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UTC Ultra compact audio units are small and light in weight, ideally suited to remote amplifier and 
similar compact equipment. High fidelity is obtainable in all individual units, the frequency response 
being ± 2 DB from 30 to 20,000 cycles. 

True hum balancing coil structure combined with a high conductivity die cast outer case, effects good 
inductive shielding. 

Type  Secondary  List 
No.  Application  Primary Impedance  Impedance  Price  

A-10  Low impedance mike, pickup, 50, 125/150, 200/250, 50 ohms  $15.00 
or multiple line to grid  333, 500/600 ohms   

A-11  Low impedance mike, pickup. 50, 200, 500  50,000 ohms  16.00 
or line to 1 or 2 grids (multiple alloy shields for low hum pickup)   

A-12  Low impedance mike, pickup, 50, 125/150, 200/250, 80,000 ohms overall, 
or multiple line to grids  333, 500/600 ohms  in two sections   

A-14  Dynamic microphone to one 30 ohms  50,000 ohms overall, 
or two grids  in two sections   

A-20  Mixing, mike, pickup, or mul- 50, 125/150, 200/250, 50, '25/150, 200/250, 
tiple line to line  333, 500/600 ohms  333, 500/600 ohms   

A-21  mixing, low impedance mike. 50. 200/250. 500/600 50, 200/250, 500/600  16.00 
pickup, or line to line (multiple alloy shields for low hum pickup) 

A-16  Single plate to single grid  15.000 ohms  60.000 ohms. 2-1 ratio  13.00 
A-17  Single plate to single grid  As above  As above  15.00 

8 MA unbalanced D.C. 

A-18  Single plate to two grids.  15,000 ohms  80,000 ohms overall, 
Split primary  2.31 turn ratio  14.00 

A-19  Single plate to two grids 8 15,000 ohms 
MA unbalanced D.C. 

A-24  Single plate to multiple line 15,000 ohms 

A-25  Single plate to .rultiple line 15.000 ohms 
8 MA unbalanced D.C. 

A-26  Push pull low level plates to 30.000 ohms 
multiple line  olate to plate 

A-27  Crystal microphone to mul- 100.000 ohms 
tiole line 

80.000 ohms overall, 
2.31 turn ratio 
50, 125/150. 200/250, 
333, 500/600 ohms   

50. 125/150. 200/250, 
333, 500/600 ohms 

50. 125/150. 200/250, 
333, 500/600 ohms  15.00 
50. 125/150. 200/250, 
333. 500/600 ohms 

A-30  Audio choke.250 henrys ,,, 5 MA 6000 ohms D.C.. 65 henrys ,., 10 MA 1500 ohms D.C.   

A-32 Filter choke 60 henrys  15 MA 2000 ohms D.C.. 15 henrys  30 MA 500 ohms D.C.   

15.00 

14.00 

15.00 

UTC OUNCER components represent the acme in compact quality transformers. These units, which weigh 
one ounce, are fully impregnated and sealed in a drawn aluminum housing 7/8" diameter... mounting 
opposite terminal board. High fidelity characteristics are provided, uniform from 40 to 15,000 cycles, 
except for 0-14, 0-15, and units carrying DC which are intended for voice frequencies from 150 to 
4,000 cycles. Maximum level 0 DB. 

II 

OUNCER 
CASE 

Type 
No.  Application 

0-1  Mike, pickup or line to 
1 grid 

0-2  Mike, pickup or line to 
2 grids 

0-3  Dynamic mike to 1 grid 

0-4  Single plate to 1 grid 
0-5  Plate to grid, D.C. in Pri. 

0-6  Single plate to 2 grids 
0-7  Plate to 2 grids, 

D.C. in Pri.   

0-8  Single plate to line 
0-9  Plate to line, D.C. in Pri. 

7/8" Dia. x P/8" high  o-fo Push pull plates to line 

0-11  Crystal mike to line 
0-12  Mixing and matching 
0-13  Reactor, 300 Hys.—no D. 
0-14  501 mike or line to grid 

0-15  10:1 single plate to grid 

Pri. Imp. 

50, 200/250 
500/600 
50, 200/250 
500/600   
7.5/30 

15,000 
15,000 
15,000 

15,000 

15,000 
15,000 
30,000 ohms 
plate to plate  

50,000 
50, 200/250 

C.; 50 Hys.-3 MA. D.C. 

200 

15.000 

150 VARICK STREET 

50,000 

List 
Sec. Imp.  Price 

$13.25 

50,000  13.25 

50,000 
60,000 

60,000 
95,000 
95,000 

50, 200/250, 500/600 

50, 200/250, 500/600 

50, 200/250, 500/600 

50, 200/250, 500/600 

50, 200/250, 500/600 
6000 ohms 
1/2 megohm 
1 megohm 

12.00 
10.50 

10.50 

12.00 
12.00 

13.25 
13.25 

13.25 

13.25 
12.00 

9.50 

13.25 
13.25 

•  NE W YORK 13, N. Y. 

EXPORT DIVISION: 13 EAST 413th STREET, NEW YORK 16, N. Y.,  CABLES: “ARLA11" 

18.00 

15.00 

14.00 

15.00 

10.00 
9.00 

TYPE A CASE 
11/2 " x 11/2 " x 2" high 



Announcing The Third Annual AIEE-IRE   

Conference on Electronic Instrumentation 
in Nucleonics and Medicine 
October 23-25, 1950 (Monday-Wednesday) 

Park Sheraton Hotel, New York City 
MONDAY, OCTOBER 23 

Presiding: Dr. Joe Howland, Atomic 
Energy  Project,  University  of 
Rochester. 

9:00 A.M. — Registration — Mezzanine 
Foyer—Park Sheraton Hotel. 

10:00 A.M.—Morning Session. 
"The Needs of Physiology and Medi-
cine for Better Instrumentation for the 
Measurement of Respiratory Gases," 
W. 0. Fenn, University of Rochester, 
Rochester, N.Y. 
"Analysis of Respiratory Gases with 
Mass Spectrometer," F. A. Hitchcock, 
Ohio State University, Columbus, Ohio. 
"Analysis of Respired Air of the Rat 
with the Mass Spectrometer," A. W. 
Pratt, Bernard Burr, Murray Eden and 
Egon Lorenz, National Institute of 
Health, Bethesda, Md. 
"Application of an Infrared Gas Ana-
lyzer to Problems of Sweat Psysiol-
ogy," E. D. Palmes, New York Univer-
sity, Bellevue Medical Center, N.Y.C. 
"The Measurement of Oxygen in Gases 
by Paramagnetism," A. 0. Beckman, 
South Pasadena, Calif. 

2:00 P.M.—Afternoon Session. 
"An Ultrasonic Method for Outlining 
the Cerebral Ventricles," R. H. Bolt, T. 
H. Ballantine, G. D. Ludwig, and T. F. 
Hueter, Cambridge, Mass. 
"The Medical Physics of External 
Localization of Brain Tumors with 
Radioactive Di-iodo m-fluorescein," T. 
Fields, G. V. LeRoy and Moses Ash-
kenazy, Veterans' Hospital, Hines, Ill. 
"The Use of Isotopes in the Measure-
ment of Body Fluids," J. L. Nickerson, 
Columbia University, New York, N.Y. 
"Refined Sectioning Techniques for the 
Electron Microscope (to be read by S. 
G. Ellis) James Hillier, RCA Labora-
tories, Princeton, N.J., and Sloan-Ket-
tering Inst. for Cancer Research, N.Y.C. 

TUESDAY, OCTOBER 24 
Presiding: Dr. Ward Davidson, Consoli-
dated Edison. 

10:00 A.M.—Morning Session. 
"General Survey of Instrumentation for 
Health Physics," H. M. Parker, General 
Electric Co., Hanford Works, Rich-
land, Wash. 
"Calibration of Radiation Detection 
Instruments," L. D. Marinelli, Argonne 
National Laboratory. 
"A Calorimetric Method of Measuring 
High X-Ray Intensities," W. T. Ham, 
Jr., Medical College of Virginia, Rich-
mond, Va. 
"X-Ray Radiation from Television 
Picture Tubes," 0. W. Pike, General 
Electric Co., Schenectady, N.Y. 

2:00 P.M.—Afternoon Session. 
"Fast Neutron Dosimetry and Related 

Problems," G. S. Hurst and R. H. 
Ritchie, Oak Ridge National Labora-
tory, Oak Ridge, Tenn. 
"New Medical Applications of Tra-
cers," A. H. Holland, Armour Research 
Foundation, Chicago, Ill. 
"Electronics and Nucleonics Applied to 
Enzymes and Viruses," E. C. Pollard, 
Yale University, New Haven, Conn. 

Following the afternoon session—Annual 
meeting of the IRE Professional Group 
on Nuclear Science. 

8:00 P.M.—Evening Session. 
\V. R. G. Baker, Chairman 
Round Table Discussion on "Effects of 
Atomic Weapons." Speakers to include 
Dr.  William  Bale,  University  of 
Rochester; H. L. Bowman, Drexel In-
stitute and Consultant to AEC; Brig. 
Gen. J. P. Cooney, AEC; Herbert Sco-
ville, Armed Forces Special Weapons 
Project; Dr. W. H. Sullivan, Naval 
Radiological Defense Lab., Hunters 
Point, San Francisco, California. 

WEDNESDAY, OCTOBER 25 
10:00 A.M.—Morning Session. 
Presiding: Dr. Urner Liddel, Office 
Naval Research, Washington, D.C. 
"Manufacture and Quality Control of 
Geiger-Mueller Tubes," D. Atchley, 
Tracerlab, Boston, Mass.; D. L. Col-
lins, Victoreen Instrument Co., Cleve-
land, Ohio; J. A Schoke, Nuclear In-
strument and Chemical Corp., Chicago. 
"Boron-Lined Neutron Counters," W. 
W. Schultz and R. M. Lichtenstein, 
General Electric Co., Schenectady, N.Y. 
"Design of a Commercial Scintillation 
Counter," W. S. Macdonald, E. W. 
Jervis, Jr., W. S. Macdonald Co., Cam-
bridge, Mass. 
"Testing Photomultipliers for Scintil-
lation Counting," R. W. Engstrom, 
RCA Laboratories, Princeton, N.J. 

2:00 P.M.—Afternoon Session. 
"Scintillation Counter Instrumenta-
tion," G. Cowper, Chalk River, Ont., 
Canada. 
"Recent Advances in Electron Tech-
niques in Canada," N. F. Moody, Chalk 
River, Ont., Canada, Gordon McLusky 
and Michael Deighton. 
"Fast Counting,"  Martin  Deutsch, 
MIT, Cambridge, Mass. 
"Recent Developments in Mass Spec-
trometry,"  John  Hipple,  National 
Bureau of Standards, Wash, D.C. 

Conference Registration 

The fee of $3.50 covers all sessions for 
the three days and admission to exhibits. 
Registration permits unlimited "come and 
go" attendance. All meetings and exhibits 
are restricted to registered attendance. 

ft• 
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CENTRA 

86th St. _J 
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"  

VAX-
86111 _1 
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1_72 ] 

E- S7th 

_ 14th 

From every point of view, the Park Sher-
aton's location is ideal—close to Central 
Park, Broadway, all subway lines and the 
fashionable 57th Street shops. Just a step 
away are Times Square, the Theatre dis-
trict, Rockefeller Center and Madison 
Square Garden. 

NUCLEONIC 
Manufacturers 
EXHIBIT 

Last year 21 exhibitors of Nucleonic in-
struments and components, the apparatus, 
both electronic and mechanical, and the 
materials for a direct application to nucle-
onics exhibited concurrently with the con-
ference. This year increased exhibit space 
has been provided, enough so that we will 
be able to accept additional exhibits up 
to one week before the conference. Ex-
hibit units run from $90 to $100 complete 
including electrical outlet, backwall and 
furniture. For information address W. C. 
Copp, 303 West 42nd St., New York City. 

A Meeting of the IRE Professional Group on Nuclear Science  
PROCEEDINGS OF TIIE 1.R.E. October, 1950, Vol. 38, No. 10. Published monthly by The Institute of Radio Engineers, Inc., at 1 East 79  Street, New York  
21, N.Y. Price $2.25 per copy. Subscriptions: United States and Canada, $18.00 a year; foreign countries $19.00 a year. Entered as second class  
matter, October 26, 1927, at the post office at Menasha, Wisconsin, under the act of March 3, 1879. Acceptance for mailing at a special rate of posta ge is 
provided for in the act of February 28, 1925, embodied in Paragraph 4, Section 412, P. L. and R., authorized October 26, 1927. 

Table of Contents will be found following page 32A 
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In the waveguides which conduct microwaves to and from 
the antennas of radio relay systems, current is concentrated 
in a surface layer less than 1/10,000 inch thick, on the inner 
surface of the waveguide. When these surfaces conduct 
poorly, energy is lost. 

To investigate, Bell radio scientists devised exact meth-
ods to explore this skin effect at microwave frequencies. 
Scratches and corrosion, they found, increase losses by 

50 per cent or more. Even silver plating, smooth to the eve. 

Arrow points to tube containing a wire speci-
men under test for surface conductivity. The 
tube and wire are excited to resonance by micro-
waves from generator at extreme left. Conduc-
tivity is calculated from frequency values 
indicated by barrel-shaped wavemeter (top 
center) and resonance curves traced on an 
oscilloscope screen (not shown). 

can more than double the losses of a polished metal. Very 
smooth conductors, like electropolished copper, are best. 
An inexpensive coat of clear lacquer preserves initial high 
conductivity for many months. 

Energy saved inside a microwave station is available 
for use in the radio-relay path outside. So stations can some-
times be spaced farther apart. and there will always be more 
of a margin against fading. Here is another example of the 
practical value of research at Bell Telephone Laboratories. 

BELL  TELEPH O N E  LAB ORATORI ES 

WORKING CONTINUALLY TO KEEP YOUR TELEPHONE SERVICE BIG IN VALEI. AND LOW IN COST 



NEW GENERAL PURPOSE PULSE GENERATOR 

:4414 

Yr: 

-hp- MODEL 212A 

SPECIFICATI ONS 

PULSE LENGTH 

Continuously vorioble, 0.07 to 10 µsec. 

Direct reading panel control. 

PULSE AMPLITUDE: 

50 v. into 50 U load. Pos. & neg. pulses. 
100 v. open circuit. 

AMPLITUDE CONTROL: 

Continuous control throughout range. 50 
db in 10 db steps. 10 db fine adjustment. 

ment. 

INTERNAL IMPEDANCE: 

50 t2 or less. 

PULSE SHAPE: 
Rise and decay time approx. 0.02 µsec. 
(10% to 90% amplitude.) 

REPETITION RATE: 

50 pps to 5,000 pps. Internally or exter-
nally controlled. 

SYNC IN: 

May be triggered by pos. or neg. pulse 
of 5 v. at rates up to 5,000 pps. 

SYNC OUT: 

50 v. into 200 t! load. Approx. 2 µsec 
long. Approx. 0.25 µsec rise time. 

PULSE DELAY: 

Main pulse deloyoble 0 to 100 µsec 
from sync output pulse. 

PULSE ADVANCE: 

Main pulse con be advanced 0 to 10 
µsec from sync output pulse. 

POWER SUPPLY: 

110/220 v; 50/60 cps. 

Panel 10 1/2 " high, 19" wide. Depth 12". 

$550.00 f.o.b. Palo Alto. 

SIZE: 

PRICE: 

Data Subject to Change Without Notice 

OR . 

• 

• 

TYPICAL 1 MICROSECOND 

PULSE INTO 50-OHM LOAD 

A. 0.02 µsec rise and 
decay time. Mini-

mum overshoot. 

B. 50 watt peak pow-
er. (50 v. to 50 L2 

load.) 

C. Pulse length varia-
ble 0.07 to 10 µsec. 

CONTINUOUSLY VARIABLE, HIGH POWER 

PULSES OF SUPERIOR WAVE FORM! 

THIS NEW -hp- 212A PULSE GENERATOR 
saves you time and work testing 
-fast- circuits as well as making 
everyday laboratory checks of other 
generators, rf circuits, peak-measur-
ing equipment, etc. It is the first 
commercial pulse generator to suc-
cessfully combine broad laboratory 
usefulness with the fast rise time, 
high power, variable pulsing and 
other features demanded in radar, 
television and nuclear work. 

ACCURATE PULSES AT END OF 

LONG TRANSMISSION LINE 

The pulse length is continuously 
variable from 0.07 Asec to 10 Asec, 
and is varied by a direct reading 
panel control. Extremely fast rise 
and decay time, together with free-
dom from ringing or overshoot 

provide a virtually distortion-free 
pulse. A low internal impedance 
(50 ohms or less) insures a pulse 
shape virtually independent of load. 
This low impedance also makes it 
possible to deliver accurate pulses 
at a distance from the instrument, 
if the transmission lines are cor-
rectly terminated. 

The Model 212A's repetition rate 
is continuously variable from 50 to 
5,000 pps. It can be controlled 
internally, or from an external syn-
chronizing source. Synchronizing 
pulses are available from the in-
strument either in advance of or 
following the output pulse. An 
amplifier-attenuator output system 
gives a low source impedance, and 
makes possible continuously variable 
pulse amplitude, positive or negative. 

Brief specifications of this new -hp- instrument are shown in the adjoining column. 
For complete details.., see your local -hp- representative...or write to the factory. 

HE WLETT-PACKARD  CO MPA NY 
2040D Page Mill Road  •  Polo Alto, California 

Export: FRAZAR & HANSEN, Ltd., 301 Clay St., Son Francisco, 
Calif., U.S. A. Offices: New York, N.Y. and Los Angeles, Calif. 2 ,113 

1 
19:oirptory intriE D  A N D  picpct,s 
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/90 EXILED... 
robing the unknown! 

"For practicing black magic, consort-

ing with the devil, and spreading dan-

gerous thoughts against the laws of man 

and nature, you are exiled forever!" 

This was the import of the fateful words heard 

by Galileo Galilei, facing a court of inquisition in 

the 16th century. Scorned and ridiculed, the 

great mathematical and astronomical genius went 

to his exile an old and broken man, a brilliant, 

searching mind no longer permitted to probe the 

mysteries of the universe. 

 SPRAGU 
 PIONEERS 

IN  ELECTRIC  AND  ELECTRONIC  DEVELOPMENT 

Today, free men of science labor under no 
such restriction. Analysis and proof are the tools 

employed in this enlightened era to obtain for 
them a hearing . . . an opportunity to substanti-
ate their theories. 

In the modern laboratories of the Sprague 

Electric Company, a research staff of physicists, 
engineers, and chemists, second to none in the 

electronic parts industry, is constantly striving to 
attain the ultimate in electronic components. 
Like others of their profession, they are helping 

to forge a level of scientific development about 
which Galileo, the great researcher, 'born before 
his time', could only dream. 

SUBMINIATURE PROKAR" CAPACITORS are 

designed especially for high-quality, minimum. 

size electronic equipment which must operate 

dependably under the most severe conditions. 

E SPRAGUE ELECTRIC COMPARY 
North Adams, Massachusetts 

Made by an exclusive Sprague process ... 

molded in a mineral-filled, high temperature 

plastic . . . these tiny but tough capacitors 

are ideal for —55°C to +125°C operation. 

4A 
PRoCEEDI.Vc:S OF THE I.R.E. 0.-tober, 



for 
edge to edge 
sharpness... 

the %TN Du ttiot '0;0 
the latest refinement in the most copied gun structure 

Uniform sharpness of trace to the very edges of the 
screen distinguishes the new Du Mont Bent-Gun. 

A higher degree of pre-focusing passes a smaller-
diameter beam through the deflection field. Spot dis-
tortion is reduced and a uniform overall focus results. 
Other design changes are: Improved bulb spacer insures 
proper anode contact and electron gun centering; 
rounded corners on pertinent gun parts eliminates 
stray emission at higher anode voltages; new grid-
cathode assembly allows a longer G-2 (second grid) 
without increasing overall length. 

This new Du Mont Bent-Gun is now being incorpo-
rated in ALL Du Mont Teletrons. Therefore, whether 
planning a new TV receiver or modifying an old one, 
be sure to include the Du Mont Teletron for the best 
in TV pictures. Simply specify DU MONT. 

FIRST WITH THE FINEST el T.11 

LEN B. DU MONT LABORATORIES, INC., 

Division, Clifton, N. J. 

•Trade-mork. 

PROCEEDINGS OF THE I.R.E.  October, 1950 
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R A. ISBERG. CHIEF ENGINEER. KRON•TV 

The 4E27A is by no means limited to 

service in TV transmitters.  Its rugged 

internal structures and pyrovac plate 

provide, in conventional amplifier or 

oscillator service, even far greater tube 

life than is indicated in the severe tests 

reported by Mr. lsberg. 

This new Eimac pentode is rated at 125 

watts of plate dissipation. Low grid-plate 

capacitances make it exceptionally stable 

and its high power-gain characteristics 

enable delivery of relatively large output 

with low driving power. 

. . . regardless of how tough the service, Eimac 

4E27A pentodes perform better —longer. 

STAYN A FNRDA NFMC I SCOSERV ICES OF rite 
CHRONICLE 

Mr. O. H. Broom 

3Eai.t eBlr...nMoc°C,ulloulighfo, rnIinec.  

TILIvrsion .4,1,  ',If 

NATIONAL bROALCA,FiNr. (0 

June 13, 1950 

Dear hank; 

rout:11. be in :r zt  to les 

led  d crt:atothe4;41art te 42.27A/ti..!2.5.8.t t• ellen 1111 1,!: atilt ti le.tionin 7n Zmally even' t7:14gh they ha: Zptated for ne:Ir'ly ' 
serv ice for 000j. more *nue. one thousand hours, ani fro. all Indications they will continue to give good 

rh. life history of 4827/800i tubes prior to the.derelopeent of the Is-
proved version was uncertain; aces tubes would rol wi thin 100 hours of their 
installation e  ey nd f  would /sat more than 700 hours.  This situation was es-

• 

pecially aggreveting In the picture modulator where els tubes are opereted in 
picture or interrUnt ',Venation. parallel and the malfunctioning of any one tube could serioualy degrede the 

Pollowing Is • tabulation of the individual plate currents of the six 
tubes .rte, .pp”..1A.L.17 1000 hours service In the picture modulator. 

Tube No. 

Plate a.rr e  .178 
oe   An809  Fero. .171  • 

810  .190  4 

811  .173  " 812  .175  " 

if• are .185 

baPPY that ARON-TV has been •ble to ea,ist you in the 'field teat" 
of the new " 4M7A and we feel that it will be welcomed by the telerl•Lon broed-

cas ters because it will afford more rellsble operation, reduce tube eePlece-operating personnel 
n  . 

Cent co s, and promote greater aatiefac.ton ond confidence on the part of the 

kindeat personal regards, 

RAI/md 

901  1•111111014  

Ancerely, 

h. A. lobe 
Jitef Englneer 

COMPLETE DATA ON THE EIMAC 

4E27A BEAM PO WER PENTODE 

IS AVAILABLE UPON REQUEST. 

EI TEL- Mc C ULL O U G H,  IN C. 
Sa n  Br u n o,  Calif or ni a 
Export Agents: Frazer & Hansen, 301 Clay St., San Francisco, California 

CA1/01111)  1-.100 

/  ,  ////  fR I .7)41' 



Typical of the TOUGH POTENTIOMETER JOBS 
solved by Helipot 

Precise Acciracy + Maximum Versatility + Space-saving Compactness 
The potentiometers illustrated above are typical examples of the tough problems 

HELIPOT engineers are solving every day for modern electronic applications. If you hove a problem 

calling for utmost precision in the design, construction and operation of potentiometer units — 
coupled with minimum space requirements and maximum adaptability to installation and operat-

ing limitations —bring your problems to HELIPOT. Here you will find advanced "know-how," 

coupled with manufacturing facilities unequaled in the industry! 
The HELIPOTS above—now in production for various military and industrial 

applications—include the following unique features ... 

0  This 10-turn HELIPOT combines highest 
electrical accuracies with extremes in mechan-
ical precision. It features zero electrical and 
mechanical blacklash...a precision-supported 
shaft running on ball bearings at each end 
of the housing for low torque and long life 
... materials selected for greatest possible 
stability under aging and temperature ex-
tremes ... special mounting and coupling for 
"plug-in" convenience ... mechanical and 
electrical rotation held to a tolerance of 1/2 ° 
... resistance and linearity accuracies, -± 1% 
and ±0,025%, or better, respectively. 

0 This four-gang assembly of Model P 
single-turn potentiometers has a special 
machined aluminum front end for servo-type 
panel mounting, with shaft supported by pre-
cision ball bearings and having a splined and 
threaded front extension. Each of the four 
resistance elements contains 10 equi-spaced 
tap connections with terminals, and all parts 
are machined for greatest possible stability 
and accuracy. 

e This standard Model A, 10-turn HELI-
Pcrr has been modified to incorporate ball 
bearings on the shaft and a special flange (or 

ring-type) mounting surface in place of the 
customary threaded bushing. This HELIPOT 
also contains additional taps and terminals 
at the IA- and 93A-turn positions. 

ID This standard Model B. 15-turn HELI-
POT has a total of 40 special tap connections 
which are located in accordance with a 
schedule of positions required by the user to 
permit external resistance padding which 
changes the normally-linear resistance vs. 
rotation curve to one having predetermined 
non-linear characteristics. All taps are perma-
nently spot-welded and short out only one or 
two turns on the resistance element—a unique 
HELIPOT feature! 

0 This six-gang assembly of standard 
Model F single-turn potentiometers has the 
customary threaded bushing mountings, and 
has shaft extensions at each end. The two 
center potentiometers each have 19 equi-
spaced, spot-welded tap connections brought 
out to terminals. Each tap shorts only two 
turns of .009" diameter wire on the resist-
ance element, 
0  This Model B, 15-turn HELIPOT has 
been modified to incorporate, at the extreme 

ends of mechanical and electrical rotation, 
switches which control circuits entirely sepa-
rate from the HELIPOT coil or its slider • 
contact. 

0  This 10-turn HELIPOT has many de-
sign features similar to those described for 
unit No. 1, plus the following additional 
features ... a servo-type front end mounting 
splined and threaded shaft extension ... 

and a center tap on the coil. All components 
are machined to the highest accuracy, with 
concentricities and alignments held in some 
places to a few ten-thousandths of an inch 
to conform to the precision of the mechanical 
systems in which this HELIPOT is used. 
Linearity accuracies frequently run as high 
as -± 0.010%! 

0 This single-turn Model G Potentiometer 
has been modified to incorporate a ball bear-
ing shaft and a servo-type front end mount-
ing. Special attention is given to contact de-
signs and pressures to insure that starting 
torque does not exceed 0.2 inch-ounces under 
all conditions of temperature. 

r- --- - - 171-- -  
The above precision pole  •tera are 

only typical of the hundreds of special-

ized designs which have been devil-L . 

aped and produced by HELIPOT to meet 

rigid customer specifications. For th• 

utmost in accuracy, dependability and 
adaptability, bring your potontiomotor 

problems to HELIPOT I 

_ 

l• Representatives in all major areas of the United  States  Ex port  agents  Frathom  Co,  55  W  42nd  St , New York 18 

THE li e 11) 0 CORPORATION,  SOUTH PASADENA  6,  CALIFORNIA 
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: ,11,0,e,r,/c is the Word for this 
WSAM AM-FM Masterpiece 

• This is the tenth anniversary of the Saginaw 
Broadcasting Company, Saginaw, Michigan. In cele-
bration, this station has completely modernized its 
facilities, including a new Truscon Self-Supporting 
Tower with an overall height of 386 feet. 

This Truscon masterpiece functions as a half-wave 
radiator in the transmission of the 250 watt AM 
power of WSAM on 1400 kilocycles. A side mounted 
Collins 8-bay antenna transmits the 1700 watt FM 
power of WSAM-FM on 98.1 megacycles. The entire 

Nur 

a l W"-a e/r  i ci r 4 
TRUSCON 

TOWER OF STRENGTH  wow" 

386 FT. 
HIGH 

OVERALL 

$ 

I I, • ill a 
-4  

41,110 410 t 

-4 

tower and transmitter house is designed for future 
television applications. 

What are your particular tower problems to best 
serve your audience? Truscon can draw upon world-
wide experience in engineering and erecting 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. 

TRUSCON STEEL COMPANY 
YOUNGSTO W N 1, OHI O 

Subsidiary of Republic Steel Corporation 

,07 , TRUSCON //, 
SELF-SUPPORTING 

CROSS SECTION GUYED TOWERS AND UNIFORM 

TRUSCON COPPER MESH GROUND SCREEN 
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Those in the Radio and Television Industries 

know from actual use the fine performance 

of these Tubes. 

They also know that our large production 

capacity assures them of a dependable source 

of supply with prompt delivery. 

Ask us about these spirally 
laminated paper base phe-
nolic  tubes  in  diameters, 
wall thicknesses and lengths 
that will meet your needs. 

CLEVELITE* 

and 

COSMALIT F 
LAMINATED PHENOLIC TUBING 

is used also for many other electri-

cal products at a considerable sav-

ing where exacting specifications 

must be carefully followed. For the 

best . . . "Call Cleveland." 

ikCLEVELAND CONTAINER6 
6201 BARBERTON AVE.  CLEVELAND 2, 0111 0 

PLANTS AND SALES OFFICES al Plymouth, Wm, ,Chitago, Deboot, Ogdensburg, NY , lomeTburg.N 

ABRASIVE DIVISION at Cleveland, Ohio 

CANADIAN PLANT: The Cleveland Container, Canada, Ltd., Prescott, Ontario 

REPRESENTATIVES 

NE W YORK AREA  It T MURRAY, 614 CENTRAL AVE, EAST ORANGE, N J. 

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

WEST HARTFORD, CONN 

CANADA  W M. T. BARRON, EIGHTH LINE, RR FI, OAKVILLE, ONTARIO 

*Trade Marks 

PROC. L.L.D1N6 S. OP  /  / (), tuber , 1950 



ELECTRONICS 

PANEL INSTRUM 

acru 

ENTS A COMPLETE LINE 
ware a,Idiee//aNe 

ALL 

SOLVE DESIGN PROBLEMS 

WITH THE SWITCH 
OF 10,000 USES 

A member of the well known SB- I switch 
family can find a useful place on almost 
any large electronic control panel. The 
precision-built parts of this all-purpose 
switch permit as many as 40 stages— four 
banks of ten stages each —to be operated 
in tandem. Switches with up to 16 stages 
and 12 positions are commonly furnished. 
Over 10,000 circuit-sequence combinations 
are possible. Ratings go to 20 amperes at 
600 volts a-c or d-c. See Bulletin GEC-270. 

SB-1 switch, 
cover-removed 

GENERAL 

MIM MI 

FOR MEASURING D-C, A-C, RF, AF, VU 
General Electric panel instruments have long 
been known for their reliability and accuracy. 
Recent design changes provide for better per-
formance, readability, durability, and appear-
ance. G-E voltmeters, kilovoltmeters, ammeters, 
milliameters, microammeters, and vu volume-
level indicators; thermocouple types and rectifier 
types; round or square, with conventional or long 
250-degree scales —all will give your measure-
ments the accuracy required and your panel that 
smooth, modern appearance. To bring you up to 
date on the latest improvements in cases, faces, 
and mechanisms, G.E. offers a comprehensive 24. 
page bulletin containing all information neces-
sary for ordering. Write for Bulletin GEC-368. 
For vu indicators, see Bulletin GEC-369. 

Illuminated 
push button 

SAVE PANEL SPACE 

WITH ONE-UNIT PUSH-BUTTON 
AND INDICATING LIGHT 

This space-saving pilot-circuit switch con-
sists of a sturdy push-button unit, 25/5 
inches high, with a hollow translucent cap 
and 6-volt lamp. The switch is the mo-
mentary contact type, single-pole, with one 
normally open and one normally closed 
circuit. It uses movable-disk type contacts. 
Buttons are supplied in clear, red, green, 
blue, amber, and white. For more data on 
this and other G-E push-button units, see 
Bulletin GEA-4254. 

ELECTRIC 
10A 
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PERMAFIL CAPACITORS 
"MI6" 

NO BERATING AT 125° C OPERATION 

For operation at high ambient temperatures, these standard-line 
G-E Permafil capacitors are naturals. They're paper dielectric 
units and can be used at temperatures up to 125 ° C without 
derating. All are metal encased, compression-sealed, and have 
long-life silicone bushings. Ratings: up to 2 muf for operation 
at 400 volts d-c and below. Case styles: 53, 61, 63, and 65 ( JAN-
C-25 specifications). For more data, write Capacitor Sales Div., 
General Electric Co., Pittsfield, Mass. 

INDUCTROLS  'TT 

STEPLESS VOLTAGE VARIATION 

Inductrols are G-E dry-type induction voltage regulators for 120 
and 240-volt operation. Hand-operated models provide smooth 
and extremely precise voltage adjustment for such uses as instru-
ment calibration and rectifier control. Motor-operated models 
are used with automatic control to maintain voltage within 
narrow limits, irrespective of supply variations. Sizes range from 
101/4  x 61/8 x 77/8 inches for the smallest hand-operated unit to 
14 x 6 x 1078 for the largest motor-operated unit. One unit pro-
vides a voltage range of 10% raise and lower on 3 and 6-kva 
circuits, another gives 100c; raise and lower for 2.4 and 3.6 kva 
circuits. Complete information in Bulletin GEA-4508. 

PROCEEDINGS OF THE IRE.  October, 1950 

TIMELY HIGHLIGHTS 
ON G-E COMPONENTS 

HIGH-VOLTAGE SELENIUM RECTIFIERS 

WITH LIFE EXPECTANCY OF 

60,000 HOURS! 

Now available from G.E. are 26-volt RMS selenium rec-
tifier cells with a continuous-service life expectancy of 
over 60,000 hours. Their initial forward resistance is 
very low and samples show an average increase in resist-
ance of less than 6% after 10,000 hours of operation. 
General Electric knows of no other high-voltage sele-
nium cell on the market that can even approach their 

performance. 
The high output voltage permits the design of smaller 

stacks while the low resistance means cooler operation 
and the space saving that goes with it. 
Stacks made with the new G-E cells may be obtained 

with rated outputs from 18 to 126 volts d-c at .15 to 3.75 
amps. Write now for Bulletin GEA-5280. 

General Electric Company, Section G667-7 
Apparatus Department, Schenectady 5, N. Y. 

Please send me the following bulletins: 

Indicate 
for 

reference 
only ( V ) 
for planning 
an immediate 
project (X) 

O GEA-4254 Push-button units 
o GEA-4508 lnductrols 
O GEA-5280 Selenium rectifiers 
D GEC-270 SB-1 switch 
O GEC-368 Panel instruments 
o GEC-369 Vu volume-level indicators 

1 

NAME 

COMPANY 

ADDRESS 

CITY  STATE   

L_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ J 
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Exploration 

Specialization in resistors lets IRC 
concentrate on research and quality control to 

a greater degree than aily other supplier. 

Result:— IRC exploration anticipates future resistor 

needs—improves existing products—and controls 

quality and uniformity in every IRC unit. Largest 

resistor manufacturer in the world, IRC attracts the 

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

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

we plan for tomorrow's advances. 



is important 
= NM  O M a  .M M IMMII • 

DEPOSITED CARBON PRECISTORS 
A unique combination of accuracy, stability and economy makes IRC 

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

mentation, advanced electronics and critical television circuits also benefit 

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

age rating, low noise level and small size. Coupon brings 
full particulars in Bulletin B-4. 

'41'11 

Sealed-precision IRC Type MF 

Resistors are completely impervious to moisture —hove proved themselves 

dependable voltmeter multipliers for use under the most severe humidity 

conditions. Each multiplier consists of a number of IRC Precision Resistors, mounted, 
interconnected, and encased in a glazed, hermetically sealed ceramic tube. 

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

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

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

coupon for full data in Bulletin D-2. 

(ViaAvvvtlo, 6=4 Scut -AAN-
Power Resistors • Voltmeter Multipliers 
• Insulated Composition Resistors •Low 
Wattage Wire Wounds • Volume 
Controls •Voltage Dividers • Precision 
Wire Wounds • Deposited Carbon 
Precistors • Ultra-HP and High 
Voltage Resistors • Insulated Chokes 

INTER NATI ONAL 

RESISTANCE  CO MPANY 

loieme•olomil II•eittieme• Com. lid. foveae., Live. 

Engineered for high voltage applications where high 

resistance and power are required, IRC Type MVX 

Resistors are particularly suited to many types of 
television and electronic circiiits. Unique application of 

IRC's proven filament resistance coating in helical 

turns on a ceramic tube provides a conducting path 

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

tance value with resistance materials having relative-
ly low specific resistance. Type MVX's have 2 watt 

rating, are exceptionally stable —permit the use of 

high voltage on the resistor while keeping voltage 

per unit length of path comparatively low. Send 

coupon for complete details in Bulletin G-2. 

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

Please send me complete information on the items checked below: —  

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

LI High Voltage Resistors (G-21 . [11 Voltmeter Multipliers (D-2) 

Name and address of local IRC Distributor 

NAME 

TITLE   

COMPANY   

ADDRESS   

CITY  ZONE  STATE   

J• • ARAD? 0 CO.. ADV. AOINCV 



REL:A It LE SOURCE 

OF SUPPLY .for 

DEPENDA 11LE RES:STORS 

for OVE,_{ 20 YEARS 

STACKPOLE 
... FIXED RESIST ORS 

VARIABLE RESISTORS ... IR ON CORES .. 

CERA MAG  CORES ... LINE,  SLIDE 

AND ROTARY SWITCHES ... 

CARBON VOLTAGE REGULATOR 

DISCS... M OLDED COIL FOR MS 

... GA "GI M MICK" CAPACIT ORS, ETC. 

Electronic Components Division 

STAC KP OLE  CARB O N  CO MPA N Y  •  ST.  M ARYS,  PA. 
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How 
to be sure 
you get 

the Best  
Capacitor  

Need 

Square 

Pulse-forming networks are  used where  
waves? 
the  normal capacitor  discharge wove 

shape  is not suita ble, an  where content 
d  on im-

pulse must hove definite energy 
and duration. lheir design involves sever-
al tricky problems —one being suitability 
for  high temperature operation. Never-
theless, networks ore one  of our  spe-

cialties —we hove bui lt them ced and 

by the 

thousands, and our  experien 
capable engineers will be glad to discuss 
any of your design problems. We invite 

your inquiries. 

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

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

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

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

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

. . . on the materials when they were made. 

. . . and again before they were used. 

. . . and on the capacitors during manufacture. 

. . . and then, finally, on every single capacitor before shipment. 

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

GENERAL ELECTRIS 
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or by-passing and 
High capacity in extremely compact the is 
the distinguishing feature of Erie Disc and 
Plate Ceramicons. Illustrations are exact size, 
and their shape as well as their compact-
ness make them amazingly easy to install in 
small spaces. They simplify soldering and 
wiring operations and speed up the as-
sembly line. 

Erie Disc and Plate Ceramicons consist of 
a flat ceramic dielectric with silver plates 

coupling applications 
fired onto the dielectric. 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 results in 
low series inductance and unusual efficiency 
in high frequency by-passing. 

For complete information and samples to 
meet your particular needs, write us today. 

STANDARD AVAILABLE CAPACITIES 
ERIE 

STYLE SIZE CAPACITY STA MPING 

831 ,16 
Max. Dia. 800 MMF 31 800 

801 T 
.001  MFD 31  .001 

, 
Max. Dia. 0015 MFD 3?  .0015 

002 MFD 3?  .002 
a 11 1562 

Max. Dia, .005  MFD 34  .005 

821 3i " 
Max. Dia. .01  MFD 31  .01 

812 l'42" 
— Dual 001  MFD 3t 2 a .001 

Max. Dia. — Dual 0015 MFD 

Dual 002 MFD 
34 2 x .0015 

3t 2 a .002 
822 

24" _ Dual .003 MFD 3?  2 a .003  
 Max. Dia.  Max. Dia. Dual 004 MFD 3? 2 a 

883 %  .. x 3/4 - 
Max. Triple .0015 MFD 

.004 

34 3 a .0015 

SPECIFICATIONS 

Voltage: Units are rated at 500 VDC. Dielectric strength 
test: 1.500 VDC. 

Power Factor: 2.5% max. at 1 K.C. at not more than 5 
volts RMS. 

Insulation Resistance: 7.500 meg. SI min. 

Capacity: Capacity measurements are made at room tem-
perature (25 C) at 1 K.C. and at not more than 5 Volts 
RMS. Standard tolerance is +100%. —0%. 

Temperature Characteristics: 
Capacitance shall not decrease more than 50%. nor in-
crease more than 25% from its value at room temperature 
(25' C). as the temperature is varied horn +10 C to +75' C 

Seed/tow:4d Divediew 
ERIE RESISTOR CORP., ERIE, PA 
•LOND ON  ENGLAND . . TOR ONTO, CA NADA 
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the 11 O Du Mont Type 303 
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a 
quantitative 
10-megacycle 

CATHODE-RAY 

OSCILLOGRAPH 
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EXCELLENT FREQUENCY RESPONSE %sill) 
a sensiti% it  of 1).i rolls, peak to peak, per 
inch — down 3 db at 10 megacycles. 



a 

SINGLE 
OSCILLOGRAM 
demonstrates... 
A. Signal Delay 

B. Transient Response 

C. No High-Frequency Overshoot 
D.  Undistorted Deflection 

E. Sweep Linearity and Speed 

F.  Time Calibration 

G. Amplitude Calibration 

Here, woven around the quantitative investigation 
of a 0.25 microsecond pulse, is a graphic account 
of the performance features which make the Type 
303 an exceptionally fine, high-frequency cathode-
ray oscillograph. 

Time and voltage calibration, together with circuit 
refinements which make possible a more accurate 
qualitative presentation, add to the cathode-ray 
oscillograph a remarkable quantitative precision — 
invaluable to laboratory research. 

A. SIGNAL DELAY built into the Y-axis amplifier in-
sures complete display of the steep pulse rise. As 
illustrated by the portion "A", the 10% point of rise 
does not occur until sometime after the sweep starts. 
Y-axis frequency response, shown on reverse side, 
includes the performance of the signal-delay line. 

B. EXCELLENT TRANSIENT RESPONSE—wholly 
essential to the proper study of high-speed phenom-
ena — is depicted by the rise time which is repro-
duced without appreciable degradation. A rise time 
of 0.01 microsecond, or greater, will be reproduced 
as a rise time not exceeding 0.03 microsecond. 

C. NO OVERSHOOT is observed even on extremely 
steep wavefronts. The low-frequency response limit 
is a 3% slope on a 30-cycle squarewave. As shown 
on the frequency-response curve, there is no positive 
slope above the mid-frequency range. Since the res-
ponse tapers off so slowly, the Type 303 is usable at 
frequencies beyond 10 megacycles. The synchro-
nizing circuits will lock in sine-wave signals as high 
as 20 megacycles. 

D. UNDISTORTED DEFLECTION provided by the 
Y-axis amplifier is 2.5 inches for unidirectional 
pulses. An equivalent undistorted deflection of 
5 inches is available for symmetrical signals and 
may be positioned over the useful area of the cath-
ode-ray tube. Even at the highest attenuation ratios, 
the Y-axis input is not frequency sensitive, as shown 
by the illustrated pulse which has been attenuated 
4000 times. The direct-coupled X-axis amplifier of 

$ 

the Type 303 will prov ide over  5" of un distorted  
deflection. 

E. SWEEP SPEEDS ava ilable in the Type  303  make  
possible a presen tation  which is pract ica l for  quali-
tative and quantitative  ana lys is of a pu lse as short  
as 0.25 microsecond. Both driven  an d recurrent  
sweeps are continuously var iable from  0.1 secon d to 
5 microseconds. Throug h sweep  expans ion,  sweep  
length is variable from  a fract ion  of an  inc h to an  
effective 30 inches, an y port ion  of which may  be 
positioned on the screen . As shown  above,  even  at 
the fastest sweep range , the sweep  is extremely  stable  
and linear. Notice the absence  of jitter.  

F. TIME CALIBRATION in the Type  303  is accom-
plished by substituting  a dampe d sinewave  for  the  
signal. Double ex posure  by photograp hic recording  
of calibrating sinewave  and signal provides a per-
manent quantitative  ana lys is of the signa l. In addi-
tion to the 10-megac ycle signal shown above , ca li-
brating frequenc ies of 10 KC, 100 KC, and  1 MC  are  
also available. Accuracy  of time  cali bration  is 
within 3%. 

G. AMPLITUDE CALIBRATION comp letes  the precise,  
quantitative analysis of the signal. A built-in, regu -
lated, vcItage-ca libra tor  prov ides  peak -to -peak  
signals of 0.1, 1.0, 10, an d 100 vo lts. Similar  to time  
calibration, the amplitude ca librat ing  square  wave  
is substituted for the signal. Amplitude ca librat ion  
is accurate within 5%. 

8 rice p  20.00 FOR COMPLETE DETAILS  WRITE  for  bulletin  TYPE  303  

ALLEN B. DU MONT LABORATORIES, INC. Instrument Division 1000 Main Avenue, Clifton, N. J. 



HOW TO 
6roPIROUglE 
" W O RE If STARTS: 

It's no accident t  components  give hat  AlSiMag 

you  the plus performance an  nned that  way.  

d the smoot  as h  - 

se mbly that  they should. Its plan goes through two 

every new desig  groups  of engineers at the AlSiMag 

plant. The first gro up studies  the  

design to see if it can be made  to  
do its jo b more effectively or if it 
can be modified for  more efficient 

pr oduction. 

methods thus  

knowledge of ava ilable production  

In many instances, our engineering groups recom-s of the  original design 

These con be made 
mend hand  mode  test  sample  

promptly and at reasonable cost.  he  job and 

the  proper 

an d of modified  design5.  be  en tered 
Once 

design is found, production orders can 
with assurance that the design does t 

that it is practical to  produce. 

Production engineers in the se  study the 
cond group roductio 

des ign  to adapt it to the most efficient p n 
me thods in our plan t. On complex designs, both 

groups  study the  prints, then get 
toget her for sions. Thus 

final discus  resposnisg n 
the men who are  directly  i- 

ble for production see ethptee dd.e They 

before  the order  is acc f eatures that 
po int out any design  or  un neces-

mig ht lead to trouble  

sar y expense. 

These engineering recommendations are sen t to the 
customer. Specialized experience and intimate 9 TH  YE A R  O F  CE R A MI C  LE A D E R S HI P 

give  you better AlSiMag components at a saving.  

When  production orders are enter ed, Quality  Con-
tro l takes over. If the job gets off specificat ion  at 
any  point, the trou ble is corrected immediately. This 

save s a lot of time and a lot of money and he lps us 
ma ke delivery as  promised. And it assures tha t your 

Al SiMag parts will fully meet all spec cations. 

ORIGINAL DESIGN 

ALSIMAG REDESIGN 

Weak points removed from the ceram ic and lad corried on 
o 

increase  at 
meta l cops. Overall stren gth greatl y  d. losses in pro-

duction ond in use  greatly redurceed esign. 

d. Precision manufacture 

minimum cost atta ined through  

AMERICAN LAVA CORPORATION 
CliAT I AN O O   S. TE N NESSEE 

P  I.  E  I A  6a9 North Brood St., Stevenson 4-2 82 3  •  NGELES, 23 2 

NEW ENGLAND,  

38.11 B  St , cam " 

Moss., Kirkland 7.449 8 • ST.  

671  Bro od  L  11  Washington Ave., 

OFFICES: METROPOLITAN AREA  St , Newark, N.1., Mitchell 2.8  LOS A OUIS,  23 

159  • 

P '4fr .... 

"'b.. 

"AISIMag  411 4 0' 4r "AlSiMag delivers 

engineers have  as promised and 
always had the  gives us parts 

answer to our  job. 

ve  tha t do the  " 

ceramic 
problems." 



RECISIOR 1004SPECIRTIES 

MULTI-POSITION 
SELECTOR SWITCHES 

Up to 120 contacts 

As long-time spec;alists in custom-built rotary se-

lector switches, Shallcross offers an extremely broad 

line of standard and special adaptations at attrac-

tive prices. Standard designs include up to 120 

contacts per deck in shorting and non-shorting types 

and as many decks as may be required. Ask for 

Bulletin L13 and Specification Sheet 6. 

14 
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CUSTOM-BUILT 
•  SPECIALTIES 

HIGH-STABILITY 
PRECISION RESISTORS 
Guaranteed tolerances from 0.1% to 0.02 % 

and stabilities as lo w as 0.003 %. 

It is one thing to make an accurate resistor, but 

quite another to guarantee the stability as required 

in computer circuits, tuning circuits, precision voltage 

dividers, radar range units, guided missiles and other 

critical uses. Not only are Shallcross Akra-Ohm re-

sistor types 116, 196, and 193 outstanding in these 

respects, but they can likewise be furnished in 

matched pairs and sets to your tolerance and with a 

guaranteed stability as low as 0.003 %. 

Today's complex circuits frequently call for the design, development, and 
production of highly specialized components, sub-assemblies, or instruments 
which usually fall outside the realm of standard production. Backed by a 
staff of electronic, electrical, instrument, mechanical, and chemical engineers 
and fully equipped for both research and development, Shollcross is well 

organized to handle such assignments. Recent developments for leading 
manufacturers, public utilities, and military agencies have included: 

Potted Wheatstone bridge networks • High-voltage measuring equipment 
Potted and thermally controlled R-C networks • Precise decades 
and networks for computer devices • Hermetically-sealed 

chokes • Calibrating instruments for strain gauge bridges 
High resistance standards • Critical coil assemblies 

SHALLCROSS MANUFACTURING 
PROCEEDINGS OF THE I.R.E.  October, 1v.50 



BY ,1] 
HERMETICALLY-

SEALED NETWORKS 
Resistance • Capacitance 

Bridge • Inductance 

To satisfy the exacting requirements of electronic 
computers, delay lines, tuning circuits, phase shifters, 
and other devices, Shallcross is fully equipped to 
design and produce potted networks to meet many 
critical electrical specifications and space require-
ments. The unit shown is a hermetically-sealed 
potted bridge network designed to control a potential 
of 100 volts to within  0.1 volt. 

HIGH-RANGE KILOVOLT-
METER MULTIPLIERS 

and Voltage Dividers 

Whether for direct high-voltage measurements or for 
use as standards in determining the exact voltage of 

a portion of a high-voltage supply, Shallcross Kilo-

voltmeter Multipliers combine close accuracy with 

safety and dependability. The No. 791 Kilovoltmeter 

Multiplier illustrated here provides a ready means of 

determining a-c and d-c potentials up to 40,000 
volts with outstanding accuracy. Other Shallcross 

types are available. For details, see Bulletin F. 

HI-MEG HI-VOLTAGE 
RESISTORS 

Special resistance elements hermetically-sealed in cer-
amic tubes with ferrule type terminals. With composition 
elements the standard tolerance is 10% and the tem-
perature coefficient is 0.04 % per degree C. Tolerances 
as close as 2% are available. With special wire-wound 
resistance elements, accuracies of 0.05 % are easily 
obtained. A standard temperature coefficient of 0.002 % 
per degree C holds over a wide temperature range. 
Three standard sizes offer resistance values from 1000 
ohms to over 100 megohms. Write for Bulletin F 

COMPANY Dept. PR-100  Collingdale,  Pennsylvania 
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MALLORY 

SILVER CONTACTS 

Fine and coin silvers, while having 
desirable properties for many appli-
cations, do not provide the physical 
properties required for some appli-
cations. To cover these applications, 
Mallory has developed a series of 
silver base alloys. These alloys have 
such improved characteristics as 
greater resistance to wear, less stick-
ing or metal transfer, and greater 
hardness. Mallory is fully qualified 
to recommend the best contact mate-
rial for your design. Write today. 

Needless Contact Costs 
Saved By 

Mallory Know-How! 
Important contact cost reductions usually result when 
Mallory is permitted to analyze applications and apply 
skilled attention to seemingly minor details. 

In one particular case, a manufacturer of automotive 
voltage regulators requested that Mallory study his contact 

cost and performance. This study by Mallory disclosed that 
the amount of precious metal in the contact could be 
reduced considerably . . . without materially changing elec-
trical characteristics. This reduction in silver content meant 
a saving to the customer of more than $3500 per year! 

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 Ilatthey & Mallory. Ltd.. 
110 Industry Si.. Toronto 15, Ontario 

Electrical Contacts and Contact Assemblies 

M P.ALLORY 
R. MALLORY & CO.,Inc. 

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

SERVING INDUSTRY WITH 

Capacitors  Contacts 

Controls  Resistors 

Rectifiers  Vibrators 

Special  Power 
Switches  Supplies 

Resistance Welding Materials 

PROCEEDINGS OF THE I.R.E.  (,, ter, 1950 
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EL- MENCO CAPACITORS 
Small, high-capacity fixed mica El- Menco capacitors are made 

to protect the performance of your products under severest oper-
ating conditions. They give long, dependable service because they 
must meet exacting conditions of Quality Test before they can be 
incorporated in your product. Tested at double their working 
voltage for dielectric strength, for insulation resistance and capacity 
value, El- Menco condensers can be depended upon for the utmost 
in performance protection. 

CM-15 

Actual Size 9/32" x 1/2" x 3/16" 
For Television, Radio and other Electronic 
Applications. 

2 mmf. — 420 mmf. cap. at 500v DCw. 
2 mmf.— 525 mmf. cap. at 300v DCw. 

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

6-dot Color Coded. 

SPECIFY EL-MENCO — 
First Choice For Long Life and Dependability 

THE ELECTRO M OTIVE MFG. CO., Inc. 

WILLI MANTIC  CONNECTICUT 

M OLDED 

Write on your 
firm letterhead 

forCatalogandSamPles. 

MICAE1 fflEflCO 
CAP ACIT O RS 

MICA  TRI M MER 

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

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

PROCEEDINGS OF THE I.R.E.  October, 1950 
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• The trend toward hermetic sealing in all phases of electrical 
manufacturing is gaining impetus. Fusite has pioneered in the field 
of glass-to-steel hermetic terminals for use in fusion sealing —the 
only truly hermetic process. 

• We have prepared a brochure crammed full of illustrations, 
specifications, diagrams, and facts about the Fusite wide line of 
single and multiple electrode terminals. 

• We assure you that regardless of your present level of knowl-
edge concerning glass-to-steel terminals, you do not have a com-
plete or accurate picture of the production possibilities of fusion 
sealing until you know the Fusite story. 

Write today for your copy of this literature, to Dept.-E. 

TERMINALS ILLUSTRATED: 104S W, Left, 10.55 W, Righ,. 

Miniature —Straight Wure —Single —Glass-to-Steel HermetIc Terminals. 

THE FUSITE CORPORATION 
- 

CARTHAGE AT HANNAFORD, NOR WOOD, CINCINNATI 12, OHIO 

22N 
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THE LUG HEADER TYPE 

NEAT 

, 
EFFICIENT 

EASY-TO-SERVICE 

VIBRATION-PROOF 

THE SCRE W TERMINAL TYPE 

r-

SERIES 335 RELAY 

SERIES 595 RELAY 

SERIES 610 AC - 615 DC RELAY 

THE A. N. CONNECTOR TYPE 

THE OCTAL PLUG TYPE 

Valuable information on HER METICALLY 
SEALED Guardian Relays is yours for the asking. 
Write on your business letterhead for new com-
pletely descriptive and illustrated Catalog 5-H. No 
cost. No obligation. 

W t.iee — ASK US TO MAKE SPECIFIC RECOMMENDATIONS. NO OBLIGATION. 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• Over a million Focus 
••  Coils have rolled off 
• Guardian's production 
• lines into TV sets of • 
• leadingmanufacturers. 
• With more than 75 
• • types established as 
• Guardian Standard, • 
• speedy delivery to 
• meet today's replace-
• 
• ment needs is a matter 
••  of routine. 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

GUARDIAN FOCUS COILS - 

GUARDIAN  ELECTRIC 
1628-1 W. WALNUT STREET W  CHICAGO 12, ILLINOIS 

A COMPLETE LINE OF RELAYS  SERVI NG  AMERIC AN  iNOM$T MY 

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



Intermodulatton can be measured 

quickly and accurately N%itli MEASUREMENTS' 

new, portable MODEL 31 
INTERMODULATION METER 

COMPLETELY SELF-CONTAINED ] 

ill-1111'  !wi lt)]  fl  a W h o 

1̂ , 11111 , : lilt  correel adjustment and mantle-

:1;1ml.  AN1 and ENT rees•i‘ers and transr»itItTs: 
checking linearik of 111111 and  rs.corilings 

and reproductions: checking phonograph 

pickups and recording  checking record 

matrii t•-: ailjsisling bias in taps. recordings, etr. 

( 
ODEL 30 INTER MODULATION M   

METER 

This model has a test generator providing, 

a low frequency range of 40, 70 and 100 
cycles, a high frequency range of 2000, 7000 

and 12,000 cycles, either separate or mixed 
in a 1/1 or 4/1 ratio. 

The analyzer will operate from 20 cycles to 

200 cycles and from 2000 cycles to 20,000 
cycles. 

A direct-reading meter measures intermodu-

lotion percentages from 0.1% to 30%; test 

generator output voltages from .01 to 100 v. 

( 30 to f 20 DBM); analyzer input voltages 

from .0001 to 100 v. ( 70 to -1-40 DBM). 

Detailed circular on request 

INTERMODULATION METER 
MOM IP  

OCASURV KIITS CCOMPO W10111 
no•r•••s.•• Amy 

• • 

• TEST SIGNAL GENERATOR 

• ANALYZER 

• VOLTMETER 

• PO WER SUPPLY 

MEASURE MENTS COE MR:1TION meets the demand for 
compact, easily-eperated intermodulation equipment!  The 
MODEL 31 is moderately priced. Yet extremely accurate and 
built to the same rigid specifications of all —LABORATORY 
STANDARDS—. 

One section of the MODEL 31 supplies mixed audio fre-
quencies to the apparatus under test; the _resultant signal 
from the apparatus is 111(.11 applied to the analkzer section of 
the MODEL 31 to be filtered. amplified, demodulated and 
metered. The meter is direct-reading in percentage of inter. 
modulation and input volts. 

Specifications: 
GENERATOR 

LOW FREQUENCY: 60 cycles. 
HIGH FREQUENCY: 3000 cycles. 
LF/HF VOLTAGE RATIO: Fixed 4 I. 
OUTPUT VOLTAGE: 70 v. max. into high 
impedance or f 5 DBM matched to 
600 ohms. 

OUTPUT IMPEDANCE: 2000 ohms. 
RESIDUAL INTERMODULATION: 0.2% 

m ax. 

ANALYZER 

INPUT VOLTAGE: Full scale ranges of 
3,10 and 30 volts RMS. less than one 
volt of mixed signal is sufficient for 
Operation 

INPUT IMPEDANCE: Greater than 400 
K ohms. 

INTERMODULATION: Full scale ranges 
of 3, 10 and 30%. 

ACCURACY: -t 10% of full scale. 
OSCILLOSCOPE connection at meter. 

Power supply: 117 volts, 50/60 cycles, 30 watts. Dimensions: 8" high x 19" wide x 9 
deep. May, be mounted in standard 7- relay rock panel space. Weight: 16 lbs. 

MEASUREMENTS CORPORATION 

24A 
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PRODUCED FOR YOUR REQUIREMENTS 
- ,6y  recazkilLiff/ 
gav eeta/mic 

Hi- 0( 
CERAMIC PLA 'TORS 
Essentially similar, except ml shape, to 111-C1 Disk 

Capacitors except that in the Aultiple units they do 
NOT have to have a common  ound as is the case 
with disks. These 111-0 Plates 4n be produced in an 
unlimited range of capacities, t14 number on a plate 
being limited only by the K of the material and the 
physical size of the unit. They o r the greatest avail-
able capacity per unit volume o lany type condenser 
on the market. 
Guaranteed minimum values of  pacity up to 33,000 

mmf per sq. in. are available. This's based on the use 
of Body 41 ceramic having 3000 as dielectric constant 
'K- and .020 in. thickness and the ormula: 

.224 K A  . in.) 
C (mmf) _ in. 

If temperature compensating cerainics are used, the 
capacity will be considerably loweA Typical  circuits 
are shown here, but almost any co ibination can be 
produced for your specific needs. Co  tilt our engineers 
for complete details. Write for new  1-0 datalog. 

-  I ye 

111-0, 
PC-I00 

PC-101 

PC-100 

2tY4 

.4 8 

59 1 

1-2 

3-4 

4-5 

5-6 

SIAILD 

220 220  .001 

z 

s 8 25 
a 

.002 -4- 75  */ 

A- - 50 0/ 
220 — 50 

220  i° + 05  0, 
— 50   
+ 75 0, 

005 — 25 

tZ 

mmf 

mrnf 

mf 

.001  too  .00S  ISO  .005 

1-2  .002 

2-3  100 

3-4  005 

4-5  150 

56  .005 

▪ 75 0, 
— 25 
-I- 50 0, 
— 50 " 
-1- 75 0, 
— 25 1° 
± 50. 
— 50 
• 75 , 
— 25 *" 

mf 

mmf 

mf 

mmf 

mf 

.002 

ne 
51: 

5 e 
4 5 

PC-102 
'so  pos 

1-2  .002 ± 75— 25  •"/  

3-5  150 + 100 e/ 
— 0  fo 

4-5  .005+ 100  w 
— 0  /6  

5-6 -1- 75 100  7 
— 25  • 

6-7  .005 + 75  w 
— 25  " 

100  .00S 

mf 

mmf 

mf 

mmf 

mf 

.001 
PC-103 

+75 0 1-2  .002 mf  
— 25 • 

3-4  .008 Min  mf 

4-5  150  -1- 50 ./ mmf 
— 50'• 

6-7  150  50/  mmf 
— 50 • 

1  PC-104 
32.004   

L 

T-r -r 
1  2  .1 

3X  .004  Min  mf 

PC-105 
.005 .005 

g. 

;At 

1 2  
— 25 • 

1-3  .005 + 75  7 
- 25 • 

mf 

mf 

-H PC-107 
150  SOO 

T I 
1-2  150 

1.3  500 

+ 75 0 , 
25 '0 

+ 75 
— 25 " 

1 
1 
1 

mmf 

mmf 1 

Capacitors 

Trimmers • Choke Coils 
Wire Wound Resistors 

BETTER 4 WAYS 
e  PRECISION 

V UNIFORMITY 
e  DEPENDABILITY I' MINIATURIZATION 

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

Eeectiticai Re4e,taace eero, 
OLEAN, N.Y. 

SALES OFFICES: New York, Philadelphia  PLANTS: Olean, N. Y., Franklinville, N. Y. 
Jessup, Po., Myrtle Beach, S. C. Detroit, Chicago, Los Angeles 
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roe air merreet‘O Off 

WITH THE 
NEW, SENSATIONAL 19AP4D 

S h dde41 r/ M/7/ #.1)1Ctiil M r ai 
SHELDON presents, for the first time, a revolutionary advancement in television picture viewing 
with pictures so real . . . they're the nearest thing to a "live" performance. . . . Pictures where BLACK 
is BLACK. WHITE is WHITE, and between them all the natural intermediate shadings. 

Sheldon "Telegenic" VITATRONS have beautiful contrast and depth. Their specially-developed Frosted 

Face reduces Glare and Reflections to a minimum • . . with no appreciable light transmission loss. 

These strikingly different picture tubes are available** in the 

19AP4D, a 19" glass-metal tube. Write for detailed specifications 
on the New, 19AP4D Sheldon VITATRON. 

26.% 

NATURAL IMAGE/1 

 ̀SOFT GLOW vi 
Piettutarufbe SHELDON ELECTRIC CO. 

Division of Allied Electric Products Inc. 

68-98 Coit Street, Irvington 11, N. J. 
Branch Offices 8 Warehouses: CHICAGO 7, ILL., 426 S. Clinton St.  LOS ANGELES 26, CAL., 1755 Glendale Blvd. 

** Delivery of 19AP4D is dependent on face plate delivery. Sheldon VITATRONS 

will be available in all-glass tubes if, as and when glass blanks become available. 

• TRADEMARK 

PROCEEDINGS OF THE I.R.E.  October, 19.50 



ws that Simpie  

*** 
A 

THE DA VENco 
195 CENTRAL AVENUE 

NE WARK 4, N. J. 

A 
exciusive 
7eature of 
the 

... Automatic Push-Button Tuning 

NOISt  0i01 01,0M MEASURING SET 
0.0  w t. M ho. . 

nit 000121 0 201 . . 

JOOM  l•  C•L  10  .0.•  •••  VIA  • OA.  N U  NI . 

4.0 -  01110,1411  
“413,•• 0.3 001.0. 

0.,)1 
o rtAgez._ 

ustortion and No ten pe 35-A 

The DAVEN Type 35-A, Distortion and Noise Meter, is a new, skillfully engineered 
instrument that provides a rapid, accurate means of measuring distortion, noise and 

hum level in audio frequency equipment. 

Of particular importance is the fact that there is no balancing or laborious time 

consuming tuning required to make measurements. The user need only push a 

button and the unit is automatically balanced. 

This is accomplished by the use of a series of 8 fixed band rejection filters covering 
the range 50 cycles to 15 K.c., followed by a stable, high quality, wide range (50 
cycles to 45 K.c.), high gain amplifier. There are no tube circuits or other sources of 
inherent distortions, making it possible to measure low levels of distortion accurately 

over a wide level range. 

 SPECIFICATIONS   
Write 

RESIDUAL DISTORTION: No tube circuits or non-linear devices 
for between input of set and filter input. 

detailed DISTORTION MEASUREMENTS: Filters provided for 50, 100, 400, 
Information 1000 cycles, 5 Kc, 7.5 Kc, 10 Kc, and 15 Kc with cut off of —70 db. 

Distortion measurements to 0.1 % full scale meter deflection with zero 
level input. 
NOISE MEASUREMENTS: With zero db input, limit is —80 db. At 
+40 input, limit is —115 db below input. 

AMPLIFIER FREQUENCY RANGE: 50 cycles to 45 Kc. 

ACCURACY: Filters are down 70 db at fundamental frequencies, and 
within -±0.5 db of flat response at the second harmonic. Absolute 
accuracy of measurement can be depended upon to be within -±5%. 

RESIDUAL NOISE LEVEL: Below —80 db at gain control full on. 
Multiple gain control employed so that residual noise drops to —90 db. 
when gain control is set at —30, —100 db when gain control is set at 
—20, etc. 

SEE DAVEN AT THE 
AUDIO FAIR, ROOM 616 



Shown, 

Bliley type TC0-1 
Crystal Oven with 
Bliley type 13116 
crystal 

DEVELOPMENT . . . QUALITY! 
When the end use is military . 

Bliley crystals are combat veterans. 

Military specifications demand pre-

cision . . . development . . . quality. 

These factors are basic with Bliley_ 

the top choice for 20 years. 

, 

_  — 

• 
are' 

734 
CRYSTALS 

BLILEY ELECTRIC COMPANY 
UNION STATION BUILDING 
ERIE, PENNSYLVANIA 

011EATIA IMPROVED LINEARITY WITH 1)fit [.1 IN 
1111111411 l'ONTACTS 

Resultsk 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. Ai. NEY COMPANY 
171 ELM ST. • HARTFORD I, VIINA. SPECIALISIS IN P111-1:11111S .11[TL MLTALLURGY SINUF. 1812 

26NY49 

viimilffic " ifis  

MODEL 214 

7 

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. 

S K L's NE W 
mo MC BANDWIDTH 
PULSE AMPLIFIER 

High output voltage and very fast rise time with 

NO OVERSHOOT characterize the performance of the 
SKL Model 214 Chain Pulse Amplifier. The specially de-

signed terminating cable provides a resistive output of 500 
ohms and a capacitive output for connection to a cathode 

ray tube grid or deflection plates. Capable of deflecting a 

5XP tube more than I", the Model 214 finds extensive use 

in radar. oscillography, television testing, and  nuclear 
physics. 

Write today for further information. 

FEATURES 

OUTPUT VOLTAGE 
65 volts 

RISE TIME 
006 usec. 

GAIN 
30 clls 

INPUT IMPEDANCE 
180 ohms 

BANDWIDTH 
AO KC to 100 MC 

Applted 20  10  9 rise lune poise 

Amplified 20 X10 —9  rise time pulse 

S I SPENCER • KENNEDY LABORATORIES, INC. lk 181 MASSACHUSETTS AVE., CAMBRIDGE 39, MASS. 
PROCEEDINGS OF THE JR.!. October, 1950 



These Exclusive Features 
put the 

GPL Video Recorder 
In a Class by Itself 

ELECTRONIC SHUTTER —Limits exposure of each film frame 
to 525-line scanning of tube, with accuracy better than 

1% of one line. Stays in adjustment; does not require camera 
to be locked in synchronization with video signal. 

GPL VIDEOGA M — A gray scale correction amplifier that 

provides better video pictures than normally possible. In 

addition, a special deflection yoke provides perfect focus 

across entire screen. 

GPI. FILM GATE — Permits over 30 minutes of continuous 
camera operation without film abrasion, emulsion pile-up 

and consequent difficulties. 

HIGH FIDELITY SOUND is recorded simultaneously. Essen-
holly flat recording to 7 kilocycles, with low harmonic and 

intermodulation distortion, gives results comparable to finest 

35-mm sound. 

TV Camera Chains • TV Film Chains 

TV Field and Studio Equipment 

Thecitt• TV Equipment 

VIDEO 
RECORDER 

Live Show Quality 
Picture and Sound-
on Delayed Telecasts 
This new 16-mm Video Recorder makes possible, for the first 
time, delayed telecasts that are consistently as good as the 
original. GPL's exclusive new shutter — electronic instead 
of mechanical — is coupled with improvements in picture 
resolution, film gate design, and sound fidelity. The projected 
recording is markedly better than the picture obtainable on 
most receivers. Re-telecast with good equipment, the picture 
looks and sounds like a live show. 

The GPL Video Recorder may be used with the GPL rapid 
processor to produce finished film, positive or negative, less 
than a minute after the program is received either over a 
closed circuit or from the air. 

WRITE FOR RECORDINGS made on this equio-
ment for study by studios, advertisers, agencies. 

General Precision Laboratory 
I N C O  R P 0  R A  T E D 

PLEASANTVILLE  NE W YORK 
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N  9C A EL  P  FL C)  13  XJ  S 

G E N E R A L  A N I L I N E  6,  FI L M  C O R. P O IX A T I O 

A V E N U E  •N 4 4 4  M A DI S O N E W  Y O R K.  

an open letter 
October, 1950 

To All Users of Powdered Iron Cores 

Nex t time your order  is  placed  for  cores,  ask  your  

Anywhere, U. S. A. 

core maker this question:  What material do yo  a use in these 

cores? If his answer is Carbonyl Iron Powders, good.  He's 

using the highest quality material on the market.  If he gives 
you another name, ask yourself this question:  Can I be sure 
of high Q, of temperature and atmospheric stability at no extra 
cost?  Can I be sure I'm getting the finest core possible if he 

doesn't use Carbonyl Iron Powders? 
The answer is obvious.  Your core maker can supply you 

with the best -- if he uses GA&F Carbonyl Iron Powders.  Ask your 
core maker next time you place an order.  See for yourself what 

a difference these low-cost, high Q materials can make! 

Sincerely, 

ANTARA PRODUCTS General Aniline & Film Corporation 

G A & F® Carbonyl 
30A 
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to all users of powdered iron cores... 

• 

Core users—here's a tip that will guarantee you cores 

made of the highest quality materials on the market. 

Ask your core maker for cores made with Carbonyl Iron 
Powders. You will guarantee yourself high quality cores 

because Carbonyl Iron Powders are high quality products 

with low loss characteristics. They are manufactured and 
tested for quality under the most rigid conditions. 

It costs no more to secure Carbonyl Iron Powder cores. 
On a performance basis, they offer savings not possible 

with other magnetic powder. 
Your core maker knows about these high Q materials. 

He is familiar with their stability, their ease of insulation, 

mid the controlled particle size distribution. That's why 

we say, next time you order, insist on Carbonyl Iron 

Powders for best results! 

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. 57. 

a 

• 
ANTARA® PRODUCTS 

ENERAL 
A NILINE & FILM CORPORATION 

444 MADISON AVENUE  NE W YORK 22, N. Y. 

Iron Powders. •  • 
METAL 1010E1 
ASSOCIATION 
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le RCA Application En-
gineering Service— 

Twelve field engineering special-
ists devote their time exclusively 
to the design problems of equip-
ment manufacturers. They re 
ready to pitch in and help you 
at any time. 

it pays equipment manufacturers to deal with RC 

Iry  RCA Application Engl. 
neering Laboratories — 

RCA maintains application lab-
oratories at Harrison. Lancaster, 
and Chicago. The services of 
these laboratories are at the dis-
posal of all RCA tube and com-
ponent customers 

El RCA Circuit Investiga-
tions — RCA carries on 

independen t research in circuit 
design for the exclusive benefit 
of its tube and component cus-
tomers. Engineering reports are 
provided as a free service. 

RCA Tube and Cent 
font Develepunen 

RCA works years ahead in t 
and component design—an 
pates future requirements.Th 
why you get the types of to 
and components you want to. 
you want them. 

111 RCA Engineering Lit-
erature—RCA technical 

bulletins and data, covering the 
specifications and operating con-
ditions of RCA tubes and compo. 
nents, are the most authoritative 
and comprehensive in the field 

LANCASTER 

6. 
RCA Manufacturing 
Facilities— RCA tubes 

and components are manufac-
tured in modern plants equipped 
largely with RCA-designed. 
precision machinery—your assur-
ance of uniform, dependable 
quality tubes and components 

ra RCA Quality Control— 
Quality controls begin 

with the raw material and are 
followed through in every suc-
cessive step of manufacture and 
assembly That's why RCA tubes 
and components are consistently 
reliable. 

e l RCA Sales and Custot 

ers' Service —A staff 
seasoned s.il ,sr,pr, ,,ratativeSS 
within convenient reach. They' 
available teben you want the 
In addition, a staff at the Hot 
Office devotes its time excl 
cruel) to expediting your ordei 

a RCA District Offices — 
RCA maintains three 

conveniently located district of-
fires in Harrison, Chicago. and 
Los Angeles to serve equipment 
manufacturers You can get 
prompt service from the office 
nearest you. 

10. RCA Distribution-RCA 
maintains bulk tube and 

component stocks in three ware-
houses strategically located in 
Jersey City. Chicago. and Los 
Angeles for quick service 

el RCA Pricing— Mass-pro. 
duction techniques and 

the RCA -Preferred Type Plan 
have consistently operated to re-
ducemanufacturing costs—which 
mean lower prices to you. 

Sales and Product 
1. General sales information or re-
quests for application engineering assist-

ance on receiving and television picture 
tubes, communications and industrial 
tubes, power tube fittings, electronic 

components, and test and measuring 
equipment: 

Directory 

Equipment Sales Field Representatives 
at the RCA Sales Office nearest you: 
City and State  Street Address  Telephone No. 

Harrison, N. J.  415 S. Sth St.  Harrison 6.8000 
Chicago II, Ill.  589 E. Illinois St.  Whitehall 4-2900 
Los Angeles 13, Calif.  420 S. San Pedro St.  Madison 9.3671 

2. Inquiries relative to technical bul-
letins: Commercial Engineering, RCA, 

El RCA Engineering Leac 
ership — She east ri 

sources of experience and abilit 
that account for RCA's engineei 
ins leadership in rubes and cora 
ponents, are of direct benefit o 
RCA customers...a final masc. 
why it pays to deal with RCA 

415 South 5th Street, Harrison, N. J. 

3. Orders and inquiries on orders: 
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Hermann E. Kranz 
REGIONAL DIRECTOR, 1950-1951 

Hermann E. Kranz, Regional Director of the East 
Central Region, was graduated with the Bachelor of 
Arts degree and a summa cum laude in mathematics 
from Lawrence College in 1909. He entered the college of 
engineering at the University of Wisconsin later, where 
he received the B.S. degree in electrical engineering in 
1914 and professional:degree of electrical engineer in 1917. 
He served as instructor in electrical engineering at the 

University of Wisconsin from 1914 to 1917. After nine 
years of work on manufacturing development and meth-
ods, six of which were spent at the Hawthorne Plant of 
the Western Electric Company, he joined the Grigsby 
Grunow Company as chief engineer in 1926. Under his 
technical guidance in 5 years this company grew from 
one with a daily production of a few hundred "B" bat-
tery eliminators and approximately three hundred em-
ployees to one manufacturing five thousand console 
radio receivers with fifteen thousand employees. He 
supervised facilities for the manufacture of all com-
ponents which included gang condensers, rf coils, paper 
capacitors, tube sockets, audio and power transformers, 
and dynamic speakers, as well as setting up of a com-
plete cabinet plant and a vacuum-tube plant with a capa-
city of seventy thousand tubes per day. In 1928 he was 
made plant vice-president in charge of engineering. 

For nine years he served as a consultant in the radio, 
electronic, and automotive electrical fields. During 
‘Vorjd War II he was operations manager of the Radar 
Division of Research Enterprises Ltd. (a Canadian 
Government company) at Leaside, Ontario. One of the 
pioneers in the development of industrial electronic 
equipment, in 1933 he invented an electronic method 
of measuring the thickness of metallic sheet where con-
tact could be made on one side only. He is at present the 
Director of the Industrial Technical Institute at Detroit. 
Mr. Kranz joined The Institute of Radio Engineers 

as a Member in 1923 and became a Senior Member in 
1947. He was one of the organizers of the Chicago Sec-
tion in 1925, serving as Secretary-Treasurer from 1926 
to 1928 and as Chairman, 1929-1930. He is also a past 
chairman of the Detroit Section, a member of its execu-
tive committee, and served for three years as a represen-
tative on the Affiliate Council of the Engineering Society 
of Detroit. 

He is a member of the AIEE, the American Society 
for Engineering Education, the Radio Engineers' Club 
of Chicago, and the Engineering Society of Detroit. He 
is also a member of the Regional (III) Committee for 
Technical Institutes of the Engineers' Council for Pro-
fessional Development. 
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The importance of radio communication as an agency for world-wide understanding and soli-
darity has been amply recognized in at least two highly diverse fashions. In the less attractive 
aspect, the value and influence of radio broadcasting is attested by extraordinary and large-scale 
efforts to interfere with broadcasts crossing the boundaries of attemptedly self-contained States. 
In the more pleasant aspect, radio is acclaimed by men of good will as a potent means for beneficial 
and enlightening contacts between men of all nations and modes of thought. 
The following guest editorial admirably analyzes the more prepossessing facts of this situation. 

It has been written by a Fellow, Past Vice-President, and former Director of The Institute of 
Radio Engineers, who is the Director of Radio Research in the Department of Scientific and Indus-
trial Research of the Government of Great Britain.—The Editor. 

International Aspects of Radio 
R. L. SMITH-ROSE 

The present state of modern civilization makes it quite clear that the time has long since 
passed when any country, state, or town could lead its own self-contained life without taking 
full cognizance of the activities of all its neighbors. In little more than half a century, the de-
velopment of radio has reached the point at which anyone in any part of the world can be made 
aware of, and kept informed on, the activities of all his contemporaries distributed over the 
earth's surface. The radio amateur shares with the philatelist a hobby which enhances his 
knowledge of the world's geography and the languages and customs of other countries. 
But participation in the many facets of radio science and practice can and does have a much 

wider influence on those engaged in it than that of merely acquiring and distributing informa-
tion. It is not too much to say that the professional radio engineer and scientist has unique 
opportunities to know and understand his fellow human beings in other countries, and the 
problems which confront them in the common struggle towards a better life within our modern 
civilization. The installation and operation of a radio transmitter may have a very profound 
effect in some remote corner of the world; and the designer and operator is therefore at once 

forced to consider the international aspects of his action. 
The demand for the unrestricted use of portions of the radio-frequency spectrum by multi-

farious interests made it necessary many years ago to set up an international organization to 
decide and control the allocation of frequencies. This has, in turn, meant that all national ad-
ministrations and operating organizations have had to consider not only their own require-
ments, but also to try to understand the needs of others in far-off lands. While much of the dis-
cussion of the technical merits of such requirements can take place by the exchange of documents, 
a vital part of the whole setup consists in the arrangement of international conferences, at 
which the various protagonists of a case or policy meet in the flesh their contemporaries from 
other countries. At such meetings it is natural to find that there are many informal occasions on 
which the discussions and exchange of ideas are not limited to radio, or even to scientific and 
technical matters. International conferences provide unique opportunities for each national 

delegate to get to know and understand his colleagues in other countries, to become acquainted 
with their national habits and with the political, economic, or other problems with which they 
are faced. It is in this way that, of all the sciences and professions, radio plays a unique part in 
promoting a better understanding between peoples and nations; such understanding can do so 
much to avoid a common misinterpretation of the word "foreigner" and to create a spirit of 

unity which is today so necessary for the benefit of the world at large. 
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The Role of Professional Groups in the IRE* 
L. C. VAN ATTAt, SENIOR MEMBER, IRE 

Unfailing signs of the youthfulness and potentialities of any man or institution are open-mindedness toward change 
and flexibility of procedure. Judged from these criteria, The Institute of Radio Engineers is truly a young society, and 
one with its greatest accomplishments still before it. 

It has become ever clearer that the membership of the Institute. now 30,000 in number, has many and diverse inter-
ests. To serve all of its membership adequately therefore became a matter of major importance, and one presenting cer-
tain organizational, publication, and financial problems. 

To meet present and future needs, broad statesmanship has accordingly been brought to bear by the IRE Board 
of Directors. In orderly fashion, and without detriment to past activities or disruption of useful processes, the Institute 
has been expanded from a single society to what might be regarded as a close federation of a number of societies. All of 
these "federalized • societies work under the aegis and with the collaboration of the parent society, acting as a broad guide 
and helper. 

This basic change is well described in the following paper by a former Chairman of one of the IRE Professional 
Groups and is strongly commended to the careful attention of the membership. It points out the ways in which the 
Institute can serve its membership with continuously increasing effectiveness and satisfaction. It also solicits vigorous 
co-operation between the membership and the new IRE Professional Groups. —The Editor. 

HISTORICAL BACKGROUND '
W HEN THE IRE was  forme d in 

1912 by the union of two local so-
cieties, radio engineers were pro-

vided with an international forum for the 
exchange of ideas and information. At that 
time engineers were broadly interested in 
one another's activities to a greater extent 
than is possible today. 
In the course of the enormous growth of 

the radio field a great deal of specialization 
and divergence of interest has been inevita-
ble. In addition to the original application of 
radio techniques to communication, we now 
have applications to navigation, radar, in-
duction heating, and automatic computing 
and control. Radio techniques are combined 
with other techniques in such fields as acous-
tics, infrared, and nucleonics. Components 
have undergone intensive development and 
the operating frequency range has been 
greatly extended. 

The Institute of Radio Engineers has 
grown up with the radio field to a present 
membership approaching 30,000. On purely 
quantitative grounds, any complete exchange 
among so many engineers is impossible. It is 
likewise difficult for any single engineer to 
encompass mentally, let alone contribute ac-
tively to the entire radio field. 
Under these conditions it is natural for 

engineers to form, in addition, smaller, more 
compact groups on the basis of professional 
interest. This is illustrated in one field by the 
formation of the Acoustical Society of Amer-
ica some time ago, and of the Audio Engi-
neering Society more recently. These socie-
ties attempt to meet the needs of their 
limited membership by specialized action. 
Along with the professional advantages, 

which the smaller society plans to offer the 
individual, are attendant difficulties. The 
expense of the administrative staff must be 
carried by a smaller membership. The 
smaller subscription to the technical journal 
increases the cost per copy of publication 
and decreases the value of advertising space. 

* Decimal classification: R060. Original manu-
script received by the Institute. June 24, 1950. Pre-
sented, IRE/URSI Antennas and Propagation Sym-
posium. San Diego. Calif., April 3-5. 1950. 
T Hughes Aircraft Company, Culver City, Calif. 

In general, projects assume larger propor-
tions when undertaken by the smaller so-
ciety. 

These difficulties were encountered in the 
field of physics, where a differentiation into 
smaller societies occurred. The attempted 
solution to the problem which was worked 
out in this case is represented by the Ameri-
can Institute of Physics. It provides a num-
ber of related professional societies with a 
common headquarters staff and a common 
publications organization. 
The Institute of Radio Engineers is now 

attempting a broadly analogous solution in 
the field of radio, but without the painful 
intermediate stage of entirely separate so-
cieties. The Professional Groups within the 
IRE are intended to provide for specialized 
professional needs without losing the econ-
omy of size in meeting overliead expenses. In 
addition, there is the desire to preserve that 
important over-all unity of interest appro-
priate to the field of communications and 
electronics. 
The Professional Group principle of op-

eration was adopted by the IRE Board of 
Directors in March, 1948. Since then all the 
necessary implementing steps have been 
taken, as follows: 

(I) Appropriate amendments to the By-
laws of the Institute have been adopted 
(2) A permanent Professional Groups 

Committee has been established 
(3) A model constitution and bylaws 

have been prepared as general guidance to 
individual Groups; and finally 
(4) A detailed Professional Group Man-

ual, revised in May, 1950, has been pub-
lished for the guidance of Group promoters. 
The IRE has followed the wise course of 

limiting itself to stimulation and guidance of 
the Professional Group development. It has 
established general policy and procedure, 
but has left the formation and activities of 
indidivual Groups to the initiative of inter-
ested IRE members. 
Up to date there have been nine Profes-

sional Groups established with the following 
fields of interest and memberships: 

Field of Interest  Approximate  of 

Antennas and Propagation 
Audio 

Broadcast Television Receivers 849 
Broadcast Transmission Sys-
tems  514 

Circuit Theory  1,227 
Instrumentation  1,300 
Nuclear Science  456 
Quality Control 234 
Vehicular and Railroad Radio 
Communications 246 

It should be emphasized that these figures 
represent current and incomplete returns. 
These Groups have not been uniformly ac-
tive, nor are their problems identical. It is 
not expected that they will follow alto-
gether similar courses of development. Sev-
eral additional Groups are in various stages 
of formation. 
In carrying out their objectives the 

Groups have engaged in such activities as 
the following: 

Sponsored independent national sym-
posia 

Sponsored sessions at the RNIA/IRE 
Radio Fall meeting in Syracuse 

Sponsored symposia at the 1950 IRE Na-
tional Convention 

Formed units co-operatively with IRE 
Sections 

Issued periodic Newsletters 
Undertaken the reorganization and rec-
ommendation of certain papers for 
publication in the PROCEEDINGS 

Arranged for the consideration and rec-
ommendation of tutorial papers for the 
PROCEEDINGS OF THE I.R.E. 

The Groups are by no means limited to these 
activities. 
With this background we may inquire re-

garding the relation of the Professional 
Groups to the IRE, to the individual, to the 
local Section, to the IRE Technical Com-
mittees, and to other societies. In consider-
ing these relations we shall obtain a clearer 
picture of the role of the Professional Groups. 

RELATION TO THE IRE 

The Professional Group is a subdivision 
the membership of the IRE based on pro-

Membership  fessional interests and needs, and estab-
813  lished under a Professional Group constitu-

1,051 tion. The constitution defines the technical 
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field of interest of the Group, establishes an 
administrative committee and such sup• 
porting committees as are deemed necessary, 
prescribes broadly the functions and pro-
cedures, and fixes a minimum level of ac-
tivity. 
The Administrative Committee of the 

Professional Group reports periodically to 
the Professional Groups Committee of the 
IRE and depends upon it for general guid-
ance as to policy and procedure. The Group 
requests of the IRE financial assistance as 
required, and turns over net receipts to the 
Institute. The Group depends upon the 
Headquarters Staff for maintaining mailing 
lists, for printing and distributing material 
as requested to the Group membership, for 
co-operative papers procurement, and for 
printing notices in the PROCEEDINGS. The 
PROCEEDINGS is the only outlet of the Group 
for technical publications and has the re-
sponsibility of providing adequate space for 
suitable publications in the field of interest 
of the Group, within the financial limitations 
of the IRE. 
The Group provides the IRE with the 

means for decentralized control in the plan-
ning of national symposia in its field and in 
the arrangement of specialized sessions at 
Conventions. It provides the IRE with a na-
tional framework for the co-ordination of 
sectional activities in its field. With a view to 
the special needs of the field, the Group rep-
resents viewpoints or pleads cases with the 
IRE and proposes actions. 

RELATION TO THE INDIVIDUAL 

Of more immediate concern to the indi-
vidual is the relation of the Professional 
Group to him. In many respects the Group 
serves the individual as the satisfactory 
equivalent of a small, select society in his 
own field of specialization. This is made pos-
sible by the freedom granted to the Admin-
istrative Committee in planning and con-
ducting the activities of the Group. Thus the 
individual has all the advantages of member-
ship in a large general society as well as a 
specialized smaller society. 
The principal activity is now the ar-

rangement of specialized symposia. These 
symposia may be made to coincide with IRE 
Conventions to reduce travel requirements 
and increase attendance. Or they may avoid 
the Conventions in order to achieve a 
greater concentration of papers and spe-
cialists and a more appropriate atmosphere. 
However, the keynote must be an intimate 
appreciation of the subject matter and of 
the needs of the individual member. Thus 
meetings may be conducted at a more 
leisurely pace, or a subject of current impor-
tance may be intensively explored. 
In connection with its symposia, the 

Group may seek out papers covering inter-
esting work and may later recommend pub-
lication in the PROCEEDINGS to the author 
and to the Editor. The Group may survey 
past issues of the PROCEEDINGS to determine 
whether its field has been properly repre-
sented in IRE publications. (The Groups 
have been asked to do this by the Editorial 
Department.) The possibility of the Group 
assuming formal responsibilities for the pro-
curement and review of papers in its field for 
publication in the PROCEEDINGS has not yet 
been fully explored, but already close liaison 

exists between the Groups and the Board of 
Editors, the Papers Review Committee, and 
the Editorial Administrative Committee. 
The Groups are urged to request, and will 
receive, adequate representation on each of 
these bodies. 
The Group maintains a list of active 

members and distributes notices of national 
or sectional meetings in its field. These no-
tices may be expanded to include a variety of 
current events of special interest. The 
Group may compile and distribute technical 
or personnel information. And, in general, it 
may serve as a source of information in re-
sponse to specific inquiries from its members. 
The general membership of the Group is 

simply a mailing list for announcements. The 
individual member remains merely an item 
on this mailing list, except as he changes this 
through participation in Group activities. 
After all, these activities are the work of in-
dividuals and depend upon their contribu-
tions. One type of responsibility of the Group 
member is to attend technical meetings, to 
participate in the discussion, and when pos-
sible, to present a paper. A second type of 
responsibility is for planning Group policy 
and activities through correspondence with, 
or membership on, appropriate technical 
committees. In many cases this committee 
service would start in the local units asso-
ciated vb ith IRE Sections. 
A member who has recognized a real or 

fancied inadequacy in the IRE peculiar to a 
particular field now has a natural spokes-
man. The appropriate Professional Group 
can consider the extent of the inadequacy 
and defend recommendations for correction 
in the proper quarters in the IRE. As an ex-
ample, it has been pointed out recently that 
the IRE has not a single Fellow in the field of 
Acoustics! An active Professional Group in 
this field in the past might have prevented 
this situation. It can now be readily cor-
rected. 

RELATION TO THE SECTION 
We must explore the relation of the Pro-

fessional Group to the IRE Sections to find 
its source of continuing strength. The Sec-
tion respects a division of IRE activities on a 
geographical basis. The Professional Group 
is national or international in scope, but di-
vides the field of electronics on the basis of 
technical subject matter. 
The Sections should be informed in the 

near future of the status of the Professional 
Group movement and should be asked to in-
dicate the extent of their interest in particu-
lar Groups. Each Group should carry on cor-
respondence with interested Sections with a 
view to establishing professional units in 
these Sections. A less active professional unit 
might require only a representative on the 
Section Program Committee. A more active 
unit might require a local Planning Commit-
tee and a delegate to the Administrative 
Committee of the Group. The Groups should 
invite such delegates to attend the meetings 
of its Administrative Committee. These del-
egates would supply new ideas for expanding 
the activities of the Group. They would con-
stitute an important source of new members 
for the Administrative Committee. 
The Group publicizes through its mailing 

list those technical meetings in its field ar-
ranged by the Sections. It might act as a 

clearing house for the scheduling of such 
meetings, to avoid interference with each 
other and with national meetings. It might 
assist local meetings by suggesting session 
topics or by locating speakers. 

RELATION TO THE TECHNICAL 
COMMITTEE 

The relation of the Professional Group to 
the IRE Technical Committee has been 
questioned with the thought that there may 
be overlap of function. However, this is not 
the case. 
The Technical Committees have pre-

scribed for them an exacting and important 
but very definite task: the standardization of 
definitions of terms and the initiation of tech-
niques and methods of measurement. The 
work can be anticipated for years in ad-
vance, and must be repeated periodically to 
keep the standards up-to-date. In this task 
the Technical Committees are, as they must 
be, closely co-ordinated by the Standards 
Committee. The emphasis is on scholarship 
rather than initiative. 
The Professional Group, on the other 

hand, has a very broad charter and a task 
only vaguely defined; in effect, to determine 
the professional needs in the field of the 
Group and to carry out or promote actions 
designed to meet those needs. The Group 
will stand or fall, depending on the imagina-
tion with which it approaches its problems 
and the energy with which it champions its 
causes. Its sphere of activity will probably 
increase as its possible functions are better 
understood by all concerned. 

RELATION TO OTHER SOCIETIES 
The possibility of relations between the 

Professional Group and other societies is 
established by the Group Constitution 
which allows for co-operative meetings with 
other technical organizations. These co-
operative meetings have proven very suc-' 
cessful because of the additional support of 
joint sponsorship. It should be recognized 
that the alternative would frequently be two 
interfering meetings. 
The San Diego Symposium on Antennas 

and Propagation is a good example of co-
operative effort. The sessions of April 3 and 
4, 1950, were arranged by the Professional 
Group on Antennas and Propagation, were 
co-sponsored by Commissions 2, 3, and 6 of 
the USA National Committee, URSI, and 
were supported locally by the San Diego 
Section. The Armed Services arranged a 
technical Military Conference of four ses-
sions on the same subject for April 6 and 7. 
Finally, the United States Navy Electronics 
Laboratory provided space and facilities for 
all the sessions. Actually, co-operative ef-
fort may make the difference between suc-
cess and failure in a meeting of this kind. 
In future meetings, we can visualize co-

operation of a Professional Group with other 
Groups, with IRE Sections or Regions, with 
RMA and URSI, with the Armed Services, 
with units of the Research and Development 
Board, and with other similar groups. This 
co-operation in technical meetings is prac-
ticable in spite of the varied ultimate inter-
ests of the several organizations. For ex-
ample, the Professional Group is concerned 
with providing a technical outlet for its 
members and proper material for the PRO-
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The Role of Professional Groups in the IRE* 
L. C. VAN ATTAt, SENIOR MEMBER, IRE 

Unfailing signs of the youthfulness and potentialities of any man or institution are open-mindedness toward change 
and flexibility of procedure. Judged from these criteria, The Institute of Radio Engineers is truly a young society, and 
one with its greatest accomplishments still before it. 

ft has become ever clearer that the membership of the Institute, now 30,000 in number, has many and diverse inter-
ests. To serve all of its membership adequately therefore became a matter of major importance, and one presenting cer-
tain organizational, publication, and financial problems. 

To meet present and future needs, broad statesmanship has accordingly been brought to bear by the IRE Board 
of Directors. In orderly fashion, and without detriment to past activities or disruption of useful processes, the Institute 
has been expanded from a single society to what might be regarded as a close federation of a number of societies. All of 
these "federalized" societies work under the aegis and with the collaboration of the parent society, acting as a broad guide 
and helper. 

This basic change is well described in the following paper by a former Chairman of one of the IRE Professional 
Groups and is strongly commended to the careful attention of the membership. It points out the ways in which the 
Institute can serve its membership with continuously increasing effectiveness and satisfaction. It also solicits vigorous 
co-operation between the membership and the new IRE Professional Groups.—The Editor. 

II1STORICAL BACKGROUND 

W HEN THE IRE was formed in 
1912 by the union of two local so-
cieties, radio engineers were pro-

vided with an international forum for the 
exchange of ideas and information. At that 
time engineers u ere broadly interested in 
one another's activities to a greater extent 
than is possible today. 
In the course of the enormous growth of 

the radio field a great deal of specialization 
and divergence of interest has been inevita-
ble. In addition to the original application of 
radio techniques to communication, we now 
have applications to navigation, radar, in-
duction heating, and automatic computing 
and control. Radio techniques are combined 
with other techniques in such fields as acous-
tics, infrared, and nucleonics. Components 
have undergone intensive development and 
the operating frequency range has been 
greatly extended. 

The Institute of Radio Engineers has 
grown up with the radio field to a present 
membership approaching 30,000. On purely 
quantitative grounds, any complete exchange 
among so many engineers is impossible. It is 
likewise difficult for any single engineer to 
encompass mentally, let alone contribute ac-
tively to the entire radio field. 
Under these conditions it is natural for 

engineers to form, in addition, smaller, more 
compact groups on the basis of professional 
interest. This is illustrated in one field by the 
formation of the Acoustical Society of \mer-
ica some time ago, and of the Audio Engi-
neering Society more recently. These socie-
ties attempt to meet the needs of their 
limited membership by specialized action. 
Along with the professional advantages, 

which the smaller society plans to offer the 
individual, are attendant difficulties. The 
expense of the administrative staff must be 
carried by a smaller membership. The 
smaller subscription to the technical journal 
increases the cost per copy of publication 
and decreases the value of advertising space. 

* Decimal classification: R060. Original manu-
script received by the Institute. June 24. 1950. Pre-
sented, IRE/URSI Antennas and Propagation Sym-
posium. San Diego. Calif.. April 3-5. 1950. 
t Hughes Aircraft Company, Culver City, Calif. 

In general, projects assume larger propor-
tions when undertaken by the smaller so-
ciety. 

These difficulties were encountered in the 
field of physics, where a differentiation into 
smaller societies occurred. The attempted 
solution to the problem which was worked 
out in this case is represented by the Ameri-
can Institute of Physics. It provides a num-
ber of related professional societies with a 
common headquarters staff and a common 
publications organization. 
The Institute of Radio Engineers is now 

attempting a broadly analogous solution in 
the field of radio, but without the painful 
intermediate stage of entirely separate so-
cieties. The Professional Groups within the 
IRE are intended to provide for specialized 
professional needs without losing the econ-
omy of size in meeting overhead expenses. In 
addition, there is the desire to preserve that 
important over-all unity of interest appro-
priate to the field of communications and 
electronics. 
The Professional Group principle of op-

eration was adopted by the IRE Board of 
Directors in March, 1948. Since then all the 
necessary implementing steps have been 
taken, as follows: 

(I) Appropriate amendments to the By-
laws of the Institute have been adopted 
(2) A permanent Professional Groups 

Committee has been established 
(3) A model constitution and bylaws 

have been prepared as general guidance to 
individual Groups; and finally 
(4) A detailed Professional Group Man-

ual, revised in May, 1950, has been pub-
lished for the guidance of Group promoters. 
The IRE has followed the wise course of 

limiting itself to stimulation and guidance of 
the Professional Group development. It has 
established general policy and procedure, 
but has left the formation and activities of 
indidivual Groups to the initiative of inter-
ested IRE members. 
Up to date there have been nine Profes-

sional Groups established with the following 
fields of interest and memberships: 

Field of Interest 

Antennas and Propagation 
Audio 

Approximate 
Membership 

813 
1,051 

Broadcast Television Receivers  849 
Broadcast Transmission Sys-
tems  514 

Circuit Theory  1,227 
Instrumentation  1,300 
Nuclear Science  456 
Quality Control 234 
Vehicular and Railroad Radio 
Communications 246 

It should be emphasized that these figures 
represent current and incomplete returns. 
These Groups have not been uniformly ac-
tive, nor are their problems identical. It is 
not expected that they will follow alto-
gether similar courses of development. Sev-
eral additional Groups are in various stages 
of formation. 
In carrying out their objectives the 

Groups have engaged in such activities as 
the following: 

Sponsored independent national sym-
posia 

Sponsored sessions at the RMA/IRE 
Radio Fall meeting in Syracuse 

Sponsored symposia at the 1950 IRE. Na-
tional Convention 

Formed units co-operatively with IRE 
Sections 

Issued periodic Neu sletters 
Undertaken the reorganization and rec-
ommendation of certain papers for 
publication in the PROCEEDINGS 

Arranged for the consideration and rec-
ommendation of tutorial papers for the 
PROCEEDINGS OF THE I.R.E. 

The Groups are by no means limited to these 
activities. 

With this background we may inquire re-
garding the relation of the Professional 
Groups to the IRE, to the individual, to the 
local Section, to the IRE Technical Com-
mittees, and to other societies. In consider-
ing these relations we shall obtain a clearer 
picture of the role of the Professional Groups. 

RELATION TO THE IRE 

The Professional Group is a subdivision 
of the membership of the IRE based on pro-
fessional interests and needs, and estab-
lished under a Professional Group constitu-
tion. The constitution defines the technical 
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field of interest of the Group, establishes an 
administrative committee and such sup• 
porting committees as are deemed necessary, 
prescribes broadly the functions and pro-
cedures, and fixes a minimum level of ac-
tivity. 
The Administrative Committee of the 

Professional Group reports periodically to 
the Professional Groups Committee of the 
IRE and depends upon it for general guid-
ance as to policy and procedure. The Group 
requests of the IRE financial assistance as 
required, and turns over net receipts to the 
Institute. The Group depends upon the 
Headquarters Staff for maintaining mailing 
lists, for printing and distributing material 
as requested to the Group membership, for 
co-operative papers procurement, and for 
printing notices in the PROCEEDINGS. The 
PROCEEDINGS is the only outlet of the Group 
for technical publications and has the re-
sponsibility of providing adequate space for 
suitable publications in the field of interest 
of the Group, within the financial limitations 
of the IRE. 
The Group provides the IRE with the 

means for decentralized control in the plan-
ning of national symposia in its field and in 
the arrangement of specialized sessions at 
Conventions. It provides the IRE with a na-
tional framework for the co-ordination of 
sectional activities in its field. With a view to 
the special needs of the field, the Group rep-
resents viewpoints or pleads cases with the 
IRE and proposes actions. 

RELATION TO THE INDIVIDUAL 

Of more immediate concern to the indi-
vidual is the relation of the Professional 
Group to him. In many respects the Group 
serves the individual as the satisfactory 
equivalent of a small, select society in his 
own field of specialization. This is made pos-
sible by the freedom granted to the Admin-
istrative Committee in planning and con-
ducting the activities of the Group. Thus the 
individual has all the advantages of member-
ship in a large general society as well as a 
specialized smaller society. 
The principal activity is now the ar-

rangement of specialized symposia. These 
symposia may be made to coincide with IRE 
Conventions to reduce travel requirements 
and increase attendance. Or they may avoid 
the Conventions in order to achieve a 
greater concentration of papers and spe-
cialists and a more appropriate atmosphere. 
However, the keynote must be an intimate 
appreciation of the subject matter and of 
the needs of the individual member. Thus 
meetings may be conducted at a more 
leisurely pace, or a subject of current impor-
tance may be intensively explored. 
In connection with its symposia, the 

Group may seek out papers covering inter-
esting work and may later recommend pub-
lication in the PROCEEDINGS to the author 
and to the Editor. The Group may survey 
past issues of the PROCEEDINGS to determine 
whether its field has been properly repre-
sented in IRE publications. (The Groups 
have been asked to do this by the Editorial 
Department.) The possibility of the Group 
assuming formal responsibilities for the pro-
curement and review of papers in its field for 
publication in the PRocEEDINGs has not yet 
been fully explored, but already close liaison 

exists between the Groups and the Board of 
Editors, the Papers Review Committee, and 
the Editorial Administrative Committee. 
The Groups are urged to request, and will 
receive, adequate representation on each of 
these bodies. 
The Group maintains a list of active 

members and distributes notices of national 
or sectional meetings in its field. These no-
tices may be expanded to include a variety of 
current events of special interest. The 
Group may compile and distribute technical 
or personnel information. And, in general, it 
may serve as a source of information in re-
sponse to specific inquiries from its members. 
The general membership of the Group is 

simply a mailing list for announcements. The 
individual member remains merely an item 
on this mailing list, except as he changes this 
through participation in Group activities. 
After all, these activities are the work of in-
dividuals and depend upon their contribu-
tions. One type of responsibility of the Group 
member is to attend technical meetings, to 
participate in the discussion, and when pos-
sible, to present a paper. A second type of 
responsibility is for planning Group policy 
and activities through correspondence with, 
or membership on, appropriate technical 
committees. In many cases this committee 
service would start in the local units asso-
ciated with IRE Sections. 
A member who has recognized a real or 

fancied inadequacy in the IRE peculiar to a 
particular field now has a natural spokes-
man. The appropriate Professional Group 
can consider the extent of the inadequacy 
and defend recommendations for correction 
in the proper quarters in the IRE. As an ex-
ample, it has been pointed out recently that 
the IRE has not a single Fellow in the field of 
Acoustics! An active Professional Group in 
this field in the past might have prevented 
this situation. It can now be readily cor-
rected. 

RELATION TO THE SECTION 
We must explore the relation of the Pro-

fessional Group to the IRE Sections to find 
its source of continuing strength. The Sec-
tion respects a division of IRE activities on a 
geographical basis. The Professional Group 
is national or international in scope, but di-
vides the field of electronics on the basis of 
technical subject matter. 
The Sections should be informed in the 

near future of the status of the Professional 
Group movement and should be asked to in-
dicate the extent of their interest in particu-
lar Groups. Each Group should carry on cor-
respondence with interested Sections with a 
view to establishing professional units in 
these Sections. A less active professional unit 
might require only a representative on the 
Section Program Committee. A more active 
unit might require a local Planning Commit-
tee and a delegate to the Administrative 
Committee of the Group. The Groups should 
invite such delegates to attend the meetings 
of its Administrative Committee. These del-
egates would supply new ideas for expanding 
the activities of the Group. They would con-
stitute an important source of new members 
for the Administrative Committee. 
The Group publicizes through its mailing 

list those technical meetings in its field ar-
ranged by the Sections. It might act as a 

clearing house for the scheduling of such 
meetings, to avoid interference with each 
other and with national meetings. It might 
assist local meetings by suggesting session 
topics or by locating speakers. 

RELATION TO THE TECHNICAL 
COMMITTEE 

The relation of the Professional Group to 
the IRE Technical Committee has been 
questioned with the thought that there may 
be overlap of function. However, this is not 
the case. 
The Technical Committees have pre-

scribed for them an exacting and important 
but very definite task: the standardization of 
definitions of terms and the initiation of tech-
niques and methods of measurement. The 
work can be anticipated for years in ad-
vance, and must be repeated periodically to 
keep the standards up-to-date. In this task 
the Technical Committees are, as they must 
be, closely co-ordinated by the Standards 
Committee. The emphasis is on scholarship 
rather than initiative. 
The Professional Group, on the other 

hand, has a very broad charter and a task 
only vaguely defined; in effect, to determine 
the professional needs in the field of the 
Group and to carry out or promote actions 
designed to meet those needs. The Group 
will stand or fall, depending on the imagina-
tion with which it approaches its problems 
and the energy with which it champions its 
causes. Its sphere of activity will probably 
increase as its possible functions are better 
understood by all concerned. 

RELATION TO OTHER SOCIETIES 

The possibility of relations between the 
Professional Group and other societies is 
established by the Group Constitution 
which allows for co-operative meetings with 
other technical organizations. These co-
operative meetings have proven very suc-
cessful because of the additional support of 
joint sponsorship. It should be recognized 
that the alternative would frequently be two 
interfering meetings. 
The San Diego Symposium on Antennas 

and Propagation is a good example of co-
operative effort. The sessions of April 3 and 
4, 1950, were arranged by the Professional 
Group on Antennas and Propagation, were 
co-sponsored by Commissions 2, 3, and 6 of 
the USA National Committee, URSI, and 
were supported locally by the San Diego 
Section. The Armed Services arranged a 
technical Military Conference of four ses-
sions on the same subject for April 6 and 7. 
Finally, the United States Navy Electronics 
Laboratory provided space and facilities for 
all the sessions. Actually, co-operative ef-
fort may make the difference between suc-
cess and failure in a meeting of this kind. 
In future meetings, we can visualize co-

operation of a Professional Group with other 
Groups, with IRE Sections or Regions, with 
RMA and URSI, with the Armed Services, 
with units of the Research and Development 
Board, and with other similar groups. This 
co-operation in technical meetings is prac-
ticable in spite of the varied ultimate inter-
ests of the several organizations. For ex-
ample, the I'rofessional Group is concerned 
with providing a technical outlet for its 
members and proper material for the PRO-
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CEEDINGS. By contrast, the [IRS! is con-
cerned with the selection of material in this 
country for presentation at its international 
General Assembly. By further contrast, the 
Armed Services and the R DB are interested 
in stimulating any exchange of information 
which will result in more and better military 
equipment. 

PROCEDURES 

The common concern of those interested 
in taking any initiative in the Professional 
Group movement is necessarily with pro-
cedures: procedures for promoting a Group, 
for forming a professional unit in a Section, 
for joining an existing Group, for conducting 
a symposium, and for furthering the publi-
cation of papers in the PROCEEDINGS. Con-
siderable effort has been made by the Pro-
fessional Groups Committee to define pro-
cedures in the Manual. There has been some 
guidance from experience, but it is very easy 
in this work to get into new territory and to 
find oneself v, ithout ground rules. 
The steps recommended for one who is 

interested in promoting a Professional 
Group are: 

(1) Write to the Technical Secretary of 
the Institute for general information, stating 
the field of interest of the contemplated 
Group. 
(2) Locate 5 to 15 others interested in 

promoting the Group. 
(3) Prepare a petition and obtain at 

least 25 signatures. 
(4) Forward the petition to the Chair-

man of the Professional Groups Committee 
through the Technical Secretary at the In-
stitute Headquarters. 
(5) After approval of the petition by the 

IRE Board of Directors, forward suggested 
names for the initial Administrative Com-
mittee through the same channel. 
(6) After notification of appointment of 

the Administrative Committee, call a meet-

ing of the Committee. At this meeting elect 
a Chairman, prepare a Constitution and By-
laws, and name officers and supporting com-
mittees. 
(7) Submit the Constitution to the IRE 

Professional Groups Committee forapproval. 
Report the other actions to the Technical 
Secretary for his information. With the ap-
proval of the Constitution, the Professional 
Group is in formal existence. 
Procedures for forming a professional 

unit in a Section have not been so precisely 
defined. The first step would be to commu-
nicate with the Chairman of the correspond-
ing Group, whose name could be obtained 
from the Technical Secretary of the Insti-
tute. The next step would be for the Section 
Program Committee to name one or more 
Group members to take care of local activi-
ties in the field of the Group. Finally, if in-
vited to do so by the Group, the Section 
could name a delegate to the Group Admin-
istrative Committee meetings. In any case, 
active liaison should be maintained with the 
Chairman of the Administrative Committee. 
When an IRE member of Associate 

grade or higher wishes to join an existing 
group, he writes the Group Chairman or the 
Technical Secretary of the Institute to this 
effect. He will be informed automatically 
that his name has been added to the mem-
bership list, unless the Group Constitution 
establishes special qualifications for mem-
bership. 

For conducting a symposium, the Man-
ual provides guidance that would take care 
of the most elaborate meeting. However, for 
an average symposium, reasonable require-
ments would be: (1) A Steering Committee 
consisting of representatives of the sponsor-
ing organizations; (2) a symposium chair-
man; (3) a technical program committee 
which might consist of session chairmen re-
sponsible to the symposium chairman; (4) 
officers for finance, program publication, and 

local arrangements responsible to the sym-
posium chairman; and (5) officers for select-
ing and recommending papers for publica-
tion in the PROCEEDINGS. 
This is enough to indicate that proce-

dures have been defined or can be invented 
to take care of recognized Professional 
Group activities. 

CONCLUSION 

In conclusion, specialized professional 
needs within the IRE have been recognized 
and the Professional Group principle has 
been adopted to meet these needs. The 
Group movement is well launched and gives 
early promise in some areas. Progress has 
been made toward defining the relations of 
the Professional Groups to the IRE, to the 
individual, to the Section, to the Technical 
Committee, and to other societies. Detailed 
procedures have been established for many 
of the Professional Group activities. 
I have dwelt at some length on each of 

these subjects and may have created the im-
pression that the success of a Professional 
Group is guaranteed by its charter. If so, let 
me hasten to add some reservations. The 
success of a Professional Group depends 
upon several factors: the proper choice of 
field of interest, a cohesive feeling among the 
members of the Group, Administrative 
Committee members and Section represen-
tatives willing to give freely of their time and 
thought, and a consistently sympathetic re-
action in higher IRE circles to the recom-
mendations of the Group. 
Much remains to be done in initiating 

and activating Groups. Their proper func-
tions must be further explored. All this may 
be expected to require several years of per-
sistent effort. I venture to predict that by 
the time the Professional Group principle 
has been fully implemented, there will have 
been major changes in the IRE practices, 
particularly with regard to meetings and 
some aspects and procedures of publications. 

Electronics and the Electrostatic Generator* 

Su m ma ry —The role of the electrostatic generator 
as a particle accelerator in the field of nuclear physics 
is that of a precision instrument. It is capable of pro-
ducing scientific data with high voltage accuracy and 
is, within its limited voltage range, an almost ideal tool 
for this type of research. The design of the generator, 
its advantages, limitations, and the auxiliary equip-
ment necessary to make it a tool for nuclear research 
are discussed. Emphasis has been placed on the func-
tion of electronics in this field both in the control and 
measurement circuits, and in the general problem of 
the electrostatic generator. 

INTRODUCTION 

PT% H E ELECTROSTATIC generator is 
Jj one of the tools used in the experi-
mental study of nuclear plysics. It is 

* Decimal classification: 537.23. Original manu-
script received by the Institute. June 2. 1950. 
t Westinghouse Electric Corporation. Research 

Laboratories, East Pittsburgh. Pa. 
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a source of high energy particles, like the 
cyclotron, betatron, and synchrotron, but 
differs from these machines in that it directly 
generates the total potential instead of ac-
celerating the ions many times by the same 
small voltage increment. This machine, al-
though limited in maximum obtainable volt-
age and ion current, is, within its range the 
best generator for precision nuclear physics. 
For this reason it is very important to under-
stand its present design and extend its pres-
ent limitations. 
Electronics in the narrow sense, involv-

ing electronic vacuum tubes of fixed char-
acteristics and circuits composed of resistors, 
condensers, inductances, and resonance cir-
cuits, has as yet little use in the electrostatic 
generator. This type of electronics is used in 
control and measurement problems, but 
these are usually minor and the circuits are 

simple. If "electronics" is defined in a 
broader sense as the study of the interaction 
of electric and magnetic fields with electrons 
and ions, the electrostatic generator is just 
one big electronics problem. This paper will 
be largely concerned with present day solu-
tions to this problem. 

NUCLEAR PHYSICS 

The most general problem of nuclear 
physics today is to understand how the 
heavier elements or isotopes are formed from 
the so-called elementary particles such as the 
neutron, proton, meson, neutrino, and per-
haps others. It is probable that these ele-
mentary particles exist within any nucleus— 
at least it is possible to extract most of them 
by various types of natural or artificial radio-
active disintegrations or transmutations. It 
would also seem reasonable that a knowledge 
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I of the interaction forces—such as the mag-
i nitude, sign, and range of the forces between 
r various elementary particles, and a knowl-
' edge of the laws of interaction of these vari-
ous forces in a nucleus should aid greatly in 
giving an answer to this general problem. 
As none of the elementary particles or the 

individual nuclei formed of them are directly 
visible, we must study them by their physi-
cal effects using various types of instru-
ments such as Geiger counters, scintillation 
counters, Wilson cloud chambers, and the 
like, and deduce what basic phenomena we 
can from these effects. These experiments 
are, philosophically, very similar to optical 
processes in which one illuminates an object 
to be studied with a beam of light and 
examines the color and intensity of the light 
reflected from or refracted by this object and 
deduces its properties from these data. In 
the case of nuclear studies, the object, or 
target, may be examined by "illuminating" 
it with various types of beams, of protons, 
neutrons, deuterons or gamma radiation, 
etc., and investigating the results with some 

- indicating or detecting system. In general, 
two things are found to occur. Particles in 
the original beam may be scattered from the 
target material without change in type but 
only a change in direction and energy; or, if 
the energy relations permit, there may be a 
transmutation resulting in the production of 
a different emergent particle with perhaps 
violently different energy. 
The experiments resulting in simple scat-

tering are of great importance when both the 
beam and target are composed only of ele-
mentary particles, since range and magni-
tude of the forces between these particles 
may sometimes be deduced from the angular 
distribution of the scattered beam. This type 
of experiment is especially important in the 
case where protons are scattered from pro-
tons, thereby yielding the proton-proton 
forces, and v. here neutrons are scattered 
from protons giving information about the 
forces that act between the neutron and 
proton. Neutron-neutron  scattering ex-
periments would be of great interest but so 
far are experimentally impossible. 
If we use as target material some element 

or isotope formed of many elementary parti-
cles, scattering of the impinging beam may 
occur in the same way, but in addition many 
other processes may take place. When the 
beam particle strikes the target it may be 
scattered by the target material or, if it has 
enough energy, it may enter one of the 
nuclei and cause a reaction resulting in the 
emission of a particle of another type and 
with a very different energy. Nuclear physi-
cists think of such a reaction as the forma-
tion by the target nucleus and beam particle 
of a compound nucleus of an element which 
has too much energy to be stable, and breaks 
up later with the emission of a nuclear parti-
cle and perhaps a gamma ray. This com-
pound nucleus represents only a very short-
lived step in the reaction, but nevertheless 
it has been found possible to find energy 
levels or resonance levels in this nucleus. It 
is possible, in analogy with the energy levels 
or spectral lines found in atomic studies, 
that the spacing and intensity of these 
resonance levels may provide some clue to 
the structure of this nucleus. 
The general experimental conditions 

which are necessary for studies of this type 
are: a beam of particles, either protons, 
deuterons, neutrons or perhaps electrons, 
small and well collimated, and traveling in a 
well-defined direction. The velocity or volt-
age of this beam must be accurately known, 
very constant and sufficient to excite the 
desired reaction. The beam must contain 
enough particles to allow the resuits of the 
reaction to be measured by the presently 
developed radiation or particle detection sys-
tems. A target element, preferably of high 
isotropic purity, is also necessary, either 
thick or thin as the experiment dictates, and 
counters or a Wilson cloud chamber to meas-
ure the results of the reaction. It is impor-
tant that the beam is not contaminated with 
spurious particles formed in the generator. 
Unwanted disintegrations may also be 
caused if a portion of the beam impinges on 
other materials than the desired target. 
The electrostatic generator developed by 

Van de Graaffl and others " fortunately ful-
fills many of these requirements. The voltage 
by which the ion beam is accelerated appears 
as a true dc potential in the machine, so the 
velocity or energy of the ions striking the 
target is known with the same accuracy as 
this dc voltage. The spread in the beam volt-
age or the inhomogeneity of the beam energy 
is dependent on the stability of the generator 
voltage and very little else. The adjustment 
of the beam voltage over a very wide range 
can be very simply accomplished. The ion 
beam in such a generator, originating in an 
ion source inside the high voltage electrode, 
travels in the form of a focused beam until it 
strikes the target material, so that the back-
ground of radioactive disintegrations pro-
duced by high velocity particles striking 
other elements than those in the target is 
very low. 
These conditions are not obtained in the 

cyclotron, linear accelerator, or other type 
of instrument in which the ion is accelerated 
many times by a small repetitive voltage. A 
cyclotron, although at present able to pro-
duce a voltage many times higher than an 
electrostatic generator and with much 
higher ion current, can, in general, produce 
only an ion beam of a single voltage dictated 
by its magnetic field and rf frequency. Re-
duction in the particle energy is usually 
made by inserting foil absorbers in the beam 
which causes a further increase in the beam 
voltage spread which may be excessive al-
ready because of the manner of acceleration. 
Only a part of the cyclotron ion current 
strikes the desired target; the remainder im-
pinges on the interior of the cyclotron 
vacuum chamber. For this reason the cyclo-
tron is itself a prolific source of neutrons and 
gamma rays of all energies, coming from all 
directions so that shielding is difficult. The 

1 J. G. Van de Graaf. K. T. Compton. and L. C. 
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2 R. G. Herb, D. B. Parkinson. and D. W. Keret. 
'The development and performance of an electrostatic 
generator operating under high air pressure." Phys. 
Rev.. vol. SI, p. 75; January, 1937. 

M. A. Tuve. L. R. Hafstad, and 0. Dahl, 
"Iligh voltage technique for nuclear physics studies," 
Phys. Rev., vol. 48. p. 315; August. 1935. 

4 W. H. Wells. R. 0. Haxby, W. E. Stephens. and 
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tests of the Westinghouse electrostatic generator." 
Phys. Rev.. vol. 58. p. 162; July, 1940. 
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difficulty of doing precision experiments with 
a cyclotron increases rapidly when one at-
tempts to greatly reduce the error of meas-
urement. 
The electrostatic generator in its present 

form is limited both in ion beam current and 
maximum operating voltage. The actual top 
operating range of existing generators is 
about 4 Mev, although a generator has at-
tained 5 Mev, while accelerating electrons, 
and there are two generators now in the de-
sign stage whose designers have set 10 to 12 
Mev as a goal. Many of the present gener-
ators in this country, built in the early days 
of generator design, have fallen short of 
their expectations by a factor of two or more. 
The reasons for this are not well known, al-
though it is certainly true that the laws of 
voltage breakdown as experimentally de-
termined in the region of a few hundred kilo-
volts cannot be extrapolated reliably to very 
high total voltages. Some progress has been 
made in reducing the size of electrostatic 
generators by using concentric electrode 
design and electro-negative gases such as 
sulfur-hexafluoride or freon instead of air. 

THE ELECTROSTATIC GENERATOR 

The total ion accelerating voltage in an 
electrostatic generator appears between an 
insulated electrode and ground. A belt com-
posed of an insulating substance such as 
rubber or cotton is used as a conveyer to 
carry charge up to the electrode. Charges are 
placed on this belt at the ground end by a 
corona process and are carried up to the elec-
trode against the repelling potential of the 
already charged electrode by the power of 
the motors driving the belt. The belt charg-
ing equipment consists of a row of sharp 
points, such as ordinary pins placed very 
close to the surface of belt, and charged to 
20 or 30 kv by some type of transformer-
rectifier set. Corona, formed at these sharp 
points, sprays charge on the rapidly moving 
belt just in front of them. Since the belt is 
an insulator, the charge cannot move freely. 
A set of needles of the same type removes 
the charge in the electrode, where it flows to 
the outside surface as the electrode acts as 
a Faraday cage. The voltage attained by the 
electrode is determined by the balance be-
tween the current carried up the belts and 
that lost by all processes to ground. A typi-
cal electrostatic generator of present design 
is shown in Fig. 1. The electrode is supported 
by a number of insulating columns of por-
celain or plastic suitably protected by a po-
tential dividing system. The electrostatic 
belt and ion acceleration tube are placed in 
the same neighborhood as the support mem-
bers so that they can be protected by the 
same system. The belt driving motor, belt 
pulley, and corona spray units are at the 
bottom end of this column; the upper belt 
pulley, ion source, ion source power supply, 
and upper spray equipment are in the elec-
trode. 
The entire apparatus is contained in a 

pressure vessel capable of withstanding the 
desired air pressure. The high pressure air 
serves simply as an insulator to prevent elec-
trical breakdown between the high voltage 
electrode and ground. The shell of the pres-
sure tank as shown in Fig. 1 can be unbolted 
from the ground plate and lifted up for serv-
icing. 
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VOLTAGE DIVIDING SYSTEM 

The design of an electrostatic generator 
to produce the greatest peak operating volt-
age in a given tank size is largely a series of 
compromises. The high voltage electrode 
size is a compromise between the space re-
quired inside for the ion source and power 
supplies and the best estimate of the maxi-
mum allowable field intensity of the elec-
trode surface. This field intensity may be 
the maximum allowed anywhere in the gen-
erator because the gas under pressure is the 
best insulator. The field intensity down the 
support columns, belts, and accelerating 
tube must be reduced to the lowest possible 
value, because the breakdown of the insulat-
ing material in this direction is not improved 
by gas pressure. This field intensity is min-
imized by making the distance between the 
electrode and ground along the support 
columns four to six times that across the air 
gap and by forcing the voltage distribution 
to be linear in this direction. This is accom-
plished by constructing the support insula-
tors and ion tube of many short insulating 

- sections about 3 to 5 inches long, with a 
metal conductor between each section. Such 
a section in the acceleration tube is shown in 
Fig. 2. The ion tube and insulated support 
members therefore consist of a series of in-
sulated sections and equally spaced metallic 
conductors which are electrically connected 
in each plane to form an approximation of a 
conducting sheet completely across the sup-
port column region. The edges of each of 
these planes are protected by a hoop or ring 
of tubing around the outside to reduce the 
voltage gradients at this point, and the belt 
runs are protected in a similar manner. Each 
of these metallic planes across the support 
column region is forced by means of a re-
sistor or corona voltage divider to take such 
a potential as to make the voltage roughly 
linear between the electrode and ground 

Fig. 3—Re-entrant tube design. 

trant design shown in Fig. 3. This change 
was introduced to eliminate the effect on the 
beam of high fields which might result from 
the collection of charged particles on the in-
side insulating surfaces of the ion tube. The 
re-entrant lens system shields the ion beam 
from such fields. This type of tube design 
is particularly desirable for the lenses near 
the high voltage electrode where the ion 
beam is travelling with a low velocity. The 
efficiency of focus lenses after the initial ac-
celeration of the beam is questionable. Focus-
lenses are sometimes left out, thereby in-
creasing the ion tube pumping speed. 
Recent generator design has also made 

use of the principle of dividing the potential 
between electrode and ground (see Fig. 1) 
by adding concentric electrodes around the 
main one and connecting them to the poten-
tial divider at such a voltage as to get an 
advantageous field distribution around the 
electrode. This has many advantages, but 
installing and supporting these shields and 
servicing the inside electrode and its equip-
ment is a difficult problem. However, such a 

LENSE  RING 

DEFLECTION  OF 
PART ICLE  TOWARD 
t OF LENS ES 

FINAL  PARTICLE 
DIRECTION 

Fig. 2—Section of a vacuum tube showing electrostatic lenses. 

It is very important, however, to choose 
the spacings between electrode and ground 
through the air path and down the support 
column such that electrical breakdown will 
occur first across the air path. A flashover 
down the support column is very likely to 
rip the charging belt or do other serious 
damage which must be absolutely avoided. 
The ions are accelerated within the ion 

acceleration tube by a series of cylindrical 
electrodes, each connected to an equipoten-
tial plane of the voltage dividing system, and 
are focused by the lens properties of this type 
of electrode. Originally, simple cylindrical 
lens of type shown in Fig. 2 were used but 
these have been supplanted by the re-en-

design plus the use of various electronegative 
gases allow voltages of the order of 3 to 5 
million to be obtained in a comparatively 
small pressure tank. 
In the more elementary generators where 

the insulation was simply air at atmospheric 
pressure, immense machines were required to 
give over one million volts potential. The 
next step in design was to enclose a large 
machine in a pressure vessel and increase the 
operating pressure to several atmospheres. 
Large machines were designed in this era of 
development, notably those at the Westing-
house Research Laboratories and at the De-
partment of Terrestrial Magnetism in Wash-
ington, D. C. 

PORCELAIN 

The use of air as an insulating gas is 
dictated largely by its availability. It must 
be dried because water vapor increases the 
leakage current to ground. Most electro-
static generators have large air driers of 
activated alumina or silica jell to reduce the 
humidity of the air before it is put in the 
tank. It has been found that the use of such 
electronegative gases such as Freon or sulfur-
hexafluoride, either pure or mixed with air, 
will incr.:ase the breakdown voltage by as 
much as a factor of 2 for a given pressure. 
We encounter here the most important 

electronics problem of the electrostatic gen-
erator because the voltage limitation is its 
most serious fault. The electrical breakdown 
of gas under high pressure is not well under-
stood, and its study is made more difficult 
because the results of small-scale experi-
ments using low voltages and short spacings 
cannot be extrapolated with any accuracy to 
high voltages at large spacings. Although the 
breakdown mechanism is sufficiently well un-
derstood so that predictions can be made 
under ideal conditions, these conditions do 
not prevail in a practical design; conse-
quently, the voltage breakdown of a gen-
erator may fall far short of that predicted 
from small scale measurements. 
It is interesting to note, at this point, 

that the operating voltage of an electrostatic 
generator may be governed by some time 
dependent phenomena as the generator must 
operate for a very long time. It is known that 
impulse generators, magnetrons, and other 
electronic devices can operate at far higher 
voltages if the voltage is in the form of a 
very short pulse. An impulse generator can 
produce pulses of 5 or 6 million volts with 
an insulation design which would hold less 
than a million volts if operated as a dc gen-
erator. 
Perhaps the most interesting and hope-

ful approach toward increasing the voltage 
of an electrostatic generator is in the possible 
use of high vacuum as insulation. Studies' 
are now under way to better understand the 
breakdown in an evacuated ion acceleration 
tube, but one eye is being kept on this work 
to see if it is applicable to vacuum insula-
tion of the entire machine. At the present 
time vacuum cannot compete as an insula-
tion with high pressure insulation in an elec-
trostatic generator. However, relatively low 

• J. G. Trump and R. J. Van de Graaff. 'The in-
sulation of high voltages in vacuum.' JOY". Appi. 
Phys . vol. 18, p. 327; March, 1947. 
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voltage studies over short spacings have in-
dicated the possibility of holding very high 
voltage gradients. As the spacing is in-
creased, the limiting gradients go down, un-
til vacuum insulation in any reasonably de-
signed generator would not be as good as 
high pressure and its use is attended by very 
difficult and unsolved engineering problems. 
However, as the process of vacuum break-
down is very poorly understood, it is pos-
sible that the ability to stand high gradients 
may not be a function of the spacing but 
rather of the vacuum, surfaces, etc., which 
may be under our control when a better 
understanding is attained. 

ION SOURCES 

Another electronic problem in electro-
static generators is the production of the 
charged particles or ion beams suitable for 
accelerating by the generator. Two polarities 
of particles can be used: electrons, and those 
with a positive charge, or protons, deuterons, 
tritium ions and helium ions. Although not 
in such wide use in the nuclear field, electron 
accelerators are used as generators of pene-
trating high energy X rays. In general the 
techniques for producing electron beams are 
well worked out, and the gun-type cathode 
emitters such as are employed in cathode-
ray tubes and electron diffraction equipment 
are used. 
Positive ion sources are much more diffi-

cult to design, build, and use. The positive 
ions are formed from the gas, say hydrogen, 
by electron bombardment in some type of 
discharge tube. Of the several types of ion 
sources in use the most common and simplest 
type is that of the filament supported arc 
shown in Fig. 4. The filament, generally of 
the oxide-coated type, emits electrons which 
are accelerated by a potential of about 50 
volts between it and an anode. These elec-
trons collide with hydrogen gas molecules in 
their path and ionize the atoms in these 
molecules to form a proton, and, of course, a 
free electron. The original electron, having 
lost much of its energy, is again accelerated 
by the field and may repeat the process be-
fore it has lost one of the electrodes. The 
electron from the ionized atom does the 
same thing, so the process could easily be-
come a chain reaction of the type found in 
conventional discharge and be independent 
of the electrons from the filament. However, 
because it is desirable to keep the hydrogen 
pressure low for other reasons, the arc is usu-
ally not operated in the self-susiaining region. 
The ions formed in the glow discharge in 

the arc chamber are extracted from the arc 
by a probe. This electrode is operated at a 
potential of 300 to 5,000 volts negative with 
respect to the arc chamber, and its field, 
penetrating into the arc chamber a short dis-
tance through the small arc chamber hole, 
pulls out a small number of the ions from the 
discharge. Those ions which happen to go 
into the small probe hole are accelerated by 
the probe potential and come out into the 
acceleration tube in a fairly well collimated 
but still divergent beam. This diverging 
beam must be made to converge to a focus 
on the distant target at the ground end of the 
generator by a cylindrical "focus" lens, lo-
cated a few inches below the probe exist, 
and supplied by an adjustable source of 10 
to 20 kv. 
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' — HYDROGEN  INLET 

ARC  CHAMBER 
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Fig. 4. Simple filament supported ion source. 

More advanced designs have attempted 
to eliminate some of the defects in this type 
of ion source. The use of any filament in a 
hydrogen atmosphere at these low pressures 
is very difficult and the life of the filament 
may be short. Attempts to eliminate the fila-
ment have led to the use of the rf excited 
arc in the ion source. The arc discharge pro-
duces several types of ions; unfortunately 
molecular ions of the types HH-1- and 
IIHH+ are produced in larger quantities 
than protons. These ions are accelerated by 
the generator potential to the same total 
energy as the proton, but this energy is 
divided between either two or three particles 
so the effective energy in a nuclear reaction 
is only one-half or one-third of the proton 
energy. They are of little use in nuclear 
physics and design attempts are made to re-
duce their numbers. The production of these 
unwanted ions has been found to occur, at 
least partially, at the walls and metal elec-
trodes in the arc chamber by a recombina-
tion of protons with atoms and molecules on 
the walls. It has been found empirically that 
glass or quartz walls inhibit the formation 
of the heavier ions. 
Another closely related trouble encoun-

tered with this simple ion source is that of 
ion velocity distribution. For precision nu-
clear work it is important that the velocity 
distribution of the particles in the ion beam 
be much less than the desired error of the 
experiment. For example, at 2 Me" a voltage 
accuracy of 0.1 per cent is +2,000 volts. The 
arc potential in the ion source is less than 
100 volts, so the possible voltage distribu-

tion of the ions coming from the arc chamber 
could not be greater than this value. Con-
sider the case %%hen the probe potential is 
high—say 10 kv. The probe canal is small 
and a region of high gas pressure; an ideal 
condition for the various charged particles 
to change their mass numbers. Protons going 
unchanged through the probe system from 
the arc chamber will possess the 10 kv of 
energy from the probe potential when they 
enter the ion acceleration tube. A mass 2 
hydrogen molecular ion will also be acceler-
ated by the probe gap to 10 kv, but if it 
should suffer a collision and break up in the 
probe canal into an atom and a proton. the 
10-kv energy gained would be divided be-
tween the particles so that the resulting 
proton would have only one-half the energy 
of a proton passing unchanged through the 
probe canal. Other and more complicated 
processes may occur, resulting in a possible 
spread in the energy of the ions from the ion 
source and consequently at the target. This 
can be avoided in several wa s; the probe 
voltage can be kept lower than the desired 
energy spread in the beam, or the high pres-
sure region in the probe canal can be elim-
inated by ion source design. 
The arc discharge of this simple type of 

ion source is, because of the low pressure, a 
very thin glow which occupies all available 
volume in the arc chamber, and is probably 
independent of the position of the filament 
and anode. At these pressures the mean-free 
path of the electrons from the filament is so 
long that those which produce the most pro-
tons are the ones which take the longest 



1950  Jennings: Electronics and the Electrostatic Generator 1131 

FILAMENT 
path. This tends to make the density of the 
discharge very low. An attempt to concen-
trate this discharge by restricting the area 
through which it can travel is made in the 
Zinn-type' ion source, Fig. 5. The discharge 
between the filament and the anode is re-
stricted by an anode shield, which is at the 
same potential as the filament. This shield 
forces the discharge into a small volume in a 
region near the arc chamber outlet so that 
more ions can be extracted by the probe. 
This type of ion source has been fairly satis-
factory but it requires a large gas flow and 
high arc current to keep it operating. The 
engineering problems resulting from the heat 
developed by this large arc current make 
the source difficult to use in a pressure-type 

genera tor. 
Another type of ion source whose arc 

chamber design is based on the same prin-
ciples as the Zinn source is that developed at 
the Massachusetts Institute of Technology 
by \V. \V. Buechner, E. S. Lamar, and R. J. 
Van de Graaff.g 
One of the many modifications of this 

type of ion source is shown in Fig. 6. The arc 
chamber design is an extension of the Zinn 
source in that the arc formed between the 
filament and anode must travel through a 
small restricted capillary instead of a cylin-
drical slit. The arc discharge will therefore 
be much more concentrated at the arc cham-
ber exist hole. In the design shown in Fig. 6, 
however, no true probe has been used and 
the ions are allowed to drift out of the dis-
charge chamber by themselves into a differ-
entially pumped low pressure region. This 
eliminates the high pressure region in the 
probe canal with its particle mass-number 
change and the resulting wider spread in ion 
velocities from the ion source. The ions, 

W. H. Zinn. "Low voltage positive ion source," 
Phys. Rev.. vol. 52. p. 655; September. 1937. 

$ W. W. Buechner, E. S. Lamar, and R. J. Van 
de Graaff. "Production of proton beams," Jour. App!. 
Phys., vol. 12, p. 141; February, 1941. 
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Fig. 5—A Zinn-type ion source. 

drifting out of the arc chamber in a very 
divergent cone, are focused by the field of 
the first and second cylindrical focusing 
lenses through the exit hole into the main ac-
celerating tube. The exit hole is small enough 
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to restrict gas flow into the main tube so 
the differential pumping system may re-
move most of the uncharged gas molecules 
which leak out of the discharge chamber. 
This has been modified in several ways, one 
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Fig. 6—A capillary-type ion source. 
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of which is to use a glass capillary for the 
discharge chamber. The percentage of pro-
tons over particles of other masses can be 
increased in this manner, although at the 
cost of some serious engineering difficulties 
in both the construction and use of the ion 
source. One modification of this source is 
to be used in the new MIT 12-million volt 
electrostatic generator. 

RADIO-FREQUENCY ION SOURCES 
Ion production by an electrodeless dis-

charge9 is interesting for two reasons. It 
eliminates the filament (see Fig. 7) and its 
attendant troubles, short life and difficulty 
in replacement. Such an electrodeless dis-
charge can be operated readily in a glass 
or quartz discharge chamber which in-
hibits the recombination of protons to heav-
ier molecular ions at the walls. The rf ion 
source described here was designed by R. N. 
Hall at the California Institute of Technol-
ogy, and is powered by a 60-watt 400-
Mc oscillator. The arc chamber is a small 
pyrex cylinder which is part of a tuned rf 
cavity of the coaxial type. An adjustable 
plunger in this cavity tunes it to the fre-
quency of the oscillator. An axial magnvtic 
field supplied by an external magnet coil ef-
fectively lengthens the paths of the electrons 
oscillating in the arc discharge chamber un-
der the influence of the rf field by making 
the electrons take spirals paths. This effec-
tively lowers the gas pressure at which the 
ion source IN ill operate. The ions are allowed 
to drift out of the discharge chamber, and 
are focused by a probe potential in a manner 
similar to that used in the MIT capillary ion 
source. The ion source shown in Fig. 7 is a 
test source only, and requires further engi-
neering before it could be used in a pressure 
generator. 

ION SOURCES CONCLUSION 
The advantages of the various types of 

ion sources previously described are all in 
the direction of larger proton currents with 
less gas flow into the main accelerating tube. 
The development of the differential pump-
ing system is by far the most outstanding im-
provement in the last few years. 
Many ion sources have one characteristic 

in common—they operate amazingly well on 
an ion source test bench c% ith a short ac-
celerating tube and very poorly when in-
stalled in an electrostatic generator with a 
long acceleration tube. Numerous papers 
have been published on test bench perform-
ances of ion sources but very few have dis-
cussed the application of the same ion source 
to an electrostatic generator. It would seem 
self-evident that if a beam starts out in the 
direction of a distant target and is well 
focused, it should all get to the target. This 
does not appear to be borne out in practice. 
The proton current from most generators is 
very low (of the order of one pa) while the 
ion sources have been reported to give 20 to 
1,000 pa. One empirical fact has been no-
ticed; generators with short acceleration 
tubes like the "short tank' generator at Los 
Alamos can produce very sizeable ion beams 
of the order of 50 pa or more. The very long 

• Robert N.  Hall.  'High frequency  proton 
source." Rev. Sei. Instr., vol. 19. p. 905; December. 
1948. 
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tube machines like the generators at the 
Westinghouse Research Laboratories and 
the Carnegie Institute of Terrestrial Mag-
netism operate generally at levels of 1 Ma. 
The ion current carried by the tube seems 
to be limited by the tube length, but it is not 
easy to understand why. The fact that a 
longer tube has a slow pumping speed and 
hence less favorable vacuum conditions does 
not completely explain this phenomena. 
Further work should be done on this part 
of the design problem. 

ION CURRENT MEASUREMENT 

The ion beam originating in the ion 
source is accelerated through the vacuum 
tube by the potential developed in the gen-
erator. The beam, consisting of protons, and 
atomic and molecular ions must be analyzed 
into its various mass components so that 
only a homogeneous proton beam is retained. 
This is done by a magnetic field so that ions 
with the least momentum arc bent through 
the greatest angle and sent into the target 
chamber. One further problem remains in 
this field, and that is to measure the ion cur-
rent striking the target. 
1 t is desirable in most nuclear experi-

ments to know the total number of ions 
striking the target during a length of time 
as long as many hundreds of seconds. For 
this reason an electronic current integration 
circuit is desirable, instead of a microam-
meter or galvanometer. The current integra-
tor is usually nothing more than a condenser, 
charged by the beam current. As current 
flows into the condenser, the voltage across 
it rises until at some predetermined fixed 
voltage the condenser is discharged, and the 
cycle starts over again. A simple gas triode 
can be used to discharge the condenser or, in 
sonic of the later type circuits, it is done with 
a multivibrator system. It is only necessary 
to count the number of times the condenser 
is charged during the operating interval to 
know how much current has struck the tar-
get. This is done simply by counting the con-
denser discharges with sonic type of an elec-
tronic circuit like a scaler. 
The proton current from the generator is 

usually collected in an enclosed Faraday 
cage, shown in Fig. 8. A Faraday cage is a 
totally enclosed hollow conductor, so that all 
charges appearing on the inside run to the 
outside surface. It is not a bad approxima-
tion of a true Faraday cage to have a hole 
small compared to its dimensions through 
which the focused ion beam may enter. The 
charges carried by the ion beam, therefore, 
flow to the surface where they can be re-
moved by a wire connected to the current 
integrating circuit. A second and very im-
portant reason for the use of such a cage is 
that the ions produce many secondary ekc-
trons when they strike a target. If these 
electrons could get out of the cage, their 
charge would be measured by the current 
integrating equipment as if it were from 
protons coming in. As there may be many 
electrons produced per single proton, large 
errors can be made in this way. It has been 
found, in fact, that even a fairly long Fara-
day cage is not enough to eliminate this er-
ror, so a small electric field is established be-
tween the cage and ground to push the elec-
trons back into the cage where they were 
formed. A potential of about 300 volts is 

usually enough for most applications, but 
where high precision is necessary an addi-
tional magnetic field across the cage can be 
used to deflect the electrons into the walls 
of the chamber. 

GENERATOR VOLTAGE MEASUREMENT 

It has been shown that the measurement 
of the voltage at which some nuclear process, 
such as a threshold or resonance level, occurs 
is of greatest importance. In practice, such 
a measurement is made by counting the 
number of particles resulting from the target 
bombardment for a considerable period of 
time at one voltage and repeating this for 
many other voltages to obtain a curve of 
yield versus energy. This experimental pro-
ceclure places two requirements on the design 
of the voltage measuring and control equip-
ment. It must be able to hold the generator 
operating voltage to the required value for 
long periods of time and permit this voltage 
to be easily and quickly changed. For these 
reasons voltage stabilizing feedback circuits 
arc used, with the voltage measuring equip-
ment as the source of error signal for some 
type of voltage control mechanism. 
This routine voltage measuring equip-

nient is only used for relative voltage meas-
urements, comparing the voltage of the nu-
clear process in question with sonic second-
ary standard and assuming linearity of the 
measuring equipment. 
The equipment used for the absolute volt-

age measurement of these secondary stand-
ards will be described first. The calibrated 
electrostatic analyzer and the radio-fre-
quency ion velocity gauge arc in this class. 
The uncalibrated electrostatic analyzer and 
the generating voltmeter are used for relative 
voltage  measurement and  error  signal 
sources for stability control. Finally, the 
methods of generator voltage control from 
these error signals will be described. 

ABSOLUTE VOLTAGE MEASUREMENTS 

No method has as yet been devised for 
directly measuring electrical potentials of 
the order of millions of volts with an accu-
racy of better than about 10 per cent. We 
have, however, simple instruments which 
are capable of making relative measurements 
of such high potentials to a much better 
accuracy so that the practice has been to 
select a few secondary voltage standards and 
interpolate voltages from these. Such a 
secondary voltage standard must be easy to 
set up in any laboratory having an electro-
static generator and be easily reproducible. 
Nuclear physicists have turned to well-
known nuclear processes for such a standard, 
and the most important one used today is 
the threshold of the production of neutrons 
when lithium is bombarded with protons 
which occurs at 1.882 ± (0.002) Mev. This 
reaction is very sharp, experimentally easy 
to do, and can be used in any laboratory for 
voltage calibration. There are several other 
voltage standards, such as the Al(p, 7) reso-
nance at 0.9933 Mev, and the F(p, 7) reso-
nance at 0.8735 Mev, but these are not as 
widely used. At present the only absolute 
voltage measurements that have been made 
were on these secondary standards. All nu-
clear physics measurements are made rela-
tive to one or the other of these calibrated 
points. The only methods of absolute volt-

age calibration available at present are based 
on the properties of the ion beam after it 
has been accelerated by the generator po-
tential. Two methods have been applied to 
the measurement of the Li(p, n) threshold: 
that by deflection of the ion beam in an 
electrostatic field and by measurement of 
the velocity of the beam after acceleration 
by radio-frequency means. 
It is interesting to point out that al-

though electrostatic generators throughout 
the country which are used to accelerate pro-
tons have an accurate voltage scale, the 
electron generators do not. So far there is no 
direct correlation between the voltage scales 
used by the two types of generators, except 
a remote one through various nuclear proc-
esses of questionable accuracy. This cor-
relation between the two scales is very im-
portant and merits further investigation. 
The ion beam, being made up of charged 

particles with a well-known Om ratio, can 
he deflected by electric or magnetic fields or 
both. If the field strengths are accurately 
known, the radius of curvature of the path 
of the ions of any given velocity or voltage 
may be calculated. Slit systems can be used 
to establish any desired radius of curvature 
so that the ion beam voltage can be deter-
mined i‘ the field strength is known. At 
present the production of magnetic fields, 
constant and known over a large area, to 
better than 0.1 per cent is so difficult that 
this method has not been used. However, 
many of the necessary techniques have been 
developed by the designers of cyclotron mag-
nets so that magnetic analyzers may soon 
take their place in the precision voltage 
measurement field. Electrostatic analyzers, 
however, have been used with high accu-
racy. The electric and magnetic analyzers 
have a great advantage in that by using slit 
systems they can select only ions of a certain 
voltage having a known voltage distribution. 
A particle of charge e and mass m has 

an energy E and a velocity v after being 
accelerated by a potential V given by the 
equation: 

E = 1 ,/ 2mr, = eV.  (1) 

In precise calculations a correction term 
must be added to this equation for the 
relativistic change in mass with velocity, but 
we may neglect it in this simple description 
of an electrostatic analyzer. If a small par-
allel beam of particles of energy E is passed 
between two plates, Fig. 9, of length L and 
separation d and at a potential difference r, 
it will be deflected an amount S. The field 
e between the plates will be: 

e = — • (2) 

And the force on the particles in the beam 
due to this field: 

= 
Cr 
—  = ma, 

where a is the acceleration. It will be ac-
celerated for a time t given by: 

—  • 

(3) 

(4) 

The deflection S at the end of the analyzer 
plates due to this acceleratioq will be: 

1 eL. 
S  1/2ail — — — • 

4 d E 
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The deflection S is proportional to the in-
verse of the energy of the particle and by 
placing a slit of width AS in the correct posi-
tion only particles of an energy distribution 
tiE can come through and fall on the target. 
It is difficult with a parallel plate ana-

lyzer to get sufficient energy resolution to 
make the instrument practical because the 
space d must be large enough to allow for 
the curvature of the beam. The field, Fig. 10, 
between plates curved to form a section of a 
cylinder of radius R1 and R 2 will bend a 
beam of ions of constant energy in a circle 
of radius R between R1 and R2. Much higher 
resolution may be obtained from this type 
of an analyzer because of the greater deflec-
tion angle. The radius of the ion beam may 
be established by a slit system at each end 
of the analyzer plates and the analyzer volt-
age adjusted to allow ions of a certain energy 
to go through. 
This type of electrostatic analyzer,"." 

was used by Herb, Snowdon, and Sala in the 
precision voltage measurement of the nu-
clear reactions generally used as secondary 
voltage standards. The plates of the analyzer 
are about 1.5 meters long and separated by 
about 1 cm. These plates were very carefully 
made the variations in plate separation are 
not over 0.0005 inch. 
The potential applied to the analyzer 

plates must be known to a very high preci-
sion. The voltage required for the measure-
ment of the Li(pn) threshold was about 30 
kv with one-half of this potential on each 
plate and was provided by two 15 kv stacks 
of dry batteries composed of several fixed 
battery boxes with an adjustable box at the 
low potential end. The voltage of one of the 
battery boxes was measured by precision dc 
methods, (voltage divider and type K po-
tentiometer and standard cell) and adjusted 
to precisely 500 volts. This box, now a sec-
ondary voltage standard, can be compared 
with another 500-volt box by adjusting the 
voltage of the second box until no circulating 
currents were found when they were con-
nected together. The two known 500-volt 
boxes were added together and a 1,000-volt 
box set for zero circulating current against 
the sum of two 500-volt boxes. This was 
repeated until both stacks were adjusted to 
exactly 15 kv. Small voltage variations were 
made in one of the 500-volt boxes and meas-
ured in the usual dc manner. It was felt that 
the total voltages of these battery stacks 
were known to an accuracy of 0.03 per cent. 
It is interesting to note that electronic 

controlled power supplies were not used be-
cause of voltage instability. However, an 
electronic power supply controlled by a 
galvanometer and photocell system has 
proved to be more stable than the battery 
boxes. 
Knowing the analyzer potential, the 

radius of curvature of the beam path as 
established by the slit system, the plate sepa-
ration, and making the necessary corrections 
for relativity and other minor second-order 
effects the voltage of the generator may be 

10  R. G. Herb, S. C. Snowdon, and 0. Sala. 
°Absolute voltage determination of three nuclear 
reactions," Phys. Rev.. vol. 75, p. 246; January, 
1949. 
n R. E. Warren. J. L. Powell, and R. G. Herb, 

'Electrostatic analyzer for selection of homogeneous 
on beam," Rcv. Sci. how., vol. 18. p. 559; August, 
1947, 
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Fig. 10—A curved plate electrostatic analyzer. 

obtained. As the analyzer plate voltage is 
now a measure of the voltage of the ion 
beam which will come through the analyzer 
system, it may be used as a primary voltage 
scale. The measurement of a secondary volt-
age standard such as the Li v, n) threshold 
involves the recording of the number of neu-
trons produced by the target as a function 
of beam voltage at various voltages close 
to the threshold value. The threshold can be 
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determined by selecting the highest voltage 
at which no neutrons appear. This was found 
to be 1.8820 +0.002 Mev. 

ABSOLUTE VOLTAGE MEASUREMENT BY THE 
RADIO-FREQUENCY ION VELOCITY 

GAUGE 

This method, which also makes use of the 
known constants of a beam of ions, permits 
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one to establish a number of voltage cali-
bration points along the nuclear voltage 
scale."." It is absolute in the sense that the 
kinetic energy of the particle is determined 
in terms of its known mass and charge and 
the directly and accurately measurable 
parameters-length and frequency. The ion 
beam from the electrostatic generator is 
intensity modulated by a beam defocusing 
electrode placed just below the ion source 
and supplied by a 70-Mc crystal-controlled 
oscillator mounted in the high voltage elec-
trode. This beam of modulated ions is ac-
celerated by the generator potential and 
analyzed into its mass components by a 
momentum analyzer. The desired beam is 
then sent through two gaps in an rf cavity 
as shown in Fig. 11. This cavity (Fig. 12) 
is of the coaxial type, with the inside of the 
center conductor used as a field free drift 
tube. The cavity can be tuned to resonate at 
the beam modulation frequency by the gap 
condensers. The ion beam, as it passes 
through the first gap in the rf cavity, in-
duces a 70-Mc voltage in the cavity because 
of its intensity modulation. As the rf cavity 
has a high Q, the two gaps are closely 
coupled and an rf measuring instrument will 
indicate the sum or difference voltage of the 
two gaps. The addition or subtraction of the 
voltage from these two gaps vk ill depend on 
the phase difference of the 70-Mc modula-
tion cycle between the two gaps. If the 
transit angle a is equal to nr (where n is 
an odd integer) the excitation from the first 
gap will be cancelled by that from the second 
and a minimum in rf signal will result. 
Whence 

= nr = 2rflt  (5) 

4.1 = n/2f = L/v,  (6) 

where At is the transit time of any group of 
ions of velocity v through length L between 
the gaps, and f is the modulation frequency. 
The velocity of the ions will therefore be 

2f L 
v = (7) 

and the voltage V of a beam of particles of 
velocity v and mass to charge ratio M ole 
will be 

V  = 2.1142/ 2 

en2 
(8) 

In practice it is necessary to include the rela-
tivity correction for the change in mass of 
the ion sith velocity so that the final result 
becomes: 

„  2.11f2L2 3f2L2 
v  I — - 

en'  n2C2 

where C is the velocity of light. 
With a fixed modulation frequency f and 

distance L between the gaps, it is possible 
to find several minima along the nuclear 
voltage scale with a precision of about 0.1 
per cent by using various values of the order 
number n. 
To make the measurement of the rf sig-

nal from the cavity easier, the 70-Mc modu-

it  and M Garbuny. and J. W.Coltman. 'A 
speed gauge for high voltage ion beams,  Phys. Rev. 
vol. 72, p. 325, September. 1947. 

W  Altar, and M. Garbuny. •Absolute speed 
gauge for blab voltage part lcles. • Pity:. Rec. vol. 76, 
p. 496; August, 1949. 
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Fig. 11—Rf ion speed gauge assembly. The magnetic analyzer permits rapid switching 
from the proton beam used for threshold measurement to the mass 2 beam used for the 
speed measurement, the mechanical geometry remaining fixed. 

Fig. I2 —An schematic section of the speed gauge cavity, 
giving essential dimensions. 

lation voltage in the electrode is further 
modulated by a 1900-cycle signal to allow 
audio amplifiers to be used after the 70-Mc 
detection circuits. The signal from the cavity 
is picked up by a voltage probe and fed to a 
preamplifier and impedance matching tube 
adjacent to the probe. It is amplified and 
detected by a communications receiver with 
a 1,000-cycle narrow-band filter in its out-
put, which reduces the receiver bandwidth 
to the order of 100 cycles thus considerably 
increasing the signal-to-noise ratio. The out-
put signal can be read on a scope or a meter. 
The magnitude of the rf signal from the cav-
ity is recorded as a function of an arbitrary 
voltage scale as determined by a compensat-
ing generating volt meter. A measurement of 

the lithium" threshold is made on the same 
arbitrary scale. Knowing the constants of 
the cavity, the length between the gaps, and 
the modulation frequency it is possible to 
calculate the absolute voltage at which the 
minimum in the rf signal occurs. From the 
experimental points recorded a minimum in 
the rf signal can be selected which calibrates 
the arbitrary voltage scale in absolute volts. 
A linear extrapolation of this point can be 
made to the Li(pn) threshold. The value 
found in this manner was 1.8812 ±0.002 Mev 
which may be compared with 1.8820 ± .0002 

14 W. E. Shoupp, 8. Jennings. and W. Jones. 'An 
absolute calibration of tlw (p. R) threshold volt-
age,' Phys. Rev.. vol. 76, p. 302. August, 1949. 
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Fig. 13—A Westinghouse Van de Graaff generator generating voltmeter 
comparison and control circuits. 

Mev, as determined with an electrostatic 
analyzer. 

GENERATING VOLTMETER 

The previously described instruments 
can be used for absolute calibration of the 
nuclear voltage scale. The generating volt-
meter can be used for relative measurements 
only. This instrument is a field measuring 
device which determines the field strength 
due to the high potential electrode at the 
surface of the tank. Several types of gen-
erating voltmeters have been used, the sim-
plest form consisting of an insulated seg-
mented plate exposed to the field of the 
electrode. A mechanical rotating shutter at 
ground potential alternately exposes this 
plate to the field of the electrode and to 
ground so that a resistor between this in-
sulated plate and ground has a small ac po-
tential developed across it, whose peak value 
is a measure of the electrode field strength. 
This peak ac voltage as read by some form of 
vacuum-tube voltmeter therefore becomes a 
measure of the electrode voltage. However, 
this instrument is not capable of extremely 
high accuracy because of variation in gen-
erated wave shape. 
Since a direct reading generator volt-

meter involves the problem of accurately 
measuring an ac voltage of very poor wave 
shape, a null-type instrument would be ad-
vantageous. This is done in the compensat-

ing-type voltmeter which is capable of some-
what better precision than the direct reading 
instrument. As all these instruments (see 
Fig. 13) are of the electrostatic ac generator 
type, it must also have a rotating element or 
armature. This rotating element, in the 
more advanced design voltmeters, consists 
of a pair of sine-wave shaped insulated pick-
up plates connected through a slip ring and a 
low impedance matching transformer to 
ground. An insulated stationary plate cut 
so as to leave open two 90° sectors is placed 
a short distance in front of the pickup plate. 
The whole is placed in the electrostatic gen-
erator so that it is exposed to the high po-
tential field from the electrode. The rotating 
pickup plate continuously explores the field 
distribution behind the reference plate, being 
alternately exposed to the electric field from 
the electrode and to that of the insulated 
reference plate. If the insulated reference 
plate is charged 14 ith a dc potential of the 
same sign as the electrode, there will be 
some potential at which it will be on an equi-
potential plane and the field intensity from 
it will be the same as that from the electrode. 
When these fields are balanced, the rotating 
pickup plate v. ill be in a homogeneous field 
and the ac generated will be, to a first ap-
proximation, zero. This null can be used to 
indicate that the dc reference plate potential 
is some unknown but constant fraction of 
the electrode voltage. Although the absolute 
value of this ratio is dependent on the rela-

a PORCH .---01I0TFOr MTN& 

tive spacing of the various components, the 
geometry is so complex that the ratio cannot 
be theoretically determined u ith any accu-
racy. However, it has been experimentally 
shown that the relationship is linear over 
very wide ranges of voltages to an accuracy 
of about a tenth of one per cent. 
The signal generated by the pickup plate 

when the reference plate voltage and the 
electrode voltage are not in the correct ratio 
is an ac of N ice the frequency of the me-
chanical driving motor and there is a 180° 
shift of this ac signal at the balance or null 
point. This is fortunate, as it allows the gen-
erating voltmeter to be used as a source of 
error signal for voltage stabilization circuits. 
For voltage measurement only, it is enough 
to present the output of the pickup plate on 
a high gain scope and adjust the voltage for 
minimum ac signal. The dc reference plate 
voltage can be measured to any degree of 
accuracy necessary by standard low-voltage 
dc measurement techniques, which is one of 
the major improvements in this type of volt-
meter over the ac type. The limit of accuracy 
of this type of instrument is, of course, in 
the second-order effects. In the first place, 
the field from the electrode does not com-
pletely match that of the reference plate, 
due perhaps to edge effects of the plate itself 
and to mechanical inaccuracy in the equip-
ment. This "noise" is of higher harmonics 
than the true ac generated, but it obscures 
the voltage minimum. This is not a limita-
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tion, as one can always use the same wave 
pattern as a balance criteria, either by ob-
servation on a scope or by electronic means. 
However, it has been found that the wave 
shape of this noise does not remain constant, 
and this fact definitely limits the accuracy of 
the instrument. 

METHODS OF GENERATOR VOLTAGE 
CONTROL AND STABILIZATION 

The voltage of an electrostatic generator, 
even with the belt speed, charging current, 
and other input conditions held as con-
stant as is practical, is still subject to con-
siderable variation. There is a fast voltage 
change probably associated with the sur-
face conditions of the charging belts and 
with the local corona conditions on the 
electrode and down the support members. 
There is also usually a slow drift in voltage 
which is due to an integrated change in all 
these conditions. The fast voltage variation 
may not amount to more than a few tenths 
of one per cent, but the slow drift may be as 
great as one per cent or more during a long 
period of operation. 
The voltage at which an electrostatic 

generator operates is governed by current 
taken up the charging belt and that lost by 
all paths down to ground. To control the 
generator voltage, one must be able to regu-
late one or both of these currents. It has 
been found that controlling the electrostatic 
generator voltage by means of the belt spray 
current is not satisfactory except as a slow 
control, because there is considerable time 
delay in conveying the charge to the elec-
trode on the relatively slow belt. 
If a sharp point or group of points is 

inserted through the ground wall of the 
electrostatic generator tank (Fig. 14) it 
will become a source of corona current to 
the electrode. The corona current can be 
controlled either by mechanically adjusting 
the distance between the point and the elec-
trode, or by changing the potential of the 
corona point with respect to the tank wall. 
Forcing this corona point to go several tens 
of kilovolts above ground has the effect of 
redistributing the field lines from the elec-
trode so that the field strength at the dis-
charge point is very much less. If the corona 
point is insulated from ground and con-
nected to the plate of a high-voltage triode 
vacuum tube whose cathode is grounded, 
the grid of this tube can be biased to con-
trol the current to the corona point, and 
hence its voltage. In this simple manner a 
fine, relatively fast control of the current 
lost from the electrode, and hence the elec-
trode voltage may be obtained. 
Another method of controlling the loss 

of current from the electrode is by the 
process of shooting a stream of electrons 
(Fig. 15) from ground to the electrode and 
controlling the magnitude of the electron 
current. This method, although very fast, 
usually requires a second vacuum tube to 
be installed in the generator for the electron 
stream. Also the very high voltage X rays 
produced when these electrons are stopped 
at the top of the tube can be hazardous from 
a health standpoint. 
A third method which has been used on 

the electron generator at Notre Dame is 
that of capacitance control. The inside of 
the electrostatic generator tank (see Fig. 1) 
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Fig. 14—A corona point voltage control using electrostatic analyzer. 

has a metal lining insulated from ground for 
about 100 kv. The potential of the generator 
electrode is now with respect to the lining 
and not ground, although the ion beam is 
accelerated by the potential from the elec-
trode to ground. If the potential of the tank 
lining is raised above ground, the electrode 
potential with respect to ground will be in-
creased. This method is limited by the fact 
that it cannot compensate for long slow 
drifts in machine voltage, but these can be 
taken care of by one of the other slower 
control methods. Its response to a voltage 
error signal is fast, being limited only by the 
power of the liner voltage control ampli-
fiers in changing the voltage of the liner. 
This method has also been proposed for 
the new 12-Mev generator at Los Alamos. 

ERROR SOURCE FOR VOLTAGE 
STABILIZATION 

If the two exit slits described in the sec-
tion on electrostatic analyzers and shown in 
Fig. 14 are insulated from ground and from 
each other, the potential developed across a 
resistor from each slit to ground will be a 
measure of the ion current striking it. If the 
ion beam velocity or voltage changes a 
small amount from that for which the elec-
trostatic analyzer voltage is set, more of the 

ion beam will strike one slit than the other 
and a difference in the slit resistor voltage 
drops will appear. These voltage differences 
can he amplified by dc electronic amplifiers 
and used to bias the grid control tubes in 
either of the previously described voltage 
stabilizing circuits. This forms a feedback 
loop or servo system in which analyzer 
voltage is the standard and slit resistor 
voltages are the error signals operating the 
generator voltage control mechanism. This 
mechanism, by changing the generator 
voltage in the direction to reduce the error 
signal, completes the loop. To change the 
operating voltage of the electrostatic gen-
erator, at least within the rather narrow 
limits of the control mechanism, it is only 
necessary to change the electrostatic an-
alyzer plate voltage and the servo system 
will cause the generator voltage to follow. 

GENERATING VOLTMETER VOLTAGE 
STABILIZATION METHODS 

The compensated generating voltmeter as 
described in the section of voltage measure-
ment (Fig. 13), produces a minimum in the 
generated ac error signal when the reference 
plate potential is on an equipotential plane 
of the electrode. When the voltage of the 
electrode changes, a 120-cycle ac is produced 
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whose phase shifts 180°, dependent on 
whether the electrode voltage is higher or 
lower than the balance voltage. This phase 
shift can be made use of in voltage stabiliza-
tion of the electrostatic generator. 
While it would be very simple to con-

vert this ac voltage to dc by a simple rotat-
ing commutator as it is done in a two-pole 
de machine, it is better to amplify it to a 
much higher level while it is still capable 
of being handled by ac electronic amplifiers. 
In this amplification process the signal can 
be cleaned up by narrow-band 120-cycle 
filters v. hile it is still in the ac form. Al-
though these filters introduce some signal 
phase shift of their own, this is not serious 
when one remembers that the rate of change 
of generator voltage is limited (except at 
spark over) by the fact that the current 
drawn from the electrode by any control 
system is very small and the time to reduce 
the generator voltage to lie of its former 
value may be as great as 10 seconds. 
The amplified ac null signal can then be 

demodulated against a reference ac whose 
phase is known and controlled from the rota-
tion of the pickup plate. This ac can come 
either from a small ac generator rotating on 
the same shaft as the pickup plate or from 
the ac power driving the synchronous motor. 
An ordinary demodulator or synchronous 
amplifier can be used to derive a dc voltage 
whose sign is either positive or negative, 
depending on the relative voltages of the 
electrode and the reference plate. Ampli-
ficatical of this dc and additions of a constant 
bias voltage can be used to control ,.he grid 
of a heavy transmitting tube in series with 
the corona point voltage control. At the same 
time the output dc from the demodulator 
serves as an indicator to the operator that 
the average voltage of the electrode has not 
changed and that his reference plate poten-
tial is still a measure of the electrode voltage. 
It must be emphasized that all the voltage 
measurements made in this manner are not 
absolute, and the instrument must be cali-
brated in some manner. 

MISCELLANEOUS USES OF ELECTRONICS 

There are a few minor uses of electronic 
circuits in connection with an electrostatic 
generator, such as ionization gauges, for 
measuring the ion tube vacuum. As the 
vacuum conditions found in an electrostatic 
generator ion tube are not extreme, conven-
tional circuits can be used with the ioniza-
tion gauge and are not of special interest. 
Relay systems are also used % ith the output 
of the ion gauge, so that if the vacuum does 
go bad for some reason, the gauges and 
pumps will be automatically turned off. 
These safety systems, although of great im-
portance to the operation of the machine, are 

again as simple and direct as they can be 
made to reduce accidental troubles and 
maintenance. 
Some electrostatic generators have been 

designed with complicated telemetering sys-
tems involving either radio or light links be-
tween the electrode and ground for making 
measurements of the various voltages asso-
ciated with the ion source. It is doubtful if 
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microamperes of protons with energies up to 
about 4 Mev. With great care, voltage ac-
curacies of about 0.1 per cent are available. 
Even within this limited range, this genera-
tor can and has been used for many impor-
tant nuclear investigations. The electro-
static generator is as close to the ideal design 
of generator for most nuclear experiments as 
can be conceived. For this reason its limits-

OBJECT SLIT 

ADJUSTABLE  ANALYZER 
VOLTAGE  SUPPLY 

\60.  
#0.  • 

ELECTROSTATIC 
ANALYZER 

INSULATED  IMAGE 
SLIT 

A'RGE T 

IMAGE  SL IT 
RESISTORS 

.1 
Fig. 15—A electron beam voltage control using electrostatic analyzer. 

such systems can compete with the simple 
process of looking at meters in the electrode 
with a telescope. 

CONCLUSIONS 

The electrostatic generator, at the pres-
ent stage of design, can produce a very few 

tions, the small ion current, low top voltages, 
and poor voltage stability should be care-
fully studied. 

The high voltage engineering groups at 
MIT and Los Alamos are engaged in just 
this task and their development of the pro-
posed 12-Nlev machines is of great interest. 
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New Techniques for Electronic Miniaturization* 
ROBERT L. HENRYt, ASSOCIATE, IRE, ROBERT K—F SCALt, MEMBER, IRE, 

AND GUSTAVE SHAPIROt, ASSOCIATE, IRE 

Summary—The general approach to the problems of miniaturiza-

tion is outlined with special emphasis on problems caused by the 
high operating temperatures. In addition to the general techniques, 
both conventional and printed circuit, three models of miniature 

wide-band, high-gain radar-type intermediate-frequency amplifiers 
(having similar characteristics) are described. A discussion of pro-

duction methods and techniques is also included. 

INTRODUCTION 

1-
 r 1HE RECENT phenomenal increase in the ap-
plication of electronics in the fields of ordnance, 
aeronautics, and instrumentation has emphasized 

the need for reduction in size and weight of equipment. 
Furthermore, high-level performance under ambient 
conditions of increased severity has also been required. 
To investigate the possibilities of electronic minia-

turization, a program was instituted within the Engi-
neering Electronics Section of the National Bureau of 
Standards sponsored by the Navy Bureau of Aero-
nautics with some contribution toward the later work 
by the Navy Bureau of Ordnance. This program had as 
its objective the development of new techniques and 
methods aimed toward miniaturization and toward de-
velopment of mass-production methods. The embodi-
ment of the results of some of these developments into 
certain specific electronic assemblies was also under-
taken, and three of these assemblies are described. All 
are intermediate-frequency amplifiers of the same gen-
eral type. The developments in this family of equip-
ment illustrate some of the most promising techniques 
for miniaturizing electronic assemblies. 
Early electronic miniaturization efforts were aimed 

only at utilizing standard components in as compact an 
assembly as possible. The method undertaken at the 
National Bureau of Standards has been to go farther 
and develop smaller components and standardized tech-
niques which facilitate the production of component as-
semblies whose characteristics and circuitry may be 
conveniently varied for specific applications. The design 
of miniature equipment must satisfy not only the usual 
requirements associated more specifically with com-
ponent design but also the conditions of practicality in 
terms of manufacturing, testing, and repairing difficul-
ties. These problems require the attention and co-
operative efforts of the chemist and mechanical engi-
neer as well as the electronics engineer. 
The question of how far miniaturization efforts should 

go is quite appropriate. The program of miniaturization 
of intermediate-frequency amplifiers at the National 
Bureau of Standards has demonstrated that the process 
can be carried to a point where the complete device is 

• Decimal classification: R380XR363.4. Original manuscript re-
ceived by the Institute. April 6, 1950. 
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only slightly larger than the volume occupied by the 
subminiature type tubes. However, such a degree of 
miniaturization is purchased at the price of greater 
difficulty in construction, and the miniaturization as-
pects of design must be adjusted to the requirements of 
the application if they are to be attained economically. 
There is, of course, the possibility that mass-production 
methods may make it economical to use the smallest 
components for all installations. This might be viewed 
as the ultimate goal of the "miniaturization" engineer. 
A factor of great concern in the miniaturization of 

electronic equipment is the high internal temperature 
caused by packaging heat-dissipating components into 
small volumes. This problem is intensified by the recent 
tendency of military agencies to specify operation at 
much higher ambients than in the past. Some specifica-
tions already call for 100°C operation, and there is some 
indication of a desire to extend this to 200°C operation 
in the case of certain airborne equipment. These are 
formidable requirements. For example, conventional 
components are limited by their composition to opera-
tion in ambients of only 85°C or in some cases of 125°C. 
Yet measurements made within miniature intermediate-
frequency amplifiers indicate that components some-
times operate in 200°C ambients when the amplifier is 
subjected to temperatures of only 85°C. The engineer-
ing of the miniature intermediate-frequency amplifiers 
has thus been greatly influenced by the desire to permit 
operation of the equipment in ambients approaching 

85°C. 
With these temperature problems in mind, the Model 

II amplifier, which was originally designed to use con-
ventional resistors, was modified to permit utilization 
either of these or of special resistors for high-tempera-
ture operation. This latter resistor type was used exclu-
sively in the Model V amplifier. It consists of a steatite 
rod on which a cracked carbon film is deposited and 
which is equipped with axial leads. For the printed cir-
cuit unit, a special high-temperature film-type resistor 
was developed in the National Bureau of Standards 

Laboratories. 
High temperature also required the use of special 

solder having a melting point of about 220°C and the 
inclusion of sufficient silver to prevent alloying of fired-
on silver from printed circuits to which connections 
were being soldered. This solder was used with the same 
general equipment and techniques, and with only 
slightly more difficulty than ordinary solder. 

CIRCUITRY 

The selection of the high-frequency, wide-band inter-
mediate-frequency amplifier as a vehicle for the evalua-
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tion of miniaturization techniques in the early stages of 
the program was predicated upon a number of considera-
tions. Principal among these were: (1) an immediate 
need for such equipment by some government agencies, 
(2) the diversity of problems imposed by this type of 
equipment, and (3) the probability that the general solu-
tions arrived at would have wide applicability in other 
types of equipment. The selection of specific circuitry 
for the intermediate-frequency amplifiers requires that 
all factors bearing on miniaturization, including the 
effect of high temperatures on components, must be 
considered and that prime emphasis must be placed on 
attainment of electrical requirements rather than ex-
tremes in miniaturization. 

After consideration of various types of intermediate-
frequency circuitry, it was decided, that a stagger-
tuned interstage coupling system using bifilar unity-
coupled inductors was most adaptable to a miniature 
design. Such a system eliminates the need for coupling 
capacitors and provides excellent isolation of the vari-
ous intermediate-frequency ground-return circuits. The 
use of staggered pairs rather than triples or quadruples 
provides less critical circuitry. Chain decoupling of 
power supplies was selected for Models II and PC-IV be-
cause of greater efficiency even though this requires 
the twe of chokes rather than resistors in the decoupling 
filters. The above selections, together with the basic 
specifications for performance, defined the circuitry a, 
shown in Fig. 1. 

The pentode amplifiers are subminiature equivalents 
of the type 6AK5 miniature tube. Each of the models 
has been built with both the Sylvania type SN973B and 
the Raytheon type 5702 tubes. Although the former is a 
button-base type and the latter a press-base type, the 
physical layout of each design permits the use of either 
type without modification. The same tube types were 
used in the intermediate-frequency, video-amplifier, 
and cathode-follower stages; the duo-diode used in 
Models II and PC-IV is a National Union type 1106; 
and the single diode used in Model V is a Raytheon 
type 5704. 
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MODEL II 

The Model II intermediate-frequency amplifier Was 
designed so that it could be produced by electronic 
equipment manufacturers without radical changes in 
their manufacturing methods. It was also designed to 
be sufficiently flexible so that modifications of circuitry 
and operating frequency could be made easily. Another 
objective was an extremely rugged and rigid design. 
This amplifier has a 10-Mc bandwidth centered at 

60 Mc. As shown in the schematic diagram, Fig. 1, it 

Fig. 2—Model II miniature subminiature amplifier. 

v PS 

r it  

• 

 ' '— 

Fig. 1I——BBaassiicc  schematic diagram used to construct miniature ‘s ide-band amplifiers. Note—All transformers 
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consists of an eight-stage stagger-tuned intermediate-  The Model II chassis is a single metal plate to which 
frequency amplifier, diode detector, video amplifier, and  the components are secured. The tubes lie parallel to 
cathode follower—eleven vacuum tubes in all. The gain-  each other and the coupling networks lie between the 
bandwidth factor approximates that of an amplifier us-  tubes. The tube mounting also functions as a tube and 
ing type 6AK5 tubes. interstage shield and as a heat-transfer medium that 
The amplifier is housed in a hermetically sealed plug-  bonds the vacuum tube to the outer wall of the shield 

in container (see Fig. 2). Sealing is accomplished with  case. The tube shields are provided with fingers that 
the aid of a soldered-down metal strip that may be  short out the waveguide formed by the amplifier en-
removed, in the event that the amplifier must be  closure, thereby reducing the tendency toward in-
repaired. stability due to propagation of energy down the length 

The original intent was to pot this amplifier in a cast-  of the enclosure. 
ing resin. However, there are some very serious objec-  The B+ and heater by-pass capacitor assemblies 
tions to potting this unit. First, most of the existing cast-  mount under the tube shields with the tubular capac-
ing resins cannot stand high temperatures. Second, the  itors beneath the vacuum tubes (see Fig. 3). The in-
sealing provided by casting resins is not generally as ductor forms are secured to the chassis by phosphor-
satisfactory as that provided by a hermetically sealed bronze stampings which are soldered to silvered areas 
container; there is a tendency for moisture creepage to on the edges of the inductor forms. The same screws 
occur along wires emerging from potted assemblies  that secure the tube shields to the chassis simultaneously 
exposed to humid atmospheres for long periods. Third,  secure the capacitor assemblies and inductor clamps. 

dielectric constants of even the best casting resins being 
in the order of 2.5, the interstage capacity might be in-
creased seriously and the over-all performance deterio-
rated by casting. In order to provide good metallic bond-
ing to assist in heat transfer to the outer surface of the 
assembly and to provide low inductance grounds for 
many of the components, a mechanical structure was 
provided which proved to be sufficiently rugged that 
little additional rigidity resulted from the use of a cast-

ing resin. 
Because miniature assemblies can require a great deal 

of skill on the part of the wiremen, interconnections 
made with hook-up wire were almost completely elim-
inated in the Model II design. Component leads and 
printed wiring were used for interconnections. The only 
other wires used were a shielded automatic-gain-con-
trol line and a 2-inch long B+ lead. Most of the wire 
connections were less than 1 inch long. 
Intermediate-frequency amplifiers of this general type 

contain more by-pass capacitors than any other com-
ponent. These capacitors must be located to permit 
efficient by-passing action for the intermediate-fre-
quency portions of the circuit. The physical shape of 
the capacitor, therefore, plays a very important part in 
the determination of the intermediate-frequency layout. 
It is not necessary that a capacitor used for by-passing 
have a particularly good power factor as long as the 
total impedance at the operating frequency is low. In 
high-gain designs, low-loss by-pass capacitors often 
cause trouble by creating a condition conducive to 
parasitic oscillation. Since low-Q by-pass capacitors are 
acceptable in this amplifier, it is possible to use some 
of the higher-K barium titanates with high dissipa-
tion factors. Because the temperature characteristics of 
high-K ceramic make it impossible to use resonant by-
pass capacitors, high-capacity by-pass structures with 
low self-inductance were used. These took the form of 
1-inch-diameter thin-wall tubing silvered inside and 

outside. 

Fig. 3—Stage assembly of the Model II intermediate-
frequency amplifier. 

The inductors were wound with teflon-ceramic insu-
lated wire and impregnated with silicone resin. Because 
this amplifier was sealed in a dry nitrogen atmosphere, 
no breakdown due to electrolytic action between the 
primaries and secondaries of these inductors is antici-
pated. The powdered-iron cores used to tune these in-
ductors were adjusted from the inductors' low-potential 
ends. The physical properties, losses, and permeability 
of these cores change slightly after continuous operation 
at high temperatures, but the Q of the loaded network 
is sufficiently low so that variations in the loss and 
permeability of the slugs do not materially affect the 
bandwidth or tuning. 
The use of ceramic for inductor forms made it pos-

sible to metallize a wiring pattern on their ends. Holes 
were provided in the ends of the inductor forms so that 
resistors could be inserted into these holes and soldered 
to the metallized wiring pattern (see Fig. 3). 
The radio-frequency chokes were made from 1-inch-

diameter steatite tubing cut into 7/16-inch lengths. 
The ends were nicked and silvered. After firing, axial 
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leads were soldered into the ends and ceramic-insulated 
wire wound on each form. 
The interstage components between the video ampli-

fier and the cathode follower were mounted in a ceramic 
block. The ends of the ceramic block were silvered so 
that the components had only to be inserted into their 
respective holes and soldered into place to complete 
the circuit connections. The majority of the resistors 
in this amplifier were not required to dissipate any ap-
preciable power. Several resistors that must dissipate 
considerable power were housed in the ceramic block to 
increase their power-dissipating capabilities. The re-
sistors that have the most critical stability require-
ments are those used to load the tuned circuits. That 
these resistors are not called upon to dissipate appreci-
able power is a favorable factor. 
Pretinned metal inserts were sweated into the center 

of each capacitor tube, making a very rigid structure. 
These metal inserts function as insulated tie-points for 
the heater and B+ chain decoupling chokes. The 
cathode and automatic-gain-control by-pass capacitors 
have tapped metal inserts so that they may be screwed 
vertically to the chassis with the inner metallized sur-
face functioning as the grounded terminal. The heater 
and B+ by-pass capacitors have their outer metallized 
surface grounded. Since there is always the possibility 
that extreme stresses might cause the silver to separate 
from the ceramic base material, these capacitors were 
mechanically held in place by light-gauge metal stamp-
ings into which they were snapped before soldering. 
The stampings also function as grounding lugs. 
All of the ceramic parts have been designed so that 

they may be extruded. Where formed and stamped 
metal pieces were required, these were inexpensively 
made of 0.005-inch sheet with the exception of the 
chassis plate. The chassis is die-stamped or perforated 
in a drill jig. 

The interstage inductors are wound and the resistors 
inserted into the inductor forms in a preassembly opera-
tion. All hardware, preassembled interstage networks, 
by-pass capacitors, and tubes are mounted on the 
chassis, which is then set on edge in a cradle with the 
tube leads projecting upwards. It then progresses down 
a wiring line with the heater and B+ decoupling chokes 
mounted as a final wiring operation. 
The basic layout of Model II permits many circuit 

modifications to be made without requiring radical 
modifications. There is sufficient room for larger in-
ductors (for lower-frequency operation) to be incorpo-
rated without increasing the size of the amplifier. Be-
cause the by-pass capacitors have more capacity than 
is required for 60 Mc, they too will function quite 
satisfactorily at lower frequencies. 

PRINTED CIRCUIT INTERMEDIATE-FREQUENCY 
AMPLIFIER 

The printed-circuit-type intermediate-frequency am-
plifier is closely related in circuit and performance to 

the model just described. The printed assemblies are 
contained in a hermetically sealed, rectangular metal 
case approximately 61 inches long, 21 inches wide, and 
inch thick. 
The design is based on a unit assembly of the prin-

cipal parts associated with each electron tube. Each 
standard unit (sec Fig. 4) is a tubular structure 2 inches 
long and 1 inch in diameter, enclosing a subminiature 

(a)  (13)  (c) 
• 

Fig. 4—Nlodel PC-IV, printed intermediate-frequency amplifier de-
sign based on unit construction of a single-stage unit. Unit printed 
assembly contains subminiature electron tube and principal cir-
cuit components associated with each stage, including inductor 
assembly. Three basic parts form the stage unit: (a) high-K 
ceramic tube, (6) steatite inductor form, and (c) high-K ceramic 
tube. 

tube and an inductor assembly. As shown in Fig. 5, 
eleven of these cylindrical units are assembled to per-

Fig. 5 —Front view of the complete assembly of the printed, 
miniature intermediate-frequency amplifier, Model PC-IV. 

form the functions required in the intermediate-fre-
quency amplifier. Eight of the units perform as tuned 
amplifiers and are stagger-tuned in pairs to give a band-
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vitreous enamel is applied to the outside area of the 
tube and an all-over metallizing coat is then fired on top 

of the vitreous enamel. 

width of 10 Mc centered on 60 Mc. Supplementing 
these are a detector stage, a video amplifier, and a 
cathode-follower output stage. 
All stages are similar in appearance and general con-

struction with a common design evolved from a basic 
assembly of three ceramic parts and a subminiature 
vacuum tube. This assembly may be supplemented by 
the addition of decoupling chokes when necessary, as in 
the case of intermediate-frequency stages. Changes in 
the primary function of the assembly are accomplished 
by changing the pattern of the printed circuit and by 
using electron tubes of desired characteristics. Stand-
ardization of the construction of the assemblies was 
adopted. Such items as uniformity of tube connections 
and power-supply lead location facilitate construction, 
repair, and diversity of application of this type of as-
sembly. In the amplifier as constructed, each stage unit 
is slipped into a silver-plated spring clip, which in turn 
is soldered to a single metal support. Individual units 
may be removed from or inserted into such an assembly 
by disconnecting the five interstage connections. It is 
believed that this feature, repair by stage replacement, 
may eliminate some previous objections to printed cir-
cuit devices where long service was mandatory. 
The construction of the printed intermediate-fre-

quency amplifier employs basic metallizing techniques 
for conductors and makes extensive use of ceramic ma-
terials, as is characteristic of the commercial printed-
circuit activities of this country. Conductive patterns 
are made by imprinting the ceramic materials with a 
special silver-pigmented paint, using the screen-stencil 
processes. This simple mechanism of reproduction is 
readily adapted to the manufacture of printed circuit 
assemblies. The conductive paint is fired at tempera-
tures of the order of 700°C to give it the required prop-
erties of good electrical conductivity, good adherence, 
and ability to accept solder. 
The basic stage assembly is described in detail as 

follows: The first element is a high-K titanate tube ap-
proximately 11 inches in length and 0.4-inch inside di-
ameter so as to slip over the T-3 size subminiature tube. 
Assembled to one end of this long ceramic tube and the 
base of the subminiature tube is a steatite inductor 
form with a bifilar wound inductor. Over this inductor 
form is slipped the second tubular ceramic element 
which may be used to provide inductor shielding, addi-
tional by-passing capacity, or a circuit area for printed 
wiring of low distributed capacity by suitable selection 
of ceramic material and printed conductive pattern. 
Fig. 6 is a cutaway view of a typical stage showing the 
general construction of the parts and the details of the 
assembly. This figure also illustrates the multiple-layer 
construction of the long titanate tube. Metallized on the 
inside and with multiple capacitor plates printed on the 
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Fig. 6—Cutaway view of a typical stage of the Model 
PC-IV, printed-circuit amplifier. 

An inductor assembly using wire-wound inductors 
was selected, for at the time of the conception of this 
design it was believed printed inductors could not com-
pete with wire-wound inductors in extreme reduction of 
size. A special steatite spool was designed to function 
as an inductor form. The core is drilled and tapped with 
standard 8-32 screw threads. The inductor is thus made 
tunable by the use of either a powdered-iron screw or 
other standard metallic screw. Printed wiring on the 
rectangular flange on one end of this steatite form brings 
two internal connections outside of the stage assembly, 
making them easily accessible. In addition, the flange 
furnishes a convenient area for the location of a loading 
resistor with a minimum of distributed capacity. It also 
carries regularly spaced projections on its top surface, 
which serve to align the electron tube and its leads, 
and the long tubular capacitor assembly surrounding 
the electron tube. Another flange on the opposite end 
of the spool provides for termination of the "cold" end 
of the inductor windings and permits external connec-
tions to be readily made. This round flange is of a di-
ameter which will permit the 4-inch-long titanate tube 
to slip over it up to the rectangular flange and the point 
of juncture with the 14-inch-long tube. When printing 
the short tubes, it has been found expedient to reverse 
the order of ground connections used on the long tubes; 
the electrodes on the external surface, instead of the 
internal electrodes, are connected to ground. This ar-
rangement makes it unnecessary to provide an addi-
tional shield coat, with its accompanying vitreous 
enamel layer, on the short tube. 
The end of the 1I-inch tube that joins the inductor 

assembly has eight small notches cut in its periphery, 
permitting the tube leads of the totally enclosed electron 
tube to be brought out of the assembly and appropriate 

outside, such a unit becomes a capacitor assembly with  connections made. The tube leads are preformed in a 
the capacitors produced in situ and by a single printing  ra dial pattern, with the exception of the grid connection 
operation. In order to shield this assembly, a coating of  which joins directly to the inductor assembly as a very 



1144  PROCEEDINGS OF THE I.R.E. October 

short connection (k inch). The radial tube leads are 
aligned with the projections of the inductor form and 
protrude through the appropriate notches in the end of 
the 1-inch tube. The leads are then soldered directly to 
the proper capacitor or other connection. It is to be 
noted that there are only two internal connections in the 
stage unit and that these are made and verified before 
final assembly of the stage. All other connections are 
external, facilitating assembly, inspection, testing, dis-
assembly, and repair. This system uses combination 
electrical and mechanical connections so that the opera-
tion of soldering joins the elements electrically and 
mechanically. 
Orienting the circuit components around the circum-

ference of the associated electron tube has been found 
to be very adaptable to variation in circuit require-
ments. For example, it almost always permits the 
optimum location, particularly with respect to lead 
length, of the major circuit element connected with a 
particular electron tube element. In the design of the 
intermediate-frequency amplifier, this adaptability per-
mitted the standardization of the location of major 
circuit elements and connections. 
In this basic design, leads as such are practically 

eliminated. As already pointed out, by-pass capacitors 
make up a large part of the total circuit elements. They 
are so located as to require short direct connections to 
the tube leads. Resistors usually do not require separate 
electrodes, but naturally fall so that they can use ca-
pacitor electrodes or existing "ground" patterns as their 
point of circuit contact. Heater and plate chokes do not 
require separate leads and are made to join directly to 
applicable circuit elements. As an example, the heater 
source is fed through a chain of chokes, each of which 
connects to the extreme ends of the printed heater by-
pass capacitor electrodes which therefore also serve as 
conductors to supply the heaters with their normal 
voltage. 

In addition to the elimination of many separate leads 
and connections, it can be seen that the design is also a 
step in the direction of the elimination of lumped con-
stants. The design approaches a system of distributed 
constants contributing to operating efficiency and sta-
bility in some cases and, in particular, permitting the 
realization of economy in manufacture and fabrication 
as well as increasing the versatility of the basic concept 
in adapting it to many electronic circuits. 

MODEL V 

In the course of development of the Models II and 
PC-IV amplifiers, a request was made for a still smaller 
amplifier for a similar application. In order to obtain 
the desired shape, the configuration used in the printed-
circuit model, with the inductors directly below the 
tubes, was selected. The mechanical design is one of 
several which were worked out to give the smallest 
possible size with available subminiature tube types. 
The particular advantage of this design is that it is built 

up of stages mounted on individual chassis plates so that 
it lends itself to application in amplifiers having diverse 
electrical characteristics. Fig. 7 shows the stage detail 
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Fig. 7—Detail of stage construction used in the Model V amplifier. 
(1) Chassis plate. (2) Tube clip. (3) Tube. (4) Decoupling filter. 
(5) By-pass capacitors. (6) Inductor form. (7) Bifilar inductor. 
(8) Tuning core. (9) Resistors. (10) Interstage connections. 

Fig. 8—Model V miniature intermediate-frequency amplifier. (Top) 
Side and end views of final assembly. (Bottom) Side and end 
views of encased amplifier in socket. 
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construction used in the Model V amplifier. While this 
stage is a grounded-grid amplifier used in the low-noise 
input circuit, its construction is typical of stages with 
other circuitry. It is shown to emphasize the fact that 
various types of circuitry may be used with this con-
struction, although great attention to detail is required 
to utilize this advantage. 
The assembly method consists of soldering the tubu-

lar capacitors, decoupling filters, and tube clip onto the 
chassis plate, then mounting the inductor form (already 
wound and with resistors in place) and the tube on the 
chassis plate. Connections between tube and inductor 
assembly are then made, after which the stages are 
assembled and interconnected. The various components 
shown in Fig. 7 are essentially the same as those used 
in the Model II, with modifications as required by the 
special design and circuitry. 
A complete design was evolved to embody the identi-

cal circuitry of Fig. 1, as well as one for the special ap-
plication. Fig. 8 shows the latter amplifier (ten tubes 
on separate chassis plates, plus one chassis plate con-

taining the input coupling unit) and the plug-in-type 
case with the socket assembly used for this amplifier. 
This assembly provides coaxial connections between 
amplifier and socket for input and output, complete 
shielding of all connections, and by-passing (1,000 iittf 
in socket) for power and gain-control leads. 
A small production of the Model II has been com-

pleted and others are under way for the PC-IV and pro-
jected for the Model V. Some of the production models 
are being subjected to life tests at this time while others 
are intended for various other tests or installation ap-

plication. 
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Interference Caused by More Than One Signal* 
RAYMOND M . WILMOTTEL FELLOW, IRE 

Summary—This paper covers a theoretical survey of the factors 

involved in establishing the effect on a desired signal of several in-
terfering signals, including noise. It makes some suggestions toward 
the solution of the problems involved, and discusses the related prob-
lem of defining service area for broadcasting in the very-high and 

ultra-high frequencies. 

I. FACTORS AFFECTING THE MEASUREMENT 
OF INTERFERENCE 

W HEN THERE IS more than one signal causing 
interference, the interfering signals will add to 
cause greater interference than is caused by 

any single one. The method by which they can be 
added depends on the following factors: 

A. The estimate of the median intensity of each 
signal; 

B. The time distribution of each signal; 
C. The correlation (if any) between the distributions 
of the several interfering signals; 

D. The  probability distribution of the departure 
from the estimate of the median intensity; 

E. The type of interference (such as cochannel, ad-
jacent channel, carrier beats, cross modulation, 
noise, and the like); 

• Decimal classification: RI71 XR430.11. Original manuscript re-
ceived by the Institute, November 28, 1949; revised manuscript re-
ceived, June 29, 1950. 
t Raymond M. Wilmotte, Inc., Washington, D. C. 

F. The minimum acceptable ratio of desired to un-
desired signal for each type of interference; 

G. The threshold ratio of desired to undesired signal 
at which each type of interference becomes notice-

able; 
H. The rate of change of objectionableness with sig-

nal intensity; 
I. The noise level and its distribution. 

The factors will generally vary with the location so 
that in addition to time considerations a statistical an-
alysis by location should be included. 
A discussion on the estimate and effect of these fac-

tors follows. 

A. and B. The Estimate of Median Intensity and Time 

Distribution 

The true time distribution of each signal should be 
obtained by measurements over a long period; short 
time distributions are not satisfactory because the in-
tensity•variations are often caused by the combination 
of signals arriving over different paths. During a short 
interval of time, the variation in intensity is often 
largely controlled by the variation in the phase of two 
or more interfering signals. It is usually only over long 
periods that correct information can be obtained regard-
ing the variations in the intensity. Such long periods 
are needed to take care of diurnal and seasonal varia-
tions, and, in some cases, variations from year to year. 
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A factor which is very difficult to translate into 
quantitative terms is the nature of the time distribu-
tion of the interference. An interference that occurs 10 
per cent of the time only may generally be considered 
acceptable. On the other hand, if it occurs one second 
out of every ten, it will not be acceptable, but if it oc-
curs for one month out of every ten it will be. There is 
need for a factor representing the period between ob-
jectionable interferences. This might possibly be 
achieved by counting as five minutes of continuous in-
terference any five-minute period in which objection-
able interference occurs more than a specified number of 
times. 

C. Correlation Between Signal Distributions 

Signals from two separate sources may be combined 
if their time distributions are known. Such estimates 
should strictly be divided into two parts, considering 
separately: 

1. The parts of the time distributions which have 
no correlation with each other; 

2. The parts of the time distributions which have 
some common relationship. 

An example of what is being considered in this sepa-
ration can be given from measurements of tropospheric 
waves. If measurements are made from two stations, 
there generally does not appear to be any correlation 
between the two, yet when each is analyzed separately 
there are found definite common diurnal and seasonal 
trends. These two trends should be removed from the 
time distribution, leaving only the uncorrelated time 
distribution. These can then be combined and the cor-
related trends reinstated to the combination to give the 
complete resultant time distribution. It is only when the 
correlation is considerable that it will become apparent 
in the final result. 

D. The Distribution of the Departure from the Afedian 
Values. 

Over a period of time signals may vary from their 
median values so that when the median values of two 
signals are added together the procedure for obtaining 
the median value of the resultant is not the same as if 
the two signals were constant in value. The median 
value of the resultant depends on the distribution of 
the value of each of the signals and the law for calculat-
ing the resultant of several signals of fixed value. If 
this law is a simple addition (as in the case when the 
peak value of the resultant is the controlling function 
of interference) then the median value of the resultant is 
equal to the sum of the median values of the individual 
signals. If, however, the law is an rss (root-sum-square) 
law (as in the case when the total power is the con-
trolling function of interference), then the times when a 
signal is strong is more than proportionately influential 
in affecting the value of the resultant, so that the median 

value of the resultant will be greater than the rss of 
medians of the component signals.' 

E. Type of Interference 

When several interfering signals on the same fre-
quency which are not fading are received simultane-
ously, it is clear that, if they all carry the same modula-
tion, the interference will be a function of the resultant 
of the signals. If the component signals are of constant 
intensity the resultant will vary depending on the 
phases of the components. The median amount of de-
sired interference will be equal to that produced by a 
signal having an intensity equal to the median value of 
the resultant of the signals. That is equal to the root-
sum-square of the rms intensities of the component 
signals. 

This may be written in the form of the equation 

R„,„d2 E E,2 

where R d is the median value of the equivalent single 
signal causing the same interference as the sum of the 
signals of intensity E1, E 2 1 • • • E. 
This solution will not be accurate if the component 

signals carry different programs or in any way cause 
different types of interference. In television, for in-
stance, there are several easily recognizable types of 
interference. Two synchronous signals carrying the 
the same program will add correctly according to this 
formula if they arrive at the receiver without any 
substantial time delay.' However, it is possible to re-
ceive besides the desired signal a number of interfering 
signals; one may produce "Venetian blinds," another a 
background of an undesired program, and another the 
interference due to noncoincidence of the synchronizing 
pulses. Two or more of these types of interference to-

This statement can be given in mathematical terms as follows: 
When the rss rule is applicable, it can be applied to a distribution 
curve only at the point corresponding to the rins (root-mean-square) 
value. Then 

Erm., = E Erme.r2. 
r—I 

For percentages of time T shorter than that corresponding to the rms 
value 

Er, < E E r, r2 

and for percentages of time longer than that corresponding to the rills 
value 

r—rt 

E 2 >  E E r. r2. 

r—I 

In the case of log normal distribution, it has been shown in the 
F.C.C. TID Report 4.2.1, "The Log-Normal Distribution" by Harry 
Fine, that for two equal signals 

--=  0.00532F2 

where E is in db and F=Ei/E99db, E1 and Et., being the signals ex-
ceeded 1 per cent and 99 per cent of the time, respectively. Figs. 1 and 
2 show the trend of the probability curves when such equal signals as 
2, 4, 8, and the like combine. 

2 If there is an appreciable time delay between them, they may act 
as though they produced quite different types of interference, so 
that in this case the above formula may not hold. 
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gether are more objectionable than one alone, but how 
much more? There is no experimental evidence provid-
ing an answer to this question. The problem seems 
similar to that of how to add oranges to elephants. It 
has been assumed commonly that the equivalent single 
signal producing the same degree of interference as 
several signals producing different types of interferences 
was equal to the root-sum-square of the product of the 
component signal and the minimum ratio of desired to 
undesired signal producing objectionable interference. 
This assumption is no more than a guess. It is unsup-
ported by any experimental evidence, and, in fact, is 
unlikely to be correct, though in some cases it may be 
an adequate approximation. 
In order to make correct estimates of interference, there 

is need of a unit for measuring objectionability. Such a 
unit, termed an "interference unit," is discussed below. 
The lack of knowledge on the degree to which inter-

ference is objectionable, as far as allocation problems 
are concerned, does not exclude the possibility of mak-
ing an estimate of the minimum percentage of time that 
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the interference is objectionable. Two broad concepts 
are of assistance. First, when the interferences are very 
strong the dominant interference is probably the only 
one that matters to the observer. Whether that is so or 
not, however, is not of interest for allocation purposes 
because under such conditions the reception is definitely 
unacceptable. The case of importance is the one in 
which the interference is on the borderline of being ob-
jectionable. Second, when interference from each com-
ponent signal is weak, each being objectionable for only 
a small percentage of time (T1, TS • • • ) two or more of 
them will seldom be objectionable at the same time un-
less there is a high degree of correlation between them. 
If there is no correlation, the total percentage of time 
To that at least one interfering signal produces objec-
tionable interference is given by 

T1  T2  Tn 

To = 100 — 100 (1 — (1 —  • • • (1 — 100  100  100 

ODD 

normal 

E T,. 
1=1 

The percentage of time T. is lower than the total per-
centage of time that the interference is objectionable by 
an amount To' during which each component interfering 
signal is individually too low to be objectionable, yet 
when combined with the others becomes objectionable. 
In our present state of knowledge, it is difficult to 

guess to what degree of accuracy To represents the per-
centage of time of objectionable interference, but in 
many practical cases it is likely to be a good approxima-
tion. The error To' is made up of periods when two or 
more signals are individually close to causing objec-
tionable interference, for it is only then that combining 
several such interferences together may become objec-
tionable. To' is therefore small when the percentage of 
time that a signal is close to being objectionable is 
small. That is likely to occur when the fading of the de-
sired or undesired signals or both covers a wide range 
of intensity. It is less likely to occur, however, if a large 
change in signal intensity is required to produce a no-
ticeable change in the objectionableness of the interfer-
ence. While no quantitative values are available, it 
seems probable that some types of interference fall in 
this latter category. 
When dealing with allocation, it is not so much the in-

terference at one location that matters, but the inter-
ference at many locations, or more specifically the prob-
ability of interference with location. In this case, where 
probability with location is a consideration, To' will tend 
to be small if the signal intensity varies over a wide 
range from one location to another. 

F. and G. The Minimum Acceptable and Threshold Ratio 
of Desired to Undesired Signals 

Subjective tests, while they have not been carried 
out in detail seem to indicate that observers agree rela-
tively closely on the value of the threshold point where 
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interference just begins to be noticeable. The fact that 
they do indicates strongly that the threshold point is 
an important psychological quantity and justifies its use 
in formulas developed for evaluating total interference. 
The value of the minimum acceptable ratio appears 

to vary over a wide range for different observers, and is 
therefore more difficult to estimate. It is, in part, sub-
ject to environment. A person who can only receive 
poor-quality signals will accept more interference than 
one who is accustomed to high-quality reception. 

H. The Rate of Change of Objectionableness with Signal 
Intensity 

The degree with which a type of interference varies 
with the desired- to undesired-signal ratio varies with 
the type of interference. Also, because of receiving-set 
characteristics as well as psychological effects, the signal 
intensity of the desired signal has some effect, but gen-
erally that is much less influential than the effect of the 
desired to undesired ratio. 

I. Noise Level 

Noise has usually been treated as a special kind of 
interference and in allocation problems it has usually 
been assumed that services may be rendered satisfac-
torily provided the signal is above a certain strength. 
This minimum signal strength has been estimated on the 
basis of the combination of the set noise, man-made 
noise, static noise, cosmic noise, and so forth. Actually, 
all these types of noise are subject to different treat-
ment. For instance, set noise varies with each set and 
man-made noise varies with each location. The sum of 
various types of noises is therefore a statistical problem. 
There is no single figure which would be suitable for all 
locations, for all times, and for all sets. Noise should 
therefore be treated in the same way that other forms of 
interference are treated and the interference it causes 
added to other types of interference by the same kind of 
process. 

It is incorrect to treat noise differently, as may be 
seen by considering the case of the interference caused 
by noise and an interfering signal from an undesired sta-
tion. The combination of the two will produce more in-
terference than each one separately. That result will be 
shown in the calculations if noise is treated as another 
interference, but it will not if it is treated, as has been 
customary, by merely requiring a certain minimum sig-
nal intensity to overcome it, and considering other 
interferences independently. 

II. THE INTERFERENCE UNIT 

A. Need for Unit 

In order to ascertain whether the degree to which an 
interference is objectionable varies over a wide range 
as the signal intensity varies, and how different types of 
interferences combine in terms of objectionableness, 
three things are necessary: first, to establish a unit, 
which might conveniently be called an "interference 

unit"; second, to find how the interference varies with 
the ratio of desired to undesired signal and for different 
types of interference; third, how interference units for 
different types of interference may be added together. 
A satisfactory definition of interference unit must be 

one which will provide a simple relationship between 
interference and signal intensity and which will also 
provide a simple formula for adding different types of 
interference. A suitable definition should make it pos-
sible to state that with a given ratio of desired to unde-
sired signal of a certain type of interference the objec-
tionableness is (x) interference units. If another inter-
fering signal of a different type exists which alone would 
produce (y) interference units, then the total objec-
tionableness would be a simple function of x and y, 
preferably (x+y) interference units. A prime require-
ment is that the same degree to which an interference 
is objectionable should be experienced with any type of 
interfering signal producing the same number of inter-
ference units. 

The establishment of an interference unit would re-
quire subjective tests to establish the correlation be-
tween "objectionableness" and the ratio of desired to 
undesired signals of different types. 

B. Suggestions for Subjective Tests 

To carry out subjective tests in order to establish a 
formula for measuring the degree to which an inter-
ference is objectionable, it is desirable to establish a cer-
tain type of interference as a standard and compare 
other types with it. A convenient standard is an un-
modulated carrier having a specified frequency differ-
ence with the carrier of the desired signal. 
Having established a type standard, two identical re-

ceivers should be used. Both receivers carry the same 
program with one carrying a specified amount of the 
standard interference and the other carrying the inter-
ference under test. The program used should be of suffi-
cient interest that the audience (which is now the de-
tecting instrument) has a substantial degree of enjoy-
ment in hearing or viewing it. Arrangements should be 
provided so that each member of the audience may se-
lect at will the reception for which the interference seems 
to him least objectionable. After a reasonable time each 
member of the audience will automatically select the 
program which he finds is least objectionable as far as 
the interference is concerned. The intensity of the inter-
ference is then changed in steps until fifty per cent of 
the audience finds one type of interference more satis-
factory than the other. This test will provide informa-
tion of the undesired to desired ratio of signal strength 
required to produce the same degree of interference as 
is produced by the standard interference. The interfer-
ence under test can then be combined with the standard 
interference in various ratios, and the total disturbance 
compared with the standard. The result of this and 
similar tests will provide information on who interfer-
ences add together. 
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C. Possible Definition of Interference Unit 

Without a background of quantitative subjective 
tests it is probably futile to try to imagine what will be a 
suitable definition of an interference unit which meets 
the requirements of accuracy and simplicity. The sug-
gestion made here for a definition is not to suggest the 
adoption of this unit, but to assist in the concept of it 
and thereby possibly help in the planning of subjective 
tests. The following train of reasoning leads to the defi-
nition given below. 
It can readily be shown that the degree to which a 

signal is objectionable is not directly proportional to the 
ratio of undesired to desired signal. It can also be show 
that for a certain ratio, a certain type of interference 
may be more objectionable than another, while for 
another ratio it may be less objectionable. The defini-
tion given below meets at least these qualitative re-
quirements, but is given only as an example to explain 
the application of the use of an interference unit. 
An interference which is below threshold is not notice-

able. Hence, to add such an interference to one of 
another type already existing is not likely to increase 
the degree of interference. (Subjective tests may prove 
this to be incorrect when there are many different types 
of interference just below threshold.) This argument, if 
it is correct, leads to the suggestion that interference 
should use the threshold value as zero and be measured 
from that point up. Since most physiological reactions 
are logarithmic in character, it is therefore possible 
(again subject to tests so proving) that the degree to 
which an interference is objectionable may be measured 
as the quotient of two ratios; first, the ratio of desired 
to undesired signals, and second, that same ratio at the 
threshold point. This conclusion may be written mathe-
matically as follows: 

= k(p — a) 

where I interference units are the "objectionableness" 
of the interference; p db is the ratio of the desired to 
undesired signal; a db is the ratio of the desired to un-
desired signals at threshold and is dependent on the 
type of interference; and k is a constant dependent on 
the type of interference. If PA is the minimum accept-
able ratio of desired to undesired signal, then the mini-
mum acceptable interference /A is given by 

IA, = k(pA — a). 

For the standard type of interference, k =1. If a, is the 
ratio of desired to undesired signal at the threshold for 
the standard, and p A. the minimum acceptable ratio, 
then, if the above assumptions should prove to be suffi-
ciently correct, 

PA. — Cre 

PA — a 

Under those conditions the key values for any particular 
type of interference would therefore be PA and a to-

gether with the corresponding values for the standard 

type of interference. 

III. THE EFFECT OF ADDING INTERFERENCE ON THE 
AREA OR ON THE NUMBER OF PERSONS 
RECEIVING A SATISFACTORY SIGNAL 

In many places in the United States, the service area 
of a station will be limited principally by the inter-
ference from other stations. The estimate of its service 
will depend greatly, therefore, on the estimate of the 
interference caused by several signals causing different 
types of interference. Their effect on the service area 
will also depend greatly on the definition of service 
area. In fact the definition of service area may have a 
great influence on the service rendered, particularly in 
areas saturated with stations. 
The field-strength contour which is free from objec-

tionable interference for a specified percentage of the 
time (90 per cent) has been taken in the Standards of 
Good Engineering Practice of the Federal Communica-
tions Commission as the limiting service contour of a 
station in the regular broadcast band. In the vhf and 
uhf bands there is no such rontour, for on both sides of a 
contour there sre persons receiving good signals for 
more than 90 per cent of the time. There are also on 
both sides persons receiving interference-free signals for 
less than 90 per cent of the time who find such signals 
acceptable. On both sides also there are persons receiv-
ing interference-free signals 80 per cent, possibly even 
50 per cent, of the time and who find them acceptable. 
It has been suggested that a contour be established as 

the limiting service contour where a specified percentage 
of the receiving locations (say 50 per cent) receive inter-
ference-free service not less than a specified percentage 
of the time (say 90 per cent). Any such definition of 
service tends to conceal some of the real facts. It tends 
to conceal the fact, for instance, explained in reference 
H to the Ad Hoc Committee Report, that the service 
deterioration is much more rapid when the service is 
limited by adjacent-channel interference than when it 
is limited by cochannel interference.3 If a new station 
is installed causing interference, the number of persons 
affected is therefore not equal to the number of persons 
lying between lines representing the old and the new 
calculated service contours, for it will affect consider-
ably many persons within the new service contour while 
some outside of it will not be affected as much. Actually, 
the number of persons affected will depend greatly on 
the type of interference. 
It seems desirable, therefore, to be able to estimate 

the service area in terms of the number of persons or 

3 A graphical representation applicable to television is shown in 
Figs. 3 and 4 taken from reference I-I by R. M. Wilmotte and Harry 
Fine of the Ad Hoc Committee report. From the curves at any de-
sired distance, the total percentage of locations receiving a specific 
grade of service or better can be read directly. Comparing Fig. 3, 
which refers to cochannel interference, and Fig. 4, which refers to 
adjacent-channel interference, shows clearly that in the case of ad-
jacent-channel interference the service deteriorates with distance 
much more rapidly than in the case of cochannel interference. 
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Fig. 3—Cochannel interference. Distance to service contour along 
radial between desired station and interfering station versus per-
centage of locations within service contour for various minimum 
grades of service. Frequency, 82 Mc; transmitting antenna 
heights, 500 feet; receiving antenna heights, 30 feet; equal power 
for both stations; station spacing, 150 miles; interference ratio, 
40 db; type of area, rural. 

receiving locations having a specified grade of service. 
The deterioration of the service due to a new source of 
interference could then be properly evaluated. 
It would not be proper to find simply the total poten-

tial man hours of reception of interference-free signals, 
for clearly a person receiving a good signal only ten per 
cent of the time could hardly be considered as receiving 
a service at all. Ten-thousand such would not repre-
sent one-thousand man hours, they would represent 
more closely zero useful hours of reception. 

It is suggested, therefore, that, in order to evaluate 
at least approximately the effect of an interfering signal, 
several grades of radio service be defined based only on 
the percentage of time of reception free from objection-
able interference. (For instance, Grade A, 90 per cent 
or more of the time; Grade B, 70 per cent or more; and 
Grade C, 50 per cent or more. A minor modification of 
this may be considered as an alternative; namely, to 
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Fig. 4—Adjacent channel interference. Distance to service contour 
along radial between desired station and interfering station versus 
percentage of locations within service contour for various mini-
mum grades of service. Frequency, 82 Mc; transmitting antenna 
heights, 500 feet; receiving antenna heights, 30 feet; equal power 
for both stations; station spacing, 75 miles; interference ratio, 6 
db; type of area, rural. 

consider Grade. A sorvice as a service between 90 per 
cent and 100 per cent of the time; Grade B as service 
between 70 per cent and 90 per cent, and Grade C as 
service between 50 per cent and 70 per cent.) Inside a 
specified area served by vhf or uhf there will be persons 
receiving Grades A, B, or C service, or worse, depend-
ing on their location. The complete description of a 
service would then include the total area and the total 
number of persons expected to receive each grade of 
service. 
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The p-Germanium Transistor* 
W. G. PFANNt AND J. H. SCAFFt 

Summary—The transistor effect in p-type germanium is dis-
cussed and some properties are given for p-germanium transistors 
made in the laboratory. These exhibit higher cutoff frequency and 
somewhat lower current multiplication than their n-germanium coun-
terparts. Under certain conditions a negative resistance "snap" ef-
fect is observed which is apparently peculiar to p-type germanium. 
Both types of transistor are governed by the same physical prin-
ciples but they differ in the signs of the emitted carriers and of the 

bias voltages. 

/N THE TRANSISTOR described by Bardeen and Brattain" two adjacent metallic points make recti-
fying contact to one surface of a small block of 

germanium. A third large-area contact comprises the 
base electrode. The point electrodes are designated 
emitter and collector and form the input and output 
_terminals, respectively, of the transistor when con-
nected as an amplifier. The basic material of the tran-
sistor described by Bardeen and Brattain is the elec-
tronic semiconductor, n-germanium. 
The transistor effect has also been produced in the 

semiconductor p-germanium and a number of experi-
mental p-germanium transistors have been made in the 
laborator3,..3 The preparation and properties of such 
p-germanium transistors are described herein, follow-
ing a brief description of some characteristics of the 
semiconductors, n- and p-germanium.4 
Germanium is an electronic semiconductor. Its elec-

trical conductivity lies between those of metals and 
insulators. The conductivity can be increased by the 
addition of certain elements to the germanium. Such 
addition elements produce carriers of electrical charge 
which contribute directly to the conductivity. Addition 
elements fall into one of two classes, depending on the 
type of conductivity which they produce. Elements in 

. Group V of the Periodic System donate conduction elec-
trons to the germanium, thereby producing n-type (n 
for negative) conductivity. Elements of Group III 
accept an electron from the germanium lattice, leaving 
therein a net positive charge, or "hole," which can move 
freely through the lattice, producing p-type (p for posi-
tive) conductivity.' The existence of negative or positive 
carriers in semiconductors such as germanium can be 
demonstrated experimentally by measurement of the 

• Decimal classification: R282.12. Original manuscript received 
by the Institute, May 25, 1950. 
f Bell Telephone Laboratories, Inc., Murray Hill, N. J. 
1 J. Bardeen and W. H. Brattain, "The transistor, a semi-con-

ductor triode," Phys. Rev., vol. 74, p. 230; July 15, 1948. 
2 J. Bardeen and W. H. Brattain, "Physical principles involved 

in transitor action," Phys. Rev., vol. 75, pp. 1208-1225; April 15, 
1949. And Bell Sys. Tech. Jour., vol. 28, pp. 239-277; April, 
1949. 

3 W. G. Pfann and J. H. Scaff, "The p-germanium transistor," 
Phys. Rev., vol. 76, p. 459; August, 1949. 

4 For further information on electronic conduction in germanium, 
see footnote reference 2. 

6 J. H. Seal, H. C. Theuerer, and E. E. Schumacher, "P-type and 
N-type silicon and the formation of the photovoltaic barrier in silicon 
ingots," Jour. Mel., vol. 185, pp. 383-388; June, 1949. 

Hall voltage, which is a transverse electromotive force 
produced by a magnetic field in a current-carrying con-
ductor, the sign of the Hall voltage depending upon the 

sign of the moving carriers. 
In actual practice, relatively pure n- or p-germanium, 

of resistivity on the order of 10 ohm-centimeters, has 
been used. Residual impurities may produce sufficient 
n-type conductivity for the requirements of transistors 
and high back-voltage rectifiers. Furthermore it has been 
shown by Scaff and Theuerer that such n-germanium 
can be thermally converted to p-germanium by heating 
at about 600°C or higher followed by quenching.6'7 
Such p-germanium, as well as p-germanium produced 
by additions of aluminum, have been used for the 
p-type transistors discussed herein. 
While a good rectifying junction can be made be-

tween a metallic point and either n- or p-germanium, 
it should be noted that the polarity of the rectifying 
junction depends on the conductivity type of the semi-
conductor. Table I shows the polarity of the point with 
respect to the semiconductor in the two cases. 

TABLE I 

Polarity of Point 
Conductivity Type    
of the Semiconductor  Forward 

Direction 
Reverse 
Direction 

n type 
p type 

In either type of transistor the collector is biased in 
the reverse direction and the emitter is usually biased 
in the forward direction. Operation of the n-germanium 
transistor may be explained on the basis that the cur-
rent which passes through the emitter consists largely 
of holes, i.e., of carriers of opposite sign to those 
normally in excess in the body of the germanium. The 
holes are attracted to the negatively biased collector, 
so that a large part of the emitter current, introduced 
at low impedance, flows into the collector circuit and 
through a high impedance load, as may be seen in Fig. 1. 

SIGNAL LOAD SIGNAL LOAD 

(a) (b) 

Fig. 1—Schematics showing operation of (a) n-germanium transistor, 
and (b) ¢-germanium transistor. 

• J. H. Scaff and H. C. Theuerer, "Preparation of High Back 
Voltage Germanium Rectifiers," National Defense Research Council, 
NDRC 14-555, October 24, 1945. 

H. C. Torrey and C. A. Whitmer, "Crystal Rectifiers," Mc-
Graw-Hill Book Co., New York, N. Y., chap. 12; 1948. 
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The result is a voltage gain and a power gain of an in-
put signal. There may be an amplifioation of current as 
well. 

In the p-germanium transistor a large part of the 
emitter current consists of electrons, which enter the 
germanium and are drawn to the positively biased 
collector. Voltage gain and current gain occur, just as 
in the n-type transistor. 
The characteristics of the two types of transistor are 

such that in both, the output voltage is in phase with 
the input voltage for the grounded-base connection 
shown in Fig. 1. The input and output currents, how-
ever, are 180° out of phase in both types. 
A transistor construction which has been found useful 

for laboratory studies is shown in Fig. 2. The germanium 
wafer assembly and the contact spring assembly are 
force-fitted into a metallic sleeve which serves also as 
the base electrode. The germanium surface is etched as 
has been described" for high back-voltage rectifiers, 
the etchant not being particularly critical. The con-

METAL 
SLEEVE 

INSULATING 
BEAD 

GERMANIUM 

METAL 
PLUG 

3" 

METAL 
PINS 

CONTACT 
SPRINGS 

Fig. 2— Transistor construction used 
for laboratory studies. 

tact springs are mounted on supporting pins which have 
previously been molded in a bakelite compound. The 
contact springs are phosphor bronze wires, 0.002 inch in 
diameter. Their tips are usually several mils apart; the 
wider spacing shown in Fig. 2 was used for clarity of 
illustration. 

The ability of the emitter to inject electrons into 
p-germanium is greatly increased by an electrical form-
ing treatment.' If desired, both point electrodes may 

8 J. Bardeen and W. G. Pfann, "Effects of electrical forming on 
the rectifying barriers of n- and p-germanium transistors," Phys. 
Rev., vol. 77, pp. 401-402; December, 1950. 

be pulsed, thereby enabling either point to be used as 
an emitter.' 
The ac small signal performance of the p-germanium 

transistor at relatively low frequencies may be de-
scribed with the help of the equivalent circuit of Fig. 3. 
The impedance associated with the emitter contact is 
re, and because the emitter junction is usually biased in 
the forward direction, r. is small, of the order of hun-

rm i,e 
re 

+Le +Lc 

Fig. 3—Equivalent circuit representation 
of the transistor. 

dreds of ohms. The impedance associated with the col 
lector junction r, is relatively high because the col-
lector is biased in the reverse direction. The impedance 
in the semiconductor common to emitter and collector 
currents, rb, represents a positive feedback. The transfer 
impedance r„, represents the active properties of the 
network. This network corresponds to the grounded-
base connection. 

10 

2 

0 

4 
10 

103 

2 
10 

04  06 
MILLIAMPERES 

Fig. 4— Sniall-signal self- and transfer•impedances of a 
representative P-germanium transistor. 

Some properties of a representative p-germanium 
transistor are shown in Fig. 4 in terms of these imped-
ances. The r's are plotted as functions of emitter cur-
rent for a constant collector current of +2.0 milliam-
peres. At values of emitter current above a few tenths 
of a milliampere the impedances have the following 
approximate values: 

rm  

1 = 2MA 

rb 

r. 
re 

0.2 

200 ohms 
100 ohms 

08 

r, ••• 12,500 ohms 
22,000 ohms 

9 W. G. Pfann, correspondence, "The transistor as a reversible 
amplifier," PROC. I.R.E., this issue, p. 1222. 

10 
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The ratio r„,/r, is approximately equal to a, the current 
multiplication factor and as may be seen, a is greater 
than 1, usually being from about 1.5 to 2. The sig-
nificance of a> 1 in terms of the physical operation of 
the transistor is that a given change in emitter current 
causes a larger change in the current through the col-

lector. 
As in the case of n-germanium, the gain of the p-ger-

manium transistor falls off at frequencies in the mega-
cycle range. Although we do not have an entirely com-
plete comparison of the n and p devices, in which all 
quantities except frequency response are held constant, 
it does appear that the p-germanium transistor will 
operate at higher frequencies. Cutoff frequencies above 
15 megacycles are common. (The cutoff frequency is 
that at which a is down 6 db.) Measurements of cutoff 
frequency have been made by Rack and are plotted 
against distance between emitter and collector for both 
types of transistor in Fig. 5. 

30 

25 

20 

-1 

›-
< 

2 

o p- GERMANIUM 
x n- GERMANIUM 

X 
0 

0 

0 
0 

1 

X 
X x 

1 
I 

I 

X X x 

i 
0 2  3 4 

INCHES X10-3 

Fig. 5—Cutoff frequency of n-germanium and p-germanium transis-
tors as a function of distance between emitter and collector. 

An inherent feature of the p-germanium transistor 
may be at least partly responsible for its superiority in 
frequency response. It has been shown by recent meas-
urements° that the mobility of electrons in germanium 
exceeds that of holes by a factor of about 1.5. Since the 
emitted carriers in the p-germanium transistor are elec-
trons, and since it is dispersion in transit times of 
emitted carriers which limits the operating frequency, 
the observed superiority of the p-germanium transistor 

is at least partly to be expected. 
The p-germanium transistor has a peculiarity which is 

found when the germanium is of particularly high 
resistivity. In such instances the forward current-volt-

6 

" W. Shockley, G. L. Pearson, and J. R. Haynes, "Hole injection 
in germanium," Bell Sys. Tech. Jour., vol. 28, pp. 344-366; July, 1949. 

age characteristic of the emitter has a negative resist-
ance region of the voltage-maximum type, the peak volt-
age being on the order of several tenths of a volt. 
When the emitter bias exceeds this peak voltage, and if 
the series resistance in the emitter circuit is low, a sud-
den increase in I occurs which causes a corresponding 
change in the collector circuit. This action has been 
called the snap effect and may be seen in Fig. 6, which 
is a photograph of an oscilloscope trace in which the 
current-voltage characteristic of the collector junction 
is traced out at a frequency of 60 cycles per second, 
the voltage axis being horizontal, current axis vertical. 
The nearly horizontal portion of the trace represents the 

Fig. 6-0scillograph pattern showing "snap" effect 
in p-germanium transistor. 

reverse current through the collector for an emitter bias 
which is barely below the voltage maximum. At the ex-
treme tip of the characteristic a small amount of posi-
tive feedback due to increase in collector current has 
caused the emitter bias to just exceed the voltage maxi-
mum. As a result the collector trace snaps suddenly to 
the high-current position as indicated by the vertical 
trace. The return trace remains in the low resistance 
position until the current falls to a small value, where-
upon the characteristic again "snaps" back to the high-

resistance position. 
It is emphasized that the negative resistance in the for-

ward current-voltage characteristic of the emitter is a 
diode effect, which can occur in a single point contact 
to p-germanium. It should not be confused with a sim-
ilar effect which can be produced in an ordinary trans-
istor by placing positive feedback resistance in the com-
mon base lead. However, the finite value of rb does enter 
into the explanation of Fig. 6. 
On the basis of a limited number of measurements 

there does not appear to be a significant difference in 
noise performance of n- and p-germanium transistors. 
Noise figures for n-germanium transistors are given in 
the literature." 

" R. M. Ryder and R. J. Kircher, "Some circuit aspects of the 
transistor," Bell Sys. Tech. Jour., vol. 28, pp. 367-400; July, 1949. 
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100 

10 

0 

01 
0.001 

REVERSE 

0.01  01  10 
MILLIAMPERES 

Fig. 7 --Current-voltage characteristic of collector junction in a 
representative p-germanium transistor. 

While it does not appear to have been recognized gen-

erally, 12.13 useful point contact rectifiers can be made 

with p-germaniu m. We have found that rectifier proper-

ties approaching those of high back-voltage n-germa-

Mu m can be obtained by pulsing high-resistivity, ther-

mally-converted p-germanium. The forward resistance 

before pulsing is high, on the order of thousands of oh ms 

at one volt, but is greatly decreased by pulsing, to 

values on the order of 100 ohms or less. The reverse re-

12 See p. 63 of footnote reference 7. 
" W. C. Dunlap, Jr., and E. F. Hennelly, "Non-rectifying," l'hys. 

Rev., vol. 74, p. 976; October, 1948. 

FORWARD 

100 

sistance is essentially unaffected by pulsing, and peak 

reverse voltages above 100 volts are com mon. A theca% 

retical interpretation of electrical forming effects in n-
and p-germaniu m has been made by Bardeen and 

In Fig. 7 are shown the cairrent-voltage characteris-

tics of the collector junction in a representative p-ger-

!miniu m tranw.%/or at /cro emit ter current. Here, the re-

verse impedance is lam er than the highest  fa fall he 

()Ittitined tor it lids 'teen found, in com mnn  11 ho• 1/-

ger maniu m  transistor, that too high a re\ erse imped-

ance is incompatible w.ith hest collector performam 

hill' attain ment of transistor :action in both n- and 

p-germaniu m provides furl her illustration of the 

oa I tire  of caanduct  pruct•s!sc  !"III !-A*11111'011(11111()I!, !,I1( II 
as germaniu m. I  he n-type transistor, positive holes 

are injected into a semiconductor normally having an 

excess of ele, trons. in the p-iyipc Irdnsistur, electrons 

are injected and the semiconductor normally has an 

excess of holes. In general, the properties of the n- and 

p-germaniu m transistors .are iiiijl,ui , .dtliuttgli in devices 

made up to the present time the n-germaniu m device ap-

pears to be superior in a and inferior in frequency re-

sponse to the p-germaniu m transistor. The present dif-

ferences may lw as much a result of the early status of 

transistor technology as of fundamental differences 

between the semiconductors themselves. 

Asymmetrically Driven Antennas 
and the Sleeve Dipole* 
RONOLD KINGt, SENIOR MENIBER, IRE 

Summary—The problem of determining the distribution of cur-
rent in and the impedance of a cylindrical antenna asymmetrically 
driven by a discontinuity in scalar potential is formulated. An in-

tegral equation is derived and solved by the method of successive 
approximations to obtain general expressions for the current and the 
impedance. A simple approximate expression for the impedance of 

the asymmetrically driven antenna involving a series combination 
of the known impedances of symmetrically driven antennas is ob-

tained. The impedance and the distribution of current for a cylindri-

I. CURRENT AND IMPEDANCE FOR Asl"NINIETRIC.11.1.1' 
DRIVEN CYLINDRICAL ANTENN.ks 

SI NCE THE CENTER-DRIVEN cylindrical an-
tenna is symmetrical with respect to its center, the 

currents in the halves are the same, /( —z) = /(z), 

* Decimal classification: R326.611. Original manuscript received 
by the Institute, February 21, 1950. 

The research reported in this paper was Ina & possible through 
support extended Cntft Laboratory, Harvard I niversity, jointly by 
the Navy Department (Office of Naval Researclu. the Signal Corti's 
of the U. S. Army, and the I". S. Air Force, under ON R Contract 
N5ori-76, T. 0. I. 
t Cruft Laboratory, Harvard University, Cambridge, Mass, 

cal antenna of length .3A„ .4 driven x„ 4 from one end are evaluated. 
The broad-band properties are discussed. 
Since the sleeve dipole with its image is equivalent to a super-

position of two asymmetrically driven antennas, expressions for 

the impedance and distribution of current are obtained readily from 
the current distribution of the asymmetrically driven antenna. Both 

impedance and current distribution are determined for a sleeve 
dipole of over-all length 3k, 4 over a conducting plane driven A,, 4 
from the plane. It is shown that this antenna has broad-band prop-
erties very superior to those of a conventional dipole. 

and a single integral equation  is involved. If the .111-

tenna is not center-driven, nu merous complications 

arise. Most important is the fact that a transmission line 

feeding the antenna as in Fig. 1 is iiot ill a neutral plane 

and is unbalanced by the different lengths of conductor 

attached to its ends. As a result, the transmission line is 

an important part of the radiating tiVS1e111 sluice the co-

directional components of current contribute signifi-

cantly to the far-zone electromagnetic field. A radiating 
system which includes the transmission line as a radi-

ating element is always undesirable. Obviously, the 

length and the location of the line should not play a part 
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in determining the field characteristics of an antenna 

system. 
The only manner in which an asymmetrical antenna 

can be driven without introducing a radiating trans-
mission line is by a generator completely within the 

Fig. I—Asymmetrical antenna dri‘en by two-wire line. 

metal surfaces of the antenna. Possible arrangements 
are those shown in Fig. 2. Except for projectiles, an-

Fig. 2 - .\symmetrical antenna internally driven. 

tennas of this 1 ype are not practically important. How-
ever, a very tiselul antenna, the sleeve dipole, in which 
the radiating currents arc equivalent to the superposi-
tion of the current in two asymmetrically driven an-
tennas. is dis, ii-stql later. Moreover, one step in the 
analysis of the ( 4,11inear antenna' involves the de-
termination of t urrent in an asymmetrical antenna 
center-driven l)% a (11 , 1 ou t iffility in scalar potential, i.e., 
IA •••11( c getteratur. 

'H i e  it, h e .111•11 Vie d IS th e thi n c  lindrit ii:I n-
d ri Ve U n-( cuter ht. a dist tall itilli1V iii'̂u'll' 11- 1"' " -

tial at z ,lif m I, in Fig. 3. As in the anal\ sis the 
enter-driven antenna, it is assumed that currents and 
harges arc confined to the ( lindrical envelope of 
radius a. .1ccomit may lw taken ot other surfaces ;it t h e 

' King, "1 heot  ot Collinear .‘ntentias," Critfl Lab, tratorN 
Technical keport No. 91, Clt tither 3, 1949. To be published in Jour. 
A ppt. 

driving point if they exist just as for the center-driven 
cylinder. At the extremities, hemispherical ends ap-
proximate the idealized cylinder which has no charge-
able surfaces other than on the cylinder itself. For sim-
plicity, terms involving the surface impedance per unit 
length z' are omitted so that the analysis applies strictly 

to a perfect conductor. 

Fig. 3—Asymmetrically driven antenna to illustrate the notation. 

Since the two parts of the antenna are not equal in 
length the distributions of current on them are neces-
sarily different. This means that two currents, II, for 
(0 z:5_ h,) and /2z for (-112..z..0), must be determined 
subject to the condition that they join smoothly at 
z =0; that is 

lie = 120 =  /0. (1) 

The currents Ii and 12, are the unknowns in a pair of 
simultaneous integral equations. The equations are ob-
tained, just as for the center-driven antenna,2 by equat-
ing the Helmholtz integral for the vector potential to 
the solution of the differential equation for the vector 
potential. They are 

g 

47o,„.1 = f ir•Ki(z, z')dz' f /2, ,K1(z, zi)de 
-h2 

I( 't cos,3„z  C2 sin  

(0 z hi) (2a) 

2 k. King and I).  iiul,lleton, "Flu cvlindrit al antenna: current 
and impedance," Quart. A /,pl. Air:1h., vol. 4,1p it)! 1.11111.11 , 19 
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/II 

.47n,„.1 2: = f  11,' KI(Z,  +  f  /2z• KI(Z, z')le 
n, 

— 
=  -- IC3 cos 0„z  C4 sin ilozj; 

(—It z 5 0)  (21,) 

where 00= 2w 'X0, = 376.7 ohms, and 

K1): — z)2 a2. (3) 

These two equations must lw solved for /1, and /2, sub-
ject to (1) and the conditions 

Ii = u. /24 =  z = — /12 

=  JI M 

6 *0 
L01(6) — (62( —6 )1 = 0.(0) - 02(0)• 

The scalar potential t6 is obtained as follows: 

jco all 1, 

01( 2 ) =    = CI Sin  +  C2 cos 1.3„z 
0 02  az 

ft..) a.•1 2, 

02(:) =    = 

j 2 iz 

I.et 

With(5) 

Vo = lim 

(4) 

(5) 

(6) 

C3 sin 0„z + C4 cos 1.1„z.  (7) 

F10 il 14),(6) — 0,1 = C2; 

1'20 = lit  IO — 0..4 - 6)1 = — 
45 .0 

EOM) — 4)2( -6 ).1= V10  + 1.20 = (2 —  C4. 

()'t) 

(9) 

The distribution functions for the currents may be 
introduced as follows: 

fi(z)  11z/ 1 „;  f2(z) =  

z') = fi(e) It(z); g22(z, z') = f2(e)32(z) 

gi2(z, z') = .12(z1).'fi(z): g2i(z, z') = .fi(z1)32(z). 

Let the following functions be defined: 

4/1(z) f  z')Ki(z, z')dzi 

f" gi2(z, r;')dz'; 

z < hi)  (12a) 

4'2(z) f g2i(z, zi)1C1(z, zi)dz' 

f" g22(z, z')K1(:, e)dz'; 

(- 112  z 0) (12b) 
hi 

1-11(2) f  —  /1411(z, z')11C,(z, zi)dz,' 
0 

-4- f I/2:- — ingt2(z, zi)IRI(z, e)dz' (la) 

• ,, 
112(z) E j/L• — 12121(z, z'))/C1(,,,,, z')(1.7,1 

•  . 

+ f /2 — /21.22(c, :')1K1(z, .s.')(/:'. I.ib) 

The functions *1(z) and  are the ratios of %:ector 
potential to current at points z On the t‘v() parts 01 the 
antenna il fi(zt and ./.2(z) are the true distributions of 
curren t. Tfiesc ratios are predominanth real and s.-risi-

bly constant over ri Ii ()I I'll  t‘v() parts ()I the antenna. 2 
Thert•forr, It 

'hi(z) =  :1;  =  72(z) (14) 

where 

41, = 411(:,) ;  = , ‘1,2(z4  (15) 

and Zr is a reference point on each part at which the 
magnitude of *(z) approximates the mean constant 

value of iii(z)1. The complex functions -jyzi and 1,2(z) 
an very small except near the respective ends it z = hi, 

h, where they become infinite, but /„.y(z) vanishes. 
With I()) to (15) and (9), (2) becomes 

/1,[̀111+ 71(z)]  11t(z) 

= ICI cos /3„z + I'D, sin i3„.s. j; (0 =5 (16a )co _ //1) 

/244/2 -F 72(z)I  112(z) 

— j4ir 
I(', cos — 1"3„ sin 3„: — /12 z :5 0). (161,1 

If the funct..i ons_1 1(z) and .7., were the true distribu-
tions of current, the diiference integrals IL( z, and 112(.7, 
necessarily would be zero. Since the true distributions 
are actually the unknowns, .ipproximate distributions 

must be used, in which case 111(z) and 1112(zi are the 
smaller the more closely the assumed distribution (WIC-
(ions represent the true currents. It follows that the 
principal terms on the left are /,,x1/1 and ',Ai,. Hence 

— j-17 
/1, k' cos 00: + V10 sin )3„: j =   

Mit 

1 
— — 171(z) + 111(z) j; (0 z bit  (17a) 
‘11 

12z =   1C3 cos 3„: — 1-20 sin ,3„: 
-•P‘11 2 

b2(2) -F 112(:)1; (_ /l2 _5 5 0). (17b) 
Y2 

The simultaneous integral equations (17a) and (17b) 
involve no approximations not already contained in (2). 
They represent merely a rearrangement of the terms. 
However, the unknown currents /1, and /2, in (17a) and 

• 
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(7b) occur in two types of terms, namely, the principal 
• Vms on the left and the difference integrals IIi(z) and 
1(z) on the right which are small if well-chosen dis-
1bution functions fi(z) and f2(z) are used. These equa-
ons may be solved by the same method of iteration 
ted for the center-driven antenna.= The final formulas 

1.e as follows: 

The functions Fi(hi, hi) and Gi(hi, hi) are obtained from 
(23a) and (23b) with z = hi. The zeroth-order function 

are 

F00(h1) = 

G0(h1) = 

F0(h2) = 

cos Ooz — cos iLhi; 

sin Ooz — sin 00h1; (0 5 z 

cos 00z — cos 00/12; 

h1)  (24a) 

G00(h2) = — sin 13oz — sin 0„h2; (— h2 z < 0).  (24b) 

(18) = j4rVio 'sin 0.(h1 — z) z)/4'i )112(h1, z)/4112 ± • •liz   • } (0  z  h1). 
cos 0„hi Ai(h1)  A2(h1)/'1'12 ± • • • 

the variable x is defined as follows: 

X = — Z, (19) 

le current /2, in the lower part of the antenna has ex-
; tly the same form as (18) with appropriate changes 

i subscripts. Thus 

The impedance of the asymmetrically driven antenna 
is obtained using (1) and (9), namely, /20= /10= /o; 
Vo= V+ I, in conjunction with (18) with z = 0 and 
(20) with x=0. Thus, retaining term  through the 

second order, it follows from (18) and (20) that 

j4rV20  130(h2 — x) 1(h2, x),42  Mz(hz, x)/4'22 ± • • •  } 
12: =  2z =    

cos 13„112 ± A1(112) 42 + A2(h2),422 ± • • • 

VI  V10 
Z1 =  = 

/10 10 

12  120 
Z2 = =  = 

/20 /0 42r  ksin 0oh2 /31(h2)/412 ± B2(h2)/4122 ± • • • 

(0 x h2).  (20) 

icosiLhi + A i(hi)/4't  A2(hi)/4'12 ± • • •  

41r  sin Sohi /31(hi)/11't  B2(hi)/4'12 ± • • • 

ji.412 COS 00h2 ± A 1(I:2)/4'2 + A2(h2)/422 ± • • • 

ote that from (8) 

To = lirn [0 — (1)2(—z)] = lim [0 — 02(x)].  (21) 
z-•0 

.eferred to x = —z this is the negative of V1 referred to 

Since a solution of (18) in terms of z and hi auto-
tatically gives a solution of (20) in terms x and h2, 
is necessary only to solve (18). In (18) the functions 
fi and A I are defined as follows: 

= F1(111, z) sin 13„hi — G1(hi, z) cos OA 

G1(/i1, hi) cos 130z — hi) sin 13„z (22a) 

Al(ho = 1•Vh i, hi).  (22b) 

he functions Fi awl G, in (22a) and (22b) are defined 
s follows: 

F,(111, z) = F„.(111)*, — f zi)dzi 

- f" F„,,(h2)K,(z, z')dz'  (23a) 
h1 

GI( hj, 2) = Gos(hI)'PI f Gos 01)K1(2, 2')de 

- fG„,,(h2)1C1(z, zi)de.  (23b) 
--n 

where 

B(h)  M(h, 0). 

However, from (9) and (25a) and (25b) 

Vo =  ± 120 = 10(Z1 + Z2)• 

(25a) 

(25b) 

(25c) 

(26) 

Since the impedance Zo of the antenna is by definition 
Zo 1"0//0, it follows, with (26) ,that 

Zo 7=7 V0/lo = Z1 + Z2  (27) 

where Zi and Z2 are given by (25a) and (25b). There-
fore, the impedance of the asymmetrical antenna is a 
series combioal ion of the impedances Z1 and Z2 char-
acteristic of the individual parts when in each other's 
presenca.. 
With Zo, Z1, and Z2 defined in (25) through (27) it is 

possible to express the partial voltages Vio and V20 as 
follows: 

= VO ; 
Z2  

V20 = VO • (28) 

Substitution of (28) in (18) and (19) gives the final ex-
pressions for current in terms of the driving discon-
tinuity in scalar potential. 
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sin  E M ph, .0),'+,.1 
j47r1 i) Li 

4, 

/47r ro Z2 / sin 

cos 1.1„hr-1- E,1,00 +,, 

(1)_:</r i) 129a) 

ii„o2+0)+ E Al,(//2, 

Z1 1 
cos 0„b2+ E.1,(h,) +2, 

, 

Zo =  ZI ±  Z2 = 

(— h,5_z .()) (2)1)) 

+1 [cos 0„/r i -f- E .1,(h,) Ai d 
—ji-„ 

47r 
sin Oar  E  +,, 

[cos 0„h2 + E .1.(h,) 4,21 

Sill 1„h2 + E B1(k2) 

(30) 

This completes the general analysis of the asymmetri-

c.11:v driven antenna. It remains to express the solutions 
in terms of tabulated functions. 

I . FUNCTIONS AND PARAMETERS FUR ASYMMETRICALLY 
DRIVEN ,.\NTF.Ny As  

In order to evaluate the several integrals involved in 
the expressions (29) and (30) for thC current in and im-
pedance of an asymmetrically driVen antenna, it is con-
venient to introduce the inteto-als 

z,) f cos 0„:11x-i(z, 

where 

Sn(h,  f  sin 04'1C1(z, z')dz,' 

Eno, z' 

= RI = • /(z —  

These integrals may be expressed in terms of t Ile tabu-
lated generalized sine and cosine integrals.' 
Since 

A-1(z, —z') = K1( z'), 

it lolltaxs that 

f "h ccs  '̂)d-' 

3 Staff of C.omptitation Laboratory, "Tables of Generali/ed Sine 
and Cosine Integral I:nnetions," vols. I and II, Harvard I•niversitv 
Press, Cambridge, \lass.; 1949. 

= f  cos 0„'A-1(—:, = CH(/!, —z) 

— f  "sin 0„z73:1(z, L')(1Z1 

=  = Su(i!, — z) 

1(.7, f  K = EH( h, f 
N ote that 

Co( 

A'11(h, 

-1 CIO), —z) = (35a) 

▪ X 1( Ii, =  z) (35b) 

wlicre C„(II, .$) and .S.„(h, zi ate the function, occurring 

in the formulas tor the ( ewe( -driven antenna.' 
\Vitli the notation, ( 31) and (34), (2.3) becomes 

z ) ) 

I hi, — CH( h„, - 

h,, - ;   

Fl(h !, hi) = — CH(h i, ho -1- c(). 3„h IEH( hi) 

— C 0(112, — 111) 

())s 3.,h,E11111,, — (304 

G,( h c) = (sin -- sin 0„h 1)%1,i — .S'11(//1, z) 

-1- sin 0„kii:H1/7 1, — .S11( '/2, —z) 

-1- sin ti„h2Eillh,, —:); ((1 z hi) (37a) j 

ki) = — SH(//1, hi) + sin 0„k iElPr i, li 

+ sin 0„h,FH(/),, 

— S1(/,2, 

(3714 

In order to evaluate the expansion parameters  and 
.2 it is IIIN't•SSair to rhuusc I lulls tOr the 

currents in the two parts of the antenna. For this pur-

pose the zerot h-order currents are wenl appruxi mat ions. 
Therefore, let 

--- sin ii„( — z); — sin 3„( -1- (.38a) 

sin OA hi — z') sin 0.,(//2  
mi(z) -= g•271z) = - (.3814 

sin 0J/r i — z) sin 3.,(k? z) 

sin 0„(k2 z') sin 3„( hi —  ) 
(32) gp.:(z) (380 

sin 4„(h i —  ; g2i(c)  =  0„( /v.! 

With (38), (12a) becomes 

‘1,1(z) sin 0„(h 1 — .$) 

(33) = f si „(h1 — z' -,(:, s' )(If 

• fsin 4),(11.2 + (39a) 

= sin idohiColbi. z) — cos 0„h i.S'il(h, 

+ sin 0„h7C11(//2, —z) — COS ,3 J/2 S11 02, 

z < III). (3914 
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'le definition of 4,1,---1 4/1(zr)1 involves the choice of a 
iference point Zr such that 4,1 will be a good representa-
.m of 14,1(z) i over its principal, essentially constant 
Inge. Since the contributions to 4,1(z) are predom-
antly from currents near the point z, it follows that 
in-rents in the lower part of the antenna, i.e., where 
h25z 5 0, contribute negligibly to 4,1(z) defined at 
= a on the upper part, 0 5 z5 hi, except in a small range 
!ar and at z =0. The continuity of current at z =0, 
imely. /20= /Dr= /0, assures that significant contribu-
ons to 4,,(z) with z near zero by currents in the nearest 
!ction of the lower part of the antenna cannot differ 
?preciably from what they would be if h2 were equal to 
I. Therefore, the general distribution of 4,1(z) for the 
symmetrically driven antenna must be essentially 
milar to *KO z) for the center-driven antenna. Hence 
le same location of the reference point z, must be 

ppropriate. That is, 

= 
'I'(0) L'sin flfl,,!!:: for 130h1 5 7r/2 

(40) 
, 4/i(hi — '4)  for 13„h1 > 7/2 

'here ( z) is given by (12a). 
The parameter 4/2 for the lower part of the antenna 
h25 z 5 0) is defined by (40) with (39) if subscripts 

re replaced by 2, and 2 by on It and 4,, and —z is sub-

tituted for Z. 
With the functions Fl and G1 and the expansion 
iarameters 4,1 and 4/2 reduced to forms involving only 
abulated functions, a complete first-order solution for 
he current at all points in, and the driving-point im-

iedance of, a cylindrical antenna of small cross section 
symmetrically driven by a discontinuity in scalar po-
ential is made available. 

III. APPROXIMATE IMPEDANCE OF ASYMMETRICALLY 
DRIVEN ANTENNA 

The actual numerical evaluation of the general 
ormulas for current and impedance given in Section II 
ms not been carried out, since good approximations are 
.eadily obtained directly from the solution of the center-
Iriven antenna for which numerical values are avail-

'bk.' The argument is straightforward. 
The determination of the current in the upper part 
..0 z - h1) of a cylindrical antenna driven at z= 0 in-
Jokes the vector potential at all points on the surface 
A this part. Contributions to the vector potential arise 
'rom current in the entire antenna, but as has been 
)ointed out before, these are significant only from cur-
-ents very near the point z (0  /t). Since z is confined 
the upper part of the antenna in determining the cur-

-ent in this part, contributions by currents in the lower 
dart are significant only in a small range when z is near 
zero. The actual magnitude of this range can be ob-
tained directly from computations made by Winternitz4 

T. W. Winternitz, "The Cylindrical Antenna Center-Driven by 
Two-Wire Open Transmission Line," Cruft Laboratory Technical 

'Report No. 56, August 15, 1948. 

to determine the significance of a gap of length 26 at 
the center. In Winternitz's Figs. 9A to 9H, for example, 
is plotted 14,(z)1 =I 0(z)  , which is a magnitude pro-
portional to the vector potential at r =a on the surface 
of the antenna and in the gap 26. Since the antenna is 
symmetrical, the value at z = 0, the bottom of the dip, 
is due equally to currents in both halves of the antenna. 
Therefore the vector potential at z = 0 due to the lower 
half only is only one half the magnitude of this dip. Note 
that this is a value proportional to the vector potential 
due to the currents in the entire lower half at a distance 
ö from the point of maximum current at z = In Fig. 
4 is a plot of the approximate variation of 141(z) I 
(which is proportional to the vector potential) beyond 

the end of a section of conductor carrying a maximum 
current at that end due only to the current in that 
section. The insert shows I 4,(z)1 for half of an antenna 
and, framed on the right, the section beyond the end 
represented in the main diagram. The rate of decrease 

20 

ITV W1 

20 
PART SHOWN IN 
MAIN DIAGRAM 

ANTENNA 

a  t'   
ODS  004  0.06  o.oe  o 

Fig. 4-1 ,1,(.7.)1 as a function of itz with it as the parameter. 

of 14,(z)! is such that at angular distances as small as 
0.1 radians the magnitude is reduced to from 10 to 30 
per cent, depending on the magnitude of goa as specified 
by the value of it. For small values of (3„a the decrease 
is more rapid. Note that 134=0.1 corresponding to 

z =0.0159X„. Thus, the contribution to the vector poten-
tial even at z =0 on an antenna lw currents in the lower 
part (z <0) is confined to currents at distances not ex-

ceeding a tenth of a wavelength. Since rapid variations 
in the magnitude of the current in an antenna do 
not occur in such short distances, the requirement 
/10= /20= /0 is sufficient to assure that contributions to 
the vector potential at all points on the upper part of an 
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asymmetrically driven antenna, including z= 0, by the 
actual currents in the lower part, do not differ effec-
tively from what they would be if the distribution of 

current were the same in the lower part as in the upper, 
as when 112= h1. Evidently, currents in the lower part 
that are near enough to contribute to the vector poten-
tial in the upper part, i.e., near z= 0, cannot differ ap-
preciably from the currents in the adjacent upper part 
since /in= 1 20. 

This means that in determining the distributions of 
current in the two parts, each may be analyzed sepa-
rately as if each Were a base-driven antenna over an in 

perfectly conducting plane. That is, 1. in (18) 
will be changed negligibly if h2 is set equal to hi wherever 

it occurs in ‘1i and in the F and G In  that con-
tribute to the .1/ and A functions. Similarly, /2, max. be 
determined fnim (20) by setting hi equal to h2 in the 
corresponding integrals. Each of these problems is 
equivalent to the center-driven antenna .2 The current 
/1., in the upper part is the same as in the upper part 
of a center-driven antenna 01 half-length hi; the im-
pedance Zi = I '10//10 is one half that of the center-driven 
antenna. Similarly, /2, in the lower part is the same as 
that in the lower part of a center-(lriven antenna of 
half-length 122, and the impedance Z2  I'20 /121)  is one 

ha:f that of the center-driven antenna. The impedance 
Zo of the asymmetrical array is the series combination of 
Z1 and Z2. 

Zo =  Z1 +  Z2.  (41) 

The currents in the two isolated an  of half-length 
hi and 112, respectively, are related to each other and to 
the asymmetrical antenna they are to represent by 
setting 

= Zo;  1 -20 =  I'07.2:7. 0. (42) 

Hence, with 1.= 1. 'Z, 

/1,(upper part of asymmetrical antenna) 

10 
=  /aupper half of symmetrical 

antenna of half-length hi)  (43a) 

/2:(lower part of asymmetrical antenna) 

)) 

=  /2,(lower half of symmetrical 
Y2 

antenna of half-length h2) 

where 

(43b) 

1-1 = 2(1'0 of symmetrical antenna of half-length hi) (44) 

1- 2 =  2( '0 of symmetrical antenna of half-length h2) (45) 

Yo = 
+ Y2 (46) 

As a numerical example consider the asymmetrical 
antenna defined as follows: 

/3„hi = w/2; 

= 2ln(2h,  i) = 10; Z2 = 

#0/22 = 

2 /71(2h2/a2) =  10. 

Since /22= 2h,, a3=2a i. The second-order Kin-Nliddle 
ton 2 admit t a flues are 

03„41 = 2r/2: Ii = 2(9.56 - j4.62) X 10 -3 

= (19.12 - j9.24 X 10 -3 

= 23 X 10-3 /-23.2° mhos  (48a: 

12 =  2(1.0 + 11.8) X 10 -3 

= (2 + 13.6) X• 10 -3  

= 4.12 X 10-3 /61° mhos.  (48b) 

Tlw input admittance (It the asymmetrical antenna if 

l'o = (2.51+ j3.1) X10 - 3 = 3.98 X 10 3/ 51 °  mhos. (484 

The input impedance is 

Zn = 158 - j195 = 251/ 7 51° ohms.  (484 

The input current of the asymmetrical antenna is 

/10/22 = 

/0 
= 2.51 + j3.1 

= 3.98'51° milliamperes per bolt.  (49) 

The distribution of current along the individual parts i 

the same as if this part were half of a center-driven an 
tenna, but multiplied for part 1((.30hi=r/2) by l'o/ 11 1 

for part 2 (0„113=r) by 1-0/ Y2. Numerical values for th 
special case under consideration are 

21'n 21-0 
= 0.346/74.2°; = 1.936  -10°. 

1'1 1. 2 

The factor 2.before V is necessary for comparison with 
the center-driven ant ell MIS  which have admit tanc 
Yi/2 and 12/2, respectively. Accordingly, the distribu-
tions of the magnitudes and phases of the currents per 
unit driving voltage are 

'  ' Ir. 
- - = 0.346 --
l'o 

(50)J 

=  01 .8oh- =, 2 +  74.2° (51a) 

12: 
1. 936 

1-11  1n ii r 

= Of .8„1, 1(13. (51b) 

Curves showing the distributions of the magnitude and 
phase of the current referred to the driving voltage for 
the asymmetrical antenna with hi = X„ '4, /22= X„,/ 2 are 
in Fig. 5. These were obtained from approximate second-
order curves of the King-Middleton distribution of 
current.5 

the second-order current curve will be included in a subsequent 
technical report. First 'wder curve,: are given in footnote reference 2. 

I. t. 
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Since the input impedance of the asymmetrical an-
Irma is approximately equal to the sum of the im-
!dances of two antennas of different and quite arbi-
nry lengths, it is interesting to consider the possibility 
( selecting these lengths so that the sum of the two im-
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Fig. 5—Current distribution on asymmetrical antenna. 

edances is less sensitive to changes in OA = wh/vo than 
ther one separately; that is, is it possible to select h1 
h2 so that the asymmetrically driven antenna has 

esirable broad-band characteristics? The answer is in 
le affirmative if it is possible to design the two parts 
and 2 of the asymmetrical antenna so that for a given 
lange in frequency from coo—Aco to coo-FAco the result-
ig change in R1 and Xi is compensated by a nearly 
lual and opposite change in R 2 and X 2.  For frequency 
tnge from co to co-f-Aco, i3ohi=cohl/vo increases to 
,)-1-4,c())/11, 'v„, and 0)12= coh2/vo increases to (co -1-Aco)h2/v0. 
'bus, the change in 13„h is Awhi/vo, and the change in 
oh2 is Acohilvo. Evidently, the increase in (3„h2 is greater 
han that in (1..,h1 if h2 is greater than h1, so that the slope 
f the R2, X 2 curves should be smaller than, and of 
ign opposite to, the slope of RI, X1 curves. Since for 
11 moderately thin antennas the regions of negative 
lope for X are always much steeper than regions of 
.ositive slope, it is difficult to satisfy these conditions 
rithout using sections that are several half wavelengths 
tng. 1 f both h1 and h2 are to be under a wavelength and 
!, and .(12 are not to differ greatly, a reasonably broad-
and antenna can be constructed by choosing h1 to 
taximize X I and h2 to minimize X 2 at co = co„. For 
=112= 10, h1 = 2.2v„/(o„ and h2= 2.9v„/co„ where v„= 3 
<104 m per second. A range of co defined by 

(1.90)„ 5 co 5 1.104  (52a) 

; orrespon(ls to 

1.98 5 flohl 5 2.42; 2.61 5 0„h2 5 3.19. (521)) 

Curves showing the variation of R1 and X 1, R 2 and X2, 
R o = R 1-I- R2, and Xo = are shown in Fig. 6 as a 
function of co in the range from 0.9co. to 1.1(.40. It is seen 
that over this 20-per cent frequency change, Ro and X0 
are reasonably constant. It is to be noted that with a 
corresponding choice of hi and h2 for thicker antennas 
for which C11 and 1/2 are smaller than 10, a considerable 
extension of this approximately constant range is 

possible. 
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Fig. 6—Broad-band characteristics of asymmetrical antenna. 

V. THEORY OF THE SLEEVE DtroLE 

An antenna of considerable importance because of its 
broad-band properties is the sleeve dipole shown in Figs. 
7(a) and 7(b). It consists essentially of the vertically 
extended inner conductor and outer conductor of a 

(c) 

Fig. 7—Sleeve dipole driven by a coaxial line over an image 
plane and its equivalent symmetrical structure. 
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coaxial line over a horizontal conducting- plane. 1 t dif-

fers from the conventional base-driven half-dipole over 
a conducting plane in that the sheath of the coaxial line 

does not end at this plane but extends above it a dis-
tance I. This is equivalent to moving the gap across 
which a voltage is maintained by the feeding transmis-
sion line upward from z=0 at the conducting plane to 
z=/. Application of the theorem of images to obtain 
an equivalent symmetrical structure yields the in-
ternally driven antenna of Fig. 71.  in which two gener-
ators maintain equal voltage respectively across two 
gaps at z= +/. 
Owing to the linearity of the Maxwell equations, the 

principle of superposition is applicable, so that the cur-
rent at any point along the antenna in Fig. 7(c) is the 
algebraic sum of the currents maintained independently 
by the generators. This is illustrated schematically ill 
Fig. 8. 

+ e 
IO Y o 

I A 
+  e 

V o 

Fig. 8-1)econipo.it ion of the , N 111111( 1 61.1 th  Iri% en antenna 

1111 0 1 \11,1 .1 ,1 1111114 .11-11 tI N Ir k  II .11111•1111.1 , . 

The determination of the currents due to the upper 
generator in the symmetrical antenna on the left in 
Fig. 8 reduces to the analysis of the current in the middle 
antenna in Fig. 8. Since this is the asymmetrically driven 
antenna already analyzed, this part of the problem is 
solved. The current in the antenna on the right in Fig. 
8 may be obtained directly from that in the middle an-
tenna bv interchanging ends. Finally, the resultant 
current in the antenna on the left is the algebraic sum 
of the currents in the other two. 
The impedance at the terminals of the upper genera-

tor in the antenna on the left in Fig. 8 is given by the 
driving voltage l'„e divided by the total current in the 
terminals. Thus, 

= 1.0"/(I. + ho = l'or/(I„ + IA). (53a) 

'lite admittance is 

1'  (To  / I I  (531) 

The numerical .1111,11 iii Id Ilit ii nl n•Ii d n C e and th 
Wu! ion of curt-cut in .1 ,!..e‘ dip& complica te 
,A• eral factors. Consider tir,i  simpli•st (as, II1 th, 
nork•trical itntrnna in Fig. 1)'.1, \1 here the driving 

voltages are maint.iined by discontinuities in scala 

potential. To permit numerical evaluation, let .1„/t, = w/2 
= 7r, as shown. .11so lit //-2 = 75 so that ft 

= 21n1 211, a,) =10. Since h.,= 21h, it follows that witi 

antenna  of  half  length  hi =) 1/4„ 4 varies  only  slowly  wit! . 
a2 =a, =2/), (2k, it], =9.3. Since the impedance of at 

12, an error of only a few pet- cent is made if it is as. 
slimed for simplicity 

Iv: 

s=' 

(a) 

that Ui =1(1. This value corre• 

Fig. 9 --Method of an.11,1, I/1  fil e 1̀1. IC Vl• di pI/11.•. 

sponds to at =a2. 2. Physically thc umlit ion (.21 - 12., = 10 
has a meaning for the asymmetrical antenna with 
/b2=2h t; a= 2a 1, but not for the alitenilit symmetrically 
driven by two equal generators. Thus, each of the two 

asymmetrical antennas in Fig. 9(1)1 may be analyzed, 
but the superposition of their solutions does no1 cor-

respond exactly to any physically realizalde structure 
since the outer thirds of each antenna cannot simul-
taneously have different radii. It is clear that the an-
tenna  of Fig. 91(1 , als., is approximated by a superposi-
tion of the t‘\ o antennas in Fig. ) Ii except for the 
added complication of the shoulders .tt the driving 
points, of which no account is taken in the theory. In 
the following, the currents in the two antennas in Fig. 
9(1)) will be superinmnsed with the understanding that 
the results apply approximately to both Figs. 9(a I and 
9(c), if a correction is made to take account of the 
shoulders in the latter. 

The currents 1„ and /A in the central asymmetrical 
antenna ill Fig. 8 with III= il2= 10 are obtained directly 
from Fig. 5. They are 
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tenna of electrical length ith= 37r/4; Q=10, base-driven 
over a perfectly conducting half space are 

per volt  (54a) 

= 0.68 - j4.34 milliamperes per volt. (54b) 

!lbstitution in (53b) gives the following driving-point 
:Imittance at the terminals of each slice generator in 
e symmetrical two-generator antenna or at the ter-
•inals of the single-slice generator of half of the sym-
etrical structure erected vertically on an infinite con-

icting plane: 

= (/. ± 1. I l = (3.18 - jl .24) X 10-3 mhos. (55a) 

he corresponding input impedance is 

Z;„ = 273 j106 ohms. (55b) 

The distribution of current on the symmetrical two-
!nerator antenna is obtained by superposition. It is 

r(Z)] antenna  =  [/(z) +I( —  Z)  asymmetrical antenna (56) 

nce the current in the lower part of the middle unit in 
ig. 8 is equal to the current in the upper part in the 
ght-hand unit. The magnitude and phase of the current 
the symmetrical two-generator antenna are given by 

'= I cos 0,-1-1,, cos 0 024- (1 t sin 0,-1-/b sin 0 0 2 (57a) 

= tan-1 P i sin 0,+1,, sin 0,,) /(/‘ cos 0,-1- cos0b)]  (57b) 

'here 

= 1(z);  1,, = 1 bei'1/4 1( -z). (58) 

"he magnitude I and the phase-angle Of referred to V„̀ 
re plotted in Fig. 10 for 13„h1=7,2, 0„h2=- 7r, and 

10. The current in the central part of the an-
enna between the two generators is seen to be rela-
ively great and to differ in phase from the currents in 
he outer parts by 25° on the average. 
The admittance and hapedance of a base-driven an-

4 

3  4 

Mwt.AMPIPtS 4t4 400 

0•,0 

Fig. 10—Current distribution on the sleeve dipole. 

Yo = (2.8 j1.1) X 10-3 mhos; Z0= 310+j122 ohms.  (59) 

These do not differ greatly from values (55a) and (55b) 
for the same antenna when driven at a height X0/8 from 

the conducting plane. 
The degree in which the impedance (55b) and the 

current in the upper half of Fig. 10 approximate the ap-
parent terminal impedance of and the current on the 
sleeve dipole in Fig. 9(d) depends upon the size and the 
nature of the junction region where the coaxial line 
ends and the driving voltage is applied to the antenna. 
Usually, more-or-less extensive surfaces exist in the form 
of flat or curved surfaces with or without sharp edges on 
which charge can accumulate. Since these surfaces and 
transmission-line end effects are not considered in the 
analysis of the cylindrical antenna, it is to be expected 
that the measured apparent impedance of a sleeve 
dipole will differ considerably from the theoretical im-

pedance. The additional chargeable surfaces are equiva-
lent to a lumped capacitance in parallel with the theo-
retical impedance. The effect of a positive capacitance in 
parallel with a center-driven antenna is to decrease the 
magnitude of resistance and reactance and shift the 

curves toward shorter lengths. In particular, the posi-
tive reactance is reduced relatively much more than the 
negative reactance. 
For example, suppose a susceptance B=coC=3.2 

.X10-3 mhos is connected in parallel with a sleeve dipole 
for which the theoretical admittance and impedance are 
given by (55a) and (55b). The apparent admittance is 

= (3.18 + /1.96) X 10 3 mhos.  (60a) 

The apparent impedance is 

Zi„, ---- 228 - j141 ohms.  (60b) 

The broil-I..ind properties of the sleeve dipole can not 
be invest i.L.I.ited in general without extensive numerical 
comput a Iits of the input impedance for a variety of 
sleeve lengths and antenna lengths. However, the be-
havior as a function of frequency of the input imped-
ance of the particular antenna for which the currents in 
Fig. 10 were determined may be carried out using avail-

able current and impedance data. 
Suppose the frequency for which (3„hi =7r/2, (3„172 =7r, 

13„I = / 4 is f„, and the associated angular velocity is co„. 
For a variation in frequency from co„ ,10.) to con-l-tica, 
where Aw  co./4, the electrical lengths have the follow-

ing ranges: 

3 
----wo 5 co 
4 

5 

4 

37r 57 
- 8  8 

(61) 
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asymmetrically driven antenna, including 2=0, by the 
actual currents in the lower part, do not differ effec-
tively from what they would be if the distribution of 

current were the same in the lower part as in the upper, 
as when h2= hi. Evidently, currents in the lower part 
that are near enough to contribute to the vector poten-
tial in the upper part, i.e., near z =0, cannot differ ap-
preciably from the currents in the adjacent upper part 
since /10= 120. 

This means that in determining the distributions of 
current in the two parts, each may be analyzed sepa-
rately as if each were a base-driven antenna over an in-

finite, perfectly conducting plane. That is, /1, in (18) 
will be changed negligibly if h2 is set equal to hi wherever 
it occurs in if and in the F and G functions that con-
tribute to the .1f and A functions. Similarly, /2, may be 

determined from (20) by setting hi equal to 112 in the 
corresponding integrals. Each of these problems is 
equivalent to the center-driven antenna. 2 The current 
liz in the upper part is the same as in the upper part 
of a center-driven antenna of half-length hi; the im-
pedance Zi = 1.10//10 is one half that of the center-driven 
antenna. Similarly, /2, in the lower part is the same as 

that in the lower part of a center-driven antenna of 
half-length h2, and the impedance Z2 =  V20//20  is one 
half that of the center-driven antenna. The impedance 
Zo of the asymmetrical array is the series combination of 
Z1 and Z2. 

Zo =ZI A- Z2.  (41) 

The currents in the two isolated antennas of half-length 
hi and 122, respectively, are related to each other and to 
the asymmetrical antenna they are to represent by 
setting 

Vic) =  VOZI, ZO; 1-20 = 1-0Z2'Zo. 

Hence, with r= 1/Z, 

fiz(upper part of asymmetrical antenna) 

1-0 
= it (upper half of symmetrical 

antenna of half-length hi)  (43a) 

/2,(lower part of as  antenna) 

10 

=  /2,(lower half of symmetrical 
12 

antenna of half-length h2) (43b) 

1-1 = 2(l-0 of symmetrical antenna of half-length b1) (44) 

1-2 = 2(1.0 of symmetrical antenna of half-length h2) (45) 

VII"? 
10 =   

Yi 12 
(46) 

As a numerical example consider the asymmetrical 
antenna defined as follows: 

(Joh! = 7r2;  0.112 = 7  (47a, 

= 2WD:1/al) = 10; f.I2 = 2/22(2h2/a2) = 10.  (47E0: 

Since 122= 2h1, a2=2a 1. The second-order King-Middle 

ton 2 admittances are 

fiohi = ir/2: Ii  = 2i9.56 - /4.62) X 10-3 

= (16.12 - " 24 X 10 -3 

- 23 X 10 -3; - 23.2° mhos (48a; 

#0h2 =  2( 1.(i + jl.8) X 10 -3 

-- 2 + X.1 0 -3  

= 4.12 X 10-3, '61° mhos.  (48b) 

The input admittain of the asymmetrical antenna le 

1"0= (2.51+13.1)X10 '=3.98X10--3/51°  mhos.  (48c) 

The input impedancr 

Zo = 158 - /195 = 251/-51°  ohms. 

The input current ()I asymmetrical antenna is (484  

/0 
- = 2.51 ; /3.1 
10 

= 3.08 51 milliamperes per bolt. (46) 

The distribution to. orrent along the individual parts is 
the same as if this poi were half of a center-driven an-
tenna, but multipli.,1 1.()1 jiart 1((30/21=7/2) by 

for part 2 Wok= hy V.  V2. Numerical values fur the 
special case under ni h•ra t ion are 

21'0 
-  = 0.34  4.211 ; 

2/-0 
=  1.936! -10°. (50) 

1-2 

(42)  The factor 2.beion• 1' is nycessary for comparison with 

the center-driycn anli•nnas which have admittance 
171/2 and Y2/2. re-pectivelv. Accordingly, the distribu-
tions of the magnit in les and phases of the currents per 
unit driving voll,c,;(• arc 

= 0.346 

1-0 r:2 

±  74. 1° 

-=   

°I AA _zr 2 -  10°. 

(51a) 

(51b) 

Curves showing t he distributions of the magnitude and 
phase of the current referred to the driving voltage for 
the asymmetri( .11 antenna with hi =X0/4, 112= X„,/2 are 
in Fig. 5. The, wcre ubtaincd from approximate second-

order curves of the King-Middleton distribution of 
current.' 

6 The second-onliT iirrent urves will be included in a subsequent 
technical report. First-order curves are given in footnote reference 2. 
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Since the input impedance of the asymmetrical an-
inna is approximately equal to the sum of the im-
!dances of two antennas of different and quite arbi-
•ary lengths, it is interesting to consider the possibility 

' selecting these lengths so that the sum of the two im-
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Fig. 5—Current distribution on asymmetrical antenna. 

edances is less sensitive to changes in 0oh =wh/vo than 
ither one separately; that is, is it possible to select hi 
nd h2 so that the asymmetrically driven antenna has 
esirable broad-band characteristics? The answer is in 
he affirmative if it is possible to design the two parts 
and 2 of the asymmetrical antenna so that for a given 
hange in frequency from w0—Aw to coo-FAco the result-
ig change in R1 and X1 is compensated by a nearly 
qual and opposite change in R2 and X2. For frequency 
ange from co to co-I-Aco, (30h1=cohi/vo increases to 
co-l-bicohi/vo, and (30h2= wh2/vo increases to (co -FAco)h2/vo. 
Thus, the change in 130h is Awhi/vo, and the change in 
foh2 is Awho/v0. Evidently, the increase in 13oh2 is greater 
han that in #oiti if h2 is greater than hi, so that the slope 
.1 the R2, X2 curves should be smaller than, and of 
ign opposite to, the slope of Ri, X1 curves. Since for 
II moderately thin antennas the regions of negative 
lope for X are always much steeper than regions of 
)ositive slope, it is difficult to satisfy these conditions 
vithout using sections that are several half wavelengths 
ong. If both hi and h2 are to be under a wavelength and 
21 and Sl2 are not to differ greatly, a reasonably broad-
iand antenna can he constructed by choosing hi to 
naximize X1 and h2 to minimize X2 at co = w„. For 
21= 92=10,  =2.2v0/w0 and h2= 2.9vo/co„ where vo =3 
K104 m per second. A range of co defined by 

0.904 5 w 1.1w. (52a) 

orresponds to 

1.98 5 (3ohl 5 2.42; 2.61 5 (3oh2 5 3.19. (52b) 

Curves showing the variation of Ri and X1, R2 and X2, 
= RI-FR2, and X0=X1-1-X2 are shown in Fig. 6 as a 

function of co in the range from 0.9coo to 1.1coo. It is seen 
that over this 20-per cent frequency change, Ro and Xo 
are reasonably constant. It is to be noted that with a 
corresponding choice of hi and h2 for thicker antennas 
for which 1-21 and l2 are smaller than 10, a considerable 
extension of this approximately constant range is 

possible. 
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Fig. 6—Broad-band characteristics of asymmetrical antenna. 

I V. THEORY OF THE SLEEVE DIPOLE 

An antenna of considerable importance because of its 
broad-band properties is the sleeve dipole shown in Figs. 
7(a) and 7(b). It consists essentially of the vertically 
extended inner conductor and outer conductor of a 

(a) (b) 

(c) 

Fig. 7—Sleeve dipole driven by a coaxial line over an image 
plane and Its equivalent symmetrical structure. 
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mmetrically driven antenna, including z = 0, by the 

actual currents in the lower part, do not differ effec-
tively from what they would be if the distribution of 
current were the same in the lower part as in the upper, 
as when h2= ht. Evidently, currents in the lower part 
that are near enough to contribute to the vector poten-
tial in the upper part, i.e., near z= 0, cannot differ ap-
preciably from the currents in the adjacent upper part 
since lin= 120. 

This means that in determining the distributions of 
current in the two parts, each may be analyted sepa-
rately as if each were a base-driven antenna over an in-
finite, perfectly conducting plane. That is, II, in (18) 
will be changed negligibly if 112 is set equal to h, wherever 
it occurs in 4/ and in the F and G functions that con-

tribute to the .1/ and A functions. Similarly, 12, may be 
determined from (20) by setting hi equal to 11., in the 
corresponding integrals. Each of these problems is 
equivalent to the center-driven antenna.' The current 
/1., in the upper part is the same as in the upper part 
of a center-driven antenna of half-length hi; the im-
pedance Z1= I'm/it° is one half that of the center-driven 
antenna. Similarly, /2, in the lower part is the same as 
that in the lower part of a center-driven antenna of 
half-length /72, and the impedance Z2 = 120/12, is one 
half that of the center-driven antenna. The impedance 

Zo of the asymmetrical array is the series combination of 
Z1 and Z2. 

Zo = Z1 + Z2.  (41) 

The currents in the two isolated antennas of half-length 
ht and /72, respectively, are related to each other and to 
the asymmetrical antenna they are to represent by 
setting 

V10 = YoZi/Zo;  1 -20 =  

Hence, with V = 1/Z, 

/1,(upper part of asymmetrical antenna) 

= /1,(upper half of symmetrical 

/3„ht = r 2;  1.10h2 = 7  (47a 

1/1 = 211(2111'a!) = 10; !.1.2 -= 2ln(2h2/(12) = 10.  (4713: 

second-order ling-Nliddle Since 1/2= 2/:, a2=2al. The 
ton 2 admittances are 

= 7r/2: VI 

ild/2 =  

)i 0.56 — j4.62) X 10 3 

110.12 — /0.24 X 10 " 

23 X 10 "-- 23.2° mhos  (48a; 

211.0 1- /1.8) X 10 -3  

(2 1 j3.6) X•10 -3 

4.12 X 10 " "61° mhos.  (48b) 

T he MIMI( adIllit tall( c III the innwtrical antenna is 

1",, ( 2.51-F /3.1) X10 3= 08 X 10 3/51°  mhos. (48c) 

I e input impedance is 

to = 158 — j105 = 251/-51° ohms.  (48(jThe   input current of the asymmetrical antenna is 

/0 
— = 2.51 1- j3.1 
JO 

= 3.08 51 milliamperes per bolt. (40) 

The distribution of current along the individual parts is 
the same as if this part were half of a center-driven ,in-

tenna, but multiplied for part 10.10h1=r 2( hv 1 l'i, 
for part 2 (0)2=7r) by 10:1"2. Numerical values 1,0 the 
special case under consideration are 

21'0 21'0 
  = 0.346/74.2'; - = 1.936 — 10°.  (50) 

Y2 

(42) The factor 2 before V. is necessary for comparison with 
the center-driven ,intennas which have admittance 
Y1/2 and V2 2, resin-ctively. Accordingly, the distribu-
tions of the 111.1:41111 MN'S :111(1 phaSeti Of the currents per 
unit driving volt.t e .ire 

antenna of half-length hi)  (43a) 

/2,(lower part of asymmetrical antenna) 

1
-
0 

= -j--/2,(lower half of symme trica l 
Y2 

antenna of half-length /72) 

W here 

l't = 2(1 .0 of symmetrical antenna of half-length hi) 

12 = 2(1'0 of symmetrical antenna of half-length 112) 

1'0 
11 + Y2 

(43b) 

= 0.346 
1-0 AA-- 1r:2 

= 0/.8,A . 2 +  74.2° 

- = 1.936 -- 
I.„ 1-0 $„/,- r 

(1'21 01.8„1, r 

(51a) 

— 10°. (51b) 

Curves showing the distributions of the magnitude and 
(44)  phase of the curnmt referred to the driving voltage for 

(45)  the asymmetrical antenna with 1/1= X„ 4, h2= X,,, '2 are 
in Fig. 5. These were obtained from approximate second-

(46)  order curves of the King-Nliddleton distribution of 
current& 

As a numerical example consider the asymmetrical 
antenna defined as follows: i 6 The secontl-,w,ler current curves will be included in a subsequent 

technical report. F irst-order curves are given in footnote reference 2. 
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Since the input impedance of the asymmetrical an-
mna is approximately equal to the sum of the im-
edances of two antennas of different and quite arbi-
-ary lengths, it is interesting to consider the possibility 
f selecting these lengths so that the sum of the two im-
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Fig. 5—Current distribution on asymmetrical antenna. 

iedances is less sensitive to changes in 13„h = colz/vo than 
ither one separately; that is, is it possible to select h1 
.nd h2 so that the asymmetrically driven antenna has 
lesirable broad-band characteristics? The answer is in 
he affirmative if it is possible to design the two parts 
and 2 of the asymmetrical antenna so that for a given 

-hange in frequency from w0 — w to wo-{-6ico the result-
ng change in Ri and X1 is compensated by a nearly 
•qual and opposite change in R2 and X2. For frequency 
ange from co to co+Aco, gohl=whi/v0 increases to 
A-Lico)hi/vo, and )30h2= coh2/tro increases to (co +6ico)h2/vo. 

rhus, the change in Oolt is Acohl/vo, and the change in 
0 2 is Acolt2/vo. Evidently, the increase in 13oh2 is greater 
han that in (30111 if h2 is greater than h1, so that the slope 
the R2, X2 curves should be smaller than, and of 

;ign opposite to, the slope of RI, X1 curves. Since for 
dl moderately thin antennas the regions of negative 
;lope for X are always much steeper than regions of 
-tositive slope, it is difficult to satisfy these conditions 
Arithout using sections that are several half wavelengths 
ong. If both hi and h2 are to be under a wavelength and 
a, and S-l2 are not to differ greatly, a reasonably broad-
)and antenna can be constructed by choosing hi to 
-naximize Xi and h2 to minimize X2 at co = ca„. For 
a, = 9,2 = 10, hi =2.2vo/coo and h2=2.9vo/coo where ti,, = 3 
X108 m per second. A range of to defined by 

0.9w.  to  1. lcoo (52a) 

.orresponds to 

1.98 5 tiohi 5 2.42; 2.61 5 /30/12 5 3.19. (52b) 

Curves showing the variation of Ri and X1, R2 and X2 
R 0 = A-R2, and Xo= X1-1-X2 are shown in Fig. 6 as a 
function of to in the range from 0.9coo to 1.1coo. It is seen 
that over this 20-per cent frequency change, Ro and Xo 
are reasonably constant. It is to be noted that with a 
corresponding choice of hi and h2 for thicker antennas 
for which S21 and i22 are smaller than 10, a considerable 
extension of this approximately constant range is 

possible. 
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Fig. 6—Broad-band characteristics of asymmetrical antenna. 

IV. THEORY OF THE SLEEVE DIPOLE 

An antenna of considerable importance because of its 
broad-band properties is the sleeve dipole shown in Figs. 
7(a) and 7(b). It consists essentially of the vertically 
extended inner conductor and outer conductor of a 

(c) 

Fig. 7 —Sleeve dipole driven by a coaxial line over an image 
plane and its equivalent symmetrical structure. 
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coaxial line over a horizontal conducting plane. It dif-
fers from the conventional base-driven half-dipole over 
a conducting plane in that the sheath of the coaxial line 
does not end at this plane but extends above it a dis-
tance 1. This is equivalent to moving the gap across 
which a voltage is maintained by the feeding transmis-
sion line upward from z= 0 at the conducting plane to 
z=/. Application of the theorem of images to obtain 
an equivalent symmetrical structure yields the in-
ternally driven antenna Id 1.•ig. 7(c) in which two gener-
ators maintain equal voltage respectively across two 
gaps at z= +1. • 

Owing to the linearity of the Maxwell equations, the 
principle of superposition is applicable, so that the cur-
rent at any point along the antenna in Fig. 7(c) is the 
algebraic sum of the currents maintained independently 
by the generators. This is illustrated schematically in 
Fig. 8. 

+ e 
_Vo 

+ e 
_Vo I A T.o 

LB 

Fig. 8—Decomposiii(m of the symmetrically driven antenna 
in t() two asymmetrically driven antennas. 

The determination of the currents due to the upper 
generator in the symmetrical antenna on the left in 
Fig. 8 reduces to the analysis of the current in the middle 
antenna in Fig. 8. Since this is the asymmetrically driven 
antenna already analyzed, this part of the problem is 
solved. The current in the antenna on the right in Fig. 

8 may be obtained directly from that in the middle an-
tenna by interchanging ends. Finally, the resultant 
current in the antenna on the left is the algebraic sum 
of the currents in the other two. 
The impedance at the terminals of the upper genera-

tor in the antenna on the left in Fig. 8 is given by the 
driving voltage I'0e divided by the total current in the 
terminals. Thus, 

= IB) = ro'/(1„--1- IA). (53a) 

'Ill(' .1( Iiiiit lu ll I I-. 

= (J. + /IL L'. I53b 

The ntimerit al evaluation id the impedam e and thi' 
distribution oi ( urrent in a sleeve (111 0111 I. I (implicate( 
I)\ hi.S1 th e Si M pl eSI  I .1 54 d  th( 
ininetrii antenna in Fig. 9(.1) ‘‘.liere the drivini 

voltages are maintained by discontinuities in scalai 
III I I Ill•r11111  C Villil ati(111, let 0„/11 = n" ,12 

00112= r,  :-,11 mvul.  .\Iso  hi  h%  a =  75 so that  f/.. 
=2111(2h, Cl:, —10. Shit h,= 2h i, it iollm‘s iliat with 
a2=a 1, U1 = 21111211, 3. Sin, e the impedance of an 
antenna of half h; X -I varies III!! \ slim ly with 
U, an error of old\ .1 le \\ 1,41 I c Ot H  lI1.uu II ii  it  is  ItS• 

sinned for sinipli1 it\  hal 12,  lo. I his \able corre, 

c, 

(C) 

UP.; " ,if  it I ht• sleeve dipole. 

sponds to a, = a2 2. Physically the condi! ion Lt, = U = 10 
has a meaning for the asymmetrical antenna with 
h2=2ho a2=2a 1, but not for the antenna symmetrically 
driven by two equal generators..Thus, each of the two 
asymmetrical antennas in Fig. 9(1)) may be analyzed, 
but the superposition of their solutions does not cor-
respond exactly to any physically realizable structure 
since the outer thirds of each :intenna cannot simul-
taneously have different radii. It is clear that the an-

tenna of Fig. 901 , diso is appruxitthtled by a superposi-
tion of the 1W() alliclItlas except for the 
added complication of the shoulders at the driving , . , 
points, o. which no account is t.iken in the theory. In 
the following, the currents in the two antennas in Fig. 
9(b) will be superimposed with the understanding that 
the results apply approximately to both Figs. 9(a) and 
9(c), if t correction is made to take account of the 
shoulders in the Lit ter. 

The currents I. and I. in the central asymmetrical 
antenna in Fig. 8 with III = !!2 = 1 0 are obtained directly 
from Fig. 5. They are 

1. 
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98/51° = 3 
V. e 

= 2 51 + j3.1 milliamperes per volt  (54a) 

/A 
—  = 4.4 —81° 

= 0.68 — j4.34 milliamperes per volt.  (54b) 

iubstitution in (53b) gives the following driving-point 
idmittance at the terminals of each slice generator in 
he symmetrical two-generator antenna or at the ter-
; ninals of the single-slice generator of half of the sym-
netrical structure erected vertically on an infinite con-

lucting plane: 

= (Jo + J F0' = (3.18 —11.24) X 10-3 mhos. (55a) 

Re corresponding inimt impedance is 

Zio = 273 -i- j106 ohms. (55b) 

The distribution of current on the symmetrical two-
generator antenna is obtained by superposition. It is 

1/(z)1 eyminetrical antenna =  [1(2) +1(  Z)  aernmetrieal antenna (56) 

iince the current in the lower part of the middle unit in 
Fig. 8 is equal to the current in the upper part in the 
right-hand unit. The magnitude and phase of the current 
in the symmetrical two-generator antenna are given by 

I = .01, cos 0,±,, cos 00 24-(1, sin 0,4-/b sin 00 2 (57a) 

= tan-' 1( /, sin 0,-1- /6 sin Oh) .'( ft cos 0,-i- /b cos 06) (57b) 

where 

1(:):  1 = I be", I(—z). (58) 

The magnitude 1 and the phase-angle Or referred to l'„e 

are plotted in Fig. 10 for 0„h1=r 2, (3„1/2 =7, and 
St2 10. The current in the central part of the an-

tenna between the two generators is seen to be rela-
tively great and to differ in phase from the currents in 

the outer parts by 25° on the average. 
The admittance and impedance of a base-driven an-

Fig. 10 Current diorilffition oil 1114....1(.4.vt• 

0 .0 

4 

tenna of electrical length 00h =37/4; it =10, base-driven 
over a perfectly conducting half space are 

ro = (2.8— j1.1) X10-3 mhos; Zo= 310+ j122 ohms.  (59) 

These do not differ greatly from values (55a) and (55b) 
for the same antenna when driven at a height X0/8 from 

the conducting plane. 
The degree in which the impedance (55b) and the 

current in the upper half of Fig. 10 approximate the ap-
parent terminal impedance of and the current on the 
sleeve dipole in Fig. 9(d) depends upon the size and the 

nature of the junction region where the coaxial line 
ends and the driving voltage is applied to the antenna. 
Usually, more-or-less extensive surfaces exist in the form 
of flat or curved surfaces with or without sharp edges on 
which charge can accumulate. Since these surfaces and 
transmission-line end effects are not considered in the 
analysis of the cylindrical antenna, it is to be expected 
that the measured apparent impedance of a sleeve 
dipole will differ considerably from the theoretical im-
pedance. The additional chargeable surfaces are equiva-
lent to a lumped capacitance in parallel with the theo-
retical impedance. The effect of a positive capacitance in 
parallel with a cater-driven antenna is to decrease the 
magnitude of resistance and reactance and shift the 
curves toward shorter lengths. In particular, the posi-
tive reactance is reduced relatively much more than the 

negative reactance. 
For example, suppose a susceptance B=wC=3.2 

X10-3 mhos is connected in parallel with a sleeve dipole 
for which the theoretical admittance and impedance are 
given by (55a) and (55b). The apparent admittance is 

l'iha = (3.18 +11.96) X 10-s mhos.  (60a) 

The apparent impedance is 

= 228 — j141 ohms.  (60b) 

The broad-band properties of the sleeve dipole can not 
be investigated in general without extensive numerical 
computations of the input impedance for a variety of 
sleeve lengths and antenna lengths. However, the be-
havior as a function of frequency of the input imped-
ance of the particular antenna for which the currents in 
Fig. 10 were determined may be carried out using avail-

able current and impedance data. 
Suppose the frequency for which 0„14=7/2, 0.112=r, 

13„1 =7 /4 is .1„, and the associated angular velocity is (.0„. 
For a variation in frequency from co„—Aco to co,,-1-aw, 
where Aw— w,,/4, the electrical lengths have the follow-

ing ranges: 

3  5 
W0 - w„: 

4 4 

37 
13.111 — 

8  8 

37r  57 

I 37r 

16 "  s 1-6 

(61) 
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The input impedance and admittance seen by the gen-
erator Z  / are given by (53a) anti (53b). In order to 
determine the admit lance or impedance over this range, 

it is nccessdry to know the currunts I at Ow  iii i ing 

Point z = ‘vItcrc  itilltedall" is to he evalnoti'd and 
/A at S= --I in the asymmetrical antenna. These cur-
rents are availahleh for il„17 - 7i 2, 3r/4, r, and 5r ,1 11 

that in the range (61) the required currents may 
he determined for both extremes, ii,,h2= 3r 4 and 5r/4, 
and for the middle value tinh2=--71-• The current in tlic 
lower part 2 of the asynum•trically driven antenna is 
iht.tincd from the current in the lower half il a sym-
metrical, ('enter-driven antenna hy multiplying li\ 
Z., (Z1-}- Z2) \\Jul- Z1 is tin. 

center-driven antenna of half length hi and Z, is the 
iml)edanut ot s‘  mmetrical center-driven antenna of 
half length h.,. !These values of illil)e(lan(c, •t wcll ;Is 
/L..= Y2 1401. 111C svinnwtrical antenna, iiiav b e de-

termined over the entire range of variati(Iii, namely, 
37r M---,Or, 57r '8; 37r 4 Sr 4 using the second-
order impedance and admittance curves.' The current 
/A, I can be obtaintd from the second-order distrihn-
tion curves5 for 0„h— 37r  4, r, and 57 4. .1 reasonable 
estimate of the variation of IA is obtainable by 
plotting curves of the magnitude and phase and of the 
real and imaginary parts of /A as functions of 0„h. Using 
interpolated values from these curves the approximate 
input impedance Zin of the sleeve dipole may be de-
termined over the specified frequency range using the 
formula 

1 (I, /A V  Z 2  \. 

I.„' ) Ui Z 2 I 

(62) 

Note that 1„ and /A in (62) are the values obtained in 
terms of a single generator with voltage 1"„r. Since the 
generator voltage at z— I in the sleeve dipole is 1"„r, the 

limiting case with / =0 gives a generator of voltage 21"„° 
at the center. Therefore, the factor 2 in (62) is required. 
Curves showing the input impedance Zi„=Ri„±jX,„ 

=Zeattin are in Fig. 11 as a function of 0)72 and as a func-
tion of (A) 'wo. For purposes of comparison the variation 
in Zi = Rii-jX, and Z2 = R2-1-jX2 for symmetrical center-
driven antennas of electrical half lengths in the ranges 
3r/8:5 0„ki 5r, 8 and 37r/4 ;Ci3„h, 5r/4 are shown in 
Fig. 12. It is seen that the reactance of the sleeve dipole 
is remarkably constant near 110 ohms over the greater 
part of the range whereas X1 and X2 for the center-
driven dipoles vary widely over positive and negative 

values. Ri„ for the sleeve dipole varies within 50 per 
cent of a mean value near 200 ohms whereas R2 ranges 
between 80 and 850 ohms, and Ri varies over a range of 

(1(10 :1! 

nearlv 100 per cent hum a mean v.altie of about I IC 
ohms. Lleadv, the licquent y rt•sponse of the sleeve 

iliPulc  ‘ci  liii I t"'llcl II."'" Ill( ' 'M il " (41  Vi ('‘V  of 

00.0.1) 

'Li  II  11111 ,c 4111,  411 iii,  SItt•%4. 

Fig. 12 Intik•d.ini 1,11.1‘i.r"1 the ,,‘ 
1 (•111,r-dri‘ tri 

broad-band operation than the response of either a 

half-wave or a full-wave dipole. With an appropriately 
designed reactive matching network the standing-wave 
ratio on a line terminated in the sleeve dipole could be 
ma de to remain ri•Asonably constant and small over a 
wide frequency range. 
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Application of Correlation Analysis to the Detection 
of Periodic Signals in Noise* 

V. W. I,EEt, T. P. CHEATHAM, JR.t, AND J. B. WIESNERt, SENIOR MEMBER, IRE 

Summary —The first part of this paper is a resume of correlation 

analysis. An interpretation of the correlation function of a continuous 
random process is given in terms of the sum of the products obtained 

by representing the process as a discrete time series. An electronic 
correlator capable of performing the necessary mathematical opera-
tions to obtain correlation functions is described. The theory of de-
tection of a periodic signal in random noise by the correlation 
method and a description of the application of the correlator to the 

theory are presented. 

p
RACTICAL APPLICATION of the recent de-
velopments in communication theory based upon 

the statistical concept of information has necessi-
t ited the study of characteristic functions of actual 
messages and noise as random processes and the de-
velopment of techniques for their experimental de-
termination. A statistical characteristic of messages or 
noise which has shown considerable effectiveness as a 
tool in the analysis of some communication problems is 

the correlation function. 
As an application of the statistical approach to com-

munication problems this paper presents the theory of 
detection of periodic signals in random noise by the 
method of correlation. The theory is supported by ex-
perimental results which have been obtained from an 
electronic correlator. The principles of the correlator are 
briefly presented. In order to provide sufficient back-
ground material, the first part of the paper contains a 
résumé of correlation analysis. 

I. CON LLATIUN ANALYSIS 

A. Autocorrelation of Random Processes 

For a function belonging to a stationary random 
processL2 such as, for example, the fluctuations of shot 
noise or thermal noise with time as the independent 
variable, a characterist ic known as the autocorrelation 
function has some interesting and important properties. 
If Mit represents a member function of a stationary 
random process tile autocorrelation function is defined 

as 

1  27' f 4)11 1 7)  II M  f 1(1). fi(i  r)dt. 
T _ 

(1) 

• I hl irnal  la-11“  t : 1061.211. I. friginal manuscript received 
by the Institute. I ii•cember 19. 1910. ri•vised manuscript received, 
July 7, 1950. Pre,eno•d, 1949 !ICI', Nat ion.11 Convention, New York, 
N. Y., March 10, 1949. 
This work has liven supported in part by the Signal Corps, the 

Air Materiel Conunand, and ONIC. 
f Research Laboratory of Flectronii  M.Issachusetts Institute of 

Technology, Catnbridge, MaS9. 
M. C. ‘Vang and G. F. Chlenheck, "On the theory of the 

Brownian motion," krt.% Mod. Phys., vol. 17, pp. 323-342; April-
July, 1945. 

2 H. NI. James, N. It. Nit hots, and R. S. Phillips, "Theory of 
Servomechanisms," Mt Graw-Ifill Book Co., New York, N. Y., 
chaps. 6 ii; 1947. 

The function fi(t), which shall be called a random func-
tion, may or may not have a hidden periodic com-
ponent. However, when it represents a shot noise or 
thermal noise, such a component does not exist. Al-
though correlation functions may be defined for dis-
crete random series, the functions concerned in this 
paper are continuous so that attention is confined to 
continuous random functions only. Because of the fact 
that expression (1) requires an averaging process with 
time as the independent variable, it is called a time 

average for 011(r). 
It is known that an autocorrelation function is a con-

tinuous, even function with a maximum value at the 
origin which no other value of the function may exceed 
in magnitude. In the absence of a hidden periodic com-
ponent, the function is asymptotic to the square of the 
mean of the random fuaction. Consequently, if the mean 
is zero, the autocorrelation function tends to zero as the 
displacement r tends to infinity. Based upon these gen-
eral properties a representative autocorrelation curve 
for a random phenomenon without hidden periodicity is 
roughly sketched in Fig. 1. If the random function is a 
voltage or current and a pure resistive load is assumed, 
then 011(0) represents the total mean power, On( Go) the 
dc power, and the difference, the power due to the 

flucutating or random portion of the function. 

Fig. 1 -Sketch of an at tocorrelation function. 

B. Crosscorrelation of Random Processes 

For two member functions fl(t) and f2(/) belonging to 
different stationary random processes but which are in 
some manner related to each other, a crosscorrelation 
function is defined by the expression 

1 
12(7) = f  fi(Of  r)dt.  (2) 

2T  -r 

If the displacement r is given to fl(t) instead of 12(1), 

then 

1 

021(0 = 11171  f  2(i) f  r)dt. 
T • lT -r 

(3) 
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orrelation is it M eas ure  id  c oh ere nce Ite R%'evit 

\\ ii 1 0111111111 111111eti olts. For t‘‘o randimi functions ‘vhich 

independently gem)rated, cross( orrel.ii ion produces 
a constant 't% hid) is the product of the individual mean 
values oh the functions. [ 'oil er this c o n diti on  th e lune-
lions ale said to be incoherent ; and in the particular 
case of eit her o n e 11.' 61 44 .1  zer o m ea n, the crosscorrela-
ion function is ter() e ver\ where. 

C. Correlation of Pertodo Functions 

Correlation need Ind he confined (10  Ta n d Oi n 

\\ .11( •11 t llr plivtiontenon tinder consideration is 
purely periodic, its :ttitocorrelat ion function is defined 
by the smite expression (1) in which f t) is now the 
lit'rttlii I unction. Thus if ft(t) has the general periodic 
form 

o 
f.(1) = — + EUn cos (nu)/ -1- On),  (4) 

2 

the autocorrelation function is, by aiplication of (1), 

.0 

l( r ) =    E 
4  

a02 1 
an- cos nun-. (5) 

This result brings out the interesting fact that the auto-
correlation function of a periodic function is periodic, 
retains Cie fundamental and the harmonics, but drops 
all phase angles. 

The crosscorrelation of periodic functions is defined 
by (2) and (3) in which _f(l) and _12(1) now represent the 
periodic functions. The crosscorrelation function of two 
periodic functions of the same fundamental frequency 
retains t he fundamental and only those harmonics which 
are present in both, together with their phase WI-
ferences. 

D. Ensemble Averages and the Ergodic Hypothesis 

Instead of taking the time average of a member fun) - 
lion of a stationary random process for the correlation 
function as it is done up to this point, the same result 
may be obtained by considering the process as it whole. 
The process consists of an in fi nit e e nse nt hle of functions 
which are generated by mechanisms of similar character. 
In this ensemble, let y1 be the random variable repre-
senting the values of the member functions observed at 
an arbitrary time  y2 those observed at time r later, 
and  y2; ndyyly, the joint probability that yi lies in 
the range  and y2 in the rang (2. y2+dy2). 
Because the process is stationary, the joint proliability 
distribution is independent of A characteristic of the 
ensemble of particular interest is the mean product of 
the variables v1 and y2 as a function of the displacement 
T. This function is expressed as 

r r 
- 20  YI Y2 P( Yl• Y2; r)dyidY2. (6) 

An important hypothesis in the theory of stationary 
random processes, known as the ergodic hypothesis, 

I It bolter 

slates I hai ihe I iine a ver.i g e I 1i is ' 11 6\ .111 .111 Io I h r e n-

se m ble ii‘'era g e (6). T his h y p olli e-is 

write 

r ) I ‘' (7) 

.15 III(' I'll Neil/ hie IT  I ti  I 111 . .1111i )4  /1.1 1'1.1 I 'lull  111114 !l ull. 

If )11  11111( 1 it W s tol d: 611 r d I:,111 ills: 1111)1 c :[ til-

&.i(I('i lI  (A1)1 .4's ., ('‘I  .1 i iii  I i 111.i1111( 1'. 

II'letter'A lieOre M 

1111' 1 1111 ..11  1111 •1)11.4111 ill  I 111  11.11111111111  .111.11\  III  

111111.11.‘ 1./1111111111 PIttt  l•,,rs is 1401  Jill:, 

ttti I(l,lllttil.  111 c  111t1:11•Iii l•-• h it I lli•  .1111(11: d I 

111)11  111111 111)11 OH' T I :Hi d I lit• \\ t'l  (11 11 , 11  I,' /I 1 1 11111 

'1)11(0)) of I h e J..111111/111 111 1'1 es, :fl u 111 •1(1111 .111. dii r I M C 11 11111 

th e ot h er h v Ill, 

and 

011 0')  =  f  ‘111111,1  II,  

-  O H(  11/1.  

lit other words 4)o(r) '1),p(..e. are Ft/M.11j I 1) , 1111' 

transforms of each other. 
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11 !Pi \ s 
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T2 i 0  Ti  T2  

Fig. 3  utocorrelat Iiiil(_t Ill obtained 1,y graphical method. 

N. 'Wiener, "Gencrahied harmonic anal) -.is," Acta. Math., vol. 55, pp. 117 258; 1930. 
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different values of r determines as many points on the 
curve as necessary. To carry out this interpretation of 
autocorrelation by an electronic method would require 
means for delaying and storing the random function of 

a long duration. A satisfactory electronic device for con-
tinuous multiplication is also necessary. Unfortunately 
these essential requirements are difficult to meet at the 
present stage of development of electronic techniques. 
However, a simpler electronic method which avoids 

these difficulties may be developed through the en-
semble interpretation of the autocorrelation function. 
For the explanation of the method consider the random 
function fl(t) in Fig. 4, which, for the time being, is as-

trkk- rk  

— 4.--    L   

It'""- -"I  

L 

Fig. 4—Portion of a random function showing 
graphical representation of (12). 

sumed to have no periodic component. Let the function 
be divided into sections each of duration L, and let it be 
assumed that the duration is so long that the set of 
values at, n2, a3, • • • of the function at the junction 
points are independent of one another. Under this con-
dition the sections of the function may be considered as 
belonging to the member functions of a stationary ran-
dom process. Now if b1, b, b3 • • • are the values of tl.e 
sections at time Tk following the correspondingly num-
bered values in the first set, then the mean of the prod-
uct of the two sets of values for n sections is 

— E a ib (10) 
j 

As the number of sections increases to infinity, the aver-
age quantity (10) tends to the value of the autocorrela-
tion function of the random process for r =Tk. This in-
terpretation of autocorrelation in the case of a physical 
situation is in agreement with the meaning of the en-
semble average (7). Hence it is permissible to write 

1 
cpii(rk) = jim — E a1b1. 

U 

In actual observation the number n can be made large, 
but it remains finite so that the autocorrelation curve at 

T r--- Tk has the approximate value 
ft 

oucro — E a ib (12) 
U 

Clearly the error in approximation depends upon the 
number n. The calculation of this error is discussed in a 
later section when correlation analysis is applied to the 

problem of signal detection. 
If a former restriction on f1(1) is removed so that it 

now has an additive periodic component but the sec-
tions still have a fixed duration L, then the values 

al, a2, a3 • • • are no longer independent of one another. 
However, from a practical point of view, if the ratio of 
the period of the periodic component wave and the 
duration L is not such that the junction points of the 
sections always occur at only a few fixed locations on 
each period of the wave, the expression (12) should hold 
for a random function with a periodic component. 
When the duration L is so short that the values 

al, a2, a3 • • • are in some manner related to one another 
even in the absence of a periodic component, the 
formula (12) may be shown to remain valid on the basis 
of time averaging for the correlation function carried 
out in accordance with the principles of sampling. The 
remarks just made in regard to the presence of periodic-

ity applies in the present case. 
keeping the section duration L a constant is a great 

convenience in actual computation by electronic means. 
But if it were made a random variable the approximate 
expression (12) may still be applied in the point-by-
point determination of the correlation curve. 
Although the expression (12) is applicable in the sev-

eral different situations discussed, it does not neces-
sarily give the same value in all cases for the same num-
ber n. The calculation of error in each case depends 
upon the manner in which the values a; and 1); are ob-

tained. 

B. Electronic Techniques 

The electronic method embodying the principles dis-
cussed for the computation of correlation functions is 
indicated in the diagram of Fig. 5 and a brief description 
follows. The irregular continuous wave form (a) repre-

(1) 

(d) 

(e) 
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Fig. 5—Characteristic wave forms of electronic correlator. 
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sents a portion of the random function for which the 
autocorrelation curve is to be computed. Two sets of 
periodic timing pulses (b) both with the period L, are 
derived from a sine-wave master oscillator. The second 
set of timing pulses is displaced by a delay network from 
the first set by the adjustable duration rk. By means of 
the first set of timing pulses, the values al, a2, a3 • • • 
are obtained. A boxcar wave form (c) is then generated 
in such a way that its discretely varying amplitudes 
are proportional to these values. Similarly another box-
car wave form (d) is formed from the set b,, b2, b3 • • • • 
A sawtooth sampling wave converts the amplitudes of 
the second boxcar wave into a series of duration-modu-
lated pulses (e). Clearly these pulses represent the b 
series. By means of a gating circuit the wave forms (c) 
and (e) are multiplied giving wave form (f) which is a 
series of pulses whose amplitudes represent the a series 
and durations the b series. The integration of wave form 
(f) by an integrating circuit for a large number of 
samples n results in a value which is proportional to the 
value 441(rA) as expressed by (12). 
An electronic correlator4 based upon the theory and 

techniques discussed has been developed at the Research 
Laboratory of Electronics, Massachusetts Institute of 
Technology. A photograph of the correlator is shown 
in Fig. 6. The displacement rk is automatically adjusted 
in discrete steps as the correlation curve is computed 
point by point each for the same number of samples. The 
results are presented graphically by a recording meter. 
The machine has been designed for crosscorrelation as 
well as autocorrelation. 

I I. DETECTION OF SINUSOIDAL SIGNAL 
IN RANDOM NOISE 

A. Principles of Detection by Aulocorrelalion 

Consider an additive mixture of a sinusoidal signal 
S(t) and a random noise N(t). Let the mixture be written 
as 

= S(i)  NO). (13) 

By application of the defining equation (1) the autocor-
relation function of .f1(t) is 

r 7' 
011(r) =  L  2T IMO+ X(01 [S(1-1-7)-F X(1-1-T)Idi 

T 

=OSN(TH-ON.V(TH-OSN(r)+4).Vs(7).  (14) 

The first two terms of the result are the autocorrelation 
functions of the sinusoid and the noise, respectively, 
and the last two terms are their crosscorrelation func-
tions. As a matter of convenience, let the means of both 
S(t) and N(1) be zero. If S(t) has the form 

S(t) = E„, cos (cal ± 0), (15) 

4 Further details are given in Technical Report No. 122, T. P. 
Cheatham, "Experimental Determination of Correlation Functions 
and Their Application in the Statistical Theory of Communications," 
Research Laboratory of Electronics, MIT (to be published). 

Fig. 6 NI IT electronic correlator. 

then according to the general expression (5) 

Oclober 

OSS(T) = E COS COT (1 6) 

where E is the rms value of the sinusoid. The In  
0,,,w(r) is nonperiodic and tends to zero as r tends to in-
finity. Because of incoherence bet weer] signal and noise 
the crosscorrelation terms vanish in view of a previous 
discussion. From these considerations the general ap-
pearance of the autocorreLition function (14) may be 
sketched as in Fig. 7. 

Fig. 7 -- AUtoc(,rrclali mi  to m ,.1 ‘‘.ivt• plus random noise. 
1)otted nrx ”mp.,.•11 1 (1,6.1,, random noise. 

The fact that the autocorrelation of random noise 
approaches zero as the displacement becomes large 
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•-wreas that of a periodic function persists as a periodic 
Inction, suggests that in the region of r where noise 
atocorrelation is essentially zero, the presence of a 
•riodic wave in the input of the correlator should be 
ridenced by a periodic variation in its output. Theo-
!tical considerations show that a periodic signal 
asked by random noise can be detected by autocor-
lation however small the signal may be. However, the 
eoretical possibility requires, among other things, 
infinite time for observation. 

Nature of Correlator Output 

In view of the fact that the correlator operates ac-
arding to sampling theory and in view of the finite time 
• observation in a practical situation, it is important 
determine to what extent a periodic signal may be 
Aected by this method. When the input of the cor-
.1ator is a sine wave plus random noise its output 
•aph for displacement r sufficiently beyond the co-
rent range of noise is as shown in Fig. 8. Let it be as-

Aim 

11411111111111111Si111111111i111111111111141111111111111  
T, T 

g. 8 - Output graph of electronic correlator for large values of T. 

Imed that there are sufficient number of points in each 
v•cle of the output curve for the identification of a set 
points th 42, k3 • • • :is indicated, which are located 
t a corresponding position in each cycle. Other sets of 
oints may be formed in a similar manner. Let each 
oint be the average of n sample products. The random 
ariable from which the sample mean ti of size n is 

rawn is the variable 

t = [s(i) + x(1)][s(t + r') + 
= S(t)S(t + 7') + .V(1)X(l ± 7') 

S(1)N(1 + 7') + N(0.5(1 + 7') (17) 

there r' is the time discplacement from the origin to 
he point k,. The random variables from which the other 
ample means k2, 4, • • • are drawn are similarly written 
tith r' increased by integral multiples of the period of 
he sinusoid. These random variables have the same 
ist ribution because of incoherence between N(1) and 
%•'(/  r) for r >T1 and of the particular values of suc-
essive displacements. 
To simplify the discussion, assume for the moment 
hat the sampling process in the correlator is random. 
tetually, of course, the samples are taken at periodic 
ntervals. I7nder the temporary assumption, the sample 
neans k,, k2, k„ • . • indcpcmdttit and are drawn from 
,ariables with tlw ,aine distribution. It is known in 
tat ist it al theory th.it in such circumstances the sample 
'wan, .1, a random varialde, has the mean of the vari-

able E of (17) and the variance that of  divided by the 

sample size n. 

C. Correlator Output Noise 

In determining the gain in signal-to-noise ratio it is 
necessary to discuss the nature of the output noise. 
Whereas the input noise is a continuous fluctuation, 
the output "noise" consists of the dispersion of a set of 
discrete points about a mean. The variance of the 
random sample means such as the set t =ki, 42, ta • • • is 
a measure of the output noise. Clearly the input and 
output of the correlator cannot be compared on an in-
stantaneous time basis as is possible in the case of a 
wave filter. The correlator output is a function of the 
displacement r, not the independent variable time, for 
each value of which an average product is taken over a 

long duration. 
If E is the rms value of the sinusoidal signal and a• 

is the standard deviation of the random noise (vari-
iance=cr2), and if both signal and noise have a zero 
mean, it may be shown that the variance of the sample 
mean  as a random variable has the expression 

1.,  1  -t'- 
0. 2 =  E4  2E2a2 a*. (18) 

n\2 

This result has been obtained in accordance with the 
known properties of a sample mean already stated. One 
important property of the variance (18) is its inde-
pendence of the displacement r in the region under con-

sideration. 

D. Gain in Autocorrelation 

Let the rms noise-to-signal ratio at the input be pi 

so that 

In decibel units, the input signal-to-noise ratio is 

1 
Ri = 20 logic, —  db. 

Pi 

(19) 

(20) 

According to (15) and (16) the ideal output signal, 
as a function of r, has the rms value 

E2 
So = —= • 

N/2 
(21) 

The output noise N. in rms value of the sample means 
about the ideal mean is the square root .of the variance 
give in (18). Therefore 

N. ----- a. = V  1 ( \ 1 Ea + 2 E2a2 + 0.4) (22) 
i n  2 

and the correlator out  rms signal-to-noise ratio 1w-
comes 

So ‘,/n 
= 

N„  VE'  4E2a2+ 2a4 
(23) 
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In decibel units the ratio is 

So 
Ro„ = 20 logio — db 

N„ 

ii 
= 10 logo  db.  (24) 

1 + 4p,2+ 2pi4 

A curve of this expression for n= 60,000 is given in Fig. 
9. 
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Fig 9—Improvement in signal-to-noise ratio through autocorrelation 
and crosscorrelation for sinusoid in random noise. 
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E. Periodic Sampling 

Analysis shows that, except when the sampling period 

happens to be such that samples are selected at points 
corresponding to only a small fraction of a cycle of the 
sinusoid or at points restricted to a few locations in a 
cycle, periodic sampling reduces the variance (18) by de-

creasing its first term. This (plant it y originates from the 
purely periodic component, that is, the first term of the 
ydridble 07). For a large sample site in periodic -.)m-

piing the first term of (18) is negligible. On the hiller 
hand, if it  he ,issurned that there is sufficient varia-
tion in the duration of switching time in the correlator 
for each change of r, so that the starting phase of the 
sinusoid for each point o:  the output curve is random, 
the second term of (181 retnain ,) the same as before. 
The last term of (18) is independent of the manner of 
sampling. 
Under these conditions the correlator output signal-

to-noise ratio is 

R„„' = 10 Ing i„   (Ii). 
2p,2(2  p,2) 

(25) 

For large values of p, there is practically no differcnce 
between random sa mpling- and periodic sampling as far I 
as the ratio is concerned. 

U srIAL I , _14 44  
11800.rt 

Fig. 10—Experimental res ults from  eiectrom" ',a-relator showing gain in ompto sinal•to-noisc ratio tor Mina oi sinusoid 
plus random noise at several rati,,, 
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'. Experimental Results 

To verify the analytical results in 8-kc sine wave plus 
andom noise derived from a Type-884 gas tube was 
upplied to the electronic correlator. The correlator 
.utput curves as presented by the recorder for input 
ignal-to-noise ratios of —1.12 db, —6.06 db, —12.6 
lb, and —14 db are shown in Fig. 10. The compara-
ively flat portions of the curves represent the autocor-
elation of noise alone while the other portions indicate 
learlv the presence of ;1 !-.111c wave. In this experiment 
he sampling rate \ t 500 sample products per second 
ind the sample size was 60,000. 

7. Gain in Crosscorrelation 

If the frequency of the sinusoidal signal is known, ad-
tantage may be taken of this information for attaining 
• t further gain in signal-to-noise ratio. Instead of auto-
:orrelation, a local sinusoidal wave of the known fre-
-itiency is generated for cross correlating with the in-
:oming corrupted signal. The advantage of crosscorrela-
ion over autocorrelation may be seen from an examina-
:ion of the random variable from which the correlator 
mt put is obtained. For crosscorrelation the input lone-

ion is 

f1(t) = Si(t) + Ni(1) (26) 

md the local wave is 

J2(t) = S2(1) (27) 

so that the variable from which samples are drawn is 

11 = 1.51(i)  Xi(t)].52(1  r) 

= Si(1).52(/ + 7) -I- X1(t).52(1 + 7). (28) 

Comparison of this variable and the variable in (17) 
shows that because of the reduction of the number of 
terms from four to two the noise in crosscorrelation 
should be much less. In fact, the principal contribution 
to the variance, which is the measure of output noise, 
is accounted for by the pure noise term N(t)N(t-Fr') in 
(17, so that its absence in (28) permits a substantial 

alculations similar to those for autocorrelat ion, 
the output si,gnal-to-noise ratio in crosscorrelation bv 
random ,,anipling may be shown to have the expression 

ii 
Ro,. = 10 login   db. 

1 2p,2 
(29) 

A curve for this equation when n = 00,000 is given in 
l. 9. 
A ( ouipAri-cm of (24) and (29) shows ( karly that for 

the same s.iiitiili sitc, urcosscorrehtion has a gain over 
, auto( urn-la ion ot  ainooto 

1 + 4p,2 2pi4 
G = 10 logio  db.  (30) 

1 + 2Pi2 

Fig. 11 contains a curve of this expression. 
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Fig. 11 —Addition.i1 gain in signal-to-noise ratio through crosscor-
relation as compared with autocorrelation (difference of the two 
curves in Fig. 9.) 

Under conditions of Section III, Part E, periodic 
sampling reduces (29) to 

and (30) to 

R;c' = 10 logio  db 
2p,2 

(31) 

G' = 10 logio (2 + p,2) db.  (32) 

IV. REMARKS 

The method and technique of detecting a periodic 
wave in random noise presented here may be regarded 
as a type of filtering in the time domain. It is well to 
emphasize that theoretically no claim can be made that 
the method of correlation is superior to conventional 
filtering in the frequency domain in the sense of ac-
complishing in the time domain what is impossible in 
the frequency domain. Such a claim would he false, 
since it has already been stated that the correlation 
function and power-density spectrum of a stationary 
random process are uniquely related by a Fourier trans-
format ion, and since it is well known that a similar re-
lationship holds for a periodic phenomenon. Neverthe-
less, from an engineering point of view, many equivalent 
operations may be more practicable and feasible in the 
time domain. For instance, a "zero" bandwidth filter 
in the frequency domain corresponds to an extremely 
stable oscillator in the time domain. At the present time 
it is much easier to build a stable oscillator than to 
build a network having zero bandwidth. 
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The Traveling- Wave Cathode-Ray Tube* 
K. OWAKIt, S. TERAHATAt, T. HADAt, AND  NAKA MURAt 

Summary—We have constructed cathode-ray tubes utilizing 
traveling waves, whose deflection sensitivity can be made independ-
ent of frequency by equalizing the phase velocity of the wave and the 
electron velocity. According to the theoretical analysis, the sensitiv-
ity of this tube is increased to 10-Imm/v at 30 kMc without any 
difficulty. The results of the theoretical analysis are proved experi-
mentally by the inversion spectrums. 

As examples of its application, measurements of amplitude 
modulation degree and observations of uhf voltage wave form are 
described in this paper. 

INTRODUCTION 

SI X ERAI, PAPERS have hitherto been published 
abOut cathode-ray tubes or oscillographs for meas-
urement in the region of uhf. For instance, Hoh-

mann" together with Von Ardenne, has studied the 
Lissajous figures in uhf region using a specially designed 
oscillograph, in which a very fine electron beam was 
focussed electrostatically and was deflected by a pair of 
extremely small deflecting plates. Recently, Lee' has 
succeeded in taking photographs of voltage waves at 
10,000 Mc using an oscillograph of three elements with 
a riagnetic lens, operated similarly to that of Hohmann. 
These cathode-ray tubes or oscillographs adopt either 

electron beams of extremely high velocity or deflecting 
plates of very small size in order to render it possible to 
neglect the transit-time effect (transit-time effect of the 
first kind) under the deflecting plates. 

On the other hand, in 1943 the authors of this paper 
proposed a new method of electron deflection based upon 
the principle of velocity modulation. In this cathode-
ray tube, the variation in velocity of the electron beam, 
which is proportional to the instantaneous uhf voltage, 
is transformed into the transverse deflection of the beam. 
Recently we have developed a traveling-wave cath-

ode-ray tube which makes use of a pair of parallel wires 
folded repeatedly instead of the usual deflecting plates. 
The electron beam is passed between these wires and is 
deflected by the electric field between the parallel 
wires. 

A similar idea is seen in Haeff's patent4 and J. R. 
Pierce's paper, in which the former utilizes distributed 
constant circuits and the latter lumped constant cir-
cuits for the realization of deflecting system. 

* Decimal classification: R138.31 X R339.2. Original manuscript 
received by the Institute, November 30, 1949; revised manuscript 
received. July 6, 1950. 

t Kobe Kogyo Corporation, Kobe, Japan. 
I H. E. Hollmann, "Mikrowellen-Oszillographie," Hoch. Fre-

quenz. Tech., vol. 54, pp. 188-190; December, 1939. 
2 11. E. Hellmann, "Ultra-high-frequency oscillography," PRoc. 

I.R.E., vol. 28, pp. 213-219; May, 1940. 
3G. NI. Lee, "A three-beam oscillograph for recording at fre-

quencies up to 10,000 megacycles," PRoc. I.R.E., vol. 34, pp. 121 W-
127 W; March, 1946. 

4 A. Haeff, U. S. Patent No. 2,064,469. 
5 J. R. Pierce, "Traveling-wave oscilloscope," Electronics, vol. 22, 

p. 97; November, 1949. 

CONSTR UCTION 

The construction of this t ul)e is sill] ila r to that of con 
vent ional t ypes, few fur the deflecting device. As if 
shown in Fig. 1, t u pairs of deflecting devices are con. 
structed with lpar   d .l.e.  wire,- folded relwatedly, the re 
spective fields of deflect ion being so arranged as to be at 
right angles to each other. 

Fig. 1—Construction of the traveling-wave cathode-ray tube. 

PRI NT i PLUS 

The electron travels along the axis of the deflecting 
device from A to B between the two parallel wires, as • 
shown in Fig. 2. The electromagnetic wave, l"„, sin cot, 
is made to travel front P to Q along the parallel wires. 
Because of the folded nature of the transmission wires 
which constitute the deflecting device, the phase • 
velocity u of the electromagnetic wave along the axis , 
AB becomes smaller than that on the parallel wires, 
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and is given by 

a 
= — X c (1) 

where 

a = spacing between adjacent parallel wires 
1 = folded length of the wire between adjacent points 
on the axis 
(0-1; 1-2 • • • n —1—n: refer to Fig. 2) 

c =light velocity. 

eTh 

-- 00 0 00 0 0 00-0-0 

PIS  r o 

- —0-43-43-6 0 0 00  000 

Fig. 2 —Diagrammatical illustration of deflecting system. (a) View of 
the folded parallel transmission lines from above. (b) Side view. 

Suppose that the velocity vo of the electron along the 
axis (x axis) is constant, and let u =vo .Under this con-
dition, electrons passing through the deflecting device 
are subject to a constant accelerating field in direction, 
and magnitude, if the attenuation of the wave is neg-
lected. This is because the transit time of the electron 
from A to B is equal to the propagating time of the elec-

tromagnetic wave. 

We shall proceed to a mathematical analysis of the 
deflection of the electron. As is shown in Fig. 2, the x-
axis is taken along the axis of the deflecting device, and 
the y axis is taken to coincide with the direction of the 
deflecting force which is perpendicular to the x axis. 
The electron, traveling with the velocity vo along the x 
axis, is deflected in the direction of the y axis by the 
electric field due to the voltage on the deflecting device. 
If the deflecting device consists of a pair of plate elec-
trodes, the electric field in the y direction at any point 
on the x axis will be a function of time only. But in this 
case, the electric field is a function of both t and x. 
Here, we investigated the potential distribution along 

the deflecting device by using an electrolytic bath. First, 
the equipotential curves on a plane perpendicular to the 
parallel wires which contain the x axis of the device 
were obtained. Then, an approximate transverse field 
distribution along the x axis was deduced from the po-
tential difference between two points having an infini-
tesimal distance separation on both sides of the x axis. 
Fig. 3 shows an example of equipotential curves at a 

phase difference of 40° between the adjacent parallel 
wires, in which 18 circles represent the electrodes and 
the number in the circles denote their respective ap-
plied voltage referred to the maximum value of uhf 
voltage taken as 100. Fig. 4 (a), (b), (c), (d), and (e) 
show distributions of transverse potential gradients 
along the x axis obtained from the equipotential curves 
corresponding to phase differences of 40°, 60°, 1209, 
180°, and 240° between adjacent parallel wires, re-
spectively. Full lines and dotted lines represent results 
of experiments and sinusoidal curves, respectively. 
These curves are almost identical with the exception of 
the end disturbances. However, in these results the po-
tential variation along the parallel wires is left out of 
consideration, so that the results are applicable only 
when 1 is very small compared with the wavelength. 

Fig. 3—Equipotential curves on the plane perpendicular to parallel wires which contain the x axis of the deflecting device. This figure corre-
sponds to (b) of Fig. 2. The circles indicate the cross section of wires, and the numerical figure in these circles show the voltage of the 
wires for phase difference of 40 degrees between adjacent parallel wires. 
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Now, from the above results, it may safely be as-
sumed that the voltage waves along the axis of the de-
flecting device is expressed by a cosinusoidal form. Also, 
the wave propagating along the parallel wires from P to 
Q will, in general, be partially reflected at Q; hence at a 
point on the axis of the deflecting device the electric 
field will be composed of the incident and reflected 
waves, leading to the resultant potential difference be-
t ween the parallel wires at a point x on the axis to be 
represented as follows: 

1-(rd,  = 1%  (, COS 0)  I — • 21  

ll 

+ (1 — 0)1"m cos [co {t — (2a n — x) 1)  — (2) 

where 

17„, = maximum value of uhf voltage 
?c= velocity of propagation of the electromagnetic 
wave along the axis of the deflecting device 
as described above, i.e., phase velocity 

g6 =attenuation coefficient and the phase angle or 
the electromagnetic wave at B when reflection 
occurs at O. 

The transverse electric field E on the x axis may be ob-
tained as follows: 

k 
— cos co — 
D 

10 

8 

2 

(a) 

2 

(b) 

ar
b
.Lt
y 

6 

a 

-10 

3 

1 

-1 
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3 

2 

± (1 —0)1%, cos [w(i— (2an — x)-- 1)— 03 (3) 
U  

o U 
Z where • L i 

D =distance between two parallel wires -.--- --1 w 

k= ratio of the electric field between the two parallel -4 
wires and that between two imaginary parallel 
plates extended infinitely. 

The questions of motion of electron are expressed as 
follows: 

d2x 
—  = 0  (4) 
dt2 

d2y  c kV. ( = 
(112 m D  ',cos w - - ii 

± (1 — 13) cos [col,/ — (2an — x)— 
1-1  cid} u 1 

From (4) we obtain 

dx 
— = vo(const). 
di 

Substituting x= ( —to)vo in (5), and integrating 

dy  2e kl'„, u  1 
di  m  D  coL(t1 — vo) 

co  Do 

sin — (1 —  zi —) (l — to) 

Do 
• cos —  — to) + to} 

2 u 

(5) 

(6) 
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-2 

1 2. 3 't g  b 7  a  9 
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Fig. 4—Distribution of transver,a1 potential gradient along the x 
axis for various phase ditterenie of v(,Itage between adjacent 
parallel wires. (a) Phase differen(c of adjacent parallel wires, 40 
degrees. (b) 60 degrees. (c) 120 degrees. (d) 180 degrees. (e) 240 
degrees. 
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1 1 sin ±-4- (1 + 11(1 — to) 
+ (1 — - -0) tell -I- v.)  2 u 

•cos —2 i u — 1)  (t — to) 

4ani _ 20 1(i ] 
+ 21 —  u i 

where, to = time of departure of the electron at A. 
Substituting c= (1-10)120= an in (7), the transverse 
velocity at the end of deflecting device can be obtained 
as follow S ,  anw) tan a2 = e :ID', v„ao:   cos (cat   . (15) 

dy   = 2e kl.„, u 1   Sin   
Do)  Do 

dt(x = an)  m  I)  w (u — vo) It is evident from these equations that the sensitivity is 
anw(u ± vo) 1  independent of the frequency and is constant over a 

• cos ilLot ‘‘ ide range of frequency. 
2uvo I  When u>>vo: 

(7) 

(1 — )3)  an(u  vo) 
sin   

• (it -1- rot 2uvo 

anw(u  3v0) 
• cos {cot (]• (8) 

2uvo 

This equations can be rewritten thus: 

dy 
K • cos (wt — 0),  (9) 

dt(x=an) 

where 

2ekV„,  1  )anw(u — Do)  
K =  sin-

nzDut )(u — vo) 2uvo 

(1 — 4)2 a no.)(11 vo) 
  sin-

▪ (u v0) 2 

2(1 — 

2uvo 

11114)(u —  Do) 

  sin 
▪ (u2 — vo2) 2uvo 

sin    cos ( duo) anw(u vi,) 

2uvo 

= tan 

sin 
(u — vo) 

1 
sin 

(u — vo) 

+ (A)} "2 , (10) 

Further considerations on the deflecting angle for spe-
cial cases will be discussed in the following. When the 
wave is not reflected at Q, the deflecting angle a, can be 
written as follows by taking the first term of (8); i.e., 

2ekV „,u 1 anw(u — vo) 
tan al =     sin   

mDvoco (u — vo)  2uvo 

If u =vo 

tan a3 = 

anw(u vo)} 

2uvo 

2ekV., 
  sin 
mDcovo 2vo 

anco 
  cos (.4t  ) 2vo . (16) 
anco 

(14) 

This equation has the same meaning as the general 
theoretical formula for the conventional cathode-ray 
tube. It leads to the same result obtained theoretically 

by Hohmann.' 

CONSIDERATIONS ON DEFLECTING SENSITIVITY 
AND EXPERIMENTAL RESULTS 

1. Calculated Results of Relationship Between Frequency 
and Sensitivity when the Electromagnetic Field and Elec-
tron Travel in the Same Direction. 

Relations between frequency and sensitivity when the 
electromagnetic field and electron travel in the same di-
rection when reflection does not occur, may be calcu-
lated by using (14). In this case, it is assumed that the 
cosine term which involves the time variable is equal 
to 1. The phase velocity was chosen to be equal 
to 2.93 X109 centimeters per second to be in accord 

with operating conditions. 

attou(u — vo) anw(u vo) (1 — ti) 
  sin   
2uvo  2uvo  ▪ (u  vo) 

sin 
anw(u t — vo) . a ico(u  vo) 
  sin   

2uvo  2uvo 

ano.(u — vo) anw(u vo)  (1 —   
  • cos 

2uvo  2uvo  ▪ (u  vo) 

The angle of (Hie( lion is expressed As (r. It is evident 
from these equations that the sensitivity is 

dy  dy dl 1 dy 
tan a --  =  =   (12) 

dx(x= an)  di dx  vo di(x=an) 

The displacement V of the sy,t on t h  rev') is 

= L• tan a, 

whcr L — distance from tlw deflecting device 

screen. 

(13) 

to the 

anw(u — vo)  anw(u  Do) 
sin   cos 

2uvo  2uvo 

• (11) 

Fig. 5, curve (a) shows an example when the accelerat-
ing voltage is 900 volts (i.e., vo = 1.78 X109 cm/sec). 
Sensitivity begins to decrease at a frequency of 400 Mc, 
and reaches an extremely small value at 2,000 Mc. In 
the case of u>vo, the electron transit time under the de-
flecting device increases, resulting in the shift of the 

' 11. E. Hohmann, "Hie lirannshe Itohre 1)4[4 sehr Holien Fre-
mienzen," Ilochfrequenz:. sond Elekiroakust., vol. 40, pp. 97 -103; Sep-

tember, 1932. 
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falling point of the sensitivity curves to a lower fre-
quency which makes it difficult for application in the 
uhf range. 

Fig. 5, curve (b) shows an example when the ac-
celerating- voltage is 2,500 volts (i.e., vo = 2.95 X109 
cm sec.). Comparing with the former case (a), sensi-
tivit V is seen to be lower but the frequency range be-

comes extremely wide. At 100 kiklc (X=3 mm), sensi-
tivit v  creases to 30 per cent. When the phase velocity 
fi is very nearly equal to vo, sensitivity becomes inde-
pendent of frequency, therefore, uniform measurement 
from low frequency to uhf is possiNe in this case. But, 
it is neglected that the potential distribution along the 
axis of deflection devices becomes to be departed from 
cosine distribution when /4..X (I of the present tube is 
28 mm). 

Fig. 5, curve (c) shows an example when the ac-

celerating voltage is 3,025 volts (i.e., vo =3.245 X109 
cm/sec.). In this case, electron velocity exceeds the 
phase velocity u, and the sensitivity decreases. 

2. Calculated Results of Relationship Between Accelerat-
ing Voltage and Sensitivity 

Calculations are made on the following two cases: 
(a) When the electron and electromagnetic wave travel 
in the same direction without reflection of the wave; and 
(0) when the wave is reflected at the end of the de-
vice and forms a standing wave along the deflecting de-
vices. 

Fig. 6 shows the relation between accelerating voltage 
and sensitivity at frequencies of 500, 1,000, 1,500, and 
3,000 Mc in the first case (a). The accelerating voltage at 
which inversion of deflection occurs will increase with 
the increase of frequency. 

Fig. 7 shows an example at 100 NIc for 0=0.5 and 
0=r/2, by using (8) in the second case. In this case, 
sensitivity decreases to a minimum, different from zero, 

at 500 volts. When reflection occurs at the end, sensi-
tivity generally does not become zero at any voltage. 

- I 

000  '7000  t000 0  20000 Joao°  s goo o  Ivaco() 

3 501., 
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Igort  5-0  0 '100  Ito  I '7p0  21,70  25-00 
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Fig. 6—Relation between accelerating voltage and sensitivity at 
frequencies of 500, 1,000, 1,500, 3,000 NIc %% hen electromagnetic 
wave and electron travel in the same direction. 
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Fig. 7—Relation between accelerating voltage and ratio of sensitivity 
when the wave is reflected at the end. 
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3. Experiments on the Accelerating Voltage and Sensi-
tivity (By Inversion Spectrum Method) 

In order to make clear the relation between the ac-
celerating voltage and sensitivity, Hollmann's method 
on inversion spectrum has been applied. According to 
this method, an alternating voltage of 60 cycles is 
superimposed on the dc accelerating voltage, changing 
the electron velocity periodically. The alternating volt-
age of 60 cycles is also supplied to the horizontal de-
flecting device. An ultra-high-frequency voltage pro-
duced by a magnetron oscillator is made to travel along 
the perpendicular deflecting device. An electron image 
describing a horizontal line on the screen consists of 
electron beams of different velocities, in other words, 
of different accelerating voltages, hence, an inversion 
spectrum of sensitivity corresponding to each accelerat-
ing voltage is obtained on the screen. 
Fig. 8 shows the inversion spectrums when the ac rms 

voltage superimposed on the dc accelerating voltage of 
1,040 volts is 370 volts, and a voltage wave of 1,000 

(a) 

I)) 

(d) 

52. .7e.,  tee . 11•1•,. r.k, 

v•tule 

Fig. 8 —Inversion spectrum for various terminated conditions. Sec-
tions (a) and (e) are eases when the waves are very small. Sections 
(b), (c), and (d) are cases when reflection occurred. 

Mc is propagated along the perpendicular deflecting de-
vice. Sections (a), (b), and (c) correspond to the variation 
of impedance at the end of the perpendicular deflecting 
device. As is clearly seen, the point of minimum sensi-
tivity and its magnitude varies according to the varia-

tion of the terminating impedance, which is in fair ac-
cord with the theoretical deduction previously obtained. 
The terminal construction of the deflecting device is 
shown in Fig. 9 in which the terminal impedance may 
be changed by shifting the tunable stub A. 

Fig. 9—Illustrated diagram of the deflecting device. 

APPLICATION 

I. Observation of Voltage Wave Form 

Many difficulties are encountered in the uhf region in 
obtaining a time axis to observe voltage wave forms. So 
far, it is impossible to qse saw-tooth sweeps in the uhf 
range, as is 'done in the low frequencies. As a result, 
many propositions have been made, among which the 
the outstanding methods are the following: 

(i) To record the voltage wave by a photograjih by 
using a single sweep time axis. 

(ii) To use the linear portion of a sinusoidal voltage 
as a time axis. 

(iii) To describe an ultra-dynamical Lissajous figure. 

The (i) method requires an extremely rapid sweep in 
order to make its period equal to the time correspond-
ing to several cycles of the uhf voltage. So rapid is the 
required velocity of the electron beam across the screen, 
that its beam density as well as its accelerating voltage 
must be made large to secure sufficient photographic 
sensitivity. 
But this would result in a decrease of deflection sensi-

tivity. This also requires a long drift space for the elec-
tron beam. 
The (ii) method implies difficulty in obtaining fre-

quency stability for both the observed voltage and the 
time axis, whereby, either one of the two should be 
synchronized with the other to produce a stationary 
figure on the screen. 
The last method (iii) is similar to the usual method of 

Lissajous figure, wherein, the only difference is that the 
phase difference between the waves at the horizontal 
and the vertical deflecting electrodes is controlled by 
the transit time of the electron beam between the two 
electrodes. 
When the wave involves an nth harmonic component, 

the phase difference of the vertical and horizontal volt-
age affected by the transit timer of the electron is equal 
to co r for the fundamental wave and nut r for the nth 
harmonic component. 
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"I'llerebIrc. the (Iirectitm of rotation of the funda-
mental and harmonic vectors hits \•.irions combinations 

coldUr.' 1,, )1 n .1 nil T. T he 111()sl 11111)(111.1111 

tot .:1d iet Iii I it I assaji ills figure is the combination of 

the tlirectiou uI the 11 .:TeCIIN'e N'eCtOl'S 111 6(1(111.11 to the 
lundantental anti the harmonic component, whether 
ilic\ :ire unidirectional or .tllti(hll((t toitti It IS tillifICIc111. 
III 1.110.• lilt ii ,i« 1111111 ()Ilk  the w 1 \v() ci s, !-,111('(' the 
other conthinatilins ma\ be iii till  :is symmetrical 
figures of these. 

Therefore, (Ile case where the vectors incidental to 
the funtlatnental 110(141tarinialic wave rotating iii I I Ir 
sante direction will be considcred lirst. In this evimple, 
the direction of rotation ot t he harmonic vector , 
dent  with the olurcit ion 01 t he mueehleitt  of the, ,.„  ,,, 

the ellipse des, rihed Itv the harmonic vector. This 
aspect is sh44‘‘ii iii I 10, \\Alert. the cycloidal curve has 

1 

Fig. 10 —Lissajous figure when vectors incidental to fundamental and 
harmonic wave are rotating in the same direction. 

a larger radius of curvature around the outer part than 
the inner. In general, t he inner urve describes a little 
loop, which will be called a -petal" for convenience. This 
petal sometimes degenerates into a cusp ii«wiling to 
the relative magnituile of the amplitude of the funda-
mental and the harmonic wave. When the petals are 
directed toward the interior, :is shown in Fig. 10, the 
figure will be called :in "inward figure." Since the har-
monic vector rotates n linics while the fundamental de-
scribes a single ellipse, the direction of the harmonic 
ellipse also describes it single rotation resulting in the 
decrease of the number of the cycloidal loops, which be-
comes (n —1). The photographs shown in I. ig. 11 ilkus-

(a) (b) 

<33 
(c) 

Fig. 11—Photographs of ultradynamic Lissajous figure of distorted 
waves, involving third (a), fifth (b), and seventh harmonics (c). 

trate e\ainides id iti‘varil petals ut distorted ‘Yiives in-

\ ',lying the third, filth, and seventh harmonics, respec-

ln cases %%here the fundaniental and harmonic \vaves 

rotate iii opposite directions,I lii  lutul. iii described 
pet,,k, or , lisps ott I he miter sides. This 

is sho\vii in Fig. 12. The  .1se is 

Fig. 12  figure  hen ‘ei ii  iii iluiti.ii Iii fundamental and 
harmottni %% ay, ore r .1.11 iui ii iipj h lu liiilion. 

Fig. 13 - l'holograph il ultrad:, mimic 1.i..anni s figure of dis-
norted wn‘i• involving the third harmonic. 

equal to (n+1 ) Fig. 13 shows examples of such a cast. 
when the distorted wave culisists (4 the third harmoni, 
component. 

(i) 
(a) 

2ir 4-6S 
i.„= I.91111 

I; 
(d) 

2w+1.51 ° 
170=1,900 volts 

7 • I') 
I \, 

(c 
2n--1- 16; 
1,780 volt, 

(c) 
12(i 

2 1(10 

(fl 
,ir +16.2° 

1'0=1,500 volts 

Fig. 14 —Photographs of tihrailynamic I.i,sajous figure of distorted 
wave involving the third hornunoii having various phase differ-
ences between flint It  lii .tod harmonic wave. I =Accelerating 
voltage of electron beam. 
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The direction of rotation of the fundamental and the 
harmonic vector thus varies according to cor and nun-, 
which necessarily leads to a frequent variation of the 
direction of the harmonic vector by the same amount of 
change in the transit time r. Since it is necessary to 
consider only the case of unidirectional or antidirec-
tional rotation, it is sufficient to take into account the 
variation rotation of the harmonic wave upon a certain 

fundamental rotation. 
Fig. 14 shows actual examples of such cases, which 

are the ultradynamic Lissajous figure having the third 
harmonic at a fundamental wavelength of about 100 
cm. Here (a), (b) and (c) are cases of outward petals, 
(e) and (f) are cases of inward petals. The phase dif-
ference of the third harmonic between (a) and (f) is 

about 0.7r. 
In the case of the amplitude of the fundamental wave 

being so small as to be hardly perceptible in the figure, 
the second, third, or other higher harmonics are apt to 
be taken as the fundamental, whereby the preceding 
analysis leads sometimes to harmonics having orders 

other than numbers. In such a case, the figure is not 
completed with a single cycle of the apparent hutch-

Fig. 15 —Lissajous figure involving fractional harmonic. 

A -in 4wf + /1 -in 1Iwt 

mental, but after several cycles. An example of such pro-
cedure is shown in Fig. 15. The order of the harmonics, 
in such cases, may be determined by the following 

method. 

(i) 
(ii) 

Count the number (N) of petals. 
Count the number of petals lying between two 

successive petals and add one to this number. 
This is equal to the number of rotation P of the 
apparent fundamental wave to return to its 

original position. 
(iii) The rigorous order of harmonics is equal to: 

N P 
m —  — ii + 1, 

where the negative and the positive signs correspond to 

the case of outward and inward petals. 
An example of such a case is shown in Fig. 16, which 

is approximately 2.5 times larger than the actual figure. 

Here, 

1:  /'  4 

16—Ultratlynamic Lissajous figure involving fraction harmonic 

A sin 40.4+/1 sin 11wf. A sin 4w/ -1-/3 sin 110.4. 

A sin 3,01+11 sin ILI. A sin 3wi +/I sin liwt.  A -in twl I h 19wt 

Fig. 17  Photographs of ultradynaiiiii Lissajous figures involving fractional harmonics. 
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hence, 
15 -4 11 

m =   = — = 2.73. 
4  4 

The original wave may be represented as, 
sin 0)1+0.8 sin 2.75 wt or (ii) 

E An sin mot,  An = 0 except, l4 = 1, lIlt = 0.8. 

(a) (c) 

cci • 

(d)  (v)  (f) 
Fig. 18  Photographs of double ellipse obtained 

with magnetron oscillations. 

Fig. 17 shows photographs of ultradynamical Lissajous 
figure containing the fractional harmonics. 

2. Measurement of the Degree of Amplitude Modulation 

For the measurement of the degree of amplitude 
modulation using the cathode-ray tube, the trapezoidal 
or elliptical methods are adopted, in general. The latter 
is adaptable  iii I he present t raveling-wave-I ype tube. 
Fig. 18 I s.1() %\ 01 this Inet h Od obtained with 

magnetron (is( illa t ions. lit Fig. 18(a) is shown the double 
ellips()id when the degree of amplitude modulation is 
about 90 per cent. In t hi', case, the modulation char-
acter is nearly  hi (1) , Mid (C) are shown, respec-
tively, cases of distortion and over modul.ttion. Fig. 
18(d), (e) and (f) all sip) \\ examples of over mod ula lion, 
but these cases differ front It in that oscillations of two 
different frequencies are represented. 
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C1 D 

Corrections and Additions to 

Speed of Electronic Switching Circuits* 

The authors of the above-mentioned paper have called to the attention of the 
editors several typographical errors in certain of the equations. The last term of 
the first equation on page 66 should read as follows: 

r 
L R I R 2 

The equation (2) gives m', rather than in. 
Equation (4) should read 

gm del 
e2 = 

2mC2(m — a) [ 
eal-a)1 . 

Since this paper deals with an analysis of multivibrators, a footnote reference 
should be added, calling attention to the work of R. Benjamin,' which analyzes 
blocking oscillators, and in which much the same conclusions are derived. 

* E. M. Williams, D. F. Aldrich, and J. B. Woodford, "Speed of electronic s‘vi whin); circuits," 
PRoc. I.R.E., vol. 38. pp. (.5 69 : January, 1950. 
I R. Benjamin, "Blocking oscillators," Jour. IRE, vol. 93, Part IIIA, no. 7; 1946. 
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I]onductivity Measurements at Microwave Frequencies* 
A. C. BECKt, SENIOR MEMBER, IRE, AND R. W. DAWSONt 

Summary—Because of the skin effect, the surface condition of 
oductors becomes very important in determining attenuation at 
icrowave frequencies. This has been investigated by measuring 
pall wire samples at a frequency of about 9,000 megacycles. A 
iaple of the wire to be measured is inserted in a metal tube to 
Im the center conductor of an open-ended coaxial line. The ratio 
the peak frequency to the half-power bandwidth of this coaxial-
le resonator, measured with the aid of an oscillographic display 
its amplitude-versus-frequency characteristic, gives its loaded Q. 

'Le amplitude characteristic of the frequency-modulated signal 
inerator, on which a wavemeter marker appears, is viewed simul-
lieously and used as a reference. By correcting the result to obtain 
unloaded  of the center conductor alone, the effective conduc-

ity of the sample is obtained. 
Results of measurements on a number of samples of different 
nductors having various surface conditions, treatments, and plat-
gs are given. These results are of value in the design of microwave 
mponents of all types where loss is a factor of importance. 

I. INTRODUCTION 

AT FREQUENCIES in the microwave range, skin effect limits current penetration in con-
- ductors to a small fraction of a mil. Therefore 
le nature and condition of the current-carrying sur-
xes of microwave equipment have a very important 
.aring on the attenuation. In order to get quantitative 
ata, equipment was set up to measure the effective 
mductivity of short pieces of small wire at frequencies 
i the order of 9,000 megacycles. Various metals, alloys, 
nd plated specimens can be investigated easily and 
uickly when such small samples are used for the 
leasurements, and it is a simple matter to produce and 
:udy the effects of surface roughness, contamination, 
nd corrosion, as well as methods of protection against 
iese conditions. 
The equipment described herein was designed to 
etermine the loaded Q of an open-circuited coaxial 
ne having as a center conductor the sample being 
leasured. This is done by displaying the resonance 
, urve of the coaxial line on an oscilloscope, measuring 
ts peak frequency and half-power bandwidth, and 
, aking their ratio. Effective conductivity is obtained by 
. orrecting this result to obtain the unloaded Q of the 
• enter conductor alone. 

II. M EASURING EQUIPMENT 

Fig. 1 shows the specimen holder and exciting wave-
luides used. Small wire specimens, 15 to 20 mils in 
liameter and less than 5 inches long, are supported in a 
,:oaxial line at voltage nulls by polyfoam beads whose 
• lielectric loss is negligible. The ends of the specimen-
lolder tube are open to permit quick insertion and re-
moval of the samples. This tube is made sufficiently 

• Decimal classittcation: R208 XR282.1. Original manuscript re-
. :eived by the Institute, January 20, 1950. 

Bell Telephone Laboratories, Inc., Holmdel, N. J. 

longer than the sample so that no appreciable radiation 
losses occur at the open ends, and the ratio of its di-
ameter to that of the wire is large so that its loss is 
small compared to the loss in the wire. This coaxial line 
is excited through an orifice from a terminated wave-
guide by a frequency-modulated signal generator. The 
output is taken into a second terminated waveguide 
through an opposite orifice in the coaxial line, and con-
nected to a superheterodyne receiver. 

ORIFICES 
FROM WAvEGUIDE 

TO COAXIAL TEST LINE 
WIRE SPECIMEN 
BEING MEASURED-, 

, ROL," FOAM 
t, BEADS 

To 00' PG 52/U WAVEGUIDe 
I/2 "x 1 0.D.  0.050 ff WALL 

6  LONG 

1—Specimen holder for wire 
conductivity measurements. 

00°6°  
10 apt() 

COIN SILVER TUBE 
3/s * I. D. 1/2 2" WALL 

ler. LONG 

• A block diagram of the measuring equipment is given 
in Fig. 2, and Figs. 3 and 4 are photographs of the wave-
guide circuits and the complete equipment. The signal 
generator, shown at the left center of Fig. 2, and at the 
extreme left of the photographs, is frequency modulated 
by placing a fraction of the 60-cycle supply voltage on 
the repeller in addition to its usual dc voltage. The 
signal generator output waveguide is connected through 
a matching and level adjusting attenuator to monitor-
ing directional coupler #1. The forward take-off of this 
coupler is connected through an adjustable attenuator 
to a dc-biased crystal detector. The output of this de-
tector is displayed on the oscilloscope, which has a 60-
cycle sine-wave sweep of the same phase as the voltage 
on the oscillator repellers, when the video switching 
relay is connected on one side. This relay is driven by 
a 30-cycle oscillator synchronized at the proper phase 
with the 60-cycle line. A plot of the amplitude-versus-
frequency characteristic of the signal generator is shown 
on the oscilloscope during this time interval. A typical 
display of this characteristic is shown in Fig. 5(a). The 
base line is produced when the 30-cycle video switching 
relay is on the other side, which at this time had no 

signal. 
Following that monitoring branch is directional 

coupler #2, whose forward take-off is connecte4I through 
an adjustable attenuator and a cavity wavemeter to 
another dc-biased crystal detector. The calibration and 



1182 PROCEED! NGLS'  ill I.: I .R. F. October, 
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60-CYCLE 
SUPPLY 

OSCILLOSCOPE 
X AXIS  Z AXIS 

RECEIVER BRANCH 

, tJu 
OF F EC TOP 

.1111 11 

Y AXIS 

SIGNAL 
GENERATOR  e  

VIDEO - 
SWITCHING - 
RELAY 

SIGNAL 
GENE RATOR _ 
MONITORING 
BRANCH 

CRYSTAL j  
DETECTORS 

x'? 

3Ô-' 
WAVE ME TER 
MARKER 
RELAY 

WAvEME T ER 
- - - MARKER 

BRANCH 

1CAviTy WAVE-
METER 

AMPL 

WAVE GUIDE 
SHORT INC 
SWITCHES 

NO. NO. 2  

DIRECTIONAL 
COUPLERS 

....NO. 3 
e> 

By PASS 
BRANCH 

, PRECISION 
• AT TENUATOR 

SPECIMEN 
HOLDER 

NO. 4 t. 

- DIRECTIONAL 
COUPLER 

BEAT INC 
OSCILLATOR 

Fig. 2-13Iock diagram of wire-conductivity ineasurine equipment. 

use of this wavemeter will be discussed later. The out put 
of the detector goes through another 30-cycle relay 
running in synchronism with the video switching relay 
to the Z-axis Nanking amplifier of the oscilloscope, 
producing a small gap in the signal-generator monitor-
ing trace corresponding to the frequency at which the 
cavity wavemeter is set. This gap moves across the face 
of the oscilloscope as the wavemeter or signal-generator 

Fig. 3—The waveguide component assembly used for 
wire-conductivity measurements. 

IF PRE-
AMPLIFIER 

BALANCED 
CONVERTER 

frequency set titigs are llI,III ed. The appcitranct• of the 
oscillosc(ipe x% it h the Si 11.11 ;:encratur monitoring de-
tector Ira(  and tht 11-(1111(11( y marker is shown in 

5(b). 

Continuing with I 2,  ht• 10,1111 signal follows the 
heavy line through a lex el adjusting at tenuator to di-
rectional coupler ,3, .11111 then to the specimen holder 

\\inch has been des( rilied and slimy!) in Fig. 1. This is 
followed by a ‘%.I\ eguide !,111111ing t-itt itch and direc-
tional coupler -ti4. liet‘veen directional 111111 III'1 3 and 

#4 is a ,epar.tte by-pass wd‘•eguide branch pdralleling 
the spet inien-Indder branch. If the ‘‘.iyegiiiile shorting 
switch in this  -passIII,IIII h is open, and the line in the 
specinien-holder branch is set tie lose its ‘‘ a yeg nide, the 

Fig. 4 The L ',intim tic it -tnea,uring apparatus. 
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;nal goes to the receiver through directional couplers 
and #4 and the by-pass branch without any fre-
iency-restricting circuits. This switch setting is used 
,r tuning, and as it reference condition for measuring 
le loss through the specimen holder. When the switch 

I. 

Fig. 5 -- Photographs of representative 
oscilloscope traces. 

this by-pass branch is set to block its waveguide path, 
nd the switch in the specimen-holder branch is open, 
he signal goes to the receiver through the specimen 
.older, and the resonance characteristic of its coaxial 
ine is displayed so that Q measurements can be made. 
Again referring to Fig. 2, the receiver section is shown 
n the dashed-line box at the right. After passing 
hrough a precision attenuator used for calibration and 
heck purposes, and a level adjusting and terminating 
ttenuator, the signal reaches a balanced crystal con-
•ert er whose output is the difference between the signal 
nd beating oscillator frequencies. Since the signal is 
requency modulated, the beating oscdhlor is also fre-
luency modulated in synchronism with it, and tuned to 
frequency 65 megacycles away from the signal gen-
Tator frequency. This difference is thus maintained 
iver the frequency-modulation range. The intermediate-

requency output goes to a preamplifier, then to lit ad-
ustable calibrated attenuator for measuring the Igiss in 
he system, and to the precision attenuator I used for 
,etting the half-power level), which is padded on both 
;ides to maintain a good match. This attenuator is ar-
-anged to switch between two positions giving about 
4- and 11-db attenuation, respectively, and so adjusted 
ind calibrated that the 3M1-db difference is accurately 

.!stablished. Next is the intermediate-frequency wax...-

meter, which is an absorption-type instru ment with a 

Cardwell precision cap.it it or having a 5,000-division 

.(ale. It produces it frequency marker pip on the oscillo-
scope that is used for calibrati.on  of I hI I .1 \ it \ \\ 

meter, as will be described later. The main intermediate-
frequency amplifier is next, with a gain of about 45 db. 
This unit, together with the preamplifier, gives an 
intermediate-frequency amplifier system having a gain 
of about 85 db, a center frequency of 65 megacycles, a 
bandwidth of about 20 megacycles one db down, and a 
low over-all noise figure. 
The output of the superheterodyne receiver is dis-

played on the oscilloscope when the 30-cycle video 
switching relay is on the opposite side from that used for 
monitoring the signal generator. A typical trace of this 
receiver branch signal, with a sample of copper wire in 
the specimen holder, and no signal on the monitoring 
branch side of the video switching relay, is shown in 
Fig. 5(c). A 60-cycle blanking relay is used to produce, 
from a dc supply, the rectangular wave which is applied 
to the oscilloscope Z-axis amplifier to blank the return 
trace, a d the ends of the sinusoidal sweep, where the 
spot is moving slowly. This relay, and the two 30-cycle 
cnes, are Western Electric vibrating-reed mercury-con-

tact relays. 
A wave-form timing and phasing diagram is shown in 

Fig. 6. The 60-cycle oscilloscope blanking relay turns 

60'. SWEEP 
AND 

OSCILLATOR 
REPELLER 

VOLTAGE 

OSCILLOSCOPE 
BLANKING 
RELAY 

30 . VIDEO 
SWITCHING 
RELAY 

W A VE ME TER 
MARKER 
RELAY 

1.• —  eo  SEC 

RECEIVER 
CONNFC TED 

ON 

BL ANK PLANE 

MARKER OFF 

MONITOR 
CONNECTE 

ON 

BL ARK 

ON 

RECEIVER 
ONNECTE 

OSCILLOSCOPE 
TRACE 

RECEIVER 

I 'NI 
BLANK 

MARKER ON 

MONITOR 

MARKER OFF 

MONITOR 
CONNECTED 

0 1, 

_/1 k---

BLANK 

TIME •--JA 

RECEIVER 

MAP ER ON 

IPLANE  C ONI.T\OR .  

Fig. 6 -Wave-form timing and phasing diagram. 

on the scope trace during the nearly linear rising voltage 
part of the 60-cycle line voltage used for sweeping the 
oscilloscope and oscillators. During this interval the 
oscilloscope spot moves across the face of the tube from 
left to right and the frequency of the oscillators goes 
through its range. The 30-cycle video switching relay 
alternately connects the scope Y axis to the monitor 
branch and to the receiver branch, and the cavity 
wavemeter detector is connected to the oscilloscope Z 
axis by its relay only when viewing the signal-generator 
monitor trace. These successive monitor and receiver 
traces are both seen on the oscilloscope, due to per-
sistence of vision, giving patterns as shown in Fig. 4 ((d), 
(c). (f), and (g)), which will be explained in more detail 
later. 

III. AMPLITUDE MEASURING SYSTEM 

in order to measure the half-power bandwidth of a 
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resonant element, means must be provided for accu-
rately determining a 3.01-db difference in signal level. 
For con% enience in use, a special precision attenuator, 
which was described in Section II, is included in the 
intermediate-frequency system of the receiver. "I his 
attenuator was adjusted to its ciirrect setting with the 
precision waveguide attenuator, and checked also 
direct comparison with intermediate-frequenc  stand 
ard pads that were obtained front Western Ile, frit. 
and checked against standards maintained in these 
Laboratories. "I'lw precision waveguide attenuator, iii 
this case a guillotine-type instrument, has a very low 

standing-wave ratio. It has a total attenuation of about 
4 db, and a long scale dial indicator to measure this 
range. It can be accurately calibrated on a double de-

tection-measuring receiver against precision  inter-
mediate-frequency at tenuator pads by measuring the 
input standing-w ;lye ratio  ith its Ot ShOiled. This 
method gives ,t change in intermediate-frequency at-
tenuation several times as large as the change in radio-
frequency attenuation, which ;ncreases the accuracy of 
calibration. hi addition, ill use it is the 3.01-db differ-
ence between I \\it settings that is required, and not 
the absolute value of attenuation at either m.tting. Dif-
ferences can be determined more accurately than the 
absolute values. Using this attenuator to calibrate the 
intermit hate-frequency attenuator also checks the 
linearity of the equipment between them. 
Since the measurement of levels 3.01 db down from 

the peak of the resonance curve is made at different 
signal generator frequencies, the change due to its 
out  level variation as a function of frequency must 
be corrected. This is the reason for displaying on the 
oscilloscope both the resonance curve of the specimen 
holder and the amplitude-versus-frequency curve of the 
signal generator so they are viewed together. Using the 
latter as the reference line compensates for this change 
in signal generator output level. There is no parallax 

difficulty, since these curves are in the same plane. This 
is, however, only true if the response of the signal-
generator monitoring branch and the receiver branch 
are identical. To make them identical, the monitoring 
detector and receiver seiond detector use crystals of the 
same 1\ it that have been selected for matched per-
formani 

iii I, even when the receiver was tuned, using the 
by-pass branch between directional couplers #3 and #4, 
so that its oscilloscope trace was superimposed on the 
signal-generator monitor trace, Q measurements were 
found to be in error. This error was caused by a change 
in match and law of response of the receiver second de-
tector with signals having different de components, 
which is the case when switching from the by-pass 
branch for tuning to the specimen-holder branch for 
making measurements. This difficulty was overcome 
by using a large dc bias on the second detector to main-

tain a constant input impedance and to swamp out the 

small dr compuilent changes %% ith the different signalli 
To keep 1 he (14.14.1 for  ahlie, and to ohlaif 

a good mat, Ii, tit bias Used on the ullltltltttiiuig (le 
it' iii .  It, uil,illit,ilii .ilignnient of the ILise lines Whet 

Illese  dilb•rent signals are displa ril, dile( t ionplec 
‘ideo is titil In the vertical deile, lion 
s\ sh•ni itt the osi illosciftilc. 1  1111 .1.11 tI i iiiiitii I of the last 
lint-,  is oht.illitql 11.' Sinai! adills1 1111111s 

hi.is voltages. 
iii flit • dolecf01 

IV. n a y'  \II.1st'Ul\(, S sij 

T he  1 I. II ,I Vil   lit/1111 h' ttIIII, I' 

meter mem i,.ned helm , ! H I V " ( 

used for measuring the y  and t lie half. 
pmver bandw idth. It has .1  tI  gil(,) to give a 
sharp iituikti, he seen in I  Viciniency read. 
ings are obtained bum the , till ti tiltn ot the micron, 

(ler Nvhich  i‘es the piston, and 1(.1- inea-uring band. 
width, a line, own)l wasailded al I oppo- i e end of the 
instr(tment, .is can be seen truill hit  pin.1 ,, o -,11)11s, 11)49. 

3 and 4. This consists of a movable silver rod oi small 
diameter extending into the cavil . A dial spread of 
about fort\ di\ isionS per Illegaeycle is ohtaineil oui th 
micrometer driving this rod. 

Since tile I thi!- line-control micromete 
is not linear, and also is a Imiction of the silting ui th i 
main piston, it i' i alibrated cit It time it is tiscd. The' 
first step in thisi alibi-alio') is to remove the frequency 

modulation from the receiver heating (is( illator by dis. 
connecting the 60-t i It' voltage till its repcIler. Since the 
signal generator is still frequency modulated, the fre-
quency response curve of the receiver, modified by the 
signal-generator amplit ude  tcrist It , is IIONV trace 

out on the oscilloscope. The precision intermediate 
frequency absorption Nvaveineter is used to put it down 
ward pip on this trace, as slioWn on Jig. .5(h). This Inter 
ntediate-frequen,'y wavemeter has about 200 division 

per megacycle, :Ind has been  'irately calibrated wit 
a heterodyne frequency meter which is hecked wit hi 
station \\AVV. Settings of the high-frequency cavit 
waverneter are transferred to this \\*averneler by align-
Mg the intermediate-frequency ‘eaventeter pip on the 
receiver trace with !he  frequency marker on the 
monitor trace, :is shown in Fig. . .\fter doing this 
for the two settings tti the cavity \1.1‘ ciiicter obtained 
at the half-pmeer points on the resonant curve, the 

bandwidth is obtained hy subtracting the tw 4) frequenc‘',. 
readings of the intermediate-freqiiencv \vave meter. 
This method of transferring the readings to the inter-

ntediate-frequency x‘ yetnet er can be 111 error if there is 
any residual or pickup frequency modulation on the 
beating oscillator of the receiver. 'lo avoid this possi-
bility, (lc is used on the heater of the oscillator tube, :ill 

leads are well shielded, and the repeller is grounded for 
ac by a large , apacit or when frequency modulation is 
removed for this , alibration. To make sure that this 
was effect k e iii clectron-coupled video-frequency oscil-
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lator known to have no frequency modulation was con-
nected to drive the crystal in the detector of the cavity 
wavemeter branch. This modulated the high-frequency 
signal, so the cavity wavemeter appears to give three 
markers instead of one. The middle one occurs when the 
signal generator sweeps across the resonant frequency 
of the ca ity wavemeter, and the others are the side-
bands due to its amplitude modulation, so the spacing 
between the two outside markers is twice the checking 
video oscillator frequency. To check for beating-oscil-
lator frequency stability, the spacing of these markers 
was measured with the intermediate-frequency wave-
meter. The results showed that beating-oscillator fre-
quency modulation was negligible when calibrating the 
cavity wavemeter with this equipment. 

V. MEASUREMENT PROCEDURE 

The waveguide switches are set for the signal to pass 
through the specimen holder. After inserting a sample 
several half wavelengths long, the signal generator and 
receiver are tuned approximately to locate a resonance. 
The sample wire is adjusted in lengthwise position to 
give maximum signal transmission. Then the waveguide 
shorting switches are reversed so that the signal goes 
to the receiver through the by-pass branch, and the 

beating-oscillator frequency and sweep magnitude are 
carefully adjusted to superimpose the receiver and 
monitor traces on the oscilloscope. The receiver is then 
connected through the specimen holder again by means 
of the waveguide shorting switches, and adjusted to a 
level which gives trace alignment as shown in Fig. 5(d). 
The power transmission ratio through the specimen 
holder at resonance is measured with the intermediate-
frequency attenuator by comparing these last two 
conditions, and correcting for the fixed loss through the 
directional coupler path, which has been previously 
determined. The frequency of the resonance peak is 
measured with the cavity wavemeter marker using the 
main dial, with the fine frequency micrometer set at its 
fixed reference position. The attenuator next to the 
signal generator is varied to check that the peak of the 
resonance-curve trace stays superimposed on the 
monitor trace as the level changes. This is important, 
as it is a heck on the linearity of the system. Then the 
precision intermediate-frequency attenuator is changed 
to its 3.0I-db lower setting, which changes the pattern 
to the one shown in Fig. 5(c). Using an optical magnifier 
on the oscilloscope, the half-power bandwidth is meas-
ured with the cavity-wavemeter fine frequency dial by 
putting the marker on each side as shown in (f) and (g) 
Fig. 4. r;dibration of these readings with the inter-
mediate-frequency wavemeter as previously described 
gives the frequency bandwidth. One half wavelength is 
then rut off the sample and the new length is measured. 
This process is repeated for several multiples of a half 
wavelength. 

VI. CORRECTIONS AND CALCULATIONS 

The measured loaded Q for each multiple half wave-
length of line is obtained by taking the ratio of the 
resonant frequency to the half-pm% er bandwidth. Dif-
ferent sample lengths are usually measured at slightly 
different resonant freqt encies, because in practice it is 
difficult to cut exact half wavelengths off the specimen. 
For this reason, the Q values for each length are con-
verted to values at a convenient common frequency by 
use of the relation that Q is inversely proportional to the 
square root of N% avelength. These values still include the 
effects of losses through the orifices of the coaxial test 
line into the waveguide system, the end effects due to 
fringing fields, and the outer conductor losses. 
The unloaded Q values, which would have been meas-

ured if there had been no losses through the coupling 
orifices, can be obtained from the loaded Q values by 
using the measured power-transmission ratio through 
the specimen holder at resonance. Denoting the un-
loaded Q by Qo, the loaded Q by Qi, and the power-
transmission ratio at resonance by T, this correction is 
made by using the relation 

Qt 
Q0 = --  

1 — T 
(1) 

which is derived in the appendix. Although each wire 
is inserted as near as possible to the position giving 
greatest transmitted power at resonance, exact location 
is difficult, but since the measurements are made for a 
fixed wire position, this correction compensates for small 
misalignments of the specimen with respect to the 
orifices. With the specimen holder used in this work, the 
measured power-transmission ratio at resonance is 
between 30 and 40 db, so this amounts to a correction 
of two to six per cent of the Q values. Smaller orifices 
would mean a smaller correction, but also less power 
transmitted, so noise on the receiver trace would be 
more of a problem. The present design seems to repre-
sent a good compromise in this respect. With no center 
conductor wire in the specimen holder, the output is 
about 90 db below the input, so no correction is neces-
sary for leakage power. 
Measurements are made on several multiple half 

wavelengths of wire in order to increase the accuracy 
by averaging a number of readings, to correct for end 
effects, and to find nonhomogeneous samples. From the 
wire lengths and the frequencies, the number n of half 
wavelergths of each measured piece of the sample is 
determined. A plot of nX/2Q0 for each length versus 
nX/2 is then made. An example of such a plot is shown 
in Fig. 7. This should be a straight-line relation, so de-
partures from linearity check sample homogeneity and 
random errors of measurement. End elk( ts in the co-
axial resonator are eliminated by taking the slope of 
this plot. From the slope of a straight line drawn as 
carefully as possible through the plotted points, the 
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total unloaded Q of the coaxial line is determined, as 
shown in Fig. 7, and denoted by Qt. 
The effect of losses in the outer conductor must be 

taken out, since we are interested in the losses due to 
the center conductor alone. The formulas for the Q of a 
coaxial line, which can be obtained from numerous 
sources,' show how these can be separated. It is possible 
to write 

1  1  1 
— = —  — (2) 
Qg  Q.  Q b 

where Qs is the total 'unloaded Q of the coaxial line, and 
Q. and Qb are defined as Q values corresponding to the 
inner conductor and the outer conductor, respectively. 
For the specimen holder used in this work the outer 
conductor loss is only two to five per cent of the total 
loss, so the required accuracy of determining outer con-
ductor loss is not very high. It was determined by as-
suming its value in the first place, then measuring a 
specimen wire of the same material with as near as 
possible the same surface conditions, and using the 
first assumption in correcting its measurement. Using the 
more accurate figure obtained by this measurement for 
the material, instead of the assumed one, the outer 
conductor correction was again made, and a new result 
obtained. Such a procedure converges rapidly to a result 
of more than the required accuracy. For correcting 
all the measurements obtained with this equipment, 
Qb is obtained from this result and the relation that it is 
inversely proportional to the square root of wavelength. 
Q. is then obtained from Qi by means of (2). 
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Fig. 7.—A sample plot of measurements on a specimen of vacuum 
annealed copper wire, showing how Qt is obtained from the slope 
of the line. 

For example, S. A. Schelkunoff, "Electromagnetic Waves," 
D. Van Nostrand Co., Inc., New York, N. Y., Sections 4.9, 7.22 and 
8.8; 1943. 

Octobe T 

The results of measurements with this equipment are 
usually given in terms of Qa, or its ratio to theoretical 
values, or to values for other materials or conditions. 
Such quantities are given in Table I. A measurement of 
Q. with this equipment by this method takes about 
two hours to make. Q. is inversely proportional to th9 
attenuation of microwave components using the sam4 
material in the same condition. However, formulas fol 
computing the attenuation of most components, par' 
ticularly coaxial lines or waveguides, are usually given 
in terms of the conductivity of the material of whicli 
they are made. The formula relating Qa to the effective 
conductivity is given by SchelkunolP in terms of the 
"intrinsic resistance" R as follows: 

472K 
Q. = 

RX/a 
(3) 

where 

K = surge impedance of line= 138.155 log10 b/a 
a= ou ter radius of center conductor in centimeters 
b= inner radius of outer conductor in centimeters 4 
X = free-space wavelength in centimeters. 

This intrinsic resistance is related to the conductivity 
by the formula 

R = 344. 144/ 
(41 

where 

= permeability relative to free space 
X= free-space wavelength in centimeters 
g= conductivity in mhos per meter. 

The intrinsic resistance and the effective conductivity 
of any sample can be obtained from Q. by means of (3) 
and (4). 

In order to relate the measurements to calculated 
values, the theoretical Qa can be calculated from the 
measured dc resistance of the sample wires. In makini 
this measurement of dc resistance, a long piece of t1.1 
sample wire was used when possible in the Wheatston 
Bridge, and its length and temperature were als 
recorded. Its de resistance at 20° C was obtained by 
means of the usual relation 

r2o 
ri 

1 + a(t — 20) 

where 

re = total measured dc resistance of the wire 
a= temperature coefficient of resistance 

$ 1= temperature of wire in degrees C. I 

Copper Standard, is calc _ the International Annea led 
From this, the relative  con duct ivity  C,  with  respect 1t  

lated from the formula 

0.15328L 

88900Ar2D 
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TABLE I 

Material 
Diame-
ter 
(Mils) cm Q.'  Q."  Q.  Q.IQ."  Q./Q.' Remarks 

Silver 
Copper 
24K Gold 
Aluminum 
Tungsten 
Molybdenum 
Platinum 

1.0629 
1.0293 
0.7634 
0.6106 
0.3128 
0.3095 
0.1581 

19.8 
19.6 
20.0 
19.4 
19.8 
20.5 
20.0 

3.272 
3.280 
3.283 
3.277 
3.259 
3.284 
3.286 

2202 
2144 
1881 
1651 
1201 
1219 
896 

2145 
2113 
2155 
2113 
2148 
2188 
2155 

1927 
1880 
1794 
1469 
1011 
1160 
898 

0.90 
0.89 
0.83 
0.69 
0.47 
0.53 
0.42 

0.87 
0.88 
0.95 
0.89 
0.84 
0.95 
1.00 

Coin Silver  0.8418 
!Soft Brass  0.2700 
Phosphor Bronze 0.1498 

20.0 
19.8 
20.0 

3.280 
3.287 
3.267 

Commercial wires 

1977  2155  1705  0.79  0.86 
1116  2139  1069  0.50  0.96k  Commercial alloys 
832  2160  811  0.38  0.97 

Silver 
Copper 
124K Gold 
'Aluminum 
Molybdenum 
Spring Brass 
Phosphor Bronze 

1.0832 
1.0490 
0.7560 
0.6214 
0.3095 
0.2246 
0.1347 

20.0 
19.5 
19.5 
19.6 
19.5 
19.6 
19.6 

3.264 
3.296 
3.281 
3.265 
3.270 
3.300 
3.264 

2248 
2164 
1842 
1680 
1180 
997 
828 

2160 
2103 
2108 
2118 
2112 
2091 
2118 

1894 
2038 
1707 
1611 
1133 
1006 
809 

0.88 
0.97 
0.81 
0.76 
0.54 
0.48 
0.38 

0.84 
0.94 
0.93 
0.96 
0.96 
1.01 
0.98 

Vacuum-annealed metals and alloys 

Iron  0.1873  15.3  3.264  788  1802  297  0.16  0.38  Commercial annealed 

Silver 
Copper 
24K Gold 
!Aluminum 
'Molybdenum 
Phosphor Bronze 
Soft Brass 

1.0629 
1.0293 
0.7634 
0.6106 
0.3095 
0.1498 
0.2700 

19.0 
19.2 
20.0 
19.0 
20.5 
20.0 
19.5 

3.272 
3.284 
3.268 
3.273 
3.274 
3.270 
3.286 

2145 
2127 
1883 
1630 
1220 
832 
1099 

2090 
2096 
2160 
2090 
2191 
2159 
2107 

1987 
2009 
1875 
1492 
1198 
840 
1086 

0.95 
0.96 
0.87 
0.71 
0.55 
0.39 
0.52 

0.93 
0.95 
1.00 
0.92 
0.98 
1.01 
0 :99 

Commercial wires hand-polished with 13 
alumina, rubbed lengthwise only;  100 
strokes 

Copper' 1.0293  19.9  3.282  2178  2147  844  0.39  0.39  Threaded 220 threads per inch 

Soft Brass' 
opperl 
opperl 

popper' 

0.2700 
1.0293 
1.0293 
1.0293 

18.8 
19.2 
19.2 
19.2 

3.290  1073  2063  1025  0.50  0.96  Electropolished 
3.277  2129  2098  1928  0.92  0.91  Electropolished 
3.280  2127  2096  2068  0.99  0.97  Smooth electropolished 
3.284  2127  2096  2088  1.00  1.00  Very smooth electropolished 

Copper' 
Copper' 
Copper' topper' 
opper' 
opper2 
Copper' 
Copper' 
Copper' 
Copper' 

:Coppers 

Copper' 

Copper' 

hopper' 

1.0293 
1.0293 
1.0293 
1.0293 
1.0293 
1.0293 
1.0293 
1.0293 
1.0293 
1.0293 

19.2 
19.3 
19.8 
19.4 
19.0 
19.1 
19.4 
19.8 
19.2 
20.0 

3.277  2129  2098  1928  0.92  0.91  Immediately after electropolishing 
3.266  2139  2108  1940  0.92  0.90  2 hours after lacquering 
3.288  2170  2139  1982  0.93  0.91  12 days after electropolishing 
3.271  2145  2114  1983  0.94  0.92  12 days after lacquering 
3.265  2121  2091  1843  0.88  0.87  33 days after electropolishing 
3.2810  2120  2090  1897  0.91  0.89  33 days af ter lacquering 
3.2638  2148  2117  1879  0.89  0.87  64 days after electropolishing 
3.2783  2173  2142  1973  0.92  0.91  64 days after lacquering 
3.2737  2130  2097  1990  0.94  0.93  3 months after lacquering 
3.2697  2190  2158  1932  0.89  0.88  5 months after electropolishing 

1.0293 18.8  3.273  2100  2070  1955  0.94  0.94  20 lengthwise strokes #4/0 emery; grooves 
1 micron wide, 1 micron deep 

1.0293 18.7  3.298  2083  2052  1830  0.89  0.88  20 lengthwise strokes #2/0 emery; grooves 
2.6 microns wide, 2 microns deep 

1.0293 18.5  3.293  2074  2044  1578  0.77  0.76  20 lengthwise strokes #1 emery; grooves 
5.4 microns wide, 4.5 microns deep 

1.0293  18.6 3.289 2080 2050  1218  0.59  0.59  Rolled between ground steel plates produc-
ing circumferential grooves, 4 microns wide, 
3.5 microns deep 

popper' 
Copper' 
Copper" 
Copper' 
Copper' 
Copper' 
Copper' 
Copper' 

1.0293 
1.0293 
1.0293 
1.0293 
1.0293 
1.0293 
1.0293 
1.0293 

19.2 
19.0 
19.2 
18.9 
18.5 
19.0 
19.0 
20.0 

3.284 
3.284 
3.297 
3.274 
3.257 
3.270 
3.262 
3.281 

2127 
2115 
2123 
2104 
2086 
2116 
2115 
2185 

2096 
2085 
2093 
2074 
2060 
2088 
2087 
2155 

2088 1.00  0.98 
2033 0.97  0.96 
2012  0.96  0.95 
2010  0.97  0.95 
1938  0.94  0.93 
2029  0.97  0.95 
1891  0.91  0.89 
1561  0.72  0.71 

Immediately after electropolishing 
3 days after electropolishing 
10 days after electropolishing 
13 days after electropolishing 
21 days after electropolishing 
41 days after electropolishing 
18 weeks after electropolishing 
Aged out of doors, 4i months 

fopper̀ opper' 

• 

topper' 
ropper' 

topper' 

1.0 20.8 3.298  2204  2204  1814  0.82  0.82 
1.0  20.1  3.294  2158  2158  1787  0.83  0.83 

1.0  20.0  3.291  2152  2152  1683  0.78  0.78 
1.0  20.8  3.265  2215  2215  2100  0.95  0.95 

1.0  20.8  3.263  2215  2215  1874  0.85  0.85 

Add bath 20 minutes at 200 ma 
Acid bath 20 minutes at 200 ma, then hand-
polished 100 strokes #3 alumina, lengthwise, 
only 

Acid bath 30 minutes at 100 ma 
Acid bath 20 minutes at 200 ma, then re-
electropolished with same process that pro-
duced 1.0 Q./Q." 

5 months exposure to air; same treatment 
as previous sample 
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TAIu.i I --(continued) 

October 

Material 

-- -
Silvers 
Silvers 
Silvers 
Silvers 

1.0843" 
1.0843* 
1.0843° 
1.0843* 

I hame-
ter 
(Mils) 

Q.'  Q." Q..  '()."  V..  

20.9  3.275 
19.8  3.272 
19.8 • 3.278 
19.8  3.265 

2311  2229  1019 
2238  2143  1268 
2236  2141  1628 
2239  2143  1498 

Remarks 

0 .46  0.44  Cyanide 15 minutes at 80 ma 
0.59  0.57  Cyanide 6 minutes at 100 ma 
0.76  0 7;  Cyanide 25 minutes at 25 ma 
0.70  0.67  Cyanide 25 minutes at 25 ma, hand-polished 

03 alumina; 100 strokes lengthwise 

• Assumed relative conductivity of silver. 
' Commercial mires. 
s Electrotwdished copper wire of 0.92 Q./Q.". 
Electropolished copper wire of 1.0 Q./Q.". 

4 CoDperelectroplated on electropolished copper of 1.0 Qa /Qs". 
Silver-electroplated on electropolished copper of 1.0 Qa/Q.". 

where 

L= wire length in centimeters 
A = wire area in square centimeters. 

The conductivity g, in mhos per meter, is given by the 
relation 

g = 5.8005 X 107 X C.  (7) 

This can be used in (4) to get the theoretical intrinsic 
resistance, and, from this, (3) gives the theoretical value 
of Qa calculated from the measured dc resistance. 

VII. RESULTS 

Table I gives results of measurements with this 
equipment for a number of specimen wires. The first 
column lists the material under test. The second 
column, headed "C," gives the relative conductivity of 
the sample as calculated by (5) and (6) from dc re-
sistance measurements. Next are listed the diameter of 
the sample and the wavelength of the measurement. 
The column headed Q.' gives the theoretical Q. value 
calculated from this de conductivity, diameter, and 
wavelength, as explained in the previous section. The 
column headed Q." gives the theoretical Q. calculated 
for copper of unit relative conductivity, and the given 
diameter and wavelength. The column headed Q„ gives 
the value measure ' at the given wavelength with this 
equipment. The next column gives the ratio Q./Q.", a 
quantity which is useful in comparing the attenuation 
of microwave systems made of this material with the 
theoretical attenuation using standard copper. The in-
crease in attenuation is obtained by dividing by this 
number, since attenuation is inversely proportional to 
Q. The last column gives the ratio Q,, 'Q.,', which indi-
cates the relation between the measured results and 
calculated values based on the dc-resistance measure-
ments of the same samples. 
As a check on the accuracy of measurement with this 

equipment, it will be seen that very smooth samples 
of platinum, phosphor bronze, brass, molybdenum, 24K 
gold, and copper gave results within 2 per cent of the Q 

calculated from measurements of their dc resistance. 
These metals have Q. values in the range from about 800 
to 2,100 when used in this specimen holder. 
The data of Table I show quantitatively the im-

portance of a smooth surface, especially for high con-
ductivity samples, at these frequencies where the cur-
rent skin depth is in the order of one thirtieth of a mil 
for copper. Microscopic examination showed that the 
hand-polished samples were still not very smooth. 
Lengthwise grooves or scratches do not reduce the effec-
tive conductivity as much as circumferential ones, as 
would be expected. Theoretically a smooth 60° V 

thread on the surface should reduce the Q to one half its 
value for a smooth sample,2 but the measurement of a 
rough thread shows a reduction to about 40 per cent 
of the smooth sample value. 

It will be noted that electropolishing is somewhat 
variable. but that good results can be obtained. Micro-
scopic examination of the surface always showed good 
correlation between smoothness and measured high con-
ductivity. The effective conductivity of freshly electro-
polished copper is seen to drop in value due to aging in 
the laboratory, and to drop further if aged outdoors, as 
would be expected. To protect a freshly polished copper 
surface, DuPont clear lacquer was selected, because it 
was considered to be good for this purpose, and was 
found to cause a negligible increase in loss at these 
frequencies. 

Fragmentary measurements on electroplated samples 
gave rather poor results. Since plated metal is usually 
more rough and porous than solid metal, this would be 
expected. It %%sill be noted that copper-plated samples 
could not be electropolished to as high a conductivity 
as solid samples. probably because of the lower density 
of the plating due to its porosity. Silver plated on very 
smooth electropolished copper samples from a cyanide 
bath gave very i)oor results, with the lowest values for 
rough porous platings at high current densities. 

1 S. P. Morgan. Jr., "Effect ..f surface roughness on eddv current 
losses at microwave frequencies." Jour. A pp/. Phys., vol. 20, pp. 332-
362; April, 1949. 
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APPENDIX 

Derivation of the Relation between the Unloaded Q and 
the Loaded Q of the Coaxial Line in Terms of the Trans-
mission of Energy through the Specimen Holder 

Fig. 8 gives a representation of the equivalent circuit 
of the specimen holder. The orifices between the coaxial 
line and the waveguides are depicted by ideal trans-

r 

P=20 

Fig. 8—A representation of the equivalent circuit of the 
specimen holder shown in Fig. 1. 

formers, here assumed to be identical. Fig. 9 shows this 
circuit transformed into the upper mesh. The measuring 
method determines the loaded Q, here called Qi, of 
this circuit. This is the ratio of inductive reactance to 
total equivalent series resistance in the circuit. Hence 

X /JP  XL 
Qi    (8) 

R/2 + Ro/ k2 + R/2  k2R  Ro 

We need to know the unloaded Q of the coaxial line 
' itself, the value it would have if there were no losses 

through the orifices into the rest of the circuit. We de-
note this by Qo. This is the ratio of inductive reactance 
to the equivalent series resistance of the coaxial line 

itself. Hence 

XL/k2 XL 
Q0 =   R0/k2 Ro 

Taking the ratio of (9) to (8) 

Qo k2R  Ro 

Qi Ro 

Fig. 9—The circuit of Fig. 8 transformed 
into the upper mesh. 

(9) 

(10) 

In order to determine this ratio, the power transmission 
through the specimen holder at resonance is measured. 
This is the ratio of the power output from the specimen 
holder to the power available at its input, in both cases 
between matched loads at the generator and receiver. 
Accordingly, as defined above, denoting the power trans-
mission by T, the output power by Po, and the available 

power by PA 

From Fig. 9 

and 

T = Po/P4. 

Po = I32R 

PA = E2/4R. 

Solving the network of Fig. 9 at resonance for /3 in 
terms of E gives 

k2E 
13 (14) 
= 4(k2R  Ro) 

Putting (14) into (12), and that result and (13) into (11) 
gives 

k4R2 
T =   (15) 

4(k2R  Ro)2 

Combining (10) and (15) gives 

Qo  1 

Qt 1 - 2VT 

which is the desired relation. 

(16) 
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Cascade-Connected Attenuators* 

TWO OR MORE calibrated attenu-
ators are often connected in series 
(cascade), as in Fig. I, in order to ob-

tam a desired reduction in power level. The 

zoE 
P1PUT  OUTPUT 

Fig. I—Cascade-connccted attenuators. 

total attenuation of the combination is usu-
ally obtained by adding the attenuation of 
each unit. In general, this u ill not give the 
correct result because of reflections due to 
mismatch at the attenuator junctions. 
The correct valuc of attenuation can be 

obtained in terms of reflection coefficient 
measurements at the attenuator junctions. 
For two units, the total attenuation 

A r is 

Ar = A' ± A" ± 20 logio 1 — (I) 

v. here 

• Decimal dassibcotion: R396. Original manu-
script received by tie Imititute. Di.cernber 28. 1949; 
abstract received. May 25. 1950. This is an abstract 
of a paper published in Jour. Res. Nat. BUI. Stand.. 
RP2129. vol. 45; September. 1950. 

t Ceatral Radio Propagation Laboratory. Na-
tional bureau of Standards. Washimoon, D. C. 
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A '=attenuation of first unit 
A" =attenuation of second unit 
I'2 =reflection coefficient at junction 

looking toward first unit with in-
put matched 

F," =reflection coefficient at junction 
looking toward second unit with 
output matched. 

The last term in equation (1) is the error 
(s2) resulting when the individual attenua-
tions are added to obtain the total attenua-
tion of the combination. If the voltage stand-
ing-wave ratios corresponding to T2' and 

are measured, e-2 will lie between two 
limits, depending upon the phases of 1'2' 
and 1"2". A nomogram which gives the 
limits of error appears in Fig. 2. 
If more than two cascade-connected a t-

tenuators are considered, the total attenua-
tion may be obtained by successive use of 
(1), starting from one end of he chain. 
When the attenuation of the first two at-
tenuators has been determined, they are 
treated as the first unit and the third at-
tenuator becomes the second unit in (1). If 
the attenuators are numbered from the end. 
the following equation is obtained for an 
number (n) of cascade-connected atten-
ua tors: 

20 LOG  (I+ 
cr2-1 
+ 1 of'+1 

) > > 20 LOG  (I 
10 

I- 1+1 
• 6 

IC 

i 0 

0, 01 

001  7  OC 

0001  .000 , 

....01 - .0.0.1 

.1 1 = E A ar) 

+ E 20 logo j 1 —1'2(K-ori(K)1 ,  (2) 

%% here 
(K)= a  superscript  denoting  the 

number of the attenuator 
4(K) =attenuation of Kth attenuator 

=reflection coefficient measured 
at the output terminals of the 
(K —1)th  attenuator  looking 
toward the input with the end 
of the chain matched 

ri(K)=reflection coefficient measured 
at the input terminals of the 
Kth attenuator with its output 
ma tched. 

shm‘n in Fig. 1, each attenuator in the 
chain has its output terminals connected to 
the input terminals of the following atten-
uator. 
These results may be applied to at-

tenuators %%hid) are not used in a transmis-
siundine sstent if expressions of the form 

are substituted for the appro-
priate reflection coefficients, and the S MIC 

reference impedance (Zo) is used through-
Olt 

I cc"- r 
cr.:. 

10 

- 2 

01 

' 1002 

•=1 

Fig. 2—Nomogram of mismatch error for two cascade-connected attenuator,, 

•11. 
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The Design of Frequency-Compensating 
Matching Sections* 

V. H. RUMSEYt 

Summary—Frequency-compensating networks have been em-
ployed to improve the impedance bandwidth of antennas and other 
radio-frequency components. The general problem considered here 
is that of transforming an impedance which changes with frequency 
to a specified resistance which is, as nearly as possible, constant 
with frequency. A simple procedure for solving the general problem is 
established, and formulas for the design of the appropriate matching 
section are worked out. The formulas give the parameters of the 

matching section in terms of the impedance of the load at selected 
frequencies. The technique is mainly applicable where the half band-
width is small compared with the center frequency. For the purpose 
of illustration, the method is described in terms of its application to 
coaxial lines, although it is equally applicable to any form of trans-
mission line whose characteristic impedance is known. 

INTRODUCTION 

T
I1E TECHNIQUE of compensating for the 
change of impedance with frequency of a load, 

  such as an antenna, was first brought to the at-
tention of the author in 1942, by Westcott at TRE 
Great Malvern, England. Techniques of frequency com-
pensation have been widely used in the meantime, al-
though there are relatively few open publications on the 
subject.1-5  These consist largely of particular examples 
which illustrate the mechanism of frequency compensa-
tion but do not give an explicit solution of the general 
problem. In this paper a more general approach is at-
tempted. A procedure and design formulas are estab-
lished from which an optimum matching section can be 
constructed without recourse to methods of trial and er-
ror. For the purpose of illustration, the method is de-
scribed in terms of its application to coaxial lines, al-
though it is equally applicable to any form of transmis-
sion line whose characteristic impedance is known. 
The problem is to design a matching section which, as 

nearly as possible, transforms the load impedance into 

• Decimal classification: R117.12. Original manuscript received 
by the Institute, July 6, 1949; revised manuscript received, April 17, 
1950. Presented, 1949 IRE National Convention, New York, N. Y., 
March 8, 1949. 
The work described in the paper was done while the author was 

employed by the British Air Commission, Washington, 0. C., at the 
Naval Research Laboratory, 1Vashington, 0. C. It was originally 
published in report CRG 89, Naval Research Laboratory, Washing-
ton, 0 C. ' September, 1945. 

Ohio State University, Columbus, Ohio. 
I I.. II. Dawson and N. M. Rust, "A wide band linear array aer-

ial," Jour. /Ett.' (London), part Illa, vol. 93; 1946. 
3 L. G. Fubini and P. S. Sutro, "A wide-band transformer from an 

unbalanced to a balanced line," Puoc. I.R.E., vol. 35, p. 1153; Oc-
tober, 1947. 

R. G. Fellers and R. T. Weidner, "Broad-band waveguide ad-
mittance matching by use of irises," Psoc.  vol. 35, p. 1080; 
October, 1947. 

C. IL Westcott and F. K. Goward, "The design of broadband 
aerial elements for 500-600 Mc ground radar," Jour. IEE (London), 
part Ill, vol. 96; 1949. 

6 Harvard Radio Research Laboratories, "Very High Freqpency 
Techniques," McGraw-Hill Book Co., New York, N. Y., vol. I, chap. 
3; 1947. 

a constant resistance Zo at all frequencies in the band. 
The design of the optimum matching section is based 
on the impedance curve obtained by plotting the varia-
tion of load impedance with frequency on the Smith 
Chart. While the technique of frequency compensation 
can be used to give considerable improvement, there is 
no substitute for a good impedance curve in the first 
place. In practice it is often possible to make adjust-
ments to the load itself, yielding a variety of curves. The 
first step is therefore to select the best curve. This may 
be done by plotting the impedance curve with respect 
to a complex characteristic impedance equal to the im-
pedance at the mean frequency. As a general rule, the 
best curve is the shortest curve so obtained. 

TWO-ELEMENT MATCHING SECTIONS 

It is assumed that the simplest and smallest matching 
section is required in all cases. This means that a better 
match could be obtained in some cases by using a more 
complicated section, but it is seldom worth the trouble. 
In order to set up a systematic procedure, it is con-

venient to restrict ourselves to quarter-wave stubs and 
transformers. This results in practically no loss of gen-
erality, though in some cases it may not give the most 
elegant solution. Fortunately these cases are uncommon 

in practice. 
Fig. 1 shows the five types of matching section in co-

Load 

Load 

Load 

Load 

Load 

3 

4  5 

Fig. 1—Two-element frequency-compensating 
matching sections. 
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axial form although the analysis which follows applies, 
in general, to balanced or unbalanced lines. Each con-
sists of two quarter-wave elements. Referring to Fig. 1, 
T1 and T2 denote the characteristic impedances of the 
two quarter-wave transformers in 1; Sand T denote the 
characteristic impedance of the quarter-wave stubs and 
transformers in 2, 3, 4 and 5. It is required to determine 
the values of T1 and T2 or S and T which give the best 
match to a given resistance Zo over the frequency band. 
We first note the limitations imposed by the use of 

quarter-wave elements. Since the final result is required 
to be a pure resistance, it follows that the impedance 
curve applied to the beginning of the matching section 
must be resistive at the mean frequency and perpendicu-
lar to the line of zero reactance. In general, the curve 
does not satisfy these requirements, but can be made 
to without significantly affecting the bandwidth. Fig. 2 

Negative 
Reactance 

A / 

Fig. 2—Representative positions of the impedance curve 
on the Smith chart. 

shows four typical positions of the curve. If it falls in 
the position A or B, then a short length of high-im-
pedance line (effectively an inductance) will transform 
the midband impedance to a pure resistance, B requiring 
a higher impedance than A. If the curve falls in the 
position C or D, a short length of low-impedance line 
(a capacity) will transform the midband impedance to a 
pure resistance. In either case, since the matching sec-
tion is short, the bandwidth will not be changed appreci-
ably. We thus obtain a curve which cuts the line of zero 
reactance at the midband point, but not necessarily at 
right angles. In order to obtain the desired orientation, 
we must apply an appropriate length of line whose char-
acteristic impedance is equal to the midband impedance 
(in order to minimize any change of bandwidth). 
Hence, the compensating matching sections of Fig. 1 

are preceded by two short sections, the first of which 
translates the curve to the real axis and the second of 

which rotates it to the perpendicular position. It remains 
to decide which of the matching sections in Fig. 1 should 
be used, and to determine the values of the two charac-
teristic impedances in it. This is accomplished by means 
of a series of formulas which are given below. Before 
giving the procedure, the method of obtaining the for-
mulas will be described briefly. A detailed analysis is 
given in the Appendix. 

DERIVATION OF THE DESIGN FORMULAS 

To derive the formulas, the conditions for an exact 
match at the ends and the middle of the band are 
worked out on the assumption that the frequency band 
is small enough that third-order terms in the relative fre-
quency difference (ratio of half bandwidth to mean fre-
quency) may be ignored in comparison with first- and 
second-order terms. This means that the formulas can-
not be used for bandwidths which exceed about 50 per 
cent (total). The values of, say, T1 and T2 (see Fig. 1), 
which give an exact match at one end of the band, also 
give an exact match at the other end if the curve is sym-
metrical about the line of zero reactance. If these values 
of T1 and T2 were used, the final curve would resemble 
curve A in Fig. 3. The nearest values of T1 and T2 which 
give an exact match at the midband produce a result 
like curve B in Fig. 3. The optimum value of, say, T1, 

Fig. 3—Illustrating performance of optimum 
matching section. 

is then the geometric mean of the two values which 
give the curves A and B; similarly for To. When these 
mean values are used, the final curve resembles curve C 
in Fig. 3, for which the mismatch is roughly the same 
at all frequencies in the band. The value of this mis-
match is easily deduced, and is given in the formulas as 
a voltage standing-wave ratio, which may be either 
greater than or less than one. The optimum values of 
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S and T in the other matching sections arc similarly 

-Jetermined. 
The curve may not be exactly symmetrical about 

the zero reactance line. In order to take this into ac-
:ount, let rt,-fixr., rli—jxn represent the impedance 
points at the lowest and highest frequencies. Then in 
the formulas we use 

r = ri,) and  x = ;12(xL  x//) 

and assume that r jx represents the impedance at the 
lowest and highest frequencies; i.e., we assume that an 
asymmetrical curve would give about the same result 
as the symmetrical curve which most nearly coincides 
with it. 

THE DESIGN FORMULAS 

The formulas apply to the frequency band between 
'—Df and f+Df, f representing the mean frequency 
and Df the half bandwidth. The values of the charac-
Seristic impedances in the matching sections are given 
relative to Zo, the resistance to which a match is re-
quired. The numbers 1,2,3,4, and 5, associated with the 
formulas, apply to the corresponding matching sections 
given in Fig. 1. 

Frequency  Impedance ÷Zo 

(—Df 

f Df 

AdmittanceXZ0 

gL-FjbL 

gi 

7r-Df 
d = tan   

2f 

2r = rri  r/. 

2x = xi/ + XL 

1. For x > 0 

Ii = - d2(r + 07) 

Ti 
3f = 

Ii 

x(1 — d2h) 
—   
2dh(1  h) 

if = VSWR mismatch 

2g = gil  gr, 

26 = bff 

h 4 r 
/2  

r1118 ( V  h 

ti = 12. 01\,/ri• 

1. For b>0, replace r1, r, x, 11, and 12 by gi, g, b, 
1/ti, and 1/12, respectively. 

2. M = V-g-
gi 

1 
— = ‘ rg(g — 1) — • 

— dx 
3. M = 

Vri 

12 = dx) 

[  x —  1  1 
S  =  r — 1 — 

4. Replace r, r1, x, s, and / in 3 by g, gi, b, 1/s, and 
1/1, respectively. 
S. Replace g, gi, b, 1/s, and 1/1 in 2 by r, r1, x, s, and t, 

respectively. 

PROCEDURE 

Summarizing the foregoing discussion, we obtain the 
following procedure for matching a given load over a 
band of frequencies f± Df to a resistance Zo: 
1. All possible adjustments are made to load in order 

to obtain the best curve in the first place. 
2. The curve is transformed using methods which do 

not reduce the bandwidth until 
(a) the midband impedance is a pure resistance, 
(b) the curve cuts the line of zero reactance at right 

angles. 
3. The curve so obtained is plotted with respect to Zo 

and values of the parameters required in the formulas 
are noted. 
4. The best matching section is determined by substi-

tution in the formulas for mismatch. 
5. The design of the best matching section is deter-

mined from the formulas. 

AN EXAMPLE 

Suppose that the best curve obtained was curve A 
in Fig. 4, plotted with respect to Zo over a +10 per cent 

Fig. 4—Transformation of in'tial curve A to real axis. (Fre-
quency increases in direction of arrow.) 
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band. Referring to the procedure, step 2(a) is accom-
plished by a short length of high-impedance line. Sup-
pose that 2Zo is the highest convenient value. Replotting 
A with respect to 2Zo we obtain curve B. In order to 
make the impedance at the mean frequency f a pure re-
sistance, it is necessary to transform B through a length 
of 0.05X (at frequency f), of characteristic impedance 
2Zo. After this transformation we obtain curve C in Fig. 
4, which gives an impedance at frequency f of 0.7Z0. 
To accomplish step 2(b), we therefore transform through 
an appropriate length of line of characteristic imped-
ance equal to 0.7Zo. Replotting curve C in Fig. 4 with 
respect to 0.7Z0 gives curve D in Fig. 5. Curve D shows 

/Negative Reactance 

f+Df 

Fig. 5—Transformation of curve C, Fig. 4, to orientation 
perpendicular to real axis. 

that a line of length 0.1X (at frequency f) of character-
istic impedance 0.7Z0 transforms the curve so that it 
cuts the line of zero reactance at right angles, giving 
curve E in Fig. 5. Proceeding to step 3, curve E is 
plotted with respect to Zo, giving curve F, from which 
we plot the admittance curve G in Fig. 5. Curves F and 
G are the impedance and admittance curves which are 
used in the formulas. Hence, before using one of the 
matching sections shown in Fig. 1, we apply 0.05X of 
2Z0 line followed by 0.1X of 0.7Z0 line. 
The values of rL, rll, XL, xm, and r1 are read from 

curve F, Fig. 5, and the values of gL, gm, bL, bm, and gi 
are read from curve G, Fig. 5. Applying step 4 to for-
mulas 1, 3, and 5 we obtain 1.2, 1.33, and 1.18, respec-
tively, for the mismatch (when expressed as a fraction 
greater than 1). Matching sections 2 and 5 give a nega-
tive value of S and are therefore not applicable. Using 
the formulas, we obtain the values T=0.77Zo and 
S=2.77Z0 as the characteristic impedances of the ele-
ments in the matching section 5. The complete match-
ing section constructed in coaxial line thus takes the 
form shown in Fig. 6. 

o.i O. 25 

Fig. 6 —Coaxial-line form of optimum matching section 
for curve A, Fig. 4. 

In order to illustrate the action of the matching sec-
tions, the transformations have been plotted with re-
spect to Zo for matching section 5 in Fig. 7. The initial 
curve is represented by A, curve B represents the im-
pedance after the addition of the series stub, and curve 
C represents the final impedance. Curve C in Fig. 7 is 
slightly overcompensated, indicating that a smaller 
value of S could have been used in matching section 5. 
It should be remembered that there is an inevitable 

error in any impedance measurement. Also, that a 
change of physical dimensions in a transforming section 
gives rise to a small reflection, which is not taken into 
account in the formulas. In general, the accuracy of the 
formulas given here is about the same as the accuracy 
of measurement. 

Z-0 

Negative 
Reactance 

-    A 

Fig. 7— Transformations due to frequency-compensating 
matching section. 
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APPENDIX 

The Derivation of the Formulas 

Referring to Fig. 1, let the load be connected to the 
transformer of characteristic impedance T1 in matching 
section 1. The impedance of the load is R-i-jX at the 
lowest frequency, R1 at the mean frequency, and R 
—ix at the highest frequency. 
Let 

Df 
d = tan —  900 

where 1± Df are the highest and lowest frequencies. 

Let 

R • X T1 T2 

= -  I X =  11 = 12 = 

ZO  ZO ZO ZO 

impedances we may immediately write down an alterna-
tive solution in terms of admittances by making the 
above interchange. 
We now make use of the fact that d is small. For a 
+ 10-per cent band, d = 0.16, d2=0.0256, and so forth. 
An approximate solution is therefore obtained by as-
suming d =O. This gives 

h2 = r or u2 = g, 

i.e., 
(1) 

and so forth, 

where Zo is the characteristic impedance to which a 
match is required. Then the impedance seen through 
-the first quarter-wave transformer of characteristic im-
pedance T1 at the frequency f —Df is given by Z' where 

z'  zd + jti 
— =   (2) 
ti  tid + jz 

Similarly the final impedance is given by 

z"  z'd + jt2 

12 t2d + jz' 

The condition that Z"= Zo or z" =1 results in the equa-

tions 

and 

Let 

112 _ r12 2 dx(ti -F 12) -1- (121112(r — 1) = 0 (4) 

122x  d(11 + 12)(r — t1t2) — d211t2x = 0.  (5) 

11, 
h = — • 

12 

Then from (4) we have 

—dx(1 + h) 
12 =   

h2 -  r d2h(r — 1) 

Elimination of ti and 12 from (5), (6), and (7) gives 

(h2 — r)(u2 — g) 2d2[gh(1 — r) ru(1 — g) + 1 — 

+ (14(r — 1)(g — 1) = 0 (8) 

(6) 

where 

uh = 1 

(7) 

(9) 

g = GZ0 =   = normalized conductance.  (10) 
r2 +  x 2 

Equation (8) is unaltered if we interchange h and u, and 
r and g. This means that if we find a solution in terms of 

h2 =r  
1  r2 + x2 

or h2 —  —   (11) 

Now these are two different solutions if x00. To de-
termine which is correct we substitute in (7). 
Suppose x >0 and h2= r. 

Then 

12 = 
d2h(r — 1) 

negative quantity 

Therefore 12 exists only if r <1 
Suppose x>0 and 

Then 

(3) 
12 = 

x2 
— + d2h(r — 1) 

x2 
h2 =  r _ 

negative quantity 

Therefore, 12 exists only if 

x? 
d2h(1 — r) > — • 

(12) 

(13) 

Since we have assumed x00, but d = 0, the inequality 
(13) is plainly inadmissable. The inequality (12) which 
restricts the values of r arises because the original ap-
proximation was poor, not because the assumption that 
h2= r is fundamentally incorrect. 
Suppose x<0 and h2 =r. 

Then 

positive quantity 
t2 

d2h(r — 1) 

Therefore, 12 exists only if r> 1.  (14) 
Suppose 

Then 

x 2 

x < 0 and h2 = r + — • 

positive quantity 
12 -   • 

x2 
— + d2h(r — 1) 
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Therefore, /2 exists only if 

x2 
>  c1241 — r). (15) 

Since d is small, the inequality (15) is less restrictive than 
the inequality (14). We conclude therefore that the cor-
rect solution to the first approximation is 

= r if x > 0 and u2 = g if x < O. 

To proceed with the solution, we return to (8). As-
suming x>0, we .substitute the first approximation 
h2=r in the coefficient of d2, ignoring d', giving  

(h2 — r)(u2 — g) = 2d2(Vi  1)(gr — 1). 

Solving for h gives to the same order of approximation 

11 =  — d2(r  (16) 

This approximation is sufficiently accurate for most 
practical purposes, since the next approximation in-
volves terms in d4 which is very small. 
We can now solve for 12 from either (4) or (5). Equa-

tion (4) gives a poor approximation when x is small. 
We therefore use (5), which may be written 

where 

/22 — 2a/2 — — = 0 

x(1 — d2h) 
a =   

2dh(1 h) 

Therefore, when x>0, 

12 = a +  a2 + — • 
Ii 

(17) 

(18) 

(19) 

We do not consider the negative square root because 
this would make /2 negative. ti is then given by 

Ii = ht2. (20) 

If the impedance at the highest frequency is R—jX, 
we obtain identical equations. Hence, the conditions 
for an exact match at the ends of the band are identical 
and are given by the above equations. The condition for 
an exact match at the midband frequency is simply 

11 = 12.01  (21) 

where RI-FP is the impedance at the midband fre-
quency. 

Summarizing the results, the condition for a match at 
the ends of the band when x > 0 is 

11 = 

12 = k 

where i and k are given by (20) and (19). 

The condition for a perfect match at the middle of 
the band is 

— = L 
12 

(24) 

where L is given by (21). 
The values of ti and 12 which satisfy (24) and deviate 

least from those given by (22) and (23) are given by 

whence 

—11 = L  1112 = ik 

112 = Lik 

ik 
122 = 

(25) 

(26) 

(27) 

are the values of /1 and /2 which give an exact match at 
the midband and have the smallest relative deviation - 
from the values which give an exact match at the ends 
of the band. The values of /1 and /2 which most nearly 
satisfy (22), (23), (26), and (27) are given by 

11' = iN/Lik = i"k"L' 12 

uk 
122 = k A/ — = 

I L 
i1/2k3/2L-1/2. 

Substituting the values of i, k, and L we have 

Ii = h  1 [ 314  a + a2 + — h r1118 

h" [a + ,t/a2 —  r1 "8. 

(28) 

(29) 

(30) 

(31) 

When 11 and /2 are given by (30) and (31) the mis-
match is very nearly the same at all frequencies. We 
may therefore find its value by evaluating at the mid-
band. The impedance obtained from (30) and (31) at 
the midband is 

„  R1 
= — = 

ti2 hYri 
(32) 

This represents a mismatch M on a line of characteris-
tic impedance Zo where 

M = —N = 
Zo  Zo 

1  r1122 

Ii /22 

(33) 

Hence the complete solution for x>0 is given by (16), 
(22)  (18), (30), (31), and (33). For x<0 the solution is ob-
(23)  tamed by interchanging impedance and admittance. 

The formulas for the other matching sections are 
similarly derived. 
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Signal-to-Noise Improvement Throu2;11 
Integration in a Storage Tube* 

J. V. HARRINGTONL ASSOCIATE, IRE, AND T. F. ROGERSt,  MUER, IRE 

Summary—Random noise places a fundamental physical limita-
tion on the precision with which a signal may be observed or meas-
ured. In the case where signal energy arrives piecemeal in a repeti-
tive manner, this energy may be integrated over a period of time to 

provide an increase in signal-to-noise ratio, thereby reducing this 
limitation. Several techniques have been suggested for performing 
this integration process; recent work with an electronic barrier-grid 
storage tube has shown that such a device exhibits many desirable 
features when used as an integrating device. An introduction to in-
tegrator theory in general and an analysis of the storage tube operat-

ing as an integrator are given. Calculations are made of the expected 
improvement in signal-to-noise ratio as a function of tube parameters 
and number of integrations. Evidence is presented to show that the 
improvement achieved experimentally is nearly equal to the calcu-

lated value. 

I. INTRODUCTION 

T
HE BENEFITS to be obtained by applying an 
integration, or addition, process to periodic sig-

nals in noise have been appreciated for some time. 
Various practical integrators have been tried in at-
tempts to obtain some of these benefi:s, since, especially 
in the field of radar, where signals are essentially repeti-
tive over a number of intervals, an improvement in 
signal-to-noise ratio represents an improvement in the 
entire target detection process.' Long-persistence cath-
ode-ray tubes and photographic integration techniques 
have been used; narrow band-pass filters constructed 
around the pulse-repetition frequency have also come 
into prominence; delay lines also are now being used. 
Each of these methods, while possessing certain advan-
tages, also presents more or less distinct limitations. 
Regardless of the method used in any particular in-

tegration scheme, a fundamental requirement which 
they all have in common is that of a suitable "mem-
ory." This memory must possess the faculty of accept-
ing and remembering with reasonable accuracy a num-
ber of mixed signals, that is, a mixture of signals and the 
contaminating noise. When a number of such sequences 
have been added in storage, their sum may be extracted 
and examined. With the knowledge that the noise, in 
general, will build up at a slower rate than will the co-
herent signal, an increasingly better judgment may be 
made on the composite signal as to which is the signal 
and which is the noise. 

• Decimal classification: R361.211 X R339. Original manuscript 
received by the Institute. December 8, 1949; revised manuscript re-
ceived, June 2, 1950. Presented, 1949 IRE National Convention, 
New York, N. Y., March 10, 1949. 
t Air Force Cambridge Research Laboratories, Cambridge, 

Mass. 
S. Goldman, "Some Fundamental Considerations Concerning 

Noise Reduction and Range in Radar and Communications," 
M.I.T. Technical Report No. 32, Dec. 15 1947. Also published, 
PROC. I.R.E., vol. 36, pp. 584-594; May, 1948. 

Certain types of storage tubes possess characteristics 
which indicate that they might serve as memory and 
general comparative devices. The STE-A barrier grid 
storage tube' is one such device and this paper will deal 
with its theory and performance as a practical signal 
integrator, as well as with the theory of signal-to-noise 

ratio improvement in general. 

II. THEORETICAL ANALYSIS OF POST-DETECTOR 
INTEGRATION 

While there are many factors which limit the benefits 
to be obtained by the addition or integration of coherent 
video signals in noise, the two which appear to predom-
inate in importance are (1) the small signal suppression 
effect attributable to the inherent characteristics of the 
second detector; and (2) the effect of a nonideal integra-
tor law, i.e., one in which the component signals are not 
equally weighted in forming the sum or total integrated 
signal. 
The first of these effects has been discussed many 

times as part of the general problem of analyzing the 
passage of signal-plus-noise through a nonlinear circuit. 
This general problem has been attacked by several au-
thors but, in the main, they have been concerned with 
calculating the power spectrum of the detector output. 
As Rice' has pointed out, there also exists the question 
of determining the probability distribution function in 
the output of a nonlinear device given the statistical 
nature of the input. It is with this aspect of the problem 
that we shall be concerned, since the probability dis-
tribution is, in general, of greater interest in analyzing 
the effect of integration on the detected mixed signal. 
Specifically, this analysis will deal with the calcula-

tion of the resultant distribution function where a sine 
wave (carrier) plus noise is (a) processed by a nonlinear 
detector, and (b) further processed by a nonideal inte-
grator. The usual assumptions are made: that the noise 
in the intermediate-frequency amplifier preceding the 
second detector is normally distributed, that the power 
spectrum of the noise is confined to a small band com-
pared to the carrier frequency, and that the detector 
(and video amplifier) filter doesn't seriously affect the 
spectrum of the low-frequency portion of the detected 
mixed signal. Under these conditions the output of the 

3 A. S. Jensen, J. P. Smith, M. H. Meaner, and L. E. Flory, 
"Barrier grid storage tube and its operation," RCA Rev., vol. 9, p. 3; 
March, 1948. 

S. 0. Rice, "Mathematical analysis of random noise," Bell Sys. 
Tech. Jour., vol. 25, p. 151; January, 1945. 
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detector may be obtained from the envelope of the 
mixed signal at the input and, in fact, the detector may 
then be alternately described as "an envelope tracer" as 
suggested by North.' The envelope of a sine wave phis 
noise has the probability distribution 

RP 
P(R)dR = — c(R241 '2120 0)I0( —)dR.  (1) 

1,1,o 

The moments of this distribution are given by Rice' as 

= (200)fli2F(1  n/2)1F1(— n/2; 1; — P2/20o)• (2) 

The notation is made somewhat simpler if we normal-
ize with respect to the root-mean-square noise bv letting 

v =  R(00)-112 ; a =  11( 0 0)-112 ; x  =  (1 2/2 . 

Then 

The factors a3 and a,' are, respectively, the third and 
fourth standard central moments and are measures of 
the skewness and peakedness of the distribution or, 

more exactly, one call define" 

=  =  3 03  

= ti it  ut if ske w Hess 

6 =  — 3 j = /14/1(74 — 3 

= euellicient of excess or kurtosis. 

(9) 

If now n signals each having t he amplitude distribution 
given by (8) arc added with the same weight being 
given to each signal, it mav be shown that 

(3 )  Pn(Y) d Y =  d Y ( C63 (Y) 
3 

= 2̂12I'(1  n/2) 1F,(— n/2; 1; — x). (4) 

For a half-wave kth law detector the normalized output 
amplitude Z is defined as 

Z = Bvk for v > 0.  (5) 

For this type of detector, which is perhaps the most 
common of all, (that is, neither biased nor saturated) 
the output distribution is very simply described in terms 
of its moments since 

loo k. .(6) 

Hence, the nth moment of the distribution of the out-
put of a kth law detector is the same as the knth moment 
of the output of a linear detector and is given by 

Zn = Bn2fiki2r(1 + nk/2) 1/71(—nk/2; 1; — x). (7) 

The distribution function p(z) may then be expressed 
as an Edgeworth' series since the various coefficients 
involved in the series are defined by the moments. The 
predominant terms in this series are 

a3 
P(Y)dY =POI) — —3!  03(Y) + (a,  —  3)   4! 

where 

— m 
Y=   m = 2; 

10 
+ —6!  a3206(Y)] dY 

4)(y) = (270 e—y12, 

and 

=  Z2  m 2, 

On(y) = (dn/dyn),(y) = (_i)n(2,0-1/2e-v2/2//(y). 

(8) 

4 D. 0. North, "An Analysis of the Factors Which Determine 
Signal-Noise Discrimination in Pulsed Carrier Systems," RCA Lab-
oratories Report PTR-6-C, June. 1943. 

6 H. Cramer, "Mathematical Methods of Statistics," Princeton 
University Press, Princeton, N. J., p. 229; 1946. 

4 - #4(y) 4 • • 
4!n 

(10) 

where, now, y= (Z — yon)/n—u2cr, and we observe that 
one effect of in  is to diminish the skewness and 
peakedness of the distribution, forcing it to approach a 
normal distribution specified by the number n and the 

first two moments of the original distribution. This leads 
us to the definition of signal-to-noise ratio as the mean 
value of the mixed signal divided by its root-mean-
square value where the reference axis chosen in specify-
ing this mean is the average value of the detected noise 
alone. The reason for the shift of axis can be seen from 

Fig. 1. A similar definition of signal-to-noise ratio has 

 I. 

(/ 
Fig. 1—The shift in referen,  .i\i, for low 

signal-to-noise ratios. 

been used by Van Vleck and Aliddleton.' In terms of 
the moments previously calculated (8), the signal-to-
noise ratio at the output of a kth law detector is there-
fore 

tit  n(x)— m(0) 

az a(x) 

iFi(—k/2;1; — x)— 1 
r(k+i)  
Lr2(i+k/2) 

6 J. H. Van Vleck and 
of the visual, aural and 
presence of noise," Jour. 
1946. 

k;1;— x)— ,F12(—k/2;1;—x)1 12 

D. Middleton, "A theoretical comparison 
meter reception of pulsed signals in the 
.1 ppl. l'hys., vol. 17, p. 940; November, 
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While this is a rather cumbersome expression to 
analyze, it is possible to make approximations for very 
large and very small values of x from which the conse-
quences of small signal detection can be deduced. Thus, 
for x<<1 we take the first two terms of the series expan-
sion for the confluent hypergeometric function 

1F1( - k; 1; - x) (1 ± kx). (12) 

Using this, for small signal-to-noise ratios (11) becomes 

tizhr x Kx = Ka2/2  (13) 

where 

K = (W2)([1"(k 1)/F2(1  k/2)] _ 1)-112. 

The factor K is a function only of the power of the 
detector law and may be considered a sort of dynamic 
amplification factor which has the maximum value unity 
for the square law detector and falls off for all others; its 
reciprocal has been calculated by North in some un-
published work.* From (13) one draws the now well-
known conclusion' that for detection of small signals, 
all detectors (except for the scale factor K) act like the 
square-law detector. If a linear integrator is used to 
bring the signal-to-noise ratio up to a given level by n 
additions, then the output signal-to-noise ratio in terms 
of the input SIN ratio is given by 

nii2ftvo.. = K(n)ina2/2  (K/2)(nii4a)2. (14) 

A rather serious consequence of this small signal sup-
pression effect is to cause the SIN improvement factor 
to go up as the 1/4 power of the number of additions for 
x<<1 instead of the 1/2-power law predictable for pre-
detector integration.' (In predetector integration, SIN 

For very large input signal-to-noise ratios (x<<1) we 
use the first few terms of the asymptotic expansion' 

1F1(- k; 1; -x) 

  1+  +   (15) 
Xk  k2  k2(k 1)2 

r(k + i)[  1!x 2!x2 

This leads to the relationship 

k(2x)'12 = a/k; for x>>1.  (16) 

Thus, for large signal-to-noise ratios, a linear relation-
ship exists between the input and detector output which 
yields an integration improvement factor varying as the 

half power of n. In between these two limiting cases for 
very small and very large x one would expect a transi-
tion region to exist in which the improvement factor 
varies smoothly from a 1/2-power law to a 1/4-power 
law going from large to small input signal-to-noise 
ratios. 

/ D. Middleton, "Rectification of a sinusoidally modulated carrier 
in the presence of noise," PROC. 1.R.E., vol. 36, P. 1467; December, 
1948. 

See page 24 of footnote reference I. 

III. PRACTICAL INTEGRATORS 

The discussion thus far has been based on the exist-
ence of a perfect integrator in which the weight a signal 
is given in forming the sum or total signal is independ-
ent of its time of arrival. In general, such devices are 
not practically realizable; consequently, our purpose 
now is to analyze the operation of a nonideal integrator, 
and to see how the results of the previous section are to 
be modified by the actual integrator law. In this regard 
it is instructive to note the general law by which signals 
are added in some simple integration networks prior to 
consideration of storage-tube integration. It may be 
shown, for instance, that if a succession of impulses are 
applied at intervals (Zit) to a single RC network, then 
the response at the time the nth signal is applied is 

h(t) = [lIRC1[E,, En-icMIRO  . . . 

Eie—(..-1)(At/RC)1. (17) 

The law of addition here is evidently a "weighted 
linear one" in which the effect of each signal is ex-
ponentially weighted. Also, the narrow-band RLC cir-
cuit, whose mechanical analogue has been used very suc-
cessfully in extracting weak signals from noise,' has a 
resultant response after n additions of 

h(t) = [1/C][E,, ±  (L/C)"2r/R ± • • • 

Eic (4-1) (L/ C)h127r / R  (18) 

which again involves exponential weighting. Again, 
integration networks, for periodic signals, may also be 
designed around delay lines where the delay is made 
equal to the repetition interval of the signal. Here, a 
feedback loop exists and, for stability, the loop gain 
must be less than unity; the summation again follows 
the law 

E, = [E. + En-tca + • • • Eic (n-l)a]  (19) 

where a is the attenuation around the loop in nepers and 
is greater than zero. 
The STE-A barrier grid storage tube,' the integrating 

device to be considered here, consists of an electron gun 
and electrostatic beam deflection system, a dielectric 
surface on which the signal is stored as a charge distribu-
tion, a backing plate to which the input signal is applied, 
and a secondary beam collector from which the reading 
signal is obtained (see Fig. 2). In operation, the dielec-
tric surface will be charged in the absence of a signal to 
some potential at which the effective secondary-emis-
sion ratio is unity and equilibrium exists. Thereafter, 
when a signal is applied to the back plate the emission 
ratio is changed, resulting in a charge, which is different 
from the equilibrium charge, being deposited on the di-
electric at the point of beam impingement. Thus, for a 
linear beam motion, a signal varying in time would be 

F. R. Dickey, A. G. Emslie, and H. Stockman, "Extraction of 
Weak Signals from Noise by Integration," Cambridge Research 
Laboratories Report, E5038, September, 1948. 
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stored as a charge distribution varying in distance along 
a line of the dielectric surface. In reading, when no signal 
is applied to the back plate, the beam in sweeping over 
this tame line acts to restore the charge distribution to 
the equilibrium value and, in so doing, the secondary-
emission current as observed at the collector will regen-
erate essentially a counterpart of the stored signal. 

SCREEN 

COLLECTOR 

SIGNAL 
OUTPUT 

DIELECTRIC 

BACK PLATE 

SIGNAL 
INPUT 

Fig. 2 -Simplified schematic of barrier-
grid storage tube. 

While such a device is difficult to analyze in a rigorous 
manner, it is possible to derive certain very useful rela-
tionships descriptive of the tube's external behavior." 
Such an approximate analysis, incidentally, agrees rea-
sonably well with observed tube performance and hence, 
to some degree we are justified in using its results to 
further our present analysis. It may be shown that 
for storage of a succession of pulses of amplitude 
E1,E2, • • • , E., the maximum amplitude of the cor-
responding voltage distribution built up along a scan 
line of the dielectric surface is 

= (1 — En-te  -I- • • • ± Ete-(4-1) /j 

where -y= [K/b/C11 is a factor of basic importance in 
describing tube operation." A reading operation follow-
ing this series of writing operations would give an out-
put signal resembling the net charge distribution along 
the scan line, and would leave a resulting charge dis-
tribution, when the reading operation is completed, 
given by 

Er= e-7(1 — e-7) [E,.+E„_0-1+ • • • -FE0-(4--"v ].  (21) 

Thus, the reading operation is also an erasing opera-
tion in which the stored signal is reduced by an 
amount (-7. 

It may be noted that many of the basic integrating 
devices, the RC network, narrow-band filter, and regen-
erative delay-line loop, all have the same general law of 
addition that the storage tube possesses, i.e.. 

= E 
1 

(22) 

**J. V. Harrington, "Storage of 'mall ,ignals on a dielectric 
surface," to be puldished in Jour. A pp!. Php.. October. 1950. 
" A quantity having similar significance and called the tube-

discharge factor by Jensen, et al (see footnote reference 2) is equal to 
(1 - 0'). 

It is of primary interest to calculate the output distribu-
tion when n mixed signals are added in accordance with 
this law" and not the ideal linear law previously as-
sumed (10). If n independent variables are to be added, 
it may be shown that the semi-invariants of their sum 
are simply given by 

= (23) 

where the first few semi-invariants in terms of the central 
moments are 

XL = n 

X2 = 

X3 = 113 

X 4 —  P4 —  

For addition in accordance with (22) where the scale 
factors" are constantly reduced in powers of e-7 we ob-
tain 

= x„[I  c ky .  e-- k(n- 1)7i 

= X4(1 - e-k "7)/(1 —  (24) 

The coefficients of the Edgeworth series may be ex-
pressed in terms of these semi-invariants normalized 
with respect to X2. Thus the resulting signal-to-noise 
ratio, coefficient of skewness, and coefficient of excess 
are given by 

m'  XL' 
—  = 

— Pi(n, 7)• — 
X2"12 a 

X3' 
= A23'2 =  P3( n I 7) • 

X 41 

(20)  p4(n, •r)•'4. 
X2" 

From (24) and (25), it is seen that the general form of 
the improvement factor p is 

Pk(n,  [   (26) 
sinh sinh 7 k/ 

sinh 7k/2 J L sinh n-y 
For the first few values of p, and the practical assump-
tion of -y<<1, this reduces to the more useful forms 

pi(n, -y)  (101/2 tanh n7/21/2 

n7/2 

P3(n.  (n)-4 /2(n-y/tanh try) 1/ 2 

p4(n, 7) = (1/n)(n-y/tanh fry). 

We conclude from this that to describe properly the ef-
fects of integration we must define not only a signal-to-
noise improvement factor, but also reduction factors 
representing the reduction in the higher-order coeffi-
cients of the Edgeworth series. Thus, pi can be termed 
the signal-to-noise improvement factor and p3 and pi 

" it should be noted that a treatment of integrators with poor 
memories first appeare d in the work  of  North.  See footnote refer-
ence 4. 
"Seepage 187 of footnote refetence 5. 

(25) 

(27) 
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.an be called the skewness and kurtosis reduction fac-

ors. 
It is seen from Fig. 3 and from the limiting values in 
Cable I that the best results are obtained for small 
-alues of 7, that is, where the integrator approaches the 
deal linear one. A value of 7=0, while attractive from 

5  IC  20 25  30  35  40 

r). NO OF ADDITIONS 

rig. 3—Signal-to-noise improvement factor, p versus number of 
additions n for the nonideal integrator case. 

:he viewpoint of improvement factor, is manifestly im-
possible since, in the case of the resonant circuit and 
lelay-line integrators, instability occurs, and in the case 
pf the RC integrator and storage tube the output would 

TABLE I 

LIMITING VALUES 

--60 7 --POO n—i,ao; 751/4 

Pt 
P: 
P4 

(n )1/2 

(n) -13  
1 /n 

(2/7)"I 

0.943(7)112 
7 

become vanishingly small, with a 7=0 in the latter case 
normally signifying a zero current (see (20) et seq.). 
However, for a given number of signal additions, finite 
values of 7 exist which give results close to those ob-
tained from direct linear addition. For example, from 
Fig. 3. for n =10, 7=0.1 gives p= 3.04 as comvared to 
the 3.16 value ideally obtainable. 
To find out just how nonideal an integrator can be 

and still be worthwhile using, it is helpful to define some 
quantities equivalent to efficiency factors for comparing 
the actual to the ideal integrator. For a value of 7 1/4 
which is the only condition of any great interest to us 
we find 

rii(n7) = Pi(n, '0/P1(n, 0) = [(tanh n7/2)/(,11/2)1'12 

173(n7) = p3(n, -y)/p3(n, 0) ".-L=1 (n7/ tanh n7)Ii2 (28) 

n4(n7) = P4(n, 7)/114(n, 0) = 117/tanh wy. 

These are rather useful quantities in determining IA hat 
the permissible value for 7 is for a given number of addi-
tions. It can be seen that a reciprocal relationship be-
tween n and 7, (i.e., n7 = 1) leads to an integrator giving 
a signal-to-noise improvement ratio 96 per cent of the 

maximum attainable and yielding an output probability 
density with a 14-per cent greater coefficient of skewness 
and 31-per cent greater excess. Since a and 4 are, in 
general, small anyway, these values are quite accepta-
ble for most cases and we can say that, if ny =1, we have 
an integrator which is very nearly an ideal one. 
While the foregoing results apply to a variety of prac-

tical integrators, they are particularly useful in arriving 
at the proper operating point in storage-tube integra-
tors. In this instance, 7 can be directly measured as the 
natural logarithmic decrement of the successive-read-
ing signal amplitudes (see Fig. 4). 

•%•,1 11110 110, 

Fig. 4—Picture of storage-tube "read-out" 
sequence showing exponential decay. 

IV. STORAGE-TUBE EXPERIMENTAL RESULTS 

A block diagram showing the arrangement of the ex-
perimental equipment appears as Fig. 5, in which the 
major circuitry components are displayed. 

J L1KC 

0  0 

0 
TRIGGER 
DELAY 
VARIABLE 

0- 000µ SEC 

I KC. 0E,ATE0 

0  0  0 
MASTER  TRIGGER A VARIABLE 
TRIGGER  A. FREQUENCY A  WRITE • READ 

GENERATOR —o DIVISION SEQUENCE A SCANNING ,.0 
IfoIC  GENERATOR  COUNTER 

STE - A 
STORAGE - TUBE 

(N) 

STORAGE • TUBE 
INPUT 

WRITE-READ *-
GATE 

RADAR 

RECEIVER 

0 
INPUT SIGNAl 
AMPLiFIER 
13 OR VE R 

-Li OUTPUT B  I f. 

PRE • MAIN 
AMPLIFIERS 

SIGNAL 

DUAL - GUN 
OSCILLOSCOPE 

PULSED 
R F SIGNAL 
GENERATOR 

20,A SEC 

WRITE • TRIGGER 
READ- TRIGGER 

Fig. 5—Block diagram of storage-tube-integrator 
experimental equipment arrangement. 

A master trigger at approximately 16 kc is derived 
from a sine wave generator, 1." This trigger is used to 
set the line frequency of the storage tube deflection scan, 
2, each line, of which there are sixteen, being 62.5 micro-
seconds in length. The master triggers are also counted 
down by sixteen to 1 kc, the scanning frame rate. These 
1- kc triggers are used to time the variable write-read se-
quence counter, 3, which provides the proper number of 
triggers for the number of signals desired to be "writ-
ten in" to the storage tube, and the proper delay "read-

14  The numbers refer to the corresponding block of the diagram 
in Fig. 5. 
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out" time, after the write interval, during which the 
signals are taken from the storage tube and the dielec 
tric returned to equilibrium. 

The 1-kc trigger is also led through a variable delay 
4, and used to trigger a pulsed 10-centimeter signal gen 
erator, 5, whose output pulse may be varied in duration 
from 0.5 to 20 microseconds. This pulse signal is fed into 
a radar receiver type APG-5, 6, at which point, by vary-
ing the signal generator output power and the radar 
receiver gain, a 0 5S/N 5 100 can be obtained with the 
input circuits of the receiver furnishing the noise power. 
The repetitive signals and the accompanying noise are 
then gated, 7, into the variable bandwidth input ampli-
fier to the STE-A storage tube's back plate an arbitrary 
number of times and then prevented from reaching the 
back plate by gating them off during the "read" in-
terval. This signal-plus-noise is also displayed on one 
channel of a dual-gun oscilloscope, 11; this channel re-
ceives a "write" trigger from the write-read sequence 
counter, 3. 

After the desired number of signal-plus-noise sweeps 
have been placed into storage, the composite signal is 
gated off the back plate and "read" signals appear at 
the collector output of the storage tube where they are 
amplified, 10, and displayed on the second channel of 
the dual gun oscilloscope; this channel is triggered by 
the "read" trigger from 3. On the dual-gun oscilloscope, 
then, there appears on separate sweeps both the com-
posite picture of the signal plus noise before being placed 
into storage, and the storage tube output; the improve-
ment in signal-to-noise ratio may, therefore, be viewed 
directly. It should be pointed out that with this experi-
mental procedure erroneous conclusions can be reached 
regarding the attained S/N improvement, if the n read-
ing operations do not give essentially complete erasure, 
and a value of n must be chosen such as to erase the di-
electric during the read sequence. 
With this experimental procedure, improvements in 

S/N (for original S/N... 1) have been investigated as a 
function of n, the number of signal-plus-noise additions, 
and 7, the exponential weighting factor. The range of 
y's explored was between 0.1 and 2, and 2 5n 5.16. Fig. 6 
illustrates the theoretical improvement p in S/N for 
linear integration (P= [n]̀"), the theoretical improve-
ment for various values of 7, and the actual improve-
ments measured after storage-tube integration with 
these values. Fig. 7 is a picture of the improvement for 
n=9. Measurements made within the practical limita-
tions of tube operability have borne out the analytical 
work very well, the improvements predicted have been 
achieved, and the noise distribution shifts expected have 
been observed. 
The improvement of S/N in the STE-A storage tube 

departs in practice from the theory developed in earlier 
sections because of any or all of the following character-
istics of tube operation: 
(a) The change in 6, the secondary-emission ratio of the 

dielectric, as a function of excursion from the equi-

• 
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Fig. 6 --Measured signal-to-noise improvement p 
as a function of the number of additions n. 

Fig. 7—Pictures of actual signal-to-noise improvement for a 1-
microsecond pulse, -y=0.1 and n =9 additions. 

librium potential is approximately linear over only a 
relatively small range of voltage changes applied to the 
back plate. As a consequence of using only small input 
voltages to the back plate in order to stay within this 
linear region, the dielectric cannot assume full charge 
and the output signal is small; for these small output 
signals, noise in the first stage of the wide-band output 
amplifier will diminish the expected improvement in 
S/N. 

(b) For maximum improvement a vanishingly small 
value of y is desirable. From the definition of 7 ((20) et 
seq.), however, it is seen that K and C cannot be varied 
without making changes internal to the tube, and since 
V is fixed once the signal repetition interval has been 
defined, the only parameter capable of being varied is 
/b. Inasmuch as 7 cc It,, a small 4 is called for; this re-
sults in the same condition as (a) above, however, in 
that as 4 is reduced, the output signal becomes smaller 
and output amplifier noise becomes a limiting factor to 
S/N improvement. Additional circuitry (a positive gat. 
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ng voltage applied to the grid) might be employed to 

ncrease the beam current during the read interval, how-

wer, thus reducing this limitation somewhat. 

(c) Even under static equilibrium conditions, when 

here is no signal being placed into or taken from storage, 

t periodic "disturbance" appears at the output as the 

flectron beam is swept across the dielectric. (See, for 

nstance, Fig. 4.) This disturbance has line and frame 

'requency components and arises, for the most part, 

'rom the change in collection efficiency as a function of 

tngular departure of the primary beam current from the 

tormal to the dielectric. With the limitations on input 

;ignal voltage mentioned in (a) above, this disturbance 

lets an upper limit of about 10 to 15 (depending upon 

the particular tube) on the signal-to-disturbance ratio 

viewed at the output of the tube. 

V. CONCI,USIONS 

The theory of the ideal (linear) and nonideal integra-

tor has been developed, relating improvement in signal-

to-noise ratio to such parameters as original signal-to-

noise ratio, detector function, number of additions and 

the degree of integrator nonlinearity. The improvements 

expected have been verified experimentally by using a 

storage tube as the integrating device. At least where the 

number of integrations is small (n  about 25) and the 

output SIN does not need to be higher than about 10 
to 15, the STE-A barrier-grid storage tube is thown to 

possess practical utility as a repetitive signal integrator. 
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GLOSSARY 

(Terms not constants or not defined explicitly in the 

text appear here.) 

C= capacitance 

1F1= confluent hypergometric function 

II „= nth Hermite polynomial 
/0= modified Bessel function of the first kind and zero 

order 

it,= beam current 
/Ai= noise current 
L= inductance 
n =an integer; also, number of integrated signals 

P = sine wave amplitude 
R= envelope of sine wave plus noise; also, resistance 
= nth momekt of a distribution R 
S=generalized frequency 
V = beam-scanning velocity 
X = a general variable 
P = the gamma function 
1.1k = the kth moment of a distribution 

w = 27rf 
II/o= noise power. 

Distortion— -Band-Pass Considerations in 
Angular Modulation* 
ALBERT A. GERLACHt, ASSOCIATE, IRE 

Summary—The distortion introduced into an angular modulated 
signal transmitted through a network or medium is analyzed using 
the sideband approach. An exact open-form solution of the output 
signal is derived; however, the usefulness of this equation is limited 
by the ability to perform the indicated integrations. It is shown that 
exact solutions may readily be found for transfer functions which 
are linear exponential functions of frequency, and since over a given 
frequency interval, any transfer function may be expanded in an 
orthogonal set of linear exponential functions of frequency, a solu-
tion is always obtainable. A few examples of possible transfer func-
tions are treated, illustrating the distortion tendencies for both the 

• 1)ecimal classification: R148.2. Original manuscript received by 
the Institute, August 15, 1949; revised manuscript received, March 
31, 1950. Presented, 1950 IRE National Convention, New York, 
N. Y., March 7, 1950. 
t Armour Research Foundation of Illinois Institute of Tech-

nology, Technology Center, Chicago, Ill. 

amplitude and phase characteristics. A rule-of-thumb formula is 
derived to determine the maximum undistorted modulation fre-
quency which may be transmitted through a network of a given band-
pass characteristic. It is concluded that linear phase characteristics 
are a more important design objective than flat amplitude character-
istics in minimizing distortion. 

INTRODUCTION 

W ITH THE INCREASI NG USE of frequency 
modulation for instrumentation purposes, more 

concern is being focused on the nature and quan-

tity of distortion introduced in the intelligence during 

transmission. A topic of much study has been to deter-

mine accurately the output intelligence of an angular 
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modulated signal which is transmitted through a medi-
um of a given sinusoidal-frequency transfer character-
istic. (A transfer function is that expression which re-
lates an output quantity to an input quantity as a 
function of the sinusoidal frequencies of the two quan-
tities.) Unfortunately, this problem is a very complex 
one and it becomes exceedingly difficult to solve the 
problem for the general transfer function. As a matter 
of fact, no closed mathematical expression has been de-
rived which exactly relates the output signal to the in-
put signal for the general transfer function. What has 
been done is to express the output signal as a function 
of the input signal and the general transfer function in 
the form of a differential equation, a definite integral, 
or an infinite series; or to approximate the output signal 
in the form of a finite series of terms. The versatility of 
this latter method is, of course, restricted by the ap-
proximations made. 

HISTORICAL REVIEW 

There have been two general methods of attacking 
the problem although there are many variations of these 
methods. These methods are the instantaneous signal 
approach, keeping the signals in their exact form as 1 
function of time and using the transfer function as a dif-
ferertial operator to derive the output signal, and the 
spectrum analysis approach where the input signal is 
transformed into a sinusoidal frequency spectrum and 
the output signal is then the sum of the products of the 
individual components and the transfer function at that 
frequency. 

Carson and Fryi have expressed the output signal as 
an infinite series, the first term of which has been called 
the quasi-steady-state result and is valid only within a 
restricted range of the deviation, modulation frequency 
and bandwidth of the network. Jaffe,2 Van der Poi,' 
Gladwin,4 and others have made use of, or arrived at the 
same results by other methods. On the other hand, 
Frantz' and Gold' have exploited the sideband or spec-
trum analysis method to arrive at formulas for a general 
result, limited again by a more well-defined approxima-
tion than the quasi-steady-state method. 
All of the methods of analysis to date have followed 

the more or less logical procedure of requiring the analy-
sis to be a slave to the transfer function which is car-
ried along in as general a condition as is possible. In the 
analysis to follow, the reverse procedure has been em-

.1. R. Carson and T. C. Fry, "Variable electric circuit theory," 
Bell Sys. Tech. Jour. vol. 16. p. 513; October, 1937. 

D. L. Jaffe, "A theoretical and experimental investigation of 
tuned circuit distortion in frequency-modulation systems," PROC. 
I.R.E., vol. 33. PP. 318-334; May, 1945. 

3 B. Van der Pol, "Fundamental principle of frequency modula-
tion," Jour. IEE, Part III, vol. 93, pp. 153-158; May, 1946. 
' A. S. Gladwin. "The distortion of frequency-modulated waves by 

transmission networks," PROC. I.R.E., vol. 35, pp. 1436-1445; 
December, 1947. 

6 W. J. Frantz, "The transmission of a frequency-modulated wave 
through a network," PROC. I.R.E., vol. 34, pp. 114P-125P; March, 
1946. 

6 B. Gold, "The solution of steady-state problems in FM," PROC. 
I.R.E., vol. 37, pp. 1264-1269; November, 1949. 

ployed; that is, a search has been made for those 
transfer characteristics which would result in a manage-
able and exact solu t ion of the output quantit V. Ordinar-
ily this approach to the problem would lead to pure 
abstract relations which would have lit tie bearing on a 
practical solution; however, as shall be slim% n, the re-
sults obtained are quite useful ill predicting the dis-
tortion effects on the signal intelligence for most prac-
tical transfer characteristics. 

SOME BASIC EQUATIONS 

In the following paragraphs will be derived some 
basic equations for the solution of an on  quantity 
when an input quantity or signal is applied to a medium 
or network of known transfer function. 
The general angular modulated signal may be ex-

pressed as 

e(t) = E sin [wo/ + 0(1)]  (1) 

where wo is the carrier frequency about which the signal - 
intelligence function varies. (In a phase-modulation sys-
tem the intelligence will be directly proportional to 
0(1), and in a frequency-modulation system the intelli-
gence will be proportional to the time derivative of 
0(t).) 

Keeping in mind that it is the imaginary part that is 
of interest, (1) may be written 

e(t) = Eeit'ot+.(01 = (2) 

If the function 0(1) is periodic of period T it may be ex-
panded in a Fourier series in terms of the orthogonal set 
of functions eiN" as follows:7 

where 

and 

co 

ism =  

- 30 

p = 27r/T 

(3) 

1 f  r 1 f  r 

C n =  (4) 
2r  271-

(If 0 is a sinusoidal function of frequency, (4) may be 
recognized as the Bessel integral form of the Bessel func-
tion of the first kind of order n.) Equation (2) may then 
be expressed as 

1 It is assumed here that the function concerned possesses the 
necessary properties for the Fourier series or Fourier integral, as the 
case may be, to converge to the mean value of the function over the 
necessary interval. This does not impose too stringent a restriction on 
the function since sufficient conditions for the Fourier series repre-
sentation are that the function be periodic, be sectionally continuous 
over the fundamental period. and possess right- and left-hand deriva-
tives at all points of the independent variable. Sufficient conditions 
for the Fourier integral representation are that the function be sec-
tionally continuous in every finite interval, possess right- and left-
hand derivatives at all points of the independent  variable,  and  that  
over the limits minus infinity to plus infinity the integral of the func-
tion with respect to its independent variable converges. 
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00 

e(1) = Etiwoi E Cneino. 
- 00 

(5) 

If now this quantity is impressed on a medium or net-
work with transfer function Z(w) (see Fig. 1), the out-
put response may be written as 

eo(t) = Eei'o E cnei-oz(wo + nP)• 
- GO 

(6) 

The procedure up to this point has been to express a 
complex function of time into an infinite series of sinus-
oidal components. Each component then is multiplied 
by the appropriate transfer impedance at that par-
ticular frequency and the resultant sum of all of these 
products is then the output response as indicated by 
(6) above. Now it is possible by the Fourier transform to 
express the transfer function Z(w) in a definite integral 
form as7 

where 

Z(w) =  .F(r)e-i'rdr 

1 r 
F(r) = —  Z(u) Tch.4. 

2r , 

lino)! 

Fig. 1 

Equation (6) may then be written 
.0 

eo(t) = Eeiw" f F(r)e-i. E CoîP(1-')dr 
- GO  - GO 

fF (r)e(t — r)dr 

= 1—  f e(t — r) f Z(w)eiwrdwdr, 
2r , 

(7) 

(8) 

(9) 

when 0(t) is a sinusoidal function; that is, let 

0(1) = m sin pt. 

Equation (9) may be expressed as 

4(1) = EeudogY(wo, t) 

where 

1 
1r(wo,  =  f  ,,mqin p(t-r)  zwtio.,--wo),dwdr. 

2r , 

It is the argument of the above expression which con-
tains the output intelligence, however, the magnitude of 
Y(wo, 1) is also of some interest since it will indicate the 
degree of limiting necessary to eliminate the undesirable 
amplitude variations. 
It is of interest to note that if the periodicity of 0(1) 

is not assumed, an equally general solution for eo may 
be obtained by making use of the Fourier transforms. 
This expression may readily be shown to be 

oo 

oo  ao 

e0(1) = —27 f-.40) (13) 

The procedure will now be to determine the nature of 
the transfer functions which will allow the output quan-
tity to be expressed in a closed mathematical form and 
to determine what conclusions may be drawn from these 
functions about the general case. 
Rather than investigate possible solutions of the in-

tegral in (9) directly, it will be simpler and more in-
structive to work from (6). It may be noticed from this 
equation that transfer functions which are linear ex-
ponential functions of frequency may be combined with 
the Fourier series so that this series is directly trans-
formable into its original closed form with the time 
variable shifted by a constant factor dependent on the 
nature of the exponent of the transfer function. This 
property was utilized in (9) in the derivation of the 

general output quantity. Let 

Z(w) = (14) 

From (6) then the output response may be written 

eo(t) = Eea+iw°"—il" E C ninp(1-49) 

= eae(t — 0).  (15) 

It will be of considerable interest to note that the 
entire result may be generalized for any function7 of 
time e(t) regardless of whether or not the function is 
periodic or of the form indicated by (1). The procedure 
is as follows: 

where 

1 
eo(t) = — f ea+0̀G(w)ei'ldw 

2/r 

G(w) =  

(16) 

(17) 
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Therefore 

eo(t) = — f G(co)eiw(1-0 )do.) = eae(1 — ift).  (18) 
271. , 

Now, over the range of frequencies where the spectral 
energy of e(1) is appreciable (see (17)), any transfer 
function' may be represented by a Fourier series. The 
series will generally not represent the transfer function 
elsewhere; however, this is of little consequence since no 
appreciable signal energy exists elsewhere. Let B be the 
bandwidth in cycles containing the appreciable spectral 
energy and coo be the angular frequency of the center of 
the spectral range, then over the range co—B/2  15 0.) 
+B/2, Z(co) may be represented by7 

where 

Z(w) E anei'"IR)  (19) 

ill 2 

= 

2rB w„—B12 
(20) 

Equation (19) has the form of (14) if one recognizes the 
fact that 

an = log an and On = i -- • (21) 

The output signal may then be written directly from 
(15) or (18) as 

n 
e0(1) = E (toe( + (22) 

By extension of the above analysis using the Fourier 
transforms it may be shown that the following relation 
between the input and output functions is valid (under 
rather moderate restrictions): 

1 .3 
e0(1) = — f e(1 — 7-) f Z(w)ei'r dwdr..  (23) 

2r , 

Equation (23) should prove to be a useful formula in 
solving eo(t) for any desired transfer function Z(co). It is 
quite interesting in that it provides a direct solution of 
the output voltage as a function of time in terms of the 
input voltage as a function of time and the transfer 
function as a function of frequency. Equation (23) may 
still be useful if the first integral does not converge pro-
vided one considers Z(co) to extend over finite limits 
sufficient to include the appreciable spectral energy of 
e(t) and to be zero for all other values of the variable co. 

A FEW EXAMPLES 

As a first example of the use of (18) and (22) consider 
the case of flat-amplitude transfer characteristics and 
linear-phase transfer characteristics. In this case, a may 
be complex and /3 will be pure imaginary and, therefore, 

the signal intelligence 0(1) will just experience a time 
delay through the transmission medium. 
Consider next that the phase transfer characteristics 

are linear, and that over the portion of the frequency 
spectrum where the spectral components of the angular 
modulated signal are appreciable, the amplitude obeys 
the following function: 

I Z(w) I = cosh A(co — coo) = [e(—.) e-- N(w -o,o)] . 

(See Fig. 2.) From (2) and (18) then 

e0(1) = Eelwag[eio"---")  e'"" 

IZ(w)I  cosh X (w - wo). 

(24) 

(25) 

wo 

Fig. 2 

wo+ — 
X 

If 0(1) is a sinusoidal function (see (10)), (25) becomes 

e0(1) = E cosh [(7.71 sinh pX) cos pilti Iwo  w•oshpX)sinpf J  (26). 

Equation (26) illustrates the rather interesting result 
that the signal intelligence suffers no nonlinear distor-
tion and, additionally, that the higher signal frequency 
components are exalted by an amount cosh pX. It there-
fore becomes conceivable that this property may be 
used advantageously in a frequency-modulation system 
to enhance the higher frequency components. The chief 
limitation of this property is that the greater the signal 
frequency emphasis the greater also will the magnitude 
variation of eo(t) requiring, therefore, increased limiting 
of the output signal. 
As a third example, consider the case where the phase 

characteristics are again either zero or essentially linear 
over the pertinent portion of the frequency spectrum 
and that the amplitude characteristics obey the func-
tion 

Z(w) I = cos (Xw + (2) = i[ti(x.+in  fin j. (27) 
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(See Fig. 3.) From (2) and (18) then 

eo(i) =  ei (n+.0x)+00 +x) 1 -Fe-itm+.0x)-8(,-5)] I (28) 

If now 0(1) is a sinusoidal function (see (10)), (28) be-

comes 

eo(t) = E cos [(m sin pX) cos pi 

(E2 .4_ wox )jetwog+onco.,x).i.,1). (29) 

Equation (29) again illustrates that the intelligence 
suffers no nonlinear distortion; however, in this case the 
higher frequency signals are depressed to an amount 
equal to cos pX of the original amplitude. This fact is of 
primary interest in the application of angular modula-
tion techniques to magnetic recording since, to a first 
approximation, the amplitude playback characteristics 
of a tape or wire recorder is a sine wave. 

IZ (u))1 cos ( X w + 

Fig. 3 

Consider now that B is the band pass in cycles of the 
3-db down points of the cosine transfer function and let 
6 be the maximum amount of signal depression that can 
be tolerated; then it may readily be shown that the rela-
tionship between B and the maximum signal intelligence 
frequency that may be transmitted is 

213 
= —  cos -, (1 — 6).  (30) 

For small values of 6 this may be approximated as 

f, = 0.9BN/K  (31) 

The  sinusoidal-amplitude  transfer  characteristic 
therefore imposes quite a fundamental limitation on the 
maximum modulation frequency which may be trans-
mitted, based solely on the shape of the transfer charac-
teristic and completely independent of the deviation fre-
quency. For example if 6 is two per cent, the required 
band-pass B should be about eight times the maximum 
modulation frequency. 

CONCLUSIONS 

The output of an angular modulated signal trans-
mitted through a network or medium (under certain re-
strictions7) may be expressed as a double definite in-
tegral (see (9), (11), (13), and (23)). The usefulness of 
these open-form equations is limited by the ability to 
perform the indicated integrations. It was found, how-
ever, that transfer functions which are linear exponen-
tial functions of frequency readily lend themselves to a 
closed mathematical solution of the output signal. Since 
any transfer function7 may be expanded in a Fourier 
series of linear exponential functions of frequency over a 
desired range of frequencies, the output signal may al-
ways be expressed in a finite number of terms, the num-
ber of terms being the number of terms of the Fourier 
expansion necessary to approximate the transfer func-
tion over the range of frequencies where the spectral 
components of the input signal are appreciable. Equa-
tions (18), (22), and (23) are more inclusive formulas in 
that they express an output function of time in terms of 
a general input function of time and the transfer func-
tion relating the output and input as a function of fre-

quency. 
- A few particular cases were investigated in order to 

study the effects of the amplitude and phase character-
istics of the transfer function on the output intelligence. 
It was found that for linear phase characteristics, the 
output intelligence will suffer no distortion but will be 
shifted along the time axis by an amount depending on 
the slope of the phase characteristic. If the amplitude 
characteristics are a hyperbolic cosine function of fre-
quency the output intelligence will suffer no nonlinear 
distortion, but the amplitude of the signal intelligence 
will be an increasing function of frequency. On the other 
hand, if the amplitude transfer characteristics are a 
sinusoidal function of frequency there will again be no 
nonlinear distortion in the output intelligence; however, 
in this case, the amplitude of the intelligence will be a 
decreasing function of frequency. This amplitude char-
acteristic imposes a fundamental limitation on the 
maximum frequency response of the intelligence signals 
as is indicated by (30). By extension of the analysis it 
may be shown that, generally speaking, amplitude 
transfer characteristics which rise on either side of the 
carrier frequency enhance the higher modulation fre-
quencies, while those which fall on either side of the car-
rier frequency depress the higher modulation frequen-
cies. In this latter case, (30) may be used as a rule-of-
thumb formula to determine the maximum modulation 
frequency which may be transmitted without appreci-
able distortion. 
This analysis again supports the contention and con-

clusions of other writers on the subject that linear-
phase transfer characteristics are a more important de-
sign objective than are perfectly flat-amplitude transfer 
characteristics. 
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Pulse Transients in Exponential Transmission Lines* 
ED WARD R. SCHATZt, ASSOCIATE, IRE, AND EVERARD NI. WI 1.1.1.1NISt, SENIOR MEMBER, IRE 

Summary—The pulse response of exponential transmission lines 
is analyzed and it is suggested that such lines may be used advan-
tageously as pulse transformers with short, rapidly rising pulses, 
particularly where large amounts of power are involved. A subsequent 
paper will discuss design problems and experimental results. 

TIIE EXPONENTIAL transmission line shows 
promise as a pulse transformer for use with very 

  short, rapidly rising pulses, particularly where 
large amounts of power are involved. The design and 
effective use of exponential transmission-line sections 
as pulse transformers require a fairly precise knowledge 
of the general transient characteristics of such lines. It 
is the purpose of this paper to discuss some of these 
general characteristics. A subsequent paper will treat 
design problems and describe some typical exponential-
line pulse transformers. 

Requirements exist for pulse-transforming devices 
capable of handling large amounts of power in pulse 
durations of the order of hundredths of microseconds; 
examples of such requirements are to be found, for in-
stance, in the "electrostatic" ion deflectors for large 
nuclear particle accelerators. Such requirements are not 
readily satisfied by conventional two-winding iron-core 
transformers and, in a search for an alternative wide-
band impedance-transforming device, the authors were 
led to consider the exponential transmission line. The 
steady-state characteristics of exponential transmission 
lines have been widely discussed in the literature'-3 and 
it is known that their behavior is equivalent to that of 
combinations of high-pass filters and ideal impedance 
transformers. The high-pass characteristic is an ideal 
one for the transformation of steep edges of pulses but 
necessarily distorts their flat-topped portions. It seemed 
probable, however, that the parameters of an exponen-
tial transmission line could be so chosen as to reduce this 
distortion to any desired extent. The analytical study 
described in this paper was, therefore, undertaken to 
investigate the transient properties of the exponential 
transmission line. 
An exponential line is defined as a transmission line in 

which spacing between conductors is tapered so that the 

• Decimal classification: R117.1. Original manuscript received 
by the Institute. January 3, 1949; revised manuscript received, 
April 24, 1950. This paper is part of a dissertation submitted by 
Edward R. Schatz in partial fulfillment of the requirements for the 
degree of Doctor of Science at Carnegie Institute of Technology. Also 
presented, in part, under the title "The exponential line pulse trans-
former," 1950 IRE National Convention, New York, N. Y., March 9, 
1950. 
This work was supported in part by the joint ONR-AEC program. 
t Department of Electrical Engineering, Carnegie Institute of 

Technology, Pittsburgh, Pa. 
H. A. Wheeler, "Transmission lines with exponential taper," 

PROC. I.R.E., vol. 27, pp. 65-71; January, 1939. 
2 C. R. Burrows, "The exponential transmission line," Bell Sys. 

Tech. Jour., vol. 17, pp. 555-573; October, 1938. 
P. J. Selgin, "Electrical Transmission in the Steady State," 

McGraw-Hill Book Co., New York, N. Y., 1946. 

inductance and capacitance per unit length l and c. 
vary exponentially with the distance along the line from 
the sending end according to the relations 

ii = 1.0e 7z 

cs = 

The flare coefficient  may be either positive or negative; 
the analysis of this paper, however, considers positive 
values of  only. The differential equations for V. and 
iz are, by an analysis similar to that for uniform lines, 

02 r x 01 .S  02V z 

—  —  — LoCo   
OX2 Ox  01 2 

02ix air 
 +   = LoCo   
Ox2 ax  01 2 

(1) 

(2) 

A method of solution using Laplace transform analy-
sis was employed; the general steps in this solution are 
illustrated briefly for (1). 

The Laplace transform F(x, s) of a function f(x, 1) is 
defined as 

F(x, s) = f e--"f(x, t)(11 

and the operation of taking the Laplace transform is 
indicated as 

F(x, s) = Lf(x, 1). 

The notations V(x, s) and /(x, s) will be used for the 
transforms of v(x, 1) and i(x, 1). Taking the Laplace 
transforms of each tel m in (1) we obtain 

a2v(x, 1)  0v(x, t) 02v(x, 1) 
-yL   = LoCoL   

Ox-  Ox 012 

which for the conditions of this analysis can be shown to 
become 

a2v(x, s)  av(x, s) 
  — Locos2v(x, s). 

ax2 ax 

The solution of this is 

r12 [.'le-' (2, 4)-4-szLocoz  BeVi7r2/4)+42Locoil 
(3) 

in which A and B are functions of s and independent of 

The first and second terms of (3) represent traveling 
waves in the x and —x directions, respectively. The 
parameter VI/L0CO3 hereafter designated as c, is the 
velocity of propagation of electromagnetic waves in the 
space between conductors. The solution is completed by 
using boundary conditions to solve for the terms A and 
B. This procedure yields V(x, s). The desired voltage 
v(x, t) is obtained from the inverse transform of V(x, s). 
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This operation of finding the inverse transform is ex-
tremely complicated in the case of a general arbitrary 
termination; the authors have obtained solutions for the 
cases summarized in Table I. 
The first case is the infinite line. The integrals appear-

ing in this case have been computed for the conditions 
shown in the curves of Figs. 1 and 2. Fig. 3 is a sketch of 
the voltage and current distribution on an infinite line, 
excited by a short rectangular pulse, for four instants of 
time at which the leading edge of the pulse has reached 
the positions xl, x2, Xg, and x4, respectively. 
Sending end current as a function of time is given in 

the second case. Fig. 4 shows a curve of this function, 
useful in determining the sending end resistance and in 
efficiency calculations. 
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Fig. 1—Voltages at the end of step-up sections of exponential trans-
mission line of length x (terminated in an indefinite continuation 
of the same line) as functions of a time parameter ct/x when the 
lines are excited with a step input voltage Eat time t =O. Curves 
are drawn for sections with voltage ratios of one to two, four, six, 
and seven, and voltage is expressed as a ratio of actual voltage to 
the input voltage multiplied by the voltage ratio in each case. 
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X 

Fig. 2—Currents at the end of voltage step-up sections of ex-
ponential transmission line of length x (terminated in an indefi-
nite continuation of the same line) as functions of the time 
parameter ct/x. Curves are drawn for sections with voltage ratios 
corresponding to those in Fig. 1, and current is expressed as a 
ratio of actual current to the input current divided by the 
voltage ratio in each case. 

The third case is that of the short-circuited line. The 
last case is that of the voltage at a receiving end load 

= V 1.,  4/Lo ext. 
c.,  Co 

This resistance is equal to the characteristic impedance 
at infinite frequency and will be termed the "impedance 
level" at the output terminals of the length x1 of line. 
With this termination there is no reflection from a step-
impulse wave front but reflections occur immediately 

z 

1 
time 321. 

Xl 

time x2 

-7 

14 

Fig. 3—Sketches of voltage and current distribution on an infinite 
line, excited by a short rectangular voltage pulse, for several in-
stants of time at which the pulse has reached the positions xi, x2, 
2c3, and x,. The distortion is exaggerated and corresponds to that 
occurring with very great taper. 
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Fig. 4—Current at the sending end of an exponential transmission 
line when the line is excited at this point by a step voltage func-
tion. This current is applicable not only in the case of the line of 
infinite extent but also to any line section prior to the arrival of 
reflections from the receiving (load) end. 



TABLE I 

Voltage v and current i as functions of time t and distance x along exponential transmission lines excited with a step function of voltage E 
at x=0 and 1=0. Solutions are for positive flare coefficient 7 only. ../o, J1 are Bessel functions of the first kind and Ho, H1 are Struve 

functions. The notations Mr) and Mt) are used for N/7'-r2/c2 and V12 -x2/c2; and N(1-x/c) is a function with 
the value 0 for t <x/c and unity for t >x/c. 

Case Voltage transform V or current transform / Solution for voltage or current 

Infinite line 
Voltage and Current at 

any point x 

V(x, s)= - 0),!2[e—N/0,27,2)+02/4).] 

„  
/(x, s)= -- .2 2 [  e— V(22/22/4-(72/412 

Lo  2.52 V  C2S2 4s4 

Sending end current (for 
any case) before first re-
flection returns 

-E [ /  
1(0,  — - A  — 

LA 2 s2 Y 4s4 

-vc 1 
T AO) j 

l'(r,1)=Eo742  [I- 
[   

2 f,r, f (r) 
N r 

c J 

i(r, 1)   e 12  

_ [  72cx  f (t-r)  .11 [ —A(r)ldr 
-yc 

2 7c /  x \  r 7c 

2  c ) g/Lo  4 zi.  f (r) 

Co 

+ 24:21  f s Jo [.-. ./i(r)] dr --7- A(1)Ji [2c-A(1)]  N 
2  2 

1(0, O.=   2012 
Lo Lk 4 ) Jo ( 2 ) 7 (-1- ) [ji 2 H ° (1c1 ) 2 

tyct\ ri, oc m i co  _JO c1]  
k 2)  2 11  j 2  2  )  ,2 

Open-circuited line of 
length x, 
(Receiving end voltage 
before reflections from 
sending end) 

17(XL, '(.2/c2)+("0/4)21  4/ ? — + 12-  C2 4 5)=„Ee7.0 [2*-‘   

] 1= -2 + -+- 
c2 4 

Short-circuited line of 
length x, 
(Receiving end current 
before reflections from 
sending end) 

  is2 -y2 
/(x, s)= V 

Los2 L c2 4 

[1.(X1,1) = EE-2'd 2 2 -71-1 
z'le 

,[2c-- fir)ldr 
1-(-2 

fi(r) 4 \ c 

.1, [—fi(r)] dr 2   It (1  ldr 8  f1(r)  z c " 

— 71/4 3 g r)2/0 
8 2,/2 2 

Note: fi(T)= 4/r2-III for this and following cases 

2E g , -1( .  , 
j(.1-1,1) = —  , [ 1?c21  [-  r] o [- )-.,1101 

4/L°  •fr • w c 
" Co 

Line terminated in resist-
ance R equal to impedanceI 
level at x=xt 1 E 
(Receiving end vo ltage  V(xtps)= -s e7'1/2[e-V(.2/‘2)+0270,, 
before reflections from; 
sending end) I 

R= Vf; = ,17°  j=i 
l; Co 

[ 1-+I! R c2 4 

/,,s+R(21+ /02  /2 ) 
2 V  -+2  c 4 

_ • Awl] 
c ) 
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thereafter, increasing in magnitude with time. Fig. 5 
shows a curve of the resulting receiving end voltage. 
Although data on voltage with loads different from the 
"impedance level" would be of some interest, the trans-
forms involved have proved complex and, to date, un-
economical to evaluate. 
The distortion undergone by an ideal rectangular 

pulse transformed by a section of exponential line may 
be determined by superposition of two step-voltage re-
sponses of opposite polarity with delay between steps 
equal to the pulse duration. It is apparent from Fig. 5 
that distortion may be reduced to any desired extent 
by reducing the abscissa ct/x to as low a value as neces-
sary. This may be done, for instance, by choosing a 
sufficiently low value of the flare coefficient. Flare 
coefficient is also important, however, in connection 
with efficiency. 
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Fig. 5—Receiving voltage as a function of time in terminated ex-
ponential transmission-line sections excited with a step input 
voltage for step-up ratios of one to two, four, six, and seven. The 
line is terminated in a load resistance equal to its impedance level. 
Voltage is expressed as the ratio of actual voltage to input voltage 
multiplied by step-up ratio. 

The magnitude of the flare coefficient affects effi-
ciency (a) through its influence on ratio of useful 
energy delivered to that stored and reflected, and (b) 
through its effect on dissipation. The first of these 
effects is significant even when dissipation is negligible. 
Although all the energy in a dissipationless line is 
eventually delivered to the load or returned to the 
generator, the useful load energy is generally only that 
delivered during the pulse duration. Furthermore, 
pulse-generator capacity at the sending end is de-
termined by the peak power and energy delivered in a 
pulse and it is of little advantage to return some of 
this energy at a later time. It is, therefore, convenient 
to evaluate a "nominal" efficiency n, defined as 

energy delivered to load during duration of initial pulse 
n   
energy supplied to line at sending end during initial pulse 

Typical nominal efficiency curves are shown in Fig. 6. 
The flare coefficient affects dissipation because choice 

of very low flare coefficient values results in such great 

lengths of line to obtain a specified impedance ratio 
that dissipation may be appreciable. The precise evalua-
tion of dissipation effects on efficiency and pulse shape 
requires a rigorous transient solution for the exponential 
line with finite losses; this solution, however, offers ex-
traordinary analytical difficulties. An approximate an-
alysis is readily applicable, however, when losses are 

not negligible but low. 
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Fig. 6—Nominal efficiency of the exponential-line sections 
of Fig. 5. 

In an analysis of approximate attenuation in uniform 
lines with losses Ramo and Whinnery4 have described 
a method based on the assumption that losses, when 
small, can be calculated by allowing voltages and cur-
rents as computed for a lossless line to encounter the 
known resistances and conductances. The voltage on a 
uniform line with losses is of the form 

V = e-axf(z, t) 

in which f(x, t) is the expression determined for a lossless 

line, a is shown to be 

r  gZo 
a = — 

2Z0 2 

in which r, g, and Zo are series resistance per unit length, 
shunt conductance per unit length, and characteristic 
impedance, respectively. This expression can be shown 
to be applicable to exponential lines in a form in which 
the attenuation per unit length is a function of the param-
eters associated with that unit length, r., g., and 
steady-state characteristic impedance Zo1 at some fre-
quency f, in terms of which «.=((r.12Zo6) -1-(g6Z0./2). 
Although a1 is an attenuation referred to steady-state 
phenomena, this expression may readily be used to de-
termine the attenuation undergone by the individual 
frequency components of transient impulses. The com-
ponents of particular interest are generally the highest 
frequency components, the attenuation of which is re-
sponsible for deterioration of steep leading and trailing 

4 S. Ramo and J. R. Whinnery, "Fields and Waves in Modern 
Radio," John Wiley and Sons, Inc., New York, N. Y., p. 32; 1944. 
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edges. The frequencies of such components are remote 
from the steady-state cutoff frequency of a transformer 
section and the characteristic impedance Zoz becomes 
the impedance level R. Burrows' has given, in the 
steady-state case for frequencies remote from cutoff, 

az = ..._ c-7. + ___. ___ x• e 
r . 4/C0 g. Lo 
_ 
2  Lo 2  C0 

In exponential-line pulse transformers the resistance rz 
is readily held at negligible levels. The conductance g 
is likely to be of importance since it is usually con-
venient to limit the physical length required for a par-
ticular minimum pulse distortion by the use of solid or 

Discussion on 

liquid dielectric material in which there are unavoid-
able losses. In such cases, the conductance gz is an ex-
ponential function of length and the attenuation con-
stant independent of x. For ordinary dielectrics a is 
given with sufficient accuracy by 

(.4) 

= V.LoCo V  - ---  =-
2  62 

in which b is the power factor of the dielectric at the 
frequency f and c' the propagation velocity in the di-
electric, neglecting losses. Phase distortion owing to 
changes of velocity with frequency of pulse components 
is usually of negligible proportions. 

"On the Energy-Spectrum of an Almost 
Periodic Succession of Pulses"* 

G. G. MACFARLANE 

T. S. George:' There is an alternate approach to the 
problem of calculating the power spectra of fluctuating 
pulses which I have found in general to be more facile 
than the one employed by Mr. MacFarlane. I am sure 
that this method is familiar to Mr. MacFarlane, but 
may not be to other readers. This is the method of first 
calculating the autocorrelation function, and then 
transforming to the power spectrum by the Wiener-
Khintchine theorem.' 

Consider, as an example, the first case calculated by 
Mr. MacFarlane, that is, the case of periodic pulses of 
shape f(t) whose amplitude fluctuates in a random fash-
ion described by a probability density function P(y)dy. 
First of all, one may assume that the amplitude of the 

fluctuating pulses consists of a constant or dc term plus a 
part which fluctuates about an average value zero. Thus 
for this part, we have a sequence of periodic pulses with 
constant amplitude 

A = f yP(y)dy. 

One may proceed directly to the power spectrum 
through the Fourier series of the pulses. The Fourier 
series is 

E rni a. 

-ea 

* PROC. 1.R.E., vol. 37. pp. 1139-1144; October, 1949. 
Philco Corporation, Philadelphia Pa. 

2 H. M. James, N. 13. Nichols. R. S. Philips, "Theory of Servo-
mechanisms," Radiation Laboratory Series No. 25, P. 283,  McGraw-
Hill Book Co., New York, N. Y.; 1947. 

27r I c„126 

where 

The power spectrum then is 

2.7m) 

Cfl =  f T f(lje-2 " adl = -_ ( G J —  0 A  2rn) 
T  T 

and Gezzo is theeontinuous spectrum of a single pulse of 
unit amplitude. (5(w) is the Dirac delta function, and is 
defined here as 

1 
= f — 
27 , 

This accounts for the second part of Mr. MacFarlane's 
result. 

For the fluctuating  part, we calculate the autocorre-
lation p(r)=f(t)f(t+r). It is observed first that if t is 
within one pulse and t+r in any other pulse 

f(t)f(t = j-05 f(t + r) = 0, 
since the separate pulses are assumed to fluctuate inde-
pendently (tacitly assumed by Mr. MacFarlane). Thus 
permissible values of r lie between — T and T and it is 
obvious that this part of the spectrum will be continu-
ous. Now it is convenient to consider the fluctuating 
pulse to consist of f(t) itself, multiplied by an infinite 
line parallel to the t axis and which fluctuates about zero 
with probability determined by P(y)dy. 

The autocorrelation function of the line is /2, say, 
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:here / is the instantaneous departure of the line from 
ero. This is, of course, 

(A — A)2. 

:le power spectrum of this line is obtained from p(T) by 
he Wiener-Khintchine theorem which for unnormalized 

i,(T) may be written 

i(co) = f  p(r) cos cordr. 

rhus for the line, 

Fi(w) = 27r(A — 7.) 24,0). 

The average power spectrum of the pulse itself is 

G(co)j 2 

Now when one has the product of two time functions, 
A-hose spectra are Fl(w) and F2(w), respectively, the 
-,:omplex convolution integral gives the spectrum of the 
product, thus 

1 
F(w) = —  — s)F2(s)ds. 

2r  , 

Thus the continuous power spectrum is 

271-(.4 — 1)2 r. I G (w — s) 12 
F(w) —  b(s)d s 

27r  J _., T 

1 G (w) 12   
=  (A — TO 2. 

T 

This is the other part of Mr. 
Several steps are involved 

easy to carry out. The same 
to the problem of pulses vary 
position. 

MacFarlane's result. 
in this method, but each is 
procedure may be applied 
ing statistically in width or 

G. G. Macfarlane:3 I agree with Mr. George that the 
results given in equations (21) and (33) can be more 
neatly derived with the aid of Khintchine's theorem. 
Moreover, the forms of the autocorrelation functions 
are themselves of interest. Nevertheless, the method 
given in the paper was adopted because it seems to the 
author to be more elementary. 

3 Ministry of Supply, Great Malvern, Worcs., England. 

Measurement of the Electrical Characteristics of Ouartz 
Crystal Units by Use of a Bridged-Tee Network* 
CHARLES H. ROTHAUGEt, ASSOCIATE, IRE, AND FERDINAND HAMBURGER, JR•t, 

SENIOR MEMBER, IRE 

Summary—A bridged-tee null network has been used to meas-
ure the equivalent resistance and the equivalent reactance of a quartz 

crystal plate. 
This measuring circuit has the advantages that shielding is rela-

tively simple (both the source and the detector have a common 
grounded terminal) and that corrections for all stray capacitances 
that affect the measurements may be included in the calibrations of 

the capacitors of the tee. 
The precision of the measurements is estimated to be 0.3 per cent 

for the determinatirn of the equivalent reactance and 2.3 per cent 
for the determination of the equivalent resistance. 

I NT 14 ODUCTION 

W
iTI I THE EXTENDED USE of quartz crys-
tal plates in the past several years there has been 
an increasing demand for the accurate measure-

: ment of the electrical properties of the crystals. In the 
' vist. 1 he expression of the dynamic impedance of the 
crysta bis been made in an arbitrary and indirect man-

• Decimal c1.14sification: R21-1.211. Original manuscript received 
1,v Ow Institute, November 26. 1949; revised manuscript received, 

' April  1950. 
f U. S. Naval Postgraduate School. Annapolis, N'd. 
The Johns Hopkins University, Baltimore, Md. 

ner." However, the electrical characteristics (the im-
pedance, the equivalent reactance, and the equivalent 
resistance) of a quartz crystal plate may be measured 
at any frequency of operation without reference to the 
external circuit in which the unit is to be used.3- I These 
electrical quantities permit the prediction of the per-
formance of the crystal unit in any particular external 
circuit whose characteristics are known. Such a method 
of specification of crystal units using their impedance, 

G. M. Thurston, "A crystal test set," Bell Lab. Rec., vol. 22, pp. 
477-480; August. 1944. 

2 W. E. McNatt, "Test set for quartz crystals," Electronics, vol. 
18, pp. 113-115; April, 1945. 

3 C. W. Harrison, "The measurement of the performance index 
of quartz plates," Bell Sys. Tech. Jour., vol. 24, pp. 217-252; April, 
1945. 

A. J. Biggs and G. M. Wells, "The measurement of the activity 
of quartz oscillator crystals," Part Ill, Jour. IRE (London), vol. 93, 
pp. 29-36; January. 1946. 
I K. S. Van Dyke and A. M. Thorndyke. "The three-crystal meth-

od of quartz resonator measurement," Phys. Rev., vol. 57, p. 560; 
March. 1940. 

C. J. Miller, Jr., "Long Range Planning for Quartz Crystal 
Units," Signal Corps Engineering I aboratories; October. 1945. 

W. D. George, M. C. St lby. and R. Scolnik, "Precision measure-
ment of the electrical characteristics of quartz crystal units," PROC. 
I.R.E., vol. 36, pp. 1122-1131; September, 1948. 
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equivalent reactance, and resistance has many ad-

vantages," not the least of which is the availability to 
the engineer of data which will be most useful in design 
procedures. 

This paper will present a method of measurement of 
these electrical characteristics of a quartz crystal unit 
using a "bridged-tee" null network. 

EQUIVALENT CIRCUIT OF A PIEZOELECTRIC CRYSTAL 

A piezoelectric crystal vibrating near its resonant fre-
quency may be represented by an equivalent electric 
circuit. 9 This equivalent circuit, composed of a series 
branch of resistance, inductance, and capacitance in 
parallel with a capacitance, may be reduced to a series 
arrangement of an effective inductance and an effective 
resistance when the frequency of operation of the crystal 
is between its series resonant and antiresonant fre-
quencies. The values of the series resistance and induct-
ance vary rapidly as the frequency is changed from 
series to parallel resonance. This simplified circuit is the 
one that will be used to represent a crystal in this paper 
and implies that the crystal resonators under considera-
tion are to be operated into capacitive loads. 

THE BRIDGED-TEE NULL NETWORK 

A tee configuration of two equal capacitances and a 
resistance will form a null network when bridged by an 
inductance in series with a resistance." This arrange-
ment is shown in Fig. 1. 

/' 

Fig. 1—Bridged-tee null network. 

This circuit may be used to measure the effective in-
ductance and resistance of a crystal at its operating fre-
quency, when the crystal is one designed to operate into 
a capacitive load. 

The balance conditions for such a network (i.e., con-
ditions for zero transmission) are 

2 
Xc =  

WC (1) 

8 K. S. Van Dyke, "The standardization of quartz crystal units," 
PROC. I.R.E., vol. 33, pp. 15-20; January, 1945. 

K. S. Van Dyke, "The electrical network equivalent of a piezo-
electric resonator," Phys. Rev., vol. 25, p. 895; June, 1925. 

10 IV. N. Tuttle, "Bridged-T and parallel-T null circuits for meas-
urements at radio frequencies," PROC. I.R.E., vol. 28, pp. 23-29; 
January, 1940. 

1 

Re = RIV2C2 (2) 

Such an arrangement has several advantages which 
are readily apparent. First, stray capacitances between 
the terminals 1 and 1' and terminals 2 and 2' do not 
affect the measurement. Effectively such capacitances 
are across the source and the detector. Second, the 
source and detector have a common grounded terminal,' 
Shielding is thus simplified since no shielded transform-
ers or Wagner ground connections are needed. 
Stray capacitance from the junction point of the tee' 

to ground will introduce errors. The conditions for zero. 
transmission with such a stray capacitance Ci become 

Re = 
1 

R UC' 

Xe = 2 (Ci 
1)• 

111..:  2C 

(3) 

(4) 

CIRCUIT ARRANGEMENTS AND COMPONENTS 

The circuit arrangement consists of the source, two 
buffer amplifiers, the bridged tee, and a detector. These 
units and the shielding are shown in the schematic dia-
gram of Fig. 2 and will be briefly described. 
The circuit was driven by a crystal controlled triode 

oscillator (source). This oscillator is controlled by a 
crystal having approximately the same frequency as the 
crystal being measured. An adequate range of fre-
quencies was obtained by use of a small variable air 
capacitor placed across the crystal. Additional range 
May be obtained by the use of a series inductance and 
by a suitable selection of crystals with slightly different 
natural resonant frequencies. The frequency stability of 
the oscillator was better than one part in 107 for the pe-
riods during which measurements were taken. 
It was found necessary to isolate the bridged tee from 

the remainder of the circuit in order to prevent cou-
pling between the source and the detector. Isolation was 
accomplished by use of two buffer amplifier stages, a 
triode amplifier coupled inductively to the source and 
capacitively to the tee and a miniature pentode ampli-
fier coupled capacitively to the output of the tee. 
The triode amplifier is of conventional resistance-

coupled design using a 6ACS high-mu power amplifier 
triode. The gain of this stage is approximately 12 to 15 
for the frequency range of 7 megacycles per second to 1 
megacycle per second. The buffer amplifier using a 
6AK5 pentode was designed with a tuned plate circuit 
and an input of the highest possible impedance. Its gain 
was approximately 25 at 7 megacycles per second. The 
high input impedance increases the sensitivity of the 
bridged-tee network. 

A radio receiver was used as a detector for the meas-
urements. The output of the buffer amplifier was con-
nected directly to the antenna input of the receiver, and 
the input signal strength determined by measuring the 
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Lutomatic-volume-control voltage. An equally satisfac-
ory method used in some of the measurements was to 
Tiew the audio output of the receiver with a cathode-ray 
)scilloscope. The receiver in this latter case was oper-
Lted with the beat frequency oscillator on. 
A twin capacitor, each unit with a range of 30 to 450 
nicromicrofarads, was used in the bridged tee. This 
:win capacitor was of a standard commercial type with 
)oth rotors mounted on a single shaft. The calibration 
)f this capacitor included the effect of stray capacitance 
from the junction of the tee to ground. 
A variable noninductive resistor is of the utmost im-

portance to the accuracy of the measurements. Such a 
resistor was constructed giving values of resistance from 
zero to 15,210 ohms in steps of ten ohms. The resistance 
values were found to remain within 5 per cent of their 
lirect-current values at frequencies up to 7 megacycles 
per second with an equivalent capacitance to ground of 
23.5 ±0.3 micromicrofarads for all values of resistance. 
At any setting of this resistor, only three resistance 

elements are in use. This principle is similar to that used 
by Behr and Tarpley of Leeds and Northrup in the con-
struction of shielded resistance boxes." However, the 
individual elements of the Leeds and Northrup box are 
wire-wound resistors which limit the use of the box to 
applications at relatively low frequencies. The useful 
frequency range of a box constructed by this principle 
may be appreciably extended by use of deposited carbon 
resistors manufactured by the Western Electric Com-
pany. These resistors are characterized by small react-
ance and constancy of effective resistance which arise 
largely from their inherently small inductance and 
capacitance. 
The elements are mounted on three drums arranged 

in tandem on concentric shafts. Each drum may be ro-
tated separately. The drums contain, respectively, the 
tens, hundreds, and thousands units. The resistance 

values of the elements on each drum are 1, 2, 3, 4, .  
and so forth, units. Thus, any value of resistance within 
the limits of the box may be obtained with only three 
resistors in series. Capacitance to ground is kept con-

n L. Behr and. R. E. Tarpley, "Design of resistors for precise 
high-frequency measurements," P•oc. I.R.E., vol. 20, pp. 1101-
1116; July, 1932. 

7 2- 541«, 
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stant by making the arrangement of the elements as 
symmetrical as possible. To further this symmetry the 
zero resistance elements are silver-plated brass replicas 
of the deposited carbon resistors. This resistor is shown 
in Fig. 3. 

• 

Fig. 3—Closeup of the placement of the individual resistance 
elements in the resistor box. 

The shielding is conventional. The source and its 
buffer amplifier are included in one shield and the pre-
detector buffer amplifier in another. In order to facili-
tate construction the bridged tee was separated into 
two parts. The crystal under test and the twin capacitor 
were placed in one shield, and the resistor R in another. 
A double shield is necessary for the capacitor to elimi-
nate the effects of hand capacitance, since both plates 
are operated above ground potential. All connections 
between units are made with shielded single conductor 
cable. No special shielding was used for the receiver or 
vacuum tube voltmeter used to measure its automatic-
volume-control voltage. 

MEASUREMENTS 

The method of measurement is direct. The crystal to 
be measured is inserted in the bridged-tee network and 
the frequency of the source is adjusted to the desired 
value. The tuned plate circuit of the predetector am-
plifier and the receiver are then adjusted for this value. 
First, the reactive balance of the bridged tee is obtained 
by varying the setting of the twin capacitor until a 

8, I I  _ _  _  
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Fig. 2—Schematic diagram of measuring circuit. 

B. 
Zoo ,) 



1216  PROCEEDINGS OF THE I.R.E. Oclob 

minimum output is obtained; then the resistive balance 
is made with the resistor R. 
Inspection of the balance conditions (3) and (4) re-

veals why this order of operation is essential. Both the 
reactive and resistive balance depend upon the value of 
capacitance, while the variation of R affects only the 
resistive balance. In addition, variations of detector 
voltage caused by variations of C are many times that 
caused by similar variations in R. 
Thus, after an approximate reactive balance is ob-

tained, the gain of the detector may be increased to se-
cure the desired sensitivity to determine the resistive 
balance and the final fine adjustment of capacity and 
resistance. The gain of the detector must not be placed 
too high until after a coarse reactive balance is ob-
tained, since the relatively large input will mask any 
indication of a minimum signal. 

The limits of the bridged tee are dependent upon fre-
quency. With the values of C used in the circuit reported 
in this paper, inductive reactances of 100 to about 
1,520 ohms may be measured at a frequency of 7 mega-
cycles per second, reactances of 700 to 10,600 ohms at 
one megacycle per second. These limits may be extended 
but it is to be noted that a practical limit is reached for 
the larger values of reactance when the stray capaci-
tancs_. becomes appreciable in relation to the value of C. 
No difficulty is encountered in lowering the limits. 
The limits of the value of resistance that may be de-

termined are dependent not only on the value of R but 
also upon the reactive balance. If the inductive react-
ance of a series combination of resistance and reactance 
is 100 ohms at a frequency of 7 megacycles per second, 
the resistance value that can be determined is between 
0.15 and 300 ohms; at the same frequency, with an in-
ductive reactance of 1,520 ohms, resistances of 40 to 
55,000 ohms may be determined. Similarly, at one mega-
cycle per second, resistance values of 8 to 12,000 ohms 
may be measured when associated with an inductive 
reactance of 700 ohms, with corresponding values of 
resistances with an inductive reactance of 10,600 ohms. 
Several series of crystals have been measured. The 

detailed data will not be given in this paper. Howe er, 
representative results are given in Table I. The nominal 
frequency of all crystals in a series was the same, and 
the measurements reported were made at the same fre-
quency for each series. 
Values of Xc were measured from about 218 ohms 

to 747 ohms, and values of Rc ranged from approxi 
mately 10 ohms to 33 ohms. 

TABLE I 

CRYSTAL TYPE DC-11-A' 
--

Crystal No.  Xc (ohms) Re (ohms) 

522,0  32.19 
2  415.0  30.50 

CRYSTAL TYPE DC-31-C.I.R.2 
1 

/ 

4 
8 

2  650.2 

594.0 
707.0 

22.80 
13.72 
18.46 

Crystal No.  Xc (ohms)  Re (ohms) 

1 662.0  12.22 

' Measurements made at a frequency of 7,102,115 cycles per 
second. 

2 Measurements made at a frequency of 4,540,362 cycles per 
second. 

The precision of these measurements is estimated to 
+0.3 per cent for the determination of Xc and + 2.3 
per cent for the determination of R. This estimate was 
made from a series of ten measurements made at the 
same frequency on the same crystal. The average value 
of Xc was 532.9 ohms with an average deviation from 
the mean of + 1.8 ohms or ±0.3 per cent. The average 
value of Rc was 13.03 ohms with an average deviation 
from the mean of + 0.30 ohms or ±2.3 per cent. The 
measurements were made at a frequency of 4,950,340 
cycles per second. 

CONCLUSIONS 

.A method of measurement is presented for the deter-
mination of the equivalent series reactance and the 
equivalent series resistance of a quartz crystal plate at 
its operating frequency. This method utilizes a bridged-
tee null network. 

The determination of the equivalent series reactance 
is made with a precision of ±0.3 per dent. The equiva-
lent series resistance is determined with a precision of 
+2.3 per cent. 

A design of a variable resistance-box is presented. The 
box has values of resistance of 10 to 15,210 ohms in steps 
of 10 ohms. The resistance values of the box remain 
within 5 per cent of their direct-current values up to 
frequencies of 7 megacycles per second with an equiva-
lent capacitance to its shield of 23.5 +0.3 micromicro-
farads for all values of resistance. 

CORRECTION 

George Sinclair, author of the paper, "The transmission and reception of 
elliptically polarized waves," which appeared on pages 148-151 of the February, 
1950, issue of the PROCEEDINGS OF THE I.R.E., has brought the following error 
to the attention of the editors. 

On page 149, the vector N in equations (2) and (3) should read N,, where N, 
is the component of N transverse to the direction of propagation. 
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search Laboratory and physics department 
of Boston University. 

Takeo Hada was born on November 7, 
1920, at Osaka, Japan. Ile was graduated 
from the electrical engineering department 

of the Osaka High 
Technical School in 
1939, and then en-
tered the Kawanishi 
Machine Works. 
Mr. Hada is now 

associated with the 
Kobe Kogyo Corpo-
ration,  in  Kobe, 
Japan, engaged in re-
search. 
Ile is a member 

TAKE() I !ADA  of the institute of 
Electrical Engineer-

ing and Electrical Communication in Japan. 

R. W. DAWSON 

Robert W. Dawson was born in Spring 
Lake, N. J., on May 26, 1922. He joined 
the radio research department of the Bell 

Telephone Labora-
tories, Inc., in 1941, 
after attending New-
ark College of Engi-
neering. Mr. Dawson 
enlisted in the U. S. 
Army Signal Corps 
in 1942. He received 
training as a wire 
chief at Ft. Mon-
mouth, and was then 
selected to attend 
the Army Special-
ized Training Pro-

gram at Rutgers University, where he com-
pleted the course in comm unications engi-
neering in 1944. Assignment was then made 
to the Manhattan District at Los Alamos, 
N. Mex., where he remained until his dis-
charge, except for a few months overseas 
with the Atom Bomb group from Los 
Alamos. A special citation was received from 
Rear Admiral Purnell USN, for this overseas 
work. 
After discharge from the Army early in 

1946, employment was resumed with the 
Bell Telephone Laboratories at Holmdel, 
N. J., where Mr. Dawson now works on vari-
ous microwave projects. 

Albert A. Gerlach (S'42--A'46) was born 
on May 22, 1920, in Columbus, Ohio. He 
received the B.S. degree in electrical engi-

neering from the Ohio 
State University in 
June, 1942, and the 
M.S. degree in elec-
trical  engineering 
from the Illinois In-
stitute of Technology 
in January, 1949. 
From  1942  to 

1946, as a radar of-
ficer in the U. S. 
Army Signal Corps, 
he instructed and 
supervised  the in-

struction of military personnel in the theory, 
operation, and maintenance of radar equip-
ments, wrote technical manuals on radar 
and radio equipments, and made siting sur-
veys on the West Coast for purposes of radar 
air-warning installations. In 1946, he be-
came senior project engineer and, subse-
quently, laboratory director at the Rowe 
Engineering Corporation in Chicago and, 
since 1948, he has been a research engineer 
at the Armour Research Foundation of the 
Illinois Institute of Technology. 
Mr. C,erlach is the vice-chairman of the 

Pro, c,Iiires Committee of the Chicago Sec-
tion of the IRE, an associate member of 
AIEE and Sigma Xi, and a member of Eta 
Kappa NI1 and Tau Beta Pi. He is a regis-
tered professional engineer in the State of 
Illinois. 

A. A. GERLACH 

F. Hamburger, Jr., (A'32—M'39—SM'43) 
was born in Baltimore, Md., on July 5, 1904. 
He received the B.E. degree in electrical en-

gineering from The 
Johns Hopkins Uni-
versity in 1924. After 
participating in a 
program of dielectric 
research for several 
years, he earned the 
degree of Doctor of 
Engineering  from 
that University in 
1931. 
Since 1931, Dr. 

Hamburger, has been 
on the staff of the 

electrical engineering department of The 
Johns Hopkins University where he was 
appointed professor of electrical engineering 
in 1947. He served as chief test engineer for 
Bendix Radio Division from 1942 to 1945 
while on partial leave of absence from the 
University, as consultant for the National 
Defense Research Council, Section 17-2, 
during 1944-1945, and as consultant to the 
Research and Standards Section, Bureau of 
Ships, Navy Department, during 1945-
1946. At the present time he is associate di-
rector in charge of engineering of the sys-
tems research contract between The Johns 
Hopkins University and Special Devices 
Center, Office of Naval Research. 
Dr. Hamburger has served as chairman 

of the Baltimore Section of the IRE in 1940-
1941 and is now regional director. He is also 
a fellow of the American Institute of Elec-
trical Engineers, a member of Sigma Xi and 
Tau Beta Pi, and a director of The En-
gineers Club of Baltimore. 

F. HAMBURGER, JR. 

John V. Ilarrington (A'47) was born in 
New York, N. Y., on May 9, 1919. He re-
ceived the B.E.E. degree from Cooper Union 

Institute of Tech-
nology in 1940 and 
the M.E.E. degree 
from Polytechnic In-
stitute of Brooklyn 
in 1948. At the pres-
ent time he is a spe-
cial graduate student 
at the Massachusetts 
Institute of Tech-
nology. 
Upon completion 

of his undergraduate 
work, he spent two 

years in the power engineering field, first as 
a student engineer with the Consolidated 
Edison Company of New York and then as 
an assistant engineer with the American Gas 
and Electric Service Corporation. At the 
beginning of the war he spent several months 
as a research associate working on search 
receivers at the Radio Research Laboratory 
of Harvard University, and then accepted 
a commission in the Navy. 

J. V. HARRINGTON 
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While a member of the Armed Forces, 
Mr. Harrington served as an electronic 
specialist in both the United States and the 
Pacific theatres. Following separation in 
1946, he joined the staff of the Air Force 
Cambridge Research Laboratories where he 
is a member of the Communications and 
Relay Laboratory and has been engaged in 
research in the fields of microwave relay, 
data transmission, and storage systems. 
Mr. Harrington is a member of Tau Beta 

Pi and Sigma Xi. 

Robert L. Henry (A'50) was born on 
March 13, 1918, in Rutledge, Tenn. He re-
ceived the B.S. degree in mechanical engi-

neering in 1939 from 
Clemson College. 
After two years of 

employment in ma-
chine design and pro-
duction engineering 
positions,  he  was 
called to active duty 
as a captain with the 
Army Ordnance De-
partment. The last 
two years of army 
service were with the 
Office of the Chief of 

Ordnance in connection with the proximity-
fuze program. 
Upon discharge from the service in 1946 

he joined the Ordnance Development Di-
vision of the National Bureau of Standards, 
where he soon became associated with the 
Bureau's activity in the field of printed elec-
tronic circuits. Mr. Henry is at present em-
ployed in the Electronics Division of the 
National Bureau of Standards, conduct-
ing research on materials and techniques 
associated with special production procesess 
and the mechanization of the production of 
electronics equipment. He is a member of 
Tau Beta Pi. 

ROBLRI L. HENRY 

Y. W. Lee was born on April 14, 1904, at 
Macao, China. He received the Sc.D. degree 
in electrical engineering in 1930 from the 

Massachusetts Insti-
tute of Technology. 
Dr. Lee was a pro-

fessor of electrical en-
gineering at National 
Tsing Hua Univer-
sity, Peiping, China 
from 1934 to 1937, at 
St. John's University 
from 1942 to 1946, 
and at Ta Tung Uni-
versity, in Shanghai, 
China,  during  the 
same period. 

At present, he is an associate professor of 
electrical engineering at Massachusetts In-
stitute of Technology. 

Y. \V. LEE 

B. Jennings (S'38) was born on Septem-
ber 13, 1910, at Baltimore, Md. He at-
tended The Johns Hopkins University as 

a graduate student, 
specializing in nu-
clear physics up to 
the beginning of the 
war, and received the 
M.A. degree in 1947. 
During the war he 

became a test equip-
ment design engineer 
at Western Electric 
Company at Balti-
more, Md. In 1946 he 
joined the electronics 
and nuclear physics 

department of the ‘Vestinghouse Research 
Laboratories and was engaged in radar de-
sign. He became one of the members of the 
nuclear physics group in 1947 which was 
being reformed after the war, and in 1949 
was made section manager in charge of 
nuclear research at the Westinghouse Re-
search Laboratories, his present position. 

B. JENNINGS 

Tadashi Nakamura was born on De-
cember 23, 1923, at Ujiyamada, Japan. He 
was graduated from the electrical engineer-

ing department of 
Nagoya  Technical 
College in 1943, and 
joined the technical 
staff of the Kawa-
nishi Machine Works. 
At present Mr. 

Nakamura is affili-
ated with the Kobe 
Kogyo Corporation, 
in Kobe, Japan. 
He is a member 

of the Institute of 
Electrical Engineer-

ing and Electrical Communication in Japan. 

T. NAKAMURA 

Ken-ichi Owaki was born on August 25, 
1910, at Kochi, Japan. He was graduated 
from the electrical engineering department 

of Nagoya Technical 
College in 1934, and 
received the Ph.D. 
degree from Osaka 
University in 1948. 
From 1935 to 1937 
Dr. Owaki was an as-
sistant in the science 
department of Osaka 
University, until he 
entered the Kawa-
niski Machine Works 

KEN-lcut OWAKI  in 1937. 
He is a member of 

the Institute of Electrical Engineering and 
Electrical Communication in Japan. He is 
now associated with the Kobe Kogyo Cor-
poration in Kobe, Japan. 

Ronold King (A'30—S11,1'43) was born on 
September 19, 1905, at Williamstown, Mass. 
He received the B.A. degree in 1927 and the 

M.S. degree in 1929 
from the University 
of Rochester, and the 
Ph.D. degree from 
the  University  of 
Wisconsin in 1932. 
He was an American-
German  exchange 
student at Munich 
from 1928 to 1929; a 
White  Fellow  in 
physics at Cornell 
University from 1929 
to 1930; and a Fel-

low in electrical engineering at the Univer-
sity of Wisconsin from 1930 to 1932. He con-
tinued at Wisconsin as a research assistant 
from 1932 to 1934. From 1934 to 1936 he 
was an instructor in physics at Lafayette 
College, serving as an assistant professor in 
1937. 
During 1937 and 1938, Dr. King was a 

Guggenheim Fellow at Berlin. In 1938 he _ 
became instructor in physics and communi-
cation engineering at Harvard University, 
advancing to assistant professor in 1939 and I 
to associate professor in 1942. He was ap-
pointed Gordon McKay professor of applied 
physics at Harvard University in 1946. 
Dr. King is a Fellow in the American 

Physical Society, the American Association , 
for the Advancement of Science, and the 
American Academy of Arts and Sciences. He 
is a member of Phi Beta Kappa and Sigma 
Xi. 

RONOLD KING 

William G. Pfann was born in New York, 
N. Y., on October 25, 1917. He received 
the B.Ch.E. degree from Cooper Union in 

1940. He is now a re-
search metallurgist on 
the technical statT of 
the Bell Telephone 
Laboratories,  Inc., 
where he has been 
employed since 1935. 
Mr.  Pfann  has 

been engaged prin-
k .1E. cipally in research on 

semiconductors  for 
crystal rectifiers and 
transistors. 
He is a member of 

Tau Beta Pi, the American Physical Society, 
and the American Institute of Mining and 
Metallurgical Engineers. 

W. G. PFANN 

Thomas F. Rogers (111'50) was born in 
Providence, R. I., on August II, 1923. He 
received the B.S. degree in physics from 
Providence College in January, 1945, and 
the M.A. degree, also in physics, from Bos-
ton University in August, 1949. 

From January, 1945, until the end of the 
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C. H. ROTHAUGE 

T. F. RocEfts 

var, he was on the staff of the Radio Re-
earch Laboratory of Harvard University, 
vhere, as a research associate, he was en-

gaged in radar-count-
ermeasures work. For 
the next year he per-
formed circuit design 
on  projection-type 
television receivers at 
the Bell and Howell 
Company in Chicago, 
Ill. During much of 
this time he was also 
a radio instructor at 
the Chicago Techni-
cal College. 
Mr. Rogers joined 

the staff of the Air Force Cambridge Re-
warch Laboratories in Cambridge, Mass., in 
August, 1946, and has since been associated 
with this organization. As a member of the 
Communications and Relay Laboratory at 
Cambridge he has engaged in research work 
in the fields of broad-band microwave relay-
ing, microwave propagation, memory de-
vices, and magneto-acoustic effects. He is a 
-member of the Research and Development 
Board Subpanel on Special Tubes. 

Charles H. Rothauge was born on Sep-
tember 8, 1919, in Baltimore, Md. He re-
ceived the B.E. degree from The Johns 

Hopkins University, 
in 1940, and the Doc-
tor of Engineering 
degree from the same 
University in 1949. 
From  August, 

1941, to April, 1946, 
he served with the 
Ordnance  Depart-
ment of the United 
States  Army  at 
Aberdeen  Proving 
Grounds, Md. Dur-
ing this time he con-

ducted tests on aircraft armament. In the 
spring of 1944, he headed a special test 
group which conducted high-altitude tests of 
ordnance material in the Chilean Andes. He 
was separated from active duty with the 
rank of major. 
During the period from April, 1946, to 

June, 1949, he was an instructor of electrical 
engineering at The Johns Hopkins Univer-
sity, and in the summer of 1949 he joined 
the faculty of the United States Naval Post-
graduate School as assistant professor of 
electrical engineering. Dr. Rothauge is a 
member of Sigma Xi and Tau Beta Pi. 

V. H. Rumsey was born in 1919, in Devizes, 
England. Ile graduated from Cambridge in 
1941 with an honors degree with distinction 
in Part III of mathematical tripos. In the 
United Kingdom civil service, he was a third-
class assistant in 1941, a junior scientific of-
ficer in 1942, and a scientific officer in 1943 at 
TRE, Great Malvern, England. From 1943 
to 1945 he was the head of the antenna sec-
tion of the Combined Research Group at the 
/ Naval Research Laboratories in Washing-
) ton, D. C. As a senior scientific officer in the 

ROBERT K-F SCAL 

United Kingdom civil service from 1945 to 
1948, he worked as a theoretical physicist at 
the Canadian atomic energy project. Since 

1948, Mr. Rumsey 
has been supervisor 
of the Antenna Labo-
ratory at Ohio State 
University. 
Mr. Rumsey is a 

member of the IRE 
Committee on Anten-
nas and Waveguides, 
chairman of the An-
tenna Instrumenta-
tion Subpanel of the 
Research  Develop-
ment Board panel on 

antennas and propagation, and a member of 
the URSI it1 Commission on Radio Stand-
ards and Measurements. 

J. H. Scaff was born in Jackson, Tenn., 
on October 1, 1908. He received the B.S. 
degree in chemical engineering from the 

University of Mich-
igan in 1929. Since - 
then he has been as-
sociated with  Bell 
Telephone Laborato-
ries, Inc., as a mem-
ber of their metallur-
gical research group. 
Mr. Scaff's work 

has been principally 
in the field of semi-
conductors for use in 
rectifiers and tran-
sistors and magnetic 

materials. He is an active participant in the 
affairs of the Institute of Metals Division of 
AIME as a member of their Executive Com-
mittee and as Chairman of their Member-
ship Committee. 

J. H. SCAFF 

Robert K-F Scal (S'41—A'45--p1'47) was 
born on December 8, 1919, in New York, 
N. Y. After receiving the B.A. degree in 

chemistry from Stan-
ford University in 
1941,  he  began 
graduate  work in 
electrical  engineer-
ing. These studies 
were interrupted in 
1942, when he ac-
cepted a commission 
in the United States 
Army Signal Corps. 
Following ES-

MWT radar courses 
at Harvard and the 

Massachusetts Institute of Technology, Mr. 
Scal transferred to the Army Air Force Air 
Materiel Command in 1943. Here he was 
primarily concerned with electronic main-
tenance, research, and development. 

GuSTAVE SHAPIRO 

In 1946 Mr. Scal returned to Stanford 
University to continue his studies. While at 
Stanford he designed and built new control 
circuits for the Stanford ionosphere equip-
ment. He received the M.A. degree in 
electrical engineering in 1946, and the pro-
fessional degree of Electrical Engineer in 
1947. 
Since 1947 Mr. Scal has been associated 

with the Electronics Division of the Na-
tional Bureau of Standards, where he has 
been working on miniaturization of elec-
tronic equipment and components, and on 
development of new techniques and ma-
terials for production of such equipment. 

Edward R. Schatz (A'44) was born in 
St. Marys, Pa., in 1921. He received the 
B.S. degree in 1942 and the M.S. degree in 

1943, both from the 
Carnegie Institute of 
Technology. 
From  1943  to 

1946  he was em-
ployed by the Man-
hattan District Proj-
ect at the University 
of Chicago and Los 
Alamos  Scientific 
Laboratory. He re-
turned to Carnegie 
Tech in 1946 as an 
instructor in electri-

cal engineering, and completed the work for 
the Doctor of Science degree in 1949. 
Dr. Schatz is now assistant professor of 

electrical engineering and industrial admin-
istration at Carnegie Tech. He is a member 
of Eta Kappa Nu, Tau Beta Pi, and Sigma 
Xi. 

ED WARD R. SCHATZ 

Gustave Shapiro (A'43) was born in New 
York, N. Y., on July 6, 1917. He attended 
George Washington University. Following 

two years of employ-
ment in test and de-
velopment work, he 
became a project en-
gineer at the Eaton-
town Signal Labora-
tory in 1942. In 1945 
he joined the Evans 
Signal  Laboratory, 
where he worked on 
direction-finding an-
tenna and miniaturi-
zation problems. 
From 1946 to 1947 he 

was engaged in the development of inter-
mediate-frequency amplifiers for  moon 
radar equipment at the Coles Signal Labora-
tory. 
Since 1947 Mr. Shapiro has been on the 

staff of the Electronics Division of the Na-
tional Bureau of Standards, where he works 
on the development of unclassified minia-
turization techniques. He is a member of the 
Research and Development Board Sub-
panel on Miniature Components and 
Packaged Sub-Assemblies. 
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L. C. VAN ATTA 

SHIGEO TERAIIATA 

Shigeo Terahata was born on July 14, 
1917, at Tokyo, Japan. He received the B.E. 
degree in 1941 from Tokyo University, and 

then  entered  the 
Kawanishi Machine 
Works. Mr. Terahata 
is now employed by 
the  Kobe  Kogyo 
Corporation in Kobe, 
Japan. 
He is a member 

of the Institute of 
Electrical Engineer-
ing  and  Electrical 
Communication  in 
Japan. 

Lester C. Van Atta (M'42-SM'43) was 
born in Portland, Ore., on April 18,1905. He 
received the B.A. degree in 1927 from Reed 

College; the M.S. de-
gree in 1929, and the 
Ph.D. degree in phys-
ics in 1931  from 
Wa-hington Univer-
sit) in St. Louis, Mo. 
Dr. Van Atta con-
ducted research at 
Washington Univer-
sity, Princeton Uni-
versity, and also at 
the Radiation Labo-
ratory and in the 
physics department 

of the Massachusetts Institute of Technol-
ogy. He was head of the Antenna Research 
Branch of the Naval Research Laboratory, 
from 1945 to 1950. Luis present position is 
head of the Antenna Laboratory and mem-
ber of the Advisory Council of the Hughes 
Aircraft Company Research and Develop-
ment Laboratories in Culver City, Calif. 
Dr. Van Atta is past Chairman of the 

Panel on Antennas and Propagation of the 
Research and  Development Board. He 
served on the following IRE committees: 
Research, 1946-1947, 1949-1950; Antennas 
and Wave Guides, Chairman 1949-1950; 
and the Standards, 1949-1950. He has also 
served as Chairman of the Administrative 
Committee of the IRE Professional Group 
on Antennas and Propagation. He is cur-
rently Chairman of the United States Com-
mission 6 of the International Scientific 
Radio Union. Dr. Van Atta is a Fellow of the 
Physical Society. 
His special fields of interest have included 

high resistors, electron scattering in gases, 
high-voltage generation, nuclear reactions 
by bombardment, and the microwave an-
tenna theory and design. 

Jerome B. Wiesner (S'36-A'40-SM'48) 
was born in Detroit, Mich., on May 30, 
1915. He received the B.S. degree in 1937, 

the M.S. degree in 
1940, and the Ph.D. 
degree in May, 1950, 
all front the Univer-
sity of Michigan. 
He was chief engi-

neer of the Acousti-
cal and Record Labo-
ratory of the Library 
of  Congress  front 
1940  to  1942,  at 
which time he be-

J. B. WIESNER  came a member of 
the staff of the Radi-

ation Laboratory at the Massachusetts In-
stitute of Technology. In 1945, Dr. Wiesner 
went to the Los Alamos Laboratory in New 
Mexico as a member of the staff, returning 
to MIT in 1946. He has been assistant di-
rector of the Research Laboratory of Elec-
tronics at MIT for the past three years and 
is now associate director. In addition to his 
work in the laboratory, he is professor of 
electrical engineering at NIIT. 
Dr. Wiesner is a member of the Acousti-

cal Society of America, the Federation of 
American Scientists, and the American As-
sociation for the Advancement of Science. 
He is also a member of Eta Kappa Nu, 
Sigma Xi, and Phi Kappa Phi. 

Everard M. Williams (S'36-A'41-SNI 
'44) was born in New Haven, Conn., in 
1915. He received the B.E. degree in 1936 

and the Ph.D. degree 
in 1939, both from 
Yale University. Dur-
ing  the  sumnier 
of 1937 he was em-
ployed by the Gen-
eral Electric Com-
pany, and during the 
academic year 1938-
1939, he was the re-
cipient of a Charles 
A. Coffin Fellowship 
from this company. 
From 1939 to 1942, 

he was an instructor in electrical engineering 
at the Pennsylvania State College. From 
1942 to 1945, he served as the chief engineer 
of the development branch, Special Projects 
Laboratory, Radio and Radar Subdivision, 
ATSC, Wright Field, Ohio. He subsequently 

E. NI. WILLIAMS 

received the President's Certificate of Merit 
for outstanding service in this post. 
In 1945, Dr. Williams was appointed.as-

sociate professor of electrical engineering at 
the Carnegie Institute of Technology, in 
Pittsburgh, Pa., where he is now a profes-
sor. He is also serving as expert consultant 
to the Research and Development Board of 
the National Military Establishment. 
Dr. Williams was the recipient of the 

1946 Eta Kappa Nu award. During 1947-
1948 he served as Chairman of the IRE 
Pittsburgh Section. 

Raymond M. kVihnotte was born in 
Paris, France, on August 13, 1901. He took 
first class honors in Mechanical Science (En-

gineering) at Cam-
bridge University, 
England, in  1920, 
when he received the 
MA. degree. 
l•ntil 1929 he was 

engaged at the Na-
tional Physical Labo-
ratory in research on 
radio measurements, 
direction  finding, 
wave  propagation, 
and theory and de-
sign of antennas. 

In 1929 Mr. Wilmotte came to the 
United States and worked until 1931 at 
Boonton Aircraft Corporation on research 
and development on aircraft equipment, in-
cluding antennas and blind landing systems. 
lie opened a consulting practice in 1931 on 
being requested by Commander Craven to 
solve the problem of a client of his, Station 
WFI.A,  which  interfered  with Stat ion 
WTNI J. This led him to design, install, and 
test the first directional antenna used for this 
purpose. He has appeared in patent cases 
and before the Federal Communications 
Commission. During the war he carried out 
design and development contracts for the 
Signal Corps, the Navy, and NDRC. At the 
request of the latter he established a small 
manufacturing facility for specialized pro-
duction where one of the projects was the 
modification of radar units to meet the 
Japanese Kamikaze menace. For this work 
he was awarded the Bureau of Ordnance 
1/evelopment Award. 
Mr. Wilmotte invented the antifading 

broadcast antenna recently used in Ger-
many. Recently he has demonstrated the 
possibility of receiving a weak FM signal 
in the presence of a strong one in the same 
frequency band, lie was one of the original 
members of the "Ad Hoc" Committee of the 
Federal Communications Commission. 

R. NI. Vli.Mui lE 
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Correspondence 

?ropagation  of  UHF and  SHF 

Waves Beyond the Horizon* 

Calcula tions of ground-w ave propagation 
xyand the horizon by the usual methods are 
ieverely limited at frequencies above 200-
;00 megacycles by the uncertainty in the 
:hoice of effective antenna heights, and the 
:learance or lack of clearance over sonic in-
:ervening obstacle is frequently more ins-
)ortant than the antenna heights at the ter-
ninals. It now appears that a useful parame-
:er is the actual clearance divided by the 
leight of the first Fresnel zone The diffrac-
ion loss over a perfect sphere, as well as dif-
raction over a knife edge and reflection from 
I plane surface, can be expressed in terms of 
:his ratio, and the results are illustrated on 
-.lg. I. 
The plane earth reflection theory shows 

..:he familiar series of maxima and minima as 
:he clearance is increased, but this theory 
*ails at grazing ingles and in the region of the 
lulls because the earth's surface is not plane. 
The diuraction loss over a knife-edge ob-
nruction results in relatively minor oscilla-
:ions around the free-space field as the clear-
ince is increased, but shows a 6-db loss at 
;razing angles; this theory, in effect, assumes 

• Kec,iv,q1 by the Institute. February 28. 1950. 

unlimited antenna heights and a zero reflec-
tion coefficient. 
On the other hand, the received field be-

yond the horizon of a perfectly smooth 
sphere decreases exponentially (linearly in 
decibels) and depends to some extent on the 
antenna heights. The dashed lines connect-
ing these data on the figure with the curve 
for reflection from a plane surface show the 
region where neither of the three theoretical 
approaches is quite applicable and some 
interpolation is necessary. It will be noted 
that the smooth-sphere solution tends to ap-
proach the solution for knife-edge diffraction 
as the antenna heights increase. 
The exponential decrease in field inten-

sity beyond the line of sight in the smooth-
sphere solution is caused by phase cancella-
tion, and the net result is critically depend-
ent on the smoothness of the sphere in much 
the same way as the results of the plane 
earth theory are critically dependent on the 
flatness of the plane. More exactly, the par-
ticular phase distribution that is produced 
by the smooth sphere in the region above the 
earth can be changed significantly either by 
the lack of a smooth surface or by the lack 
of a homogeneous atmosphere, but only the 
former effect is considered in this note. Vari-
ations in the terrain tend to upset this criti-
cal phase balance with the result that the 
field intensity is usually increased. Within the 

line of sight a rough surface diffuses the re-
flected "ray," and thereby reduces the ef-
fective reflection coefficient and prevents 
deep cancellations; beyond the line of sight 
a rough surface has a similar effect, but it is 
more difficult to visualize because of the 
failure of the ray concept. 
When the deviations from a perfectly 

smooth surface are very small compared 
with the first Fresnel zone, the smooth 
earth theory is expected to be applicable, 
but when the variations are comparable to 
or greater than the first Fresnel zone, the ef-
fective reflection coefficient approaches zero 
and, in the limit, the mean field intensity is 
expected to approach the value indicated by 
the knife edge or "rough sphere" diffraction 
theory. 
Some experimental results in the 4,000- to 

4,600-Mc range are shown on the figure. 
The circles were obtained on a very smooth 
path (Utah Salt Flats) by varying the an-
tenna heights at both ends simultaneously. 
The crosses were measured on a "rough" 
path by varying only the antenna height at 
the New York end of the circuit. A profile 
of the latter path is shown in a recent paper 
by Durkee.' Mean values of ground wave 

A. L. Durkee, 'Results of microwave propaga-
tion tests." PROC. IR E., vol. 36. pp. 197-205; Febru-
ary, 1948. 
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field intensity that are greatly in excess of 
those predicted by the smooth sphere theory 
have also been observed at much lower fre-
quencies, notably in the 40- to 50-Mc range.' 
This method of presenting radio propaga-

tion theory emphasizes both the importance 
of clearance and the great range of values of 
field intensity that can be obtained beyond 
the horizon. It presents an explanation of 
the enhancement of field intensity beyond 
the horizon to values greatly in excess of 
those calculated on the assumption that the 
surface of the earth is perfectly smooth. In 
addition, the rough sphere concept suggests 
that microwave transmission at distances 
far beyond the horizon may have sufficient 
strength and reliability to be useful for com-
munication purposes, when reasonable in-
creases in transmitter power become avail-
able. The Bell Telephone Laboratories plans 
to test this possibility. 

KENNETH BULLINGTON 
Bell Telephone Labs. 
New York, N. Y. 

K. Bullington, 'Radio propagation variations at 
vhf and uhf," PROC. IRE., vol. 38, pp. 27-32; 
January. 1950. 

Suggestions to Technical Writers* 

Robert Hamlett's article on "Suggestions 
for the Preparation of Technical Papers" in 
the Nlarch, 1950, issue of the PROCEEDINGS 
OF THE i.R.E. is very well done. 
There are, however, some minor facets of 

his presentation that might be better illumi-
nated; for example, that paragraph which 
refers to personal pronouns. 
It just so happens that the article in the 

February issue of Physics Today on "Physi-
cists and the English Language," by William 
Fuller Brown, Jr., provides these very well-
illuminated facets of this subject. Paper-
writing engineers would do well to read it 
also, because it recommends a much less 
stuffy and pedantic style. 
Engineers would make their papers much 

more readable and more easily digestible if 
they restrained their natural inclinations to 
exhibit their own profundity by omitting 
long-winded mathematical approaches where 
they can tell their stories in physical terms. 
Who among us takes the time to check 

the involved mathematical presentations of 
most IRE papers, even if they be squarely in 
our own special field of interest? We are not 
carving out the ten commandments in in-
destructible stone tablets for the guidance of 
all eternity! We are merely trying to explain 
to our fellow engineers what we have found 
in some particular crevice of nature's secrets, 
so why not be a little more natural and direct 
when we set this down on paper? Besides, if 
our paper-publication object is to disclose 
and disseminate new information widely, we 
will never accomplish this by involved, ab-
stract mathematics, where the language of 
physics will do the same thing better. 

• Received by the Institute. March 25, 1950. 

If we are falling into the mathematical 
footsteps of the nuclear physicis ts, let its M A 

forget that, beginning in the cob-webbed 
cubicles of the ancient alchemists, it has 
taken two thousand years to transmute the 
elements! Immanuel Velikovsky's Prefitt e to 
his learned and provocative "Worlds in Cul - 
lision" aptly says: "This book is writ ten for 
the instructed and uninstructed alike. ,Vo 
formula and no hieroglyphic will stand in the 
way of those who set out to read it." and "If . . . 
evidence does not square with formulated 
laws, it should be remembered that a law is 
but a deduction from experience or experi-
ment, and therefore laws must conform with 
facts, not facts with laws." 

BENJAMIN MIESSNER 
Miessner Inventions, Inc. 

Morristown, N. J. 

The Transistor as a Reversible 
Amplifier* 

In the transistor described by Bardeen 
and Brattain two closely spaced electrodes 
of the point-contact type rest on the surface 
of a block of n germanium which has a large-
area base electrode.1.2 The point electrodes 
have been designated emitter and collector 
and, in conjunction with the base, they com-
prise the input and output terminals, re-
spectively, of the transistor. 
An interesting feature of the transistor, 

especially as compared with a triode vacuum 
tube, is the dual nature of the point elec-
trodes. Either can be used as emitter or as 
collector, provided it is properly biased. 
For an electrode to function as a collector 
it is usually biased in the reverse, or high-
impedance, direction, while to act as an 
emitter it is biased in the forward, or low-
impedance, direction. 
An electrical treatment known as "form-

ing" has been described for the n-germanium 
transistor which increases the effectiveness 
of an electrode as a collector." Such forming 
need not seriously impair the operation of an 
electrode as an emitter. Hence, it is feasible 
to form both rectifying junctions and to 
obtain thereby an improved, reversible 
transistor amplifier. By proper control of 
the forming operations, the properties of 
the device can be made substantially the 
same in both directions. A number of such 
transistors have been made in the labora-
tory. 
The operation of a reversible n-ger-

manium transistor is illustrated by the cir-
cuit of Fig. 1, which, however, is not in-
tended to represent an actual application. 

• Received by the Institute, May 25. 1950. 
J. Bardeen and W . H. Brattain. "The transistor. 

a semi-conductor triode," Phys. Rev.. vol. 74. p. 230; 
July 15, 1948. 

3 J. Bardeen and W . H. Brattain. "Physical prin-
ciples involved in transistor action." Phys. Rev.. vol. 
75, pp. 1208-1225; April 15.1949. Also Bell Sys. Tech. 
Jour.. vol. 28. pp. 239-277; April, 1949. 

3. Bardeen and W. G. Hann, 'Electrical forming 
of is- and 2i-germanium transistors," Phys. Rev.. 1950. 

I, 

1.—Circuit demonstrating reversible 
properties of an n-germanium transistor -• 
amplifier. When switch is in position a, 
electrode 1 is emitter, 2 is collector. Vhen 
switch is in position b, 2 is emitter, 1 is , 
collet tor. 

Representative properties of such a tran-
sistor appear in Fig. 2. It may be seen that 
transmission is substantially the same in 
each direction at comparable values of 
emitter bias current. 

• 

FOR*ARD 

lig. 2. Small-signal impedances of a revers-
ible n-germanium transistor. See foot-
note reference 4 for definitions of sym-
bols. 

In the p-germanitim  transistor the 
emitter is formed" and in this case also it is 
feasible to produce reversible transistor 
amplifiers. 

The term "reversible" rather than "bi-
lateral" has been used herein because at any 
given instant the device is unilateral, even 
though the amplifying direction can be re-
versed by changing the electrode biases. 

W. G. PFANN 
Bell Telephone Laboratories, Inc. 

Murray Hill, N. J. 

W. G. Pfann and 3. H. Staff. 'The p-germanium 
transktor." huc .t H E this issue. pp. 1151-1154. 
A1,0 Ph )s. Rev_ vol. 76, p. 459; August. 1949. 
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CLCHINUCAL COMMITTEE AND 
)ROFESSIONAL GROUP NOTES 

The Standards Committee, under the 
lairmanship of J. G. Brainerd, held a meet-
ag on July 20. Arthur Van Dyck, IRE Rep-
esentative on ASA Section Committee Z-17 
Preferred Numbers), will write a paper on 
'referred Numbers for publication in the 
)1ROCEEDINGS OF THE I.R.E. A Subcommit-
ee of the Standards Committee has been 
ormed for the purpose of defining terms of a 
xneral nature not in the field of any one 
echnical committee. The list of terms col-
ected will be submitted to the Standards 
:ommittee and given to the various techni-
al committees for defining. If, upon presen-
ation of these terms to the Standards Com - 
nittee, it is found that no particular corn-
nittee wishes to define them, they will then 
-se defined by this Subcommittee. The 
itandards Committee approved the follow-
ng standards: -Proposed Standards on 
Nave Propagation, Definitions of Terms, 
.950,"  and  "Standards on  Television, 
klethods of Measurement of Time of Rise, 
?ulse Vidal and Pulse Timing of Video 
?ulses in Television." Both of these stand-
irds are scheduled for publication in the 
Vovember issue of the PROCEEDINGS OF THE 
r.R.E. A supplement to the "Standard on 
Television: Methods of Measurement of 
Television Receivers, 19448," was also ap-
proved. This supplement covers intercarrier 
sound receivers. It will not be published 
separately but a mimeographed copy will be 
included with each copy of the 1948 Stand-
irds. "Definitions in Netv,orIc Topology," 
prepared by the Circuits Committee, re-
ceived approval of the Standards Commit-
tee. The publication (late for these defini-
tions has not been scheduled. The IRE will 
participate in a Joint IRE/AIEE/RDB 
Conference on Electron Tubes for Com-
puters which is expected to be held in the 
Fall. Complete details will be announced. 
A new committee, to be known as the Joint 
IRS Committee for Television, has been 
formed by IRE, RTNI A, and SNIPTF., to 
avoid duplication of effort in the preparation 
of standards in the fields associated with 
television. The initials "IRS" represent the 
first letter of each sponsor's title. Axel G. 
Jensen, Millard W. Baldwin, Jr., and R. L. 
Garman were appointed as the IRE Repre-
sentatives to the Committee....A Joint 
IRE/AIEE Committee on Noise Definitions 
has also been organized uith the specific 
task of critically reviewing all existing noise 
definitions and adding any such new defini-
tions as might be required. The IRE person-
nel on this Cornmittee is as follows: Stan-
ford Goldman, Syracuse University; Jerry 
NI inter, Measurements Corporation; A. W. 
Friend, IRCA; Ray Moffett, NBC; Claude 
Shannon, KIT; and H. NI. Ryder, 111.1... 
The Third Annual Joint 1RE/AIEE Con-
ference on Electronic Instrumentation in 
Nucleonics and Medicine will be held on 
October 23, 24, and 25, at the Hotel Park 
Sheraton, New York, N. Y. For details on 
the Conference, see page 1224. . . The re-

cently organized IRE Professional Group on 
Radio Telemetry will now be known as the 
IRE Professional Group on Radio Telem-
etry and Remote Control.... The IRE 
Professional Group on Vehicular and Rail-
road  Radio Communications has also 
changed its title to the IRE Professional 
Group on Vehicular Communications.... 
The Joint Technical Advisory Committee 
held a meeting on August 3 under the Chair-
manship of J. V. L. Hogan. Table #1, which 
appears in Volume 4 of JTAC, has been 
revised. 

NOTICE 

Effective January 1, 1951, the Stu-
dent dues will be $5.00 per year. Pay-
ments at the old rate of $3.00 will be 
accepted through December 31, 1950. 
All payments received thereafter will 
be at the new rate. 

Signal Corps Center Recruits 
Civilian Technical Personnel 

The U. S. Signal Corps Center 
Headquarters at Fort Monmouth, 
N. J., has announced position vacan-
cies for communication and electronic 
engineers, teachers, and technical 
writers in grades ranging from GS-5 
to GS-12. Civilian technical personnel 
with extensive professional experi-
ence who can qualify for the higher 
grades in these categories are particu-
larly needed. 
For further information and for 

making application, write to the 
Civilian Personnel Branch, Building 
T-530, Fort Monmouth, N. J. 
Applicants should submit a com-

pleted Standard Form 57, "Applica-
tion for Federal Employment," for re-
view before coming to Fort Mon-
mouth for a personal interview. 
Standard Form 57 can be obtained at 
a first or second class post office. 

3-DAY PROGRAM ANNOUNCED 
FOR RADIO FALL MEETING 

The three-day Radio Fall Meeting, 
sponsored jointly by the icrmA and IRE, 
will convene on Monday, October 30, at the 
Hotel Syracuse, Syracuse, N. Y. The tenta-
tive program, announced by Virgil M. 
Graham, chairman, is as follows: 

Monday, October 30, 1950 

9:30 A.M.-- General Session, R. R. Batcher, 
Presiding. Welcome by Chairman of 
Syracuse IRE Section; "A Broad Range 
Oscillator for Television 'Testing," by 
II. A. Finke and J. Ebert, Polytechnic 

Research  and Development  Corp.; 
"Wide-Band Impedance Matching Be-
tween a Resonant Antenna and a 
Line," by H. A. Wheeler, Wheeler Labo-
ratories, Inc.; "High-Frequency Crystal 
Calibrator Design," by J. B. Minter, 
Measurements Corporation; "The De-
termination of Amplifier Sensitivity 
With the Aid of the Noise Diode," by 
W. K. Squires, Sylvania Electric Prod-
ucts Inc. 

2:00 P.m.—Quality Control Session, J. R. 
Steen, Presiding. (Sponsored by IRE 
Professional Group on Quality Control.) 
"Application of Statistical Quality Con-
trol in Manufacture of Electronic Prod-
ucts," by E. R. Ott, Rutgers University, 
and George Scheel, Sonotone Corp.; 
"The Quality Control Indicator," by C. 
J. Falk, General Electric Co.; "The Con-
trol of Averages in Radio Tube Manu-
facture," by A. K. Wright, Tung-Sol 
Lamp Works, Inc.; "The Human Aspect 
of Engineering Quality into the Prod-
uct," by Carl Gartner, Allen B. DuMont 
Labs., Inc. 

8:00 P.M. —Joint Session 
Club of Syracuse. 

Tuesday, October 31, 1950 

9:00 A.M.—Television Session, R. A. Hack-
busch, Presiding. (Sponsored by the IRE 
Professional Group on Broadcast and 
Television Receivers). "A Study of 
Permanent Magnet Focusing Devices 
for Television Picture Tubes," by Ken-
neth James and R. T. Capodanno, 
Emerson Radio & Phonograph Corp.; 
"The Application of a New Low-Noise 
Dbuble Triode as an RF and IF Ampli-
fier in Television Receivers," by R. M. 
Cohen, RCA; "Consideration of Opti-
mum Use of Picture Tubes," by W. B. 
Whalley, Sylvania Electric Products 
Inc.; "Evaluation of Performance Char-
acteristics of Cathode-Ray Tubes for 
Use in Television Receivers," by K. A. 
Hoagland, Allen B. DuMont Labs., Inc. 

2:00 P.m.—Television Session, D. D. Israel, 
Presiding. (Sponsored by IRE Profes-
sional Group on Broadcast and Tele-
vision  Receivers).  "The  Technical 
Aspects of Phonevision," by E. M. 
Roschke, Zenith Radio Corp.; "An 
Analysis of Color Television," by A. V. 
Loughren, Hazeltine Electronics Corp. 

6:45 P.M. —Radio  Fall Meeting Dinner. 
Toastmaster, W. R. G. Baker; Speaker, 
R. C. Sprague, President of RTM A. 

Wednesday, November 1, 1950 

9:00 A.M. —Audio Session, 0. L. Angevine, 
Jr., Presiding. (Sponsored by the IRE 
Professional Group on Audio). "The 
Mechanics of the Phonograph Pickup," 
by T. E. Lynch, Brush Development 
Co.; "Lightweight Pickup and Tone 
Arm," by C. R. Johnson and L. J. 
Anderson, RCA; "Sound Pickup in High 
Ambient Noise," by Wayne Beaverson, 
Electro-Voice, Inc.; "RTMA Standards 
For Sound Equipment," 0. 1.. Angevine. 

with Technology 
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NUCLEAR- .\ I I .DICAL  INSTRUMENT 
CONFERENCE PROGRAM ANNOUNCED 
Over 800 persons are expected to attend 

the Third Annual Joint AIEE/IRE Con-
ference on Electronic Instrumentation in 
Nucleonics and Medicine to be held on 
October 23, 24, and 25, 1950. The location 
of this meeting, which will feature technical 
papers and discussions on current problems 
and advances in the vital fields of nuclear 
and medical science, is the Park Sheraton 
Hotel, New York, N. Y. 
During the last two days of the confer-

ence, many interesting and informative ex-
hibits of instruments and related products 
will be displayed by leading companies in the 
field. Those attending the meeting will have 
an opportunity to see many of the devices, 
some in actual operation, which will be dis-
cussed in the technical papers. 

lighlighting the conference will be a spe-
cial evening round-table discussion during 
hitt) a number of prominent authorities will 
discuss "The Effects of Atomic Weapons," a 
government publication containing recently 
declassified information on this vital and 
timely subject. 
The registration fee for the conference is 

$3.50 per person. All papers and discussions 
presented during the meeting will be pub-
lished in a proceedings of the Conference, 
available at a later date for $4.00 per copy. 
The tentative program of the Conference 

has been an  as follows: 

Monday, October 23, 1950 

10 A.Nt. -"The Needs of Physiology and 
Aledicine for Better Instrumentation for 
the Measurement of Respiratory Gases," 
0.  Fenn,  University  of  Rochester, 
Rochester, N. Y.; "Analysis of Respira-
tory Gases with Mass Spectrometer," A. 
Hitchcock, Ohio State University, Co-
lumbus, Ohio; "The Application of the 
Infrared Spectrophotometer to the Analy-
sis of  Respiratory Gases," E.  D. 
Palmes, New York University, Bellevue 
Medical Center, New York, N. Y.; "The 
Measurement of Oxygen in Gases by 
Paramagnetism," 0. Beckman, South 
Pasadena, Calif. 

2 P.M. —"The Delineation of Intracranial 
Structure with the Aid of Ultrasonic 
Waves," R. It Bolt, II. T. Ballantine, 
G. R. Ludwig, and T. E. Hueter, MIT, 
Cambridge, Mass.; "The Localization of 
Brain Tumors with Radioactive Iso-
topes," Theodore Fields, Veterans' Hos-
pital, Hines, Ill.; "The Use of Isotopes in 
the 1\leasurement of Body Fluids," J. L. 
Nickerson. Columbia University, New 
York, N. Y.; "Developing of Sectioning 
Techniques for Electron Microscopy," 
(to be read by S. G. Ellis), James Hillier, 
RCA Laboratories, Princeton, N. J. 

Tuesday, October 24, 1950 

10 A.M. — "General Survey of Health Physics 
Instrumentation  Problems," H.  M. 
Parker, General Electric Co., Hanford 
Works, Richland, Wash. "Calibration 
of Radiation Detection Instruments," L. 

I). Marinelli, Argonne \  aid Labora - 
tory, Chicago,  Ill.; " \ Calorimetric 
Method of Measuring I I igh X- Ray In 

W. T. Ham, Ji., Nledical Col-
lege of Virginia. Ri, Innond, Va.; "Con-
sideration of Ra.liat ion  from  I 
Voltage Cathode-Ray Tubes," 0. \V. 
Pike, General Electric Co., Schenectally, 
N. Y. 

2. P.M. —"Fast Neutron Dosimetry and Re-
lated Problems," G. S. Hurst and R. II. 
Ritchie, Oak Ridge National L:tliorit-
tory, Oak Ridge, Tenn.; "Nev, Medical 
Applications of Tracers," \. I I. I lolland, 
Armour Research Foundation, Chicago, 
III.; "Electronics and Nucleon  Applied 
to Enzymes and Viruses," E. U. Pollard, 
Yale University, New Haven, (7onn. 

Following the afternoon session will be the 
Annual meeting of the IRE Professional 
Group on Nuclear Science. 

8 P.M. —"Round Table Discussion on ''I' Ii' 
Effects of Atomic ea pons.' Spy.. k 'I.,  

to include Brig. Gen. J. I'. Cowley, A E( 
H. D. Bowman, Drexel Institute and 
Consultant to AEC; and Herbert 
ville, Armed Forces Sisicial Weap.ins 
Project. 

Wednesday, October 25, 1950 

10 A.M. —" Manufacture and Quality Con I rol 
of Geiger Tubes," D. I.. Collins, 
toreen Instrument Co., Cleveland, Ohio, 
and D. Atchley, Tracerlab, Boston, 
Mass.; "Boron-Lined Neutron Propor-
tional Counters," W. \V. Schultz, G in — 

oral Electric Co., Schenectady, N. Y.; 
"Design of a Commercial Scintillation 
Counter," E. \V. Jervis, Jr., W. S. 
MacDonald Co.,  Cambridge,  Mass.; 
"Testing Photomultipliers for Scintilla-
tion Counting," R. W. Engstrom, RCA 
Laboratories, Princeton, N. J. 

2. P.m. —"Scintillation Counter Instrumen-
tation," G. Cowper, Chalk River, Ont., 
Canada; "Recent Advances in Electron 
Techniques in Canada," N. F. Moody, 
Chalk  River,  Ont.,  Canada;  "Fast 
Counting," Martin Deutsch, MIT, Cam-
bridge, Mass.; "New Developments in 
Mass Spectrometry," John Hippie, Na-
tional Bureau of Standards, Washington, 
D. C. 

GENERAL ELECTRIC COMPANY 
DEVISES NEW TYPE COUNTER 

A new instrument for the detection and 
counting of alpha, beta, and gamma parti-
cles has been announced by General Elec-
tric's special products division. Called a 
Universal scintillation counter, the device 
provides low background alpha counting and 
high-efficiency beta and gamma counting, 
according to engineers of the company's 
General Engineering and Consulting Labo-
ratory who worked on its development. 
It is intended for use in counting samples 

and smears in health physics work, for 
analytical determination of disintegration 
rate, and in counting radiation of ore sam-
ples. The sampling chamber can accommo-
date specimens up to two inches in diameter. 

Calendar of 

COMING EVENTS 

Nat ional mietny of Si iencus Meet-
ing, G. E. Research Laboratory, 
Itenectady, N. Y., October 9 11 

SNII.TE  Semiannual  Convention, 
Lake Placid, N. V., October 16 20 

IRE-AIEE Conference on Electronic 
Instrumentation in Nucleonics and 
Medicine, Hotel Sheraton, New 
York, N. Y., October 23-25 

Audio Fair, Sponsored by Audio So-
ciety of America, I lotel New 
Yorker, New York, N. Y., October 
26 28 

Optical Society of America Meeting, 
Hotel Smiler, Cleveland, Ohi... 
h-tulg•r 26 -28 

Radio Fall Meeting, Syracuse, N. Y., 
October 30, 31, November 1 

National Conference of the IRE Pro-
fessional  Group  on  Vehicular 
Communications, Detroit, Mich., 
November 3 

IRE-AIEE Conference on Electron 
Tubes for Computers, Washing-
ton, D. C., December 14-15 

\ \AS Amnia) Meeting, ('leve] &nib 
Ohio, I )t.t ciiiher 26 30 

1951 IRE National Convention, Wal-
dorf-Astoria Hotel, New York, 
N. Y., March 19-22 

IRE Southwestern Conference, Dal-
las, Texas, April 20-21, 1951 

SECOND CALL! 

.\1 -111ORS FOR IRE 
NATIoN.11, CON-

VEN'IsloN! 

E. Weber, Chairman of the Tech-
nical Pnigram Committee for the 
1951 IRE National Convention, re-
quests that prospective authors sub-
mit the following information: 

1. Name imd address of author 
2. Title of paper 
3. A 100-word abstract and addi-
tion d information up to 500 
words (both in triplicate) to 
permit an accurate evaluation 
of the paper for inclusion in the 
l'echnical Program. 

''lease address all material to E. 
Weber, Microwave Research Insti-
tute, Polytechnic Institute of Brook-
lyn, 55 Johnson Street, Brooklyn 1, 
N. Y. The deadline for acceptance is 
November 20, 1950. Your prompt 
submissions will be appreciated. 
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IRE People 

Frederick A.  Kolster (A'12-
M'13-F'16-L'49), x‘ho had been en-
gaged as a consulting engineer at 

San  Fran-
, isco, Calif., 
if later years, 
ind who was 
in early and 
prom in en t 
ember  of 
Ihe Institute, 
passed away 
in July. A 
pioneer spe-
cialist in the 
fields of radio 
engineering 

and radio physics, Mr. Kolster 
earned recognition for his contribu-
tions to the development of radio. 
Born on January 13, 1883, at 

Geneva, Switzerland, Mr. Kolster 
was educated in New England pub-
lic schools and was graduated from 
Harvard University in 1908. 
lie was an assistant to John 

Stone Stone and Lee de Forest in the 
early days of radio, and an assistant 
to Fritz Lowenstein in 1911 and 
1912. Until 1921 Mr. Moister was 
chief of the radio section of the Na-
tional Bureau of Standards, Wash-
ington, D. C., and later served as 
Consultant at the Bureau of Ships, 
Electronics Division, with the Navy 
Department in Washington. 
Joining the Federal Telegraph 

Company in Palo Alto, Calif., in 
1921 as a research engineer, he re-
mained there until 1931 when he 
went to the International Telephone 
and Telegraph Corporation. He also 
was affiliated with the Radio Navi-
gational Instrument Corporation. 
Mr. Kolster was responsible for 

Humerous radio devices, ranging 
:rom  precision-measuring  instru-
ments to special forms of television 
.intennas. 
He was a Director of the Insti-

1 ute during 1933 and 1935, and was 
ictive on the following IRE Com-
mittees:  Admissions, 1935-1936; 
Membership, 1930-1932; Nomina-
tions, 1933; Papers, 1913; Sections, 
1933; Standardization, 1914-1921, 
1925, 1927-1931; Subcommittee on 
Marine and Direction-Finding Re-
, elvers, Chairman, 1930-1931 ;Wave-
leng th Regulation, 1916; and Wave 
Propagation, 1937-1938. 

F. A. KOLSIER 

Eric Walker (M'47) became executive 
secretary of the Research and Development 
Board on August 1, and is on leave from 
Pennsylvania State College, where he is di-
rector of the Ordnance Research Laboratory 
and the head of the electrical engineering 
department. 

Dr. Walker has been associated with the 
board during the past year as a consultant 
to its committee on electronics. He recently 
took a leave from the college to serve as 
deputy chairman of a weapon p panel in the 
National Research Council. He has been 
with  Pennsylvania State College since 
July, 1945, and during that time he in-
augurated a series of annual conferences on 
the administration of research. These were 
attended by administrators of university 
and industrial research organizations. 
During the war Dr. Walker was assistant 

director of the Underwater Sound Labora-
tory at Harvard University and served with 
the Office of Scientific Research and Develop-
ment. From 1940 to 1942 he was head of the 
Electrical Engineering Department of the 
University of Connecticut and served in 
the same capacity at Tufts College, Med-
ford, Mass., from 1934 to 1940. 
While with the University of Connecticut 

he was in charge of research for the electrical 
division of the Colt's Patent Firearms Manu-
facturing Company, and while at Tufts Col-
lege was consulting engineer for the Doble 
Engineering Company as well as technical 
assistant to the president. 
Dr. Walker serves as consultant to the 

Koppers Company, Pullman-Standard Car 
Manufacturing Company, and the Mine 
Safety Appliances Company, and is a li-
censed professional engineer in the States of 
Pennsylvania and Connecticut. He has in-
vented a polar vector indicator and a gall-
stone detector, and is the author of several 
books and papers in technical magazines. 
He was born in Long Eaton, England. 

Dr. Walker holds the Doctor of Science de-
gree from Harvard University. He is a Fel-
low in the AIEE, the Acoustical Society of 
America, and the American Physical So-
ciety; and is a member of the American 
Society for Engineering Education and the 
American Institute of Physics. In 1948 he 
was awarded the President's Certificate of 
Merit for outstanding service for the Armed 
Forces during World War II. 

Donald E. Smith (A'37), formerly an 
engineer for the electronics division of Syl-
vania Electric Products Inc., Boston, Mass., 

has been transferred 
to the renewal tube 
sales department of 
the radio tube divi-
sion. He will serve as 
a sales representative 
operating out of Em-
porium, Pa., but will 
be  located  at  St. 
Louis, Mo. 
Mr. Smith joined 

the  Sylvania  engi-
neering staff at the 
Product  Develop-

ment Laboratories, Kew Gardens, L. I., 
N. Y., in October, 1948, and was transferred 
to the engineering staff of the electronics di-
vision at Boston in January, 1949. 

DONALD E. SNIT 111 

He received the B.S. degree in electrical 
engineering from Purdue University, where 
he was graduated with distinction. Mr. 
Smith is a member of Tau Beta Pi and Eta 
Kappa Nu. 

John F. Bates (A'36-SN1'45), in-
-I ructor in physics at the University 
,)( Illinois, died recently, He was a 
native of Philadelphia, Pa., and was 
horn on November 24, 1892. 
He was graduated from the U. S. 

Naval Academy in 1915 with the 
B.S. degree, and attended Harvard 
University. From  1930  through 
1932 he was an instructor in radio 
engineering, crypt analysis, and 
ommunications, at the postgradu-
ate school at Annapolis, and for the 
following two years was on service at 
the Underwater Sound Research on 
the U.S.S. Eagle. From 1935 to 
1936 he was electronics assistant to 
the director of the Naval Research 
Laboratory at Anacostia, Washing-
ton, D. C. He then was an inspector 
of electronics materials at RCA in 
Camden, N. J., and electronics di-
rector of all radio contractors in the 
Chicago area. 

Ralph A. Hackbusch (A'26-M'30-F'37), 
president and managing director of Strom-
berg-Carlson Co. Ltd., Canada, was elected 

president of the Ra-
dio  Manufacturers 
Association of Can-
ada at the twenty-
first annual meeting 
held in June. The 
Manufacturers  also 
elected A. B. Hunt 
(A'43-SN1'43), man-
ager of communica-
tions equipment di-
vision of the North-
ern  Electric  Com-
pany Ltd., Montreal, 

as vice-president of the association, and re-
appointed S. D. Brownlee as executive 
secretary. 
Mr. Hackbusch has been associated with 

development of the radio industry in Canada 
for many years, and was elected vice-presi-
dent of the Radio Manufacturers Associa-
tion two years ago. 
From October, 1940, to 1943, Mr. Hack-

busch was vice-president and director of 
the Radio Division of the Canadian Govern-
ment Research Enterprises Ltd. Mr. Hack-
busch returned to Stromberg-Carlson Com-
pany Ltd., as vice-president and managing 
director in November,  1943, and was 
elected president in 1949. Mr. Hackbusch 
is also president of the Canadian R.T.P.B., 
a member of the Radio Club of America, 
and a member of the Association of Profes-
sional Engineers of Ontario. He was vice-
president of the IRE in 1944. 

R. A. HACKBUSCH 
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Nicholas M. Oboukhoff (M'23— 
SM'43), research professor emeritus 
of electrical engineering and profes-
sor emeritus of mathematical phys-
ics at Oklahoma Agricultural and 
Mechanical College, died recently at 
Stillwater, Okla. He was 77. 
Mr.  Oboukhoff received  the 

physics and mathematics degree 
from the University of Moscow, Rus-
sia, and the degree of engineer tech-
nologist, from the Technological In-
stitute of Kharkov, Russia. He 
earned the Ingenieur Electrician Di-
plome E.S.E., Ecole Superieure d'-
Electricite de Paris, France, and the 
Ph.D. cum laude from the California 
Institute of Technology. He was a 
special student in philosophy at the 
University of Chicago. 
He was a designer with the Loco-

motive Building Works of Kharkov, 
Russia, during 1904 and 1906, and 
then went on a technical inspection 
and study tour through France, 
Switzerland, England,  Belgium 
Italy, Austria,  Germany,  and 
Egypt. He inspected irrigation and 
Nile navigation control, as well as 
irrigation problems in Palestine. 
During the years 1911 through 

1941, he taught in a trade school in 
Paris and then became a research 
(ngineer. He was associated with 
several concerns in Petrograd (now 
Leningrad), among them Simens 
and Halske Co. He was Commis-
sioner of Labor in Donetz District 
and Ural District, Russia, under the 
Provisional  Government  during 
1918 and 1919. Mr. Oboukhoff was 
then put in charge of the Irkut River 
Project (the hydroelectric develop-
ment of the river). He held patents 
in France, the United States, and 
England,  dealing  chiefly  with 
medium and high-frequency alter-
nators. He was also the author of 
numerous technical papers pub-
lished in different languages. 
Mr. Oboukhoff was a member of 

the Sigma Xi and Eta Kappa Nu, 
and a Fellow of the American As-
sociation for the Advancement of 
'science, the American Geographical 
‘,0ciety and the Oklahoma Academy 
of Science. He was also an accom-
plished musit ian. 

Homer M. Sarasohn (A'41—M'48) has re-
turned to the United States after spending 
more than three years at General Mac-
Arthur's headquarters in Japan. During his 
stay, he has assisted and advised the 
Supreme Commander on communication 
matters through the Civil Communications 
Section, and has also assisted the Japanese 
through that section, as well as helping them 
in the solution of their industrial engineering 
problems. His special mission has been reha-
bilitation and reorientation of the Japanese 

communications equipment manufacturing 
industry. 
At the time of Sarasohn's arrival with 

the Occupation Force, he found that 85 per 
cent of this industry had been destroyed 
during the war. This, together with the rela-
tively inadequate level of engineering in 
Japan at that time, and the feudalistic 
management practices being used, was a 
severe obstacle to the re-establishment of a 
completely stable nation. 
He directed his efforts towards the re-

organization of the industry and introduced 
the modern concepts and practices of sta-
tistical quality control. His activity was also 
related to the Japanese Government. He 
assisted the Ministry of Telecommunica-
tions, which owns and operates the telephone 
and telegraph systems of Japan, the Broad-
casting Corporation of Japan, which is 
government-supported, and the National 
Rural Police in the revision and moderniza-
tion of their communications equipment, 
and also of their procurement specifications 
and procedures. 
Formerly, Mr. Sarasohn was engaged by 

the Raytheon Manufacturing Company, 
Waltham, Mass., in its microwave research 
activity. 

E. H. Ulm (M'46), formerly sales engi-
neer for the electronics division, Sylvania 
Electric Products Inc., has been appointed 

merchandising man-
ager of the company. 
He joined the staff 
of the electronics di-
vision  of Sylvania 
Electric in 1945 as a 
sales engineer. 
.Prior to that time 

he  was  associated 
with the field engi-
neering force of radio 
division of the West-
ern  Electric  Com-
pany,  where • he 

served as an instructor in radar and sonar. 
During 1943 he served as an antisubmarine 
warfare field engineer for the Division of 
War Research, Columbia University. 
Mr. Ulm, who is a native of Fort Dodge, 

Iowa, was graduated from Carleton College 
in 1938 and later did postgraduate work at 
Carleton College, the University of Iowa, 
and Northwestern University. He is also a 
member of the AIEF. and the Radio Club of 
America. 

E. H. MAI 

Robert E. Martin (S'49), who received 
the master of science degree and the bachelor 
of electrical engineering degree from Ohio 
State University at the recent Spring Com-
mencement, has been appointed to the 
staff of Batelle Institute, Columbus, Ohio. 
He will be engaged in research in electrical 
engineering. 

James Winston Woody, Jr. (S'49) who 
recently received the E.E. degree from the 
University of Kentucky, has joined the staff 
of the instrument department, Engineering 
Division, of the Oak Ridge National Labora-
tory, Oak Ridge, Tenn. 

Octobe T 

it Norman R. Beers (SM'50), who 
formerly had been in charge of the-
meteorology group at the Brook-
haven National Laboratory, Upton, 
L. I., N. V., and was the editor of 
Nuckonics, a McGraw-Hill publica-
tion, until his resignation owing to ill 
health, died recently at Fort Hamil-
ton Veterans' Hospital. Mr. Beers 
was 38 years old. 
A nat ive of M issouri, he attended 

the University of Missouri, and from 
1934 to 1937 he was a Rhodes Scholar 
at Oxford University, specializing in 
astrophysics. He was associated with 
the college textbook department of 
McGraw-Hill until 1941, when he 
joined the Navy. He was on active 
duty for five years. Mr. Beers was in 
charge of the basic-phase Aviation 
Machinist Mate School at the Naval 
Air Station, Jacksonville, Fla., and 
was later in the Bureau of Aero-
nautics, in Washington, and on the 
faculty of the postgraduate school of 
the United States Naval Academy, 
at Annapolis, Md. He was a lieuten-
ant commander at the time of his 
discharge from the service. 
Ile remained on the Annapolis 

staff as associate professor of aero-
logical engineering until 1947, when 
he joined the Brookhaven atomic 
project. 
In 1949 he became editor of Nu-

cleonics and continued as a consult-
ant for the Brookhaven laboratory. 
Mr. Beers was co-author of the Mc-
Graw-1 fill "Handbook of Meteorol-
ogy," and had published a number 
of papers in technical journals. 

Rawson Bennett (A 36—M'43—SN1'43— 
F'50), uho has been commanding officer and 
director of the U. S. Navy Electronics Labo-

ratory, San  Diego, 
_Calif., for four years, 
reported in August 
to the Armed Serv-
ices Industrial Col-
lege in Washington, 
D. C. Captain Ben-
nett was named di-
rector of the 1.abora-
tory in 1946. 
Prior to his as-

signment as director 
of the Navy's elec-
tronics research and 

development installation on Point Loma, 
Captain Bennett was head of the design 
branch, electronics division, of the Bureau 
of Ships. Ile holds the Navy Department's 
Legion of Merit Award for his contributions 
to varied developments in the military field 
of submarine detection. 
Graduated from the Naval Academy in 

1927, Captain Bennett received the Master 
of Science degree in engineering from the 
University of California at Berkeley in 
1937. In March, 1950, he was elected a Fel-
low of the Institute, becoming the fifth 
officer of the regular armed services to re-
ceive that honor in the history of the IRE. 

RAWSON BENNETT 
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TELEVISION NEWS 

Sales of cathode-ray tubes to television 
receiver manufacturers in May increased 20 
per cent over the preceding month as the 
trend to larger screens in home receivers wa§ 
further emphasized, according to RTMA 
member-company reports. More than 64 per 
cent of all TV receiver-type tubes sold to 
manufacturers during the month were 14 
inches and over in size. The previous domi-
nant tube size-12 through 13.9 inches— 
represented only 35 per cent of the total 
picture tubes sold to manufacturers in 
May. .. . The Hazeltine Electronics Corp., 
in conclusions on color television offered to 
the FCC, declared that none of the proposed 
color television systems "currently is really 
ready" for standardization. The FCC did 
-not formally accept the company's conclu-
sions as part of the color record, as Hazel-
tine was not a party to the hearing and its 
proposals did not conform to FCC pro-
cedure. Hazeltine asked the FCC to take 
two steps in arriving at its color decision. 
First, the company suggested the FCC make 
a broad policy decision and then follow this 
action with close co-operation with industry 
in order to get detailed standards. . . . Tele-
vision receiver production during the first 
half of 1950 equalled that of the entire year 
of 1949, attaining a new industry record of 
almost 3,100,000 sets up to July 1, according 
to RTMA estimates based on reports by 
member companies. Radio receiver produc-
tion also was up, about 50 per cent higher 
than during the corresponding six-month 
period last year. . .. The General Electric 
Company has advised the FCC that it had 
developed a new color television system 
which has "very important advantages both 
technically and economically." W. R. G. 
Baker, vice-president,  wrote Chairman 
Wayne Coy that the new system, identified 
as frequency interlace, "appears to have 
such outstanding potential advantages as to 
justify serious consideration even at such a 
late date." In a detailed description of the 
new system, General Electric said: "Among 
the apparent technical advantages are com-
patibility with existing monochrome stand-
ards and freedom from twinkle, crawl, 
flicker, color fringing, and transient color 
shifts." 

MOBILIZATION 

Military  procurement  of electronic 
equipment and components during the cur-
rent fiscal year are expected by key defense 
officials to exceed $1 billion and may run as 
high as $1.5 billion or more, according to in-
formation obtained by RTMA. While an ac-
curate breakdown of military requirements 

I The data on which these NOTES are based were 
selected by permission from industry Reports, issues 
of July 7. July 14. July 21. and July 28. published 
by the Radio-Television Manufacturers Association. 
whose helpful attitude is gladly acknowledged. 

fro m the radio-television industry is not yet 

available, officials point out the following: 

Regular military appropriations measure of 

more than $13 billion carries funds for elec-

tronic procure ment of between $500 and 

$600 million; electronic procure ment in the 

special $10 billion budgetary request will 

add another $500 million to $1 billion; mili-
tary orders for electronic items already let 
under the past fiscal year's appropriations 
add another $300 to $400 million; and an 
additional appropriation for further rearma-

ment of A merican allies, as forecast by the 

President, unquestionably will include addi-

tional funds for electronic procure ment. This 

over-all appropriation, according to some es-

timates, may run as high as $10 billion.... 
W hile the FCC was continuing its day-to-day 

deliberations preparatory to issuing a de-

cision in the color TV proceedings, there was 

speculation in W ashington as to what effect 

the international situation may have on the 

Com mission's findings both in this case and 

the forthco ming uhf allocation inquiry and 

the lifting of the TV "freeze." Observers 

point out that the FCC's color decision may 
become "academic" or have to be shelved 
until the present rearmament program is 
completed, in view of the anticipated mili-
tary demands on the production capacity 
and engineering talent of the radio-television . 

industry. There appeared to be general an-

ticipation in Govern ment circles that pro-
duction of TV receivers will be sharply cut 

back within the next few months by the 

mere impact of military procurement and 

industrial controls on vital materials and 

priorities, regardless of whether T V and 

radio receiver production  is reduced by 

actual limitation orders. Curbs on consu mer 

credit are expected to slow down T V set 

buying concurrent with reduced production. 

It is also pointed out that Ad ministration 

policies designed to halt "expansion" of con-

su mer industries may result in a practical 

continuation on the "freeze" on new T V 

station construction regardless of the action 

of the FCC. On the other hand, however, 

some officials believe that expansion of TV 

reception, even in warti me, would be de-
sirable from the Govern ment's standpoint 

because of the value of the mediu m in trans-

mitting important infor mation to the public. 

SECREST GENERAL MANAGER OF R T MA 
AS GEDDES RETIRES AFTER 23 YEARS 

James D. Secrest, who for several years 
has been Director of Public Relations for the 
Radio-Television  M anufacturers  Associa-

tion, assu med the duties of secretary and 

general manager of RT M A on August 1, 

succeeding Bond Geddes, who retired as 

executive vice-president after 23 years of 

service with the association. Mr. Geddes 

continues to serve as a consultant under an 

arrangement with the Board of Directors. 

A long-ti me newspaper man in W ashing-

ton, D. C., Mr. Secrest was associated with 

newspapers in Cincinnati, Ohio, and Ashe-

ville, N. C., before coming to W ashington in 

1929. Fro m then until 1941 he was on the 

staff of the Washington Post, during which 
time he was also a member of the Capitol 
staff. He also reported radio industry news. 

Early in 1941 he joined the Information Di-
vision of the O ffice of E mergency M anage-
ment which subsequently beca me the O ffice 

of W ar Infor mation. He helped to organize 

and directed the O WI domestic field service 

comprising sixty  offices  throughout the 

United States. 
Before joining R T M A in M arch, 1945, 

Mr. Secrest was in charge of publicity and 

advertising for the warti me pulpwood pro-
duction ca mpaign conducted by the W ar 

Activities Com mittee of the Pulpwood Con-

su ming  Industries,  with headquarters in 

New York, N. Y. 

N BS DEVELOPS NEW OSCILLATOR 

The National Bureau of Standards has 

announced the develop ment of a resistance-

capacitance oscillator "with many im medi-

ate  applications  in  radio  and  electrical 

work." The new oscillator covers, in five 

steps, the frequency range from 20 cycles to 

2 megacycles. In the new RC oscillator, a 
single amplifier driving a cathode follower, 

provides wide-band operation with small 

phase shift,  low output impedance, and 

constant output voltage. Complete details 

of the new develop ment are to be published 

in "The Technical News Bulletin," a monthly 
publication  of  the  National Bureau  of 

Standards. 

KAAR WILL REPRESENT RTMA AT 
SESSIONS OF CCIR STUDY GROUP 

I. J. Kaar of General Electric Company, 
who is chairman of the Committee on 
Television, Receiver Section, R T M A Engi-
neering Department, represented R T M A 

and the industry at a meeting of the CCI R 

Study Group II in Geneva, Switzerland, at 

the designation of Director W. R. G. Baker. 

He was appointed upon the recom mendation 

of Donald S. Parris of the U. S. Depart ment 

of Co m merce, who was one of the A merican 

delegates to the CCI R sessions held recently 

in London, at which Donald G. Fink repre-

sented R T MA. 

The R T M A Export Com mittee, at its 

recent meeting in Chicago, adopted a resolu-

tion recom mending to the Board of Direc-

tors that R T M A be  represented at all 

pertinent international meetings on radio 

and T V proble ms. The Geneva session is 

scheduled to give further consideration to 

F M versus A M for T V sound, positive or 

negative modulation, and other standards 

not agreed on at the London CCI R meeting. 

NEW NAME OF R T M A is OFFICIAL; 
INSIGNIA FOLLOWS RMA DESIGN 

The official name of the for mer Radio 

M anufacturers Association has now beco me 

the Radio-Television  Manufacturers As-

sociation.  Judge  John  W.  Van Allen, 

R T M A General  Counsel,  has advised 
RT MA headquarters that the articles of 

amend ment to the RT M A charter, as ap-

proved by the membership at the June meet-

ing, have been filed with the State of Illinois 

and become effective im mediately. 
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ATOMIC ENERGY COMMISSION WILL 
'Jun.'s!! REPORTS TWICE MONTHLY 

The Atomic Energy Commission and the 
Department of Commerce recently jointly 
an  that business firms will have 
easier access to nonsecret atomic energy 
technical reports under a new distribution 
plan. Under the plan, the Office of Technical 
Services of the Department of Commerce 
will become the sales agency and reference 
source for nonsecret AEC technical reports. 
"Nuclear Science Abstracts," a magazine 

issued twice monthly, is the principal me-
dium through which business firms  may 
learn about reports relating to atomic energy 
research. The magazine, which provides 
titles and abstracts of publicly and privately 
published reports in these fields, sells for $6 
per year. Subscriptions should be addressed 
to the Office of Technical Services, U. S. 
Department of Commerce, %Vashington 25, 
It. C. 

Books 

SKIATRON CORPORATION 1 D. VII . /I'S 
"SUBSCRIBER VISION" TV Sys ti 

The Skiatron Corporation of New York, 
N.Y., has informed the Federal ( 'W1111111111, .1-

lions Commission that it expects to demon-
strate this fall a "Stiltscriber Vision" tele-
vision system by si It ich paying subscribers 
would be enabled to \ ie W  movies on their 
receivers. 
"We are proceeding energetically on a 

pilot model," the New York concern wrote 
the FCC, "and following its completion. we 
intend to apply to the FCC for the same 
type of experimental public test privilege 
in New York City as the Zenith Radio Cor-
poration has obtained in Chicago." 
The firm claims to own the only "prac-

tical, patented system for providing a special 
television service to paying subscribers." 
Skiatron says its method provides for the 
broadcasting pictures over the air "is it!tout 
the necessity for any intervening telephone 

connection." It said further that Skiatron in-
tends to offer other manufacturers in the 
television industry licensing arrangem.ents 
tinder its proposed system. 

J. V. L. 11(0. is NAMED CHAIRMAN OF 
JTAC TO St ti I I I) DONALD FINK 

John V. L. Hogan has succeeded Donald 1 
G. Fink as Chairman of the Joint Technical 
Advisory Committee of RTMA and IRE. 
The group was organized by RTNIA and 
IRE to advise the government on technical 
matters as a successor to the former Radio 
Technical Planning Board. 
I. J. Naar succeeds Mr. Hogan as vice-

chairman of the committee. Other JTAC 
members are: Donald  G. Fink, Ralph 
Brown, T. T. Goldsmith, Jr., Haraden 
Pratt, Philip F. Siling, and  David B. 
Smith. 

The World's Radio Tubes (Brans, Vade-
Mecum), 1950 International Edition 

Published (1950) by P. H. Brans. Ltd., Antwerp. 
Distributed by Editors and Engineers. Ltd., 1300 
Kenwood Road. Santa Barbara, Calif. 508 pages +xxii 
+xx pages. 8 XII+. 

This is the eighth edition of the late P. H. 
Brans' handbook giving the principal rated 
characteristics of electron tubes manufac-
tured throughout the world. Introductions, 
abbreviations, and instructions for using the 
book are given in most of the common 
European languages except Russian. 
Tubes are listed by type number first, 

together with manufacturer's name, cathode 
heater or filament voltage, basing index and 
reference to a second table which gives 
rated electrode voltages, currents, and dy-
namic characteristics. Listed also are the 
type numbers of tubes having equivalent 
characteristics to facilitate substitution when 
the original tube cannot be duplicated; base 
connections are also given for the equivalent 
types. 
Coverage, at least so far as American 

tubes are concerned, is rather complete and 
includes transmitting, cathode-ray, and 
special-purpose tubes, in addition to receiv-
ing tubes. In most cases a single manufac-
turer is listed, and one suspects that the edi-
tors have overlooked the fact that most 
American tubes having a type number as-
signed by RNIA are made by several 
manufacturers and are listed in the cata-
logues of most of the larger concerns. This 
handbook will probably be of interest to per-
sons in the United States who are interested 
in foreign tube types and in exporting. It is 
easily understandable that it would be es-
pecially useful in countries where most of 
the tubes used are imported. 

GEORGE D. O'NEILL 
Sylvania Electric Products Inc. 

P.O. Box 6 
Bayside, L. L. N. Y. 

New Publications 
The Table of Complex Numbers by 

Herbert E. Salzer, National Bureau of 
Standards Applied  Mathematics  Series 
AMS8, 44 large pages, is available from the 
Superintendant of Documents, U. S. Gov-
ernment Printing Office, Washington 25, 
D. C., for 25 cents a copy. Remittances 
from foreign countries should be in United 
States exchange and should include an 
additional sum of one-third the publication 
price to cover the cost of mailing. 
The booklet has been published to meet 

the needs of engineers, mathematicians, 
and scientists who are working on problems 
in fields as diverse as alternating-current 
circuits, number theory, and exterior bal-
listics. The Table is especially useful in the 
treatment of Taylor series involving complex 
variables. It is the first extensive table of 
powers of complex numbers ever published. 
In this Table, exact values of powers of 

complex numbers are given in Cartesian 
form for powers from 1 through 25 and for 
arguments with real and imaginary parts 
ranging separately from 0 to 10 in unit steps. 
The Table is arranged essentially in order of 
magnitude of the distances of the argument 
values from the origin in the complex plane. 

Colorimetry, Circular C478, by Deane 
B. Judd, is a publication issued by the Na-
tional Bureau of Standards and available 
from the Superintendant of Documents, 
U. S. Government Printing Office, Washing-
ton 25, D. C., at 30 cents a copy. The circu-
lar contains 56 large double-column pages 
and is illustrated. 
Scientists and technicians concerned with 

color measurement will find much helpful 
information. For the past 20 years, the Na-
tional Bureau of Standards has played a 

leading part in establishing practical work 
ing standards on color and in setting up and 
administering color tolerances. As a result, 
conformity to a color requirement can now 
be determined with the same assurance as 
mechanical properties. 
The booklet describes the standards and 

measurements methods developed by the 
Bureau in this field, giving the basis for 
each technique and showing clearly how one 
method supplements the other. Chapters 
cover the following topics: the standard ob-
server; illuminants and co-ordinate system: 
small-difference colorimetry; material stand-
ards of color; one-dimensional color scales; 
and general methods. 

Radiological Laboratory is a new four-
page folder available from New York Uni-
versity College of Engineering. It describes 
problems of using-radioactive isotopes and 
discusses hazards, special equipment re-
quired, how atomic wastes are handled, and 
gives data on the design and operation of 
such a laboratory. Copies of the illustrated 
folder may be obtained for 10 cents from 
V. W. Phalen, Bureau of Public Information, 
New York University, New York 53, N. Y. 

Audio Anthology has been published 
recently by Radio Magazines, Inc., 342 
Madison Ave., New York 17, N.Y., 124 
pages.  per-bound edition is priced at 82.00 
and hard-cover edition at $3.00. 
A compilation of material, designed for 

the high-fidelity enthusiast, the volume is 
published to satisfy the demand for articles 
which appeared in early issues of A udio 
Engineering. Since Audio Engineering first 
made its appearance in 1947, those in-
terested in audio as a hobby, or profes-
sionally, have found in it many articles of 
interest. 
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Traveling-Wave Tubes by J. R. Pierce resulting from random fluctuation in the 

Published (1950) by D. Van Nostrand Co.. Inc. 
250 Fourth Ave.. New York. N. Y. 223 pages+34-
page appendices.+2-page index+xii pages. 137 fig-
ures. 61 Xtyi. $4.50. 

All radio engineers interested in learning 
of progress towards full utilization of micro-
waves will welcome the appearance of this 
book on "Traveling-Wave Tubes" written by 
John Pierce, so well known for his many im-
portant contributions to the art of elec-
tron dynamics. This book is the first on 
traveling-wave tubes and develops the 
theory of operation of such tubes in con-
siderable detail. It is a "must" for every tube 
engineer concerned with problems of design 
and development of traveling-wave and re-
lated tubes. 
The author points out in the introduction 

(Chapter I) that in addition to high gain 
(over 30 db) and the operating frequency 
range from 200 to 40,000 Mc, the most im-
portant characteristic of the traveling-wave 
tube is its extraordinary bandwidth (3 to 1). 
This makes the traveling-wave tube (TWT) 
a most welcome addition to the microwave 

• tube family, since it promises to utilize fully 
the possibilities of broad-band service where 
multichannel distortionless transmission is 

required. 
Ac indicated by the author in the preface 

to his book, "the emphasis is on general 
aspects of various wave circuits and their 
coupling to and interactiqn with electron 
flow." After a brief description of the 
basic form of the TWT (single helix), 
Chapter II is devoted to the small-signal 
theory in which the excitation of the circuit 
by the electron beam and its effect on the 
circuit are analyzed and the characteristic 
equation determining the propagation con-
stant is derived. Concepts of gain parameter 
and beam impedance are introduced and the 
tube gain is expressed in these terms. Chap-
ter III is devoted to the analysis of wave 
propagation on a helix and the theory of 
coupled helices.  Detailed  mathematical 
treatment for this and other chapters is con-
tained in the appendices. Chapter IV deals 
with filter-type circuits where field solutions 
are derived for simple geometries and more 
complex circuits are treated as lumped-
circuit analogues to which filter network 
analysis applies. 
In Chapter V the effectiveness of circuit 

interaction with electron beams is analyzed 
and the desired properties of circuits, such as 
high impedance, are expressed in terms of 
stored energy, phase and group velocities, 
etc. Chapter VI is devoted to a general 
treatment of waveguiding circuits where 
their wave propagating properties are de-
scribed in terms of normal modes. Chapter 
VII makes use of the generalized circuit 
representation and derives the characteristic 
equation for the propagation constant in a 
more general way, taking into account forces 
due to space-charge fields. Effects of circuit 
attenuation and of space-charge forces on 
tube gain, obtained from solutions of the 
characteristic equation for special cases, are 
discussed in Chapter VIII. 
In Chapter IX initial boundary condi-

tions and the effect of discontinuities in 
waveguiding structure are discussed in such 
a manner that the over-all tube gain can be 
evaluated. In Chapter X the effect of noise 

electron stream of the TWT is analyzed, 
making use of solutions for the one dimen-
sional case of space-charge flow. Partition 
noise and noise due to transverse motions of 
electrons are also considered. In Chapter XI 
it is shown that backward waves do not pro-
duce effective gain, but only wave inter-
ference effects. Chapter XII discusses high-
level operation and gives estimates of effi-
ciency which are expressed in terms of 
parameters used in the small signal theory. 
In Chapter XIII transverse motions of elec-
trons are considered and the gain formula is 
derived for the transverse type of TWT. 
Chapter XIX' deals with field solutions where 
the effect of variation of the rf fields over 
the cross section of the electron beam is con-
sidered. The two final Chapters (XV and 
XVI) are devoted to the introduction to the 
theory of magnetron and double-stream 
amplifier tubes. 
The reviewer believes that John Pierce's 

book on "Traveling-Wave Tubes" represents 
a most competent treatment of the TWT 
theory, containing the generally accepted 
basic theory which will serve as a very useful 
guide to tube designers, and some material of 
more controversial nature which will in-
spire many fruitful discussions and will 
stimulate creative thought. 

ANDRE W HAEFF 
Naval Research Laboratory. 

Washington. D. C. 

Advances in Electronics, Vol. II, Edited by 
L. Marton 

Published (1950) by Academic Press. Inc., 125 
E. 23 St.. New York. N. Y. 362 pages-1-15-page 
index  pages. 160 figures. 9 X6. $7.60. 

This second volume, like Volume I pub-
lished in 1948, consists of survey articles on 
a variety of topics in the general field of 
electronics, each article written by a dif-
ferent expert. Volume I contained 10 such 
articles; the present volume contains 8, rang-
ing between 30 and 60 pages in length. Addi-
tional volumes are to be published to pro-
vide the electronics specialist with yearbooks 
resembling, in some respects, those pub-
lished in another field under the title, "Re-
ports on Progress in Physics" (Physical 
Society of London). 
It is inevitable that the general ap-

proach, literary style, scope, and method of 
treatment in such a collection will have as 
many variations as the book has articles. 
There is also a danger that such a book may 
have a selection of topics so diverse that, in 
this day of extreme specialization, it will be 
rare for one individual to be greatly in-
terested in more than a few of the topics. In 
this respect, Volume II is markedly better 
than Volume I; the topics are largely in the 
field of physical electronics and, in the main, 
are more closely related than were those of 
Volume I. 
The general utility of a collection of par-

tially unrelated survey papers in a bound 
volume would be subject to question if 
existing technical journals were already 
covering the field competently. It may safely 
be said that, in the electronics and radio 
engineering sphere, we have not had the 
careful and periodic selection and prepara-
tion of survey papers comparable to those of 
the Reviews of Modern Physics. For this 

reason, "Advances in Electronics" fulfills a 
definite need. On the other hand, in compar-
ing with publication in journal form, the 
latter assumes adequate attention by the 
abstracting and bibliographical services, 
and at the same time, achieves wider initial 
circulation. It may be that important and 
carefully worked out papers, when published 
in book form, will be overlooked by future 
workers because the content is not clearly 
established by the title of the book. The 
remedy is to include articles from these com-
pendia in the standard abstract lists but, to 
this reviewer's knowledge, it is not being 
done. 
The first four articles of Volume II are 

related to the cathode-ray art. Dr. Hilary 
Moss, of Electronic Tubes, Ltd., Reading, 
England, opens the book with "Cathode 
Ray Tube Progress in the Past Decade 
With Special Reference to Manufacture and 
Design." The title is a reasonably accurate 
description but, it should be added, the 
emphasis is on British practice. The treat-
ment appears to be intended for the practical 
but well-informed engineer and knowledge 
of the terminology is presupposed. The 
author is never hesitant to express a definite 
opinion on controversial points and the 
paper is largely based on his own experi-
ences. For example, there are 29 references 
(which is certainly not a large number for a 
survey) and 10 are to the author's own work. 
The design information is largely empirical 
rather than basic, and is a little too limited 
to a particular type of gun design to survey 
many years of design changes. The article by 
Professor Grivet of the University of Paris, 
"Electron Lenses," is of quite different char-
acter. It is basic in nature and intended for 
the man interested in fundamentals; it is 
well documented by 100 references, and 
emphasizes high-performance lenses, as is 
quite fitting today. This article will be of 
value to the cathode-ray tube designer, but 
even more so to the electron microscope 
worker and the research man using electron 
optical principles in other devices. Dr. G. 
Liebmann, of Associated Electrical Indus-
tries, Ltd., Berkshire, England, has con-
tributed another well-written basic article 
on field plotting and electron-ray tracing 
' which, with its 129 bibliographical refer-
ences, is an excellent complement to the lens 
papers. These two, together, cover the field 
of electron optics perhaps as well as could 
possibly be done in the allotted space. The 
fourth of the surveys devoted to the cathode-
ray art is by Dr. G. F. Garlick of the Uni-
versity of Birmingham, England, and is en-
titled, "Cathodoluminescence." This review 
of the physical properties of phosphors 
which are useful in cathode-ray tubes is one 
of the shorter items in the book, but is a con-
cise minimal treatment of cathodolumines-
cent materials, their characteristics and 
theoretical interpretations, written from the 
point of view of a physicist interested in the 
fundamentals. 
The remaining four contributions are not 

so directly related to each other. Professors 
Frohlich and Simpson of the University of 
Liverpool have written "Intrinsic Dielectric 
Breakdown in Solids." This is a good sum-
mary of the experimental phenomena and 
the underlying theoretical hypotheses; one 
should not expect, and the author does not 
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include, lists of materials and their break-
down points, since this type of material is 
better suited to standard handbooks. Pro-
fessor Gunnar Hok, of the University of 
Michigan (up to this point the first author 
with a U. S. affiliation) has written "The 
Microwave Magnetron," which is the short-
est, and the least complete, survey of the 
present book. It is not documented in detail 
and suffers by comparison with the classic 
and much more elegant 1946 paper of Fisk, 
Hagstrum, and Hartman. On the other 
hand, it adds a feature to the book under 
review which, though it will not alone sell 
the book, may have value to some who are 
primarily interested in , the other electron 
tube material. In a less well-known field, 
Dr. George T. Rado, of the U. S. Naval Re-
search Laboratory, discusses "Ferromag-
netic Phenomena at Microwave Frequen-
cies"; this is a thorough and up-to-date trea-
tise which will serve many as an excellent 
introduction, particularly to current re-
search. The final paper is a good review of 
microwave absorption by gases, under the 
title, "Microwave Spectroscopy," and was 
written by Donald K. Coles of the Westing-
house Research Laboratories. The paper in-
cludes a long bibliography and a compre-
hensive presentation of the important topics 
in the field. 
To sum up the entire book, it is a com-

pilation of selected subjects which will be of 
particular value to the research worker and 
to the man outside the realm of research who 
wishes to keep up with fundamental progress 
in physical electronics. 

E. W. HEROLD 
Radio Corporation of America 

Princeton. N. J. 

Radio and Television Mathematics by 
Bernhard Fischer 

Published (1949) by the Macmillan Company. 
60 Fifth Ave.. New York. N. V. 440 pages +12-pages 
index +2-page mathematical index +xviii pages +147 
figures. 5$ X8. $6.00. 

This is the first edition of a handbook 
on problems and solutions intended "to 
serve as a guide and reference book for the 
practical man, as a collection of problems 
for instructors, and as a review for those 
who want to acquire a rapid practical skill in 
solving problems in preparation for radio 
license examinations given by the United 
States Federal Communications Commis-
sion." In the opinion of the reviewer, this is 
a book which would be of no value to the 
practicing engineer or to the engineering 
student, and that the author does not intend 
it to be. 
The mathematical prerequisite is a work-

ing knowledge of algebra and trigonometry. 
The author states in the preface, "There is 
no danger of telling the beginner too much. 
Electronics has become too universal a field, 
universal in its all-embracing application 
and universal in the type of persons working 
in it. No longer can teachers afford to forget 
that the obvious may be inconceivable to 
one unfamiliar with the tools of mathe-
matics." In following this idea, the book 
consists mostly of the statement of the prob-
lem and the formula to be used; then the 
numerical substitution, and the various steps 
of computation are given. No statement is 

made as to whether the formula can be used 
generally or, if not, what the limitations of 
it are. The derivations of only a few formu-
las are given, and some of the problems are 
solved using network theory. 
The text is made up of four sections. The 

first and most important section covers the 
following topics: Circuit Components; Di-
rect-Current Circuits; Alternating-Current 
Circuits; Vacuum-Tube Fundamentals; Am-
plifiers;  Oscillators; Transmitters;  Re-
ceivers; Power Supplies; Antenna and 
Transmission Lines; Television; Measure-
ments; and Industrial and Control Circuits. 
The second section deals with problems for 
further practice and consists of 312 problems 
(and answers) of the type worked out in de-
tail in the first section. Some important 
tools for radio mathematics are the subject 
of the third section, in which the uses of the 
powers of 10 in calculating, the j-operator, 
and polar vectors are explained. There is 
also a brief discussion of the slide rule. The 
final section is made up of formulas used in 
the preceding detailed problems, and mis-
cellaneous tables. 
From the viewpoint of the practical ra-

dioman the information given under each 
topic is reasonably complete, except in the 
following cases. Radio-frequency and inter-
mediate-frequency amplifiers, and FM de-
tectors are not dealt with in the topic on Re-
ceivers. In the case of Power Supplies, no 
discussion was given on three-phase sup-
plies, voltage doubling circuits, the various 
high-voltage supplies used in television, 
and bridge rectifiers; regulated supplies were 
not discussed except for single VR tube sup-
plies. Again, in dealing with the subject of 
Television no mention is made of sweep 
generators, blocking oscillators, phase dis-
criminators, automatic-gain-control circuits, 
and multivibrators. In covering video am-
plifiers, no calculation of the phase response 
of the amplifier is made. Also, in using the 
method applied to the amplifiers it would be 
difficult to calculate an unknown circuit 
component, as no general formulas are given 
for the video amplifier. 
Practically all of the calculations re-

quired for the Study Guide of the Federal 
Communications Commission are covered in 
the text. Only two problems, the calculation 
of the effective height of an antenna and 
the speed of an induction motor, are not 
included. 
The book, in general, is easily readable, 

but some errors were noted which might 
cause confusion. Under the topic of direct-
current circuits some alternating-current 
calculations are made. In the case of conver-
sion calculation for beam-power tubes the 
answers obtained are correct, but the state-
ment is made that "the current conversion 
factor can be found by using the funda-
mental law of vacuum tubes that /„cc 

;" This statement is not correct and 
probably causes considerable confusion. In 
a beam-power tube, the plate current is prac-
tically independent of the plate voltage over 
a considerable range. The reason the conver-
sion factor is correct in the problem is: 

hp.ce•un..t =K (E, 
Ain 

and the plate current and the screen current 
are each a certain fraction of the total space 

current; therefore, 

and 

Ki ( Fp + 

= K2 ( Fp  - -  • 

P.r 

The new screen and grid voltages are E... 
= F.E.. and Ep'= E.E0, where F. is the con-
version factor. Substituting these voltages 
in the equation for plate current, 

F.E„)1 
= K (!".E9 + -  

pee 

= [ K  (Eg  - E-‘1 P.e 

= 1,•1..i • 

The same procedure would apply for the 
screen current. There are a few other prob-
lems which are incorrect. 
On the whole the extent of the material 

covered in this book is quite impressive. It 
would probably be useful to the beginner 
and to the practical radioman who does not 
know how to make quantitative calculations. 

WILLIAM L. BEHREND 
RCA Laboratories 
Princeton, N. J. 

Television for Radiomen by Edward M. Noll 
Published (1949) by the Macmillan Company, 60 

Fifth Avenue. New York, N. Y. 573 pages 1-7-page 
index +xii pages. 456 figures. 9i X6. 87.00. 

This book starts with excellent instruc-
tions on how to study a book with the 
objective of a home study course in mind. 
It is not so much an equipment designers 
text as it is a review of present-day televi-
sion system details. It includes very little 
abstract theory and design engineering, but 
(assuming an understanding of ordinary 
radio circuits) explains in practical terms the 
principles of television transmission and re-
ception equipment. It uses enough of the 
essential mathematics to enable a tech-
nician working with such apparatus to make 
necessary adjustments. 
A modern television receiver is handled 

part by part, showing the particular ap-
plications of the theory to understand, 
operate, adjust, or repair these items. The 
information on commercial equipment is 
up-to-date, and is well arranged for class-
room teaching, home study work, as a text 
in trade and technical schools, and as a ref-
erence book on present-day techniques in 
TV receivers. The book can thus serve as a 
basis for those who desire to advance into 
transmitter operation or into the engineer-
ing end of the art. It opens the door for the 
ambitious radioman to become adept in 
servicing, giving him the detailed knowledge 
that permits him to diagnose receiver diffi-
culties. All examples are taken from typical 
commercial receivers, and all circuit arrange-
ments found in practice seems to be covered. 
Finally, the book provides "easy reading" 
for those who do not have an instructor at 
hand to interpret the meanings. 

RALPH R. BATCHER 
Douglaston, L. I. 

N. Y. 



11950 Institute News and Radio Notes  1231 

Institute Committees-1950 

EXECUTIVE 

R. F. Guy, Chairman 
D. B. Sinclair, Vice-Chairman 
Haraden Pratt, Secretary 

S. L. Bailey  A. N. Goldsmith 
W. R. G. Baker  J. W. McRae 

BOARD OF EDITORS 

A. N. Goldsmith, Chairman 

F. W. Albertson 
J. S. Allen 
William Bachman 
G. M. K. Baker 
W. L. Barrow 
R. R. Batcher 
B. B. Bauer 
R. M. Bowie 
Ralph Bown 
R. S. Burnap 
0. H. Caldwell 
C. W. Carnahan 
C. C. Chambers 
L. M. Clement 
J. D. Cobine 
M. G. Crosby 
R. B. Dome 
W. G. Dow 
E. W. Engstrom 
W. L. Everitt 
W. G. H. Finch 
D. G. Fink 
H. C. Forbes 
I. A. Getting 
A. W. Graf 
F. W. Grover 
D. B. Harris 
L. B. Headrick 
E. W. Herold 
J. K. Hilliard 
J. A. Hutcheson 
J. K. Johnson 
L. F. Jones 
H. S. Knowles 
J. D. Kraus 
J. B. H. Kuper 
J. L. Lawson 
D. G. Little 
F. B. Llewellyn 

S. S. Mackeown 
Nathan Marchand 
E. D. McArthur 
Knox McIlwain 
J. W. McRae 
L. A. Meacham 
G. F. Metcalf 
R. A. Miller 
E. L. Nelson 
D. 0. North 
H. F. Olson 
R. M. Page 
H. 0. Peterson 
G. W. Pickard 
Haraden Pratt 
C. A. Priest 
J. R. Ragazzini 
Simon Ramo 
H. J. Reich 
J. D. Reid 
F. X. Rettenmeyer 
P. C. Sandretto 
H. H. Scott 
S. W. Seeley 
V. W. Sherman 
L. C. Smeby 
C. E. Smith 
J. A. Stratton 
W. C. Tinus 
K. S. Van Dyke 
E. K. Van Tassel 
H. A. Wheeler 
J. R. Whinnery 
W. C. White 
L. E. Whittemore 
Jerome Wiesner 
G. W. Willard 
I. G. Wolff 
V. K. Zworykin 

AWARDS 
M. G. Crosby, Chairman 

S. L. Bailey  A. V. Lou hren 
D. E. Chambers 
Keith Henney 
F. S. Howes 

J. W. McRae 
B. E. Shackelford 
Karl Spangenberg 

EDUCATION 

II. J. Reich, Chairman 

R. G. Anthes J. M. Pettit 
R. E. Beam  W. H. Pickering 
L. J. Black  Albert Preisman 
C. C. Chambers L. R. Quarles 
R. M. Fano J. R. Ragazzini 
G. H. Fett J. D. Ryder 
R. A. Galbraith  R. P. Siskind 
A. W. Graf  W. R. Smith 
A. E. Harrison  Karl Spangenberg 
R. W. Hickman F. R. Stansel 
G. B. Hoadley F. E. Terman 
G. L. Hollander L. A. Ware 
A. H. Howell  Ernst Weber 
A. W. Melloh L. E. Williams 
P. H. Nelson A. H. Wing, Jr. 

Irving Wolff 

CONSTITUTION AND LAWS 

I. S. Coggeshall, Chairman 

R. D. Chipp  F. B. Llewellyn 
R. A. Heising  Haraden Pratt 

H. R. Zeamans 

PROFESSIONAL GROUPS 

W. R. G. Baker, Chairman 

S. L. Bailey  R. A. Heising 
I. S. Coggeshall  J. V. L. Hogan 
W. H. Doherty  J. D. Reid 
W. L. Everitt  B. E. Shackelford 

(Professional Group Chairmen 
Ex-Officio) 

TELLERS 
J. L. Callahan, Chairman 

E. J. Isbister  A. A. McKenzie 

ADMISSIONS 

P. S. Christaldi, Chairman 

H. S. Bennett 
C. M. Burrill 
A. G. Clavier 
H. P. Corwith 
F. M. Deerhake  J. H. Moore 
T. M. Ferrill, Jr.  G. B. Riley 

H. C. Vance 

C. A. Hachemeister 
L. N. Hatfield 
R. E. Mathes 
H. S. Moncton 

POLICY DEVELOPMENT 
Haraden Pratt, Chairman 

K. C. Black 
A. V. Eastman 
W. L. Everitt 
W. R. Hewlett 
J. V. L. Hogan 

W. 

T. A. Hunter 
F. B. Llewellyn 
J. D. Reid 
B. E. Shackelford 
J. A. Stratton 

N. Tuttle 

SECTIONS 
J. F. Jordan, Chairman 

Robert Broding George Rappaport 
R A. Heising  J. E. Shepherd 
T. A. Hunter 
H. I. Metz 
C. A. Norris 

E. T. Sherwood 
L. C. Sigmon 
R. N. White 

(Section Chairmen Ex-Officio) 

NOMINATIONS 
R. A. Heising, Chairman 

Ralph-Bown  W. L. Everitt 
Robert Broding  Keith Henney 
Melville Eastham  W. R. Hewlett 

F. H. R. Pounsett 

MEMBERSHIP 
T. H. Clark, Chairman 

F. W. Albertson  E. C. Jordan 
J. E. Brown  W. A. Knoop 
A. B. Chamberlain  0. I. Lewis 
J. B. Coleman  F. B. Llewellyn 
H. C. Forbes  F. L. Marx 
G. W. Fyler  W. P. Short 
V. M. Graham  D. B. Smith 
R. N. Harmon  F. E. Terman 
G. L. Hollander  W. C. White 

(Chairmen of Section Membership 
Committees Ex-Officio) 

PUBLIC RELATIONS 
R. R. Batcher, Chairman 

S. L. Bailey  W. L. Everitt 
W. R. G. Baker  E. K. Gannett 
E. L. Bragdon  R. A. Hackbusch 
0. H. Caldwell  Keith Henney 
W. C. Copp  T. R. Kennedy 
0. E. Dunlap, Jr.  M. B. Sleeper 

Lewis Winner 

FINANCE 

W. R. G. Baker, Chairman 

S. L. Bailey  I. S. Coggeshall 
D. B. Sinclair, ex-officio 

PAPERS REVIEW 
G. F. Metcalf, Chairman 

H. A. Affel 
P. H. Betts 
F. J. Bingley 
D. S. Bond 
Kenneth Bullington 
H. A. Chinn 
J. K. Clapp 
S. B. Cohn 
J. M. Constable 
M. G. Crosby 
F. W. Cunningham 
A. R. D'heedene 
M. J. DiToro 
H. D. Doolittle 
0. S. Duffendack 
R. D. Duncan, Jr. 
E. H. Felix 
V. H. Fraenckel 
R. L. Freeman 
Paul Fritschel 
E. G. Fubini 
Stanford Goldman 
W. M. Goodall 
G. L. Haller 
0. B. Hanson 
A. E. Harrison 
T. J. Henry 
C. N. Hoyler 
P. K. Hudson 
D. L. Jaffe 
Hans Jaffe 
Henry Jasik 
D. C. Kalbfell 
A. G. Kandoian 
Martin Katzin 
J. G. Kreer, Jr. 
Emile Labin 
J. J. Lamb 
V. D. Landon 

M. T. Lebenbaum 
C. V. Litton 
W. P. Mason 
R. E. Mathes 
H. F. Mayer 
L. L. Merrill 
H. R. Mimno 
F. L. Moseley 
G. G. Muller 
A. F. Murray 
J. R. Nelson 
K. A. Norton 
Ernest Pappenfus 
H. W. Parker 
L. J. Peters 
A. P. G. Peterson 
W. H. Pickering 
A. F. Pomeroy 
Albert Preisman 
T. H. Rogers 
H. E. Roys 
J. D. Ryder 
M. W. Scheldorf 
Samuel Seely 
Harner Selvidge 
R. E. Shelby 
J. E. Smith 
R. L. Snyder 
E. E. Spitzer 
J. R. Steen 
G. C. Sziklai 
H. P. Thomas 
Bertram Trevor 
W. N. Tuttle 
Dayton Ulrey 
S. N. Van Voorhis 
J. R. Weiner 
M. S. Wheeler 
R. M. Wilmotte 

. R. Zeamans 



1232  PROCEEDINGS OF M P: 

Technical Committees, May 1, 1950-May 1, 1951 
ANNUAL REVIEW 

R. R. Batcher, Chairman 
R. T. Hamlett, Vice-Chairman 

H. E. Allen 
George M. Brown 
Donald H. Castle 
Trevor Clark 
John Crawford 
E. L. Harder 
J. V. L. Hogan 
E. C. Jordan 
R. M. Mitchell 
\V. J. Poch 
A. F. Pomeroy 
George Rappaport 
Nathaniel Rochester 
A. L. Samuel 

P. C. Sandretto 
I'. F. Shea 
R. E. Shelby 
II. E. Singleton 
W. N. Tuttle 
G. L. Van Deusen 
K. S. Van Dyke 
II. E. Watts 
Ernst Weber 
H. P. Westman 
I. R. Weir 
II. \V. Wells 
L. E. Whittemore 
R. E. Zenner 

ANTENNAS AND WAVE GUIDES 
A. G. Fox, Chairman 

Sidney Frankel, Vice-Chairman 

T. M. Bloomer 
P. S. Carter 
L. J. Chu 
XV. S. Duttera 
J. E. Eaton 
Henry Jasik 
E. C. Jordan 
M. L. Kales 
0. E. Kienow 
W. E. Kock  R. N. Sorea 

L. C. Van Atta 

D. C. Ports 
H. J. Riblet 
V. H. Rumsey 
M. W. Scheldorf 
S. A. Schelkunoff 
S. Sensiper 
J. P. Shauklin 
George Sinclair 
P. H. Smith 

AUDIO TECHNIQUES COMMITTEE 

R. A. Miller, Chairman 
H. H. Scott, Vice-Chairman 

0. L. Angevine, Jr. W. W. Dean 
H. W. Augustadt J. A. Green 
L. L. Beranek H. D. Harris 
W. L. Black J. K. Hilliard 
H. Burris-Meyer F. L. Hopper 
C. A. Cady D. E. Maxwell 
D. H. Castle Ralph Schlegel 
E. J. Content W. E. Stewart 
A. N. Curtis R. T. Van Niman 

CIRCUITS 
W. N. Tuttle, Chairman 
C. H. Page, Vice-Chairman 

W. R. Bennett 
J. G. Brainerd 
Cledo Brunetti 
A. R. D'heedene 
R. L. Dietzold 
W. L. Everitt 
R. M. Foster 
Stanford Goldman  Ernst Weber 

J. R. Weiner 

ELECTROACOUSTICS 
E. S. Seeley, Chairman 

B. B. Bauer, Vice-Chairman 

H. E. Allen F. V. Hunt 
Eginhard Dietze W. F. Meeker 
U. J. Di Toro H. F. Olson 
Martin Greenspan  Vincent Salmon 
E. C. Gregg P. S. Veneklasen 
H. F. Hopkins  John Volkman 

ELECTRON TUBES AND SOLID-
STATE DEVICES 

L. S. Nergaard, Chairman 
A. L. Samuel, Vice-Chairman 

R. S. Burnap 
J. W. Clark 

E. A. Guillemin 
W. H. Huggins 
Herbert Krauss 
John Linvill 
P. F. Ordung 
E. H. Perkins 
Wolcott Smith 

W. G. Dow 
C. E. Fav 

A. M. Glover J. A. Morton 1... E. Gorham I. E. Mouromtseff 
. W. Greer  G. D. O'Neill 
. B. Headrick 0. W. Pike 
L. A. Hendricks  P. A. Redhead 
E. C. Homer  H. J. Reich 
S. B. Ingram  A. C. Rockwood 
R. B. Janes R. M. Ryder 
S. J. Koch  R. W. Slinkman 
R. L. McCreary H. L. Thorson 

C. M. Wheeler 

ELECTRONIC COMPUTERS 
J. W. Forrester, Chairman 

Nathaniel Rochester, Vile-Chairman 

D. R. Brown 
R. B. Elbourne 
E. L. Harder 
John Howard 
E. Lakatos 
B. R. Lester 
G. D. McCann 

G. W. Patterson 
J. A. Rajchman 
Robert Serrell 
R. L. Snyder 
J. R. Weiner 
C. F. West 
W. D. Woo 

FACSIMILE 
J. V. L. Hogan, Chairman 
C. J. Young, Vice-Chairman 

James Barnes F. A. Hester 
Henry Burkhard Pierre Mertz 
J. J. Callahan  N. A. Nelson 
A. G. Cooley  Hugh C. Ressle 

R. J. Wise 

INDUSTRIAL ELECTRONICS 
D. E. Watts, Chairman 

John Dalke, Vice-Chairman 
G. P. Bosomworth H. W. Parker 
J. M. Cage S. I. Rambo 
E. W. Chapin  Walther Richter 
J. E. Eiselein W. C. Rudd 
C. W. Frick C. F. Spitzer 
G. W. Klingaman  E. H. Schulz 
H. R. Meahl  W. R. Thurston 
Eugene Mittelmann R. S. Tucker 
P. E. Ohmart M. P. Vore 

Julius Weinberger 

MEASUREMENTS AND 
INSTRUMENTATION 
Ernst Weber, Chairman 

F. J. Gaffney, Vice-Chairman 

Wilson Aull W. J. Mayo-Wells 
Carl C. Chambers G. A. Morton 
P. S. Christaldi C. D. Owens 
John Dalke  A. P. G. Peterson 
G. L. Fredendall J. G. Reid, Jr. 
C. W. Frick  J. R. Steen 
W. D. George N. H. Taylor 
E. J. Green  R. S. Tucker 

MOBILE COMMUNICATIONS 
F. T. Budelman, Chairman 

Alexander Whitney, Vice-Chairman 

G. M. Brown  D. E. Noble 
D. B. Harris  J. C. O'Brien 
C. M. Heiden  David Talley 
C. N. Kimball, Jr. George Teommey 

R. W. Tuttle 

MODULATION SYSTEMS 
Bertram Trevor, Chairman 
W. G. Tuller, Vise-Chairman 

F. L. Burroughs J. G. Kreer, Jr. 
W. J. Cunningham  E. R. Kretzmer 
L. A. W. East  V. D. Landon 
A. C. Goodnow  L. A. Meacham 
D. D. Grieg  Dale Pollack 
D. M. Hill  H. E. Singleton 

NAVIGATION AIDS 
P. C. Sandretto, Chairman 
H. R. Mimno, Vice-Chairman 
C. J. Hirsch, Vice-Chairman 

XV. B. Burgess  Wayne Mason 
Henri Busignies K. A. Norton 
G. C. Comstock W. M. Richardson 
Harry Davis L. M. Sherer 
D. G. Fink  Ben Thompson 

R. R. Welsh 

I5IEZOELECTkIC CR YSTA LS 
K. S. Van Dyke, Chairman 
R. A. Sykes, Vice-Chairman 

C. F. Baldwin  Clifford Fronde! 
W. L. Bond  B. S. George 
W. G. Cady  Edward Gerber 
J. K. Clapp  Hans Jaffe 
W. A. Edson \V. P. Mason 

P. L. Smith 

RADIO TRANSMITTERS 
H. Tanck, Chairman 

A. E. Kerwien, Vice-Chairman 
E. L. Adams  J. B. Heffeffinger 
T. J. Boerner J. B. Knox 

Breen L. A. Looney 
M. R. Briggs J. F. McDonald 
H. R. Butler John Ruston 
L. T. Findley  Berthold Sheffield 
Harold Goldberg Harry Smith 

I. R. XVeir 

RECEIVERS 
R. F. Shea, Chairman 

J. D. Reid, Vice-Chairman 
J. Avins 
G. L. Beers 
J. E. Brown 
\V. F. Cotter 
R. T. Cox 
A. R. Hodges 
K. XX'. Jarvis 
J. K. Johnson  S. C. Spielman 

W. 0. Swinyard 

SOUND RECORDING AND 
REPRODUCING 

H. E. Roys, Chairman 
A. XV. Friend, Vice-Chairman 

S. J. Begun  Everett Miller 
M. S. Corrington A. R. Morgan 
George Graham A. P. G. Peterson 
G. P. Hixenbaugh Harry Schecter 
F. L. Hopper R. A. Schlegel 
E. XV. Kellogg Ward Shepard, Jr. 
R. A. Lynn  Lincoln Thompson 
J. Z. Menard C. F. West 

R. E. Zenner 

STANDARDS 
J. G. Brainerd, Chairman 

L. G. Cumming, Vice-Chairman 
A. G. Jensen, Vice-Chairman 

M. W. Baldwin, Jr. A. F. Pomeroy 
R. R. Batcher George Rappaport 
H. G. Booker H. E. Roys 
F. T. Budelman P. C. Sandretto 
XV. G. Cady E. S. Seeley 
P. S. Carter  R. F. Shea 
J. W. Forrester J. R. Steen 
A. G. Fox H. Tanck 
R. A. Hackbusch  Bertram Trevor 
J. V. L. Hogan W. N. Tuttle 
J. E. Keister L. C. Van Atta 
E. A. Laport  K. S. Van Dyke 
Wayne Mason D. E. Watts 
R. A. Miller Ernst Weber 
L. S. Nergaard L. E. Whittemore 

I. E. Lempert 
C. R. Miner 
Garrard Mountjoy 
J. F. Myers 
J. NI. Pettit 
F. H. R. Pounsett 
S. W. Seeley 
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SYMBOLS 

A. F. Pomeroy, Chairman 
A. G. Clavier, Vice-Chairman 

K. E. Anspach 
.' C. R. Burrows 
.1" H. F. Dart 
. E. T. Dickey 
W. J. Everts 
W. A. Ford 

. R. T. Haviland 
• O. T. Laube 

C. D. Mitchell 
C. Neitzert 
M. B. Reed 
Duane Roller 
A. L. Samuel 
E. XV. Schafer 
M. S. Smith 
XV. F. Snyder 

. P. NX estman 

TELEVISION SYSTEMS 

A. G. Jensen, Chairman 
R. E. Shelby, Vice-Chairman 

. W. F. Bailey A. H. Brolly 
M. XV. Baldwin, Jr.  J. E. Brown 
R. M. Bowie K. A. Chittick 

PROFESSIONAL RECOGNITION 

G. B. Hoadley, Chairman 

C. C. Chambers W. E. Donovan 
Harry Dart C. M. Edwards 

C. G. Fick 
D. G. Fink 
C. J. Franks 
P. C. Goldmark 
R. N. Harmon 
J. L. Hollis 
I. J. Karr 
R. D. Kell 
P. J. Larsen 
H. T. Lyman 

Leonard Mautner 
J. Minter 
J. H. Mulligan, Jr. 
A. F. Murray 
J. A. Ouimet 
D. W. Pugsley 
David Smith 
M. E. Strieby 
A. Talamini 
Norman Young, Jr. 

VIDEO TECHNIQUES 

J. E. Keister, Chairman 
W. J. Poch, Vice-Chairman 

M. XV. Baldwin, Jr.  V. J. Duke 
A. J. Baracket  G. L. Fredendall 
P. F. Brown  R. L. Garman 
R. H. Daugherty, Jr. L. L. Lewis 

Special Committees 

EDITORIAL ADMINISTRATIVE 
A. N. Goldsmith, Editor, Chairman 

G. M. K. Baker 
H. S. Black 
R. S. Burnap 
E. F. Carter 
R. L. Dietzold 
(alternate) 

A. V. Haeff 
E. W. Herold 
F. B. Llewellyn' 
Knox McIlwain 
Donald McNicol 
K. A. Norton 
(alternate) 

Haraden Pratt 
J. R. Ragazzini 
F. X. Rettenmeyer 
(alternate) 

Newbern Smith 
G. C. Sziklai 
(alternate) 

Ernst Weber 
H. A. Wheeler 
L. E. Whittemore 
Harold_Zahl 

L. W. Morrison, Jr.  C. G. Pierce 
R. S. O'Brien  J. F. Wiggin 

WAVE PROPAGATION 

H. G. Booker, Chairman 
H. W. Wells, Vice-Chairman 

E. W. Allen, Jr. 
S. L. Bailey 
J. E. Boyd 
C. R. Burrows 
T. J. Carroll 
A. B. Crawford 
A. E. Cullum, Jr. 
W. S. Duttera 
E. G. Fubini 
I. H. Gerks 
M. C. Gray 

R. L. 

D. E. Kerr 
J. E. Keto 
Morris Kline 
M. S. Morgan 
K. A. Norton 
H. 0. Peterson 
George Sinclair 
Newbern Smith 
A. W. Straiton 
A. H. Waynick 
J. W. Wright 

Smith-Rose 

ARMED FORCES LIAISON 
COMMITTEE 

G. W. Bailey, Chairman 

INSTITUTE REPRESENTATIVES IN COLLEGES 

*Agricultural and Mechanical College of 
Texas: Tom Prickett, Jr. 

*Akron, University of: P. C. Smith 
*Alabama Polytechnic Institute: G. H. 
Saunders 

*Alberta, University of: J. W. Porteous 
*Arizona, University of: H. E. Stewart 
*Arkansas, University of: G. H. Scott 
British Columbia, University of: H. J. Mac-
Leod 

*Brooklyn, Polytechnic Institute of: A. B. 
Giordano 

*Bucknell, University of: R. C. Walker 
*California Institute of Technology: W. H. 
Pickering 

*California State Polytechnic College: Clar-
ence Radius 

*California, University of: L. J. Black 
California, University of at Los Angeles: 
E. F. King 

Carleton College: G. R. Love 

• Colleges with approved Student Branches 

*Carnegie Institute of Technology: E. M. 
Williams 

*Case Institute of Technology: J. D. Johan-
nesen 

Cincinnati, University of: A. B. Bereskin 
*Clarkson College of Technology: F. A. Rec-
ord 

*Colorado, University of: H. W. Boehmer 
*Columbia University: J. R. Ragazzini 
*Connecticut, University of: C. W. Schultz 
Cooper Union: J. B. Sherman 
*Cornell University: True McLean 
Dartmouth College: M. G. Morgan 
''Dayton, University of: Appointment later 
*Delaware, University of: FL S. Bueche 
Denver University of: Herbert Reno 
•Detroit, University of: Appointment later 
Drexel Institute of Technology: R. T. Zern 
Duke University: W. J. Seeley 
Evansville College: J. F. Sears 
*Fenn College: K. S. Sherman 
*Florida, University of: H. A. Owen 
*George Washington University: W. S. Car-
ley 

1950* 

*Georgia Institute of Technology: M. A 
Honnell 

Harvard University: E. L. Chaffee 
Idaho, University of: appointment later 
*Illinois Institute of Technology: G. F. Levy 
*Illinois, University of: E. C. Jordan 
*Iowa, State University of: L. A. Ware 
*Iowa State College: G. A. Richardson 
*John Carroll University: J. L. Hunter 
Johns Hopkins University: Ferdinand Ham-
burger, Jr. 

*Kansas State College: J. E. Wolfe 
Kansas, University of: D. G. Wilson 
*Kentucky, University of: H. W. Farris 
*Lafayette College: F. W. Smith 
Lawrence Institute of Technology: H. L. 
Byerlay 

*Lehigh University: D. E. Mode 
Louisiana State University: Appointment 
la ter 

*Louisville, University of: Appointment 
later 

*Maine, University of: W. J. Creamer, Jr. 
*Manhattan College: T. P. Canavan 
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Manitoba, University of: R. G. Anthes 
*Marquette University: G. A. Frater 
'Maryland, University of: George Corcoran 
*Massachusetts Institute of Technology: 
E. A. Guillemin, W. H. Radford 

McGill University: F. S. Howes 
*Miami, University of: Appointment later 
*Michigan College of Mining and Technol-
ogy: R. J. Jones 

*Michigan State College: M. D. Rogers 
*Michigan, University of: L. N. Holland 
*Minnesota, University of: 0. A. Becklund 
*Mississippi State College: Appointment 
later 

*Missouri School of Mines and Metallurgy: 
G. G. Skitek 

*Missouri, Univei shy of: G. V. Lago 
*Nebraska, University of: Charles Rook 
Nevada, University of: I. J. Sandorf 
*Newark College of Engineering: M. E. 
Zaret 

New Hampshire, University of: A. L. Winn 
*New Mexico College of Agriculture and 
Mechanic Arts: H. A. Brown 

*New Mexico, University of: Tom Martin 
*New York, College of the City of: Harold 
Wolf 

*New York University: Philip-Greenstein 
*North Carolina State College: G. B. Hood-
Icy 

*North Dakota, University of: Clifford 
Thomforde 

*Northeastern University: G. E. Pihl 
Northwestern University: A. H. Wing, Jr. 
Notre Dame, University of: H. E. Ellithorn 

*Ohio State University: E. M. Boone 
*Oklahoma Agricultural and Mechanical 
College: H. T. Fristoe 

Oklahoma, University of: C. L. Farrar 
*Oregon State College: A. L. Albert 
*Pennsylvania State College: C. R. Ammer-
man 

*Pennsylvania, University of: C. C. Cham-
bers 

*Pittsburgh, University of: J. F. Pierce 
*Pratt Institute: David Vitrogan 
*Princeton University: N. %V. Mather 
*Purdue University: R. P. Siskind 
Queens University: H. H. Stewart 
*Rensselaer Polytechnic Institute: H. D. 
Harris 

'Rhode Island State College: J. L. Ilummer 
Rice Institute: C. R. Wischmeyer 
Rose Polytechnic Institute: H. A. Moench 
*Rutgers University: J. L. Potter 
*San Diego State College: D. C. Kalbfell 
Santa Clara, University of: W. J. Warren 
*San Jose State College: Harry Eng% icht 
*Seattle University: Appointment later 
*South Carolina University of: L. R. Vever 
*South Dakota School of Mines and Tech-
nology: Appointment later 

*Southern California, University of: G. W. 
Reynolds 

*Southern Methodist University: E. J. 
O'Brien 

*Stanford University: J. M. Pettit 
*St. Louis University: G. E. Dreifke 
*Stevens Institute of Technology: A. C. Gil-
more, Jr. 

*Syracuse University: R. P.*Tennessee, University of:  Lett    E. D. Shipley 

Texas Technological College: Appointment 
later 

*Texas, University of: C. M. Crain 
*Toledo, University of: R. E. Weeber 
*Toronto, University of: George Sinclair 
*Tufts College: A. II. Howell 
*Tulane University: M. E. Forsman 
Union College (N.Y.): R. B. Russ 
Union College (Nebr.): M. D. Hare 
United States Military Academy: F. K. 
Nichols 

United States Naval Post Graduate School: 
G. R. Giet 

*Utah State Agricultural College: Clayton 
Clark 

*Utah, University of: 0. C. Haycock 
*Virginia  Polytechnic  Institute:  R.  R. 
Wright 

*Virginia, University of: J. C. Mace 
Washington, State College of: appointment 
later 

*Washington, University of: V. L. Palmer 
Washington University: S. H. Van Warn-
beck 

*Wayne University: M. B. Scherba 
Western Ontario, University of: E. H. Tull 
\Vest Virginia University: R. C. Colwell 
*Wisconsin, University of: Glenn Koehler 
Witwatersrand, University of: G. R. Bozzoli 
*Worcester Polytechnic Institute: H. H. 
Newell 

*Wyoming, University of: XV. M. Mallory 
*Yale University: H. J. Reich 

INSTITUTE REPRESENTATIVES ON OTHER BODIES  1950 

American Association for the Advancement 
of Science: J. C. Jensen 

American Documentation Institute: J. H. 
Dellinger 

ASA Standards Council: J. G. Brainerd, 
L. G. Cumming (alternate) 

ASA Conference of Staff Executives: G. W. 
Bailey, L. G. Cumming (alternate) 

ASA Electrical Standards Committee: L. G. 
Cumming, F. B. Llewellyn, E. A. La Port 

ASA Sectional Committee (C16) on Radio: 
V. M. Graham (Chairman), J. G. Brain-
erd, L. G. Cumming, J. J. Farrell 

ASA Sectional Committee (C18) on Specifi-
cations for Dry Cells and Batteries: 
H. M. Turner 

ASA Sectional Committee (C39) on Electrical 
Measuring Instruments: Wilson Aull, Jr. 

ASA Sectional Committee (C42) on Defini-
tions of Electrical Terms: J. G. Brainerd, 
A. G. Jensen, Haraden Pratt, H. A. 
Wheeler 

ASA Subcommittee (C42.1) on General 
Terms: J. C. Jensen 

ASA Subcommittee (C42.6) on Electrical In-
struments: J. H. Miller 

ASA Subcommittee (C42.13) on Communica-
tions: J. C. Schelleng 

ASA Subcommittee (C42.14) on Electron-
ics: R. S. Burnap 

ASA Sectional Committee (C60) on Stand-
ardization of Electron Tubes: L. S. Ner-
gaard, C. E. Fay 

ASA Sectional Committee (C61) on Electric 

and Magnetic Magnitudes and Units: 
J. H. Dellinger 

ASA Sectional Committee (C63) on Radio-
Electrical Co-ordination: C. C. Cham-
bers 

ASA Sectional Committee (C67) on Stand-
ardization of Voltages—Preferred Volt-
ages-100 Volts and Under: A. F. Van 
Dyck 

ASA Sectional Committee (Z10) on Letter 
Symbols and Abbreviations for Science 
and Engineering: H. M. Turner, A. F. 
Pomeroy (alternate) 

ASA Sectional Committee (ZI4) on Stand-
ards for Drawings and Drafting Room 
Practices: Austin Bailey 

ASA Sectional Committee (ZI7) on Pre-
ferred Numbers: A. F. Van Dyck 

ASA Sectional Committee (Z24) on Acousti-
cal Measurements and Terminology: 
Eginhard Dietze, H. F. Olson 

ASA Sectional Committee (Z32) on Graph-
ical Symbols and Abbreviations for Use 
on Drawings: Austin Bailey, A. F. Pome 
roy (alternate) 

ASA Subcommittee (Z32.9) on Communica-
tion Symbols: H. M. Turner 

ASA Sectional Committee (Z57) on Stand-
ards for Sound Recording: S. J. Begun 

ASA Subcommittee (Z57.1) on Magnetic 
Recording: W. J. Morlock 

ASA Sectional Committee (Z58) on Stand-
ardization of Optics: E. D. Goodale, 
L. G. Cumming (alternate) 

ASN1E Glossary Review Board: W. R. G. 
Baker 

IRE, AIEE Committee on Noise Defini-
tions: Stanford Goldman, Jerry Minter, 
Claude Shannon 

IRE, RMA Problem No. 2: S. L. Bailey 
Joint EEI, NEMA, RMA Co-ordination 
Committee on Radio Reception: C. E. 
Brigham 

Joint IRE, ASA C42 Definitions Co-ordi-
nating Committee: C. L. Dawes, A. G. 
Jensen, J. C. Schelleng 

Joint IRE, AIEE, NEMA Co-ordination 
Committee on Commercial Induction 
and Dielectric Heating Apparatus: D. E. 
‘Vatts 

Joint RMA-IRE Co-ordination Committee: 
1Z. F. Guy, Keith Henny  

Joint Technical Advisory Committee: R. F. 
Guy 

National Electronics Conference Board of 
Directors: J. D. Reid 

National Research Council, Division of En-
gineering and Research: F. B. Llewellyn 

URSI (International Scientific Radio Union) 
Executive Committee: C. M. Jansky, Jr. 

U. S. National Committee, Advisers on Elec-
trical Measuring Instruments: Melville 
Eastham, H. L. Olesen 

U. S. National Committee, Advisers on Sym-
bols: L. E. Whittmore, J. W. Horton 

U. S. National Committee of the Interna-
tional  Electrotechnical  Commission: 
L. G. Cumming, E. A. La Port, F. B. 
Llewellyn 
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Deophysical and Extraterrestrial Phe-
nomena   

Location and Aids to Navigation   
Materials and Subsidiary Techniques  
Measurement and Test Gear   
Dther Applications of Radio and Elec-
tronics   

Propagation of Waves   
Reception   
Stations and Communication Systems  
Subsidiary Apparatus   
Television and Phototelegraphy   
Transmission   
Tubes and Thermionics  
Miscellaneous   

1235 
1236 
1236 
1238 

1239 
1240 
1240 
1243 

1244 
1245 
1245 
1245 
1246 
1246 
1247 
1247 
1248 

The number in heavy type at the upper left 
)f each Abstract is its Universal Decimal Clas-
iification number and is not to be confused with 
:he Decimal Classification used by the United 
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aumber in heavy type at the top right is the 
ferial number of the Abstract. DC numbers 
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ACOUSTICS AND AUDIO FREQUENCIES 

534.232 2112 
The Production of Edge Tones by Circular 

Gas Jets and Plane Laminae —II. von Gierke. 
Z. Angew. Phys., vol. 2, pp. 97-106; March, 
1950.) An experimental investigation and dis-
:ussion of the theory of the production of edge 
tones at a hole or slit in a lamina directly 
above a jet of gas. Stroboscopic observations of 
the jets under such conditions indicate that the 
tones are due to the periodic whirls of the issu-
ing gas. Frequency measurements were made 
for different lamina spacings and different ve-
locities and diameters of jet. The properties of 
edge-tone devices as radiators of sound energy 
are considered. 

534.26+535.421 2113 
The Diffraction of a Plane Wave through a 

Grating— Miles. (See 2179.) 

534.26  2114 
On Two Complementary Diffraction Prob- • 

lems —A. Storruste and H. Wergeland. (Phys. 
Rev., vol. 73, pp. 1397-1398; June 1, 1948.) 
Spheroidal coordinates are introduced for ob-
taining exact solutions for the diffraction of 
sound waves by a circular disk and by a hole in 
an infinite plane screen. The electromagnetic 
case is to be dealt with later. 

534.321.9: 534.133-14 2115 
Theoretical and Experimental Investiga-

tions of the Oscillations and the Radiation Re-
sistance of an Ultrasonic Quartz Crystal —G. 
Bolz. (Z. Angew. Phys., vol. 2, pp. 119-127; 
March, 1950.) The differential equations are 
derived for the 3-dimensional motion of a quartz 
crystal oscillating in a liquid. An approximate 
solution is given, assuming plane oscillations, 
and expressions are derived for radiation re-

The Annual Index to these Abstracts and References, covering those published 
in the PROC. I.R.E. from February, 1949, through January, 1950, may be obtained 
for 2s. 8d. postage included from the Wireless Engineer, Dorset House, Stamford 
St., London S. E., England. This index includes a list of the journals abstracted 
together with the addresses of their publishers. 

sistance, amplitude of oscillations, decrement 
and equivalent circuit values near resonance. 
The mean value of radiation resistance found 
by measuring the damping effect on an oscilla-
tory circuit agrees with the theoretical expres-
sion. Deviation (generally <10 per cent) of the 
measured value from the mean is attributed to 
an unknown form factor, the assumption of 
plane oscillations being only an approximation 
to the actual conditions. Values given for equiv-
alent L and C are valid for a crystal oscillating 
in air or in vacuo. 

534.321.9 : [534.373 -1- 534.22  2116 
A New Frequency-Modulation Method for 

Measuring Ultrasonic Absorption in Liquids — 
E. Ribchester. (Nature (London), vol. 165, p. 
970; June 17, 1950.) The output from a rf os-
cillator, modulated by a sinusoidal af voltage, 
is applied to a quartz transducer. The af volt-
age is also passed through a variable-phase-
shift network and modulates a second oscillator 
on a different radio frequency. The output from 
this oscillator is injected into a frequency 
changer together with the signal from the re-
ceiving transducer in the liquid cell, and the 
phase-shift network is adjusted for maximum 
output from the frequency-changer, corre-
sponding to absence of frequency modulation. 
Results of measurements of absorption in wa-
ter, using a frequency of 10 Mc, are in close 
agreement with those obtained by pulse tech-
niques. 

534.6: 621.395.632.11  2117 
Acoustical Study of Telephone Bells of the 

French P.T.T. Administration—In 1325 of July 
please insert as authors P. Chavasse and R. 
Lehmann. 

534.86 2118 
Listeners' Sound-Level Preferences: Part 2 

—T. Somerville and S. F. Brownless. (BBC 
Quart., vol. 5, pp. 57-64; Spring, 1950.) A de-
scription of tests on listeners' preferences for 
changes in sound level between the end of one 
program and the beginning of the next. The re-
sults are summarized for various program 
changes; a reduction of 4-5 db is preferred for 
speech following music, and an increase of 
about 2 db for music following speech. Part 1: 
1266 of 1949. 

621.395.61 + 621.395.623.71' 597.08  2119 
Underwater Sound Technique in the Serv-

ice of Modern Research —H. Gemperle. (Radio 
Tech. (Vienna), vol. 26, pp. 235-239; May, 
1950.) Description and theory of pressurized 
transmitter and microphone units for depths 
up to 30 m. The frequency range 30 cps-20 kc 
is covered with good efficiency. 

621.395.623.7  2120 
Study of Different Acoustic Baffles for 

Loudspeakers—T. S. Korn. (Toute La Radio, 
vol. 17, pp. 183-186; June, 1950.) Analysis of 
general theory of sound radiation from loud 
speakers and discussion of different basic types 
of baffle. The simplest effective construction for 
even response is the base reflex baffle consisting 
of a closed cabinet lined with absorbent mate-
rial, with an orifice beneath the loudspeaker. 
The labyrinth type baffle gives a similar re-
sponse curve. 

621.395.625.3: 621.3.018.78t  2121 
Over-all Frequency Characteristic in Mag-

netic Recording —P. E. Axon. (BBC Quart., 
vol. 5, pp. 46-53; Spring, 1950.) Frequency dis-
tortion in magnetic recording is discussed and 
illustrated by calculated and measured charac-
teristic curves. The frequency characteristic of 
the record on the tape can be determined inde-
pendently of the reproducing-head characteris-
tic by using a reproducing head with a wide 
gap. The magnitude of self-demagnetization in 
commercial tapes can be evaluated by this 
method, and the results obtained can be used in 
conjunction with the calculated characteristic 
of a normal reproducing head to predict the re-
sponse of magnetic recording equipment. 

621.395.665.1  2122 
The Electrodynamic Volume Expander— 

(Radio Tech. Dig. (Franc), vol. 4, pp. 116-124 
and 177-181; April and June, 1950.) Based on 
an article in Italian by Zanarini. The principles 
of a simple and economical expansion circuit 
are described in which the moving-coil loud-
speaker serves as the expander, the current 
through the field coil being controlled in accord-
ance with the amplitude of the af signal ap-
plied to the moving coil. No distortion is intro-
duced by this method and the amplifier chain 
needs no modification. The basic circuit con-
sists of a transformer with primary across the 
moving coil; the output from the secondary is 
rectified and applied across a parallel RC cir-
cuit to the grid and cathode of a pentode which 
has the field coil in its anode circuit. Develop-
ments of the circuit are discussed and practical 
considerations are summarized. 

621.396.645.029.3  2123 
A.F. Amplifiers —R. Season. (Toute La Ra-

dio, vol. 17, pp. 167-171 and 187-191, 199; May 
and June, 1950.) Three classes of amplifier are 
considered: (a) high-quality; (b) a compromise 
of quality and cost; and (c) the cheapest with 
satisfactory performance. Design considera-
tions and details of ancillary circuits are dis-
cussed. A 4.5-w and 10-w amplifier of class (b) 
are treated as examples and simple calculations 
made to determine their design specifications. 
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Complete circuit diagrams and notes on con-
struction and testing are included. 

ANTENNAS AND TRANSMISSION 
LINES 

621.315.212:621.317.336  2124 
Study of the Impedance Irregularities of 

Coaxial Cables by Oscillographic Observation 
of Pulse Echoes —P. Ilerreng and J. Ville. (A nu. 
Telecommun., vol. 3, pp. 317-331; October, 
1948.) See 2162 of 1948 and 142 of 1949 (Cou-
anault and Herreng). 

621.392  2125 
Phase Distortion in Feeders: Effect of Mis-

matching on Long Lines —L. Lewin, J. J. Mul-
ler, and R. Basard. (Wireless Eng., vol. 27, pp. 
143-145; May, 1950.) A fresh approach to the 
problem of transmitting FM signals along 
feeder lines is made by considering the system 
as supporting a series of progressive waves of 
various instantaneous frequencies and reflected 
within the confines of t he feeder. The production 
of phase distortion and harmonics is analyzed 
and an example of transmission along a wave-
guide is worked out. 

621.392  2126 
Study of a System of Two Parallel Wires by 

the Method of Hallen —V. Belevitch. ( IIF 
(Brussels), no. 6, pp. 163-168; 1950.) An inte-
gral equation, analogous to that of Halkn for 
an antenna, is established for a bifilar line. The 
first-approximation solution of this equation 
corresponds with the results given by the clas-
sic theory of transmission lines. The second ap-
proximation takes account of end effects and of 
radiation. The expression obtained for the ra-
diated power coincides with that derived by 
C. Manneback by another method. 

621.392.20  2127 
The Field Generated by an Arbitrary Cur-

rent Distribution within a Waveguide —J. J. 
Freeman. (Bur. Stand. Jour. Res., vol. 44, pp. 
193-198; February, 1950.) Formulas are de-
rived for waveguides of rectangular, circular, 
and coaxial cross section by extending expres-
sions previously obtained for cavities (2762 of 
1948) to the case of infinite length. As a check 
on the formulas it is shown that the value given 
for the field from an axially directed dipole 
within a circular guide reduces to the free-space 
value when the radius becomes infinite. 

621.392.26t  2128 
Reflection Cancellation in Waveguides — 

L. Lewin. (Elec. Commun., vol. 27, pp. 48-55; 
March, 1950.) Reprint. See 3037 of 1949. 

621.392.26t :621.396.67  2129 
Slotted Waveguides and Their Applications 

as Aerials: Part 1—J. Ortusi and G. Boissinot. 
(Ann. Radioelec., vol. 5, pp. 94-108; April, 
1950.) Theory is given based on the elementary 
concept of the reflection and transmission co-
efficients of a slot. From consideration of a sin-
gle slot in (a) an infinite conducting plane, and 
(b) a waveguide wall, general formulas are de-
rived for the radiation from a waveguide hav-
ing n equal and equidistant slots. The relations 
are applied to waveguides with X/2 and with 
X/4 spacing of slots, which radiate respectively 
with constant amplitude and with exponen-
tially decreasing amplitude. Formulas which de-
termine the conditions of use of slotted wave-
guides and their operating bandwidth are de-
duced. 

621.392.5  2130 
Note on Artificial Delay Lines—G. Martin. 

(Cornpt. Rend. Acad. Sci. (Paris), vol. 230, pp. 
1645-1647; May 8, 1950.) A method of calcu-
lation more exact than hitherto used is devel-
oped for a line consisting of a helically wound 
wire on an insulated cylindrical metal core, by 
considering the planar transformation in which 
the system is cut lengthwise and opened out. 

The method applies particularly to the case 
when the dielectric layer is thin and the pitch of 
the winding and the core curvature are small, 
and permits evaluation and correction of non-
uniformity effects at the end of the line. Meas-
urements by various methods agree with the 
calculated results to within a few per cent. 

621.396.67  2131 
The Principle of Conservation of Energy 

and Kottler's Formulae -J. Ortusi and J. C. 
Simon. (Ann. Radii:Parc., vol. 5, pp. 67-73; 
April, 1950.) Application of Kottler's formulas 
to the radiation from a waveguide aperture 
shows that, considering a waveguide of infinite 
length, the law of energy conservation and 
Maxwell's equations are satisfied simultane-
ously only by an existing field. For an arbitrary 
field to satisfy the energy condition, the re-
flected wave must be introduced. In a wave-
guide of rectangular cross section the reflected 
wave tends to a zero value as the frequency is 
increased without limit. A rigorous proof of this 
is given. 

621.396.67  2132 
An All-Band Mobile Antenna System — 

S. S. Perry. (QST, vol. 34, pp. 16-18; June, 
1950.) Details of a combination covering the 
wavelength range 2-160 m. For wavelengths of 
2, 6, and 10 m a 1/4 whip antenna mounted 
high on the vehicle is used. For longer waves an 
antenna center-loaded with a multitapped coil 
is substituted. This serves as a X/4 antenna for 
10.7-m wavelength when all the coil is short-
circuited, and resonates at 3.5 Mc (85.7 m) 
when about 160 turns of the coil are in use. For 
wavelengths up to 160 m a second loading coil 
is added in series. 

621.396.671  2133 
Indoor Measurement of Microwave An-

tenna Radiation Patterns by Means of a Metal 
Lens —G. A. Woonton, R. B. Borts, and J. A. 
Carruthers. (Jour. App!. Phys., vol. 21, pp. 
428-430; May, 1950.) Laboratory measure-
ments were made using a metal lens to render 
the spherical wave-front plane, the method be-
ing similar to that used in optical diffraction 
measurements. Comparison of results with 
those obtained by standard field methods 
showed little loss of accuracy for angles be-
tween —15° and +15° for horns of aperture 
width 32 cm, using a lens of aperture 110 cm 
and a wavelength of 3.2 cm. A stepped lens was 
found unsatisfactory, probably because of dif-
fraction caused by the steps. 

621.396.671  2134 
Input Impedance of Horizontal Dipole Aeri-

als at Low Heights above the Ground--.--R. F. 
Proctor. (Proc. IEE (London), vol. 97, pp. 
188-190; May, 1950.) "The large increase in the 
radiation resistance of a horizontal dipole at 
low heights above the ground, predicted by the 
mathematical analysis of Sommerfeld and Ren-
ner, is confirmed by actual measurement for the 
case of an essentially pure dielectric ground. 
Measurements carried out above a series of 
conducting mats of increasing mesh size cor-
roborate the supposition that the large increase 
in the radiation resistance at low heights is 
caused by a corresponding increase in the en-
ergy radiated downwards into the dielectric 
ground." 

621.396.671  2135 
Gain of Aerial Systems —P. M. Woodward 

and J. D. Lawson. (Wireless Eng., vol. 27, p. 
166; May, 1950.) Comment on 3057 of 1949 and 
820 of May (Bell). 

621.396.671.011.2  2136 
Mutual Impedance and Self-Impedance of 

Coupled Parallel Aerials—B. J. Starkey and 
E. Fitch. (Proc.1EE (London), vol. 97, pp. 129-
137; May, 1950.) Existing formulas for the 
mutual impedance of parallel antennas are ap-

proximate or based on simplifying assumptions. 
To check these formulas, the authors measured 
the front/back ratios of the radiation patterns 
of 2-element arrays, confirming and extending 
the observations of McPetrie & Saxton (1450 I 
of 1946). The use of "intrinsic impedance," 
based on a simple transmission-line calculation, 
for the self-impedance of each antenna resulted 
in poor agreement between theory and observa-
tion. By introducing resistive losses and end-
capacitance in t he lines, quite good agreement 
was obtained. 

CIRCUITS AND CIRCUIT ELEMENTS 

621.3.011.2 [negative]  2137 
Negative-Resistance Characteristics —A. W. 

Keen. (Wireless Eng., vol. 27, pp. 175 -179; 
Jimmie, 1950.) Negative resistance characteristics 
as encountt red in practice are qualitatively sur-
veyed, and the distinction between the char-
acteristics resulting respectively from voltage 
and current control of feedback is emphasized. 
A method of building up a particular character-
istic by synt hesis of positive and negative ele-
ments is described, the basic positive element 
being represented very closely by the charac-
teristic of a hard diode. The concept of a "nega-
tive diode" is introduced, and an equivalent cir-
cuit composed of positive and negative dioees.; 
is shown for a triode and discussed also for a 
tet rode. 

621.314.2:621.396.645.2  2138 
Bifilar I.F. Coils -S. R. Scheiner. (Elec-

tronics, vol. 23, pp. 104-107; June, 1950.) 'Hie 
use of transformers with the two coils wound 
together for coupling the various stages of stag-
ger-tuned if amplifiers renders coupling capaci-
tors unnecessary. The low time constant of the 
grid circuit gives improved signal-to-noise ratio 
and the rf choke normally used to feed the ! 
anode of the final if tube can be omitted. De-  • 
tailed analysis of circuits including bifilar trans-
formers is presented and their advantages and 
limitations are discussed. 

621.314.3f  2139 
Magnetic Amplifiers of the Balance-Detec-

tor Type —NV. A. Geyger. (Elec. Eng., vol. 69, 
p. 459; May, 1950.) Sununary of 1950 AIEE 
Winter General Meeting paper. 

621.316.726.078.3:538.569.4.029.64  2140 
Servo Theory Applied to Frequency Stabili-

zation with Spectral Lines —W. D. Hersh-
berger and L. F. Norton. (Jour. Frank. 
vol. 249, pp. 359-366; May, 1950.) Compari-
son between the frequency of a gas-absorp-
tion line and the frequency to be stabilized, or 
a frequency simply related to it, is made by a 
sweep-oscillator technique. A pulse is gen-
erated each time the resonance frequency is 
passed through. The resulting voltages are ap-
plied to a suitable discriminator, the output 
from which is fed to a servo system controlling 
the frequency. The limitations and perform-
ance of the circuits involved are discussed. A 
long-term frequency stability within 1 part in 
107 has been realized. 

621.316.8: 621396.822  2141 
Noise in Current-Carrying Ohmic Con-

ductors —B. Meltzer. (Phil. Meg., vol. 41, pp. 
393-398; April, 1950.) The mean-square noise 
current in a conductor which is in temperature 
equilibrium and carries a current I, is calcu-
lated on the assumption that the current is due 
to elementray carriers of charge e. The value 
obtained for the spectral density is { (2k T/R) 
-1- [(2kT/R),-H2e1) 2j11 1 where R, T, k are re-
spectively resistance, absolute temperature, 
and Boltzmann's constant. The interpretation 
of this result is that, over and above the ordi-
nary thermal Nyquist noise, there is present an 
additional noise, of which the spectral density 
varies in square-law fashion according to 
(e,12/kT)1, for small values of /, and in linear 



1 fashion according to R — 2k T/R)4-2e/ I for , large values of I. These predictions are com-
pared with Bernamones experimental results 
for thin metallic con(Iuctors, and the discrep-
ancies are discussed. 
• 
I' 621.316.86  2142 

Thermistors: Part I. Static Characteristics 
- 0. J. M. Smith. (Kee. N, I. hoir., vol. 21, 
pp,  344-350; April, 1950.) "The fundamental 
Thermistor equations are presented as func-
t hats only oi electrical quantities and constants, 
and Indel ,endent of t empet attire measurements. 
The 11111% tslsol t lit VI  S allow one to predict the 
si..11,- .h.o.,‘ t,11,11, s t,1 thermistors as circuit 
eh aaias I ht. itto roost significant character-
ist k s .,i, I I, ;..‘,,, , , ...Ali, ient of resistance, and 
the lie g.ili% , iii, tem' 11(.11 resistance. These can 
be t', ta i I 'to t•, I, t,t IC A f to m the universal curves, 
it the I. ,IStillh'e and tour parametric constants 
at • kiwtt it. These five values can be determined 
ft au six convenient measurements: the resist-
nit  and change of resistance with current at 
VUT y low current, at the maximum voltage 
point , and at ma•inium cut lent." Part 2: 2143 
beitm . 

621.316.86  2143 
Thermistors: Part 2. Dynamic Character-

istics 0. J. M. Stint h. k Rev.  i. Instr., vol. 21, 
.551 35(i; April, 1950.) The thermistor 

sinusohh,1 and t tansient response characteris-
ti,  it,• ptcsetited as functions of the dissipation 
constant anti i act ',mental resistance. Equations 

given tor t iTile constant, critical frequency, 
iiivalent Hutut tance, and (). The construction 

ol in -ttequency oscillator is discussed, as 
%% ell s ii.,sible nonlinear-tilter appii :at ions. 

Patt 2 2112 ahove. 

621.318.572  2144 
Decade Pulse Counter for Geiger-Milner 

Tubes B. Astri.1m. (Rev. Sci. Instr., vol. 21, 
32.1 126; April, 1950.) Full circuit details of 

a counter a ith the following features:--direct 
in, lit at ion; easily reset to zero; all resistors and 

it ot s w itli 10-per cent tolerances; very 
reliable and insensitive to power-line fluctua-
tions, highly sensitive; components easily ac-
ct.ssibte; high-voltage supply for G-51 tube 
capable of supplying enough current for a 
quenching circuit ot the Netter-Pickering type. 

621.318.572  2145 
Pentode Counting or Control Ring —B. L. 

Mo,it. Rer. Sri. InAr., vol. 21, pp. 337-338; 
Aptil. 1950.) Ten pentodes, Type 6AS6, are 

. used in a very stable counting or control ring 
whose operation is essentially independent of 
the incoming pulses, and which does not re-
quire careful selecti,n of tubes. 

621.302 2146 
A Useful Network Procedure S. C. Dunn. 

,11 -o,./ets Eng., vol. 27, pp. 171-175; June, 
1950.) The method establishes a relation be-
t‘‘een the parallel and the star connection of 
'itiadripoles. Any number of networks in paral-
lel, with common generatorand load, can be re-
placed by a set in star connecting, having a 
common central load, but each having an inde-

• pendent generator. The method is applied to 
study the steady-state and transient responses 
of a parallel-T RC network. The use of the 
method for obtaining the input impedance of 
multichannel networks is demonstrated, and an 
example is given of a prism-like system of re-
sistor wires which may be reduced to a network 
of the separate-generator type. 

• 621.392.4 2147 
Transformation  of a Lumped-Constant 

Two-Pole Network to a Dissipative Transmis-
sion Line—A. Milian. (Rev. Telecomunicacion 
Madrid), vol. 4, pp. 2-14; March, 1949.) The 
short-circuited dissipative transmission line 

• whose admittance simulates, over a particular 
I frequency band, the input admittance of a 
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given lumped-parameter circuit, is determined 
by developing the appropriate irrational func-
tion in terms of Nlittag-Leffler partial fractions. 
The graph of the resultant approximately ra-
tional function is compared with that of the ra-
tional function for the given network, and the 
transmission-line parameters deduced. Alter-
natively the lumped-parameter circuit is simu-
lated by a lossless line terminated by a dissi-
pative rod. An illustrative example is calcu-
lated. 

621.392.43  2148 
Matching of Amplifiers and Centimetre-

Wave Autooscillators over a Wide Band of 
Frequencies— M. Denis. (Ann. Radiollec., vol. 
5, pp. 74-88; April, 1950. Omit Elec., vol. 30, 
pp. 271-284; June, 1950.) Typical examples are 
given of maximum amplifier efficiency and 
minimum distortion occurring at different fre-
quencies. The advantages of ideal matching in 
Otis sense are discussed with particular refer-
ence to the klystron amplifier. Matching cir-
cuits are described which are derived from 
band-pass filters or from natural or artificial 
delay lines. The phase-changing element neces-
airy for an asymmetrical quadripole matching 
device is analogous to the circuits used in the 
microwave field. The extension of these princi-
ples to self-oscillators and amplifier chains is 
discussed, the resulting improvement in effi-
ciency and reduction of the number of stages 
making the sacrifice of simplicity worth while. 

621.392.43 2149 . 
Method of Matching • Feeder Line for • 

Given Frequency —J. Paris. (Radio Franc., no. 
6, pp. 4-8; June, 1950.) Formulas are derived 
for finding the positions of the Sterba clip and 
its short-circuiting link for matching a 2-wire 
feeder of negligible loss to an antenna or other 
terminating load. The use of the Sterba dia-
gram and of a cartesian diagram is illustrated 
by numerical examples. 

621.392.43 2150 
Graphical Methods for Impedance Match-

ing—A. F. nuerta. (Rer. Telecomunicacian 
(Madrid), vol. 4, pp. 15-22; March, 1949.) 
With special reference to stub matching. 

621.392.5  2151 
A Graphical Approach to the Synthesis of 

General Insertion Attenuation Functions—J. 
M. Linke. (Proc. I EE (London), vol. 97, pp. 
179-187; May, 1950.) An investigation of 
methods of constructing the insertion transfer 
function of a network as a rational function 
meeting prescribed requirements. The insertion 
modulus function has been determined approxi-
mately by earlier methods of limited usefulness. 
A new semigraphical method is described, 
using template curves on log-log paper. These 
are selected to fit the required zeros and poles 
of the numerator and denominator polynomials 
and are added graphically to give the approxi-
mate attenuation curve shape. The method is 
unsuitable for networks having sharp cutoff 
regions. 

621.392.5:621.315.212 :621.397.743  2152 
Equalization  of  Coaxial  Lines —K.  E. 

Gould. (Elec. Eng., vol. 69, p. 390; May, 1950.) 
Summary of 1949 AIEE Fall General Meeting 
paper. Arrangements used for television service 
are discussed; the measured gain and delay-
distortion characteristics for the Washing-
ton/Chicago circuit are shown graphically. 

621.392.52  2153 
Design of Dissipative Band-Pass Filters 

Producing Desired Exact Amplitude-Frequency 
Characteristics— M. Dishal. (Elec. Commun., 
vol. 27, pp. 56-81; March, 1950.) Reprint. See 
3369 of 1949. 

621.392.52 2154 
Calculation of Transients in Electrical 

Filters—T. Laurent. (Rev. Telecomunicacion 
(Madrid), vol. 4, pp. 17-28; December, 1948.) 
Application of the frequency-transformation 
method noted in 1339 of 1938 to obtain expres-
sions for transients in low-pass and band-pass 
filters. Translated drom Tekniska Afeddelander 
lid's Kane!. Telegrafstyrelsen, no. 2, August, 
1947. 

621.392.52:539.2 
Physical Basis of the Wave 

peter. (See 2197.) 

621.392.52:621.397.82  2156 
The Latest Techniques for the Elimination 

of Ham TVI -P. S. Rand. (CV, vol. 6. pp. 9-12, 
61; June, 1950.) Description of the construction 
and correct method of fitting low-pass filters in 
antenna leads for harmonic suppression, to-
gether with methods of interference suppression 
for ignition systems. 

621.395.665.1 
The Electrodynamic (volume] 

(See 2122 

621.395+621.3961.813  2158 
621.3.018.78t 

Distortion—Please note that, in this and 
subsequent issues, the UDC number used will 
be 621.3.018.78t instead of 621.395.813 and 
621.396.813 used hitherto. 

2155 
Filter —Salt-

2157 
Expander — 

621.396.6' 061.4 2159 
Trends in Components—( Wireless World, 

vol. 56, pp. 229-235; June, 1950.) Short ac-
count of selected exhibits at the private exhi-
bition organized by the Radio and Electronic 
Component Manufacturers' Federation and 
held in London, April 17-19, 1950. A list of the 
names and addresses of exhibitors is appended. 

621.396.611.1: 517.942.932 
Relaxation Oscillations —LaSalle. 

2261.) 

2160 
(See 

621.396.611.21 2161 
Loading Quartz Crystals to Improve Pet-

formance--( Tech. Bull. Nat. Bur. Stand., vol. 
34, pp. 59-62; May, 1950.) Experimental inves-
tigation by L. T. Sogn. Examination by means 
of a probe electrode of the frequency and ac-
tivity distribution at the surface of a crystal 
plate led to the detection of differences in thick-
ness of <20 g. Variations in surface activity 
and frequency for various plates, loaded and 
unloaded, and during temperature runs from 
— 60°C to +90°C are described. In many cases 
loading has proved very beneficial. 

621.396.611.21.012.8 2162 
X-Cut Quartz Crystal—F. NI. Leslie. (Wire-

less Eng., vol. 27, pp. 180-181; June, 1950.) "A 
new equivalent circuit for a crystal driving a 
mechanical load is devised in terms of an 
electrical transmission line instead of the usual 
lumped components of inductance and capaci-
tance." 

621.396.615.11  2163 
The Calculation of RC Oscillators—G. Isay. 

(Bull. Schweiz. Elecktrolech. Fey., vol. 40, pp. 
509-517; August 6, 1949. In German.) The 
basic design principles of RC oscillators are 
outlined and illustrated by an example in which 
the calculation for a negative-feedback ampli-
fier is based on that for two simple amplifier 
stages with negative current feedback, the first 
stage having a relatively low value of cathode 
resistance so that feedback to the second stage 
is reduced. The sharp resonance of the ampli-
fier using a Wien-bridge type of feedback cir-
cuit, and two methods of amplitude limiting by 
means of thermistors, are discussed. Phase-
shift oscillators are briefly considered, with 
particular application to the design of a 3-phase 
generator. 
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621.396.615.142.2.018.424  2164 
A Wide Range 600-7000 Mc/s Local Oscil-

lator—P. Janis. (Tele-Tech, vol. 9, pp. 22-24; 
April, 1950.) The frequency range 600-7000 
Mc Is covered on cw by two reflex klystrons, 
Types 6BL6 and 6BM6, used in conjunction 
with an adjustable cavity resonator consisting 
of a short-circuited coaxial line. Design and 
construction details are given. For pulsed out-
puts, Types SD-1103 and SD-1104 reflex 
klystrons have been developed; these have 
similar operating characteristics to the cw 
tubes, but have a low-voltage control electrode 
for taking the input pulses. 

621.396.615.17/.18 2165 
A Tuned  Plate  Multivibrator—A.  E. 

Johanson. (Bell Lab. Rec., vol. 28, pp. 208-212; 
May, 1950.) The difficulty of obtaining short-
duration pulses with the conventional multi-
vibrator circuit is overcome by replacing the 
anode resistors by parallel combinations of 
varistor rectifiers and tuned circuits, whose 
resonance frequency then controls the timing. 
Pulses of duration estimated at 0.02 µFs have 
been produced. A further modification is de-
scribed for frequency division at high frequen-
cies, e.g., from 18.432 Mc to 8 kc in four steps. 

621.396.615.18 2166 
Frequency Division with Phase-Shift Oscil-

lators—C. R. Schmidt. (Electronics, vol. 23, pp. 
111-113; June, 1950.) Divisions by factors as 
high as 7 are easily obtainable by means of 
single-tube RC oscillators using standard com-
ponents requiring only initial adjustment. Di-
viders operating from crystal- or tuning-fork-
controlled oscillators have been constructed to 
give accurate 60-cps outputs. Divisions by 5, 6, 
and 7 were used in these designs, the locking 
range for these factors being adequate to ensure 
reliable operation. Initial adjustment of single-
stage scale-of-ten circuits requires more care 
because of the restricted locking range. 

621.396.619.23  2167 
Non-Linear Distortion in a Cowan Modu-

lator—V. Belevitch. (Wireless Eng., vol. 27, pp. 
164-165; May, 1950.) Author's reply to 1552 of 
July (Tucker and Jeynes). 

621.396.645  2168 
A New Amplifier, the "Cathode Repeater" 

—V. J. Cooper. (Marconi Rev., vol. 13, pp. 72-
80; 1950.) The use of a triode with the cathode 
as the signal input terminal has certain ad-
vantages for wide-band amplifiers. Under dif-
ferent conditions its input impedance may be 
purely resistive or may have a positive or nega-
tive susceptance. The circuit described can 
amplify from a low-impedance input into a low-
impedance output, with considerable control of 
the values of input and output impedance. 

621.396.645 2169 
Differential Amplifiers—D. L. Johnston. 

(Wireless Eng., vol. 27, p. 194; June, 1950.) 
Comment on 1636 of August (Parnum). 

621.396.645  2170 
Amplifier with Negative-Resistance Load— 

D. M. Tombs and M. F. McKenna. (Wireless 
Eng., vol. 27, pp. 189-193; June, 1950.) Stage 
gains up to 2.5 µ (where µ is the tube amplifica-
tion factor) have been obtained with a triode 
amplifier loaded with a negative-resistance ele-
ment. The restrictions imposed on the opera-
tion of this type of amplifier by considerations 
of stability, and the limitation of the gain due 
to the capacitance of the load are discussed. 

621.396.645+621.396.6211: 621.385  2171 
Electronic Valves: Books II-IV. [Book Re-

viewl —(See 2388.) 

621.396.645: 621.3.015. 4012  2172 
Transient Response  Calculation —J.  E. 

Flood. (Wireless Eng., vol. 27 pp. 182-188; 
June, 1950.) The response of various types of 

n-stage amplifier circuits may be expressed in 
terms of the Poisson exponential probability 
summation. Values of this function are already 
available in tables and charts. Examples are 
given of its use in analysis of single-stage ampli-
fiers with resistance or LC coupling, and of 
multi-stage amplifiers with RC or filter cou-
pling or with critically damped inductance 
compensation. 

621.396.645.018.424 2173 
Stagger Gain Calculator—E. R. Jenkins. 

(Tele-Tech, vol. 9, p. 29; April, 1950.) Graphs 
are presented for determining the optimum 
number of stages required in a wide-band 
amplifier of specified characteristics. 

621.396.645.35  2174 
A D. C. Amplifier for Biological Applica-

tion —P. 0. Bishop and E. J. Harris. (Rev. Sci. 
Instr., vol. 21, pp. 366-377; April, 1950.) A 
four-channel high-gain direct-coupled amplifier 
is described, with an input impedance >100 
Mil at 10 kc. The frequency response is flat 
from zero to over 10 kc. Alternative capacitor 
coupling is provided so that large-amplitude 
very-low-frequency noise may be eliminated. 
When direct-coupled, the zero shift is of the 
order of 100 tiv peak to peak over a period of 30 
minutes. 

621.396.645.37:621.526 2175 
Feedback Amplifiers and Servo Systems— 

E. E. Ward. (Wireless Eng., vol. 27, pp. 14( - 
153; May, 1950.) The pattern of poles and 
zeros of the response function is considered as a 
basis for classifying and studying these de-
vices; this avoids discrimination between the 
frequency and transient responses, and the 
Laplace transform is used to develop a broad 
theory which includes both as special cases. 
The analysis is restricted to linear systems 
having lumped constants and one closed loop. 
A tentative classification of response functions 
on this basis is tabulated. 

621.396.645.371  2176 
Some Considerations in the Design of 

Negative-Feedback Amplifiers— W, T. Duer-
doth. (Proc. I EE (London), vol. 97, pp. 138-
155; May, 1950. Discussion, pp. 155-158.) "A 
brief survey is made of the application of a 
phase-amplitude theorem, due to Bode, to the 
design of feedback amplifiers with constant-
phase margins, and a graphical method of 
estimating the phase change at any frequency 
from a knowledge of the amplitude character-
istic is described. The use of constant-phase 
margin as a design criterion is criticized, and 
justification is given for a new criterion termed 
'stability margin.' Using this criterion, a tech-
nique is developed for employing several feed-
back paths, thus enabling an increased amount 
of feedback to be connected to circuits of in-
creased complexity. A brief account of a minia-
ture audio amplifier with two feedback paths is 
included, and a 100-watt amplifier covering 
300 cps-I08 kc with some 35 db of feedback is 
described which, although it is 'conditionally' 
stable, is suitable for use in a multichannel 
telephony system." 

621.392.52  2177 
An Introduction to the Theory and Design 

of Electric Wave Filters [Book Reviewl —F. 
Scowen. Publisher: Chapman and Hall, Lon-
don, 2nd edn., 1950, 188 pp. 18s. (Jour. Brit. 
1.R.E., vol. 10, p. vi; May, 1950.) First pub-
lished in 1945, this book "has already estab-
lished itself as a work of major importance" in 
its field. A new section now added describes 
Darlington's insertion-loss method of filter de-
sign. 

GENERAL PHYSICS 

53 2178 
Heaviside's  Unpublished  Notes—(Elec-

trician, vol. 144, p. 1749; May 26, 1950.) Re-

OC/Oberl! 

port of a paper "Some Unpublished Notes of 
Oliver Heaviside," by H. J. Josephs, given at 
one of the I.E.E. Heaviside Centenary Corn- i 
memorative Meetings, May, 1950. The docu- : 
ments in the possession of the IEE show that 
t lie fourth volume of "Electromagnetic Theory" ' 
%%as to contain an account of his ideas concern-
ing the transformation of matter and energy on 
the atomic scale, together with his integration 
of the electrodynamics of Clerk Maxwell with 
the thermodynamics of Willard Gibbs. He ex-
tended his conception of "energy-tubes" to in-
clude their condensation into electronic parti-
cles. Other notes deal with the particle-like 
structure of electromagnetic pulses and the cor-
relation of electromagnetism with gravitation. 

534.26+535.421  2179 
The Diffraction of a Plane Wave through a 

Grating J. W. Miles. (Quart. A ppl. Math., 
vol. 7, pp. 45-64; April, 1949.) The problem of 
diffraction and scattering of a normally inci-
dent plane wave of sound by an infinite plane 
grating consisting of infinitely thin, coplanar, 
equally spaced strips with parallel edges is 
solved. The solution is extended to deal with 
em waves incident on a grating the elements of 
which are perfectly conducting at rf or per-
fectly reflecting at optical frequencies. The 
case when the screen elements are of finite 
thickness 1 is also considered and an approxi-
mate solution is obtained including only first-
order terms in //X. 

534.26+535.421:517.564.4 2180 
The Oblate Spheroidal Wave Functions — 

Leitner and Spence. (See 2259.) 

535.37: 548.0  2181 
On the Mechanism of Phosphorescence in 

Crystals —D. Curie. (Jour. Phys. Radium, vol. 
11, pp. 179-185; April, 1950.) Study of the de-
cay of phosphorescence of long persistence. If 
the return of electrons to the emission centers is 
bimolecular their recapture is favored and the 
decay of phosphorescence is retarded. In cer-
tain cases however the general law of decay 
still holds. 

535.42 2182 
Diffraction at a Circular Disk— W. Braun-

bek. (Z. Phys. vol. 127, pp. 405-415; March 
17, 1950.) The method previously described 
(2183 below) is applied to the case of a circular 
disk and to related problems. For the near field 
at points on the axis a very simple expression is 
obtained which agrees with the rigorous solu-
tion better than the Kirchhoff approximation. 
Simple formulas are also derived for the distant 
field. For the transmission coefficient on ac-
count of mathematical difficulties no improve-
ment on the Kirchhoff approximation is ob-
tained. 

535.42  2183 

New Approximation Method for Diffraction 
at a Plane Screen —W. Braunbek. (Z. Php., 
vol. 127, pp. 381-390; March 17, 1950.) Vari-
ous approximation methods for diffraction of a 
scalar wave have been proposed, but none give 
accurate results for small wavelengths (large 
ka), since their series converge very slowly 
when ka is large, a being a linear dimension of 
the disk or aperture and k the coefficient in the 
scalar wave equation Aul-k214= O. A new aP-
proximation method has been developed spe-
cially for the case where ka>>L Numerical 
comparison with the rigorous solution for a 
particular case shows that the new method 
gives considerably better results than the 
Kirchhoff approximation down to ka  I. 

535.42:538.56 2184 
A More Exact Fresnel-Field Diffraction Re-

lation—G. A. Woonton. (Canad. Jour. Res., 
vol. 28, pp. 120-126; March, 1950.) The field 
close to a radiating aperture is often of interest 
in radio-optical measurements, but the usual 

;. 
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ipproximations in the Fresnel-field evaluation 
are generally invalid in this region. The distant 
field is given with good accuracy by the Fraun-
hofer relation, and from it the near Fresnel 
field is obtained by the Fourier-transform 
method. The analysis applies to rectangular 
apertures for which the field distribution can be 
expressed as the product of separate distribu-
tions in the two directions. The result is an in-
tegral which has not been evaluated in closed 
form, but which reduces to Fresnel's integral 
when the appropriate approximations are 
made. 

535.42:538.56  2185 
On the Diffraction of an Electromagnetic 

Wave through a Plane Screen —J. W. Miles. 
(Jour. A ppl. Phys., vol. 21, p. 468; May, 1950.) 
Corrections to paper abstracted in 202 of Feb-
ruary. 

537.217  2186 
Vibration Pressure Hypothesis for Electric 

Repulsion—H. B. Dwight. (Elec. Eng., vol. 69, 
pp. 397-398; May, 1950.) Similarity between 
the equation for the net repulsion between 
moving charges and the equation for the pres-
sure exerted on one moving body by sound 
emitted from another is adduced in support of 
Mackaye's theory that es repulsion is a mani-
festation of radiation pressure. 

537.224 2187 
Electrets —W. F. G. Swann. (Phys. Rev., 

vol. 78, p. 811; June 15, 1950.) An expression is 
derived for the potential of an electret assuming 
that it consists of (a) a distribution of semi-
permanent polarization which decays with 
time, and (b) a distribution of surface and vol-
ume charge which leaks away and has no rela-
tion to the decay of the polarization. Complete 
mathematical details will be published later. 

537.226 2188 
The Lorentz Correction in Barium Titanate 

—J. C. Slater. (Phys. Rev., vol. 78, pp. 748-
761; June 15, 1950.) It is assumed that the 
ferroelectric behavior of BaTiO3 arises because 
the Lorentz correction leads to a vanishing 
term in the denominator of the expression for 
the dielectric constant. The Lorentz correction 
is computed for the actual crystal structure and 
it is found that the local field near the Ti ion 
is much greater than previously believed, so 
that even a small ionic polarization of the Ti 
ions will lead to ferroelectric effects. 

537.311.3 2189 
The Electrical Conductivity of Thin Wires— 

R. B. Dingle. (Proc. Roy. Soc. A, vol. 201, pp. 
545-560; May 23, 1950.) Simple approximate 
methods are first given for evaluating the con-
ductivity of films and wires of a size compara-
ble with the mean free path of the conduction 
electrons. Rigorous theory for a thin wire is 
then developed to cover both inelastic and 
elastic collisions of the electrons at the metal 
surface. Finally Andrew's recent experimental 
results for a thin mercury wire are fitted to the 
theoretical curves obtained, and the mean free 
path evaluated. 

537.311.5: 621.396.671 2190 
Currents on the Surface of an Infinite 

Cylinder Excited by an Axial Slot —C. H. 
Papas and R. King. (Quart. A ppl. Math., vol. 7, 
pp. 175-182; July, 1949.) "The distribution of 
surface-current density is determined on an 
axially infinite, perfectly conducting cylinder. 
A constant distribution of electric field across a 
narrow axial slot is assumed given." 

537.525.029.6 2191 
Electron Diffusion in a Spherical Cavity— 

A. D. MacDonald and S. C. Brown. (Canad. 
Jour. Res., vol. 28, pp. 168-174; March, 1950.) 
The diffusion equation for electrons in a non-
uniform field is solved in terms of the confluent 
hypi•rgeomet ric function, and the condition for 

breakdown is derived. Measurements of break-
down fields for uniform electric fields enable the 
effective characteristic diffusion length to be 
found. Hence theoretical breakdown curves for 
nonuniform fields are predicted; these are in 
agreement with experimental results. 

537.562:538.561 2192 
Radio Emission of Purely Thermal Origin 

in Ionized Media —J. F. Denisse. (Jour. Phys. 
Radium, vol. 11, pp. 164-171; April, 1950.) 
Radiation due to "hyperbolic" transitions simi-
lar to those occurring in the X-ray and 7-ray 
bands is studied theoretically by an analysis 
simplified from that of Kramers. By combining 
classical and quantum theory, a general expres-
sion is obtained for the radiation coefficient 
which is valid in all cases. The corresponding 
absorption calculated by application of Kirch-
hoff's theorem agrees with the value obtained 
from Lorentz's formula, and hence the in-
fluence of the refractive index of the medium on 
the radiation can be studied. Gyromagnetic 
radiation is briefly discussed. 

537.71 2193 
The M.K.S. or Giorgi System of Units— 

L. H. A. Carr. (Beama Jour., vol. 57, pp. 101-
106 and 145-147; April and May, 1950.) A 
paper given at the IEE, in March, 1950, 
putting the case for the adoption of this system. 
Rationalization is discussed as a separate sub-
ject in an appendix. 

538.3 2194 
Electromagnetic Theory—(Electrician, vol. - 

144, p. 1750; May 26, 1950. Report of a paper 
"An Appreciation of Heaviside's Contribution 
to Electromagnetic Theory," by W. Jackson, 
given at one of the IEE Heaviside Centenary 
Commemorative Meetings, May, 1950. Heavi-
side's development of a comprehensive theory 
of line transmission is not easy to discern from 
his published work, partly because of repeti-
tions and partly on account of the style, though 
many of his writings .are very clear and the 
chapter on em waves in vol. 1 of "Electromag-
netic Theory" is probably the best physical dis-
cussion of em wave propagation along tele-
phone lines yet written. Recognition is given to 
his work in interpreting and extending Max-
well's theory. A partial treatment (published in 
1888)  of Eormode propagation within a 
cylindrical conducting tube is also noted. 

539.172.4:537.311.33 2195 
Transmutation-Produced Germanium Semi-

conductors—J. W. Cleland, K. Lark-Horovitz, 
and J. C. Pigg. (Phys. Rev., vol. 78, pp. 814-
815; June 15, 1950.) Ge exposed to neutron 
bombardment becomes a p-type semiconductor 
due to lattice displacements and to transmuta-
tions. The former can be removed by heat 
treatment and good agreement is then observed 
for the number of carriers per cm3as calculated 
from cross sections and as measured by the Hall 

effect. 

539.172.4:537.311.33  2196 
Fast Neutron Bombardment Effects in 

Germanium —J. H. Crawford, Jr. and K. 
Lark-Horovitz. (Phys. Rev., vol. 78, pp. 815-
816; June 15, 1950.) 

539.2:621.392.52 2197 
Physical Basis of the Wave Filter —J. L. 

Salpeter. (Philips Tech. Commun. (Australia), 
no. I, pp. 3-10; 1950.) A simple explanation is 
given of the action of periodic lumped-reac-
tance filters, and the analogy with the behavior 
of a row of particles such as atoms in a crystal 
lattice when irradiated by X rays is demon-
strated, the existence of cut-off frequency and 
stop- or pass-bands being due to the structural 
discontinuity in both cases. A brief discussion 
of the 'sone' theory of solids is included. The 
exponential electrical line is an instance where 

the existence of a cutoff frequency is not an 
indication of discontinuous structure. 

501:512.9  2198 
Calcolo Tensoriale e Applicazioni [Book Re-

view] —Finzi and Pastori. (See 2268.) 

537.226  2199 
Time Dependence of Electronic Processes 

in Dielectrics. Technical Report Reference 
L/T219 [Book Revievd —H. Frohlich and J. 
O'Dwyer. Publisher: British Electrical and 
Allied Industries Research Association, Lon-
don, 1949, 8 pp., 4s. 6d. (Beama Jour., vol. 57, 
p. 151; May, 1950.) 

537.71 2200 
The M.K.S. System of Electrical and Mag-

netic Units, British Standard No. 1637 [Book 
Reviewl —Publisher: British Standards Insti-
tution, London, 1950, 8 pp., 2s. (Wireless Eng., 
vol. 27, pp. 167-168; May, 1950.) A sum-
marized record of decisions taken by the Inter-
national Electrotechnical Commission, expres-
sing no opinions either for or against the sys-
tem. The question of rationalization is not dis-

cussed. 

538.1 2201 
Die Maxwellsche Theorie in Veranderter 

Formulierung [Book Reviewj —L. Kneissler. 
Publisher: Springer Verlag, Vienna, 51 pp. 
(Wireless Eng., vol. 27, p. 167; May, 1950.) A 
suggested modification of Maxwell's theory. 
"By elim4nating magnetism and replacing it by 
the currents that produce it within the ma-
terial.... Maxwell's theory is brought into 
agreement with the electron theory in its mac-
roscopic form." The book is a development of 
articles published in Archly fOr Elektrotechnik 
in 1940-2. 

538.1 2202 
Magnetism [Book Reviewl —D. Shoenberg. 

Publisher: Sigma Books, London, 1949, 216 pp., 
10s. 6d. (Nature (London), vol. 166, p. 5; July 1, 
1950.) "None of the essential theory of ele-
mentary magnetism is omitted, but it appears 
in a guise less formidable and more convincing 
than usual." "The book is of a more advanced 
character than most of the Sigma series and it 
should be useful to the serious student as well 
as to the general reader." 

GEOPHYSICAL AND EXTRATER-
RESTRIAL PHENO MENA 

521.15: 538.12 2203 
A 4-Dimensional Generalization of Wil-

son's Hypothesis--A.  Papapetrou.  (Phil. 
Mag., vol. 41, pp. 399-404; April, 1950.) 
"Wilson's hypothesis of electric currents ac-
companying the rotation of electrically neutral 
matter (in order to explain the origin of the 
geomagnetic field) is generalized in a 4-dimen-
sional language. The main consequences of the 
generalized formulation are discussed." 

521.15: 538.12  2204 
Magnetism and the Rotation of Celestial 

Bodies--A. E. Renfield. (Nature (London), 
vol. 166, p. 31; July 1, 1950.) The difference be-
tween (a) the predictions based on Fermi-
Dirac statistics and (b) the requirements of the 
charge-separation theory of Berlage (1139 of 
June) is so great that it is hard to see how ter-
restrial magnetism can be due to this effect to 
any appreciable extent. 

521.15:538.12  2205 
The External Gravitational and Electro-

magnetic Fields of Rotating Bodies —G. L. 
Clark. (Proc. Roy. Soc. A, vol. 201, pp. 488-
509; May 23, 1950.) An electromagnetic field 
of the form proposed by Blackett is shown to be 
possible, but the analysis does not rule out the 
possibility that alternative fields may also 
satisfy the conditions. 



1240  PROCEEDINGS OF THE I.R.E. 

523.74  2206 
A Particularly Intense Solar Flare—R. 

Muller. (NaturiassAenAchaftert, vol. 37, p. 137; 
March,  1950.) Details of observations at 
Wendelstein Observatory on November 19, 
1949. 

523.746 2207 
Origin of Sunspots —D. H. Menzel. (Na-

ture (London), vol. 166, pp. 31-32; July 1, 
1950.) A new theory is suggested, based on the 
assumption of a solar general magnetic field of 
polar intensity several gauss, i.e., 10-20 times 
less than usual estimates. Ionized gas ejected 
from the poles returns to the surface near the 
equator, producing intensification of the mag-
netic field. Collapse occurs when the gravita-
tional acceleration exceeds the buoyancy effect 
of the magnetic field; sunspots may then result. 
Details of the theory are to be given later. 

523.746 2208 
On the Interpretation of the Sunspot Cycle 

—NV. Grotrian. (Naturivissenschaften, vol. 37, 
p. 163; April, 1950.) Extension of Schwarz-
child's calculation of the period of a star to the 
case of the sun gives values of 9 and 18 years 
for the solar cycle, when the general field 
strength is taken as 3,000 gauss. A combination 
of the Alf ven-Walen (3469 and 3470 of 1945) 
and Schwarzschild theories offers a conclusive 
explanation of the sunspot cycle as the period 
of electromagnetic-hydrodynamic or plasma 
oscillation of the sun's disk. 

550.381 2209 
The Effect of the Compressibility of the 

Earth on Its Magnetic Field—C. Truesdell. 
(Phys. Rev., vol. 78, p. 823; June 15, 1950.) 

551.51 2210 
The Stratification of the Atmosphere—H. 

Flolin and R. Penndorf. (Bull. Amer. Met. 
Soc., vol. 31, pp. 71-77 and 126-130; March 
and April, 1950.) Suggestions are made for a 
new classification of atmospheric layers, based 
on thermal data. 

551.510.535 2211 
Theory of the Production of an Ionized 

Layer in a Non-Isothermal Atmosphere, Neg-
lecting the Earth's Curvature, and Its Ap-
plication to Experimental Results—J. A. Gled-
hill and M. E. Szendrei. (Proc. Phys. Soc., vol. 
63, pp. 427-445; June 1, 1950.) "A new theory 
of ionospheric layer formation is developed, in 
which the temperature is assumed to vary 
linearly with height. The equations are com-
pared at each step with those obtained by 
Chapman in his theory of layer formation in an 
isothermal atmosphere. The equations for the 
maximum of electron density and its height are 
also given. The effect of the parameters on the 
shape of the layer is shown in graphical form. 
The equations are somewhat complex in form, 
but an ingenious graphical method has been 
devised suitable for the application of the 
theory to results given in the form of a Booker 
and Seaton parabolic distribution of electronic 
density with height. By application of the 
theory to mean hourly values for four summer 
months in South Africa, values are obatined for 
the temperature gradient, the temperature at 
200 km, and its variation over the middle part 
of the day. The results obtained are in ac-
cordance with previous estimates and offer 
numerical confirmation of the theory that the 
atmosphere expands bodily upwards during the 
middle part of a summer day." 

551.510.535: 621.396.11  2212 
The Air Force Interest in Sporadic-E 

Ionization—N. C. Gerson. (CV, vol. 6, pp. 17--
19) June, 1950.) An account of cooperation be-
tween a band of 425 amateurs in 15 countries 
and the U. S. Air Force in the study of sporadic-
E ionization, particularly regarding the move-
ment of sporadic-E reflection points. The data 

obtained may be used to advance theories on 
the mechanism of sporadic-E effects and to 
form some conception of diurnal, seasonal, and 
annual variations. 

551.515.4:621.396.9 2213 
Radar Measurements of the Initial Growth 

of Thunderstorm Precipitation Cells -11ilst 
and MacDowell. (See 2200.) 

551.524.7 2214 
The Temperature Distribution of the Upper 

Atmosphere over New Mexico -A. Nazarek. 
(Bull. Amer. Met. Sac., vol. 31, pp. 44-50; 
February, 1950.) The vertical distribution of 
temperature was derived, by use of the hydro-
static equation, from pressure data obtained in 
rocket experiments. The results indicate a 
steady increase from 210°K at 15 km to 308°K 
at 55 km, followed by a rapid decrease to 
180°K at 85 km and a subsequent increase to 
266°K at 120 km. An irregularity occurs at 
about 100 km, where the temperature decreases 
slightly, probably owing to dissociation of mo-
lecular into atomic oxygen. Seasonal and lati-
tudinal effects are discussed. 

551.578.11 2215 
The Size Distribution of Raindrops—A. C. 

Best. (Quart. Jour. R. Mel. Soc., vol. 76, pp. 
16-36; January, 1950.) Existing experimental 
data are examined, together with recent meas-
urements in England and Wales, and the re-
sults are presented in a common form. Drop-
size distribution is regarded as a function of 
rate of rainfall only, for simplification, and in 
many cases the distribution is in agreement 
with simple formulas. Tables based on these 
formulas are included showing values of the 
amount of liquid water per unit volume and of 
the number and total volume of drops, between 
certain diameter limits, for various rates of 
rainfall. 

551.594.6+621.315.59 2216 
University Research in Physics —J. A. 

Teegan. (Beama Jour., vol. 57, pp. 133-138; 
May, 1950.) A brief survey of work done and in 
progress at London University on the nature of 
atmospherics and on the electrical properties of 
semiconductors. 

551.51 2217 
Oscillations of the Earth's Atmosphere 

[Book Reviewi—M. V. Wilkes. Publisher: 
Cambridge University Press, 1949, 74 pp., .12s 
6d. (Proc. Phys. Soc., vol. 63, pp. 459-460; 
June I, 1950.) "This excellent little volume... 
deals with the oscillations produced daily in the 
atmosphere by the sun and the moon, as re-
vealed mainly by the ... daily variations of 
barometric pressure." 

551.510.535:621.396.11 2218 
Short-Wave Radio and the Ionosphere 

[Book Reviewl —T. W. Bennington. Publisher: 
Iliffe and Sons, London, 2nd edn., 138 pp., 
10s. 6d. (Wireless Eng., vol. 27, p. 168; May, 
1950.) "This book presents the available in-
formation on the ionosphere in simple form so 
that it is usable by nonspecialists in the sub-
ject. The approach is nonmathematical." 

LOCATION AND AIDS TO 
NAVIGATION 

621.396.9 2219 
'La Pipologie': the Art of Interpreting the 

'Pips' on a Radar Screen—Vienne and Scotto. 
(Radio Tech. Dig. (Franc), vol. 4, pp. 67-81; 
April, 1950.) An article on the technique of 
radar operating, reproduced from a French 
Service document. 

621.396.9:551.515.4 2220 
Radar Measurements of the Initial Growth 

of Thunderstorm Precipitation Cells—G. R. 
llilst and G. P. MacDowell. (Bull. Amer. Met. 
Soc., vol. 31, pp. 95-99; March, 1950.) Se-
quence photographs of PPI and RH1 (range 

0a0berl! 

height indicator) radar presentations are used ! 
for measurement of the vertical and horizontal 
growth of the storm. Vertical growth is rapid - 
and horizontal growth is uniform. 

621.396.9:551.578.1/.4  2221 
The Bright Band —A Phenomenon Asso-

ciated with Radar Echoes from Falling Rain— 
J. E. N. I iooper and A. A. Kippax. (Quart. Jour 
R. Met. Soc., vol. 76, pp. 125-132; April, 1950.) 
The echoes obtained with vertical transmission 
are characterized by an intense echo from a 
layer at a height slightly below the freezing 
level. This is more pronounced in frontal rain 
than in instability showers, and is about 5 to 9 
times more intense than the echo from the rain 
below, allowing for difference in range. Experi-
ments are described which establish the height 
and thickness of the "bright band" layer. Meas-
urements of the terminal velocity of snow-flakes 
support Ryde's suggestion that the reduction in 
echo intensity below the bright band is due to 
the acceleration of water droplets from their 
velocity as snowflakes to the terminal velocity 
of raindrops. 

621.396.9:551.578.1/.4  2222 
Radar Echoes from Meteorological Precip-

itation —J. E. N. Hooper and A. A. Kippax. 
(Proc. I EE (London), vol. 97, pp. 89-95; May, 
1950. Discussion, pp. 95-97.) A more detailed 
account of the work referred to in 2221 above. 

621.396.9:621.385.832:535.371.07 2223 
Visibility on Cathode-Ray Tube Screens: 

Positive vs Negative Signals on an Intensity 
Modulated Scope -Harriman and Williams. 
(See 2386.) 

621.396.933  2224 
How the C.A.A. Flight Tests V.O.R. Ranges 

—A. E. Jenks. ( Tele- Tech, vol. 9, pp. 22-24,36; 
May, 1950.) The horizon profile as viewed from 
the antenna is plotted and course distortion in 
the shadow area forecast. The station error is 
obtained by the theodolite check, in which a 
circular course, with the station as center, is 
navigated and plotted. The line-of-sight cutoff 
point can be deduced by analysis of course-line 
records obtained by flying aircraft over known 
test points and courses. Errors in course indica-
tion due to instability of the supply voltage 
frequency, to the presence of vertical polariza-
tion in the transmitted signal and to heading 
effect are measured. 

621.396.933  2225 
Notes on Radiocommunication Systems for 

Civil Aviation—(Rev. Telecomunicacion (Ma-
drid), vol. 4, pp. 47-64; March, 1949.) An ac-
count of navigational aids considered at the 
third [British] Commonwealth and Empire 
Conference on Radio for Civil Aviation. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

533.5  2226 
On Certain Phenomena of Gaseous Emis-

sion Observed during the Evacuation of Low-
Voltage Incandescent Lamps —L. Dunoyer. (Le 
Vide, vol. 5, pp. 793-806; May, 1950.) Ignition 
of the filament of 2-vlamps while still connected 
to the vacuum plant causes an emission of gas 
which is more rapid and of greater amount, 
within limits, the longer the time interval be-
tween the heating/degassing process and this 
ignition. This emission was studied with a spe-
cial thermal micromanometer. It is attributed 
to adsorbed layers on the walls of the bulb. Im-
mediate sealing after evacuation limits the pos-
sibility of subsequent gassing. 

535.37  2227 
X-Rays in the Development of Inorganic 

Phosphors -11. P. Rooksby and A. II. McKeag 
(GEC Jour., vol. 17, pp. 89-95; April, 1950.) 
Greater knowledge of the crystal chemistry of 
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luminescent materials is required both to ex-
plain the phenomena of luminescence and to 
effect improvements in the materials. Identifi-
cation, crystalline perfection, the effect of 
changed matrix composition on fluorescence 
color, and tl.e role of impurity activators are 
among the aspects considered in this survey of 
the ways in which X-ray analysis has been used 
in the investigation of phosphor characteristics. 

535.37  2228 
Trivalent Cations in Fluorescent Zinc Sul-

phide —F. A. Kruger and J. Dickhoff. (Physica's 
Gray., vol. 16, pp. 297-316; March, 1950. In 
English.) Incorporation of monovalent cations 
in a lattice consisting of divalent ions is only 
possible to an appreciable extent when the lack 
of positive charge resulting from the substitu-
tion of a monovalent cation for a divalent one 
is compensated. This compensation can be ef-
fected by a simultaneous incorporation of mon-
ovalent anions or of cations of a valency higher 
than two. An explanation can thus be given of 
the activation of ZnS by monovalent Ag, Cu, 
Au and Zn when halogens or trivalent cations 
are present. Some of the trivalent ions incor-
porated in this way are found to cause effects of 
their own (electron traps fluorescence and kill-
ing of fluorescence due to the other centers). An 
atomic model of the centers of fluorescence is 
described. 

535.37 2229 
The Physical Chemistry of the Formation of 

Fluorescence Centres in ZnS-Cu —F. A. Kruger 
and N. W. Smit. (Physica's Gray. vol. 16, pp. 
317-328; March, 1950. In English.) 

538.114 2230 
Magnetic After-Effect Revealed by Means 

of a Blow--L. I,liboutry. (Ccmipt. Rend. Acad. 
Sci. (Paris), vol. 230, pp. 1586-1587; May 3, 
1950.) A light blow may be used instead of a 
small variation of magnetic field for demon-
strating this effect in a steel. See also 1660 of 
August. 

538.22 2231 
The a/H Law of Approach [to saturation] 

and a New Theory of Magnetic Hardness — 
L. Ncl. (Jour. Phys. Radium, vol. 9, pp. 184-
192; May, 1948.) 

538.221 2232 
Relation between the Anisotropic Constant 

and the Law of Approach to Saturation of Fer-
romagnetic Materials L. Ni•el. (Jour. Phys. 
Radium, vol. 9, pp. 193-199; June, 1948.) 

538.221 2233 
The Effect of Annealing on the Residual 

Magnetization of Ferromagnetics —J. C. Bar-
bier. (Comp!. Rend. Acad. Sci. (Paris), vol. 230, 
pp. 1643-1645; May 8, 1950.) 

538.221 2234 
Factors Affecting Magnetic Quality—R. M. 

Bozorth. (Bell Sys. Tech. Jour., vol. 29, pp. 
251-2 86; April, 1950.) The substance of Chap-
ter 2 of a forthcoming book entitled "Ferro-
magnetism." The effects of chemical composi-
tion and methods of production and treatment 
on the final properties of magnetic materials 
are discussed. Details of relevant manufactur-
ing processes are included, and lists are given 
of useful materials and their magnetic proper-
ties. 

538.221 2235 
Thermal Variation of the Coercive Field of 

Powdered Cobalt --L. Weil, S. Marfoure, and 
F. Bertaut. (Jour. Phys. Radium, vol. 9, pp. 
203-207; June, 1948.) 

538.221 2236 
Antiferromagnetism and Intermittent Acti-

vation in Chromium —Iron and Vanadium — 
Iron Alloys  R. Forrer. ((.omm. Rend. Acad. 

Sci. (Paris), vol. 230, pp. 1584-1585; May 3, 
1950.) 

538.221  2237 
On the Conditions for the Occurrence of 

Ferromagnetism in Metal Compounds —J. H. 
Gisolf. (Physica's Gray., vol. 15, pp. 677-678; 
September, 1949. In English.) Discussion lead-
ing to the conclusion that in ferrites (which pos-
sess both octahedron holes and tetrahedron 
holes) only the metal ions in tetrahedron holes 
can contribute to the ferromagnetism. 

538.221  2238 
On the Ferromagnetism of Ferrites, or Fer-

rimagnetism —L. Neel. (Physica's Gray., vol. 
16, pp. 350-352; March, 1950. In French.) Var-
ious experimental results are quoted which in-
dicate that Gisolf's interpretation of the 
magnetic properties of ferrites (2237 above) is 
not correct. Neel's theory, on the contrary, is 
supported by much experimental evidence. See 
also 1166, 1170 and 1171 of June, and 3159 of 
1949. 

538.221  2239 
Magnetic Properties of a Ferrite of Man-

ganese in Weak Fields—C. Guillaud and A. 
Barbezat. (Jour. Rech. Centre. Nat. Rech. Sci., 
no. 11, pp. 83-100; 1950.) Description of the 
method of measurement of different character-
istics, particularly If and hf losses. Results are 
presented in tables and graphs. 

538.221:537.311.33  2240 
Experimental Study of the Resistance of-

Some Semiconducting Ferrites —C. Guillaud 
and R. Bertrand. (Jour. Rech. Centre Nat. Rech. 
Sci., no. 11, pp. 73-82; 1950.) Description of 
method and results of an investigation of Ni, 
Mn, Mg, and complex ferrites between —253° 
and 800°C. No exceptional characteristics were 
observed near the Curie point. 

538.221:621.318.22  2241 
Preferred Domain Orientation in Perma-

nent-Magnet  Alloys —M. McCaig.  (Nature 
(London), vol. 165, p. 969; June 17, 1950.) Dis-
cussion of possible explanations of the improve-
ment in the magnetic properties of alloys such 
as alcomax due to preferred domain orienta-
tion. See also 3453 of 1949 (Hoselitz and Mc-
Caig). 

546.57:539.231:537.311.31  2242 
Current/Voltage  Characteristic  of Very 

Thin Films of Silver at High Values of Electric 
Field—A.  Blanc-Lapierre and  M. Perrot. 
(Compt. Rend. Acad. Sci. (Paris), vol. 230, pp. 
1641-1643; May 8, 1950.) Measurements were 
made at ordinary temperatures with field 
strengths up to 10 kv/cm, on films of equiva-
lent thickness <10 ms vaporized on to glass; 
marked deviations from Ohm's law were ob-
served. The curvature of the characteristic is 
mainly due to the lacunal structure of the film, 
heating effects playing only a minor part. Simi-
lar characteristics have been observed for semi-
conductors and for imperfect metal-point con-
tacts. 

548.0:535/539 2243 
Optical Properties and the Electro-Optic 

and Photoelastic Effects in Crystals Expressed 
in Tensor Form— W. P. Mason. (Bel; Sys. 
Tech. Jour., vol. 29, pp. 161-188; April, 1950.) 
The Fresnel ellipsoid is first derived from Max-
well's equations. The clectrooptic and photo-
elastic effects are then expressed in terms of 
thermodynamic potentials; methods of meas-
uring them by determining the birefringence in 
various directions are discussed, and constants 
are listed for various classes of crystal. The ap-
plication of the photoelectric effect for measur-
ing strains in isotropic media is considered. 

620.197 2244 
Tropicalization of Some Materials and As-

semblies Used in the Construction of Valves — 

G. Trebuchon (Le Vide, vol. 5, pp. 814-818; 
May, 1950.) Conclusion of paper noted in 1432 

of July. 

621.315.33  2245 
Insulated Sleeving and Covered Wires Used 

on Service Electronic Equipment —V. G. Hop-
troff and G. J. R. Rosevear. (Proc. IEE (Lon-
don), vol. 97, pp. 191-198; May, 1950.) The 
mechanical and electrical properties desirable 
on wire-covering material and sleeving are re-
viewed and standardization is discussed. Sum-
maries are given of interservice specifications. 
The manufacture and properties of present-day 
materials are described and their limitations 
considered. More exacting future requirements 
are suggested. A table is appended of materials 
suitable for various temperature and voltage 
ranges. 

621.315.59+551.594.6  2246 
University Research in Physics —Teegan. 

(See 2216.) 

621.315.59  2247 
Semiconductive Colloidal Suspensions with 

Non-Linear  Properties —H. E.  Hollmann. 
(Jour. App!. Phys., vol. 21, pp. 402-413; May, 
1950.) The conductivity and dielectric constant 
of these mixtures (e.g., a fine dielectric powder 
in oil) depend on the applied electric field; a 
physical explanation of their properties is 
given, which is relevant to the general theory 
of semiconductors. Oscillograms illustrating the 
nonlinear characteristics of such resistors are 
shown, and applications are mentioned; the 
wide range of voltage sensitivity and power 
dissipation is particularly noted. 

621.315.59  2248 
On Electrical Conduction in Semiconduc-

tors —F. Stockmann. (Naturwissenschafien, vol. 
37, pp. 85-89 and 105-111; February and 
March, 1950.) Discussion of conduction proc-
esses inside semiconductors, the barrier layer 
between semiconductors and metals, and pho-
toconductivity. 

621.315.59:546.412.64  2249 
Study of the Semiconductor Properties of a 

Natural Calcium Carbonate—P. Vidal. (Ann. 
Phys. (Paris), no. 5, pp. 257-309; May and 
June, 1950.) Experimental and theoretical 
study of deep-quarried chalk at normal temper-
atures. Unlike chalk from surface layers, it is 
relatively pure, has a high resistivity and is a 
normal semiconductor. Under constant voltage 
gradient above about 10 v per cm, current inten-
sity decreases with time, tending to a prac-
tically constant limit, under which conditions 
a fall of potential occurs at the cathode. Two 
methods of determining ion mobility are ap-
plied. The rectifying property of the substance 
and the complex radiation of soft X rays which 
occurs when a mesh-type cathode is used are 
discussed. 

621.315.612.4  2250 
Deoain Structure and Dielectric Response 

of Barium Titanate Single Crystals —B. Mat-
thias and A. von Hippel. (Phys. Rev., vol. 73, 
pp. 1378-1384; June 1, 1948.) 

621.318.22  2251 
The Performance and Stability of Perma-

nent Magnets -A. J. Tyrrell. (Jour. Brit. 
I.R.E., vol. 10, pp. 182-191; May, 1950.) The 
characteristics which contribute to the long-
term magnetic stability of a permanent-magnet 
alloy are considered; present-day anisotropic 
alloys (e.g., ticonal) embody improvements in 
all these characteristics. Tests over a period of 
ten years have proved ticonal magnets to be 
more stable than materials previously obtain-
able; they are giving satisfactory service in 
watt-hour meters, which make high demands 
on stability. Tables are included giving the 
performance of numerous British and American 

commercial alloys. 
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621.357.8:533.5  2252 
Electrolytic Polishing and Vacuum Tech-

nique —P. Nineuil. (Le Vide, vol. 5, pp. 807-
813; May, 1950.) Review and discussion of the 
technique. Its advantages in eliminating sur-
face impurities and reducing gas liberation and 
"cold" emission, particularly in X-ray tubes, 
are stressed. 

666.1.037.5  2253 
The Physical Aspect of Glass-to-Metal 

Sealing in the Electronic Valve Industry: Part 
1—G. Reebuclion and J. Kieffer. (Ann. Radio-
elec., vol. 5, pp. 125-149; April, 1950.) From a 
detailed examination of laboratory results to-
gether with experience gained in actual manu-
facture, specifications are drawn up for quality 
of seal, annealing cycles and finished-work in-
spection. Physical and chemical aspects of the 
sealing process are discussed and a critical sur-
vey of methods of test is made. 

669.725.3  2254 
Beryllium Copper—J. T. Richards. (Mate-

rials and Methods vol. 31, pp. 75-90; April, 
1950.) The properties, characteristics, and 
available forms of the alloy are described, de-
sign considerations and methods of treatment 
discussed, and applications listed. 

535.37 2255 
Luminescent Materials !Book Review]— 

G. F. J. Garlick, Publisher: Clarendon Press, 
Oxford, 1949, 254 pp., $5.50. (Rev. Sci. Instr., 
vol. 21, pp. 386-387; April, 1950.)" . a book 
which will give a reader with prior knowledge of 
solid-state physics an opportunity to become 
acquainted with some of the main characteris-
tics of luminescence in solid materials together 
with associated descriptive theory in a mini-
mum of time." 

666.1.037.5  2256 
Glass-to-Metal Seals  [Book Review]—. 

J. H. Partridge. Publisher: Society of Glass 
Technology, Sheffield, 238 pp., 35s. (Jour. Sci. 
Instr., vol. 27, p. 175; June, 1950.) "A valuable 
addition to technical literature." 

517.432.1  2257 
The Operational Calculus —a Historical 

Survey of Heaviside's Methods —(Elearician, 
vol. 144, p. 1751; May 26, 1950.) Report of a 
paper given by B. van der Pol at one of the 
IEE Heaviside Centenary Commemorative 
Meetings, May, 1950. The wide divergence of 
contemporary estimates of Heaviside's achieve-
ments is attributed to the fact that he never 
gave an exposition of his operational calculus 
as such; knowledge of it had to be gained by 
studying the many scattered practical applica-
tions in his writings. Modern developments are 
mentioned, in particular Carson's work in jus-
tifying Heaviside's methods by the Laplace 
transform; Heaviside was aware of this basis to 
his calculus. 

517.432.1:621.39 2258 
Oliver Heaviside's Operational Calculus— 

W. Jackson. (Electrician, vol. 144, pp. 1663-
1667; May 19, 1950.) I leaviside's early experi-
ments on problems in telegraphy, and the de-
velopment of his mathematical methods, are 
described. 

517.564,4:534.26+535.42  2259 
The Oblate Spheroidal Wave Functions— 

A. Leitner and R. D. Spence. (Jour. Frank. 
Inst., vol. 249, pp. 299-321; April, 1950.) These 
functions arise in problems such as the diffrac-
tion of sound and em waves by circular disks 
and apertures. Tables published previously by 
other workers are here extended. 

517.942.9  2260 
Separation of Laplace's Equation—N. Lev-

inson, B. Bogert, and R. M. Redireffer. (Quart. 
App!. Math., vol. 7, pp. 241-262; October, 

1949.)  To  use  the  separation-of-variable 
method in solving partial differential equations, 
the surface over which boundary values are 
specified must coincide with one of the coordi-
nate surfaces, and hence any restriction on the 
coordinates which can be used is also a restric-
tion on the physical situations to which the 
method can be applied. The paper is concerned 
with determining all coordinate systems which 
are, in this sense, permissible. 

517.942.932: 621.396.611.1  2261 
Relaxation Oscillations—J. LaSalle. (Quart. 

App!. Math., vol. 7, pp. 1-19; April, 1949.) A 
class of relaxation oscillations related to the 
equation d2x/d7,-Flif(x)dx/dr-l-x= 0 is studied, 
in which f(x) is not necessarily even. Regions 
E(µ) of the phase plane are constructed, each of 
which contains a single periodic solution. An 
introductory example deals with the case of an 
LCR circuit in which R is nonlinear and non-
passive. The use of a series linear resistance to 
produce mode separation is mentioned. 

519.283 : 621.39.001.11 2262 
Correlation Functions and Communication 

Applications—V. W. Lee and J. B. Wiesner. 
(Electronicv, vol. 23, pp. 86-92; June, 1950.) 
The difference in the forms of the correlation 
functions for a stationary random process and 
for a periodic process may be used as a means 
of separation of the one from the other. The 
correlation curves are obtianed by means of an 
electronic computer. Among the examples given 
is the separation of a sinusoidal signal from 
random noise when an input signal-to-noise 
ratio of —15 db is changed to an output signal-
to-noise ratio of +15 db. 

681.142  2263 
High-Speed Digital Calculating Machines 

—J. Bennett. (Distrib. Elec., vol. 22, pp. 251-
255 and 276-280; March and May, 1950.) A 
simple account of the historical development 
and of the operation and capabilities of these 
machines illustrated by reference to the EDSAC 
(see also 3458 and 3459 of 1949). The use of 
acoustic delay lines, special gr tubes and mag-
netic recording devices for storage has helped 
to make present-day high speeds possible. Costs 
are examined and applications, both actual and 
potential, in research and commerce are men-
tioned. 

681.142  2264 
Linear Equation Solvers—F. J. Murray. 

(Quart. App!. Math., vol. 7, pp. 263-274; Oc-
tober, 1949.) The set of equations to be solved 
is of the form 

E aii xj=b; 
:1=1 

where i= I, 2, ... , n. In the type of machine 
considered, the xi unknowns are not driven to 
their correct values by power supplied from the 
constant inputs, but reach an equilibrium state 
corresponding to the solution by a process of 
adjustment. The operating conditions for such 
a machine are examined for the case in which 
the adjusting process is determined by a linear 
operator with constant coefficients. 

681.142 2265 
Pulse Packing in Magnetic Recording Wire 

—1. L. Cooter. (Bur. Stand. Jour. Res., vol. 44, 
pp. 163-174; February, 1950.) An oscillographc 
method is described for determining the num-
ber of magnets per unit length of the recording 
wire; a powder-pattern method for observing 
the fields of the individual magnets in a section 
of wire is also described, with photographs. A 
comparison was made of the resolution of re-
corded pulses obtainable with stainless-steel 
and plated Co-Ni wires. A parameter termed 
"interference ratio" is defined and used as a 
criterion of performance. Application is to high-
speed digital computers. 

681.142:533.6  2266 
Analogue Computer for Flight Simulator— 

A. C. Hall. (Elec. Eng., vol. 69, p. 433; May, 
1950.) Summary of 1950 AIEE Winter Gen-
eral Meeting paper. 

681.142:621-526  2267 
The Electronic Servomechanism Simulator 

—C. M. Edwards and E. C. Johnson, Jr. (Elec. 
Eng., vol. 69, p. 411; May, 1950.) Summary of 
1950 AIEE Winter General Meeting paper. 
The apparatus discussed forms part of a large-
scale analogue computer, under development 
at the MIT, for solving the equations of mo-
tion of aircraft. See also above. 

512.9:501 2268 
Calcolo Tensoriale e Applicazioni (Book Re-

view]—B. Finn i and M. Pastori. Publisher: N. 
Zanichelli, Bologna, 1949, 427 pp., 2,000 lire. 
(Quart. App!. Math., vol. 7, p. 352; October, 
1949.) The concepts and principal methods of 
the tensor calculus are presented in order to fa-
cilitate its application by mathematicians, 
physicists, and engineers. The last three chap-
ters deal with applications to (a) the mechanics 
of deformable continua, (b) electromagnetic 
theory, and (c) relativity theory. 

512.972 2269 
Elements de Calcul Tensoriel [Book Re-

viewl —A. Lichnerowicz. Publisher: Armand 
Colin, Paris, 1950, 216 pp., 180 fr. (Jour. Frank. 
Inst., vol. 249, p. 426; May, 1950.) "The first 
part comprises an elementary but rigorous pres-
entation of the basic theory both of tensor alge-
bra and tensor analysis. The second part dis-
cusses some of the various applications in classi-
cal dynamics, electrodynamics, and the theory 
of relativity." 

517.53:501 2270 
Introduction to Complex Variables and Ap-

plications [Book Review[ —R. V. Churchill. 
Publishers: NIcGraw-I fill, New York and Lon-
don, 1948, 216 pp., $3.50. (Quart. App!. Math., 
vol. 7, p. 240; July, 1949.) "The book should be 
of interest to those concerned with the use of 
function theory in engineering problems and 
similar applications." 

517.75:621.3.015.3 2271 
Transformation Calculus and Electrical 

Transients [Book Revievd —S. Goldman. Pub-
lisher: Constable and Co., London, 1949, 440 
pp., 30s. (Beuma Jour., vol. 57, p. 150; May, 
1950.) The book is written for students, but will 
also be useful for research workers. Stress is 
laid upon physical interpretations, and detailed 
solutions are given _of many important exam-
ples. 

517.9:501 2272 
Introduction to the Differential Equations 

of Physics [Book Review[ —L. Hoof. Publish-
ers: Dover Publications, New York, 1948, 154 
pp., $1.95. (Quart. App!. Math., vol. 7, pp. 239-
240; July, 1949.) "The exposition is clear and 
concise, and one might like the treatment to go 
further than it does. The text should be very 
useful to seniors and beginning graduate stu-
dents in physics and chemistry." 

681.142 2273 
Giant Brains, or Machines that Think 

[Book Review]—E. C. Berkeley. Publishers: 
J. Wiley, New York, and Chapman and Hall, 
London, 1949, 270 pp., $4.00. (Rev. Sci. Instr., 
vol. 21, pp. 385-386; April, 1950.) A primer 
dealing with a wide variety of computing mech-
anisms. "A strong anthropomorphic flavor per-
vades the book. . . . It contains a useful bib-
liography, its descriptions of existing machines 
probably include some facts unknown to any 
reader, and the discussions of future possibili-
ties, though incomplete, may be suggestive." 
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MEASUREMENT AND TEST GEAR 

41.764.5  2274 
Crystal-Controlled Clock—(Bell Lab. Rec., 

mil. 28, p. 213; May, 1950.) This instrument 
vas developed as an alternative to the chro-
lometer for use where a portable, accurate 
rtandard of time is required. The output of an 
1,800-cps crystal-controlled oscillator is used, 
titer f:equency division and amplification, to 
irive a 60-cps clock. Correct time was main-
:ained to within 0.22 sec per day over an 8-day 
period without temperature control; with tem-
perature control the limit of error could be re-
iuced to 0.09 sec per day. 

531.764.5  2275 
The Performance of the P.T.R. Quartz 

Clocks and the Yearly Variation of the Length 
of the Astronomical Day —A. Scheibe and U. 
Adelsberger. (Z. Phys., vol. 127, pp. 416-428; 
March 17, 1950.) Results of time comparisons 
made from 1934 to 1945, using different types 
of quartz clock are shown and discussed. Mean 
daily deviations of the measured time during 
certain periods are plotted for the different 
clocks. Observations from 1937, when improved 
models were brought into operation, confirm 
the earlier view that the mean daily variation 
of + 0.0015 sec, which has a yearly period, is 
-due to a variation in astronomical standard 
time, probably corresponding to an actual 
change in the rotational velocity of the earth. 
At summer and winter solstices the variation is 
zero. In summer the mean measured value is up 
to 0.12 sec in advance of astronomical time. 

538.71 2276 
A Saturated-Core Recording Magnetome-

ter —D. C. Rose and J. N. Bloom. (Canad. Jour. 
Res., vol. 28, pp. 153-163; March, 1950.) The 
magnetometer operates on the saturated-core 
inductor principle, the sensitive element being 
a strip of high-permeability alloy. An inverse-
feedback system supplies a current to neutral-
ize, within 2 or 3 gammas, the field being meas-
ured. This current is measured by a recording 
milliammeter which gives the field directly. 

621.317.335.31- + 621.317.372  2277 
Measuring Dissipation and Dielectric Con-

stants—C. F. Miller and F. G. Whelan. (Elec. 
Eng., vol. 69, p. 512; June, 1950.) Summary of 
A.I.E.E. Winter Meeting paper, giving a de-
scription of apparatus used in the susceptance-
variation method of measuring dissipation fac-
tor due to Hartshorn & Ward (351 of 1937). A 
constant-speed motor-driven capacitor is used 
to tune the circuit through resonance. A re-
cording milliammeter operated from a tube 
voltmeter traces the voltage resonance curves. 
In 5 runs at 24-hour intervals on each of 35 
specimens with dielectric constants in the 
range 3.0-7.3, the deviation from the mean was 
<0.05 in most cases. For the dissipation factor 
the deviations were generally <2 per cent. 

621.317.336:621.315.212  2278 
Study of the Impedance Irregularities of 

Coaxial Cables by Oscillographic Observation 
of Pulse Echoes—P. Herreng and J. Ville. 
(Ann. Telicommun., vol. 3, pp. 317-331; Oc-
tober, 1948.) See 2162 of 1948 and 142 of 1949 
(Couanault and Herreng). 

621.317.336.1 2279 
Impedance Measurement —H. J. Round. 

(Wireless Eng., vol. 27, pp. 154-158; May, 
1950.) A substitution method is described in 
which the voltages across the unknown im-
pedance and across a known adjustable resist-
ance R are in turn applied to a cro. A "swamp-
ing" series resistance maintains constant cur-
rent without introducing unduly high errors. 
Impedances of 2-300 17 can be measured over 
the frequency range 1-150 kc. The vector angle 
is found by connecting a known capacitance in 
series with the unknown and obtaining a new 
value of R. 

621.317.351  2280 
Various  Applications of our Low-Fre-

quency Analyser— R. Aschen and R. Gaillard. 
(TSF Pour Tons, vol. 26, pp. 170-174; May, 
1950.) Oscillograph tracings effected with the 
instrument described in 2002 of 1948 illustrate 
the measurement of harmonic distortion, analy-
sis of sawtooth and square-wave signals and 
their modifications after passing through an 
amplifier, and analysis of musical sounds. 

621.317.444 2281 
An Electrostatic Fluxmeter of Short Re-

sponse-Time for Use in Studies of Transient 
Field-Changes—D. J. NIalan and B. F. J. 
Schonland. (Proc. Phys. Soc., vol. 63, pp. 402-
408; June 1, 1950.) A conducting system of 
small capacitance is alternately exposed to and 
screened from the electric field, 1,200 times a 
second, by a rotating earthed shield and pro-
duces an alternating emf of period 0.83 ms. This 
output is amplified and displayed on a cro 
screen and can be recorded photographically. 
An automatic indication of the sense of the field 
is provided every 7.5 ms. At maximum sensi-
tivity the instrument gives a deflection of 1 cm 
in a field of 20 v/m with a background noise 
level of 3 v/m and has a response time of one 
half-period (0.42 ms). 

621.396.821:621.317.7.087:551.594.6  2282 
On the Recording of the Mean Level of 

Atmospherics—F. Carbenay. (Comp.  Rend. 
Acad. Sci. (Paris), vol. 230, pp. 1648-1649; 
May 8, 1950.) A receiver-recorder has been de-
veloped for operation on 27 kc. The receiver . 
has a tuned amplifier stage and a diode detec-
tor, and the recorder uses a sensitive highly-
damped galvanometer. The mean ordinate of 
the recorded curve is proportional to the prod-
uct of the amplitude of the impulses and their 
repetition rate, i.e., the mean field intensity, 
while the fluctuations about the mean ordinate 
are proportional to the individual flux impulses. 
See also 2902 and 3504 of 1948. 

621.317.715 2283 
An Electromechanism: the Galvanometer— 

A. Kaufmann and P. Meriau. (Radio Tech. 
Dig. (Franc), vol. 4, pp. 51-61 and 83-89; 
February and April, 1950.) A mathematical 
treatment of the theory of the galvanometer, 
making use of the operational calculus and of 
electromechanical/electrical analogies. No new 
properties are shown, but the introduction of 
complex or operational electromechanical im-
pedances may be useful for the study of new 
types of galvanometer. 

621.317.72.088.2 2284 
Influence of the Ground on the Calibration 

and Use of V.H.P. Field-Intensity Meters— 
F. M. Greene. (Bur. Stand. Jour. Res., vol. 44, 
pp. 123-130; February, 1950.) The input im-
pedance of receiving antennas varies with 
height and changing ground conditions. An ap-
proximate method is described for calculating 
this impedance in the case of horizontal dipole 
antennas over earth having finite values of 
dielectric constant and conductivity. The ef-
fect of changes in ground conditions and an-
tenna terminating impedance on the error of 
the field-intensity meter is calculated as a 
function of antenna height. Measured error 
values are in reasonably good agreement with 
the theoretical values. 

621.317.725.029.45/.5 2285 
A Millivoltmeter for the Frequency Range 

From 1,000 to 30 X 104c/s —H. J. Lindenhovius, 
G. Arbelet, and J. C. van der Breggen. (Philips 
Tech. Rev., vol. 11, pp. 206-214; January, 
1950.) Six inductance-compensated RC ampli-
fying stages between the input stage and a 
moving-coil meter with series crystal rectifier 
give an over-all amplification of about 1,500 
throughout the frequency range. Compensation 
for mains fluctuation and tube aging is pro-

vided. Voltage ranges are 1 my, 10 my, and 
thence by successive factors of Nab to 1 kv, 
the range being selected by adjustment of a 
capacitive attenuator. 

621.317.73 2286 
A Direct-Reading Instrument for Measur-

ing Unbalanced Impedances at Decimetric 
Wavelengths —W. H. Ward.  (Proc. I EE 
(London), vol. 97, pp. 199-205; May, 1950.) 
The instrument is based on the reactance-
variation method, the circuit elements being 
lengths of concentric line. Direct voltage meas-
urement is eliminated and replaced by the 
reading of a piston attenuator. By enclosing the 
oscillator in the moving part of the attenuator, 
the use of flexible hf cable is avoided. The me-
chanical drive may, if required, be transmitted 
from a distance. The instrument measures 
capacitance from —10 pF to +10 pF and re-
sistance from 10 to 10,000 Slat frequencies up 
to at least 1,000 Mc, with an accuracy within 
about 1 per cent. Both scales are direct-reading. 

621.317.734:621.319.4  2287 
A Direct Reading Instrument for the Meas-

urement of the Serious-Resistance of Capaci-
tors —F. Gutmann. (Jour. Sci. Instr., vol. 27, 
pp. 169-170; June, 1950.) A thermocouple am-
meter measures the rf tank current of a 1.6-Mc 
oscillator, whose output is adjusted to produce 
full-scale deflection. The capacitor under test is 
then inserted in series with the tank capacitor. 
The resultant decrease of tank current is a 
measure of the series resistance of the tested 
capacitor. Capacitors from 0.01 of upwards 
may be tested. 

621.317.755: 621.385.012  2288 
Curve Generator for Electron Tubes— 

(Tech. Bull. Nat. Bur. Stand., vol. 34, p. 62; 
May, 1950.) Equipment developed by M. L. 
Kuder. la/Va or la/Vg families of character-
istics are displayed simultaneously on a cro to 
an over-all accuracy within ± 5 per cent on 
voltage and current readings. Measurement is 
by a standard co-ordinate rectangle. Marker 
dots indicate the load-line for the conditions 
selected. Special circuits are included in the 
equipment for observation of the step-function 
signal at the grid of the tube under test and for 
identifying the curves obtained with positive 
grid bias. 

621.317.772  2289 
Direct-Reading Phasezneter —L. H. O'Neill 

and J. L. West. (Rev. Sci. Instr., vol. 21, pp. 
271-273; April, 1950.) The amplitude of the 
sum or difference of two sinusoidal voltages of 
equal amplitude depends on the phase differ-
ence between them; this is the basis of the 
simple phase meter here described. The method 
of adjusting the individual amplitudes and 
mixing the two voltages, and of determining the 
sign of the phase difference, are discussed. The 
over-all accuracy is within ± 1° over the fre-
quency range 7 cps to 100 kc. 

621.317.79.001.4:621.397.6  2290 
Television  Monitors —J.  E.  B. Jacob. 

(Wireless World, vol. 56, pp. 206-210; June, 
1950.) Equipment of higher quality than that 
of the average home set is required. The special 
features that are necessary in the design of the 
magnetic lens, focus-correction system, syn-
chronizing-signal separator and black-level con-
trol circuit are described. 

621.385.18.001.4 2291 
Measurement of Tube Voltage Drop in 

Hot-Cathode Gas  Tubes—E.  K.  Smith. 
(Elec. Eng., vol. 69, pp. 419-422; May, 1950.) 
1950 AIEE Winter General Meeting paper. 
Increase of the voltage drop is one of the com-
monest preliminary indications of failure in 
gas-filled tubes. Various methods are described 
for observing this drop while the tubes are in 
use, typical results are charted, and their sig-
nificance discussed. 
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621.396.615:621.317.7.001.4  2292 
VOR Signal Generator —J. H. Battison. 

(Tele-Tech, vol. 9, pp. 37-39, 57; May, 1950.) 
Operation of the VOR is based on the phase dif-
ference between two 30-cps signals, one with a 
rotating antenna pattern and the other an 
omnidirectional reference. The apparatus de-
scribed generates such signals at a strength 
sufficient for testing the receiving equipment of 
aircraft in a nearby field or hangar. The gen-
erator can also be used to test runway localizers 
in which the reference signal is in phase with 
the variable signal on one side of the runway 
and 180° out of phase on the other. 

621.396.615.029.42 2293 

A  Low-Frequency  Sinusoidal-Voltage 
Source—L. A. Rosenthal. (Rev. Sci. Instr., vol. 
21, pp. 302-303; April, 1950.) Frequencies ex-
tending from 20 cps nearly to zero can be ob-
tained by a method in which a variable-fre-
quency audio oscillator is heterodyned with a 
stable frequency derived from ac mains. A 
mathematical explanation of the mixing opera-
tion is given. Application to the testing of a 
voltage regulator is mentioned. 

621.396.615.14.029.63  2294 
U. H. F. Sweep-Frequency Oscillator —J. E. 

Ebert and H. A. Finke. (Electronics, vol. 23, 
pp. 79-81; June, 1950.) A variable capacitor, 
with vane rotated at the high-impedance end of 
a cavity resonator by a synchronous motor, 
provides a maximum sweep of 30 Mc on the 
fundamental frequency of an enclosed coaxial-
line type of oscillator covering a range of 470-
890 Mc. The sweep can be varied by altering 
the capacitor plate spacing. The output voltage 
is continuously variable from 2 v across 5011 to 
a value 90 db below this. Details of the equip-
nient are given, together with performance 
curves and a dimensioned sketch of the oscilla-
tor. 

621.396.822: 621.316.8  2295 
Resistor Noise — (Radio Tech. Dig. (Franc), 

vol. 4, pp. 91-107; April, 1950.) French version 
of 1465 of July (Paolini and Canegallo). 

621.397.645: 621.316.761.2  2296 
How to Adjust Frequency Response in 

Video Amplifiers for TV —J. H. Roe. (Broad-
cast News, no. 58, pp. 54-65; March and 
April,  1950.)  Methods of adjusting video 
amplifier circuits to obtain satisfactory fre-
quency response characteristics, and methods 
of measuring their performance, are described 
with practical details of the necessary equip-
ment. Typical results are illustrated by numer-
ous oscillograms showing the effects of correct 

alignment and of misadjustment of a particular 
circuit commonly used for hf and If compensa-
tion. 

621.317  2297 
Electrical Measurements in Theory and 

Application [Book Review] -A. W.  Smith. 
Publisher; McGraw-llill, London, 1948, 371 
pp., 25s. 6d. (Beama Jour., vol. 57, pp. 150--
151; May, 1950.) Though mainly addressed to 
students, the book is recommended to labora-
tory and test-room workers in general. New 
methods of measuring capacitance and induct-
ance are included in this edition. 

621.317.755  2298 
Cathode-Ray Tube Traces [Book Review]— 

H. Moss. Publisher: Electronic Engineering, 
London, 66 pp., 10s. 6d. (Jour. Sci. lusty., vol. 
27, p. 175; June, 1950.) "In putting the main 
emphasis on the geometrical theory of cathode-
ray-tube patterns, Dr. Moss has produced a 
monograph which will be valuable both to the 
advanced student and to the qualified engi-
neer.' 

621.396.001.4  2299 
Radio Servicing Equipment [Book Review] 

— E. J. G. Lewis. Publisher: Chapman and 
Hall, London, 371 pp., 25m. (Jour. Sci. 
vol. 27, p. 175; June, 1950.) "Describes in plain 
and simple language the construction and 
operation of most of the types of test and meas-
uring equipment used by the radio service engi-
neer." 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

529.781  2300 
Carrier Frequency for Remote Timing Con-

trol —J. L. Wagner and W. Webb. (Elec. Mfg., 
vol. 43, pp. 104-107, 198; April, 1949.) The re-
quirements for a timing-control system operat-
ing on power distribution lines are enumerated. 
A detailed description is given of commercial 
equipment in which the master clock operates 
keying relays in the transmitter, providing 
three separate channel frequencies in the range 
2-6 kc, one for time correction of slave clocks 
and the others for applying pulses at 1-ininute 
intervals to attendance recorders, for ringing 
bells, etc. 

534.321.9:615 2301 
Ultrasonics in Therapy-- -P. Ilemardinquer. 

(Rev. Beige Electronique, vol. 1, pp. 14 21; 
February, 1950.) A review of the technique, and 
description of typical generating apparatus. 

535.322.1:539.165  2302 
On an Improvement in Lens-Type 0-Ray 

Spectrographs —r. Grivet.  (Comp'.  Rend. 
Acad. Sci. (Paris), vol. 230, pp. 1652-1654; 
May 8, 1950.) 

539.16.08 2303 
621.387t 

Radiation Counters—Please note that, in 
this and subsequent issues, the UDC number 
used will be 621.387 t and subdivisions, instead 
of 539.16.08 used hitherto. 

621.317.083.7  2304 
Present-Day  Telemetry  Technique --(;. 

Swoboda. (Elektrotech. u. Maschinenb., vol. 67, 
pp. 129-136; May, 1950.) Review of current 
methods and description of a pulse system -And 
of one using rotary selector switches. 

621.317.087.9:621.317.083.7 2305 
The Metrotype System of Digital Recording 

and Telemetering —G. E. Foster. (Elec. Eng., 
vol. 69, pp. 427-430; May, 1950.) 1950 A IEE 
Winter General Meeting paper. The system 
enables electrical quantities to be automatically 
measured and recorded in numerals, at prede-
termined intervals. Readings may be trans-
mitted to any distance, a single channel of tele-
graph quality being adequate. The processes of 
measuring, transmitting, and printing the 
readings are described. 

621.317.39  2306 
Electrical Methods of Measuring Mechani-

cal Quantities—(Engineering (London), vol. 
169, pp. 483-484; April 28, 1950.) Report of a 
paper given at the 1EE by F. J. Woodcock. 

621.365.55t :674.23  2307 
High-Frequency Generators: Application 

in the Wood Industry —M. Diopere. (Rev. Beige 
Electronique, vol. 1, pp. 22-28; February, 1950.) 
Description of different manufacturing process-
es, e.g., bending, sticking, etc., in which hi heat-
ing is applied to materials under pressure. 

621.38.001.8:543/545  2308 
Electronic Instrumentation for Chemical 

Laboratories —F. Gutmann. (Jour. Brit. IR E. 
vol. 10, pp. 194-212; May, 1950.) Reprint. See 
710 of April. 

621.384.611.2t  2309 
The Proton Synchrotron —E. J. Lofgren. 

(Science, vol. 111, p. 295-300; March 24, 1950.) 
Brief survey of development of particle ac-

celerators and description of the proton syn-
chrotron now under construction at Berkeley, 
which will be ultimately capable of producing 
protons of about 6 X 10' Mev. 

621.384.612.1 t 2310 
Omegatron -a Miniature Cyclotron —(Elec-

tronit,, v(Il. 23, pp. 111, 124; June, 1950.) The 
omegatom operates on the same fir nda menuml 
pm in-iple as the cyclotron and can be used as a 

analyzer. In addition to the constant uni• 
in magnetic held a if electric field is applied 

at r gilt angles. When the rf equals the cyclo-
tron tiequency the ions spiral outwards and 
call  be (.00, ied.  Measurement of the fre-
quency corresponding to maximum ion current 
and a measurement of the magnetic field enable 
the mass of the particles to be determined. 

621.385: 621.318.572  2311 
An Electron-Beam Decimal-Counter Tube 

- -11011%%.1y. (See 2374.) 

621.385.833  2312 
On  Magnetic  Cylindrical Lenses  with 

Image-Distortion Correction -11. I linten-
berger. (Z. No w!, vol. 3a, pp. 125-127; Feb-
ruary, 1948.) The conditions for exact focusing 
are th•termined and also for first- and second-
order approximations. 

621.385.833  2313 
The Calculation of Magnetic-Lens Fields by 

Relaxation Methods —M.  B.  11, Proc. 
Phys. Soc., vol. 63, pp. 386-401; June 1, 1950. / 
"The field and lens constants are calculated for 
two typical magnetic lenses as used in ele_tron 
microscopes, using the relaxation method de-
veloped by Southwell for the solution of po-
tential problems." 

621.385.833 2314 
The Independent Electrostatic Lens under 

'Transgaussian' Conditions--E. Regenstreifra 
(Comp!. Rend. Acad. Sci. (Paris), vol. 230, pp. 
1(Tm50-1652; May 8, 1950.) A study of the paths 
of rays termed transgaussian which are ini-
tially parallel to the axis but for which rokl, is 
negligible. 

621.385.833:621.396.615.141.2 2315 
Electron-Optical Mapping of the Space-

Charge Field in a Magnetron —( Tech. Bull. 
Nat. !fur. Stand., vol. 34, pp. 57-59; May, 
1950.) NIethod devised by D. L. Reverdin. 
Space-charge distribution is related to the dis-
torting effect of the electric field in an elene•n-
tary steady-stage magnetron on the shadow 
pattern formed by two wire screens in the path 
of a focused nondisturbing axial electron beam. 
The method may be extended to oscillating 
magnetrons and to ,the indication of noise. Re-
sults differ widely from predictions based on 
theory. 

621.395.625.3.001.8 2316 

Various Applications of Magnetic Record-
ing -P. Winardinquer. (Radio Franc. no. (, 
pp. 8-16; June, 1950.) Description of the princi-
ples and basic circuits of magnetic recorders for 
secret transmission  phototelegraphy, time 
measurement, etc. 

629.13.014.57 2317 

The  Electronic  Automatic Pilot -M. 
Nerinckx. (Rev. Beige Electronique, vol. I, pp. 
5-13; March and April, 1950.) Description of 
the Sperry automatic pilot Type A-I2. 

621.38.001.8 2318 

Industrial Electronics [Book Review[—A. 
W. Kramer. Publisher: Pitman Publishing Co., 
New York, 1949, 311 pp., $6.00. (Electronics, 
vol. 23, pp. 136, 140; June, 1950.) "... in-
tended for readers who have a good knowledge 
of general physics and engineering but who 
have had very little training or experience in 
electronics." 
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421.387  2319 1'  Counting Tubes (Book Revievii —S. C. 
:urran and J. D. Craggs. Publisher: Butter-
rorths Scientific Publications, London, 238 
p., 35s. (Jour. Sri. Instr., vol. 27, p. 175; 
une, 1950.) 

PROPAGATION OF WAVES 

38.56:535.42 2320 
On the Diffraction of an Electromagnetic 

Wave through a Plane Screen —J. W. Miles. 
Jour. A ppi. Phys., vol. 21, p. 468; May, 1950.) 
:orrections to paper abstracted in 202 of 
rebruary. 

.21.396.11  2321 
The First  Ionospheric-Storm- Warning 

iervice 1941-45 —J. S. Kojan and G. A. Isted. 
Marconi Rev., vol. 13, pp. 53-71; 1950.) The 
levelopment of this service at Baddow is 
raced from its origin during the War, and an 
tccount is given of the factors upon which the 
orecasts are based. The efficiency of the storm 
varnings is reviewed and new developments 
tre discussed in connection with future storm-
Narning services; an "idealized" warning system 
night  include:  solar-corona  observations; 
*tar-noise observations; monitoring of radio 
:ircuits having great-circle paths in (or near) 
..;he auroral zones; geomagnetic measurements; 
3unspot observations. 

521.396.11:551.510.535 2322 
The Air Force Interest in Sporadic E 

Ionization - -Gerson. (See 2212. ) 

621.396.81 2323 
Reception [at Madrid) of [s.w.] Transmis-

sions from Great Britain, the Vatican and 
U.S.A. —R. G. Sacasa. (Rev. Telecomunicacion 
(Madrid), vol. 4, pp. 10-16; December, 1948.) 
Graphs show receiver output power variations 
during March, 1948, at various times of the day 
for transmissions in the range from 16.85 m to 
50.26 m. Average values are compared with 
those for signals from Spanish and Australian 
stations. 

621.396.81 2324 
Washington and Madrid [radio) Propaga-

tion Forecasts--R. G. Sacasa. (Rev. Tele-
comunicacion (Madrid), vol. 4, pp. 20-29; 
June, 1949.) A comparison is made between 
NBS forecast charts and the author's, based 
on experimental observations, for reception of 
wavelengths in the range 13-31 m. Agreement 
for January and February, 1949, was better 
than for 1942, but there were still appreciable 
discrepancies. 

621.396.81 2325 
Back-Scatter Observations by the Central 

Radio Propagation Laboratory—August 1947 
• to March 1948 -W. L. Hartsfield, S. M. Os-
. trow, and R. Silberstein. (Bur. Stand. Jour. 
i Res., vol. 44, pp. 199-214; February, 1950.) A 
1 high-power pulsed transmitter, the circuit 
diagram of which is given, and westwardly 
beamed antenna system were used, transmis-
sions being made from Sterling, Virginia, at a 
frequency of 13.66 Mc. Back-scatter observa-
tions are presented graphically and photo-
graphs are shown of different types of echo 

. pattern received. Back-scatter from both the 
• ground and the E region was identified, ground 

scatter usually predominating. Comparisons of 
results are made with transponder signals and 
skip distance maps drawn from concurrent 
ionospheric data. Curves of calculated trans-

, mission and echo delays are also given. 

621.396.81 2326 
Effect of a Sudden Ionospheric Disturbance 

on Long Radio Waves Reflected Obliquely 
from the Ionosphere —K. Weekes. (Nature 
(London), vol. 165, pp. 935-936; June 10, 
1950.) The behavior of radio waves reflected at Ioblique or at steep incidence during periods of 

sudden ionospheric disturbance is outlined. 
Signal-strength measurements on the Danish 
transmissions for the Decca navigation system 
suggest that for frequencies of about 100 kc, 
transmitted over about 900 km, the reflected 
wave amplitude is increased during a sudden 
ionospheric disturbance, corresponding to an 
effective reflection coefficient of 0.25, which is 
about five times the normal value. When waves 
of the same frequency are reflected at steep 
incidence, a decrease in amplitude is observed. 
In either case, the associated phase change cor-
responds to a decrease in the height of reflection. 

On frequencies above 2 Mc a decrease in 
amplitude occurs both for vertical and oblique 
incidence, whereas frequencies in the region of 
16 kc show little amplitude change at steep 
incidence but an increase at oblique incidence. 
The above results confirm and extend the re-
cent observations of Smith-Rose (1228 of 
June). 

621.396.812  2327 
A Survey of Ionospheric Cross-Modulation 

—L. G. H. Huxley and J. A. Ratcliffe. (Proc. 
IEE (London) vol. 97, p. 165; May, 1950.) 
Discussion on 211 of February. 

621.396.82  2328 
Contribution to the Study of Gyromagnetic 

Frequency by means of Gyro-Interaction of 
Radio Waves in the Ionosphere —M. Cutolo. 
(Nuovo Cim., vol. 5, pp. 475-488; October I, 
1948.) A full account of experiments carried 
out in 1947 and briefly reported in 2055 of 
1948. The results confirm the previous observa-
tion that there is a regular rise in the value of 
the resonance frequency during the course of 
the night. 

621.396.812 2329 
Low-Level  Atmospheric  Ducts —R.  F. 

Jones. (Nature (London), vol. 165, p. 971; 
June 17, 1950.) The variations in signal 
strength over paths in the Cardigan Bay area 
in conditions of strong.wind can be related to 
the origin and subsequent track of the air over 
that area at the time. In particular, the drying 
effect on the lowest layers due to recent travel 
over land is important. See also 2033 of 1949. 

551.510.535: 621.396.11  2330 
Short- Wave Radio and the Ionosphere 

(Book Review) —Bennington. (See 2218.) 

RECEPTION 

621.396.621  2331 
The Transmission-Line Discriminator —P. 

Magne. (Ann. Radioilec., vol. 5, pp. 89-93; 
April, 1950.) The principle is described by 
which discrimination is effected with an open-
ended and a closed coaxial line across a common 
fm source. Calculation is made of the length of 
line required and of the amount of third 
harmonic. A harmonic-filter circuit including 
two tubes Type 6AK5 is described for a dis-
criminator for use in a 20-Mc band centered at 
105 Mc. The response curve is flat over the 
whole band and distortion is of the order of 
0.1 per cent. 

621.396.621.5  2332 
A Crystal Tetrode used as a Frequency 

Changer—R. W. Haegele. (Onde Elec., vol. 30, 
pp. 239-241; May, 1950.) Preliminary experi-
mental study showing the conversion charac-
teristics as functions of the collector current, 
local oscillator voltage, etc. The crystals were 
of the type normally used in Ge diodes Type 
IN34, the points of contact of the three elec-
trodes at the crystal surface forming an equi-
lateral triangle of side about 0.05 mm. Signal 
frequencies up to at least 200 Mc may be used; 
there is little interaction between the input 
circuits; conversion gain is high. The maximum 
if appears to be sensibly equal to the maximum 

frequency of amplifying crystal triodes, so that 
the input signals may have much higher fre-
quencies. 

621.396.821:621.317.7.087:551.594.6  2333 
On the Recording of the Mean Level of 

Atmospherics —Carbenay. (See 2282.) 

621.396.822  2334 
Thermal Noise at High Frequencies —A. 

van der Ziel. (Jour. Appt. Phys., vol. 21, pp. 
399-401; May, 1950.) "Spenke's discussion of 
thermal noise from the point of view of the 
electron theory leads to a result which differs 
from Nyquist's original formula at frequencies 
v such that hvIkT 1. This discrepancy is due 
to the assumptions which Spenke made in his 
analysis." 

621.396.822:621.396.619.13  2335 
The Spectrum of Frequency-Modulated 

Waves after Reception in Random Noise: 
Parts 1 & 2—D. Middleton. (Quart. Appi. 
Math., vol. 7, pp. 129-174; July, 1949; and 
vol. 8, pp. 59-80; April, 1950.) Mathematical 
analysis. The wave emerging from the if ampli-
fier and entering the limiter is assumed to be of 
the narrow-band type, the limiter providing an 
output voltage proportional to the instantane-
ous amplitude of the wave for amplitudes less 
than a certain threshold value, and a constant 
output for larger amplitudes. The discriminator 
is "ideal" and provides an output voltage di-
rectly proportional to the instantaneous differ-
ence in frequency between the input wave and 
the central if. 
The spectrum of the signal and of the noise 

emerging from the discriminator is analyzed 
generally. The results of the analysis for no 
limiting and extreme limiting, for different in-
put signal-to-noise ratios and for carrier mis-
tuning, are presented graphically. Part 2 ex-
tends the theory given above to the general 
case of an arbitrary degree of limiting, the 
postulated conditions being the same as before. 
The spread of the spectrum of the noise due to 
the clipping produced by the limiter is evalu-
ated. The results for various degrees of limiting 
are presented for the two special cases of no 
carrier (noise alone) and strong carrier. 

621.396.621+621.396.61  2336 
Radio Receivers and Transmitters (Book 

Review)—S. W. Amos and F. W. Kellaway. 
Publisher: Chapman and Hall, London, 2nd 
edn. revised 1948, 356 pp., 25s. (Beama Jour., 
vol. 57, pp. 117-118; April, 1950.) Deals mainly 
with receivers, only one of the ten chapters 
being devoted to transmitters. ". . . this book 
contains much useful information, and where 
proofs are lacking references are indicated." 

621.396.621+621.396.6451:621.385  2337 
Electronic Valves: Books II-IV [Book Re-

view)—(See 2388.) 

STATIONS AND CO M MUNICATION 
SYSTEMS 

621.39.001.11  2338 
On the Maximum Transmission Capacity of 

a Channel in the Presence of Noise —J. La-
plume. (Onde Elec., vol. 30, pp. 235-238; May, 
1950.) Paper presented at the Congres d'glec-
tronique et de Radioelectricite, January, 1950. 
Random noise is the only essential factor limit-
ing the capacity of a channel. A formula is de-
rived showing the number of signals which may 
be transmitted in a given time interval. In the 
ideal case this number is an exponential func-
tion of the bandwidth. In the case of AM or 
FM the number is proportional to the pass-
band. With PCM the theoretical limit may be 
reached. Quantization of a continuous message 
is possible only if the channel bandwidth is 
greater than that necessary for sob AM trans-
mission, the bandwidth being increased at the 
expense of transmission power. See also 1649 of 
1949 (Shannon) and 2319 of 1949 (Tuller). 
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621.39.001.11:519.283  2339 
Correlation Functions and Communication 

Applications —Lee and Wiesner (See 2262.) 

621.394/.396  2340 
Telecommunications  and  Heaviside— 

(Electrician, vol. 144, p. 1752; May 26, 1950.) 
Report of a paper "Fifty Years' Development 
in Telephone and Telegraph Transmission in 
Relation to the Work of I leaviside," by W. G. 
Radley, given at one of the IEE Heaviside 
Centenary Commemorative Meetings, May, 
1950. Heaviside in 1876 first realized the need 
for an inductance term and, subsequently, for a 
leakage-conductance term in the basic equa-
tions for line transmission; the use of loading 
coils as standard practice followed from his 
theory. Modern improvements of these coils 
are mentioned. Heaviside's work on em waves 
in space is considered and an account is given 
of systems developed to overcome the effects of 
ionospheric irregularities  on  long-distance 
radio communication. 

621.395  2341 
The Telephone and the Laboratory: Part 1 

— H. M. Trainor. (Trans. S. Afr. Inst. Elec. 
Eng., vol. 40, pp. 251-274; November 11, 
1949. Discussion, pp. 275-280.) The organiza-
tion of telecommunications research in the 13,11 
System, U.S.A., the British Post Office, and 
the Australian Post Office is reviewed, and an 
account is given of work done in South Africa. 
This has consisted largely in the quality testing 
of equipment and the investigation of problems 
arising from the special conditions of use exist-
ing in South Africa. Laboratory facilities of the 
Post Office and other services are described and 
various laboratory and field investigations are 
discussed. Part 2: 2342 below. 

621.395  2342 
The Telephone and the Laboratory: Part 2 

—II. M. Trainor. (Trans. S. Afr. Inst. Elec. 
Eng., vol. 41, pp. 57-79; March, 1950. Discus-
sion, pp. 80-86.) Relevant theories of speech, 
hearing, and noise are reviewed and a detailed 
discussion is given of the transmission aspects 
of the telephone instrument, which is a source 
of distortion in a telephone system. The de-
velopment of the modern instrument has been 
based on a detailed knowledge of speech char-
acteristics and the various noise components 
affecting reproduction. The carbon-type trans-
mitter and the importance of improved mag-
netic materials in reduction of frequency dis-
tortion in receivers are discussed. Side tone can 
be reduced by modification of the matching in-
duction-coil circuit. Tests of sensitivity, fre-
quency response, nonlinear and amplitude dis-
tortion and articulation, are important meas-
ures of the efficiency of a system. The over-all 
effective transmission or repetition rating, as 
determined in practice, is the final criterion of 
efficiency. Part I: 2341 above. 

621.396.1  2343 
Technical Repercussions of the Copen-

hagen Plan —J. Garcin. (Tonle la Radio, vol. 
17, pp. 152-154; May, 1950.) Comment on the 
practical effects of the redistribution of wave-
lengths for French broadcasting, and suggested 
receiver adjustments to minimize interference. 

621.396.619.16  2344 
Pulse-Time and Pulse-Width Modulation 

—P. Breant. (Ann. Telecommun., vol. 3, pp. 
309-316; October, 1948.) Theoretical study 
made in 1946. The systems are defined and a 
rapid method for determining the modulation 
spectrum is described. In the case of PTM, de-
modulation cannot be effected with a simple 
low-pass filter. In PWM this demodulation 
method is effective only if (a) modulation depth 
is small; (b) the sides of the pulses displaced by 
the modulation are steep; and (c) only one side 
of the pulse is displaced. Demodulation by 

simple filtering is thus of little practical use for 
PM signals. 

621. 396.619.16 2345 
Narrow-Band Pulse Communication -T. 

Roddatn. (Wireless World, vol. 56, pp. 202- 205; 
June, 1950.) Short square-wave amplitude-
modulated pulses are converted to Gaussian 
pulses; the most efficient method is to use an 
amplifier with several "maximal flatness" stages 
13013 of 1941 (London)1 and one plain RC 
stage. After the Gaussian pulses have traveled 
along telephone cables provided with suitable 
intermediate repeaters, the shape is preserved 
but there is overlapping of the pulse signals. 
The overlapping increases as the bandwidth is 
decreased, causing cross-modulation, but a cor-
rector circuit can be used to eliminate this ef-
fect. 

621.396.65  2346 
Carrier Power Requirements for Long-

Distance Communication by Microwaves—A. 
G. Clavier. (Elec. Commun., vol. 27, pp. 39-47; 
March, 1950.) A general expression is given for 
the path attenuation of a radio link in terms of 
wavelength, distance, and effective areas of 
transmitting and receiving antennas; alines are 
presented for finding values of the free-space 
attenuation between (a) nondirectional and 
(b) parabolic antennas. Conditions for PCNI 
and FM transmission are compar.2d; time rf 
power required for a PCM system is 17 db less 
than for a corresponding FM system, suitable 
allowances being made for fading and for re-
ceiver noise, but under conditions of deep fad-
ing the FM system is the better. 

621.396.65 2347 
A Simple Microwave Relay Communication 

System —M. G. Stilton. (Tele-Tech, vol. 9, pp. 
40-42, 44; April, 1950.) This equipment oper-
ates in the 952-960-Mc band and uses conven-
tional tubes and circuits. The carrier frequency 
is derived by repeated multiplication from a 
ph.m. crystal-controlled oscillator operating at 
about 1 Mc, and the transmitter output is 
<3 W. The receiver is a superheterodyne with 
self-contained power supply. Dipole antennas 
with 42-in, parabolic reflectors are used for 
both transmitter and receiver. Unattended re-
peater stations are provided with automatic 
monitoring arrangements. 

621.396.65 2348 
V. H. F. Links at Manila Airport—E. J. 

Rudisuhle and P. B. Patton. (Electronics, vol. 
23, pp. 82-85; June, 1950.) Line-of-sight FM 
links in the 160-Mc band provide over 150 
speech, telegraphy, printer, and control cir-
cuits between the control station and remote 
transmitting and receiving stations. Details are 
given of some of the special circuits used. 

621.396.823:621.395.44  2349 
On Radiation from Overhead Transmission 

Lines—M. Jenssen. (Proc. I EE (London), vol. 
97, pp. 166-178; May, 1950.) An analysis is 
made of the fields of single and multiple lines 
over imperfectly conducting earth.  Field 
strengths measured along profiles transverse to 
a 3-phase line in a valley agreed quite well with 
theoretical values, for different connections of 
the lines. Single phase-to-earth connection in 
power-line carrier systems is undesirable if in-
terference is to be minimized. It is suggested 
that horizontal antennas may be useful for low-
power broadcasting transmission in valleys. 

621.396.931 2350 
The Introduction in Switzerland of the 

Public Telephone Service to Vehicles—II. 
Kappeler. (Bull. Schweiz. Elektrotech. Ver., 
vol. 40, pp. 433-439; July 9, 1949. In French, 
with German summary.) By the service intro-
duced at ZUrich in June, 1949, 2-way telephone 
connection via a radio link may be made with 
any suitable equipped vehicle plying within 

about 10 km of a fixed transmitting/receiving 
station. Details are given of the automatic 
calling and selection system and of the radio. 
telephone equipment. Phase modulation is used, 
with carrier frequencies between 31 and 41 Mc. 

621.396.932:621.396.5.029.62  2351 
Thames Radio Service—( Wireless World, 

vol. 56, pp. 215-216; June, 1950.) For an ab-
stract of another account see 999 of May 
(Neale and Burr). 

SUBSIDIARY APPARATUS 

621-526:621.396.645.37  2352 
Feedback Amplifiers and Servo Systems — 

Ward. (See 2175.) 

621-526:621.398  2353 
Syncro Units for Remote Indication and 

Control —S. N. Mead and G. E. Day. (Elec. 
Mfg., vol. 43, pp. 74-79, 204; April, 1949.) 
Operating characteristics are given of many 
types of ac self-synchronous transmitter and 
indicator units commercially available, to-
gether with design details useful in selecting 
equipment for particular practical applications. 

621.3.077.2/.31:621.3.016.35 2354 
On the Application of Stability Criteria to 

an Amplidyne Control Circuit —F. van Geert-
truyden. (BF (Brussels), no. 6, pp. 169-176; 
1950.) The amplidyne, a dynamoelectric ampli-
fier, plays a part in control circuits very similar 
to that of an electronic amplifier. The mathe-
matical study of such amplifiers, particularly 
with reference to stability, has, been extended 
to the amplidyne. Two stability criteria are 
examined: that of Leonhard, which is mathe-
matically tractable, and the generalized Ny-
quist criterion, which is particularly suitable for 
use in the experimental study of a control 
circuit. The formulation of the equation for a 
control circuit is simple in operational notation. 
Transients superposed on the steady state are 
specially studied. An account is given of a com-
plete numerical investigation, both theoretical 
and experimental, of the stability in two types 
of alternator-voltage regulation. In one case the 
amplidyne supplies the alternator excitation 
directly and in the other case feeds a separate 
exciter. 

621.316.726:621.314.3t 2355 
A Magnetic-Amplifier Frequency Control— 

L. J Johnson and II. G. Schafer. (Elec. Eng., 
vol. 69, p. 445; May, 1950.) Summary of 1950 
AIEE Winter General - Meeting paper. A 
circuit is described for stabilizing the 60-cps 
output frequency of a small motor-driven 
alternator. A magnetic amplifier is controlled 
by time output of a pair of balanced tuned cir-
cuits fed from a pilot generator attached to the 
dynamotor shaft, and its output in turn regu-
lates the field of the dynamotor. 
Temperature stability is obtained by the 

use of pertnalloy cores in the tuned circuits. 
Frequency regulation of the order of 1 part in 
5,000 at normal temperatures is claimed. 

621.396.682  2356 
Design, Construction and Test of a Stabil-

ized Anode Voltage [supply unitl —L. Chretien. 
(TSF Pour Thus, vol. 26, pp. 177-180; May, 
1950.) Details and performance of equipment 
using the circuit noted in 1532 of July. 

621.398  2357 
Radio Synchro-Motor [Selsynl—In 1258 of 

June please change J. R. Duthil to J. R. Dutilh. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397.6  2358 
Line-by-Line Black-Level Control of Tele-

vision Signals- -N. N. Parker Smith. (Marconi 
Rev., vol. 13, pp. 81-85; 1950.) The gain of a 
receiver or the carrier level of a transmitter is 
controlled by a voltage derived during part of 

r 
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he 5-ps black-level period at the commence-
Rent of each line. This control voltage, pro-
>ortional in amplitude to the black-level signal, 
emains steady over the line period of approxi-
nately 100 ps, and yet follows any changes 
vhich occur between successive lines. The de-
cription of the control arrangement is illus-
rated by circuit and waveform diagrams. 

121.397.6  2359 
Simplified Television for Industry— R. C. 

'Webb and J. M. Morgan. (Electronics, vol. 23, 
)3. 70-73; June, 1950.) Equipment using the 
ridicon camera tube (2040 of September). 

521.317.79.001.4:621.397.6  2360 
Television Monitors—Jacob. (See 2290.) 

21.397.611.21.002.2  2361 
Producing the 5820 Image Orthicon —R. B. 

Janes, R. E. Johnson, and R. R. Handel. 
;Electronics, vol. 23, pp. 93-95; June, 1950.) 
Short illustrated account of the special tech-
niques used. 

621.397.62  2362 
Magnetic Deflector Coils—(Radio Tech. 

Dig. (Franc), vol. 4, pp. 131-156; June, 1950.) 
An article based primarily on 2043 of Sep-
jember (Cocking), with added bibliography. 

621.397.621.2 2363 
R.C.A. Color Kinescope Demonstrated— 

(T ele- Tech, vol. 9, pp. 20-21, 63; May, 1950.) 
In the two laboratory-produced tubes de-
scribed the screen is composed of 351,000 color-
emitting dots arranged in triangular groups of 
3, corresponding to the three primary colors of 
the picture. An apertured mask is interposed 
between the electron beam source and the 
screen so that one color only is emitted by each 
group as it is scanned. (a) Three-gun tube. Each 
gun is operated in the time sequence corre-
sponding to the sampling process at the trans-
mitter. Each gun excites one color only on the 
tube face. (b) Single-gun tube. Two sets of 
coils fed with quadrature currents at the sam-
pling frequency generate a rotating field pro-
ducing circular deflection of the beam. The 
phase of the field determines which color is 
excited on the tube face. 

621.397.645:621.316.761.2  2364 
How to Adjust Frequency Response in 

Video Amplifiers for TV— Roe. (See 2296.) 

621.397.743:621.392.5:621.315.212  2365 
Equalization of Coaxial Lines—Gould. (See 

2152.) 

621.397.82:621.392.52  2366 
The Latest Techniques for the Elimination 

of Ham TVI —Rand. (See 2156.) 

621.397.5  2367 
Television Explained [Book Reviewl —W. 

E. Miller. Publisher: The Trader Publishing 
Co., London, 3rd edn., 104 pp., 55. (Jour. 13rit. 
I.R.E., vol. 10, p. vi; May, 1950.) A number of 
sections have been revised and additional in-
formation is included. "The treatment is non-
mathematical . . . . The student, the radio 
service engineer, and the amateur will find this 
book an excellent investment . . . ." 

TRANSMISSION 

621.394.61  2368 
Low-Frequency Radiotelegraph Transmit-

ter for Arctic Use— H. P. Miller, Jr. (Elec. 
Commun., vol. 27, pp. 11-20; March, 1950.) A 
conventional 10-kw equipment for operation in 
the frequency range 80-200 kc or, in later 
models, 200-300 kc. Single-frequency operation 
with on-off keying is normally used, but pro-
vision is also made for modulated cw operation. 
Arctic conditions necessitate air cooling of the 
F.892R final amplifier tube and preheating of 
the Hg-vapor rectifiers. Unit construction is 

employed, to facilitate the transportation of 
the equipment by air. 

621.396.61: 621.396.97  2369 
Contribution to the Study of High-Effi-

ciency Broadcasting Transmitters—J. Polon-
sky. (Ann. Radioelec., vol. 5, pp. 109-124; 
April, 1950.) The simplified theory of the grid-
modulated amplifier is criticized and a more 
rigorous theory put forward. The disadvan-
tages of the Doherty-Terman circuit (4020 of 
1936 and 4300 of 1938) are practically elimi-
nated in the experimental SIF transmitter at 
Boutigny by (a) locating the impedance in-
verter at the rf exciter input; (b) mounting the 
two modulator tubes in a cathodyne connec-
tion; and (c) incorporating an over-all degenera-
tive and a local regenerative feedback loop. 
Useful carrier power of this transmitter is 18 
kw; plate efficiency of the final stage 73 per 
cent; over-all efficiency 43 per cent. Other char-
acteristics are shown. The advantages of such 
equipment compared with those using anode 
modulation of the last hf stage are stressed. 

621.396.615.142.2 : 621.396.619.13  2370 
Experiments on the Modulation of a Reflex 

Klystron—J. van Mulders. (HF (Brussels), 
no. 6, pp. 153-163; 1950.) Theory of the rela-
tion between the oscillation frequency of a re-
flex klystron and the reflector voltage is re-
viewed and measurements of the modulation 
index of an American klystron, Type 707B, are 
described. The modulation index was deter-
mined from photographs of the modulation 
spectrum displayed on a cro. The modulation 
distortion can at once be found from the modu-
lation index when the static characteristic of 
the klystron (frequency as a function of re-
flector voltage) is known. 

621.396.619.23  2371 
Rectifier Modulators with Frequency-Se-

lective Terminations —D. G. Tucker. (Proc. 
1EE (London) vol. 97, pp. 205-207; May, 
1950.) Discussion on 260 of February. 

621.396.619.23  2372 
Non-Linear Distortion in a Cowan Modula-

tor —Belevitch. (Wireless Eng., vol. 27, pp. 164-
165; May, 1950. Author's reply to 1552 of July 
(Tucker and Jeynes). 

621.396.61+621.396.621  2373 
Radio Receivers and Transmitters [Book 

Reviewl —Amos and Kellaway. (See 2336.) 

TUBES AND THER MIONICS 

621.385:621.318.572  2374 
An Electron-Beam Decimal-Counter Tube 

— D. L. Hollway. (Nature (London), vol. 165, 
pp. 856-857; May 27, 1950.) The tube de-
scribed is 2.9 cm in diameter and 15 cm long, 
and operates at the relatively low anode vol-
tage of 500 v with a beam current of 300 ma and 
a frequency range 0-68 kc. The beam is caused 
to move in a path comprising alternate radial 
and circumferential steps by means of a special 
5-plate deflector system with appropriate con-
nections to a 5-segment slotted collector elec-
trode. Visual indication of the count is given by 
projection on to the fluorescent screen of num-
bers cut in the back segments of the collector 
electrode. 

621.385.029.63/.64  2375 
Wave Propagation in a Slipping Stream of 

Electrons: Small Amplitude Theory—G. G. 
Macfarlane and 11. G. Hay. (Proc. Phys. Soc., 
vol. 63, pp. 409-427; June I, 1950.) Amplifying 
waves are found to travel along a slipping 
stream of electrons for all frequencies, a slipping 
stream being defined as one in which the elec-
trons move in parallel paths with velocities 
varying with distance transverse to their mo-
tion. A slipping-stream tube may have the 
properties of a two-beam tube or a traveling-
wave tube. The characteristics of one or the 

other are displayed according to whether 
(114— V -8)1(Vs-l- V...) 5 0.42 the velocity of the 
electrons varying linearly from  to V. 
across the stream. A slipping stream inside a 
waveguide, capable of guiding a TM wave of 
slow phase-velocity in the absence of the elec-
trons, acts very much as a traveling-wave tube 
with a uniform electron beam. 

621.385.029.63/.64  2376 
Experimental Investigation of a Long Elec-

tron Beam in an Axial Magnetic Field —J. S. A. 
Tomner. (Chalmers Tekn. HOgsk. Handl., no. 
92, 16 pp; 1950. In English.) An extension of an 
experimental investigation (561 of 1949) of the 
effect of the focusing magnetic field on the 
amplification of a traveling-wave tube. The 
form of the magnetic field produced by two 
helical focusing coils is studied and the collector 
current measured as a function of the number 
of turns of the coils. To avoid helix current due 
to space-charge effect for a helix of length 35 
cm and diameter 3 mm, using a beam current of 
1.5 ma and an accelerating voltage of 2,200 v, a 
field of 400 gauss or more is necessary. 

621.385.029.63/.64  2377 
Traveling- Wave Tubes: Part 2—J. R. 

Pierce. ( Bell Sys. Tech. Jour., vol. 29, pp. 189-250; 
April, 1950.) The second installment (Chap-
ters 4, 5, and 6) of a forthcoming book. Chapter 
discusses the two methods of analyzing iterated 
waveguide structures used in traveling-wave 
tubes, involving field theory and lumped-cir-
cuit analogues respectively. These methods are 
illustrated by analysis of typical simple struc-
tures. Chapter 5 is a discussion of group and 
phase velocities, gain and bandwidth, and the 
criteria by which the quality of a circuit should 
be judged. The helix and various resonator cir-
cuits are compared. In Chapter 6 the circuits 
are described in terms of normal modes of em 
wave propagation. Part 1: 1810 of August. 

621.385.029.63/.64  2378 
1000-Watt Traveling- Wave Tube —S. E. 

Webber. (Electronics, vol. 23, pp. 100-103; 
June, 1950.) An article based on a 1949 Na-
tional Electronics Conference paper. An illus-
trated description and construction details are 
given of a water-cooled tube which as a power 
amplifier produces a power gain of about 25 at 
450 Mc. The efficiency is 20 per cent when op-
erated with a beam voltage of 5,000 and beam 
current of lamp. Unwanted oscillations are sup-
pressed by an attenuator consisting of a con-
ducting coating on the outside of the tube. The 
inherent bandwidth is more than adequate for 
most commercial applications where a wide 
transmission band is required. See also Proc. 
NEC, vol. 5, pp. 493-499; 1949. 

621.385.032.213.2  2379 
Change of Mutual Conductance with Fre-

quency —W. Raudorf. (Wireless Eng., vol. 27, 
p. 164; May, 1950.) Author's reply to 1812 of 
August (Eisenstein). See also 1301 of June. 

621.385.032.216  2380 
Contribution to the Study of Oxide Cath-

odes —F. Violet and J. Riethmuller. (Le Vide, 
vol. 4, pp. 687-720; November, 1949.) Reprint. 
See 2956 of 1949. 

621.385.15  2381 
Secondary-E mission  Valve —G. Diemer 

and J. L. 11. Jonker. (Wireless Eng., vol. 27, pp. 
137-143; May, 1950. Correction, ibid., vol. 27, 
p. 194; June, 1950.) "An experimental second-
ary-emission tube is described. The high figure 
of merit (gm/C=3.0 ma/v-pF) that is ob-
tained by adding one stage of secondary emis-
sion to an earthed-grid triode of rather conven-
tional construction makes the tube useful as a 
wideband amplifier for those cases where a very 
low noise figure is not required; typical figures 
are: at 1 m wavelength 30 db gain G with a 
bandwidth B of 3.5 Mc, at 50 cm G l5 db 
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with 13.= 20 Mc, at 30 cm G..10 db with El..10 
Mc. The maximum power output Is for X> 1 m 
about 1.5 watts. At 7 m wavelength the noise 
figure amounts to 12 db; this rather high value 
is due to secondary emission. It is shown that 
for this secondary-emission noise a kind of 
space-charge smoothing effect exists." 

621.385.18.001.4  2382 
Measurement of Tube Voltage Drop in 

Hot-Cathode Gas Tubes —Smith. (See 2291.) 

621.385.2 2383 
Space Charge in Planar Diodes—C. S. Bull. 

(Proc. I EE (London), vol. 97, pp. 159-165; 
May, 1950.) Following Langmuir's assump-
tions, the author considers five variables: total 
emissivity 4, anode current i, anode voltage V, 
the value  of Langmuir's "potential mini-
mum" and the cathode-anode separation x. Of 
these only three are independent. From them 
are formed thirty partial differential coefficients 
which are tabulated. By using these, quanti-
ties not accessible to direct measurement can 
be calculated. Particular attention is paid to 
the "motional transconductance" 
which is !elated to scale changes in tubes and to 
their microphonic properties; a method for de-
termining this quantity is described 

621.385.3: 621.396.615.14 2384 
Electron Transit Time —M, R. Gavin. 

(lVireless Eng., vol. 27, p. 164; May, 1950.) 
Comment on 1820 of August (Chatterjee and 
Sreekantan). 

621.385.832 2385 
Improved Production Methods for Televi-

sion C.R. Tubes—(Engineer (London), vol. 
189, pp. 482-483; April 21, 1950.) Description 
of an automatic machine installed at the Mul-
lard factory for joining the necks and heads of 
Cr tubes; the continuous production rate is 60 
bulbs per hour. 

621.385.832: 535.371.07: 621.396.9  2386 
Visibility on Cathode-Ray Tube Screens: 

Positive vs Negative Signals on an Intensity 
Modulated Scope —M. VV. Harriman and S. B. 
Williams. (Jour. Opt. Soc. Amer., vol. 40, pp. 
102-104; February, 1950.) 

621.396.615.141.2:621.385.833  2387 
Electron-Optical Mapping of the Space-

Charge Field in a Magnetron--(See 2315.) 

621.385: [621.396.621+621.396.645  2388 
Electronic Valves: Books II IV [Book Re-

viewl—Clea ver-I fume  Press,  London  and 
N. V. Philips, Eindhoven, Holland. 
Book II. Data and Circuits of Receiver and 

Amplifier Valves. 409 pp., 21s. 
Book III. First supplement to Book II. 213 

pp., 12s. 6d. 
Book IV. Application of the Electronic 

Valve in Radio Receivers and Amplifiers. 416 
pp., 35s. (Wireless Eng., vol. 27, pp. 193-194; 
June, 1950.) Book I was noted in 519 of March. 
Books II and III chiefly consist of details of the 
characteristics of Philips' tubes, one dealing 
mainly with the E, C, and K series and the 
other with the more recent E20, U20, D20, and 
U series and their applications. Book IV is in 
the nature of a wireless receiver textbook and is 
of general application. "The treatment through-
out is very thorough but .. . almost entirely 
from the viewpoint of the designer of broadcast 
receivers." 

621.385.83 2389 
The Theory and Design of Electron Beams 

[Book Reviewl —J. R. Pierce. Publisher: D. 
Van Nostrand, New York, 1949, 197 pp., 
$3.50. (Wireless Eng., vol. 27, p. 166; May, 
1950; Electronics, vol. 23, pp. 134-136; June, 
1950.) "Written on the graduate level, [the 
book] discusses that material on electron 
beams which lends itself most readily to mathe-
matical analysis, although some attention is 
also given to experimental techniques ... . [It] 
is clearly intended for those concerned with the 
formation and focusing of electron beams for 
use in such devices as low-frequency amplifiers, 
oscillators, and, especially, microwave tubes. 
. Comparisons between theory and practice 

are frequent. All chapters are followed by ex-
cellent problems. . . . " 

MISCELLANEOUS 

6:061.4  2390 
British Scientific Instruments exhibited at 

Olympia—( Metanurgia (Manchester), vol. 41, 

Books (continued) 

pp. 401 ,413; May, 1950.) Short descriptions of 
equipment shown on the stand of the Scientific 
Instrument Manufacturers' Association at the 
1950 British Industries Fair, including a wide 
range of electronic apparatus, magnetic and 
electrical instruments, electromechanical equip-
ment, temperature measurement awl control 
apparatus,  optical equipment and vacuum 
plant. 

621.39 Heaviside 2391 
The  Heaviside  Centenary—(Elearician, 

vol. 144, pp. 1747-1748; May 26, 1950.) Report 
of I leaviside Centenary Commemorative Meet-
ings, May 1950. The opening paper, "Heavi-
side, the Man," by G. Lee, was followed by 
short tributes from leading scientists. Abstracts 
of papers on particular aspects of Ileaviside's 
work will be found in the relevant sections. 

621.39 Heaviside  2392 
Oliver Heaviside and his Layer—E. V. Ap-

pleton. (Wireless World, vol. 56, pp. 187-188; 
May, 1950.) A short appreciation of "Heavi-
side's work" with special reference to his sug-
gestion concerning the possible existence of a 
conducting layer in the upper atmosphere. See 
also 2391 above. 

621.3  2393 
Leitfaden der  Elektrotechnik. Vol. 1: 

Grundlagen der Elektrotechnik [Book Review] 
--Moeller and Wolff. Publisher: B. G. Teubner 
Verlagsgesellschaft, Leipzig, 4th edn., 358 pp. 
(Wireless Eng., vol. 27, p. 193; June, 1950.) 
This textbook is unreservedly recommended to 
both students and teachers with a knowledge of 
German; the foundations of electrical engineer-
ing are laid with great thoroughness. A new 
chapter is included on the calculation of single-
phase and three-phase transmission lines. 

621.38/.39  2394 
Electronic Engineering Master Index for 

1947-1948 [Book Revievd—Publisher: Elec-
tronics Research Publishing Co., New York, 
1950, 339 pp., $19.50. (Jour. Frank. Inst., vol. 
249, p. 340; April, 1950.) The second supple-
ment of this reference work, which covers all 
aspects of the subject, and indexes material 
from about 250 scientific periodicals. 

Applications of the Electronic Valve in Ra-

dio Receivers and Amplifiers. By H. G. 
Dammers, Ing. J. Haantjes, J. Otte, In. H. 
Van Suchtelen. 

Published (1950) by Philips Technical Library, 
Eindhoven, Holland. 410 pages +7-page index +256 
figures. 9 X61. 

This book is one of a series of three from 
the Philips organization of Holland, one of 
the world's leading technical centers in 
lamps and electronics. These three volumes 
will bear the same title and the chapters 
will be numbered consecutively. Only this 
first volume has been printed, the other 
two being in preparation. This book con-
tains chapters on rf and if amplification, 
mixing and oscillator circuits, capacitor 
tracking, parasitic effects, and distortion with 
the final chapter on detection. With this 
rather limited scope, it is apparent that in a 
large book, such as this one (over 400 
pages), the subjects are covered in con-
siderable detail. The treatment of each 
subject is from a fundamental, and, in most 
cases, mathematical viewpoint, with little 
or no mention of specific tube types. 

It will probably be of limited interest to 
engineers in the U.S.A. engaged in the de-
sign of radio receivers, because there is no 
inclusion of material on FNI circuits nor 
the circuits used in modern television re-
ceivers. This would appear to be true also 
of the two additional volumes in prepara-
tion. 

The material in each chapter is well or-
ganized under subheadings, but the general 
index is quite limited in its coverage. There 
are references at the end of each chapter. 

Engineers needing the basic  mathe-
matical relationship for the subjects covered 
will find this volume an excellent one for 

reference. The three volumes are to be 
made available also in the Dutch, German, 
and French languages. 

W . C. W HITE 
General Electric Research Laboratory 

Schenectady, N. V. 

NEW PUBLICATIONS 

The Geiger- Muller Counter, National 
Bureau of Standards Circular 490, 25 large 
double-column pages, illustrated, is availa-

ble from the Superintendent of Documents, 
U. S. Government Printing Office, Washing-
ton 25, D. C., at 20 cents a copy. Remit-
tances from foreign countries should be in 
United States exchange, and should include 
an additional sum of one-third the publica-
tion price to cover the cost of mailing. 

The nature, construction, and use of the 
Geiger- Muller counter, one of the most im-
portant of present-day detectors of radioac-
tive radiation, is concisely presented on an 
elementary level in this new booklet just 
published by the National Bureau of Stand-
ards. 

In addition to the treatment of the Gei-
ger-Nluller counter itself, the booklet dis-
cusses methods of detecting counter pulses, 
applications of counters to quantitative 
measurements, proportional counters, and 
the preparation and filling Of Geiger- Muller 
counters. Also included are a number of ex-

amples of special forms of counters which 
have been developed and a discussion of some 
of the electronic circuits commonly used to 
obtain an indication of the response of the 
counter to radiation. A bibliography of sci-
entific papers is presented. 



,entralab Model 2 Radiohm 
A 1951 CONTROL FOR 1951 DESIGNS 

14 Good Reasons Why 
CRL'S Model 2 Radiohm is the Control for You! 

1. Switch — with positive detent in both on and off posi-  sistor . . . assure constant contact under humidity and 
tions. Terminals — with surfaces elevated to eliminate  soldering conditions. 

S. Retit tor is made of special resistance material bonded 
for simplified wiring . . . hot tin dipped for easy solder-
danger of shorting to cover legs . . . 1/8" hole diameter 

to high quality phenolic for smooth operation, low noise 
ing . . . mechanical lock to prevent loosening in soldering level, outstanding humidity characteristics. 
operations.   
2. Cadmium plated steel cove, completely shields resistor.  9. Cadmium-tipped center terminal provides easy soldering . . . good shelf life without oxidation. Adequately lubri-
3. Insulator's high dielectric strength permits breakdown  cated for good rotation life, center terminal is finished to 
test at 1000 volts R. M. S. Dust and dirt can't get in.  give you smooth take-off . . . minimum noise. 

10. Laminated phenolic base maintains high insulation re-4. Stet?, of cup design, provides superior switch shielding 
. . . gives you excellent torque strength without distortion. 
5. High grade laminated phenolic shoe maintains high 

6. Contact Spring gives you double wiping contacts on  12. Cadmium-plated steel bushing is accurately finished 
both resistor and center terminal ring . . . is accurately  and fit to shaft for smooth rotation. 
formed to maintain uniform pressures and minimize noise.  13. Retaining ring. 
7. Electro tin-plated terminals provide soldering ease.  14. Shaft. Unlimited variations available to meet your 
Tightly crimped terminals give you direct contact to re-  specifications. 
*Switch Type, Tapped.  Exploded View: Switch Type, Untapped. 

insulation resistance under  humidity conditions. 

sistance under  umidity conditions. 
11. Cadmium.plated steel ground plate assures positive 
grounded cover. 

DEVELOPMENTS THAT CAN HELP YOU • 

Division of GLOBE-UNION INC • Milwaukee 
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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, 

AM 

I P 

New Centralab Model 2 Radiohm Controls. 
At left single unit switch type, tapped with 
single shaft. Right — twin unit switch type, 
untapped with single shaft. 

New Centralab Model 2 Radiohm Control. 
Left, single unit plain type, untapped; right, 
twin unit plain type, untapped. Both with 
single shafts. 



I..for TV AM-FM 'RONIC DEVICES 

YA003.005A  YA402-002A 
2  1  3  1  2 

ntralab Triode Couplates save space and weight. They actually 
(place 5 components normally used in audio circuits. Triode Cou-
iates are complete assemblies of 3 capacitors and 2 resistors bonded 
o a dielectric ceramic plate. Available in a variety of resistor and 
:apacitor values. 

Centralab Vertical Integrators give you big savings in assembly costs, 
particularly in TV vertical integrator networks. One type consists of 
4 resistors and 4 capacitors brought out to 3 leads . . . reducing the 
formerly required 16 solderf:d connections to only 3! There's a big 
saving in the number of parts handled, too! 

Centralab's TC (Temperature Compensating) Tubular Hi-Kaps, left, arc the most stable capacitors 
available. With TC Hi-Kaps, there's practically no variation due to aging or changes in temper-
ature or humidity. For applications where temperature compensation is unimportant, use Tubular 
BC Hi-Kaps, right. 

Disc: The original miniature ceramic 
disc capacitors combining utmost reliabil-
ity with small size and low mass weight. 
Diameter %", 9c6", %" and 1/4 ". Single 
shielded and non-shielded units available. 

Great step forward in switching is CRL's 
New Rotary Coil and Cam Index Switch. 
Its coil spring gives you smoother action, 
longer life. 

Centralab's development of a revolutionary, new Slide Switch gives you improved AM and 
FM performance! Flat, horizontal design saves valuable space, allows short leads, conven-
ient location to coils, reduced lead inductances for increased efficiency in low and high fre-
quencies. CRL Slide Switches arc rugged and dependable. 



IMPORTANT BULLETINS FOR YOUR T -CHNICAL LIBRARYI 

— frative.1 P 

Choose From This List! 
Centralab Printed Electronic Circuits 

973 — AM PEC — three-tube P. E. 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 — specialize d P. E. C. coup ling  953 — SLIDE SWITCH — applies to AM an d FM sw itching  

circuits. 
970 — LEVER SWITCH — shows indexing combinations. 
995 — ROTARY SWITCH — schematic application diagrams. 

Centralab Capacitors  722 — SWITCH CATALOG — facts on CRL'S complete line of 
switches. 42-3 — BC TUBULAR HI-KAPS — capacitors for use where 

Centralab Controls temperature compensation is unimportant. 
42-19 — MODEL -1- RADIOHM — wor ld's smallest commer-42-4R — BC Disc Ht-KAPs—miniature  ceram ic BC capac itors.  

dally produced control. 42-10 — HI-Vo-KAEs — high voltage capacitors for TV appli-
cation.  42-85 — MODEL. 2 RAolOHM — CRL's new line of 14" diam. 

controls fur TV -- AM — FM . 
and VHF application.  Centra lab Ceram ics 

695 — CERAMIC TRIMMERS — CRL trimmer  cata log.  967 - - CERAMIC CAPACI Wit DIELECTRIC MATERIALS. 
720 — CERAMIC CATALOG —CRL steatite, ceramic products. 

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 service work with you. For 
complete information on all CRL products, get in touch with your Centralab Representative. Or write direct. 

plate. 
42-9 — FILPEC — Printed Electronic Circuit filter. 

42-59 — CERAMIC TUBULAR TRIMMERS — designed for TV 

CENTRALAB 
Division of Globe-Union Inc. 

920 East Keefe Avenue, Milwaukee, Wisconsin 

TEAR OUT COUPON Yes-1 would like to have the CRL bulletins. checked below, for my technical library! 

D 973  0 42-24 0 42-9 0 42-10 U 981 0 953 E 42-19 
0 42-6  0 42-27 E 42-3 U 42-59 0 42-18 0 970 0 42-85 
0 42-22 0 999  0 42-4R 0 695 0 814 0 995 0 967 

0 975 0 722  0 720 

Name   

Address   

City  State   

981 — HI-Vo-KAEs — capacitors for TV application. For 
jobbers. 

42-18 — TC CAPACITORS — temperature compensating capaci-
tors. 

814 — CAPACITORS — high-voltage capacitors. 
975 — FT HI-KArs — feed-thru capacitors. 

Centralab Switches • 

I for the Bulletins you want 

Cen 
Division of GLOBE-UNION INC. • Milwaukee 



SECTIONAL VIE W 

of solid molded 

resistor element. 

INTEGRAL MOLDING 

No welded or sol-

dered  connections. 

Any Resistance-Rotation Curve 

Typical  resistance-
rotation  curves  of 

Brodleyometers. 

AIL 

can be permanently molded 

into the Type J Bradleyometer 

The Type J Bradleyometer can be built to produce 

any resistance-rotation curve because, during manu-

facture, the solid molded resistor can be varied in 

resistance throughout the circumference of the ring. 

It is not a film or paint type resistor. The resistor 

unit is molded as one piece with terminals, face plate, 

and threaded bushing imbedded in the molded 

piece. After molding, the resistor material is no long-

er affected by heat, cold, moisture, or age. The con-

tact brush actually improves with age. 

Type J Bradleyometers can be supplied in single, 

dual, or triple unit construction for rheostat or poten-

tiometer applications. A built-in line switch is an op-

tional feature on single and dual models. Specifica-

tions sent upon application. 

Allen-Bradley Co. 

114 W. Greenfield Ave., Milwaukee 4, Wis. 

ALLEN-BR DLEY 
FIXED & ADIL STABLE RAD • RESISTORS 

Sold exclusively to manufacturers of radio and electronic equipment 

."=>(111ALITY ' 
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ASTATIC BOOSTER 
MODEL BT-1 
LIST PRICE $29.95 

ASTATIC BOOSTER 

NEVER BEFORE such quality 
• features in a low-priced booster. 
Choice of conventional styling in a 
metal cabinet with rich mahogany 
woodgrain finish or modern design in 
dark brown plastic. Simplified controls 
—single tuning knob with continuous 
tuning through both TV and FM bands. 

ASTATIC ROOSTER 
MODEL BT-2 
LIST PRICE $32.50 

ASTATIC LEADS 

ASTATIC BOOSTER 
MODEL AT-1 
LIST PRICE $49.50 

ASTATIC four-tube deluxe 

models —no other booster can do so 

much in improving TV picture contrast 

and clarity, in improving sound, in 

eliminating interference.  Feature ex-

clusive variable gain control and dual-

tuning.  Model AT-1 in fine furniture 

finish  mahogany,  model  AT-1B in 

blond wood cabinet. 

MODEL AT-1B 
LIST PRICE $51.50 

THE TV AND FM 
BO OSTER FIELD 

IN THESE THREE 

IMPORTANT W AYS 

COMPLETE LINE—Four models 

from which to choose, with va-

riety of handsome cabinet styling. 

UNEQUALLED PERFORMANCE 

—Astatic engineering leadership 

assures superior booster perform-

ance ... unequalled improvement 

of TV and FM reception. 

WIDEST PRICE RANGE—A price 

to fit every purse, assuring top 

volume sales. 

Write for New, Full-Color 

Folder giving Complete Details 

on Asiatic Boosters 

CORPORATION 
CO N NEA UT,  OHIO 

IN CANADA, CANADIAN ASTATIC LID. TORONTO. ONTARIO 

 I a 

STUDENT 

BRA NCH 

MEETIND 
./ 

M MOP E 1 E UNI VERS1 -1 v. I RE-AIEE BRANCH 

Field Trip through General Electric X-Ray 
Corporation of West Allis. Wisconsin; June 6, 
1950. 

Business Meet ing; Election 01 Officers; June 29 

1950. 
Business Meeting; July 13. 1950. 

AKRON 

"Military Aircraft Communication Systems.' 
11) L. B. Hallman, Wright-Patterson Air Base; 
April 18, 1950. 

"Automatic Flight Control." by James Anast. 
Air Materiel Flight Command; Election of Officers; 
May 16, 1950. 

BUENOS AIRES 

Film. "Atomical Physics." by H. T. Magno; 
June 16, 1950. 

"Modern Developments of the Impulse Gov-

erned Oscillator's Technique." by H. B. R. Boos-
man; July 7, 1950. 

"Some Mathematics Aspects of the Communi-
cation's Theory," by A. G. Dominguez; July 21, 
1950. 

"Facsimile." by M. V. Sarli; August 4, 1950. 

CLEVELAND 

"Battery-Capacitor Pulse Power Supplies." by 
W. H. Fritz, National Carbon Company; February 
23, 1950. 

"Large Scale Operational Research in Indus-
try as Illustrated by the Great Lakes Radar Stud-
ies." by C. M. Jansky, Jr., and S. L. Bailey, Jansky 
& Bailey; March 23. 1950. 

"Discussion of Color Television Systems." by 
Students from John Carroll University, Case In-
tuit ute and Fenn College; April 27, 1950. 

Inspection Trip through W XEL Televisi, 
Station; May 11. 1950. 

"Television Studio Equipment," by H.  B. 
Fancher, General Electric Company; May 20. 
1950. 

COLUMBUS 

"The T. V. Freeze and The Status of Color 
Television," by S. L. Bailey. Jansky and Bailey; 

March 22, 1950. 
"High Voltage Power Transmission." by W. J. 

Sheets, Student, Battelle Memorial Institute; The 
Magnetron Oscillator," by J. F. Braeunig. Student. 

Battelle Memorial Institute; "Two-Phase Sym-
metrical Components." by H. W. Wilber. Student. 

Battelle Memorial Institute;  "Sonar Systems " 
by R. A. Orth. Student, Battelle Memorial Insti-
tute; April 13, 1950. 

Tour of WL W-C Studios and Transmitter; 
May 31. 1950. 

"Cybernetics," by David Huffman, Instructor. 
Ohio State University; June 22, 1950. Election of 
Officers; June 22. 1950. 

EMPORIUM 

'Color Television,' by It. M. Bowie. Sylvania 
Electric Products Inc.; August 113 1950. 

(Continued on page 40A) 
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DID YOU EVER LOOK INSIDE AN 

HMIITE 
Type AB POTENTIOMETER? 

„ 
*,.. 1 •  - 

Alsor The resistance element is 

SOLID MOLDED — 

f  Provides Smoother, Quieter 
lon ger Operation, and   life 

If you were to cut an OHM ITE Type AB Potentiometer in half, you 
would see where these rugged little two-watt units get their reputation for 
reliability, long life, and smooth, quiet operation. The secret lies in their 
unique design. 
The resistance element, for instance, is a thick, solid ring, molded under 

heat and pressure —not a sprayed film or paint type element. Because of 
this, the unit is unaffected by heat, cold, moisture, and length of service— 
and, the lo % noise level often becomes less with use! Furthermore, termi-
nals are imbedded in the element, and all parts are corrosion resistant. 
Use these fine components where reliability is important. Available in a 

wide variety of resistance values, and in three tapers—linear, clockwise 
logarithmic, and counter-clock%ise logarithmic. 

AVAILABLE AT ALL OHMITE DISTRIBUTORS 

Write kvt BULLETIN 131A 

sC:9 1tit W e d 

AVAILABLE FROM 
STOCK IN TWO 

STANDARD SHAFTS 
r1 

r DIMENSION 
ROUND SHAFT 

SCREWDRIVER 

SHAFT WITH 

LOCKING NUT 

• 
• 

• 

OHMITE MANUFACTURING CO. 

4860 Flournoy St., Chicago 44, Illinois 

441000. 

R H E O S T A T S  •  R E S I S T O R S  T A P  S W I T C H E S 

\ 
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TRADE MARK REGISTERED 

Service-Proven Types 
OF  FI NE 

Insulating Compositions 
and Finishes 

• CLEAR RF LACQUER NO. A-27 

• CLEAR AIR DRYING FINISHING 

LACQUER NO. 28 

• BLACK AIR DRYING VARNISH NO. 30 

• CLEAR BAKING VARNISH NO. 43 

• BLACK BAKING VARNISH NO. 45 

• HITEMP CLEAR BAKING VARNISH NO. 41 

• INDUSTRIAL BAKING ADHESIVE NO. 49 

Here's what Q-Max does: 
Q- Max reduces corrosion, tropicalizes 

(when solutions permit the use of 

tropicalizing agents), repels moisture, 

increases volume and surface resistiv-

ity, promotes electrical stability, pro-

tects, reinforces and bonds. Q- Max has 

proven its worth in actual service under all climatic 

and operating conditions — the reason why radio engineers and 

operations men, everywhere, specify Q- Max for utmost protection. 

These are its many applications: Q- Max, developed 
by C-P engineers to provide better performance for installations in 

RF service, is highly efficient when applied to a wide variety of 

materials and surfaces. Applications include the treatment of wood, 

steatite, porcelain, glass, plastics, organic and inor-

ganic fabrics, paper, vulcanized fibre and metals. A 

reputation for positive action and permanence has 

made Q- Max the accepted standard for RF service. 

WRITE FOR YOUR COPY OF THE NEW 0-MAX CATALOG 

0- MAX  CHE MICALS  DIVISI ON 

411 

(Continued from page MA) 

"Electrical Application of Glass." by E. M. 
Guyer, Corning Glass Co.; "Standardization Pro-

gram of the RTMA." by V. M. Graham. Sylvania 
Electric Products Inc.; August 19, 1950. 

Hot ,STON 

"Some Problems in the Miniaturization of 

Components." by Leon Podolsky. Sprague Electric 
Company; May 16. 1950. 

"The FM Logging System." by W. J. Greer. 
Halliburton Oil Well Cementing Company; June 21, 
1950. 

MONTkEAL 

Tour of Canadian Broadcasting Corporation 
Studio; Election of Officers; May 10, 1950. 

New Mexico 

Election of Officers; June 23. 1950. 

"Recent Applications of Electron Multiplier 
Tubes." by J. A. Allen; July 21, 1950. 

SAN ANTONIO 

"Ground Controlled Approach," by W. P. 

Lord, U. S. Air Force; "G. C. A. and the Berlin ,̀ir 
Lift." by J. R. Guthrie, U. S. Air Force; July 27. 
1950. 

SAN DIEGO 

"Network Analysis. Simplified." by D. C. 

Kalbfell, Faculty. San Diego State College; August 
1, 1950. 

TOLEDO 

"Control Problems of Atomic Power Genera-

tors." by M. A. Schultz. Westinghouse Corpora-
tion; June 20. 1950. 

The following transfers and admissions 
were approved and will be effective as of 
October 1, 1950: 

Transfer to Senior Member 

Ribber°, R. J.. 773 Potomac Ave.. Buffalo 9. N. V. 

Braun, W. L.. 555 Long Ave.. Harrisonburg. Va. 
Denius. H. R.. Woodbridge. Va. 
Doersam. P. D.. Research & Development Labora-

tories. Hughes Aircraft Co.. Culver City. 
Calif. 

Dwork. L. E.. 125 E. Clinton Ave.. Bergenfield, 
N. J. 

Fisk. N. C.. 3005 W. Chicago. Detroit 6. Mich. 
Gerlach. A. A.. 4020 Overhill Ave.. Chicago 34. HI. 
Hamilton. G. E.. 37 3Veston St.. Nutley. N. J. 
Harter. L. P.. 75 Koenig Rd.. Tonawanda. N. V. 
Horrell. NI. W.. 4855 Fourth Ave.. Detroit I. Mich. 

Jenkins. J.. 7209 Fait Ave.. Baltimore 24. Md. 
Levens:. I.. M.. 2000 Anthony Ave.. New York 57. 

N. V. 

Morrison. 1. H.. 134 Upland Rd.. 1Vaban 68. Ma w 
Robinson. E. F. V.. Radio and Electrical Engineer. 

(inlogt. ca ..Na,tnt aa  l Resseearch Council. Ottawa.  

Skellett. A. M.. tO Midwood Ter.. Madison, N. J. 
sperling. p m,. ..45.0.1.13 Ridgeway Dr.. Los Alamos. 

N   

3Vallace. F. C.. 260 Linden Ave.. Belleville 9. N. J. 

Zaret, NI. E., 15 Cedar St.. Nutley. N. J. 

Admission to Senior Member 

Curry. (.4T.. 618 Simple. Emporium, l'a. 

(Continued on page 42.4) 
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STAN AR R141* METERS 

DEVELOPED BY  STODDART 
FOR THE ARMED FORCES. 

AVAILABLE COMMERCIALLY. 

VHF !  V a ! 
15 MC  14 KC 

to 
to 

400 MC  250 KC 

Sensitivity  as  two•terminol  voltmeter,  (95  ohms  bolonced:  
Commecial equivalent  of  IS-587  U.  
2 microvolts 15-125 MC;  5 microvolts B8-400 MC.  Field 
intensity  meosurements using calibroted dipole.  Frequency 

range includes FM and TV Bands. 

Commercial equivolent of AN 'URM- 6. A new achievement in sensitivity!  Field intensity measure. 
ments,  1 microvolt•per-meter using rod; 10 microvolts•per• 
meter using shielded directive loop.  As two•terminal volt-

meter,  1 microvolt. 

!  UHF ! 

150 KC  \ 375 MC 
to to   

25 MC  1000 MC 

NM - 20A 

Self•contoined botteries.  A.C. supply optional. Sensitivity as Com mercial equivolent  of  AN  PRM-1.  
two-terminal voltmeter,  1 microvolt.  Field intensity with V2 

meter rod antenna,  2 microvolts•per•meter; rotatable loop 

supplied.  Includes standard broodcost bond, radio range. 

W W", and communicotions frequencies. 

Since 1944 Stoddart R141* instruments hove estoblished the 
standard for superior quolitY and unexcelled performonce. 
These instruments fully comply with test equipment require-
ments of such radio interference specificotions as JAN•I•225, 
ASA C63.2, 16E4ISHIPS), AN•1-240, AN-I-42, AN.1•27a, AN•1•40 
and others. Many of these specifications were written or re-
vised  to  the  stondords  of  performance  demonstrated  in 

Stoddart equipment. *Radio Interference 

STODDART AIRCRAFT RADIO CO. 
• 

6644 SANTA MONICA BLVD., HOLLYWOOD 38, CALIF. 

Hillside 9294 

Sensitivity as two-terminal voltmeter,  (50-ohm  coaxial  input)  
Commerc ial equivolent  of  AN  URM-17.  

10 microvolts.  Field intensity measurements using calibrated 
dipole.  Frequency ronge includes Citizens Bond and UHF 

color TV Bond. 

The rugged and reliable instruments illustrated above serve 
equally well in field or loborotory.  Individually calibrated 
for consistent results using internal standard of reference. 
Meter scales morked in microvolts and DB above one microvolt. 
Function selector enables measurement of sinusoidal or complex 
waveforms,  giving  overage,  peak  or  quasi-peak  values. 
Accessories provide means for measuring either conducted 
or rodioted r f voltages. Graphic recorder ovoilable. fr•— •:, 

•.•!. 
and Field Intensity. 

Precision Attenuation for UHF 1 

Less than 1.2 VSWR to 3000 MC. 
Turret Attenuator: 
0, 10, 20, 30, 40, 50 DB. 

Accuracy + .5 DB. 

.;. Patents applied for. 

•••• 
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PO WER  VOLTAGE 

REGULATION  REGULATION 

can you put your Finger 

on the TROUBLE? 

If you can, a SORENSEN 
Electronically controlled, mag-
netic amplifier regulating cir-
cuit can solve it! 

Sorensen's new line of Elec-
tronic AC Voltage Regulators 
is the most accurate and 
most economical line of Elec-
tronic Voltage Regulators on 
the market today. Standard 
specifications offer Accuracy 
to within -±0.1 % and Distor-
tion as low as 2%. Load range 
from zero to full load. All 
models are temperature Com-
pensated and can be supplied 
hermetically sealed or foster-
ited. And the Sorensen line 
uses less tubes than other 
electronic type regulators. 

• 
Sorensen Engineers are always 
at your service to solve un-
usual problems and give you 
the benefits of years of ex-
perience. Describe your needs 
and let a Sorensen Engineer 
suggest a solution. It will save 
you time and money to try 
Sorensen first. 

CATALOG A1049 DESCRIBES 

COMPLETE LINE 

TYPiCAL AC REGULATORS 

Model 5000-25—high power 
Input 95 to 130; distortion 3%; load 0-5000 VA; 
Accuracy -±.0.1 % against line or load; 50-60 cycles 

Model 30005—medium power 
Input 95 to 130; distortion 3%; load 0-3000 VA; 
Accuracy ±-0.1 % against line or load; 50-60 cycles 

Model 5005—low power 
Input 95 to 130; distortion 3%; load 0-500 VA; 
Accuracy ±0.1 % against line or load; 50-60 cycles 

and company. inc. 
375 1•11111ILD •VC. • STA MF ORD. CON N. 

AlANIRA(111111S Of A( UNE REGULATORS. 60 AND 400 oats, REGULATED 0( POWER somas, wawa( 
INVOITORS, VOLTAGE REFERENCE STANDARD, CUSTOM WILT TRANSFORMERS. SATURAINE (01W KAMM 

(Continued frosts page 404) 

Hayworth. D. F.. 305 S. Blanchard Ave., Wheaton, 

DL 
Maxwell, J. W., 1502 E. 80 St.. Indianapolis, Ind. 
Olsen. R. K.. 8042 Brecksville Rd.. Brecksville. 

Ohio 
Safford, F. J., 6 Dougal Ave.. Livingston, N. J. 
Wooldridge. D.  E., Research & Development 

Laboratories, Hughes Aircraft Co., Culver 

City, Calif. 

Transfer to Member 

Baruch. J. J.. 1 Westgate. Cambridge. Mass. 
Boyle, B. H.. 6019 Primrose. Indianapolis 20, Ind, 
Crandall, W. R.. CNAAT (Staff), Bldg. 1, NAS. 

Corpus Christi. Tex. 
Gangopadhya, L. c/o Area Installation Engineer. 

Eastern Court. New Delhi 1, India 
Hughes. W. A.. 2329 Thayer St.. Evanston. III. 
Neely, N. B.. 7422 Melrose Ave.. Los Angeles 46. 

Calif. 

Packard. R. H., 14 Gleason Rd.. Lexington 73, 
Mass. 

Parker. H. W.. Box 575, Oxnard. Calif. 
Phlegar. C. L.. Jr., Radio Station WHBU, 640 

Citizens Bank Bldg.. Anderson, Ind. 

Price, G. W.. 226 Park Ct.. SE.. Cedar Rapids 
Iowa 

St ubbins. W. F.. 1582 Glen Parker Ave., Cincinnati 

23. Ohio 
Vergason. D. L.. Sylvania Electric Products Inc.. 

Emporium. Pa. 
Wight. V. H.. 1411 Nemalia. I,incoln 2. Neb. 

Admission to Member 

Albrecht. J. C.. 1612 Saunders, St. Paul 5. Minn. 
Bakura. J.. 65 Edward Rd.. Watertown. Mass. 
Ball. R. M., Jr.. co Mehrabad Airport. Depart-

ment Civil Aviation, Teheran, Iran 
Basil. V. P.. D-6, Airport Lane. Willingdon Aero-

drome. New Delhi, India 
Becker,. A. E., 447 Prospect St.. Apt. 28 East 

Orange. N. J. 
Disser, C. J., Suite 302. 1425 La Salle Avenue. S.. 

Minneapolis 3. Minn. 
Hyden, I. F.. 3637 Hillcrest Dr.. Los Angeles 16. 

Calif. 
Kersey, L. R., Department of Electrical Engineer-

ing, University of British Columbia. Van-

couver, B. C.. Canada 
Larkin, J. P.. 208 E. 18 St.. New York 3. N. Y. 
Lac. C. B.. 202 Carolina Pl.. North Charleston. 

S. C. 
McCready. K. F.. General Electric Co.. Receiving 

Tube Division, Owensboro. Ky. 
Soderstrom. H. W.. 3009 Cottage Grove Ave.. SE.. 

Cedar Rapids. Iowa 
Patremio. S. R., 253 Azalea Dr.. New Milford. N. J. 
Stacy, R. A.. 3142 Werk Rd.. Apt. 2, Cincinnati 11. 

Ohio 
Tourville. G. A., 2315 Anniels Dr.. Dallas 11. Tex. 
Walrabenstein. E. M., Boeing Airplane Co.. Seattle 

N'ash. 
Wolfe. B., 3513 Lucille Ave.. Baltimore 15. Md. 

The following elections to Associate grade 
were approved and will be effective as of 
September I, 1950: 

Apgar. H. H Jr.. 3 Maple Ter.. Charleston I. 
‘k V.1. 

Bleasdale. J..  118 Blackburn Rd.. Acorington. 
Lancs., England 

Bloyd. J. E., 1630 Lauderdale Ave.. Lakewood, Ohio 
Burkhalter. B. L., Jr.. 1841 N. Prospect Ave., Mil-

waukee 2, Wis. 
Cohen, B. E., 2700 Hazelwood. Detroit 6, Mich. 
Collins. J. D., 1323 Ate. D, Beaumont, Tex. 

( Continued on page 444) 
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NOTICE to 

/11VCALE)c USERS 
and all recipients of the 

1950 IRE DIRECTORY 
The complete Mycalex 1950-51 Catalog-Engineer's Handbook is bound in your new IRE DIREC-

TORY. It contains complete characteristics of all types of Mycalex glass-bonded mica, infor-

mation concerning comparative properties of various dielectrics, the proper design criteria for 

molded and machined insulators, and a great deal of other engineering data which will prove 

most useful in solving your insulation problems. 

An error was made in reproducing the graph on the bottom of page 15 in the Mycalex Catalog-

Engineer's Handbook (which appears in alphabetical order in the Product Directory Section 

of the IRE Yearbook). Below is the corrected graph and it is suggested that you cut it out as 

indicated and paste, or affix it with scotch tape, over the graph now shown at the bottom of 

page 15 of the Catalog. 

Mycalex 400 is a grade L-4A in-

sulation in accordance with JAN-

1-10. It has a power factor at 1 meg. 

of 0.0018 and loss factor of only 

0.013 at 1 meg. after 48 hours emer-

sion in water. 

Our application Engineering Dept. 

is at your disposal to help you 

solve your insulation engineering 

problems. 

Additional copies of the Mycalex 1950-

51  Catalog-Engineer's  Handbook  are 

available on request. 

TRADE iNARKREG US PAT OFF 

Mycalex  400 — variation of power factor 
and  dielectric  constant with frequency 
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CUT ON DOTTED LINE AND INSERT ON PAGE 15 OF CATALOG 

MYCALEX CORP. OF AMERICA 
"Owners of 'MYCALEX' Patents.' 

Wrath's Offices 30 Rockefeller Plaza, New York 20, N. Y.  Plant and General Offices: Clifton, N. J. 
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MORE GEO. STEVENS COIL WINDING 

EQUIPMENT IS IN USE THAN ALL 

OTHER MAKES COMBINED! 

• M ORE OUTPUT ... LO WER 
COSTS ... from EXCLUSIVE SPEED 
FEATURE. Universal motors permit 
variable speeds without changing 
belts and pulleys. Coil design per-
mitting, speeds as high as 7500 
RPM are not uncommon. 

• PORTABILITY. Conveniently car-
ried from place to place. Machines 
come mounted on bases to constitute 
one complete unit. 

• MUCH LO WER ORIGINAL 
COST. The same investment buys 
more GEO. STEVENS machines than 
any other coil winding machines. 

• LONG LIFE. Most of the original 

GEO. STEVENS machines bought 14 
years ago are still operating daily 
at full capacity. 

• MUCH FASTER CHANGING OF 
SET-UPS than any other general 
purpose coil winding machine. 
Quickly changed gears and cams 
save time between jobs. 

• VERY LO W MAINTENANCE. 
Replacement parts are inexpensive, 
can be replaced in minutes, and are 
stocked for "same day" shipment, 
thus saving valuable production time. 

• EASIEST TO OPERATE. In one 
hour, any girl can learn to operate 
a GEO. STEVENS machine. 

pre 

1111111141.1.1Z12* 
.11•1111 1.1 •1111. Mil M ON  - -

Transformer winder Model 37S multiple winds power, audio, automot]\c, fluor-
escent ballast and similar types of coils. Winds wire from No. 18 B&S to -i6 B&S 
up to 9" O.D. Maximum economy is possible by using mandrels up to 30" long. 
Thirty or more coils may be wound at one time. All turns are accurately registered 
by Model 50 or 51 6" full vision clock face Dial Counter. Set-ups can be changed 
in less than 5 minutes. A gear chart is furnished to quickly determine wire spacing. 
No loss of turns (an exclusive feature) and accurate margins are assured by a 

screw feed traverse and an electrically controlled clutch. Highly polished wire guide 
rollers are ball-bearing mounted for free running. Traverse is quickly adjusted from 
MG" to 6". 
Paper feed: —A tilting table for pre-cut paper is furnished making paper feed 

simple and fast, or a new roll paper feed for extra economy is available at a small 
additional cost. 
Motor equipment: —Variable speed, uniform torque 1/2 H.P. motor with foot 

treadle control. 

Tension equipment: -12 T-1 tensions and spool rack. Tensions will handle 6" 
spools. 

Mounting: —Ground steel channel base ensures rigidity and permanent align-
ment. Machine is shipped mounted on bench ready for use. 

There is a GEO. STEVENS machine for every coil winding need. Machines that wind ANY 
kind of coil are available for laboratory or production line. . . . Send in a sample of your 

coil or a print to determine which model best fits your needs. Special designs can he made 
for special applications. Write for further information today. 

949t/e4 Yez eyed/ alaorrla'ele‘tet 

of 'Cori Wileekitsr ../flat isteS 

REPRESENTATIVES 

Frank Tatra 
6022 No. Ro ws Aso., Chicago 30, Illinois 

Ralph K. Raid 
1911 W. 9th St., Los Angeles 6, California 

R. F. Staff IL Co. 
1213 W. 3rd St., Cleveland 13, Ohio 

4GEO. STEVENS 
MF G. CO., INC. 

Polaski Road at Peterson 

Chicago 30, Illincts 

( "011/0111Coi  ,41. 1211) 

C . 'MI N. S.  11.. 76 Mountain Ave., Maplewood, 
N. J, 

Cope, J. I.., 40K Maple St.. Yankton, S. Dak. 

('rem-a. I,. 4117 Illinois Ave., N W.. Washington, 

171.49 Chatfield Ave_ Cleveland II, 

Culicetto.( J.. 417 Bement Ave., S. I. 10, N. Y. 

Davis. II J 4911 S. W. Charming Way, Por,land, 

Digrindalo, J.. 526 West Ave., Bridgeport 4, Conn. 

Fine. II.. 86 Forrester St.. S. W., Washington, a C. 
Fournier. I.. W.. 1.19-A Hornet. China Lake. Calif. 
Gagne, F. W.. NADI S. Front St.. Sunbury. Pa. 

Gawel. E. W.. 11220 Brandon Ave.. Chicago 17. III. 

t:kapott. M. H.. 1094 KS St.. Niagara Fall, • N 

Gouin, P. L., Weston College. Weston 9.1, Mass. 

Grauberger, W. E.,3570 W. 46 St.. Cleveland 2. Ohio 

Hannan, C. V.. III. 102 Richards Rd.. R111. 205, 

Kansas City, Mo. 

Harris. J. E.. Jr.. c o Melpar. Inc., 452 Swann ,N ve., 
Alexandria. Va. 

Huffman, J. C., 2513 Miller Park (it., Win.ton. 
Salem, N. C. 

Johnston. R. H., Radio Station WILL, I 'ioversity 

of Illinois, Urbana, Ill. 

Kemic, C. S., Setauket Ave., E. Setauket, I.. I_ 
N. Y. 

, Kissinger. R. G.. 4206 W. Adams St.. Chicalo 24. 

Kuzma, P.. Jr.. 4632 N. Winchester St.. Chicago 40, 

Lauffenburger, H. A., 269 Douglas Ave.. Elgin. III. 

Levinson, S., 2969 Upton St.. N W.. Washington. 
D. C. 

Lima. E. J. T.. 2603 Westwood Dr.. Waynesdale, 

Fort Wayne 6. Ind. 

Lincoln, J. P.. 926I E. Commerce St., San Antonio 
3, Tex. 

Lockwood, G. C...17 S. Jersey St.. Dayton .4. Ohio 

Lucent, W. H., 71 Rest Beach. Key West. Fla. 

Madrid:, S. A.. 76-20 271 St.. New Hyde Park. 
N. Y. 

Magdeburger, P. E., 40 Newman Ave.. Nutley 10, 
N. J. 

McCallum. C. A., Rawson 2682. Olivos FCNG11111, 

Buenos Aires. Argentina 

Mitchell, P. R.. 320 W. Montecito Dr.. El Monte. 
Calif. 

Nelson. J. B., 29 West .49 St.. Anderson, Ind. 

Nelson, V. A.. 737 South Lyman, Oak Park. III. 

Paracchini. G. B.. c 0 Mr. Berizzi, 607 Fifth .Nve.. 

New York, N. V. 

Preisig. J. 0., 1625 Overing St.. New York. N. Y. 

Reynolds, B. G.. 2200 Nichol Ave.. Anderson. Ind. 

Schlarpfer. E. D., B:ix 2902, Rio De Janeiro. Brazil 

St. Villers, D. R., 4316 Greenlee Ave.. St. Bernard 
17. Ohio 

Stanley. E. R.. 1138 Wadsworth St.. Syracuse, N. Y. 

Subrahmanyam. T., Delhi Zone Transmitters, Civil 

Lines 2. Delhi, India 

Tarowsky:),10 
.1H.. 45 E. Mosholit P  kwy.. Bronx 67.  

N. Y. 
Thayer. J. W., 4553 West 150 Si.. Cleveland It. 

Thompson. M. A.. 2610 San Jacinto. Beaumont, 
Tex. 

Van S. Bennett, J. /I.. Box 376, Mt. Pleasant. S. C. 

Von Oldsen. L. H., Jr.. 3035 Greenleaf St.. Allen-

town. Pa. 
von  Trent ini.  G..  1790  ('idle  koset t 

FC M:B M. Buenos Aires. Argentina 

"•,11,11 12. 1,;• 1... 4537 S. K. 46 Ave.. Portland 6. Om. 
V. hit torn, J S.. 2.4 Hillside Ave.. Melrose 76. Nlass. 

kin ,. I' W.. 2 Arlington Park. Buffalo I. N. Y. 

ilkin,on. J. F. I/340 S. 54 Ave., Chicago. III. 
55 iI..ir  N NI , 174 James Ave.. Oxnard. Calif. 
Wilson. V  . 7034 South Park Ave.. Chicago. HT 

Wopai. J  Jr.. ftft West 197 St.. New York 63, 
N V. 

Yates. I . 7,11 N. Colorado St., Midland, Tex. 
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Airborne Instruments Laboratory Specifies 

CLARE 
Type "K" Hermetically 

Sealed Relay 

CLARE relays have long been first choice of manufac-
turers whose products must not fail. Selection of high-

est quality materials, precise manufacture and ability to 
"custom-build" just the relay for a specific requirement 
have made CLARE relays first choice with engineers who 
insist on . .. and get.. . the best. 

Sales engineers are located in principal cities to cooper-

ate with you in the development of a CLARE "custom-
built" relay that will meet your most difficult relay need. 
Look in your classified telephone directory or write: 
C. P. Clare & Co., 4719 West Sunnyside Ave., Chicago 
30, Illinois. In Canada: Canadian Line Materials Ltd., 

Toronto 13, Ontario. Cable Address: CLARELAY. 

C LI ME SEALED  RE LAYS 

, 

•iitittlitliiiiii:  :11111illi Mfg  • 

ITITT11,11. nit:  M U M, II MI 

g.  !„tti,g, kkkkkk niiig:  
, ..... 77?????7• : . TT ti: . 

Fnt view of Airborne Instruments Lab-
oitory control panel, with cover re-
wed, showing group of eight CLARE 
inietically sealed relays which per-
1.;:n important circuit control functions. 

For Aircraft, Ship and 

Submarine Control Equipment 

Cutaway view of typical CLARE Type 
"K" d-c Relay which is hermetically 
sealed in a permanent atmosphere of 
dry, inert gas to give maximum per-
formance under the most extreme con-
ditions of dust, moisture, air pressure 
and combustible gases. 

Close-up view of the CLARE 
relay installation which dem-
onstrates the economical use 
of space which use of CLARE 
sealed relays makes possible. 

Airborne Instruments Laboratory of Mineola, N. Y. 
uses CLARE Type "J" and Type "K" sealed relays as 

components of ruggedly designed but delicately operated 
control equipment for aircraft, ship and submarine. 

These small, compact, space-saving relays are used in 
circuit applications that cover the broad field of low and 
high current, a-c and d-c switching and video switching. 

CLARE Type "J" and Type "K" Relays were selected for 
their outstanding speed of operation, dependable per-
formance, resistance to vibration and very small size. 
Hermetically sealed in dry, inert gas, they are immune to 
changes in atmospheric pressure, humidity, dust or dirt 
... will operate as required over a long period. 

LW 
First in the Industrial Field 



111 

save work ... 
increase 
precision ... 

measure 
phase difference 
DIRECTLY 

with the new ari Phase Meter 

E 

EblyEki 

PHASE ANGLE DEGREES 
(GA- ea) 

TIC's New 320-A Phase Meter is the first commercially available 

instrument for the direct measurement of the phase difference 
between two recurrent mechanical motions or two electrical signals 
independent of amplitude, frequency, and wave shape. 

Phase measurements are made instantly and accurately —no 
balances, adjustments or corrections are involved. Phase angle 

readings at audio and ultrasonic frequencies are indicated directly 
on a large wide-scale meter with ranges of 360°, 180°, 90° and 36°. 
Useful frequency range 2 cps. to 100 k.c. 

In audio facilities, ultrasonics, servomechanisms, geophysics, 
vibration, acoustics, aerial navigation, electric power transformation 
or signaling . . . in mechanical applications such as printing 
register, torque measurement, dynamic balancing, textile and 
packaging machinery and other uses where an accurate measure 
of the relative position of moving parts is required . . . the Phase 
Meter is a long needed measuring instrument never before avail-
able — a new tool for a heretofore neglected field of measurement. 

Technical 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. 

TECHNOLOGY INSTRUMENT CORP. 
1058 Main Street, Waltham 54, Massachusetts 

EngineerIng Reprefentalivet  Cleveland. Ohio  Pitspr.t I-6171 

Chicago, Ill.—UPtown 8-1141 Dallas. Tex.—LOgan 6-5097 Rochester . N.Y.—Char lotte  31934  
Cambridge, Mass.-ELiot 44751 Canaan, Conn.-Canaan 649 Hollywood. Cal.-H011ywood 9-6305 

News—New Products 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

Octal Base Connector With 
Built-in Resistor 

Designed for use with a 6.11.7-GT 
electron-ray tuning indicator tube, a new 
octal base connector with an insulated, 
built-in resistor is announced by Alden 
Products Co., 117 N. Main St., Brockton 
64, Mass. 

Ready for immediate connection, the 
208FERC, with a fully insulated, 3,300-
ohm resistor built in the molding and com-
plete with leads, enables television manu-
facturers to incorporate a 6A17-GT tuning 
indicator tube in their set design, and thus 
obtain precision tuning for optimum audio 
quality at a minimum effort and cost. 
Available in production quantities, the 

connector can be supplied with either 5 or 
6 leads to any length as specified ready for 
internal connections. 

TV Sweep Generator 
The Kay Electric Co., 24 Maple .1% e., 

Pine Brook, N. J., announces the Switcha-
Sweep, an entirely new all-electronic TV 
sweep generator with fundamental outputs 
on all channels, as well as output in the if 
range. A rotary switch selects the desired 
channel, which is swept through a range of 
15 Mc by an alk-electronic system. The in-
strument also produces a true zero level 
reference baseline on the oscilloscope dis-
play. 
Sawtooth sweep eliminates phasing 

problems. Amplitude modulation of the 
sweep signal is less than 1 per cent per Mc. 
Both switched and continuously variable 
output attenuation is provided, with maxi-
mum outputs of about 0.5 volt on the 70-
, ohm unbalanced output and 1.0 volt on the 
300-ohm balanced output. The Swit,ha-
Sweep contains no internal marks, and is 
intended for use with external marker gen-
erators such as the Kay Nlegaligner, Mega-
Marker, etc. A regulated power supply is 
provided to allow operation of the instru- 1 
ment under very poor power line condition. 
The many features of this instrument con-
tribute to reduced costs of operation and 
maintenance, as compared to the more!con-
ventional mechanically-driven sweep gen-
erators. 

(Continued on tape 48/11 

It 
1 

46A PROCEEDINGS OF THE I.R.E.  October, 19 50 



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

ARNOLD TATPOVO TAIID CORES 
APPLICATI ONS 

MAGNETIC AMPLIFIERS 

PULSE TRANSFORMERS 

NON-LINEAR RETARD COILS 
and TRANSFORMERS 

PEAKING STRIPS, and many other 
specialized applications. 

RA N GE OF SIZES 

Arnold Tape-Wound Toroids are 
available in eight sizes of stand-
ard cores—all furnished encased 
in molded nylon containers, and 
ranging in size from 1/2 " to 21/2 " 

%" to 1" 0.D., and 1/2 " to 
1/2 " high. 

RAN GE OF TYPES 

These  standard core  sizes are 
available In each of the three 
magnetic materials named, made 
from either .004",.002"or .001" 
tape, as required. 

of DELTAMAX 
4-79 MO-PERMALLOY 

SUPERMALLOY* 
In addition to the standard toroids described at left, Arnold 

Tape- Wound Cores are available in special sizes manufac-

tured to meet your requirements —toroidal, rectangular 

square. Toroidal cores are supplied in protective cases. 

• Ma,, ularturtd und, larnsing arrangement, wiih  Mentrir Company 

Or 

THE ARNOLD ENGINEERING COMPANY 
SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 

General Office & Plant: Marengo, Illinois 

PRO( I I  ,  III/ I A' I (hie It,.  %311 



Magnecorders are portable, 
perfect for remotes. 

MAGNECORDER 
For every purpose ... 

every purse! 

PT6 SERIES 
Marl widely used pro• 
fessional tape recorder 
in the world. 

PT63 SERIES 
Three heads to erase, 
record, and monitor 
from the tope. 

PT7 SERIES 
A complete consoIe 
for only $950.00. 
Outstanding features 
and flexibility. Mod-
els for portable or 
rack mountalso avail-
uble. 

..... 

u.gin.corder "  "'di'  THE FIRST 
CHOICE OF RADIO ENGINEERS 

HIGH FIDELITY, LO W COST 

Only Magnecord offers you such high fidel-
ity at such low cost. Magnecorder frequency 
response: 50-15 kc 7z: 2 db. Signal-noise 
ratio: 50 db. Harmonic distortion less than 
2%. Meets N.A.B. standards. More radio 
engineers use Magnecorders than all other 
professional tape recorders combined! 

GREATEST FLEXIBILITY 

Mount a Mognecorder in a rock or console 
cabinet for delayed studio or network shows. 
Slip it into its really portable cases for 
remotes. 

Add to your Magnecord equipment as you 
need it — combine and carry Mognecorders 
to suit every purpose. 

MORE FEATURES 

Your Magnecorder, new or old, now can 
hove 3 heads (separate erase, record, and 
playback) to permit monitoring from tape. 
Three speeds (15-7 12-3- 34" — up to art 
hour on a 7" reel) available on both PT6 
and PT63 equipment. Dual track heads also 
available if desired. 

Write for NEW CATALOG 

MAGNECORD, Inc., Dept. P. 10. 
360 N. Michigan Ave., Chicago I, 

Send me latest catalog of Mognecord equipment 

Nome   

Company   

Address 

City    Zone .Statip   

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

(Continued front page 4.7,1) 

VHF Impedance Bridge 

General Radio Co., 275 Ma,,acimsetts 
Ave., Cambridge 39, Mass., announces the 
Type 1601-A VHF bridge which extends 
the frequency range of conventional bridge 
techniques up to 165 Mc. Similar in basic 
circuit to the GR Type 916-A rf bridge, in 
wide use at lower frequencies, the new in-
strument measures the impedance of an-
tennas, lines, networks, and components 
between the frequencies of 10 and 165 Mc. 
Over-all accuracy is + 2 per cent for resist-
ance and +5 per cent for reactance. Ter-
minals are GR Type 874 coaxial connec-
tors. 

Derivative-Integral Servo 
Design Filter 

A new test instrument for the servo-
mechanisms field has been recently an-
nounced by the Krohn-Hite Instrument 
Co., 580 Massachusetts Ave., Cambridge 
39, Mass. 

The Model 340-A derivative-integral 
servo design filter is designed primarily to 
aid the servo engineer in experimental de-
termination of optimum filter character-
istics for any feedback control system. 
When used in the dc path of a servo 

loop, the Model 340-A represents a com-
pensating function which approximates 
either proportional-plus-derivative or pro-
portional-plus-integral correction. :Mathe-
matically, the compensating function is the 
ratio of two first-order polynomials. By 
means of the frequency and attenuation 
controls the filter may be adjusted for op-
eration anywhere in the frequency range 
between 0.01 to 100 cps, with attenuation 
ratios ranging between 2 and 50. Both at-
tenuation ratio and frequency are read di-
rectly on the two dials provided. A switch 
selects between the two types of compen-
sation available. 

(Continued on page 62A) 
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You can't see Blaw-Knox engineering—but 

it's there! You can't see Blaw-Knox experi-

ence in tower-building—but it's there. You 

can't see efficiency and strength and dura-

bility—but they're all there—when the 

towers are built by Blaw-Knox. 

... A quotation will prove that there's no 

premium on Blaw-Knox quality. 

BLA W-KNOX DIVISION 
OF SLA W-KNOX CO MPANY 

2037 Farmers Bank Building, Pittsburgh, Pa. 

BLAW-KNOXANTENNATOWERS 
PROCEEPINGS OF TIIE I.R.E.  October, 1950 l'o 



WANTED: 
SENIOR PROJECT ENGINEER 

FOR RESPONSIBLE POSITIONS IN DEVELOPMENT OF 

COMMUNICATIONS & NAVIGATION 

ELECTRONIC SYSTEMS 

• Graduate or practical engineer. 
• 5 or 6 years experience in development 

of electronic systems. 
• Direct own project and supervise engi-

neering personnel. 

If you can qualify, send us a resume of your edu-
cation, experience, age and salary requirements. 

01, if you prefer, telephone us for an appointment 
. . . Matawan 1-2600. 

Z avoie W ora krial 

MORGANVILLE, N. J. 

Specialists in the Development and Manufacture of UHF Equipment 

ELECTRONIC ENGINEERS 
BENDIX RADIO DIVISION 
Bendix Aviation Corporation 

I lei  44, 

1.69 144 14 

PRODUCTION DESIGN  RESEARCH 
Bendix Radio Division, a leader in the field of high quality 
radar and communications equipment, has positions for engi-
neers experienced in the design and development, for pro-
duction, of radio and radar equipment or electronic research. 

Positions are available at all salary levels. 

Good advancement opportunities, air-conditioned plant in 
suburban location, excellently equipped laboratories, tech-
nical library, large experimental engineering model shop. 

Housing and rentals in Baltimore are plentiful. 

Interviews will be held in Baltimore. Chicago and New York. 
Please send resume of experience promptly to: 

MR. W. L. WEBB, Director Engineering and Research 

BENDIX RADIO DIVISION 
Bendix Aviation Corporation • Baltimore 4, Maryland 

The following positions of interest to 
1.R.E. members have been reported as 
open. Apply in writing, addressing reply 
to company mentioned or to Box No..... 

The Institute reserves the right to refuse any 
announcement without giving a reason for 
the refusal. 

PROCEEDINGS of the I.R.E. 
I East 79th St., New York 2 I, N.Y. 

PROJECT RADIO ENGINEER 
To take responsible charge of design of 

radio communications systems between 
Hawaiian Islands. Experience in VHF 
and microwave links design desirable. Col-
lege training or equivalent necessary. Live 
in Honolulu. Contact Mutual Telephone 
Co. Box 2200, Honolulu, T. 

ENGINEER 

Chief systems test engineer with prac-
tical experience in electro-mechanical and 
hydraulic systems to direct systems test-
ing on guided missiles. Familiarity with 
production testing techniques and test 
equipment in above fields is desirable. 
Excellent opportunity for someone who 
can organize a rapidly expanding facility. 
Direct inquiries to Manager, Engineering 
Personnel, Bell Aircraft Corp., P. 0. Box 
1, Buffalo, New York. 

SPECIFICATION WRITERS 
Specification writers capable of clear, 

concise technical description of the de-
sign, construction and testing of missile 
and electronic equipment. Knowledge of 
military  specifications and  familiarity 
with aircraft and electronic ,components 
is essential. Direct inquiries to Manager, 
Engineering  Personnel,  Bell  Aircraft 
Corporation, P. 0. Box 1, Buffalo 5, 
New York. 

ENGINEER 
Engineer, electrolytic capacitor, at least 

5 years experience in design and develop-
ment. Write resume of experience and 
calary expected. Box 620. 

RADIO ENGINEER 
Radio engineer wanted by protninent 

Chicago manufacturer to design and 
supervise manufacture of full line of com-
mercial amplifiers. Must have engineering 
degree or equivalent and minimum of 2 
years design experience in commercial 
P.A. systems. Give details including age, 
education, experience, reference, availa-
bility and salary expected. Box 621. 

ENGINEER 
Excellent opportunity for engineer to 

apply microwave measurements and tech-
niques to development and manufacture of 
magnetrons and klystrons. Pulse circuit 
knowledge also valuable. B.S. degree and 
experience or advanced degree with heavy 
concentration on above required. State 
salary expected and qualifications. Loca-
tion New York City. Box 622. 

CIRCUITS ENGINEER 
Rapidly expanding company in instru-

mentation field has opening for senior C11-

(Continued on page 31.9 
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Graduate 

ENGINEERS 

Good Opportunities 
for 

ELECTRONICS 
Engineers or Physicists 

M.S. or Ph.D. in Physics, Physical Chem-
istry, E.E., M.E., or Ch.E. for industrial 
electronics research. Must be outstand-
ing technically with at least a few years 
research experience, and interested in 
the development of instruments and 
physical techniques. 

Give experience, education, age, refer-
ences, personal history, salary received 
and salary expected. Please be com-
plete and specific. 

All  inquiries  will  be  considered 
promptly and kept confidential. 

E. I. du Pont de Nemours & Co. (Inc.) 

Engineering Deportment Personnel 

Wilmington 98, Delaware 

ELECTRONIC 
ENGINEERS 

Excellent opportunities are of-

fered by one of the leading con-

cerns in the electronic computer 

field to engineers with develop-

ment or design experience in vi-

deo and pulse circuitry or test 

and maintenance experience in 

the radar, television, or computer 

fields. 

Send complete resumes and sal-

ary requirements to: 

• 

Personnel Deportment 

ECKERT-MAUCHLY COM-
PUTER CORPORATION 

3747 Ridge A   

Philadelphia 32, Pa. 

Subsidiary of Remington Rand, Inc. 

' PROCEEDINGS OF TIIF I.F.I-

(Continued from page 50A) 

gineer. Prefer man with masters degree 
and 4 or more years of experience in de-
sign of pulsing circuits, VHF and UHF. 
Excellent opportunity for man who can 
meet requirements. Location Brooklyn. 
Send complete resume to Box 623. 

PHYSICIST 
Physicist for fundamental electron tube 

research. Should be familiar with tech-
niques of producing photo-electric, sec-
ondary emissive and fluorescent screens, 
experience with electron-optics, physical 
optics and solid state physics an advan-
tage. Box 624. 

SALESMAN 
Salesman to organize and promote sales 

of high quality radio resistors now being 
produced by a company well established 
in radio and electrical component industry. 
Give summary of experience and availa-
bility in reply. Box 625. 

ASSISANT PROFESSOR AND 
INSTRUCTOR 

Strong eastern college has opening for 
Assistant Professor and Instructor in 
electrical engineering. Master of Science 
in electrical engineering is required, and 
industrial experience is desirable. Send 
resume of qualifications, references and 
salary required. Box 626. 

PHYSICISTS AND ENGINEERS 
Cornell Aeronautical Laboratory, an 

affiliate of Cornell University, has perma-
nent positions open in fields of pure and 
applied physics for men of project en-
gineer. caliber with advanced degrees and 
experience in physics, applied mathe-
matics, electronics, and mechanical instru-
ment design. The position of our labora-
tory is between those of universities and 
commercial research institutes, and com-
bines, we believe, many of the traditional 
advantages of both. Inquiries confidential; 
address Mr. Nathaniel Stimson, Dept. R, 
Cornell Aeronautical Lab. P. 0. Box 235, 
Buffalo 21, N e W York 

ELECTRONIC PHYSICIST 
Electronic physicist for research and 

development work on  instrumentation 
problems with major petroleum refiner. 
Degree in physics essential, M.S. or Ph.D. 
preferred. Must have a minimum of 5 
years' research experience on a variety of 
electronic  problems and  demonstrated 
ability to develop new and ingenious elec-
tronic devices. Age 28-40. Location Chi-
cago. Salary dependent upon training and 
experience, Reply in confidence giving full 
details to Box 627. 

ENGINEER 

Well known German radio manufac-
turer has immediate opening for engineer 
with design and development experience 
in FM-TV equipment. Factory situated 
in mountainous part of southern Germany 
(U.S. zone) with pleasant living condi-
tions (summer and winter sports). Ger-
man language desirable. Please write to 
Z.G. 931-Annoncen-Expedition Carl Gab-
ler, GMBH, Munich, Germany. 

(Continued on page 524) 

ELECTRONICS 
TECHNICIANS 
WANTED 

The RCA Service Company, 
Inc., a Radio Corporation of 
America subsidiary, needs qual-
ified electronics technicians for 
U. S. and overseas assignments. 
Candidates must be of good 
character and qualified in the 
installation or maintenance of 
RADAR or COMMUNICA-
TIONS equipment or TELE-
VISION receivers. No age lim-
its, but must have at least three 
years of practical experience. 

RCA Service Company offers 
comprehensive Company-paid 
hospitalization, accident and 
life insurance programs; paid 
vacations and holidays; peri-
odic review for salary increases; 
and opportunity to obtain per-
manent position in our national 
and international service organ-
ization, engaged in the installa-
tion and maintenance of AM, 
FM, and TV transmitters, elec-
tronic inspection devices, elec-
tron microscopes, theatre and 
home television, r-f heating 
equipment, mobile and micro-
wave communications systems, 
and similar electronic equip-
ment. 

Base pay, overseas bonus, 
payments for actual living and 
other expenses, and benefits 
mentioned above add up to 
$7,000 per year to start for 
overseas assignments, with pe-
riod review of base salary there-
after. Openings also available at 
proportionately higher salaries 
for specially qualified techni-
cians with supervisory ability. 

Qualified technicians seeking 
an  advantageous  connection 
with a well-established com-
pany, having a broad-based, 
permanent peacetime and war-
time service program, write to: 

Mr. G. H. Metz, 

Personnel Manager, 

RCA Service Company, Inc., 

Camden 2, New Jersey. 
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RESEARCH ENGINEERS 

ELECTRICAL ENGINEERS AND 

PHYSICISTS 

THE  FRANKLIN  INSTITUTE 

LABORATORIES FOR RE-

SEARCH AND DEVEL-

OPMENT 

Have opening for personnel with 2-10 
years experience. Advanced degrees 
are desirable In certain of the po-
'Mons. Fields of Interest covered are: 
Mathematical Analysis of Physical 
Problems, Statistical Theory of Com-
munications. Electromagnetic Theory, 
Circuit  Analysis,  Servomechanism 
Theory,  Electrical  Computing,  Ad-
vanced and Fundamental Circuit De-
velopment. Radar and Pulse Circuits, 
Supervision of Operation of G.C.A. or 
Tracking Radar, Air Traffic Control, 
Air Navigation, Automatic Controls. 
Industrial or Marine Power Drives 
and Electrical Machinery. 

Send resume of education and experi-
ence. salary requirements and a pho-
tograph to: 

Personnel Department 

THE FRANKLIN INSTITUTE 

Philadelphia 3, Pennsylvania 

EJ important 
personal and professional 
opportunities 
for experienced 

ELECTRONICS ENGINEERS 
A broad program of research, design and 
development in new electronic fields with 
vast commercial applications by the manu-
facturer of Freed-Eisemann radio phono-
graphs and television receivers provides an 
opportunity for gaining valuable experi-

ence in new electronic concepts and tech-
niques under the direction of scientists of 
international repute. Adequate facilities, 
pleasant conditions and attractive salaries 
make this an opportunity for personal as 
well as professional advancement. Many 
openings for experienced electronic engi-
neers . . . including: 
• Project Physicist for fundamental elec-
tron tube research. Ph.D. or M.S. degree 
and extensive technical experience in the 
field of photo-electric, secondary emission, 
solid state, electron and physical optics. 
• Senior Electronics Engineer and Juniors: 
B.S. or M.S. degree. Three to five years ex-
perience in television, radar, and display 
circuits. 
• Project Engineer: Capable of designing 
low-power transmitters and receivers, AM, 
FM and UHF. 
Furnish complete resume of education and 
experience, salary required to Director of 
Research. 

FREED RADIO CORPORATION 
200 Hudson St  •  New York 13, N.Y. 

ENGINEERING OPPORTUNITIES 

MODERN LABORATORIES IN LOS ANGELES AREA 
Unusual opportunity for Senior men with degree and a background of proven 
accomplishment. 

ELECTRONIC ENGINEERS  SERVOMECHANISMS 

ENGINEERS 
ELECTRO MECHANICAL 

DESIGNERS 
MECHANICAL DESIGNERS 

PHYSICISTS-CIRCUITRY 

PHYSICISTS-ANALYSIS 

PHYSICISTS-OPTICS 

Long term program of research and development. 

Please do not answer unless you meet the above requirements. 

RESEARCH AND DEVELOPMENT LABORATORIES 
Hughes Aircraft Company 

CULVER CITY. CALIFORNIA 

1 
  
1Engineers Physicists 

I  SENIORS   :  The W. L. Maxson Corporation offers spe-

cial opportunities if you are heavily ex-
perienced in research and development on radar, computers and asso-
ciated equipment. 

• What do you want in a position? 
• What are your aims and ambitions? 

Please address your rob requirements and résumé 
to A  Hoffsommer  for  FrIcli,dual  attention. 

L .. THE W. L. MAXSON CORPORATION 
460 W. 34th Street  New York 1, N.Y. 

(Continued from page 3141 

MANUFACTURER'S REPRESENTATIVE 

To handle Must  lie sales engineer. 
growing line of electronic test instruments 
which now includes oscillators, DC ampli-
fiers, t ransducers,  elect ronic potentio-
meters, electronic DC and AC voltmeters, 
megohmeters, bridges and others. Sonic 
good territories are still open. Send quali-
fications to Southwestern Industrial Flee-
Ironic Co., I'. 0. Box 13058, Houston 19, 
Texas. 

PROJECT ENGINEERS 

Five years or more experience in charge 
of design and development of radio 'and 
communicat If)11  equipment.  Must be a 
graduate of a credited engineering school. 
Well equipped laboratory in modern radio 
and television plant, with excellent oppor-
tunities for advancement. Send resume 
of qualifications to Mr. S. F. Cascio, Per-
sonnel Director, Ilallicrafters Gnimany, 
4401 West Fifth Ave., Chicago 24, Illi-
nois. 

ENGINEERS 
A very large vacuum tube and cathode 

ray tube manufacturer has at  
openings for experienced vacuum tube 
engineers. It will be to your benefit to in-
vestigate these possibilities. Please write 
to Box 628. 

(Cmitinue,f , 1 pme 51.11 

SENIOR 
ELECTRONIC 
ENGINEERS 

Prominent New England Com-
pany needs a number of top-
flight engineers, skilled on pulse 

circuits, microwave circuits, R. F. 
techniques and design and de-
velopment of circuits for use in 
high speed electronic digital 

computers. Minimum of at least 
6 to 8 years experience. Attrac-

tive salary —group insurance — 

pension  plan —paid  vacation. 

Please write, giving complete 

resume of education, experience 
and salary expected. 

Box 629 

The Institute of Radio Engineers, 
Inc. 

I East 79th Street, New York 21 
N.Y. 

1 
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Cot*Ag téefttãi& 
TV A  ADIO! 

M N‘ 

Clarostat supplies more controls for TV than any other manufacturer. 
Three decades of pioneering and specialization are duly recognized. 
And Clarostat's new plant with unexcelled mechanization and smooth-
est production flow, turns out over 50,000 controls a day, not to men-
tion resistors of many different types, in meeting the major portion cf 
today's TV and radio requirements. Obviously, for quality, uniformity, 
dependability, economy, it's CLAROSTAT. 

Write for Engineering Bulletins on resistors, controls and 
resistance devices. Let us collaborate on your control and 
resistance problems and needs. 

Controls and Resistors 
CLAROSTAT MFG. CO., INC. • DOVER, NE W HAMPSHIRE 

IN CANADA; CANADIAN MARCONI CO. LTD., MONTREAL, P. O., AND BRANCHES 
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PHYSICISTS 
AND 

ENGINEERS 
You can find plenty of positions where 
you will work on minor improvements 
on  radar,  telemetering  systems, and 
other conventional devices.  However, 
you will find very few positions where 
you can break ground in new fields hav-
ing tremendous significance. This you 
can do at the JACOBS INSTRU MENT 
COMPANY, whose entire effort is de-
voted to pioneering activities in new 
fields that it has opined up itself. One 
of these fields, for example, is that of 
ultra-high speed, ultra-compact digital 
computers and controllers. This com-
pany's JAINCOMP family of computers 
dominates this field. Other equally im-
portant fields are being developed. En-
gineers and physicists with sound back-
grounds and experience in the design 
of advanced electronic circuits or pre-
cision  mechanical  instruments  may 
qualify,  also  individuals  with  good 
backgrounds in applied physics. A few 
openings exist for outstanding Junior 
E. E.'s and physicists, also experienced 
technicians; applicants for these posi-
tions must apply in person. 

JACOBS 
INSTRUMENT CO. 

4718 Bethesda Ave. 

Bethesda 14, Maryland 

Positions available for 

SENIOR 

ELECTRONIC 

ENGINEERS 

with 

Development & Design 
Experience 

in 

MICRO WAVE RECEIVERS 

PULSED CIRCUITS 

SONAR EQUIPMENTS 

MICRO WAVE 

COMMUNICATIONS 

SYSTEMS 

Opportunity For Advancement 
Limited only by Individual 

Ability 

Send complete Resume to: 
Personnel Department 

MELPAR, INC. 
452 Swann Ave. 

Alexandria, Virginia 

Continued from page 524) 

SENIOR ELECTRONIC ENGINEER 

Opportunity with manufacturer of elec-
tronic electro-mechanical and radiation In-
struments. Requirements: 5 years experi-
ence in design and development of pulse 
circuits, computers, nuclear instrumenta-
tion or video circuits required. Manufac-
turing or production experience desirable. 
Send complete resumes and salary require-
ments to: Berkeley Scientific Company, 
P. 0. Box 1826, Richmond, California. 

PRODUCTION ENGINEER 

Opportunity with manufacturer of elec-
tronic, electro-mechanical and radiation 
instruments. Requirements: 5-10 years ex-
perience as electronic and mechanical in-
strument production engineer in small lot 
production. Thorough electronic theory 
grounding. Send complete resume and 
salary requirements to Berkeley Scienti-
fic Co., P. 0. Box 1826, Richmond, Cali-
fornia. 

ELECTRICAL ENGINEER 

Graduate with experience in design and 
product technique of specialized electronic 
tubes other than high production transmit-
ting and receiving types. Bendix Aviation 
Corp., Kansas City Division, P.O. Box 
1159, Kansas City, Missouri. 

ELECTRONIC ENGINEERS 

Excellent opportunities are offered by 
one of the leading concerns in the elec-
tronic computer field to engineers with de-
velopment or design experience in video 
and pulse circuitry or test and maintenance 
experience in the radar television or com-
puter fields. Send complete information 
to Personnel Department, Eckert-Mauchly 
Computer Corporation, 3747 Ridge Ave-
nue. Philadelphia 32, Pa. 

- ...ga).410.< 01... -- 4... 

••sAvimost.o 

NATIONAL 

UNION 

RESEARCH 

DIVISION 

Electrical  Engineers  and  Physi-

cists are needed for research on 
Cathode Ray, Subminiature, Sec-
ondary Emission and other types 
of Vacuum Tubes. 

Permanent  interesting  positions 
are available  in the following 
fields: 

Tube design & development 
Tube processing 

High vacuum systems 
Solid state physics 
Electron optics 
Phosphorescence 

Men qualified in any of the above 
are invited to send their resumes 
to: 

Divisional Personnel Manager 
National Union Research Division 
350 Scotland Rd., Orange, N.J. 

PHYSICISTS 
AND 

SENIOR RESEARCH 
ENGINEERS 

POSITIONS NO W 

OPEN 

Senior Engineers and  Physicists having out-
standing academic background and experience 
in the fields of: 

• Microwave Techniques 
• Moving Target Indication 
• Servomechanisms 
• Applied Physics 
• Gyroscopic Equipment 
• Optical Equipment 
• Computers 
• Pulse Techniques 
• Radar 
• Fire Control 
• Circuit Analysis 
• Autopilot Design 
• Applied Mathematics 
• Electronic Subminiaturization 
• Instrument Design 
• Automatic Production Equipment 
• Test Equipment 
• Electronic Design 
• Flight Test Instrumentation 

are offered excellent working conditions and 
opportunities for advancement in our Acre-
physics Laboratory. Salaries are commensurate 
with ability, experience and background. Send 
information as to age, education, experience 
and work preference to: 

NORTH AMERICAN AVIATION, INC. 

Aerophysics Laboratory 
Box No. N-4, 12214 South Lakewood Blvd. 

Downey, California 
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THE MUSHROOM-LIKE OBJECT directly 
below is the completed assembly of the radio 
volume control shaft made by P. R. Mallory Cs 
Co., Inc., Indianapolis, Ind., (actual size). Photo 
below it shows the plastic part attached by a stak-
ing operation. This staking is shown in detail 
in photo of part enlarged 7 times, at right. 
Photo at bottom shows control shaft after machin-
ing and before staking. Shaft is madeirom Revere 
Alloy 247 ... 3i" round free cutting brass rod. 

BY SWITCHING TO REVERE FREE CUTTING 
BRASS ROD P. R. MALLORY & CO., INC., 

 r eaotrTs,/ 
Staking operation on radio volume control shaft 
performed without fracture ... annealing operation 

eliminated. 
The solution to the Mallory Company's problem was 
not as easy as it might appear. It was not simply a case 
of Revere Technical Advisory Service recommending 
I" round, free cutting brass rod. That rod had to 
possess the machinability to match Mallory's existing 
production machine set-up and at the same time be 
sufficiently workable so that annealing, prior to staking, 
could be eliminated; and that staking be accomplished 
without fracturing the metal. 
After consulting with the Mallory Engineers, and 

discussing the tests which Mallory would subsequently 
conduct, Revere recommended a AI" round, half hard 
riveting and turning rod mixture 247. Working tests 
.made by Mallory showed this rod to possess all the 
necessary requirements. 
As a result of those tests, P. R. Mallory & Company 

is now using this Revere free cutting brass rod to its 
complete satisfaction for the radio volume control 
shafts it manufactures. Not just any Vt" brass rod, but 
the right rod made it possible for them to save on 
2 counts. 
Perhaps Revere has a brass, a copper or some special 

alloy to help you in the development or improvement of 
your product ... in cutting your production costs. So 
why not tell Revere your metal problems? Call the 
Revere Sales Office nearest you today. 

REPERE 
COPPER & BRASS INCORPORATED 

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

•  •  • 
Mills: Baltimore, Md.; Chicago and Clinton. III.; Detroit, Mich.; Los Angeles 

and Riverside, Calif.; New Bedford, Mass.; Rome, N. Y. 
Sales Offices in Principal Cities, Distributors Everywhere. 



ENGINEERING 
OPPORTUNITIES 
IN 

Westinghouse 
Wanted: 

Design Engineers 

Field Engineers 

Technical Writers 
Must have at least one year's 

experience. 

For work on airborne radar, 
shipborne radar, radio communi-
cations equip., microwave relay, 
or micro-wave communications. 

Good pay, excellent working 
conditions; advancement on in-
dividual merit; location Balti-
more. 

Send resume of experience and 
education to: Manager of In-
dustrial Relations, Westinghouse 
Electric Corp., 2519 Wilkens 
Ave., Baltimore 3, Maryland. 

PROJECT 
ENGINEERS 

Real  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 

*  * *  * 

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. 

ELECTRICAL ENGINEER 

Electrical engineer. Graduate of Iowa 
State College, June 1950, communication 
option. 6 months acetylene and electric 
welding experience. 14 months machinist 
apprentice training. Class A Amateur 
Radio Operators license. Age 24, married. 
Location immaterial. Box 452 W. 

ENGINEER 

B.E.E. Pratt Institute, June 1950, top 
fifth of class. Desires start in electronic 
control and/or servomechanism. 2 years 
experience in testing. Salary secondary. 
Box 454 W. 

ENGINEER 

B.E.E. Cornell, June 1950. Tau Beta Pi, 
Eta Kappa  Nu.  Some experience as 
laboratory assistant and in radio manu-
facture. Seeking position in communica-
tions or electronics development, design or 
research. Age 25. New York City or 
eastern U.S. location preferred. Starting 
salary secondary. Resume on request. Box 
456 W. 

ELECTRONICS ENGINEER 

B.E.E. City•  of New York, June 
1950. Age 25, married. 1 year assistant 
in development of new oscilloscope. 1 
year as electronic equipment specialist 
with Navy catalog office. 1 year as radio 
serviceman. AETN1 1/c in Navy. Desires 
work in electronics or communications. 
Will relocate if necessary. Box 457 \V. 

ELECTRICAL ENGINEER 

Elect rical  engineer.  age  43,  single. 
B.S.E.E. 1,/, years design and develop-
ment of transformers and coils for elec-
tronic equipment through manufacture. 
21/4  years electrical design; 11/4 years 
Chief Electrical Engineer; 2 years en-
gineer-draftsman; 1 year construction and 
inspection—power and light engineering 
and telephone conduit installation. Desires 
responsible position with electronic trans-
former manufacturer or research. Wish to 
locate southwest. Box 463 W. 

(Continued on tape $8A) 

RCA VICTOR 
Camden, N. J. 

Requires Experienced 

Electronics Engineers 

1(( As steady gross th in the field of elec-
tronic% results in attractive opportunities 
for electrical and mechanical engineers and 
physicists. Experienced engineers arc find-
ing the "right position" in the wide scope 
of RCA's activities. Equipment is being de-
veloped for the following applications: 
communications and navigational equip-
ment for the as iation industry, mobile 
transmitters, microwave relay links, radar 
systems and components, and ultra high 
frequency test equipment. 
These requirements represent permanent 

expansion in RCA Victor's Engineering 
Division at Camden, which will provide 
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:. 

Notional Recruiting Division 
Box 960, RCA Victor Division 

Radio Corporation of Americo 
Camden, New Jersey 

ELECTRICAL 
E116111EER 

Nationally known electronics firm 

has need in its Long Island labo-

ratories for engineer with BS or 

MS to work with group on circuit 

& miniaturization problems, relat-

ing to electronics equipment & 

techniques. Must be capable of 

job planning & project control. 

Minimum 5 years experience in 

both audio & TV circuits and in 

tube component design or equip-

ment production. Prefer engi-

neering physicist or electrical en-

gineer with some mechanical de-

sign experience and major inter-

est in circuits. Send complete re-

sume to Box IRE 1684, 221 W 4 I 

St NYC 
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•  Poz#4 INSTRUMENT COMPANY 

INCREASED MANUFACTURING 
& DEVELOPMENT FACILITIES 

A 

YOU, OUR CUSTOMERS, have been presenting us with 
problems which require skill not only in electronic circuitry but 

in unique mechanical design as well. 
In solving many of your problems, we have found it necessary to 

think in terms of the most compatible combination of electronics 
and mechanics. Many companies are expert in one or the other of 
these fields, but a company which is skilled in both is rather rare. 
Realizing this fact, we have made a greater effort to mold our 
organization and facilities accordingly. Our latest step in this di-
rection has been to construct a new plant with complete machine 
shop facilities and increased manufacturing space. Another goal 
for which we have been striving is circuit simplification. Our 

philosophy for the last eight years has been to design equipment 
with the fewest number of tubes and components without compro-
mising on dependability. The result of this philosophy is evident in 
the basic 4-lamp Potter Decade and in new equipment designs yet 
to be announced. These include simplified and economic arithmetic 
units, multi-purpose shift registers, storage devices, photoelectric 
readers, tape handlers and a radically new high speed line-at-a-time 
printer. If you are concerned with problems in these fields write to 
Dept. 5-B for additional information. 

,ome 
POTTER IIVSTRUMENT COMPANY 

• High Speed Electronic 
Counters and Scalers 

• Precision Chronograph 
and Timing Instruments 

• Frequency Measure-
ment Counters 

• Electronic Digital Com-
puters and Memory 
Devices 

• High Speed Printer 
Units and Data 
Handling Equipment 

arl---14-514-6 115 CUTTER MILL ROAD, GREAT NECK, NEW YORK 
INC ORP OR ATE D 

COA0 P4 

PRELLTERMINED COUNTERS feature 
counting rotes to 60,000 per minute, 
absolute accuracy, instantaneous au-
fornalic reset, simple dial selection of 
count, 

DECADE  COUNTER  provides  direct 
decimal  read-out with  the simplest 
most reliable decade circuit mode. 
Finest components, superb construc-
tion, 

UI 
TIME STUDY COMPUTOR—custom de-
signed to compute operation waiting 
time for payroll applications. etc.; 
also computes most efficient combine 
lion of rnon and machines 

1.6  MC COUNTER  CHRONOGRAPH 
with  high  resolution  and  accuracy 
11/1,600,000 second).  Indicates in. 
torvols up to I second. Dependable, 
stable, no adjustments reauir•d. 

IPROLEENINGS OF TILE I.R.E. 1950 57n 
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ORE PERFORMANC 

plus these ELECTRICAL 

and MECHANICAL features 

this new five-inch Browning 'scope 
gives you the basic laboratory 
equipment for pulse work — in 
a single, compact unit with: 

• Triggered sweep rate continu-
ously variable from  1.0 to 
25,000 microseconds per inch. 

• Sawtooth sweep rate 10 cycles 
to 100 KC. 

• Sweep calibration (triggered 
and sawtooth) in microseconds 
per screen division accurate 
to ±I0%. 

• Vertical amplifier flat within 
3 db. from 5 cycles to 5 
megacycles. 

• Sensitivity 0.075 volts  RMS 
per inch. 

• Horizontal amplifier d.c. to 
500 KC, sensitivity 2 volts per 
inch. 

• Self-calibrating on both X and 
Y axis. 

• Readily portable . . . weighs 
but 50 pounds. 

• SUP1 cathode-ray tube operates at accelerating potential of 2600 
volts • Sweep starting time is approximately 0.1 microsecond 
• Sweep may be triggered or synchronized by positive or negative 
sine-wave or pulse signals of 0.5 volts (external) or 0.75 inches 
deflection (from vertical amplifier) • Three-step attenuator — 
100:1, 10:1, and 1:1, plus continuous adjustability over entire range 
• Peak-to-peak vertical calibration voltages of 0-2-20-200 at accu-
racy of ± 10% • Cathode connection, brought out to front panel, 
allows external blanking and marker connection • All deflection 
plates are available for direct connection • Steel cabinet finished 
in black wrinkle  • Steel panel finished  in black leatherette 
• Copper-plated steel chassis with lacquer finish  • Controls 
grouped by function for operating convenience • Free-view screen 
has graduated X. and Y-axis scales • Size: 10" wide, 141/2" high, 
163/4" deep • Instrument draws 180 volt-amperes at 115 volts 
60 cycles. 

NET PRICE, F.O.B. Winchester, Mass  $485.00 

FREE BULLETIN 

In Canada,  ad-
dress Measurement 
Engineering  Ltd., 
Arnprior,  Ontario 

Export Sales 
Rockefeller Plaza 
Room 1422 
New York 20 

gives further data on this new, low-cost, versatile 
oscillosynchroscope. Ask for data sheet ON-54E. 

BR O W NI N G 

Positions Wanted 

ELECTRONIC ENGINEER 

11.5 1.1 h., Oklahoma Institute of Tech-
nology 1950. Communications major. 9 
hours towards Masters degree. 3 years 
Naval Airborne radio and radar main-
tenance. 51/2 years 1st class machinist 
with Sperry. Age 31, single. Desires posi-
tion wills future in research, development, 
medical electronics, communications or 
electronic work. Anywhere in U.S. Box 
464 \V. 

ELECTRONIC ENGINEER 

B.S.E.E.  communications,  Oklahoma 
A. and M. College, June 1950, Eta Kappa 
Nu. 18 hours advanced graduate work. 
Age 24, single. Infantry 2 years. Informal 
varied experience in field of electronics. 
Desires position in research, design or de-
velopment its any phase of electronics, 
preferably microwaves. Location imma-
terial. Box 465 W. 

ELECTRONIC ENGINEER 

B.E.F..., MI..... 2 years design and de-
velopment  work  in  servomechanisms, 
, measurement equipment, electronics; 11/2 
years laboratory instruction in electrical 
engineering; P/2 years radar technician 
' U.S. Navy. High scholastic record. Box 
475 W. 

COMMUNICATIONS ENGINEER 

B.S.E.F.. Sept. 1950, Ohio State Univer-
sity. Married, age 25. 6 years AM and 
FM broadcasting experience. Chief Engi-
neer overseas Armed Forces radio station 
8 months. 1st class radio-telephone license 
Desires production or design. Box 476 W. 

ELECTRICAL ENGINEER 

. B.S.E.E. Kansas State College, Janthay 
1950. Eta Kappa Nu, I.R.E. Age 29, 
married. Aircraft electrician, Army radar. 
Interested in sales, design or development 
of electronic equipment. Location and 
salary secondary. Box 478 W. 

ELECTRONICS INSTRUCTOR 

9 years servicing civilian and govern-
ment RXs, TXs and PA systems; 6 years 
teaching AM, FM and TV mathematics, 
theory and laboratory; 2 years Navy radar 
training. Last positions: organized school 
technically and held chief instructors 
status 3 years. Box 479 \V 

ELECTRONIC ENGINEER—PHYSICIST 

6 years of physics, electrical engineer-
ing and electronics in Fordham, Univer-
sity of Rochester, Harvard, Mass. Insti-
tute of Technology and Brooklyn Poly-
technical Institute; B.S. in physics, June 
1949. PA years servomechanism develop-
ment plus 3 years as Naval electronics 
officer. Age 27. Married. 2 children. De-
sires position in electrical engineering, 
technical or sales anywhere in U.S. or 
overseas. Box 480 W. 

(Continued oe farm 604) 
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Your answer, too, for 

extreme precision in 

remote indication 

and control systems 
Instant responsiveness, complete smoothness of opera-
tion and a high torque/rotor inertia ratio make Kolls-
man Induction Motors ideally suited for use as servo or 
follow-up motors in control mechanisms. These minia-
ture two-phase units have fast starting, stopping and 
reversing characteristics and deliver maximum torque 
at stall. Designed with distributed wound stators and 

squirrel-cage type rotors, they perform smoothly from 
zero to maximum r.p.m., with no "cogging" action in 
the low speed ranges. They may be energized by two-
phase AC or by single-phase, using a phase-splitting 
condenser in series with one winding. 
The Induction Motors constitute one series in a com-

plete line of special purpose AC motors designed and 
manufactured by Kollsman, leader in the field of pre-
cision aircraft instrumentation and control. Among 
those available, you may find the exact answer to your 
control problem. If not, the skill and experience of 
Kollsman engineers may be relied upon to produce a 
unit that fulfills your particular specifications. For 
further information regarding these motors, address: 
Kollsman Instrument Division, Square D Company, 
80-08 45th Avenue, Elmhurst, New Yotk. 

KOLLSMAN INSTRUMENT DIVISION 

ISQUARE n COMPANY 
ELAINURV% NEW YORK GLENDALE, CALIFORNIA 
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Coil I' 
Manufact0 
• Single layer solenoid coils 

• Universal wound coils of 

single, multiple pie, and 

progressive construction 

• RF, IF, and Oscillator Coils 

• Traps, Discriminators, Fil-

ters, RF and Delay Line 

Chokes 

These are but a few of the many types of coils de-

signed and built by B&W to answer your specific needs. 
Whether your problems concern research, design, 

development, or production . . . in electronics, televi-

sion, radio broadcasting, or radio communications . . . 

for long or short production runs—to exacting commer-
cial or military specifications—you'll find the complete 
facilities of B&W able to answer your coil problems. 

For detailed information on coils that are recog-
nized the world over for their consistent dependability, 
write today to B&W, Dept. PR-100. 

Monu foci, manufacturing facts 

BA  &WILLIAMSON, INC. 
237 Fairfield Avenue  Upper Darby, Pa. 

Positions Wanted  

(Continued from Page MA) 

ELECTRICAL ENGINEER 

Recent electrical engineering graduate. 
Some experience. Special interest in de-
sign of VHF communications equipment, 
propagation studies or field surveys, and 
evaluation of overall system performance. 
Desires position continental U.S.A. Box 
481 W. 

ELECTRONIC ENGINEER 

BE. E. June 1949, University of Dela-
ware. Age 25, married. 3!  years Navy 
AET:M. 1 year in nucleonic instrument 
maintenance, calibration, and modification. 
Desires research or development position 
in New York or Phila. area. Box 482 W. 

ANTENNA ENGINEER 

B.S. and M.S. in E.E., extra graduate 
credit. 2 years Navy electronics, 1 year 
part time teaching, over 2 years aircraft 
antenna research and development work. 
Age 27, married. Eta Kappa Nu, Tau 
Beta Pi, Sigma Xi, A.I.E.E., I.R.E. De-
sires research and development in VHF, 
UHF or microwave antennas. Box 483 

COMMUNICATIONS ENGINEER 

B.E.E. Clarkson College, June 1950. 
Single, age 26. Formerly A.A.F. radar 
technician. Metropolitan New York Art :I 
preferred. Box 484 W. 

TELEVISION ENGINEER 

Presently employed, 28 months equip-
ment design and advanced development ; 
video, pulse and special associated circuits. 
Seeking permanent connection with future 
away from metropolitan New York area. 
Systems engineering preferred, hut will 
consider research or development. Present 
salary $5400. Credentials on request. Box 
485 \V. 

ELECTRONIC ENGINEER 

electronic ,, I iii‘er.it of Illi-
nois 1949. Age 31, married. 4 years .\..\ !-
radar officer, itmtructor. 1 year null,. 
manufacturing. Last year and a half m 
geophysics, still employed. Prefer mid-
west or southwest. Box 486 \V. 

ELECTRONIC ENGINEER 

BE. I. June 1949. Communicatiims op-
tion. Rensselaer Polytechnic Institute. 3 
years elctronic technician 1/c1. U.S. N avy. 
1 V2 years experience test and development 
fire and control equipment; 1 year M.B.A. 
at N.Y. U. major management. Position de-
sired : test and development or project en-
gineering with communication or elec-
tronic instrument  ew York—Long Is-
land area. Resnnie on request. Box 4447 

ELECTRONIC ENGINEER 

B.E.E. UM\ rsity of Mimic—Li 1948, 
28, married, 2 children. Laboratory experi-
ence in pulse Communication systems. 
sires permanent position in west. Box 488 
W. 
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BONANZA AIR LINES SELECTS WILCOX TYPE 428 

FACTORY PACKAGED VHF STATION For All Ground Stations 

A WILCOX Factory Packaged Station offers 

OPEPATING CONVENIENCE 

Conveniently grouped controls, telephone hand• 

set, typewriter, filing cabinet, and writing desk 

assure efficient operation 

2. INSTALLATION ECONO MY 

The 72-inch-high standard relay rack is com• 

pletely wired at the factory. Just install the 

antenna, plug the station into any standard 

electrical outlet, and it's ready for operation. 

3. M AINTENANCE EFFICIENCY 

All adjustments are made from front panels. 

Plug and receptacle connections permit instant 

removal  of  oil  components.  Simple  circuits 

you: 

minimize the number and types of tubes, require 

no special training or test equipment. 

DEPENDABLE COMMUNICATIONS 

FOR THE W ORLD'S AIR LINES 

In recent months many of the world's foremost air 

lines, UNITED, EASTERN, TWA, MID-CONTINENT, 

BRANIFF,  PIONEER,  ROBINSON,  HA WAIIAN, 

SOUTHERN,  and  WISCONSIN  CENTRAL,  have 

placed volume orders for Wilcox equipment  No 

greater compliment could be paid to the per. 

formonce, dependability, and economy of Wilcox 

equipment than to be "FIRST CHOICE" of this 

distinguished group. 

W ire & 7 6.€4,14, „ for complete information on the Wilcox Type 428 Packaged VHF Grouncl Station. 

WILCOX ELECTRIC COMPANY 

KANSAS CITY 1, A MISSOURI, U. S. A. 

The Type 428 Packaged VHF 
Ground Station includes SO watt 
Transmitter,  Receiver,  Power 
Supply, and Antenna. 

PRO( 11  Oh 1111:  (1,t ,,ber, 12.,n) 



- THE HIGHEST GAIN 
COMMUNICATIONS 
ANTENNA EVER BUILT! 

• 

" Wirt(  ‘ VSS* 
Illkoft,taw..11 %eAtate 

VERTICAL RADIATION PATTERN OF TYPE 3000 ANTENNA 

Actually delivers 6 db   
increases your power 4 times! 
Now, for the first time, you can operate in areas previously 
far out of your reach. This vast extra service area is yours at 
no additional operating cost because the 6 db actually delivered 
by this new ANDRE W antenna is equivalent to increasing 
your power 4 TIMES! Think of the economy! This tremendous 
extra power also fills in any dead spots. 
It's another pace-setting ANDRE W "first". 

thuformity_gf performance is assured regardless of supporting 
structure height through a NE W EXCLUSIVE ANDRE W 
METHOD of electrically isolating the radiating elements 
from the support structure. 

Lightning protection and quieter reception during electrical 
storms are achieved by a DC path which conducts static charges 
from the elements to ground. 

TYPE NO. 

Gain 

Height above lop of tower 

Length of support mast 

extending into tower 

Weight 

Moment at tower top' 

SPECIFICATIONS 

1 4 8 -174 MC 

3000  3001  3002 

6 db  6 db  3 db 

27 1/2  ft.  27 1/2 ft.  13 1/2 ft. 

5 ft.  5 ft.  5 ft. 

625 lbs  375 lbs.  175 lbs. 

9300 ft. lb.  6150 ft. lb.  1600 ft lb. 

'8osed on 100 mph wind loading ond 1/2 ' mho! ice. Moments Include loadon9 
added by 300mm beacon for Type 3000 and double obstruction logbt for Type 3001. 

Type 3000 is designed to support o 300 min code beacon, and includes a suitable 
mounting Plate. Type 3001 is designed to support a double obstruction light. 

All models are designed for connection to ANDREW Type 737 transmission line, 
and are provided with climbing steps. 

79/ 1 d, e 1 11 
C O R P O R A T I O N 

36 3  EA S T  75 ,  ST R E E T  •  C HI C A G O  19 

All orders filled chronologic-
ally. Deliveries begin Septem-
ber 1. Write, wire or phone 
(ask for Mr. Bickel) today. 

ANA? = 
WORLD'S LARGEST ANTENNA EQUIPMENT SPECIALISTS 

TRANSMISSION LINES FOR AM•FM•TV • ANTENNAS • DIRECTIONAL ANTENNA EQUIPMENT 
ANTENNA TUNING UNITS • TOWER LIGHTING EQUIPMENT • CONSULTING ENGINEERING SERVICES 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

( ,nlinurd train page 484) 

Tape Recording Head 
Shure Bothers Inc., 225 W. Huron 

St., Chicago, Ill., announce the develop-
ment of the Model TR 5 tape recording 
head —they state that it is the only tape 
head in the field that is engineered for mass 
production. It combines the functions of 
record, playback, and erase in one versatile 
unit. 

The TR 5 has a unique design that in-
sures production control of gap dimension 
and alignment. Another special feature of 
the Shure tape head is the fact that it em-
ploys an effective deep-drawn, mu-metal 
shield for optimum hum reduction. 
The TR5 is designed for ease in as-

sembly to equipment a5 well as for ex-
cellent frequency response and output 
level. Of special interest to manufacturers 
of tape transport mechanisms is the low 
cost of the Model TR5 and its compact-
ness. 
Specific technical data: record and 

playback coil impedance-1,650 ohms at 
1,000 cps; erase coil impedance-1,000 
ohms at 40 kc; output level -5 db above 
1 my at 1,000 cps (at tape speed of 3.7.5 
inches per second); over-all dimensions - 
0.685 inch maximum height X1.240 width 
X1.031 depth. 

Pneumatic Electrode 
Dresser 

To meet the need for redressing round 
electrodes of single- or multiple-point weld-
id machines, Keller Tool Co., Grand 
Haven, Mich., announces development of 
a new air-powered electrode dresser. 

(Continued on page 44A) 
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The New ML-2C39A*... 

ML-2C39A  GENERAL CHARACTERISTICS 

' PROCEEDINGS 01: HO, I.B.I  October, 1950 

4 

6.3 volts 

Electrical 

Cathode. Cooled Unipotential 
Heater Voltage   
Heater Current   1.0 amperes 

Amplification Factor (Average)   100 

Direct Interelectrode Capacitances (Average) 

Grid Plate   1.95 mufd. 
Grid Cathode   6.50 muf d. 
Pate Cathode   0.035 Aufd. 

Transconductance 
(ib = 70 ma., ED =-- 600 v.) (Average). 23,000,umhos 

Radio Frequency Power Amplifier 
Class-C FM Telephony or Telegraphy 

(key-down conditions, 1 tube) 

Maximum Ratings 
D-C Plate Voltage   1000 max. volts 
D-C Cathode Current   125 max. ma. 
D-C Grid Voltage   —150 max. volts 
Peak Positive R-F Grid Voltage   30 max. volts 
Peak Negative R-F Grid Voltage   —400 max. volts 
Plate Dissipation   100 max. watts 
Grid Dissipation   2 max. watts 

Proving once again that 

maie".4 zree P ete fue 

1. Design of cathode lead for positive adjustment and 
control of transconductance; limits arc 20,000-23,000 

pathos or only 25 c/c of permissible specified range. 

2. High temperature ceramic in hot cathode end elim-
inates danger of gas evolution from glass at high tem-

peratures. Assures better protection under overload 

conditions. 

3. Uniquely processed mesh grid assures greater fre-
quency stability with variation in grid dissipation. 

4. Gold over silver plating to maintain optimum sur-
face conductivity even in corrosive atmospheres. 

5. Machlett's high vacuum processing for good cath-
ode activation and freedom from gasiness. 

6. Stronger glass-metal seals. Less breakage inserting 

and removing tubes. 

Conforms with recently issued JAN specifications. 

ML-381 FOR PULSED APPLICATIONS 

Maximum Ratings (Tentative) 

ep, peak   3500 volts 

ip, peak   4.5 amps 

ig,  peak   2.0 amps 

ip,  ave   30 MA 

19, ave   15 MA 

T, pulse length   5 A sec. 

duty   1% 

Ef   5.5 volts ± 5% 

In all other respects the ML-381 is electrically and 
mechanically interchangeable with the 2C39A. 

:41/44 de rale 6' 
Long experience in the development and manufac-

ture of the 2C39A electron tube has given Madden 
Laboratories a comprehensive understanding of the 
operating problems encountered in a wide variety of 

applications of this tube type. 

For assistance on your specific problem, write to ilachlett Laboratories 

or contact your local Graybar office. 

O VE R  50  YE ARS  OF  ELE CT R O N  TU BE  EX PE RIE N CE PACKET 



Specify BREEZE "Monobloc" 
Waterproof and Pressure Sealed 

CONNECTORS 
ANOTHER 

tiitHEIEZ M A FI K 

PRODUCT 

The only APPROVED Monobloc System 
for Advanced Radar, Communications, 
and Electronic Equipment 

Breeze "Monoblocs", with single piece plastic inserts, 

offer outstanding advantages in assembly, wiring, 
mounting and service in the field. 

Single piece inserts make a tighter 
unit, eliminate the air spaces within 
conventional multiple-piece inserts, 
greatly reduce the opportunity for 
moisture shorts. 

Removable contact pins make pos-
sible bench soldering of leads, quick, 
error free assembly of Breeze Water-
proof Connectors and panel-type 
"Monobloc Miniatures." 

Single-Hole Panel Mounting is all 
that is required for either Water-
proof or Pressure Sealed types. 

Other Breeze Precision Products 

ACTUATORS:  RADIO SHIELD-  "AERO-SEAL" 
All types, sizes.  ING: For any  Worm-DriveHose 
Complete control  type of high or  Clamps. Vibra-
systems  engi-  low tension sys-  tion proof, uni-
n•ered to re-  tem. New type  form clamping, 
qui r•m•n ts.  "unit leads" or  use again and 
Above: Landing  re-wirablelends.  again.AlIclamps 
gear actuator  Flexibleshielded  have stainless 
Fairchild Packet,  conduit,  steel bands. 

Pressure Sealed types are available 
for values up to and including 75 
psi, or they can be specially engi-
neered for greater pressures. They 
meet specified requirements of shock, 
vibration, salt spray, humidity and 
temperature cycling from —65° to 
+ 185° F. 

Breeze "Monobloc" Waterproof 
and Pressure Sealed Connectors 
are engineered to your require-
ments in aluminum, brass or steel 
—in all sizes and capacities. They 
are fully tested and approved... 
cost no more than ordinary types. 

Write for Details 
If you have a tough connector 

problem, ask BREEZE for the answer! 

BREEZE 
CORPORATIONS, INC. 
41-G South Sixth Street, Newark 7, N.J. 

News—New Products 
These manufacturers have Invited PROCEEDINGS 

readers to write for literature and further technical 

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

(Continued front page 624) 

The new tool, which combines the func-
tions of both angle- and thin-type dressers, 
is designed to quickly restore electrodes to 
original shape without their re   'al from 
the welding machine. 
The cutter attachment of 1-inch thick-

ness readily accommodates close-clearance 
jobs. Both Porter- and severance-type CH t-
iers can be used, the changing of cutters 
being made easily. Fast cutting action is 
provided by a free speed of 1,750 rpm. 
"The new dresser," Keller engineers 

state, "assures uniformly dressed elect rode 
points, eliminates hand filing methods, and 
reduces the usual shut-down time for 
icing multiple-spindle machines. -

Over-all length of the dresser i- 12; 
inches, net weight, 41 pounds. 

Radiation Monitor 
A new ac-operated radiation monitor, 

Model K-900, which makes it possible for 
the isotope laboratory worker to determine 
simply and quickly the contaminaiion 
laboratory accessories, benches and harlot,. 
announced by the Instrument Div., The 

Kelley-Koett Mfg. Co., 147 1%. Siyih 
coyi ngt ,in , K marruracurrers oi ifISMI-
ments for radiation detection and measurr--
ment. 

This versatile count rate meter serves 
as a continuous monitor in "hot" labs. 
Flashing neon light and variable volume 
speaker respond immediately to any in-
creases in radio-active levels in area. When 
provided with a contact-making meter and 
relay-alarm, the K-900 unit gives instan-
taneous, audible indication of increases in 
background over any predetermined level. 
A large easy-to-read meter indicates 

either radiation rates or high voltige ap-
plied to the tube. A range and high-voltage 
switch on front panel selects either one of 
two ranges: 10,000 (X10) or 1,000 ( X 1 
counts per minutes, full scale. The tube 
voltage is adjustable front 500 to 1,000 
volts. When set on "calibration," an inter-
nal pulse generator synchronizes with the 
line frequency. Selection of 15 or 45 second 
time constants is permitted for the accu-
racy of meter reading desired. 

(Continued on page 66A) 
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ALL RANGES WITH THIS 
Just one knob—extra large—easy to turn—flush with the panel, 

controls all ranges. This one knob saves your time— 

minimizes the chances of "burn-outs" because you don't 

have to remember to set another control. You can 

work fast with Model 630 with your eyes as well as your 

hands. Look at that scale—wide open—easy to read, 

accurately. Yes, this is a smooch TV tester. Fast, safe, no 

projecting knobs, or jacks, or meter case. Get your 

hand on that single control and you'll see 

why thousands of "Model 630's" are already in use in 

almost every kind of electrical testing 

IONIA" g:19.50  l'OUlt DISTRIBUTOR 
In Canada Triplett Instrumento of Corrado, Georgetown, Ontario 

TRIPLETT ELECTRICAL INSTRUMENT COMPANY • BLUFFTON, OHIO, U S.A. 

ONE CONTROL 
model 
630 
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Here's why those in the know News—New Prod u (.7 t s 

.-demand 

Ribbed for excellent grip. 

Boss prevents movement 

With special anodized or 
lacquered finishes, threads 
are masked to maintain 
shielding or bonding. 

CANNON 

PLUGS 

No section of plug exceeds 
end bell diameter. 

Contacts, precision-machined 
from solid bar stock, electro. 
plated with silver or gold. 

900 end bell can be set 
at 600 interval. 

Type AN Connectors are made in 6 styles; straight and 
goo cord plugs; box, wall, and extension cord receptacles; 
and special quick disconnect plugs. Fifteen diameters 
for inserts with contact arrangements from single to 100 
contacts. Contact capacities from 6 to 200 amps. Peak 
voltages from 70 to 9,000 volts. 

Cannon 

design 
advantages 

Interchangeable pin and 
socket inserts.., fit all Cannon 
shells of same diameter, 

no assembly tools needed 
end bells are interchangeable 
no slack in lines 

test without disengaging plug 
easy inspection and circuit 
changes 

See that your circuit requirements are met. See that all control, com-
munication and power circuits have firm positive contact, low dielec-
tric loss ... and see that each circuit is protected by the design 
advantages found only in Cannon Plugs. AN Connector Series is just 
one of the many Cannon types — world's most complete line. Request 
bulletins by required type or describe the connector service you need. 

CANNON ELECTRIC 
Since 1915 

LOS  AN GELES  31,  CALIF OR NI A 

REPRESE NTATI VES  IN  PRI NCIPAL  CITIES 

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

((ontinued from page 6121) 

TV Receiver Calibrator 
The RCA television calibrator, W R-

3913, a new test instrument which is of bas-

ic usefulness in TV, providing the facili-
ties of six important instruments for the 

accurate calibration of television receivers, 

has been announced by the Tube Dept., 
Radio Corp. of America, 415 S. Fifth St., 
liarri ,cm, N. J. 

Combining the accuracy of crystal con-

trol with the versatility of the variable-

frequency oscillator, the company stated, 

the new calibrator includes in one compact, 

portable unit (1) a crystal-calibrated tele-

vision marker generator with dual markers 

for all TV frequencies; (2) a bar-pattern 
generator for making linearity adjust-

ments; (3) a miniature re-broadcast trans-

mitter for checking all 12 TV channels; (4) 

a heterodyne frequency meter including 
amplifier and speaker; (5) a signal genera-

tor operating on fundamentals in all TV 

bands; and (6) a dual crystal standard wth 

three crystals supplied. 

Nuclear Laboratory Monitor 

A new laboratory monitor for alpha-

beta-gamma detec'tion has just been an-

nounced  by  Nuclear Instrument and 
Chemical Corp., 229 IV. Erie St., Chicago 
10, III. This new Model 1615 "Radiation 
Sentinel" is a general purpose count rate 

instrument. It may be used for checking 

clothing, benches, glassware, hands, or fin-

gertips for contamination, or for continu-
ous monitoring of background air con-

tamination or isotope decay. It may also be 

(Continued on page 68A) 
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Shootinga 
IN THE AIR AGE 

THIS IS "shooting a bird" at the U. S. Naval Air Missile 
Test Center, Point Mugu, California. 

The "shoot" is the launching of a missile, while the 
"bird," in this particular case, is the Fairchild CTV-N-9a 
guided missile. 
In a matter of seconds the missile is hurled high into 

the atmosphere with a deafening roar, propelled by its 
reaction type motors and auxiliary booster. Separation 
of the booster occurs as the missile speeds higher and 
higher into space, stabilized and controlled by the "intelli-
gence" of its electronic guidance systems. 
Soon the launching crews and ground observers no 

longer see the missile ... but its path is being carefully 
plotted as it hurls toward its target ... now under its 
own homing control. 
This "shooting a bird" is but one phase of the Lark 

project. It is an operation requiring split-hair timing and 
perfect coordination. It is the result of teamwork between 
the Bureau of Aeronautics, Navy Department, the Naval 
Research Laboratory and Fairchild engineers and repre-
sents a combination of the best in aerodynamic design, 
electronic controls and precision manufacturing.  - 
Here is another example of a Fairchild first and of 

"shooting a bird" ... in the Air Age. 

l ENGINE AND AIRPLANE CORPORATION 
9 FAIRCHILD 
64e-ia.‘"/114?degeo te're,4.04; 

Farmingdale, N.Y. 

Other Divisions: Fairchild-NEPA D sion, Oak Ridge, Tenn. • Fairchild Aircraft Division, Hagerstown, Md. 
Fairchild Engine D sion • Al-Fin Division and Stratos Corporation, Farmingdale, N.Y. 
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WHEN YOU NEED A MINIATURE TRANSFORMER News New Products 

SIZE AND WEIGHT Because they are designed for high 

CHECK 
THESE FEATURES 

OF THE 

operating temperature,. Hornet Transformers and Reactors have 

only about one-fourth the size and weight of Class A units of 
comparable rating. 

VOLTAGE RATINGS Designs are available for RMS test 
voltages up to 10,000 volts at sea level, and up to 5,000 volts at 
50,000 feet altitude. Power ratings from 2VA to 5KVA. 

POWER FREQUENCIES These units are designed to oper-
ate on 380/1600 cps aircraft power supplies, 60 cps power sup-

plies, and any other required power frequency. 

AMBIENT TEMPERATURES Hornet Units can be designed 
for ambient temperatures up to 200 deg. C. Size for any given 
rating depends upon ambient temperature and required life. 

LIFE EXPECTANCY Extensive tests indicate that the life 
expectancy of Hornet units at continuous winding temperatures 
of 200 deg. C. is over 50,000 hours. 

MOISTURE RESISTANCE Since Hornet Transformers and 
Reactors contain only inorganic insulation, they are far more 

moisture resistant than conventional Class A insulated units. 

EFFICIENCY Regulation and efficiency of Hornet Trans-
formers compare fax orably with Class A units. 

SPECIFICATIONS Hornet Transformers meet the require-
loot, of Gosernment specifications covering this type of equip. 
Jilt lit. 

Bulletin B300, containing lull electrical and dimensional 
data on Hornet units, is now arailable. Write for it, or tell 
us your specifications for special units. 

NE W YORK 
TRANSFORMER CO., INC. 

ALPHA  NE W JERSEY 

, These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

,hlormation. Piease mention your I.R.E. affiliati•n. 

(C,,ntinurd from page 664) 

used to count samples with activities be-
tween 100 and 50,000 counts per minute 
where accuracy of measurement need not 
be better than 3 per cent standard error. A 
chart-type recorder may be attached for 
maintaining a permanent written record. 
The dc outputs may be used separately, 

in parallel, in series, and bucking. The dc 
parallel operation 200 to 500 volts, 0 to 
400 ma. The dc series operation 200 to 
1,000 volts, 0 to 200 ma. The dc bucking 
operation 0 to 300 volts, 0 to 200 ma. The 
ac parallel operation 6.3 volts, 12 amperes. 
The ac series operation 12.6 volts. 6 am-
peres. 
A choice of five different ranges, from 

500 to 50,000 counts per minute full scale, 
is provided. Suitable time constants in each 
range, in conjunction with a switch per-
mitting choice of standard error allot 
' either 3 or 20 per cent error to be read or. 
any range if desired. The instrument also 
incorporates a loudspeaker with controlla-
ble volume and a high voltage supply 
which is controlled from the front of the 
panel. 

Electrolytic Capacitor 
Type FW 10005, an electrolytic photo-

flash capacitor with an unusual number of 
applications, is now available from Cor-
nell-Dubilier Electric Corp., 1000 Hamil-
ton Ave., South Plainfield, N. J. 

This unit is designed for use with pho-
toflash lamps of 900 to 1,000 volts ratings. 
\Viten four units are used in series-paral-
: Id, they can deliver 100 watt-second en-
ergy. The FW-type units are in a molded 
bakehte case, and therefore are especially 
suitable for operation where good insula-
ion due to series connection is necessary. 
The etched cathode construction will pre-
vent the capacity from dropping with fre-
quent discharges through the tube. • 
This capacitor has a capacity of 200 Afd 

and a voltage rating of 500 v. Maximum 
ambient temperature 100° F. Dimensions 
of the container are 2116 X4fit inches. It can 
be mounted with No. 20301 mounting 
rings. 

6S 

(Continued on page 704) 

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



Here are some of the many reasons 
why there are more Simpson 260 high 

sensitivity volt-ohm-milliammeters 

in use today than all others combined. The 

Simpson 260 has earned world-wide 

acceptance because it was the first tester 

of its kind with all these "Firsts": 

260 SET TESTER 
WORLD FAMOUS FOR ALL THESE "FI R S TS" 

• First high sensitivity' instrument to use a metal armature frame. 

• First to use fully enclosed dust proof rotary switch with all contacts 
molded in place accurately and firmly. 

• First to do away with harness wiring. 

• First to provide separate molded recesses for resistors, batteries, etc. 

• First to cover all resistors to prevent shorts and accidental damage 
and to protect against dust and dirt. 

• First with a sturdy movement adapted to the rugged requirements 
of a wide range of service work or laboratory testing. 

• First to provide easy means of replacing batteries. 

• First to use all bakelite case and panels in volt-ohm-milliammeters. 

• First volt-ohm-milliammeter at 20,000 ohms per volt with large 41/2 " 
meter supplied in compact case (size 51/2 "x 7"x 31/8"). 

• First and only one available with Simpson patented Roll Top Case. 

• First to provide convenient compartment for test leads (Roll Top 
case). 

• First to offer choice of colors. 

he Moat! 20 also is atailable in the famous patented Roll Top safety case with 

built-in lead compartment. This sturdy, molded, bakelite case with Roll Top provides 
maximum prole( lion for your 20 u hen ii, ti for seriiiing in the field or shop. 

25,000 volt DC Probe for television servicing, complete, for use with 260, S12.85 

SIMPSON ELECTRIC COMPANY • 5200-18 W. Kinzie St., Chicago 44, IU. • In 

P/..(/// I 0/  (JP I 

RA N GES 
20,000 Ohms  Volt DC, 1,000 
Ohms pc, Volt AC 
VOLTS: AC & DC-2.5, 10, 50, 25(., 
1,000, 5,000 

OUTPUT: 2 5, 10, 50, 250, 10)0 

MILLIAMPERES, DC: 10, 100, 500 

MICROAMPERES, DC: 100 

AMPERES, DC: 10 

DECIBELS: (5 ranges)-12 to + 55 DB 

OHMS: 0-2,000 (12 ohms center), 
0-200,000 (1200 ohms center), 0-20 
megohms (120,000 ohms center). 

Prices: $38.95 dealers ,,el; Roll 
Top $45.95 dealers vet. 

Canada: Bach-Simpson, Ltd., London, Ont. 



News—New Products PRESTO... most carefully 
made recording discs in the world 

step  . '-the Curing process 
Like fine wine, recording discs must be correctly and 

naturally aged. Without aging, lacquer surfaces will not 

engrave properly, and will result in muddy, low fidelity 
reproduction. 

At the PRESTO disc plant, thousands of discs are allowed 

to "cure" under constant temperature in a dust-free at-

mosphere. Not one disc is allowed to leave the plant 

until it has been fully matured for a specified period. 

At PRESTO, this process is never 

hurried by baking or forced 
methods. 

Careful, unhurried curing is 

another reason for the superi-

ority of PRESTO discs ... known 

throughout the world as the 

most carefully-made, most per-

manent, best performing discs 
available. 

;01 
RECORDING CORPORATION 

Paramus, New Jersey 

Mailing Address: 

Box 500, Hackensack, New Jersey 

The famous PRESTO "Green Leber 
. . . world's finest recording disc. 

In Canada 

Walter P. Downs, Ltd 

Dominion Sq. Bldg. 
Montreal, Canada 

Overseas: 

M. Simons & Son Co., Inc. 
25 Warren Street 
New York, New York 

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

(Continued front page 684) 

UHF Impulse Generator 
A new uhf impulse generator, produc-

ing impulses of extremely short duration, 
has been announced by Empire Devices, 
Inc., 38-25 Bell Blvd., Bayside, I.. I., N. Y. 

The IG-102 impulse generator produces 
a spectrum, flat within ± db, over the en-
tire frequency range from 10 kc to 1,000 
Mc, corresponding to a pulse width of less 
than 0.001 microsecond (10-9 seconds). 
The output of the instrument is 70,000 mi-
crovolts per Mc, adjustable over a 60-db 
range by means of a continuously variabl, 
10-db attenuator and a resistive step a t 
tenuator. 
Pulse polarity is indicated on the front 

panel of the instrument and automaticall\ 
reverses every ten seconds. 
Continuously adjustable repetition rate 

from 2.5 to 2,500 cps is provided. In addi-
tion, single impulses may be obtained by 
manual keying. 
The output impedance of the instru-

ment is 50 ohms, the VSWR being better 
than 1.2 at all frequencies. 
This impulse generator may be used for 

studying transient phenomena, ignition 
noise, switch and relay noise, and noise 
produced by rotating machinery. In addi-
tion, it may be employed for receiver align-
ment and bandwidth determination. 

Voltage-Regulated Power 
Supply 

The Model 510 which features two 
completely indepealent voltage regulated 
power supplied with excellent regulation, 
low ripple content, low output impedance, 
fuses on input and output circuits, and out-
put current and voltage meters has been 
designed and developed by Kepco Labora-
tories, Inc., 149-14 41st Ave., Flushing, 
L. I., N. Y. 

1 
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(Continued on page 71,4) 
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41. 

FOR AM, FM, 

UHF, VHF, 

MICROWAVE, 

TELEVISION 

AND RADAR 

Emsco Towers 
are available for 
all types of 
broadcast and 
comunication 
service. Backed 
by years of fabri-
cating experience, 
Emsco towers 
are engineered 
for safety, per-
formance and 

-; economy. Bolted 
construction 
and hot dip gal-
vanizing insure 
long life, low 
maintenance cost 
and maximum 
electrical 
conductivity. 
Self-supporting 
triangular and 
square towers 
and guyed 
triangular towers 
are available in 
heights up to 
1,000 feet with 
wind loadings 
up to 60 lbs. 
RMA design. 

There is an 
Emsco Engineered 
Tower to meet 
your needs. 
Write our Houston 
plant for bulletin. 

EMSCO DERRICK 
& EQUIPMENT 
COMPANY 
Houston, Texas 
LOS ANGELES, 
CAUFORNIA 
Garland, Texas 

Shown here is 
an Emsco 20 W 
face. 160'. type 1 
RT Radio Tower 
with 30 lb. wind 
loading rating. 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued front page 70A) 

Each dc output voltage is continuously 
variable from 200 to 500 volts, 0 to 200 ma. 
For all output voltages, the output voltage 
variation is less than 4 per cent for both 
line fluctuation from 105 to 125 volts and 
load variation from minimum to maximum 
current. Ripple voltage is less than 5 my. 
Each ac output is 6.3 volts, 6 amperes, 
center-tapped, unregulated. Power require-
ments 600 watts. 

New PA Amplifier 
Rauland-Borg Corp., 3523 Addison 

St., Chicago 18, III., has released the first 
of a new series of PA amplifiers, known as 
the "Green Gem" line. 

(Continued on pope 72A) 

The non melting SILICONE insulating 

and waterproofing compound that is 

stable at temperatures 

from -70°F. to  COR 
+400°F. 

for ELECTRONIC 
EQUIPMENT 

f for AIRCRAFT 'coition 
and electrical control 
systems 

MEETS ALL THE 
REQUIREMENTS 
OF AN-C-128a 
Morn water repellent than paraffin, Dow Corning 

4 Compound is highly resistant to oxygen, ozone 

ond to detcriorotion caused by corona discharge. 

POWER FACTOR, up to 10 megacycles ... 0.001 

VOLUME RESISTIVITY, ohm centimeters .. 

DIELECTRIC STRENGTH, volts/roil 

for  copy 01 tour 
new bookies on Dow 
Coming 4 Compound 
Address Mix, D. 
DOW CORNING CORPORATION. Mslland, Michigan 

10" 

500 

G01111.14 r 

FIRST  IN  SILICON!, 

— Just Published! 
An up-to-date, thorough book which sup-

plies the need for an authoritative   
ment of the fundamental physics of semi-

conductors in a form accessible and use-

ful to everyone jUt  d in the field of 

transistor electronics. 

ELECTRONS AND HOLES 
IN SEMICONDUCTORS 
With Applications to Transistor 

Electronics 
By William Shockley 

Member of the Technical Staff, Bell Telephone 
Laboratories 

Auhor of Numerous Publications on Solid 
Ph)sics and Transistors 

Reflecting the point of view that led to the 
invention ot the transistor, this boo.: devel-
ops the subject from the broadest the-
oretical and practical standpoints. It shows 
how—with the advent of the transistor—the 
concept of the positive hole and that of its 
negative counterpart, the excess electron, 
have assumed new technological significance 
and a very much greater degree of opera-
tional reality. 

BASED ON EXTENSIVE LABORA-
..  TORY EXPERIMENTATION 
New experiments growing out of the 

transistor program have resulted in the di-
rect observation of most of the important 
properties of electronic conduction in ger-
manium. Experimental evidence is here used 
to show how electronic conduction in semi-
conductors occurs, both by the excess elec-
tron or negative carrier process and by the 
defect electron or positive hole process. 

Conveniently divided into three parts: In-
troduction to Transistor Electronics; De-
scriptive Theory of Semiconductors; Quan-
tum-Mechanical Foundations. 
Scope of the material treated is suggested 

by this review of chapter headings: Bulk 
Properties of Semiconductors; The Transis-
tor as a Circuit Element; Quantitative 
Studies of Hole Injection; Physical Theory 
of Transistors; Quantum States, Energy 
Bands and Brillouin Zones; Velocities and 
Currents for Electrons in Crystals; Electrons 
and Holes in Magnetic Fields; Introductory 
Theory of Conductivity and Hall Effect; 
Distribution of Quantum States in Energy; 
Fermi-Dirac Statistics for Semiconductors; 
Mathematical Theory of Conductivity and 
Hall Effect; Elementary Quantum Mechan-
ics with Circuit Theory Analogues; Theory 
of Electron and Hole Velocities and Accel-
erations; Statistical Mechanics for Semi-
conductors; Theory of Transition Probabili-
ties for Holes and Electrons. Clarified by 
numerous illustrations. 

EXAMINE THIS BOOK FREE 

Use the convenient order form below to ob-
tain an examination copy of this important 
new work. 

PLEASE CUT OUT AND MAIL 
D. Van Noittrand Company, Inc.  PIRE-1050 
250 Fourth Avenue, New York 3, N.Y. 

Please send me a copy of "Electrons and Holes 
in Semiconductors." Within ten days I will 
either return the book or send you its price. 
plus a few rents postage. 

Name 

Address 

City   
Zour ...... Starr. ....... 
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News—New Products 

specify 

AVOID LOSSES FROM 

i C K /4/6  

Not being on extruded plastic, absolute  uniformity  r 
can be guaran  of  diamete 

teed. Therefore:— 
NO NICKING OF 

NO  CONSTANT RESE  CONDUCTORS 
TTI NG OF BLADES 

"NOFLAME-COR" 
Mb TELEVISION hookup wire 

APPROVED BY 

UNDER WRITERS 

LABORATORIES AT 9 600 VOLTS CENTIGRADE   

Proven BEST, and specified regularly, by leading manufacturers 
of television, F-M, quality radio and all exacting electronic 
equipment. For maximum output and minimum rejects. 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 damage 
to the copper conductor... 

NO NICKING OF CONDUCTORS  

NO CONSTANT RESETTING OF BLADES • 

AVOID LOSSES FROM 
"B LO B BI N G " 

Not being an extruded plastic, 
eliminates the costly "blabbing" of 
insulations under soldering heat 

• 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 Michigan Avenue,  15 Park Row, New York 7, N.Y. 

Chicago 11 
1237 Public Ledger Bldg , 

Philadelphia 6 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

(Ct,ntinned from page 71,1) 

The initial amplifier is the Rauland 
:Model 1916, rated 16 watts at 5 percent or 
less harmonic distortion (measured at 100, 
400 and 5,000 cps); 20-watts peak output 
The Model 1916 provides: 2 micro-

phone inputs (either convertible for use 
with a low-impedance mike by means of a 
plug-in transformer); 1 phono input; true 
electronic mixing and fading on all 3 in-
puts; tone control. Frequency response is 
plus or minus 1 db, 40 to 20,000 cps. Out 
put impedances are 4-, 8-, 16-, 250-, 3.33-
(70 volts), 500-ohms. Gain characteristics 
are: Mike-130 db (2 Mc); 117 db (100,-
000 ohms); 117 db (150 ohms). Phono-
85 db (4 Mc). Voltage required for rated 
output: High impedance input -0.0015; 
low impedance-0.0001; phono-0.1 volt. 

Impulse-Test Cathode-
Ray Oscillograph 

The Instrument Div., Allen B. Du 
Mont Laboratories, Inc., Clifton, N. J., 
announces the new Type 293 C-R oscillo-
graph as an important contribution to the 
field of impulse-testing of high-voltage 
transformers, insulators, lightning arres-
tors, and other equipment designed to with-
stand surge potentials of great amplitude. 

a J 

Employing a sealed-off high-vacuum 
cathode-ray tube and means for conve-
ent external photographic recording, the 
Type 293 may be used with any standard 
impulse-test installation, and can be tri.: 
gered by a sample of the test impulse. ' 
also contains a pulse generator to trigger 
external circuits. 

ANUFACTURERS OF QUALITY WIRES AND CABLES FOR THE ELECTRICAL AND ELECTRONIC INDUSTRIES (Continued on page 73A) 
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pod ct 
for 3 speed playing 

"0 - WEBSTER ELECTRIC 

MODEL "A" CARTRIDGE 

with TWIST 

MECHANISM 

Outstanding performance... 

small streamline design that 

fits modern tone arms. 

No chance to damage leads 
or ploy in incorrect position. 

Easy installation. 

The Model "A" cartridge and 
it mechanism are assem-

bled at factory ready for in-
-tallation in tone arm ... no 
adjastment or modification 
necessary. Completely assem-
bled it gives positive tracking 
at all playing speeds.  high 
vertical and lateral compliance 
eliminates "skating." Positive 
indexing eliminates the possi-
bility of twisting and damag-
ing leads. The cartridge rotates 
through a 180 degree arc for 
playing either 33 1, 45 or 78 

reciirds. There are no 
parts to get out of order. Vi rite 
for data sheet and prices. 
Webster Llectric  Racine, 
Wisconsin. Lstablished 190. 

W EISTE R RELECTRIC 

I   R A CI" Viti•I• 14 , I  t  • , 

N E  •  Vioi : C 0 N S1 PI 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and f urther technical 

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

(Continued from page 724) 

Driven, logarithmic sweeps may be ini-
tiated from an external signal, internal sig-
nal, by manual push-button, or from any 
point in the cycle of the 60-cps line voltage. 
Sweep duration is adjustable in steps from 
0.5 to 1,000 microseconds. Delay of the 
sweep, with respect to the trigger output of 
the instrument, is continuously variable 
from 0.5 to 15 microseconds, permitting 
detailed display of any portion of the im-
pulse wave form. 
Bandwidth of both the X and Y axes is 

essentially uniform from dc to 25 Mc, as-
suring excellent reproduction of pulses 
with high-frequency components. There is 
no distortion of pulses having a rise time of 
0.01 microseconds or greater. 

Interesting Abstract 
To aid individual consumers, as well as 

industrial and professional groups, Harvey 
Radio Co., Inc., 103 W. 43rd St., New 
York 18, N. Y., has constructed an "Audio-
corium." All equipment on display is per- - 
manently connected to a central control 
panel to facilitate selection of any of the 
many possible audio component combina-
tions. 

(Continued on page 744) 

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. 
71 WASMiacr011  115011111 I 0 y 

In twoada owl Nowlvaodle.1  he.o.1 
II It townlell. load, tonal., loom.,  (0.01. 

Check these 2 NEW 
McGRAW-HILL BOOKS 

HIGH SPEED 
COMPUTING 
DEVICES 

HIGH-SPEt 

COMPUT 

DEM 

Gives a clear picture of the various mathe-
matical methods and physical mechanisms 
which have been developed for use in auto-
matic computation. HIGH-SPEED COM-
PUTING DEVICES explains the general 
character of computing machines . . . out-
lines the arithmetic techniques employed 
in their operation . . . and describes basic 
circuits used to perform computing ma-
chine functions. The different uses to which 
large-scale machines can be put are pointed 
out, and several computers are described. 
By the staff of Engineering Research 
Associates, Inc., 440 pages, 90 illustra-
tions, $6.50. 

just I,, 1)11010(1 

RADIO ENGINEERING 
HANDBOOK 
New 4th Edition 

Here are quick answers to routine and spe-
cial assignments in communications, broad-
casting, aircraft radio, television, and re-
lated fields. Includes data on every field and 
aspect of radio engineering—from induc-
tance, power-supply systems, and electron 
tubes . . . to receiv-
ing systems and code 
reception—all  ar-
ranged in concise, 
quick  • reference 
form.  Brings  you 
1197 pages of care-
fully  selected  de-
sign  data--charts, 
tables, circuits, dia-
grams, and formulas. 
Written  by  26 
•oecialititti.  Keith 
Ileriney, Editor-in-
chief, Consulting 
Editor  of  Elec-
tronics.  1197  pages.  1038 libitum-
!'  1/4111.00. 

SEE THESE BOOKS 10 DAYS FREE 

McGraw-Hill Book Co., Inc. 
330 W. 42nd St., Now York 18 

Send roe I ii I.) checked below for 10 day.' en• 
•rnInation on approval. In 10 day. I will remit 
for book f•/ I keep, pl.. few rent. I,,, deli, 
ery, •rul  unwanted hook (a) po.tpaid. (We 
pay for elelivery it you efIllet  with  thin 'Coupon; 
*an ,  11.111,11  privilege.) 
1:21  1,111A lllah-Spreol Cornpoilna 

fl 86.50 
111.0011.1.-11ntllo 1 nminrerInm Handbook 
.11110.011 

Name    

)14.1reea 

I ompany 

Ion  ... .. 
TAO, oft "  sprig...  I.,  I 

Illt 10 10 
s  wilt. 
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CONTINENTAL NOBLELOY 
METAL FILM 

NF RESISTOR 
• Low Temperature Coefficient 

• Range; 1 Ohm to 1 Megohm 

• Axial Leads; 1/2  Watt 

• Small Size 1/4 " long x .150" Dia. 

• Tolerance;  — 1 % & 5% 

Continental type NF "Noblelor resistors were designed 
to meet the needs of miniature, stable. precision re. 
,istors in critical allalinetirme. 

Write for further details. 

CONTINENTAL CARBON INC. CLEVELAND 11, OHIO 

ONE OF OUR 

PRECISION PRODUCTS 
SPECIAL 

MICROMETER HEAD 

• Invar nut and spindle (Hard chrome plated) 

• Anti-back lash screw thread 

• Readable in either direction of rotation 
to .00005 

MANUFACTURERS THREAD GRINDING. INC. 
P. 0. Box 66 EAT ONT O WN. N. J.  ASBU RY PA RK  1-1 01 9 

TWO NEW 
TWIN PO WER SUPPLIES 

MODEL 610-F 
•  Precise Electronic Regulation. 
•  2 Independent Sources of Power. 
•  0-325 V.D.C. at 0-100 Milliamperes. Con-

tinuously Adjustable. 
•  0-325 V.D.C. at 0-200 Mils if the Sources 

are Combined. 
•  Both D.C. Outputs Metered for Voltage or 

Current. 
•  6.3 and 12.6 V.A.C. Outputs Provided. 
•  A.C. Ripple Less than 10 Millivolts. 

MODEL 1210 
•  Precise Electronic Regulation. 
•  2 Independent Sources of Power. 
•  0-500 V.D.C. at 0-150 Milliamperes. Con-

tinuously Adjustable. 
•  0-500 V.D.C. at 0-300 Mils if the 2 Sources 

are Combined. 
•  Both D.C. Outputs Metered for Voltage or 

Current. 
•  6.1 or 12.6 V.A.C. Outputs Provided. 
•  A.C. Ripple Less Than 10 Millivolts. 

Also available with regulated bias output. 
Furst Twin Power Supplies double the usefulness of a single unit at consider-
able sasinic in space anti cost. V. rite for complete specifications on these and 
oilier For.t I.,  in Power Suppl, Models 

F U RS T  EL EC T RO NICS 
10 S. Jefferson St., Chicago 6, III. 

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 /rows rage 734) 

Stainless Steel Cathode 
G-M Tubes 

The development of is new process 
which makes it possible to evaporate stain-
less steel on the inside of the glass walls of 
Geiger-Mueller tubes and on dm mica 
windows is announced by Tracerlab. Inc., 
130 High St., Boston 10, Mass. 

This has enabled the substitution of a 
stainless steel cathode coating for the 
previously used aquadag coating. As a 
consequence, the tubes have improved op 
erating characteristics. 
The life of the mica window-type tubes 

has been extended by a factor of 10 over 
the old aquadag type, and they now have 
a useful life of about 109 counts. The all-
glass tubes also have a greatly increased 
life. 
The background of these stainless sled 

cathode tubes is at least 30 per cent lower 
than that of the previous aquadag cathode 
tubes, and since stainless steel has a very 
small coefficient of electron emission by 
positive ion and photon bombardment, 
spurious counts are minimized. Further-
more, the use of stainless steel eliminates 
outgassing and thus decreases changes in 
the tube characteristics with aging. 

Plant Expansion 

Coral Designs, Div. Henry G. Dietz 
Co., formerly located in Forest Hills, New 
York, N. Y., is now operating in its new 
expanded quartersNlocated at 12-16 A. 
toria Blvd., Long Island City 2, I.. I.. 
N. Y., Telephone: Ravenswood 6-3347. 
The facilities will be devoted to production 
of its standard line of electronic, electri-
cal, and mechanical controls. It is also 
equipped to handle development work in 
the electronic field on a contract basis. Its 
facilities include all of the necessary equip-
ment to produce phototypes and small-
scale production of specialized electronic 
equipment . 

(Continued on rage 754) 

We will be grateful if you will 

mention PROCEEDINGS of the 

I.R.E. when writing to our adver-

tisers. 
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FOR SUPERIOR 

/2
 PAPER-DIELECTRIC 
CAPACITORS 

ma 
G-H "Custom-manufactured" 
capacitors treated with this 
highly effective impregnant 
insure   

Utmost protection against 
voltage breakdown . . . 

Maximum stability under 
adverse climatic conditions 

Low power-factor change 

c 
Permanent, non-ageing a l  

con supply you with PERMANOL 
treated capacitors to your own specifi-
cations. Any reasonable capacity, toler-
ance or working voltage . . . any size 
or type of container . . . small or pro-
duction quantities. 

One at the besl equipped capacitor menu-
lactorrIng plants on Om Pacific Coast 

GIRARD-HOPKINS 
1000 40th A  , Oakland 1, Calif.  / 

[ELECTRONICALLY REGULATED 

LABORATORY 
POWER SUPPLIES 

• 
STABLE 
• 

DEPENDABLE 
• 

MODERATELY 
PRICED 
• 

BENCH 

M ODEL 25 

• INPUT: 105 to 125 VAC. 
50-60 cy 

• OUTPUT #1: 200 to 325 
Volts DC at 100 ma 
regulated 

• OUTPUT #2: 6.3 Volts 
AC CT at 3A unregu-
lated 

WIDTH  14 " • RIPPLE OUTPUT: Less 
DEPTH 6"  than 10 millivolts rms 
HEIGHT 8" 

WT: 17 LBS. 
For complete information write 

for Bulletin G 

LAMBDA ELECTRONIC 
C O N P O P  A 1 1 0  N 
conotat  NE W YOt.L.I.Lai l 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued front page 744) 

Stabilized Crystal Unit 
Of interest to broadcast stations is a 

new and improved broadcast stabilized 
unit, the JK57MT, recently announced by 
The James Knights Co., Sandwich, Ill. 

This new crystal features a unique and 
more positive method of varying the gap. 
I nlike conventional crystals, in which the 
entire electrode turns to change the fre-
quency, the JK57M variable electrode 
moves only up and down in guides like a 
piston. This completely eliminates any 
danger of damaging the crystal. 
The JK57MT has a frequency range 

from 400 to 1,750 kc. Nominal tempera-
ture 60° ± 1°. Adjustable frequency in 
your equipment. 6.3 volt I ampere heater. 
Completely insulated, it will hold tem-
perature to —20° C and it can be supplied 
with octal base (JK87MT) with or without 
thermometer, or factory set for operation 
at specific temperatures. 

High-Voltage Resistors for TV 
New high-voltage carbon-coated stea-

the-base resistors are in production at 
Resistance Products Co., 714 Race St., 
Harrisburg, l'a. 

Type T resistors are offered in a range 
of resistance values covering the require-
ments of TV power supply circuits, with a 
tolerance of ± 20 per cent. Where closer 
tolerances are required, Type B should be 
specified. 
The terminals are solder-type of tinned 

brass, fastened to the resistor by machine 
screws. If required, they can be furnished 
without terminals, to be mounted into 
special assemblies. 

(Continued on page 764) 

yripAteez 
TUNGSTEN 

/ and 

MOLYBDENUM 

GRID WIRE 

-Arfr 
ò)'D co 

1 1  A fio  

014" 

( 

Made to meet your 

specifications ... 

for gold content, 

diameter and 

other requirements. 

Write for details and 

list of products 0 

SI NCE  1,01 

SIG MUND COHN CORP. 

44 GOLD ST  NE W YORK 
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FOR BETTER PERFORMANCE 

sto 
ACME ELECTRIC CORPORATION 

. Output  character-

•  istics of television 

' transformers must 

Acme Electric 
transformers are 
custom engi-
neered to your 
specifications. 

(illustrated)TelevisionPower 
Transformer with copper 

shorting bond. 

111 0 0000 
•  4410 Water St., Cuba, N.Y., U.S.A. 

don't crystal gaze 

SELECT JK CRYSTALS 

AND BE SURE . . . 

There's no guess work involved when you use 
JK stabilized crystals. Every JK crystal is manu-
factured with such care—and pride—that you can 
take it for granted there is none more dependable 
anywhere. 

Next time you need crystals. specify JK crystals 
—and be sure! 

1K STABILIZER HEAT JKO2 

fl< stabilized heat—JKO2 will accommodate two stabil-
ized HI7 crystals (HC6 type). Has standard octal base, 
6.3 volt heater at less than I amp. Temperature sta-
bility -±-2°C. Oven is normally set at +75°C. Can be 
supplied set at other temperatures on special order. 

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

(Continued from rage 75.4) 

32- Watt Amplifier 
Rauland-Borg Corporation, /523 Addi-

son Si., Chicago  just released 
the second of a um series ol Green Gem 
It amplifiers. .1.1li• Model 1932 is rated 32 
watts at 5 per rem or less harmonic dis-
onlion (measured at 100, 400 and .5,000 
(.11-  •18 waits peak output. 

Tlii- Model features 3 microphone in-
puts (each convertible for use with a low-
impedance mike by means of a plug-in 
transformer); 2 phono inputs with dual 
fader; true electronic mixing and fading on 
all 5 inputs; and separate bass and treble 
tone controls. Frequency response is 4:1 
dl,, 40 to 20,000 cps. Output impedances 
are 4, 8, )6, 166; (70 volts), 250-, 500-ohms. 
Gain characteristics are: Nlikc --128 (II) (2 
Mc); 115 (lb (100,000 (dun , 115 (lb 115(1 
ohms). l'hono —82 db (1 2 NI(  \ ,li.iit ii 

quired for rated output: High impcdanuc 
input-0.005;  low  impedance— 0.0004; 
phono —0.3 x•olt s. 

rt,/,- 77.1 

All-meta... 

MOUNTS 
BALMY %) 

s41̀  A 

44. 

.64 
(CUP TYPE 

MODEL P7002) 

Unit mounts and mounting systems with 
MET-L-FLEX provide vibration isolation 
and true shock absorption through the 
widest range of operating conditions. 
All-metal  • no organic materials 

• stable characteristics front —90° C. to 
+175° C. • wide load tolerance • built-
in damping for stability and reduced 
amplification at resonance. 
For electronic or delicate equipment 

mounting, Write Dept. 814 MET-L-FLEX 
Data Sheets available. 
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News—New Products 

These maglifacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

(Continued from page 76A) 

Small SWR Bridge 

A new and extremely compact stand-
ing-wave ratio bridge has just been de-
signed by the James Millen Mfg. Co., 
150 Exchange St., Malden, Mass. The case 
of the new bridge measures only 4}X2t 
1.4 inches. 

The bridge (catalog number 90671) is 
of the resistance type., and is intended for 
use with coaxial lines of either 52 or 75 
ohm type. The compact size of the bridge 
makes its use convenient in most any loca-
tion. It will work with any low range dc 
instrument such as a 0-1 milliameter, and 
thus makes possible an inexpensive means 
for making measurements of a type so 
necessary with all modern transmitter in-
stallat ions. 

Horizontal-Deflection-Out-
put and High-Voltage 

Transformer 

The new horizontal-deflection-output 
and  high-voltage  transformer,  RCA-
223T1, and the new deflecting yoke, RCA-
209D1, each utilizing a ferrite core for 
superior performance, are available from 
the Tube Dept., Radio Corp. of America, 
415 S. Fifth St., Harrison, N. J. These 
compenents were designed for use with the 
16GP4 and similar picture tubes having a 
deflection angle of about 70° and operating 
at an anode potential up to 14 kv. 
The 223T1 is designed for use with a 

single, horizontal-deflection amplifier tube, 
such as the 6AU5-GT, and a single, high-
. voltage rectifier tube 1B3-GT. Because of 
its ferrite core, the 223T1 makes possible 
the design of a horizontal-deflection system 
which operates efficiently with a dc power 
supply of only 300 to 320 volts, and which 
provides full  deflection  of a 16GP4 
kinescope. 
The 2091)1 deflecting yoke is co-ordi-

nated in design to operate efficiently with 
the 22 M, and has good deflection sensi-
tivity. 

(Continued on page 78A) 

Need help with 
microwave transmission 
lines?...call TERPENING 
The microwave mixer shown above was designed and 
produced on special order, in quantity, in our plant. 
Though made up from a number of different sections 
brazed together, special jigs, fixtures, and skilled tech-
niques made it possible to hold tolerances between the 
outer flange center lines to :_f-_ .00l". 
Whether it's a special component, such as the mixer 

shown, or complete microwave transmission systems, 
we're set up to produce them with a high degree of 
- precision from blueprints or performance specs. Al-
though our engineering staff, laboratories, and fully 
equipped shop are usually busy on government con-
tracts, our unusual facilities may permit us to work 
with you on special components for military or other 
microwave systems. We shall be happy to talk with 
you about your present and/or future needs. 

L. H. TERPENING COMPANY 
DESIGN • RESEARCH • PRODUCTION 

Mrrrowcjve Transmission Lines and Associated Components 

16 West 61st St. • New York 23, N. Y.  • Circle 6-4760 
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SAFE AT THE 
PLATE! 

Ii II'HI II fill 

A ND S O is' Seletron HUH 
SELETRON "Safe Center" plates in miniature rectifiers eliminate the danger 
of arc-over, short circuits and  s ive heating due to high leakage 
current at the center contact point. Assembly pressure, or pressure applied 
in mounting the rectifier cannot affect its performance. This SELETRON 
feature is accomplished by deactivating the area of the plate under the 
contact washer. 

There are millions of SELETRON Selenium Rectifiers 
in service in radio and TV; millions more in other elec-
tronic circuits. That is why you can specify SELETRON 
and be safe! 

Look for Howard W. Sam's Red Book Supplement list-
ing SELETRON replacements ... and write for your copy 
of our new Bulletin No. RE-5 

SELETRON DIVISION 
(WI RADIO RECEPTO R CO MPANY. iNC. (R X 

•••• •*11 ,"1•••,. 
Fanny $4 Sulk M M., Ily•eklya I I, N. T. • Salo Da$494101, 251 WNI I lit V, INA Tut II, N. V. 

...Quickly and 

Accurately— 

with this TYFE 110-B 

QX-CHECKER 

The CM-Checker is a production type test instru-
ment specifically designed to compare the 
reactance and relative 0 of small RE inductors 
with approved standards. The two factors, re-
actance and relative 0, are separately indicated, 
one on the meter and the other on a condenser 
dial, so that the deviation of either from estab-

lished tolerances is immediately shown. Built to 
laboratory standards, the CM-Checker is a sturdy, 
foolproof instrument for use in production work 
by factory personnel. 

SPECIFICATIONS 

OSCILLATOR FREQUENCY RANGE: 1.5 to 25 risc. in 3 
ranges using accessory plug-in-coils (Iwo coils fur-
nished with each instrument). 

BOONTOly. RADIO 
EOUNTON NJ USA  t / 4. t"te 71('/( 

ACCURACY OF COIL CHECKS: Inductance values be-
tween 5 and 35 microhenries may be checked to on 
accuracy of  • 0.5 %. Smaller values down to 0.1 
microhenries may be checked with decreasing 
accuracy. 

INDICATING SYSTEM: 0 indicating meter with well ex-

panded 31/4  scale shows departure of 0 from 
nominal value. Vernier condenser scale calibrated 
directly in terms of percent departure from known 
standard over range of  15 % to • 20 %. Capaci-
tance scale is also provided reading changes of  50 
mmf. to -•• 50 mmf. from nominal circuit capacitance 
of 300 mmf. 

POWER SUPPLY: 110-125 volts, 50-60 cycles, also 200-
250 volts, 50 cycles. 

DIMENSIONS: Width 12 1/4  ':, Depth IS, Height 8 . 

WEIGHT: 26 lbs. PRICE: $415.00 fob. Boonton, N. J. 

Write for Catalog 

DESIGNERS AND MANUFACTURERS OF  THE "0" METER . . . OR-CHECKER FREQUENCY MODULATED SIGNAL GENERATOR . SEAT FREQUENCY GENERATOR ... AND OTHER DIRECT READING TEST INSTRUMENTS 

News—New Products 
These manufacturers have invited PROCEEffINGS 

readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued trt ,”1 rage 774) 

New Oscilloscope 
Nlanolactored by Jackson Electrical 

Instrument CO., 18 S. Patio-rum 111%,1. 
Dayton 1, Ohio, this new oscilloscope ha, a 
wide-band vertical amplifier response tan 
form from 20 cps to 4.5 1Mc. It has a high 
sensitivity of 0.018 rnis volts per inch, 
with response uniform to 100 kc. 

A sweep oscillator provides saw-tooth 
wave, 20 cps to 50 kc in five steps. A sine 
wave sweep of 60 cps is also available. In-
tensity modulation, either external or in-
ternal, is 60 cps. The calibration screen is 
removable, and a demodulation probe is 
also available to use for signal tracing. 

Re-Designed Frequency 
Response Recorder 

Sound Apparatus Co., Stirling, N.   

has re-desigiwil their frequency response 
recorder, Model FR. The new features ar. 
an additional synchronous motor to opt., 
ate the chart and a connection to auxiliar • 
apparatus, such as oscillator, anal \ 
etc.; a switching arrangement when F. 
signal source (oscillator, analyzer) can a, 
electrically remotely controlled from th, 
recorder, in addition to the conventional 
mechanical link unit; ac and dc voltage, 
can be recorded; the electronic circuit, all 
integral part of the instrument, can I.. 
easily interchanged. The new design als, 
includes improvement of the mechanical 
construction. such as sturdier writing 
mechanism and sturdier construction of 
subassemblies. 

(Continued on page 794) 
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News—New Products 
These marvfacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

(Continued from page 78A) 

New Potentiometer 
An ultra-low-torque potentiometer in-

corporating design characteristics new to 
the precision instrument field has been an-
nounced by Electro-Mec Laboratory, 225 
Broadway, New York 7, N. Y. The new 
instrument, following laboratory and field 
tests, is now in commercial production. 

(Continued on page 80A) 

The New STRIVER 

MINI-SHIEP 
1•ADE •AARK RE G. A ND PAI.PE NO 

The shield 

that fits all 

Miniature 

Tubes it 
A flexible shield that snugly fits all 
miniature tubes because it compen-
sates for all variations in tube di-
mensions.  Mini-Shields are mode 
for both T5 1/2  and T6 1/2  bulb tubes. 
Send for catalog sheet. 

91 PEARL ST. • BROOKLYN 1, N.Y. 
ULSTER 5.6303 

L__ 

If 
If 
If 

complete facilities 
/  for 

OF 
1J1•114 

EQUIP MENT 
UHF design or development is a major problem with 
you, or... 
low-unit manufacturing cost is essential to satisfactorily 
meet competition, or... 
trustworthy, confidential collaboration is a highly 
necessary factor... 

THEN Lavoie Laboratories can be of invaluable, practical assistance. 
We have the Engineering Staff ... the shop techniques ... a competent 
understanding of government contract procedures . . . and the repu-
tation to satisfactorily meet all those requirements. 

avok Woratoriellgne. 
MORGANVILLE, N. J. 

Specialists in the Development and Manufacture of UHF Equipment 

SMALL 

PARTS 
Cost less when made by 

MULTI-SWAGE 
The economy way to get 

a million small parts 

similar to these — 

Examine the tubular metal parts shown here twice 
size. If you use anything similar ....in quantities of 
over a million ... important savings can be yours. 
Send us the part and specs. Our quotation will 
show why the Bead Chain Company's MULTI-
SWAGE Process has long been known as the most 
economical method of making electronic contact 
pins, terminals, jacks and sleeves. And, why more 
and more users of mechanical parts (up to 1/4" dia. 

and to 2" length) employ our facilities. 
WRITE for Data Bulletin. 

THE BEAD CHAIN MANUFACTURING CO., 
rn, ,k 60 MOUNTAIN GROVE ST., BRIDGEPORT S, CONN. 

PROCEEDINGS OP THE I.R.E. October, 1950 795 



HER METIC 
SE ALI N G 
C Q M P O N E N T S 

• 

Easy to Install — High Dielectric 

GASKET TYPE BUSHINGS 
For heavier equipment requir• 
ing larger terminals, E-1 Gasket 
Type Bushings are recommended. 
They offer high dielectric strength, 
high resistance to mechanical and 
thermal shock, complete hermetic 
sealing, easy installation. Specially 
processed gland penetrates deeply 
into the L-5 Steatite insulator, 

seals against the mounting 
surface, resists oil and 

pitch and is unaffected by 
high heat. Hot-tinned brass 
studs provide excellent 
electrical conductivity. 

E-1 Bushings 

* specifications for sealed 
meet all government 

transformers and condensers 
(Jan T-27, Jan C-25) 
Glands available in Neoprene 
(- 65 to +227"F) 
Hycar (-90° to +350°F) 
(-100° to +500°F) 

Write for Quotations and descriptive 
Bulletin 851  for complete details 
and specifications — no obligation. 

Silastic 

4.I 111 44 SUMMER 

risk  E L E iC NT RC I C.EA, LP .1 'SIR DAUIS TE RD I E S 

• 

&filmic PEAK to PEAK 
VOLTMETER 

Designed for 

PULSE A MPLITUDE 

MEASURE MENTS 

The outstanding characteristic of the 
Model 305 Electronic Voltmeter is its 
ability to provide absolute indication 
of transient or pulse voltages of short 
duration. Reliable indication of pulses 
a few microseconds wide repeated only 
20 times per second is readily obtained 
with this instrument. The Voltmeter is 
pre-calibrated, compact, easy to oper-
ate and observe. Positive and negative 
peaks are registered over the ranges of 
.001 volt to 1000 volts, peak to peak. 
Decade ranges and a logarithmic scale 
output meter are characteristic 
features, along with a separaiely avail-
able high gain, wide-band amplifier. 

For further in fortnotion ii,, thi, and other 
Bo/tontine I oillneters. ictilv for CUitliog 

BALLANTINE 4E1 
LABORATORIES, INC. 
102 FANNY ROAD. BOONTON. N.). IMM 

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 79A) 

Primarily designed as an industrial or 
aircraft instrument component, this po-
tentiometer can be operated by the minute 
hand of a wrist t%atch or the pointer of an 
aneroid barometer, and is currently offered 
with a shaft torque as low as 0.003-inch 
ounces. 
Designs of the new ultra-low-torque 

potentiometers are available to cvrry 
currents as high as 0.1 ampere and with 
outputs sufficient to operate indicating, 
recording, or controlling devices, without 
amplification. Resistance values bet ween 
50 and 200,000 ohms are provided for. 
Accuracies as high as 0.05 per cent are 

available, and satisfactory operation under 
vibration at frequencies up to 200 cps have 
been demonstrated in actual use. 

New DC Millivoltmeter 
and Microammeter 

The new Nlodel N1V-17b dc millivolt-
meter has been electronicallyand physically 
redesigned by Millivac Instruments, P.O. 
Box 3027, New Haven, Conn., so as to give 
performance and accuracy with a variation 
in calibration of less than 1 per cent for 20 
per cen I line voltage change. 

The first stage of the carrier amplmet 
has an unusually high gain of over 1,000, 
and is directly coupled to the second stage 
Internal hum pickup and tube noise are re-
duced by exceptionally heavy feedback of 
more than 1,000 to I. All tubes are under 
heated, making burn-outs a rare occurance. 
The instrument has a sensitivity of 1 m‘ 
full scale with 6 megohms input impedance 
(165 X10". watts) and ranges up to 1,000 
volts dc at 60 megohms. It may also be 
used as a micromicroammeter (250X 10'• 
amperes full scale) with a sewrate shunt 
box, type MV-171• 

(Continued on page 81A) 
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News-New Products 
These map.ifacturers have invited PROCEEDINGS 

readers to write for literature arid further technical 

• intormation. Please mention your I.R.E. affiliation. 

(Continued front page 80A) 

Vectron Spectrum Analyzer 
Vectron, Inc., 235 High St., Waltham 

54, Mass., announces the entirely new 
Vectron spectrum analyzer, covering the 
S and X bands. 

'Continued on Page 824) 

NO WV. 
SPEED UP ALL SOLDERING WITH 

UNG 
FEATHER-LIGHT SOLDERING PENCILS WITH 

HI-HE 
INCREASED WATTAGE 

TIPS 

Tor use nordla No 776 
Handle 6, Cord Set 

Stop wrestling with big irons. New HI•HEAT 
TIPS in your Ungar Electric Soldering Pen. 
cil produce a really versatile tool that'll 
perform on a par with the big, bulky 100. 
ISO watt irons. If you can't get immediate 
delivery, please be patient, for production 
hasn't yet caught up with demand. Ask your 
supplier for No. 1236 Pyramid or No 1239 
• Chisel. List price, $1.25 each. 

Ungar 
[ ELECTRIC TOOL CO., Inc. 

LOS ANGEL ES 5 4 CALIFORNIA  

FR O M  TH E r• - >1S M A LL E S  T TO  TH E  LA 
YOU'LL DO BETTER WIT/1 80D 11 

1_ 

MINIBOXES 

There are thousands 
of uses in the fields 
of radio and electron-
ics  for  these  new 
boxes. They are made 
from  heavy  gauge 
aluminum.  The  de-
sign of the box per-

mits  installation  of more  components than 
would be possible in the conventionally de-
signed box of the same size. It is of two 
piece construction,  each half forming three 
sides. The flange type construction assures 
adequate shielding. Available in etched alumi-
num finish and gray hammerloid finish. 

Catalog Numbers 
bray 

CU-2100 
LU•2101 
CU-2IO2 
CU .2103 
CU-2I04 
CU-2I05 
CU-2106 
CU-2I07 
CU-2I08 
CU-2I09 
CU .2110 
CU-2111 

C U -3000 
CU•300I 
CU .3002 
CU .3003 
CU .3004 
CU-3005 
CU-3006 
CU .3007 
CU-3008 
CU-3009 
CU•3010 

Length Width Height 
2%"  21/4 " I%" 
31/4  " 21/4 " I% " 
4"  2./8"  I%" 
4"  21/4 " 2 Ve " 
5"  21/4 " 21/4 " 
5"  4"  3" 
" 3"  Vs" 

6"  5"  4" 
7"  5"  3" 
8"  6"  31/2 " 
10"  6"  31/2 " 

CU-3011 12"  7"  4" 
CU-2112  CU-3012 17"  5"  4" 
CU-2113  CU -3013 10"  2"  1%" 
CU-2114  CU-3014 12"  2Ve"  2i/4" 
CU•21I5  CU•30I5 4"  2"  23 " 
CU-2116  CU-3016 41/4 " 2v" 

Prices 10"  higher west 

ADD-A-RACK SERIES 
It has always been necessary 
to buy special racks without 
louvers on one side to obtain 
a maximum  of  panel  space 
with a minimum of floor space. 
Now, you no longer need to 
buy  a whole  new  cabinet 
when  you  want  additional 
panel space. Through our new 
and exclusive Add-a-Rack se-
ries, BUD not only offers ad-
ditional  racks  at  a lower 
cost, but provides you with 
a sturdier, better looking as-
sembly. 

The Illustration above at left shows two Add-a-Rack 
cabinets assembled together. The illustration above at 
right shows the unique and ingenious method of adding 
a unit to your present equipment. Instead of buying 
an entire new outfit, you purchase only four parts: (1) 
a door, (2) a top, (3) a bottom and (4) an Ada-a-Rack 
coupling unit. The right (or left) hand side of your 
present relay rack is removed and replaced by the 
Add•a-Rack coupling unit: next, a top and bottom is 
fastened into place, and the side taken from the first 
rack is fastened onto the second rack which has been 
added. Place the additional door into position and you 
have two racks properly and efficiently coupled together. 

To Add-a-
Add-a-Rack Unit  Rack to 
AR-1778  CR-1774 
AR-1775  CR-177I 
AR-1776  CR•1772 
AR-1777  CR-1773 

Complete unit, consisting of the knocked-down parts 

Dealer 
Cost 

Gray Etched 
$ .57 $ .51 
.57  .51 
.60  .54 
.78  .72 
.81  .75 
.90  .84 
.87  .81 
1.11  1.02 
1.26  1.14 
1.83  1.71 
2.25  1.89 
2.67  2.40 
3.15  2.79 
.90  .84 
1.23  1.05 
.75  .69 

II/2"  .78  .72 
of the Mississippi River 

In the same simple way, more racks can be added at 
any time and every one will be in a CONTINUOUS 
ONE-PIECE assembly. 

This series Is available in two ways: (I) a double 
unit consisting of two racks and the Add-a-Rack coup-
ling unit, (2) Add-a-Rack unit, consisting of a door, 
a top, a bottom and an Add•a-Rack coupling unit. 
These units are furnished with all necessary assembling 
and panel mounting hardware. 

BUD RC-7756 Casters will fit this unit. Casters are 
not Included in price of cabinet. 

Overall 
Height 
46 1/16" 
47 5/16" 
66 9/16" 
82 5/16" 

Panel 
Space 
361/4 " 
42" 
611/4" 
77" 

necessary for two relay racks coupled together. 

CR•1779 two coupled relay racks same size as CR-1774 
CR-1780 two coupled relay racks same size as CR-1771 
CR-1786 two coupled relay racks same size as CR•1772 
CR-1799 two coupled relay racks same size as CR•1773 

Dealer 
Cost 
$28.85 
35.00 
42.00 
52.00 

Dealer Cost 
 $60.20 
  70.45 
  87.00 
  107.00 

Prices are 10% higher west of the Mississippi River. 

The above are only a few of our standard Items. Send for catalog for complete information. We 
welcome the opportunity of quoting from your blue prints on special steel or aluminum housings. 

BUD RADIO  INC. 
2110 EAST 55TH STREET CLEVELAND 3, OHIO 

Pioneer in .Radio bulineerinq Jon-anon Since 1927 

APITOL RADIO 
EN GI NEERI N G  INSTI T U TE 

An A«redited Jedniical Jusilittic 

ADVANCED HOME STUDY 
AND RESIDENCE COURSES IN 
PRACTICAL RADIO ELECTRONICS 

AND TELEVISION ENGINEERING 

Reduest your free home sludy or 
resident sshool caialos hy  to, 

DEPT. 261013 

16th and PARK ROAD, N W.. 
WASHINGTON 10, D.C. 
Approved for Veteran Training 
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IT'S  KINGS  FOR  CON NECTORS News—New Products 

• 

Pictured here are some of fhe more 

widely used R. F. coaxial, U. H. F. 

and Pulse connectors. They are all 

Precision made and Pressurized 

when required. Over 300 types 

available, most of them in stock. 

• 

Backed V the name KINGS— the leader In the 

cianufat lure of co axial connectors. 

Write tor illustrated catalogs. Department "T" 

• 

1 
KINGS Cie (if  (.4 
111 LEXINGTON AYL. BROOKLYN 21,0 

MMaannuuffaaccttuurreerrss  of Radar, Whip, and Aircraft antennas 

Microphone Plugs and Jacks. 

Radar Assemblies, Cable Assemblies, Microwave and 
Special Electronic Equipment 

THE RADIO ENGINEERING SHOW 

Dates: March 19-22, 1951 
Monday through Thursday 

Place: Grand Central Palace, 

New York City 
at Lexington Ave. and 46th St. 

Plan to Come! 

252 Exhibits -17,689 Attended in 1950 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

,nformation. Please mention your I.R.E. affiliation. 

(Continued from page 81A ) 

This analyzer has been engineered care-
fully to avoid obsolescence, by making 
provisions for rapid interchange of rf heads 
that will provide coverage of the micro-
wave spectrum to 30,000 Mc. The unit 
features a functionally designed housing 
incorporating a 5-inch cathode-ray tube 
indicator, with a mounting that permits 
convenient use of a 35-mm camera for re-
cording information from the cathode-ray 
tube. 

New Clipper-Filter 
The SA-403-A, a device for clipping 

and filtering speech before modulation in a 
radiotelephone transmit ter, has been in-
troduced by the Standard Transformer 
Corp., 3580 Elston Ave., Chicago 18, 
Measuring lf X11 X4I inches, the SA-

403-A clipper-filter requires no outboard 
wiring, and is designed to plug into the 
octal socket vacated by removing a tube in 
he speech amplifier circuit. 

Highly effective circuits in the SA-403-
.X involve four triodes (two 6J6's). A con-
trol sets the peak level of amplitude modu-
lation or frequency deviation, as the case 
may be. 
The use of this clipper-filter for radio-

telephonic transmission safeguards against 
overmodulation or overdeviation, and in-
creases the effectiveness of the transmis-
sion. A higher average level of modulation 
is attainable. Narrow channel-width re-
sults as unnecessary high and low audio 
frequencies are eliminated and all modu-
lating power is concentrated to produce 
the most useful sideband frequencies. 
More complete details can be obtained 

by writing for Bulletin 360. 

(Continued on page 84A) 
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ON THE JOB AT THE FAMOUS BELL "LABS" 
for your 

Raytheon 
• Tube 

Requirements 
in the 

Metropolitan 
New York Area 

'PROCEEDINGS 01: 111E 1.R.E. 

• 

its 

DAUS 
Phone 

Algonquin 

5-3000 

Serving the trade for 

over a quarter century 

Ii•L;, 
DAWF 
Wizial Da/a/demi 
Efictizoffk Pen& 

• 

175 VARICK SE, 
NE W YORK 14, N.Y. 

-tekle intikite Dept /41D 

Better Attenuation 
... AT NO GREATER COST! 

Designed to exacting wartime laboratory 
standards, supplied in ready-built "knock-
down" form for installation in a few hours, 
Ace Screen Rooms provide a minimum of 100 
db. attenuation from 0.15 to 1000 mc. Total 
cost is no greater than that of "homemade" 
screen rooms of far lower efficiency. Numerous 
sizes are available and rooms can readily be 
moved or enlarged as required. Write, wire, 
or 'phone for details. 

ACE ENGINEERING & MACHINE CO. 
3642 N. Lawrence St. 

Philadelphia 40, Pa.  REgent 9-1019 

BRIEF SPECIFICATIONS 

PULSE DURATION indiv,dually 
adjustable from 0.15 to 1.5 
microseconds; RISE TIME is .05. 

DECAY TIME 0.10 micro  ds 
SPACING between pulses vari-
able from-0.5 to +10micro-
seconds. REPETITION RATE 
adjustable in 3 ranges, 1 to 10, 
10 to 100 and 100 to 1000 cycles; 
can b. externally triggered. 

OUTPUT IMPEDANCE opproxi-
motely 400 ohms, maximum 
output voltage, -200 v. CONTROL 
CALIBRATION ACCURACY ± 5% 
over entire range. 

In this modern home of telephone re-
search—the Bell Telephone Laboratories, 
Murray Hill, N. 1., —Ace Screen Booms 
play an important part in assuring max-
imum shielding efficiency for numerous 
lest and research procedures. 

THE BeAheiely 
MODEL 902 

DOUBLE PULSE 
GENERATOR 

The Berkeley Double Pulse Generator produces 
two pulses individually controllable in width, 
amplitude and time relation to each other. Pulse 
amplitude is individually adjustable without 
cross effect from 0 to +50 v. and 0 to —200 v. 
A fine control, plus a 10 to 1 step attenuator per-
mits varying the amplitude of both pulses after 
mixing. 

TYPICAL APPLICATIONS...Resolution tests of high speed 
scaling circuits, response simulation of scintillation and 
proportional counters, evaluation of electronic gate and 
switch response, TV equipment testing, characteristic 
checks of wide band amplifiers, etc. 

COMPLETE INFORMATION is yours for the asking; please request 
Bulletin II?E-902. 

October, 1950 8-1A 



JUST PLAIN 
RUGGED 

. . . yet an 
instrument of 
highest QUALITY 

. . . PRECISION 

. . . ACCURACY 

The Burlington "Hermetically Sealed" Instrument was 
designed and is manufactured to conform to JAN 
specifications for sealed instruments. 

• Steel case with heavy copper-cadmium plate and black finish. 
• Excellent shielding due to case material and construction. 
• Double strength clear glass. 
• Black satin onodized aluminum bezel. 

• Glass to metal seal under controlled humidity and temperature 
conditions. 

• D'Arsonval permanent magnet type movement for DC applica• 
bons. 

• Designed to enhance panel appearance. 
• Available in 21/2 " and 31/2" round case types. 
• Guaranteed for one year against workmanship and materials. Best Buy Burlington 

BURLINGTON INSTRUMENT COMPANY 

DEPT. 1-100, BURLINGTON, IOWA 

MODEL 708 SPECTRUM ANALYZER 

Frequency range-8500 mc to 9600 mc. 

Receiver—Double conversion superheterodyne. 
IF bandwidth —approximately 10 kc. 

Sweep frequency-10 cps to 25 cps. 

Minimum frequency dispersion -1 mc/inch. 

Maximum frequency dispersion —I0 mc/inch. 
Signal input attenuator-100 db linear. 
Power-115V or 230V, 50 cps to 800 cps. 

MODEL 705 W OBBULATOR 

Swept signal output with center frequency adjust-
able from 2 to 500 mc. 

Continuous swept output adjustable from 0 to 
100 mc./sec. with 0.1 volt output at 50 ohms. 

Internally synchronized scope with detectors and 
amplifiers. 

High and low impedance shielded traveling de-
tectors. 

Output designed for making response measure-
ments at 3000 mc., IF frequencies, and Video. 

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

(Continued from page 82.4) 

New Oscillosynchroscope 

Browning Laboratories, Inc., 750 Main 
St., ‘Vinchester, Mass., announces the 
Model 0J-17 oscillosynchroscope, designed 
for use in those laboratories where the 
maximum oscillographic facilities is re-
quired. The high-gain vertical amplifier 
has a response flat from 5 cps to 16 Mc, 
extending beyond 30 Mc, including the use 
of a 0.2-microsecond signal delay line. "i 
completely separate sweep systems permit 
display of repetitive phenomena with re-
currence rates as high as 10 Mc, or tran-
sient and recurrent pulses as short as 0.05 
microseconds. 

Built-in trigger and delay generators 
are provided for synchroscopic applica-
tions -uch as those encountered in radar 
circuits. 
Accurate time nieasurements may be 

made by use of 0.1-, 1.0-, 10-, and 100-
microsecond timing markers. Vertical sig-
nal amplitude measurements are likewise 
possible using a direct-reading deflection 
calibration system. 
The high-voltage cathode-ray tube em-

ployed provides a trace sufficiently bright 
to be photographed even under high writ-
ing rate, single sweep conditions. 
The 0J-17 consi -1 s of five separate 

chassis units assemblcd in a rack cabinet 
mounted on casters.. \ compartment is pro-
vided for permanent installation of an 
oscillo-record camera. 

New Marine Radios 
Standard Electronics Corp., Carlisle, 

Pa., has en icreil the marine radio telephone 
manufacturing field, with the production 
of four types of marine radios. 

(Continued on page 85A) 

II 
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News—New Products 
These manu‘acturers have invited PROCEEDINGS 

i readers to write for literature and further technical 
I jnformation. Please mention your I.R.E. affiliation. 

(C,,tinufq frrm page 84A) 

The sets, which range in power from 12 
to 80 watts and are designed to cover pleas-
ure and commercial craft requirement, will 
be made available in a few weeks through 
Graybar Electric Co. 
Among the four marine radios is a 

compact, high-powered 12-watt unit at low 
cost for small boats and includes a stand-
ard broadcast band that can pick up all 
radio broadcasts available from shore. 
Another model, 15 inches wide by 9 inches 
deep, operating at 35 watts and having 
five channels, is considered the most 
efficiently designed marine radio telephone 
of comparable output yet developed, the 
company claims. 
The two larger units operate at 50 

watts and 80 watts, respectively, both 
haying six transmitting and, receiving 
channels. 

(Cr ,Ifil:;fr I  f!qr.  9 6.4 

HIGHEST QUALITY 
ELECTRONIC 
COMPONENTS 

Large Quantities in Stock 
for Immediate Delivery 

RELAYS 

TRANSFORMERS 

VOLU ME CONTROLS 

TUBES 

CHOKES 

RECTIFIERS 

WIRE & CABLE  TUBE SOCKETS 

RESISTORS (WIRE WOUND, CAR-

BON, etc.) 

CONDENSERS (MOLDED, CERAMIC, 

OIL FILLED, etc I 

SWITCHES (TOGGLE, MINIATURE, 

WAFER, etc.) 

All standard brands, inspected and guaran-

teed by Wells Sales. 

Manufacturers: Write for complete 

Electronic  Catalog  and  prices. 

Dept. P 

IW EL„L,S/ 
S ai l S  ,, 320 N. LA SALLE ST. 

CHICAGO 10, ILL. 

UNIQUE twin beam flat face tube per-
U mits EXACT time comparison of two 
waveforms without phase or frequency 
error. Beams are independent vertically 
and locked in horizontal direction, can 
be separated, superimposed or crossed 
for any comparative test . . . and . . . 

Model 1035 TWIN BEAM SCOPE (illus-
trated) offers these additional features: 

DIRECT time measurement on calibrated 
controls from 150 millisec. to 1 microsec. 
DIRECT voltage measurement on each 
beam from 500 volts to 1 millivolt. 

Recurrent or triggered sweeps from 150 
millisec. to 5 microsec. High gain, wide-
band amplifier, —3 db. at 7 Mc. 

Write for details on Model 1428 Scope 
Camera for still or moving film records. 

All instruments and spares in stock New 
York. 

you can count on 

Cossor Twin Beam Scopes 

5165 fob Halifax 
$650 fob New York 

COSSOR  (CANADA)  LIMITED 
301-303 Windsor Street, Halifax, N.S. 

BEA M  INSTRU MENTS  CORPORATION 
Room 907, 511 5th Avenue, New York 17, N.Y. 

JOHNSON   
a daseau4 'taste La Radio 

SINGLE 

BUTTERFLY 

SMALLEST 
AIR VARIABLES 
EVER PRODUCED 

Variables in Miniature 
JOHNSON miniature air variable condensers 

save space both behind and in front of the 
panel. The ceramic plate measures only sh" 
wide by 3/4 " high. In spite of their size, these 
diminutive capacitors, accurately produced to 
close tolerances result in a completely depend-
able unit. Split sleeve bearings (available in 
plain or locking type) and soldered plate con-
struction insure perfect alignment even in rigor-
ous portable mobile service. A beryllium cop-
per contact-tension spring guarantees perma-
nent peak performance. 

Three types of miniature variables are cur-
rently being produced: Single and Differential 
to 19.7 mmf. per section maximum capacity 
and Butterfly to 11.0 mmf. maximum capacity 
per section. Minimum capacity is held to low 
values. Plate spacing is .017; peak breakdown 
voltage is 1250 volts. 

As with all JOHNSON condensers, low loss 
ceramic insulation is used. Smell plates and 
design with low inherent inductance enable the 
miniatures to be used efficiently at extremely 
high frequencies. 

Write for JOHNSON Catalog 701 describing 
the miniature line as well as other JOHNSON 
variable condensers. 
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Kcnvon Fits Your 

Production To A"T" 

Kcnvon "T's" —high quality, uniform 
transformers, are your best bet for development, 
production and experimental work. For over 20 
years, the KENYON "K" has been a sign of skill-
ful engineering, progressive design and sound 
construction. 

Now — reduce inventory problems, improve 
deliveries, maintain your quality —specify 
KENYON "T's," the finest transformer line for 
all high quality equipment applications. 

New Catalog Edition! Write Today! 

Kt nvoll new modified edition tells the corn-
te story about specific ratings on all transform-

ers. Our standard line saves you time and expense. 
Send for your copy of our 
latest catalog edition now! 

\ 

KENYON TRANSFORMER CO., Inc. 
840 BARRY STREET • NEW YORK 59, N. Y. 

Tuning Forks 
for precision frequency 
control • •  • 

Philamon Laboratories manufactures a com-

plete line of tuning fork resonators to meet 
your frequency control requirements. 

Temperature-compensated and hermetically 
sealed, the resonators are available in accur-

acies from 1 part in 3,000 to 1 part in 100,000, 

for operation over wide temperature ranges. 

The resonators may be obtained individually 

—as a part of compact sub-assemblies—or in 
completely engineered equipmrnt. 

• 

LET US SENO 

YOU COMPLETE 

TECHNICAL DATA 

P1111..1310 % L. I B ORA TO KI ES 

5717 Third .1renne., Brooklyn 20. N. 1. 

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

(Continued from page 854) 

Subminiature Photoelectric 
Devices 

Laboratory development of a tiny, in-
expensive photocell which utilized the 
photosensitivity of germanium has been 
announced by R. NI. Bowie, Physics Lab-
oratories, Sylvania Electric Products Inc., 
Bayside, L. I., N. V. 

These new subminiature photelectric 
devices are sufficiently sensitive so that 
useful current changes are obtained with 
relatively small changes in light intensity. 
It is anticipated that they will find wide 
use in such applications as decoding 
punched tape, electronic computing and 
sorting, and in the direct operation of re-
lays such as opening and closing doors. 
Compactness and high sensitivity should 
make them well suited for many applica-
tions where cost, complexity of circuitry, 
and space limitation are important factors. 
The new photoelectric device is e,-

sentially a germanium diode especially 
designed to permit use of the photoelectric 
properties of germanium and similar semi-
conductors. Experimental models have 
been made in which a tiny piece of ger-
manium in contact with a fine wire or 
"whisker" is sealed in a solid piece of 
plastic about half an inch long and smaller 
diameter than a kitchen match. The trans-
parent plastic, in addition to serving as a 
rugged sealed housittg, provides an effec-
tive light path to the point at which tilt 
whisker makes contact with the ger 
manium. 
These new devices are still in tli, 

laboratory stage and have not been coili 
pleted for quantity production. 

Frequency Standards and 
Dividers 

A new type frequency divider is 1)614: 
employed in the frequency standards ot 
Analysis Instrument Co., l'.0. Box 231, 
East l'aterson, N.J. The divider, when 
used in conjunction with crystal or tuning 
fork standard oscillators, makes possible a 
more compact arrangement for supplying 
motor drive frequencies for facsimile, 
watchtiming, and  similar applications 
than were formerly available, the company 
claims. 

8ri \ 

(Continued on page 87A) 
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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 86A) 

The picture shows a complete fre-
quency standard for delivering 60 cps from 
a 90.72-kc crystal controlled oscillator; its 
over-all dimensions are: length, 7 inches; 
depth, 3 inches; and height, 31 inches; 
weighing 1 pound 3 ounces. 
The frequency divider gives stable 

operation over wide supply voltage and 
ambient  temperature variations.  The 
divider can be supplied to specifications 
with or without frequency standards. 

(Continued on page 88A) 

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 niere-
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 manufac curers. 
For quality engraving on 
• 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. 

MOLDED 

S ' S' W hi a  R E SI S T O R S 

S.S.WHITE RESISTORS 

are of parttcular interest to all 
who need resistors with inherent 
low noise level and good stability 
in all climates. 

HIGH VALUE RANGE 
10 to 10.000,000 MEGOHMS 

STANDARD RANGE 
1000 OHMS to 9 MEGOHMS 

ARE USED IN THIS 

ULTRA SENSITIVE 

ELECTRONIC PHOTOMETER 

In this instrument —designed for measurement of 
very low light values —S.S. White Resistors serve 

as the grid resistance in the all-important high-

gain  D.C.  amplifier  circuit.  The  manufacturer. 
Photovolt Corp., New York, N.Y.. reports that the 

resistors -work very satisfactorily" —which checks 
with the experience of the many other electronic 

equipment manufacturers who use S.S. White re-

sistors. 

WRITE FOR BULLETIN 4906 

It gives essential data about 

S.S. White Resistors, including 
construction, characteristics, 

dimensions,  etc.  Copy  with 

price list on request. 

Photo courtesy of 
Photovolt Corp., New I', rk, N.Y. 

T N. c zi #1 
INI NIST RI AL 'DI VISI O N 

IDENTAL MFG.CO. Dept. G-R 10 East 40th St. 

NE W  YORK  16, N. Y. 

WIDE BAND  DIRECT COUPLED 

-OSCILLOSCOPE 
Tektronix Type 514-D 

Bandwidth:  DC—JO mc 

Sensitivity:  AC—.03 vicm 

DC— 3 v/cm 

Sweep Range: .1 usecicm —.0/ sec/cm 

continuously variable 

Voltage Calibrator: Square wove, 

0-50v in 6 ranges 

The advantages of the direct 

coupled  oscilloscope  are  now 

available in the region of 10 mc Not only is it possible to measure the dura-

tion and amplitude a a waveform, but also the D.C. level at which it occurs. 

• Distributed type push-pull output amplifiers. 

• All DC voltages electronically regulated. 

• Triggered, recurrent or single sweeps. 

712 S I HA WTHORN( Illys  PORTLAND 14. 011005 

•  .25 j./SeC signal delay network. 

• Better than 5% accuracy of timing 
and amplitude. 

Writs or weir., for cornplot• tp•rilrrationo. 

$950.00 

I. o. b. Portland, 

° won 
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aid 
aiY-spaced arlicu toted 
RE CABLES 

THE LO WEST EVER 
CAPACITANCE OR 
ATTE N U ATI ON 

Ire are 
spaya/4 organ/Sea/to Or 
SPOT DELIVERIES TO U.S.A 
ea.We your rash oAa'er for 
shOmeor 4 aa•freyor.. 
Ser/anefil  yoke mow ,Icheel 

LOW ATOM 
TYPES 

ATILN LOADING 
,11,100k  Aft, 
a/ Aga AtA   

At 
A2 

IMPIO 
OHMS 

74 
74 

Po/e,4 Ayr/ Dade 41,4 

1.7  0.11 
1.3  0.24 

OD" 

0.36 
0.44 

0.88 A34  73  0.6 1.5 

LOW (APE 
TYPES 

(*PAC IMMO 
OHMS 

AMIN 
db/100ji 
100M0 

OD" 

CI 7.3 150 2.5 

3.4 

0.36 
PC 10.2 

6.3 

6.3 

5.5 
5.4 

4.8 

4.1 1252 

132 

173 
0.36 

0.36 
0.44 

0.44 
0.64 

0.64 

1.03 

C11 

C 2 

C22 

C 3 

3.2 
2.15 

2.8 

1.9 

2.4 

2.1 

171 

184 
197 

220 

TRANSRADIO LTD 
CO N T R A C T O R S  T O  11. M.  G O VE R N ME N T 

138A CROM WELL ROAD•LONDON SW7 ENGLAND 
C.4,94,1 TRANSRAD LONDON. 

C33 

C44 

# iidey Ionvek,roacdoetete 

tWiNQI 

PHOTOCELL 
CABLE 

SYNTHESIS 
IS A HIGH CLASS WORD 
FOR  DESIGNING 
SERVO MECHANISMS 

Sip 

• • SERVOSCOPE IS A HIGH CLASS 
INSTRUMENT FOR SERVO SYNTHESIS! 

SERVO 

Write for 
Information 

MEASURES 
CARRIERS 
MODULATE 
ANALYZES 
SUB-AUDIO 

amplitude 81 phase vs. frequency 

accepted, 50 to 800 cps 

Schosen carrier, 0.1 to 20 cps 

D.C. or A.C. automatic controls 

sine generator, 0.1 to 20 cps 

SQUARE WAVE generator. 0.1 to 20 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. 

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

((ontinued /rout page 874) 

Impedance Measurement 
Equipment 

Thu I' II 12 \ Impedometer is a device 
for tlw mcasurcinent of impedance in the 
frequency range from below 50 Mc to 
above 500  liclow 500 NIc its accuracy 
is + 5 per ccn I. I ti-signed I a Federal Tele-
communication Laboratories, Inc., 500 
kk ashington Ave., Nutley 10, N. J., ..he 
meter consists of a short length of standard 
1,1-inch 52-ohm coaxial line on which are 
mounted two directional couplers, a volt-
age probe, and a capacitance plunger. On 
the panel, besides the capacitance button, 
is a switch for selecting either of the two 
directional couplers or the voltage probe; 
also a plug connected to the output of the 
itch. Two step adapters are furnished, 
inch line to type N. Adapters for other 

sizes of lines and cables can be supplied. 

To use the Impedometer, a signal gen-
erator is connected to one end of the line 
and the load to be measured is connected 
to the other end. A crystal detector and 
amplifier, or a radio receiver, is connected 
to the output plug on the panel. Then the 
switch is set consecutively to its three 
positions and the relative output voltage 
measured for the incident and reflected 
waves and the total voltage on the line. A 
simple diagram or a Smith Chart gives the 
impedance at the voltage probe, which 
can be readily trans1brmed to the im-
pedance at the load. 
The Impedometer can also be used as a 

simple reflectometer for the measurement 
of reflection coefficient and swr. 

Dynamic Micro-Miker 
The new Dynamic \II, 1,, NI iker should 

be an invaluable tool fur iclevision engi-
neers and others concerned ‘N ii a de-band 

Designi-d by Kalbfell Labs., 
Inc., 1076 Nlorena Blvd , San Diego 10. 
Calif., this equipment measures the smali 
interelectrode and wiring capacities pres• 
ent in video amplifiers under operating 
conditions, including Nliller effect. It also 
measures the inductance of peaking coils. 
Thus, for the first time, it is possible to 
make a significant measurement of capac-
ity for designing a peaking coil and to 
check the coil with one instrument. 

(Continued on page 894) 
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New Miniature 
Insulated Terminals 

to help your 
miniaturization program 
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Nclua‘ sae  

X1980XA 
Enlarged 

Featuring extremely small size com-
bined with excellent dielectric prop-
erties, three new miniature insulated 
terminals are now available from CTC. 
Designed to meet the requirements 

of the miniaturization programs now 
being carried out by manufacturers of 
electrical and electronic equipment, 
the terminals come in three lengths of 
dielectric and with voltage breakdown 
ratings up to 5800 volts. In addition, 
they have an extremely low capaci-
tance to ground. 
The X1980XA is the smallest ter-

minal, having an over-all height of only 
three-eighths of an inch including lug. 
Insulators are grade L-5 ceramic, sil-
icone impregnated for maximum re-
sistance to moisture and fungi. 
All terminals have hex-type mount-

ing studs with 3/48 thread or .141" OD 
rivet style mounting. Mounting studs 
are cadmium plated, terminals are of 
bright-alloy plated brass. 
Write for additional data. 

Turret  Split  Terminal  Double-End 
Lugs  Lugs  Boards  Lugs  Swages 

custom or standard the 
guaranteed components 

CA MBRIDGE THER MIONIC CORP. 
456 Concord Ave, Cambridge 18, Mass. 

West Coast Stock Maintained By: E. V. Roberts, 
5014 Venice Blvd., Los Angeles, California 

News—New Products 
These manufacturers have invited  PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 
(Continued from page 89A) 

Capacities from 0.1 Ica up to 0.005 scpf 
are measured in three ranges and the in-
ductance range extends from 1 microhenry 
to 250 microhenries. The instrument is di-
rect reading and unusually simple to op-
erate. 

12-Channel Television 
Transmitter 

he  Tel-Instrument Co.,  Inc.,  50 
Paterson Ave., East Rutherford, N. J., 
Type 2111 television transmitter, is de-
signed to provide a rapid method of pro-
duction testing TV receivers on all 12 TV 
channels. When modulated by a composite 
video signal such as produced by a mono-
scope chain, it will provide a standard rf 
picture signal suitable for use as a final air 
check of receivers. The picture signal has 
an associated FM 'sound carrier which 
may be modulated at 400 cps or with music 
from an external source. 

The Type 2111 consists of a 12-channel 
crystal controlled oscillator, frequency 
multiplier, and amplifier turret which pro-
duces the rf picture carrier on each TV 
channel. The rf output amplifier is sup-
pressor grid double sideband modulated by 
means of a video amplifier having adequate 
frequency response to fully reproduce at 
least a 375-line signal. The video signal is 
obtained from an external source. 
The FM sound carrier has two com-

ponents 4.5 Nlc above and below the pic-
ture carrier, and the Tv receiver selects the 
upper side band while rejecting the lower. 
Modulation of the sound carrier is ac-
complished by means of the internal audio 
oscillator operating at 400 cps or by an 
external signal such as music. A standard 
75-microsecond pre-emphasis network is 
incorporated, and 40-kc deviation may be 
obtained. The deviation is continuously 
variable by means of a panel control. 

(Continued on page 90A) 

" IY 1 SECOND! 
COMPLETE 

AUDIO WAVEFORM ANALYSIS 
with the 

AP-1 PANORAMIC 
SONIC ANALYZER 

Oscillooraph of wave-  Panoramic Sonic an• 
form to be analyzed  alysis  of  the  same 

wave 

Provides the very utmost in speed, sim-
plicity and directness of complex waveform 
analysis. In only one second the AP-1 auto-
matically separates and measures the fre-
quency and amplitude of wave components 

between 40 and 20,000 cps. Optimum fre-
quency resolution is maintained throughout 
the entire frequency range. Measures com. 

ponents down to 0.1%. 

• Direct Reading 

• Logarithmic Frequency Scale 

• Linear and Two Decade Log 
Voltage Scales 

• Input voltage range 10,000,000:1 

AP-1 is THE answer for practical investi• 
gations of waveforms which vary in a ran-
dom manner or while operating or design 
constants are changed. If your problem is 
measurement of harmonics, high frequency 
vibration, noise, intermodulation, acoustics 
or other sonic phenomena, investigate the 
overall advantages offered by AP-1. 

Write NO W for complete speci-
fications,  price  and  delivery. 

See us in Room 626 at the Audio Fair  .Hotel 

New Yorker, October 26, 27, 28, 1910 

PANORAMIC/7--
SI C ONI O  / 1/  RADIO PRODUCTS Inc 

V111•4 0/0 
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A TRUE 
ELE MOSTITIC 

1011111ETER 
-wv 

This instrument permits voltage 

readings on AC or DC circuits of 

very high resistance. The only cur-

rent drawn is the very small leak-

age current and a very low 

capacitance current on AC circuits. 

Very useful for the many high vol-

tage—low current circuits employed 

in nuclear research. Available with 

full scale voltages ranging between 

300 and 3500 volts. Special lab-

oratory instrument available with 

full scale reading of 150 volts. Full 

scale capacitance ranges from 8 

mmfds for the 3500 volt model to 

100 mmfds for the 150 volt instru-

ment.Magnetic damping. 21/2 "dial. 

Write for complete specifications. 

FERRANTI ELECTRIC, INC. 
30 Rockefeller Plaza • New York 20, N. Y. 

FERRANTI, LTD., Hollinwood, England 

FERRANTI ELECTRIC, LTD., Toronto, Canada 

News—New Products 
These manufacturers hare invited PROCEEDINGS 

readers to write for literature and further technical 

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

(Continued from rage 894) 

Double Pulse Generator 
Producing two pulses individually con-

trollable in width, amplitude, and time re-
lation to each other, a new instrument 
designated as the Model 902 double pulse 
generator is now in production by Berkeley 
Scientific Co., Sixth & Nevin Sts., Rich-
mond, CAI. 

Pulse amplitude is individually adjust-
able, without cross effect, from 0 to +50 
and 0 to —200 volts. Amplitude of both 
pulses after mixing can be varied by means 
of a continuous fine control plus a 10-to-1 
step attenuator. Pulse rise time is 0.05 
microsecond, decay time 0.10  micro-
second: duration is individually adjust-
able from 0.15 to 1.5 microseconds. Spacing 
between the two pulses is continuously 
variable in two ranges, —0.5 to +3 micro-
seconds. Repetition rate is adjustable in 3 
ranges: 1 to 10, 10 to 100, and 100 to 1,000 
cps, and can be externally triggered. Out-
put impedance is approximately 400 ohms; 
maximum output voltage is —200 v. Over-
all accuracy of control calibrations is +5 
per cent over the entire range. 

Interesting Abstract 
Available to the industry at no charge 

from Magnetic Recording Div., Armour 
Research Foundation, 35 W. 33 St., Chi-
cago 16, III., i, a comprehensive bibliogra-
phy on magnetic recording. Beginning with 
a reprint from The Electrical World en-
titled "Some Possible Forms of Phono-
graph," (September 8, 1888), by Oberlin 
Smith, and listing 370 references through 
April, 1950, this booklet should be helpful 
to those interested in all stages of develop-
ment of magnetic recording equipment. 

(Continued on rage 91A) 

We will be grateful if you will 

mention PROCEEDINGS of the 

I.R.E. when writing to our adver-

tisers. 

H 6 P lighting equipment, consistently 
specified by outstanding radio engineers, 

is furnished as standard equipment by 
most leading tower manufacturers. 

Detoencia#6* 
PERFORMANCE 

at 

W WIR COST 

TO WER 
LIGHTING 
EQUIP MENT 

300 M M 
CODE BEACON 
Patented ventila-

tor dome circulates 
the air, assures 
cooler operation, 
longer lamp life. 
Concave base 
with drainage 
port at lowest 
point. Glass-to-
glass color screen 
supports virtual-
ly eliminate color 
screen breakage. 
Neoprene gaskets 
throughout. 
CAA approved 

MERCURY 
CODE FLASHER 
Lifetime-lubricat-

ed ball bearings. No 
contact points to 
wear out. Highest 
quality bronze gears 
Adjustable, 14 to 52 
flashes per minute 

SINGLE and DOUBLE 
OBSTRUCTION 

LIGHTS 

Designed for 
standard A-21 traffic 
signal lamps  Pris-
matic globes meet 
CAA specifications. 

a 

"PECA" SERIES 
PHOTO-ELECTRIC 

CONTROL 
Turns lights on at 

35 f.c.; off at 58 fc-, 
as recommended by 
CAA. High-wattage 
industrial type resis-
tors. Low-loss circuit 
insulation. 

ALSO CO MPLETE LIGHT KITS 
FOR A-2, A-3, A-4 and A-5 TO WERS 

PROMPT SERVICE and DELIVERY 
First-day shipments out of stock. 

Immediate attention to specifica-
tions and unusual requirements 

WRITE OR WIRE FOR CATALOG 

AND DETAILED INFOR MATION 

HUGHEY & PHILLIPS 
TOWER LIGHTING DIVISION 

326 N. LA CIENEGA BLVD. 
LOS ANGELES 411, CALI/. 

60 E. 42ND ST.  NE W YORK IT, N. Y. 

PROCEEDINGS OF I-11E I.R.E. October, 1950 



News—New Products 
These manufacturers have invited PROCEEDINGS 

feeders to write for literature and further technical 

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

(Continued from page 90A) 

Three New Microphones 
Stephens Manufacturing Corp., 8538 

Warner Dr., Culver City, Calif., announces 
the introduction of a group of three micro-
phone systems for swivel, stand, and lapel 
applications. Each 
system  employs 
heads of extremely 
small size. During 
the testing period, 
production models 
were used as stand-
ard equipment in 
recording,  motion 
picture, broadcast, 
and television work. 
Claimed to be es-

sentially nondirec-
tional  throughout 
the  entire  audio 
range,  this "Tru-
Sonic Microphone" is claimed to be the 
only microphone on the market today 
utilizing  the advantages of the con-
denser-type diaphragm in a circuit which 
does not require vacuum-tube circuits 
mounted adjacent to the head. 
This microphone eliminates conven-

tional  pre-amplifiers.  The  efficiency 
claimed for the unit necessitates no other 
amplification than the one-tube amplifier 
circuit incorporated in the oscillator/demo-
dulator unit to achieve an output of 
—15dbm when operated in the usual sound 
field of 10 dynes/cm2. This level is said to 
be equivalent to a ribbon microphone with 
a 40 db pre-amplifier. 

Recent Catalog 

. . adds a new broadband waveguide-output klystron 

•  . A new catalog, #500, presenting the 
complete line of transformers for broad-
cast, amateur, laboratory, and replace-
ment purposes, is available to the indus-
try from United Transformer Co., 150 
Varick St., New York 13. N. Y. 

NOTICE 
Information for our News and 

New Products section is warmly 
welcomed. News releases should 
be addressed to Industry Research 
Division, Proceedings of I.R.E., 

Room 707, 303 West 42nd St., New 

York 18, N. Y. Photographs, and 

electrotypes if not over 2" wide. 
are helpful. Stories should pertain 
to products of interest specifically 
to radio engineers. 

VARIAN MICROWA E ENGINEERING 

Designed for high-power laboratory and antenna measurements as well 

as for use as a stable transmitter tube in fixed and mobile service, the 

new Varian X-21 Klystron covers the frequency range 9100 to 11,000 mc. 

It is illustrated at right above. The two resonant cavities are integral 

and have self-contained feedback. Output mates with standard UG/39U 

flange for 'Az- by 1- by 0.050-in. waveguide. Low microphonic construction. 

Weight, 4% oz. 

Typical Operation:  Frequency, 10,000 mc; beam voltage, 1270 v; 

beam current, 98 ma; power output, 5.9 w; load VS WR, less than 1.1. 

Two tunable waveguide-output reflex klystrons for the frequency 

range 8100 to 17,500 mc, the Varian X-12 and X-13, left and center in the 

illustration.  Widely used for transmitter service and as local and 

bench oscillators as measurement power sources.  Single screw tuners 
cover entire frequency ranges. 

Typical Operation: 

Frequency, mc 

Beam Voltage 

Beam Current, ma 

Reflector Voltage 

Power Output, mw 

Load VS WR, max 

Modulation Bandwidth, mc 

Temperature Coefficient, 

mc per deg C, max 

X-12 

16,000 

600 

50 

280 

25 

1.1 

50 

0.25 

X-13 

10,000 

400 

48 

575 

230 

1.1 

30 

0.25 

Now in production, two new klystrons for television service. Varian X. I 7 

covers the range from 1990 to 2100 mc with 5 watts minimum power output. 

Varian X-26 Klystron group covers 5850 to 8200 mc with 0.5 wafts minimum 

power output. 

VARIAN 99 was/sing/on st. 
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SCIt-208 Keyer units 

71511 Tubes 
705A Tubes   

705 Sockets 

PULSE EQUIPMENT 
0.E. K. -2745  $39.50 
G.E.K. -2744-A. 11.5 KY High Voltage. 8 2 KV 
Low Voltage  200 KW oper. (270 KW max.) I 
microsec. or 1/4  microsec. 69 600 PPS  $39.50 

(1 E K2450A. Will receive 13 KY .4 micro-second 
pulse on prl.. secondary delivers 14KY. l'eak 
power out 100KW 0.E  $34.50 

TPSIO Modulator X Band  $350.00 

SO-4 Thyraton Modulator  $000.00 
 $95.00 

 $12.00 
$2.$0 

$70 

Complete line of high voltage pulse transformers, 
networks and dual lines. 

23,000 TO 27,000 MC. BENCH TEST PLUMBING 
1/4  " X 1/4  " WAVEGUIDE 

PRECISION SLOTTED LINE.  DeMornay Budd  bination of couplings desired  $12.0o 
VP, 837. complete with adjustable probe and  45" Bend E or H l'iane, Choke to cover  $12.0o 
crystal output, Square flanges.  $400.00  MrecUonal coupler CU-103/APf332  $49.811 

PRECISION SLOTTED LINE. Adjustable probe. 
 $4 Humble Oil type. CPK-211111  $200.00 

DIRECTIONAL COLTPLER- WAVEMETER 
MOUNT. 12DB  $60.00 

PRECISION  VARIABLE  ATTENUATOR  mfg. 
Bernard Rice  $90.00 

TUNABLE CRYSTAL MOUNT. DB423 leas tun-
ing plunger  $30.00 

FLAP ATTENUATOR. 1311405 IODB attenuation 
  $25.00 

LO W PO WER LOAD  $20.00 
SCREW TUNER  $25.00 
SHUNT TEE  $35.00 
WAVEGUIDE LENGTHS. 2" to 8" long, gold-
plated with circular flanges and coupling nuts 
  $2.25 per Inch 

APS-34 Rotating Joint  $449.50 
Richt Angle (tend E or H Plane. specify corn-

8500 Mc. to 9600 Mc. Bench Test Plu mbing 

1" x 1 1/2 " W AVEGUIDE 

SLOTTED LINE. Complete with adjustable probe. 
crystal output, precision vernier adjust. Humble 
oil tyre  $220.00 

KLYSTRON  MOUNTS.  DeMornay  Budd  type 
D11380  for  2E25  etc.  Includes  tunable  ter-
mination   $70.00 

VARIABLE ATTENUATOR. DeMornay Budd type 
DB383. Maxinium attenuation 35DB.....$120.00 

VARIABLE STUB TUNER. DB536. 180 degree 
phase shifting capability  $70.00 

FLAP ATTENUATOR. DB385, Maximum Attenua-
tion 10DB  $25.00 

MAGIC TEE. DB539.  $42.00 
WAVE GUIDE TO TYPE "N" ADAPTOR. DI1377 
  $15.00 

LOW PO WER TERMINATION. DB381  $18.50 
UNI-D(RECTIONAL  COUPLER.  D11390.  231)13 
type "N" output  $18.50 

PICK UP HORN. Type "N" output  $44.50 
WAVE METEJL 8500 to 9400 mos, with calibration 
Micrometer adjust head. Reaction type ..$55.00 

WAVEGUIDE LENGTHS. Plated and fitted with 
couplings available in 6", 12", 24". 30", 60" 
sections  $2.00 per It. 

90 DEGREE ELBOWS. E or H plane, 21/4 " radius 
  912.50 

MITERED ELBOWS. E or H plane  $10.00 
45 DEGREE OFFSET ELBOWS. E or H plane 
  910.00 

90 DEGREE TWIST. 6" long  $8.00 
BULKHEAD FEED-TFIRU ASSEMBLY ..$15.00 
PRESSURE GAUGE SECTION. 151b. gauge and 
Press. nipple  $10.00 

PRESSURE GAUGE. 15 lbs.  $2.50 
CRYSTAL MOUNT. 1N23 type crystal holder $17.50 

DUAL  OSCILLATOR-BEACON  MOUNT  P/O 
APS10 Radar for mounting two 723A/B kiv-
strons with crystal nits, matching slugs, shields 
  112.50 

DUAL OSCILLATOR MOUNTS. (Back to back) 
with crystal  mount,  tunable termination,  at-
tenuating slugs  $10.50 

Directional Coupler, UG-40/U Take off 20 DR 
  $17.50 

Directional coupler,  APS-6 type "N"  take off 
20 DB calibrated  $17.50 

Flexible Section 18" long  $12.00 
Rotary Joint Choke to Choke  $10.00 
21(25/723 AB Receiver local oscillator Klystron 
Mount, complete with crystal mount, Iris cou-
pling and choke coupling to TR  $22.50 

Tit-ATR Duplexer section for above  $11.50 

1 1/4" X 5/8" WAVEGUIDE 

SLOTTED LINE. Coniplete with adjustable probe. 
Ocryilsttaylm output, precision vernier adjust. H$2u2m5b.00le 

TUNABLE  TERMINATION.  Precision  adjust. 
  $65.00 

LOW PO WER TERMINATION  $25.00 
MAGIC TEE  $45.00 
TRANSITION. 11/4 " a 1/4 " to 1" a 1/2 "  $19.50 
OSCILLATOR MOUNT. for four 723AB klystron 
  $38.50 

00 DEGREE ELBO WS. E or It plane   $12.50  
WAVEGUIDE LENGTHS. Cut to size and supplied 
with 1 choke. I cover, per length . 52.00 per ft. 

WAVEMETER:  Absorbtion  or, Precision mi-
crometer adjust. Very high  $150.00 

itered Elbow, cover to cover 
TR-ATR Section. choke to cover   
Flexible Section 1" choke to choke   
"5" Curve Choke to corer   
Adaptor, round to square cover  $5.00 

.50 

Feedback to Parabola Horn with pressurized win-
dow  $27.50 
Low Power Load, less cards  $10 .50  
K Band Mixer Block  $45.00 
Waveguide 1/4  a 1/4 "  $1.00 per It. 
Circular Flanges  9  50 
Flange Coupling Nuts  $  50 
Slotted line, DeMornay Budd $397, new ....$450.00 
00' Twist  $10.00 
"X" Band Directional Coupler C0104/AP8.34 20 
DB  $49.50 ea. 

K BAND 2E33 w/cav  $115.00 
91 31 Magnetrons   $55.1111 

MAGNETRON MAGNETS 
Gauss  Pole Diem,  Spacing 
4850  1/4  In.  % In. 
5200  11/32 in.  1/4  in. 
1300  1% In.  1 5/10 in. 
1860  1% in.  11/4  in. 
Electromagnets for mignetrons  $24.50 as. 
GE  Magnets type M7765115, GI  Distance Be-
tween pole faces variable. 2 1/18" (1900 Gaunt 
to 11/4 " (2200 Gains) Pole Dla. 11/4 " New 
Part of SCR 584  $34.511 

M AGNETRONS 

Pries 
$12.50 
$17.50 
$12.511 
$11.50 

OK 6) 2132  2161 
-...  OK 60 2137  2162 
1 2121  2138  3131 

--=';"  2122  2.139  5130 
UK 915 2126  2140  714AY 
UK 62 2127  2149  718DY 
UK 59 2131  2134  72013Y 

Klystrons 723A. 707B, 4I7A, 2K4I 
Write or phone for 
Price and Quantity 

Brand New Orig. Packed 
JA N. 

THERMISTORS 
0.167332  tube ) . 91.50 
0•1 70396 (bead) . 1.50 
0.167613 (button) 1.59 
0-164699 for MTG in 
"X" band Guide 
  $2.50 

0-167018 1111101 . 1.50 

WRITE FOR 
C.E.C. MICRO-
WAVE CATALOG 
NO W AVAILABLE 

720CY 
725-A 
730-A 
728 
700 
706 

VAR1STORS 
D•1 70225    I 50 
0-167176   1.50 
0-168687   1 50 
O-171812  .........50 
0-171528  1.50 
0-1 68442  $3.00 
1:1• 165593  $1.25 
1)-98836  $2.00 
0.161871A  $2.05 
0-171121    1.50 
D-99836  $1.50 
D-162356 ( 308A)   $i.50 
0.163357  $2.00 
O.99446  $2. 5. 

COUPLINGS -UG CONNECTORS 
UG'I5U    $ .75  UG 117 Choke   
UG206U   .90  UG 51 Cover  $2.50 1.00 
UG87U  1.25  U G 52 Choke   1.35 
UG27U   1.69  UG 210 Cover   1.85 
UG2IU    .89  UG 212 Choke   2.40 
UGI6711    2.25  a Coax Female Ring  .50 
UG29U    .90  ,s Coax Male Fitting  .95 
UG254U  1.69  X Band Circ. Choke 
U G86U  ...  1.40  Flange    .50 
U G 342U    3.25  X Band Flat Contact 
UG85U  1.45  Flange i‘i Thk.  . .25 
UG58U    .60  Contact fling .4" Thk. 
UG9U ... ..  .89  P  die hole   25 
UGIO2U    .45  UG 53 U. Cover .  4.00 
UGIO3U    UG 54 U Choke  4.75 
UG255U    1.65  UG 55 U. Cover  4.00 
UG 40 U Sped. for  UG 56 U. Choke . . 4.75 
Mixer Assy. . .75  UG 65 U. Contact  6.50 

UG 40A   1.10  UG 149 U. Cover  3.00 
UG 343 Cover   2.35  UG 148 U. Choke  4.00 
UG 344 Choke   3.00  UG 150 U. Contact  3.00 
UG 425 Contact 2.00  UG 39 U. Cover   .60 
UG 116 Cover & Coun  UG 40 U. Choke    .80 
Ring   1.95  Write us your needs. 

6000 Mc. to 8500 Mc. Bench Test Plu mbing 
1,x" x .,"  %%AN EGUIDE 

KLYSTRON MOUNT. DI1356 complete with shield 
and tunable termination  $125.00 

FLAP ATTE.NUATOR. DB381  $45.00 
PRECISION WAVEMETER. DB358. Micrometer 
adjust head  $190.00 

VARIAI1LE STUB TUNER  $90.00 
WAVEGUIDE TO TYPE "N" ADAPTER  $18.50 
WAVE METER TEE. M3352  $32.50 

SLOTTED LINE. DB354 Precision vernier adjust. 
less probe   $320.00 

MAGIC TEE  $80,00 

DIRECTIONAL COUPLER. Two hole 251313 cou-
pling. type "N" output  $25.00 

PRECISION CRYSTAL MOUNT. Equipped with 
tuning slugs and tunable termination ..$125.00 

TUNABLE TERMINATION. Precision adjust $70.00 
LOW l'O WER LOAD  $35.00 

4000 to 6000 mcs. Bench Test Plumbing 
2" x 1" WAVEGUIDE 

SLOTTED LINE,  DeMornay type 332 complete 
with probe, etc.  $600.00 

FLAP ATTENUATOR  $48.00 
VARIABLE STUB TUNER AND LO W PO WER 
TERMINATION   $48.00 

WAVEMETER TEE  $48.00 
ADAPTERS: Choke to choke  $18.00 

Cover to cover  $14.00 
Choke to cover  $16.00 

WAVEGUIDE TO TYPE "N" ADAPTER  $45.00 
DIRECTIONAL COUPLER. Two hole type, trim 
"N" output  PLOD 

KLYSTRON MOUNT. Equipped with tunable ter-
mination and micrometer adjust, klystron antenna 
tuning   $110.00 

CRYSTAL MOUNT. Equipped with tunable termi-
nation and micrometer adjust crystal tuning 
  $125.00 

TUNABLE  TERMINATION.  Precision  adjust 
  $90.00 

3000 MC BENCH 

TEST EQUIPMENT 
10 CM Wavemeter WE type B435490 Transmission 
type. Type N Fittings, Veesler Root Micrometer 
dial., Gold Plated W/Calib. Chart P/o Freq. 
Meter X66404A. New  $99.50 

AS14A/AP-10 CM  Pick  up Dipole with  "N" 
Cables   $4.50 

LIITIL LIGHTHOUSE ASSE MBLY. Part of RT-39 
Al'G 5 & Al'G 15. Receiver and Trans Cavities 
w/aasoc.  Tr, Cavity and Type N CP U). To 
Itevr.  Uses 2C40, 2C43. 11327, Tunable APX 
2400-2700 MCS. Silver Plated  $49.50 

Beacon Lightho use cavity 10 cm with miniature 28 
volt DC FM motor. Mfg. Bernard Rice .$47.50 ea. 

S. BAND 
90* Twist, circular cover to circular cover  $25.00 
Magnetron to Waveguide Coupler with 721A Du-
Dieser Cavity, gold-plated  $45.00 

721A Tit Box complete with tube and tuning 
plungers  912.50 

McNally Klystron Cavities for 707B or 2E28 Three 
types available  $4.00 

1, 29/SPR-2 Filters. Tyne "N", input and out-
put  812.50 

TEST PLUMBING 
726 Klystron Mount, Tunable output, to type "N" 
complete, with socket and mounting bracket $12.50 

WAVEGUIDE TO 341"  RIGID COAX "DOOR-
NOB" ADAPTER, CHOKE FLANGE, SILVER 
PLATED BROAD BAND  $32.50 

WAVEGUIDE DIRECTIONAL COUPLER, 21 db. 
Navy type CABV-47AAN, with 4 in. slotted sec-
tion  $32.50 

SQ. FLANGE to rd choke adapter. 18 In. long 
OA PA In. a 3 In, guide. type "N" output and 
sampling probe  $27.50 

AN/APR5A 10 cm antenna equipment consisting 
of two 10 cm waveguide sections, each polarized 
45 degrees  $75.00 per set 

PO WER SPLITTER: 726 Klystron input dual "N" 
output  $5.00 

7/6" RIGID COAX 
10 CM FEEDBACK DIPOLE ANTENNA, in lu-
cite ball,  for use with parabola 1/4 " Rigid 
Coax Input  MOO 

721A TR cavities, heavy silver plated ....$2.00 as. 
Munition Coupling with TR Loop  $7.50 
Sperry Rotating Bend, pressurized  $22.50 
5 Ft. Lengths Stub Supported, gold-plated. per 
length  97.50 

Short Itlwht Angle Bends for shovel  $2.50 

GENERAL TEST EQUIP MENT 
Multi Frequency Generator. American Time Prod-
uct type SC-16. k'reguPney 10 to 190. Preds1on 
Standard "Watch-Master" 

UHF Signal Generator R.C.A. M e 710A 37 0 to 
560 mcs. 

Wheatstone Brides.  Industrial  Instruments type 
ItNil 

FM Signal Generator, Boonton Radio type 155A 
Freq. range 1 to 10 tries.. 38 to 50 mai. 

Condenser Weld Power. Cap. 56 mfd. max., max. 
chg. 1500 Volts 

Frequency Meter, Lavoie Model 105-300 to 606 

Megohm Bridge. Industrial Instruments type MB. 
Visual Alignment Signal Generator. General Elec-
tric-0 to 60 Ines. 

NEW TEST EQUIP MENT IN STOCK 
I-185A Oscillator 
1.233 Range Calibrator 
1.223 Range Calibrator 
BC OS Freq. Meter 
R F Preamp. 
G.R. Capacity Brdg, 2216 
G.R. Unl Galva Shunt :229 
G.R. 1000 Aud. Osc. :213 
TS226A/AP Pwr. Mtr. 0-1000 W. 
Sig. Gen. 3804 8-330 MC 

wR1TE 
On 

PHONE 
FOR 
DATA 
AND 
PRICE 

AR MY-NAVY TEST SETS 

TS•45, APM- 3 eni signal Generator. 
TS-226A/AP Power Meter. 
1562/AP 3 centimeter precision echo box. 
1S36/AP 3 centimeter Thermistor Bridge-Power 
Meter. 

1S89/AP Voltage divider. 
TS268/U Crystal checker for IN23 type crystals etc. 
CW-60ABM 10 Centimeter Wavemeter. Coaxial type 

micrometer adjust casity. Resonance Indicating 
tinor,..ter). carrying rase (similar to TS117/01') 

1S235/UP High Power Load. "L" band (1000 

LU.1 Freq. Meter and Test OSC. Type CRV-60ACL 
IvVNI4-9sHE K U Power Supply. M.I.T. Red. Lab. 

.8 lystron Power Supply, M.I.T. Bad. Lab, 
CS60ABW Watt Meter-Wavemeter. 3 centimeter. 
APRS Receiver -1000 to 6000 ince. 
AN/CPS-8 -10 centimeter 40 kw. output RF pack-

age.  Includes  magnetron  oscillator,  complete 
modulator, complete receiver, complete signal and 
power analyzer with 5" scope. 115V AC Input. 

Dehydrator Unit CPI) 10137 Automatic cycling. 
Compressor to 50 lbs. Comp!. for Radar XSMN. 
Line New  $425.00 

SO-5 Receiver, 30 me. IF. 6 stages 13ACT. 10 MC. 
Band width Mot. 5.1 me B. W. per sta. 9.0 volt 
gain per stage as della in ch. 13 vol. 23 M.I.T. 
Rad. Lab Series  $99.50 

1 
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QCQ2 SONAR 
ECHO RANGING AND LISTENING EQUIP MENT 

Use: Nleditno A:,%% 
Keying interval. 1.000, 2.000. 4.000. 8.000 yards, and manuaL 
Projector. Slagnetostrictive, permanent magnet polarization, resonant 
frequency about 25 he, 
•Tranamitting system. The electron tube driver oscillator and two 
amplifier stages are contained in the receiver chassis; the variable 
tuning condenser being ganged with the receiver tuning condensers 
in order to give uni-control of receiver and driver tuning, In another 
chassis are located the output tubes and the high voltage rectifier. 
Sweep frequency modulation is provided,  giving • shift from 400  
cycles below to 600 cycles above the operating frequency during the 
transmission. 
Receiving system. The receiver is of the tuned-radio-frequency type. 
It includes time varied gain, to reduce the volume of reverberations 
immediately following the transmission, and has a "Flat-Peak" audio 
filter, and an adjustable BFO to give an audible note above or below 
800 cycles. 
Keying and indicating system. Keying is mechanical; cams in the 
indicator unit determine the pulse length and keying interval. Ranges 
are indicated by the flash of a neon lamp. 
Complete s. -  141.1 , I.:0,  l s.t  Ako  'Lek; alone. 

QBF and QJA SONAR 
ECHO RANGING AND LISTENING EQUIP MENT 

Use. Large ASW ships. 
(1BF may be converted by field moditic.itions. to (j.1.1 an. adable. 
Keying interval, 1,000, 2.000, 3,000, 4,000, 5.000 10,000 yards and 
manual. 
The electrical train system consists of a handwheel on the stack 
which selects, by commutation, three voltages from the secondary 
of • transtormer-like device called a Commutator Transmitter. 
Projector. The projector is of the Rochelle salt crystal type with a 
single element used for both listening and ranging. The frequency 
is 22 to 28 kc. 
Transmitting system. The receiver-driver oscillator unit contains two 
electron tube oscillators, one fixed at about 150 kc and one tunable 
over the range from 160 to 180 kc, The outputs of the two are mixed. 
producing a difference frequency. which is then fed to the driver' 
amplifier unit and thus to the projector. 
Receiving system. The receiver is a superheterodyne type covering the 
range from 10 to 30 kc. 
Keying and indicating syste m Ranges are Indicated by the flash of a 
neon lamp which revolves at a constant speed. driven by a synchronous 
motor. 

QCU, QCU-1 SONAR 
ECHO RANGING AND LISTENING EQUIP MENT 

Use. Small AS W Ships. 
Intended to be used as a replacement for the obsolete WEA-1 equip-
ment the old hoist. 
Keying interval. 1.000. 2.000, 4,000, 8.000 yards and manual. 
Training is electrical, controlled by a hand crank at the remote sta-
tion. 
Projector. Magnetostrictive, permanent magnet polarization, resonant 
frequency about 25 he, split for BDI. 
Transtrifitinz system. The electron tube driver oscillator and two 
amplifier stages are contained in the receiver chassis; the variable 
tuning condenser being ganged with the receiver tuning condensers 
in order to give uni-control of receiver and driver tuning. In another 
chassis are located two type 811 output tubes and two type 836 high 
voltage rectifier tubes. Sweep frequency modulation Is Provided, giving 
a shift from 400 cycles below to 600 cycles above the operating fre-
quenci during the transmission. 
Receiving system. The receiver is of the tuned radio frequency type 
It includes time varied gain, to reduce the volume of reverberations 
Immediately following the transmission, and has a "Flat-Peak" audio 
filter. sit  ri adin ,, ah ,e It Fr) to  an audilile note. above or below 
koo e),  - 

QCS, QCS-1, QCT-1 SONAR 
ECHO RANGING AND LISTENING EQUIP MENT 

1"64.  A.'.  ii  ships. 
Keying Interval  toriginali -1,000. 2.000.  5.000,  10.000 yards and 
manual. (field modification added 3.000 and 4.000 yards) 
Transmitting system. The driver-rectifier unit contains an electron-
tube oscillator tunahle over the range of 17 to 25.5 kc, and electron-
tube amplifier and a rectifier power supply. 
Receiving system. The superheterodyne receiver covers the range from 
13 to 37 ke and may be connected by a selector switch to either the 
"QCQ" or the —.IK" face of the projector. It has separate audio 
amplifiers for the range indicator lamp and for the loudspeaker. The 
audible note may be adjusted over the range from 0 to 1600 cycles. 
Three degrees of Isf selectivity and two of audio are provided by 
selector switches connected to filters. 
Keying and indicating system. Keying Is mechanical: cams driven 
by the range ifehes tor disc I, aft determine the pulse strenifth and 
keying Inte rn' 

THE MUST OF THE M ONTH 

Co mplete 3 CM Radar System Equipment 
40 KW peak transmitter, pulse modulator, receiver. using 723AB, 
power supply operating from I I5V 800 Cycle. antenna system. 
Complete radar net neatly packaged In less than 16 cubic feet. 
all tubes. In used but excellent conditIon —$350.00. This price for 
laboratories. schools, and experimental purposes only. 

High Voltage Power Supply 
15 KV at 30 Ma DC, Bridge Rectifier  $125.00 

RADI O SYSTE MS 
White Radio Telephone Model ;VIRM55- ship to ship—shore to ship 

small  airports  mines  plelitation.-- inter  island—ranches  10 
ttttt -I nx tuned ree. & caliper. Xmittr, pier. output in excess of 

100W untnodulated into antenna of 18 A 100 Stair. Freq. Range 
2-12 Mr. Can be modified to 'na me range. Xtal controlled. 110V 
fio el- or 220V 60 Sr 25 cy. Meas. 24" II x 19" W x 14" D. 125 
fins Write or phone for data 

TM 500 Watt Low Frequency Transmitter 150-550KC CW-MC W. 
TBK 500 Watt High Frequency Transmitter 2-18 MC. Al. £2, £3. 
Emission Mfg. by fir 

FM STATION 
Kilowatt Amplifier 
Model 41ST2A1  Type IST2A  Serial ItC20 
250 Watt Exciter 
Model 41STIA1  Type 3T1A  Serial CC833 
Station Monitor 
Model 411M1A1  Type IIMIA  Serial WC288 
POWPI Supply 
Model BP241  Type BF2A  Serial WC547 
Transmitter Console 
Model 41tC3A1  TYPO BC3A  Serial WC5 
Type 1SX-2A Two ISay Circular Antenna with 
Mast.  Transmission  Line,  Elevators  and 
Matchers. 

100 Feet of 1% coax, transmission line Includ-
ing CV elbows. 

Dehydrator for transmission line. 
Desk and Chair for tranxmluer console, 

Writs or Phone for Da:a and Price 

APS-2 liligh altiatuirdboe rne radar set destiegnead rotates 
navitrretionh and 

degrees. Presentation Is PPI and A Scope. The following 
units of the set are supplied: Antenna. transmitter-receiver, modulator, i (  
Indicator. 24VDC input power unit. New with all tubes. Incl. 714AY 1 magnetron. 417A klystron. 

APS-3 3eirceinriftalarbnodrneeeTeraidnaz navigee id:leeasst iignone.d fowl.  iInterce pestee ctor e eneeeemny 

Remote as well as master indicator is supplied. 725A 
Ilid.h.tr..II  operates the set at 45kw. Complete sets available with 
all tubes incl, magnetron and 723Alt klystrons. Both new and used 
condition 

APS-4 nearch.amirahop:;:negraandarnsae:iglettignnewdeafotfiesregor scatinngsuirteacee. 

cepting of enemy aircraft. Entirely enclosed in a stream-
lined housing for optional mounting on aircraft bomb rack, or on nose 
of large bombers. Complete seta with indicator equipment, and power 
unit reads. for installation. 

APS-6 .;irransinicm  Ntlitg.rhtreefrelisteeheterp raciagree waitnh d Peanntceinlnabe am  s available In 
equal to new condition. 

APS-6A 
APS-10 

cm, airborne radar Ric package. 45kw, using 725A 
t-tietron. IF strip using 6AK5a, 723AB beacon and 
al oscillator. 

in, airborne radar using 2342 magnetron. Modulator 
I, and low voltage power supply. only, available, 
s, tubes. Beacon—local oscillator klystron mounts 

are mailable. 

APQ-13 
APS-15 

3 cm. airborne radar complete RF package in excellent 
condition including all tubes. 

3 cm. airborne radar designed for high altitude bomb-
ing, navigation. Intercept of enemy aircraft, weather 
forecasting. Antenna rotates 360 degrees. Presentation 

is l'I'l and A Scope. The following units are supplied: Antenna, 
transmitter-receiver,  modulator,  indicator,  slant-range  computer. 
2.1V10 . input power unit. New with all tubes including 45kw 725A 

iron. 723AB local oscillator-beacon. 

CPN-6  power 
condegrdoubnedaco sntatostatii ron ,  re: 

sign. 115VAC input, 

CPN - 8 Partial10e NianvsItgaigaiotinonBseaac,o:ill get.mdinsattitlown.weCrombpelaecteonanol 

long range capability. Complete power, frequency, opera-
tion anal, /re (5" scope) included. 

CXBR 10 cm. M.I.T. navigation beacon equipment, complete, in 
excellent condition. 

FO MARK IV 

MARK 10 
RT13/UPN-2 
SA l.i.McoTlle Ai st a''ilaarjohn. radar 

I especially 
giarolltincliernigtenrecdeptforanadhi cpob°nlirr011 

iif aircraft. PPI 7" Indicator. Long range. 

SD:fon cm,ibmar in  radar similar to SA but designed for Installation on 

800 me. sunlaying radar mfg, and designed 
by Western Electric for battleships. Complete 
consoles available with all tubes including 

nd modulator thyratron. 

10 cm. gunlaying radar, complete, for automatic 
flrIng of guns as antenna tracks target. 250 K W. 

10 cm. portable beacon equipment. 

SE ,{,.  ,,,... shipboard Surface Search radar, using thyratron modu-
.itrir  Complete Installation available Including spare parts. 
S" scope presentation, 250 KW. 

SF-1 . ,.;.i,,peem. ttehisbnoarrd  SurfacenSeaanrsh terraecleatr range Il and information  A f  navigatlo 
on naval vessels. 250 KW. 

SG ,,, ern. shipboard Surface Search radar with PPI and A scope. 
II i i rugged equipment designed for large naval and merchant 

,. 250 KW, 

SJ-1 ili,ivi lipmpe.drawdiatiii 11.eicilgnedd A for installation on Submarines 
scope. Complete Installations, 

Sl 
SN 

I o ern. radar designed for Surface Search on shipboard. PPI 
indicator console. 

In cm. portable radar, Lightweight. easily transportable aim-
pl.Se radar Installrion using lighthouse tubes with a 25 mile 
maximum range. 115 VAC operation. 

SO-1 
SO-8 

10 cm, shipboard radar for navigation on all types of 
•Yelfl.  4. 20. and 80 mile range. PP! indicator. Large 
?denim. 115 VDC Input. 

-ante ag S0-1 but with a lightweight antenna. 

SO-13 Same as SO-1 but with a lightweight antenna. 28 VDC 
input. Designed for PT boat Installation. 

SCR-518 
SCR-520 
SCR-533 
SCR-663 

Radar altimeter using pulse-echo-time principle. 
400 Inc. 28 1/DC Input, CR tube altitude indication. 

Airborne radar RV package, 10 ein., complete with 
pottier. hard tube, 714AY magnetron. 

IFF/Alr Search trailer. complete, 500mc operation, 
A scope. 

Sperry searchlight tratnIne, aircraft tracking ground 
Installation, lined condition. 

Si QIli CM  g .  sortable radar designed for use on landing barges and 
l•eselibeads. I'I'I, IS, A IndleatIon on 3" semi°. 115 VAC opera-
tion. 

TPS-2  ,1,0nOntlefnc. erligriireeblisivigirl;er zysaifinelnesten seyrsetteetrn. Bedspring an-

MORE TEST EQUIPMENT  Phone or write for Information 

Ts :;,;, IIOAP. 35. 62, 100, 102, III, 34. 104, 45, 102, 33, 107, Iii 

RADAR 

RADAR 

RADAR 

RADAR 
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PROFESSIONAL CARDS 
LESTER W. BAILEY 
Registered Patent Agent 
Senior Member IRE 

PATENT OFFICE PRACTICE specializing In 
ELECTRONICS  MECHANICS 

RADIO 
LINCOLN-LIBERTY BUILDING 

PHILADELPHIA 7 
Broad & Chestnut Streets  Rittenhouse 6.3267 

ALFRED W. BARBER 
LABORATORIES 

Specializing in the Communications Field and 
in Laboratory Equipment 

Offices, Laboratory and Model Shop at: 
32-44 Francis Lewis Blvd., Flushing, L.I., N.Y. 

Telephone: Independence 3-3306 

HAROLD J. BRO WN 
Vibrators 

Vibrator Power Supplies 
Electrical Contact SS'slettl:4 

Mattapoisett, Mass, 

W. J. BRO WN 
International Electronics Consultant 

AT PRESENT IN GREAT BRITAIN 

Will undertake assignments for American or 
British Clients. Please address inquiries to II 
Public Square, Cleveland 13, Ohio, 

TO 1-6498  FA-1-0030 

EDWARD J. CONTENT 
Acoustical Consultant 

Functional Studio-Theater Design 
tM —  — tM 
Audio Syeierne Engineering 

go.bory ROW'  Siatoforol 3-715.1 
Slat/IC[1,rd, Conn. 

CROSBY LABORATORIES, INC. 
Murray G. Crosby & Staff 
Radio-Electronic Engineering, 
Research & Development 
FM, Communications, TV 

Test Equipment 
Offices, Laboratory & Model Shop at: 
126 Herricks Rd., Mineola, N.Y. 

Garden City 7-0284 

Richard B. Schulz 

E eeet44 — S an d 

Radio-Interference Reduction: 
Development of 

Interference-Free Equipment. 
Filters. Shielded fforns 

SIS W. Wyoming Ave., Philadelphia 40. Pa. 
Gladstone 5-5353 

ELK ELECTRONIC LABORATORIES 
Jack Rosenbaum 

Specializing in the design and 
development of 

test Equipment for the communications 
radar and allied fields. 

333 West 52nd St.  Telephone: 
New York 19, N.Y.  PLAZA 7-0520 

WILLIAM L. FOSS. INC. 

927 15th St., N. W.  REpublie 3883 

W ASHINGTON. 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 GORnON 
Registered Patent Attorney 

Patent Investigations and Opinions 

Warner Building 
'Washington 4, D.C. 
National 2497 

100 Normandy Drive 
Silver Spring, Md 
Shepherd 7433 

Eugene Mittelmann, E.E., Ph.D. 

Consulting Engineer it Physicist 

High Frequency Heating—Industrial Electronics 

Applied Physics and Mathematics 

549 W. Washington Blvd.  Chicago 6, III. 

State 2-8021 

MEASUREMENTS CORP. 
RESEARCH A MANUFACTURING 

ENGINEERS 
Harry W. Houck  Jerry B. Minter 

John M. van Beuren 
Specialists in the Design and 

Development of Electronic Test Instruments 
BOONTON, N.1 

PICKARD AND BURNS, INC. 

Consulting 

Electronic Engineers 

240 HIGHLAND AVE. 

NEEDHAM, MASS. 

PAUL ROSENBERG ASSOCIATES 
Co mmhing Physicists 

Maio office: Woolworth Building, 
New York 7, N.Y. 

Cable Address  Telephone 
PHYSICIST  WOrth 2-193-J 

Laboratory: 21 Park Place. New York 7. NJ NT 

SERVO 
CORPORATION OF AMERICA 

Henry Blackstone, President 
Consultants on 

Electronic Control Problems 
for Industry 

New Hyde Park  Long Island, N.Y. 

TECHNICAL 
MATERIEL CORPORATION 
COMMUNICATIONS CONSULTANTS 
RADIOTELETYPE - FREQUENCY SHIFT 

INK SLIP RECORDING • TELETYPE NET WORK: 

121 Spencer Place, Mamaroneck, 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 
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HOGAN LABORATORIES, INC. 
John  V.  L. Hogan,  Pres. 

APPLIED RESEARCH. DEVELOPMENT, 
ENGINEERING 

Est. 1929. Exceptionally competent staff. Elec-
tronics, Optics,  Mechanisms, Facsimile Com-
munication, Electra-sensitive recording media. 
Instrumentation. 
155 Perry Street, New York 14 CHelsea 2-7855 
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"We have found 

Metex Electronic Gaskets 

excellent for HF currents 

inexpensive to asse mble." 
Sylvania Electric Products Inc. 

Sylvania has been using Metex gas-
kets for over a year as conductive 
shields for their TR tubes used in 
radar and micro-wave ranging 
equipment. 

To quote their experience: "We 
have found Metal Textile knitted 
wire gaskets excellent for conduct-
ing high frequency currents with-
out boundary arcing. The gaskets 
are resilient, and yet do not deform 
too readily. Best of all, the ma-
terial is inexpensive to assemble 
through soft soldering techniques." 

A Sylvania Electric TR tube showing 
Metex gasket loose and in position 

The properties —electrical and 
physical —which make Metex Elec-
tronic Gaskets effective in this, and 
other demanding HF and UHF ap-
plications are due to their being 
made from knitted (not woven) 
wire mesh. The hinge-like action 
of the knitted mesh permits con-
trolled resiliency of the finished 
gaskets. These can be die-formed 
to close dimensional tolerances, 
when required. There is practically 
no limit to the metal or alloy which 
can be used. 

If the equipment you are manu-
facturing or designing requires a 
resilient conductive or shielding 
material, our engineers will wel-
come the opportunity of working 
with you. A letter, addressed to 
Mr. R. L. Hartwell, Executive Vice 
President and outlining your re-
quirements, will receive immediate 
attention. 

METAL TEXTILE CORPORATION 
637 EAST FIRST AVE., ROSELLE, N. J 
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Zie-wAessi rlotorn 79vm a  nerfenace./ 
Something's gone wrong in a big blast 
furnace, and heat is too high for engi-
neers to approach. Focus the Vidicon 
camera of an RCA Industrial Television 
System on the flames and the fiery fur-
nace can be studied in comfort on a tele-
vision receiver. 

This is only one suggested use, for RCA's 
compact industrial television system is as 
flexible as its user's ingenuity. "Eye" of the 
tiny camera—small enough to be held in 
one hand — is the sensitive Vidicon tube. Ex-
tremely simple, the only other equipment 

needed is the Vidicon camera's suitcase-
size control cabinet, which operates any-
where on ordinary household current. 

The Vidicon camera could be lowered under 
water where divers might be endangered—or 
stand watch on atomic reactions, secure [rain 
deadly radiations. And it is practical to arrange 
the RCA Industrial Television system in such 
a way that observers can see a 3-dimensional 
picture ... sharp, clear and real as life! 

See the latest wonders of radio, television, and 
electronics in action at RCA Exhibition Hall, 36 
West 49th St., N. Y. Admission is free. Radio 
Corporation of America, Radio City, New York. 

Here's RCA's Vidicon ss stem at 
work beside a steaming sat. Note 
how the television camera is getting 
a safe "close-up" of the action. 

APA O1.0 C O MP O RA WO M of A M EA VCA 

Work/ Leader ir2 Radio — A7rsI-  7e/evision 
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THE STANDARD IN THE 
FIELD OF HIGH POWER 
OSCILLATORS ''.1-111"---c'ir 

type 50 series 

C-D HIGH PO WER 
MICA TRANS MITTER CAPACITORS 

Typical of the many C-D firsts are the type 50 mica capacitors. Only 
C-D micas can point to a record of dependable service of over forty 
years. Here's why: 

Series mica stack — C-D first to use and patent 
this construction. Affords uniform voltage gradient! 

India-ruby mica—Sheets individually tested for 
uniform thickness and dielectric strength! 

Special exclusive high melting point low 
loss filler—Reduces stray field losses; protects 
against humidity! 

Vacuum impregnated assembly—Assures high 
insulation resistance; low losses; eliminates air 
voids! 

High pressure maintained on stacks — Results 
in high 0; good capacity stability. 

Cast-aluminum end caps—Low-resistance, wide. 

path, positive-contact terminals for series, paral-
lel or series-parallel connection. Speedy, space. 
conserving installations! 

Every unit tested under long, cant 
overload—Assures maximum reliable service. 

Type 50 capacitors are available in all commer-
cial capacity and voltage ratings. For complete 
description of these and Faradon type transmitter 
capacitors, write for catalog. CORNELL•DLIBILIER 
ELECTRIC CORPORATION, Dept.M-100 South Plain-
field, New Jersey. Other plants in New Bedford, 
Brookline and Worcester, Moss.; Providence, R. I.; 
Indianapolis, Ind., and subsidiary, The Rodiart 
Corp., Cleveland, Ohio. 

C-0.ea#46r 7e/c7/7Z-IV 

CO NSISTE NTLY  DEPE NDABLE 

CORNELL-DUBL UER 
CAPACITORS  • VIBRATORS • ANTENNAS • CONVERTERS 

1419$1011111 



This GENERAL-PURPOSE 

STANDARD-SIGNAL GENERATOR 1 1 

FEATURES 

MODERATE COST 

VERY LO W LEAKAGE 

L SIMPLIFIED DESIGN 

Type 1001-A Standard-Signal Generator • 
SPECIFICATIONS 

CARRIER-FREQUENCY RANGE: 5 kc to 50 Mc in eight 
logarithmit, direct-rcading ranges 

FREQUENCY CALIBRATION accurate to  1 

INCREMENTAL-FREQUENCY DIAL indicates increments of 
0.1 per cent of frequency per division up to 15 Mc 

OUTPUT VOLTAGE: open-circuit voltage adjustable from 
less than 0.1 microvolt to 200 millivolts. Two-volt out-
put available from second jack 

AMPLITUDE MODULATION adjustable from 0 to 80':0 
either with 400-cycle built-in source, or over 20 to 15,000 
cycles from an external source 

LEAKAGE: stray fields are substantially less than 1 micro-
volt-per-meter two feet from generator 

INCIDENTAL FREQUENCY MODULATION: varies from 10 
to 100 parts per million, at 80'  a-m, over each range 
except 15-50 Mc where it may be three times this amount 

ENVELOPE DISTORTION: about 6',;, at 80  modulation 

NOISE LEVEL: carrier noise level corresponds to about 
o. 1 ; modulation 

TYPE 1001-A STANDARD-SIGNAL GENERATOR $650.00 

Cover removed from oscillator compartment. Note two-piece 

construction of cover, each being insulated from the other 

and making contact with both surfaces of the metal box 

housing the oscillator. All leads to this box are carefully 

filtered to prevent leakage. 

The complete oscillator plugs in and out of the metal box, 

making testing and servicing particularly easy. The oscillator 

can be operated when removed from its shielding box. 

GENERAL RADIO COMPANY Cambridge 39, 
Massachusetts 

90 West St., New York 6  920 S. Michigan Ave., Chicago 5  1000 N. Seward St., Los Angeles 38 


