
J. M. Ney Co.   97A 
North American Aviation, Inc.   50A 

Ohmite Mfg. Co.   24A 

Panoramic Radio Products, Inc.   66A 
Par Metal Products   97A 
Pickard & Burns   103A 
Polarad Electronics Corp.   43A 
Presto Recording Corp.   65A 

Radio Corp. of America  32A, 54A, 104A 
Radio Receptor Co., Inc.   
Rauland Corp.   

92A 
49A 

Revere Copper & Brass Inc.   51 A 
Robinson Aviation, Inc.   70A 
Rollin Company   60A 
Paul Rosenberg   103A 

Scientific Electric   2IA 
98A 

46A, 47A 
I 6A 
63A 
I IA 
22A 

Spencer Kennedy Laboratories   95A 
52A 

Sprague Electric Co.   20A 
Stackpole Carbon Co.   BA 
Stoddart Aircraft Radio Co.  96A, 98A 

53A 

Servo Corp. of America   
Shallcross Mfg. Co. 
Sheldon Electric Co.   
Simpson Electric Co.   
Sole Electric Co.   
Sorensen & Co., Inc.   

Sperry Gyroscope   

Surprenant Mfg. Co.   

Tech Master Products Co.   
Technical Materiel   
Technology Instrument Corp.   
Tektronix, Inc.   
Tel-Instrument Co., Inc. 

99A 
103A 
68A 
95A 
74A 

Thomas Electronics, Inc.   88A 
Thordarson Electric Mfg. Div.   90A 
Transicoil Corp.   87A 
Transradio, Ltd.   87A 
Triad Transformer Mfg. Co.   83A 
Triplett Electrical Inst. Co.   59A 
Truscon Steel Co.   I4A 

United Transformer Co.  Cover II 

D. Van Nostrand Co., Inc.   
Varian Associates   

Waterman Products Co., Inc   
Weller Mfg. Co.   
Wells Sales, Inc.   
Westinghouse Electric Corp.   
Wheeler Labs.   
S. S. White Dental Mfg. Co. 
Wilcox Electric Co.   
Wind Turbine Co.   

82A 
76A 

78A 
83A 
75A 
52A 
103A 
90A 
7IA 
91A 

PROFESSIONAL CARDS 
Samuel Gubin, Electronics 
G. F. Knowles. Mech. Eng. 

SPECTRUM ENGINEERS, Inc. 
Electronic ee Mechanical Designers 

540 North 63rd Street 
Philadelphia 31. Pa. 
GRanite 2-2333; 2-3135 

MEASUREMENTS CORP. 
RESEARCH & MANUFACTURING 

ENGINEERS 
Harry W. Houck  Jerry B. Minter 

John M. van Beuren 
Specialists in the Design and 

Development of Electronic Test Instruments 
BOONTON, N.J. 

PICKARD AND BURNS, INC. 
Consulting Electronic Engineers 

Analysis and Evaluation 
of Radio Systems 

Research. Development & Design 
of Special Electronic Equipment 

240 Highland Ave.,  Needham 94. Mass. 

PAUL ROSENBERG ASSOCIATES 
Consulting Phyticilit 

Main office: Woolworth Building. 
New York 7, N.Y. 

Cable Address  Telephone 
PHYSICIST  WOrth 2.1939 

Laboratory: 21 Park Place, New York 7, N.Y. 

TECHNICAL 
MATERIEL CORPORATION 
COMMUNICATIONS CONSULTANTS 
RADIOTELETYPE • FREQUENCY SHIFT 

INK SLIP RECORDING - TELETYPE NETWORKS 

453 West 47th Street. New York 19, N.Y. 

WHEELER LABORATORIES, INC. 
Radio and Electronics 

Consulting — Research — Development — 
R-F Circuits — Lines — Antennas — 

Microwave Components — Test Equipment 

Harold A. Wheeler and Engineering Staff 
Great Neck, N.Y.  Great Neck 2-7806 

W. J. BROWN 
Consulting Engineer 

Industrial Electronics 
Radio and Television 

27 years active development experience 
512 Marshall Bldg., Cleveland, 0. 
TOwer 14498. FAirmount 0030 

EDWARD J. CONTENT 
Acoustical Consultant 

Functional Studio-Theater Design 
FM — Television  AM 
Audio Systems Engineering 

Roxbury Road  Stamford 3-7159 
Stamford, Conn. 

CROSBY LABORATORIES 
Murray G. Crosby & Staff 
FM, Communications, TV 

Industrial Electronics 
High-Frequency Heating 

Offices.  Laboratory & Model Shop at: 
126 Herricks Rd.  Mineola  N.Y. 

Garden City 7-0284 

Richard B. Schulz 

&ea/to-Sand 
Radio-Interference Reduction; 

Development of 
Interference-Free Equipment. 
Filters, Shielded Rooms 

515 W. Wyoming Ave., Philadeophia 40, Pa 
Gladstone S-5353 

ELK ELECTRONIC LABORATORIES 
Jack Rosenbaum 

Specializing in the design and 
development of 

Test Equipment for the communications 
radar and allied fields. 

12 Elk Street  Telephone: 
New York 7, N.Y.  WOrth 2-4963 

WILLIAM L. FOSS. INC. 

927 15th St., N.W.  REpublic 3883 

WASHINGTON. D.C. 

PAUL GODLEY CO. 
Consulting Radio Engineers 

P.O. Box J. Upper Montclair, N.J. 
Offs & Lab.: Great Notch, N.J. 

Phone: Montclair 3-3000 
Established 1926 

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 

PROCEEDINGS OF THE I.R.E. February, 1950 103A. 



New and shorter big screen 16-inch kinescope developed by RCA scientists. 

shr/i7k /he /e/ev/s7bn /ribe, 6tf/L kee,& 7'74e 11)/fure big f 

Some rooms accommodate grand 
pianos, a small spinet is right for others. 
Until recently, much the same rule held 
true for television receivers. Your choice 
was governed by room space. 

Now the space problem has been whipped 
by RCA scientists, who have shortened the 
length of 16-inch television "picture tubes" 
more than 20%! All the complex inner .works 
—such as the sensitive electron gun that 
"paints" pictures on the screen— have been 
redesigned to operate at shorter focus, wider 
angle. Even a new type of faceplate glass, 

Filterglass, has been developed for RCA's 
16-inch picture tubes—on principles first 
investigated for television by RCA. 

Filterglass, incorporating a light-absorbing 
material, improves picture quality by cutting 
down reflected room light ... and by reducing 
reflections inside the glass faceplate of the kine-
scope tube itself. Result: richer, deeper black 
areas and greater contrast in the television 
picture! 

See the newest advances in radio, television, 
and electronics at RCA Exhibition Hall, 36 IV. 
49th St., New York. Admission is free. Radio 
Corporation of America, Radio City, N. Y. 

New RCA Victor home 
receiver, with big 16-inch screen— 
now more than 20% shorter in depth. 

television 

17.ALPfd, C O R P O R A77 0111 of A M E M CII 
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Typical of the C-D line of 

capacitors with built-in 
quality characteristics is the 

TYPE UP 
for TV applica)ions 

-icsted and preyed r, thousands 
of television receivers,the typo UP 
elettrolytic capacitors are avail-
able in capacities from 4 mfd. to 
2,000 mfd. in any capacity com-
bination. Voltages range from 6 
volts to 500 volts. Standard am-
bient temperature range is —25° 
C to +85° C. Special, exclusive 
C-D design and construction as-
sures maximum capacity stability 
in operation. A better capacitor 
for more difficult 1V applications. 

ARE THEY ALIKE? 

oed-74ralcf 4.06a ae P 

Cornell-Dubilier 

capacitors 

might look like 

others... 

but differ 

where 

it counts! 

That there s more than meets the eye—when it 
comes to capacitors — is a fact well known to 
radio engineers for many years. Anyone who 

knows his way around in the industry, as you 
do, is not fooled for a moment by external ap-

pearance. It's what's ;nude that counts—which 
is why you can count on Cornell-Dubilier. 

Engineers specify C-D because over a period 
of 40 years they have learned they can count 
on C-D capacitors for complete dependability, 
for long years of trouble-free performance, for 

really genuine economy. Perhaps that's why 
an impressive percentage make it a point to 
specify C-D's. Inquiries cordially invited. Cat-

alog available on request.. 

Cornell-Dubilier Electric Corporation, South Plain-
field New Jersey, Dept. M10. Other plants in New 
Bedford, Brookline and Worcester, Mass.; Provi-

dence, R. I.; Indianapolis, Ind., and 

subsidiary, The Radiart Corp., 
Cleveland, Ohio. 

C-04Favt 4 FIe/d7L-4/ 

1910 
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The new Type 1013-A Amplitude Modulator, while designed par. 
titularly for use with the GA Type 1022-A F-M Generator, may be 
used equally as well with other standard-signal generators at he-
qual ms between 3 Mc and 120 Mc. It produces an amplitude_ 
modulated signal with no appreciable incidental f-m. A feature of 
this modulator when used with the Type 1021-A Generator is the 
i.f. operating range switch which provides a gain of 10 at the 10.7 
Mc standard 1.m receiver intermediate frequency. Output voltages 
up to 3 volts C10 be obtained without serious envelope dist ortion. 

The output impedance is exceptionally constant. 

TYPE 1023-A A MPLITUDE M ODULATOR $250.00 

TYPE 1000-P5 
ONIA.  •-••••uu. RAO. .  01411111 

Sr measurements of r-f sensitivity on balanced lines for f-rn and iv bands, 
le Type 1000-P5  Transformer plugs into a standard-signal genet-
or having a 50-ohm unbalanced output and supplies an equal balanced 
sen-circuit voltage behind a 300-ohm balanced impedance. Its frequency 
nge is 50 Mc to 250 Mc 

YPE 1000-PS V-H-F TRANSFOR MER  $27.50 

FOR TESTING F-M BROADCAST RECEIVERS 
SIMPLE • INEXPENSIVE • NO SPURIOUS SIGNALS 

THIS new G-R Standard-Signal Generator is designed especially for 
testing f-m broadcast receivers. All unessentials have been omitted inorder 
that it can be moderately priced. Its features include: 

• Carrier Frequency Ranges —10-11.5 
Mc and 88-108 Mc 

• Very Low Incidental Amplitude 
Modulation — less than 5%, 

• F-M Noise Level Very Low — more 
than 50 db below 75 kc deviation 

• Slow Drift—less than 0.005% after 
20 minutes operation 

• High Output Voltage — 88-108 Mc 
from less than 0.1 my to more than 
1 volt; open circuit; 10-11.5 Mc from 
less than 0.1 to 0.25 v 

• No Spurious Signals in Output 
System  generates only one fre-
quency 

• Extra-Low Generator Leakage — un-
detectable on highlrade commercial 
f-m receiver 

• Semi-Logarithmic Meter Scale — 
easier to read low deviations 

• Constant and Purely Resistive Out-
put Impedance — 50 ohms nominal 

• Auxiliary Tuning Scale—for easy in-
terpolation, 200 kc intervals on 88-108 
Mc range and 20 kc on 10-11.5 range 

TYPE 1022-A F-M STANDARD-SIGNAL GENERATOR . $625.00 

GENERAL RADIO COMPANY 
Ca mbridge 39, Massachusetts 

90 West St., Ne w York 6  920 S. Michigan Ave., C hicago 5 
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The new Type 102.3-A Amplitude Modulator, while designed par-
ticularly for use with the G-11 Type 1022-A F-M Generator, may be 
used equally as well with other standard-signal generators at Ite-
m:mecum between 5 Mc and 220 Mc. It produces an amplitude. 
modulated signal with no appreciable incidental f-m. A feature of 
this modulator when used with the Type 1022-A Generator is the 
i.f. operating range switch which provides a gain of 10 at the 10.7 
Mc standard fle receiver intermediate frequency. Output voltages 
up to 3 volts can be obtained without serious envelope d 
The output impedance is exceptionally constant 

TYPE 1023-A A MPLITUDE M ODULATOR $250.00 

.— TYPE 1000-PS 
moue  is-naara. Ramo no  onto 

For measurements of r-f sensitivity on balanced lines for f-m and iv bands, 
the Type 1000-P5 V-H-F Transformer plugs into a standard-signal gener-
ator having a SO-ohm unbalanced output and supplies an equal balanced 
open-circuit voltage behind a 3(X)-ohm balanced impedance. Its frequency 
range is 50 Ms to 250 Mc. 

TYPE 1000-P5 V-H-F TRANSFOR MER  $27.50 

' aril IliTMCOA00 
SIONAL OCNInaTOR 

NO W . 

FOR TESTING F-M BROADCAST RECEIVERS 
SIMPLE • INEXPENSIVE • NO SPURIOUS SIGNALS 

THIS new G-R Standard-Signal Generator is designed especially for 
testing f-m broadcast receivers. All unessentials have been omitted in order 
that it can be moderately priced. Its features include: 

• Carrier Frequency Ranges —10-11.5 
Nh and 88-108 Mc 

• Very  Low  Incidental  Amplitude 
Modulation —Ies than 5', 

• F-M Noise Level Very Low — more 
than 50 db below 75 kc deviation 

40 Slow Drift —less than 0.005% after 
20 minutes operation 

go High Output Voltage — 88-108 Mc 
from less than 0.1 my to more than 
1 volt; open circuit; 10-11.5 Mc from 
less than 0.1 to 0.25 v 

• No  Spurious Signals  in  Output 
System  generates only one fre• 
querky 

• Extra-Low Generator Leakage -- un-
detectable on high-grade commercial 
f-m receiver 

• Semi-Logarithmic  Meter Scale — 
easier to read low deviations 

• Constant and Purely Resistive Out-
put Impedance — 50 ohms nominal 

• Auxiliary Tuning Scale —for easy in-
terpolation, 200 kc intervals on 88-108 
Mc range and 20 kc on 10-11.5 range 

TYPE 1022-A F-M STANDARD-SIGNAL GENERATOR . . . $625.00 

GENERAL RADIO COMPANY 
Ca mbridge 39, Massachusetts 

90 West St., New York 6  920 S. Michigan Ave., Chicago 5 1000 N. Seward St., Los Angeles 38 


