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"I like 

Amperex tubes 

because"... 

re-I lobe 

It takes a lot more  25 words to 
sum up all th  sons engineers 
prefer an. _ • Amperex tubes. 
For ex  e: the engineers of 
Indu. •n Heating Corporation 
sp  y Amperex 833-A power tubes 

Amperex 872-A rectifiers for 
Model 43 induction heater 

because they find that Amperex 

MONK 

114111 AM p erex 

tubes have ion. 
minimum of 

produce s 

The Model 4 
Ind 

manufactured 
Heating 
facto 

Amperes 

er-Monic 
n Heater 
Induction 
poration is 
uipped with 
power tubes 

Amperes 872-A 
rectifier tubes 

e, give a 
e and help 

customers. Too, 
engineering that 

es with the Amperex name; 
those little differences that make a 
big difference . . . and they also 

like the application engineering of 
the Amperex staff which is theirs, 

and yours, to command. 

AMPEREX 
a IIAA AIS 

ELECTRONIC 
A CORPORATION ma MPEINEX..n.L.= 

2$ WASHINGTON STREET, BROOKLYN 1, N. Y. 

In Canada and Newfoundland: Rogers Majestic limited 

11411 Itsatclille Read, leaside, Toronto, Ontario, Canada 
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ATTENTION: ENGINEERS 

Whatever your filter problems are, 

our staff can give you immediate 
service. 
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Here is a typical example of how K-V custom-builds the 

precisely correct transformer for each individual appli-

cation. Our specialized engineering cooperation is at 

your service. What's YOUR transformer problem? 

• ADVANCED ENGINEERING AT LOW COST 

• MANUFACTURING KNOWLEDGE 

• ELECTRICAL AND MECHANICAL STABILITY 

• MODEL SHOP AND PRODUCTION FACILITIES 

• RIGID INSPECTION AND QUALITY CONTROL 

• SPEEDIER DELIVERY 

K-V TRANSFORMER CORPORATION 
1699 FIRST AVENUE, NE W YORK 28, N. Y. 
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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 postage is provided for in the act of February 28, 1925, embodied in Paragraph 4, Section 412, P. L. and R., authorized October 26, 1927. 
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See Western's Exhibit at the I. R. E. Radio Show 
Grand Central Palace, New York March 22-25 
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Oecton Tubes  

Speech Input Equipment 

Mobile Radio  Tel  
hone 

Mar ine Radarnd 
ep 

50A radar— a 
new navigation instru-
ment...designed after 

two years of oper-

ational tests  

the 

'17% 
AM Phase Monitor 

Loudspeakers 

dlurntab‘es  

Repr°ducers  a-  AM Transmitter 

Western Electric's new line 

—from the small 8-watt 
755A to the superb two-
unit, 30-watt 757A 

FM p o w 

FM Frequency and Modulation Monitor 
Combines all the features you want in on FM Monitor 

d  Orb "  Micro  ReSISICs " phOneS  De pos" 

FM Transmitter 

d pogrom 
gailroo 

Rod 
er an d in.)  

Distriboi" 

Antenna Coupling Unit 

"Disc Jockey" Control Desk 

EquiPment 

lo Program Dispatching System 

Pedanc ,.v 
Monitor  

Quartz Crystals 

a— 

Western Electric 
QUALITY COUNTS 

Fastax Camera 
You'll see motion pictures 
made by this super-high-
speed camera. 

6 

5 
,,0 11, 11 

DISTRIBUTORS: IN THE U.S.A. — Grayber 

Electric Co mpany. IN CANADA AND NEW% 
rourto wo—Northern Electric Co.. Ltd. 



Now availa 
general u 

Our engineering staff 
stands ready to assist 
you with your micro-
wave problems.  Ade-
quate shop facilities are 
available for the fabri-
cation of special systems 
or measurement com-
ponents to meet your 
specific requirements. 

Our Booth at the 

1948 IRE SHOW 

is #276 

66 COURT STREET 
BROOKLYN 2, N. Y. 

PRD Microwave Measurement Instruments and Components 
represent the scientific mastery and creative design of a 
staff of over 20 engineers and physicists, many of whom 
have worked in this field since its first application in 
practice. Ingeniously and precisely fabricated to meet the 
exacting requirements of the art, these instruments have 
become the accepted standards in the foremost government, 
industrial and educational laboratories. 

The PRD Microwave line now includes instruments in all 
wave-guide and coaxial line sizes covering the frequency 
range from 2600 to 26,000 megacycles per second. Available 
equipment includes such items as Resistive Pads and 
Attenuators, Slotted Sections and Probes, Frequency Meters, 
and impedance matching devices. An illustrated catalog 
may be obtained by writing Dept. R3̀ on company letterhead. 

RESEARCH 

& DEVELOPMENT COMPANY, Inc. 
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How Standard Coil uses 

Centralab "Filpec" 

to simplify production, save space on 

I. F. Transformers 

See where Standard Coil engineers use "Filpec" to take 
the place of 2 capacitors and 1 resistor.  Result: im-
portant space and production savings plus trouble-frle 
performance and long life. 

I. F. Transformer courtesy of Standard Coil Products Co. 

*Centralab's revolutionary Printed Electronic 
Circuit — Industry's newest method 

for stepping-up manufacturing efficiency! 

L'( )1( SMALL SIZE, light weight and long life, then: s nothing like 

Centralab's new printed electronic circuit filter! That's why the 

Standard Coil Products Co. uses "Filpec" in its new I. F. Transformers. 

And that's why you'll want to see how it gives you higher circuit 

efficiency, more dependable performance as well as a reduction of line 

operations in set and equipment manufacturing. 

Filpec combines two capacitors and one resistor into one tiny bal-

anced diode load filter unit, saves space, cuts inventory, is highly 

adaptable to a variety of circuits. Capacitor values from 50 to 200 
mrnf. Resistor values from 5 ohms to 5 megohms. Resistance rating: 

1/5 watt. 100 W VDC. Flash test: 200 VDC. For complete informa-

tion about Filpec performance, see your Centralab representative, or 

write for Bulletin 976. 

Division of GLOBE-UNION INC., Milwaukee 

IN 19481 

"Filpec" gives you Integral construction!  Made 
with high dielectric Ceramic-X, CRL's Filpec as-
sures long life, low internal inductance, resistance 
to humidity and vibration. Note schematic dia-
gram below, showing typical application. 
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NOW AVAILABLE R   

MICROWAVE  RE 

c.. 

• Four Sperry Reflex Klystron oscvillawfo-for  
microwave relay systems are now  • 
commercial use. These Klystrons can e used  
either as transmitting types or loc frostithroyrs.  
They can also be used in the labotie lI ZZ  
oscillators in the development of icritana52  
relay systems. C. 

• With these new Klystron tubes,tFtay recl ues• 

are simplified and the inechanical llbIcmo  
associated with lower frequency r 
overcome. 

• Other Sperry Klystrons are available in the  
frequency range from 500 to 12,068-otegoeraloo,  
Our Industrial Department will glactlIpi Wily  
further information. 

••• 

Sperry Gyrosc 
DIVISION OF THE SPERRY CORPORATION --GRUT-IICK,NEW-IIIRIL_ 
NEW YORK • CLEVELAND • NEW ORLEANS  LOS ANII4146 —SAAL—F-RAUCISCCL—SE MIL E 

VISIT  THE  SPER(RY BO OTH 

AT THE I. R. E. SH O W 

Ii 

TYPE SRC - 12,- 20.- 21 

FREQUENCY 4400-5000 mc 

POWER OUTPUT 5 WATTS MAX 

TYPE SRL-7a 

FREQUENCY 1825-2100 mt. 

POWER OUTPUT 5 WATTS MAX. 

TYPE 3K27 

FREQUENCY 750-960 mc 

POWER OUTPUT 1.5 WATTS MAX 

TYPE SRC-8 SERIES 

FREQUENCY 5500-7800 mc• 

POWER OUTPUT 4.5 WATTS MAX 

*The SRC-8 tubes are available in 
100 megacycle steps except for 3 
models, SRC-8A, SRC-813, SRC-8C 
%%hick' are bench oscillators in 400 
megacycle steps from 5850 to 7050 

PROCEEDINGS OF THE I.R.E.  tio 4. 



Compact Design... 
Unlimited Circuits... 

... plus terminals 
that really stay put! 

M HEY'RE small, they're flexible, they're ruggedly 
designed. That's the story of the RS 50 and RS 60— 

two Mallory switches especially designed for radio receiver 
applications where low torque indexing is required. 

An outstanding feature of these switches is the two-point 
stapling which assures that terminals won't work loose. 
The terminals themselves are made of heavy spring brass 
for strength, silver plated, formed for flexibility, insuring 
low contact resistance. 

Many other features are notable too: the improved low-loss 
phenolic in stator and rotor . . . the star wheel ball index-
ing with 30° between positions.. . silver-to-silver double 
wiping contacts ... where desired the exclusive Mallory 
silver-indium treatment may be applied to rotor segments 
permitting higher contact pressure with lower, smooth 
operating torque and a minimum of contact resistance with 
extremely low noise level and long life. 

The RS 50 is made with from 2 to 10 positions—the RS 60 
with from 2 to 5. For more details, write for engineering 
data folder. 

Visit us at 

Booths 84,85,86 

I.R.E. Show 

Grand Central 

Palace 

New York 

March 22-25 

Ask for RS Specification Sheets 
Printed on thin paper to permit blueprinting. these sectional 
drawings indicate standard and optional dimensions—make 
it easy for you to specify Mallory RS switches built to meet 
your circuit requirements. Ask your nearest Mallory Field 
Representati. .,r 0 rite direct for a supply. 

MA L L O R Y  S WITCHES 

P. R. MALLORY a CO Inc. 

(ELECTRONIC, INDUSTRIAL and APPLIANCE) 

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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0 

ZZ-40 

'S.80 

20 

Zigure 1 

IXAny frequency between 
2o and 20.000 c.p.s. 

200  2000 

FREQUENCY, c.p.s. 

This fast, versatile -hp- 330B Analyzer 
measures distortion at any frequency 
from 20 cps to 20 kc. Measurements 
are made by eliminating the funda-
mental and comparing the ratio of the 
original wave with the total of re-
maining harmonic components. This 
comparison is made with a built-in 
vacuum tube voltmeter. 
The unique -hp- resistance- tuned 

circuit used in this instrument is 
adapted from the famous -bp- 200 
series oscillators. It provides almost 
infinite attenuation at one chosen fre-
quency. All other frequencies are 
passed at the normal 20 db gain of 
the amplifier. Figure 1 shows how at-
tenuation of approximately 80 db is 
achieved at any pre-selected point be-
tween 20 cps and 20 kc. Rejection is 
so sharp that second and higher har-
monics are attenuated less than 10%. 

Full -Fledged Voltmeter 

As a high-impedance, wide-range, 
high-sensitivity vacuum tube voltme-
ter, this -bp- 330B gives precision 
response flat at any frequency from 
10 cps to 100 kc. Nine full-scale 

330B DISTORTION 

ANALYZER 

CHECK THESE SEVEN 

IMPORTANT FUNCTIONS: 

1. Measures total audio 

distortion. 

2. Checks distortion of 
modulated r-f carrier. 

3. Determines voltage level, 
power output. 

4. Measures amplifier gain and 
response. 

5. Directly measures audio noise 

and hum. 

6. Determines unknown audio 
frequencies. 

7. Serves as high-gain, wide-
band stabilized amplifier. 

ranges are provided: .03, .1, .3, 1.0, 
3.0, 10, 30, 100 and 300. Calibration 
from +2 to —12 db is provided, and 
ranges are related in 10 db steps. 
The amplifier of the instrument can 

be used in cascade with the vacuum 
tube voltmeter to increase its sensitiv-
ity 100 times for noise and hum 
measurements. 
Accuracy throughout is approxi-

mately -±3% and is unaffected by 
changing of tubes or line voltage var-
iations. Output of the voltmeter has 
terminals for connection to an oscil-
loscope, to permit visual presentation 
of wave under measurement. 

Measures Direct From R-F Carrier 

The -hp- 330B incorporates a linear 
r-f detector to rectify the transmitted 
carrier, and input circuits are contin-
uously variable from 500 kc to 60 mc 
in 6 bands. 
Ease of operation, universal appli-

cability, great stability and light 
weight of this unique -bp- 330B Ana-
lyzer make it ideal for almost any 
audio measurement in laboratory, 
broadcast or production line work. 
Full details are immediately avail-
able. Write or wire for them—today 
Hewlett-Packard Company, 1437D 
Page Mill Road, Palo Alto, Calif. 

• 

#1Fahorgtoprq instruments] 
A N D A C C U R A C Y 

M.II‘ ,Yr  • •  ell •  •  •  '  ay.• 

Noise and Distortion Analyzers  Wore Analyzers  Frequency Meters 
Audio Frequency Oscillators  Audio Signal Generators  Vacuum Tube Voltmeters 

Amplifiers  Power Supplies  UHF Signal Generators  Attenuators 

Square Wave Generators  Frequency Standards  Electronic Tachometers 
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At Bell Telephone Laboratories, more than 2300 scientists, engineers, 

and their associates are continually exploring and inventing, devising 

and perfecting for improvements and economies in telephone service. 

BELL  TELEPH ONE  LABORATORIES 
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C I T O R s 

Tacts are stubborn things ... El-Menco Capacitors are backed 

by impressive facts . . . proven performance, dependable quality 

. . . earned as components in the world's finest radio and elec-

tronic equipment. 

You can't discount the reputation of leadership El-Menco has 

built with the most renowned manufacturers. If you want your 

product to win preference through perfection . . . use El-Menco 

Capacitors . . . improve its performance. 

THE ELECTRO MOTIVE MFG. CO., Inc. 

Willimantic, Connecticut 

M OLDED MICA 

MANUFACTURERS 

Our silver mica department is now producing 
silvered mica films for all electronic applica-
tions. Send us vour specifications. 

Write on Firm 

Letterhead for 

Catalog and 

Samples. 

Send for samples and complete specifications. 
Foreign Radio and Electronic Manufacturers 
communicate direct with our Export Depart-
ment at Wi.limantic, Conn., for information. 

JOBBERS  AND  DISTRIB UT ORS ffl ARC O ELECTRONICS 

encoMICA TRI M MER 
135 Liberty St.  New York, N. Y. 
is Sole Agent for El-Nlenco Prod .acts in United States and Canada. 

CAPACIT O RS 
PROCEEDINGS OF THE I.R.E.  March, 1948 9s 



Output of one of the marker 
oscillators used in setting 
sweep speeds to known 
values. This case repre-
sents 0.2 microsecond/ 
inch. 

1.2 lines of television 
-tignal. Horizontal 
synchronizing and 
blanking pulses at 
each  end.  Video 
modulation in center. 

Fractional part of a line. 
Horizontal  synchroniz-
ing and blanking are 
shown. 

OTHER FEATURES... 

Provisions for attaching recording 
camera. Fine, clear focus over entire 
length of trace. 

Y-axis: Any degree of attenuation be-
tween 1:1 and 1000:1; great expan-
sion of negative polarity signal; un-
distorted deflection of at least 2-; 
frequency response within 3 db. from 
10 cps. to 10 mc. 

X-axis: Time-base duration variable 
from 1 to 15.000 microseconds. Hori-
zontal deflection of at least 4". 
5RP-A Cathode ray Tube. 12,000 volt 
accelerating potential. 

Time-base can correspond with any 
horizontal line in either or both inter-
laced fields. Calibrating generator for 
calibration of sweep-writing speeds 
by signals of 10. 1, and 0.2 microsec-
ond/cycle. 

Wide range of sweep-writing speeds; 
continuous variation between 0.25 and 
3000 microseconds/in. 

Delay ranges of 100 or 1000 micro-
seconds selectable for linear time 
base. 

Indication as to exact occurrence of 
time-base with respect to overall tele-
vision picture. 

Interval of 0.25 microsecond may be 

measured to plus/minus 0.01 micro-

second. 

JERSEY • CABLE ADDRESS: ALBEEDU, PASSAIC, N. J., U. S A. ALLEN B. Du MONT 

..reso." • 

Fractional part of 
line near center of 
line. Video modula-
tion produced by 
wedge, is shown. 

Television waveforms selected 

even to the scanning line and 

fraction of that line, for critical 

study or recording, with the new 

DU MONT 
Type 280 

-/ear 
OSCILLOGRAPH 

Vertical synchronizing and 
equalizer pulses as seen 
with 60-cycle-sweep repe-
tition rate; used for check-
ing interlace. 

D U M ONT proudly announces the 
new Type 280 Cathode-Ray Oscillo-
graph especially designed for tele-
vision studio and transmitter instal-
lations. Here at last is a means for 
accurately determining the dura-
tion and shape of the waveform 
contained in the composite tele-
vision signal, as well as the charac-
ter of the picture-signal video in 
conjunction with transmitter opera-
tion, according to FCC standards 
and practices. 

Excellent for research on all tele-

LABORATORIES, INC., PASSAIC, NE W 

Fractional part of 
line near center of 
a test pattern where 
wedge elements 
are more closely 
spaced. Note loss 
in amplitude of 
modulation. 

Trailing edge of horizontal syn-
chronizing pulse. 

vision equipment. Also for study of 
wide-band amplifiers. Well suited 
for industrial use wherever high-
speed single transients are studied. 

Consists of four units mounted on 
standard relay-rack type panels and 
chasses, and installed on mobile 
rack. Removable side and rear 
panels. Grouped controls for easy 
operation. 

By virtue of its great range of ap-
plications, Type 280 becomes a 
"must" for television studio and 
research laboratory. 

0 Further Details on Request! 

0  A LL E N B  D U M O NT LA B OR AT ORI ”, 

r ut, 
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These capacitors are identical, elec-

trically. The different case styles 

were, most of them, developed for 

specific applications. However, since 

the capacitors are electrically the 

same, it is perfectly practical to use 

them interchangeably—to use 

a ballast capacitor on a motor, 

or a motor capacitor with a sign 

transformer. 

We have made just such proposals 

at times—and have frequently been 

GENERAL 

FOR 
Motors 

Luminous-tube 
transformers 

Fluorescent lamp 
ballasts • 

Industrial control 

Radio Filters 

Radar 

Electronic equipment 

Communication 
systems 

Capacitor discharge 
welding 

AND MANY OTHER 

able to help manufacturers solve an 

unusual mounting or space problem, 

and cut their capacitor costs by rec-

ommending a unit not normally 

thought of for the application. 

The capacitor that you should use 

of course depends on your own prob-

lem. For assistance in any specific 

case, get in touch with the nearest 

G-E Apparatus Office, or write 

General Electric Company, Pitts-

field, Massachusetts. 

ELECTRIc 

Flash photography 

Stroboscopic 
equipment 

Television 

Dust precipitators 

Radio interference 
suppression 

Impulse generators 

APPLICATIONS 
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REVERE SHEET AND STRIP 

FOR DRA WN PARTS 

FOR all products to be made by drawing, stamping and similar sheet metal operations, 
Revere sheet and strip of copper or brass offer 
maximum ease of fabrication. Not only are these 
metals naturally ductile, but they benefit further 
from the metallurgical skill which Revere has 
gained in 147 years of experience. 

In composition, mechanical properties, grain 
size, dimensions and finish, you will find Revere 
metals highly uniform. They enable you to set 
up economical production methods and adhere 
to them. They can help you produce better 
products at faster production rates, with less 
scrap and fewer rejects. 

Revere copper, brass and bronze lend them-
selves readily to the widest variety of finishing 
operations—polishing, lacquering, electro-plat-
ing. With these superior materials it is easy to 

make radio shields and similar products beau-
tiful as well as serviceable. 

That is why wise buyers place their orders 
with Revere for such mill products as—Copper 
and Copper Alloys: Sheet and Plate, Roll and 
Strip, Rod and Bar, Tube and Pipe, Extruded 
Shapes, Forgings—Aluminum Alloys: Tubing, 
Extruded Shapes, Forgings—Alagnesium Alloys: 
Extruded Shapes, Forgings—Steel: Electric 
Welded Steel Tube. We solicit your orders for 
these materials. 

litEreR. 
COPPER AND BRASS INCORPORATED 

I ounded by Paul Revere in 1801 

230 Park Avenue, New York 17, N. Y. 

Mills: Baltimore, Md.; Chicago, Ill.; Detroit, Mich.; 
New Bedjord, Mass.; Rome, N. Y. 

Sales Offices in Principal Cities, Distributors Everywhere. 

12A PROCEEDINGS OF THE I.R.E.  March, 1948 



011 milirrE RHEOSTATS • RESISTORS 

TAP SWITCHES • CHOKES 

Ohrtite maid t sins what is believed to 6e the 1 
00111p ,te stock of wire-wound rheostats and resistors, rota-7 
tap switches, a :d chokes in the world. Available in great 
variei y—actual y in 1859 types, sizes an:, values. 

Rhec vats—Stocked in 25, 50, 100, 15C, 300, anc. 500-watt 
sizes, each carri7d in at least 22 different resistance vala- -
from 0.5 ohms to as high as 10,000 ohms. 

Resistors—Am)ng the stock vitreous-enameled, w re-wour d, 
fixed resistors are 5, 10, 20, 25, 50, 100 160, anc 260 •ALtI 

sizes. Also "DIVIDOLIM" adjustable resistors rated at 10, 

25, 50, 75, 100, 160, and 200 watts. Both types of resistors 
are available in at least 24 and up to 47 resistance values 
from 1 ohm to 250,000 ohms. Also "LITTLE DEVIL" in-

sulated composition resistors in all RMA values. 
For experimental work or small production runs, you can 

get reasonable quantities of these units from Ohmite distrib-
utors in your city. Quantities not available locally can be 

shipped promptly from our large factory stock. 

OH MITE MANUFACTURING COMPANY 
4862 :louincy St., Chicago 44, III. 

ONAVITE 
RHE OSTATS  • RESISTORS 

TAP  SWITC HES 



.40 • 0047  

Pit Funny Numbers? 
. perhaps, but they are more 

evidence of SPRAGUE LEADERSHIP! 
New Phenolic-Molded Sprague 
Tubular Capacitors Produced in 
Decade Ranges and Color-Coded! 

With the recent introduction of its 
sensational new molded tubular ca-
pacitors, Sprague now announces 
standardized capacities, and color-
coding for ready identification of 
these new units. For example, start-
ing with the number 1, the next num-
bers in the 20% tolerance decade are 
1.5, 2.2, 3.3, 4.7, 6.8 and on back to 10. 
Established decade ranges and 

color-coding have proved their ef-
ficiency and acceptability in the re-
sistor industry over a period of years. 

Now, for the first time, this same 
practice will allow capacitor manu-
facturers the many advantages of 
standardized production —advan-
tages which we feel will be cumula-
tive through the years. 

In the firm conviction that these 
steps toward standardization will 
prove mutually beneficial, Sprague 
Electric Company solicits your co-
operation and invites your inquiries 
for information, samples and applica-
tion data concerning the new 
SPRAGUE MOLDED TUBULAR 
CAPACITORS. WRITE FOR ENGI-

NEERING BULLETIN NO. 210 A. 

THE FIRST TRULY PRACTICAL PHENOLIC-MOLDED PAPER TUBULAR! 

Highly heat- and moisture-resistant • Non-

inflammable • Conservatively rated for 

— 40°C. to 85 °C. Operation • Small in size 

Completely insulated • Mechanically rugged 

Moderately priced. 

SPRAGUE MOLDED TUBULAR CAPACITOR COLOR CODE 

Black Brown Red Orange Yellow Green Blue Violet Gray White 

1st 
BAND 

Capacity la IIIIIPD 

First 
S r .1.fi rrt 0 I 2 3 4 5 6 7 8 .9 

2nd 
BAND 

Second 
Signifi cant 
Number 

0 1 2 3 4 .> 6 7 8 9 

3rd 
BAND 

Decimal 
Multiplier 100 1000 10.000 100.000 

4th 
BAND TOL.RANCE ±20 % +30 % ±40':, ±5% ±10% 
5th 

BAND RESERVED FOR AR MED SERVICES 

6th 
BAND 

. 

*1 ̂
;18 
Z....... 
>a a 
•E 

First 
Significant 
Number 

0 1 2 3 4 5 6 7 8 9 

,, 
7t ” BAND 

Second 
Significant 
'Number 

0 1 2 4 5 6 7 8 9 

SPRAGUE ELECTRIC COMPANY North Adams, Mass. 

CAPACITORS 

•Trademark rt  Off. SPRAGUE *KOOLOH M 

RESISTORS 

14 A 
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11111 For the answers to your 

ELECTRONIC-MECHANICAL PROBLEMS.. 

CONSULT SHERRON'S ANALYTICAL 
ENGINEERING-MANUFACTURING SERVICE 

VIEW OF 

SHERRON 

ELECTRO-

MECHANICAL 

LABORATORY 

In the completeness of its depart-

ments, manpower and the skills and 

experience of its personnel, the 

Sherron Electronics Co. is organized 

to meet any challenge in the design, 

development and manufacture of: 

Communications equipment ... Elec-
tronic Control equipment . . . Vac-
uum Tube Circuit development . 
Control of Measuring Devices . . . 
Instrumentation ... Television Trans-
mitters ... Television Test equipment 
... Test Equipment for Components. 

enced physicists, engineers and 
technicians. 

VIEW OF 

SHERRON 

ELECTRONICS 

LABORATORY 

In broad terms, Sherron's Analytical 
Engineering-Manufacturing  Service 
means ... complete design, devel-
opment, engineering and manufac-
turing of "precision electronics" 
equipment.  Comprehensive, confi-
dential — this service is exclusively 
for manufacturers. It is defined by 
these facilities, personnel and op-
erations: 

DEVELOPMENT-DESIGN: Initiated in 
our electronics laboratory by experi-

ELECTRO-MECHANICAL LABORA-
TORY: Staffed by graduate mech-
anical engineers fully conversant 
with the requirements for "precision 
electronics." 

COMPLETE SHEET METAL FACILITIES 

WIRING DEPARTMENT: Headed by 
production electrical engineers. 

SHERRON ELECTRONICS COMPANY 
DIVISION OF SNERRON METALLIC CORPORATION 

1201 FLUSHING AVENUE • BROOKLYN 6, NEW YORK 

RECENT SHERRON PRO M 
RELATING TO ELECTRON 
AND OTHER INDUSTRIES 

COMMUNICATIONS 
• Trans-Receivers for various 
uses 
Television — FM — A 
Transmitters 

• • Navigational Devices, includ. 
ing Homing Equipment, 
Radar, etc. 
Micro-wave techniques and 
adio Relay Links 
Ample Test Equipment to as-
sure successful operation 
bove 

ELECTRONIC CONTROL 
EQUIPMENT FOR 

• Drone Aircraft Guided 
Missiles 

• High Gain Amplifiers 
• Computers and Calculators 
• Servo Equipment 
• Velocity Propagation m 
surement 

• Test Equipment including In 
strumentation for above 

VACUUM TUBE CIRCUIT 
DEVELOPMENT 

New applications for 
vacuum tubes 
Precision test equipment f 
vacuum tubes 

CONTROL OF MEASURING 
DEVICES 

• Flow indicators 
• Sorting, Counting 
• Measurement of chemical 
titrations 

• Surface strains, stresses, etc 

INSTRUMENTATIO 
• Bridge measurerne 
• Null detectors 
• Vacuum tube voltmet 
ammeters 

• Multi-wave shape ge 

TELEVISION 
• Television Signal Synthesis 
Sync Generators 

• Monoscope 
• Shapers — Timers 
• Wide band oscilloscopes 
• Air monitors 
• Field intensity equipment 
• Television test equipment 

PROCEEDINGS OP THE I.R.E.  1Q4 , 15A 



aglitote Kilovolt ratings matching the elevated 

peaks and transients of television and 

other cathode-ray tube circuits... 

Typical high-voltage ratings— 

Series "84" tubular paper ca-

pacitor rated at 10.000 volts 

DC W, and Series "89" midget 

oil-filled tubular rated at 3500. 

EXPANDED-
VOLTAGE 

• Before and since the advent of the first practical 
television receiver in 1939, Aerovox capacitors 
have marched along with the television pioneers. 

Inherent Aerovox quality, PLUS Aerovox extra-
generous safety factor, has successfully met the 
surges and transients, the heat and the humidity, 
and the other trying conditions of the twilight zone 
of television development. And that goes likewise 
for the severe service requirements of cathode-ray 

OANGE 

Series "14" oil-filled capacitor, usually with single pil-

lar terminal, now available in double-ended design for 

maximum insulation at higher potentials. This and the 
popular Series "12" double-pillar ribbed-cap oil capaci-

tor, are available in voltage ratings up to 10,000 volts 

DC W. 

oscillography. 

With larger and more brilliant screen images 
calling for still higher working voltages, Aerovox 
is again ready with expanded voltage ratings. The 
Series "84" paper tubulars, the Series "89" midget 
oil capacitors, the Series "14" and other can-type 
oil capacitors are now available in higher voltage 
ratings to meet post-war television, oscillograph 
and other electronic needs. 

• Submit your higher-voltage circuits and constants for our engineer-
ing collaboration, specifications, quotations. Literature on request. 

FOR RADIO-ELECTRONIC AND 
INDUSTRIAL APPLICATIONS 

AEROVOX CORPORATION, NEW BEDFORD, MASS., U.S.A. 

Si ms OFFICES IN ALL PRINCIPAL CITIES • Export: 13 E. 40.t11,5t., NEI, YORK 16, N. Y. 

Cable: 'ARIAS  • In CanailiLAEROVOX 
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for HIGH Q TOROID INDUCTORS 

There are many applications in the audio, 

carrier, and supersonic fields requiring in-

ductors of high 0 and great stability. The 

HO series of units developed for these ap-

plications have remarkable characteristics, 

as illustrated below. HOA coils have high 

Q 1100 at 5000 cycles) and are available 

in inductances from 5 MHY to 15 henrys. 

HOB coils have very high CI (200 at 4000 

cycles) and are available in inductances 

from 10 MHY to 25 henrys. 

HUM PICKUP is low due to the toroidal 

winding structure, 70 and 140 microvolts 

er gauss respectively for the HOA and 

-40B at 60 cycles. 

Stability is excellent. For the HOA-7 coil 

Ilustrated, inductance change is less than 

1% for applied voltages from .1 to 25 

vol-s 1000 cycles. For the HOB-5 coil 

illustrated, the inductance change is less 

than 1 % for applied voltages from .1 to 

50 wolfs 1000 cycles. Change in inductance 

de to DC current is approximately 1% 

pc r 10 MA linearly for the HOA unit illus-

trated and 3/4 %  for the HOB. All cased 

uri-s are hermetically sealed. Standard 

inductance tolerance is  100• 

TYPE HOA 

DIMENSIONS-1 a" Die., a 1-A" H.-

Wt. S art. 

TYPE HOB 

DIMENSIONS-71/4  L. a 11/4 " W. c 21/4 " N.-

Wt. 14 on. 

Inductance  Net  Inductance  Net 
Value  Type No.  Price  Value  Type No.  'rice 

5  mhy.  HOA-1  $7.00  10  mhy.  HOB-1  $20.00 
12.5 mhy.  HOA-2  7.00  30  mhy.  HOB-2  70.00 

20  mhy.  HOA-3  7.50  70  mhy.  HQB-3  70.00 
30  mhy.  HOA-4  7.50  120  mhy.  HOB-4  70.00 
50  mhy.  HQA-5  8.00  .5 hy.  HOB-5  70.00 
80  mhy.  HOA-6  8.00  1.  by.  HOB-6  :2.00 

125  mhy.  HOA-7  9.00  2.  by.  HOB-7  :4.00 
200  mhy.  H0A-8  9.00  3.5 by.  HOB-8  :5.00 
300  achy.  HOA-9  10.00  7.5 hy.  HOB-9  :6.00 

.5 by.  HOA-10  10.00  12.  by.  HOB-10  :7.00 

.75 hy.  HOA-11  10.00  18.  by.  HOB- I I  28.00 

1.25 by.  HOA-12  11.00  25.  by.  HOB-12  29.00 

2.  by.  HOA-13  11.00 
3.  by.  HQA-I 4  13.00 
5.  by.  HOA- I 5  14.00 
7.5 by.  HQA-16  15.00 
10.  by.  HQA-17  16.00 

15.  by.  HQA-18  17.00 

UNCASED HIGH Q TOROIDS 
We can supply any of the Toroids listed 
without case. Deduct $1.50. Specify type 

and inductance value when ordering. 

SPECIAL TOROIDS 
Sizes other than those shown in our stock list can be supplied c n 

special order at price of next highest value. Type HQC anc H00 
coils, having maximum Q at 50 kc and 100 kc respective'y, 

also available. 

CG-

NOISE SUPPRESSION 

INDUCTOR 

Incorporates two accurately tuned 

high 0 inductors of .8 hy. and 2.4 
hy., respitctivoly, for use in dynamic 

noise suppressor circuits. Writ* for 
Circular No. CG-50 for additional 
details   List Price $16.00 

CC  TAGE FQUALIZLR 
This new UTC unit is the Ideal device for any application 

requiring frequency response correction. Designed to be 
connected between two triode audio stages or will match 
a high impedance 15000 to 30000 ohms) source to grid. 

The COB-1 equalizer is riot a simple R-C tone control, but 

employs resonant circuits to permit low or high end equali-
zation without affecting mid-frequencies. 

Writ* for completely detailed manual. 

COB-1 Panel Dim. 2% x 4"  List Price $25.00 

WRITE FOR OUR 

CATALOG P5-408 

150 VARIC K STREET  NE W YORK  13,  N. Y. 

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



EIMAC 
TETP 

4-65A 4X100A 4X1 50A 

0 

4- 25A 

0 

4-250A 

0 

4-400A 4X500A 

• 11 • • • 4‘  

4-1000A 

•PERFORMANCE LEADERS 
0 THESE TUBES HAVE PYROVAC PLATES 

4-65A 
Tops for high power VHF mobile transmitters, type 4-65A is the 
smallest of the Eimac radiation cooled tetrodes. Conservatively 
rated at 65 watts plate-dissipation, the tube is but 41/4'' high and 
2" in diameter. The 4-65A is capable of operation over a wide 
voltage range, for instance at 600 plate volts one tube will provide 
50 watts of power-output with less than 2 watts of grid drive. At 
3000 plate volts a power-output of 265 watts is obtained. 

4X100A 
Designed for high frequency applications in which horizontal forced-
air cooling would be an equipment design advantage. The char-
acteristics of the 4X100A closely resemble those of the 4X150A ex-
cept for slightly lower plate dissipation, 100 watts. 

4X1 50A 
An extremely compact tetrode of the air-cooled external anode 
type. Rated at 1 50 watts of plate dissipation it czq be operated at 
maximum ratings up to 500-Mc. When operated as a doubler, the 
4X1 50A is the standout answer to the STL (studio- transmitter-link) 
vacu u m  tube problem . . . excellent performance is had up to 
1000-Mc. 

4-125A 
Forerunner of the Ei-mac tetrode tine, the 4-I25A is probably the 
most universally accepted power tetrode yet designed. Its Pyrovac 
plate and processed grids impart a high degree of operational 
stability, resistance to overloads and exceptionally long life. Rated 
at 125 watts plate dissipation, one 4-I 25A will handle 500 watts 
input with less than three watts of grid drive. 

4-250A 
Higher power version of the 4-I 25A, type 4-250A also incorporates 
a Pyrovac plate, and processed grids. In typical class-C operation 
one tube with 4000 plate volts will provide 1 kw of output power, 
with 2.5 watts of grid drive. 

4-400A 
Specifically created for FM broadcast service, two 4-400A tetrodes 
in typical operation, at frequencies in the 88-108 Mc FM broadcast 
band, will provide 1200 watts of useful output power, at 3500 plate 
volts, while the dissipation from the Pyrovac plate is considerably 
under the maximum rating of 400 watts per tube. 

4X500A 
A small, but high power VHF, external anode type tetrode, rated 
at 500 watts plate dissipation. The low driving power requirement 
presents obvious advantages to the equipment designer. Two tubes 
in a push-pull or parallel circuit provide over 11/2 kw of useful out-
put power with less than 25 watts of drive. 

4-1000A 
Currently the largest of the Eimac tetrodes, its pyrovac plate is 
rated at 1000 watts dissipation, the 4-1000A has the inherent char-
acteristics of all Eimac tetrodes—dependability, stability, optimum 
performance and economy of operation. Type 4-1000A is ideally 
suited for high-level audio service as well as r-f applications. 

Complete data on these tetrodes and other Eimac 
tube types may be had by writing direct. 

EITEL-McCULLOUGH, Inc. 
191 San Mateo Ave. 
San Bruno, California 

EXPORT AGENTS: Frazer & Hansen-301 Clay St.—San Francisco, Calif, 
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Illir It's sweet music to us...and to our customers, 

we think, to know that Karp Metal Products Co., Inc. soon will 

move into a brand new streamlined building of 70,000 square 

feet of space, with a 600 foot frontage. 

Our new plant will be the last word in modern manufacturing 

quarters, equipped with the newest and most efficient machinery 

and facilities, including the most complete and up-to-date paint 

and finishing department, scientifically air conditioned and 

dustproof. These advancemeits will enable us to extend the 

scope of the precision service we render the leaders of the radio 

and electronics industry. 
Your loyal patronage has helped make possible this expan-

sion, and you may be sure the favor will be returned in the form 

of greater production and better-than-ever Karp service . . . 

from the simplest chassis to the most elaborate console. 

Visit us at the I.R.E. Show... Booths 48-49 , 

Ask For Our Informative New Catalog 

• • • 

0.0-=--- _-----
,..------  .--

\_-_,.1).______-  ----- lo• . 
.0.4..,..05. 

ar-ii• 

— 

we're 

411ift .0,11 

KARP METAL PRODUCTS CO., INC 
117-30th Street, Brooklyn 32, New York 

Cer a k412 Wie9airmen 6-1 tSeiteet 

• 
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3-Phase Regulation 
LOAD RANGE 'REGULATION 

MODEL  VOLT-AMPERES  ACCURACY 

3P15,000 .1500-15,000 

3P30,000 3000-30,000 

3P45,000 4500-45,000 

0.5 % 

0.5% 
0.5 % 

V. 

Extra Heavy Loads 
LOAD RANGE  *REGULATION 

MODEL  VOLT-AMPERES  ACCURACY 

5,000+  500 - 5,000 

10,000+ 1000-10,000 

15,000+ 1500-15,000 

• Harmonic Distortion on above models 3%. 
Lower capacities also available. 

Ist 

400-800 Cycle Line 
INVERTER AND GENERATOR REGULATORS 

FOR AIRCRAFT. 
Single Phase and Three Phase 

LOAD RANGE  'REGULATION 

MODEL  VOLT-AMPERES  ACCURACY 

D500  50 - 500  0.5% 
D1200  120-1200  0.5% 
3PD250  25 - 250  0.5% 
3PD750  75 - 750  0.5% 

Other capacities also available 

q** 

The NOBATRON Line 

I 

Output 
Voltage DC 

6 volts 
12  " 
28  " 
48 
125  " 

Load Range 
Amps. 

15-40-100 
15 

10-30 
15 
5-10 

• Regulation Accuracy 0.25 % from 1/4 
to full load. 

• • • 

D.5% 

General Application 
LOAD lANGE  *REGULATION 

MODEL  VOLT-AMPERES  ACCURACY 

150  25 - 150  0.5% 
250  25 - 250  0.2 % 
500  50 - 500  0.5% 
1000  100-1000  0.2 % 
2000  200-2000  0.2 % 

SOBEHSEN 
The First Line of standard electronic 
AC Voltage Regulators and Nobatrons 

GENERAL SPECIFICATIONS: 

• Harmonic distcrtion max. 5% basic, 2 % 'S" models 

• Input voltage range 95-125: 220-240 volts (-2 models) 

• Output adjustcble bet. 110-120: 220-240 (-2 models) 

• Recovery time: 6 cycles: 4' (9 cycles) 

• Input frequency range: 50 to 65 cycles 

• Power factor range: down to 0.7 P.F. 

• Ambient temperature range: —50°C to • 50°C 

All AC Regulators & Nobatrons may be used with io load. 
•Models available with increased regulation accuracv. 

Special Models designed to meet your unusual applications. 

Write for the new Sorensen catalog. It contains complete 
specifications on standard Voltage Regulators, Nobatrons, 
Increvolts, Transformers, DC Power Supplies Saturable Core 
Reactors and Meter Calibrators. 

SORENSEN & CO., 'DC . 
STA MF ORD  CON NECTICUT 

epresen'ed in all principal titles 

2C A PROCEEDINGS OF THE I.R.E.  March, 1948 



GE NERAL PURP OSE 

CAPACITORS 

HI -Q  components are uniformly superior 

because of rigid quality control through-

out all stages of manufacture. Final indi-

vidual inspection insures their conform-

ance to electrical and physical specifica-

tions. When you specify HI-Q components, 

you can be sure they meet your most 

stringent requirements for precision, de-

pendability, compactness and uniformity. 

Write for complete information and en-

gineering data. 

CO MPONENTS 

HI-Q General Purpose Capacitors can be supplied 
in any size from .200 x .375 to .340 x 1.875, with 
capacity range from 5 to 33,000 Mk4F. They are 
insulated with a clear non -hydroscopic styrene 
coating. I. R. of 10.000 Megolims, working voltages 
up to 500 volts D.C. and power factor well under 
3 per mit can be Jssured. 

CHOKE COILS 

STAND-OFF CONDENSERS 

WIRE W OUND RESISTORS 

H IAP C(COMPONENTS 

BETTER 4 WAYS 
PRECISION Tested step  by step from raw materal 

i to finished 
product. Accuracy guaranteed to your specified tolerance. 

UNIFORMITY  Constancy  of quality is maintai ned over •ntire production through continuous manufacturing cont 
DEPENDABILITY  Interpret  this  rols. 

fa ctor in t  yo ustomers ' satisfaction . . • Yeor after year of trouble-free  nce. Our  ur c 
K O makes your  performa  product better. 

erms of 

AltNIATURIZAYION The smallest BIG VALUE components in the 
business  make possi b/e space saving factors which reduce 
your  production costs ... increose your profits. 

EteePtecigi Reazteuree 61,0. 
FRANKLINVILLE, N. Y. 

Plants: }RA:S.  L I N %  I.E, N. Y. —JESSUP. PA. 
Sales Offices: NEW YORK. PHILADELPHIA, DETROIT, CHICAGO, LOS ANGELES 
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NE WS and NE W PRODUCTS 
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Improved Inputuner 
A new model of the Inputuner with 

several refinements over previous models is 
announced by Allen B. DuMont Labora-
tories, Inc., 2 Main Ave., Passaic, N. J. 
This packaged r.f. head is available to 
television custom-built and line-production 
set manufacturers alike, eliminating costly 
problems and establishing in advance the 
major items of cost. 

The Inputuner is a compact, rugged 
assembly as easy to install as a speaker. It 
requires no aligning, adjusting, or cali-
brating. Built around the Mallory-Ware 
Inductuner and including all necessary 
components for the complete r.f. head, it 
provides for continuous tuning in the 44-
216-Mc. range. This means the coverage 
of all 13 television channels plus the f.m., 
amateur, aviation, telephone, and commer-
cial services in that range without a break. 
Only one tuning knob is required for both 
coarse and fine adjustments. 

Magnetic Pickup 

The Clarkstan Corp., 11927 W. Pico 
Blvd., Los Angeles 34, Calif., has recently 
announced a new variable-reluctance pick-
up which is claimed to be a high-fidelity, 
wide-range device of extreme simplicity 
and ruggedness. The stylus can be in-
stantly removed and replaced by the 
fingers without the use of tools. This pick-
up has a fiat frequency response beyond 
f.m. requirements. The needle, which 
weighs 31 mg., is the armature and is the 
only moving part. A high-impedance wind-
ing is standard, but the unit can be had in 
impedances of 5, 50, 250, and 500 ohms. 

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

Model 10-D Amplifier 
The newest addition to the line of 

Brook high-quality audio amplifiers is the 
Model 10-D now being manufactured by 
Brook Electronics, Inc., 34 DeHart Place, 
Elizabeth, N. J. 

This amplifier is a 30-watt rack-
mounting unit with 75-db gain, equipped 
with volume control and on-off switch on 
the front panel. As in all other amplifiers 
produced by this company, Model 10-D 
uses triodes throughout. 
Designed essentially for broadcasting 

stations, recording studios, and high-
quality public-address installations, this 
audio amplifier provides frequency re-
sponse from 20 to 20,000 cycles within 
0.2 db. At 5 watts output, harmonic dis-
tortion is only 0.6% and inter-modulation 
distortion is only 0.2%. Total distortion is 
claimed to be under 2 % at full 30-watt 
output. The power supply is self-con-
tained. Noise level is 70 db below full 
output. Power available for external tuner 
or preamplifiers is 250 volts at 90 ma. and 
6.6 volts at 5 amperes. 

NOTICE 

Information for our News and 

New Products section is warmly 

welcomed. News releases should 

be addressed to Mrs. Harriet P. 

Watkins, Industry Research Divi-
sion, Proceedings of I.R.E., Room 

707, 303 West 42nd St., New York 

18, N. Y. Photographs, and elec-
trotypes if not over 2" wide, are 

helpful. Stories should pertain to 

products of interest specifically to 

radio engineers. 

Sine Wave Clipper 
A new Sine Wave Clipper has recently 

been announced by Barker & Williamson, 
Upper Darby, Pa., which will be wel-
comed by many engineers interested in 
audio-frequency circuits. 

This new instrument provides a test 
signal particularly useful in examining the 
frequency response and transients of audio 
circuits. Designed to be driven by an audio 
oscillator, the clipper provides a clipped 
sine wave—hence the name Sine Wave 
Clipper. 
By feeding the output of the clipper 

into audio equipment under test and in 
turn introducing the equipment's output 
into an oscilloscope, the experimenter or 
engineer may quickly view and analyze 
distortion introduced by the amplifier. 
A sine-wave analysis after every change 

in a component becomes time-consuming 
and tedious. By means of the clipper, 
however, the effect of making changes in 
a circuit may be seen instantly and thus 
guide the course of development in the 
proper direction. The routine use of the 
clipped sine wave, in addition to sine-wave 
measurements, makes for a more complete 
check on the stability of equipment in 
regular operation. 
An illustrated instruction book ac-

companies each Sine Wave Clipper. Com-
plete information on this new device is 
available from the manufacturer. 

New Broadcast-Station 
Light 

A new indicator light, Type "Q," de-
signed especially for radio broadcasting 
stations, film studios, and applications 
where controlled warning lights are re-
quired has recently been put on the market 
by Cannon Electric Development Co., 
3209 Humboldt St., Los Angeles 31, Calif. 
The new light is available in 24 volts, 

15 c.p. or 115 volts, 10 watts. It may be 
wired in multiple for several locations so 
that all will operate simultaneously. The 
left, or green, light is illuminated for 10 
seconds and then goes out, when the red 
light (at right) glows and the panel s il-
luminated with "On The Air" or other 
brief wording adaptable to the use. 

(Continued on page 26A) 
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Specialieed 

Xittowiedge and 
4quiptueut 

toz 

UHF 
DESIGN 

• The phenomena encountered in 

the UHF field are in many cases so 

decidedly different from those true 

of lower frequencies that many 

manufacturers find themselves in 

urgent need of specialized UHF 

knowledge, in order to develop 

equipment that will handle certain 

specific conditions. 

• Since we are specialists in UHF 

engineering, we are equipped not 

onlY to render technical advice, 

but also to follow through in the 

actual production of equipment in 

our shops. 

• If you are contemplating a new 

product, or have a problem invol-

ving ultra high frequency with 

present production, our special-

ized knowledge should be inval-

uable for quick, accurate, low unit 

cost. There is no cost or obligation 

involved in talking this over. 

ZavoieXalopakitied, 
RADIO ENGINEERS AND MANUFACTURERS 

MORGANVILLE, N. J. 

Specialists in the Development and Manufacture of UHF Equipment 
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Pictured, twice actual size, are three of the smallest air variables ever produced. Each 
of the three types is available in four different capacities. 

•SINGLE  TYPE 

Takes the place of adjustable padders for trimming RF and IF oscillator circuits. Available 
in four models: 1.55 to 5.14 mmf, 1.73 to 8.69 mmi, 2.15 to 14.58 mmf and 2.6 to 
19.7 mmf. 

• DIFFERENTIAL  TYPE 

For switching capacity from rotor to either of two stators, and for shifting tap on capacity 
divider. Available in four models: 1.84 to 5.58 mmf, 1.98 to 9.30 mmf, 2.32 to 14.82 
mmf and 2.67 to 19.30 mmf. 

•BUTTERFLY  TYPE 

Applicable wherever a small split stator tuning condenser is required. Available in four 
models: 1.72 to 3.30 mmf, 2.10 to 5.27 mmf, 2.72 to 8.50 mmf, and 3.20 to 11.02 mmf. 

1. Single hole mounting, flats on mounting 
bushing to prevent turning. 

2. Beryllium copper contact spring. 

3. Split sleeve rotor bearings - no wobble to 
shaft. 

4. Steatite end frames. 

5. Long creepage paths provided. 

6. Improved stator terminals provide dual low 
inductance path to both stator supports, 
eliminates possibility of loosening plates 
when soldering, avoids bending stresses on 
stator supports caused by wiring. 

7. Low minimum capacity - maximum tuning 
range. 

8. Voltage breakdown 750 V. R.M.S. at 2.0 
mc - .017 spacing. 

9. Other capacities available on special order. 

For Full Details Write For Latest JOHNSON Catalog 

JOHNSON • • • a detscaad garoste est R'etelecit 
E.  F.  JO H N S O N  C O.,  W A S E C A,  MI N N E S O T A 
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The chart above indicates main routes of airlines using 

Collins radio communication equipment in the air, on the 

ground, or both. This tremendous acceptance had its be-

ginning in the middle thirties, and is the result of early 

and never-ending Collins research and development in the 

field of aviation communications. 

The airlines whose routes are shown include Air France, 

All American Aviation, American, American Overseas, 

Braniff, British Overseas, Chicago lk Southern, Colonial 

Airlines, Eastern Air Lines, FAMA (Argentine Republic), 

Hawaiian, Northwest, Panagra (Pan American-Grace), Pan 

American World Airways System (Latin American divi-

sion, Atlantic division, Pacific-Alaska division), Pennsyl-

vania-Central, Peruvian International, Quantas (Australia), 

Royal Dutch, Sabena (Belgium), SILA — SAS — ABA 

(Scandinavian Air Carriers), South African, TACA Air-

elves 7%e kkles 
ways Agency Aerlinte Eireann (Irish), Trans-Australia, Trans-

continental and Western, United, and Western. 

Our own planes are in constant use, testing equipment 

of advanced Collins design for Government and commer-

cial aviation. A recent and notable example of accomplish-

ment is the Collins SIR VHF airborne receiver and at-
tendant instrumentation, which equip an airplane for 

navigational use of the new omnidirectional range system. 

This equipment was designed and thoroughly tested in 

1946, and was demonstrated to the airlines throughout 

1947. As a result, Collins has been awarded the majority 

of the contracts which have been let to the time this 

announcement is written. 

IN RADIO COMMUNICATIONS, IT'S 

COLLINS RADIO COMPANY, Cedar Rapids, Iowa 

11 West 42nd Street, New York 18, N. Y. 458 South Spring Street, Los Angeles 13, California 
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C.T.C. Custom-Engineers 
The Solution To 

al'aeckt 
* alio/4 

Visit us 

at Booth 222 

IRE National 

Convention, 

March 22-25, 

Grand Central 

Palace, New York 

11 

Feeding an R. F. potential through the wall of 
a cavity oscillator presented many 
difficulties. Not only was space at a premium, 

but extreme changes 
in humidity, temper-
ature and other service 
conditions had to 
be met. 

THE ANSWER 

C.T.C. 1795B Insulated 
Feed-Thru Terminals 
fulfilled every require-
ment. Design-features 
like these show you why: 
Rugged construction that 
withstands loosening 
under vibration or Mock 
. . . approved phenolic 
insulating material, JAN 
type LTS-E-4 . . . brass 
bushings, cadmium 
plated . . . brass thru-
terminals, silver plated for 
easy soldering. 

SPECIFICATIONS 

The 1795B mounts in a 3i" hole, and has an 
over-all length of approximately h". C.T.C. 
Feed-Thru Terminals are available in addi-
tional sizes. The 1795A is similar to the 
1795B, but with an over-all length of 1". Also 
similar in design and function are X1771A 
and X1771B, but larger in size and mounting 
in a X," hole. Breakdown voltages, at 60 
cycles R.M.S., are: 
1795A . . . 3800V  X1771A . . . 8200V 
1795B . . . 3200V  X1771B . . . 6000V 
Catalog No. 200 contains details of C.T.C. 
standard electric and electronic components, 
together with full information on our custom-
engineering service. Write for it today. 

Cet4tO M  ertatecknel 
The View/tanked 

Conlwow/n4 

Terminal  Coil 
Board 

Swager  Double-E  • Turret 
Wyk' 

CA MBRIDGE THER MIONIC CORPORATION 

456 Concord Avenue, Cambridge 38, Mass. 

News—New Products 

These manufacture's have Invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. afRliation. 

(Continued from page 22A) 

Multiple Power Supply 
The 103 multiple power supply was de-

veloped by Kepco Laboratories, Inc., 
142-45 Roosevelt Ave., Flushing, N. Y., 
to meet the need for a source of power that 
would supply four commonly used voltages 
from a single compact unit. This multiple 
power supply eliminates the cumbersome 
use of three, possibly four, power units to 
supply heater, plate, and grid voltages. 
The power supply is particularly designed 
to be used in the study of the characteris-
tics of vacuum and gas-filled tubes as well 
as the characteristics of electronic circuits 
employing these tubes. 

The power supply contains two con-
tinuously variable B supplies delivering 
from 0 to 300 volts at currents up to 120 
ma., one variable C supply delivering from 
—50 to +50 volts at 5 ma., and one heater 
supply delivering 6.3 volts at 5 amperes. 
The two B supplies originate from a 

common power transformer and are con-
trolled by a special circuit containing two 
6Y6 control tubes. Each supply will de-
liver from 0 to 300 volts at 60 ma., or 120 
ma. together. The ripple voltage is less 
than 5 millivolts throughout the entire 
range of the operating voltage. The sup-
plies are isolated from the chassis to allow 
grounding of the positive terminal if neces-
sary without affecting the C supply. The 
voltages are controlled from the front 
panel. 
The C supply originates from an en-

tirely separate power transformer and rec-
tifying circuit. A special resistor network 
allows a continuously variable voltage 
from —50 volts to +50 volts at 5 ma. The 
multiple supply is available, upon request, 
with the C voltage variable from —150 
volts to +150 volts at no extra cost. The 
ripple voltage is less than 1 millivolt 
throughout the operating range. The C 
voltage is controlled from the front panel. 

Recent Catalogs 
• • • On amplifiers, systems, phonographs 
and accessories, Catalog P9-47A by David 
Bogen Co., Inc., 663 Broadway, New York 
12, N. Y. 

(Continued on page 46A) 
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FREE! This easy-to-read booklet that can 
save money — real money — for 
every radio engineer and elec-
tronics manufacturer! 

Ask your core manufactc rer— he's an authority 

on the use of G.A.&F. Carbonyl Iron Powders. 

• 

"What a lucky man I am to have this free G.A.& F. 

booklet! Now I know that SF Carbonyl Iron Powder is 

perfect for permeability tuning of the FM band. That 

it gives remarkably low loss and uniformity. What's 

more, this same SF powder is ideal for adjusting tele-

vision circuits. Imagine!" 

carbonyl iron powders 
An Antara* Product of 

General Aniline & Film Corporation 

Clip this coupon—Mail it today! 

Antara Products, Dept. 33 
444 Madison Ave., New York 22, N.Y. 

Please send me a free copy of: 
El G.A.&F. Carbonyl Iron Powders  0 Polectron* dielectric", 

Name   

Address   

•® 
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THE CURE OF RADIO NOISE is a highly specialized task that involves 
much more than simply "hooking a condenser across the line". It requires 
exact knowledge of the proper size and type of capacitor to use . . . of the 
correct place to add it to the noise-making circuit . . . of the necessary 
length or positioning of connecting leads. .. and of many other seemingly 
trivial, but actually vital, bits of information that cannot rightfully be 
expected of the electrical design engineer. 

This exact knowledge is available to you when you must provide radio 
silence for electrical apparatus. Just send us the offending equipment 
and we will measure its radio noise output according to standard speci-
fications, will design the most efficient Filterette to cure the noise, will 
specify the proper means of installing it, and, upon your adoption of our 
recommendations, will authorize your use of the FILTERIZED label that 
tells buyers your apparatus will not interfere with radio reception. This 
service is free to users of Tobe Filterettes  . write for details. 

TUBE DEUTSCHMANN CORPORATION  NORWOOD, MASSACHUSETTS 

ORIGINATORS OF FILTERETTES . . . THE !ACCEPTED CURE FOR RADIO NOISE 
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For 24-hour 
dependable service... 

There's a type and capacity 
to meet every broadcast need 

rROM mikes to tower, the chain of broad-
I' cast equipment must have strong links if 
"off-the-air" periods are to be avoided with 
success. General Electric offers you a line of 
rectifier tubes that will shoulder a full load 
reliably. ... husky tubes built for around-the-
clock performance and plenty of it. 
If a designer of transmitters, you may choose 

from more than a dozen G-E rectifier tubes 
that run the gamut of sizes. Five are shown 
here. Mercury-vapor content gives these tubes 
the ability to pass high peak currents—also 
keeps the internal voltage drop low. All the 
tubes are proved veterans of exacting broad-
cast and industrial service. 

GENERAL 

GL-1166-A 
GL-1100$ 
GL-673 
GL-$69. B 

FIRST  AND  GREATEST 

GL-857-B 

voltage 

2.5 v 
5 v 
5 v 
5 v 

5 v 

If a station operator . . . do you want fast 
service on rectifier-tube replacements, plus 
THE BEST in quality? See your nearby G-E 
tube distributor or dealer. He has the tubes— 
can get them to you by speedy local delivery; 
and should his inventory of any type happen 
to be low, G-E coast-to-coast branch stocks 
mean overnight replenishment. 
There's pocketbook protection for you, too, 

in G.E.'s ironclad tube warranty. Specify G-E 
rectifier tubes in original equipment for effi-
ciency, reliability, and value; replace with G-E 
tubes to gain the same advantages, plus fast 
delivery to your door! Electronics Department, 
General Electric Company, Schenectady 5, N. Y. 

ELECTRIC 
NA ME  IN  ELECTR ONICS 

GL-869-B 

current 

5 amp 
7.5 amp 
10 amp 
18 amp 

30 amp 

voltage 

10,000 v 
10,000 r 
15,000 
20,000 

1•15,000 
22,000 r 

GL-673 
( also available with 
50-watt base as Type 

GL-575-A) 

An  pita 
cu mnt 

1 amp 
5 amp 
6 amp 
10 amp 

20 amp 
• 

GL-866-A 

GL-8008 
(also available with 
50-watt base as Type 
GL-872-A/872) 

WV. 

current 

0.25 amp 
1.25 amp 
1.5 amp 
2.5 amp 
(°5 amp) 
5 amp 

0 . 
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See why 1\eaders in 

TELEVISION 
choose 

MYCALEX 410 
insulation 

In television seeing is believing . . . and big name makers of televi-

sion sets are demonstrating by superior performance that MYCALEX 
410 molded insulation contributes importantly to faithful televi-

sion reception. 
Stabili-y in a television circuit is an absolute essential. In the sta-

t,on selector switch used in receivers of a leading manufacturer, the 
MYCALEX 410 molded parts (shown here) are used instead of infe-

rior insulation in order to avoid drift in the natural frequency of the 

tuned circuits. The extremely low losses of MYCALEX at television 
frequencies and the stability of its properties over extremes in tem-
perature and humidity result in dependability of performance which 

would otherwise be unattainable. 
Whether in television, FM or other high frequency circuits, the 

mcst difficult insulating problems are being solved by MYCALEX 410 
mo,ded insulation.., exclusive formulation and product of MYCALEX 
CORPORATION OF AMERICA. Our engineering staff is at your service. 

Specify MYCALEX 410 for: 

1. Low dielectric loss 
2. High dielectric strength 

3. High arc resistance 
4. Stability over wide humidity and 

temperature changes 

5. Resistance to high temperatures 
6. Mechanical precision 
7. Mechanical strength 
8. Metal inserts molded in place 
9. Minimum service expense 

10. Cooperation of MYCALEX 
engineering staff 

MYCALEX CORP. OF A MERICA 
"Owners of 'MYCALEX' Patents" 

Plant and General Offices, CLIFTON, N. J.  Executive Offices, 30 POCKFFELLER PLAZA, NEW YORK 20, N. Y. 
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High Voltage Double Cup 
and plate Condensers 

10,000 VOLTS WORKING 

• • 

,..41:411woj 

Temperature Compensating 
Molded Insulated Ceramicons 

0.5 MMF-- 550 MMF 
Temperature Compensating 
Dipped Insulated Ceramicons 
0.5 MMF -15,000 MMF 

Temperature Compensating 
Non-Insulated Ceramicons 
0.5 MMF -1,770 MMF 

Custom Injection Molded 
Plastic Knobs, Dials. 
Bezels, Name Plates, 
Coilforms. etc. 

Button Mica Condensers 
15 MMF-6,000 MMF 

Type 554 
Ceramicon 
Trimmer 
3-12 MMF 
5-25 MMF 
5-30 MMF 
8-50 MMF 

tic* 

Tr" 

Type 557 
Ceramicon 
Trimmer 

Type TS2A Ceramicon Trimmer 
1.5-7 MMF  3-13 MMF  4-30 MMF 
3-12 MMF  5-20 MMF  7-45 MMF 

ERIE RESISTOR 

M r- iWrbZ  
Types 504B, 1/2  Watt -518B, 1 Watt 

Resistors 
10 ohms--22 megohms 

nFeed-Thru Ceramicons 
3 MMF-1.000 MMF 
3 MMF- 1,500 MMF 

Types 323 and 
324 Insulated 

Type 720A 

la, 

Type ri 
2322 

00-

Erie Stand-Off Ceramicons 

A 

Erie -CP" Molded Insulated Ceramicons 
10 MMF  5,000 MMF 

Erie "CP" Dipped Insulated Ceramicons 
0.5 MMF -15,000 MMF 

Erie "CP" Non-Insulated Ceramicons 
10 MMF --10,000 MMF 

Ula n 
Types L-4, 1-7, S-5 Suppressors 
for Spark Plugs and Distributors 

44" 
Cinch-Erie Plexicon Tube Sockets with 
1,000 MMF built in by-pass condensers 

MAKERS OF QUALITY 

ERIE RESISTOR has developed and 
manufactured a complete line of Cerami:-.. 
Condensers for receiver and transmitter 
applications; Silver-Mica and Foil-Mica 
Bu -ton Condensers; Carbon Resistors and 
Suopressors; Custom Injection Molded 
Plastic Knobs, Dials, Bezels, Nameplates 
and Coil Forms. Complete technical 
infprmation will be sent on request. 

LONDON, ENGLAND • TORONTO, CANADA 
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RCA SPECIAL RED TUBES 

Minimum life-10,000 hours! 
• These new RCA Special Red Tubes 
are specifically designed for those in-
dustrial and commercial applications 
using small-type tubes but having 
rigid requirements for reliability and 
long tube life. 

As contrasted with their receiving-
tube counterparts, RCA Special Red 
Tubes feature vastly improved life, 
stability, uniformity, and resistance 
to vibration and impact. Their unique 

structural design makes them capable 
of withstanding shocks of 100 g for 
extended periods. Rigid processing 

THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA 

and inspection controls provide these 
tubes with a minimum life of 10,000 
hours when they are operated within 
their specified ratings. Extreme care 
in manufacturing combined with pre-
cision designs account for their un-
usually close electrical tolerances. 

RCA Application Engineers will 
be pleased to cooperate with you in 
adapting RCA Special Red Tubes to 
your equipment. Write RCA, Com-
mercial Engineering, Section CR52, 
Harrison, New Jersey. 

TABLE OF RECEIVING•TYPE COUNTERPARTS 

5691    6SL7GT 
(0.6 A. heat•r)  . . . . (0.3 A. hilat•r) 
5692    6SN7GT 
5693    65.17 

RCA Special Red Tubes can be used as replace-
ments for the4— c-ounterparts in equipment where 
long life, rigid construction, extreme uniformity, 
and exceptional stability aro flooded. 

SEND FOR F M 
BULLETIN —Booklet 
SRT- t 00 I. provides 
complete data on 
RCA Special litd 
Tubes. For your 
copy write to RCA, 
Commercial 
Engineering, Section 
CR52,Harrison,N.). 

D EPA RT ME NT 

IR FI RA DIO CORPORATION of A MERICA 

32A  T al ,  

HA RRISO N. N. J. 
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James E. Shepherd 
Board of Directors, 1948-1950 

James E. Shepherd was born on May 29, 1910, in Houston, 
Texas. He studied electrical engineering at the University of Mis-
souri from 1928 to 1933, receiving the degrees of A.B. in 1932, and 
M.A. in 1933 with a thesis on filter networks. He was active in a 
variety of student organizations, both in the engineering school and 
in the University at large, including the Engineering School Council 
and the University Student Council. He was president of his social 
fraternity in 1931. He was elected to membership in the honor socie-
ties of Tau Beta Pi, Eta Kappa Nu, Phi Beta Kappa, Sigma Xi, 
QEBH, and Blue Key, and was named a Magna Cum Laude Knight 
of St. Pat in the engineering school. 
In 1934, Dr. Shepherd received a Gordon McKay Scholarship to 

the graduate school of engineering at Harvard University, from 
which he received the degrees of M.S. in communication engineering 
in 1935 and D.S.C. in communication engineering in 1940. His thesis 
was concerned with the properties of power triodes operating as fre-
quency multipliers. He served as instructor in communication 
engineering and physics at the Cruft Laboratory of Harvard from 
1936 to 1941. During this period, he developed the "wide-range, 
linear, unambiguous, direct-reading, electronic phase-meter." 
In June, 1941, Dr. Shepherd became a project engineer with the 

Sperry Gyroscope Company, concerned with the development of air-
borne electronic devices and early radar systems. Since 1943, he has 
been a research engineer and head of the Armament Radar Depart-
ment of the Sperry Gyroscope Company, a group of over fifty engi-
neers and technicians engaged in the development of new radar and 

electronic equipment, responsible for all phases of the engineering of 
these equipments from the customer contact and early conception 
stages through the research, development, design, manufacture, and 
test stages. He holds a number of patents on electronic circuits. 
Dr. Shepherd is a member of the American Institute of Electrical 

Engineers, the Radio Club of America, the Acoustical Society of 
America, and the Harvard Engineering Society. He joined The 
Institute of Radio Engineers as an Associate in 1936, transferred to 
the grade of Senior Member in 1944, and was recently named a 
Fellow of the Institute. He has been a member of the Executive 
Committee of the New York Section in various capacities since 
1943, and is now the Chairman of the New York Section of the 
Institute. He is one of two I.R.E. delegates to the Technical Societies 
Council of New York, in which he served on the original Constitution 
Committee and at present is Chairman of the Admissions and 
Membership Committee. He served on the Admissions Committee of 
the Institute in 1944, the Membership Committee in 1945, the Tellers 
Committee in 1946 and 1947, and is currently serving on the Sections 
Committee of the Institute. He served as Vice-Chairman of the 1945 
and the 1946 I.R.E. National Winter Technical Meetings, and was 
Chairman of the 1947 I.R.E. National Convention in New York. 
He is a member of the General Committee for the 1948 I.R.E. 
National Convention, and has served as Chairman of the Institute's 
Convention Policy Committee since 1946. 
Dr. Shepherd was recently elected to the Board of Directors of 

the I.R.E. as a Director-at-large for a three-year term. 
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The more closely the words of a man approach the truth, the more sturdily they endure, without erosion or erasure, the rude 
buffetting of time and criticism. It follows that only the most thoughtful and accurate statements of men survive. 
The Institute of Radio Engineers was fortunate in numbering among its Presidents the late John Stone Stone, who served 

effectively in that capacity through 1915. Even in that early day, while the Institute was yet young, Dr. Stone was recognized 
as a great scientist, an inspiring and brilliant teacher, and one of the leaders of engineering thought in the field of communications. 
At the session of the International Electrical Congress, Section G, held at St. Louis, Missouri, on September 12-17, 1904, Dr. 

stone presented a paper characteristic of his mastery of scientific methods and mathematical problems. This paper was later pub-
lished in the October 15, 1904, issue of the journal Electrical Review. Since this paper is in itself one of the appropriate monuments 
to the memory of Dr. Stone, and since its contents should be of timely interest to the engineers of a later generation, it has been 
deemed appropriate to reprint it in the PROCEEDINGS OF THE I.R.E. forty-four years after its original presentation! It has been 
necessary to re-draw the original illustrations and to make a few minor clerical changes of no scientific significance. Otherwise 
the paper stands as it left the pen of one of the great builders of the I.R.E. Re-publication of the paper was made possible through 
the co-operative permission of the McGraw-Hill Publishing Company, which acquired ownership of the Electrical Review. 
It is hoped that the readers of the PROCEEDINGS will thus become increasingly aware of the great tradition of engineering 

progress in the communications and electronic field which has been established and maintained by The Institute of Radio Engineers 
through the decades. The following paper, which was kindly submitted through the helpfulness of Frederick A. Kolster (himself 
a radio pioneer of high standing), is an admirable illustration of the nature of the work of the Institute and of the nature of the 
personalities who have guided its activities. —The Editor 

The Theory of Wireless Telegraphy 
JOHN STONE STONE 

JOHN STONE STONE 

FORE WORD 

FREDERICK A. KOLSTER 

The remarkable scientific contributions of the late John Stone 
Stone in the advancement of the radio art, from its earliest concep-
tion, have, unfortunately, too often passed unnoticed by the later 
generation of radio scientists and engineers. 
With this thought in mind, and with the sanction of the Editor of 

the Institute, the above-titled paper, which appeared in the Electri-
cal Review of October 15, 1904, is reproduced in its entirety, not only 

because of its historical interest but also because the information 
therein contained is completely pertinent to present-day radio tech-
nique, especially as it concerns antenna theory and design, a subject 
which has become of increasing importance with the introduction in 
practice of ultra-high frequencies. 
I believe everyone will agree that this historical paper deserves 

to become a permanent record in the PROCEEDINGS OF THE I.R.E. in 
tribute to the memory of one of its most distinguished Past Presi-
dents, and a great teacher who profoundly inspired those whose good 
fortune it was to have known him and worked with him. 
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The Theory of Wireless Telegraphy* 
JOHN STONE STONE 

THE theory of modern wireless telegraphy may be 
treated in at least two widely different ways de-
pending upon whether it be the object to produce 

a simple mental picture of the phenomena involved, or 
whether it be the object to lay the foundations for engi-
neering calculations and quantitative research. The first 
mode of treatment leads to what may be termed the 
popular theory, and the latter to what may be termed 
the working or engineering theory. 
In this paper only that form of wireless telegraphy 

shall be considered in which electrical vibrations are 
set up in electrical oscillators whose axes are normal to 
the earth's surface, and which are connected to the 
earth's surface at their lower extremities. 

PART I—POPULAR THEORY 

If the equations for the moving field produced by 
Hertz's dumbbell oscillator be examined, they will be 
found to show that, in the equatorial plane of the oscil-
lator, the potential is everywhere zero, that there is no 
component of magnetic force normal to that plane, and 
that there is no component of electric force parallel to 
that plane. From this it would follow that if a perfectly 
conducting sheet, which is initially at zero potential, be 
passed through the equatorial plane of the oscillator, no 
currents will be induced in it by the field of the oscil-
lator. In other words, the presence of the conducting 
sheet should not distort or otherwise affect the field of 
force produced by the oscillator. 
On each surface of the conducting sheet will exist 

currents which, in their reaction upon the electric and 
magnetic field on the corresponding side of the sheet, 
will be the exact equivalent and take the place of the 
field of force on the other side of the sheet. These cur-
rents will extend radially from the point of intersection 
of the axis of the oscillator with the conducting sheet, 
and at any point in the sheet will be equal in amplitude, 
but opposite in direction or phase on the two surfaces of 
the sheet. For a radial distance, measured along the 
sheet from the point of intersection with the axis of the 
oscillator, approximately equal to one quarter of the 
length of the wave radiated by the oscillator, the en-
ergy of the currents will travel out from and a portion 
of it back to the oscillator in the time of each oscilla-
tion, whereas for points beyond this radius, the energy 
will all flow away from the oscillator, never to return to 
it, provided only the conducting sheet be infinitely ex-
tended in all directions. 
Since the infinitely conducting sheet is a complete 

• Decimal classification: RI00. A republication of a paper pre-
sented by John Stone Stone before the International Electrical Con-
gress, Section G, at St. Louis, Mo., September 12-17, 1904. 

barrier between the two regions it separates, it is easy 
to see that each half of the Hertz oscillator, with its 
appropriate infinitely conducting and infinitely exten-
sive surface is a complete oscillating system entirely 
independent of anything which may take place on the 
other side of the conducting sheet, and that the field of 
force at or above the conducting sheet is the same as 
that which would be found at or above the equatorial 
plane of the complete Hertz oscillator, were the con-
ducting sheet absent. These considerations lead to a 
very simple and popular theory or means of explaining 
the manner in which the electromagnetic waves of 
wireless telegraphy are developed and propagated.' 
This theory regards the vertical transmitting oscil-

lator of wireless telegraphy as one-half of a Hertz oscil-
lator normal to the earth's surface, which must be re-
garded as practically infinitely conductive in the im-
mediate neighborhood of the oscillator, or for about a 
quarter of a wavelength from the point at which the 
oscillator is connected to the surface of the earth. By 
this theory, therefore, the waves of wireless telegraphy 
are developed in exactly the same manner as if the 
vertical oscillator and its electrical image below the 
surface of the earth together formed the real oscillator 
of which the surface of the earth is the equatorial plane. 
A graphical representation of this theory is given in 

Figs. 1 and 2. 

*7--) 

EQUATORIAL 

Fig. 1 

Th \‘‘ 

isH f,-;  =;-\\o; I , II  iii ,-, 

PLANE 

/ 

Fig. 2 

Andre Blondel, Association Francais pour l'Avancement des 
Sciences, Congress of Nantes, 1898. 
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This theory, which for convenience may be termed 
the electrical image theory, bears a close resemblance to 
that mode of treating a single-wire or grounded tele-
graph or telephone circuit as one-half of a two-wire or 
metallic circuit which was first suggested by Oliver 
Heaviside.' He conceives a metallic circuit such as 
that shown in Fig. 3, cut in half longitudinally by an 

_L. 
EARTH'S SURFACE 

Fig. 3 

infinitely conducting plane at zero potential as shown 
in Fig. 4. Since the points on the metallic circuit cut by 
the plane would normally be at zero potential, no change 
in the distribution of currents results from the connec-
tion with the infinitely conductive plane. A little con-
sideration will also show that the electrostatic capaci-
tance and inductance of the circuit will moreover re-
main unchanged. The surface of the earth is not infi-

1,119_142T1.041-13-.611C 

Fig. 4 

nitely conductive, however, and therefore neither the as-
sumptions made in the electrical image theory of the 
transmitting oscillator of wireless telegraphy or the elec-
trical image theory of the grounded telephone line are 
completely justified, though the conditions of the theory 
may be more nearly approximated in the case of wireless 
telegraphy, as will become apparent later. 
Before proceeding to a consideration of a more com-

prehensive theory, some of the more obvious conclu-
sions to be drawn from this theory may well be stated. 
These are: 
1. The waves which emanate from the vertical oscil-

lator are horizontally polarized electromagnetic waves. 
2. The energy of these waves will diminish as the 

square of the distance from the oscillator, if the surface 
of the earth be assumed to be flat. 
3. The energy of the waves is greatest at the earth's 

surface and diminishes gradually as the point of ob-
servation is raised above the earth's surface. 
4. The waves do not induce currents in the earth's 

surface, except when the surface deviates from the 
equatorial plane of the system formed by the vertical 
oscillator and its electrical image. 
5. At points where the earth's surface is at an angle 

to the equatorial plane of the system formed by the 
oscillator and its electrical image, the currents which 
will be induced in the earth's surface tend to bend the 

1 Oliver Heaviside, "Heaviside's Electrical Papers," vol. 2, p. 326. 

wave front at the earth's surface into a position normal 
to that surface. 
6. In consequence of the tendency of the wave front 

at the earth's surface to maintain itself normal to that 
surface, the waves will not necessarily travel in straight 
lines, but will tend to follow the earth's surface, what-
ever be its contour. 
7. Owing to the fact that when the waves meet ir-

regularities in the earth's surface, currents are de-
veloped in that surface which dissipate a portion of the 
energy of the waves, the energy of the waves will, in 
general, be better conserved when the transmission 
takes place over the surface of the sea than when it 
takes place over land, and more particularly when the 
land is mountainous or heavily wooded. 
The first four consequences of the electrical image 

theory, above cited, follow directly from the ordinary 
theory of the Hertz oscillator, while the sixth and 
seventh consequences cited above are self explanatory. 
It therefore remains to consider the fifth consequence. 
For this purpose it will be sufficient to consider what 
happens to the wave front when a plane-polarized 
electromagnetic wave falls upon a conducting surface 
inclined at a definite angle to the plane of the electric 
force and at a definite angle to the plane of the magnetic 
force. Under those conditions, only that component of 
the electric force which is parallel to the conducting 
surface is effective in producing a current in the surface, 
and the energy of this component of the electric force is 
therefore dissipated or redistributed, partly in the form 
of heat in the surface and partly in a reflected wave 
which travels off in a direction normal to the surface. 
The remainder of the electric force of the primary 

wave at the conducting surface is therefore normal to 
that surface. 
That component of the magnetic field at the conduct-

ing surface which is normal to that surface likewise 
tends to develop a current in the surface, and its energy 
is likewise redistributed in the form of heat and in the 
production of a reflected wave. The remaining magnetic 
force of the primary wave at the conducting surface is 
therefore parallel to that surface. The direction of 
motion of the primary wave must be normal both to the 
magnetic force and to the electric force, and will there-
fore be parallel to the conducting surface. It follows, 
therefore, that the electromagnetic waves of wire-
less telegraphy emanating from a vertical oscillator 
grounded at its lower extremity will pass over and 
around hills and other irregularities in the surface of the 
earth, and that they will also follow the general curva-
ture of the earth. 
The electrical image theory lends itself to the explana-

tion of most of the phenomena of wireless telegraphy in 
a gross and qualitative way, for it is not, in general, a 
very difficult task to make the surface of the earth in 
the immediate neighborhood of the oscillator highly 
conductive, and at greater distance from the oscillator 
the current density in the surface of the earth is so 
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slight that the conductivity need be but slight in order 
to guide the waves without great loss of energy. This 
theory is, however, ill-adapted to give quantitative re-
sults, and particularly the class of quantitative results 
most desired by the wireless telegraph engineer, for he is 
as much, if not more, interested in the currents and 
potential in the vertical oscillator as he is in the field 
surrounding the oscillator. Moreover, the vertical oscil-
lators best adapted for wireless telegraph purposes are 
quite different from the Hertz dumbbell oscillator, and 
the field produced by the electrical oscillations of a 
system formed of one of these oscillators and its elec-
trical image would in many instances be difficult to 
predetermine. 
Some roughly quantitative results which may be 

predicted by this theory are: 
The rate of radiation of energy is caeteris paribus 

proportional to the square of the length of the oscillator, 
the square of the quantity of electricity set in motion 
in the oscillator, and the fourth power of the frequency 
of the oscillations. 
If we assume that the receiving vertical oscillator is 

exactly similar to the transmitting oscillator, and is as 
good an absorber as it is a radiator, then the energy 
received should be directly proportional to the fourth 
power of the lengths of the oscillators and inversely pro-
portional to the square of the distance separating them, 
and we should therefore expect that with a receiver of a 
given sensitiveness, i.e., requiring a given amount of 
energy to operate it, the distance to which transmis-
sion could be carried on between these two stations 
would caeteris paribus be proportional to the square of 
the lengths of the oscillators at the two stations.' 

PART II—WORKING THEORY 

When the effects of radiation may be neglected, it is 
in general not excessively difficult to predetermine the 
electrical vibrations in simple electrical systems. The 
problem is then much the same as that of determining 
the mechanical vibration of mechanical systems, and 
the modes of attacking such problems have been ex-
haustively treated and are to be found in the litera-
ture.m.' 
In wireless telegraphy, however, the damping of the 

vibrations in the vertical oscillator is almost wholly due 
to the radiation of energy from the oscillator, and the 
effect of this radiation cannot be neglected, whether the 
oscillator considered be a transmitting or a receiving 
oscillator. It is often possible, however, to use the same 
mathematical methods in treating those cases which 
involve radiation as are applicable in the study of cases 
with no radiation, and in order to illustrate this point, 
a very simple system may first be considered. 

This relation between the lengths of the vertical oscillators and 
the distance to which transmission may be successfully carried has 
been empirically determined by Mr. Marconi and is termed "Mar-
coni's Law," by Professor Fleming. 

4 Lord Rayleigh, "The Theory of Sound." 
6 Oliver Heaviside 'Electromagnetic Theory," vol. 2, p. 69. 

Let a source of electromotive force be connected in a 
straight uniform wire at a point distant a from the end 
of the wire, which end shall be assumed to be insulated, 
and let the wire extend to infinity on the other side of 
the source. Such a system is illustrated diagramati-
cally in Fig. 5. 

Fig. 5 

In order to exclude the possibility of radiation from 
this wire, it may be assumed to lie in the axis of a per-
fectly conducting cylindrical shell. The conductor will 
then have uniformly distributed resistance, inductance, 
leakage, and permittance as in the case of a single wire 
cable. If now the electromotive force of the source 
vary abruptly by changing from one constant value to 
another, two waves of potential and current will be de-
veloped in the wire. This, of course, means two waves 
of electric and magnetic force about the wire. One of 
these waves will travel off from the source to infinity 
along the wire, carrying with it a portion of the energy 
developed by the source, while the other wave travels 
from the source to the insulated terminal of the wire, is 
there reflected, and returns along the wire past the 
source and on to infinity along the wire, taking with it 
the remainder of the energy developed by the source, 
with the exception of that which has been converted 
into heat in the wire. 
The distance apart of the two waves as they travel 

off to infinity will be four times the distance from the 
source to the insulated end of the wire, or if the distance 
between the two waves' fronts be designated by X, 
then 

X = 4a. 

It will be readily seen that the infinite wire to the 
right of the source shown in the system illustrated in 
Fig. 5, draws off the energy from the source and the 
rest of the system in much the same way as that in 
which the conducting surface of the earth is supposed to 
draw off the energy from the vertical oscillator in the 
electrical image theory considered 'in Part I of this 
paper. The wire to the left of the source may therefore 
be likened to the vertical oscillator, and the infinite 
wire to the right may be likened in its function to the 
infinite conducting plane of that theory. 
The operational solution of the problem just con-

sidered in the case of pure diffusion has been given by 
Heaviside' who also shows how such operational solu-
tions may be readily converted into the ordinary alge-
braic form, both in the case in which the impressed elec-
tromotive force varies as a simple harmonic function of 
the time, and in the case in which it abruptly changes • 
from one constant value to another. 
Let the impressed electromotive force be e. Let the 

resistance, inductance, leakage conductance and per-
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mittance per unit of length of the wire be respectively 
R, L, K, and S. 
Then if distances along the wire be measured from 

the insulated end of the wire and be designated by x, 
the potential for points to the right of the source will 
be: 

Vi = —  — co(o+x)) 
2 

and for points to the left of the source the potential 
will be: 

V 2 = — —  (e- 2(a- x)  e-q(a+x)) 

2 

where 

q = {(K + sp)(R  Lp)11/2. 

The corresponding currents are 

K + sp  =  (cocr-o) _  
R + Lp 

to the right, and 

+ sp 
C2 =  ,  (co(o-.) _ coco+x)) 

V R + Lp 

to the left. 
At the source the current is: 

vic + sp 
Co = ie  (1  

R + Lp 

At the source, the potential on the right and left of 
the source is 

to the right, and 

IT01 = le(1 — e-2 qa) 

Vo2 =  ie(1 +  
to the left. 
The resistance operator of the wire measured from 

the source to the right is: 

vci  /R+ Lp  
= - - = 
Co  V K + Sp 

while the resistance operator measured to the left from 
the source is 

1702 /R + Lp 1 ± E-2 " 

Z2 =  Co  =  4/   
K + Sp 1 — E-20°  

If e be a simple harmonic function of the time and 
of frequency n/27r, it is sufficient to substitute ni for p 
in the above expressions in order to algebraize them. 
In this case, therefore, 

( RK + LSO KL + RSV2 
Zi =   + in 

K2 + S2n2  K2 + S2n2) 

which shows that, so far as the currents and potential 
in the rest of the system are concerned, the infinite 
length of wire to the right of the source may be replaced 
by any device having dissipative resistance 

2(K2i-S2n2) 
(R2+L2n2)(K2+S2n2)+ RK+Ln)} 1/2 

and reactance:— 

{ 1 2(10-FS2n2) (.0R2+1 ,20 ))(10+s zn2‘ _ RK — Ln)} 1/2 

such device being grounded as shown in Fig. 6. Another 
arrangement which is the exact equivalent of the sys-
tems shown in Figs. 5 and 6, is shown in Fig. 7. 

a   
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Fig. 7 

If the wire be of copper and the frequency of e be 
sufficiently great, a condition always present in the 
vertical oscillators of wireless telegraphy Z1 reduces to 

(Lyn or by the relati  1 —  on S= Lv2 it further reduces to 

Lv where v is the velocity of light. 
Under these conditions, the device A of Figs. 6 and 

7, which takes the place of the infinite wire to the right 
of the source in Fig. 5, becomes a simple resistance of 
value Lv. 
This resistance is such as completely to absorb the 

energy of the waves which emanate directly from the 
source, and of those which are reflected from the insu-
lated end of the wire to the left of the source. It cor-
responds exactly, therefore, in its reaction on the rest 
of the system, to the reaction produced by the infinite 
extension of the wire to the right of the source in draw-
ing away the energy from the rest of the system. It 
may be likened to the reaction produced on the system 
by the complete radiation of its energy in each half 
period. 
To illustrate the application of the foregoing con-

siderations to an oscillator of known form, they may 
be employed to determine the relation between the im-
pressed force and current in the Hertz dumbbell oscil-
lator. 
In the case of this oscillator the energy radiated per 

second is 4)2n4/30, where 4:13 is the maximum electrical 
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moment of the oscillator expressed in absolute electro-
static units. The amplitude of the current is (13n/2a in 
the same units, 2a being the length of the oscillator; 
therefore, the value of the resistance which must be con-
ceived to be placed in the oscillator in order to simulate 
the effect of radiation from the oscillator is 8/3 cen2/v 
in absolute electromagnetic units, or 8a2n2/(9 X1012) 
ohms. The oscillator may now be treated as if it were a 
circuit from which there is no radiation, but having re-
sistance 

inductance 

8 a2V2 
2Ra + R' = 2Ra ± — 

3  v 

L' = 4a(log, 1±.1 - --3-) 
p  2 

and permittance 

r 
b' = — I 

2v 2 

, 

where p is the radius of the wire connecting the two 
spheres of the oscillator and r is the common radius of 
the spheres. If then eo be the amplitude of the impressed 
simple harmonic force which maintains the oscillations 
of periodicity n = 27r/ T and co be the amplitude of the 
resulting current: 

1 ) 1 112 

Co {(2Ra + R')2 ± (L'n - --Ts n co 

which suggests the more general expression 

1  8 a2 

3 v 

Where, as before, p stands for the operation of differ-
entiation with respect to time, p-1 for the inverse opera-
tion of integration with respect to the time, and where 
R is the true dissipative resistance per unit of length of 
the wire connecting the spheres of the oscillator. It 
should be carefully noted, however, that the mathemati-
cal solutions so far obtained for the field of force about a 
Hertz oscillator are only applicable when the length of 
the oscillator is a small fraction of one-half of the length 
of the wave radiated by it into space. When this condi-
tion is fulfilled, the oscillator may be regarded as a 
straight current element of length 2a, the current at 
every point of which is 43n/2a. The expressions for the 
field at great distances from the oscillator are then ap-
plicable, as are therefore also the expressions for the 
energy radiated. 
Since a straight linear oscillator is the equivalent of 

an infinite number of such current elements varying in 
lengths from zero to the full length of the oscillator, the 
field at a distance from such an oscillator may be de-
termined as the vector sum of the fields produced by 
the separate uniform current elements. 

By considering the straight linear oscillator as com-
posed of a limited or finite number of uniform current 
elements the field at a distance from the oscillator and 
the energy radiated may be determined to any desired 
degree of precision for any given or assumed distribu-
tion of current along the oscillator. The value of R', or 
what may be termed the resistance equivalent of the 
radiation, may then be determined, and the relation of 
impressed electromotive force to the currents and po-
tentials along the oscillator may thereafter be treated 
as if there were no radiation from the oscillator, as in 
the case of the Hertz oscillator considered above. 
The exact predetermination of the distribution of cur-

rent and potential in a linear oscillator consisting of a 
straight wire of length 2a, alone in space, or of a straight 
wire of length a normal to the earth's surface and con-
nected to the earth at its lower extremity, presents grave 
difficulties which as yet have not, as far as I am aware, 
been completely overcome. Fortunately, however, a 
great variety of cases in modern wireless telegraphy 
may be readily treated with sufficient precision for engi-
neering purposes upon the assumption that the waves of 
potential and current travel along the conductor of the 
verti,:al oscillator with a constant velocity v. 
The distribution of current and potential in a straight 

wire grounded at its lower extremity through a source 
of electromotive force e and through a system A whose 
resistance operator is Zo as illustrated in Fig. 6, may 
next be considered under the above-mentioned assump-
tion. In this instance, it will be convenient to regard 
distances as measured from the earthed terminal of the 
oscillator. 
The circuital equations for the wire are then: 

dV  dC 
- —  = LpC and - — = SpV 
dx  dx 

from which flow 

(121, p2 (12C  p2 
— = — V and — = — C. 
dx2 v2 de  v2 

The most general solution of these equations is 

P  P 
V=A cosh — x ± B sinh -- x 

v  v 

1  P 
C = — — ( Lv B cosh — x + A sinh ±- x). 

v  v 

At x =a, C=0, 

P 
... B = — A tanh — a. 

V 

At x =0, V0 =A and 

A  P 
Co = — tanh — a 

Lv  v 

Vo P 
— = Lv cosh — a. 
Co  v 
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This is the resistance operator measured from the 
source in the direction of the insulated end of the wire 
and shall be designated by Z. 
It follows that 

Cp = ---
Z  Z0 

eZ  eLv 
  and B =    
Zo Z  Zo  Z 

eZ 
V =  (Z cosh  x — Lv sinh 

Zo Z 

Co = 
Lv(Zo Z) 

(Lv cosh — x — Z sinh — x). 

—P 

In the simple harmonic regimen, p = in and the hyper-
bolic functions are converted into the corresponding 
circular functions. 
The chief interest to the engineer lies in the functons 

Z and Zo, and more particularly in the former which be-
comes 

— Lv cot — a 
1 

or — — cot -- a. 
Sv 

We see that Z vanishes when n=m(rv/2a), where m 
is any integer. This corresponds to the case of mX =4a 
where X is the length of the waves on the wire. For the 
fundamental or gravest mode of vibration of the oscil-
lator, m=1 and X =4a. 
It appears, therefore, that for oscillations graver than 

the fundamental of the oscillator formed by the wire 
per se and its electrical image, the reactance Z is nega-
tive or a capacitance or permittance reactance, whereas 
for periodicities higher than that of such fundamental 
the reactance of the oscillator becomes positive, or an 
inductance reactance. In other words, the reactance of 
the wire measured at the source or driving point of the 
system may be the equivalent of a capacitor of capaci-
tance. 

1  n  Sv  it 
S' = — tan — a = —  tan — a 

Lvn  v  n  v 

or of an inductance. 

Lv  n  1  n 
L i = —  cot —  a = —  Cot —  a 

Svn 

depending upon whether cot (n/v)a positive or negative, 
respectively. 
Curve 1, Fig. 8, shows the variation of the reactance 

Z, i.e., the reactance of the wire a of Fig. 6 per se for 
different periodicities n of the impressed force. 
Curves 2 and 3 of Fig. 8 show the equivalent capaci-

tance and equivalent inductance of the same wire for 
different values of the periodicity n of the impressed 

force, the equivalent capacity being shown by curve 3 
and the equivalent inductance being shown by curve 2. 
With regard to the resistance operator of the system 

A of Fig. 6, if this be a simple dissipative resistance Ro 

SP 

• 
io 
s 

3 

ry 2 
IM  

2 

(  
3 

r 

 1( 

Fig. 8 

then Z =Ro-FR'. If it be coil of resistance Ro and in-
ductance Lo, zo= Ro+Lop+R'. If there be a condenser 
of permittance So in sequence with the coil, then 

1 
Zo = Ro + Lop +  R', 

and if the condenser be in parallel with the coil, 

1 + Rosop + Losop2  
—  + R'. 

Ro LoP 

In every case the resistance equivalent of radiation 
must be added to the resistance operator of the system 
A. For the high values of the time rate of change of cur-
rent employed in wireless telegraphy, 

Zo = R'  Ro, 

Zo = R'  Lap, 

1 
Zo = R'  Lop + — 

sop 

or 

So 
Zo = R'  Ro— — sop, 

Lo 

for the four cases considered above. 
For more complex systems the resistance operator 

may be readily determined by the simple operational 
method devised by Heaviside. The algebraizing in the 
case of a simple harmonic regimen is also easily ac-
complished by the substitution ni for p. 
The foregoing treatment applies more specifically to 

a transmitting linear oscillator. In the case where the 
oscillator is employed for receiving, the circuital equa-
tions become: 
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000 

dV  dC 
E — —  = LpC and — —  = Spv  {E — -1)—(B cosh .1± x + A sinh 

dx  dx 

in which E is the induced electromotive force per unit 
of length of the wire. 
From these equations result 

d2 V  p2  d2C  p2 
—  = -- V and —  = — C — Esp. 
dx2 v2 dx2 V2 
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The general solution is: 

. P 
V=A cosh — x  B smh  x 

1 
C 

Lp 

At x = a, C = 0  B = 

E — A — P sinh — P a 

— cosh — a 

At x=0, Vo =A = —ZoCo 

Co = E 

cosh — a — 1 

x)} 

Lp cosh — a ± Zo sinh — a 
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In the foregoing the explicit assumption has been 
made that the inductance and capacitance are uniformly 
distributed along the oscillator and that the velocity of 
propagation of the waves along the oscillator is equal 
to that of light. This was done in order to simplify the 
mathematical analysis, and to present the theory in a 
concrete and easily understood form; but these condi-
tions do not completely limit the applications of the 
formulas deduced, for it is capable of demonstration that 
even when L and S are functions of x provided only 
that the ratio of L/S be independent of x, then though 
the velocity of the waves will vary from point to point 
along the oscillator, yet there will be no reflection of the 
waves except at the ends of the wire, and the most im-
portant function, namely Z, the resistance operator of 
the oscillator does not change its form. It is sufficient, 
under these circumstances, to substitute a' for a in the 
expressions for Z, and Co where a/v = a' iv', v' being the 
average velocity of the waves along the oscillator. 
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Another important case which may occur is that in 
which L and S are both functions of x, but in which the 
product LS is constant. Under these conditions, the 
quantity 1//LS which is of the nature of a velocity, is 
constant along the oscillator, but reflection takes place 
at every point, giving rise to a variable wave velocity. 
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The solution in this case is no longer of the same form as 
that considered above, but may be readily obtained in 
the form of cylindrical harmonics, provided L and S 
are respectively proportioned to es and x-"" where m is 
any quantity integral or fractional; positive or negative. 
Some writers have regarded the vertical oscillator as a 

simple capacitance area. This is obviously inadmissible. 
The first approximation to a more complete theory is 

to regard the vertical oscillator as a capacitance area 
connected to the earth through an inductance. This 
mode of treatment corresponds to the first approxima-
tion to the theory of the transverse vibration of a 
stretched string in which the mass of the string is as-
sumed to be collected at its center. 
The theory here outlined corresponds to the second 

approximation to the complete theory of the transverse 
vibrations of a stretched string in which the mass is 
assumed to be uniformly distributed along the length 
of the string. 
It is not to be expected that the results of experi-

ments should verify in all details the conclusions to be 
drawn from the theory which has been presented, but all 
the most important characteristics of the behavior of a 
vertical oscillator as indicated by this theory are found 
to be confirmed by certain experiments, the results of 
which are presented to you in the form of curves in Figs. 
9, 10, 11 and 12. 
These curves need no explanation, the title of each 

showing sufficiently clearly its purport. 
Figs. 11 and 12 are the most instructive, showing as 

they do very clearly the increase of the apparent 
capacitance of the oscillator as the frequency of the 
oscillations is gradually increased and the tendency of 
this apparent capacitance to become infinite as the fre-
quency of the oscillations approaches the frequency of 
the fundamental of the oscillator per se. 

Mr. Stone expressed his thanks to the United States 
Naval authorities at Washington, and very particularly 
to Captain E. K. Moore, for the courtesy he had re-
ceived in being permitted to use the 180-foot wireless 
telegraph mast of the Boston Navy Yard for the prose-
cution of the experiments the results of which he had 
just presented to the congress. 

A Proposed Loudness-Efficiency Rating for Loud-
speakers and the Determination of System Power 

Requirements for Enclosures* 
H. F. HOPKINSt AND N. R. STRYKERt 

Summary—Experimental and computed data relating to the loud-
ness contribution of various ranges of the frequency spectra of speech 
and music are correlated with the corresponding energy distribution. 
A relatively simple measurement of sound pressure and a knowledge 
of certain acoustic radiation phenomena are applied to this correla-
tion to form the basis of a method for predicting the loudness estab-
lished by loudspeakers in enclosures. A loudness-efficiency rating 
for loudspeakers is suggested, and its application to sound-system 
engineering problems is described. 

* Decimal classification: R265.2. Original manuscript received by 
the Institute, May 11, 1947; revised manuscript received, Septem-
ber 19, 1947. Presented, Chicago Convention, Society of Motion 
Picture Engineers, Chicago, Ill., April 21-25, 1947. 
t Bell Telephone Laboratories, Inc., Murray Hill Laboratory, 

Murray Hill, N. J. 

INTRODUCTION 

..1,lOR SOME TIME those associated with the in-dustrial application of acoustics have expressed 
the need for a loudspeaker rating directly related 

to the loudness that the instrument can produce under 
specified acoustic conditions. Assuming that the suit-
ability of a loudspeaker for its intended use has been 
determined on the basis of a full appraisal of its various 
attributes, this paper is confined to the problem of de-
fining its loudness, discussing in detail a study of factors 
involved in establishing a practical loudness rating, and 
presenting a method for applying it. 
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Certain factors based on the theory of loudness'.' 
are used in developing the relationships involved in this 
study. Loudness is a subjective function, and requires 
considerable experimental data before it can be quanti-
tatively expressed. Such data have been compiled, 
although not all are available in published form. Sound 
intensity, on the other hand, is very generally under-
stood, and is commonly obtained from a measurement of 
sound pressure. The relationship of loudness and in-
tensity is complex, but is readily derived using physical 
factors which have been determined experimentally. 
Since the energy spectrum of the reproduced sound 
must be known in determining the loudness contribu-
tion of specified frequency bands, the present discus-
sion will be limited to speech and music, for which such 
data are available. These are, of course, the most com-
monly reproduced sound spectra. 
The conclusion is that a relatively simple measure-

ment of sound pressure can be used to determine the 
loudness efficiency of a loudspeaker. This measurement 
must be related to the total acoustic output of the in-
strument, and, therefore, the directivity must be de-
termined. The loudness-efficiency factor thus obtained 
can be used to determine the loudness per available elec-
trical watt in any enclosure for which the acoustic con-
stants are known. Sound levels, necessary for ade-
quate reproduction of speech and music, are established, 
and the power requirements for any specified enclosure 
are readily determined. Certain simplifications have 
been introduced in the interests of practicability. 

DETERMINATION OF LOUDNESS-EFFICIENCY RATING 

Theory 

The intensity-versus-frequency distribution in aver-
age speech for men and women has been published by 
French and Steinberg.3 The data are shown in curve A, 
Fig. 1, in the form of the intensity per cycle throughout 
the frequency range for a maximum r.m.s. intensity 
level of 78 db over 0.25-second intervals. This is a rep-
resentative level* existing at a distance of 2.5 feet from 
the lips of a person talking conversationally. Curves B 
and C indicate the intensity-versus-frequency distribu-
tion for music played by a 15- to 18-piece and by 75-
piece orchestras at intensity levels of 96 and 106 db, 
respectively.6.6 These levels7 are representative and 
exist at a distance of 30 feet from the source. As shown 

1 H. Fletcher and W. A. Munson, "Relation between loudness and 
masking," Jour. Acous. Soc. Amer., vol. 9, pp. 1-10; July, 1937. 

2 H. Fletcher and W. A. Munson, "Loudness, its definition, meas-
urement, and calculation," Jour. Acous. Soc. Amer., vol. 5, pp. 82-
108; October, 1933. 

N. R. French and J. C. Steinberg, "Factors governing the intel-
ligibility of speech," presented May, 1945. Jour. Acous. Soc. Amer., 
vol. 19, pp. 90-120; January, 1947. 

76 db at a distance of 1 meter. 
6 L. J. Sivian, H. K. Dunn, and S. D. White, "Absolute ampli-

tudes and spectra of certain musical instruments and orchestras," 
Jour. Acous. Soc. Amer., vol. 2, pp. 330-371; January, 1931. 

6 H. Fletcher, "Hearing, the determining factor for high-fidelity 
mission," PROC. I.R.E., vol. 30, pp. 266-277; June, 1942. 

104 and 94 db at a distance of 10 meters. 

later, the sound meter and volume indicator, which 
integrate over 0.25-second intervals, will indicate levels 
10 db below those given above, when used to indicate 
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Fig. 1—Intensity-versus-frequency distribution for 
speech and music. 

long r.m.s. intensity levels over intervals much greater 
than 0.25 second. On Fig. 2 the data for speech and 
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Fig. 2—Percentage of intensity and loudness below any frequency in 
the spectrum for speech or music. 

music are replotted in terms of the percentage of in-
tensity in the frequency band below each frequency of 
the abscissa. An average curve which is assumed to be 
sufficiently representative for either speech or music is 
also shown. The data for speech are more comprehen-
sive than those for music, but, because of the similarity 
of the two spectra, it is believed that the average should 
provide a good compromise on which to base an over-all 
loudness rating. 
Experimental speech data from unpublished work of 

W. A. Munson and given very briefly by Fletcher' are 
shown by the dots on Fig. 2 in terms of the percentage 
of loudness in the frequency band below each frequency 
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of the abscissa. Employing curve A of Fig. 1 and the 
methods outlined by Fletcher and Munson,' loudness 
computations for speech were made. The results are 
plotted on Fig. 2. The computed and experimental 
data for speech agree quite closely. Therefore, it may 
be assumed with reasonable confidence that the same 
method of calculating loudness may be applied to other 
sound spectra such as those indicated for music. Apply-
ing this method to curves B and C of Fig. 1, an average 
curve for music is shown on Fig. 2. A representative 
average of the curves for speech and music is also 
shown. It is observed that the average curve for in-
tensity differs greatly from that for loudness. The 
loudness-versus-frequency distribution will vary some-
what with intensity. Between intensity levels of 90 to 
110 db for music and 70 to 90 db for speech, however, the 
maximum variation is only 2 per cent. The intensity 
levels employed in this analysis are 78 db for speech 
and 101 db for music. 
If the relationship between loudness and intensity for 

these typical high-level sound spectra can be estab-
lished, a simple acoustic measurement involving the 
intensity may be made indicative of the loudness. The 
intensity of any part of a sound spectrum is equal to the 
product of the frequency bandwidth and the average 
intensity per cycle within that band. Thus, for a flat 
sound spectrum, equal frequency increments would 
contribute equal proportions of the total intensity. 
The loudness contributions for the various frequency 
increments, as indicated on Fig. 2, however, differ 
materially from the intensity contributions in the same 
frequency increments. Therefore, an intensity measure-
ment will be proportional to loudness only if the in-
tensity contributions of the frequency bands are prop-
erly weighted. 
Complicated relationships between sound intensity 

and loudness exist for complex, intermittent sounds 
such as those involved in speech and music. Since we 
are here concerned with a limited range of sound levels 
and loudspeakers having relatively uniform response, 
some simplification can be attained by neglecting cer-
tain factors in the general loudness theory. This leads 
to the conclusion that, within certain limits, a sufficient 
approximation of loudness may be determined from a 
loudness-versus-intensity relationship involving only 
frequency weighting. This relationship may be derived 
from the curves of Fig. 2, establishing a frequency-
weighting factor which, when applied to a sweep-fre-
quency band, reduces equal sweep-time intervals to 
equal proportions of the total loudness. Applying this 
sweep-frequency band to a loudspeaker, a single meas-
urement of the resulting sound pressure can be used as 
a measure of loudness for the intensity-level ranges 
specified above. Experimental verification of this pro-
cedure is presented later. 
A frequency band having a range of 100 to 6000 

cycles includes 96 per cent of the loudness spectrum. 
Ten frequency bands in this range which contribute 

equal loudness increments may be selected, as shown 
on the abscissa of Fig. 3, with midfrequencies as indi-

9 
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Fig. 3—Midfrequencies of ten equal loudness bands. 

cated on the curve. The data from this curve may be 
utilized to establish the time rate of frequency change 
for a weighted sweep-frequency band, since the fre-
quency sweep in each of these ten loudness increments 
should occur during an equal time interval. This rela-
tionship is shown by the curve of Fig. 4, the slope of 

woo 

10 20 30 40 50 60 70 80 60 100 TM( INTERVAL MN ONE FREQUENCY SWEEP IN PUNT 
Fig. 4—Frequency-versus-time modulation for loudness 

weighting. 

which indicates the rate of frequency change in a sweep-
frequency band which, when applied to a loudspeaker, 
will permit a pressure measurement to be made that is 
representative of loudness. This measurement of pres-
sure must be related to the total acoustic output of the 
loudspeaker. 
The total acoustic power radiated from a loudspeaker 

is a function of the size and shape of the radiating area 
as well as of the frequency. If the radiating area is a 
point source the total power is easily derived, because 
the spatial energy distribution is uniform throughout a 
solid angle of 47r steradians. As the size of the radiating 
area of the practical loudspeaker is increased, it becomes 
more directional. Other investigators " have derived 

$ Lord Rayleigh, "Theory of Sound," Macmillan Publishing Co., 
New York, N. Y., vol. II, 1896. 

H. 0. Stenzel, Elec. Nach. Tech., vol. 6, pp. 165-181; August, 
1927. 

10 H. 0. Stenzel, Elec. Nach. Tech., vol.4, pp. 239-253; June, 1927. 
11 I. Wolff and L. Malter, "Directional radiation of sound," Jour. 

Acous. Soc. Amer., vol. 2, pp. 201-241; October, 1930. 
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the means for the determination of the total power 
radiation from a line or a rigid disk radiator located in 
an infinite baffle. Since all types of loudspeakers are not 
located in an infinite baffle, the total power radiation 
must be obtained for other boundary conformations. 
For a given electrical input, the axial pressure is a func-
tion of the efficiency of the loudspeaker as well as of its 
boundary conformation. Consequently, pressure meas-
urements on the axis of a loudspeaker are indicative of 
the total acoustic power radiated only if a proper cor-
rection factor for the directivity of the device can be 
determined. 
Considering these facts, let us assume first that the 

loudspeaker is a point source of sound located in free 
space. An electrical power W. is supplied over the 
loudness-weighted sweep-frequency range of 100 to 
6000 cycles. The rate of frequency change is assumed to 
be in accordance with the slope of the characteristic of 
Fig. 4. The axial sound pressure pa., in dynes per square 
centimeter, as indicated by a thermal meter, is de-
termined at a distance of 30 feet from the source. The 
reason for choosing a test distance of 30 feet will be 
made evident later. 
The sound intensity in watts/cm.2, for an electrical 

power of W. watts, is 

Iaz = 
PC 

X 10-2 . (1) 

The intensity level in db relative to reference intensity 
(10-" watts/cm.2) is 

= 10 log I + 160  (2) 

or the pressure level in decibels 

= 20 log po. 4- 74.  (3) 

Then the total loudness-weighted acoustic power radi-
ated, in watts, is 

WL = Ss X Iss  

or, if the pressure pa. is used, 

s,p.2 

WL —  X 10—v  watts 
PC 

(4) 

(5) 

in which 
S. =surface of a sphere in cm.2 having a radius of 30 

feet. 
= 10.5 X 106cm.2 or 70.2 db relative to 1 cm.2 

pc=characteristic plane-wave impedance of air in 
mechanical ohms/cm.2. If a reference pressure pc 
of 0.0002 dynes per square centimeter is assumed 
at a reference intensity /0 of 10-16  watts/cm.2, a 
value of 40 mechanical ohms per square centi-
meter follows for pc. pc does not actually attain 
this value for typical atmospheric conditions, but 
the error due to this assumption is only a few 
tenths of a decibel. 

Defining W. as the power capacity" of the loud-
speaker in watts, the total loudness-weighted acoustic 
power per available electrical watt input is 

WL, = 
S a I a Z 

w.c 
(6) 

Then L., the loudness-weighted acoustic power level in 
db relative to 1 acoustic watt per available electrical 
watt, is 

L.= 10 logio WL. = 10 logio Sill ax  
will 

= 1,1„, — 160 + 70.2 — k 

= Lra. — 89.8 — k (7) 

where k= 10 logie W.c. 

In terms of the pressure pa., 

L. = 20 logio — 15.8 — k.  (8) 

Equations (7) and (8) apply to a point source, which 
is a convenient reference because maximum power is 
radiated throughout the entire frequency range for a 
given axial intensity. The acoustic power radiated 
from a loudspeaker, which is a source of finite size, can 
be expressed in terms of its ratio to that radiated from a 
point source. This ratio, K1 expressed in db, may be 
termed the loudness-directivity index, and can be ap-
plied as a correction factor in (7) or (8). Since loudness-
weighted sweep-frequency power has been assumed in 
determining the effective pressure, either of these equa-
tions may be used to derive a loudness rating for loud-
speakers. Thus L., the intensity level in db relative to 1 
acoustic watt per available electrical watt, is 

L. = Laz — 89.8 — k — ICI,  (9) 

12 Considerable thought has been given to an appropriate rating 
for electrical power input to a loudspeaker. Recently the available-
power method has been gaining wide acceptance because of certain 
simplifications in measurement which result from its use. By this 
method, the power is defined as that delivered to a resistance R 
equal to the rating impedance of the loudspeaker from a source of 
constant voltage E in series with a resistance also equal to the rating 
impedance. The power available is then E2/4R, and when power to 
the loudspeaker is referred to, this quantity is meant. 
The power capacity of a loudspeaker is then the maximum avail-

able power at which satisfactory operation of the instrument may 
be obtained. Depending upon the type of loudspeaker, the power 
capacity may be limited, due to distortion or mechanical breakage. 
Tolerable distortion may be determined by listening tests or meas-
urements, and the value will depend on the requirements involved in 
the specific type of application. There appears to be no standardized 
procedure for determining the safe operating point from the stand-
point of mechanical failure. At Bell Telephone Laboratories, we have 
been testing in a manner which appears to insure mechanical stability 
but which may result in a conservative rating as compared to other 
methods. For direct-radiator devices, a uniform sweep-frequency 
band from 50 to 1000 cycles is applied to the loudspeaker set up in 
the recommended operating condition. The power capacity of the 
loudspeaker is then considered to be the maximum available power 
at which no failures occur in a continuous testing period of 100 hours. 
No ambient temperature is specified except where special applications 
are involved. For horn-driver units, a sweep frequency 2000 cycles 
wide whose lowest frequency is 100 cycles below the lowest resonant 
frequency of the loudspeaker is used. This assumes that the unit is 
equipped with a recommended horn. Since no standardized method 
for determining the power capacity of loudspeakers exists at the 
present time, W„, may be considered to be the manufacturer's rating 
of his product. 
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or the total loudness-weighted acoustic power per avail-
able electrical watt is 

L. 

W Le = M O •  (10) 

The term loudness-efficiency factor LR has been se-
lected as a suitable expression for rating the loudness of 
a loudspeaker. Thus, 

LR = 100W L. in per cent.  (11) 

This factor provides an expression for the loudness 
efficiency of a loudspeaker which may be obtained from 
a simple measurement of the axial sound pressure in a 
free field for a weighted sweep-frequency power supply, 
and is suitable for determining the amplifier power and 
the number of loudspeakers required for a specified 
sound-system installation. 
The correction factor K1 used in (9) has been termed 

the loudness-directivity index, and may be defined as 
the ratio, expressed in decibels, of the total loudness-
weighted power radiated by a loudspeaker to that radi-
ated by a point source producing the same axial pres-
sure. It is possible to compute the total acoustic power 
from most radiating devices at any specific frequency. 
The ratio of this power to that radiated by a point source 
producing the same axial pressure, expressed in decibels, 
may be defined as the directivity index. Since the direc-
tivity index of a loudspeaker is a function of the shape 
of the radiating area and its boundary conditions, as 
well as of the frequency, these factors must be taken 
into account in determining the loudness-directivity 
index. If the directivity index of a given radiating device 
be computed for each of the ten midfrequencies of the 
equal loudness bands shown on Fig. 3, the loudness-
directivity index may be computed as shown by (53) in 
the Appendix. 
Although loudspeakers exist in a wide variety of 

shapes, the radiating areas, in general, are simple geo-
metric forms, either baffled or unbaftled, most of which 
lend themselves to theoretical analysis. Various types 
of loudspeakers used in practice are described in the 
Appendix, and derivations of their loudness-directivity 
indexes are given. 

Determination of Test Sweep-Frequency Power 

The test-frequency range of 100 to 6000 cycles, which 
includes 96 per cent of the loudness range, was used for 
accuracy in computing the loudness-directivity index K1. 
In order to attain simplicity in the measuring equip-
ment, a modification in the width of the test sweep-fre-
quency band can be made without materially affecting 
the results. Fig. 2 indicates that 75 per cent of the loud-
ness as well as the intensity of speech and music occurs 
between 300 and 3300 cycles (only 1.3 db less than the 
total). A sweep-frequency band of this width would 
appear to provide a range adequate for a pressure 
measurement indicating loudness. The frequency-versus-

time relation providing a loudness-weighted sweep band 
is indicated by the "NORMAL" curve of Fig. 5. The 
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Fig. 5—Frequency-versus-time relations of 300- to 3300-
cycle sweep band. 

rate of frequency change is not linear and would re-
quire a specially shaped capacitor plate in a frequency-
modulated generator. It appears desirable from a prac-
tical standpoint to make this frequency variation linear 
throughout the range, as indicated by the "LINEAR" 
curve of Fig. 5. A linear frequency sweep can be made 
to produce the same pressure or intensity level as the 
"NORMAL" frequency sweep if the proper corrective 
electrical network is inserted in the output circuit of 
the generator. Equalization for this purpose was com-
puted using the average curve of loudness for speech 
and music shown on Fig. 2. The computed curve as well 
as the frequency characteristic of a suitable equalizer 
providing a close approximation are shown on Fig. 6. 
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Fig. 6—Loudness-weighting equalization for a linear frequency-
versus-time sweep band. 

A schematic of this equalizer is also shown on t h e figure. 
A possible alternative source of power might be a fiat 
noise spectrum equalized in this manner. 
A sweep-frequency band is a frequency-modulated 

signal in which discrete frequency components result 
throughout the entire bandwidth, as pointed out by 
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other investigators.1 '5 The amplitude and the number 
of components are dependent on the modulation index, 
which is a function of bandwidth and the rate at which 
the carrier is modulated. The form of the envelope of 
the components is of great importance in this problem. 
The most uniform amplitude envelope and the maxi-
mum number of components occur for a linear fre-
quency-versus-time relation having a unidirectional fre-
quency sweep, a sawtooth envelope, and a high modula-
tion index. A reciprocating frequency sweep such as that 
shown on Fig. 7(a), with a sweep rate of 6 per second, 
produces 500 components having an envelope of the 
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Fig. 7—(a) Frequency-versus-time relation for a linear reciprocating 
sweep, (b) Envelope of the components of the sweep band of (a). 
(c) Envelope of the components of the sweep band of (a) with 
loudness-weighting equalization. 

11  J. R. Carson, "Notes on the theory of modulation," PROC. 
I.R.E., vol. 10, pp. 57-66: February, 1922. 

14  Balth van der Pol, "Frequency modulation," PROC. I.R.E., vol. 
18, pp. 1194-1205; July, 1930. 
ls W. R. Bennett, unpublished memorandum, Bell Telephone 

Laboratories, Inc. 

form shown on Fig. 7(b). With the equalizer in circuit, 
the envelope is modified as shown by Fig. 7(c). 

Experimental 

In order to justify the validity of this method, the 
loudness rating of a series of loudspeakers representing 
a wide range of response-versus-frequency character-
istics was determined experimentally. The loudness of 
these loudspeakers relative to that of a reference condi-
tion as judged by a number of observers was also de-
termined for comparison with the measured loudness 
ratings. 
A Western Electric 728-B loudspeaker was used as 

a reference instrument. The loudspeaker system shown 
on Fig. 8, in which various test conditions could be ob-

REFERENCE 
LOU° SPEAKER 

Fig. 8—Test circuit for loudness observations. 

tamed by the use of networks, was used for these tests. 
The networks employed consisted of low- and high-pass 
filters and a network producing a 6-db-per-octave rise 
in the response of the test loudspeaker. This loudspeaker 
system consisted of a 6-db pad, the networks, a variable-
gain amplifier, and a 728-B loudspeaker having prac-
tically the same response-versus-frequency character-
istic as that of the reference unit. The system was con-
sidered as an individual loudspeaker for each circuit 
condition. The gain settings of the amplifier were dif-
ferent for each condition, to provide a range of effi-
ciencies. A D-173181 Western Electric loudspeaker, de-
veloped to provide high intelligibility under noisy con-
ditions, was included as an additional test unit. 
Response-versus-frequency characteristics for the 

reference condition and for each of the test conditions 
were made in a dead room at a distance of 3 feet from 
and on the speaker axis, and are shown on Fig. 9. The 
power supply and the sensitivity of the measuring cir-
cuit were held constant in each case. These data permit 
a determination of the efficiency in the passed band for 
each condition relative to that for the reference con-
dition. 
Using a source of sweep-frequency power having the 

characteristics shown on Fig. 7(b) and 7(c), the axial 
pressure pa., 3 feet from each speaker, was measured 
in the dead room for a range of input power, all measure-
ments being made with thermal meters. Over the range 
of power employed, a linear pressure-versus-power rela-
tion existed and, therefore, the effective pressure for 1 
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Fig. 9—Response-versus-frequency characteristics of loudspeaker used for the reference and test conditions. 

watt input was readily obtained for each test condition.  from (9), (10) and (11), are shown in Table I. It will be 
These data and the loudness-efficiency factors,computed  observed that the effective pressures for the unweighted 
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power supply deviate materially from those for the 
weighted conditions as the frequency range is decreased 
and the response is made less uniform. This deviation 
is negative for the low-pass and positive for the high-
pass filter conditions. The loudness-efficiency factor for 
each of the test conditions relative to that for reference 
condition is expressed in decibels in the last column of 
the table. If this method of rating loudspeakers is valid, 
the relative loudness of the loudspeaker conditions 
represented when judged by an observer listening to 
speech and music should confirm the data in this 
column. 
To provide the desired correlation of the measured 

data with aural observations, listening tests were con-
ducted in a room 26 X18 X12 feet. The observer was 
located 15 feet away from and in front of the reference 
and test loudspeakers, which were placed as closely as 
possible to one another at one end of the room. A switch 
was provided to permit a quick change to be made from 
the reference to the test condition. The source material 
consisted of selected speech and orchestral records. For 
all tests, the intensity level supplied by the reference 
speaker at the observer's position was maintained at 68 
db for speech and 91 db for music, as indicated by a 
sound meter. The power in the test loudspeaker was 
adjusted until the observer judged that reproduction 
from the reference and test loudspeakers was equally 
loud. Six observers made judgments for all conditions, 
while one judged only a few conditions. The resultant 
data are shown in Table II. The variation in loudness 
judgment among the observers is surprisingly small 
except in the cases where highly distorted systems are 
involved. The loudness for speech reproduction is ob-
served to be approximately the same as that for music 
for all low-pass filter conditions, but an increasing de-

parture from equality is shown to exist as the cutoff 
frequency of the high-pass filter condition is raised. 
In order to express the aural data in a form which 

permits comparison with the measured data, the ob-
servations for speech and music were averaged together 
for each condition. These data and the comparable 
measured data from Table I are shown in the last two 
columns of Table II. It is observed that very good agree-
ment exists for all except high-pass filter conditions 
having cutoff frequencies above 1100 cycles per second. 
It is doubtful if any loudspeaker having distortion as 
great as this would ever be used in any normal sound re-
producing system. The reason for the discrepancy that 
appears for the high-pass filter conditions will be made 
evident in later discussion. This experimental work indi-
cates that, from a practical standpoint, a satisfactory 
measure of the relative loudness for a wide range of 
loudspeaker conditions may be obtained by the pro-
posed method. 
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Fig. 10-Power input versus spectrum range of speech and music for 
equal loudness in a room. 

As indicated by the response curves of Fig. 9, the 
relative pass-band efficiencies are different for the van-

TABLE I 

LOUDNESS MEASUREMENTS OF REFERENCE AND TEST LOUDSPEAKERS 

Loudspeaker condition 

Reference-728-B #1 
1-728-B #2 
2-Condition 1 +3000,--,LP 
3-Condition 1+2100--,LP 
4-Condition 1 +1100,-4_ P 
5-Condition 1+ 700---,LP 
6-Condition 1+ 500---,LP 
7-Condition 1+ 230--'HP 
8-Condition 1+ 500,-,-,HP 
9-Condition 1+ 800,,-,FIP 
10-Condition 1-1-1100,-,,HP 
11-Condition 1 +1500,---,HP 
12-Condition 1+2100",-4-1P 
13-D-173181 
14-Condition 1+6-db-per-

octave network 

Effective Pressure 
pa. (dyne/cm.) at 3 feet for 
1 watt of sweep-frequency 

power 

Weighted 16  Unweighted 

Loudness 
directivity 
index K1 

Intensity level 
at 30 feet LI,„ 
in db relative to 
10-12  watts/cm.' 

Weighted 

19 
17 
14 
10 
6.0 
4.9 
4.0 
18 
13.7 
14.7 
12.0 
9.6 
6.2 
24 
9.2 

18.6 
16.2 
12.9 
9.0 
4.2 
3.5 
2.6 
17.6 
14.7 
15.7 
14.4 
11.3 
7.1 
27 
11.0 

7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
4.8 
7.0 

Loudness 
efficiency 
factor 
LR-% 

Loudness efficiency 
factor of test 
condition relative 
to that of the refer-
ence condition in 

db. 

79.6 
78.6 
76.9 
74.0 
69.9 
67.8 
66.0 
79.1 
76.7 
77.4 
75.6 
73.6 
69.8 
81.6 
73.3 

1.89 
1.51 
1.02 
0.525 
0.203 
0.126 
0.0825 
1.69 
0.966 
1.14 
0.75 
0.475 
0.205 
4.98 
0.477 

0 
- 1.0 
- 2.7 
- 5.6 
-10.0 
-11.8 
-13.5 
- 0.5 
- 2.8 
- 2.2 
- 4.0 
- 6.0 
- 9.7 
+ 4.2 
- 6.3 

16  Weighted in accordance with equalization of Fig. 6. These values were used in determining loudness-efficiency factors. 
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ous test conditions. The system was purposedly ad-
justed to provide these differences so that a range of 
loudness efficiencies would be encompassed by the tests. 
However, since the loudspeaker response is relatively 
flat, a fundamental loudness relationship of consider-
able interest may be shown by correcting the test con-
ditions for equal passed-band efficiencies. This is the 
condition that would exist if perfect filters were inserted 
in the transmission system. The aural data corrected in 
this manner were plotted as shown on Fig. 10 to indicate 

this relationship. The ordinates of the curves represent 
the power required for a loudspeaker having a limited 
frequency range relative to that for a loudspeaker of 
the same relative efficiency per cycle reproducing the 
complete spectrum of speech and music at equal loud-
ness. Since the response of the system is flat, the 
ordinates are also a measure of the relative intensity 
levels in the room. For the low-pass filter conditions, 
the curves are similar for speech and music. For the 
high-pass filter conditions, however, the relative in-

TABLE II 

LOUDNESS JUDGMENT TESTS 

Test condition versus ,   
reference condition 

Ratio in Decibels of Electrical Power in Reference Loudspeaker Relative to that 
in Test Loudspeaker for Equal Loudness 

Loudness efficiency 
factor of test 

condition  relative  to that of refer-
ence condition in 
decibels from 
Table I 

Ob- 
server 
1 

Ob- 
server 
2 

Ob- 
server 
3 

Ob- 
server 
4 

Ob- 
server 
5 

Ob- 
server 
6 

Ob- 
server 
7 

Average 
for all 
ob- 
servers 

Range of 
observa- 
tions in 
decibels 

Average 
for 
, speech  

and 
music 

1. 728-B #2 
Speech 
Music 

0 
0 

0 
0 

0 
0 

- I 
- 1 

- 1 
- 1 

- 1 
0 

- 1 
0 

- 0.6 
- 0.3 

1 
1 

- 0.4 - 1.0 

2. Condition 1+3000~LP 
Speech - 2 - 2.5 - 4 -,3 - 3 - 3 - 3 - 2.9 2 
Music - 4 - 4 - 3 - 3 - 1 - 2 - 2.7 3 

- 2.8 - 2.7 

3. Condition 1+2100~LP 
Speech 
Music 

- 7 - 4 
- 4 

- 5 
- 4 

-5.5 - 6.5 - 6 
- 8 - 8 - 8 

- 6 
- 8 

- 5.6 
- 6.2 

3 
4 - 5.9 - 5.6 

4. Condition 1+1100~LP 
Speech 
Music 

-11 
-11 

-10 
- 9 

-10 
- 9 

- 9 
-10 

- 9 
-10 

- 9 
-10 

- 9 
-10 

- 9.5 
- 9.8 

2 
2 

- 97 -10.0 

5. Condition 1+ 700-'LP 
Speech 
Music 

-12 -12 
-12 

-13 
-11 

-11 
-14 

-12 
-14 

- 8 
-10 

- 8 
-11 

-10.4 
-11.75 

5 
4 

-11.1 -11.8 

6. Condition 1+ 500-LP 
Speech 
Music 

-14 
-13 

-15 
-13 

-15 
-16 

-14 
-16 

-13 
-14 

-14 
-13 

-14.1 
-14.0 

2 
3 

-14.0 -13.5 

7. Condition 1+ 230-HP 
Speech 
Music 

- 2 - 1 
- 2.5 

- 1 
- 1 

- 2 
0 

- 1 
0 

0 
- 1 

- 1 
- 1 

- 1 
0.85 

2 
2.5 - 0.9 - 0.5 

8. Condition 1+ 480'-'HP 
Speech 
Music 

- 1 
- 2 

- 1 
- 2 

- 3 
- 3 

- 3 
- 3 

- 1.9 
- 2.5 

2 
1 - 2.2 - 2.8 

9. Condition 1+ 800-.HP 
Speech 
Music 

- 3 
- 1 

- 3 
- 1 

- 6 
- 2 

- 6 
- 1 

- 4.2 
- 1.2 

3 
1 - 2.5 - 2.2 

10. Condition 1 +1100~HP 
Speech 
Music 

-12 -10 
- 7 

- 9 
- 6 

- 5 
- 4 

- 5 
- 4 

-11 
- 7 

-12 
- 5 

- 7.8 
- 5.3 

7 
3 

- 6.4 - 4.0 

11. Condition 1+1500~HP 
Speech 
Music 

-10 
-10 

-11 
- 8 

- 9 
-10 

- 9 
-11 

-15 
- 4 

-14 
- 4 

-10.8 
- 7.2 

6 
7 

- 8.6 - 6.0 

12. Condition 1+2000~HP 
Speech 
Music 

-15 
-14 

-16 
- 8 

-13 
-11 

-13 
-10 

-20 
- 9 

-18 
- 7 

-15.1 
- 9.3 

7 
7 

-11.3 - 9.7 

13. D-173181 
Speech 
Music 

+ 2 + 1.5 
+ 4 

-1- 2 
+ 4 

-1- 3 
+ 4 

+ 3 
+ 4 

+ 2 
+4.0 + 5 

+ 2 + 2.2 
+ 4.2 

1.5 
1.0 + 3.1 + 4.2 

14. Condition 1 +6-db-per-
octave network 
Speech -10 -1 0 - 10 - 8 - 7 - 10 -  - 7 - 6.3 
Music - 7 - 7 - 5 - 8 - 4 - 4 - 5.5 4 
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tensities for speech differ materially from those for 
music for cutoff frequencies above 1000 c.p.s. due to the 
differences in their energy spectra. The point at which 
the high-pass and low-pass curves intersect represents 
the frequency at which the loudness is equally divided. 
This intersection point for speech occurs at a frequency 
of 1000 c.p.s. The reduction in intensity at this point 
is about 5 db, whereas Munson's earlier data, obtained 
with headphone receivers, indicated a value of 10 db. 
The only apparent explanation for this difference is 
that the acoustic environment existing when listening 
to a loudspeaker in a room is quite different from that 
existing when headphone receivers are used. 
The average curve from Fig. 10 has been replotted on 

Fig. 11 for comparison with similarly treated measured 
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Fig. 11—Averaged power input versus spectrum range of speech or 
music for equal loudness in a room, as determined by aural, meas-
ured, and computed methods. 

data and computed values. The computations were 
made using the applicable response-versus-frequency 
characteristics of Fig. 9 and the loudness-weighting 
characteristic of Fig. 6. The difference between the 
computed and measured data is due to the nonuni-
formity of the energy distribution with frequency in 
the sweep-frequency power applied as indicated in Fig. 
7. From the curves, it may be concluded that the choice 
of this type of sweep-frequency power results in meas-
ured values of relative loudness which are in close 
agreement with the aural data. 

ACOUSTIC POWER REQUIREMENTS IN ENCLOSURES 

When a loudspeaker projects sound into an enclosure, 
its acoustic performance as determined under open-air 
conditions is modified by the acoustic properties of the 
space, but the total power radiated is essentially un-
changed. If the enclosure has very high absorption, the 
direct energy predominates and the characteristics of 
the loudspeaker will be similar to those for open air. 
The more live the room becomes, the more the reflected 
energy will predominate and, therefore, the greater will 
be the effect upon the radiation from the loudspeaker. 
When a source of sound is started in a room, the 

energy spreads from the source and then strikes the 
various wall surfaces, where it is partially absorbed and 
partially reflected to other surfaces, where again it is 
partially absorbed and partially reflected. This process 
continues until the energy in the room builds up to a 

steady-state value, when the rate of absorption at the 
various surfaces and in the air is equal to the emission 
of energy from the source. At any point in the room, 
then, the energy density may be conveniently considered 
to be made up of two parts. One portion is contributed 
by direct radiation from the source and is equal to 
that which would be established at the point if the walls 
of the room were removed and the source were radiating 
into free space. The second portion is made up of energy 
which has been reflected one or more times from the 
various surfaces of the room. The first will be called 
the direct and the second the reverberant energy. 
The direct energy is distributed according to the in-
verse square law, while the reverberant may be con-
sidered as random in direction and uniform in distribu-
tion throughout the volume of the room. 
The total energy in a room in the steady state is taken 

as" 

4EV 
p „„V    

°IS Rc 

in which 

(12) 

V = volume of the room 
Pap= average energy density 
E =rate at which the source emits energy 
a =average absorption coefficient for the surfaces of 
the room 

SR =the total surface area of the room 
c = velocity of sound. 

This energy is made up of the total reverberant energy, 
assumed uniform in distribution, and the total direct 
energy. The reverberant energy is obtained by sub-
tracting from (12) the total direct energy which depends 
upon the directional characteristics of the source and 
the position of the source in the room. Thus, if the source 
radiates uniformly in all directions (a point source), the 
direct energy will be a maximum when the source is in 
the center of the room; while if the radiation is concen-
trated in a relatively small solid angle, the direct 
energy will be a maximum when the source is at the side 
of the room and the energy radiated toward the center. 
Let us assume that the direct energy is that contained 
in a sphere having the source at its center and a radius 
equal to the mean free path between reflections in the 
room."--2 ° Such a sphere will have a volume very nearly 
equal to that of the room for all rooms of reasonable 
proportions. The two volumes will be equal if the mean 
free path is taken as 0.63s VV, while accepted values 
of the mean-free-path range from 0.633-07 to 4 V/SR 

17  V.  0.  Knudsen, "Architectural Acoustics," John Wiley and 
Sons, New York, N. Y., 1932, p. 127. 

IS E. R. Eyring, "Reverberation time in 'dead' rooms," Jour. 
Acous. Soc. Amer., vol. 1, pt. I, pp. 217-241; January, 1930. 

19  See p. 137 of footnote reference 17. 
20 E. H. Bedell, unpublished work. 
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If we use the value 4 V/SR, the total direct energy con-
tained in such a sphere is 

4EV 
(13) 

where pd is the average direct energy density. The total 
reverberant energy in the room is then 

4EV  4EV 
prV = —  —  (14) 

«SRc  Sac 

where the average 'reverberant energy density" pr is 

4E (1 — 

Sok a 
(15) 

The direct energy density pd due to radiation from a 
point source at a point distant r from the source is 

Pd =    (16) 
4Tr2c 

If the source does not radiate uniformly, 

EQ 
Pd =    

4orr2c 
(17) 

in which Q =47r/g, E2 being the solid angle of radiation 
which is related to the directivity. 
The average energy density par at any point within 

the enclosure is the sum of the direct and reverberant 
energy density pd and pr. 

E•Q  4E(1 — a) 
Pat, =   

4irr2c  Saca 

= E Q 16r1 

4rc L r2 R 
(18) 

in which aSall—a is defined as the room coefficient R 
because of its flexible use in practical problems. 
From (18) it is possible to determine the manner in 

which the average energy density varies with the dis-
tance from the source in enclosures having various room 
coefficients. It is also useful to determine this variation 
relative to an arbitrary open-air condition (R= co), 
using r =1 as a reference since it is intended to refer an 
axial-pressure measurement of a loudspeaker made 
under open-air conditions to that which would exist in 
an enclosure. Thus, the ratio of the average energy 
density in an enclosure relative to the reference open-
air condition, expressed in decibels, is 

= 10 logio 
P a von 

Pa yaps's sir at r-1 

16r 
= 10 logio [— Q 

r2 R 
) (19 

This relationship for point-source radiation (Q =1) is 
plotted on Fig. 12 for various values of room coefficient. 
These results are independent of the power radiated by 
the source. These curves show that it is possible to ob-
tain a substantial increase in energy density in a room 
as compared to that for open air. Since point-source 
radiation was assumed in obtaining the curves of Fig. 12, 
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the effects of the directivity of the source on these rela-
tionships must be determined before applying the 
results to practical conditions. 
The effect of the directivity of the source may be de-

termined readily by assuming various values of Q in 
(19). Curves illustrating this effect have been plotted on 
Fig. 13, for values of Q of 1, 2, and 4 for a range of room 
coefficients. Values of Q greater than 4 are not likely to 
be encountered in practice. It will be observed from the 
curves that the effect of directivity upon the energy 
density is small for distances of 30 feet or more, except 
for extremely large enclosures where R is large. 
Consideration of this data indicates the fact that, if 

a representative distance from the source is selected, a 
gain in energy density over that for open air can be 
determined. It is observed that, beyond distances of 
10 feet in small rooms and 30 feet in large rooms, the 
energy density remains constant and is practically all 
reflected energy. This fact is important because it per-
mits the evaluation of the intensity throughout an en-
closure from a single point observation. This suggests 
the use of 30 feet as a reference distance from the 
source. If the axial-pressure measurement p.. of a loud-
speaker under open-air conditions is made at a distance 
of 30 feet or corrected to the value that would exist at 
that distance, a room gain factor K2, may be computed 
for any enclosure. This factor represents the gain in 
intensity level that would exist in an enclosure relative 
to that measured in open air at a distance of 30 feet for 
a given available power input. 
The room gain factor may be computed as a function 

of room volume if it is assumed that all enclosures have 
an optimum reverberation time. The optimum rever-
beration time of enclosures has been determined by 
many investigators.22-25  Average values of these data 
are shown on Fig. 14. It has been established that the 
shape of the room will have a negligible effect upon the 
results. 
The value of K2 may be obtained directly from Fig. 12 

if the room coefficient R is known, or it may be computed 
in the following manner: 
According to Eyring," the reverberation time T of 

an enclosure in seconds is 

T = 
0.05V 

— SR in (1 — a) 
(20) 

in which 
V= volume of the room in cubic feet 
SR= the total surface area of the room in square feet 
a= the average absorption coefficient. 

21  Watson Architecture, May, 1927. 
21  S. Lifschitz, "Acoustics of large auditoriums," Jour. Acous. Soc. 

Amer., vol. 4, pp. 112-121; October, 1932. 
ti  P. E. Sabine, "Acoustics of sound recording rooms," 'Trans. 

Soc. Mot. Pic. Eng., vol. 12, pp. 809-813; September, 1928. 
" W. A. MacNair," Optimum reverberation time for au ditoriu ms," 

Jour. Acous. Soc. Amer., vol. 1, pt. 1, pp. 242-248; January, 1930. 

Letting A =0.05 V/SR and substituting in (20), 

a = 1 — e-AIT. (21) 

Since R=aSR/1—a, by substitution 

R = SR(eAIT — 1).  (22) 

cc 

20 

Ls 

Le 

1.4 

uo 

as 

Oa 11 1111 11 1111 11 1111 
2 5  10 20  SO En  200  MO in 

ROOM YEXADAE IN THOUSANDS Of CUBIC 'CET 

Fig. 14.—Optimum reverberation time as a function of room volume 
(512 c.p.s.). 

In 

20  

20 

S.  

1 I. 
2  5  0  20  50  100  200 

110051 VOLUME IN THOUSANDS OF CUBIC FEET 

I Ill .1 III! !III 
51:0  10:0 
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From Fig. 12, the ratio of the energy density at 30 feet 
to that at 1 foot in open air expressed in decibels is 

1 
Lo = 10 logio 302 

= — 29.54 db. 

(23) 

From (19), (22), and (23) it is readily shown that, at 
a reference distance of 30 feet, the total gain in the en-
ergy density K 2 due to moving the source from open air 
to an enclosure is 

Q  167-   
10 logio [  fen. _ 1)] K2 = r2 SRk  Lo.  (24) 

If only the first three terms of the exponential series 
for ez are employed, (24) reduces to 
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10007' 
K2 = 10 log10 [Q +   Lo. (25) 

r2 v[i + 0.05V 1 

2SRT J 
The error introduced by this approximation will be a 

maximum of 10 per cent for a room volume of 10° cubic 
feet, and will be only 1 per cent for a room volume of 
105 cubic feet. Values of K2, computed from (25) for 
optimum reverberation time, are shown on Fig. 15. If 
the reverberation time differs from optimum by +30 
per cent, the error will be 1.4 db. If the reverberation 
time is known, an approximate correction of the room 
factor may be obtained by assuming the acoustic power 
to be inversely proportional to the reverberation time 
for a given room volume. 
It is now necessary to establish representative sound 

levels for the reproduction of speech and music in en-
closures. Since Fletcher° has tabulated the required 
data, only a brief summary of this information is given 
in Table III. 
As indicated in columns 1, 2, and 3 of this table, maxi-

mum peaks of speech or music are about 20 db above 
the long r.m.s. power indicated by a volume indicator 
or sound meter, while the maximum r.m.s. power is 
about 10 db above the volume-indicator value. Ampli-
fier design is frequently based on the maximum r.m.s. 
power since the peaks that exceed this value are of 
short duration and occur during a very small percentage 
(1 to 5 per cent) of the time. The data for conversational 
speech were obtained at a distance of 20 feet and con-
verted to the levels existing at 2i feet, as shown in 
columns 4 and 5. An adequate speech level to be estab-
lished within the enclosure has been selected as the 
level existing at 2i feet from the lips of a person talking 
conversationally, as indicated in columns 6 and 7. The 
levels shown in column 6 of the table are applicable for 

amplifier design. From the table it is evident that a 
maximum r.m.s. intensity level of 78 db for speech, 96 
db for small orchestras, and 106 db for large orchestras 
should be established in an enclosure for adequate re-
production. 
From the above data, the acoustic power required 

for a specified intensity level in any enclosure may be 
computed. The maximum acoustic power radiated from 
a point source throughout a solid angle of 47r steradians 
in open air may be determined from (4) and (5). For 
the required intensity levels of 106, 96, and 78 db, the 
maximum r.m.s. acoustic power W., is 41.2, 4.12, and 
0.065 acoustic watts, respectively. Applying the room 
gain factor K2, the maximum acoustic power W., re-
quired for the desired levels of speech and music for 
any room volume having an optimum reverberation 
may be obtained from 

W., = W.,10(Kii").  (26) 

Values so computed are shown on Fig. 16. The optimum 
reverberation time at a frequency of 512 cycles was 
used in order to simplify the computation of power. 
However, MacNair" has shown that, for the loudness 

of all pure tones to decay at the same rate as the sensa-
tion level at all frequencies, which is our premise, the 
optimum reverberation time for a given enclosure must 
change with frequency. It is constant between fre-
quencies of 700 and 4000 cycles and about one-half of 
this value at a frequency of 100 cycles. Using MacNair's 
data and the midband frequencies of the equal loudness 
increments (Fig. 3), the values of K2 were recomputed 
for various room volumes, and found to be within one-
half of a decibel of the values obtained for a frequency 
of 514 cycles. Therefore, the ordinates of Fig. 16 are an 
adequate indication of required power based on loud-
ness. 

TABLE III 

SOUND LEVELS FOR SPEECH AND MUSIC 

Data Extrapolated to 30 Feet from Measurements at a 20-Foot Distance 
Expressed in Decibels Relative to 10—m watts/Cm.' 

Type of sound 
Maximum 

peak intensity 
level 

Amplifier 
design 
maximum 

r.m.s. } second 

Volume 
indicator 
reading 
long r.m.s. 

Desired Levels within Enclosure 

Speech Levels Normal for 2.5-Foot Distance 

Recom- 
mended for 
amplifier 
design 

Volume 
indicator 

Recom-
mended for 
amplifier 
design 

Volume 
indicator 

(1) (2) (3) (4) (5) (6) (7) 
Conversational speech 
Men 66.5 56.5 46.5 78 681 78 68 
Women 64.5 54.5 44.5 76 66f 

Music 
1 voice 97 87 77 87 77 

100 voices 117 107 97 107 97 

75-piece orchestra 116 106 96 106 96 

18-piece orchestra 106 96 86 96 86 
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In many cases, reproduction may be required in 
noisy places. It is always desirable to maintain the 
signal-to-noise ratio a maximum. However, when the 
noise level is very high (90 to 100 db), a signal-intensity 
level of 10 db above the noise level" is sufficient for 
adequate intelligibility of speech, in which case the 
78-db noise level assumed for speech reproduction may 
have to be increased. The acoustic power required for 
this condition will then exceed the values shown on 
Fig. 16 by an equivalent amount. 
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Fig. 16—Maximum r.m.s. acoustic power as a function of room vol-
ume for intensity levels of 78 db for speech and 96 and 106 db for 
music. 

The solid curves of Fig. 16 show the computed rela-
tionship between room volume and the acoustic power 
required to reproduce speech and music at intensity 
levels of 78, 96, and 106 db. The curve indicated by the 
broken line of the figure represents the listening judg-
ment of many observers on the basis of satisfactory or 
"pleasing" sound levels. It will be observed that close 
agreement between computed and empirical data exists 
at larger room volumes. The agreement is found to be 
somewhat poorer in the case of small rooms, where a 
maximum deviation of 3 db occurs. Since the empirical 
data is based on personal judgment, it is difficult to 
reconcile these differences. The computed levels of 78, 
96, and 106 db for speech and music would appear to be 
at least adequate. In determining power requirements, 
however, it may be well to bear in mind that in small 
rooms a somewhat higher power may be necessary for 
satisfactory psychological effects. Fortunately, the de-

" N. R. French, unpublished data. 

viation becomes appreciable only in small rooms where 
relatively little power is needed. 

Amplifier Power 

The amplifier capacity required for various enclosures 
determined by converting the ordinate of Fig. 16 to 
electrical watts for various values of the loudness-effi-
ciency factor LR are shown on Figs. 17 and 18. The 
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number of loudspeakers required may be determined 
by dividing the required amplifier power by W.,, the 
power capaeity of the loudspeaker. 

Application 

The following illustrative example may serve to 
clarify the application of the foregoing proposals. A 
power source having a sweep-frequency rate of 5 to 10 
per second and covering the frequency range from 300 to 
3300 cycles, equalized in accordance with the character-
istic shown on Fig. 6, is assumed. An open-circuit volt-
age of 31 volts is applied to the test circuit of a 12-inch 
direct-radiator loudspeaker having a rating impedance 
of 8 ohms. The available power will then be 30 watts, 
which is assumed to be the power-capacity rating of the 
loudspeaker. Under this condition, the sound pressure at 
6 feet on the axis of the speaker is measured in open air 
and found to be 50 dynes per square centimeter. The 
intensity level as indicated by a sound-level meter 
would be 108 db. From these data it is now possible to 
determine the loudness-efficiency factor of the loud-
speaker, the amplifier power necessary for the prescribed 
levels of reproduction for speech and music in any en-
closure, and the number of loudspeakers required. 
A pressure of 50 dynes per square centimeter ob-

tained at an axial distance of 6 feet corresponds to an 
intensity level of 94 db relative to 10-16  watts/cm.2 
when extrapolated for a distance of 30 feet. Since 
W., is 30 watts, k=14.78 db relative to 1 watt, and 
K1 from Fig. 26 in the Appendix is 6.8 db, substituting 
in (9), (10), and (11). 

Le= Le x — 89.8 — k — Ki 

= 94 — 89.8 — 14.8 — 6.8 

= — 17.4 db 

WL e =  10-17.4/10 

= .0183 

LR = 100 X .0183 

= 1.83 per cent. 

For the reproduction of speech and music in a room 
having a volume of 106 cubic feet and an optimum re-
verberation time, Figs. 17 and 18 indicate that, when 
LR is 1.83 per cent, an amplifier power of 980 watts is 
required for music from large orchestras, 98 watts for 
small orchestras, and 1.53 watts for speech. One loud-
speaker is sufficient for the reproduction of speech, three 
loudspeakers for music from small orchestras, while 33 
loudspeakers are required when music from large orches-
tras is reproduced. 
The application of these results would require that 

manufacturers of loudspeakers make certain measure-
ments to determine the loudness rating of their prod-
uct. Such a determination would require that the fol-
lowing conditions be met: 
(1) Tests should be made in open air or in a dead 

room without reflections above 300 cycles. 

(2) The pressure measurement should be made on 
the geometric axis of the loudspeaker at a distance that 
is at least three times the maximum transverse dimen-
sion of the radiating area. The resulting pressure should 
be corrected to that which would exist at a distance of 
30 feet, employing the inverse-square law. 
(3) The electrical supply for the test should be a 300-

to 3300-cycle sweep-frequency tone, with the desig-
nated weighting equalizer in the circuit. The sweep-fre-
quency source should have a reciprocating linear fre-
quency change with time at a rate of 5 to 10 times per 
second to obtain an amplitude distribution of the com-
ponents in accordance with that indicated on Fig. 7. 
(4) The pressure Pox, or the intensity level L.x, should 

be obtained on the axis with a power supply sufficient 
to drive the loudspeaker at its rated power capacity. 
If powers lower than W. are used in making this meas-
urement, the appropriate correction must be made in 
the formulas. 
(5) The loudness rating LR of the loudspeaker may 

then be obtained from (9), (10), and (11). 
It must be recognized that, in addition to loudness, 

many other factors must be considered in establishing a 
true merit rating for loudspeakers. Uniformity of fre-
quency response, harmonic distortion, frequency range, 
intermodulation, damping, and uniformity of distribu-
tion all have their effects on the performance of an in-
strument. These factors are controlled by basic instru-
ment design, and their magnitudes are established by 
laboratory measurements. Listening tests, if carefully 
performed, provide a practical method of evaluating the 
extent to which the factors have been controlled and the 
suitability of an instrument for its intended use. Instru-
ments for special or scientific uses require, of course, 
more careful selection. 
In spite of the various compromises and assumptions 

which had to made to arrive at a practical and simple 
factor for rating loudspeakers, it is believed that the 
proposed method should give a reasonably accurate 
measure of effective loudness efficiency. Its use in prac-
tice should materially simplify the problems of the 
sound-systems engineer. 

APPENDIX 

DERIVATION OF LOUDNESS-DIRECTIVITY INDEX 

Typical loudspeaker systems used in practice and the 
shape of their radiating areas are given in Table IV. The 
theoretical condition assumed to approximate each 
practical condition is also shown. 
In the analysis of the theoretical conditions, it is as-

sumed that the radiating surface vibrates axially, and 
that the distance from the source at which the acoustic 
power is computed is sufficient to insure that the pres-
sure and particle velocity are in phase. 
The directivity index may be derived as follows: 
Referring to Fig. 19, consider the center of the ra-

diating area to be located at the origin 0. At a given dis-
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tance r the effective pressure p and the particle veloc-
ity t are in phase. For this condition, p is equal to pct 
where p is the density of the medium and c is the velocity 
of sound. 

Fig. 19—Source of radiation. 

TABLE IV 

TYPES OF RADIATION FROM LOUDSPEAKERS 

Practical Condition 

Type of 
loudspeaker 

Approximate shape 
of radiating area 

Theoretical condition 
assumed to 

approximate practical 
condition 

A. Baffled 
Single Unit 
Horn 

Direct radiator 

Direct radiator 
on horn 

Sectoral horn 

Multicellular 
horn 

Two Unit 
Direct radiator 
on horn +sec-
toral horn 

Direct radiator 
+sectoral horn 

Direct radiator 
on horn +mul-
ticellular horn 

Direct radiator 
+multicellular 
horn 

B. Unbaffled 
Horn or direct 
radiator in 
small enclosure 

Circle 

Circle 

Rectangle 

Cylindrical sector 

Rectangular spher-
ical sector 

Rectangle+cylin-
drical sector 

Circle +cylindri-
cal sector 

Rectangle +rec-
tangular spherical 
sector 

Circle+rectangu-
lar spherical sector 

Circle 

Rigid disk in infinite baffle 

Rigid disk in infinite baffle 

Rigid rectangular plate in 
infinite baffle 

Sectoral radiation in infi-
nite baffle 

Uniform  radiation  over 
equivalent solid angle in 
an infinite baffle 

Rigid  rectangular plate 
+sectoral radiation in in-
finite baffle 

Rigid disk +sectoral radia-
tion in infinite baffle 

Rigid  rectangular plate 
+uniform radiation over 
equivalent solid angle in 
infinite baffle 

Rigid disk +uniform radi-
ation over equivalent solid 
angle in infinite baffle 

Rigid disk set in sphere 

The power radiated from a vibrating area in the X Y 
plane, located at the center of a sphere, is p2/pc per unit 
area of the spherical surface. Then the power flowing 
through an elementary area dA of the spherical surface 
is 

p2 

dP = —dA. 
PC 

From Fig. 19, the elemental spherical surface is 

dA = r sin 0d4,rdO 

= r2 sin Od0d4). (28) 

If the radiating area is symmetrical about the Z axis, 
the total power transmitted through the spherical sur-
face is then 

r2  2r  frT 
Pg = -J  p2 sin Od0 

PC  0 

27rr2 f  r 

p2 sin Od0 
pc  0  

(29) 

where p is the effective pressure at any angle 0. 
Then the directivity index for radiation over a hemi-

sphere (baffled condition) is 

D.I.h = — 10 logo 

2 ".2  r/ 2 

p2 sin Od0 
PC Jo 

27rr2 f 7 

PC  0 
pa.2 sin Od0 

(30) 

where pa. is the axial pressure. Since pax may be consid-
ered constant, the denominator becomes (4.irr2/pc)P0.2. 
Let 1,9 be the ratio of the pressure at any angle 0 relative 
to p„z; then 

1 r/2 

D.r.h =  —  10 log10  f  pe2 sin OdO.  (31) 
2 0 

Then the directivity index for radiation over a sphere 
(unbaffled condition) is 

1  7 
D.I., = — 10 logio — f pe2 sin Ode.  (32) 

2 o 

The directivity index for the types of radiation as-
sumed in Table IV may now be derived. 

Rigid Disk in Infinite Baffle 

When a rigid disk located in an infinite rigid baffle vi-
brates axially in a free fluid, the pressure ratio P. of the 
pressure in space at any angle 0 from the normal to that 
existing at an equal distance on the axis, has been shown 
by Stenzel')." to be 

Pe = 
ka sin 0 

2.11(ka sin 0) 
(33) 

when the distance from the disk is at least five times the 
disk diameter. 

= Bessel's function of the first order 

rdf 
ka = —  = 2.32 df .10-4 

where d= diameter of disk in inches 
(27)  c= velocity of sound in inches per second 

f =frequency in cycles per second. 
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Substituting (33) in (31) and integrating," the direc-
tivity index for a rigid disk in a baffle is 

D./. 4 = — 10 logio 
1 [  .11(2k an 
  1   
(ka)2 ka 

(34) 

Rigid Rectangular Plate in Infinite Baffle 

In this case, (31) for the directivity index cannot be 
used because the pressure is not uniform on a circle 
about the axis of the plate in any plane parallel to the 
plane of the plate. McLachlan" has shown that, when a 
rigid rectangular plate of length 2a and width 2b vi-
brates axially in an infinitely rigid baffle in the XZ plane, 
the pressure p(r, 0, cl.) in space at an angle 0 with re-
spect to the Z axis and at an angle 43 with respect to the 
X axis in the X Y plane, at a distance r from the origin, 
is 

21:pabrsin (ka sin 0 cos 1)1 
p(r, 0, (13.) =   

r L ka sin 0 cos 4, 

rsin (kb cos 0)1 

L kb cos° 
(35) 

where p is the density of the medium and  the accelera-
tion of the plate. The axial pressure paz on the Y axis is 
obtained when 6 =7r/2 and (13 =7r/2, and is 

2pab 
pa. =   

Therefore, the directivity index is 

for fo  
D.10, = — 10 logio 

p2(r, 0, (I)) • r2 sin ded(13 

47r2P“z 2 

=  —  — 
1 r r. Fsin (ka sin 0 cos 4) 

10 logio 1 2 
47r  o Jo L ka sin 0 cos 4, 

rsin kb cos OT 
  sin 0d0d4).  (36) 
I_ kb cos 6 

In an unpublished memorandum, C. T. Molloy has 
shown that (36) may be transformed into 

= — 10 logio —1 f M(ka sin 0) 
ka o 

rsin (kb cos 01dO  (37)2 

L kb cos 0 

37  N. W. McLachlan, "Besse! Functions for Engineers," Oxford 
Press, New York, N. Y., 1934; P. 98. 

23  N. W. McLachlan, "Loudspeakers," Oxford Press, New York, 
N. Y., 1934; p. 101. 

in which 

1 [ f  2ka sin  29 

M(ka sin 0)= —  Jo(X)dX— Ji(2ka sin 0)]. 
2  0 

The values of D./.1, used in this paper were obtained by 
a "Simpson's Rule" numerical integration of (37). 

Sectoral Radiation in an Infinite Baffle 

For the case of radiation from a sectoral horn, rigor-
ous analytical treatment is extremely difficult. With cer-
tain assumptions, however, a derivation which approxi-
mates the practical condition can be obtained. A radiat-
ing area in an infinite baffle was assumed to have a ra-
diation pattern in which the pressure throughout the 
sectoral angle a is constant over an arc in any given 
plane parallel to the X Y plane, and is zero outside the 
angle a on this arc. In the vertical direction, the radia-
tion pattern was assumed to be that of a line radiator of 
length 1 lying on the z axis with its center at the origin. 
Further unpublished work of C. T. Molloy has shown 
that the total power P radiated at a distance r from the 
source is 

arPos2 i'r [Sin kacos012 
P = 

pc  J  ka cos 0  sin Od0 
(38) 

where 0 is the angle between a radius vector from the ori-
gin to a field point, and the Z axis and a = //2 and the 
power from a point source producing the same axial 
pressure is 

4rr 2 

Pa x =  Pax. 
pc 

(39) 

The directivity index is, therefore, 

a r  (ka cos 012 

D.T.h =  —  10 logio —    Sin OdO,  (40) 
4r 0 L ka cos 0 

which has been shown by Molloy to reduce to 

Si (2 ka)  (sin ka\213.° 
D.I. h = — 10 logio -c±[2   (41) 

2w  (2ka)  ka ) 

13  Method of Computation of feaJo(X)dX: In the interval 0 Sa 55 
this function is tabulated in "Table of Integrals fo'../o(t)dt and 
Jo Yo(t)dt" by A. N. Lowan and Milton Abramowitz, Jour. Math. and 
Phys., vol. 22, May, 1943. In the interval 5 5a 525, fotaJo(X)dX.= 

fo"Jo(X)dX — VI [C(10) +S(10) ] +  [C(2a) +S(2a) 

where C and S are Fresnel Integrals, and are tabulated in "Functions 
and Tables" by E. Jahnke and F. Emde, P. 35, 1943, Dover Publica-
tions. In the interval 25 5a, use the same formula as for preceding 
interval, but compute C and S by the following asymptotic formulas: 

1  sin (2a) cos  (2a) 

2  V4wa  4aVItra 

1  cos (2a)  sin 2a 

2  V4wa  4aV4wa 

The function J1(2a) may be found in "British Association for the 
Advancement of Science Mathematical Tables, vol. VI, I3essel Func-
tions," University Press, Cambridge, 1937. 

30 The integral sines, Si, are tabulated in Jahnke and Emde, p. 6. 

C(2a) 

S (2a) 
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If a =r, the directivity index for a line radiator of length  in which 
2a results; thus, 

1 [_ Si (2ka)  (sin kay] 
(42) D.I.h = — 10 logo — 2   . 

2  (2 ka)  ka 

When a is zero and a is equal to r, the radiator becomes 
a point source in a baffle. Then D./.h = 3 db. 

Uniform Radiation Over a Portion of a Spherical Zone 

For this case, the pressure is assumed uniform over 
an area of a sphere, intercepted by two planes at an an-
gle a passing through the Z axis and two planes at an 
angle 13 passing through the X axis. 
Referring to (29), the total power transmitted through 

this surface is 

Pg = 
4p 2r2 f  r / 2  (1  r/2 ein Ode 

4) Pot-qtan (13/2) sin (k)  (43) 
PC  r/2—a/2 

Integration of (43) yields: 

4p=, 2 a 

= - -sin'  sin — • sin — . 
PC  L  2  2 

(44) 

The power from a point source producing the same 
axial pressure is 

Pax = 

471-r2 0 22 

PC 

Therefore, the directivity index is 

(45) 

1 a 
D.I.h = — 10 logio — sin-1 [sin — • sin  I. (46) 

2  2 

It is observed that the directivity index for this case is 
independent of frequency. 

Piston Set in Sphere 

In this problem, the directivity index may be obtained 
from (32). Morse" has established the equations for the 
pressure distribution in space resulting from a rigid pis-
ton vibrating axially, set in a sphere of radius a, and sub-
tending an angle 200. Molloy has extended this work to 
include the actual distribution for a number of specific 
cases. 
The spatial pressure is 

i Flo (PC) 
P(r, 0) I = —2 —(kr) L(0) (47) 

in which mo = the maximum radial velocity of the piston, 
and the maximum axial pressure is 

1.10  

Pn. I =  °lc- • L(0) 
2 kr 

(48) 

II P. M. Morse, "Vibration and Sound," McGraw-Hill Book Co., 
New York, N. Y., 1936. 

2 
L(0) = 

- um E  eits.—(m-Forni • pm(cos 

Um = —Ms [P,n_i(cos 00) — P,n+i(cos 00)1 
2 

1 
D„,    l[mj,n(ka) — (m  1)j„,+1 (ka)P 

2m +1 

[mn„,(ka) — (m  1)n„,4_1(ka)121112 . 

(mj„._1(ka) — (m  1)j„,+i (ka)\ 

mn„._1(ka) — (m  1)n„,4_1(ka) 

P (cos 00) = Legendre Polynomial of mth order 

tan 5„, 

im(ka) =  —2ka J(.+112)(ka) 

nm(ka) = — 1 m  f_(n.1.1/2)(ka) 

2 ka 

1 
Po =   L(0)). 
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Fig. 20—Directivity index of a rigid disk vibrating axially 
in an infinite baffle and in a sphere. 

(49) 

Then, substituting in (32), the directivity index is 

D.I .s = — 10 logio  1 2L2(0)  fr L2(0) sin Od0  (50) 
• 

or, if u(0) = MO), 

1 
D.I. s = — 10 logio — f a-(0) sin OdO.  (51) 

0 Ire   

Molloy has also shown that this may be reduced to 

S pk2 
D.I .8 = — 10 logio   R. 

Tao 

in which 

S,= piston area in square centimeters 

dynes/cm.' 
R,= radiation resistance in 

pc cm./sec. 
k =colt. 

(52) 
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Equation (51) may be evaluated by numerical integra-
tion. 
The relation between the directivity index and the 

argument ka for each of the theoretical radiation con-
ditions is shown on Figs. 20 through 24. These curves 
reveal interesting relationships between the various 
conditions of radiation. 
Referring to Fig. 20, on which the directivity indexes 

for a rigid disk in a baffle and in a sphere are plotted, it 
is observed that, when ka exceeds unity, the directivity 
indexes are approximately the same for the two condi-
tions. For lower values of ka, the directivity indexes for 
the rigid disk in a sphere approach those for the baffled 
condition when 0 becomes very small. It is apparent 
from Fig. 21 that the curve shape for the rectangular 
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Fig. 21 —Directivity index for radiation from a rigid rec-
tangular plate in an infinite baffle. 

plate is similar to that for the circular disk. The results 
of a further investigation of this similarity are shown 
on Fig. 22, where the directivity indexes are plotted in 
terms of radiating area for both the disk and the plate. 
It is observed that the directivity indexes for the circle, 
square, and rectangle are approximately the same for a 
given area. These data were computed for a frequency 
of 1000 c.p.s., but this conclusion applies at any fre-
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Fig. 22 —Directivity index for radiation from a rigid disk and a rec-
tangular plate in an infinite baffle as a function of area. 

quency. From Fig. 23, which shows the directivity in-
dexes for sectoral radiation, it should be noted that, 
when a is equal to 180 degrees, the directivity indexes 

apply for radiation from a line of length 1. Fig. 24 pre-
sents the directivity indexes for radiation from a portion 
of a spherical zone, a condition which approximates the 
multicellular horn. Since two variables, a and 13, are in-
volved, some simplification in succeeding computations 
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04  05 06  06  1.0 4  5  6 

k 

Fig. 23—Directivity index for sectoral radiation 
in an infinite baffle. 

may be attained by expressing the directivity index in 
terms of the equivalent solid angle of radiation, values 
for which are shown on the figure. 
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Fig. 24—Directivity index from a portion of a spherical 
zone in an infinite baffle. 
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Fig. 25 —Directivity indexes of rigid disks of various diameters in an 
infinite baffle at each of the midfrequencies of the ten equal-loud-
ness bands. 

The above data provide a basis for determining the 
loudness directivity indexes of the various loudspeak-
ers listed in Table IV. The loudness-directivity index of 
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Fig. 26—Loudness-directivity index for radiation from a rigid disk 
in a sphere and in an infinite baffle (circular horn or direct radia-
tor, baffled or unbaffled). 
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Fig. 27—Loudness-directivity index for radiation from a rigid rec-
tangular plate in an infinite baffle (rectangular horn, baffled). 
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Fig. 28—Loudness-directivity index of sectoral horn. 
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Fig. 29—Loudness-directivity index for radiation from a portion of  infinite baffle (circular low-frequency direct radiator and a multi-
a spherical zone in an infinite baffle (multicellular horn, baffled),  cellular high-frequency horn, baffled). 
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Fig. 30—Loudness-directivity index for a dual system involving sec-
toral radiation and radiation from a rigid rectangular plate in an 
infinite baffle (rectangular low-frequency horn and sectoral high-
frequency horn, baffled). 
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any radiating device may be defined as the average of 
the directivity indexes for the ten midfrequencies of the 
equal loudness bands, and may be expressed as follows: 

10  logio (10-D1km-1-10-01 A I"-I-  • • • 10D1110/10) 
Ki= —  (53) 

10 

where fi tofu, are the midfrequencies of the equal-loud-
ness bands shown on Fig. 3. The loudness-directivity in-

dex may be obtained graphically by making use of curves 
such as those shown on Fig. 25 for the rigid disk in an 
infinite baffle. Thus, for various types of radiation the 
loudness-directivity index may be determined in terms 
of the dimensions of the radiating device. The loudness-
directivity indexes for loudspeakers of the types listed 
in Table IV have been determined in this manner for a 
range of practical sizes, and they are shown graphically 
on Figs. 26 through 33. 

Limiting Resolution in an Image-Orthicon-Type 
Pickup Tube* 

HENRY B. DEVOREI, SENIOR MEMBER, I.R.E. 

Summary—An analysis is made of some of the factors which limit 
resolution in a television pickup tube of the image-orthicon type. 
Particular attention is given to effects of the glass-target characteris-
tics and to departure from perfect focus in the image section, result-
ing from electron-emission velocities. 
It is shown that, as the width of lines in a resolution pattern is 

reduced, the signal generated tends to take the form of a small pe-
riodic modulation superimposed on a constant signal. This gives, in 
the reproduced image, a gradual reduction in contrast. A quantitative 
determination of limiting resolution, expressed as a number of lines, 
depends upon a physiological evaluation, not as yet available, of the 
minimum contrast in the reproduced image which will permit the 
pattern to be recognized as having a multiplicity of separate lines 
rather than a continuous blur. 
The general effects of target thickness and of color of incident 

light discussed herein have been confirmed experimentally. 

IN THE FUTURE development of television pickup tubes of the electron-image type, it is desirable to 
establish what limits, if any, can be set as to the 

possible improvement in tube performance, particularly 
as concerns the resolution capabilities of the tube. For 
example, it is desirable to know whether a tube having 
dimensions comparable to the present model (image 
orthicon' or image vericon2) can be designed and oper-
ated so as to give a picture having 1000-line resolution; 
and if so, what operating conditions must be met to 
achieve this result? 
In an over-all television system using a pickup tube 

of this type, the resolution is limited by: (a) kinescope 
spot size; (b) amplifier pass band; (c) limitations in the 
scanning system of the pickup tube, including beam size 
and shape; (d) the characteristics of the pickup-tube 
target—resistivity and thickness; and (e) the resolution 

• Decimal classification: R583.6. Original manuscript received by 
the Institute, April 22, 1947; revised manuscript received, August 28, 
1947. 
1* Formerly, Remington Rand, Inc., South Norwalk, Conn.; 

now, RCA Laboratories Division, Radio Corporation of America, 
Princeton, N. J. This paper was prepared while the author was asso-
ciated with Remington Rand, Inc. 

1 A. Rose, P. K. Weimer, and II. B. Law, "The image orthicon— 
a sensitive television pickup tube," PROC. I.R.E., vol. 34, pp. 424-
432; July, 1946. 

2 A registered trade mark of Remington Rand, Inc. 

existing in the electron image formed on the target in 
the image section of the tube. This last item is externally 
affected by leakage into the image section of the mag-
netic and/or electric fields from the scanning-coil sys-
tem, but it will be assumed that the effect of these stray 
fields can be completely eliminated by suitable shielding 
means, possibly combined with auxiliary field-bucking 
coils. 

SCANNING SECTION 

If we disregard, for the moment, the image-resolution 
loss occurring in the image section, and that due to the 
glass target, the remainder of the system has the char-
acteristics of a vericon or orthicon image-conversion 
system, with the same limitations. 0. H. Schad& has 
demonstrated to the author the capabilities of such a 
system. He used an amplifier chain built to have a 
20-Mc. pass band, and a kinescope specially selected for 
small spot size. With this system and a typical 2-inch 
orthicon (mosaic approximately  X11 inches), he was 
able to show resolution in a wedge test pattern to about 
900 lines. The limit here was set by the kinescope spot 
size, as he demonstrated by placing the signal on the 
tube during the retrace time. This extended the resolu-
tion to approximately 1400 lines. It would appear, then, 
that if the charge image on the scanned side of the 
target of an image tube has resolution of the order of 
1000 lines, the scanning section should be able to trans-
mit this information. 

TARGET 

The image-tube target acquires a positive charge dis-
tribution on the image side corresponding to the light 
distribution on the photocathode. During the time 
between scans, some of this charge diffuses through the 
target. The scanning beam deposits on each element 
enough negative charge to neutralize the positive charge 
which has diffused through the target, plus enough just 

' RCA Victor Division, Radio Corporation of America, Harrison, 
N. J. 
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to equal the remainder of the positive charge which has 
not yet reached the scanned side. The resistivity of the 
target must be sufficiently low to permit these free 
positive and negative charges to reach and neutralize 
each other during the time between successive scans 
Higher resistance than this will cause the signal from a 
moving object to be greater than that for the same 
object stationary. 
We can estimate the resistivity requirements quan-

titatively'by considering an element of the target as 
equivalent to a plane-parallel capacitor shunted by a 
resistor. The time constant of this combination should 
be small compared with a frame time. If the target 
thickness is d and the area of an element is A, then the 
capacitance and resistance are given respectively by: 
= 1.1KA/47rdX10-12  farad and RI =pd/A ohms, di-

mensions being in centimeters. Hence, the time con-
stant for leakage through the target material is 

1.1Kp 
ri = R1C, =  X 10-12  sec. 

4r 

To have charge neutralization within a frame time, 1/30 
second, we must have 7-1<<1/30 sec. Solving for p, using 
K= 6 for the dielectric constant of the glass, we have 
p<<6 X101° ohms cm. We may select as an upper 
acceptable value for the resistivity p= 2 X10" ohm cm. 
This is realized by Corning type-015 glass at tempera-
ture 46°C., or by Corning type-008 glass at temperature 
72°C. 
The charge deposited on an element of the target by 

the photoelectrons can diffuse laterally through the glass 
as well as directly to the opposite face. The result of this 
lateral diffusion is to cause gradual spreading of the 
images of small picture elements, with consequent loss of 
resolution. This loss of resolution due to charge spread-
ing in the target is significant only at low light levels. 
At high-light-level operation, the spreading charge is 
continuously neutralized by collection of the secondary 
electrons released when the photoelectrons strike the 
target. The following discussion applies, therefore, only 
to low-light-level operation. The rate of spreading will 
decrease as the target thickness is reduced. We can set 
up the condition that the amount of charge which leaks 
in this manner to a distance as great as a picture ele-
ment-width within one frame time should be small. 
Quantitatively, consider a strip element of the target 

having width of one picture element a and unit length, 
receiving a charge from the photoelectrons. The re-
sistance between this strip and the uncharged region of 
the target at a distance a from this strip is given by 
R2 = -1(pold) ohms. The capacitance of this strip to the 
target screen at a distance s from the target (s>>d, 
and a >s) is 

1. 10" 

C2 =    X  10— "  farad. 
4rs 

Hence the time constant for charge leakage along the 
target is given by 

T2 =  R2 C2 = 

or, since 

1.1per2 
  X 10-12  sec., 
8irsd 

p = 2 X 101° ohm cm., 
a2 

T2 =  8.8 — X 10-1 sec. 
sd 

In order to have small leakage to a distance equal to a 
picture-element width in a frame time, we must 
have 7-2>>1/30 sec. Solving for target thickness d, 
d<<2.6 X 10-2a2/s. For example, if the scanning pattern 
is 0.825 inch high and resolution of 500 lines is required, 
a = 1.65 X10-3 inch. The screen can not be mounted 
uniformly much closer than 10-3 inch from the target 
surface. Then, for these conditions, d<<7.2 X10-3 inch. 
Since these figures involve considerable approximation, 
it may be concluded that target thickness should be of 
the order of 0.0001 inch. 
For a better evaluation of the resolution capability of 

a target of given thickness, a more detailed analysis is 
indicated. We may consider the projected electron 
image as having the form of uniform strips separated by 
blank strips of the same width (alternate white and 
black bars) and examine the charge distribution on the 
target at the end of a frame time. Consider a section of 
the target taken across the resolution pattern, as repre-
sented in Fig. 1. The shaded sections represent regions 

a  r 
1 :  

w a f 
11 

Target (Thicknesa racki watad) 

a 

Fig. 1 

on which charge is deposited. This charge flows into 
the clear regions, changing the potential distribution in 
both clear and shaded regions. Let us examine the 
charge accumulated in some eement of width dx across 
the strips and of unit length along the strips. Charge 
will flow into the element, from the left, at a rate de-
termined by the potential gradient at the left end of the 
element, and out of the element at a rate determined by 
the potential gradient at the right end of the element. 
The accumulation of charge in the element is at a rate 
given by 

But 

and 

3q =  aq,  aq, 
at  at  at 

aqi —1 av, 
— = — — 
at  R ax 

aq2 — 1 alr2 
= 

at  R Ox 



1948  DeVore: Limiting Resolution in the Image Orthicon  337 

where R is the resistance of the target material per unit  must be solved so as to satisfy the boundary conditions 
area, R=p/d. Hence, 

Oqz 1 (avi av,)  1 021, 
= _  _  — — dx. 

at  R  ax  Ox  R ax2 

There will also be a charge accumulation from electrons 
impinging on the target, at a rate 

dx 
at 

depending on the position of the element. This will 
have a constant value in the shaded regions and be zero 
in the clear regions. Hence, 

—q-fa = [1 --a2v  + (±8 )idx 
at  —R ax2  at . 

Now the potential of the element is determined by the 
charge qz and the capacitance C. of this element to the 
screen. q.= V.Cdx, where C is the capacitance of unit 
area of the target, and hence C.= Cdx. 

av 
C — dx = p_a2v+(—age)lax, 
at  R ax2  at ,,J 

or 

iez• 
at  RC ax2  c 

V = f(x)  (I = 0, —  x• a)  (2) 
and 

= (V). „ 

(—) =  = 0 = ( —) 0} (I> o). (3)  
ax  ax  ax 
av  av  av 

The initial potential distribution (strips) may be repre-
sented by a Fourier expansion 

(10s-o = f(x) = ao + (al 
T X  T X ) 

cos —  —  b1 sin — 
a  cr 

2wx  2Tx 
(a2 cos —  b2 cos —) + • • or  o r 

In this expansion, the coefficients are given by 

ao = —  f(x)dx; 
1 f° 

an = — f f(x) cos nxdx; 
20" ,  a , 

1  ° 
bn = — f f(x) sin nxdx. 

a , 

1  ° 

A solution of (1), satisfying the initial boundary condi-
tions, is 

nrx  nrx) 
V = E a„ cos —  b„ sin  e—(kn2r2/OS) t. 

a 

Now it is apparent from the symmetry of the problem 
This equation, integrated over a frame time, gives the  that V.=  for  0. This condition is satisfied if 
charge distribution across the target at the time of  b,,=0 for all values of n. 
scanning. For evident reasons of symmetry, it is suffi-  Thus 
cient to consider the distribution between the center of  nrx 
a bright strip and the center of a dark strip.  V = E a, COS  e— (kn2r2102)t 

The equation for charge distribution is identical in  nrx 
form with that for heat flow along a unidimensional  = E an cos  e-IC n2 

conductor having a number of heat sources along its  14.00  a 
length.  where 
The solution of this equation presents very severe  k K  r2  7 2 

=   difficulties. An approximate solution, however, may  RCa2 
be obtained as follows: 
At time I, increments of charge dq are added to the  For this problem, the initial function is 

images of the illuminated strip. This produces an in-  a 
crease in potential dV=dq/C,, in each element of these  f(x) = Vo (— — < x < 
regions. These charges may be regarded as spreading  2  2 
into the unilluminated regions, as though no other  and 

a  a charges existed, for the interval from time t to time r,  f(x)  = 0 — a<x< - -; —<x<a. 
the end of a frame time. After this interval, the potential  2  2 
distribution due to these elements of charge will be 

Evaluating the coefficients, ( Ve).. These may then be integrated with respect to t, 
summing up the contributions of all deposited charges to 
the final potential. First we investigate the distribution  ao = 1 — 

f °I'  Vo 
Vodx = — 

2a _42  2 
of potential after time t when the initial distribution is 
in the form of bars and blank spaces of equal width a. = 

an —  cos — dx = — sin — 
Vo f °/2 nrx  2Vo nr 

The equation of flow  a  -on  fir  2 

av  a2v  1  2 Vo 2V0 2V0 
—  = k —  (t > 0),  k  — 01  ax2  RC  (1)  al —  a2 = 0, a3 = —  ao = 0, a6 •.= 

7  37  5T 
etc. 
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Then 

Vo 2Vo 7rX 

V = — + — cos  
2  r  a 

2V0 5rx 
______ e-25Kt  . . . + —  COS 

57  a 

21/0 
— — cos 
37 

3rx 

a 

(2n  1)rx 
cos   

Vo  2Vo  cr =  E ),,   e_(2.+1)21,1. 
2 7 .-0  (2n + 1) 

M = 

This gives (approximately) the potential distribution in 
the target at the time of scanning, resulting from uni-
form deposition of charge in the resolution pattern 
strips. The actual resolution obtained may be estimated 
by first expressing this potential distribution as a 
modulation 

- 
=   

Vz=0 

Then 

1  1 

)  • 
25Kr  . [(1 — e- Kr ) —  (1 —  C l/KT )  —  (1 —  e-

27 125 

7r.KT  1 
  [(1 — t-KT) — — (1 — riKT)  — (1 —  e-261C 9 —  • • 

4  27  125 

This is now to be integrated with respect to t, to find 
the potential distribution due to charges arriving at 
various times during the cycle. 
In the time interval between land t+dt, an increment 

of charge dqo is deposited in the illuminated strip. This 
causes a potential rise d V0 along this strip, given by 
dVo=dqo/Ci where C1 is the capacitance between the 
illuminated strip and the target screen. It may be 
written 

1 doo   dV0 = — — di = — , 
C1 di  C1 

with /0 representing the current flowing to the illu-
minated strip. 
The charge spreads along the target, in a direction 

normal to the strip, for the time interval from I to r, the 
end of a cycle, at which time the entire charge is re-
moved by the scanning beam. At the time r, the con-
tribution to the potential of an element at distance x 
from the center of the illuminated strip, made by this 
charge element dqo, will be 

/0[— -F 1  2 (dV .), = —  —  (-)n 
CI 2  7 .-0 

The modulation, as a function of Kr, is plotted in Fig. 2. 
Estimate of thickness of target required is now de-

pendent upon the assumed minimum useful modulation 
in the image. From the curve, a corresponding value of 
K 7 may be determined. Then 

KT = 

Solving for d, 

2T r2d \./ A -rAST 

RCcr2 1.1per2 X 10-12  

2.66p(Kr)a2 
d —  X 10-". 

If, for example, a modulation of 30 per cent gives suffi-
cient contrast to be resolvable, then, for M=0.3, 
(KT) = 6.9, and d =1.00 X 10-4 inch, or a glass target 
0.10-mil thick would be sufficient to give 500-line resolu-
tion, s and a having the same values as above. 
It is convenient to reverse this formula and determine 

the number of lines resolution as a function of modula-
tion, using a target region 0.825 inch high, for various 
target thicknesses. 

(2n  1)rx 
cos   

  e - (2n+1)2K(r- 1) 
(2n ± 1) 

Thus 
Integrating on I, between limits o and r, we get the total 
potential at the point x: cr =  ds X 10" 

2.66p(Kr) 

(2n + 1)rx 

. 

cos   
fo r  2 . 

V. = —  -I- — E ( _)n  a  (1 _  e-(2n+1)21ir) 

CI [ 2  Kir a-o  (2n + 1) 
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0.825  v 2.66p (Kr) 
N =  = 0.825   (dimens ions  in inc hes). 

ds X 10" 

For 

For 

s = 10-3 inch,  p = 2 X 10'° ohm cm., 

ikT 
N = 1.90 4/ -- • 

d = 10-4 inch,  N = 190N/Kr. 
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Resolution, as a function of modulation, is plotted in 
Fig. 3 for representative values of p and d. 
It may be noted that the target thickness required 

for a given resolution is proportional to the target re-
sistivity. If, for example, the resistivity is lowered from 
2 X10" ohm cm. to 1 X10" ohm cm., the target thick-
ness required for a given resolution is halved. 

THE IMAGE SECTION 

In the image section of the tube, electrons emitted 
by the photocathode have a random distribution of 
initial velocities, both as to direction and speed. Because 
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Fig. 2—Modulation in charge image on target caused by spreading through target. 
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of this, the electrons from a point source can not be re-
focused to a mathematical point image at the target 
surface. The size of the image obtained will set a limit 
to the possible resolution obtainable. In operation of the 
tube under high-light-level conditions, the initial charge 
distribution obtained in the focused electron image will 
be modified by the redistribution of the returning 
secondary electrons. The following discussion is there-
fore limited to the case of operation under low light level, 
or "full-storage" conditions. 
To simplify the problem as much as possible, assume 

that the accelerating field is plane parallel and that the 
magnetic focusing field is uniform as in Fig. 4. Both 
conditions will be met reasonably well over the greater 

P. C. St•ea, Ter vt 

11   

1 

----- - - _ 

- 

.0/ 

L 

0 

Fig. 4—Plane-parallel accelerating field and uniform magnetic field 
condition. 

Then 

and 

T= 

2Ve  217; e 
=  —  —  cost 0 

ft; 

2L 

2Ve  2Vie  '2Vie 
—  cost  +  cost 0 
in  m  V m 

For an electron with zero initial velocity, the transit 
time is 

To = 
2L 

/2 Ve 

V m 

Then the fractional reduction in transit time cor-
responding to a given initial velocity becomes 

To — T  1 
 = 1   
To N/1  z2 z 

where 

Vi 
Z2 = —  C0S2 u /I . 

V 

Since z<<1, we may use the approximation 

1 

part of the image. The transit time for an electron 
moving from the photocathode to the target is given by 

Hence, 

2L 

V01 vm 

where v„, = average velocity 
m = maximum velocity 
v1.= initial velocity along tube axis. 

From the well-known equations of motion for an elec-
tron in an electrostatic field, we have 

2 V, 
v„, =  vi„2. 

tn 

If the electron is emitted at an angle 0 to the tube axis, 
with an energy Vi electron volts, then the initial 
velocity is 

V =  V" 
and the longitudinal and radial components are, re-
spectively, 

Vie = 
4/2V, e  V 2Vi e 
  cos 0 and vir =  sin 0.in 

+ zt  z 

To — T 

1 — z. 

z 4/172.  - "z  e. To  V 

It will be convenient, in the following discussion, to 
express all velocities in terms of equivalent electron 
volts. 
The projected path, at the target, of an electron hav-

ing an initial radial velocity component corresponding 
to Vi, volts; moving under the influence of magnetic 
field of H gauss in the image section of the tube, is a cir-
cle having a diameter 

d = 6.7 —  cm., 

traversed at uniform rate and described in time 

3.55 X 10- 7 
=   sec. 

The circle is tangent to a magnetic flux line passing 
through the point of origin of the electron at the photo-
cathode. 

Now, 

2L X 10-7 
To =  5.93  sec. 

07  
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With L=4.5 cm., and V=300 volts, 

To = 8.77 X 10-2 sec. 

Since the time for one loop of focus is 

3.55 X 10-7 
TI = sec., 

there will be 2.47 X 10-2H loops of focus. For one loop 
of locus between photocathode and target, the magnetic 
field should be 

10 2 
H = —  = 40.5 gauss. 

2.47 

As the numerical values given are representative oper-
ating conditions for the tube, it may be concluded that 
there will be one loop of focus in the image section of 
the tube, under usual operating conditions. 
If the transit time T differs from To, the electron will 

describe less than a full circle (projected path) and will 
arrive at the target at a distance r from the true focus, 
as shown in Fig. 5. 

Fig. 5—Electron path as a consequence of transit time. 

The angle a is given by 

a = 2 (1 — —T r ) r  = 2 (   
T1 

and 

Ti — T) 
r = 2 ( 2d ) sin - 2 a T1 — 7 — = d sin r( ). 

T1 

Since it has been assumed that conditions have been 
established for focusing the zero initial-axial-velocity 
electrons, T1= To 
and 

=  Sill 7r 

Now, 

so that 

(1 = 

(To -  1-77 
  = d sin (7r4/— cos 0). 
To V 

mv,2 
6.7 

2e 

mv,2 

= 6.7 —  sin O. 

Hence, 
• 

r = 6.7 —̀717; sin 0 sin (m il—v cos 0). 

Actual operating focusing conditions will differ 
slightly from those appropriate to the zero initial-
axial-velocity electrons, in the sense that the charge dis-
tribution derived here will be slightly more diffuse 
than that actually obtained. However, this departure 
should be small enough not to affect the results seriously. 
At this point it is appropriate to make a numerical 

estimate of V. 
The general equation of photoemission, V„,e=hv- W 
=h(p-po), gives the maximum emission velocity of 
photoelectrons in terms of the incident light frequency 
v and the work function W, or equivalent threshold fre-
quency v0, characteristic of the photosurface. For a 
silver-oxygen-cesium photosurface, the threshold fre-
quency varies considerably, but, a reasonable value 
may be taken as corresponding to a wavelength of 
10,000 Angstrom units. On the other hand, the image 
tube is generally employed under conditions utilizing 
considerably shorter wavelengths in the visible portion 
of the spectrum. An incident light frequency corre-
sponding to a wavelength of 5500 Angstrom units, the 
peak sensitivity of the eye, may be taken as a useful 
region for discussion. Then the maximum emission 
velocity is derived from 

Vme = hc 
(  1 5.5 X 10-s 

V„, = 1.00 volt. 

11  = 1.60 X 10-" erg. 
(1-4 )  

As this value is small compared with the 300-volt ac-
celerating potential, we may, in the above expression 
for r, replace 

sin (ir, V—Vi  cos 0) 
V 

by the argument, giving 

where 

vi 
r = 6.7 --vir‘ sin 0.1c 4/—TT cos O. 

= RV i sin 20, 

10.5  L 
R =   — • 

HVV  V 

Let us now follow an argument substantially identical 
with that first used by Fry and Ives.' 

4 A. L. Hughes and L. A. DuBridge, "Photoelectric Phenomena," 
McGraw-Hill Book Co., New York, N. Y., 1933, pp. 129-131. 
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From an element dA of the photocatho.de, there will 
be emitted /0dA electrons. Of those emitted at angle 0 
to the normal, those with initial velocities between 
Vi and Vil-dV, will strike the target at radii, from 
perfect focus, between r and r+dr. Thus, the permitted 
range in emission velocities for this region is (dVddr)dr. 
Of the electrons emitted, a fraction p(8)d0 will start 
within the angular range between 0 and 0-1-d0, and of 
these a fraction p(17)dVi will have velocities to permit 
falling within the target range under consideration. 
Hence, the total number of electrons falling between r 
and r-Fdr from the focus will be 

dV, 
IodAp(o)dep(Vi) — dr. 

dr 

These electrons fall upon a target region having the 
area 27rrdr. Hence, the current density at radius r from 
the focus will be 

IodA fem..  dV 
=   p(0)dep(V,) — • 
27r  8.  dr 

The integration limits are the extreme emission angles 
within which some electrons can land within the target 
region. The lower limit Ornin is determined as the small-
est angle for which electrons with the largest initial 
velocity Von can strike the target at the given value of r 
from focus: 

sin 20min =   
RV,„, 

The upper limit 0..x is given by 

7r 
Oman =  Omin 

2 

as is apparent from the expression 

= 2 sin 0 cos 0. 
RV, 

Now it has been found experimentally that 0) and 
p(Vi) can be represented by 

= 2 sin 0 cos 0 = sin 20  (Lambert distribution) 

p(V) 

= 6 r _  y] 
(empirical form). 

Vim LV,„, \V:,,, 
Since 

V, = 
r csc 20 

R 

dV,  csc 20 

dr 

Hence, 

( 
=  sin 20- - — — —  dB.   

V,„,  Vim 

6 [ V,  Viy]  csc 20 IodA  8 

2wr f . 

3IodA  r ern"  r csc 20) 
csc 20(1    (10. 

•irR2V,„,2 J 0„,„,  RI im 

Let RV,„, a, which is the maximum distance from true 
focus at which an electron can land. 
Then 

iF  — 
310A re. 
ra2 J Omin 

r csc 20) 
csc 20(1    d0 

a 

3lodA[  T ax 

  log tan 0  — - cot 20 
ra2  a  Om in 

• 
Substituting for the limits 0. and Ornin, as given above, 

3/0dA [  (a  „Va 2 ___ r2  V a 2  r2 

Zr   log   
ra2  a 

3I0dA[  (r\  Va2 — r21 
  sech-i 
Ira2  a )  a 

This equation gives the charee-density distribution at 
the target corresponding to electrons emitted with a 
charge density /0 from an element dA of the photo-
cathode. 
Consider now the charge-density distribution in the 

image of an illuminated strip of width W on the photo-
cathode. In computing the current-density distribution 
in the image, we can distinguish three cases: 117.._• 2a, 
2a  Wa.a, and W5a. 

Case I. W 2a, Outside Boundary of Strip 

The current density at the point P is found by sum-
ming the contributions from all elements of the photo-
cathode in the illuminated strip, such that the pro-
jected distance from the point P on the target is less 
than or equal to a, since none of the emitted electrons 
can strike the target beyond r = a. (See Fig. 6.) The 

d A 

Fig. 6—Charge density outside the boundary of a wide 
illuminated strip. 

contribution at the point P of charge emitted by the 
element dA is 

310  (r \  •Va2 — 
dip = — [sech-'    dxdy, dA = dxdy 

, a2  a )  a 

= 3r°  [sech-1 (V(X  z)2  
xa2  a 

N/a2 — (X ± x) 2 — y2] 
  dxdy. 

a 
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Since integration is over that part of the illuminated  Case II. Inside Strip Boundary 
strip for which ra, the integration limits are 

ip  6 v.2  -(x-x)2 v(x  _ x)2 ±  y 2 

sec h-1   y = + 1/4 2 — (X-Fx)2 and x =0 to x =a — X. For reasons 
of symmetry, the y integral can be represented as twice  /0  Ta2 0  0x  a 

the integral from y =0 to y= N/a2— (X-1-x)2. Then the Va2 — (X — x2) — y21 
current density at the point P is    dxdy 

a 

IP=  f f  610 (V(X-Fa x)2-F y2) 
dip= —  [sech-1 

Ta  2f, fy 
Y   

a 

6 r X-1-a r -1./2 V ( x —  )0 2 ±  Y 2 

[sech-
ra2J  a 

Va2 — (x — X)2 — y2 
d xd y.    I dyd x. 

a 

By making the substitutions y/a=v and x/a=w, this 

equation may be integrated, with the result fp = 1 p \. 

To  a ) 

= L20(1  a  If, now, the strip width W is less than 2a, the dis-
tribution inside the image boundaries is modified, 

Simplifying the notation,  while if W<a the distribution outside the boundary is 
also modified. (See Fig. 7.) 

where 

a)  2 k a ) 

This gives the charge density outside the boundary 
of the image of a wide illuminated strip. We have next 
to consider the distribution inside the strip boundary, 
and also that for a strip which is not wide. 

1.0 

0 9 

as 

0 

05 

04 

0.3 

0.2 

0.1 

which may be integrated, with the result 

Dark 

Fig. 7—Charge distribution inside the strip boundary. 

Case III. Outside Boundary of Narrow Strip. 

For values of X such that (X + W)/a>l, we have the 
same value of charge as for Case I, 

HWY AT ROM
E X 

a 

CHARGE DENSIT
Y AT PHOTOcAT
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Fig. 8—Curves of charge density at the target of the image vericon with slit of light of width Won photocathode. 
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Ip  (X 

P 

When X + W<a, the integration limits on x are changed 
from 

jx=a — X 
to 

tx = 0 

ix = W 

= 0 • 

With these limits, the integration gives 

/p = p (X \  p (W + x\ 
k a )  k  a ),  (0 5 X 6 a — W). 

Case IV. Inside Boundary of Narrow Strip. 

Here we have the same two integrals as in Case II, 
with the difference that the limits on the second are 
changed from 

ix = a + X to fx = W 

lx = X  lx = X • 

Carrying out the integration, we obtain 

Ip =1 _  p i n  p (W—X\ , 

To  \ a )  \ a ) 
(W  2a). 

Summarizing the expressions for charge distributions in 
the image of an illuminated strip of width W: 
For 

For 

W < 2a, 

rp 
10 

outside boundary (0 5_ X  a) 

inside boundary  (0 5 X  a). 

p (w+x) 

cti  \ a 
(0  X a — W) 

= p ( X \, 
(a — W S X  a) 

\ a 

outside boundary 

Ip  p (X\ _ p (\W— X) 
—  1 \   , (0 6 X 6 W) 
/0 a )   a 

inside boundary. 

In the above expressions, a=RVi„, cm. where 1,i„, is 
the maximum initial velocity expressed in volts, and 
R=L/V. 
For an image orthicon operating at L=4.5 cm. and V 

=300 volts; R=1.50 X10-2 . Hence; for Vi„, = 1.0 volt, 
a =1.50 X10-1 cm. =0.15 mm. 

Since the charge distribution in the image is the same 
for any strip width for which W 2a, it is only neces-
sary to extend calculations to this width. The curves in 
Fig. 8 give results for charge distributions, calculated 
from the formulas above. 
In order to resolve two strips of a given width, their 

separation must be great enough that the charge dis-
tribution formed by their overlapping image patterns 
gives a double-humped, rather than a single-humped, 
total distribution. For the separation of two parallel 
bright strips of a given width, this means that, in the 
charge distribution for each, the peak charge plus the 
charge at a distance S from the center must be greater 
than twice the charge at a distance S/2. 
The common resolution test for pickup tubes uses a 

wedge of black and white strips of equal width. The 
center-to-center distance S is twice the width W of each 
illuminated strip. Furthermore, since there is a multi-
plicity of strips, the image charge patterns may overlap 
to a considerable extent, as shown in Fig. 9. 

-1 W h  r —  • 
_   Strip 

- -  Total Charge 

Individual 
Charge Pattern 

Fig. 9—Image charge pattern overlap. 

It can be seen that the peak charge is given by the 
peak charge for one strip plus twice the charges at 
distances from the strip boundary given by 

X  2nW  W  4n — 1 W 
= 

a  a  2a  2  a 

This must include contributions from all regions such 
that (X /a)<1,n= 1, 2, 3, • • • . Similarly the minimum, 
or valley, charge is given by twice the charges at 
distances from the strip boundary for which 

X  2nW  W  4n + 1 W 
= 

a  2a  2 
n = 0, 1, 2, • • • . 

For the resulting total charge distribution, we shall de-
fine the modulation M by 

M  charge at peak — charge at valley 

charge at peak 

The curve of Fig. 10 shows modulation as a function of 
strip width. 
The problem of the limiting resolution obtainable in 

the image section now resolves itself into the question of 
the minimum observable modulation in the reproduced 
picture. No data are available to answer this question. 
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Furthermore, there is a loss in contrast in the repro-
duced picture caused by noise, by the finite bandwidth 
of the transmission system, and by contrast loss in the 
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Fig. 10—Modulation in electron image of resolution pattern. 
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kinescope. This last loss is due partially to finite scan-
ning-spot size and partially to light scattering. Esti-
mates of the minimum modulation that would enable 
one to recognize the separate lines of the resolution 
pattern vary; but perhaps 20 per cent ± 10 per cent may 
be taken as a reasonable assumption. 
We have, for minimum line width as given by the 

modulation curve, 

Modulation 10 per cent— WL = 0.28 
Modulation 20 per cent— WL = 0.41 
Modulation 30 per cent— WL =0.48. 

We have already seen that for an image vericon or 
image orthicon in normal operation, with —300 volts on 
the photocathode, a = 1.50 X10-2 Von cm. where Vim is 

TABLE I 

Minimum 
Modulation  WL Centimeters 
(per cent) 

Res. at 5500 
Res. Lines Angstrom Units 

( Via, =1.00 volt) 

10  0.42 X10-2 Vim 

20  0 . 62 X10-2 Vim 

30  0 .72 X10-2 Vi„, 

500 
VON 

340 

290 

TIZ 

500 lines 

340 lines 

290 lines 

the maximum initial velocity. The scanning raster in 
these tubes is approximately 21 X28 mm. The limiting 
resolution is given by Res. = 2.1/ WL lines. (See Table I). 
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Fig. 11—Modulation in image on target of image vericon. 

The effect on limiting resolution of the wavelength 
of the incident light may be seen in the curves of Fig. 11, 
based upon X0=10,000 Angstrom units. 

CONCLUSION 

The analysis herein indicates the manner in which the 
resolution capability of an electron-image type of tele-
vision pickup tube is affected by target material and 
thickness and by the color of light employed, taken in 
conjunction with the cutoff characteristic of the photo-
sensitive surface. The results have been confirmed in a 
qualitative fashion by tests with tubes having different 
target characteristics and by tests using different color 
filters in the optical path. 
In order to predict quantitatively the resolution to be 

expected with any given tube design, it would be neces-
sary to know the modulation in a picture which is 
required in order that a fine-line pattern will just be dis-
cernible as discrete lines. In the absence of such in-
formation, the analyses given in this paper serve to indi-
cate means whereby resolution can be improved and 
provide an estimate of the improvement to be expected 
from any given change. 

ACKNOWLEDGMENT 

The author wishes to express appreciation for a num-
ber of valuable suggestions made by Albert Rose of 
RCA Laboratories Division, Radio Corporation of 
America. 



346  PROCEEDINGS OF THE I.R.E.  March 

Reflections of Very-High-Frequency Radio Waves 
from Meteoric Ionization* 
ED WARD W. ALLEN, JR.t, MEMBER, I.R.E. 

Summary—The reflection of v.h.f. radio waves by ionization, 
produced by the passage of meteors through the upper atmosphere, 
results in echoes of short duration. For frequencies between 40 and 
50 Mc. the duration is usually not more than a few tenths of a second, 
although infrequently one of several seconds duration is observed. 
The characteristics of the echoes as determined by measurements 
are discussed, and correlations shown between the distributions of 
occurrence and the theoretical and observed distributions of meteors. 
The observations indicate that the reflection cannot be treated as 
specular, but that the reflected waves form a lobe in the direction of 
the reflected ray which would exist if the reflection were specular. 

T
HE DATA from which this paper was prepared 

• were obtained under a project for the continuous 
recording of selected f.m. and television stations 

in the frequency range from 42 to 84 Mc. After some pre-
liminary tests at a temporary site in Washington, D. C. 
in 1942, four continuous chart recorders, operating from 
a single half-wave antenna, were set up at the Federal 
Communications Commission's Monitoring Station at 
Laurel, Md., and recordings were begun on February 1, 
1943. During the summer and fall of 1943 additional 
equipment became available, and recorders were in-
stalled at the monitoring stations at Allegan, Mich., 
Grand Island, Neb., Atlanta, Ga., and Portland, Ore. 
The stations were chosen so as to provide data on the 
magnitude of the effects of the lower atmosphere at 
various distances and times, which would furnish a 
measure of the reliability of the Commission's theoreti-
cal signal-range charts, and to obtain recordings of sig-
nals reflected from sporadic patches of abnormally high 
ionization in the E layer, which were known to occur on 
frequencies up to about 60 Mc. 
In addition to the signals which travel via the lower 

atmosphere, commonly called tropospheric signals, and 
the sporadic-E signals, an unexpected signal of different 
type was observed, which was termed a "burst" because 
of its characteristic rapid rise and short duration. The 
bursts varied in intensity from bare audibility above 
receiver noise, which would produce no motion of the 
recording pen, to indicated values of about 70 micro-
volts per meter. The duration was usually not more than 
a few tenths of a second, although infrequently one of 
several seconds duration was observed. In the great 
majority of the bursts the signal was apparently undis-
torted, and short passages of music or speech would be 
heard with great clarity. Occasionally, however, notice-

Decimal classification: R113.415. Original manuscript received 
by the Institute. July 10, 1947. Presented, joint meeting, Interna-
tional Scientific Radio Union and American Section of The Institute 
of Radio Engineers, Washington, D. C., May 6,1947. 
t Federal Communications Commission, Washington 25, D. C. 

able distortion occurred and in the bursts of longer dura-
tion a flutter would sometimes be present, indicating the 
arrival of waves by two or more paths. At times when 
bursts were received simultaneously with the tropo-
spheric wave from relatively near stations, Doppler 
whistles of extremely short duration, and usually of 
descending pitch, were heard. There were also rumbles 
and other multipath distortion at such times. 
When the bursts were first identified as being some-

thing other than peaks of rapidly fading tropospheric 
waves, several possible causes were advanced by those 
who had observed them, such as reflection from aircraft, 
from undulating tropospheric discontinuities, or from 
patches of ionization. A further extension of the latter 
theory was to the effect that the patches of ioni7ation 
were caused by the passage of meteorites through the 
upper atmosphere. The ionization effects of meteors in 
connection with radio propagation at lower frequencies 
had been investigated by A. M. Skellett,' J. A. Pierce,2 
and others, and the occurrence at 10 Mc. of bursts of 
somewhat longer duration than those at 40 to 50 Mc. 
had been attributed to meteoric ionization by Pierce. 
Short-distance scatter effects at 10 Mc., which consisted 
of bursts of from one-half to one second duration, had 
also been investigated by T. T. Eckersley2 and attrib-
uted to patchy E-layer ionization, for which meteors 
had been advanced as a probable cause. Upon the instal-
lation of recorders at Allegan, Atlanta, and Grand 
Island, signal bursts from frequency-modulation sta-
tion WGTR at Paxton, Mass., were found to be re-
ceived at all points. Since the distance from WGTR to 
Grand Island, 1370 miles, is about the limit of distance 
for single reflections from the E layer, theories of com-
paratively low-level reflections, such as from aircraft 
and the troposphere, were abandoned in favor of iono-
spheric reflection. 
In order to determine the propagation path lengths 

of the burst pulses, a series of pulse tests was made at 
Laurel in conjunction with station W2XMN at Alpine, 
N. J., 197 miles away, in October 1943. This station was 
selected because .a relatively steady 'signal was needed 
for reference pulses, between which the burst pulses 
would appear, if there was any difference in path length. 
A method of pulsing was used which will be explained 
in connection with Fig. 1. It consisted in frequency-

A. M. Skellett, "The ionizing effect of meteors in relation to 
radio propagation," PROC. I.R.E., vol. 20, pp. 1933-1941; December, 
1932. 

2 J. A. Pierce, "Abnormal ionization in the E region of the iono-
sphere," PROC. I.R.E., vol. 26, pp. 892-909; July, 1938. 

3 T. T. Eckersley, "Analysis of the effect of scattering in radio 
transmission," Jour. I.E.E., vol. 86, pp. 548-567: June, 1940. 
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modulating the transmitter ±75 kc. by a continuous 
tone of 170 c.p.s. The f.m. signal was received on a f.m. 
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Fig. 1—Method of measuring path lengths of v.h.f. bursts. 

receiver, the i.f. of which was passed to an a.m. receiver 
tuned to a narrow pass band at the lower end of the 
swing. This produced narrow pulses of tone frequency 
in the i.f. output of the a.m. receiver which were placed 
on the vertical plates of an oscilloscope, indicated dia-
grammatically by the dashed circle. The horizontal 
sweep was set at one-half tone frequency, so that two 
reference pulses appeared simultaneously on the screen. 
Any difference in path length D caused the burst signal 
to be delayed by an interval D/c, where c is the velocity 
of propagation, so that the frequency deviations of the 
delayed burst occurred between those of the ground-
wave signal. In Fig. 1, the deviations of the burst signal 
are shown as a dashed curve lying between the cycles 
of the solid wave of the ground-wave signal, the burst 
pulse on the oscilloscope screen appearing at a distance 
D to the right of the zero reference pulse. 
During the tests the estimated path differences ranged 

from about 150 to 900 miles, corresponding to total path 
lengths of from 350 to 1100 miles. The estimation of the 
shorter distances was made somewhat difficult by the 
pulse width, which tended to merge the delayed pulse 
with the reference pulse, but the values obtained indi-
cate that the medium responsible for the shorter paths 
was separated from the sea-level great-circle path by a 

Fig. 2—Bursts from station WGTR, Paxton, Mass. (44.3 Mc.; 340 kw.) recorded simultaneously at 
three locations (September 17, 1943). 
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distance comparable to the height of the E layer. The 
greater distances can be interpreted as reflections from 
higher media, or from media of height comparable to 
the E layer, but lying to each side of the great-circle 
plane. In the light of subsequent information, the latter 
interpretation is felt to be correct. 
Simultaneous recordings of bursts on 44.3 Mc. re-

ceived at Laurel, Allegan, and Grand Island from f.m. 
station WGTR are shown in Fig. 2. The effective radi-
ated power of the station is 340 kw. in the equatorial 
plane of its 10-bay turnstile antenna. The maximum 
burst intensities for this period were 30 µv/m. at Laurel, 
12 at Allegan, and 1.4 at Grand Island, revealing a de-
creasing intensity with increasing distance. However, 
the record for Allegan shows a greater number of bursts 
at medium levels and indicates that the distribution of 
intensities versus numbers was not the same for Laurel 
and Allegan. 
The results of an analysis of six morning hours of 

data recorded simultaneously at Laurel and Allegan to 
determine the intensity distributions are shown in Fig. 
3. The numbers indicated along the abscissa are the 
cumulative numbers for all six hours which had inten-
sities equal to or exceeding the intensities indicated by 
the ordinates. As in the preceding sample, bursts of 
greater intensity were recorded at Laurel, but at some-
what below the greatest intensities more bursts were 
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Fig. 3—Distributions of intensities versus numbers of bursts. 

recorded at Allegan. While the lobe structures of the 
transmitting and receiving antennas over existing ter-
rain, and some other factors, are not known with suffi-
cient detail to obtain a mathematical verification of the 
distributions, they are in qualitative agreement with 
what would be expected for reflecting media principally 
of E-layer height and random distribution. Assuming 
that the principal lobe of the transmitting antenna en-
counters the E layer at distances between 500 and 700 
miles, it will cover more area which is common to a re-
ceiving antenna 700 miles distant than one 300 miles 

distant, if the principal lobes of the receiving antenna 
are effective over a radius of 300 miles at E-layer height. 
This will account for the greater numbers of bursts of 
medium intensity. Infrequently a meteor will penetrate 
below E-layer level and encounter a region common to 
the two antenna patterns, which will produce a shorter 
path length and a higher burst intensity for the 300-
mile spacing. 
The numbers of bursts per hour exceeding 5-µv. re-

corder input (3.3 µv./m.) received at Laurel from sta-
tion WGTR have been determined for the period from 
February, 1943, through May, 1944, for comparison 
with observed and theoretical variations in the occur-
rence of meteors. In Fig. 4, curve (a) shows the dis-
tribution with time of day of the average of 12 monthly 
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Fig. 4—Diurnal distributions of the hourly numbers 
of bursts and meteors. 

24 

median values of the numbers of bursts per hour for the 
period February, 1943, through January, 1944. Curves 
(b), (c), and (d) are the average observed numbers of 
meteors per hour during night hours as reported by 
three workers in the field, Schmidt, Coulvier-Gravier, 
and Hoffmeister.4 The two smooth curves (e) and (1) 
are theoretical distribution curves for 40° North Lati-
tude computed for meteors with parabolic orbits (e) 
and with hyperbolic orbits (f). The agreement in the 
range of variation is very good, the range in the num-
bers of the bursts (3.7) being between the hyperbolic 
distribution (2.8) and the parabolic (8.0). The time of 
the observed maximum and minimum do not coincide 
exactly with the theoretical, but the shift of the mini-
mum to an earlier hour is consistent with the better 
radio propagation conditions which are found to prevail 
in the late afternoon and early evening hours, which will 

4 C. P. Olivier, "Meteors," Williams and Wilkins, Baltimore, Md., 
1925; p. 182. 
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tend to increase the numbers of bursts exceeding a fixed 
reference level. This may also affect the range of varia-
tion somewhat, but good propagation conditions usually 
exist at the time of maximum in the morning. A similar 
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Fig. 5—Annual distributions of the monthly numbers 
of bursts and meteors. 

The annual distribution of the monthly median of the 
numbers of bursts occurring during the hour 11-12 
P.M. is shown by curve (a) of Fig. 5. The period covered 
is from June, 1943, through May, 1944, over which 
time station WGTR was operating with substantially 
the same output power and antenna pattern. Curves 
(b) and (c) are observed monthly averages according to 
Hoffmeister and Coulvier-Gravier.' While there is not 
consistent agreement in the relative monthly levels, a 
general agreement in the trends is noted. Differences be-
tween observations and between observed numbers and 
bursts can conceivably be due in part to variations 
from year to year. Note the July maximum in the num-
bers of bursts which agrees with the observations of 
Hoffmeister, while Coulvier-Gravier shows the maxi-
mum in August. A similar August maximum was re-
ported by four other observers.' 
In Fig. 6 is shown the annual distribution of the num-

bers of bursts occurring during the hour 12-1 A.M. in 
comparison with the principal meteor showers. The 
average duration and date of maximum of each shower 
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Fig. 6—Annual distributions of the hourly numbers of bursts and of meteor showers. 

diurnal distribution for short-distance scatter effects  has been indicated by the blocked-in portions of the 
was obtained by Eckersley.s  chart, but there is considerable variation from year to 
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year for most showers, and some showers do not appear 
every year, so that exact coincidence with the maxima 
of recorded bursts is not to be expected. Other factors 
which can be expected to affect the correlation are the 
time of day during which the shower occurs at the path 
under consideration and the radiant or direction of 
arrival of the meteors. Nevertheless, except for the pe-
riod of high bursts in the latter part of January for 
which no meteor shower is recognized, and the unusually 
low numbers during the Perseid shower in August, the 
times of greatest activity are during or reasonably near 
to the times of meteor showers. The hours during which 
no bursts are shown are hours for which no data are 
available because the transmitter or receiver was not in 
operation. No zero counts were obtained. 
During June, 1944, after the agreement between the 

occurrences of meteors and bursts had been established, 
a few observations were made at Laurel in an attempt 
to obtain coincidences between bursts and visible 
meteors. Several meteors were seen, but none having a 
proper direction of flight, so that the ionized track was 
capable of reflecting the signal to the receiving point. 
Beginning on August 1, 1944, a continuous watch was 
kept between 9 and 10:15 P.M., E.S.T. on favorable 
nights by two or more observers at the author's home. 
Two coincidences were observed on August 6, in which 
the meteor track was approximately transverse to the 
signal path. On August 8 and 11, two coincidences were 
observed each night in which the meteor track was along 
the plane of the signal path. The last meteor was of 
particular brilliance with a persistent visible train, and 
the signal was sustained for about ten seconds. Obser-
vations were continued throughout the early fall and 
were repeated the follower summer. A total of thirteen 
coincidences was obtained. In making these observations 
it became evident that reflection was taking place from 
the side of the ionized track of the meteor, rather than 
from the meteor or the head of the track.5 All of the 
meteors which produced bursts were apparently travel-
ing in such a direction as to provide this condition. 
Several bright meteors whose line of fall, if continued, 
would have terminated between the transmitter and 
receiver, produced no bursts. The existence of this con-
dition is further borne out by observations on meteoric 
ionization by radar. The radar pips do not show large 
changes in range with time, as would be the case if the 
pulses were being reflected from the region near the 
head of a meteor having a component of motion relative 
to the radar set. Some slight shifts in indicated range 
have been noted, but these would be expected by reason 
of the shift of the point of reflection, owing to changes 
in shape of the ion contours.° 
If the radio waves are returned by reflection from the 

side of the meteor track, the geometry of reflection in a 

5 0. G. Villard, Jr. "Meteor detection by amateur radio," QST, 
vol. 31, pp. 13-18; July, 1947. 
• 0. P. Ferrell, "Meteoric impact ionization observed on radar 

oscilloscopes," Phys. Rev., vol.69, pp. 32-33; January 1 and 15,1946. 

simple case may be as shown in Fig. 7. Assume a 
meteor track M2/7 lying in the plane of the transmitter 
T and the receiver R, having a surrounding cloud of 
ionized air in which contours of equal ion density will 
have substantially the form shown. The contours will 
increase rapidly to maximum radius by reason of diffu-
sion, and beyond this point decrease slowly, owing to 
further diffusion and recombination.7 If the contour 
shown is of proper density it will reflect radio waves 
from the transmitter T to the receiver R, the incident 
and reflected waves subtending equal angles 4) with the 
normal to the contour. 

T4 

Fig. 7—Geometry of reflection of radio waves 
from ionized meteor tracks. 

If reflection occurred from a plane surface, the area 
(square meters) at R covered by the energy passing 
through unit area 0 (one square meter) at unit distance 
(one mile) from T would be 

(t  r)2 

(t and r expressed in miles), and the ratio of field intensi-
ties of the incident ray would be 

E 0 

—ER = (1 + 

However, owing to the finite radius p (meters) of the 
cloud cross section, the energy will suffer divergence 
through an angle d and will be spread over an area 

('+ r+ 2rd)(t  r). 

The ratio of field intensities will be 

J. A. Pierce, "Ionization by meteoric bombardment," Phys. 
Rev., vol. 71, pp. 88-92; Ianuary, 15,1947. 
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Now 

and 

d = a cos 

— cos (t. 

(I r 2tr cos 4) ) 
  (t + r). 

ER 

If the cloud is not cylindrical at the point of incid-
ence, but has a curvature of radius q along its length, 
additional divergence will result and 

E0 2ir cos 0) ( -F 20 sec 0) 
  ir+   

ER • 
Although the above expressions are developed for the 

simple case in which the meteor track lies in the plane of 
propagation, similar but somewhat more complex ex-
pressions can be developed for cases in which the track 
crosses the plane. In each case, however, if the contours 
of equal ionization are uniform along the track, the 
geometry will be such that, at the point of reflection at 
a given instant, the contours will be normal to a line 
bisecting the angle between the paths of the incident 
and reflected waves. This will mean, in general, that the 
track of the meteor will also be substantially normal to 
the bisector. 
Over the period from February, 1943, through May, 

1944, the highest burst received at Laurel from station 
WGTR was 70 tiv./m. Assuming that the highest bursts 
were recorded under conditions that were optimum; 
that is, that the reflecting point lay near the great-circle 
path between the transmitter and receiver, application 
of the above formula yields the following radii for limit-
ing cases. For reflection at the midpoint of the path: 
=  0=21°, Eo =350 millivolts per meter (calcu-
lated at 21° above horizontal for a 10-bay turnstile hav-
ing a field of 2540 millivolts per meter at a mile in the 
horizontal plane), p = 0.25 meters for a cylindrical track, 
N= 3.7 X106 ions per cubic cm. For reflection at a 
point over the receiver:  4,=38°, 0 = 9 -o, E0 = 640 milli-
volts per meter, p =0.17 meters for a cylindrical track, 
N=1.5 X107 ions per cubic cm. Assuming (a) that the 
indicated radii are median for contours of all ion densi-
ties and that equal numbers of ions exist inside and out-
side of the contour of indicated radius, (b) that the ini-
tial meteor velocity is 40 kilometers per second, (c) 
that all of the kinetic energy of the meteor is converted 
into ionization, and (d) that the length of the meteor 
track is 100 kilometers, the above results indicate that 
the sizes of the meteoric particles are 2.9X10 7 and 
9.8 X10-7 grams, respectively. These particle sizes are 
much smaller than have hitherto been assumed as re-
sponsible for the larger meteors, and no reasonable as-
sumptions as to the distribution of the ion densities 
within the cloud will yield values in line with the more 

reasonable estimates of 0.25 gram made by Pierce.' 
It appears from the foregoing that the return should 

not be treated as a lossless specular reflection. At a fre-
quency of 44 Mc. the losses due to absorption should be 
negligible. Specular reflection should not obtain unless 
the dimensions of the reflecting surface are very large 
compared with the wavelength, and while the above 
radii calculated for specular reflection are too small, the 
applicable radii are probably of the same order of mag-
nitude as the wavelength. Considerable scattering of the 
energy must occur, with a possible field pattern consist-
ing of a primary lobe of radiation centered on the line 
corresponding to the reflected ray. In this regard it 
should be possible to treat the ionized track as a travel-
ing-wave antenna, with its primary lobe tilted forward 
in the direction of wave travel. This lobe would be very 
sharp for long meteor tracks, and it would not be pos-
sible to distinguish between the geometry of reception 
from such a lobe and the geometry of Fig. 7 by any ob-
servations which have been made to date. The field in-
tensities produced by this lobe, while less than for 
specular reflection, would be dependent upon the same 
geometric characteristics of the meteor track; that is, the 
angle of departure for the radiation will be equal to the 
angle of the incident radiation, the sharpness of the lobe 
will depend upon the length of the track, the energy in 
the lobe will depend upon the energy intercepted by the 
track, and hence upon its radius and length. 
Except for absolute intensity, Fig. 7 may be useful in 

arriving at certain characteristics of the bursts; for 
example, the variation of the intensity of the burst with 
time. Consider the successive cross sections of a meteor 
track at a high altitude, which are responsible for the 
intensity of the bursts at times To, T1, T2, T3, T4, etc., 
indicated in Fig. 7. The distributions of the ion densities 
at these times are plotted in a qualitative manner in 
Fig. 8(a), with ion density N as ordinate and radius p as 

(a) (b) 

(c) 

0 12 3 4 5 67 6 T 

Fig. 8—Effect of height of meteor track on characteristics of bursts. 
(a) and (b) Meteoric ionization at high altitudes. 
(c) and (d) Meteoric ionization at low altitudes. 
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abscissa. Initially the central ionization is very intense 
and the gradient steep, but diffusion rapidly decreases 
both the maximum density and the gradient. The 
dashed line N' represents the density required to reflect 
the frequency on which the burst is received. It may 
be seen that the radius p rapidly increases to a maximum 
and then decreases, resulting in the envelope shown in 
Fig. 8(b). The maximum intensity of the burst, its time 
of occurrence, and the shape of the rise and decay slopes 
are dependent upon the level Ni and hence upon the 
frequency of the reflected wave. Fig. 8(c) shows the ef-
fects of ionization at low altitudes. Owing to the greater 
density, diffusion is less rapid and recombination sets in 
more rapidly. Because of the lesser mobility of the posi-
tive ions, the recombination should take place initially 
at short radii, and may result in less ionization at the 
center of the cloud than near its outer boundary. This 
would result in the production of a burst having the 
shape of Fig. 8(d), with somewhat slower rise and an 
instantaneous decay of its trailing edge. 
In preparation for the meteor shower of October 9, 

1946, associated with the appearance of the Giacobini-
Zinner comet, a continuous chart recorder was installed 
by Federal Communications Commission engineers at 
the Sterling (Va.) Laboratory of the National Bureau 
of Standards. Laboratory personnel had installed an 
SCR-270 radar for observation, and it was hoped that 
coincidences between bursts, radar indications, and 
visual observations could be obtained. No visual obser-
vations were possible because of rainy weather. A few 
coincidences between indications on the radar and the 
recorder were obtained on the night of October 9, when 
the recorder was tuned to the f.m. station at Paxton, 
Mass., and the radar was directed to the radiant of the 
shower at its predicted maximum, 320° true azimuth 
and 40° altitude. On October 10, the radar was oriented 
toward Paxton so that the propagation paths were more 
comparable, and although the number of bursts and 
radar returns were much less because of the decreased 
activity of the shower, a larger percentage of coincid-
ences was observed. 
Fig. 9 is a record of five bursts on 44.3 Mc. at a chart 

speed of three inches per minute, taken at Sterling, be-
tween 7:59 and 8:16 P. M., E.S.T., on the night of Octo-
ber 9, 1946. The first shows a comparatively slow rise 
and a slow decay time. The rise of the remaining four 
bursts is substantially instantaneous, two having rapid 
and two having slow decay times. From the foregoing 
analysis, bursts 1, 2, and 4 probably were produced by 
meteors at high level, and bursts 3 and 5 by meteors 
at a lower level. The bursts have serrated envelopes, 
which are probably due to interference between waves 
reflected from a plurality of points on an irregular ion 

cloud, or from a plurality of clouds caused by the 
simultaneous fall of a group of associated meteors. 

50 
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Fig. 9—Bursts on 44.3 Mc. recorded at fast chart speed. 

CONCLUSION 

The production of signal bursts in the frequency band 
near 40 Mc. by the reflection of radio waves from 
meteoric ionization has been established by observed 
coincidences between such bursts and visible meteor 
trains. A good correlation has been found between the 
diurnal distributions of the numbers of bursts, the ob-
served numbers of meteors, and the theoretical distri-
butions for randomly disposed meteors. A reasonably 
good correlation has also been found between the an-
nual distributions of bursts and observed meteor num-
bers. The intensities of the bursts are lower than would 
be expected for specular reflection, and it is suggested 
by reason of the relatively small cross sections of the 
meteor tracks that a ray theory is not applicable, and 
that the reflection for simple cases comprises a primary 
lobe centered on the line of an assumed reflected ray. 
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Rainfall Intensities and Attenuation of Centimeter 
Electromagnetic Waves* 

RAYMOND WEXLERt, AND JOSEPH WEINSTEINt 

Summary—The frequency distribution of rain intensities at four 
selected United States stations are analyzed with the view of de-
termining the extent of rain attenuation on "X"-band radar. An areal 
study of the attenuation produced by heavy rain is also made. 

PURPOSE 

THE MAXIMUM RANGE of radar in storm de-
tection depends upon the radar parameters, the 
path attenuation, and the intensity of rain de-

tected. For "X"-band radar, the atmospheric attenua-
tion is approximately 0.01 db/km. More serious atten-
uation is caused by intervening rain to such an extent 
that heavy rain may occasionally block the radar from 
detecting storms beyond 25 miles. It is the purpose of 
this paper to determine the extent of rain attenuation, 
for "X"-band radar, to be expected at various localities 
in the United States. 

THEORY 

On the assumption of complete interception of the 
radar beam by the rain storm, the maximum range R 
of a 3.2-centimeter radar set is given by' 

APtd 
R2 = 1.34  Na' 10-0 .2" 

P rI1101 

(1) 

where A is the area of the antenna, Pt the peak power, 
Pr.,. the minimum detectable signal, d the pulse length, 
Na' is the summation of the sixth power of the radii 
of the droplets per unit volume of rain cloud, and K 
is the path attenuation in db per unit distance. The 
term Na' in 10-" centimeter' is related to the rain in-
tensity I in mm. per hour by the regression equation 

log Na' = 1.441 log / — 1.302  (2) 

as derived from the drop-size data of Laws and Par-
sons.'.3 
Robertson and King4 determined, experimentally, the 

attenuation of 3.2-centimeter electromagnetic waves 
to be approximately 0.03 db/km. per mm. per hour rain-

• Decimal classification: R113.501. Original manuscript received 
by the Institute, June 30, 1947. Presented, American Meteorological 
Society, May, 1947. 

Signal Corps Engineering Laboratories, Belmar, N. J. 
R. Wexler and D. C. Swingle, "Radar storm detection," Bull. 

Amer. Met. Soc., vol. 28, no. 1, pp. 159-167; April 1947. 
2 Dr. J. S. Marshall, Canadian Army Operational Research, de-

rived, from his experimental data, an equation equivalent to 
log Nag 1.667 log 1-1.348. 

3 0. J. Laws and D. A. Parsons, "The relation of raindrop-size to 
intensity," Trans. Amer. Geophys. Union, vol. 24, pp. 452-459; 
1943. 

4 S. D. Robertson and A. P. King, "The effects of rain upon the 
propagation of waves in the 1- and 3-centimeter regions,  PROC. 
I.R.E., vol. 34, pp. 178-180; April, 1946. 

fall. There was considerable variation about this value. 
According to Ryde,' the theoretical attenuation for 3.2-
centimeter waves, based on the mean drop-size data of 
Laws and Parsons, is about 0.02 db/km. per mm. per 
hour rainfall. 
With the aid of (1) and (2), Fig. 1 is drawn indicating 

the theoretical maximum range of "X"-band (3.2-centi-
meter) radar as a function of the radar parameters, 
target intensity, and the path attenuation. A value of 
APtd/P,„=1025 centimeters' corresponds approxi-
mately to that of the radar set AN/APQ-13, an 
band set set widely used for storm detection. A value of 
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Fig. 1—Maximum range of X-band radar as a function of radar 
parameters, target intensity and path attenuation. 

APtd/Pr.,=1028centimeters' is considered as a possible 
high-power "X"-band radar with large antenna area, 
long pulse length, and a more sensitive receiver. The ab-
scissa in Fig. 1 indicates the regions of atmospheric at-
tenuation due to oxygen and water vapor, attenuation 
due to light rain ( <2.5 mm. per hour), moderate rain 
(2.5 to 7.5 mm. per hour), and heavy rain (>7.5 mm. 
per hour), based on Ryde's theoretical values for rain-
fall attenuation. 
At a path attenuation of 0.3 db/km. in Fig. 1, the 

maximum range of the AN/APQ-13 is 35 km. for a tar-
get of heavy rain (10 mm. per hour) and 22 km. for a 
target of light rain (1.25 mm. per hour). In comparison, 
the high-power "X"-band radar should be able to detect 
heavy rain to a distance of 75 km. and light rain to a 
distance of 56 km. It is interesting to note that an in-
crease in the radar parameters APtd/P,.., of 1000-fold 

6 Unpublished manuscript. 
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little more than doubles the maximum range of "X"-
band radar through heavy rain. 
If no intervening rain occurs, the path attenuation 

due to oxygen and water vapor is only about 0.01 
db/km. The maximum range of the AN/APQ-13 would 
then be 240 km. for the defection of heavy rain and 80 
km. for light rain. Theoretically, assuming complete 
interception, the high-power radar would be able to de-
tect light rain out to 600 km., but earth shadow, and the 
fact that rain clouds usually do not extend to heights 
greater than 10 km., would effectively limit the range in 
most cases to below 300 km. 
Fig. 1 is drawn on the assumption of complete inter-

ception of the radar beam by the rain cloud. Assuming 
that the lowest portion of the beam left the antenna at 
an angle of 0° with the earth's surface, the height above 
the earth at a distance of 240 km. would be about 3 km. 
If the height of the rain cloud at that range were only 
9 km., then, only the lower half of the 3° beam width of 
the AN/APQ-13 would be intercepted by the cloud. 
The range of detection of heavy rain by the AN/APQ-
13 would then be about 200 km., instead of the 240 km. 
indicated in Fig. 1. Considering the fact that the upper 
portion of a heavy rain cloud may not have the reflection 
characteristics of heavy rain that reaches the ground, 
the actual maximum range probably is considerably 
less. 

RAINFALL INTENSITIES 

In Fig. 2, the frequency distribution of rainfall inten-
sities during the summer is given for Boston, Columbus, 
New Orleans, and Oklahoma City. The data for New 
Orleans has been obtained from a study by McDonald') 
based on 30 years of records, and the Oklahoma City 
data from Alexander" based on 25 years of records. For 
Boston and Columbus, the data has been compiled from 
the Monthly Meteorological Summaries for the years 
1935 to 1946. Fig. 2 represents the frequency distribu-
tion of the amount of rain falling within a prescribed 
hourly period whether or not the rain was continuous 
during the period. It is seen that 60 to 80 per cent of all 
measurable summer rains are in the light-rain category 
(below 0.10 inch per hour). During the winter, 80 to 
90 per cent of all rains are in this category. 
It is seen from Fig. 2 that an intensity of 0.40 inch 

per hour or greater occurs during the summer at Boston, 
2.4 per cent of the measurable rain hours (or about 3 
hours per summer); at Columbus, 5.3 per cent (5 hours 
per summer); at Oklahoma City, 7.1 per cent (5 hours 
per summer); and at New Orleans, 11.2 per cent (13 
hours per summer). If a rain of 0.40 inch (10 mm.) per 
hour occurred over an extended area, then, it may be 
seen from Fig. 1 that, at a value of 0.2 db/km., the range 

6 W. F. McDonald, "Hourly frequency and intensity of rainfall 
at New Orleans, La.," Mon. Wea. Rev., vol. 57, pp. 1-8; January, 1929. 

7 H. F. Alexander, "A study of the hourly precipitation at Okla-
homa City, Olda." Mon. Wea. Rev., vol. 66, pp. 126-130; May, 1938. 

of the AN/APQ-13 would be reduced to 45 km. and that 
of the high-power "X"-band radar to 105 km. Using the 
experimental value of 0.3 db/km. for a 10 mm. per hour 
rainfall, the respective ranges would be 35 km. and 75 
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Fig. 2—Frequency distribution of rainfall intensities 
at four selected stations. 

km. On the assumption that the heavy rains extend over 
long distances, the shaded portion in Fig. 2 would repre-
sent the percentage of measurable rain hours that the 
range of the specified "X"-band radars would be re-
duced below these distances. 
Since most rains of heavy intensity are of short dura-

tion, it is probable that such storms are not widespread. 
At Boston in a 10-year period of summer rains, it was 
found that only thirty-five storms occurred which had 
at least one mean hourly intensity which could be 
classed as heavy (in this case, 0.31 inch per hour or 
greater). Four storms showed two consecutive hours of 
heavy rain, and one showed three consecutive hours of 
heavy rain. The remaining thirty storms had heavy 
rain within one hour only. This summary leads to the 
belief that the occurrence of heavy rains is itself infre-
quent and that heavy rains of a widespread character 
are rare. 
In an effort to determine the extent of heavy rainfall, 

the rainfall data of four stations in an area around Hous-
ton, Tex., were studied. The four stations, Houston, Sat-
suma, Katy, and Alief, are all 13 to 15 miles apart, 
with the exception of Katy to Houston which is a dis-
tance of 25 miles. Hourly rainfall data for September 
for the years 1940 to 1945 for all four stations, as pub-
lished in the Hydrologic Bulletin, were analyzed. Sep-
tember was chosen since it was felt that widespread 
heavy rain was most likely to occur during that month 
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in the hurricane season. The analysis is subject to the 
error that the same storm within the same hour may 
move over two or more stations and thus give the ap-
pearance of simultaneous heavy rains. If anything, this 
should give an overestimate of the simultaneous occur-
rence of heavy rains. 
In the six years of September rains at any of the four 

stations, 54 hours were in the heavy rain (0.31 inch per 
hour or greater) category; only during one hour in six 
years did heavy rain occur simultaneously at all four 
stations. There were four hours of simultaneous heavy 
rain at three stations, nine hours at two stations, and 
forty hours at only one station. There were twelve hours 
during which heavy rain occurred at only one station 
and no rain whatsoever occurred at any of the other 
stations. It is apparent from this analysis that the heavy 
rains in the Houston, Tex., area generally were isolated 
and of small horizontal extent. The chances are better 
than 3 to 1 that the heavy rain will not extend 25 miles 
in diameter. 
In an effort to determine the number of hours by 

which an "X"-band radar may be reduced below a cer-
tain range, the precipitation maps of the Muskingum 
River Watershed, Ohio, for the year 1938, were studied. 
The maps show precipitation amounts recorded in the 
area at half-hourly intervals. A mean intensity of 0.20 
inch per half hour or over was considered as causing suf-
ficient attenuation to reduce the range of a high-power 
"X"-band radar to less than 50 miles. Table I tabulates, 
by month, the total number of hours of mean precipita-
tion intensity of 0.20 inch per half hour or greater from a 
point in the center of the area to 50 miles in any direc-

TABLE I 

NUMBER OF HOURS OF MEAN PRECIPITATION INTENSITY 0.20 INCHES 
PER HALF HOUR OR GREATER FOR 50 MILES IN ANY DIRECTION IN 

THE MUSKINGUM VALLEY DURING THE YEAR 1938 

Month 
No. of  No. of Consec-
Hours  utive Hours 

April 
May 
June 
July 
August 
September 
November 

Total 

hour 

4 
2 
54 
5 
2 

20 hours 

2 
1 
4 and 1 
5 
2 

tion. Of the twenty hours of heavy rain attenuation over 
a 50-mile path in any direction, nineteen were in the na-
ture of line squalls or a line of thunderstorms, and the re-
maining one hour was due to a single thunderstorm of 
an extremely heavy rain intensity and approximately 
twenty-five miles in diameter. There was only one hour 

in which a heavy rain line squall occurred on a line 
through the station causing attenuation in the two di-
rections 180° apart. A storm, during August, 1938, was 
a frontal line squall about 20 miles wide of such heavy 
intensity as to cause attenuation through the width of 
the storm, causing four consecutive hours of heavy rain 
attenuation in some direction as the front moved from 
north to south past the station. The storm, during Sep-
tember, 1938, could be identified as two overlapping line 
squalls, one line passing to the east of the station, caus-
ing severe attenuation in the easterly sector for 21 
hours; the other line squall subsequently passed to the 
west of the station, causing another 21 hours of rain at-
tenuation in that sector. 
At no time was the rain intensity 0.20 inch per half 

hour or greater in all directions from the selected point. 
Since the major portions of heavy rain intensities oc-
curred in line squalls, it is evident that a radar would be 
able to observe the entire length of the storm before 
arrival at the radar site; the range would then be re-
duced to below fifty miles along the frontal direction 
during the passage of the storm; after passage, the en-
tire storm length would again be visible. The duration 
of serious rain attenuation would depend on the width 
of the storm and its velocity. 

CONCLUSION 

Heavy rains of 0.40 inch per hour or greater occur on 
the average from five to thirteen hours during the sum-
mer months for the four selected stations in the United 
States. Such rains, if occurring over the entire path, 
would generally reduce the range of a high-power "X"-
band radar to below 50 miles. 
From an analysis of heavy rains in the Texas area 

during September, it is evident that heavy rains are 
generally isolated and of small horizontal extent. An 
analysis of the precipitation in the Muskingum Valley, 
Ohio, shows that storms, during the year 1938, which 
would have reduced the range of a high-power "X"-band 
radar below 50 miles in any direction, totalled 20 hours. 
These storms were mostly of a line-squall nature. The 
attenuation produced by such line squalls may be 
turned to advantage by enabling one to determine, by 
radar, the mean precipitation intensity along the line 
squall. Such an analysis has been .made by Wexlers 
on the heavy rains in a frontal storm. 
The foregoing sample studies of rainfall-intensity dis-

tribution and area coverage indicates that the use of 
high-power "X"-band radar for storm detection is not 
seriously limited by rainfall attenuation in its function 
of safe guidance of aircraft through storms. 

8 R. Wexler, "Radar detection of a frontal storm, June 18, 1946," 
Jour. Meteor., vol. 4, pp. 38-44; February, 1947. 
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An Inductance-Capacitance Oscillator of 
Unusual Frequency Stability* 

J. K. CLAPPt, FELLO W, I.R.E. 
Summary—An L-C oscillator having unusual frequency stability 

is described and briefly analyzed. The circuit is similar to the familiar 
Colpitts, with an L-C series circuit replacing the inductor. Such a 
circuit has been used as a piezoelectric oscillator, with the quartz 
crystal replacing the L-C series circuit, but the circuit does not seem 
to have been previously described as an L-C oscillator. 

THE OSCILLATOR considered here has been in 
use for some years as a quartz-crystal oscillator.' 
Because of the inherent stability associated with 

the quartz crystal, not much attention has been paid 
to the possibilities of the circuit for use as an L-C 
oscillator. In such applications the circuit does not seem 
to have been described previously. 
In the usual forms of pi-network oscillators, such as 

the Hartley and Colpitts, the plate and grid resistances 
of the tube are shunted across elements of the tuned 
circuit. Variations of these resistances, as by changes in 
electrode supply voltages, cause appreciable changes in 
the frequency of oscillation. In the Hartley circuit it is 
well known that tapping the tube across only a portion 
of the tuned-circuit inductance results in a substantial 
improvement in frequency stability. Such a circuit has 
been described by Lampkin.2 This arrangement, indi-
cated schematically in Fig. 1(a), has two practical dis-
advantages: first, it has a very strong tendency to 
generate spurious oscillations in the circuit formed by 
the tube capacitances and the tapped portion of the in-
ductance; and second, the circuit is not too convenient 
for band-switching operation. 

(a) 

c. T  T  c 
(b)  (c) 

Fig. 1—Showing (a) tube tapped across part of inductive branch; 
(b) across part of capacitive branch; and (c) the circuit of (b) 
in filter representation. 

The counterpart of this arrangement, with the tube 
tapped across a portion of the capacitive branch, is indi-
cated in Fig. 1(b). With moderate care in keeping the 
connections .to the tube short, there is practically no 
tendency toward spurious oscillation. In the configura-

• Decimal classification: R355.911.4. Original manuscript received 
by the Institute, April 16, 1947. 
t General Radio Company, Cambridge, Mass. 
I For example, the General Radio Type-475-C oscillator, used in 

broadcast frequency monitors, which was introduced in 1940. 
2 G. F. Lampkin, "An improvement in constant-frequency os-

cillators," PROC. I.R.E., vol. 2 , pp. 199-201; March, 1939. 

tion shown, only one point would have to be switched for 
multiband operation, but in practical circuits it is gen-
erally better to switch both ends of the inductor. When 
drawn in the form of a Colpitts circuit, the network 
appears as in Fig. 1(c), where it is evident that the low-
pass (Colpitts) and high-pass (Hartley) arrangements 
have been replaced by a band-pass circuit. 
A schematic diagram of a practical circuit is shown in 

Fig. 2. In effect, it is a grounded-plate arrangement, and 
no high dc. voltages appear at any point of the tuned 

Replacing L, 
of convenhonal 
Colpitts circuit 

Fig. 2—Schematic diagram of circuit. Capacitances CI and C1 are 
many times larger than those usually employed in a Colpitts 
oscillator. 

circuit. For convenience, one side of the tuning ca-
pacitor is grounded. The coupling capacitances C1, C2 
are large compared to the tuning capacitance C2, and 
are huge compared to the tube capacitances. The radio-
frequency choke provides the cathode d.c. return 
path; preferably the choke should be capacitive at the 
operating frequency. Variation of the screen-grid volt-
age provides a convenient means of adjusting the 
amplitude of oscillation. In normal operation the cou-
pling capacitances are made just as large as reliable oper-
ation will permit. Under such conditions the grid and 
plate swings are only a very few volts. 
It is informative to consider the circuits shown in Fig. 

3. Starting from the simple circuit of Fig. 3(a), we find 
for the change in frequency caused by a change in 
tuning capacitance 

df 
— = 

1 dCo 
— — — • 
2 Co 

(1) 

To fix ideas, let the circuit resonate at a frequency of 
1 Mc., in which case Co might be, conveniently, 100 
*Ed.; df/f then is —dCo/200. 
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In the form of a Colpitts oscillator, the circuit of Fig. 
3(b) might have CI = C2 =200 nµfd. In this case, we will 
associate a change in capacitance with C3, representing 
the input side of the tube. Then we have 

df  1  C1 dC2 1 Co dC2 
(2) 

2 CI C2 C2  2 C2 C2 

For the values given, df/f= —dC2/800. 

L  C. 
(a)  (b) 

20 

(c) 

j20 C. 

(d) 

Fig. 3—Illustrating circuit configurations which successively reduce 
the variation in resonant frequency caused by a given change in 
capacitance. The given change in capacitance is associated with 
Co in (a) and with C2 in (b), (c), and (d). 

Keeping the same circuit, but utilizing CI = C3 = 40 Co 
in Fig. 3(c) with an inductance L/20, gives df/f 
= —dC2/16000. This represents operation carried to the 
largest usable capacitances—a "High-C" circuit. 
Turning now to the circuit of Fig. 3(d), representing 

Fig. 2, with CI = C2=40 Co and C,=20 Co/19, the total 
capacitance is Co. Then df/f = —dC2/320,000, represent-
ing all of the improvement realized with "high-C" 
operation augmented by a factor due to the greatness of 
C1, C3 as compared with C3. If we consider the frequency 
variation of Fig. 3(b), representing a conventional Col-
pitts oscillator, as unity, then the frequency variations 
of Fig. 3(b), (c), and (d) stand as 1, 1/20, 1/400, for a 
given capacitance change. 
The circuit of Fig. 3(c) represents an improvement of 

up to twenty times or so over the conventional Colpitts, 
Fig. 3(b). In practice, this circuit would require a double 
variable tuning capacitance of large value. The circuit 
of Fig. 3(d) gives a further improvement of twenty 
times or so, using a single variable tuning capacitance 
of more usual value. 
While the above development is by no means com-

plete for determining the stability of frequency of an 
oscillator, it nevertheless indicates very well the rela-
tive improvement attainable with respect to changes in 
input capacitance of the tube as a result of temperature 
changes of tube structure or of changes in supply volt-

ages. 

ow 

o v 

using the circuit of Fig. 2. A simple approach is to di-
vide the circuit at the dotted line and write the expres-
sion for the impedance Z seen looking into the circuit. 

r„Zi, 
+  z9  rz,Z P  +  z,. 

Z  = Zg    (3) 
r,  Z,  r,  Z, 

Taking Z, as r„ in parallel with X3, 4 as X1, alone, 
separating reals and imaginaries and placing them equal 
to zero, we have, for a conventional Colpitts circuit, 

X 1 

X I X2  -  ( X3  X 2) 

r„  r, 

x, —  (X3— X1) -I- 141 
r, 

  — 0  (4) 
rorp 

— X 1(1  — X2(1 + 
TI,  

X IX 2 x  3(1 \ 

/ 
(5) 

In (4) for reals, we can substitute with small error 
(X, — Xo) =X1 and (X,—X1) = X2, and obtain 

A ,  X12 X22 
— — A IA  R3 = 0  (6) 
rp  rP r, 

where the first term represents the negative resistance 
developed in the circuit by the tube; the next two terms 
represent the equivalent series resistances of the tube 
resistances in parallel with the coupling capacitances; 
and the last term is the resistance of the inductor 
(neglecting the very small correction term). 
In (51 for imaginaries, the terms in r, are the ones 

causing a change in frequency with change in supply 
voltage. These are XiX2X3/r,r, and R2X2/r,. With 
large reactances and low resistances, the first of these 
entirely overshadows the second. On reduction of the 
reactances to the lowest possible values, keeping the 
resistances of the tube as high as possible, however, the 
second becomes the predominant term. 
An important analysis of the stability of this class of 

oscillators is given by Fair,' but the effects of the re-
sistance of the inductor are not taken into account. 
Following Fair's method and including the coil re-
sistance, we obtain  ' 

[ xix2x3 Rsx2] 
aV  rep  rg 

[ 
for  A = f1(10, 

Ron, (1 + R3\  axi (1+ .122.\ax2 ax2i 
0 (2  A X1 X2-1 L  I'd Ow  \  rgi Ow  Ow 
r. = f2(a),  X + X, + X3 = f3(W),  r, = constant. 

(7) 

A brief linear analysis is helpful in showing the im-  3 I. E. Fair, "Piezoelectric crystals in oscillator circuits," Bell 
provement in stability of frequency which is possible  Sys. Tech. Jour., vol. 24. pp. 161-215; April, 1945. 
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This is in the form given by Fair and differs from his 
result only by the terms in Rg. 
The term —R3r,/µX2X2, in the first factor in the 

denominator, is the ratio of the coil resistance to the 
negative resistance developed in the circuit. From the 
equation for reals it is seen that µXIX2/r, exceeds R3 
by only a small amount. The ratio is then near unity 
and the first factor reduces to —Xi/12X2. The second 
factor in the denominator (neglecting the terms in R3 
which are small) is equal to 2L3. If we write X3/(23 for 
Rg, (7) reduces to 

Sto 
= 

oV 

1 al., xix2x3 x2x3i 

av L  Q3r, 
X1 

— —  i2L3j 
jag 

x2 a,2 r  1 1  
X1 av L 2caCIC2r.r, + 2Q3C2r, 

1 1  1 

aV  lon2CO2r  2Q3nC0r„J 

for  C1 = C2 = nCo. 

(8) 

In the ordinary Colpitts circuit the first term pre-
dominates. If the tuning capacitances CI, C2 are in-
creased as much as possible and maintain oscillation 
(C1= C2, L3' adjusted for same frequency), the first term 
decreases as n2 and stability is improved ("high-C" 
circuit). 
If Lg' is replaced by L4 and C5 in series, (8) becomes 

1 al, rxix2(x, — x5)  

bc..)  av L  r„r, 
X2X41 

Q4r, J 
V 

  [2L4] 
1.1X2 

r 1  L3' 
±  1  .  (12) 

OV L2W112C52rep  L4 2Q4nCor, 

for C1 = C2 = nCo 

Note that, for co =constant, (X4— X5) in the numerator 
is equal to X3=coL3' where Lg' is that value of in-
ductance which would tune to the desired frequency 
with capacitances C1 and C2 only. L4 can be many times 
L3', in which case the effect of the first term is still 
further reduced in the ratio of Lo'/L4. The second term 
s unaltered for the same value of C2, as long as G = G. 
This condition may be difficult to meet as L4 is made 
larger and larger compared with L3'. However, a large 
reduction in the first term can be made, with small 
increase in the second term in any case. 

Summarizing, these results show that in (11) the 
stability is improved when all reactances in the num-
erator are kept small, r9 and r, are kept high, and the 
rate of change of reactance of the circuit, in the de-
nominator, is made as large as possible. The Q of L4 
should be kept as high as possible. 
This class of osciflator has been described by Jefferson' 

as being only "potentially stable," Ineaning that the 
change in frequency can only approach zero, but never 
reach zero, no matter how many elements are used in 
each branch of the pi network. 
Llewellyn' has given many circuits with the condi-

tions for frequency stabilization. In practice, however, 
many of these conditions are modified by the effects of 
tube capacitances, capacitances of coils, etc., so that 
either the conditions for zero frequency change are ap-
preciably altered or become critical if the frequency is 
changed. Also, many of the circuits shown are not 
readily adaptable to variable-frequency or band-
switching operation. 
The result is that for many practical applications an 

oscillator circuit which can be made to approach per-
fect stability in a noncritical manner, even though per-
fect stability cannot be achieved, is preferable to a cir-
cuit which can be made perfectly stable but only by 
critical adjustments or by adjustments which must be 
changed when the frequency is changed. 
The long-time stability of this circuit depends almost 

entirely on the permanence of the elements L4, C5, and 
their temperature coefficients. The variations in fre-
quency caused by temperature changes will generally be 
found to be much simpler and more straightforward 
than in conventional circuits because of the fact that 
the tube effects have been effectively eliminated. 
The circuit described above can be set up with 

reactances of 70 to 100 ohms for X1 and X2, these being 
about one-fortieth of the coil or tuning-capacitance re-
actance. The circuit has been operated successfully at 
frequencies ranging from 10 kc. to over 100 Mc. It has 
been applied in heterodyne frequency meters, oscillators 
for beat-frequency oscillators, master oscillators in 
amateur transmitters, and as a frequency-modulation 
generator. In the latter case, the frequency swing is 
caused by varying C1, the center frequency being set by 
the series tuning capacitor C6. 
The stabilities obtained depend on the frequency and 

reactances used. Frequency changes of less than 1 part 
per million to a very few parts per million for changes 
in supply voltages of ±15 per cent have been obtained. 
Interchanging tubes of the same type causes practically 
no change in frequency. 

H. Jefferson, "Stabilization of feedback oscillators," Wireless 
Eng., vol. 22, pp. 384-389; August, 1945. 

5 F. B. Llewellyn, "Constant frequency oscillators," PROC. I.R.E., 
vol. 19, pp. 2063-2094; December, 1931. 
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The Comb Antenna* 
RALPH GRIMMt, ASSOCIATE, I.R.E. 

Summary—An analysis of a comb antenna for reception of 
vertically polarized medium-frequency waves is given. The formula 
can be applied to any array in which the elements are arranged in a 
line and in which the current ratios and phase relations are known. 
Close coupling of the elements is considered, rather than very loose 
capacitive coupling. The condition of close coupling greatly increases 
the directivity and signal level by adjusting the line velocity to an 
optimum value. The antenna is especially suited for reception of 
Loran signals. 

THE PROBLEM of receiving weak vertically 
polarized ground waves or low-angle sky waves in 
the broadcast and medium-frequency bands has 

been one not easily solved. Most directional arrays be-
come impractically large at these frequencies.'-2 The 
Beverage or wave antenna will give good results if used 
over soil with rather poor conductivity, but even then 
it has the disadvantage of low output and greater re-
sponse to low-angle sky waves than to the ground wave. 
This is highly objectional in the reception of 'phone or 
c.w. signals, as the area of selective fading moves closer 
to the transmitting station. This fading is not present 
in the reception of short-duration pulses, since the 
pulses are received in their entirety before the arrival 
of the sky-wave signal. Response to sky waves is highly 
undesirable when receiving weak signals, because the 
nighttime noise is propagated by low-angle reflections 
and the signal-to-noise ratio is decreased. 
The comb antennas is shown in Fig. 1. It consists of a 

number of vertical elements arranged in line with the 
transmitting station. A transmission line (coaxial) is 
used to connect all vertical elements together. This line 
is terminated at the end nearest the transmitter in an 
impedance to reduce standing waves, and a coupling unit 
is inserted at the other end to match the antenna to a 
transmission line. This impedance is not the character-
istic impedance of the line, but rather a new impedance 
caused by the addition of the vertical elements. These 
elements will change the effective shunting impedance 
across the line and, thus, the line velocity. The base 
reactance of each element has a definite optimum value 
and will be described in detail. One must also consider 
that each element introduces a certain amount of loss. 
A general equation will be obtained and assumptions 

• Decimal classification: R125.1 X R325.11. Original manuscript 
received by the Institute, August 16, 1946; revised manuscript re-
ceived, September 26, 1947. 

Clark Instrument Corporation, Silver Spring, Md. 
G. C. Southworth, "Certain factors affecting the gain of direc-

tive antennas," PROC. I.R.E., vol. 18, pp. 1502-1537; September, 
1930. 

2 E. J. Sterba, "Theoretical and practical aspects of directional 
transmitting systems," Pkoc. I.R.E., vol. 19, pp. 1184-1216; July, 
1931. 

3 The antenna described here is similar, except for polarization 
and phase velocity, to that described in the paper by H. H. Beverage 
and H. 0. Peterson, "Diversity receiving system of RCA Communi-
cations Inc. for radiotelegraphy," PROC. I.R.E., vol. 19, pp. 31-562; 
April, 1931. 

then applied for particular cases. Comparison of the 
array will be made to a single element. 

VERTI CAL 
ELEMENT 

COUPLING 
UNIT 

TRANSMISSION 
LINE 

Assume: 

GROUND 
SYSTEM 

Fig. 1 

h<< X 

a << X 

TERMINATING 
UNIT 

LOADING 
UNIT 

GROUND 
LINE 

where h is the height of the elements and a is the spacing. 
All elements have identical base impedance. 
Let 
V= velocity of propagation along loaded line 
Vo = velocity of propagation along unloaded line 
c = velocity of propagation in air. 
Considering the array as being driven, the current in 

each element is 

where 

il = / 

i2 =  
• 

i3 = /e2('  

in = /6("-1)(- "- 

lwa0= —  — tC\ 

kv I 

and aa=attenuation between elements. 
This notation is shown in Fig. 2. 
The field intensity at a point P in space will be the 

vector sum of the fields produced by each element. In 
the line of the array, these fields are: 

= KI 

E2 = Km---0+;(2,rano) 
es = K roc- aa— j(I+j(2ra/))) 

En  

(2a) 

(2b) 

(2c) 

(2d) 
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where K is a constant depending on element radiation  where a =attenuation in nepers per meter, or ead = cur-
efficiency.  rent ratios in adjacent elements. 

- a  E e2 = po, + „.2 _ 2,„„„ cos n4)  (4a) 
I 2 3 n 

I in  t E e k  \ 2=  1 + i pa y _  p n  

2 — cos no  (4b) Po  )  k Po)  Po 

tE  e )2 _  1 + (2 1h1 _ 2E-naa cos nO.  (4c) 
\ Po 

ANTENNA'S' 

The addition of these fields is shown in Fig. 3, which is 
a section of a logarithmic spiral in which 

PO P2  P4 
-  =  = —  =  • • 

PI Pa  P5 

P0 El El - = _ = _ = • • 
pi e2 e3 
= 4)1 = 4)2 = • • • 

Combining (3c) with (4c), 

Ee v - , 1  e-2naa  26—naa cos  n4, 

E1 1 + c ams  2e- aa  cos (ti 

di has been defined as the phase difference between the 
fields from individual elements as measured at point P. 
If this point is in the line of the array, 4, is determined by 
the line velocity. In other directions this phase differ-
ence becomes smaller by 

21'a 
— cos 6 
X 

where 5 = angle of departure. Then (5) becomes 

c 2naa  2 e "4 cos n  (1 — cos 6) + 
E e = e,  2ra Lx 

2ra 
1 + f- 2"  —  2e-cm' cos [ —x (1 — cos 5) + 4,] 

Fig. 3 

where 41= phase difference between fields at point of re-
ception. 
From the law of cosines, 

e,2 = po2 pi2 _ A•popi cos 4, 
( Ely _  oi  2 

k—  —  1 +  — 2 —P1  if) cos 
Po  Po  Po 

( E1  2 
) ___ = 1 ± e-2,. _ 2e-aa cos 4, 
po 

(6) 

This is the general formula for the radiation pattern 
of a comb antenna. If the attenuation can be neglected, 
one obtains: 

1 2ra 
sin — n[___(1 — cos 6)  4,] 

2  X 
(7) 

1 [2ra 
sin — — (1 — cos 5) + 

2  X 

or, if the number of elements is large, 

71 
sin [— (1 — cos 6) + -111 1 

2 

— (1 — cos 6) + — 
X  2 

where 13 = ny6 and 1= length of array. 
(3a) 

Considering now the field-strength gain in the line of 
the array as compared to a single element, refer to Fig. 

(31))  2. 

The power input to antenna A is 

E2  (T X4)2 
(3c)  PA = - =   

(5) 

E E = ein (8) 
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— = 395 

where 
X A =base reactance of each element 
I = element current 
Z =line impedance. 

The power to antenna B is 

PB = IB2RB. 

The two antennas produce equal field intensities when 

1 ±  c 2itaa he—"" cos no 
la = I    

1 + e-2 " —  2e ' COS ci) 

Let the radical term be K: 

ID = IK. 

The power ratio is then 

PB 
— =  PRBK2 
PA  I2X42 

ZRB 
—  K2. 
XA2 

(9) 

(10a) 

Since the radiation resistance of a short vertical above 
ground4 is 

RB = 395 (— X )hv 

the power gain is 

PB C i )2 Z PA  X  X A' 
K2.  (10h) 

If the attenuation can be neglected, K is reduced and 
the power gain becomes 

PB  Z ( sin ino )2 
—  39 5 

k X ) XA2 k sin k  Mc) PA  

Further, if the number of elements is great, 

393(  Z  sin trio r  

PA  xA2  id) I.  (10d) 

Considering a practical example, let the length be 2X, the 
attenuation zero, the number of vertical elements large, 
and the velocity along the line equal the velocity in 
space. The resulting horizontal characteristic is shown 
in Fig. 4. The effect of reducing the line velocity to pro-
duce 180° phase difference between the line wave and 
the space wave is shown in Fig. 5. The optimum value 
of phase shift for maximum discrimination against ran-
dom distribution of noise is approximately 1800.6 

pn 

' I.R.E. Standards on "Transmitters and Antennas, Methods of 
Testing," reprinted 1942. This assumes "effective height" is equal to 
actual height. 
• W. W. Hansen and J. R. Woodyard, "A new principle in direc-

tional antenna design," PROC. I.R.E., vol. 26, pp. 333-346; March, 
1938. 

A practical antenna will now be considered which was 
built and tested by the United States Coast Guard for 
use in its Loran system. The operating frequency is 1.95 
Mc. and the bandwidth must be sufficient to prevent 
discrimination against side bands of a pulse 40 micro-
seconds in width. The length of the array is determined 

Fig. 4 

by frequency and the characteristics of the transmission 
line. If the array becomes quite long, the optimum veloc-
ity of propagation along the loaded line approaches that 
of free space and tuning becomes difficult, while a short 
array suffers from poor directivity. A length of 1200 feet 
was chosen with elements spaced 60 feet apart, or a total 

Fig. 5 

number of 21 elements. For reasons of economy the 
vertical elements were supported by standard telephone 
poles 35 feet in length. A lower-impedance element was 
obtained by using an 18-foot whip on top of the pole, 
giving a height of 45 feet. It was not desired that the 
length of cable-connecting elements be equal to the 
spacing, as this would require supporting poles along 
its length. The cable was then made 65 feet long. The 
total phase shift in the array for maximum directivity 
is 180°, or 9° between elements. A special type of flexi-
ble coaxial cable covered with a steel jacket and pitch 
was used so that conduit would not be required. Its 
characteristics are as follows: 

Characteristic impedance =52 ohms 
Capacity per foot = 31 µµfd. 
Velocity of propagation = 0.65 c. 

The electrical length of the unloaded line between ele-
ments is then 71.5°, while the desired length is 51.8°. 
The velocity of propagation must then be increased to 
89.7 per cent c or approximately 90 per cent c. This 
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requires that each element present an inductive react-
ance of 85 ohms to the coaxial line. This loading in-
creases the characteristic impedance of the line to 72 
ohms, which is the proper load and terminating resist-
ances. The measured impedance of an element was 
29 —j650 ohms. The cable attenuation was reduced and 
the bandwidth increased by shunting each element with 
a 200-µµfd. capacitor. A loading coil of 735 ohms was 
then inserted between the element and the cable. The 
ground system consists of four 50-foot radials with outer 
ends terminated in 3-foot ground rods. The measured 
attenuation was approximately 10 db, and the calcu-
lated horizontal directivity is shown in Fig. 6. Unfor-
tunately the terrain was dense swamp land and water, 
and a check of directivity could not be made; however, 
direct comparison was made to a 70-foot vertical an-
tenna, and the signal-to-noise ratio in each antenna 
used to evaluate performance. Fig. 7 shows the sig-
nal-to-noise ratios of this type comb and vertical an-
tenna with signals arriving from the Northeast; it is the 
average of readings during the first five months of 1947. 
This experimental antenna is located at the United 
States Coast Guard Loran station at Bodie Island, 
North Carolina. 
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As stated previously, the base resistance of each ele-
ment is 29 ohms. This represents considerable loss, and 
it was found that the resistance could be reduced to 19 
ohms by supporting the wire 4 feet from the pole. This 
type of construction is used in a more recent antenna, as 
shown in Figs. 8 and 9. 

Fig. 8 

Fig. 9 
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Correspondence 

Low-Level Atmospheric Ducts* 

We were very interested in the paper by 
Katzin, Bauchman, and Binniani on the 
effect of low-level atmospheric ducts on the 
propagation of 3- and 9-centimeter waves. 
In this paper the authors show that such 
low-level ducts varying between about 20 
and 50 feet in height do exist over the 
ocean, and that they give abnormally long 
ranges for centimetric equipment located 
low enough to be within the ducts. It may be 
of interest to describe how we were forced to 
the conclusion that such low-level ducts 
must exist over the sea. 
We have made a systematic study of the 

records of field strength taken over a period 
of three years for a 60-mile overseas path 
in the Irish Channel. We could get a con-
sistently good correlation between theo-
retical and experimental results only when 
we assumed the presence of low-level sur-
face ducts for up to about 70 per cent of the 
time. The interesting feature about this re-
sult, which was published in an official re-
port, is that we arrived at it purely from a 
study of the field-strength measurements. 
Low-level meteorological measurements had 
been made for part of the period by the 
Royal Naval Meteorological Service, but 

• Received by the Institute. November 4, 1947. 
Martin Katzin, Robert Bauchman, and William 

Binnian, '3- and 9-centimeter propagation in low 
ocean ducts," PROC. I.R.E., vol. 35. pp. 891-906; 
September, 1947. 

they were not available when the radio re-
sults were being analyzed. Later, when they 
were obtained, the presence of the low-level 
ducts, their heights of up to about 40 feet, 
and the percentage of time during which 
they occurred, all agreed well with the 
values predicted previously. 
Some of the other results obtained by us 

do not quite agree with those found by the 
authors; for example, we did not observe 
that high winds were associated with higher 
ducts, nor did we find that there was any 
critical difference between the propagation of 
3- and 9-centimeter waves. From our meas-
urements we concluded that the presence of 
low-level ducts materially affects the propa-
gation of both meter- and centimeter-wave-
length radiation for transmission paths 
both below and immediately above the 
ducts. Incidentally, we also found some 
correlation between the difference between 
air and sea temperature and signal strength. 
This last result follows, of course, from the 
type of duct formed under such meteoro-
logical conditions. We hope shortly to pub-
lish our results in greater detail. 
We are indebted to the Chief Scientist, 

Ministry of Supply, for permission to pub-
lish this note. 

J. S. MCPETRIE 
B. J. STARNECKI 

Signals Research and Development Est. 
Somerford, Christchurch 

Hants, England 

Radar Reflections from the 
Lower Atmosphere* 

A letter from W. B. Gould,' describes 
1.25-cm. "Angels." Mr. Gould says: "The 
short duration [of these echoes] may, in 
part, be explained by the possible motion of 
the reflecting medium through the rela-
tively narrow radar beam produced by the 
equipments." 
3-cm. and 10-cm. "Angels" do indeed 

move, beyond any doubt whatever. They 
move in fairly straight and level courses, 
usually running a little faster than the sur-
face wind, sometimes running across or 
against it. Once in a while one stops for a 
few seconds. We have frequently tracked a 
single one of these echoes for 5 or 10 minutes 
until it vanished downwind. When a fully 
automatic tracking antiaircraft radar fol-
lows an "Angel," the motions are what you 
might call majestic. 
Mr. Gould is to be complimented for 

presenting an excellent set of photographs 
of "Angel" signals. 

MILLARD W. BALDWIN, JR° 
Bell Telephone Laboratories, Inc. 

New York, N. Y. 

* Received by the Institute. October 23, 1947. 
1 W. B. Gould, 'Radar reflections from the lower 

atmosphere," PROC. I.R.E., vol. 35, p. 1105; October, 
1947. 

Contributors to the Proceedings of the I.R.E. 

EDWARD W. ALLEN, JR. 

Edward W. Allen, Jr. (M'44) was born 
on February 14, 1903, at Portsmouth, Va. 
He received the B.S. degree in electrical en-
gineering from the University of Virginia in 
1925, and the LL.B. degree from George 
Washington University in 1933. 
From 1925 to 1927 Mr. Allen was em-

ployed by Westinghouse as a student engi-
neer and research assistant. He joined the 

Chesapeake and Potomac Telephone Com-
pany, in Washington, D. C., in 1928 as engi-
neering assistant. From 1930 to 1935 he 
worked for the United States Patent Office 
as junior and assistant patent examiner in 
telephony, telegraphy, facsimile, and televi-
sion. Since 1935 Mr. Allen has been asso-
ciated with the Federal Communications 
Commission as assistant chief of the tech-
nical information division in the engineering 
department. He is a member of Tau Beta Pi. 

J. K. Clapp (A'24-M'28-F'33) was born 
on December 30, 1897, at Denver, Colo. 
He was with the Marconi Wireless Tele-
graph Company from 1914 to 1916 and 
served with the United States Navy from 
1917 to 1919. From 1918 to 1919 he served 
the Foreign Service of the U. S. Govern-
ment, and in 1920 became associated with 
the Radio Corporation of America. He re-
ceived the B.S. degree from the Massa-
chusetts Institute of Technology in 1923, 
and from 1923 to 1928 was an instructor in 
communications at this school, obtaining 
the M.S. degree in 1926. 
Mr. Clapp has been with the engineering 

department, General Radio Company, Cam-
bridge, Mass. from 1928 to date, working on 

J. K. CLAPP 

frequency standards and measurements. He 
has served on various committees of the 
I.R.E. since 1931. 

Henry B. DeVore (A'35-M'40-SM'43) 
was born on December 20, 1907, at Mo-
nongahela, Pa. He received the B.S. degree 
in physics in 1926, and the M.S. degree in 
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HENRY B. DEVORE 

1927, from the Pennsylvania State College. 
From 1927 to 1931 he was employed at the 
experimental station of E. I. du Pont de 
Nemours and Company, and from 1934 to 
1945 in the research laboratories of the Ra-
dio Corporation of America. 
From 1945 to 1947, Dr. DeVore was asso-

ciated with the Laboratory for Advanced 
Engineering of Remington Rand, Inc. 
Since May, 1947, he has been engaged in 
research at RCA Laboratories, Princeton, 
N. J. Dr. DeVore is a member of the Ameri-
can Physical Society and of Sigma Xi. 

Ralph Grimm (J'41—A'43) was born in 
Stanley, Va., on August 3, 1922. He was 
graduated from the Capitol Radio Engineer-
ing Institute in Washington, D. C., in 1941, 
and became a member of the instructing 
staff. He joined the United States Coast 
Guard in 1943, and served with the Com-
munications Engineering Section until 1946. 
During most of his three and one-half years 
of service, Mr. Grimm specialized in the field 
application of the Loran system. 
In 1946, Mr. Grimm joined the Air 

Track Manufacturing Company as project 
engineer. He is now engaged in electronic 
instrument development for the Clarke In-
strument Corporation, in Silver Spring, Md. 

RALPH GRIMM 

Harris F. Hopkins was born in Bath, 
Maine, on October 27, 1902. He received the 
E. E. degree from Brooklyn Polytechnic 
Institute in 1932. As a member of the tech-
nical staff of Bell Telephone Laboratories, 
Inc., he has been concerned chiefly with the 
development of electroacoustic instruments. 

HARRIS F. HOPKINS 

Joseph Weinstein was born in New York, 
N. Y., in 1915. He is a graduate of the Col-
lege of the City of New York, receiving the 
B.S. degree in mathematics in 1936 and the 
M.S. degree in education in 1937. His post-
graduate studies were in mathematics and 
statistics at New York University, the Col-
lege of the City of New York, and Rutgers 
University. 

JOSEPH WEINSTEIN 

Since 1942, Mr. Weinstein has been em-
ployed by the Signal Corps Engineering 
Laboratories as a research analyst and sta-
tistician. He was previously employed as a 
teacher of mathematics in New York schools 
and an employment interviewer in the New 
York State Department of Labor. He is a 
member of the American Statistical Associa-
tion, the Institute of Mathematic Statistics, 
and the American Society for Quality Con-
trol. 

NORMAN R. STRYKER 

Norman R. Stryker was born in Trenton, 
N. J., in November, 1899. He received the 
B.S. degree in electrical engineering from 
the University of Illinois in 1921. As a mem-
ber of the technical staff of the Bell Tele-
phone Laboratories, Inc., since graduation, 
he has been concerned with the develop-
ment of sound-picture equipment and tech-
niques, the application of acoustic principles 
to the telephone plant, and the development 
of electroacoustic instruments. During the 
war, he was assigned to a still-secret project 
for the Armed Forces. 

Raymond Wexler was born in Fall River, 
Mass., on July 12, 1914. He received the 
B.A. degree at Harvard University in 1936, 
and the M.S. degree in meteorology at the 
Massachusetts Institute of Technology in 
1939. 
From 1939 to 1941, Mr. Wexler was a 

meteorologist with Northwest Airlines at 
Spokane, Wash. During 1941, he taught 
meteorology to Air Corps Cadets at Han-
cock College, Calif., and in 1942, at the 
University of Chicago. Since 1943, he has 
been employed as a physicist on radar and 
meteorology problems at the Signal Corps 
Engineering Laboratories, Belmar, N. J. He 
is a professional member of the American 
Meteorological Society and the New York 
Academy of Sciences. 

RAYMOND WEXLER 
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Institute News and Radio Notes 

1948 I.R.E. National Convention Program 
HOTEL COMMODORE and GRAND CENTRAL PALACE—MARCH 22-25 

Monday, March 22, 1948 

9: 00 A.m.-5: 30 r.1.  Registration at Hotel Commo-
dore and Grand Central Palace 

10:30-12 A.M. —Annual Meeting; Principal Address: 
"An Engineer in the Electronics Industry—Pros-
pects, Preparation, Pay," H. B. Richmond; Grand 
Ballroom, Hotel Commodore 

11:00 A.M. Opening of the Radio Engineering Show at 
Grand Central Palace 

11:00 A.m.-9:00 P.M. —Radio Engineering Show, Grand 
Central Palace 

2:30-5:00 P.M.—"Frequency  Modulation," "Net-
works," "Systems I," "Navigational Aids," and 
"Antennas I." 

6: 00-8: 00 P.M. —Cocktail Party, Hotel Commodore 
8:00 P.M. —Sections Committee Meeting, Hotel Com-
modore 

Tuesday, March 23, 1948 

9:00 A.m.-5:30 P.M. —Registration 

10:00-12:30 P.M.—"Amplifiers," "Systems II," "Elec-
tronics I—Tube Design and Engineering," and 
"Antennas II." 

10:00 A.m.-9:00 P.M. —Radio Engineering Show, Grand 
Central Palace 

12:30 P.M.—President's Luncheon, honoring Dr. Shack-
elford, Grand Ballroom, Hotel Commodore. Fea-
tured speaker: Wayne C. Coy, Chairman, Federal 
Communications Commission. Guest of Honor, 
B. S. Shackelford; Toastmaster, W. R. G. Baker. 

2:30-5:00  P.M.—"Superregeneration,"  "Transmis-
sion," "Nuclear Studies," "Electronics II—Indus-
trial Application of Tubes and Electronic Circuits," 
and "Components and Supersonics." 

8:00-10:30 P.M. —Symposium : Nuclear Science. (See 
page 366.) 

Wednesday, March 24, 1948 

9:00 A.m.-5:30 P.M. —Registration 
10:00 A.m.-6:00 P.M.—Radio Engineering Show, Grand 

Central Palace 
10:00 A.m.-12:30 P.M.—Symposium: Advances Signifi-

cant to Electronics. (See page 366.) 
2:30-5:00 P.M.—"Television," "Synthetic Crystals" 
(special added session), "Broadcasting and Record-
ing," "Electronics III —Tube Manufacture," and 
"Measurements I—V.H.F., U.H.F., and S.H.F." 

7:00 P.M.—Annual I.R.E. Banquet (dress optional), 
Hotel Commodore. Toastmaster: W. L. Everitt, 
University of Illinois. Awarding of the Medal of 
Honor, the Morris Liebmann Memorial Prize, the 
Browder J. Thompson Memorial Award, and Fel-
low Awards. 

Thursday, March 25, 1948 

9:00 A.m.-5:30 P.M. —Registration 
10:00 A.m.-9:00 P.M.—Radio Engineering Show, Grand 

Central Palace 
10:00 A.m.-12:30 P.M. —"Computers I—Computing 

Systems," "Propagation," "Electronics IV—New 
Forms of Tubes," and "Measurements II." 

2:30-5:00 P.M.—"Computers II—Computer Com-
ponents," "Microwaves," "Receivers," and "Ac-
tive Circuits." 

W O MEN'S ACTIVITIES 

Monday, March 22, 1948 

9:00 A.M.—Registration 
2:15 P.M.—Sightseeing Trip of Lower New York $2.30 

Tuesday, March 23, 1948 

9: 15 A.M. —Trip to United Nations; luncheon avail-
able at United Nations Cafeteria  $2.25 

or 

10:30 A.M. —Trip to Frick Collection, with 3/4-hour art 
lecture  No charge 

3:30-5:30 P.M., Tea, I.R.E. Headquarters Building, 
1 East 79 Street  No charge 

Wednesday, March 24, 1948 

10:45 A.M.—Fashion talk by Miss Nash, of Bonwit-
Teller, Inc., New York, N. Y., Hotel Commodore 

No charge 

2:15 P.M. —Matinee, choice of "The Heiress" or "High 
Button Shoes"  $3.00 

Thursday, March 25, 1948 

9:15 A.m.-3:30 P.M.—All-Day Trip to West Point, 
including luncheon at Thayer Hotel  $6.00 
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ANNUAL MEETING 
MONDAY, MARCH 22, 

10:30 A.M. 
This opening meeting of the con-

vention is for the entire membership. 
The meeting will feature the following 
address: 

AN ENGINEER IN THE ELEC-
TRONICS INDUSTRY— 
PROSPECTS, PREPA-

RATION, PAY 

H. B. RICHMOND 
(General Radio Co., Cambridge, 

Mass.) 
A short review of the development 

of the electronics industry up to 
World War II, and the violent impact 
of that war on the industry, will be 
followed by an analysis of opportuni-
ties available in the industry during 
the next decade. The type of collegi-
ate and supplemental instruction that 
should be given to fit engineers and 
research personnel for opportunities 
within the industry will be discussed 
with special reference to position 
adaptability. The place of industry-
collegiate co-operative courses both 
from the student and employer view-
point will be mentioned. A discussion 
of salaries and pay methods will con-
clude the paper. 

SPECIAL SESSION 

"Nuclear Science" 

MARCH 23, 8:00-10:30 P.M. 

Chairman, L. R. HAFSTAD 

(Research and Development Board, 
Washington, D. C.) 

1. The Atomic Energy Problem and the En-
gineer 

L. R. HAFSTAD 

2. The Program of the Atomic Energy Com-
mission 

(To be presented by a representative of the 
AEC. This paper will deal with the 
engineering aspects of atomic energy.) 

3. Electronic Problems of the Atomic En-
ergy Program 

(To be presented by a representative 
of the AEC.) 

4. Biological Effects of Radiation and Con-
sideration of Protection Problems 

J. Z. BOWERS 

(Deputy Director, Division of Biology and 
Medicine, Atomic Energy Commission, 

‘Vashington, D. C.) 

"Advances Significant 
to E:ectronics" 

MARCH 24, 10:00-12:00 A.M. 

This special program will be addressed 
by five invited speakers, who will deal with 

COMMITTEE MEETINGS 
March 22-25, 1948 

outstanding advances significant to electron-
ics and of real interest to engineers. 

1. Cybernetics 

The capacity of the individual to assimi-
late and apply information. 

NORBERT W IENER 
(Massachusetts Institute of Technology, 

Cambridge, Mass.) 

2. Information Theory 

Limitations on the transmission of infor-
mation imposed by bandwidth, time, and 
signal-to-noise ratio. 

CLAUDE SHANNON 
(Bell Telephone Laboratories, Murray 

Hill, N. J.) 

3. Computer Theory 

The philosophy of computors as a sub-
stitute for the brain in repetitive and origi-
nal thinking processes. 

JOHN VON NEUMANN 
(Institute for Advanced Study, Prince-

ton, N. J.) 

4. Electronics and the Atom 

I. I. RABI 
(Columbia University, New York, N. Y.) 

5. Pulse Modulation 

The broad significance of this form of 
modulation and its application to time-divi-
sion multichannel systems. 

E. M. DELORAINE 
(International Telephone and Telegraph 

Corporation, New York, N. Y.) 

Date 

MONDAY 
10:00 A.M. 

Parlor B Parlor C Parlor E Parlor F Parlor G West Ballroom 

Radio 
Transmitters 

(E. A. Laport, 
Chairman) 

Electron Tube 
Subcommittee 

Receivers 
Subcommittee 

RMA TR4.1 Pro-
gramTransmitters 

2:15 P.M. Standards 

(A. B. Chamber- 
lain, Chairman) 

RMA TR9 
Component 

Standardization 
(J. B. Coleman, 
Chairman) 

Sect ions 
(A. W. Graf, 
Chairman) 

8-10:30 P.M. 

TUESDAY 
10:00 A.m. 

2:15 P.M. 

Railroad & 
Vehicular 

Communication 
(G. M. Brown, 
Chairman) 

Navigation Aids 

(J. A. Pierce, 
Chairman) 

Wave 
Propagation 

(S. A. Schelkunoff, 
Chairman) 

RMA 
R. F. & I. F. 
Transformers 

Radio Receivers 

(W. 0. Swinyard, 
Chairman) 

Antennas 

(P. S. Carter, 
Chairman) 

Electroacoustics 

(E. Dietze, 
Chairman) 

RMA R4 Tele- 
vision Receivers 
(I. J. Kaar, 
Chairman) 

Education 

WEDNESDAY 
10:00 A.M. 

2:15 P.M. 

THURSDAY 
10:00 A.m. 

Electron 
Tubes 

(R. S. Burnap, 
Chairman) 

Board of 
Editors 

(A. N. Goldsmith, 
Chairman) 

Electronic 
Computers 
(J. R. Weiner, 
Chairman) 

Audio Facilities 

(R. A. Main, 
Chairman) 

Audio-Video 
(H. A. Chinn, 
Chairman) 

Board of Editors 
(A. N. Goldsmith, 
Chairman) 

Indust. Electronics 
(G. P. Bosom- 
worth, Chairman) 

Membership 
(B. Dudley, 
Chairman) 

Television 
(P. J. Larsen, 
Chairman) 

Research 
(F. E. Terman, 
Chairman) 

Symbols 
(E. W. Schafer, 
Chairman) 

Circuits 
(J. G. Brainerd, 
Chairman) 
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TECHNICAL PROGRAM SCHEDULE 

Grand Ballroom 
HOTEL COMMODORE 
East Ballroom  West Ballroom 

GRAND CENTRAL PALACE 
Maroon Room  Blue Room 

MONDAY, March 22 

Morning 

Afternoon 
2:30-5 P.M. 

TUESDAY, March 23 

Morning 
10 A.M.-12:30 P.M. 

Afternoon 
2:30-5 P.M. 

Evening 
8-10:30 P.M. 

WEDNESDAY, March 24 

Morning 
10-12:30 P.M. 

i Frequency 
, Modulation 
- - 

fSu perregenerat ion 

Symposium: 
Nuclear Science\ 

Symposium: Ad-
vances Significant 
to Electronics 

Afternoon 
2:30-5 P.M.  Television 

THURSDAY, March 25 

Morning 
10-12:30 P.M. 

Afternoon 
2:30-5 P.M. 

Computers I— 
Systems 

Computers II— 
Components 

Networks 

Amplifiers 

Transmission 

Synthetic 
Crystals 

; Systems I 

Systems II 

Nuclear Studies 

Broadcasting and 
Recording 

Propagation 

Microwaves 

Navigation  Antennas I 
Aids 

Electronics I—  Antennas II 
Tube Design and  I _ —  - 
Engineering 

Electronics II—In-
dustrial Application  Supersonics 
of Tubes and Elec-
tronic Circuits 

Electronics III — 
Tube Manufacture 

Electronics I V— 
New Forms 
of Tubes 

Components and 

Measurements I— 
V.H.F., U.H.F., 
and S.H.F. 

Measurements 11 

Receivers  Active Circuits 

SUMMARIES OF TECHNICAL PAPERS 

NOTE 

No papers are available in preprint 
or reprint form nor is there any 
assurance that any of them will be 
published in the PROCEEDINGS OF 
THE I.R.E., although it is hoped that 
many of them will appear in these 
pages in subsequent issues. 

Frequency Modula-
tion 

1. F.M. DETECTOR TUBE WITH 
- INSTANTANEOUS LIMITING 

AND SINGLE-CIRCUIT 
DISCRIMINATOR 
ROBERT ADLER 

(Zenith Radio Corporation, Chicago Ill.) 

Characteristics resembling a step func-
tion, suitable for instantaneous limiting, are 
obtained in a grid-controlled tube by using 
electron-optical principles. A practical form 
of the tube operates simultaneously as a 

limiter and, with the aid of one tuned circuit, 
as a discriminator. It provides a good and 
simple detector for f.m. and television 
sound. 

2. A PROPOSED COMBINED 
F.M. AND A.M. COMMUN-

ICATION SYSTEM 

J. C. O'BRIEN 
(General Railway Signal Company, 

Rochester, N. Y.) 

A system using two simultaneous a.m. 
and f.m. communication channels with a 
single carrier halves the usual drift tolerance 
and guardband width per a.f. channel. 
Separation circuits developed for receivers, 
treating discriminators as bridge circuits, 
include a "dual" of the ratio discriminator, 
double-triode discriminators, and f.m. and 
a.m. degenerative if, circuits. 

3. RATIO OF FREQUENCY SWING 
TO PHASE SHIFT IN PHASE- AND 

FREQUENCY-MODULATION 
SYSTEMS TRANSMITTING 

SPEECH 

D. K. GANNETT AND W. R. YOUNG 
(Bell Telephone Laboratories, Inc., 

New York, N. Y.) 

Data on the subject are derived by com-
putation and simple voice-frequency experi-
ment. The results vary with voices and with 
circuit conditions. With a carbon micro-
phone used in the mobile radio system, the 
ratio of peak frequency swing to peak phase 
shift ranged from 1.1 to 1.5 kilocycles per 
radian for phase-modulation systems and 
from 0.6 to 1.2 for f.m. systems. 

4. A NEW MAGNETRON 
FREQUENCY-MODULATION 

METHOD 

P. H. PETERS 
(General Electric Company, 
Schenectady, N. Y.) 

This paper describes a new method for 
frequency-modulating and stabilizing mag-
netrons in the range of 100-1000 Mc. Using 
a magnetron-type reactance section, the 
technique results in an 8 per cent carrier-
frequency deviation with less than 10 per 
cent change in power output. A physical 
interpretation of the space-charge action 
producing the tuning is presented. Perform-
ance of an 850-Mc. 300-watt transmitter 
with 0.03 per cent center-frequency stability 
and 50 db signal-to-noise ratio is discussed. 
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5. I.F. DESIGN FOR F.M. 
RECEIVERS 

K. E. FARR 
(Hazeltine Electronics Corporation, 

Little Neck, N. Y.) 
The paper will discuss the desired charac-

teristics of an f.m. i.f. response, illustrating 
the importance of this response in deter-
mining tuning characteristic, drift response, 
distortion, and production economy. Also, 
typical design data will be presented for 
two- and three-stage if.-amplifier systems. 
The effect of production tolerances also will 
be reviewed. 

Networks 
6. PROPERTIES OF SOME WIDE-

BAND PHASE-SPLITTING 
NETWORKS 

D. G. C. LUCK 
(Radio Corporation of America, 

Princeton, N.J.) 

Passive networks that yield polyphase 
output from single-phase input over wide 
frequency bands are discussed. A simple ex-
pression is derived for phase difference 
between currents in branches of a network 
as a function of frequency, from which over-
all operating properties are evident and 
direct circuit design from required perform-
ance is possible. Performance and design 
curves are presented. 

7. THEORY AND DESIGN OF 
CONSTANT-CURRENT 

NETWORKS 
C. S. ROYS AND P. H. CHIN 

(Syracuse University, Syracuse, N. Y.) 
The fundamental theory of constant-

current networks covering equivalent cir-
cuits, current regulation, losses, and effi-
ciency is discussed, as well as design pro-
cedures involving either linear or saturating 
reactors. Predetermined and experimental 
results for given networks are compared. 

8. NEW PARAMETER-ADJUST-
MENT METHOD FOR 
NETWORK TRANSIENTS 

M. J. Di TORO 
(Federal Telecommunication Laboratories, 

Inc., Nutley, N. J.) 
AND R. C. WITTENBERG 
(Ford Instrument Co., 
Long Island City, N. Y.) 

A new method by which parameters in 
networks such as television video amplifiers 
may be adjusted to give a "ramp" transient 
response shape is described. In certain ap-
plications it is found that the transient 
response to an input step function avoids 
undesirable overshoot and simultaneously 
gives a small build-up time or wide-band 
performance. 

9. APPLICATION OF TCHEBYSCHEF 
POLYNOMIALS TO DESIGN 
OF BANDPASS FILTERS 

M. DtsHAL 
(Federal Telecommunication Laboratories, 

Inc., Nutley, N. J.) 
For multiple-tuned filters an elegant, 

straightforward, exact design procedure is 
presented using coefficients of the Tcheby-
schef polynomials. Characteristics of the 
optimum circuit-response curves for an ts 
resonant-circuit bandpass filter and the exact 
design equations for filters using up to three 
coupled resonant circuits are given. Q dis-
tribution is considered. 

10. A SIMPLIFIED NEGATIVE-
RESISTANCE-TYPE Q 

MULTIPLIER 
H. E. HARRIS 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

This single-stage circuit makes use of 
positive feedback around a stabilized ampli-
fier to produce a negative-resistance charac-
teristic which neutralizes part of the losses 
in a conventional tuned circuit. The stability 
of the circuit is analyzed thoroughly from 
the standpoint of percentage change in ef-
fective Q for a given percentage change in 
the amplifier gain and also for the percentage 
change in gain tolerable with the complete 
oscillations. Experimental results are dem-
onstrated showing effective Q's as high as 
50,000 with good stability. Finally, the pres-
ent circuit is compared v, ich usual ones of 
good type as to stability and simplicity. 

Systems I 
11. TECHNICAL ASPECTS OF 
EXPERIMENTAL PUBLIC 
TELEPHONE SERVICE ON 

RAILROAD TRAINS 
N. MONK AND S. B. WRIGHT 

(Bell Telephone Laboratories, Inc., 
New York City, N. Y.) 

Telephone service is extended experi-
mentally to certain railroad trains through 
radio stations of the mobile telephone 
services of the Bell System. This paper de-
scribes component parts of the first public 
train telephone system, results of radio 
coverage tests on the routes involved, and 
devices employed to control two-way trans-
mission. 

12. REFLECTED-POWER 
COMMUNICATION 
HARRY STOCKMAN 

(Watson Laboratories, 
Cambridge, Mass.) 

Point-to-point communication, with the 
r.f. power generated at the receiver and the 
transmitter replaced by a modulated reflec-
tor, represents a system which possesses new 
and different characteristics. Radio, light 
(infrared), or sound waves may be used un-
der approximate conditions of specular re-
flection. This new communication principle 
may yield high directivity, automatic pin-
pointing, independence of atmospheric bend-
ing and fading, simple transmitter design 
without tubes, increased security, simplified 
means for identification and navigation, etc. 

13. STATIC-FREE SYSTEMS 
OF DETECTION 
D. L. HINGs 

(International Electronic Corporation, 
I ndianapolis, Ind.) 

The paper refers to recent developments 

in reduction of the reproduction of impulse 
energy in a demodulation system. Considera-
tion of the limitations include the design 
requirements for reproduction of symmetri-
cal waves from preamplifiers under high-
amplitude impulse conditions and their 
effect on a.v.c. and high-Q circuits. A second 
detector including sideband-rejection cir-
cuits will be analyzed in relation to neu-
tralization of sideband impulse energy. 

14. SELECTIVE-SIDEBAND 
TRANSMISSION AND 

RECEPTION 

D. E. NORGAARD 

(General Electric Company, 
Schenectady, N. Y.) 

A communication system employing 
newly developed single-sideband techniques 
offers simplified apparatus and improved 
performance. Multiplex transmission and 
reception of two channels of any desired 
bandwidth is accomplished with better than 
40-db channel separation. Distortion caused 
by selective fading of conventional transmis-
sions is eliminated, and optional choice of 
the sideband received allows interference 
reduction. Binaural broadcasts may be re-
ceived with conventional receivers as single-
channel transmissions or may be resolved 
by simple twin-channel binaural receivers. 

15. STATISTICAL METHODS IN 
THE DESIGN AND DEVELOP-
MENT OF ELECTRONIC 

SYSTEMS 

L. S. SCHWARTZ 

(Hazeltine Electronics Corporation, 
Little Neck, N. Y.) 

A study is made of the factors affecting 
tolerance assignment in the production and 
operational stages of an electronic system. 
The procedure adopted is first to review 
some of the fundamentals of the statistical 
control of quality and the assignment of 
valid, economic production tolerances, and 
second, to describe how the principles may 
be applied in the setting of some operational 
tolerances for an electronic system. The ad-
vantages to design and development derived 
from a knowledge of how tolerances, both 
productional and operational, are assigned 
and how they combine statistically are dis-
cussed. 

16. BASIC PRINCIPLES OF 
DOPPLER RADAR 

E. J. BARLOW 

(Sperry Gyroscope Company, 
Great Neck, N. Y.) 

A discussion of the basic principles and 
the techniques of doppler radar is given, 
beginning with a simple doppler radar sys-
tem and progressing to more complex sys-
tems which furnish more target information. 
Subjects discussed include the doppler 
effect,  range  measurements with  c.w. 
systems, effect of a moving base for the 
radar system, and filter design required in 
the radar receiver. Two major applications 
of these principles are discussed: the detec-
tion of moving targets in the presence of 
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much larger fixed targets, and the accurate 
determination of the velocity of projectiles, 
such as shells or rockets. Some other ap-
plications of these principles are pointed out. 

Navigation Aids 
17. THE RADIOVISOR LANDING 

SYSTEM FOR AIRCRAFT 

D. G. SHEARER 

(Culver City, Calif.) 

AND W. W. BROCKWAY 

(Los Angeles, Calif.) 

The radiovisor is a unique fundamental 
approach to a solution of the problem of 
landing an aircraft under adverse visibility 
due to weather conditions A realistic virtual 
image of a landing area is presented to the 
pilot in such a manner that he actually sees 
the landing area as it would appear to him if 
normal vision were possible. A demonstra-
tion of the optical principles and the "type 
of presentation" will be available. Opera-
tional details of the complete "Radiovisor" 
system are discussed. 

18. CONSIDERATIONS IN THE 
DESIGN OF A UNIVERSAL 

BEACON SYSTEM 

L. B. HALLMAN, JR. 

(Communication and Navigation 
Laboratory, Wright Field, 

Dayton, Ohio) 

Airborne beacons are an essential element 
in aircraft navigation and traffic-control 
systems since they provide a means of (a) 
radar range extension and (b) automatic 
intelligence transmission. However, it is 
important that a universal beacon be pro-
vided which will operate with all ground 
and airborne radar equipments regardless of 
the operating frequency of the primary radar 
equipment. Also, the airborne beacon must 
provide the maximum of facilities for in-
telligence transmission. The paper outlines 
the specifications for a proposed universal 
beacon system satisfying the above basic 
requirements and discusses certain design 
criteria for the several components of the 
proposed system. 

19. SURVEILLANCE RADAR 
DEFICIENCIES AND HOW 
THEY CAN BE OVERCOME 

J. W. LEAS 

(Air Transport Association of America, 
Washington, D. C.) 

Ground surveillance radar is being in-
stalled at certain airports today and many 
more installations are planned. Every effort 
will be made to use the radars to the fullest 
extent in increasing safety and expedition 
in the control of air ftraffic. But certain 
major technical and operational deficiencies 
must be overcome before ground radar can 
be used as a primary traffic-control aid in 
civil operations. These limitations will be 
explained, and ways in which they can be 
overcome will be explored. 

20. THE COURSE-LINE 
COMPUTER 
F. J. GROSS 

(Civil Aeronautics Authority, 
Department of Commerce, 

Indianapolis, Ind.) 

In an aircraft navigation radio receiver, 
the phase relation between 30-cycle voltages 
is proportional to the bearing from an 
omnirange station, and in the aircraft radar 
distance-measuring equipment a d.c. voltage 
is proportional to the distance to the same 
station. The course-line computer converts 
these quantities into course-deviation meter 
deflections (left-right meter) for any selected 
straight-line track passing within the service 
range of the transmitting equipment. The 
computer also indicates continuously the 
distance between the aircraft and any de-
sired destination. The pilot selects a track 
and a destination by adjusting three dials 
on the computer. Results of extensive flight 
tests of a working model of the computer 
will be presented. 

21. AIRCRAFT INSTRUMENTA-
TION AND CONTROL 

F. L. MOSELEY, J. A. BIGGS, 
E. T. HEALD, AND 
J. C. MCELROY 

(Collins Radio Company, 
Cedar Rapids, Iowa) 

Aircraft navigation systems and related 
instruments are now developing in the 
United States in a way which makes it pos-
sible to provide comprehensive aids to track 
flying, schedule maintenance, and traffic 
control, either in visual-manual or full auto-
matic form. The United States policy deci-
sion to standardize the Omnidirectional Ra-
dio Range—Distance Measuring System pro-
vides a polar-diagram foundation of continu-
ous position fixing upon which any desired 
system of tracks can be built. Through the 
addition of geometric and time-rate-distance 
computing systems, tracks, destinations, 
holding patterns, and required schedule 
speeds can be derived from the polar infor-
mation supplied by the omnirange and dis-
tance-measuring facilities. Systems and ap-
paratus recently developed to implement 
such a program are described in this paper. 

Antennas I 
22. PHYSICAL LIMITATIONS OF 

DIRECTIVE RADIATING 
SYSTEMS 
L. J. Om 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

This paper deals with the relationship be-
tween the radiation gain and the optimum 
impedance bandwidth of an electromagnetic 
radiating system. For an arbitrary radiating 
system of given over-all dimensions, it is 
shown that a gain higher than the conven-
tional value can be obtained only by sacri-
ficing the optimum impedance bandwidth. 
The optimum impedance bandwidth is im-
proved by the additional dissipation in the 
radiation system, with a reduction of the 
radiating efficiency of the system. 

23. THE RADIATION RESISTANCE 
OF AN ANTENNA IN AN 
INFINITE ARRAY OR 

WAVEGUIDE 

H. A. WHEELER 

(Consulting Radio Physicist, 
Great Neck, N. Y.) 

The electromagnetic field in front of an 
infinite flat array of antennas can be sub-
divided into wave channels, each including 
one of the antennas. Each channel behaves 
like a hypothetical waveguide similar to a 
transmission line made of two conductors in 
the form of parallel strips. A simple deriva-
tion then leads to the radiation resistance of 
each antenna and to some limitations on the 
antenna spacing. In the usual flat array of 
half-wave dipoles, each allotted a half-wave 
square area, and backed by a plane reflector 
at a quarter-wave distance, the radiation re-
sistance of each dipole is 480/r =153 ohms. 
In a finite array, this derivation is a fair ap-
proximation for all antennas except those too 
close to the edge. This derivation also veri-
fies the known formula for the directive gain 
of a large flat array in terms of its area. The 
same viewpoint leads to the radiation resist-
ance of an antenna in a rectangular wave-
guide, which has previously been derived by 
more complicated methods. 

24. REFLECTORS FOR WIDE-
ANGLE SCANNING AT MICRO-

WAVE FREQUENCIES 
R. C. SPENCER, WADE ELLIS, AND 

ELLEN C. FINE 

(Watson Laboratories, Cambridge, 
Mass.) 

The analysis of spherical reflectors is sim-
plified. Two improvements over that of the 
sphere are indicated when the scan is in one 
plane. The optimum reflector is a barrel, 
with axis perpendicular to the plane of scan 
and to the axis of the paraboloid; and with 
sections which are circles if the scan is sym-
metrical, and which are spirals of the form of 
p=po ek# if the scan is asymmetrical. A 
value of k =} is suggested for off-axis feed-
ing. 

25. MEASURED IMPEDANCE OF 
VERTICAL ANTENNAS OVER 
FINITE GROUND PLANES 

A. S. MEIER AND W. P. SUMMERS 
(Ohio State University, Columbus, Ohio) 
An investigation was made to obtain 

some fundamental information concerning 
the relation of the impedance of a vertical 
antenna over a finite ground plane as a func-
tion of the size and shape of the ground plane 
when dimensions are relatively small in 
terms of wavelength. It was found that the 
input impedance is a damped oscillating 
function of wavelength and ground-plane di-
mensions, the impedance of a circular ground 
plane varying from ±5 to ± 20 per cent. 
Similar variations were observed on a square 
ground plane which were approximately 50 
per cent of those of the circular ground plane 
except when the dimensions of the ground 
plane were small. In general, it was found 
that the impedance is quite critical with re-
spect to the size and shape of the ground 
plane and relatively independent of the 
thickness of the antenna. Measurements 
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were made at microwave frequencies by a 
modified Chipman method capable of deter-
mining small differences in antenna imped-
ance. 

26. CURRENT DISTRIBUTIONS 
ON AIRCRAFT STRUCTURES 

J. V. N. GRANGER 

(Harvard University, Cambridge, Mass.) 

This paper treats an experimental tech-
nique which can be employed for obtaining 
r.f. current distributions on aircraft struc-
tures excited by transmitting antennas. After 
a brief discussion of the basic method, prac-
tical measuring devices are described. Cur-
rent distributions and corresponding radia-
tion patterns for the v.h.f. stub on a P-47 
aircraft, a h.f. inclined-wire antenna on a 
bomber, and a h.f. tail-cap antenna on a DC-
6 are presented as examples. Means of shap-
ing current distributions to obtain desired 
radiation patterns are briefly discussed. 

Amplifiers 
27. LOW-NOISE AMPLIFIER 

HENRY WALLMAN, A. B. MACNEE, AND 
C. P. GADSDEN 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

This paper describes an amplifier circuit 
that yields very low noise factors, consisting 
of a grounded-cathode triode followed by a 
grounded-grid triode. The combination is 
entirely noncritical and provides the low 
noise factor of a triode with the high ampli-
fication and stability of a pentode. Noise fac-
tors averaging 0.25 db at a carrier frequency 
of 6 Mc. and 1.35 db at 30 Mc. have been 
achieved. Typical circuit details are given. 
With intermediate-frequency amplifiers em-
ploying this circuit as the first stage, it was 
possible to build 3000-Mc. (radar) receivers 
with over-all (radio frequency) noise factors 
of 8.7 db. 

28. PHASE DISTORTION IN 
AUDIO SYSTEMS 

L. A. DEROSA 
(Federal Telecommunication Laboratories, 

Inc., Nutley, N. J.) 
The effects of amplitude and frequency 

distortions on audio reproduction are well 
known. The importance of phase distortion, 
however, has not been fully recognized, ex-
cept in several cases involving transient re-
production. It is shown that the ear acts as a 
transient analyzer for brief instants on the 
occasion of a change in envelope of the signal 
and before it acts as a harmonic analyzer. 
This transient-analysis function is performed 
for envelope changes of the order of 6-12 cy-
cles depending on the modulated frequency. 
Phase distortion changes the intervals during 
which the ear is performing the sequential 
operations of integration and frequency anal-
ysis, and thus deteriorates the reproduction. 

29. VISUAL ANALYSIS OF 
AUDIO-FREQUENCY TRAN-

SIENT PHENOMENA 

D. E. MAXWELL 

(Columbia Broadcasting System, Inc., 
New York, N. Y.) 

There is presented an audio-frequency 
measuring  technique  based  upon  the 
transient application of a sine-wave voltage 
to the input of the system or device under 
measurement. A great advantage of this 
technique over other methods of transient 
analysis is the ease with which the results 
may be analyzed in terms of sine-wave per-
formance. An essential part of the required 
measuring equipment is an electronic switch 
and synchronizer unit, which provides the 
switching, phasing, and synchronizing func-
tions necessary for visual presentation of the 
transient phenomena on a cathode-ray oscil-
lograph. Its theory of operation is de-
scribed in detail. Several applications of the 
technique to typical problems are included. 

30. SQUARE-WAVE ANALYSIS 
OF COMPENSATED 
AMPLIFIERS 

P. M. SEAL 

(University of Maine, 
Orono, Maine) 

The results of a complete analysis of a 
single-stage video-frequency amplifier are 
presented. Output wave shapes for a number 
of cases where the input voltage is a sym-
metrical square wave are drawn, both for 
high-frequency compensation and for low-
frequency compensation. The corresponding 
frequency- and phase-response curves are 
drawn for comparison. The effect of the 
cathode impedance on the low-frequency-
compensated case is considered briefly. 

31. A NEW FIGURE OF MERIT 
FOR THE TRANSIENT RE-

SPONSE OF VIDEO 
AMPLIFIERS 

(R. C. PALMER AND LEONARD MAUTNER 

(Allen B. DuMont Laboratories, Inc., 
Passaic, N. J.) 

The design of wideband amplifiers on a 
transient basis is becoming increasingly im-
portant, particularly with regard to televi-
sion, radar, and applied pulse techniques. 
This paper describes a new method of evalu-
ating the transient response of wideband 
amplifiers, using as examples a wide variety 
of types of both two. and four-terminal in-
terstage networks, and considers both the 
rise time as well as the transient overshoot, 
arriving at a new figure of merit relating 
these networks. By the use of this method it 
is possible to compare the transient response 
of different networks even though their rise 
times and overshoots may be significantly 
different. 

32. DISTRIBUTED AMPLIFICATION 

E. L. GINZTON 

(Stanford University, Stanford, Calif.) 

W. R. HEWLETT 
(Hewlett-Packard Company, 

Palo Alto, Calif.) 

J. H. JASBERG AND J. D. NOE 
(Stanford University, Stanford, Calif.) 

A new principle in wide-band amplifier 
design is presented. It is shown that, by an 
appropriate distribution of ordinary vacuum 
tubes along artificial transmission lines, it is 
possible to obtain amplification over much 
greater bandwidths than would be possible 
with ordinary circuits. The ordinary concept 

of "maximum bandwidth versus gain prod-
uct" does not apply to this distributed 
amplifier. The high-frequency limit of the 
distributed amplifier appears to be deter-
mined by the grid-loading effects. The gen-
eral design considerations included are the 
effect of improper termination of transmis-
sion lines; methods for controlling the fre-
quency-response and phase characteristics; 
the design which provides the required gain 
with fewest possible number of tubes; and a 
discussion of high-frequency limitations. 
The noise factor of the amplifier is evaluated. 

Systems II 
33. THEORETICAL STUDY OF 
PULSE-POSITION MODULATION 
WITHOUT FIXED REFERENCE 

A. E. Ross 

(Stromberg-Carlson Company, 
Rochester, N. Y.) 

This paper discusses pulse-position modu-
lation without fixed reference, a type of 
pulse communication in which the informa-
tion is contained in the variation of the 
distance between the successive pulses. Be-
cause of the extreme nonlinearity of this 
type of modulation, its mathematical theory 
cannot be constructed in the usual manner; 
that is, with the harmonic analysis of the 
modulated pulse train as the starting point. 
The essential features and the type of regu-
larity characteristic of this apparently ran-
dom method of sampling the signal begin to 
appear when one realizes that the positions 
at which the signal is sampled are iterations 
of a one-to-one continuous transformation 
(induced by the method of sampling) of the 
interval 0 to 21r (the period of the signal). 
Making use of the properties of such trans-
formations, one discovers that sampling 
positions depend only upon the ratio fig-, 
of the signal frequency f. to the pulse-repeti-
tion rate f, and upon the amplitude of the 
signal. It is found that signals of certain 
frequencies f. are sampled k times in x periods 
at (stable) positions depending on f., and 
that for fixed k and x there exist whole in-
tervals (intervals of stability) of such values 
of 1.. Curves are included showing how the 
intervals of stability may be determined in 
typical cases and how fixed sampling points 
may be found for given value of f./f,. 

34. HIGH-QUALITY RADIO 
PROGRAM LINKS 

M. SILVER AND H. A. FRENCH 

(Federal Telecommunication Laboratories, 
Inc., Nutley, N. J.) 

The advent of high-fidelity broadcasting, 
especially f.m. and television, has stressed 
the need for proper aural program-supply 
circuits. Equipment at the medium and 
very-high frequencies has previously been 
used ffIr this purpose. Improved results are 
obtained by operation in the u.h.f. band 
of 940-952 Mc. recently allocated by the 
F.C.C. for this purpose. A radio link (STL) 
equipment designed to meet the require-
ments of this service is described. System 
and component design considerations are 
discussed. Technical features of the equip-
ment are outlined and performance charac-
teristics given. 
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35. SIGNAL-TO-NOISE RATIO 
IMPROVEMENT IN A P.C.M. 

SYSTEM 

A. G. CLAVIER, P. F. PANTER, 
AND W . DITE 

(Federal Telecommunications Laboratories, 
Inc., Nutley, N. J.) 

Pulse-count modulation (p.c.m.) makes 
use of three successive operations: sampling, 
quantizing of the sampled amplitudes, and 
coding of the quantized amplitudes. The 
present paper discusses the effect of fluctuat-
ing noise on the type of signals used in 
p.-.m. Assuming that the distribution of 
noise bursts obeys Poisson's law, the noise 
power affecting the decoded signals can be 
computed for a given signal-to-noise ratio in 
the code pulses. It is shown that for a binary 
code the signal-to-noise ratio in the decoded 
signals expressed in decibels is approximately 
equal to the signal-to-noise-power ratio of 
the code pulses. This relation is substantially 
independent of the number of digits in the 
binary code provided this number is suffi-
ciently large; more precisely, larger than 3 
or 4. 
The distortion due to quantization varies 

considerably, however, with the number of 
discrete levels used, and consequently with 
the number of code digits. Sometimes a dis-
tortion power larger than noise power can be 
tolerated. When very high fidelity is con-
sidered, the number of digits should be in-
creased to the point where the noise power in 
the decoded signals is equal to the distortion 
power. A curve is given showing the neces-
sary number of digits for a given signal-to-
noise ratio in the code pulses. It is of course 
unnecessary to increase the number of digits 
beyond that value, as any further reduction 
in distortion would be masked by the pres-
ence of a higher noise level. For instance, if a 
60-db signal-to-noise ratio is required in the 
decoded signals, the maximum number of 
digits is found to be of the order of 11. 
In case the communication system in-

cludes a number of relays, regenerative re-
peaters can be used; that is to say, repeaters 
in which the code pulses are reshaped and 
sent on practically undistorted to the next 
repeating point. A very small increase in the 
signal-to-noise ratio affecting the code 
signals is sufficient to overcome the cumula-
tive effect of noise in the whole chain of re-
peaters. This is one of the most important 
properties of p.c.m. systems, both for radio 
or cable applications. 

36. RADIO-WIRE LINKS FOR 
MULTICHANNEL TRANSMIS-

SION 

E. M. OSTLUND ANT, H. R. HUNKINS 

(Federal Telecommunications Laboratories, 
Inc., Nutley, N. J.) 

The application of radio circuits in con-
junction with wire lines for subcarrier 
multiplex telephone and telegraph transmis-
sion is increasing. This paper describes f.m. 
radio links and the line-carrier terminal 
equipment with which it is designed for use. 
The radio link is intended for operation over 
relatively short circuits involving a small 
number of, or no, relay points. Line-carrier 
terminal equipment designed to provide 

economical  high-quality  telephone  and 
telegraph  transmission  over  short-haul 
circuits is described. Application of radio 
links to operation in connection with long-
haul circuits is discussed. 

37. BAND WIDTH REDUCTION IN 
COMMUNICATION SYSTEMS 

W. G. TULLER 

(MeIpar, Inc., Alexandria, Va.) 

There are two possible methods of band-
width reduction in communication systems. 
One of these, which has been thought about 
for years but worked on relatively little, 
takes advantage of the coherence of the 
message, i.e., the fact that from a knowledge 
of the past behavior of the message it is pos-
sible to predict its future behavior, in gen-
eral, with a fair degree of accuracy. 
The second method of bandwidth reduc-

tion has only recently been given public at-
tention. In this method bandwidth is ex-
changed for signal-to-noise ratio in accord-
ance with the relation. 

H=BT log (1-I-S/N) 

where His quantity of information; B is the 
bandwidth; T is the time of transmission; 
and S/N is the signal-to-noise ratio in the 
transmission link. 
The first method is discussed in some 

detail, showing how one may determine 
mathematically when all the bandwidth 
compression permitted by this method has 
been obtained. It is shown that the maxi-
mum bandwidth compression obtainable in 
this manner occurs when the signal has the 
statistical properties of random noise. Ex-
amples of past approximations to this tech-
nique have been the use of pre-emphasis 
and de-emphasis in recording and radio 
broadcast systems and the use of derivative 
control in servomechanisms. Further pos-
sibilities for the use of these techniques are 
pointed out. 
Two possible methods of using the second 

or trading method of bandwidth reduction 
are discussed. The first of these employs 
techniques analogous to those of p.c.m.; 
however, in this case the coding is carried 
out in the inverse direction from that usually 
employed, so that bandwidth is gained at the 
expense of a loss in tolerable signal-to-noise 
ratio. 
The second method for using this trading 

principle makes use of the fact that the out-
put of a filter may be predicted if its input 
wave form and transient response are known. 
A possible system using this fact is outlined. 
It is shown that this system has the same 
limitations as does the "inverted" p.c.m. 
system, as would be predicted from the 
general theory. It is pointed out that these 
are typical rather than optimum ,practical 
systems, and the need for future engineering 
work along these lines is emphasized. 

Electronics I 
Tube Design and 
Engineering 

38. THERMIONIC EMISSION 
FROM GRIDS IN VACUUM 

TUBES 

M. ARDITI AND V. J. DESANTIS 

(Federal Telecommunication Laboratories, 
Inc., Nutley, N. J.) 

Primary emission of electrons from the 
control grids is often a serious limitation in 
the design of modern high-power u.h.f. tubes. 
Electron bombardment of the grids may pro-
duce partial or total dissociation of coatings 
on the surface of the grid, even though 
the temperature of the grid is well below 
the temperature corresponding to thermal 
dissociation in vacuo. This phenomenon 
may be harmful to cathode emission or grid-
emission inhibitors. Its effect upon design 
dimension scaling and upon methods of 
testing materials for inhibiting grid emission 
is also discussed. Some experimental results 
on grid-emission inhibitors for tubes with 
oxide-coated and thoriated-tungsten fila-
ments are reported. 

39. THE NEGATIVE-ION BLEMISH 
IN A CATHODE-RAY TUBE AND 

ITS ELIMINATION 

R. M. BOWIE 

(Sylvania Electric Products Inc., 
Flushing, N. Y.) 

A critical review of the widely scattered 
and somewhat conflicting data regarding 
negative ions in cathode-ray tubes and 
blemish formation. By mass-spectrographic 
means, these negative ions have been studied 
by several observers with results which fall 
into agreement only after careful study of 
the experimental conditions. The use of a 
backing layer such as aluminum reduces the 
blemish but does not eliminate it, apparently 
owing to porosity of the backing layer. The 
ion trap removes the negative ions from the 
electron beam by electron-optical means, 
thus eliminating the blemish. A trap is 
characterized by three essentials: (1) A 
beam must be formed before reaching the 
trap. (2) A magnetic field having a com-
ponent perpendicular to the direction of 
propagation of the beam must be provided. 
(3) A spot must be provided on which the 
ions may impinge while permitting the elec-
trons to pass by. 

40. WIDE-TUNING-RANGE CON-
TINUOUS-WAVE HIGH-PO WER 

MAGNETRONS 

P. W. CRAPUCHETTES 

(Litton Industries, San Carlos, Calif.) 

The design and development of a typical 
1-kw. magnetron capable of tuning ±20 per 
cent at "S"-band frequency are outlined. 
Problems of design and construction are il-
lustrated and techniques used in their solu-
tion are described. Variations in design 
(strapping, cavities, anode length, and load-
ing) for other power levels and wavelengths 
are discussed. Comparison of magnetron 
performance with triodes by circuit analysis 
is indicated, the assumption being that the 
electrons contribute reactance to the circuit. 

41. WIDE-RANGE TUNING 
SYSTEMS FOR 
MAGNETRONS 

E. N. KATHER 
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(Raytheon Manufacturing Company, 
Waltham, Mass.) 

Various methods of obtaining wide-range 
tuning of magnetrons are described, includ-
ing (1) external-reactance systems; (2) vari-
able-capacitance systems such as the strap-
capacitance or "cookie-cutter" tuner, the 
vane-capacitance tuner and the V-capaci-
tance tuner; (3) variable-inductance systems 
such as the "crown of thorns" tuner; and (4) 
combination variable-vane capacitance and 
inductance systems. The problem of interfer-
ing resonances and magnetic-field distortion 
introduced by the tuning system are de-
scribed and explained theoretically. Practical 
solutions of these and other mechanical 
problems are presented. Performance data 
are included to illustrate actual operation of 
magnetrons using the various tuning sys-
tems. 

42 DESIGN CHARACTERISTICS 
OF HEARING-AID TUBES 

G. W. BAKER 

(Chatham Electronics Corporation. 
Newark, N. J.) 

Hearing-aid tubes are required to operate 
in a resistance-coupled-amplifier circuit over 
a very wide range of plate, screen, and 
filament supply voltages with fired values 
of the circuit constants. Tube design charac-
teristics that insure optimum operation 
over this wide range of supply voltages are 
described. 

Antennas II 
43. AN OMNIDIRECTIONAL HIGH-
GAIN ANTENNA FOR CIRCULARLY 

POLARIZED RADIATION 

A. G. KANDOIAN 

(Federal Telecommunication Laboratories, 
Inc., Nutley, N. J.) 

It is advantageous, in a number of com-
munication applications, to use circularly 
polarized radiation in the place of the more 
commonly used linear polarization. It has 
recently been indicated that better v.h.f. 
broadcasting coverage can be obtained by 
the use of circular polarization at the trans-
mitting end. The present antenna de-
velopment was carried on primarily for this 
and similar applications. Although there 
are several known forms of circularly 
polarized radiating elements, the problem 
of stacking them to obtain concentration of 
the vertical radiation pattern, and hence 
antenna power gain, has proved difficult to 
solve. The reason for this is the presence of 
the metallic antenna-supporting structure 
which distorts the phase of the vertical com-
ponent of the radiation so that the desired 
quadrature relationship between the hori-
zontal and vertical field no longer holds. 
The present design overcomes this difficulty 
by providing a simple control for both the 
amplitude and phase of the vertical com-
ponent of the radiation without undue com-
plication of the antenna feed system. 

Measured data on an array consisting of a 
stack of eight elements, as well as a discus-
sion of the experimental technique used in 
these measurements, will be presented. 

44. ANALYSIS OF EFFECT OF 
CIRCULATING CURRENTS ON 

THE RADIATION EFFICIENCY OF 
BROADCAST DIRECTIVE 
ANTENNA DESIGNS 

G. D. CaLLErr 

(Glenn D. Gillett and Associates, 
Washington, D. C.) 

It apparently has not been generally 
recognized that, for any directive array which 
focuses most of the field from the array 
over a relatively narrow horizontal angle, 
there may be induced therein circulating 
currents of such magnitude as to multiply 
the parasitic losses by most surprising 
amounts and so reduce the radiation effi-
ciency of the array to values that are neither 
economic nor sufficient to meet the F.C.C. 
minimum requirements. The purpose of this 
paper is to point out that there is produced 
as an inherent part of any such directive 
array criteria which accurately determine 
the effective magnitude of these circulating 
currents and from which their effect on the 
antenna efficiency can be accurately com-
puted; that they are an inherent part of the 
design, and that they may be computed 
without any assumption or reference to the 
mutual impedance existing between any of 
the elements of the array. Basically, the 
magnitude of these circulating currents is 
determined by the ratio of the r.m.s. value 
of the unit pattern which results from the 
array to the r.m.s. sum of the unit vectors 
used in computing the pattern. 

45. A MODEL STUDY OF RERADIATION 
FROM BROADCAST TOWERS 

ANDREW ALFORD AND HENRY JASIK 

(Andrew Alford Laboratory, 
Boston, Mass.) 

Towers of one broadcast station are 
sometimes present in the field of the antenna 
of another station. Reradiation from the 
towers in which currents are induced may 
have an undesirable effect on the null of the 
inducing directional antenna. A model study 
of currents induced in towers of various 
heights shows that, in general, the induced-
current distributions are not even approxi-
mately sinusoidal. The induced-current dis-
tributions as well as the amplitude of the 
induced currents are materially changed by 
varying the impedance connected between 
the base of the tower and ground. Certain 
values of reactance produce a marked reduc-
tion in reradiated field from towers less than 
0.6X high at the frequency of the inducing 
field. Experimental evidence indicates that 
towers tX high or higher cannot be effectively 
detuned by connecting an impedance be-
tween the base of the tower and ground. 

46. HELICAL BEAM ANTENNAS 
FOR WIDE-BAND APPLICATIONS 

J. D. KRAUS 

(Ohio State University, 
Columbus, Ohio) 

A helix is a fundamental form of antenna 
with many radiation modes. Loops and 
linear conductors can be regarded as special 
cases of the helix, since a helix of fixed diam-
eter collapses to a loop as the spacing be-
tween turns approaches zero, and, on the 
other hand, a helix of fixed spacing straight-
ens into a linear conductor as the diameter 
approaches zero. A circularly polarized 
mode, called the axial or beam mode, has 
maximum radiation in the direction of the 
helix axis. The conditions for this and other 
radiation modes are considered. Optimum 
dimensions for wide-band applications of the 
beam mode are discussed and design data 
given. 

47. A CIRCULAR-POLARIZATION 
ANTENNA FOR F.M. 

C. E. SMITH 

(United Broadcasting Company, 
Cleveland, Ohio) 

AND R. A. Four., 

(Ohio State University Research 
Foundation, Columbus, Ohio) 

The use and advantages of circular 
polarization for f.m. will be discussed and a 
new antenna for circular polarization which 
has been installed by the United Broad-
casting Company in Cleveland will be pre-
sented. Basically, the antenna consists of an 
array of vertical dipoles and longitudinal 
slots, fed to produce a uniform pattern in 
the horizontal plane with high directivity 
for the vertical field pattern. Development 
of the antenna and the specific data will be 
presented with slides. A demonstration with 
a one-eighth scale model will be presented, 
showing the uniformity of pattern in the 
horizontal plane and the circularity of 
polarization. 

Superre generation 

48. SUPERREGENERATION AS IT 
EMERGES FROM WORLD 

WAR II 

H. A. WHEELER 

(Consulting Radio Physicist, 
Great Neck, N. Y.) 

Superregeneration, previously not com-
petitive, found new life shortly before the 
war, in the higher-frequency ranges, in the 
"walkie-talkie" and in the "transponder" of 
IFF. The first application of superregenera-
tion to commercial broadcast receivers has 
just appeared. The ultimate limitations of a 
superregenerator are discussed by regarding 
it as a receiver having a radio-frequency 
amplifier modulated by pulses at the quench 
frequency. 
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49.  OF THE SUPER-
GENERATIVE RECEIVER 

W. E. BRADLEY 

(Phi!co Corporation, Philadelphia, Pa.) 

An analysis of operation of a superregen-
erative receiver is obtained in terms of "time-
aperture function," which specifies the sensi-
tivity to a short impulse of incoming signal. 
The Fourier transform of the time-aperture 
function is the frequency response of the 
receiver to a continuous carrier. Selectivity 
curves and time-aperture functions for 
various quench wave forms are given. 

50. SUPERREGENERATION—AN ANAL-
YSIS OF THE LINEAR MODE 

H. A. GLUCKSMAN 

(Watson Laboratories, 
Cambridge, Mass.) 

A superregenerator operated in the 
linear mode is regarded as a tuned circuit 
with periodically varying decrement. Under 
certain assumptions, a solution is obtained. 
Sensitivity and selectivity as well as en-
velope form are discussed. It is shown that 
well-known properties of superregenerators, 
such as multiple resonance, are predicted. 
Test results are given. 

51. EXTERNAL AND INTERNAL CHAR-
- ACTERISTICS OF A SEPARATELY 
QUENCHED SUPERREGENERA-

TIVE CIRCUIT 

SZE-HOU CHANG 

(Watson Laboratories, 
Cambridge, Mass.) 

External characteristics of a superregen-
erative circuit tell how signal parameters 
affect performance, and internal charac-
teristics give the effect of circuit parameters. 
External characteristics identify opera-
tional modes controlled by internal charac-
teristics. Contour-diagram presentation for 
the internal characteristics separates the 
regions of linear and logarithmic mode by a 
line which is the locus of maximum output. 

\52. THE HAZELTINE FREMODYNE _  CIRCUIT 

B. D. LOUGHLIN 

(Hazeltine Electronics Corporation, 
Little Neck, N. Y.) 

The Hazeltine FreModyne circuit, which 
can be used to give an inexpensive, but 
practical, f.m. receiver, contains one dual-
triode tube operating as superheterodyne 
frequency converter, a superregenerative i.f. 
amplifier, and a side-tuned f.m. detector. 
The circuit and operational details of the 
FreModyne f.m. receiver are described. 
Typical performance characteristics are pre-
sented, together with a brief discussion of the 
circuit components which determine these 
characteristics. 

Transmission 
53.  SIMPLIFIED  PROCEDURE  FOR 
COMPUTING THE BEHAVIOR OF 
MULTICONDUCTOR  LOSSLESS 

TRANSMISSION LINES 

S. FRANKEL 

(Federal Telecommunication Laboratories, 
Inc., Nutley, N. J.) 

A method is given for calculating the be-
havior of an arbitrary, uniform, lossless, 
multiconductor transmission line operating 
in the TE M mode. It is shown that the per-
formance of the line depends essentially on 
the Maxwell's coefficients of capacitance for 
the line. The method is used to obtain char-
acteristic impedance of lines, input admit-
tances of unbalanced lines above ground, 
and a formula for "loop-to-loop" coupling 
between two wire lines. The method is based 
on the fact that a simple relation exists be-
tween the current and charge in the forward 
(or back) wave in any line. 

54. OPTIMUM GEOMETRY FOR 
RIDGED WAVEGUIDE 

W. E. WALLER, S. HOFFER, 
AND M. SUCHER 

(Polytechnic Research and Development 
Co., Brooklyn, N. Y.) 

The work of other authors on ridged 
waveguide is extended to yield more in-
formation on the bandwidth and other prop-
erties. Methods for calculating the attenua-
tion and power-handling capacity are de-
scribed, and curves relating the fundamental 
cutoff frequency, bandwidth, attenuation, 
and power-handling capacity to the param-
eters of the geometry are  presented. 
Comparisons of these quantities with those 
for rectangular waveguide and coaxial line 
are made, and the region of usefulness of 
ridged waveguide is discussed on this basis. 

55. FIELDS IN NONMETALLIC 
WAVEGUIDES 

ROBERT N. WHITMER 

(Rensselaer Polytechnic Institute, 
Troy, N. Y.) 

The transmission of electromagnetic 
waves in dielectric rods has been treated by 
considering the case of a flat slab of dielectric 
with the electric field parallel to the faces. 
The type of field both inside and outside the 
dielectric is described both for uniform 
dielectric constant and one increasing 
toward the center. The calculations are ex-
tended to rods of circular cross section for 
the H„„ type of mode. The propagation 
factors are discussed. The dielectric-wave-
guide wavelengths lie between the free-space 
wavelength and the length of a plane wave 
in the dielectric. 

56. A WIDE-BAND WAVE-GUIDE-
FILTER STRUCTURE 

S. B. COHN 
(Harvard University, Cambridge, Mass.) 

This paper presents the theoretical 
analysis, design procedure, and experimental 
verification of a waveguide-filter structure. 
This structure is useful when a wide pass 
band is desired. The lower cutoff frequency 
of the pass band is the natural cutoff fre-
quency of the waveguide itself. The upper 
cutoff is due to a succession of cavities and 
constrictions in the waveguide. Although 
the individual filter sections have additional 
pass bands at higher frequencies, it is pos-
sible by proper design of a multisection filter 
to eliminate all spurious responses up to 
several times the upper cutoff frequency of 
the principal pass band. 

57. THE TRANSMISSION-LINE 
VECTOR DIAGRAM 

W. C. BALLARD, JR. 

(Cornell University, Ithaca, N. Y.) 
The paper describes a graphical method 

for the solution of conventional transmis-
sion-line problems which requires no trans-
mission-line charts and from which voltages 
and currents may be directly scaled and 
angles measured as in normal vector dia-
grams. Simple illustrations to the deter-
mination of standing-wave ratio of a line 
terminated in other than the characteristic 
impedance and to the input impedance of 
short-circuited lines are given. As a typical 
application of the system, it is shown how 
the length and position of the proper short-
circuited stub for impedance matching may 
be obtained from a few voltmeter measure-
ments along the uncompensated line. 

Nuclear Studies 
58. OSCILLATOR DESIGN FOR 130-
INCH FREQUENCY-MODULATED 

CYCLOTRON 

E. M. WILLIAMS AND H. E. DEBOLT 
(Carnegie Institute of Technology, 

Pittsburgh, Pa.) 

Electrical design problems in a wide-
deviation frequency-modulated oscillator 
for the Carnegie Institute of Technology's 
130-inch synchro-cyclotron are discussed. 
Some unique problems are involved because 
frequency requirements are higher than in 
other machines now in use or under con-
struction. The load, primarily reactive, is 
about 500,000 kilovoltamperes; about 80 
kilowatts are required for losses in the dee 
and supporting and tuning structures. Re-
sults of tests on a full-scale model are de-
scribed. 

59. AN ELECTRONIC INSTRUMENT 
FOR THE DETERMINATION OF 
THE DEADTIME AND RE-
COVERY CHARACTERIS-

TICS OF GEIGER 
COUNTERS 
L. COSTRELL 

(National Bureau of Standards, 
Washington, D. C.) 

An electronic instrument developed for 
the measurement of the deadtime and re-
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covery characteristics of Geiger counters 
will be described. Measurement of the char-
acteristics to an accuracy of 2 microseconds 
is possible The instrument records the num-
ber of pulses that follow other pulses within 
a predetermined time interval. 

60. ELECTRONIC CLASSIFYING, CATA-
LOGUING, AND COUNTING 

DEVICES 

J. H. PARSONS 

(Clinton Laboratories, Oak Ridge, Tenn.) 

There are many physical phenomena that 
can be studied only by classifying each of 
the several parts according to the magnitude 
and determination of the number of parts in 
each increment of magnitude. Electronic 
systems have been developed that carry out 
the operations of classifying, cataloguing, and 
counting each of the parts, and perform 
these operations much faster than can be 
done manually. The systematic operations 
of these electronic devices v411 be discussed. 
These devices have many possible fields of 
application in the scientific and industrial 
world. 

61. HEALTH PHYSICS PROB-
LEMS IN ATOMIC ENERGY 

K. Z. I\ 'ORGAN 

(Clinton Laboratories, Oak Ridge, Tenn.) 

Instruments for personnel protection 
from radiation exposure will be described. 
Many new developments have been made, 
and pictures and brief descriptions of in-
struments will be given. 

62. A SELECTIVE DETECTOR FOR 
HEAVY CHARGED PARTICLES 

KEITH BOYER 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

Electronic circuits are used to count the 
number of protons or other heavy charged 
particles of a prescribed energy in the 
presence of very high backgrounds by plac-
ing requirements on the range and specific 
ionization of the particles. The particles to be 
detected pass through an aluminum absorber, 
two proportional counters, and stop in a 
third, giving rise to a current pulse, propor-
tional in amplitude to the specific ionization 
of the particle, in each counter respectively. 
Pulses from each of the three counters are 
amplified and passed through a series of am-
plitude gates and coincidence circuits ar-
ranged so that a particle is recorded when 
three pulses of the correct amplitude occur in 
time coincidence. Thus the kind of particle 
selected is determined by adjusting the 
amplitude gates, and the energy by the 
amount of absorber the particle must 
traverse. 

Electronics II 
Industrial Applications of 

Tubes and Electronic Circuits 

63. EXPERIMENTAL STUDY OF THE 
EFFECTS OF TRANSIT TIME IN 
CLASS-C PO WER AMPLIFTT.:RS 

OLIVER WHITBY 

(Harvard University, Cambridge, Nlab: , 

A description is given of the apparatus 
developed for measuring the transit angle of 
the plate and grid current pulses in a class-C 
triode power amplifier. The equipment also 
includes provision for observing the actual 
shape of the current pulses and for studying 
the interrelation between transit time, pulse 
shape, operating voltages, and plate load 
impedance. With the apparatus it is also 
possible to investigate these relations in a 
tetrode. 

64. NEW RECEIVING TUBES FOR 
INDUSTRIAL USE 

C. M. MORRIS AND H. J. PFtAGER 

(Radio Corporation of America, 
Harrison, N. J.) 

There is an ncreasing need for tubes of 
the receiving tube type for applications out-
side the field of home entertainment, the 
most important being in industrial control 
and measurement. Some of the chief re-
quirements over available radio types are 
stability of characteristics during operation, 
uniformity among tubes of one type, long 
life (10,000 hours), and mechanical sturdi-
ness. Three tube types designed specifically 
for this service are described. 

65. USE OF DIODE RECTIFIERS WITH 
ADJUSTABLE TRANSFORMERS FOR 

MOTOR SPEED CONTROL 

W. N. TUTTLE 
(General Radio Company, 
Cambridge, Mass.) 

Use of a full-wave diode rectifier with an 
adjustable transformer and choke for arma-
ture-voltage control of the speed of a d.c. 
shunt motor gives more than 50 per cent in-
crease in the continuous-duty low-speed 
torque rating in comparison with operation 
on the usual type of thyratron rectifier. 
Use of a choke is feasible with diodes because 
the inductance required for commutation 
in the rectifier circuit is very much less than 
when thyratrons are employed and the out-
put voltage is controlled by delaying the 
firing point of the tubes. Constructional 
details are given of a control for a i-hp. 
motor providing reversal, dynamic braking, 
and speed control over a range of between 
10:1 and 20:1. All equipment except the 
motor is contained in a case 12 X9 X4i 
inches, small enough to be placed beside a 
machine for direct control by the operator. 

66. SERVO-SYSTEM  PERFORMANCE 
MEASUREMENT 

C F. WHITE 

(Naval Research Laboratory, 
Washington, D. C.) 

Great advances in the design of servo 
systems have resulted from their analytical 
treatment in terms of circuit response to 
sinusoidally varying signals. A servo-system 
performance analyzer based m this principle 
is described. It includes among other fea-
t ures a signal generator and mean, for meas-
uring both the amplitude and phase of the 
system response. 

67. SPARK OSCILLATORS FOR ELEC-
TRIC WELDING OF GLASS 

J. P. HOCKER 

(Corning Glass Works, Corning, N. Y.) 

In electric welding of glass, the objects 
are heated by current passed through the 
glass from contact electrodes or small flame 
brushes. Considerations of safety, economy, 
dependability, and performance have led to 
wide use of spark-oscillator power supplies. 
In designing these oscillators for specific 
applications, the chief conditions to be 
satisfied are: (1) The circuit should match 
the impedance of the load as well as possible, 
while this load decreases by several orders of 
magnitude during the operation. (2) At no 
time should the terminal voltage be large 
enough to spark over the surface, the limit 
itself being a function of glass temperature. 
A design procedure is described to attain 
these conditions. 

Components and 
Supersonics 

68. PHASE-CORRECTED DELAY 
LINES 

M J. Di TORO 

(Federal Telecommunication Laboratories, 
Inc., Nutley, N. J.) 

The complexity and physical volume of 
electrical delay lines increases with the 
product of over-all bandwidth and delay 
time. In usual designs the over-all band-
width is limited by phase, rather than am-
plitude, restrictions. A novel scheme of phase 
corrections is described for wired lines, which 
leads to a phase bandwidth greater than 
the amplitude bandwidth. The new phase-
corrected line has a geometry amenable to 
continuous automatic fabrication. Statistical 
quality-control principles give promise of 
substantial reduction of rejects due to 
random manufacturing variations. Indicated 
applications are the improvement of multi-
vibrator stability, reduction of television 
ghosts, and pulse-decoding systems. 

69. ON THE THEORY OF THE DELAY-
LINE-COUPLED TRAVELING-WAVE 

AMPLIFIER 

H. G. RUDENBERG 
(Harvard University, Cambridge, Mass.) 
The delay-line-coupled amplifier of Perci-

val has a bandwidth, obtainable with a chain 
of standard electron tubes, which is one 
order of magnitude larger than that limiting 
a single-tube stage, although requiring a 
correspondingly larger number of tubes. 
Delay distortion and the cutoff frequency 
a are those of a similar passive delay line, 
each capacitance of which includes a tube 
capacitance. The gain of a lossless chain is 
ng„,/,./C per stage of ti tubes, each of trans-
conductance g„,. Amplitude and delay dis-
tortions of such chains in single and cas-
caded stages will be derived, including the 
effects of reflections, losses, and resonances 
on traveling-wave operation. 
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70. LOSSES IN AIR-CORED 
INDUCTORS 

R. E. FIELD 

(General Radio Company, 
Cambridge, Mass.) 

A thorough study of the losses in air-
cored inductors shows that the total loss is 
due to three components. These are con-
ductor resistance, eddy-current effects, and 
dielectric loss. If these losses are expressed 
as dissipation factors, the total is the simple 
sum of the components. Formulas are 
derived for the component losses, and de-
tailed methods for minimizing the losses 
and arriving at an optimum coil design are 
given. Detailed information on the choice of 
the type of winding as well as optimum 
design constants is given for several typical 
examples. 

71. A SIMPLIFIED DESIGN PRO-
CEDURE FOR IRON-CORE 

TOROIDS 

H. E. HARRIS 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

Mathematical expressions for the in-
ductance and dissipation factors of iron-core 
toroids are first derived. A simple and effec-
tive graphical method of design is then 
given. The method leads to a determination 
of proper core size and permeability for the 
desired frequency, number of turns and total 
wire area for optimum Q, and the strand size 
if Litz wire is indicated. The limitations 
due to hysteresis and distributed capacitance 
are considered. An example of the method is 
detailed and the result compared with 
measurements made on a sample, con-
structed according to design specifications. 

72. COUPLING EFFECTS BET WEEN IN-
FRARED RADIATION AND A SUPER-

SONIC FIELD 

W. J. FRY AND F. J. FRY 

(University of Illinois, Urbana, Ill.) 

The study of two types of coupling effects 
between a modulated beam of infrared radia-
tion and a supersonically excited gas has 
been continued. The two gas combinations, 
air water vapor and CO2 water, reported 
upon previously, have now been studied in 
greater detail, and more accurate values for 
the various quantities have been obtained. 
The magnitudes of the coupling effects have 
been studied as a function of gas composi-
tion, modulation frequency of the infrared 
shutter, and temperature of the source of 
radiation. A detailed analysis of the opera-
tion of the instrument has been carried out 
and checked by experimental observations. 
The mechanisms which were proposed are 
consistent with the present measurements. 

Television 
73. A UNITARY TUNER-AMPLIFIER FOR 

TELEVISION RECEIVERS 
E. L. CROSBY, JR. 

(Bendix Radio, Baltimore, Md.) 

G. W . CLEVENGER 

(Bendix Aviation Corporation, 
Baltimore, Md.) 

AND H. GOLDBERG 

(National Bureau of Standards, 
Washington, D. C.) 

The unit to be described includes a 12-
channel tuner using push-pull triodes; 
a stagger-tuned amplifier, the tuner being a 
component of the staggered system; com-
pact effective traps; and high-level sound 
pickoff. The gain and bandwidth of the 
tuner vary less than 5 db and 15 per cent. 
The input circuit dynamically terminates a 
300-ohm line with a v.s.w.r. of less than 
1.25. Gain to the picture detector is 100 db. 
Sound is completely limited for a signal of 30 
microvolts. 

74. A PICTURE-MODULATED R.F. GEN-
ERATOR FOR TELEVISION RE-
CEIVER MEASUREMENTS 

ALLAN EASTON 

(Hazeltine Electronics Corporation, 
Little Neck, N. Y.) 

Present techniques of measurement of 
television receivers make desirable standard 
signal generators, operating on at least one 
of the thirteen commercially allocated chan-
nels, and capable of being fully modulated 
by any standard RMA composite video 
signal. This paper describes a generator of 
this type. 

75. THE APPLICATION OF PROJEC-
TIVE GEOMETRY TO THE THEORY 

OF COLOR MIXTURE 

F. J. BINGLEY 

(Philco Corporation, 
Philadelphia, Pa.) 

The paper describes a new method of 
theoretical analysis for use in solving color-
mixture problems. The method described 
provides, on the one hand, a powerful means 
of theoretical analysis characterized by the 
clearness of perception of geometric analysis, 
and on the other, a convenient graphical 
tool for obtaining numerical results with 
rapidity. Application of the method in the 
field of color television is described. Some 
new properties of color mixture discovered 
by the use of this method are described and 
discussed. 

76. REFLECTION OF TELEVISION SIG-
NALS FROM TALL BUILDINGS 

ANDREW ALFORD AND G. J. ADAMS 

(Andrew Alford Laboratories, 
Boston, Mass.) 

The intensity and the distribution of 
television ghosts produced by reflection from 
tall buildings depend on the location and 
height of the transmitting antenna. A pre-
diction of ghosts which may be expected 
from a transmitting antenna located at a 
given site and height requires a detailed 
knowledge of the reflections from tall build-
ings. Theory, microwave model studies, and 
whole-scale measurements of reflections 
from buildings at a frequency in the lower 
television band are presented. 

77. FIELD-COVERAGE CONSID-
ERATIONS OF NEW YORK 
TELEVISION STATIONS 

T. T. GOLDSMITH, JR., AND 
R. P. WAKEMAN 

(Du Mont Research Laboratories, 
Passaic, N. J.) 

A comprehensive study of the perform-
ance characteristics of DuMont television 
station WABD, New York, embracing a new 
measuring technique, is discussed. A com-
parison of theoretical and experimental 
data is illustrated by photographs and charts 
indicating receiving conditions within the 
service area. Pertinent information concern-
ing various interference problems is also 
considered. 

Broadcasting and 
Recording 

78. MODERN DESIGN FEATURES OF 
CBS STUDIO AUDIO FACILITIES 

R. B. MONROE AND C. A. PALMQUIST 

(Columbia Broadcasting System, Inc., 
New York, N. Y.) 

The design of a recently completed 
broadcasting-studio audio-control console, 
with facilities capable of handling the 
origination of the largest and most elaborate 
radio productions, is described. This unit, 
comparable in size to a standard office desk, 
is entirely self-contained. Many new and 
novel features are included, and the per-
formance is well within requirements set 
forth for a.m., f.m., and television audio 
facilities. Although designed primarily for 
broadcasting, the fundamental ideas and 
methods are applicable to other services. 

79. METHODS OF CALIBRATING 
FREQUENCY RECORDS 

R. C. MOYER 

(RCA Victor Division, 
Indianapolis, Ind.) 

D. R ANDREWS AND H. E. ROYS 

(RCA Victor Division, 
Camden, N. J.) 

When making response measurements of 
disk reproduction systems, it is desirable to 
use a record of known calibration. The re-
flected-light-pattern method of calibrating 
frequency records is widely used and gen-
erally accepted. Other calibration means 
have been investigated, one of which uses a 
variable-speed turntable to reproduce the 
recorded tones at a common reference fre-
quency. This method is particularly suitable 
for evaluation of the low frequencies where 
the light-pattern method is difficult to apply 
because the recorded amplitude and not the 
velocity is constant, resulting in a light pat-
tern of varying width. Another method has 
been developed which is believed to be of 
merit because it offers a means of calibrating 
disks when the light pattern is indistinct, as 
it sometimes is with records cut at 334 
r.p.m. A comparison with the results ob-
tained while using the f.m. calibrator for 
measuring the amplitude of stylus motion 
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during recording is given. Factors which 
enter in reproduction, such as tip size, force, 
mechanical impedance of the pickup, and 
contact between the groove and stylus, are 
discussed. 

80. DISTORTIONS IN MAGNETIC-TAPE 
RECORDING DUE TO THE CON-
FIGURATION OF THE BIAS 

FIELD 

S. J. BEGUN 
(The Brush Development Company, 

Cleveland, Ohio) 
It has been found that the field pattern 

around the gap of a ring-type magnetic 
recording head is a function of the wave-
length to be recorded. Experiments have 
indicated that the field strength decays more 
rapidly in a direction away from the gap for 
shorter than for longer wavelengths, a 
phenomenon which has been called the pene-
tration effect. It can be shown that in d.c. 
biasing no objectionable distortions are in-
troduced as a consequence of this penetra-
tion effect. In a.c. biasing, on the other hand, 
distortions of low frequencies can be ex-
pected, particularly if a thick magnetic 
recording medium is used. 

81. INSTANTANEOUS AUDIENCE-
MEASUREMENT SYSTEM 

(JAMS) 

P. C. GOLDMARK, J. W. 
CHRISTENSEN, ANDREW BARK, 

AND J. T. WILNER 
(Columbia Broadcasting System, Inc., 

New York, N. Y.) 
The paper deals with a new system of 

measuring radio audiences, employing trans-
ponder techniques. The lecture will be ac-
companied with demonstrations. 

Electronics III 

Tube Manufacture 

82, ASTM COMMITTEE WORK— 
FACTORY TESTS ON CATH-

ODE NICKEL 
J. T. ACKER 

(Western Electric Company, 
New York, N. Y.) 

The paper deals with the methods of 
testing radio-tube cathode materials in 
factory production, and especially with a 
comparison of several specific lots of mate-
rials of variable content. It is believed that 
this is the first time the electron-tube in-
dustry has made mass tests on a well-
controlled engineering basis of cathode 
materials which vary in single component 
elements. 

83. A STANDARD DIODE FOR RADIO-
TUBE-CATHODE CORE-MATE-

RIAL APPROVAL TESTS 

R. L. MCCORMACK 

(Raytheon Manufacturing Company, 
Newton, Mass.) 

A diode has been designed and used for 
testing various samples of cathode material 

in several plants and laboratories during the 
last two years. Several criteria have been 
used for evaluating the emissive power of the 
various materials tested. To simulate the 
usual space-charge-limited emission test 
commonly used on receiving tubes, a cathode-
temperature versus emission characteristic 
has been taken on each test lot. Tempera-
ture-limited emission has been examined 
under both low-field, low-temperature con-
ditions and normal-temperature, high-field 
conditions. Results indicate that this method 
has several important advantages over the 
present approved method. 

84. EUROPEAN PRACTICES IN 
THE MANUFACTURE OF 

CATHODES 

T. H. BRIGGS 
(Superior Tube Company, 

Norristown, Pa.) 

The paper deals with European practices 
in the manufacture of cathodes and their use 
in radio tubes. These data were obtained by 
a group under Government auspices in Sep-
tember and October of 1947. Information 
is included on the many details in the mak-
ing of cathode nickel and its alloys and its 
formation into filaments and heater cath-
odes. Information also is included on cathode 
coatings and other processing details. 

85. PROCESSING VACUUM-TUBE 
COMPONENTS 

P. D. WILLIAMS 
(Eitel-McCullough, Inc., 
San Bruno, Calif.) 

In power tubes the life of a thoriated 
filament is very sensitive to the processing 
employed, and this is also true of the 
phenomenon of grid emission. The processes 
used for the different elements also are often 
interrelated in their effects, and their close 
spacings and higher temperatures complicate 
the problem. The metallurgist and chemist 
can be very helpful in tube-manufacturing 
procedures to attain the desired results. 
Some of the means of accomplishing these 
results are described. 

86. CONTINUOUS EXHAUST MACHINE 
FOR ELECTRON-TUBE 

MANUFACTURE 

L. G. HECTOR 
(Sonotone Corporation, Elmsford, N. Y.) 

This machine for miniature and submini-
ature receiving-tube manufacture differs 
basically from standard exhaust machines in 
that the table rotates continuously. This 
machine also differs from conventional forms 
in that each position is individually ex-
hausted with an oil-diffusion pump. In the 
machine now in use one fore pump handles 
two diffusion pumps. These pumps travel 
with the rotating table; consequently, all 
connecting vacuum lines are extremely 
short and all central valve systems are com-
pletely eliminated. The speed of the machine 
is limited primarily by operator ability. 

Measurements I 

V.H.F., U.H.F., and S.H.F. 

87. SWEPT-FREQUENCY 3-CEN-
TIMETER IMPEDANCE 

INDICATOR 
H. J. RIBLET 

(Submarine Signal Company, 
Boston, Mass.) 

An indicating system is described which 
will present on a cathode-ray tube sufficient 
information to determine the magnitude and 
phase of the impedance of a load at a num-
ber of closely spaced frequencies over a 12 
per cent frequency range centered in the 
3-cm. band. The first model of the equip-
ment measures reflection coefficients with 
an accuracy, for low standing-wave ratios, 
of ±4 degrees in phase and ± 8 per cent in 
magnitude. A novel r.f. circuit, called a 
wave sampler, makes the accuracy of this 
system independent of frequency. 

88. AN AUTOMATIC V.H.F. STANDING-
WAVE-RATIO PLOTTING 

DEVICE 
W. A. FAILS, L. L. MASON, 
AND K. S. PACKARD 

(Airborne Instruments Laborator, Inc., 
Mineola, N. Y.) 

A method is described for automatically 
plotting on an oscilloscope the diagram of the 
standing-wave ratio versus frequency for 
any impedance. The equipment comprises a 
modulated power oscillator covering an 
octave in the v.h.f. range. This oscillator 
feeds the unknown impedance through a 
pad, and a directional coupler is inserted 
between the pad and the load; the output of 
this coupler is detected by means of two 
bolometers, which supply two audio-fre-
quency voltages whose ratio is measured 
electronically and plotted on the oscillo-
scope of an indicator unit. 

89. MICROWAVE IMPEDANCE 
BRIDGE 

M. CHODOROW, E. L. GINZTON, 
AND J. F. KANE 

(Stanford University, Stanford, Calif.) 
A twelve-terminal waveguide circuit 

can be formed by joining six waveguides 
symmetrically at a common junction. Ex-
periments show that this circuit balances 
and behaves like a conventional Wheatstone 
bridge. A theoretical derivation of the 
equivalent circuit of the structure verifies 
these experiments and shows that the 
structure satisfies exactly the same admit-
tance relationship as the conventional 
bridge circuit. In measuring microwave 
impedances, it is possible to use only sliding 
shorts as the adjustable impedances, and no 
variable resistance standard is needed. The 
value of the unknown impedance is deter-
mined from a measurement of three physical 
lengths. 
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90. IMPEDANCE MEASUREMENTS BY 
MEANS OF DIRECTIONAL COU-
PLERS AND SUPPLEMENTARY 

VOLTAGE PROBE 

B. PARZEN 
(Federal Telecommunication Laboratories, 

Inc., Nutley, N. J.) 
This paper describes a method of meas-

uring impedance at very-high, ultra-high, 
and microwave frequencies. Two directional 
couplers in direction opposition and one 
voltage probe are placed in a short section 
of line. From measurements of the output of 
the couplers and probe, calculations can be 
made of the impedance at the end of the 
line. An experimental model of the equip-
ment for use at low frequencies (50 to 500 
Mc.) is described. Impedance values as ob-
tained by means of this equipment are com-
pared with those obtained by means of a 
slotted line. The advantages and disad-
vantages of this method over the slotted-
line, three-voltmeter, and bridge methods 
are discussed. 

91 A WAVEGUIDE BRIDGE FOR MEAS-
URING GAIN AT 4000 MC. 

A. L. SAMUEL 
(University of Illinois, Urbana, Ill.) 

AND C. F. CRANDELL 
(Southwestern Bell Telephone Company) 
A bridge has been constructed for meas-

uring the gain and phase delay of amplifiers 
in the vicinity of 4000 Mc. The equipment is 
described, and the methods employed to 
reduce the possible errors are discussed. The 
general method may be adapted for use in 
any desired frequency range. 

Computers I 
Systems 

92. LARGE-SCALE COMPUTERS 
R. L. SNYDER 

(University of Pennsylvania, 
Philadelphia, Pa.) 

Following a brief historical summary of 
the large-scale computer field, a precise 
delineation of the characteristics which 
differentiate modern devices will be made. A 
critical discussion of existing and under-
construction machines will be given, after 
which some new ideas for computer com-
ponents and systems will be presented. 

93. THE UNIVAC 
J. W. MAUCHLY 

(Eckert-Mauchly Computer Corporation, 
Philadelphia, Pa.) 

The Univac, a new large-scale general-
purpose computing machine, will be de-
scribed. It is a decimal machine which 
handles alphabetical as well as numerical 
information. Support of the development has 
come from the U. S. Bureau of the Census 
via a contract with the National Bureau of 
Standards. 

94. ENGINEERING DESIGN OF A 
LARGE-SCALE DIGITAL 

COMPUTER 
J. R. WEINER, C. F. WEST, 

AND J. E. DETURIC 

(Raytheon Manufacturing Company, 
Waltham, Mass.) 

A general-purpose scientific computer 
capable of performing hundreds of arith-
metic operations per second is described in 
terms of its major components: high-speed 
memory, central control, arithmetic unit, 
and input-output devices. Detailed designs 
of a mercury delay-line memory unit, a shift 
register, a parallel adder, a selection circuit, 
and an input-output unit are presented. 

95. A NETWORK ANALYZER FOR THE 
STUDY OF ELECTROMAGNETIC 

FIELDS 
K. SPANGENBERG, G. WALTERS, AND 

F. W. SCHOTT 
(Stanford University, Stanford, Calif.) 
An electric network which has been con-

structed along principles enunciated by 
Kron for analog studies of electromagnetic 
fields will be described. Virtually every type 
of problem associated with field configura-
tions having rotational symmetry can be 
solved with the analyzer to be presented. 

Propagation 
96. CONTINUOUS TROPOSPHERIC 

SOUNDING BY RADAR 

A. W. FRIEND 

(Radio Corporation of America, 
Princeton, N. J.) 

Original tropospheric-sounding experi-
ments, which were conducted between 1.614 
and 17.3 Mc. (from 1935 to 1941) produced 
positive results which were often somewhat 
difficult to interpret by simple theory. Addi-
tional tests were made on 2.398 Mc., during 
1942, under more nearly idealized condi-
tions; and on 2800 Mc., during 1946 and 
1947, with extremely high power and 
sharply defined vertical beams. Recordings 
indicate many echo traces of various types, 
with echoes from cirrus and alto-stratus 
above 30,000 feet. Certain "dot" and other 
irregular reflections on 2800 Mc. are at-
tributed to dielectric-gradient effects which 
are manifest in different forms on lower 
frequencies.  Mathematical analyses are 
presented in support of theoretical deduc-
tions. 

97. A THEORY ON RADAR REFLEC-
TIONS FROM THE LOWER 

ATMOSPHERE 
W. E. GORDON 

(University of Texas, Austin, Tex.) 
A theory is presented, supported by 

several sample sets of data, which indicate 
that the curious phenomenon dubbed 
"Angels" (radar reflections from the lower 
atmosphere) may be attributed to sharp 
changes in the dielectric constant. The near-
discontinuities in the dielectric constant are 
produced by atmospheric turbulence. The 
required magnitude of the changes is corn-

puted from reflection theory and compared 
to sample meteorological data obtained from 
rapid-response instruments. 

98. NEW TECHNIQUES IN QUANTITA-
TIVE RADAR ANALYSIS OF 

RAINSTORMS 
DAVID ATLAS 

(Air Materiel Command, 
Wilmington, Ohio) 

Experiments establish qualitatively the 
relation between echo power and rain in-
tensity, and theory provides a basis for a 
simplified radar rain-intensity computer. 
Required and actual accuracy of measuring 
techniques are discussed. Techniques are 
described for (1) use of gain-setting at 
threshold of echo visibility on a PPI scope as 
measure of echo power; (2) "pip-matching" 
on a PPI scope; (3) construction of two- and 
three-dimensional "storm contour maps" 
showing isohyets throughout detectable rain 
area; (4) automatic presentation of such 
two-dimensional "maps" on a PPI scope by 
use of a simple modification; and (5) manu-
ally or automatically correcting distortion 
effects in maps introduced by rain attenua-
tion and determination of true attenuation 
values. Limited discussion is presented re-
garding absolute accuracies and possible ap-
plication of mapping to avoid hazardous 
storms. 

99. THE PROPAGATION OF RA-
DIO WAVES THROUGH THE 

GROUND 
KNOX MCILWAIN 

(Hazeltine Electronics Corporation, 
Little Neck, N. Y.) 

AND H. A. WHEELER 
(Consulting Radio Physicist, 

Great Neck, N. Y.) 

A theoretical and experimental study of 
the propagation of radio waves through 
ground has resolved certain inconsistencies 
in prior work. Tests covered depths to sev-
eral hundred feet and frequencies from 0.6 to 
1000 Mc. As expected, dry ground is better 
than wet. At the lower frequencies, ground 
behaves as a homogeneous, poorly conduct-
ing medium; at the higher, the rate of at-
tenuation increases much more rapidly, in-
dicating pockets of moisture separated by 
dry ground. A special technique has been 
used to test the horizontal propagation 
through substrata, which is especially useful 
to detect and trace dry layers sandwiched 
between wet layers. The results show the 
limitations of radio waves for deep geo-
physical prospecting, though they may be 
useful for related exploration. 

100. DESIGN AND APPLICATION OF 
A MULTIPATH TRANSMISSION 

SIMULATOR 
H. F. MEYER AND A. H. Ross 

(Coles Signal Laboratory, 
Red Bank, N. J.) 

Theory and design of a laboratory in-
strument for simulating the effects of multi-
path transmission encountered on long-haul 
high-frequency radio circuits are presented. 
The instrument provides for adjustable 
time delay between paths up to 3 milli-
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seconds and for a choice of voice frequency 
amplitude, frequency, or phase modulation. 
The effects of multipath transmission on 
voice,  single  and  multichannel  voice-
frequency teletype, and facsimile radio com-
munication circuits utilizing various meth-
ods of modulation and detection may be 
studied. Co.relation between theoretical 
computation of multipath effects in experi-
mental data obtained with the simulator is 
demonstrated 

Electronics IV 

Nev Forms of Tubes 

NEW DESIGN FOR A SECONDARY-
EMISSION TRIGGER TUBE— 

NU TR-10324 
C. F. MILLER AND W. MCLEAN 

(National Union Radio Corporation, 
Orange, N J.) 

The NU TR-1032-J is a nine-pin minia-
ture tube with a triode input section pro-
ducing a primary electron beam. This beam 
impinges on a secondary-emission surface, 
and secondary electrons are collected by two 
different output elements which may be used 
either separately or as a unit Typical tube 
characteristics, a basic circuit description, 
and a new circuit in which this tube may be 
used are described, as well as suggested uses 
which include the following: relaxation 
oscillator, multivibrator, pulse inverter, 
modulator, oscillator, and dynatron. 

102. A SPIRAL-BEAM METHOD FOR 
THE AMPLITUDE MODULA-
TION OF MAGNETRONS 

J. S. DONAL, JR., AND R. R. BUSH 
(Radio Corporation of America, 

Princeton, N. J.) 
A new method is described for the am-

plitude modulation of magnetrons. Although 
the method has so far been applied only to 
the modulation of an existing 1-kilowatt 
c.w. magnetron at 850 Mc., scaling to 
higher frequencies should prove to be per-
fectly feasible. In principle, a beam of elec-
trons spiralling in a longitudinal magnetic 
field varies the conductance presented by a 
resonant cavity coupled to the magnetron 
and so varies the power delivered to the 
load. The linearity of the system is reason-
ably good and the bandwidth is at least 20 
Mc. The depth of voltage modulation 
realized is 85 to 90 per cent, while the fre-
quency variation during the amplitude-
modulation cycle is only ± 15 kc. 

103. THE DYOTRON—A NEW 
MICROWAVE OSCILLATOR 

E. D. MCARTHUR 
(General Electric Company 

Schenectady, N. Y.) 
The dyotron tube is structurally similar 

to a triode but differs in the use of a mod-
erately noncritical transit angle and in the 
necessity for an r.f. short circuit between 
cathode and grid. Since the grid and cathode 
have no r.f. potential difference, there is 
no need for an input circuit or a feed-

back circuit. Experimental data of two 
kinds are presented. One type of experi-
ment is designed to test the validity of 
the basic principles. The other kind com-
prises performance data of the type which 
will interest the application engineer and in-
cludes typical data on tuning range, power 
output, and frequency stability. The tubes 
which are discussed are experimental models; 
commercial types are not yet available. 

104. ELECTROSTATICALLY FOCUSED 
RADIAL-BEAM TUBE 

A. M. SKELLETT 
(National Union Radio Corporation, 

Orange, N. J.) 
In the electrostatically focused radial-

beam tube, a combination of fields pro-
duces a single radial electron beam which 
may be rotated by rotating the uniform com-
ponent of the combined fields. Details are 
given of such a tube with twelve anodes and 
twelve associated control grids which is no 
larger than an ordinary radio receiving tube. 
The beam current is of the order of 1 mil-
liampere, and the frequency of rotation is 
limited only by the inductance and capaci-
tance of the elements of the tube. This tube 
is an inertialess distributor with applica-
tions to time-division multiplex, telemeter-
ing, remote control, and other high-speed 
switching functions. 

105. A NEW TWO-TERMINAL HIGH-
VOLTAGE RECTIFIER TUBE 

G. W. BAKER 
(Chatham Electronics Corporation, 

Newark, N. J.) 
A new two-terminal high-voltage rectifier 

tube designed for use in the voltage-multi-
plying stages of a radio-frequency power 
supply is described, and samples will be 
shown. This new tube employs a phenome-
non not previously applied to rectifier tubes. 
It has no heater circuit like cold-cathode 
tubes, but it has the low-voltage drop and 
high inverse-peak-voltage rating of hot-
cathode tubes. 

Measurements II 
106. SIMPLIFICATION OF THEORY 
OF SUPERSONIC INTERFEROM-

ETRY 

F. E. Fox 
(Catholic University) 
AND J. L. HUNTER 

(John Carroll University, 
Cleveland, Ohio) 

Cady's equivalent piezoelectric circuit 
theory has been extended by Van Dyke, 
Hubbard, and Fox to cases of coupled fluid 
columns as in the supersonic interferometer. 
Interferometric measurements of sound ab-
sorption in liquids check theoretical predic-
tions fairly closely, but unfortunately in-
volve extensive theoretical interpretation. 
Correlation by most other methods is 
notoriously poor. A simplification of the 
theory, and corroborative data, are offered, 
with the hope of strengthening the claim 
of the interferometer to reliability of 
measurement. 

107. FREQUENCY MEASURE-
MENT BY SLIDING 
HARMONICS 
J. K. CLAPP 

(General Radio Company, 
Cambridge, Mass.) 

The method is most easily outlined by 
describing a particular application. A 950-
kc. crystal oscillator is combined with a 
stable 50- to 60-kc. oscillator to produce a 
frequency adjustable from 1000 to 1010 kc. 
A harmonic generator, controlled by this 
source, produces harmonics in the range 
from 100 to 200 Mc. Any frequency in this 
range can then be matched by sliding the 
next lower harmonic toward higher fre-
quencies to obtain zero beat. The frequency 
is determined by the harmonic number and 
the interpolation-oscillator setting. Ad-
vantages include relatively high accuracy 
(25 in 104 or better), simplicity of opera-
tion, and no wide-range interpolating or 
receiver circuits. 

108. A GENERAL-PURPOSE OSCILLO-
GRAPH FOR PRECISION TIME 

MEASUREMENT 

R. P. ABBENFIOUSE 
(Allen B. DuMont Laboratories Inc, 

Clifton, N. J.) 
This paper describes an oscillograph de-

signed for general-purpose precision time 
measurements on transient or controlled 
phenomena with special features provided 
for use in connection with television signals. 
Circuits are discussed, and a brief summary 
of performance specifications and general 
applications is given. Its use as a television 
instrument is emphasized, showing how 
picture and synchronizing components of the 
transmitted composite signal  may  be 
measured in terms of resolution, rise time, 
duration, and periodicity. 

109. SOME CONSIDERATIONS IN EX-
TENDING THE FREQUENCY RANGE 

OF RADIO NOISE METERS 
W. J BARTIK AND C. J. FOWLER 
(University of Pennsylvania, 

Philadelphia Pa.) 

In the frequency region abov,-. 20 Mc. the 
electrical disturbances previously defined as 
radio noise affect other than audio services. 
Thus, in this part of the spectrum, at least, 
an objective type of meter capable of ac-
curately measuring certain characteristics 
of the noise is indicated. From a measure of 
these characteristics the noise should be 
classified so that the interference value for 
various services can be determined. Some of 
the factors involved in choosing the proper 
characteristics to measure, and in the de-
sign of a suitable noise meter, are sum-
marized. The requirements are such that two 
noise meters, a laboratory standard, and 
a portable field instrument maybe necessary. 

110. SOME CONSIDERATIONS IN THE 
DESIGN OF PRECISION TELE-
METERING EQUIPMENTS 

R. WHITTLE 
(Federal Telecommunication Laboratories, 

Inc., Nutley, N. J.) 
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Problems encountered in precision tele-
metering systems are discussed, with par-
ticular attention to remote indication of 
position. Methods of transmitting informa-
tion are compared for necessary bandwidth, 
inherent accuracy, effects of noise on ac-
curacy, stability, and simplicity. The co-
ordinate system is important in presenting 
position  information,  rectangular being 
somewhat simpler to transmit by radio. In 
radar systems. for instance, information is 
obtained in polar form and must be con-
verted if rectangular co-ordinates are trans-
mitted. Time sharing to reduce intermodula-
don distortion when multiple signals are 
telemetered is discussed. Phase compar ison 
for telemetering continuous rotation through 
angles greater than 360 degrees is considered 
and a precise method described. Problems 
involving accuracies of 1 degree or better 
are discussed. 

Computers II 
Components 

111. MEGACYCLE STEPPING 
COUNTER 

C. B. LESLIE 
(Naval Ordnance Laboratory, 

Washington, D. C.) 

The paper describes the development and 
construction of a modified ring- or stepping-
type counter capable of operating at a mega-
cycle rate. The device is one outcome of 
work on a large-scale high-speed digital 
computer at the Naval Ordnance Labora-
tory. 

112. RECTIFIER NETWORKS FOR 
MULTIPOSITION SWITCHING 

N. ROCHESTER 
(Sylvania Electric Products Inc., 

Flushing, N. Y.) 

AND D. R. BROWN 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

A new type of multiposition switch 
utilizing crystal rectifiers is used in electronic 
digital computers requiring switching times 
of less than one microsecond and in other ap-
plications demanding extreme compactness. 
Several varieties of this switch are analyzed, 
and applications and practical limitations 
are discussed. 

113. MERCURY DELAY-LINE MEMORY 
USING A PULSE RATE OF 
SEVERAL MEGACYCLES 

I. L. AUERBACH, J. P. ECKERT, JR., 
R. F. SHAW, AND C. B. SHEPPARD 

(Eckert-Mauchly Computer Corporation, 
Philadelphia, Pa.) 

A delay-line memory organ for an elec-
tronic computer has been constructed for 
operation at pulse-repetition rates of several 
megacycles per second. The high pulse rate 
makes possible the storage of considerably 
more information in a given space than was 
possible with previous types of memory 

organs. Recirculation circuits are described, 
as well as means for introducing and ex-
tracting information. 

114. METHODS FOR VISUAL OBSER-
VATION OF PATTERNS RE-
CORDED ON MAGNETIC 

MEDIA 

S. N. ALEXANDER. L. MARION, AND 
I. L. COOTER 

(National Bureau of Standards, 
Washington, D. C.) 

Two methods to obtain additional in-
formation about the recording charac-
teristics of magnetic media are described. 
One develops the magnetic field patterns by 
using a microscopic iron powder in a light 
oil surrounding the sample; the other em-
ploys an electron-optical technique for ie-
vealing the magnetized regions through the 
distortion they introduce into an electron 
beam. Examples are given in connection 
with electronic digital-computing-machine 
techniques. 

115. SELECTIVE ALTERATION OF DIG-
ITAL DATA IN A MAGNETIC 
DRUM COMPUTER MEM-

ORY 

A. A. COHFN AND W. R. KEYE 

(Engineering Research Associates, Inc., 
St. Paul, Minn.) 

Information coded in terms of binary 
digits (Ps and O's) may be recorded on mag-
netic tapes bonded to a continuously rotat-
ing drum. Such an experimental storage 
system is described, in which individual 
digits may be selectively altered. Recorded 
patterns containing 150 digits per linear 
inch are scanned at the rate of 200,000 digits 
per second. 

Microwaves 
116. CAVITY RESONATORS FOR 
HALF-MEGAVOLT OPERATION 

A. E. HARRISON 

(Princeton University, Princeton, N. J.) 
Losses in cavity resonators for high-

voltage applications such as linear accelera-
tors and high-power tubes have not received 
much attention, although various forms of 
electron loading have been investigated at 
low power levels. A technique was developed 
for determining the losses in a resonator at 
high power levels by measuring the Q under 
transient conditions with pulse power ap-
plied. Results indicate that losses from 
"multipactor" action of secondary electrons 
and field emission can be controlled. Ap-
proximately 500,000 volts peak was obtained 
across a three-quarter-inch gap. Curves 
giving data on dimensions of typical 3000-
Mc. resonators are included. 

117. ANALYSIS AND PERFORM-
ANCE OF WAVEGUIDE HY-
BRID RINGS FOR MICRO-

WAVES 
H. T. BUDENBOM 

(Bell Telephone Laboratories, Inc., 
Whippany, N. J.) 

This paper presents an analytical treat-
ment of waveguide hybrid rings for micro-
waves, considered as re-entrant transmission 
lines. The resulting lines are transformed 
into equivalent tee or lattice network sec-
tions, and deterniinantal methods are ap-
plied in analyzing these equivalent network 
assemblies for their transmission proper-
ties. Experimental data obtained on a care-
fully constructed sample of a three-arm and 
a four-arm ring are presented, and the good 
agreement between theory and experiment 
is noted. 

118. F REQUENCY STABILIZATION 
WITH MICROWAVE SPECTRAL 

LINES 

W D. HERSHBERGER AND 
L. E. NORTON 

(Radio Corporation of America, 
Princeton, N. J.) 

Absorption lines of gases at reduced pres-
sure exhibit Q's of 100,000 in the 24,000-Mc. 
range, and the center frequency is unaffected 
by pressure and temperature. Stabilization 
of a "K"-band klystron has been effected, 
using the 23,870.1-Mc, line of ammonia 
contained in a short section of matched 
waveguide, both at the center frequer.cy of 
the line itself and at frequencies removed 
from the line frequency by a controlled in-
termediate frequency. Indications are that 
the frequency stability compares favorably 
with that of quartz crystals, and applications 
to other microwave frequencies and a clock 
are shown. 

119. SYNTHESIS OF DISSIPATIVE MI-
CROWAVE NETWORKS FOR 
BROAD-BAND MATCHING 

H. J. CARLIN 

(Polytechnic Institute of Brooklyn, 
Brooklyn, N. Y.) 

Interpolation in the complex plane is em-
ployed to handle microwave network func-
tions. This yields an approximating rational 
function over a specified bandwidth, and 
leads to a lumped-circuit approximation for 
the microwave structure, which is used as a 
basis for the synthesis of matching networks. 
In various problems involving dissipative 
devices, the poles of the rational approxi-
mating function may satisfy special condi-
tions. In such cases the ideal lumped match-
ing network has a simple realizable form, 
and may be transformed into a suitable 
microwave structure. Applications of this 
method and experimental results are given 
for the synthesis of broad-band coaxial at-
tenuators. 

120. ANALYSIS OF A MICRO-
WAVE ABSOLUTE ATTENUA-

TION STANDARD 
A. B. GIORDANO 

(Polytechnic Institute of Brooklyn, 
Brooklyn, N.Y.) 

The analysis of a microwave absolute 
standard of attenuation will be presented. 
The system is comprised of a coaxial-line 
launcher and a coaxial-line receiver sepa-
rated by a below-cutoff cylindrical wave-
guide section. The launching and receiving 
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sections are coupled by means of ex-
ponentially decaying field components of 
the TM0., modes. A method of matching the 
field components at the input and output 
discontinuity planes will be described. The 
method leads to the determination of the 
reactive attenuation and input impedance 
of the system as the length of the waveguide 
section is varied. A practical model will be 
described. 

121. 10-CENTIMETER POWER-
MEASURING EQUIPMENT 

THEODORE MILLER 

(Westinghouse Electric Corporation, 
East Pittsburgh, Pa.) 

In part 1 on low-power measurements 
(100 microwatts to 5 milliwatts), the salient 
features of a power-measuring cavity, using 
Littelfuse bolometers, designed to cover the 
wavelength range from 9.0 to 10.5 centi-
meters with a power reflection of less than 1 
per cent, are shown. The methods used to 
broad-band this cavity by means of resonant 
diaphragms are described. In part 2 on high-
power measurements (100 watts to 1 kilo-
watt), a direct-reading water load using a 
continuously  circulating  water column 
matched into a waveguide system is de-
scribed. The use of this load as a variable 
attenuator, and calibration methods, are 
discussed. 

Receivers 
122. THE APPLICATION  OF NOISE 

THEORY TO THE DESIGN OF 
RECEIVERS 
W. A. HARRIS 

(Radio Corporation of America, 
Harrison, N. J.) 

The mechanism by which noise is pro-
duced in an electron tube is discussed, and 
the relation between induced grid noise and 
plate noise is illustrated. An equivalent 
circuit with noise generators arranged to 
simulate the noise sources is then analyzed to 
determine the optimum noise figure at-
tainable under various conditions. An ap-
propriate figure of merit for tube noise is 
seen to be the frequency for which R„gi,. is 
unity. The frequencies corresponding to 
chosen values for the noise figure are pre-
sented for several receiving-tube types. The 
paper concludes with a discussion of the 
circuit conditions which must be met in 
order to obtain noise figures approximating 
the theoretical values. 

123. THE DESIGN OF INPUT 
CIRCUITS FOR LOW NOISE 

FIGURE 
M. T. LEBENBAUM 

(Airborne Instruments Laboratory, Inc., 
Mineola, N. Y.) 

This paper extends the treatment of 
receiver input-circuit design for minimum 
noise figure to the case of the transitionally 
coupled double-tuned circuit with secondary 
loading. This type of input circuit affords 
considerable improvement over the simpler 
matching networks. The results of the 
analysis,  including  both  "active" and 

"passive" tube loading, are presented in 
nomographic form. With the aid of the 
nomogram, it is possible to determine easily 
and rapidly the bandwidth of the input 
circuit that will give minimum noise figure. 
Simple design equations are given that may 
be used to determine the parameters of the 
double-tuned circuit required to achieve this 
bandwidth. 

124. FREQUENCY CONVERTERS 
W. H. LEWIS 

(Ordnance Research Laboratory, 
State College, Pa.) 

This paper deals with multielectrode 
tubes having signals applied on two grids 
and having a plate load tuned to the differ-
ence frequency of the two signals. Presuming 
the converter tube to have high internal im-
pedance,  mathematical  expressions are 
derived relating the mixer output to the 
tube parameters and load impedance. With 
appropriate assumptions, the relations are 
expressed in terms of power series and a 
Fourier expansion is made. The coefficients 
of interest are evaluated and it is shown that 
an exact expression for conversion gain may 
be obtained without requiring an analytic 
expression for the tube characteristics. 

125. AN AUTOMATIC-TRACKING DI-
RECTION-FINDER RECEIVING 
SYSTEM FOR METEOR-

OLOGICAL USE 
WILLIAM TODD 

(Evans Signal Laboratory, Belmar, N. J.) 
Radio Set AN/CRD-1 is an automatic-

tracking meteorological radio direction 
finder which is a part of a system for deter-
mining the wind velocities as well as the ra-
diosonde data through the atmosphere to 
about 100,000 feet by tracking a balloon-
borne radio transmitter operating on a 
carrier frequency of 1680 Mc. Principles of 
operation, features of design, and applica-
tion of many novel electronic principles in 
this equipment to yield an accuracy better 
than 0.05 degree in both elevation and 
azimuth are discussed. 

Active Circuits 
126. REACTANCE-TUBE CIRCUIT 

ANALYSIS 
R. C. MANINGER 

(U. S. Navy Electronics Laboratory, 
San Diego, Calif.) 

Exact expressions are derived for the 
equivalent series resistance and equivalent 
series reactance of the so-called "reactance"-
tube circuits. From these expressions, condi-
tions are derived under which it is shown 
that the circuits can behave as negative 
resistances, negative inductances, or nega-
tive capacitances. It is also shown that the 
Q of a reactance-tube circuit has a maximum 
theoretical value of V/7/2 where µ is the 
amplification factor of the tube. 

127. ELECTRONICALLY CON-
TROLLED REACTANCE 

J. N. VAN SCOYOC AND J. L. MURPHY 
(Armour Research Foundation, 

Chicago, Ill.) 

Equations are developed for feedback 
amplifier circuits whose input reactance can 
be varied electronically by an applied 
voltage signal. The signal is so applied as to 
vary the gain which is normally near unity 
within the feedback loop. One ciicuit tested 
was a two-stage amplifier, and the other a 
variation of the cathode-follower circuit. 
Experimental results are shown and ap-
plications discussed. 

128. STABLE REGULATED 
POWER SUPPLIES 

R. R. Buss 

(Northwestern University, Evanston, Ill.) 

High-order stability of a regulated power 
supply can be obtained by using for control 
action the nonlinear relationship between 
either the light output or electron emission 
and heating power of a filament. Combining 
either of the basic regulating actions with 
the degenerative control action of the con-
ventional regulator gives instantaneous re-
sponse and low internal impedance. Re-
generation permits further control of the in-
ternal impedance. Operation of the regulator 
is analyzed and correlated with experimental 
data. 

129. THE PHOTOFORMER 
D. E. SUNSTEIN 

(Philco Corporation, Philadelphia, Pa.) 

A simple general nonlinear element will 
be described, employing feedback principles 
with a cathode-ray tube, photocell, and a 
shaped mask. The law of output versus in-
put provided is accurately expressed by the 
geometric shape of the mask, and may be 
readily changed at will. The device has ap-
plication in computers, modulators, tone 
generators, demodulators, signal generators, 
and any circuit where a predescribed rela-
tionship shall exist between an input signal 
and output signal. Demonstrations and 
slides will illustrate the versatility of the 
apparatus. 

130. MODE SEPARATION IN OSCILLA-
TORS WITH TWO COAXIAL-

LINE RESONATORS 

H. J. REICH 
(Yale University, New Haven, Conn.) 

The resonance frequencies of a capaci-
tance-terminated coaxial-line resonator, de-
termined graphically, explain why separa-
tion of the various modes is possible by the 
use of two resonators. Mode separation is 
favored by using resonators with large differ-
ence in products of characteristic impedance 
by terminating capacitance. Excessive differ-
ence in CZ0 products may, however, oc-
casionally lead to coincidence of two modes. 
The graphical method may readily be used 
in the determination of theoretical tuning 
curves. Predicted curves agree in their 
general aspects with measured curves for a 
lighthouse-tube oscillator. Agreement is 
improved by considering tube elements as 
extensions of coaxial lines. 
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Industrial Engineering 
Notes' 
NEW DEVELOPMENTS BY 
BUREAU OF STANDARDS 

The January issue of "The Technical 
News Bulletin," a monthly publication of the 
National Bureau of Standards, carries a de-
scription of a new constant voltage power 
supply for use in certain electrolytic deter-
mination and separation processes which 
was developed by the Electronic Instrumen-
tation Laboratory of the Bureau. Copies may 
be obtained from the Superintendent of 
Documents, U. S. Government Printing 
Office, Washington 25, D. C., at 10 cents 
each. 
The February issue of this same publica-

tion gives an account of a new procedure for 
measuring the gain of hearing aids. The new 
procedure, which was developed by the 
sound laboratory of the National Bureau of 
Standards, is said to offer manufacturers 
and commercial laboratories a useful and 
economical method for maintaining ade-
quate quality control of hearing aids. The 
equipment may be constructed at extremely 
low cost as compared to an expensive sou nd-
insulated, echoless room. Hence control of 
the gain performance of hearing aids should 
now be readily available even to smaller 
manufacturers, the Bureau believes. 

SIMULATED BLIZZARDS 
TEST EQUIPMENT 

Man made blizzards on a continuous ba-
sis, equalling the intensity of storms experi-
enced in the most remote Arctic regions, are 
being 'manufactured" by engineers in the 
climatic test chambers of the Signal Corps at 
Fort Monmouth, N. J. This simulated con-
dition under which military equipment is be-
ing tested is believed by the Army to be the 
first accomplishment of its kind. 

RECENT F.C.C. NOMINATIONS 

Subject to Senate approval, President 
Truman recently named Wayne Coy, radio 
engineer of the Washington Post, to succeed 
Charles R. Denny as F.C.C. Chairman, and 
George E. Sterling (A'27-M'28-SM'43) to 
fill the unexpired term of Commissioner E. 
K. Jett. Mr. Coy's term expires June 30, 
1951, and Mr. Sterling's term expires June, 
1950. 

F.C.C. To EXTEND 
F.M. LICENSES 

In two separate petitions, the National 
Association of Broadcasters and the Fre-
quency Modulation Association asked the 
F.C.C. to extend the license periods of f.m. 
stations from one year to three. Both peti-
tions cited f.m.'s growth and need for 
stability as justifications. 

The data on which these NOTES are based were 
selected, by permission, from 'Industry Reports,' 
published by the Radio Manufacturers' Association, 
issues of December 19, 1947. and January 2, 1948, and 
from 'News," published by the Radio Manufacturers' 
Association of Canada. issue of December 20, 1947. 
The helpful attitude of these organizations in this mat-
ter is here gladly acknowledged. 

RADIO ADVANCE CITED 

The annual report of the F.C.C. for the 
1947 fiscal year ending June 30, 1947, de-
tailed the activities of the Commission dur-
ing the year and noted the highlights of the 
radio industry's advances in that period. 
A.m. licensed broadcast stations had passed 
the 1000 mark at the end of the fiscal year, 
and both television and f.m. broadcasting 
services had doubled in number of stations 
authorized. The latter, including stations 
and operators, rose to nearly 550,000 au-
thorizations. 
Copies of the detailed F.C.C. annual re-

port may be obtained from the Superin-
tendent of Documents, U. S. Government 
Printing Office, Washington 25, D. C., at 25 
cents each. 

PROPOSED AMENDMENT OF 
F.C.C. RULES 

With the view of incorporating new al-
locations in the 152 to 162 Mc. band into its 
rules and to remove from the remote pickup 
rules the 30 to 40 Mc. frequencies, the F.C.C. 
proposed to amend its regulations governing 
experimental auxiliary broadcast services. 
Copies of the Commission's proposed 
changes (mimeograph No. 12957) may be 
obtained from the Secretary of the Federal 
Communications Commission, Washington 
25, D. C. 

RADIO PRIMER ON SALE 

A companion publication to "An ABC 
of the F.C.C.," is "Radio—A Public Primer" 
which is now being sold by the Superin-
tendent of Documents, Government Print-
ing Office, Washington 25, D. C., for 10 cents 
a copy. It traces the development of radio, 
explains its operation, and reviews broadcast 
and other types of radio services. 

SHIP RADAR 
LICENSE FORM 

Recently the F.C.C. approved a new ship 
radar license form for use in the Ship Services 
and adopted changes in its regulation to 
cover the new form. Copies of the form 
(F.C. C. Form 501-B) may be obtained from 
the Secretary of the Federal Communica-
tions Commission, Washington 25, D. C. 

ADDITIONAL CIRCUITS 
FOR TELEVISION 

In connection with a 1948 expansion pro-
gram costing $76,130,000, the American 
Telephone & Telegraph Company and cer-
tain Bell System associated companies have 
been authorized by the F.C.C. to supple-
ment existing facilities. For television, the 
program proposed to provide two additional 
circuits in the New York-Washington coaxial 
cable,  two  between  Washington  and 
Charlotte, two between New York and 
Albany, two between Philadelphia and 
Chicago, and two between Chicago and St. 
Louis. This would permit, according to the 
F.C.C. grant, television programs to origi-
nate or be received at Baltimore, Richmond, 
Pittsburgh, and Cleveland, in addition to 
the other cities named. Boston may be tied 

in by means of the experimental microwave 
circuits now existing between that city and 
New York. Until such time as the circuits 
are required for commercial use, they will be 
available for gaining experience in operating 
long distance television circuits and for 
training personnel along the routes involved. 

SHIP RADAR REGULATION 

In December, 1947, the F.C.C. adopted 
amendments to its rules governing operator 
license requirements of ship radar stations. 
Under the new amendments unlicensed per-
sonnel may perform the normal operation on 
board ship of radar stations licensed in the 
Ship Service. They may not, however, make 
any adjustments or perform any servicing 
or maintenance that may affect the opera-
tion of the station. Copies of the F.C.C. or-
der (No. 12342) may be obtained from the 
Secretary of the Federal Communications 
Commission, Washington 25, D.C. 

3,110 WARTIME CONTRACTS 
RENEGOTIATED 

Late in December the Chief Signal Offi-
cer announced that the total gross refunds of 
excessive profits recovered by the Signal 
Corps are estimated at $480,000,000, with a 
net recovery of $265,000,000 after deducting 
the estimated credit granted contractors for 
income and excess profits taxes that had 
been paid on the gross recovery. To accom-
plish this the Signal Corps expended an esti-
mated $1,275,000, which represents 0.27 of 1 
per cent of the gross refunds and 0.48 of 1 
per cent of the net refunds. 

F.M. LICENSE RENEWALS 
STAGGERED 

Under a new F.C.C. proposal f.m. 
licenses (including non-commercial educa-
tional) would be renewed for a period of one 
year to expire on the first of February, April, 
June, August, October, or December, de-
pending upon the frequency assigned to each 
station. Outstanding f.m. licenses are not af-
fected by the action. 

CANADIAN 
SCHOOL EQUIPMENT 

The new Canadian RMA brochure on 
"School Sound Systems" was printed re-
cently and approximately 3000 copies v.,ere 
circulated to Canadian schools which con-
tain six rooms and over, and where interest 
in this type of equipment might be expected. 
The School Equipment Committee, under 
the chairmanship of Mr. F. W. Radcliffe, 
reviewed the new School Sound Recording 
and Playback Equipment brochure recently 
published by the American RMA, with a 
view of determining whether or not this in-
formation should also be prepared and 
circularized to Canadian school authorities. 

NEW F.M. Arm 
TELEVISION STATION GRANTS 

Conditional grants for twenty-one new 
f.m. stations and a construction permit for a 

e"if 
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new television station at Atlanta, Ga., were 
issued toward the end of 1947 by the F.C.C. 
F.C. C. records showed a total of 374 f.m. 

stations in operation at the end of 1947. New 
stations on the air are: Birmingham, Ala. 
(WSGN-FM); Bakersfield, Calif. (KERN-
FM); Miami Beach, Fla. (WKAT-FM); 
Chicago, Ill. (WENR-FM); Detroit, Mich. 
(WXYZ-FM); Clayton, Mo. (KXLW-FM); 
Pottsville, Pa. (WPAM-FM); Los Angeles, 
Calif.  (KECA-FM);  Edinburg,  Texas 
(KURVA-FM); Canton, Ohio (WHBC-
FM) ; Herrin, Ill. (W J PF-FM) ; Syracuse, 
N. Y. (WNDR-FM); Las Vegas, Nev. 
(KENO-FM);  Huntington,  W.  Va., 
(WPLH-FM); Marysville, Calif. (KMYC-
FM); Manchester, N. H. (WMUR-FM), 
and Los Angeles, Calif. (KKLA). 

NOVEMBER EXCISE 
COLLECTION 

The following figures show collections in 
November on radio sets, phonographs, and 
their component parts to be approximately 
$55,000 below the October collections; No-
vember, 1947, $5,458,021.54; October, 1947, 
$5,513,134.48. In November, 1946, excise 
collections on these same articles amounted 
to $4,870,807.15. 

CANADIAN GOVERNMENT 
REGULATIONS 

On November 18, 1947, new government 
regulations went into effect covering both an 
increase in excise tax from 10 to 25 per cent, 
and new import regulations. This resulted in 
a number of problems requiring action both 
by individual member companies and by the 
Association. 
The effect of the new import embargo 

and other restrictions on the Canadian radio 
industry depend to a considerable extent on 
the success of the efforts of the Canadian 
Furniture Manufacturers' Association to 
have the embargo on imported veneers lifted. 
The direct importation of face veneer for the 
first nine months of 1947 amounted to a total 
of 21,894,354 square feet, having a total value 
of $722,681. This importation is at the rate 
of 29,000,000 square feet per year and the 
current rate of production of the two 
Canadian companies manufacturing face 
veneer is 18,800,000 square feet per year, or 
not more than 39 per cent of the total 
Canadian consumption of face veneer. Al-
though the Canadian manufacturers plan 
to increase their capacity by over 50 per cent 
it still would mean that 56 per cent of the 
veneers which normally have been imported 
will be the measure of a shortage in Canadian 
supply, unless some relief is granted. 
The Emergency Exchange Conservation 

Act indicates that no permit shall be issued 
for the import of goods listed in Schedule 
"I" (embargo section) unless, in the opinion 
of the Minister, exceptional hardship would 
result. The Emergency Import Control 
Division have indicated that Radio receivers 
and chassis will be permitted entry when 
required for special engineering purposes 
only. Also, it is understood that some corn-
panics have been granted special import 
permits for cabinets required to complete 
the manufacture of receivers, when the re-

ceivers are complete, except for cabinets on 
order in the United States. Establishment of 
such hardship cases must be submitted to 
the Special Import Division. 

CANADIAN PRODUCTION 

Canadian RMA member company radio 
receiver sales and inventories reports for No-
vember, 1947 indicated a new industry record 
with production of 103,329 units compared 
with the previous record of 94,409 units in 
October, and sales of 102,300 radio receivers 
having a total retail value of $7,703,854 as 
compared with the previous record monthly 
sales of 86,991 units at $6,591,001 in Oc-
tober. Total production of RMA member 
companies (not including exports) for the 
first eleven months of 1947 was 833,349 units 
and manufacturers' Canadian sales in the 
same period total 721,370 receivers having an 
over all total retail value of $49,525,147. 
Exports of Canadian made radio receiv-

ers for the first eleven months of 1947 totaled 
51,469 with a value of $1,540,967. 

RMA MEETING IN NEW YORK 

Many new activities were considered at 
the meetings of the Marine Section and the 
Piezoelectric Quartz Cr) stal Section, RMA 
Transmitter Division, under Chairman C. E. 
Maass and G. E. Wright, respectively. in 
New York on December 15 and 16, 1947 
Meetings of the Aviation  Transmitter 
Broadcast, General Communications and 
Transmitter Tube Sections were held prior 
to the RMA midwinter conclave, January 
20 to 22, 1948. 

CANADIAN RMA 
BROADCAST RELATIONS COMMITTEE 

The newly formed Broadcasting Rela-
tions Committee, under the chairmanship 
of A. B. Hunt (A'43-SM'43) held its first 
meeting in I\ lontreal on December 5, 1947, 
and its first report was placed before the 
board at the January 7 meeting. Mr. Hunt's 
committee includes F. R. Deakins, W. M. 
Angus (A'41), W. Dixon, R. A. Hackbusch 
(A'26-M'30-F'37) and M. M. Elliott. It was 
set up to deal with all matters of mutual in-
terest to the radio manufacturers and broad-
caster groups and to afford liaison with the 
Canadian Association of Broadcasters, Ca-
nadian Broadcasting Corporation and the 
Department of Transport. 

CANADIAN SERVICE COMMITTEE 

The RMA Service Committee met at 
London, Ontario, January 23. The Com-
mittee has made considerable progress in 
the preparation of further bulletins for 
Canadian service technicians and a number 
of other important bulletins are under 
preparation. 

CANADIAN ENGINEERING 
COMMITTEE 

Under the chairmanship of S. Sillitoe 
(A'35) the RMA Engineering Committee 
met in Montreal on December 4, 1947, and 
prepared further recommendations for the 
proposed new CSA Specification C22.2 No. 1 
"Power-Operated Radio Devices" (third 
edition). Supporting data for the requested 

5 milliampere leakage current was reviewed 
and prepared for submission to the CSA. 
The Engineering Committee has unani-

mously approved the Mc. marking for f.m. 
dials. 
A subcommittee, under the chairmanship 

of A. B. Oxley (A'25-M'33-SM'43) is mak-
ing a special survey of oscillator radiations 
from superheterodyne receivers. 

1948 ACTIVITIES OF 
CANADIAN RMA 

The joint Canadian-American RMA 
Directors' meeting will be held in Canada in 
1948. The location is the Royal York Hotel, 
Toronto, and the dates are April 8 and 9. 
The Canadian I.R.E. Convention will be 

held at the Royal York Hotel, Toronto, on 
Friday and Saturday, April 30, and May 1, 
1948. It is planned to hold a number of the 
RMA division and committee meetings in 
conjunction with the I.R.E. Convention to 
facilitate attendance by RMA member com-
pany representatives. 
The Canadian RMA Annual Meeting 

will be held at the Royal York Hotel on 
Tuesday, June 15, 1948. 

RMA MEETINGS 

The following RMA engineering meetings 
have been held: 
January 7—Committee on Audio Facilities 
January 9—Subcommittee  on  Tube 
Sockets 

January 9—Subcommittee  on  Vacuum 
Capacitors 

January 13—Committee on Cathode- 6y 
Tubes 

January 13—Transmitter Tube Committee 
January 14—General  Communications 
Committee 

January 15—Broadcast Transmitter Com-
mittee 

January 16—Committee on Aviation 
January 22 —Committee on Traffic. 

Calendar of 

COMING EVENTS 
I.R.E. National Convention 
March 22-25, 1948 

Chicago I.R.E. Conference 
April 17, 1948 

Cincinnati Spring Meeting 
April 24, 1948 

Syracuse RMA-I.R.E. Spring Meet-
ing 

April 26-28, 1948 

Canadian I.R.E. Convention 
April 30 and May I, 1948 

I.R.E.-URSI Meeting 
May 3-5, 1948 

New England Radio Engineering 
Meeting 

May 22, 1948 

1948 West Coast Convention of the 
I.R.E. 

September 30-October 2, 1948 
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Books 

Radar Aids to Navigation, ed-
ited by John S. Hall, L. A. 
Turner, and R. M. Whitmer 

Published  (1947)  by  McGraw-Hill 
Book Co., 330 West 42 Street, New York 18, 
N. Y. 382 pages+7-page index -I-xiii pages. 
191 figures. 6X9 inches. Price $7.50. 

The book entitled "Radar Aids to Navi-
gation" is the second in the Radiation 
Laboratory Series. It was written by thirty-
three authors and edited by L. A. Turner, 
J. S. Hall, and R. M. Whitmer. The preface 
of this book states that it was intended pri-
marily to describe the advantages and 
limitations of radar equipment when ap-
plied to problems of navigation and pilotage. 
In the foreword, written by Dr. L. A. 

Du Bridge, the secondary purpose of the 
book is revealed by inference from the 
statement that (speaking of the entire series) 
"these volumes stand as a monument to this 
Group," the staff of the Radiation Labora-
tory. 
The preface states that the book is writ-

ten in a nontechnical form. Actually a 
certain number of algebraic equations are 
present in the volume and, therefore, the 
writing cannot be described as completely 
nontechnical. The greatest percentage of the 
material it contains can be readily under-
stood by persons having the equivalent of a 
high school education. 
The book contains four 'ctions. These 

sections are the "Introduct.-in," in two 
chapters; "Airborne Radar," in four chap-
ters;  "Ground-Based  Radar," in three 
chapters; and "Shipborne Radar," in two 
chapters. Data are given on the various 
ra -tar navigational devices developed during 
the war (principally by the Radiation 
Laboratories). In addition, it describes a 
number of navigational developments not 
produced by the Radiation Laboratory, 
but produced by other organizations. Some 
of these devices are of a type developed prior 
to the past war; thus, in Chapter 2, there is 
found a description of the four-course radio 
range, aircraft direction finders, ground and 
shore direction finders, and celestial naviga-
tion. 
As a portion of the description of the 

various radar devices, pertinent data such 
as peak power, beam width, and other im-
portant characteristics are given; thus, the 
publication serves as a valuable equipment 
handbook. The book contains a large number 
of pictorial presentations. In these illustra-
tions, the many pictures of thi radar scopes 
are particularly noteworthy, since pictures 
of this character are not easily reproduc-
ible. 
This book should be of particular interest 

to those who deal with navigational prob-
lems and who were not closely associated 
with the wartime developments as, in the 
course of a few evenings, it enables the reader 
to obtain a broad general knowledge of the 
field. 

Reading over the description of the 
various pieces of apparatus, the critical 
reader will find that they are sometimes in-
complete. He will also find that the authors 
occasionally use terms and abbreviations 
which are not defined, and unless he has had 
previous connection with the field, or can 
make reference to other text, he will be un-
able to understand their meaning. These 
omissions, no doubt are indications of the 
haste in which the volume was prepared. 
Reference is made to other volumes in the 
series and they may make up for the omis-
sions in "Radar Aids to Navigation." 
The reader may wonder why a descrip-

tion is included of such pre-wartime naviga-
tional devices as the four-course radio range. 
It might be presumed that this material 
was included in order to make the volume 
complete, but if this were the case some of 
the important wartime navigational devices 
such as the SCS-51, instrument landing 
system, the Oboe navigation system and the 
YG bencon, presumably should have been 
iris aided. 
While the preface states that emphasis 

is placed more on what can now be done with 
radar, than on what should be possible in 
the future, the impression will be gained that 
the purpose of the volume is about equally 
divided between describing the wartime 
navigational radar developments and show-
ing how and why they should be applied to 
civilian tasks. In attempting to show the 
application of radar to civilian usage, the 
authors discuss some problems which they 
have not had the opportunity to study in 
great detail and, therefore, portions of their 
conclusions may be subject to questioning 
by experts in these fields. This speculation 
on postwar usage may serve to detract from 
the otherwise very creditable accomplish-
ment. 
There is a great need for a book such as 

"Radar Aids to Navigation," and the 
present volume goes a long way toward fill-
ing this need; but it is regrettable that the 
authors did not spend a greater effort in 
describing the work which they have done, 
thereby leaving to posterity a valuable 
technical history and creating for themselves 
a truly great monument of a great work. 

PETER C. SANDRETTO 
International Telephone and 

Telegraph Corp. 
New York 4, N. Y. 

Electronic Transformers and 
Circuits, by Reuben Lee 
Published (1917) by John Wiley & Sons, 

440 Fourth Avenue, New York 16. N. Y. 
260 pages+12-page index +4-page bibliog-
raphy+6-page appendix  pages. 209 
figures. 9} X6 inches. Price $1.50. 

This 'Doe!, is a detailed, me.;culous ex-
position Jr the design of transformers for 
elect-,mu t-cuits. In fact, that should have 
bees  tIe, since the present one might be 

misconstrued to refer to electronic imped-
ance changing devices. 
The first two chapters review elementary 

transformer theory and contain a very com-
plete practical discussion of transformer con-
struction, with useful design charts. The 
plug for Fosterite seems a trifle optimistic, 
since war experience showed that the only 
thoroughly satisfactory small transformers 
for tropical use were hermetically-sealed oil-
filled cases. There follows a two-chapter 
exposition of the design of transformers for 
use with rectifiers, with examples. This first 
section of the book is excellent. Unfortu-
nately, not so good an account can be given 
of the next four chapters. These contain 
much vacuum-tube circuit theory which is 
necessarily incomplete. This space could 
much better have served for discussions of 
the special design problems involved in 
saturable reactors,  magnetic amplifiers, 
peaking transformers, and so forth. The final 
chapter on Pulse Transformers regains the 
satisfactory level of the first four. 
The author states that one purpose of 

the book is "to furnish electronic equip-
ment engineers with an understanding of the 
effect of transformer characteristics on elec-
tronic circuits." This purpose the book sub-
stantially fulfills. His other purpose is "to 
provide a reference book on the design of 
transformers for electronic circuits." The 
reviewer is not a transformer designer so the 
design techniques expounded seem good to 
him. From his experience with designers in 
general, he would anticipate that other 
transformer designers might differ sharply 
with Mr. Lee's methods. 
For a new volume the number of typo-

graphical errors is remarkably small. The 
main detail criticism of the book is the oc-
casional appearance of a completely be-
wildering sentence: "A transformer having 
an open-circuit secondary has twice the 
voltage and gives the same response at 
twice the 'low-end' frequency of a line 
matching transformer of the same turns 
ratio," doubtless has, or once had, a meaning 
but it is not obvious. The recurrence of 
such solecisms was frequent enough to be 
annoying. 
On the v hole the book is a workmanlike 

job, filled with valuable design data and 
chart ,, and is a valuable addition to the 
literat ure on transformers. 

KNOX MCILWAIN 
Hazeltine Electronics Corp. 

Little Neck, L. I. 

STANDARDS ERRATA 

The third sentence of paragraph 2.14 of 
the I.R.E. "Standards on Radio Receivers, 
Methods of Testing Frequency-Modulation 
Broadcast Receivers-1947," recently dis-
tributed to all voting members of the Insti-
tute, should read: "The capacitance in far-
ads is equal to 75 X10-6 divided by the re-
sistance in ohms." 
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GEORGE E. STERLING 

GEORGE E. STERLING 
President Truman nominated George E 

Sterling (A'27-M'28-S1‘1'43) Federal Com-
munications chief engineer, to succeed Com-
missioner E. K. Jett, who resigned on De-
cember 31, 1947, to become vice-president 
and radio director of the Baltimore Sun-
papers. 
Mr. Sterling was born at Peaks Islands, 

Portland, Me., on June 21, 1894. He at-
tended Johns Hopkins University and 
Baltimore City College. In 1908 he estab-
lished his first amateur station at his home 
in Maine, and in 1913 he obtained his 
amateur license; one of the first in that state. 
He has been continuously associated with 
radio since that date, except for a brief 
period during World War I. In 1916 he was 
on the Mexican border with Company "M" 
of the Second Maine Infantry, and later, 
overseas with the 103rd Infantry, 26th 
Division. Transferring to the United States 
Signal Corps he served 19 months in the 
American Expeditionary Forces in France 
and was a radio instructor in the Signal 
Corps schools. On completion of Officers' 
Training School at Langres, France, he was 
commissioned a Second Lieutenant, Signal 

Corps Reserve, and assisted in organizing 
and operating the first radio intelligence 
section of the Signal Corps in France, which 
located enemy radio stations and intercepted 
their messages. For this work he received a 
citation from the Chief Signal Officer of the 
AEF for "especially excellent and meritori-
ous service." In 1923 Mr. Sterling entered 
the Federal service as a radio inspector in 
the Bureau of Navigation, Department of 
Commerce. 
He is the author of "The Radio Manual," 

which is recognized and used extensively as a 
standard textbook on radio communications 
equipment and procedure by radio schools 
and for Government training purposes and 
as a reference book by colleges and uni-
versities. 
Mr. Sterling served as a delegate of the 

Provisional International Civil Aviation 
Organization at the Demonstrations of 
Radio Aids to Air Navigation by the United 
Kingdom at London, from September 7 to 
October 5, 1946, and subsequently by the 
government at Indianapolis, from October 9 
to 18, 1946. He was chairman of the United 
States delegation to the engineering con-
ference looking toward the third NARBA 
meeting, which convened in Havana in 
November of last year. 

ORVILLE M. DUNNING 

Orville M. Dunning (A'34-SM'44), chief 
engineer of the Military Products Division 
Hazeltine Electronics Corporation. Little 
Neck, L. I., was awarded a Certificate of 
Commendation by the United States Navy 
for his achievements during World War II. 
The certificate was accompanied by a cita-
tion reading in part, "This award is made for 
your outstanding ability and unremitting 
effort . . . in designing airborne radar identi-
fication equipment as a generic series of 
standard units. The production design was 
so successfully co-ordinated that several 
manufacturers were able to produce, opera-
ing simultaneously, tens of thousands of 
such eauipments." 

DAVID M. DAVIS 

DAVID M. DAVIS 

David McClure Davis (M'43-SM'43), 
drowned on August 7, 1947, after saving his 
daughter Rebecca. He was picnicking on a 
small island near Ft. Walton, Florida, to-
gether with his wife, Mary, and their two 
daughters, Rebecca and Sally. On the re-
turn trip to the mainland the motor stalled, 
and then, as it started suddenly, the boat 
shipped water and capsized. 
Davis was born in Laurel, Miss., on 

September 23, 1909, and graduated from 
Princeton University in 1931 with a degree 
in engineering. In 1936 he obtained a law 
degree from George Washington University. 
He was associated with the General Electric 
Company for some time and in 1942 joined 
the Zenith Radio Corporation as patent 
counsel. He was a member of the American 
Patent Law Association, and he was ad-
mitted to practice in Illinois and the District 
of Columbia and before Court of Customs 
and Patent Appeals, the United States Court 
of Claims, and the United States Supreme 
Court. 



386  PROCEEDINGS OF THE I.R.E.— Waves and Electrons Section March 

Robert G. Rowe 
CHAIRMAN, BUFFALO-NIAGARA SECTT,ON 

R. G. Rowe (A'43—M'46) was born in North Tona-
wanda, N. Y. on December 13, 1915. He became inter-
ested in radio at the age of twelve and secured an ama-
teur radio license at the age of fifteen years. He u as 
graduated from the University of Michigan in 1938 
with a B. A. degree, majoring in chemistry and minor ing 
in economics. While attending college he was active in 
the Signal Corps unit of the Reserve Officers Training 
Corps and was president of the Michigan chapter of 
Sigma Phi Epsilon fraternity. 
Upon graduation he became associated with the Rowe 

Paint & Varnish Co., Inc., a paint-manufacturing con-
cern headed by his father and located at Niagara Falls, 
N. Y. In 1939 he was made vice-president of the afore-
mentioned company, where his duties includcd research 
in the formulation of special protective coatings for 
local chemical industries. Having an unsatiated inter-
est in the field of radio and applied electronics, in 1941 
he accepted a position with the research department of 
the Carborundum Company of Niagara Falls, where 
he was employed to head a group working on high-fre-
quency generators for ultrasonics and dielectric and 
induction heating. He now holds the position of senior 
research engineer in charge of the electrical and elec-

tronics section of the Carborundum Company research 
department. 
During the war he was responsible for the design of 

vacuum-tube-operated devices to speed up the testing 
of the increased volume of abrasive and refractory ma-
terials produced by his company, his group having de-
veloped and constructed five different types of testing 
equipment used for this purpose. He is assignee to his 
company of three United States and foreign patents 
and twelve United States ard foreign patent applica-
tions. The patent work required by his particular inven-
tions, being initially alien to the regular scope of his 
company's patent department, gave him the opportu-
nity to work with this group at some length, and thereby 
enabled him to personally process some six applications 
released to him. In the past two years he has written 
eight articles for radio periodicals. 
In his spare time, Mr. Rowe, who holds commercial 

radiotelegraph and radiotelephone licenses, has set up 
the Motile Radio Service to lease and install radiotele-
phone communication equipment for local taxicab and 
other mobile services. He also acts as technical advisor 
for a local antenna manufacturer, and sporadically 
operates amateur radio stat'on W2FM 
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The Weston Electrical Instrument Corporation 

WESTON OPENS NEW ENGINEERING AND ADMINISTRATION BUILDING 

The three-story, T-shaped building which the Weston Electrical Instrument Corporation has recently built at Newark, N.J., enlarges the Weston plant to 380,000 
square feet of floor area in 19 buildings and allows for expansion of engineering and administration facilities. 
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Preparing the Oral Version of a Technical Paper* 
WILLIAM J. TEMPLET, ASSOCIATE, I.R.E. 

Su m mary—The presentation of technical inf or-
mation in print and by word of mouth before profes-

sional groups should be regarded as different tech-
niques. Some practical suggestions for the preparation 

of material for oral presentation are offered. 

RECENT PAPERS and editorials in 
the PROCEEDINGS OF THE I.R.E.1,2  

have strongly advised that, in pre-
senting technical material before professional 
groups, an author should never merely read 
aloud the paper he has prepared for publica-
tion in print. It is the purpose of this article 
to make a few practical suggestions for the 
preparation of an oral version of such a pa-
per. Most of these suggestions are derived 
from standard textbooks.3.• 
If you will recall your own experiences as 

a listener in a meeting and as a reader at 
your own desk, you will see that there are 
very good reasons for you, as an author, to 
adopt two different methods of composing 
your material to suit these two different 
situations. 
At your own desk, with a printed article 

before you, you can peruse it at your own 
pace and take as much time as you need to 
absorb it. You can read and re-read a cru-
cial paragraph. You can take the time to 
puzzle out the meaning of a difficult or com-
plicated sentence. If the writer uses an un-
familiar word, you can look it up. If you are 
interrupted, or if your attention wanders, or 
if you go to sleep, you can resume your read-
ing later; going back to the beginning of the 
article, if need be, to pick up the thread of 
development. As a listener, you can do none 
of these things. 
These reflections indicate that the oral 

version of a paper should differ from its 
printed version in two important ways. De-
signed for aural rather than visual reception, 
it should be shorter, and it should be simpler 
in structure. And, if you are going to avoid 
the soporific monotony with which almost 
everyone except a professional actor or a 
radio announcer reads aloud, you must pre-
pare to present your material by talking, 
not reading aloud or reciting from memory. 
Speaking is more natural, more vivid, and 
more direct than writing or reading, and 
these advantages are worth more than the 
additional effort required for thorough prep-
aration. The suggestions which follow are 
intended to give you practical hints on ab-
breviating and simplifying your material, 
and preparing an oral presentation of it. 
In the first place, you must beware of the 

temptation to include everything you have 
to say in your oral version. Speaking is much 
slower than silent reading. In print, an 

* Decimal classification: R040. Original manu-
script received by the Institute, August 11,1947. 

Brooklyn College, Brooklyn, N. Y. 
a W. L. Everitt, 'The presentation of technical 

developments before professional societies," PROC. 
I.R E.. vol. 33, pp. 423-425; July. 1945. 
'Arthur C. Downes, 'Proper presentation of 

papers before technical meetings,' PROC. IR E., vol. 
35, p. 235; March. 1947. 
a J. M. O'Neill (editor), 'Foundations of Speech,' 

Prentice-Hall, Inc.. New York, N. Y., 1941. 
4 Alan H. Monroe, 'Principles of Speech (Brief 

Edition),' Scott, Foresman and Company. Chicago, 
1945. 

• 

author can sometimes afford to express him-
self exhaustively. In an oral presentation, 
neither the time limit nor the listeners' pa-
tience will permit anything but a selective 
treatment. Furthermore, an article, even in 
a technical journal, reaches a larger and pre-
sumably more general audience. In deliver-
ing a talk, the speaker must address himself 
to the group of individual listeners immedi-
ately confronting him, and he may touch 
lightly on matters which he would spell out 
carefully in writing even for technically in-
formed readers. 
In remembering the necessity for keeping 

within a time limit, you must remember also 
that the listener's capacity for absorbing 
detail is not so great as the reader's. The 
desire for full and complete treatment in a 
limited time may lead you into the mistake 
of using a compressed, compact style which 
is suitable only for reading and study with 
concentration. If you include too much de-
tail for the sake of accuracy, you may find 
that you have sacrificed clarity. A graph 
shows more at a glance than the table of 
data from which it was constructed. A block 
diagram is more legible than a photograph of 
the apparatus. 
The second suggestion is simplicity of 

structure. Clarity is largely the result of 
simplicity. The listener will go away from 
the meeting remembering what you have said 
if you have analyzed your material thor-
oughly and presented it in two or three or 
four (the fewer the better) clearly labeled 
main parts. If you can arrange your main 
points in a way that makes sense, label 
them plainly, and notify your listeners 
when you leave one and begin another, you 
make it easy for them to follow you. You 
also make it easier for them to remember 
what you have said, because you have pro-
vided pegs on which to hang the details. 
Arrange your details under your main 

headings in orderly sequence. Common 
types of sequence are those of time, space, 
cause and effect, and special topical arrange-
ments. Your main topics should follow one 
kind of sequence, but there is no rule against 
using different types under different main 
headings. Perhaps it should be unnecessary 
to add that you should not jump back and 
forth from one main topic to another in pre-
senting your material. The more thorough 
and logical your analysis and arrangement, 
the less likely you are to skip around in de-
livering your talk. 
Having set the limits of your talk and 

selected your main divisions and arranged 
your material tentatively in your mind or on 
paper, you are ready to consider your intro-
duction and conclusion, and to begin to 
think about the actual words you plan to use 
in talking to your audience. 
The function of an introduction is to get 

the attention of your listeners and to give 
them some reason for continuing to listen to 
you. If your name and your subject have 
appeared in the printed program of the meet-
ing, a part of this function has been per-
formed for you, and you may assume that at 

least some of the people present are there 
because they want to hear what you have to 
say. Nevertheless, it is important in prepar-
ing your talk for you to ask yourself this 
question: "Why should these people listen to 
me discuss this subject at this time?" Write 
out the answer to this question. It will focus 
your attention on the four important factors 
in every public-speaking situation: the 
audience, the speaker, the subject, and the 
occasion. If there is a good reason for your 
audience to listen to you, it will be found in 
one or more of these factors. Plan in your 
introductory remarks to tell them why they 
need to know what you have to say, and 
support your statement as you would any 
main point, illustrating the need by an inci-
dent or example, reinforcing your statement 
by additional examples or facts, and point-
ing out the direct relation of the subject to 
their professional interests. This part of 
your speech should be short (probably a 
tenth or less of its length), but it is important. 
Do not omit it. 
The function of the conclusion is to sum-

marize or recapitulate the main ideas of 
your talk, to draw attention to important 
conclusions, and to reinforce by restatement 
or application whatever impression you wish 
to leave in your listeners' minds. 
A generalized skeleton outline of a report 

based on this plan might look something like 
the following: 

Introduction 

I. (After addressing the chair and the 
audience.) Opening statement designed 
to get attention (reference to your sub-
ject or the immediate circumstances of 
your talk; rhetorical question; startling 
statement or quotation;  humorous 
story, if apt) 
A. Support for statement 
I. Detail 
2. Detail 

B. Further support 
1, 2, etc. (details) 

I I. Restatement 
III. Statement telling why your listeners 

need your information 
A. Support (illustration) 
1, 2, etc. (details) 

B. Further support (additional facts 
or example) 

IV. Statement relating subject directly to 
present audience 
A, B, etc. (supporting statements) 

V. Summary statement or restatement 
VI. Preliminary summary of subject (enu-

meration of main parts or other clear 
indication of direction in which you in-
tend to lead your listeners) 

Body 

I. Statement of first main part of subject 
A. Support 
1. Detail 
2, 3, etc. (details) 

B, C, etc. Further development of first 
main part 

II, III, etc. Second, third, etc., main parts 



1948  PROCEEDINGS OF THE I.R.E.— Waves and Electrons Section 389 

Conclusion 
I. Final summary 
A. Recapitulation of main points 
B. Important conclusions 
C. Reinforcement (perhaps by refer-
ring again to listeners' need for your 
information). 

When you have fitted your material to 
such an outline you may feel that the prin-
cipal part of your work is finished, but 
there are two further steps in preparation 
which will add greatly to your own comfort 
and confidence on the platform, and, inci-
dentally, to the comfort and edification of 
your listeners. The first of these is to clothe 
your outline with words, and the second is to 
practice delivering your talk aloud. 
In choosing the actual words you will use 

in delivering your talk, you may have to ex-
periment to find the method that is best 
suited to you. Some speakers prefer to write 
out a full draft so that they will not have to 
depend on the inspiration of the moment for 
striking, accurate, or thoughtful phraseology. 

Others, realizing that very few people can 
write as spontaneously and vigorously as 
they talk, combine the last two steps in prep-
aration by taking the detailed outline to a 
private place where they can go through the 
material aloud, as if talking to a friend. 
Whether you write it out first or not, 

practice aloud is the best way to fix the se-
quence of your ideas in your mind and to try 
out variations of wording. It is at this stage 
that you should time yourself and revise 
your plan accordingly. 
The final stage of preparation for deliv-

ery is to put your outline or manuscript in 
your pocket and go through your talk with-
out looking at the paper. Rehearse it, as you 
will deliver it, on your feet. If you have ac-
cess to a recording device, use it; any office 
dictating machine will serve the purpose. 
In listening to the record you may learn 
something profitable about your vocal pow-
ers and limitations and about your distinct-
ness of utterance. 
The best kind of final rehearsal is a try-

out performance before a group as much as 

possible like your ultimate audience. If you 
can arrange to talk about your subject in a 
seminar or in a conference of your colleagues, 
you will get a great deal of value from the 
experience. 
These suggestions may be carried out in 

various ways. You may decide to prepare 
first the version of your paper destined for 
print, abbreviating it and simplifying it for 
oral delivery. Or, you may start with the 
oral version and rewrite it for publication, 
as Everitt suggests, so as to take advantage 
of the criticism and discussion precipitated 
by your presentation. Whichever you do, 
remember that, as Downes points out, "The 
presentation of a well-prepared abbreviated 
version will not in any way detract from the 
value to those in the audience more familiar 
with the general subject of the paper, since 
they can study it in detail on publication, 
and will hold the interest of the entire audi-
ence." And that "the papers most vividly 
remembered are those presented as though 
the author were talking to a few friends." 
Don't read before them—talk to them. 

High-Power Ionosphere-Measuring Equipment* 
P. G. SULZERt, ASSOCIATE, T.R.E. 

Summary—This paper describes a transmitting and receiving in-
stallation that provides high power output and excellent amplitude 
and timing resolution for ionosphere measurement. A wide range 
of operating frequencies, pulse widths, and pulse-repetition fre-
quencies is available to permit the study of various ionosphere 
phenomena. 

INTRODUCTION 

HE PULSE METHOD of ionosphere investiga-
tion' uses a series of short-duration radio signals 
which are transmitted, reflected, and received, 

much as in radar. The pulses are longer, however, as 
are the distances and elapsed times. Frequencies in the 
ordinary communications range are used, since the pur-
pose of the work is to investigate ionosphere character-
istics at those frequencies. 

EQUIPMENT Now IN USE 

Most of the equipment being used at present employs 
comparatively low power. This is particularly true of in-
stallations used in routine measurements for predicting 
communications conditions.' A peak power of 4 kw. is 
typical. 
For present experimental work, however, a transmit-

ter of at least 50-kw. output is desirable. To utilize the 
capabilities of this power, a highly versatile receiving 
setup is necessary. 

Decimal classification: R248.13. Original manuscript received 
by the Institute, July 1, 1947. 
t Pennsylvania State College, State College, Pa. 
G. Breit, and M. A. Tuve, "A Test for the existence of the con-

ducting layer," Phys. Rev., vol. 28, pp. 554-575; September, 1926. 
2 T. R. Gilliland, "Field equipment for ionospheric measure-

ments," Jour. Res. Not. Bur. Stand., vol. 26, pp. 377-381; May, 1941. 

THE NE W EQUIPMENT 

The transmitting equipment described here has a fre-
quency range from 1 to 16 Mc., with a peak power out-
put of 100 kw. from 1 to 8 Mc., decreasing to 50 kw. 
at 16 Mc. 
The receiving equipment is tunable from 0.54 to 20 

Mc., and is capable of passing 100-microsecond pulses 
with little distortion. There are three values of full-scale 
range available: 200, 500, and 1500 km. Range markers 
are provided every 20 km. An attenuator is used to com-
pare the amplitudes of received signals. 
The installation is divided into two parts: the trans-

mitter, and the receiving equipment. A photograph of 

Fig. 1—Photograph of the complete equipment. 
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the complete equipment appears in Fig. 1, the trans-
mitter being mounted on the rack at the left. The re-
ceiving equipment is shown on the table at the right of 
Fig. 1. 

Transmitter 

The complete transmitter is mounted in a standard 
6-foot relay rack, and is composed of the following units, 
mounted from top to bottom: pulse generator, high-
voltage power supply, power oscillator, and pulse mod-
ulator. 

Pulse Generator 

The pulse generator develops positive pulses of 1000 
volts amplitude that are used to drive the modulator. A 
schematic diagram of the unit appears in Fig. 2. The 
repetition frequency is variable from 15 to 60 per sec-
ond; pulse durations from 20 to 200 microseconds are 
available. 

.5i'...mor "Yam' 

7; 

IC //a AC 

....fR4err 

later), and (2) they drive the trigger circuit V4. This is a 
conventional single-sided flip-flop circuit, with section 
B normally cut off. During the active part of the cycle, 
B conducts, producing a negative pulse whose duration 
depends mainly on the time constant of CrRio. By chang-
ing R1o, it is possible to vary the pulse duration from 20 
to 200 microseconds. 
The negative pulse is applied to the control grid of 

175, a limiting amplifier. In the absence of the pulse, 
this tube draws heavy plate current and, because of a 
high load resistor, has low plate voltage. Plate current 
is cut off by the negative pulse, and the plate voltage 
rises to the full power-supply value, 1000 volts. 
The output is therefore a positive pulse of about 1000 

volts amplitude. A direct-coupled cathode follower, 173, 
is used to provide low output impedance for the unit. 

Pulse Modulator 

The pulse modulator provides a +10,000-volt pulse 
for the plate circuit of the power oscillator. The sche-

r4 r•-•••4. 

Fig. 2—Schematic diagram of the pulse generator. 

The functions of this unit are controlled by a blocking 
oscillator, V3. When Sy is open, the cathodes of V3 are 
returned to the 6.3-volt heater supply, effecting line-
frequency synchronization; the oscillator may then be 
operated at the line frequency, 60 c.p.s., or submultiples 
thereof. When Sy is closed, synchronization is removed, 
and the oscillator can be set to any frequency between 
15 and 60 c.p.s. The operation of the blocking oscillator 
is normal, plate current flowing for only a small part of 
the cycle, and producing short negative pulses across the 
primary of the transformer T4. 

The output pulses of the blocking oscillator perform 
two functions: (1) They trigger the sweep and range 
marker generator in the receiving equipment (described 
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matic diagram appears in Fig. 3. This unit consists es-
sentially of a power amplifier using two type-5D21 
tetrodes in parallel. When inactive, these tubes have 
sufficient control-grid bias for plate-current cutoff. 
Pulses from the previous unit drive the control grids 
positive, so that heavy plate current is obtained during 
the pulse interval. The plate voltage of the modulator 
tubes decreases to about 1000 volts when they are con-
ducting, which means that a —9000 volt pulse is applied 
to the primary of T7,  a large pulse transformer. The 
purpose of this transformer is to reverse the polarity of 
the pulse and to provide, by means of taps, various out-
put voltages up to 14,000. 
The design of the transformer should be of some inter-
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est here, since these pulses are about 100 times as long 
as those used in radar. It was necessary to keep the 
magnetization current below 1 ampere to prevent ex-
cessive loading of the modulator tubes, which would 
have distorted the pulse shape. Flat-top pulses were re-
quired in this equipment to keep the frequency of the 
power oscillator constant during the pulse. When a rec-
tangular pulse of amplitude E is applied to a serie, 
R-L circuit, which is the equivalent of the transformer 
primary, the initial rate of change of current, E/L, may 
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For the values used here, E = 9000 volts, /m =1.0 am-
pere, t =100 microseconds, and L=0.9 henry. The trans-
former was designed for a primary inductance of 1 henry 
at 1.0 ampere d.c. Primary and secondary windings 
were split and interleaved to keep leakage inductance 
low. 

Po-xer Oscillator 

The power oscillator converts the d.c. pulse from the 
modulator into r.f. energy. A schematic diagram of this 

'1:* 1, 2 
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Fig. 3—Schematic diagram of the pulse modulator. 

be considered constant during the pulse interval t. The 
magnetization current is given by 

Im = — or L =  t. 
Im 

7/38 

.54.4 

r--

0/1 7 
/Cif a' 

RLe ® 
to PULSE 
MODULATOR  TO PVLSE 

MODULATOR 

7455 

.47V 

PL ., 

al 4.e. 
14's I" 

N 4S 

-.71e7 

ir re 

A26 

C4f 

/4.0000 

Ci4 

device appears in Fig. 4. The high-frequency portion 
of the circuit is conventional, consisting of two 715B 
tetrodes connected in parallel as triodes. The plate cir-
cuit is tuned; feedback is provided by an untuned, in-
ductively coupled grid coil. 
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Fig. 4—Schematic diagram of the power oscillator. 
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The operating frequency is variable from 1 to 16 Mc. 
by means of the band switch S5 and the tuning capaci-
tor C12.  These two components are mounted in oil to 
prevent breakdown. If the tuning capacitor were 

Fig. 5—Left-hand view of the power oscillator. 

mounted in air, a spacing of more than 1 inch would be 
necessary; as it is, the spacing is only 0.2 inch. Leads 
were brought through the bottom of the oil tank by 
means of soldered metallized "pyrex" insulators. A 
commercial grade of mineral oil was found to be satis-
factory, even at 16 Mc. The oil used is "Voltesso 36," 
to which was added 0.2 per cent "Paranox 441," an 
oxidation inhibitor. It was also necessary to mount the 
r.f. choke 1,4 in oil to prevent sparking between sections. 
Left-hand and right-hand views of the power oscillator 
appear in Figs. 5 and 6, respectively. 

ro /10 v A.C. 

appears in Fig. 7; it can be seen that the circuit is a half-
wave rectifier using an 8013A diode. Since the load cur-
rent is low, sufficient filtering is provided by a single 
1-,afd. capacitor. 

Fig. 6—Right-hand view of the power oscillator. 

The d.c. milliammeter M 2 is protected by a neon 
tube V14, in the event that excessive load current is 
drawn at low output voltages. A circuit-breaker, S6, 

protects the high-voltage transformer Tio. 
It was necessary to mount this transformer in oil to 

prevent corona, which caused excessive noise in the re-
ceiver. 

RECEIVING EQUIPMENT 

The receiving equipment is mounted in a table-top 
relay rack and consists of the following units, mounted 

N/Gfri kOzrAGE 
PO WER SUPPLY 

ro POLSE MOOvz A mp 

Fig. 7—Schematic diagram of high-voltage power supply. 

High-Voltage Power Supply 

The high-voltage power supply furnishes 10,000 volts 
d.c. at 25 ma. for the modulator. A schematic diagram 

from top to bottom: sweep and range marker generator, 
radio receiver, and attenuator unit. The indicator is a 
Dumont type-208 oscilloscope, which is mounted to the 
right of the small rack. 
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Fig. 8—Schematic diagram of the sweep and range-marker generator. 

Sweep and Range-Marker Generator 

The sweep and range-marker generator provides the 
sweep voltage, range-marker pulses, and intensifying 
pulses for the indicator. The schematic diagram of the 
unit appears in Fig. 8. 
A negative sweep-initiating pulse from the transmitter 

pulse generator is applied to the grid of VIA, which is 
the normally conducting tube of a single-sided flip-flop 
circuit. A negative rectangular pulse is obtained at the 
plate of VI,. The leading edge of this pulse is coinci-
dent in time with the sweep-initiating pulse; its duration 
is determined by the setting of the range switch. This 
pulse drives three circuits: the range-marker generator, 
the sweep generator, and the intensifying-pulse gener-

ator. 
The range-marker generator is controlled by an L-C 

circuit 'connected in the cathode of V2A y This tube is cut 
off by the negative rectangular pulse, shocking the L-C 
circuit into oscillation. The amplitude of the oscillation 
is kept constant by the negative resistance appearing be-
tween the grid of 17313 and ground. This negative resist-
ance shunts the tuned circuit and decreases the damp-
ing. The magnitude of this negative resistance is con-
trolled by the resistor in the cathode of V6,, which is 
adjusted for good frequency stability. Oscillations 
cease when V2A is again allowed to conduct. 
The oscillator frequency is adjusted to 7500 c.p.s. 

Voltage from the L-C circuit is applied to the grid of the 
limiter V3, the output of which is differentiated by the 

C71 

et 9 
68,000 
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Radio Receiver 

The receiver is a Hammarlund Super-Pro which has 
been rendered suitable for pulse reception by the fol-
lowing modifications: 
In the original receiver, the r.f. and first-detector grid 

returns were made through a.v.c. isolation networks, 
d.c. isolation from the tuned circuits being obtained by 
grid coupling capacitors. These R-C networks would 
cause blocking and loss of receiver sensitivity through 
rectification of the transmitted pulse. Consequently, 
the grid resistors were removed and the coupling 
capacitors were shorted out. 
It was necessary to remove the a.v.c. and grid-bias 

control of the i.f. stages for the same reason. Cathode-
bias networks were provided for these stages, as well as 
for the r.f. stages. 
The i.f. pass characteristic was broadened to 20 kc. at 

3 db down by placing suitable damping resistors across 
the transformers. This was required to more nearly 
preserve the pulse shape in the receiver. This is im-
portant in this equipment, since pulse amplitude is to 
be a measured quantity. 
The a.v.c. second detector was modified to provide a 

low-impedance direct-coupled cathode-follower output. 
Cathode bias gain control was incorporated in the r.f. 

and i.f. stages. This is provided by the attenuator unit. 

ATTENUATOR UNIT 

The attenuator unit, Fig. 9, is essentially a calibrated 
voltage divider which applies a positive potential to the 
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Fig. 9—Schematic diagram of the attenuator unit. 

cathodes of the r.f. and first-i.f. amplifier tubes. These 
tubes have remote-cutoff characteristics, with the result 
that the applied cathode bias is nearly a logarithmic 
function of the receiver gain. Therefore, the attenuator 
scale, calibrated in decibels, is almost linear. This per-
mits reading within 1 db up to the maximum attenua-
tion, which is 100 db. 

RESULTS 

Fig. 10 is a photograph of oscilloscope patterns show-
ing the aflect of power increase on F-layer reflections. 
Fig. 10(a) was taken with a peak power of 1 kw., while 
Fig. 10(b) was taken immediately afterward with 50 kw. 
The increase in the number of multiple reflections is 
readily apparent, as is the improved detail. These 
oscillograms were made on 6.425 Me. 

(a) 

(b) 

Fig. 10—F-layer reflections. (a) 1 kw. (b) 50 kw. 

Other effects appear with high power. Fig. 11 shows 
F-layer reflections on the same frequency, plus a transi-
ent E-layer reflection. The latter-type reflections ap-
parently result from patches of ionization that exist for 
only a few seconds in the E region. 

* L111610 .11111 •1111111•1110 

Fig. 11—F-layer reflections and transient E-layer reflections 
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Home Projection Television 
Part I. Cathode-Ray Tube and Optical System* 

H. RINIAL J. DE GIERt, AND P. M. VAN ALPHENt 

Summary—A comparison of direct-viewing with projection tubes 
leads to the conclusion that the latter are better suited to provide a 
picture of adequate dimensions. The characteristics of a 2.5-inch 
cathode-ray tube for television projection in an average living-room 
are described. Some details of the tube are as follows: a very small 
spot size, achieved by unusually close tolerances in neck and gun 
dimensions; a narrow neck, reducing the energy required for the 
magnetic focusing and deflection to a value about equal to that for 
direct-viewing tubes; a face plate ground to meet the optical require-
ments of the projection system; and a metal backing for the screen 
so that high reflectivity and good electrical conductivity aid in the 
achievement of an adequate brightness. 
For projecting the image on the viewing screen, a modified 

Schmidt-mirror system was adopted. The different possible modifi-
cations and their advantages and disadvantages are discussed. A 
simple and flexible method for preparing aspherical correction plates 
is described; it consists in molding the correctors on a glass plate 
from a gelatine solution and drying them afterwards. The design and 
performance of the projection system are discussed briefly. 

INTRODUCTION 

HE TELEVISION RECEIVERS that appeared 
on the market during the years 1936 to 1940 were 
almost exclusively of the direct-viewing type. The 

dimensions of the picture were relatively small, since 
practical considerations limit the size of the tubes. The 
larger sizes of direct-viewing tubes are expensive, heavy, 
and awkward to manipulate. The machines necessary 
for sealing in, exhausting, and other processing are 
bulky; the space necessary for storage of envelopes and 
finished tubes is large, and the transportation costs are 
also high. With projected pictures, however, the tube 
can be much smaller, and machines for handling the 
production of the tubes need not be much larger than 
those in use for receiving tubes. The consumption of 
material also is markedly lower. Therefore. the cost of 
a projection tube suitable for attaining picture dimen-
sions in the range of 12 x16 inches is much lower than 
that of a direct-viewing tube for the same picture size. 
This not only tends to reduce the initial price of a pro-
jection set, but also reduces the tube replacement cost 
to only a fraction of that for a direct-viewing set with 
comparable picture dimensions. 
The first Philips projection television tube, completed 

in 1937, has been described elsewhere.' Extensive devel-
opment in several directions has taken place since that 
time. 
In this paper a new 2.5-inch projection tube is de-

* Decimal classification: R583.6. Original manuscript received 
by the Institute, April 15, 1947; revised manuscript received, Sep-
tember 29, 1947. Presented, 1947 I.R.E. National Convention, March 
4, 1947, New York. N. Y. 
t N. V. Philips' Gloeilampenfabrieken, Eindhoven, the Nether-

lands. 
' M. Wolf, "The enlarged projection of television pictures,' Phil-

zios Tech. Rev. vol. 2, pp. 249-253; August, 1937. 

scribed. The maximum dimensions of the picture on the 
face of the tube are 1.42 X1.89 inches, the aspect ratio 
being 3:4. In order to project a large and sharp picture, 
the optical system used with such a tube must be char-
acterized by high optical efficiency and good resolution. 
A modified Schmidt-mirror system, utilizing an aspheri-
cal correction plate produced in a simple manner from 
ordinary gelatine, can fulfil these requirements. In this 
way a bright, sharp, flat television image of 12 X16 
inches has been successfully produced. The small tube 
makes it possible to use a mirror having a focal length 
of only 4 inches, with the result that the optical com-
ponents and the entire projection path can easily be 
contained in a medium-sized cabinet. 

I. THE PROJECTION TELEVISION TUBE 

1. Theoretical Considerations 

It must be realized that, in order to resolve the same 
number of lines, the diameter of the luminous spot on a 
2 5-inch tube must be only one-fourth as large as for a 
10- inch tube. With the maximum available picture di-
mensions of 1.42 X1.89 inches, the maximum tolerable 
4pot size for 525 scanning lines amounts to 1.42/525 
=0.0027 inch, or 0.0068 centimeter. A rather rough 
indication of the size of the spot that can be achieved 
with the tube operated under the conditions given be-
low can be obtained from a consideration of the two 
most important factors determining that size: 
(1) The effect of cathode-emission-current density, 

which is necessarily finite, and in which the emitted 
electrons have a thermal distribution of velocity. 
(2) The effect resulting from the astigmatism and the 

curvature of the image field caused by the deflection 
system. 
Owing to the first factor alone, without limiting aper-

tures in the beam, the spot for the so-called "ideal gun" 
would have a half-value width' 

2 [ 437, I 
di =  —  — 

a  rjo 

where a is the semiang e subtended at the screen by the 
cross section of the beam at the focusing coil (the exit 
"aperture angle" of the beam); 43T = kr/e where T is 
the absolute temperature of the cathode, k is Boltz-
mann's constant, and e is the charge of the electron; 43 
is the potential of the screen with respect to the cathode; 
I is the beam current; and jo is the average current 
density taken over the effective cathode area. 

I G. A. Morton, 'Electron guns for television application," Rev. 
Mod. Phys., vol. 18, pp. 362-378; July, 1946. 
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With regard to the spot distortion caused by the de-
flection system, it can be shown* that it is possible to 
design deflection coils in such a way that the astigma-
tism disappears. However, the curvature of the image 
field cannot be influenced to any practical extent and 
will always remain. The resulting increase of the diame-
ter of the spot will be dependent on the position on the 
screen. Under the most favorable focusing conditions 
the maximum value d2 of this increase occurring in the 
center and at the edges of the screen is given by the re-
lation: 

1  1  1  1 ) 
d2 = —  

2  1  L  p 

where y is the distance from the edge to the center of the 
picture on the screen, 1 is the length of the deflection 
coils in the direction of the beam, L is the distance be-
tween the center of deflection and the screen, and p is 
the radius of the curvature of the screen (the sign of p 
being positive when the center of curvature and the cen-
ter of deflection are at the same side of the screen). The 
best compromise is to design the tube in such a way that 
a satisfies the equation di = d2. With ct.T = 0.1 volt, 
'I=25,000 volts, /= 100 microamperes =10-4 amperes, 
Jo = 0.2 amperes per square centimeter, y = 2 centimeters, 
/ = 5 centimeters, L=9.5 centimeters, and p=10 centi-
meters, one finds that, for a = 0.01 radian, d1= d2 = 0.0041 
centimeter. 
It is, clear, therefore, that even at the edges of the 

screen, where the spot diameter will be diN/2 =0.0058 
centimeter, the lines are still separated. 
It can be shown that other factors, such as space-

charge repulsion in the beam, spherical aberration of the 
focusing lens, and the remaining errors caused by the 
deflection system, will, in our case, play a comparatively 
unimportant role. 
By substituting in the above formulas data obtained 

from a satisfactory commercial 10-inch direct-viewing 
tube, one finds a spot half-value width that is roughly 
four times larger than for this tube, provided that a was 
chosen equally advantageously. These considerations 
therefore suggest that the 2.5-inch projection tube can 
be made to give adequate resolution for 525 lines, and it 
does so in practice. 

2. Construction of the Tube 

Fig. 1 gives an outline drawing of the tube. The re-
gion of the neck around which the coils are placed has 
a maximum outside diameter of 21.5 millimeters. This 
small diameter was chosen in order to keep the required 
deflection and focusing energy low. The diameter of the 
neck at the electron gun is somewhat smaller still, and 
this portion is treated to obtain a very accurate internal 
diameter. The tolerance for this dimension is only a few 
microns, while that for the rest of the neck may amount 

To be published by J. Haantjes in Philips Research Reports. 
This paper will also include a derivation of the relation given below 
for ds. 

to 1 millimeter. Careful finishing of the gun components 
for roundness and freedom from burr, for example, is 
also required. The high-voltage part of the gun is in-
serted in the accurately calibrated part of the neck. The 
low-voltage part, which is mounted on a glass stem, also 
fits very accurately in the calibrated neck, ensuring good 
centering of the electron beam. 

30 

251-263 

DIMENSIONS  IN MILLIMETERS 

Fig. 1—Outline drawing of the tube, showing dimensions 
in millimeters. 

The high-voltage anode terminal consists of a button 
in a glass cup that is sealed on the cone. It is connected 
with the high-voltage electrode in the neck through an 
aquadag layer inside the tube. The glass cup serves to 
lengthen the external leakage path from the high-volt-
age contact to the coils, for example, which as a rule are 
grounded. Moreover, the outside of the cone and part of 
the neck are covered with a conductive coating that can 
be grounded. This outer coating, together with the con-
ductive coating inside the tube, forms a capacitor of 
some 300 ilizfd. capacitance that is used for the final 
smoothing of the high voltage applied to the tube. 
As the tube is intended for use in a Schmidt-mirror 

system having a wide aperture and consequently a very 
limited optical depth of focus, the curvature of the face 
must be accurately defined. For this reason the face 
plate is carefully ground and polished to the required 
radius before being sealed in place. 

3. Electrical and Phototechnical Data 

Fig. 2 shows the characteristic I.=f(Vg) of the tube. 
The accelerating voltage is 25 kv. The average current 
under representative operating conditions may be 60 to 
100 µa. 
Focusing and deflection are both magnetic. The num-

ber of ampere turns needed for focusing, when using a 
shielded coil with an 11-millimeter air gap, is approxi-
mately 600. With a distance of 96 millimeters between 
the center of deflection and the screen, the deflection 
for a 25-kv. beam is given by 0.0181H centimeter, where 
1 is the length of the coil in centimeters and H is the 
field strength in oersteds. With a coil5 centimeters long, 
a deflection of 2.5 centimeters in one direction is ob-
tained in practice at a field strength of 30 oersteds. 
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The exact shade of white that is preferred for the 
light emitted from the fluorescent screen is found to be 
a fairly subjective matter. However, since a somewhat 
bluish white is usually preferred, the phosphors for the 
tube were so chosen that the color temperature is in the 
neighborhood of 6500°K. 

Is (11A) 

/ i 

4 Mk) 

1 
-50  -40 

(V) 
-30 -2o -10 

Fig. 2—Beam-current characteristic. 
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4. Metal Backing of the Screen 

The backing of the fluorescent screen by an extremely 
thin layer of conductive and highly reflecting metal has 
led to significant improvement in sdme of the perform-
ance characteristics of high-voltage, high-intensity 
cathode-ray tubes. References to such a layer and the 
advantages derivable from its use have appeared in the 
patent literature for a long time. A thin, opaque, highly 
reflecting metal layer not only increases the useful 
luminous output by adding to the light emitted in the 
forward direction a considerable portion of the light 
emitted in a backward direction, but also improves the 
over-all contrast, as internal reflections and irradiations 
are no longer transmitted through the screen. 
Another advantage of the metal backing is that the 

good electric conductivity of the layer ensures more 
stable operation of the screen. Without such a layer, 
phosphors that were known to yield high efficiencies in 
the 5- to 10-kv. range could not be used in high-voltage 
tubes because poor secondary emission allowed the 
screen potential to drop far below the anode voltage. 
However, the metal backing serves as a high-tension 
lead so close to the phosphor grains that the charge is 
easily conducted away. For this reason such phosphors 
show, with metal backing, a far greater gain in efficiency 
than is due to the optical reflectivity alone. The metal 

backing is also virtually impervious to the massive nega-
tive ions which may be present in the beam, and thus ef-
fectively performs the function of an ion trap. 
If one attempts to deposit a layer by evaporation 

upon the bare grains, its thickness will be very irregu-
lar and the conducting and reflecting qualities will be 
poor. Moreover, the particles of metal can pass freely 
through interstices between the grains and be deposited 
on the glass itself, causing absorption and backward re-
flection. Various technologists have therefore been 
working independently toward improved methods for 
depositing the layer. One method consists in filling up 
the spaces in the grainy phosphor layer with a suitable 
inert material, using only enough of it to obtain a con-
tinuous, smooth surface covering the grains just to 
their tips. Another method is the use of a thin membrane 
stretched dyer the tops of the grains. Upon the smooth 
surface so obtained a thin layer of metal can then be 
evaporated. The filler or membrane can afterwards be 
removed either by combustion or by evaporation. 
Aluminum is the metal generally used, because of its 

high optical reflectivity, and because its low atomic 
weight permits easy penetration by the electron beam. 
The evaporation of the aluminum is a simple procedure. 
A layer 0.15 to 0.50 microns thick is opaque to light and 
absorbs only a small portion of the electron energy, as 
the depth of penetration of 25-kv. electrons in alumi-
num is about 15 microns. Fig. 3 shows an example of the 
light gain obtained. Aluminum has the advantage that 
its oxide is colorless, so that the reflectivity of the layer 
is not affected during the firing of the membrane or the 
heating of the tube during the evacuation process. It is 
believed that the oxide also tends to reduce the possibil-
ity of evaporation of the metal under intense electron 
bombardment. 
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Fig. 3—Comparison between the light output of a metal-backed 
and an unbacked projection-tube screen. (I) unbacked; (II) 
metal-backed. 

5. Discoloration by X rays 

After long use at an accelerating voltage of about 15 
kv. or more, an area of discoloration in the form of the 
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scanning frame appears in glass of the type ordinarily 
used for tube faces. This phenomenon was found to re-
sult from the action of soft X rays generated by the elec-
tron bombardment of the phosphor. Some discoloration 
also occurs in the glass cone, as the X rays are scattered 
in all directions. By examining a cross section cut from 
the tube face, one can see that the density of the color 
centers in the glass decreases in the direction away from 
the phosphor side. The color centers thus formed will 
in time cause a 5 to 10 per cent light absorption. The 
color of the transmitted fluorescent light also changes 
somewhat, as the absorption is not uniform throughout 
the spectrum. 
Favorable results were obtained with a tube face of a 

special glass that can be sealed to the cone, and with 
which discoloration does not occur to an appreciable 
degree. 

II. THE PROJECTION SYSTEM 

1. Modification of the Schmidt System 

For television projection either lenses or mirrors can 
be used, but concave mirrors offer superior advantages.' 
The Schmidt-mirror system gives especially good results 
because of its large numerical aperture. 

Lz._7.,//z7.ZZZZZZZZZZZJ 

Fig. 4—The Schmidt system with perforated correction plate. All 
the accessories of the cathode-ray tube lie in the light path. The 
neck of the tube intercepts some of the light from the edges of the 
picture. 

The Schmidt system in its original form cannot be 
used with the finite throw distance required for projec-
tion television. Another problem arises because the 
curved fluorescent screen of the cathode-ray tube must 
be introduced between the correction plate and the mir-
ror, while the tube is ordinarily longer than the availa-
ble space between these elements. One very obvious 
soi:Ition is to make a hole in the center of the correction 
plate and let the neck of the tube extend through it.5.6 
However, this solution is often not acceptable, because 
not only the whole tube, but also all the wiring, connec-
tions, supports, and coils are in the optical path and in-

' K. Pestrecov, "Television optics," Electronic Ind., vol. 4, pp. 
80-83; August, 1945. 

6 J. G. Maloff and D. 1,V. Epstein, "Reflective optics in projection 
television," Proc. Nat. Etectronits Conf.. pp. 190-206; Chicago, Ill, 
October, 1944. 

j. G. Maloff and D. W. Epstein, "Reflective optics in projection 
television," Electronics, vol.17, pp. 98-105; December, 1944. 

tercept a portion of the light. It is especially unaccepta-
ble for a small tube such as the one described here, as it 
merits consideration only when the tube face is larger 
than the cross section of the coils and other accessories. 
Even then it suffers from the disadvantage that the 
beams from the edges and corners of the picture are in-
clined with respect to the tube, and thus may be par-
tially intercepted by the focusing coils and the tube 
neck (Fig. 4). This effect is diminished by making the 
slope of these beams small, i.e., by giving the optical 
system a longer focal distance for a given fluorescent 
screen diameter; however, to maintain a given optical 
speed, this in turn necessitates a mirror of larger diame-
ter. This solution therefore leads toward large, awkward 
mirror systems. 
Another possible solution is to make a hole in the con-

cave mirror, to introduce the face of the tube through 
this hole, and to place a plane mirror between the con-
cave mirror and the correction plate. All the connections, 
coils, and supports for the tube are now outside the light 
path, where ample space is available for them. But a 
difficulty remains in choosing the dimensions of the 
plane mirror. If it is made too small, the middle of the 
tube face radiates no light toward the edges of the spher-
ical mirror and the correction plate. On the other hand, 
if it is made too large, much of the light reflected by the 
concave mirror is cut off. It is obvious that the dimen-
sions are restricted within rather narrow limits by these 
conditions. Additional difficulties are encountered when 
such considerations are applied to the edges and corners 
of the picture (see Fig. 5). The cone of light required to 
utilize the full aperture of the Schmidt optical system in 
projecting the images of these areas is not provided by 
a small plane mirror, and the difficult choice is pre-

Fig. 5—Mirror system with perforated concave mirror and auxiliary 
plane mirror. Vignetting occurs because only narrow cones of light 
are transmitted from the edges of the picture. 

sented of either making the plane mirror larger and cut-
ting off more light from the center of the picture, or al-
lowing the brilliance of the picture to decrease rapidly 
toward the edges. The latter phenomenon is called 
vignetting, or window shut-off. Only when the require-
ments for uniform illumination of the picture are not 
made too severe can this arrangement of the optical sys-
tem be considered. In addition, this method increases 
the space required for the projection system. 
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The arrangement we have utilized also employs a 
plane mirror.' However, it is not situated between the 
tube and the concave mirror, but between the concave 
mirror and the correction plate (see Fig. 6); and it is 

Fig. 6—Mirror system with 45-degree plane mirror. Wide-angle 
beams are transmitted even for the edges of the picture. 

placed in an oblique position so that the Schmidt sys-
tem is "folded," and occupies only half the space of the 
conventional arrangement. In the plane mirror is a hole 
only large enough to permit the tube face to be inserted 
through it. Behind the mirror there is ample room for 
coils, connections, and supports for the tube. Due to the 
fact that the hole in the mirror practically coincides 
with the tube face, vignetting of the edges of the picture 
does not occur. The light loss due to the hole in the mir-
ror and to interception by the tube face is practically 
the same for the beams from the edges and corners as 
for the beams from the center of the picture. There is 
no interference from the coils and the neck of the tube, 
since these are behind the plane mirror. 
Because the light path in the Schmidt system is folded 

it is possible to mount the projection tube with the op-
tical system in a small space, and to enclose the whole in 
a dust-proof box. All the mirrors then remain clean, as 
only the outside of the correction plate is exposed to 
dust; but, since this is a glass plate, its cleaning offers 
no difficulty. Furthermore, this plate can be rigidly 
fixed in position so that there is no danger of disturbing 
the adjustment of the optical system when it is touched. 

2. Preparation of the Aspherical Correction Plate 

The practicability of utilizing the Schmidt optical 
system in projection television receivers depends upon 
whether or not it is possible to make accurate correction 
plates by a simple and inexpensive process. 
It is possible to counteract the spherical aberration of 

a concave mirror to a considerable extent by means of a 
glass compensator which has spherical rather than 
aspherical surfaces, but which must be rather thick.' 
A corrector of this type can be accurately made from 
optical glass by familiar methods, but due to the great 
thickness it becomes heavy and expensive. Further-

7 French Patent No. 875,672, June, 1942. 
8 N. V. Philips, Dutch Patent No. 54,918, October, 1940. 

more, in order to avoid any strong chromatic aberra-
tion, the correction system must consist of two parts, 
each made of a different kind of glass. Also, the highest 
speed of the optical system is not easily obtained with 
this type of corrector. 
A more practicable type of correction plate results 

when an aspherical contour of the surface is used. The 
minimum thickness of the plate and the minimum slope 
of the surface are obtained when the correction for 
spherical aberration is combined with a plano-convex 
lens. The contour of the plate must be computed to 
provide optimum performance at the projection dis-
tance desired for the modified Schmidt system. A pos-
sible way of making such an aspherical plate is by mold-
ing it from transparent plastics. A mold of the desired 
form is made, and some plastic such as polystyrene or 
perspex is pressed in it. The mold must be very accurate 
in shape, and must have a surface of optical quality. 
Moreover, it must be resistant to the required pressing 
and heating treatments, so the choice of material from 
which it can be made is limited. The mold is usually 
made and polished entirely by hand, and is given the 
correct final shape by local retouching. A separate mold 
is required for each shape of correction plate that is to be 
made. 
We have followed an entirely different line.' The 

starting point was the observation that a gelatine gel 
retains its initial smoothness of surface after drying. 
This is contrary to the behavior of most other sub-
stances, which upon drying generally take on a more or 
less wrinkled surface. 
To utilize this principle in making aspherical sur-

faces, the procedure is as follows: A mold is turned on a 
precision lathe, the shape of the surface being made the 
negative of that of the aspherical correction plate. In 
radial directions the mold has the same dimensions as 
the correction plate, but the variations in depth of con-
tour are exaggerated by some chosen factor; for in-

(a) 

(b) 

(c) 
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Fig. 7—Preparation of aspherical correction plates. (a) The mold 
with inlet I and outlet 2 for warm or cool water. (b) Glass plate 
4 with the wet gelatine gel 3. (c) The same plateas (b) afterdrying. 

• El. Rinia and P. M. van Alphen, "A new method of producing 
aspherical optical surfaces," Proc. Kon. Ned. Akad. v. Welenschap-
pen, vol. 49, pp. 146-149; 1946; Dutch Patent No. 57,677, October, 
1939. 
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stance, ten times. If the actual correction plate has a 
total variation in thickness of 0.5 millimeter, this will 
become 5 millimeters in the mold (Fig. 7). The mold is 
gently heated, a 10 per cent solution of gelatine in wa-
ter is poured on it, and a glass plate IS then placed over 
it. The excess gelatine is pressed out and a thin layer 
remains between the glass plate and the mold. The 
whole is then cooled until the gelatine solution has 
solidified, and the glass plate is raised from the mold. 
Owing to the strong adhesion of gelatine to glass, the 
gelatine gel is loosened from the mold and sticks to the 
glass. The plate is then dried. The water evaporates and 
the layer of gelatine shrinks, but due to its adhesion to 
the glass the shrinkage can take place only in the direc-
tion a its thickness (just as with a photographic plate). 
Thus the glass plate is left with only a thin layer of 
gelatine, the shape of whose surface is a tenfold reduc-
tion of that of the mold; that is, it has exactly the re-
quired shape of the aspherical plate. 
This method offers a number of advantages, as fol-

lows: 
(1) Due to the fact that the final surface is a tenfold 

reduction of the shape of the mold, the mold itself need 
not be so accurately finished. 
(2) The mold needs to be only moderately heated 

and cooled. There is no pressing at all, and distortion 
does not occur. 
(3) The correction plate consists mostly of glass, so 

the possibility of distortion subsequent to molding is 
negligible. But the gelatine is also very hard and re-
sistant to scratches, and may safely be cleaned with a 
soft cloth. The completed plate very much resembles 
an unexposed, fixed lantern slide. 
(4) By means of a single mold, correction plates of 

different shapes can be made. By merely varying the 
concentration of the gelatine solution, correction plates 
are obtained which have different "optical power." In 
this way it is very easy to make correction plates for 
different projection distances with the same mold, and 
to correct for changes in thickness of the glass used for 
the tube face. 

3. Details of Design 

The correct adjustment of the optical system re-
quires placing the center of the correction plate exactly 
at the center of curvature of the concave mirror. To 
facilitate this adjustment, the center of the plate is 
indicated by the point of a V-shaped mark impressed 
by the mold. The point of the inverted image reflected 
by the concave mirror must be brought into coinci-
dence with the point on the plate so that the two re-
versed V's form a cross. Using this criterion, the mirror 
is brought to the position at which its center of curva-
ture is just in the center of the correction plate. 
The dimensions of the television receiver cabinet de-

pend on the choice of focal length of the optical system. 
In a Schmidt-mirror system the focal length is of the 

same order of magnitude as the diameter of the correc-
tion plate. But the correction plate must have a larger 
diameter than the fluorescent screen of the tube, since 
otherwise no reflected light could pass through this 
plate. It is reasonable to assume that the diameter of 
the correction plate must be at least twice the diameter 
of the tube face. 
The small projection tube, with a screen diameter of 

only 2.5 inches, makes it possible to use a focal length 
of 4 inches. The distance between the correction plate 
and the viewing screen is then only 30 inches for a 
12 X 16-inch picture. This optical path length can be 
easily included in a cabinet of medium size containing 
only one auxiliary plane mirror. 
The components of the projection television optical 

system described here are shown in Fig. 8. The system 

Fig. 8—The optical components and the cathode-ray tube. 

has a numerical aperture (the sine of the semiapex 
angle of the cone of gathered light) of 0.64. The optical 
efficiency of the mirror is the square of the numerical ap-
erture; in this case, 41 per cent. Masking, absorption, and 
reflection losses reduce the over-all efficiency to approxi-
mately one-half of this value. In an actual television re-
ceiver cabinet one additional plane mirror is ordinarily 
used, thus reducing the over-all optical efficiency to ap-
proximately 17 per cent. On actual pictures in such a 
receiver utilizing a directional viewing screen with an 
"amplification factor" of approximately four, measured 
values of highlight brightness lie between 15 and 20 foot-
lamberts. Assuming an over-all optical efficiency of 17 
per cent in the complete television receiver, a linear mag-
nification of 8.5 times, and a viewing screen "amplifica-
tion factor" of four, highlight brightness values of 15 
and 20 footlamberts at the viewing screen correspond to 
tube-face brightness values of 1600 and 2100 footlam-
berts, respectively. Additional effective viewing screen 
brightness may be obtained by the use of screens with 
different directivity characteristics. 
The sharpness of the images produced by this optical 

system with a gelatine correction plate is extremely 
good, and it can easily render a definition of 525 lines. 
The durability of the gelatine plate is comparable with 
that of a photographic negative or a lantern slide. 
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Part II. Pulse-Type High-Voltage Supply* 

G. J. SIEZENt AND F. KERKHOFt 

Summary—The performance of rectifier circuits of the voltage-. 
multiplier type, energized by voltage pulses occurring in an induc-
tive load in the plate circuit of a sawtooth-driven, biased beam-power 
tube, is briefly analyzed, and formulas are given for the internal re-
sistance of circuits of this type comprising any number of stages. A 
method for substantially reducing the internal resistance by means 
of automatic bias control of the driver tube is described. Various 
factors determining the optimum number of rectifier stages for a 
given output voltage are discussed. An exceedingly compact high-
voltage supply having automatic voltage control and furnishing 25 
kilovolts for projection-type television tubes is described. This unit 
employs a voltage-tripling circuit with miniature rectifier tubes, the 
cathodes of which are indirectly heated by pulsed energy. A newly 
developed low-loss magnetic ferrite material has been successfully 
applied in the high-voltage supply. 

INTRODUCTION r-r HE DEVELOPMENT of low-cost television cir-
. cuits is characterized by two definite trends. The 
first is a reduction of the physical size and is uni-

versally followed. The second, less obvious but equally 
important, is a reduction of the d.c. power consumption 
of the unit concerned. Some reduction usually occurs as 
a direct consequence of any substantial size reduction; 
further reduction is sought due to the fact that d.c. 
power, cheap as it may be so long as the total demand 
of the receiver can be met by one standard-type power 
supply, becomes expensive as soon as an increase of the 
demands necessitates the use of an additional power 
supply, as usually is the case with television receivers. 
Applying the above considerations to the high-volt-

age supply unit, it soon becomes evident that a very 
special technique is needed if the voltage required ex-
ceeds a few kilovolts. This is caused by the fact that the 
output power required generally does not exceed a few 
watts, although the voltages may be in the order of 10 
kv. for direct-viewing tubes and 25 kv. for projection 
tubes. 
Experience has shown that conventional power sup-

plies, operated from the a.c. line voltage, are bulky and 
expensive because of the fact that their size and weight 
becomes a function of the output voltage, rather than 
of the power; furthermore, they are dangerous, since 
they can furnish currents considerably in excess of the 
normal tube requirements of a few hundred micro-
amperes. 
The solution obviously must be sought in the direc-

tion of higher operating frequencies for the high-volt-
age unit, and various circuits in which this objective is 
pursued have been proposed. 

Decimal classification: R583.5. Original manuscript received by 
the Institute, April 15, 1947; revised manuscript received, Septem-
ber 29, 1947. Presented, 1947 I.R.E. National Convention, March 4, 
1947, New York, N. Y. 
t N. V. Philips' Gloeilampenfabrieken, Eindhoven, the Nether-

lands. 

One of these, known as the fly-back type, generates 
the high voltage as a by-product of horizontal scanning. 
Although this would appear to be the most economical 
method, it has, at least at present, the serious disad-
vantages that the output voltage is dependent on the 
horizontal sweep amplitude, which causes undesirable 
effects when the horizontal synchronization is lost; and 
that the fly-back time is increased by the additional 
loading. 
In another system, known as the r.f. type, the recti-

fier circuit is energized by a separate high-frequency 
oscillator through a specially designed high-quality 
band-pass filter.',2 In this case, operating frequencies 
ranging from 300 to 1200 kc. are used, and it is claimed 
that, with a suitable setting, the internal resistance can 
be kept sufficiently small. However, the size and power 
efficiency still leave much to be desired, and it is diffi-
cult to shield other parts of the television receiver from 
the nonsynchronous r.f. interference produced by this 
kind of high-voltage supply. 
This paper deals in some detail with a third type of 

high-voltage supply, known as the pulse type. It differs 
from the fly-back type in that a separate pulse generator 
is employed, operating at a frequency which is consider-
ably lower than the horizontal sweep frequency. It is 
shown that, on account of the greater flexibility with 
regard to the choke of operating frequency, this method 
presents some marked advantages which lead to re-
markable compactness, low cost, and good power effi-
ciency. 

1. Operating Principle and Advantages 

The operation of the pulse-type high-voltage supply 
is based on the periodic interruptions of a current 
through an inductance L. Assuming that this inductance 
is shunted by a stray capacitance C,, the peak voltage 
V. of the transient oscillation caused by the interrup-
tion can be deduced from the energy equation 

gim2 =  IC•pv m 2 

which expresses that the energy stored in L at the 
moment of interruption equals the energy stored in Cp 
during the first peak of the ensuing transient oscilla-
tions. This yields 

v., = (1) 

R. S. Mautner and 0. H. Schade, "Television high voltage r.f. 
supplies," RCA Rev., vol. 8, pp. 43-81; March, 1947. 

0. H. Schade, "Radio-frequency operated high-voltage supplies 
for cathode-ray tubes," PROC. I.R.E, vol. 31, pp. 158-163; April, 
1943. 
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Hence, if m= 120 ma., L=0.5 henry, and Cp = 50 
we find from (1): 

V. = 12 kv. 

This numerical example immediately shows that, 
with a comparatively small inductance value, and cur-
rents that can be furnished by a medium-sized power 
output tube, peak voltages in the order of 10 kv. can 
easily be generated across the coil. As shown in the basic 
diagram of Fig. 1, the interruptions can be effected elec-
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Fig. 1—Schematic circuit diagram of the pulse-
voltage generator. 

tronically by periodically driving the tube from maxi-
mum current to beyond cutoff. Although in principle 
the plate-current wave shape previous to the interruption 
is immaterial, a partial sawtooth shape as shown in Fig. 
2 has some advantages from the standpoint of screen-
grid overload and power efficiency. 
In this case the plate voltage drop L(dia/dt) can, 

during the time that plate current flows, be kept con-
stant at a value sufficient to draw the maximum current 
1m to the plate. The most convenient grid-voltage wave 
shape is a sawtooth form, as shown in Fig. 2, which, 
after the interruptions, must drive the grid sufficiently 
negative to keep the tube cut off in spite of the high 
positive peaks occurring on its plate. For this and other 
practical reasons, the plate-current pulse ratio is pref-
erably chosen larger than 0.25. The driver tube obvi-
ously should be a pentode or beam-power tube with 
sufficient maximum emission and adequate anode insu-
lation. If 11=  1/T is the interruption frequency, IVa 
the permissible plate voltage drop, and a the plate-cur-
rent pulse ratio as defined by Fig. 2, we find: 

Hence, 

di.  Lin, 
L— =  = AV.. 
di  aT 

fi = 
aAV. 

Lin, 

If one uses the values L=0.5 henry and i„, =120 ma., 
as in the foregoing numerical example, together with 

= 300 volts and a = 0.25, the interruption fre-
quency fi given by (2) is 

fi = 1250 c.p.s. 

With C,,=50  jfd., the frequency fo of the transient 
oscillations would be approximately 30 kc. 

(2) 

As Fig. 2 shows, the oscillation will immediately cease 
at the beginning of each plate-current pulse, as a result 
of the heavy damping caused by the tube. 

F. 
v. 

V 

r 

I 

Fig. 2—Voltage and current wave shapes pertaining 
to Fig. 1. 

If a single or multistage rectifier circuit is driven by 
the transient oscillations across the coil, some energy 
will be taken from the plate circuit during a small frac-
tion of the first positive half-cycle and the first negative 
half-period. It is shown in the next section that this 
fraction, even under heavy external load conditions of 
the rectifier circuit, will be in the order of 10 per cent 
of the oscillation period. Consequently, the duration of 
the rectifier current pulses will be in the order of a few 
microseconds. 
The above discussion indicates the following advan-

tages of the pulse method: 
(a) The interruption frequency can be high enough to 

permit a substantial reduction in the size of the filter 
capacitors of the rectifier circuit. 
(b) The frequency of the transient oscillations is low 

enough to avoid interference with other parts of the 
television receiver. 
(c) The inductance L is so small that it can easily be 

realized with a small shell-type core, thus eliminating 
stray magnetic fields. The unit therefore can be placed 
conveniently near the cathode-ray tube without caus-
ing magnetic disturbances of the electron beam. 
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(d) As a result of the transient character of the volt-
ages, the insulation requirements on the a.c. side will 
be less severe than would be the case if the oscillations 
were continuous. 
(e) The output voltage is a function of i„„ and can 

therefore be easily adjusted by varying the bias of the 
driver tube. 
(f) Automatic control of this bias provides a con-

venient way of reducing the internal resistance of the 
supply. It will be shown that, as a result, satisfactory 
operation at a low power input can be obtained. 
(g) Generation of the input power by a tube auto-

matically limits the possible power output, so that the 
high-voltage supply can be short-circuited without 
harm. 

2. Optimum Number of Rectifier Stages 

Although theoretically the value of V„, is not limited 
and any voltage might be generated by using a single 
rectifier circuit, for practical reasons it is advisable to 
take several limiting considerations into account. 
In the first place, the maximum anode peak voltages 

of the driver tube for pulse operation, assuming that 
this is a tube of moderate size like the 807 or 6GB6G, 
are limited to approximately 6 kv. The anode voltage, 
it is true, can be reduced by tapping the anode to the 
coil, but for a sufficient coupling factor it is found that 
the tapping ratio must not be too high. Furthermore, 
the maximum inverse-peak voltages on the rectifiers 
must be limited to practicable values. 
An increase of V. also unfavorably affects the 

physical size of the inductance L. It can be deduced 
from (1) that 

V q(1  12d) 
V. = 10-4 P  (3) 

0 .4rpC, 

in which B is the peak value of the magnetic flux (gauss), 
q the cross section of the core (square centimeters), 1 
the average length of the magnetic path (centimeters), 
d the air gap (centimeters), and  the permeability of 
the core material. From (3) it follows that, for a given 
core material, assuming that the air gap is optimem, 
the volume of the coil assembly increases with the square 
of V.. In fact, the increase is still more rapid than this, 
as C„ also increases with increasing dimensions of the 
core. 
For the above reasons it is advisable to use voltage 

multiplication beyond a certain value of output voltage. 
It is shown in Section 4 that this also offers a slightly 
lower internal resistance and a better power efficiency, 
although these consequences are of only secondary im-
portance when automatic voltage control is applied. 
Finally, the determination of the optimum number of 

voltage-multiplier stages is to some extent influenced 
by the cost of extra rectifiers and capacitors, and by the 
increase of the stray capacitance C„ they would cause. It 
is found to be a good practical compromise to choose the 

multiplication factor n so that V„, is limited to ap-
proximately 10 kv. 

In 

Fig. 3—Schematic diagram of multistage rectifier circuits for even 
and odd multiplication factors. 

The generalized circuits for even and odd multiplica-
tion factors are given in Fig. 3. The difference between 
the two circuits is caused by the necessity of grounding 
one side of the load. Their performance is analyzed in 
the next section. 

3. Analysis of the Generalized Circuit 

It is assumed that a steady-state condition of the 
circuit has been reached, for a given value of the ex-
ternal load Rh, in which the voltage distribution on the 
capacitors of the rectifier circuit is that shown in Fig. 3. 
The capacitance of the capacitors is supposed to be so 
large that the voltages VI and V2 are substantially con-
stant during the interruption cycle. 

6- 1 

Fig. 4—Detail of voltage and current wave shapes 
pertaining to Fig. 3. 

Furthermore, it is assumed that the internal resistance 
of the rectifier tubes can be neglected, and that the 
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damping introduced in the resonant circuit formed by 
L and C„ has no appreciable effect on the first transient 
oscillation period. 
Under these conditions the voltage V. across the coil, 

the current i through the coil, and the current ir sup-
plied by the resonant circuit to the rectifier circuit will, 
immediately after the interruption, have the general 
character shown in Fig. 4. 
The rectifier circuits will be energized during the 

periods when V. tends to increase above 171 or drop 
below V2. During these rectification periods V is con-
stant, and therefore i will follow the tangent of the 
preceding oscillation curve until i=0. No current is 
supplied to C„ as long as V is constant; during the 
rectification periods i, is therefore equal to i, and conse-
quently the current supplied to the rectifier circuit will 
have the sawtooth pulse form illustrated in Fig. 4. 
The operating characteristics of the generalized cir-

cuit can be obtained by calculating VI, 172, and V h in 
terms of a function of Rh. 

It is assumed that n1 rectifiers become conductive 
during the first, and n2 rectifiers during the second 
rectification period. The output voltage will then be 

V h =  niV2-1- n2V2 (4) 

with ni =n2= n/2 if the multiplication factor n is even, 
and ni= (n +1)/2, n2= (n —1)/2 if the multiplication 
factor n is odd. 
A relation between V1 and V2 can be found from the 

following energy equations: 

— V12) = niViihT = niV 1V h(T I Rh)  (5) 

IC,(V12 — V22) = n2V2ihT = n2V2Vh(TIRh).  (6) 

These equations state that the energy loss of the 
resonant circuit during the first and the second recti-
fication period, respectively, equals the energy which 
must be supplied per interruption period T to the filter 
capacitors through the n1 and n2 rectifiers. 

' Setting 

and 

x = n' 
RC,, 

V h  ni V1  n2 V2 

= f(Z) 
11 Vm  n  

(7) 

(8) 

as the regulation characteristic, it is found from (5) that 

VI 111 1 2 
  =  —  —  xf(x)-F 4/1 +( 11—) x2f2(x),  (9) 

and from (5) and (6), 

V2 

v  =  —  2X/2(X). (10) 

Substitution of these results in (8) then yields the fol-
lowing expression for f(x): 

i(x) =  

in which 

P — 

P2 

Q2 

,I12 —  n22 2 

n2 

/112  n22(1 +  2 

U2 

n22 x 
n2 

+ 2 0 12\2 {1 + / n2 \2 4 

n  2 
)  n 

ni 2  n2 2  2 

Q = (1 + 2   
n2 

+ 8 (—n2)2 x 1 + ( ) X} . 

2  2 

I.  

1/2 

(12) 

(13) 

For n even, (11) can be simplified to 

4 + x   
(14) 

N/16  2x(4  x)2 

which is independent of n. For n odd, however, (11) 
will contain n as a parameter, and a slightly different 
regulation characteristic will be found for different 
values of n, as shown by Fig. 5. 

t 
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5 

Fig. 5—Output voltage as a function of the load parameter 
x=niTIRkC,. 

From these generalized regulation characteristics, the 
usual characteristics giving the output voltage as a func-
tion of the output current can easily be derived. 

Vat  1 
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1  2  3  

Fig. 6—The peak voltages V1 and V2 as a function of the 
load parameter x. 
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With f(x) given by (11), V1/V,, and 172/ V„, can be 
calculated from (9) and (10). The result is shown in 
Fig. 6 for n even, and for the case n=3 which is used 
in Section 5. It will be noticed that I/2/ 17„, falls about 
twice as fast as V1/ Vm with increasing load, a circum-
stance which will be used in the next section. From Fig. 
4 the peak currents supplied by the resonant circuit to 
the rectifier circuit can be calculated as follows: 

irlm 

im 

V1 
= cos cooti = cos arc sin — 

V„, 
V 

= m 
V i ( - -VI) 2 

ir2m  V1  Vi 
COS 44 12 

im  V m  V m 

=  A /1 rif_2A2 

V„,117 171) 

( 
. V2) 

cos arc sin 
V1 

AV' \ 2_  ( V2 \ 2 

V  V m )  V t.) . 

As I71/ V„, and V2/ V„, are known from (9) and (10), the 
above equations yield the total rectifier peak currents 
42m and ir2m as a function of x. The result is given in 
Fig. 7, for n even, for n =1, and for n=3. The peak 
currents of the individual rectifiers can be found by 
dividing iri„, and in,. by the number of rectifiers con-
cerned, n1 or nz, respectively. 

inl.nm 

0.8 

06 

T 

17.IMW 

n.f 

---'7-3 

04  or  

as 

2  3  4 5 —TA' 

Fig. 7—Rectifier peak currents as a function of the load 
parameter x. 

(16) 

The durations tri and In of the rectifier-current pulses 
can be found from 

41 =  1  irlm  V m =  1  V m  2 _  1 V  

To 27r im V1 27  V1 

trz = 1 ir2m V., = 1  _VI 2 _  1 V  

To  2r im V2  27  V2 

which follow from the condition that during the recti-
fication periods.,the current i, which equals ir, follows 
the tangent of the preceding oscillation curve. 

(17) 

(18) 

Since V1/ V„, and 172/ V„, are known, the rectification-
pulse durations as compared to the period To of the 
transient oscillation can be expressed in terms of x from 
(17) and (18). The result is shown in Fig. 8 for the case 
of n even, n=1, and n = 3. 
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Fig. 8—Duration of the rectifier pulses as a function of 
the load parameter x 

Upon comparing Fig. 8 with Fig. 5, it is noticed that 
even for a heavy load, corresponding to a relative drop 
of the output voltage to 70 per cent, the rectifier-pulse 
durations will be in the order of 10 per cent of the 
transient oscillation period, as stated in Section 1. 

4. Reduction of the Internal Resistance 

The internal resistance of the supply can be found 
from 

dV h T  1(x) 
R, — —   =  n2  (19) 

dih C,„ f(x)  xf(x) 

Ri is a function of x which in its general form may be 
derived from (11), (12), and (13). For small values of x 
the expression for the internal resistance takes the fol-
lowing general form: 

1 V b ( 111 2 +  nin2 + n22\17 h02 
Rio = 

2 ,6,Va  n 2  H rb 

1   = k Vb Vb02 

2 AVa W b 

in which Vb0 is the output voltage at no load, and W O the 
total power input to the circuit. 
This relation shows that, for a given type of a circuit, 

a given relative anode-voltage drop of the driver tube, 
and a given output voltage, the internal resistance will 
be inversely proportional to the input power. 
For n even we find that k =1, so that Rio will be inde-

pendent of the number of rectifier stages. 
For n odd, however, we have k = (3n2+1)/4n2, and in 

that case the factor k in (20) will vary between k =1 for 
n=1 to k=1 for n= CC . 

A numerical example will show that, if no special 
measures are taken, a relatively large input power will 
be required to obtain a practicable value of the internal 
resistance. 

(20) 
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If V20 = 25 kv., n = 3 (voltage tripling), V2 = 350 volts, 
and  V6=280 volts, the power required to give an 
internal resistance Rio=5 megohms, as calculated from 
(20), will be W 2 = 60 watts, corresponding to a ctirrent 
consumption of 2b=172 ma. 
Considering the fact that the output power required 

for a 25-kv. projection television tube is in the order of 
two or three watts, it is obvious that the foregoing re-
sult is hardly a practical one. 
To combine good power efficiency with a sufficiently 

low internal resistance, it is, therefore, necessary to use 
automatic output-voltage control of some kind. 
Automatic control of the driver-tube bias by means of 

a control voltage derived from the voltage peaks across 
the resonant circuit has proved to be a cheap and effi-
cient method of obtaining the desired result. The con-
trol voltage can be generated by a small diode, con-
nected to a separate winding on the inductor L and fed 
to the ground side of the grid resistor of the driver 
tube. For efficient control it has been found advan-
tageous to choose the polarity of the control winding so 
that the control diode responds to the negative peak 
voltage V2 ,which, according to Fig. 6, drops about twice 
as fast as VI with increasing load, and to use a suitable 
delay voltage. A practical execution of this principle is 
given in the following section. 
With the above method of automatic voltage control, 

the value of i„, becomes a function of the output cur-
rent. The most favorable design will, therefore, be that 
in which i,„ equals the anode current of the driver tube 
at V9=0, when the output current ih reaches the maxi-
mum value required. Because the internal resistance of 
the circuit proper, as given by (20), is immaterial when 
automatic voltage control is applied, it will be possible 
to obtain a considerable reduction of the input power 
under maximum load conditions. 
It has been found that with the foregoing method the 

regulation characteristic can be made substantially flat 
within the desired control range; the output voltage 
falls very rapidly beyond this range, which is a desirable 
feature since such a regulation characteristic affords 
protection against short-circuits. 

5. Practical Design 

The practical design of a high-voltage supply for 
projection television tubes is described below. In this 
typical case an output voltage of 25 kilovolts and a 
maximum output current of 150 microamperes were re-
quired, with_an internal resistance not exceeding 5 
megohms. 
The circuit shown in Fig. 9 comprises a conventional 

blocking oscillator with the triode of the 6SR7 generat-
ing a 1000-c.p.s. sawtooth voltage that drives the grid 
of a 6BG6G output beam power tube. The anode of 
this driver tube is tapped to the inductor Si, the top end 
of which is connected to the rectifier circuit. 
Voltage tripling has been chosen to limit the peak 

voltage across the coil to approximately 8.5 kv. Three 

indirectly heated oxide-coated-cathode rectifier tubes, 
which have been developed for pulse operation, are used. 
The tubes are 14 inches long by 4 inch in diameter, and 
have an inverse peak voltage rating in the order of 10 
kv. The saturation current of these diodes is approxi-
mately 200 ma. The heating power of 0.5 watt per 
diode is derived from three windings S2, S3, and S4, of 
a few turns each, coupled with Si. 

6SR7 6866-6  r — 

Fig. 9—Schematic diagram of a pulse-type 25-kv. supply. 

OIL FILLED CAN 

Another separate winding S5 generates the automatic 
control voltage which is rectified by the diodes incorpo-
rated in the 6SR7 sawtooth generator. The cathode bias 
of this tube acts as a delay voltage for the control volt-
age that is applied to the ground side of the grid re-
sistor of the driver tube through a filter network. 
The rectifier heaters cause some extra damping of the 

resonant circuit in the 6GB6G anode circuit; this, how-
ever, reduces the amplitude of the first few peaks of the 
transient oscillations only slightly, principally affecting 
the rate of decay of these oscillations. In fact, it can be 
shown that with fo = 30,000 c.p.s. the peak voltage will 
not be more than 3 per cent lower than the value found 
from (1) in Section 1, if the Q of the coil is reduced to 30. 
In order to obtain sufficient heating power for the 

rectifier diodes at a low total power input, the losses of 
the resonant circuit proper have been kept low by 
using a shell-type core of a new magnetic material, 
known as "Ferroxcube" No. 3, which has a permeability 
of 800 and a maximum induction of approximately 2000 
gauss. This material can be molded in any form, and 
was found to be highly suitable for the above purpose. 
Further data on this material have been published else-
where.3 
The magnetic circuit consists of a center core, two 

disks, and an outer ring. A small air gap is left on each 
side of the center core to reduce the maximum in-
ductance to a tolerable value. The leads to the coil are 
passed through slots in the disks. The entire core and 
coil assembly has a volume of approximately 3 cubic 
inches. 
It is evident that such small components cannot be 

operated in air. The high-voltage coil, rectifier diodes, 

3 J. L. Snoek, "Non-metallic magnetic material for high frequen-
cies," Philips Tech. Rev., vol. 8, pp. 353-360; December, 1946. 
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and filter capacitors are therefore enclosed in a metal 
can filled with transformer oil. The assembly is vacuum-
impregnated and subsequently sealed. 
The 25-kv. high-voltage lead is a polyvinyl-chloride 

insulated cable, covered with a flexible conductive coat-
ing and terminated with a molded connector to the 
anode terminal of the cathode-ray tube. A 1-megohm 
protective resistor is molded into this connector, and 
this resistor, together with a metallic coating on the 
outside of the cathode-ray tube, also acts as a final 
ripple-smoothing element. 
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Fig. 10—Regulation characteristic and power-consumption charac-
teristic of the circuit of Fig. 9. 

The unit is operated from the existing 350-volt supply 
of a television receiver. Fig. 10 gives the output voltage 
VA and the power input from the "B" supply, WA, as a 
function of the output current. It will be noted that the 
power input compares very favorably with the value 

found in Section 4 for the equivalent circuit without 
regulation. Beyond 150 microamperes the output volt-
age falls rapidly, because the automatic voltage control 
loses its effect. Through this characteristic the unit is 
fully protected against short-circuits of the output 
terminals. 

Fig. 11—View of the assembled 25-kv. supply unit with driver cir-
cuit. In front are some of the small parts used in the high-voltage 
circuit. 

Fig. 11 shows the completed unit together with a 
high-voltage coil, a core and coil assembly, and three of 
the miniature rectifier diodes. The unit occupies a total 
mounting area in a television receiver of only 25 square 
inches, and is approximately 7 inches high. 

Part III. Deflection Circuits* 

J. HAANTJESt AND F. KERKHOFt 

Summary—High-efficiency magnetic deflection circuits which 
are equally adaptable to projection and direct-viewing television re-
ceivers, and a method of obtaining perfect interlace by utilizing the 
first serration in the vertical synchronizing signal, are described. 
The horizontal output stage comprises a power-output tube and an 
"efficiency diode." It is shown that the latter can be used in such a 
way that it effectively improves the power economy, suppresses 
spurious oscillations, and improves the sweep linearity. The vertical 

output stage is coupled to the deflection coils by means of a trans-
former, which, for reasons of power and space economy, is allowed 
to introduce considerable distortion of the sawtooth current wave 
shape. This distortion is compensated by a phase-correcting net-
work in the grid circuit of the output tube. The deflection coils are 
wound in a flat layer with tapered cross section, and are afterwards 
bent to shape. A newly developed low-loss magnetic ferrite material 
has been advantageously utilized in the horizontal-deflection circuit. 

INTRODUCTION 

HE DEFLECTION CIRCUITS described in 
this paper are another development in the direc-
tion of combined power and space economy for 

* Decimal classification: R583.13. Original manuscript received 
by the Institute, April 15, 1947. Presented, 1947 I.R.E. National 
Convention, March 4, 1947, New York. N. Y. 
t N. V. Philips' Gloeilampenfabrieken, Eindhoven, the Nether-

lands. 

low-cost television circuits. The need for power economy 
is particularly evident in the case of the horizontal 
sweep circuits, where the load of the output tube is al-
most entirely inductive, and the problem arises of coping 
with the energy stored in this inductance at the end of 
each stroke so that spurious oscillations during the next 
stroke are eliminated. Various methods of dissipating 
this energy have been suggested, but these must be 
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considered unsatisfactory from the viewpoint of power 
efficiency. 
It has been proposed to use "efficiency-diode" cir-

cuits to solve this problem, but it appears that hitherto 
this method has found little practical application, prob-
ably as a result of linearity difficulties. It is shown in 
this paper that, with a modification of the known circuits 
of this kind, the efficiency diode can serve the dual pur-
pose of linearizing the sweep and reducing the power 
consumption. 
A smaller but nevertheless an important power effi-

ciency gain, also resulting in a size reduction and im-
provement of the over-all performance, appears to be 
possible in the case of the vertical deflection circuit. 

1. General Layout 

A block diagram of the deflection circuits which have 
been developed for use with the television projection 
tube M W6-2, described in the first paper' of this series, 
is given in Fig. 1. The video output tube is added in the 

Fig. 1—Block diagram of the deflection circuits. 

diagram to show how the complete signal is fed into the 
time-base unit. Apart from the video output tube, the 
time base proper is built by using four amplifier tubes 
and one diode. Two of these tubes are triode heptodes. 
The two heptode parts are used for the separation of 
the synchronization signals from the video signal, and 
for the separation of the vertical synchronization signal 
from the composite synchronization signal. The two 
triode parts are used to generate the sawtooth waves 
for the horizontal and vertical deflection. 
The horizontal sawtooth wave is fed to the control 

grid of the output tube B4. A so-called "efficiency diode" 
Bg is added to this arrangement in order to attain good 
linearity and a very low power consumption. 
The vertical sawtooth wave is fed through a phase-

correcting network d to the output tube 132. This tube 
feeds the output transformer for the vertical deflection. 
The time base as given in the block diagram has been 

constructed with tubes available on the European 
market. The two triode heptodes are of the ECH21 
type. It appears that an American version of the time 

1 H. Rinia, J. de Gier, and P. M. van Alphen, "Part I—cathode-
ray tube and optical system," PRoc. I.R.E., this issue, pp. 395-401. 

base is possible if the two triode heptodes are replaced 
by a double triode, such as the 6SC7, and two penta-
grids, which may be of the 6SA7 type. The triodes are 
used in generating the two sawtooth waves, whereas 
the two pentagrids are used in the same way as de-
scribed in this paper for the separation of the syn-
chronization pulses. The efficiency diode is of a special 
design and has as yet no equivalent on the American 
market. 

2. The Separation of the Synchronization Signals 

It is common practice to separate the horizontal and 
vertical synchronization signals in a television receiver 
by feeding the mixture of the signals into two circuits, 
a differentiating network and an integrating network. 
The signal at the output of the differentiating network 
synchronizes the horizontal-deflection circuits. Synchro-
nization of the vertical-deflection circuits is achieved 
at the moment that the output of the integrating 
network exceeds a certain threshold value. However, it 
has seemed in practice that this method of synchroniz-
ing for the vertical deflection often gives rise to im-
proper interlacing. One of the reasons is that a receiver 
almost always contains certain couplings between the 
two deflection circuits; for example, via the supply 
voltages. The moment of synchronization of the vertical 
blocking oscillator may, in this event, be dependent 
on the phase of the horizontal sweep, giving rise to a 
pairing of the odd and the even rasters. 
The time base described here uses a different method 

of synchronization for the vertical sawtooth oscillator. 
In all television standards established up to the pres-

ent, several pulses one-half line time apart occur in the 
vertical synchronization signal. Fig. 2(a) shows the last 
few horizontal synchronizing pulses and the beginning 
of the vertical synchronizing pulse. The first of the short 
pulses occurring in the vertical synchronization signal 
always comes one-half line time after the beginning of 
the latter. In our method, this first pulse is separated 
from the mixture and is used as the synchronizing pulse 
for the vertical sawtooth oscillator. 

(a) 

(b) 

Fig. 2—(a) Shape of the synchronization signal near the beginning of 
a vertical synchronization signal, after polarity is reversed. (b) 
Shape of the voltage on the resistor if the voltage of (a) is 
applied to a series connection of a capacitor and a resistor, the 
time constant of this combination being about equal to one-half 
the duration of a line. 

To attain this separation, the complete video signal 
is fed to the first grid of the heptode part of tube B3 

with such a polarity that the synchronization signals 
form the most-positive part of the signal. The signal has 
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such an amplitude that only the synchronizing signals are 
ampliged. The anode and the third grid serve as output 
electrodes of the heptode. The signal on the anode, after 
it has been differentiated, synchronizes the horizontal 
sawtooth generator. The third grid of the heptode is set 
at a relatively low positive potential. It is chosen as an 
output electrode because it shows a very small capaci-
tance to the anode, which prevents coupling from the 
horizontal sawtooth generator to the signal on the 
third grid. The signal on this grid will show the wave 
shape given in Fig. 2(a). It is fed through a differentiat-
ing network with a time constant in the order of one-
half line time to the first grid of the heptode of the tube 
B1. After this differentiation the signal will show the 
wave shape of Fig. 2(b). During intervals between two 
vertical synchronization signals, the first grid of B1 is 
cut off by means of a negative potential. The bias is so 
adjusted that a current can flow only during the pulses 
in the vertical synchronization signal which, as shown 
in Fig. 2(b), form the most positive part of the signal. 
The screen grids of the heptode of B1 are fed through 

a high resistance which is by-passed by a capacitor of a 
relatively small value (see Fig. 3). Accordingly, if cur-
rent starts to flow in the tube, the potential of the screen 

Fig. 3—Circuit for separating the vertical synchronizing 
signal from the composite synchronizing signals. 

grid will fall very rapidly. The third grid of this tube is 
coupled to the screen grids through a capacitor, thus 
causing the third grid to undergo the same voltage 
drop. The result of this is that only during the first 
pulse will current flow to the anode. The pulses which 
come next in the same synchronization signal will not 
appear in the anode current, as the third grid will sup-
press any further current to the anode. 
The single pulse in the anode current is used as a 

synchronizing signal for the vertical blocking oscillator. 
As the moment of synchronization of the vertical saw-
tooth generator is very exactly determined, a highly 
accurate interlace is obtained in this way. 
The two sawtooth-wave generators used in this time 

base are blocking oscillators that generate the saw-
tooth waves with the aid of the two triode parts of the 
triode heptodes. The sawtooth voltages are built up on 
capacitors in the grid circuits. The capacitors are dis-
charged by the grid currents and are charged from the 
350-volt supply through resistors, so that a high degree 
of linearity is obtained. 

3. The Horizontal Deflection Circuit 

In order to clarify the working of the horizontal out-
put stage, we draw attention to the ideal way in which 
a sawtooth current in a coil may be obtained. This prob-
lem has been recently treated by G. C. Sziklai.2 The 
ideal circuit comprises the coil with its stray capaci-
tances, a battery, and a switch that is opened and closed 
• at certain predetermined times. As was pointed out in 
this reference, the switch may be more or less realized 
with the aid of an output tube and a diode. The cathode 
of the diode should be connected with the anode of the 
output tube. The anode of the diode should be connected 
to a suitable voltage supply, which in practice is re-
placed by a resistor by-passed with a capacitor. If this 
is done, the current through the diode is not fed back 
to the battery, and therefore the current does not con-
tribute to the efficiency of the system. The only gain in 
efficiency arises from reducing to a certain extent the 
current of the output tube. 
The present authors have found, however, that it is 

possible to connect the diode to the circuit in such a 
way that the full efficiency of the theoretical circuit is 
obtained. As indicated in Fig. 4, the anode side of the 
transformer winding is continued and the cathode of 
the diode is connected to the top of this additional 
winding, whereas the anode of the diode is connected to 
ground. 

B6 

Fig 4—The way in which the efficiency diode is used in the hori-
zontal-deflection-circuit output stage. No separate filament volt-
age is needed for the efficiency diode. 

To explain why this has to be done, it may be re-
marked that the output tube will always need a cer-
tain positive voltage on the anode in order to be able to 
provide the necessary current. During the stroke of the 
sawtooth this voltage must be practically constant, as 
the current has to increase linearly with time and the 
load of the transformer is almost entirely inductive. 
The additional winding on the transformer is so 

dimensioned that during the stroke of the sawtooth the 
potential at the top of the additional winding is just 
that of ground. If the diode is connected to this point it 
will be able to stop the oscillations after the fly-back 
time, in which time the circuit has gone through a half-
period of oscillation. From that time on, the voltage 
across the transformer will be kept at the necessary 
value, whereas the diode current has such a polarity 

2 G. C. Sziklai, "Current oscillators for television sweep," Ekc-
tronics, vol. 19, pp. 120-123; September, 1946. 



410  PROCEEDINGS OF THE I.R.E.— Waves and Electrons Section March 

that the battery is charged, thereby giving the maxi-
mum theoretically possible efficiency. 
Apart from suppressing unwanted oscillations and 

adding to the current efficiency of the system, the diode 
is also able to contribute to the linearity of the saw-
tooth current in the deflection coils during the entire 
stroke. This is achieved in the following way: The cur-
rent furnished by the output tube is chosen somewhat. 
higher than necessary. The diode takes over the excess 
current; it therefore passes current during the whole 
stroke, and by that means keeps the voltage across the 
transformer at a very nearly constant value. A non-
linearity of the characteristic of the output tube thus 
does not affect the linearity of the coil current. 
During the first part of the stroke the diode will be 

able to provide all of the necessary current to the trans-
former. Therefore, the output tube may be cut off dur-
ing this time. This is achieved by biasing the control 
grid at such a value that the first part of the sawtooth 
voltage on this grid falls in the cutoff region. In practice, 
the output tube is kept cut off during the first one-third 
of the stroke. 
As already mentioned, the efficiency diode used in 

this circuit is of a new design, as this diode must satisfy 
some special requirements. It must stand a high inverse-
peak voltage, which may reach a value of 4000 volts. 
Furthermore, it must have a low internal resistance, 
since otherwise the voltage across the output trans-
former will not remain sufficiently constant during the 
stroke of the sawtooth. The EA40 satisfies these re-
quirements. It appears to be possible to feed the fila-
ment of this diode from the horizontal output trans-
former. 
As the voltage across the transformer is practically 

constant during the stroke, the linearity of the sawtooth 
depends only on the resistance of the transformer and 
of the coils. The influence of the resistance of the trans-
former is in most cases negligible. The remaining 
factor which determines the linearity is the ratio of re-
sistance to inductance, r/L, of the deflection coils. A 
simple calculation shows that if a maximum nonlinearity 
of p per cent is permitted at a frequency f of the saw-
tooth, r/L must approximately satisfy the following 
relation: 

r  pf 
- < - • 
L  100 

Hence, for f =15,000 and p = 10 per cent, the require-
ment is r/L <1500. As is well known, the value of r/L 
depends largely on the dimensions of a coil. For direct-
viewing tubes the necessary value is not difficult to ob-
tain with air-core deflection coils. The projection tube 
M W6-2, however, has a narrow neck. If the horizontal 
deflection coils were to be mounted closely around the 
neck of this tube, the value of r/L would be much too 
high. For this reason the deflection yoke is so con-
structed that the vertical deflection coils lie adjacent to 

the neck. Around these are the coils for the horizontal 
deflection which now, due to their larger size, possess 
such a value of r/L that good linearity is ensured. 
The total current consumption of the circuit is de-

termined solely by the losses of the circuit. The losses 
are mainly caused by the anode and screen grid dissi-
pation of the output tube and the losses of the output 
transformer. This is the reason that the new low-loss 
magnetic material "Ferroxcube," used in the pulse-type 
high-voltage supply described in the second paper3 of 
this series, is also used as core material for the horizontal 
deflection output transformer. 
The total current consumption of the circuit, includ-

ing the screen-grid current, at a sweep frequency of 
about 15,000 and at a line length of 48 millimeters 
(1.89 inches) on the screen of the projection tube with 
25 kilovolts on its final anode, is 23 milliamperes at a 
supply voltage of 350 volts, corresponding to a power 
consumption of about 8 watts. 

4. The Vertical Deflection Circuit 

The vertical sawtooth wave is fed through a special 
network to the control grid of a pentode. The vertical 
deflection coils are coupled to this tube by means of a 
transformer. If the impedance of the primary inductance 
of the transformer is very high with respect to the load 
impedance, the current through the deflection coils will 
again have the same shape. This leads, however, to very 
high values of the primary inductance and to a very un-
economical transformer. 
When a smaller transformer with an underrated 

primary inductance is used, it is possible to compensate 
for the deformation of the sawtooth current through the 
deflection coils by a compensating network in the grid 
circuit. 
The main effect of too small a value of the primary 

inductance is a phase shift of the current in the coil with 
respect to the tube current. This phase shift is dependent 
on frequency and is largest for the lowest frequencies. 
This fact is mainly responsible for the deformation of 
the sawtooth current. 
In Fig. 5 is given the equivalent network of the trans-

former with load. The resistances and stray inductances 
of the transformer are omitted because they do not play 
an important role. Li represents the primary inductance 

Fig. 5—Equivalent circuit for transformer and deflection 
coils in the anode circuit of the tube B2. 

of the transformer; r and L represent the resistance and 
inductance of the deflection coils transformed to the 

3 GJ . . Siezen and F. Kerkhof, "Part II—Pulse-type high-voltage 
supply, PROC. I.R.E., this issue, pp. 401407. 
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anode side of the transformer. The current i2 through the 
coils possesses a phase shift 4)1 with respect to the cur-
rent i which is fed into the transformer. 4)1 is determined 
by 

tan 1.1 = 
co(Li L) 

The network of Fig. 6 is introduced between the capaci-
tor C, where the voltage wave is built up, and the first 
grid of the output tube. A simple calculation will show 

C, 

Vi l C   0 

C2 

Fig. 6—The phase-correct ng network that causes a phase shift op-
posite to that which occurs upon transmission through the trans-
former. 

that the voltage V1 on the grid shows a phase shift 432 
with respect to the voltage on the capacitor C, which is 
determined by 

tan 4)2 = 
w2Ri2Ci(C1 + C2) ± 1 

For the frequencies considered, the term containing co2 
in the denominator is large with respect to 1. Therefore, 
to a close approximation one may write 

-  W RICS 

tan 4)2 = 
C2 

coRICI(Ci + C2) 

(a) (b) 

Fig. 7—(a) Shape of the voltage at the control grid, and thus also of 
the anode current of the tube B2 when a transformer with too low 
a primary inductance is used and a correction is introduced for it. 
The average value ot the anode current is indicated by the dotted 
line. (b) Shape of the voltage and current when a transformer 
with sufficiently high primary inductance is used, and the same 
amplitude of the sawtooth current in the deflection coils as for 
case (a) is obtained. 

The phase correction will be correct if for all frequen-
cies 4)1+4)2= O. The relation which satisfies this condi-
tion is 

C2 

RICI(Ci -I- C2) = LI L 

In practice C1 and C2 are given a fixed value, and the 
value of R1 is so adjusted that the best correction is ob-
tained. 

The phase-corrected voltage at the input of the am-
plifier tube is found to deviate considerably from the 
sawtooth form. The form of this voltage, and conse-
quently also that of the anode current, is given in Fig. 
7(a). When this is compared with the current form of 
Fig. 7(b) which refers to the case in which the primary 
inductance is very high, it is seen that the average cur-
rent of the tube is lower in the first case. It follows from 
calculations that the greatest current economy is ob-
tained in the event that Li/r = 0.297 where T is the pe-
riod of the sawtooth. In this event the current con-
sumption for case (a) is less than 60 per cent of that for 
case (b). 

In the vertical deflection circuit as described above, 
the average anode current of the tube B2 is only 6 to 7 
milliamperes. 

5. The Deflection Coils 

The maximum deflection angle of the projection tube' 
M W6-2 is relatively small, amounting to only 15 de-
grees from the center position. It is known that magnetic 
deflection generally introduces a raster distortion and 
an increase of the spot size. The raster distortion, known 
as barrel or pincushion distortion, increases with the 
third power of the deflection angle. The increase of the 
spot size is due to astigmatism, curvature of the image 
field, and coma. Of these causes, the first two are the 
most important. 

The errors caused by astigmatism and curvature of 
the field increase with the second power of the deflection 
angle, and are proportional to the diameter of the elec-
tron beam within the deflection coils. All these errors are 
also dependent on the distribution of the deflection 
field. Most of the errors may, therefore, be eliminated by 
a special field distribution, but it is difficult to eliminate 
all errors at the same time. In this particular case, how-
ever, the coils can be designed in such a way that the 
raster distortion disappears, because, owing to the small 
deflection angle and the small beam diameter, the ef-
fects of astigmatism, curvature of the field, and coma 
are very small and hardly noticeable. 
The deflection coils are wound as a flat, tapered wind-

ing and are bent afterwards into the desired shape. A 
cylindrical screen of soft-iron wire is wound around the 
outer coils in order to increase the efficiency of the coils 
and to lower the ratio of r/L, which is especially impor-
tant for the horizontal deflection coils. As this iron 
shield has cylindrical symmetry with respect to the tube 
neck, it does not disturb the cylindrical symmetry of the 
focusing field and therefore does not introduce an astig-
matism of the focusing lens. 
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A Developmental Pulse Triode for 200 Kw. 
Output at 600 Mc.* 

L. S. NERGAARDt, SENIOR MEMBER, I.R.E., D. G. BURNSIDEt, SENIOR MEMBER, I.R.E., 
AND R. P. STONEt, MEMBER, I.R.E. 

Summary—The pulse triode A-2212 is a cylindrical triode which 
gives a peak power output of 200 kw. at 600 Mc. with a tunable ex-
ternal circuit. The tube and its pulse and c.w. performance are de-
scribed. One of the single-tube circuits developed to test the tube is 
also described. 

INTRODUCTION 

  ARLY IN 1942, the development of the pulse tri-
-1 ode now known as the A-2212 was undertaken 

 1 under a Navy contract.' The tube was intended 
for use in search radar and was to meet the following 
electrical requirements: (1) it must have a peak pulse-
power output in excess of 100 kilowatts at 600 Mc. with 
a duty of 0.1 per cent and a 5-microsecond pulse length; 
(2) it must be operable with external circuits capable 
of a wide tuning range; (3) it must be air-cooled; and 
(4) it must operate with no applied voltage in excess of 
15 kilovolts. In addition, it was considered essential that 
the tube be compact, have few and simple parts, and be 
easy to manufacture on a mass-production basis. 
All these requirements were met in the developmental 

tube H-2614 and the subsequent modification known as 
the A-2212. After improved circuits for the tube had 
been developed, it was found that the peak power out-
put per tube at 600 Mc. with 0.1 per cent duty and a 5-
microsecond pulse was about 200 kilowatts. This pro-
vides a comfortable safety factor over the original re-
quirement. 

THE TUBE 

The first problem in the design of the tube was the 
choice of basic geometry. After both cylindrical and 
planar geometries had been considered, the cylindrical 
structure was chosen for the following reasons: (1) In 
the planar electrode structure with cylindrical sym-
metry, the voltage distribution across the cathode is a 
Bessel distribution. Because the area of the cathode can 
be increased only by increasing the radius of the cathode, 
the cathode area which can be usefully employed at a 
given frequency is definitely limited. With a cylindrical 
structure, the voltage distribution is sinusoidal axially 
and uniform angularly so that the cathode area can be 
increased indefinitely, in principle, by increasing the 
radius as long as the axial length is held constant. This 
argument was given considerable weight because it 
seemed likely that the H-2614, if successful, might be 
used as the basis for future tubes of higher power out-

* Decimal classification: R339.2. Original manuscript received by 
the Institute, February 4, 1947; revised manuscript received, August 
11, 1947. Presented, New York Section, I.R.E., April 6, 1946. 
t Radio Corporation of America, RCA Laboratories, Princeton, 

N. J. 
Naval Research Laboratory Contract N-173S-4815. 

puts. (2) The cylindrical structure is more likely to be 
mechanically stable under varying temperature condi-
tions. (3) The cylindrical structure leads to a tube of 
smaller radius, which is of some consequence in the de-
sign of compact circuits for the tube. (4) The cylindrical 
structure is more economical of cathode-heating power 
than the planar structure. 
When the basic geometry had been decided upon, the 

cathode was designed. Previous experience had led to 
two rough empirical relations for the design of oxide-
coated cathodes for pulsed triodes: (1) The power output 
of pulsed triodes at about 600 Mc. is 1 kw. per ampere 
of emission. At first glance this relation seems a little 
absurd in that the operating voltage does not appear. 
However, the starting time and the peak power output 
of a pulsed triode both increase as the shunt load resist-
ance is increased. When a reasonable compromise is 
made between the peak power output and the additional 
power dissipated at the anode because of the starting 
time, the load resistance turns out to be such that a 
peak power output of 1 kw. per ampere is obtained 
when the tube is operated up to its emission limit. (2) 
The peak-pulsed emission of an oxide-coated cathode is 
about 12 amperes per square centimeter with a 5-micro-
second pulse. 

Fig. 1—Cross section of the H-2614 pulse triode. 

On the basis of these two relations, a cathode area of 
13.5 square centimeters was decided upon. This gives 
about 160 amperes of emission and allows a reasonable 
safety factor. From this point on, the electrical design 
proceeded along the usual lines for the design of high-
frequency triodes. 
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Fig. 1 shows the tube H-2614 in section. The cathode 
is a thimble, oxide-coated on the cylindrical surface. 
The cathode is supported by tabs on a copper-plated 
Kovar cylinder about I inch in diameter. This large-
diameter cathode lead makes possible the use of a rea-
sonably smooth transmission-line circuit between the 
cathode and grid. The lower end of the cathode lead is 
pierced by three eyelets. The axial eyelet carries the ex-
haust tubulation. The other eyelets carry the heater 
lead and the getter lead. The heater and getter currents 
are returned through the cathode lead. After the tube is 
exhausted, the cathode lead is extended by a copper 
thimble which serves to protect the tubulation and 
leads. The heater lead is brought out axially through 
this thimble. 
The cathode is heated by a small tungsten helix on 

the axis of the cathode. An upper and a lower heat shield 
serve to reduce the end losses so that the cathode may be 
brought to operating temperature with about 40 watts 
of heater power. 
The grid is a squirrel cage consisting of 90 platinum-

clad molybdenum wires, 0.007 inch in diameter, sup-
ported by a cone welded to the grid flange. The upper 
end of the grid is held in alignment by a quartz bead on 
an axial pin on the cathode. The cathode-grid spacing is 
0.019 inch. 

•••••••••• .••••,..... 

4 111 1,,, 

The anode is a copper thimble with a U-shaped Kovar 
annulus silver-soldered to the lip. The internal diameter 
is such as to give a grid-to-anode spacing of 0.070 inch. 
The anode is cooled by a "horizontal-type" radiator 
having an external diameter of 2 inches. 
The subsequent tube A-2212 differs from the H-2614 

in that the getter is dispensed with, the exhaust tubu-
lation is of copper and is brought out through the end 
of the anode, the heater lead is brought through the 
cathode lead axially, and a "vertical" radiator is used. 
Fig. 2 is a photograph of the individual tube parts of 

the H-2614, some of the subassemblies, and of the as-
sembled tube. An A-2212 is also shown. 
The low-voltage plate characteristics of a typical tube 

are shown in Fig. 3. Other data of interest are given in 
Table I. 

TABLE I 

Heater voltage 
Heater current 
Grid-to-plate capacitance 
Grid-to-cathode capacitance 
Plate-to-cathode capacitance 
Amplification factor 
Mutual conductance 
Plate resistance 
Maximum anode dissipation 

5 volts 
8 amperes 
15 µµfd. 
39 Aqhfd. 
0.82 ,ad. 
30 
0.024 mhos at /B=0.25 amperes 

1250 ohms at /B=0.25 amperes 
300 watts with 10 cubic feet of air 

per minute 

.631 , 

Fig. 2—Individual parts, subassemblies, and a completely assembled H-2614. An A-2212 is also shown. 
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Fig. 3—Low-voltage plate characteristics of the 11-2614. 

SO 

CIRCUITS 

While the principal object of the work described in 
this paper was to design a tube to meet certain specifi-
cations, a considerable amount of work was devoted to 
circuits for the tube. This attention to circuits is natural 
in the case of high-frequency tubes because a considera-
ble portion of the circuit reactances lie within the en-
velope of the tube. Hence, it is impossible to design the 
mechanical features of a tube without a circuit in mind. 
The H-2614 was designed with two circuits in mind, one 
with a cavity between grid and anode, the second with 
a half-wave transmission line between grid and anode. 
Both of these circuits were built and used to test tubes. 
A triode with flange "leads" fits most naturally into 

a grounded-grid circuit with a tuned circuit between the 
grid and anode and a second circuit between the cathode 
and grid. When such a circuit arrangement is used as an 
oscillator, the cathode-grid circuit is adjusted to have a 
capacitive reactance and the oscillator operates as a Col-
pitts oscillator. If the cathode-to-anode capacitance 
were adequate to support oscillation under loaded con-
ditions, the shunt inductance in the cathode-grid cir-
cuit would serve only as a choke for the filament leads. 
However, in a tube with flange leads the internal shield-
ing is usually good enough so that the cathode-anode 
capacitance is too small to support oscillation under 
loaded conditions. The cathode-anode capacitance can 
be increased by providing additional direct capacitance 
between the cathode and anode within the tube. This 
method of increasing feedback has several objections. 
First, the feedback can be adjusted only by tuning the 
cathode circuit. This method of adjustment gives only 
one degree of freedom so that the magnitude and phase 
of the feedback cannot both be adjusted to obtain opti-
mum operation, a severe limitation when electron-
transit times are large enough to produce appreciable 
phase shifts in the tube currents. Hence, while the use 
of a properly chosen feedback capcitance within the 
tube is quite satisfactory for a narrow frequency range, 
it is not too satisfactory when a very wide frequency 
range must be covered. Second, a tube with enhanced 

feedback is not well suited to both oscillator and ampli-
fier use. The alternative is to use external feedback. 
Then it is relatively easy to obtain two degrees of free-
dom for the adjustment of feedback, and in addition the 
oscillator tube is not totally unsuited to amplifier use. 
These considerations led to the adoption of external feed-
back systems for the oscillators built to test tubes. 
The "half-wave oscillator" circuit is shown in Fig. 4. 

The grid-anode circuit is a coaxial transmission line, ef-
fectively a half-wavelength in length. One quarter-wave 
of this circuit may be considered as the plate tank and 
the other quarter-wave as a blocking capacitance which 
presents a very low reactance to r.f. currents and a very 

Fig. 4—Cross section of the "half-wave" oscillator circuit. 

high reactance to low-frequency currents. This feature 
is particularly important in pulse applications where the 
pulse shape may be badly distorted by reactance across 
the output of the pulser. Because this circuit operates in 
its fundamental mode, the oscillator is free from mode 
switching. The part of the line external to the tube con-
sists of an inner conductor comprising the radiator of 
the tube and a cylindrical extension of the radiator, and 
an outer conductor in the form of a cylinder 4 inches in 
diameter. The outer conductor extends beyond the in-
ner conductor so that the line is terminated in a cutoff 
waveguide. This makes possible the admission of cooling 
air to a vertical-anode radiator through the end of the 
line without radiation losses. In order that the circuit 
may withstand as high voltages as possible with the 
given external diameter of 4 inches, the external line is 
proportioned to effect a compromise between the volt-
age gradient across the line, which varies approximately 
inversely as the spacing between conductors, and the 
step-up in voltage between the low-surge-impedance 
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interelectrode line within the tube and the relatively 
high-surge-impedance line outside the tube, which 
varies approximately in proportion to the spacing be-
tween conductors. The plate voltage is fed through a 
lead lying in the nodal surface of the circuit. 
The cathode-grid circuit consists of a relatively high-

surge-impedance coaxial transmission line operating in 
the three-quarter-wave mode, with a coaxial blocking 
capacitor adjacent to the tube. The line is tuned by a 
torus-shaped capacitor which slides on the inner con-
ductor of the line. The oscillator output is obtained from 
the cathode circuit by a tap directly on the line. The 
output is taken from the cathode circuit in order to keep 
the anode circuit clear of objects which increase the 
voltage gradients and hence induce spark-over, and to 
take advantage of the low transformation ratio necessary 
to match a 50-ohm load into the cathode circuit. 
The external feedback system consists of two loops in 

series, one in the grid-anode circuit and the second in 
the cathode-grid circuit. These loops are tuned by a 
stub tapped on the loop in the cathode-grid circuit. The 
stub and tuning capacitor provide the two degrees of 
freedom necessary for the proper adjustment of the feed-
back. 
The "half-wave" circuit described above and the "cav-

ity" circuit, which is not described for lack of space, 
were used to test tubes while they were being made in 
the laboratory. Other circuits were subsequently built. 
One of these circuits was a modification of the half-wave 
oscillator which could be operated over the frequency 
range 400 to 1200 Mc. Push-pull circuits which will be 
described elsewhere were also built. 

PERFORMANCE 

The performance data presented in this section were 
obtained in the half-wave circuit. In each case, the tube 
was biased by a cathode resistor. There were two reasons 
for the use of cathode bias. With a grounded-grid cir-
cuit, the oscillator shell and output system can be op-
erated at ground potential when cathode bias is used. 
Secondly, with cathode bias, operation is stable even 
when grid emission is large enough to make the plate 
current exceed the cathode current slightly. 
As is customary with pulse tubes having oxide-coated 

cathodes, the tube was anode-pulsed. What is called the 
anode voltage in the data is actually the grid-to-anode 
voltage, i.e., the sum of the anode voltage and the grid-
bias voltage. Similarly, the quoted efficiency is the over-
all efficiency, not the anode efficiency. In the pulse tests, 
the duty was 0.1 per cent and the pulse was substan-
tially square, so the average power output and average 
anode current may be computed by dividing the pulse 
power and current, respectively, by 1000. 
Fig. 5 shows typical pulse operating data on a labora-

tory-made tube at 600 Mc. The peak power output, the 
over-all efficiency, and the anode current are plotted 
against the pulse anode voltage for two values of cath-
ode-bias resistor. It will be noted that in each cue the 

• 10 

peak power output varies as the 5/2 power of the anode 
voltage, and the anode current varies as the 3/2 power 
of the anode voltage until grid emission becomes ap-
preciable, at which point the current begins to rise more 
rapidly. The efficiency increases slowly with voltage for 
the lower voltages, and then drops as grid emission sets 
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Fig. 5—Typical pulse operating data at 600 Mc. 

in. With the 60-ohm bias resistor, an output of 160 kw. 
was obtained at 15 kv. In this case, the output was lim-
ited by the pulser, but the indications of grid emission 
suggest that the useful operating point has been passed. 
With the 10-ohm bias resistor, an output of 265 kw. was 
obtained at 12 kv. In this case, the output was limited 
by circuit flashover. In fact, carbon-tetrachloride vapor 
was used to coax the circuit up to this power level. How-
ever, again the evidence of grid emission suggests that 
the useful operating point has been passed. 
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Fig. 6—Typical continuous-wave performance at 600 Mc. 

Inspection of the efficiency curves shows that a given 
output may be obtained with a fixed input for a wide 
range of anode current. From the standpoint of voltage 
breakdown, it is advantageous to operate with a low 
voltage and a high current. At first, it was felt that high-
current operation might seriously impair the cathode 
life. Life tests on tubes operating under conditions corn-
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parable to those with the 10-ohm cathode resistor and a 
power output of 150 kw. have shown that a life in excess 
of 1000 hours may be expected under these conditions. 
While the H-2614 was designed for pulse operation 

and has a cathode much larger than is required for a 
continuous-wave tube of comparable average power rat-
ing, it was quite natural to make some tests of its per-
formance under c.w. conditions. The results of such a 
test at 600 Mc. are shown in Fig. 6, in which the power 
output, plate current, efficiency, and filament voltage 
'are plotted against the anode voltage. For each point on 
the curves, the cathode bias, feedback, and load were 
adjusted for maximum power output. The value of the 
cathode resistor for each point is shown on the power 
curve. The effects of the cathode-to-grid electron-tran-
sit time are evident in the reduction in heater power 
necessary to keep the tube stable and in the relatively 
large plate current required for best performance at low 
voltages. The effects of the grid-to-anode transit time 
are evident in the very rapid rise of power output with 
plate voltage. The maximum power output was limited 
by the tube stability. At the maximum power point, the 
heater power had been reduced to the point where any 
perturbation caused the emission to fail and the tube to 
drop out of oscillation, or caused the cathode tempera-
ture, and consequently the grid temperature, to rise so 
rapidly that the tube "ran away." 

To get an idea of the "high-frequency limit" of the 
tube, it was operated as an oscillator with 250 volts on 
the anode. It oscillated at all frequencies up to 1100 
Mc., at which frequency the efficiency dropped to zero. 
At 1000 Mc., a power output of 2 watts was obtained. 
While the tube was designed specifically for pulse op-

eration and is in some respects poorly designed for c.w. 
operation, its c.w. performance is such that it has had 
some application as a c.w. amplifier and oscillator. 

CONCLUSION 

In conclusion, it may be said that the pulse triode de-
scribed above meets all the initial specifications with re-
gard to power output, tunability, cooling, and maximum 
applied voltages. It meets the minimum pulse-power 
requirement of 100 kw. at 600 Mc., with a 5-microsec-
ond pulse and 0.1 per cent duty, with a comfortable 
margin of about 100 per cent. It also gives a c.w. power 
output of 100 watts at 600 Mc., and has been operated 
as a c.w. oscillator at frequencies up to 1100 Mc. 
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Circle Diagrams for Cathode Followers* 
JOSEPH M. DIAMONDt, ASSOCIATE, I.R.E. 

Summary—Universal circle diagrams are developed which rep-
resent the gain, input admittance, and output impedance of the cath-
ode follower. The variables are transconductance and the components 
of cathode load. The Colpitts oscillator is considered as a cathode 
follower, and is analyzed with the aid of the circle diagrams, and also 
algebraically. 

DERIVATION OF THE DIAGRAMS' 

CIRCLE DIAGRAMS may be constructed to rep-
resent graphically the variation of the cathode-
follower properties (input admittance, gain, and 

output impedance) with cathode load and transconduct-
ance. Fig. 1 shows a cathode follower with general grid-
cathode and cathode-ground admittances, and Fig. 2 is 
its equivalent circuit. Arrows used in connection with 
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May 15, 1947. 
t Formerly, Bendix Radio Corporation, Baltimore, Md.; now, 

Moore School of Electrical Engineering, University of Pennsylvania, 
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1 The material presented in this paper supplements to some ex-
tent the work of K. Schlesinger, "Cathode-follower circuits," PROC. 
I.R.E., vol. 33, pp. 843-855; December, 1945. See also, H. J. Reich, 
"Features of cathode follower amplifiers," Electronic Ind., vol. 4, pp. 
74-78, 170, 4, 8; July, 1945. 

voltages indicate the conventional direction of voltage 
drop. From the equivalent circuit of Fig. 2, these equa-
tions may be written: 

E k Yk  =  p  1 g 

E gk i r gk  = 

E k  Igrj,— AE 5 = 0 

E k  -  E  E gk = 0. 

-L 

Ygk 

Fig. 1—General cathode follower. 

A relation between input admittance and 
found immediately: 

(1) 

(2) 

(3) 

(4) 

gain can be 
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Fig. 2—Equivalent circuit of the general cathode follower. 

g  E gk Ygk 

Input admittance =  =  =   

= ,,A  E tE — Ek)  
  =  gk(1 ,1) (5) 

where the symbol A =Ek/E represents vector gain. Solv-
ing (1), (2), (3), and (4) for Ek/E, we have 

Ek 1 
= A =   

1 + 
Gm ± Yok 

where Gm has its usual meaning of transconductance. 
Then, using (5) 

77-7- = 1 
ok 

1 
+ Yk 

(6) 

1 + 

1 

1 
Yk 

r, 

Gm + Yak 

Using (6), which gives the circuit gain for a given cath-
ode load, it is easy to show that the total output imped-
ance of the cathode follower, including Yk as well as the 
output impedance of the tube itself, is: 

(7) 

Output impedance = Zo = 
1 

1 
Gm + Y gk  Yk 

=L+  1  (8) 

Let 

Therefore, 

Gm + Yok 
(10) 

1 
A =   (11) 

1 + t 

= 1  1  
Ygk  1 + 

1 
Zo(Gm Y91) =    

1 ± 

(12) 

(13) 

The quantities of (11), (12), and (13) are the ones which 
it is proposed to represent graphically. It is evident that 
A and Zo(G,,,-F Yok) will be represented by the same fam-
ily of curves, which will also apply to Y1/ Ygk with a sim-
ple change of axes. Fig. 3 shows the two families of cir-
cles which represent the vector quantity Yi/Yuk as the 

Fig. 3—Loci of Yi/ Ka=1—(111 -Ft) as a and 13 vary. 

components of t (a and (3) vary. That they are circles 
may be shown by manipulation of (12). 
Returning to the function 

1 
—rp + Yk 

Gm ± 179k 

1 +   

r„ 

Gm + IT  it may be seen that a will not ordinarily be negative, as 
O; 

or  that would require both a fairly large value of Ygk, and 
A  also that the reactive components of Yk and Yak be of 

Zo =   G + (9) opposite sign—in other words, incipient series reso-
nance between Yk and Ygk. Besides, the diagrams are 

Gain, input admittance, and output impedance may  most useful when a and (3 can be computed very simply 
now be expressed in nondimensional forms, as functions  from the circuit constants, as can be done for many cases. 
of the nondimensional quantity  Fig. 4 shows the loci of Fig. 3 for non-negative a. If the 

1  components of Yk are: 
— + Yk 
r,  1 

Yk  ibk, 
rk Gm + Yak 

(14) 
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Fig. 4—Loci of Yi/ l',k= 1 — (1 /1 -Ft) for non-negative a. 

then 

t= a+ j0 = 

where 

RA 

rt, rk 

1  1  1 
jbk    jbk 

Rk 

Gm + Yak  Gm + Yak 

1  1  1 
= —  — •  (16) 

(15) 

r„  rk 

If Y gk may be neglected in the sum Gm+ Y„k, as is often 
the case, 

a = 

0 = 

1 

RkG„, 

bk 

Gm 

(17) 

(18) 

When (17) and (18) apply, the circle diagrams are very 
convenient, since the circles represent directly the com-
ponents of cathode admittance. If Y„k is small, but not 
small enough to be neglected entirely, simple corrections 
may be applied to the values of a and /3 given by (17) 
and (18). Let 

Yak = gait + Oak. 

Then the corrected value of Gm is 

(Gm)corrected = G m +  g plc 

and, approximately, 

1  bk 
  -- - 

RkGm)oorreeted  RkG„,   ( 1  

(19) 

(20) 

with variation in the components of cathode load. Next, 
the derivation of a circle family which expresses the 
variation of these properties with transconductance will 
be indicated. To this end, (7) may be written in the fol-
lowing forms, neglecting Ygk in the sum Gm+ Y. as be-
fore: 

1 

1 
1 +   (1 + jbkRk) 

RAG„, 

1 
= 1  (23) 

1 + bk (  1 +j) 
Gm bkRk 

The nondimensional variables are now bkRk and either 
RLG„, or bk/Gm. With bkRk as parameter, either of the 
forms of (23) generates the family of circles shown by 
Fig. (5). If bk and Rh are fixed, then moving along a con-
stant bkRk circle can only represent a change of trans-
conductance: the value of Gm at each point is given by 
either the RkG„, or the bk/Gm circle at the point. 

Fig. 5—Loci of Ya Yek with bkRk constant. 

Before proceeding to specific circuits, a convenient 
form for RkG„, may be developed: 

(21)  RkGm   (2-1) = 
r, + rk)\ rpj 

( bk  bk  1  bgk 
(22) 

\ Gm /corrected  Gm RkGm Gm 

The right-hand sides of (21) and (22) should make use 
of the corrected value of Gm as in (20), but this correc-
tion is rarely of importance and was not used. If 
1/RkG„, and bk/Gm are of the same order of magnitude, 
both corrections ((21) and (22)) may either be used or 
neglected, depending upon the mac-nitude of bat/Gm. If 
one of the components of cathode admittance is much 
smaller than the other, however, only the smaller one 
may have to be corrected. 
Thus far circle families have been derived which ex-

press the variation of the cathode-follower properties 

r, 
1 — 

If, as is usually the case, Y ak is capacitive, 

Yi 1/1 
=   

and, therefore, 

Yak  :lc C gk 

Y1  

coCok  Yu,/ 

from which it follows that a circle family for Y,/wCok can 
be obtained by rotating Fig. 4 90° counterclockwise, as 
shown by Fig. 6. For the general case, 17 17k =  I Y Ok I L° 
therefore, 

rk 

(24) 

(25) 
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and 

INPUT SUSC C 

Cgk  C k 
CAPACITIVE CATHODE  INDUCTIVE CATHODE 

SUSCEPTANCE  SUSCEPTANCE 
10 

-0.5 

INPUT COND.  

+0.5  id CO 

Fig. 6—Loci of 114/6.,C9k when Yok=j0.+Cok. 

vs  vi 

Y uk = 1170,1M 

Yi (Yi 

IYak I  gk)L°. 
(26) 

Therefore (see Fig. 7) the circle family for Yi/ I Yoh I is 
produced by rotating Fig. 4 counterclockwise through 
the angle 0. 

C4o40/),  

az. 

C4)., 

INP SUSC  

I Y9k I 

/No 

se,so  

Fig. 7—Loci of I'd I Yoki• 

INP COND. 

11'0 I 

The locus of gain and output impedance is the same 
for all these cases, being simply a function of E. In con-
nection with output impedance, it may be seen from (9) 
that an approximate form for Zo is 

A 
Zo = — 

G„, 
(27) 

if Yoh is small compared to G.. Fig. 8, the diagram pro-
vided for purposes of computation, has axes for purely 
capacitive grid-cathode admittance, since that is the 
usual case, and for gain; other cases are covered by 
changing axes. Since the diagram represents Yi/coCok, 
the ordinate is equal to 

input susceptance  coCi Ci  = 
AOC gk Cgk 
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-0.4i , 

QU. ..0A9F.k.PAT0UR; 
, . . 

,. 

-., . • 
a 

1 . 
0C207rOolitslins-i_' 

' . • 
1 

. 
_ 

0- • 
.1)-' 
= 0 

• 

1 1 
t ___,I• 
I 

_  4-,---7-5 ; 
44, 

, 
1 

4:1!'/', 
?all ../ 

i%,---- >,,c(5 
'̀:;414,X 
• , 
0, 0.) 

04 

• 

ty \ n 5 cC) 

-4. -0-- 

0 
_L4 

'I /011, vess•ii 

. 4 

.,leaswiat..A.:0•,;ati,\:• ifiiiiii-t: 
,!figqiitro 

,4 10 1/40,,, 
/Pao w 1ii 4,41 

./.474i t.,&.4,,4menetit 

,,, 4‘,.6,.'• InallialD ._,,u 
.6--  *-

i 

• - 
r'i 1 

" P 

-' . 
-4" 

bopp,...1.0.4y. 
lit-Sli 

10,1W 
00 k W -O. / 
4W1 

- 
t# 

IN  A N.k.,ItrAinill . 
-46.404-WV  

.. mispiriii  h a 
-ig 

Pon  Cr) 

-X • 
c, 0 

0.8 t(04 

-1°- A 
6•61 42‘  • , 24,%Aboilliv,,,,_ 

4. 
.e# -v-4* 
'N 

• 

: • z 

ow Fe 

IN akv 
v • kwAvirow 

.-h- in/F/1'4*r'  
sor,it _..la .....1 

Atia--,mw  

.., i A. 400/ii. 0 ----c---1-°  3 0  

6 

Ic -3  
H  

1 

61 . 

,) Ae• 

Ili Wii; OF FAILI MAi r yi rl y 

5. , ' 

. 1 
, , , 1 

: I 1'1 a'',....ttW 4,- ..-• 

-06 

_ 

-0.4 ' -0? 
. 

' 0 
_npur Concluctorce 

02 0-41 4_ 1 13_6 1 -1-1. I 
- 4- 

J. i___W__Csus._-

Fig. 8—General cathode-follower circle-diagram family. 

where C, = input capacitance. The value of input resist-
ance, either positive or negative, is the reciprocal of in-
put conductance. 

THE CATHODE FOLLOWER AS AN OSCILLATOR 

For purely capacitive grid-cathode admittance, Fig. 6 
indicates that the input conductance will be negative if 
the cathode circuit is capacitive. Thus the possibility of 
maintaining oscillation in the grid circuit is suggested. 
Such a circuit is, of course, nothing more than a Colpitts 
oscillator, as has been pointed out before.' 
Adding a conductive component to the grid-cathode 

admittance (see Fig. 7 for 0 = 0) adds to the input capac-
itance (assuming the cathode circuit capacitive) and 
adds a positive component of input conductance, both 
of which are undesirable in an oscillator design—though 
this method might be used in atempting to avoid oscil-
lation. This effect also shows how grid current may limit 
the amplitude of oscillation in a circuit of this sort. In 
further discussion of cathode-follower oscillators, then, 
it will be assumed that any grid-cathode coupling is 
purely capacitive. The left half of Fig. 6 is, therefore the 
area which results in negative input conductance. 
For fairly low frequencies, at which the possibility of 

maintaining oscillation at all is not a limitation, there is 
a wide choice of operating conditions, corresponding 
to various subareas of Fig. 6. This choice will be influ-
enced by such factors as: 
1. Whether or not power is to be taken from the cir-

cuit, and if so, the impedance level required. 
2. The point from which voltage or power is taken. 

The cathode has the advantage here, since the output 
circuit is not directly coupled to the tuned circuit. Small 
voltages might also be taken from the plate, across a 
small impedance (compared to rp) in the plate circuit. 
3. If voltage is required, the magnitude of output 

voltage. 
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4. The factors against changes of which it is desirable 
to provide frequency stabilization. Subarea A (Fig. 6) 
will stabilize C, against changes in Ck, Rk, and Gm, but 
not against Cpk. The output impedance and voltage will 
be low. Subarea B will stabilize Ci against changes in Ck, 

Rk, Gm, and Cpk. The output impedance and voltage will 
be high. It is worth while to note here that the input 
capacitance due to C ok and Ck can be made very small 
(see Fig. 8 and also the algebraic analysis of the cath-
ode-follower oscillator which will follow), and in particu-
lar much smaller than CX,k/Ck-FC,k, which is the 
equivalent series capacitance of the two. This conclusion 
may be restated: In a Colpitts oscillator, the tuning ca-
pacitance contributed to the tank circuit by the volt-
age-dividing capacitors is not equal to their equivalent 
series capacitance, and may be much less. 
At frequencies for which coGgk becomes comparable to 

Gm, the circle method requires the approximate correc-
tions of (21) and (22), and possibly the exact solution of 
(15) for a and 13; for such cases, therefore, an algebraic 
analysis of (7) is in order. This can be accomplished 
fairly easily if 

1  1  1 
= 

Rk  rp  rk 

can be neglected in the sum 1/r9+ Yk; that is, if the 
cathode circuit is predominately reactive. If so, (7) be-
comes, for capacitive cathode and grid-cathode admit-
tances, 

= jwC gk 
1 

1 + 
jaCk 

From which the following expressions are derived: 

input conductance 

Gm + jwC„k 

— G mCk Cpk 

(Ck  Cpk) 2 

input capacitance 

CkC k 

Ck  Cpk 

1 

1 

(28) 

(29) 

1 -F  Gm 12  (30) 

[ to(Ck  C,,k) 

negative input conductance  Gm 

input capacitance  Ck  Cpk 

Equation (31) can be considered a high-frequency figure 
of merit for a cathode-follower oscillator, since the larger 
the ratio of negative input conductance to input capaci-
tance, the higher in frequency it will be possible to main-
tain oscillation. An expression for input resistance fol-
lows from (29): 

— (Ck  C,k)2 [  12) 
Ri =  (1 

G„,CkCok  co(Ck  C,k) 

(31) 

For a given Gm, —R, will be a minimum if 

Gm 

W(C k  C k) 

under these conditions, we have' 

0, and Ck = C,k; 

4 
Rr)min = —G . • (33) 

The problem arises next of producing the required nega-
tive resistance with a minimum of input capacitance. 
Equation (31) shows that, for a given Gm, this condition 
corresponds to making Ck-FC9k a minimum. Equation 
(32) can be solved for Ck-FC9k: 

Ck-FC,k 

Ck(—R,)G ±  Ck2(—ROG,,,[(— ROG.-4]— 4 ( N2 

2 

Using the minus sign before the radical for the smaller 
value of Ck+ C,k, and setting 

d(Ck  C9k)  
= 0, 

dCk 

we have 

COCk  gk  1 

G.  Gm _  
(34) 

The input susceptance corresponding to these values is 

2 
c,C; —   

(— R,)\/(— ROG,. — 4 
(35) 

Therefore, Ck should equal Cpk, both having the value 
given by (34). Equations (34) and (35) indicate that the 
minimum negative-input resistance obtainable with a 
given Gm is 4/G„„ confirming (33). 
At frequencies for which co(Ck+ C,k)>>G„„ the nega-

tive-input resistance approaches (Ck-FC,k)2/G„,CkC,c, 
and the input capacitance approaches CkC,k/Ck+Coc, 
these being a minimum and maximum, respectively, 
with respect to frequency. If Ck = Cpk, these asymptotic 
values become 4/G„, and Ck/2, respectively. 
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A Note on Frequency Transformations for 
Use with the Electrolytic Tank* 

W. H. HUGGINSt, ASSOCIATE, I.R.E. 

Summary—Two frequency transformations are described which 
transform the circular electrolytic tank described by Hansen and 
Lundstrom into rectangular and elliptical tanks, respectively. 
The rectangular tank is particularly suited for simulating highly 

damped circuits where response extending over many octaves in fre-
quency is desired. Furthermore, the co-ordinates of the tank may be 
calibrated directly against "logarithmic frequency" and dissipation 

factor, respectively. 
The elliptical tank is particularly adapted to representation of 

band-pass circuits having characteristics which are geometrically 
symmetric about a center frequency. Not only does this transforma-
tion expand the scale of the tank and increase its accuracy, but the 
geometrical relationships between the pole electrodes for simple 
resonant circuits become substantially independent of the relative 
bandwidth. 

THE SEMICIRCULAR TANK 

JU T WILL BE assumed that the reader is familiar with 
the representation of rational functions in terms of 

  complex poles and zeros,'.' and also with the poten-
tial analogue of these functions.* Although Hansen and 
Lundstrom discuss a circular electrolytic tank, it is im-
portant to realize that a semicircular tank will suffice in 
studying physical networks, since all poles and zeros will 
either be located upon the imaginary-frequency (real-p) 
axis or be distributed in "conjugate" pairs symmetri-
cally about it. Since the semicircular tank is taken as the 
basis of the two transformations herein described, it 
seems advisable to illustrate this property with a simple 
example. 

Fig. 1—Simple resonant circuit. 

We consider the simple resonant circuit shown in Fig. 
1. If this circuit were used as the plate load in an ampli-
fier, the gain would be proportional to the impedance 
Z. 

1 
=  j 

0. 

C (co — co+)(co — co-) 
(1) 
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where 

co+ = ca0/0, 

= Cs)0/7 0, 

0 = sin-1 d/2, 

1 
WO—   the resonant frequency 

N/LC 

IC 
M= 4/— the characteristic admittance 

d= -1  the dissipation factor. 

In the circular tank, the circuit impedance given by (1) 
would have "pole" electrodes at co+ and co-, and a "zero" 
electrode at the origin (i.e., at the conducting rim of the 
tank), as shown in Fig. 2. It is of interest to note that 
the radial distance of either pole from the origin is equal 
to the resonant frequency of the circuit, and the vertical 
displacement from the real-frequency axis is exactly 

Fig. 2—Representation of the circuit of 
Fig. 1 on a circular tank. 

equal to one-half of the 3-db bandwidth of the circuit. 
Thus, if the loading conductance were increased, both 
poles would move upward along a circular locus of con-
stant radius wo. For critical damping, both poles would 
be coincident on the imaginary-frequency axis at jwo, 
and the real frequency of oscillation would be zero. 
But, regardless of the damping, symmetry will always 

be maintained between the right and left halves of the 
tank and no current will cross the imaginary-frequency 
axis. An insulating partition may, therefore, be inserted 
along this axis and, once this partition is in place, the 
left half of the tank may be removed entirely without 
upsetting in any way the potential field in the right half. 
In one sense, the insulator strip simulates by reflection 
the fields that would result from the poles and zeros 
located in the left half-plane. 
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A little consideration of the circular tank will show 
that only half of the current from any electrode lying 
along the imaginary-frequency axis or at infinity (i.e., 
at the outer boundary) will flow into the right half-
plane. Therefore, in using the semicircular tank, all 
boundary electrodes should be fed with only half the cur-
rent that would be used for "internal" electrodes. With this 
adjustment, the fields in the semicircular tank should 
be identical with those obtained in the circular tank 
with the advantage that only one-half as many "inter-
nal" electrodes are required and the tank may be made 
smaller physically. 

THE LOGARITHMIC TRANSFORMATION Z = In CO 

If a semicircular tank in the co plane is transformed 
conformally onto a z plane, where z = ln co, it is found 
that a pole located at co+ =coo/sin-W/2 corresponds to a 
pole on the z plane at 

x = in co, 

y = sin-, d/2. 

(2) 

(3) 

Hence, the entire right half of the co plane is trans-
formed onto a strip in the z plane lying between y =r/2 
and y= -r/2. The semicircular tank therefore trans-
forms into the rectangular tank shown in Fig. 3. The 
top and bottom walls are made of insulating material 
to simulate by reflection the poles lying in all other pe-

DISSIPATION 
FP.C.TOR. 

t. 
•  

0.1 10 

RELATIVE  FREQUENCY,  1(41 

Fig. 3—Rectangular electrolytic tank. 

e 
100  at 

nod strips (the value y given by (3) is multivalued), and 
the end pieces are conducting strips to simulate the cir-
cular equipotentials near zero and infinite frequencies. 
The structural advantages of such a rectangular tank 

are obvious. It possesses the added advantage that the 
bottom of the tank may be calibrated directly in rec-
tangular co-ordinates which show the resonant fre-
quency and dissipation factor corresponding to each of 
the electrodes. 
The outstanding electrical advantage of the rectangu-

lar tank is that the logarithmic frequency scale enables 
one to measure characteristics that extend over a very 
large ratio in frequency. It is, therefore, particularly 
well adapted for studying broad-band circuits in which 
the asymptotic behavior at high or low frequencies may 
be of interest. For this same reason there is little need 
for finite-boundary corrections, since the equipotentials 
very rapidly become parallel to those at infinity and 

zero. For example, the addition of a single decade on the 
end of the rectangular tank is equivalent to increasing 
the size of the circular tank by 10 times! 
The rectangular tank also provides a "feel" and an 

understanding of the asymptotic behavior of network 
functions. To illustrate, the low-frequency response of a 
simple R-C coupling circuit is 

A = 
co 

co - ja 

This gain function has a pole at co =ja=j(1/RC) and a 
zero at the origin. Since the imaginary-frequency axis 
corresponds to a dissipation factor of 2, a "pole" elec-
trode is inserted along the upper rim of the tank at 
co =1/RC and a "zero" electrode is attached to the left 
end of the tank. Assuming that a =10, the potential dis-
tribution along the central-frequency axis would be 
found to vary as shown in Fig. 4. 
Fig. 4 also illustrates the method of calibrating the 

tank. Since there is a zero at the origin, the gain must 
ultimately decrease linearly by 20 db per decade de-
crease in frequency. Hence, for making the initial cali-

ZE    

iPOL I 
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0 k 

v.)LL 

== 0  0 I  /0  /00 
RELATIVE FREQUENCY, 1.-01 
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00 De/DECADE 

-60 

Fig. 4—Representation of the simple R-C coupling circuit in the 
rectangular tank. The gain characteristic is the plot of potential 
along the center axis of the tank. 

/00 

(4) 

bration, a pole may be attached to the right edge of the 
tank, a zero to the left edge, and the current and probe-
voltmeter sensitivity adjusted to give a voltage deflec-
tion of 20 units per decade motion in the middle region 
of the tank. Once this calibration has been made, it 
should in no way be affected by the addition of other 
pole and zero electrodes, and the probe voltmeter will 
read directly in decibels. It should be recalled, however, 
that, since the pole and zero were on the boundary, the 
current thus calibrated is one-half the value that would 
be used for electrodes not on the boundary of the tank. 
It is of considerable practical value that the sum of 

the "straight-line" asymptotes will yield a very good ap-
proximation to the actual characteristic, provided the 
corners are rounded off by 3 db. As an illustration, sup-
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pose that low-frequency compensation were added to 
the R-C coupling network represented in Fig. 4. In terms 

cs, 

5--Low-frequency cot pling network. 

of the circuit parameters shown in Fig. 5, this com-
pensated network will have poles at 

and zeros at 

1 

= j RGC a' 

= 0, 

1 
62 =    

FL, F 

1  1 
Co 2 = j [ R LCF. RFCF]• 

For a somewhat over-compensated case, the response 
would appear as shown in Fig. 6. Note that by placing 
CO2 on top of (.14 the network would behave exactly as a 
simple R-C circuit with a time constant 10 times that 
shown in Fig. 4. 

A  

ce 0  01  1  10  /00 
RELATIVE FREQUENCruil 

Fig. 6—Low-frequency-compensation circuit. The potential plot 
shows individual asymptotes as broken lines, and the sum of 
asymptotes and actual characteristic as heavy lines. 

THE BAND-PASS TRANSFORMATION Z =co —1/co 

\\Then the desired function F possesses symmetry 
about some "center" frequency, which in this discussion 
will be normalized to unity so that F(w) I =I F(1/(01, the 
transformation z =w —1/w may be used to achieve a 
further reduction in the number of electrodes required 
to represent the function. Thus, by means of this trans-
formation, a stagger-tuned amplifier having n circuits 
in each group may be represented concisely by n/2 
electrodes in the semielliptical tank, whereas the same 

representation in an unmodified circular tank would re-
quire 2n+1 electrodes. 
Consider a pole in the w plane located at wi = wt -i-jut 

=wo/O. On the z plane, this pole will be located at 

zj=x1+jy1 where 

or 

Zi = (wt  jut) 

+ jyi =  [1 

1 

(wi ju i) 

1 
21,12 +  iii 2 

1 

Wt2 -i- 1412] 

1 

=  [WO —  COS 0 +  [WO ± 
0.) 

(5) 

sin O.  (6) 

Equation (6) shows that, for poles located at frequencies 
of magnitude considerably greater than the "center" 
frequency, the transformation has little effect, and that 
,x1̂-zvi and yi uj. The transformation maps all points 
of the w plane lying inside of the unit circle (shown as a 
broken line in Fig. 7) onto the left half of the z plane, 

INSULATOR 

• 
CONDUCTING RIM 

E G 

Fig. 7—The transformation of the "semicircular" tank into an 
"elliptical" tank by means of Z=w—(1/(o). 

and it transforms the circumference of this circle onto 
the imaginary axis of the z plane. Further consideration 
will show that each point on the z plane corresponds to 
two points on the w plane, one inside of the unit semi-
circle and one outside of the unit semicircle. To resolve 
this ambiguity, we chose the Riemann surface corre-
sponding to the positive radical sign, 

2 

(7) 

and we simulate electrically the required branch cut by 
inserting into the elliptical tank two insulator partitions 
as shown in Fig. 7. 
Now, when the function to be represented possesses 

geometric symmetry in the w plane, it will have arith-
metic symmetry in the z plane about the axis ABFG of 
Fig. 7. It is then possible to extend the insulator com-
pletely across the elliptical tank and to remove the left 
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half without disturbing in any way the potential field in 
the remaining right half of the tank. The semielliptical 
boundary is so nearly circular that a semicircular tank 
could probably be used without appreciable error. In 
fact, because of the two-times expansion of the scale 
near the center of the z plane, it is probable that a semi-
circular tank used in this way would yield more accurate 
results than if used to represent the co plane. It must, 
however, be recalled that any pole or zero lying along 
the unit circle in the co plane will be transformed onto 
the boundary of the semielliptical tank, and that these 
pole or zero electrodes should therefore be fed with one-
half of the normal current, for reasons previously dis-
cussed. 
It should be mentioned parenthetically that this par-

ticular transformation also possesses considerable utility 
in the analytic study of amplifiers having tuned circuits 
of the type shown in Fig. 1. The principal advantage is 
due to the fact that, since only the poles remain on the 
finite part of the z plane, the response of a symmetrically 
tuned amplifier having n staggered stages is character-
ized by an nth degree polynomial P. in (z/a) (where a 
is the normalized bandwidth) instead of by a rational 

fraction. It may be shown that, for "flat-flat" response 
of the Butterworth type, 

P. = 1+ (z/a) 2̂,  (8) 

while for maximum selectivity and bandwidth, con-
sistent with an allowable tolerance e in the gain within 
the pass band, the polynomial will be 

= 1 + eT2.(zIa)  (9) 

where T2„ is the Tchebyscheff polynomial of degree 2n. 
These relations will be valid regardless of whether the 
desired bandwidth is small or large compared to the cen-
ter frequency. Thus, it is found that the electrodes rep-
resenting a "flat-flat" amplifier will all be located 
equally spaced upon the circumference of a circle having 
a radius equal to the normalized bandwidth a. For 
Tchebyscheff overstaggering, these poles will lie on an 
ellipse whose foci correspond to the real frequencies at 
the edges of the pass band and whose eccentricity is re-
lated to the gain tolerance e.4 

4 Richard F. Baum, "Design of broad-band i.f. amplifier, Part 
II," Jour. Appi. Phys., vol. 17, pp. 721-730; September, 1946. 
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ACOUSTICS AND AUDIO FREQUENCIES 

534.41  321 
Industrial Stethescopes —(Overseas Eng., 

vol. 20, pp. 388-389; July, 1947.) A commercial 
sound-detecting instruinent for locating and 
comparing noises in machinery or detecting 
flow in or leakage from water mains, etc. Two 
forms are available, one for testing external 
sound when direct contact with the test part is 
impossible and the other for contact applica-
tion. 

534.75  322 
Monaural Problems of Hearing—H. Mol. 

(Tijdschr. ned. Radiogenoot., vol. 12, pp. 165-
181; September, 1947. In Dutch with English 
summary.) Discussion of the action of the ear, 
and the way in which musical pitch is per-
ceived. 

534.78:621.395.61/.62  323 
The Design of Speech Communication Sys-

tems —L. L. Beranek. (PRoc. I.R.E., vol. 35, 
pp. 880-890; September, 1947.) "A method is 
presented for calculating the ability of a com-
munication system to transmit speech intelligi-
bly in the presence of noise." 

621.395.61/.62  324 
Proposed Method of Rating Microphones 

and Loudspeakers for Systems Use —F. F. 
Romanow and M. S. Hawley. (PRoc. I.R.E., 
vol. 35, pp. 953-960; September, 1947.) The 
ratings are based on the ratios (in db) of the in-
put, output and/or available powers. The over-
all sound rating of a system consisting of a mi-
crophone, input coupling network, amplifier, 
output coupling network, and loudspeaker is 
obtained by addition of the individual ratings. 

621.395.623  325 
Insertion Effects and Transfer Coefficients 

of Electroacoustic Systems —R. Stadlin. (Tech. 
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Engineer, Dorset House, Stamford St., London S. E., England. 

Mitt. Schweiz. Telegr.-Teleph.-Verw., vol. 25, pp. 
133-143 and 187-194; August 1, and October 
1, 1947. In German.) 

621.395.623.75: 518.4  326 
The Design of Acoustic Exponential Horns 

—(Electronic Eng. (London), vol. 19, pp. 286-
287; September, 1947.) Graphs from which the 
dimensions of horns of square or circular cross 
section may be determined for a given cutoff 
frequency. 

621.395.623.8+621.395.97  327 
Music Transmission System, with Individ-

ual Programme Selection, for Hospitals, Sana-
toria, Hotels and Apartment Houses —E. Bent-
ler. ( Tech.  Mitt.  Schweiz.  Telegr.-Teleph.-
Verw., vol. 25, pp. 194-199; October 1, 1947. In 
German.) 

621.395.625.2+621.396.621+621.395.623.8 
328 

Portable Recorder-Player—J. G. Karnath. 
(Radio Craft, vol. 18, pp. 20-21, 65; August, 
1947.) A combined recording unit, record 
player, radio receiver, and public-address sys-
system. Records can be cut at either 33 and one 
third or 78 r.p.m. and all recordings may be 
monitored by a volume-level indicator on the 
control panel. Full circuit details are given. 

621.395.625.3  329 
Magnetic Tape Recorder for Movies and 

Radio—R. H. Ranger. (Electronics, vol. 20, pp. 
99-103; October, 1947.) Response is flat within 
4 db from 32 c.p.s. to 9.6 kc. Circuit diagrams 
are included and design considerations dis-
cussed. A device simplifying editing of the re-
cording is also described. See also 20 of Febru-
ary. 

AERIALS AND TRANSMISSION LINES 

621.315.212  330 
Broad-Band Noncontacting Short Circuits 

for Coaxial Lines: Part 1—TEM-Mode Char-
acteristics — W. H. Huggins. (Pa m. I.R.E., vol. 
35, pp. 906-913; September, 1947.) Discussion 
of the design of an S-type noncontact plunger 
which will present an effective short-circuit to 
the TEM mode in a circular coaxial line over a 
frequency range of 3 to 1 or more. Equations 
showing the relation between the power loss 
and the physical shape of the plunger are de-
rived and their application to a practical design 
is demonstrated. 

621.315.212  331 
The Capacity per Unit Length and Charac-

teristic Impedance of Coaxial Cables with One 
Slightly Non-Circular Conductor —P. Parzen. 

(Jour. Appl. Phys., vol. 18, pp. 774-776; Au-
gust, 1947.) 

621.392.029.64+621.317.763+621.396.616 332 
The Transverse Electric Modes in Coaxial 

Cavities—R. A. Kirkman and M. Kline. (PRoc. 
I.R.E., vol. 35, pp. 931-935; September, 1947.) 
Discussion on 888 of 1946. 

621.392.029.64  333 
The Propagation of Damped Hom Waves 

near the Limiting Frequency —A. Kach. ( Hely. 
Phys. Ado, vol. 20, pp. 341-356; August 4, 
1947. In German.) Calculations of propagation 
in hollow metal conductors give incorrect re-
sults if losses in the tube walls are not taken 
into account. Formulas are derived, for tubes of 
rectangular cross section, which have general 
application and include a formula for the damp-
ing at the limiting frequency. Above and below 
this frequency the expressions agree with those 
given by other authors. See also 1328 of June 
(Kuhn). 

621.392.029.64  334 
Slow Transverse Magnetic Waves in Cylin-

drical Guides —G. G. Bruck and E. R. Wicher. 
(Jour. Appl. Phys., vol. 18, pp. 766-769; Au-
gust, 1947.) Because of the complex shapes 
given to waveguide walls by devices incor-
porated to reduce the phase velocity, calcula-
tions of the field pattern are inexact and compli-
cated. 

These calculations become easy and exact 
if, for theoretical purposes, the well-known 
equivalence of true and simulated dielectrics in 
producing a slow field is used. 
Lining the guide walls with a natural dielec-

tric might also prove to be a useful practical 
method of reducing the phase velocity. 

621.392.029.64:621.315.68  335 
Design of Simple Broad-Band Wave-Guide-

to-Coaxial-Line Junctions —S. B. Cohn. (PRoc. 
I.R.E., vol. 35, pp. 920-926; September, 1947.) 
Bandwidths greater than 2 to 1 with voltage 
s.w.r. of less than 2 are obtained. The theory of 
the designs and detailed mechanical drawings 
are given. 

621.392.029.64: 621.396.662.3  336 
Lattice Filters for Decimetre Waves —Sem-

enov. (See 387.) 

621.392.1:621.3.012.2  337 
Transmission-Line Calculations: Use of Im-

pedance Circle Diagrams — W. C. Vaughan. 
(Wireless Eng., vol. 24, pp. 314-322; Novem-
ber, 1947.) A simplified approach for the benefit 
of engineers with limited mathematical experi-
ence and mainly practical needs. Both the Car-
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tesian and polar forms of circle diagram are 
considered. Proofs of constructions used are in-
dicated; these assume little more than a knowl-
edge of elementary geometry. A comprehensive 
account of circle diagrams was noted in 1031 of 
1945 (Jackson and Huxley). 

621.392.2:538.56  338 
On the Electromagnetic Theory of the 

Lecher Line and Some Related Problems — 
J. Oswald. (Onde Elec., vol. 27, pp. 330-340; 
August-September, 1947.) The problems of the 
Lecher line and the coaxial cable are identical 
and can be treated similarly. The only differ-
ence comes from the fact that, for the Lecher 
line, it is not possible to find a proper wave cor-
responding to a transverse electric or trans-
verse magnetic solution. These waves of higher 
order do exist, however, as in the coaxial cable, 
but they are complex and do not constitute 
natural solutions of the type F(x)G(y) exp 
:7( 01— 7s). For the coaxial cable, these higher 
order waves are of the type .1.(K,) cos ne exP 
./(ag- 11). 

On the other hand, the ordinary solution of 
type TEM is very simple and is conveniently 
treated by using the natural coordinates ob-
tained by means of two systems of orthogonal 
circles. This system of coordinates is useful for 
all problems of electromagnetism where the lim-
iting surfaces are circles, or arcs of circles, of the 
same system. Some examples of such problems 
are discussed, including the propagation along a 
cable with inner and outer conductors not con-
centric, and the radiation of a split cylinder. 

If, as seems logical, the problem of the 
Lecher line is treated as a particular case of the 
general problem of guided waves, the line equa-
tions and constants, and the propagation con-
stant, are obtained directly from the conditions 
at the limits, thus showing the close connection 
which exists between these quantities and the 
electromagnetic field. 

621.392.43:621.317.3  339 
Precision Measurement of Impedance Mis-

matches in Waveguide —Pomeroy. (See 468.) 

621.396.67  340 
An Electromagnetic Radiation Formula — 

G. Goudet. (Onde Elec., vol. 27, pp. 313-317; 
August-September, 1947.) Asymptotic devel-
opment of the formulas of Kottler gives a radia-
tion formula which enables the effect produced 
at great distances by an aerial to be determined 
easily if the field distribution on a surface sur-
rounding the aerial is known. The formula is 
particularly useful for centimeter X aerials, 
horns, dielectric and slot aerials, etc. The for-
mula also has applications in optical diffraction. 

621.396.67  341 
Recent Theories of the Aerial —E. Roubine. 

(Rev. Tech. Comp. Franc. Thomson- Houston, 
pp. 5-45; July, 1947.) Reprint of a series of ar-
ticles in Onde Elec. See 2676 of 1947 and back 
references. 

621.396.67  342 
Circularly Polarized Antennas — W. Sichak 

and S. Milazzo. (Elec. Commun. (London), vol. 
24, p. 273; June, 1947.) Summary of I.R.E. 
Convention paper. A formula is derived which 
gives the variation in received voltage as an el-
liptically polarized aerial is rotated in a plane 
transverse to the direction of propagation of an 
incident elliptically polarized wave. If ellip-
tically polarized aerials are used, some signal 
will always be obtained, but two cases are noted 
in which there will be no signal with a circularly 
polarized aerial. Some methods of obtaining 
circular polarization are discussed. Experi-
mental results confirm the theory. 

621.396.67  343 
Radiating  Slit  Systems —J.  N.  Feld. 

(Compt. Rend. Acad. Sci. (U.R.S.S.), vol. 53, 
pp. 615-618; September 10, 1946. In English.) 
Continuation of a paper on radiation through 

narrow slits in systems with axial symmetry, 
published in Corn pi. Rend. Acad. Sci. (U.R.S.S., 
vol. 51, no. 2; 1946. Here the potential differ-
ence between the edges of the slit is variable, 
and the slit is cut in the surface of a thin per-
fectly conducting ellipsoid of revolution. The 
field is excited from within by a linear con-
ductor carrying a given current and shaped so 
that intense radiation through the slit occurs. 
Field equations are derived, and the relation-
ship between slit aerials and the "dual" wire 
aerials is considered briefly. See also 2548 of 
1946 and 1335 of 1947 (Booker). 

621.396.67: 621.396.97  344 
The Broadcast Antenna —H. P. Williams. 

(Jour. Brit. I.R.E., vol. 7, pp. 140-155; July-
August, 1947. Discussion, pp. 155-156.) A dis-
cussion of the factors determining the radiation 
along the ground from medium-wave aerials 
and their fade-free radius of transmission. 

The possibility of using slot aerials in the 
form of trenches or as a suspended system of 
wires is mentioned. 

621.396.67.029.62  345 
An Antenna that Multiplies by 50—J. A. 

Kmosko. (QST, vol. 31, pp. 50-53; September, 
1947.) An array of 12 X/2 elements fed in phase, 
six broadside and two high, with 12 reflectors 
spaced X/4 behind the driven elements. Imped-
ance and gain measurements are described and 
the beam pattern is given. The array is suitable 
for 144 Mc. or higher frequencies. 

621.396.671  346 
Method of Determining the Characteristic 

Reactance of Thin Aerials—M. L. Levin. (Bull. 
Acad. Sci. (U.R.S.S.), sir. phys., vol. 11, no. 2, 
pp. 117-133; 1947. In Russian.) 

621.396.671: 621.396.611.33  347 
The Matching Ranges of Transmitters — 

Mourmant. (See 595.) 

621.396.674:621.314.2  348 
A Note on Coupling Transformers for Loop 

Antennas —Kobilsky. (See 354.) 

621.396.679.4t  349 
On the Efficiency of HS. Feeders —A. R. 

Vol'pert. (Radiotekhnika, (Moscow), vol. 2, pp. 
22-24; September-October, 1947. In Russian.) 

621.392.029.64  350 
The Principles and Practice of Wave 

Guides [Book Reviewl —L. G. H. Huxley. 
Cambridge University Press, London, 328 pp., 
21s. (Wireless Eng., vol. 24, p. 344; Novem-
ber, 1947.) The first of a new Cambridge series 
on "Modern Radio Technique," edited by J. A. 
Ratcliffe. It is based on courses given by the 
author at the Radar School of the Telecom-
munications Research Establishment, and pro-
vides an introduction to the great practical 
war-time developments in the use of wave-
guides. 

CIRCUITS AND CIRCUIT ELEMENTS 

621.3.012.2:621.392.1  351 
Transmission-Line Calculations: Use of Im-

pedance Circle Diagram —Vaughan. (See 337.) 

621.3.015.3:517.36  352 
Oscillations and Transient Phenomena. 

Their Study by Means of the Laplace and 
Cauchy  Transformations—Bou thil Ion.  (See 
458.) 

621.3.032.24: 621.316.722  353 
Diode Contact Potential for Negative Bias 

—H. T. Sterling. (Electronics, vol. 20, pp. 164, 
172; October, 1947.) Discusses the use of con-
tact potential as a source of bias in high-gain 
audio amplifiers, in the r.f. and if. stages of re-
ceivers and in automatic gain control circuits. 

621.314.2:621.396.674  354 
A Note on Coupling Transformers for Loop 

Antennas —M. J. Kobilsky. (Paoc. I.R.E., vol. 
35, pp. 969-973; September, 1947.) A theoreti-
cal analysis. For optimum signal-to-noise ratio, 
the loop inductance should equal the primary 
inductance; general expressions for sensitivity, 
gain, and selectivity are derived for this opti-
mum condition assuming that circuit noise lim-
its the sensitivity. See also 1683 of 1943 (Levy) 
and 2590 of 1944 (Bond). 

621.316.727  355 
Compensation of Phase Shift at Low Fre-

quencies—F. McGee. (Elec. Commun. (Lon-
don), yd. 24, pp. 270-271; June, 1947.) Sum-
mary of I.R.E. Convention paper. Discussion of 
a method for simultaneous correction of phase 
errors in the cathode, screen, and coupling cir-
cuits. 

621.316.86.001.8  356 
The Thermistor in Biological Research — 

Andrew. (See 500.) 

621.318.572  357 
Electronic Switching—E. M.I. Laboratories 

—(Electronic Eng. (London), vol. 19, p. 282; 
September, 1947.) A sensitive cathode-coupled 
trigger circuit which is little affected by changes 
in tube characteristics, values of components, 
or supply voltages. 

621.385.832:621.397.6  358 
Magnetic-Deflection Circuits for Cathode-

Ray Tubes—Schade. (See 574.) 

621.392+621.385.1:621.396.694.012.8  359 
Circuits and Valves in Electronics —R. 

Charbonnier and J. Royer. ( Telev. Franc., Sup-
plement Electronique, pp. 29-32; September, 
1947.) The first of a series of special articles. 
The following subjects are considered briefly: — 
(a) internal impedance of a complex system; (b) 
transfer impedance of a quadripole; (c) tube 
equivalent circuits; extension to pentode; (d) 
tube impedance. 

621.396.611  360 
On the Theory of Oscillators with a Bridge 

Oscillating Circuit —K. F. Teodorchik. (Radio-
tekhnika, (Moscow), vol. 2, pp. 3-7; September-
October, 1947. In Russian.) 

621.396.611.1  361 
On the Interaction of Two Oscillators — 

B. N. Gorozhankin. (Bull. Acad. Sci. (U.R.S.S.) 
sir. phys., vol. 11, no. 2, pp. 147-154; 1947. In 
Russian, with English summary.) It is shown, 
both theoretically and experimentally, that in 
the case of two identical oscillators separated 
by a distance great in comparison with X, the 
synchronous frequency has a series of jumps 
when the distance between the oscillators is 
varied. The distance between the points where 
these jumps occur is approximately X/2. With 
increase of separation, the frequency gradually 
diminishes, suddenly rises, then falls again, and 
so on, with the reverse for decrease of separa-
tion. 

621.396.611.1  362 
Free Oscillations of a Resonant Circuit with 

Nonlinear  Self-Inductance—H.  M iedema. 
(Tijdschr. ned. Radiogenoot., vol. 12, pp. 155-
163; September, 1947. In Dutch, with English 
summary.) Two particular solutions of the dif-
ferential equation for such a circuit are given. 
The solution obtained for an undamped circuit 
also gives a good approximation to the true 
waveform with small amplitudes, and shows the 
relationship between frequency and amplitude. 

621.396.611.21  363 
The Series Trimming of Crystal Resonators 

— M. P. Johnson. (Electronic Eng., vol. 19, pp. 
281-282; September, 1947.) Formulas are de-
rived for the series inductance or capacitance 
required for a given deviation from the crystal 
resonant frequency. The effect of temperature 
changes on the combination is considered. A 
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particular crystal was trimmed ± 100 parts in 
106with little degradation of oscillator perform-
ance. 

621.396.611.3  364 
Coupled Circuits —B. D. H. Tellegen. (Phil-

ips Res. Rep., vol. 2, pp. 1-19; February, 1947.) 
In the determination of the frequencies and 
dampings of the free oscillations, the theory of 
coupled circuits leads to a quartic equation. 
For resonance curves of small relative width, 
the quartic can be reduced to a quadratic equa-
tion which can easily be resolved into factors, 
each of which determines one of the free oscil-
lations. Coupling factors are determined for os-
cillatory circuits coupled by inductance, ca-
pacitance, and resistance and the cases of cir-
cuits having dissimilar damping or tuning are 
considered. 

"Systems are considered in which the cir-
cuits are coupled over an arbitrary four-termi-
nal network which may also contain an ampli-
fying valve." 

621.396.611.3  365 
General Calculation of a Regular Imped-

ance Network. Application to Systems of 
Coupled Oscillatory Circuits —P. Fajon. (Rev. 
Gin. Elec., vol. 56, pp. 377-391; September, 
1947.) A general method is given for calculating 
the properties of a series of identical coupled 
circuits. This is applied to filters made up of (a) 
undamped and (b) damped circuits. Systems of 
coupled oscillatory circuits are also treated by a 
simple method, applicable to any number of cir-
cuits; the cases of e.m. and of capacitive coup-
ling are particularly considered. 

621.396.611.4  366 
Some Results on Cylindrical Cavity Reso-

nators —J. P. Kinzer and I. G. Wilson. (Bell 
Sys. Tech. Jour., vol. 26, pp. 410-445; July, 
1947.) "Certain hitherto unpublished theoretical 
results on cylindrical cavity resonators are de-
rived. These are: an approximation formula for 
the total number of resonances in a circular cyl-
inder; conditions to yield the minimum volume 
circular cylinder for an assigned Q; limitation 
of the frequency range of a tunable circular cyl-
inder as set by ambiguity; resonant frequencies 
of the elliptic cylinder; resonant frequencies 
and Q of a coaxial resonator in its higher modes; 
and a brief discussion of fins in a circular cylin-
der. 

The essential results are condensed in a 
number of new tables and graphs." 

A bibliography of 89 items is included. 

621.396.615: 621.316.726.078.3  367 
The Impulse Synchronized Oscillator and 

Its Applications —E. H. Hugenholtz. (Tijdschr. 
ned. Radiogenoot., vol. 12, pp. 89-110; May, 
1947. Discussion, pp. 111-112. In Dutch, with 
English summary.) Description of various sys-
tems in which frequencies can be obtained with 
crystal stability and accuracy by using this 
type of oscillator. Such oscillators permit selec-
tive high-ratio frequency multiplication or divi-
sion; their principles and limitations are dis-
cussed, with particular reference to transmit-
ters. A brief comparison is made with analogous 
systems. 

621.396.615.029.3  368 
A Resistance-Tuned Frequency- Modulated 

Oscillator for Audio-Frequency Applications — 
H. S. McGaughan and C. B. Leslie. (Puoc. 
I.R.E., vol. 35, pp. 974-978; September, 1947.) 
The oscillator consists of a RC amplifier with 
two feedback circuits. Wide variation in fre-
quency is obtained without excessive a.m. or 
harmonic distortion. 

621.396.615.029.5  369 
Practical Construction of a Beat-Frequency 

Oscillator —R. Aschen and R. Zahl. (T.S.F. 
Pour Toes, vol. 23, pp. 183-185; September, 
1947.) Complete circuit details. Practical con-
structional details are given by R. Zahl in 

T.S.F. Pour Tous, vol. 23, pp. 213-215; Oc-
tober, 1947. See also 3827 of January (Aschen 
and Lafargue) and back references. 

621.396.615.142.2  370 
Reflex Oscillators —Pierce and Shepherd. 

(See 617.) 

621.396.615.17:621.314.632  371 
Variable  Time  Constant —T.  Pet rides. 

(Electronics, vol. 20, p. 138; October, 1947.) 
Crystal rectifiers as grid resistors in a multivi-
brator provide a variable time-constant, with a 
resultant square-wave output. 

621.396.616+621.392.029.64+621.317.763 372 
The Transverse Electric Modes in Coaxial 

Cavities —R. A. Kirkman and M. Kline. (Puoc. 
I.R.E., vol. 35, pp. 931-935; Sepetmber, 1947.) 
Discussion on 888 of 1946. 

621.396/.3971.645  373 
Bandwidth and Speed of Build-Up as Per-

formance Criteria for Pulse and Television Am-
plifiers —D. G. Tucker. (Jour. I.E.E. (London), 
part I, vol. 94, pp. 382-383; August, 1947.) 
Summary of 3062 of 1947. 

621.396.645:518.4  374 
A Method of Graphically Analyzing Cath-

ode-Degenerated  Amplifier  Stages —E.  M. 
Lonsdale and W. F. Main. (Peoc. I.R.E., vol. 
35, pp. 981-984; September, 1947.) The method 
is based on the use of a curve relating grid-to-
ground potential to the resulting anode cur-
rent, taking into account the effects of the volt-
age drops across cathode and anode resistors, 
but neglecting reactive effects. 

621.396.645: 621.396.615  375 
The  Cathode-Follower  V.F.O. — W.  M. 

Scherer. (CQ, vol. 3, pp. 15-18, 84; September, 
1947.) Combines crystal stability with easy 
frequency adjustment. Full circuit and con-
structional details and component ratings are 
given. 

621.396.645: 621.396.621  376 
Intermediate-Frequency Amplifiers for Fre-

quency- Modulation Receivers —Adams. (See 
527.) 

621.396.645.029.42/.52  377 
General Purpose Portable Amplifier —C. R. 

Smitley. (Electronics, vol. 20, pp. 150, 160; 
October, 1947.) Voltage gain can be 20 db or 40 
db, and is flat to within 0.5 db over the fre-
quency range 1 to 100 kc. Equivalent noise in-
put level is at least 90 db below 1 volt. The am-
plifier is operated from a 115-volt a.c. line. The 
cathode follower can be connected to input or 
output. Full circuit details are given. 

621.396.645.029.62  378 
Broad-Band Very-High-Frequency Ampli-

fiers —A. M. Levine and M. G. Hollabaugh. 
(Elec. Commun., vol. 24, pp. 269-270; June, 
1947.) Summary of I.R.E. Convention paper. 
For another summary see 3479 of 1947. 

621.396.645.029.64  379 
On the Theory of U.H.F. Amplifiers —V. I. 

Siforov. (Radiotekhnika (Moscow), vol. 2, pp. 
3-21; July-August, 1947. In Russian.) A theory 
of single and multistage amplifiers is developed 
in which the tubes and the intertubc circuits 
are treated as active and passive 4-terminal net-
works respectively. Primary, secondary, and 
characteristic parameters of a tube are intro-
duced and the relationship between them is in-
vestigated. From the knowledge of these pa-
rameters, the maximum amplification factor of 
a multistage amplifier can be determined and 
various elements of the system co-ordinated. 
General design formulas for obtaining maxi-
mum amplification with pentodes, grounded-
grid triodes and other types of tubes are de-
rived and the conditions necessary for the ab-
sence of parasitic oscillations in a multistage 
amplifier are established. 

621.396.645.35  380 
High Gain D.C. Amplifier — W. G. Shepard. 

(Electronics, vol. 20, p. 138, 182; October, 1947.) 
Circuit diagrams and component ratings are 
given. Stages are directly coupled; each has a 
separate power supply. The circuit has low 
drift, frequency response is flat to 50 kc., and 
phase shift negligible to 20 kc. 

621.396.645.35  381 
D.C. Amplifier for Low-Level Signals —C. B 

Aiken and W. C. Welz. (Electronics, vol. 20, pp. 
124-128, 130; October, 1947.) To amplify sig-
nals below 1 microvolt, the circuit noise level is 
reduced by the use of input impedances not 
exceeding 20 ohms, bandwidths of only a few 
c.p.s. and averaging rectifiers. 

621.396.645.371  382 
Video-Frequency Negative-Feedback Am-

plifiers —M. G. Hollabaugh, J. A. Rado, and 
A. M. Levine. (Elec. Commun. (London), vol. 
24, pp. 272-273; June, 1947.) Summary of 
I.R.E. Convention paper. For another sum-
mary see 3483 of 1947; see also 3517 of 1939 
(Wheeler). 

621.396.645.371:621-526  383 
Impedances in the Amplifier with Counter-

Reaction —P. M. Prache. (Bull. Soc. Franc. 
Elec., vol. 7, pp. 515-528; September, 1947.) 
The amplifier with counter-reaction is treated 
as a servomechanism. The conditions for opti-
mum operation of such amplifiers are deter-
mined theoretically. 

621.396.662.3  384 
Insertion Loss and Effective Phase Shift in 

Composite Filters at Cut-Off Frequencies —V. 
Belevitch. (Elec. Commun. (London), vol. 24, 
pp. 192-194; June, 1947.) Formulas are derived 
for the insertion loss in decibles and for the ef-
fective phase shift in radians at cutoff fre-
quency for both low-pass and band-pass filters. 
The usual methods of estimating insertion 
losses fail at the cutoff frequencies; by these de-
rived formulas, however, total losses are ob-
tained by direct calculation. 

621.396.662.3  385 
Infinite-Rejection Filters —A. M. Stone and 

J. L. Lawson. (Jour. Appi. Phys., vol. 18, pp. 
691-703; August, 1947.) Analyses of several 
types of bridged-T filter structures show that 
they can be developed into the symmetrical lat-
tice form, which is itself equivalent to the usual 
4-arm bridge. 

An expression is derived relating the circuit 
constants and frequency of the filter and the ra-
tio of the output power passed by the filter to 
the power in the absence of the filter. In theory, 
it is possible to obtain infinite attenuation at a 
given frequency while retaining essentially the 
same bandwidth as that for the uncompensated 
filter. Certain bridged-T filter structures may 
be adapted to meet the requirements of dis-
tributed parameters circuits, such as u.h.f. lines 
and u.h.f. resonant cavities. Their usefulness is 
discussed. 

A model has been constructed which has a 
bandwidth of one half Mc. at 3000 Mc. with a 
attenuation at resonant frequency of over 70 db, 
compared with 20 db for a similar uncompen-
sated filter. The distortion produced by a u.h.f. 
filter of this type, in otherwise rectangular pulses 
of short duration, has been investigated both 
theoretically and experimentally, and curves 
are presented which show the resultant wave-
form as a function of the tuning of the filter. 

621.396.662.3  386 
Optimum Resistive Terminations for Sin-

gle-Section Constant-a Ladder-Type Filters — 
L. J. Giacoletto. (RCA Rev., vol. 8, pp. 460-
479; September,  1947.) "The operation of 
a single non-dissipation section of a ladder-type 
constant-K filter terminated in a resistance is 
considered. It is found that depending upon the 
value of the terminating resistance in propor-
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tion to a filter-design parameter, different filter 
characteristics are obtained. Optimum values 
for the resistive termination are determined for 
different operating characteristics and different 
filter sections. It is found that the T-filter sec-
tion has somewhat better operating character-
istics than the tr-filter section." 

621.396.662.3:621.392.029.64  387 
Lattice Filters for Decimetre Waves —V. F. 

Semenov. (Radiotekhnika (Moscow), vol. 2, pp. 
44-47; July-August, 1947. In Russian.) A pre-
liminary report on experiments with filters for 
H1 waves in a cylindrical waveguide. The pos-
sibility of using such filters for tuning open-
ended waveguides was also investigated. 

621.396.662.3: 621.396.611.21  •  388 
Filter Crystals with Low Self-Inductance — 

J. J. Vormer. (Tijdschr. ned. Radiogenoot., vol. 
12, pp. 1-6; January, 1947. In Dutch, with 
English summary.) A tenfold reduction in in-
ductance can be obtained with a -18.5" ro-
tated X-cut crystal by exciting a harmonic of 
the Y' wave, using a series of pairs of electrodes, 
alternate electrodes on the two faces of the crys-
tal being connected in parallel. The ratio of the 
crystal dimensions in the a and y directions 
must exceed unity; a value near 1.8 minimizes 
spurious frequencies. Corrections ibid., vol. 12, 
no. 2, insert March, 1947. 

621.396.662.6  389 
Tuning Without Condensers —F. E. Berh-

ley. (FM and Teter., vol. 7, pp. 35-37; August, 
1947.) High sensitivity and effective static re-
duction are achieved by means of a tuned r.f. 
stage, one limiter, and a discriminator. The r.t. 
stage has three high-Q resonant lines but no 
variable capacitors. 

GENERAL PHYSICS 

53.08+621.317  390 
Fundamentals of Measurement Technique 

—J. Hartmann. (Rev. Sci. (Paris), vol. 85, pp. 
323-334; April I, 1947.) 

530.145.65  391 
The Problem of the Polarization of the de 

Broglie Waves associated with Electrons —J. 
Brenet. (Rev. Sci. (Paris), vol. 85, pp. 357-359; 
April 1, 1947.) The phenomena of polarization 
of electronic waves should be examined with 
reference to the fundamental characteristics of 
the electron, essentially a simple particle in the 
Dirac sense, and of the photon, a particle ob-
tained by the fusion of two corpuscles which are 
complementary in the Dirac sense. There ap-
pears to be no contradiction between the exist-
ence of diffraction phenomena for both photons 
and electrons, and the absence of polarization 
for electronic waves, since a state of polarization 
cannot be defined for a Fermi-Dirac elementary 
corpuscle. This will be discussed in a later pa-
per. 

534.13: 539.21.001.572  392 
Model to Demonstrate Oscillations in a 

Molecule Subjected to an Electric Field —A. J. 
Maddock. (Jour. Sci. Instr., vol. 24, pp. 230-
232; September, 1947.) The mechanical model 
demonstrates dipolar, atomic, and electronic 
relaxation oscillations occurring in the mole-
cule, and the contribution to the total dielec-
tric constant of each of the resulting polariza-
tions. 

535.37  393 
The Light  Emission from  Fluorescent 

Screens Irradiated by X-Rays —Klasens. (See 
437.) 

536.33+536.241: 535.37  394 
Radiation and Heat Conduction in Light-

Scattering Material —H. C. Hamaker. (Philips 
Res. Rep., vol. 2, pp. 55-67; February, 1947.) 
"On the basis of a set of simultaneous differ-
ential equations, originally due to Schuster, the 

transmission and reflection of light in light-scat-
tering layers is discussed. Formulas previously 
developed by Kubelka and Munk are recapitu-
lated briefly; they are extended so as to de-
scribe the luminescence of fluorescent screens 
excited by X-rays or electron bombardment. 
Likewise formulas are derived that include 
temperature radiation." 

537.122  395 
The Electron Jubilee —(Elec. Times, vol. 

112, pp. 389-390; October 5, 1947.) A series of 
lectures arranged to celebrate J. J. Thomson's 
discovery of the electron. History and Early 
Development of the Electron, by I. A. Crowther. 
Electrons in Modern Theoretical Physics, by 
R. E. Peierls, The Electron Liberated, by C. C. 
Paterson. The Electron in Research, by G. 
Thomson. Electrons in Industry, by T. E. Alli-
bone. See also Jour. I.E.E. (London), part I, 
vol. 94, p. 339; August, 1947; Engineer (Lon-
don), vol. 184, p. 315; October 3, 1947; and 
Electrician, vol. 139, pp. 921-923; September 
26, 1947. 

537.291+538.6911: 621.385.832  396 
Electron Beam Deflection: Part 1—Small-

Angle Deflection Theory—Hutter. (See 609.) 

537.5  397 
Discharge through Gases —L. B. Loeb. 

(Science, vol. 106, pp. 229-236; September 12, 
1947.) The 38th Kelvin Lecture. A historical 
review, with bibliography of 90 items. See also 
3854 of January. 

537.525  398 
On the Growth, Reaction Mechanism and 

Stability of Low-Current, Low-Pressure Dis-
charges —H. Luz von Gugelberg. (Rely. Phys. 
Ada, vol. 20, pp. 307-340; August 4, 1947. In 
German.) Results and discussion of measure-
ments of the development of glow discharges in 
He, Ar, Kr, XE, N2, H2, and in Ne-Ar mix-
tures. 

537.527: 536.5  399 
On the Excitation Temperature, the Gas 

Temperature, and the Electron Temperature 
in the High-Pressure Mercury Discharge — 
W. Elenbaas. (Philips Res. Rep., vol. 2, pp. 20-
41; February, 1947.) 

538.311  400 
The Production of a Uniform Magnetic 

Field Over a Specific Volume by Means of 
Twin Conducting Circular Coils —H. Craig. 
(Proc. Phys. Soc., vol. 59, pp. 804-814; Sep-
tember 1, 1947.) An investigation of the uni-
formity of axial magnetic field attainable on 
the central plane between *twin parallel coaxial 
circular coils of given diameter arranged in 
conjunction. The optimum coil separation and 
the highest degree of uniformity of the field 
attainable over a given circular area are de-
rived graphically. Improved uniformity can be 
obtained over an annular area. Volumes of 
cylindrical shape are also considered, and 
regions of remarkably constant axial field are 
shown. "The best ratio of radial depth to axial 
length of the coils is determined, and a method 
is given by which the equivalent separation of 
parallel coils of finite cross-section can be found 
very exactly by means of a search coil of par-
ticular shape." 

538.541:538.221  401 
On the Theory of Eddy Currents in Fer-

romagnetic Materials —H.  B. G. Casimir. 
(Philips Res. Rep., vol. 2, pp. 42-53; February, 
1947.) The theory is developed for the limiting 
case where the depth of penetration d is small 
although the product 1.4 is not necessarily 
small. 
First the rigorous solution for a sphere of 

radius R is discussed for this limiting case. 
Next it is shown that the solution can be ob-
tained from Laplace's equation with a new type 
of boundary condition. This boundary condi-

tion is then applied to a discussion of eddy cur-
rents in spheroids. Explicit formulas are found 
both for small and for very large values of pci/ R. 
Special attention is given to the limits for 

very long and very flat spheroids, respectively. 

538.56:621.316.7.078  402 
Radiophysics and the Theory of Automatic 

Control—G. S. Gorelik. (Bull. Acad. Sci. 
(U.R.S.S.), sir phys., vol. 11, No. 2, pp. 103-
115; 1947. In Russian, with English summary.) 
A review stressing the similarity between prob-
lems on the origin of self-oscillations in radio-
physics and in automatic control. 

538.56:621.392.2  403 
On the Electromagnetic Theory of the 

Lecher Line and Some Related Problems— 
Oswald. (See 338.) 

538.569.4+621.396.61.029.64  404 
On the Emission of Microwaves and Their 

Absorption in the Air—Ginsburg. (See 594.) 

538.569.4.029.64  405 
A New Electronic System for Detecting 

Microwave Spectra—W. Gordy and M. Kess-
ler. (Phys. Rev., vol. 72, p. 644; October I, 
1947.) A single-crystal system using a U. 
cutoff filter and a modulation technique which 
allows the signal to be amplified at higher fre-
quencies. 

538.569.4.029.64:546.171.1  406 
Saturation Effect in Microwave Spectrum 

of Ammonia —W. V. Smith and R. L. Carter. 
(Phys. Rev., vol. 72, pp. 638-639; October 1, 
1947.) Comment on 1399 of 1947 (Townes). 
The magnitude of intensity saturation of the 
3,3 line here found is consistent with Townes' 
results, but there is no broadening of the line at 
low pressures. Reasons for this discrepancy are 
suggested. See also 3870 of January (Bleaney 
and Penrose). 

538.569.4.029.64:546.171.1  407 
The Ammonia Spectrum and Line Shapes 

Near 1.25 cm Wave-Length —C. H. Townes. 
(Bell Sys. Tech. Jour., vol. 26, p. 689; July, 
1947.) Summary of 1399 of 1947, U.D.C. of 
which should read as above. 

538.652:546.74  408 
Experimental Facts concerning the /Hag-

netostriction of Nickel —Y. Rocard. (Rev. Sci. 
(Paris), vol. 85, pp. 195-204; February 15, 
1947.) A review of data from many sources, 
with a short account of some applications. 

538.691  409 
Magnetic Focusing Between Inclined Plane 

Pole-Faces—H. 0. W. Richardson. (Proc. 
Phys. Soc., vol. 59, pp. 791-804; September 1, 
1947.) The resultant magnetic field, if applied 
to ft-ray spectroscopy, is said to give high dis-
persion and resolving power, together with a 
fair solid angle of collectionfl. With planes bev-
elled to become parallel at their closest parts 
both lateral and longitudinal focusing should 
occur. Approximate calculation shows that the 
beveling makes high values of 11 possible but 
may result in lower resolving power. 

539.3: 518.3  410 
Nomographic Representation of the Elastic 

Contact Conditions between Steel Pivot and 
Sapphire Jewel—G. F. Tagg. (Jour. Sci. 
Instr., vol. 24, pp. 244-248; September, 1947.) 

GEOPHYSICAL AND EXTRATER-
RESTRIAL PHENOMENA 

523.53:621.396.96  411 
Radar Observations of Meteors—J. S. 

Hey and G. S. Stewart. (Proc. Phys. Soc., vol. 
59, pp. 858-883; September 1, 1947.) A com-
prehensive account of observations made on 
short-duration echoes at 1¼ 4 to 5 meters near 
the E region, using British Army radar equip-
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ment. The echoes came from a height of about 
95 kilometers; the analysis indicates a close 
correlation between these echoes and meteors. 

523.72.029.5:523.746  412 
Solar Radiation at Radio Frequencies and 

Its Relation to Sunspots —L. L. McCready, 
J. L. Pawsey, and R. Payne-Scott. (Proc. 
Roy. Soc. A, vol. 190, pp. 357-375; August 12, 
1947.) Experimental studies on a frequency of 
200 Mc. are described. The radiation has char-
acteristics similar to those of thermal radiation 
from the photosphere but always exceeds ex-
pected values by a factor of the order of 102 to 
104. Day-to-day intensity variations show cor-
relation with sunspot variations. Rapid intens-
ity fluctuations or "bursts" received simultane-
ously at widely spaced points are presumably 
solar in origin. Directional observations indi-
cate that the radiation originates in areas in 
the immediate vicinity of a sunspot group. 
Radiation from gross electrical discharges is 
suggested as the cause of values of received 
intensity higher than could be produced by 
thermal radiation. 

523.745+523.8541: 621.396.822 : 551.510.535 
413 

Solar and Terrestrial Radio Disturbances — 
J. S. Hey, S. J. Parsons, and J. W. Phillips. 
(Nature (London,) vol. 160, pp. 371-372; 
September 13, 1947.) Continuous recording of 
galactic radio emission for A 12 meters approxi-
mately shows a significant increase of absorp-
tion by the enhanced D-layer ionization during 
periods of solar activity. This effect cannot 
easily be distinguished if a burst of intense 
solar radio emission takes place simultaneously. 
Two examples are discussed; for one the solar 
radio emissions were small; for the other the 
absorption preceded a solar radio burst. 

523.75  414 
Electromagnetic Forces in Solar Promi-

nences —D. S. Evans. (Mon. Not. R. Asir. Soc., 
vel. 106, no. 4, pp. 300-337; 1947.) The forms 
of solar prominences and the motion of asso-
ciated knots may be explained in terms of the 
motion of ions in a magnetic field. In section 1, 
the dispersal of systems of ions under their 
mutual electrostatic repulsion is discussed. 
Agreement between computed and observed 
velocities (of knots) is obtained by assuming 
the existence of a background cloud of 10-11  
or 10-41  elementary charges per centimeterk In 
section 2, the support of prominences and of 
highly ionized atoms in the corona is consid-
ered in relation to the possible existence of a 
general electrostatic field above the solar surface. 
Calculated apace tracks of moving knots are 
found to be consistent with the observed forms 
of streamers. The forms of tornado and coronal 
prominences are also considered. 

537.212+538.121: 521.15  415 
Stellar Electromagnetic Fields—L. Davis, 

Jr. (Phys. Rev., vol. 72, pp. 632-633; October 
1, 1947. Formulas are obtained for the magnetic 
induction, potential, and electrostatic field 
outside a star, and rough values of these quan-
tities for the earth, the sun, and two stars are 
tabulated. The limitations and implications 
of these formulas are discussed. See also 3891 
of January (Babcock) and back references. 

537.591.15  416 
Cosmic-Ray Bursts and Shower Spread 

under Large Thicknesses of Lead —J. W. F. 
Juritz and C. B. 0. Mohr. (Proc. Roy. Soc. A, 
vol. 190, pp. 426-434; August 12, 1947. 

551.510.535  417 
Evolution of Views on the Structure of the 

Ionosphere —V. N. Kessenikh. (Bull. Acad. 
Sci. (U. R. S. S.), sir. phys., vol. 11, no. 2, pp. 
155-163; 1947.) In Russian, with English sum-
mary.) A historical survey. The necessity of 
extending the network of ionosphere observa-
tions is stressed. 

551.510.535 : 546.21  418 
Distribution of  Molecular and Atomic 

Oxygen in the Upper Atmosphere —H. Rakshit. 
(Indian Jour. Phys., vol. 21, pp. 57-68; April, 
1947.) The distribution is calculated by adapt-
ing Pannekoek's method of studying the effect 
of solar ultraviolet radiation on atmospheric 
ionization; it is essentially the method of Ma-
jumdar (3121 of 1938) but Majumdar's results 
were based on data not corroborated by recent 
observations. The density of 02 molecules de-
creases rapidly with height above 100 kilo-
meters; that of 0 atoms is almost zero at 80 
kilometers, increases rapidly to a maximum at 
105 kilometers and then gradually decreases. 

551.510.535:621.396,11  419 
The Forecasting of Ionosphere Critical 

Frequencies —K. Rawer. (Rev. Sci, (Paris), 
vol. 85, pp. 234-235; February 15, 1947.) A 
single quantity Q, representing the aggregate 
of all the critical frequencies measured during a 
month, is defined by the equation 

1•23 

Q=1/24 E. P(:) 

where f(i) is the critical frequency of the 
ordinary ray at hour I. The values of Q vary 
with place, season, and solar activity, but for a 
particular month and station, they furnish an 
excellent means of comparison between differ-
ent years. For example, the mean monthly 
curve for January, 1944, is derived directly 
from that for January, 1942, by multiplying 
by the square root of the ratio of the corre-
sponding Q values. When the Q values for 
preceding years are known for any station, the 
variations corresponding to the 11-year solar 
cycle can be derived. This is illustrated from 
the data published by Washington. The method 
has, hitherto, only been verified experimentally 
for the F1 layer. It does not appear to be appli-
cable to the sporadic-E layer. 

551.510.535:621.396.11  420 
One of the Reasons for a Change of Ampli-

tude of a Single Pulse reflected from the Iono-
sphere —V. D. Gusev. (Bull. Acad. Sci. (U.R.-
S.S.), sir. phys., vol. 11, no. 2, pp. 195-201; 
1947. In Russian, with English summary.) 
An examination of problems related to the in-
homogeneous structure of the E layer. Electron 
clouds whose dimensions exceed the wave-
lengths in question are postulated. Diffraction 
due to the inhcrmogeneities in the E layer is 
considered and shown to result in fading and in 
abnormally large va)ues of the reflection coeffi-
cient in the case of reflection from the E or the 
F1 layer. These conclusions were confirmed by 
continuous measurements of the reflecteon 
coefficient for vertical transmissions on fre-
quencies of 3 and 4 Mc. 

551.594.5 : 551.510.535: 621.396.11  421 
Ionospheric Perturbations in the Zone of 

Polar Auroras —K. Rawer. (Rev. Sci. (Paris), 
vol. 85, pp. 287-288; March 1-15, 1947.) Dis-
cussion of absorption effects shows that fre-
quently in the auroral zone there is an iono-
sphere layer, at a height of about 100 kilo-
meters, which is due to solar corpuscular ra-
diation and which gives good radio reflections, 
often for very high frequencies. This accounts 
for the fact that when perturbations prevent 
communication by the normal frequencies and 
operation on lower frequencies is equally bad, 
it is often possible to maintain communication 
by using considerably higher frequencies. The 
development of perturbations is described and 
their seasonal effects are discussed. 

551.594.5:551.510.535:621.396.822  422 
Radio Echoes from the Aurora Borealis — 

A. C. B. Lovell, J. A. Clegg, and C. D. Ellyett. 
(Nature (London), vol. 160, p. 372; September 
13, 1947.) Recently, radio echoes were obtained 

at 460-kilometer range, arising apparently 
from a luminescent cloud near the zenith which 
appeared and disappeared with the echo. 
Simultaneously with the appearance of the 
echoes, a noise level increase was observed on 
both 72 and 46 Mc. over the range 450 to 600 
kilometers. The aurora echo was observed on 46 
Mc. but not on 72 Mc., and assuming it was of 
the ionospheric type, its ionization density was 
calculated to be about 100 times the normal 
F-region ionization density during the night. 

LOCATION AND AIDS TO 
NAVIGATION 

621.396.663  423 
A New British Radio Compass—(Elec-

Ironic Eng., vol. 19, p. 325; October, 1947.) A 
flattened loop aerial is housed either in a shal-
low blister or within the aircraft body. In auto-
matic operation tile loop, when tuned to signals 
from a radio beacon, sets itself in the position 
of minimum signal and indicators operated by 
a "Desynn" servo system give the correct bear-
ing. The loop can also be continuously rotated 
at a variable speed and the minimum-signal 
position determined aurally. Accuracy is within 
1°). 

621.396.93+621.396.663  424 
Investigation of Errors in Spaced-Collector 

Direction-Finder Systems —T. H. Clark. (Elec. 
Commun. (London), vol. 24, pp. 199-207; 
June, 1947.) Site errors are classified but not 
investigated. Errors resulting from the design 
of one directional pair are considered for a 
wave arriving in the horizontal plane. These 
are treated mathematically and general con-
clusions, applicable as specific design principles, 
are drawn. Errors due to the combination of 
two directional pairs are investigated generally 
as are errors resulting from the use of long 
cables connecting the aerials to the goniometer. 
Finally, possible errors due to faulty align-
ment of the mechanical parts of the goniometer 
are mentioned. 

621.396.932:621.396.96  425 
Peacetime Radar —B. B. Talley. (Elec-

tronics, vol. 20, pp. 113-115; October, 1947.) 
A description of radar equipment installed on 
river boats for navigation in fog and a survey 
of results obtained, illustrated by photographs 
of actual plan-position-indicator images. 

621.396.933+621.396.96  426 
Developments in Airline Radio and Radar 

Communications and Navigational Facilities: 
Parts 1 and 2—H. J. Brown. (Pstoc. I.R.E. 
(Australia), vol. 8, pp. 4-9 and 4-15; August 
and September, 1947.) In part 1, improvements 
in communication between air and ground are 
considered. The use of ionospheric predictions 
for the correct choice of frequency to suit season 
and time of day is discussed. The results of re-
search on precipitation static interference are 
considered. In Part 2, radio and radar naviga-
tional facilities discussed include loran, consol 
and other long-range systems, omnidirectional 
ranges of the C.A.A. type, pulse-type multi-
track ranges and radar distance-measuring 
equipment. Developments in airport control 
radar are also considered. The economic ad-
vantages of instrument-landing systems for 
airlines are stressed, and possible future de-
velopments are mentioned briefly. 

621.396.933  427 
Status of V.H.F. Facilities for Aviation — 

P. Caporale. (Electronics, vol. 20, pp. 90-95; 
October, 1947.) Details of the v.h.f. omni-
directional radio range now being installed 
throughout the United States by the Civil 
Aeronautics Administration for short-range air 
navigation, and operating principles of the 
instrument-landing system and phase-com-
parison localizer. See also 2388 of 1942, 2655 of 
1945 (Luck) and back references. 
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621.396.933  428 
First Tests on Navar System for Aerial 

Navigation and Air Traffic Control —P. R. 
Adams, S. H. M. Dodington, and J. A. Herbst. 
(Elec. Commun. (London) vol. 24, pp. 263-264; 
June, 1947.) Summary of I.R.E. Convention 
paper. A description is given of equipment and 
its performance in an experimental ground and 
aircraft installation, assembled for preliminary 
tests, and of the gathering of flight data on (a) a 
pulse-type airborne distance indicator with 
meter presentation, (b) an airborne azimuth 
indicator with meter presentation, (c) a ground 
search radar with plan-position indicator (d) 
assisted radar, using an airborne responder, 
with presentation on the same plan-position 
indicator. 

621.396.933  429 
Survey of Radio Navigational Aids —R. I. 

Colin. (Elec. Commun. (London), vol. 24, pp. 
219-261; June, 1947. )Radio navigational aids, 
including the earliest, are classified into four 
basic types, and their fundamental principles, 
characteristics, and ambiguities are discussed. 
General air navigational requirements, includ-
ing those of the radio altimeter, are mentioned, 
and the methods of fulfilling them described. A 
comprehensive list of basic radio navigational 
systems is given (p. 243). 

621.396.933  430 
Relations between Bandwidth, Speed of 

Indication, and Signal-to-Noise Ratio in Radio 
Navigation and Direction Finding. —H. Busig-
nies and M. Dishal. (Elec. Commun. (London), 
vol. 24, pp. 264-265; June, 1947.) Summary of 
I.R.E. Convention paper. For signal-to-noise 
ratios of the order of 3 to 1,-the signal required 
for a given signal-to-noise ratio is proportional 
to the square root of the bandwidth ratio for 
pre-detection narrowing and to its fourth root 
for post-detection narrowing. A possible new 
bucking detector method for reproducing sig-
nals at very low signal-to-impulse-noise ratios 
is described. The required speeds of indication 
for various aids to navigation are considered, 
and it is suggested that unnecessarily wide 
bandwidth is used in some of them. The 
navaglobe narrow-band automatic direction-
finding system, which has 20 c.p.s. pass band-
width, is described. 

621.396.96  431 
Technique and Evolution of Radar: Parts 

1-4 —Demanche. (Onde Elec., vol. 27, pp. 173-
183, 244-258, 292-304; 341-356; May-Septem-
ber, 1947.) Part 1 deals with the radar equation 
and the choice of fundamental parameters, 
part 2 with transmitting and receiving appara-
tus, part 3 with the many different types of 
aerials used and part 4 with indicating appara-
tus and methods. To be continued. 

621.396.96  432 
The Maximum Range of a Radar Set —K. 

A. Norton and A. C. Omberg. (Puoc. I.R.E., 
vol. 35, pp. 927-931; September, 1947.) Dis-
cussion on 2130 of 1947. 

621.396.96 : 551.515.43  433 
Radar Storm Detection—R. Wexler and 

D. M. Swingle. (Bull. Amer. Met. Soc., vol. 28, 
pp. 159-167; April, 1947. Reprint.) Basic 
radar theory is discussed, assuming it to be 
unfamiliar to meteorologists, and with particu-
lar reference to the work of Ryde (515 of 1947). 
The power received from rainstorms, assuming 
total interception of the beam by the rainstorm 
area, varies as Za6)/R2X4, where a is the radius 
of a typical drop and R is the range. Moderate 
rain reflects about 106 times as effectively as 
rainless clouds. Typical attenuation values for 
absorption by oxygen and by water vapor and 
for absorption and scattering by rain are given 
for X 3.2 centimeters. For most storm detection 
purposes, X should be 3 to 6 centimeters rather 
than 9 to 12 centimeters, but 10-centimeter 

radar gives stronger return signals than 3-
centimeter equipment through heavy rain over 
distances in excess of about 40 kilometers. 

621.396.96: 621.396.11  434 
R ao:Won of Centimetric Electromagnetic 

Waves over Ground, and Diffraction Effects 
with Wire-Netting Screens —Hey, Parsons, and 
Jackson. (See 519.) 

621.396.96  435 
Radar System Engineering [Book Review] 

—L. N. Ridenour, (Ed.). McGraw-Hill, New 
York, 1947, 748 pp., $7.50. (Tele-Tech, vol. 6, 
p. 93; September, 1947.) The first of a series of 
28 books intended to serve as a general treatise 
and reference work. It deals primarily with 
micro-wave pulse radar. 

MATERIALS AND SUBSIDIARY 
TECHNI QUES 

531.788.7  436 
An Investigation on Hot- Wire Vacuum 

Gauges —H. von Ubisch. (Ark. Mai. Astr. 
Fys., vol. 34, part 2, section A, 33 pp; Sep-
tember 25, 1947. In English.) The theory of the 
thermal conductivity of gases is outlined in 
relation to hot-wire gauges for pressures low 
enough to preclude convection. The influence 
of wire dimensions and bridge circuits on the 
attainment of maximum sensitivity is discussed 
and the results are described of experimental 
work on W, Mo, Ni, and Pt wires of various 
sizes in air, H2 and CO2. Typical calibration 
curves are shown covering the pressure range 
10-6  to 20 mm. Hg.; pressure changes of 10's 
mm. Hg. can be detected using a manually op-
erated bridge at pressures below 10-6  mm. Hg. 
Numerous graphical and tabulated data and a 
list of 46 references are given. 

535.37  437 
The Light Emission from  Fluorescent 

Screens Irradiated by X-Rays—H. A. Klasens. 
(Philips Res. Rep., vol. 2, pp. 68-78; February, 
1947.) "Applying Schuster's theory as ex-
tended by Hamaker for the scattering and ab-
sorption of light, general equations are deduced 
for the amount of light emitted by fluorescent 
screens, ii radiated by X-rays. Some commercial 
screens a; e examined to measure the 'absorp-
tion' coefficient cr of the fluorescent light. 
Several n eans to increase the brightness of a 
screen arc discussed." 

537.228.1  438 
The II ochelle-Electric Lattice of KH2PO4-

Type and the Behaviour of the NH4-Rotation 
Transformation for (NH4, T1)H4PO4 Mixed 
Crystals- -B. Matthias, W. Merz, and P. 
Scherrer. S Hely. Phys. Acts, vol. 20, pp. 273-
306; AugLst 4, 1947, In German.) An investi-
gation of the dielectric properties of (NH4)-
HIP04 and of (NH4, TI)H2PO4 mixed crystals. 
Introduction of Tl+ions causes large changes 
of the NH4 transformation temperature. 

539.232  439 
The Theory of the Formation of Protective 

Oxide Films on Metals: Part 3—N. F. Mott. 
(Trans. Faraday Soc., vol. 43, pp. 429-434; 
July, 1947.) "A new mechanism is proposed to 
account for the formation on metals of oxide 
films which grow to a limiting thickness. Ac-
cording to this, electrons can pass the film 
easily, but ions can only penetrate it in the 
presence of a very strong field. This mechanism 
is compared with the author's previous theory 
based on tunnel effect; further experimental 
work is required to determine which is correct." 
For earlier parts see ibid., 1939, vol. 35, pp. 
1175-1177, and 1940, vol. 36, pp. 472-483; see 
also Nature (London), vol. 145, pp. 996-1000; 
June 29, 1940. 

546.883  440 
Some Applications of Tantalum in Elec-

tronic9 —L. F. Yntema and R. W. Yancey. 
(Beama Jour., vol. 54, pp. 324-325; September, 
1947.) High melting point, strength at high 
temperatures, ease of working and welding, 
chemical inertness, ease of cleaning, and pro-
nounced getter action make Ta particularly 
useful in the construction of transmitting tubes. 

620.193.33+620.197  441 
On Rust and the Protection of Iron —M. 

Ragg. (Elektrotech. und Maschinenb., vol. 64, 
pp. 150-160; September-October, 1947.) A 
comprehensive discussion of the subject, deal-
ing particularly with the chemistry of passiva-
tion processes, the selection of suitable pig-
ments for protective coatings and various spe-
cial surface treatments. 

620.197:679.5  442 
Resin-Plotting for Sub-Assemblies —( Tele-

Tech, vol. 6, p. 53; September, 1947.) Another 
account of the resin noted in 3928 of January. 

621.315.59  443 
Excess-Defect Semiconductor Contacts — 

L. Sosnowski. (Phys. Rev., vol. 72, pp. 641-642; 
October 1, 1947.) These contacts have been 
considered theoretically with the object of ex-
plaining photo voltaic and rectifying properties 
of a thin layer of PbS which are not associated 
with a contact with metal electrodes. Fuller 
information is available in Admiralty Research 
Laboratory reports ARL/R8/E320 and ARL/-
R9/E320. 

621.315.612:621.315.62  444 
Stabilized Insulators —G. H. Gillam. (Elec. 

Times, vol. 112, pp. 289-293; September 11, 
1947.) A general account of the properties of 
semiconducting glazes. Examples are given of 
their use in suppressing arc breakdowns in the 
high voltage insulators used in power trans-
mission lines. 

621.315.612.2  445 
Alkaline Earth Porcelains Possessing Low 

Dielectric Loss—M. D. Rigterink and R. 0. 
Grisdale. (Bell. Sys. Tech. Jour., vol. 26, p. 
688; July, 1947.) Summary of 3550 of 1947. 

621.315.612.4.011.5  446 
Effect of Field Strength on Dielectric Prop-

erties of Barium Strontium Titanate —H. L. 
Donley. (RCA Rev. vol. 8, pp. 539-553; Sep-
tember, 1947.) For high dielectric constant ce-
ramics, as for ferromagnetic materials, the vari-
ation of dielectric flux density with field 
strength shows saturation effects. There is also 
a critical or Curie temperature above which 
dielectric constant varies linearly with field 
strength. The dependence of dielectric proper-
ties on field strength is shown graphically for 
three different mixtures of BaTiO3 and SrTiO4. 
The results suggest the use of these materials 
as nonlinear circuit elements; their use in a 
frequency multiplier, frequency changer, and 
frequency modulator is discussed. See also 
3551 of 1947 (Bunting, Shelton, and Creamer). 

621.315.613.1:549.623.52  447 
Capacitance Stability of Ruby Muscovite 

Mica —W. Schick. (Jour. I.E.E. (London), 
part I, vol. 94, pp. 371-376; August 1947.) 
Short-term stability of dielectrics in general 
and measurements of capacitance variations of 
mica with temperature and air pressure are dis-
cussed. For flawless mica in the temperature 
range 25°C to 95°C, the capacitance change is 
substantially linear and cyclic, and a single 
temperature coefficient, whose measured values 
are evenly spread between +6X 10-6  and +40 
X10-6 , defines the dielectric behavior ade-
quately. Plates with gas inclusions produce 
irregular and mostly very large changes of 
capacitance with temperature and particularly 
with air pressuke. 
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621.315.616:549.623.5  448 
[German) Manufacture of Synthetic Mica — 

A. E. Link. (Tele-Tech, vol. 6, pp. 67-68; July, 
1947.) Abstract of article in Chimie and In-
dustrie (Paris), vol. 56, p. 21: The synthetic 
product, the composition of which is given, is 
stated to be comparable with natural mica. 
Large plates are obtained by controlling the 
cooling of the melted constituents and by ap-
plying a magnetic field. See also Field Informa-
tion Agency Technical Final Report No. 746, 
entitled "Synthetic Mica Research," and Brit-
ish Intelligence Objectives Subcommittee Final 
Report No. 785, entitled "The German Mica 
Industry. " 

621.318.22  449 
Control of Permanent-Magnet Alloy Qual-

ity —J. D. Seaver and R. E. Anderson. (Gen. 
Elec. Rev., vol. 50, pp. 44-47; October, 1947.) 
Possible methods of control are discussed, and 
apparatus is descri bed for testing the remanence, 
in a predetermined magnetizing field. 

621.383.4  450 
The Photo-Conductivity of "Incomplete 

Phosphors" —R. Frerichs. (Phys. Rev., vol. 72, 
pp. 594-601; October 1, 1947.) Synthetic 
single crystals of CdS, CdSe, and CdTe have 
been produced by the reaction of cadmium 
vapor with H2S, HaSe, and 112Te, respectively. 
These "incomplete phosphors" show no phos-
phorescence but strongly developed photo-con-
ductivity. Photo cells made from these crystals 
are extremely sensitive in the whole region 
from the infrared down to the ultraviolet, 
x-rays, and gamma-rays and for corpuscular 
rays, alpha- and beta-rays. Two different 
mechanisms  of  photoconductivity  occur, 
namely, the normal photoconductivity in the 
region of strong absorption from the blue to the 
ultraviolet, and the selective photoconductivity 
in the region of weak absorption in the visible, 
x-rays, and corpuscular-rays region. The phe-
nomena observed are in general accordance 
with the zonal theory of phosphorescence. 

621.775.7  451 
British Advances in Powder Metallurgy — 

(Machinery (London), vol. 71, p. 295; Sep-
tember 11, 1947.) A review of Special Report 
No. 38 of the Iron and Steel Institute, London, 
containing the 28 papers presented at the sym-
posium noted in 150 of February. 

679.5:621.3  452 
The Growing Importance of Plastics in the 

Electrical Industry —G. Haefely. (Jour. I.E.E. 
(London), part II, vol. 94, pp. 301-308; August, 
1947. Discussion, pp. 308-312.) Full paper, 
of which summaries were noted in 1122 and 
2161 of 1947. 

535.37  453 
Fluorescence et Phosphorescence [Book 

Review[ —M. Curie. Hermann, Paris, 1946, 212 
pp., 350 fr. (Nature (London), vol. 160, pp. 
483-484; October 11, 1947.) 

621.315.612  454 
German Radio Ceramics [Book Notice4--

B.I.O.S. Final Report No. 1459. H. M. Station-
ery Office, London, 261 pp., 30s. Report of an 
investigation into the war-time activities of the 
Hermsdorf  Schomburg  Isolatoren  Gesell-
schaft, Steatite-Magnesia, and other compan-
ies. "The data obtained covered the composi-
tion, manufacture, and properties of the vari-
ous ceramic bodies, also details of the numerous 
types of finished radio components produced. 
Measuring apparatus, research, and develop-
ment were investigated in detail." 

621.315.612.4  455 
Experimental Low Temperature Coeffi-

cient Ceramics. Variation of Capacitance and 
Power Factor with Temperature [Book Review] 

—A. M. Thomas. Brit. Elec. and Allied Indus. 
Res. Assn., Tech. Rep. L/T 170, 1946, 15 pp., 
7s. (Beama Jour. vol. 54, p. 321; September, 
1947.) Ten experimental medium-permittivity 
ceramics were examined at frequencies in the 
range 800 c.p.s. to 2.5 Mc. and at temperatures 
between —31°C and 200°C. Permanent changes 
in dielectric properties were observed after the 
materials had been heated to 200°C. 

MATHEMATICS 

512.831  456 
Application of the Small Parameter Method 

to [oscillatory] Systems Similar to Those of 
Sturm-Liouville —S. M. Rytov and M. E. 
Zhabotinski. (Bull. Acad. Sci. (U.R.S.S.), sir. 
phys., vol. 11, no. 2, pp. 135-140; 1947. In Rus-
sian, with English summary.) 

512.831:518.5  457 
An Experimental Determination of the 

Eigenvalues and Functions of Certain Opera-
tors by Means of an RC Circuit —L. A. Lyuster-
nik and A. M. Prokhorov. (Bull. Acad. Sci. 
(U.R.S.S.), sir. phys., vol. 11, no. 2, pp. 141-
145; 1947. In Russian, with English summary.) 
A method applicable to a certain class of sym-
metrical-A matrices, similar to the Sturm-
Lionville operators and the positive symmet-
rical operators of Fredholm. 

517.63:621.3.015.3  458 
Oscillations and Transient Phenomena. 

Their Study by Means of the Laplace and 
Cauchy Transformations —L. Bouthillon. (Ann. 
Radioilec., vol. 2, pp. 287-328; October, 1947.) 
Part 1 studies (a) mechanical systems nearly in 
equilibrium, (b) electrical networks, (c) gyro-
scopic systems, (d) electromechanical systems 
with magnetic coupling. All these systems 
are represented by linear differential equations 
with constant coefficients. The classical form 
of solution is recalled and the importance and 
diversity of its applications are shown by exam-
ples of second-order equations. Continuous 
media are then considered, with special refer-
ence to an equation of partial derivatives of the 
second order, particular cases of which are the 
telegraphy equation, the diffusion equation, 
and the wave equation. Part 2 discusses the 
application of the Laplace and Cauchy trans-
formations. Certain definitions and results of 
the theory of functions of complex variables are 
recalled, the Laplace and Cauchy transforma-
tions defined, the conditions of the Laplace-
Cauchy inversion enumerated and the principal 
rules given for the transformation calculations. 
Application is made to linear differential equa-
tions with contant coefficients, the method of 
integration is shown and solutions for various 
practical examples depending on second-order 
equations are discussed. Rules are given for the 
application of the method to the integration of 
linear equations with partial derivatives. Two 
important examples considered are the diffu-
sion equation and the wave equation. In con-
clusion, tables are given showing the principal 
rules for calculation and also a number of 
pairs of associated functions. 

518.5  459 
Electrical Analogue Computing: Part 4— 

Pure  Electronic  Systems —D.  J. Mynall. 
(Electronic Eng., vol. 19, pp. 283-285; Sep-
tember 1947.) Blumlein time integrator RC 
circuits are connected in cascade to solve linear 
differential equations with constant coefficients, 
and the solution may be shown on a c.r. tube. 
Schemes for multiplying and dividing voltages 
by means of tube amplifiers are also outlined. 
For earlier parts see 3563 of 1947 and 157 of 
February. 

518.5:621.385  460 
Tube Failures in ENIAC —Michael. (See 

601.) 

518.61:621.396.619.13  461 
Computation of the Solutions of (I +2 

cos 2s)/-1-ey= 0; Frequency Modulation Func-
tions—N. W. McLachlan. (Jour. App!. Phys., 
vol. 18, pp. 723-731; August, 1947.) Carson 
has given an approximate solution of this 
equation, stable for the values of 8 and a en-
countered in radio broadcasting. Acoustic 
tests, using warble tones to reduce standing-
wave effects, require an extended range of these 
parameters. Floquet's theory is applied to 
obtain stable solutions for such cases. The 
necessary formulas for accurate calculation are 
derived and a numerical example is given. An 
approximate normalization of the solutions is 
suggested in order to obtain standard f.m. 
functions. 

519.271:539.16.08  462 
Note on the Statistical Analysis of Counter 

Data —N. Hole. (Ark. Nat. Astr. Fys., vol. 34, 
part 2, section B, 8 pp., September 25, 1947. 
In English.) 

517.564.3 (083.5)  463 
Bessel Functions: Vols. 3 and 4, Annals of 

the Computation Laboratory of Harvard Uni-
versity: Tables [Book Reviewl —Harvard Uni-
versity Press, 1947, vol. 3, 694 pp., $10; vol. 
4, 662 pp., $10. (Tale-Tech, vol. 6, pp. 93-94; 
September, 1947.) Tables of Jo(x) and J1(x) in 
vol. 3, and J2(x) and Jo(x) in vol. 4, computed 
to 18 places by means of the automatic se-
quence controlled calculator (461 and 787 of 
1947). 

518.5  464 
Calculating Machines —Recent and Pros-

pective Developments [Book Review]—D. R. 
Hartree. Cambridge University Press, England 
Macmillan Co. New York, 1947, 40 pp., 2s. 
and 750. (Nature (London), vol. 160, p. 142; 
August 2, 1947. Elec. Eng. vol. 66, p. 1047; 
October, 1947.) Analogue and digital machines 
are described, with special reference to the 
ENIAC. See also 2480, 2481 of 1947, 3952 of 
January, and 158 of February (Burks). 

MEASUREMENTS AND 
TEST GEAR 

531.765:621.38  465 
A Millisecond Chronoscope —R. S. J. Spas-

bury and A. Felton. (Jour. I.E.E. (London), 
part II, vol. 94, pp. 316-322; August, 1947. 
Discussion, pp. 322-324.) Full paper, of which 
a summary was noted in 1137 of 1947. 

621.317+53.08  466 
Significance of Functional Analysis of 

Measurements —H. C. Dickinson. (Gen. Elec. 
Rev., vol. 50, pp. 13-16; October, 1947.) For 
functional analysis, any measurement system is 
divided into three principal functional groups: 
the primary detector, the end device, and the 
intermediate means. Each group is further sub-
divided into basic elements. Measurement en-
ergy is regarded as flowing from the quantity 
measured through the apparatus to the end de-
vice. Specific examples are discussed. 

621.317+53.08  467 
Fundamentals of Measurement Technique 

— Hartmann. (See 390.) 

621.317.3:621.392.43  468 
Precision Measurement of Impedance Mis-

matches in Waveguide —A. F. Pomeroy. (Bell 
Sys. Tech. Jour., vol. 26, pp. 446-459; July, 
1947.) "A method is described for determining 
accurately the magnitude of the reflection co-
efficient caused by an impedance mismatch in 
waveguide by measuring the ratio between in-
cident and reflected voltages. Reflection coef-
ficients of any value less than 0.05 (0.86 db 
standing-wave ratio) can be measured to an ac-
curacy of ± 2.5 %." 
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621.317.333.82  469 
The Henley 1,200,000 Volt Impulse Testing 

Plant: Part 2—The Impulse Generator: Part 3 
—The High Speed Cathode-Ray Oscillograph 
—T. R. P. Harrison. (Distrib. Elec., vol. 20, pp. 
252-255, and 278-282; July and October, 1947.) 
Details of the charging unit, capacitor bank, 
capacitor potential divider, tripping mecha-
nism, voltage measurement apparatus and con-
trol gear. Part 1: 2848 of 1947. 

621.317.336  470 
The Measurement of H.F. Impedance and 

Applications of the Standing- Wave Indicator — 
H. J. Lindenhovius. (Tijdschr. ned; Radio-
genoot., vol. 12, pp. 65-82; March, 1947. In 
Dutch, with English summary.) A survey of 
different methods. For frequencies below 300 
Mc. the impedance is usually determined by its 
effect on a tuned circuit; for higher frequencies 
it is best to use an untuned transmission line 
and determine the standing-wave ratio and the 
position of the voltage minimum; a graphical 
method of deducing the impedance is discussed. 
A standing-wave indicator and its applications 
are described. 

621.317.41+621.318.323.2.042.15  471 
Determination of the Permeability of Pow-

dered-Iron Ring Cores—R. Schiffermilller. 
(Ekktrotech. and Maschinenb., vol. 63, pp. 254-
256; November-December, 1946.) A method 
for rapid testing. A small coil within the ring to 
be measured is fed from an 800-c.p.s. source. 
The voltage induced in two coils outside the 
ring which are connected in series depends on 
the permeability of the ring. This voltage is 
amplified and applied to an indicating instru-
ment which is calibrated to give direct readings 
of permeability. 

621.317.44  472 
A Sensitive Recording Magnetometer — 

A. Butterworth. (Jour. I.E.E. (London), part 
II, vol. 94, pp. 325-330; August, 1947. Discus-
sion, pp. 330-332.) Full paper, of which a sum-
mary was noted in 1137 of 1947. 

621.317.44:621.395.623.741  473 
Testing  Loudspeaker  Magnets —E.  E. 

George. (Gen. Eke. Rev., vol. 50, pp. 24-26; 
October, 1947.) Details of the requirements, 
construction, and operation of a new, portable, 
vibrating tester for the rapid production testing 
of magnets. The specimen is temporarily mag-
netized and a flux-density measurement is 
made, under normal operating conditions, by 
means of a continuously vibrating search coil 
and associated tube voltmeter. The search coil 
oscillates with constant amplitude. 

621.317.7  474 
Progress in Instrument Design—D. B. 

Fisk and J. M. Whittenton. (Gen. Elec. Rev., 
vol. 50, pp. 8-11; October, 1947.) An illustrated 
general survey. Discussion with specific ex-
amples of (a) improvements of basic design, (b) 
extension of usefulness by means of accessories, 
(c) modifications of basic designs to meet spe-
cial needs. 

621.317.7.029.64  475 
On Certain Instruments for Measurements 

at Centimeter Wavelengths —M. T. Grekhova, 
S. I. Averkov, D. I. Grigorash, and V. I. Ani-
kin. (Bull. Acad. Sci. (U.R.S.S.), sir. phys., vol. 
11, no. 2, pp. 183-189; 1947. In Russian, with 
English summary.) Descriptions of (a) re-
ceiver-wavemeter with automodulation, (b) 
wavemeter with c.r. indicator, (c) voltmeter, 
(d) field-strength meter. 

621.317.715.085.39  476 
Note on"A Simple Galvanometer with Neg-

ative Feedback" —D. K. C. MacDonald. (Jour. 
Sci. Instr., vol. 24, pp. 232-233; September, 
1947.) A description of a sensitive galvanometer 
system employing photo cell amplification and 

series feedback. The circuit is suitable for meas-
urement of small potentials such as those oc-
curring in metallic conductivity experiments. 
It is shown how performance equations may be 
derived for both the series and parallel-feed-
back systems. For Preston's earlier design see 
3670 of 1947 and 1513 of 1947. 

621.317.725  477 
A General-Purpose Valve Voltmeter—F. 

Gutmann. (Puoc. I.R.E. (Australia), vol. 8, pp. 
16-20; August, 1947.) Requirements and desir-
able characteristics of such an instrument are 
discussed, together with the construction, op-
eration, and performance of an inexpensive in-
strument using a cathode-follower type probe. 
A balanced metering system permits the sep-
arate determination of a.c. and d.c. simultane-
ously present. The voltmeter can be used over a 
wide range of voltages and frequencies. A bib-
liography of 25 items is given. 

621.317.725.027.7  478 
The Design of an Ellipsoid Voltmeter for the 

Precision Measurement of High Alternating 
Voltages -1n abstract 3584 of 1947, it was 
stated that "the voltage between the disks is 
deduced with an estimated error of less than 
0.3 per cent." This should read 0.03 per cent. 

621.317.755: [621.317.722+531.761  479 
The Waveform Monitor: A Cathode-Ray 

Tube Equipment for the Measurement of Volt-
age and Time —H. L. Mansford. (Electronic 
Eng., vol. 19, pp. 272-275 and 328-322; Sep-
tember and October, 1947.) Direct and alter-
nating potentials are measured by a null 
method whereby a cathode-coupled amplifier 
gives push-pull deflections which indicate the 
balance of the input potential against another 
potential derived from and measured by the in-
strument. A similar amplifier is used to magnify 
and calibrate any portion of a synchronized 
timebase. The operation of the Miller inte-
grator and of "long-tailed pair" circuits is also 
described. 

621.317.755: [621.317.722+531.761  480 
A Note on the Zero Setting Circuit of the 

Waveform Monitor—A. M. Spooner. (Elec-
tronic Eng., vol. 19, p. 332; October, 1947.) 
Comment on 479 above. 

621.317.761  481 
An Instrument for Short-Period Frequency 

Comparisons of Great Accuracy —H. B. Law. 
(Jour. I.E.E. (London), part I, vol. 94, p. 377; 
August, 1947.) Summary of 2178 of 1947. 

621.317.761:621.318.572  482 
Frequency Standards and Electronic Count-

ers —B. van Dijl. (Tijdschr. ned. Radiogenoot., 
vol. 12, pp. 37-61; March, 1947. Discussion, 
pp. 62-64. In Dutch, with English summary.) 
Discussion of (a) the generation of standard 
frequencies, (b) the measurement of their con-
stancy, (c) the use of counters for such meas-
urements, and (d) results obtained. 

621.317.761.029.64  483 
A Microwave Frequency Standard —R. G. 

Talpey and H. Goldberg. (Psoc. I.R.E., vol. 
35, pp. 965-969; September, 1947.) A stabilized 
10-Mc, quartz-crystal oscillator feeds a multi-
plier chain, and the voltage outputs at 20, 40, 
120, and 360 Mc. are mixed in a silicon-crystal 
harmonic generator with a crystal current of 30 
to 40 ma. The output spectrum extends to at 
least 10,000 Mc.; frequencies are identified by 
means of a coaxial-line wavemeter. Images are 
easily identified using a superheterodyne detec-
tor with a midband frequency of 0.5 Mc. and a 
bandwidth of 0.6 Mc. 

621.317.763+621.396.616+621.392.029.64 
484 

The Transverse Electric Modes in Coaxial 
Cavities —R. A. Kirkman and M. Kline. (Pktoc. 

I.R.E., vol. 35, pp. 931-935; September, 1947.) 
Discussion on 888 of 1946. 

621.317.763.089.6  485 
A Method for Calibrating Microwave Wave-

meter—L. E. Hunt. (Puoc. I.R.E., vol. 35, pp. 
979-981; September, 1947.) A quartz-controled 
oscillator and harmonic generator system is 
used as a frequency reference. The frequency of 
a calibrating oscillator, sufficiently powerful to 
operate the wavemeter, is continuously com-
pared with the standard by separately hetero-
dyning both outputs with that of a third oscil-
lator to which a sawtooth f.m. voltage is ap-
plied. The resulting products are displayed on 
an oscilloscope so that frequencies can be con-
tinuously compared with an inaccuracy of less 
than 12 kc. 

621.317.79  486 
The Characteristic Recorder —T. Kammer-

loher. (Funk-Technik (Berlin), vol. 2, nos. 17 
and 18, pp. 6-8 and 6-7; 1947.) The recorder 
has two moving-coil instruments with their 
pivotal axes at right angles. Each coil system 
carries a small mirror and a beam of light is re-
flected in turn from each mirror, falling finally 
on a screen. A detailed description is given of 
the use of the instrument for obtaining (a) reso-
nance curves of tuned circuits and, (b) tube 
characteristics. 

621.317.79:621.396.615  487 
Special Applications of Ultra-High-Fre-

quency Wide-Band Sweep Generators —J. A. 
Bauer. (RCA Rev., vol. 8, pp. 564-575; Septem-
ber, 1947.) Discussion of the use of wide-band 
f.m. signal generators for (a) r.f. impedance 
measurements of wide-band terminal and other 
devices on a transmission line; (b) overall fre-
quency response measurements of television re-
ceivers; (c) frequency measurements in the 
range 250 to 10,000 kc. within about 0.001 per 
cent. Large savings of laboratory and factory 
test time have already been achieved. 

621.317.79:621.396.712  488 
Monitoring  Equipment for  Frequency-

Modulation Broadcasting —M. Silver. (Eke. 
Commun. (London), vol. 24, pp. 273; June, 
1947.) Summary of I.R.E. Convention paper. 
The design and method of operation of such 
equipment are discussed, together with the 
measurements required to prove its perform-
ance. It is claimed that noise can be measured 
to —80 db, distortion to 0.2 per cent, and sta-
tion carrier frequency to within ± 100 c.p.s. un-
der full-modulation conditions with long-time 
stability of 1 part in 5 X106. 

621.317.79:621.396.822:621.385.1  489 
Measurement of Valve Background Noise 

M. Chamagne and G. Guyot. (They. Franc.. 
Supplement gketronique, pp. 36-39; September, 
1947.) A short discussion of the origin of tube 
noise and a description of practical apparatus 
for its measurement. The method is that of 
Ziegler and uses a saturated diode as the com-
parison noise source. Measurements on EF5 
and AC2 tubes are shown graphically. The re-
sults for AC2 tubes are in excellent agreement 
with those of M. J. 0. Strutt. 

621.317.79: 621.396.822 : 621.385.2  490 
How Sensitive Is Your Receiver? —B. Good-

man. (QST, vol. 31, pp. 13-21; September, 
1947.) Sources of noise are discussed, noise fac-
tor is defined as the ratio of the equivalent noise 
power of a receiver to that of an ideal receiver, 
and a detailed description is given of a simple 
diode noise generator which has proved very 
useful in measurements of noise factor. The 
method of use is described and illustrated by re-
sults obtained during the development of a 
cathode-coupled preamplifier. 

621.317.79.029.64:621.396.81  491 
On the Thermometric Method of Measuring 
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the Field Strength of Centimeter Waves — 
S. M. Rytov. (Bull. Acad. Sci. (U.R.S.S.), set.. 
phys., vol. 11, no. 2, pp. 191-194; 1947. In Rus-
sian, with English summary.) Means are de-
scribed for increasing considerably the sensitiv-
ity of the thermometer. 

OTHER APPLICATIONS OF RADIO AND 
ELECTRONICS 

519.271:539.16.08  492 
Note on the Statistical Analysis of Counter 

Data—Hole. (See 462.) 

535.61-15: 621.317.755: 535.33  493 
An Infra-Red Spectroscope with Cathode-

Ray Presentation—E. F. Daly and G. B. B. M. 
Sutherland. (Proc. Phys. Soc., vol. 59, p. 901; 
September 1, 1947.) Discussion on 2860 of 1947. 

539.16.08  494 
Some Properties of Counters with Beaded 

Wires —S. C. Curran and E. R. Rae. (Jour. 
Sci. lusty., vol. 24, pp. 233-238; September, 
1947.) A description of the effect on the per-
formance of a Geiger counter of attaching 
closely spaced beads on the central wire. The 
main result is a reduction in overall efficiency 
due to the production of local insensitive re-
gions around the beads. The localization of the 
discharge and its variation with voltage, na-
ture of the gas mixture, and pressure are dis-
cussed. 

539.16.08  495 
The Discharge Mechanism of Self-Quench-

ing Geiger-Mtieller Counters —S. H. Liebson. 
(Phys. Rev., vol. 72, pp. 602-608; October 1, 
1947.) Full paper: summary in 3982 of Janu-
ary. 

539.16.08  496 
Accurate Method of Measuring the Effi-

ciency of Geiger-Milller Counters —A. Rogo-
zinski and A. Voisin. (Compt. Rend. Acad. Sci. 
(Paris), vol. 225, pp. 409-411; September 1, 
1947.) 

539.16.08: 531.717.1  497 
Beta-Ray Thickness Gage for Sheet Steel -

0. J. M. Smith. (Electronics, vol. 20, pp. 106-
112; October, 1947.) "G-M counters and inte-
grating circuits, responding to absorption of 
beta rays by steel strip moving over a radio-
strontium source, measure thickness over range 
of 7 to 24 mils. Sheets can be sorted automati-
cally by a mechanical gate after cutting. Ac-
curacy is analyzed." 

621.316.7.078  498 
Theory of Automatic Control Systems — 

M. A. Melvin. (Jour. App!. Phys., vol. 18, pp. 
704-722; August, 1947.) 

621.316.71:629.12.014.6  499 
The Use of High Permeability Materials in 

Magnetometers. The Application of a Saturated 
Core Type Magnetometer to an Automatic 
Steering Control —L. D. Armstrong. (Coned. 
Jour. Res., vol. 25, sec. A, pp. 124-133; May, 
1947.) The accuracy of steering was ± 4°, or 
better, with hunting so small as to have no no-
ticeable effect on the ship's course. 

621.316.86.001.8  500 
The Thermistor in Biological Research — 

B. L. Andrew. (Electronic Eng. (London), vol. 
19, pp. 288-289; September, 1947.) "Used as a 
resistance thermometer it has applications 
where there is a requirement for remote indica-
tion of temperature small size of sensitive ele-
ment and a rapid response to changes of tem-
perature." Suitable circuits are described and 
their operation discussed. See also 3044 of 1947 
(Rosenberg). 

621.317.083.7  501 
Problems of Telemetry and Their Solutions 

— W. Boesch. (Rev . Gen. Elec., vol. 56, pp. 355-

368; September, 1947.) Part 1 discusses the re-
quirements of and errors in telemetry systems. 
Part 2 describes briefly a wide range of devices, 
from simple voltmeter circuits to selsyns, fre-
quency variation or compensation systems, and 
many pulse systems. A synoptic table of all the 
methods noted is given and its use is illustrated 
by practical examples. 

621.317.083.7:551.46.018.1  502 
Telemetering Fathometer —E. F. Kiernan. 

(Electronics, vol. 20, pp. 96-98; October, 1947.) 
For continuous depth indications beneath a re-
mote-controlled pilotless ship. Frequencies near 
8 and 70 Mc. are used. 

621.317.39: 620.178.3  503 
A Twelve-Channel Recorder for Use with 

Resistance Strain Gauges —A. Watson. (Jour. 
Sci. Instr., vol. 24, pp. 239-242; September, 
1947.) For investigating stresses on a ship's 
hull. See also 3217 of 1947 (Cogman). 

621.365.92:641.3  504 
U.H.F. Heating of Frozen Foods—P. W. 

Morse and H. E. Revercomb. (Electronics, vol. 
20, pp. 85-89; October, 1947.) Discussion of 
problems encountered in developing 1050-Mc. 
c.w. magnetron oscillator equipment for thaw-
ing and heating pre-cooked frozen food. 

621.365.92.001.8  505 
An Electronic Development of Growing Im-

portance: Dielectric Heating and Its Many 
Practical Applications—G. R. Cooper. (Over-
seas Eng., vol. 20, pp. 370-372; July, 1947.) 
A brief survey of the practical applications, 
with special reference to curing thermosetting 
glue bonds in the wood-working industry. 

621.384  506 
Travelling-Wave Linear Accelerator for 

Electrons—D. W. Fry, R. B. R.-S.-Harvie, 
L. B. Mullett, and W. Walkinshaw. (Nature 
(London), vol. 160, pp. 351-353; September 13, 
1947.) A new application of the principle used 
in the Sloan and Lawrence positive ion acceler-
ator (Phys. Rev., vol. 38, pp. 2021-2032; De-
cember 1, 1931 is possible now that radar mag-
netrons can give high peak power in pulse op-
eration at short wavelengths. 

The 0.5-Mey. accelerator described uses a 
wavelength of 10 centimeters. A travelling 
wave is set up in a 40-centimeter length of cir-
cular waveguide with deep corrugations whose 
depth determines the phase velocity. Experi-
mental and theoretical results agree closely. 
The accelerator would be working at optimum 
efficiency if the waveguide were extended to 20 
meters. 
With an applied r.f. power of 1 milliwatt, 

energy spectrum measurements show a maxi-
mum peak pulse beam current of 36 ma. at an 
energy very close to 540 kv. (the designed val-
ue) with a width of 65 key, between half-ampli-
tude points. A very large proportion of the in-
jected electrons were trapped by the wave and 
formed into stable bunches. 

621.384.6  507 
Theory of the Proton Synchrotron —J. S. 

Gooden, H. H. Jensen and J. L. Symonds. 
(Proc. Phys. Soc., vol. 59, p. 901; September 1, 
1947.) Corrections to 209 of February. 

621.384.6:621.313.322  508 
Power Supply for the 100,000,000-Volt 

Betatron—F. L. Kaestle. (Elec. World, vol. 
128, pp. 42-44; August 30, 1947.) Details of the 
synchronous-synchronous motor-generator set, 
3-phase to single-phase, with amplidyne volt-
age-regulating equipment and reduced-voltage 
starting control, delivering the required 24,000-
kva. excitation from a bank of 24-kv., 1000-am-
pere capacitors. 

621.384.6(43)  509 
European Induction Accelerators—R. Wi-

deroe. (Jour. App!. Phys., vol. 18, p. 783; Au-
gust, 1947.) Comment on 2527 of 1947 (Kaiser). 

621.385.833  510 
Coaxial Electron Lenses —J. W. Dungey 

and C. R. Hull. (Proc. Phys. Soc. (London), vol. 
59, pp. 828-843; September 1, 1947.) A detailed 
mathematical account of these lenses, which 
contain a central conductor surrounded by a 
number of annular electrodes. The electrostatic 
fields in these lenses can be calculated by super-
imposing fields of a certain simple type. This 
type of field, which is tabulated, corresponds to 
a "on element" coaxial lens with an annular 
electrode in the form of a perforated disk with 
rounded edges, preceded and followed by cylin-
drical guard rings. At least two such lenses are 
required to correct the spherical aberration in-
herent in the ordinary electron microscope, and 
a three-element correcting lens is better. These 
systems are analyzed in detail. The workman-
ship involved in their construction must be of 
the highest order. Careful focusing is required be-
cause of the small focal depth, which, however, 
suggests the possibility of examining objects 
in depth with an accuracy of the order of 100k. 

621.385.833  511 
The Use of the Fluxball Method in the 

Measurement of the Axial Distribution of the 
Magnetic Field in Electron Microscope Lenses 
— K. I. Williamson. (Jour. Sci. Instr., vol. 24, 
pp. 242-243; September, 1947.) A ballistic 
method in which a specially wound coil is with-
drawn suddenly, by an elastic suspension, from 
a known position in the lens to a field-free re-
gion. The method is suitable for measurement 
of magnetic fields with rapid space variations. 

PROPAGATION OF WAVES 

621.396.11+621.396.65.029.64  512 
Microwave Communication Link —Lamont, 

Robertshaw and Hammerton. (See 549.) 

621.396.11  513 
The Propagation of Radio Waves and the 

Inhomogeneity of the Atmosphere —H. Brem-
mer. (Tijdschr. tied. Radiogenoot., vol. 12, pp. 
7-29; January, 1947. In Dutch with English 
summary.) The theory of propagation of radio 
waves which suffer reflection at the ionosphere 
is considered from the point of view of geo-
metrical optics, allowing for vertical atmos-
pheric inhomogeneities. The condition for su-
perrefraction is derived, and the behavior of 
short waves is compared with that of long 
waves. 

621.396.11: 551.510.535  514 
Calculation of the Field of a Space Wave — 

K. Rawer. (Rev. Sci. (Paris), vol. 85, pp. 361-
362; April I, 1947.) The basic principle of the 
method described for calculating the field at a 
great distance from a short-wave transmitter 
consists in determining separately the fields 
corresponding to the different possible paths 
and then combining them. The results indicate 
that the inverse square law is only followed for 
-a short distance from the transmitter and that 
beyond this distance the value of the field is 
greater than would be given by the inverse 
square law. The effects of the various ionosphere 
layers are discussed briefly. 

621.396.11:551.510.535  515 
The Prediction of Optimum Working Fre-

quencies for Short Wave Radio Circuits — 
H. Stanesby and G. H. M. Gleadle. (P.O. Elec. 
Eng. Jour., vol. 40, part 2, pp. 76-79; July, 
1947.) A short general discussion of optimum 
frequencies and an account of methods for their 
determination. 

621.396.11551.510.535  516 
The Forecasting of Ionosphere Critical Fre-

quencies—Rawer. (See 419.) 
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621.396.11.551.510.535  517 
On the Reasons for a Change of Amplitude 

of a Single Pulse Reflected from the Ionosphere 
—Gusev. (See 420.) 

621.396.11: 551.594.5: 551.510.535  518 
Ionospheric Perturbations in the Zone of 

Polar Auroras —Rawer. (See 421.) 

621.396.11:621.396.96  519 
Refiexion of Centimetric Electromagnetic 

Waves over Ground, and Diffraction Effects 
with Wire-Netting Screens —J. S. Hey, S. J. 
Parsons, and F. Jackson. (Proc. Phys. Soc., vol. 
59, pp. 847-857; September 1, 1947.) An ac-
count of a simple technique for determining the 
echo signal strength pattern in the vertical 
plane for a British Army G.L. III radar equip-
ment, operating at A 10.7 centimetres on natu-
ral sites both with and without artificial screen-
ing. The transmitter radiated 1-microsecond 
pulses at a peak power of 200 kw. Separate 
transmitter and receiver paraboloids with aper-
tures of 1.22-meter diameter, mounted ad-
jacently with foci 3.6 meters above the ground, 
could be traversed together in bearing or ele-
vation. Vertical polarization was used and the 
reflector was a papier !niche sphere 0.6 meter in 
diameter, metallized with sprayed zinc and sup-
ported by a balloon. The range of the reflector 
was 2500 to 3000 meters and height varied from 
ground level to 500 meters. 
The measurements obtained over different 

natural sites were in good agreement with the-
ory. The effect of wire-netting screens of 22 
standard wire gauge galvanized iron wire and 
1.4-centimeter mesh, erected about 50 meters 
from the equipment, was measured and shown 
to be in agreement with simple diffraction the-
ory. 

621.396.11.029.6  520 
Ten-Meter Propagation by Rebound Scat-

tering —D. W. Heightman. (CQ, vol. 3, pp. 19-
21, 87; September, 1947.) Fairly weak but rea-
sonably consistent signals can be received on 
10 meters from stations 50 to 500 miles away, 
well within the skip zone and too far away for 
the ground wave to be audible. Both receiving 
and transmitting aerials must point in approxi-
mately the same direction. It is suggested that 
these signals are not due to "long" and "short" 
scatter, but to direct scattering from the Fs 
layer. 

621.396.11.02944  521 
3- and 9-Centimeter Propagation in Low 

Ocean Ducts —M. Katzin, R. W. Bauchnian, 
and W. Binnian. (Paoc. I.R.E., vol. 35, pp. 
891-905; September, 1947.) Description of one-
way radio propagation measurements between 
ship and shore, coupled with meteorological 
measurements, made in the British West Indies 
area. Persistent low-level ducts (20 to 50 feet in 
height), whose strength and height appeared 
to depend on wind speed, were found. Various 
aerial-height combinations were used and very 
effective trapping was found on A 3 centimeters 
for height between 6 and 15 feet. On A 9 centi-
meters, the trapping was only partial. Attenua-
tion rates on A 9 centimeters averaged 0.85 db/ 
nautical mile up to about 80 miles and 0.2 db/ 
mile beyond, while the rate on /t 3 centimeters 
was 0.45 db/ mile for all ranges up to 150 miles. 
Radar measurements on A 3 centimeters gave 
similar results. Sed also 2900 of 1947 (Pekeris). 

621.396.81 +621.396.72  522 
2[-Watt F.M. Transmitter Permits City-

Wide Coverage —(See 554.) 

RECEPTION 

621.396.621  523 
The Reception of Short Waves with a Stand-

ard Commercial Receiver —G. Trestchenkoff. 
(Radio Franc., pp. 5-11; September, 1947.) The 
lack of sensitivity of some receivers on short 

waves is discussed and found to be frequently 
due to one or more of the fohowing causes: — 
(a) poor gain for medium frequencies; (b) poor 
gain of high-frequency tuned circuits; (c) in-
efficient frequency changer; (d) grid current. 
Means are suggested for eliminating these 
sources of trouble. 

621.396.621+ 621.396.69: 06.064 London  524 
Radio  Exhibition  [Olympia,  London1 — 

W. E. Miller. (Elec. Rev. (London), vol. 141, pp. 
543-546; October 10, 1947.) A short account 
of some of the principal features. See also 617 
below. 

621.396.621:621.396.619.11  525 
The Design of a Synchrodyne Receiver: 

Part 1—Design Principles —D. G. Tucker. 
(Electronic Eng. (London), vol. 19, pp. 241-
245; August, 1947.) Design principles, together 
with all the information required for the con-
struction of a receiver of this type. A locked os-
cillator is used for demodulation. See also 2364 
of 1947 and 526 below. 

621.396.621:621.396.619.11  526 
The Design of a Synchrodyne Receiver: 

Part 2—Some Suitable Designs —D. G. Tucker 
and J. F. Ridgway. (Ekaronic Eng. (London), 
vol. 19, pp. 276-277; September, 1947.) Three 
circuits are given: (a) a cathode-coupled Cowan 
ring demodulator for low sensitivities (discussed 
more fully in 525 above); (b) two r.f. stages and 
a ring demodulator for high sensitivities; (c) a 
very simple receiver using a triode-hexode for 
demodulation. 

621.396.621:621.396.645  527 
Intermediate-Frequency Amplifiers for Fre-

quency-Modulation Receivers —J. J. Adams. 
(Paoc. I.R.E., vol. 35, pp. 960-964; September, 
1947.) Voltage feedbacks must be reduced to a 
minimum to obtain good results in mass pro-
duction without stagger tuning. Selectivity and 
stability formulas, stabili,zing methods, and 
methods of aligning double-tuned transformers 
are discussed. 

621.396.621.54:518.4  528 
Superheterodyne Tracking Charts —Y. P. 

Yu. (Tele-Tech, vol. 6, pp. 46-47, 108; Septem-
ber, 1947.) Charts for determining the values of 
inductances and capacitances in permeability-
tuned and capacitance-tuned systems. 

621.396.822: 621.317.79: 621.385.2  529 
How Sensitive Is Your Receiver?—Good-

man. (See 490.) 

621.396.828: 621.319.74: 629.135  530 
Electrostatic Dischargers for Aircraft— 

W. C. Hall. (Jour. Appl. Phys., vol. 18, pp. 
759-765; August, 1947.) Methods using high-
mobility gaseous ions are preferred to those 
using low-mobility charge carriers such as wa-
ter spray. The discharger invented and devel-
oped at the Naval Research Laboratory is de-
scribed. See also 2916 of 1947 (Beach). 

621.396.828:621.396.619.16  531 
Noise-Suppression Characteristics of Pulse 

Modulation —S. Moskowitz and D. D. Grieg. 
(Elec. Commun. (London), vol. 24, pp. 271-
272; June, 1947.) Summary of I.R.E. Conven-
tion paper. Discussion of the manner in which 
noise may enter a pulse-time modulation sys-
tem and of the effectiveness of various methods 
used in its elimination. Another summary 
noted in 3269 of 1947. 

621.396.828:621.397.62  532 
Interference with Television Broadcasting 

—Grammer. (See 579.) 

621.396.828:621.397.62  533 
Electrical Interference Suppression in Tele-

vision Receivers —Flach. (See 580.) 

621.396.822  534 
Radio Noise. Radio Research Special Re-

port No. 15 [Book Noticel—H. A. Thomas and 
R. E. Burgess. H. M. Stationery Office, Lon-
don, 1947, 3s. 4d. (Ekc. Rev. (London), vol. 141, 
p. 546; October 10, 1947. Govt. Publ. (London), 
p. 9; September, 1947.) A survey of existing in-
formation about, and data on, radio noise 
within the I- to 30-Mc. frequency band. Issued 
by the Department of Scientific and Industrial 
Research as a foundation for investigations now 
being started in various parts of the world. 

STATIONS AND COM MUNICATION 
SYSTEMS 

621.396/.3971(47)  535 
Broadcasting and Television Methods in 

the Soviet Republics —A. Huth. (Tek-Tech, 
vol. 6, pp. 30-33, 114; September, 1947.) The 
development, scope, and methods are discussed 
and the 1946 to 1950 Five Year Plan is out-
lined. Rediffusion methods, serving individual 
listeners and public places, are used exten-
sively. High power medium and long-wave 
transmitters predominate; lists of these are in-
cluded. A television center was opened in Mos-
cow in 1938. 

621.396.1  536 
Narrow-Band F.M. Authorized —(Elearou-

ics, vol. 20, pp. 146, 240; October, 1947.) For 
class A amateurs, the frequency bands 3.85 to 
3.90 Mc. and 14.20 to 14.25 Mc. have been 
authorized for f.m. R/T on an experimental 
basis. Frequencies in the ranges 28.5 to 29 Mc. 
and 51.5 to 52 Mc. may also be used at any 
licensed amateur radio station. 

621.396.1  537 
Space Diversity Reception at Super-High 

Frequencies —G. H. Huber. (Bell Lab. Rec., 
vol. 25, pp. 337-341; September, 1947.) De-
scribes the use, in California, of vertically 
spaced aerials for diversity reception of pulse 
position modulated 4350 to 4800-Mc. signals. 
510 miles were covered in optical stages of from 
24 to 170 miles, some over land and some over 
water. Results indicate that the complemen-
tary vertical space diversity method is of great 
value in improving performance of super-high-
frequency relay paths operating over sea or 
smooth land. 

621.396.1:621.397.828  538 
Engineering Problems Involved in TV In-

terference —A. Francis. (Tele- Tech, vol. 6, pp. 
42-45, 109; September, 1947.) Mutual inter-
ference makes it impracticable for other serv-
ices in the United States to share television 
channels. It is recommended that the television 
frequency spectrum should be extended and the 
frequencies allotted to different services reallo-
cated. 

621.396.332  539 
Tape Relay System for Radiotelegraph Op-

eration —S. Sparks and R. G. ICreer. (RCA 
Rev., vol. 8, pp. 393-426; September, 1947.) 
Telegrams are received in a form suitable for 
immediate retransmission, so that service is 
quickened and operating costs and the possibil-
ities of human error are reduced. 

621.396.41:621.396.97  540 
Ultra-High-Frequency Multiplex Broad-

casting System—A. G. Kandoian and A. M. 
Levine. (Elec. Commun. (London), vol. 24, p. 
268; June, 1947.) Summary of I.R.E. Conven-
tion paper. Pulse time modulation is used. A 
highly directive receiving aerial is permanently 
focused on the transmitter. The required pro-
gram is chosen by push-button selection of sim-
ple timing circuits. 

621.396.41: 621.396.97: 621.396.619.16  541 
6-Channel Multiplex Equipment for Broad-

casting —Chamagne and Guyot. (Onde 
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vol. 27, pp. 318-329; August-September, 1947.) 
A short discussion of the principles of pulse 
modulation, with some details of apparatus us-
ing pulse duration modulation. This apparatus 
combines high-fidelity reproduction with low 
distortion and background noise. 

621.396.41.029.64: 621.395.43  542 
Multiplex Microwave Radio Applied to Tel-

ephone Systems —T. H. Clark. (Elec. Com-
mun. (London), vol. 24, pp. 265-266; June, 
1947.) Summary of I.R.E. Convention paper. 
Two systems are described. One has a single 
wide-band channel capable of transmitting the 
frequency spectrum presented by a conven-
tional frequency-division-multiplex carrier sys-
tem. In the other, a number of telephone con-
versations are applied as voice bands to time-
division-multiplexing equipment. 

621.396.619.11/.13  543 
Amplitude and Frequency Modulation — 

A. A. McKenzie. ( Wireless Eng., vol. 24, p. 332; 
November, 1947.) Criticism of 3660 of 1947 
(Nicholson). For a direct comparison between 
an a.m. and a f.m. system, reference is made to 
3528 of 1939 (Weir). A short paper by C. M. 
Jansky, Jr., entitled "The Demonstrated Po-
tentialities of Frequency Modulation Broad-
casting on Very High Frequencies," prepared 
for the International Telecommunications Con-
ference at Atlantic City on August 6, 1947, also 
summarizes the advantages inherent in f.m. 
broadcasting. 

621.396.619.16  544 
Pulse Count Modulation System —D. D. 

Grieg. (Tele-Tech, vol. 6, pp. 48-52, 98; Sep-
tember, 1947.) Transmission is effected by di-
viding the amplitude of the modulating signal 
into finite levels, determining the instantaneous 
amplitude at short time intervals and then rep-
resenting each amplitude level by different com-
binations of constant amplitude pulses. The 
demodulated signal is discontinuous, but in-
telligible speech can be obtained with seven 
modulation levels. 

Time-division multiplex may be used. Re-
laying does not increase noise since the pulses 
are regenerated. Oscillograms of signals, and 
block schematic diagrams are given, together 
with tables of the distortion obtained and the 
number of pulses required per signal for dif-
ferent numbers of levels and typical pulse 
repetition rates. 

621.396.619.16:621.395.43  545 
Telephony by Pulse Code Modulation — 

W. M. Goodall. (Bell. Sys. Tech. Jour., vol. 26, 
pp. 395-409; July, 1947.) Another pulse code 
modulation system was noted in 258 of Febru-
ary (Botcher). 

621.396.65+621.396.71 (494)  546 
High-Altitude [radio] Stations and Links — 

W. Gerber and F. Tank. (Tech. Milt. Schweiz. 
Tekgr.-Teleph. Verw., vol. 25, pp. 177-186; 
October 1, 1947. In German.) The mountain-
ous character of Switzerland offers distinct pos-
sibilities for the use of cm-, dm-, and m-wave 
technique for communication purposes, includ-
ing telephony to alpine huts and other rela-
tively inaccessible stations, broadcasting, fac-
simile transmission, and television. A station at 
Chasseral, 1608 meters above sea level, pro-
vides coverage over a wide area by line-of-
sight links using a multichannel R/T system. 

621.396.65: 523.3  547 
Considerations of Moon Relay Communi-

cations —D. D. Grieg, S. Metzger, and R. 
Waer. (Elec. Commun. (London), vol. 24, pp. 
266-267; June, 1947.) Summary of I.R.E. Con-
vention paper. Discussion of the possibilities of 
the moon as a passive repeater for radio links. 
The Doppler frequency shift due to the rela-
tive motion of earth and moon, the effect of 
cosmic noise, and the moon's radio reflecting 

properties are considered. See also 106 of 1947 
(Clarke). 

621.396.65:621.396.41: 621.396.619.16  548 
Pulse-Time- Modulated  Multiplex  Radio 

Relay System —Radio-Frequency Equipment 
— D. D. Grieg and H. Gallay. (Elec. Commun. 
(London), vol. 24, pp. 141-158; June, 1947.) 
Useful microwave transmission is limited to 
the band 1000 to 7000 Mc. At these frequen-
cies, high frequency-stability and i.f. amplifica-
tion are necessary, and transmission lines are 
inefficient. Many problems are solved by the 
use of pulse-time modulation. 
The four-stage receiver in the experimental 

New York-Trenton link has a gain of 80 db, 
bandwidth of 8 Mc. and an image rejection ra-
tio of 72 db. The transmitter operates at fre-
quencies between 1200 and 1300 Mc., incor-
porates a 2C43 tube and can modulate at fre-
quencies up to 3.5 Mc. 

Tower heights should be 100 to 200 feet and 
repeater stations 20 to 30 miles apart. Power 
supplies may be derived from the wind. Details 
of the performance of the link are given. For a 
description of the terminal equipment see 1213 
of 1947 (Grieg and Levine). 

621.396.65.029.64+621.396.11  549 
Microwave Communication Link —H. R. L. 

Lamont, R. G. Robertshaw, and T. G. Ham-
merton. (Wireless Eng., vol. 24, pp. 323-332; 
November, 1947.) A single-channel duplex 3.2-
centimeter R/T system is described. A single 
parabolic mirror is used as aerial for both trans-
mitted and received signals, which are sepa-
rated in a waveguide system. The transmitter is 
a klystron oscillator of about 75 millivvatts out-
Put. The superheterodyne receiver is fitted with 
automatic frequency control and automatic 
gain control. The equipment has been in opera-
tion for over a year; it was installed to provide 
R/T communication over one of the 57-mile 
oversea optical paths used in the propagation 
experiments described in 518 of 1947 (Megaw). 
Variations in signal strength occur mainly in 
fine weather, within a range of ± 10 db, but the 
automatic gain control makes them unnoticea-
ble. Occasional very deep rapid fading was also 
observed at intervals over a period of perhaps 
an hour. Operation over other optical paths up 
to 70 miles long is also described. 

621.396.65.029.64  550 
Microwave  Radio  Relay  Systems —E. 

Labin. (Elec. Commun. (London), vol. 24, pp. 
131-140; June, 1947.) The effects of topogra-
phy, of atmospheric refraction and of absorp-
tion on line-of-sight microwave propagation are 
discussed; a 30-db overall margin in power 
should be sufficient to make failure improba-
ble. Both frequency selection and time division 
methods are available for multiplex transmis-
sion, but each requires a large bandwidth. The 
determination of the transmitter power re-
quired for such systems is discussed; powers of 
the order of several watts are necessary to al-
low for fading. Details of a Paris- Montmorency 
experimental link and of a New York-Trenton 
experimental link are given; see also 548 above 
and 551 below, 3283 of 1947 (Gerlach) and back 
references. 

621.396.65.029.64  551 
Paris-Montmorency 3000- Megacycle Fre-

quency- Modulation Radio Link —A. G. Clavier 
and G. Phelizon. (Elec. Commun. (London), 
vol. 24, pp. 159-169; June, 1947.) English ver-
sion of 540 of 1947. 

621.396.7  552 
Tangier Radio Relay Station —(Elec. Com-

mun. (London), vol. 24, p.208; June, 1947.) The 
station provides a through teletype service be-
tween New York and Moscow, and 24-hour 
service between New York and certain Euro-
pean and Asiatic cities. The reliability of the re-
layed circuits is high because they avoid direct 

routes which are very long, or which pass near 
to the north magnetic pole and are subject to 
severe ionospheric disturbances. 

621.396.712  553 
The Allows (France) Short- Wave Broad-

casting Center —M. Matricon. (Jour. Brie. 
I.R.E., vol. 7, pp. 184-193; September, 1947.) 
A description of the transmitting equipment. 
There are two separate transmitters with in-
dependent power supply. Each transmitter 
consists of three h.f. chains, any two of which 
can be connected at will to two independent 
I.f. chains so that four programs may be trans-
mitted simultaneously. 

Each 1.1. chain consists of line amplifier, 
equalizers and limiters, input amplifier, sub-
modulator and modulator. The h.f. chains com-
prise crystal oscillators (stability 1 in 106), fre-
quency doublers, 1-kw. amplifier, 10-kw. ampli-
fier, and power stage using two continuously 
evacuated demountable tubes. The h.f. power 
output is not less than 100 kw. Twelve rhom-
bic aerials are provided; connections to the 
transmitters are made from a control desk by 
servomechanism. 

621.396.72+621.396.81  554 
2[- Watt F. M. Transmitter Permits City-

Wide Coverage —(7'efe-Tech, vol. 6, pp. 34-35; 
September, 1947.) Block diagram and per-
formance of an 88- Mc. General Electric phasi-
tron-based transmitter installed at Syracuse 
University, United States. A coverage radius of 
7 miles for a field strength of 50 microvolts per 
meter at a height of 30 feet was obtained with 
a horizontal circular loop transmitting aerial at 
a height of 100 feet. Calculated and measured 
field strengths are compared; discrepancies are 
attributed to the hilly terrain. 

621.396.931  555 
The Problems of Radio Communication 

with Moving Trains —G. H. Leversedge. (Jour. 
Brie. I.R.E., vol. 7, pp. 157-163; July-August, 
1947. Discussion, pp. 163-164). Brief survey 
of operational requirements for speech trans-
mission and difficulties met in practice, with 
particular reference to British railways. Results 
of recent tests on the London and North East-
ern Railway are summarized. 

621.396.931.029.62  556 
Mobile Frequency- Modulation 30-44- Meg-

acycle Equipment —R. B. Hoffman and E. W. 
Markow. (Elec. Commun. (London), vol. 24, 
pp. 170-178; June, 1947.) The system "is char-
acterized by simplicity of operation, small size 
of mobile equipment improved receiver squelch 
circuit, low power drain for mobile equipment 
during stand-by, plug-in arrangement of units 
for ease of replacement and servicing, and a 
self-contained selective calling system." See also 
3665 of 1947. 

621.396.97  557 
U.N.  Telecommunications  Facilities —J. 

Peterson. (Tele-Tech, vol. 6, pp. 24-28, 102; 
September, 1947.) A $6,000,000 plan to pro-
vide world-wide coverage for United Nations 
programs by linking them to national and local 
broadcast systems. 

621.396.619.13  558 
Frequency Modulation Engineering [Book 

Reviewl—C. E. Tibbs. Chapman and Hall, 
London, 310 pp. 28s. (Elec. Rev. (London), vol. 
141, p.  771; November 21,  1947.)  "The 
book ... can be recommended to all requir-
ing information about frequency modulation." 

SUBSIDIARY APPARATUS 

621.3.016.3.029.64  559 
Power Loads at Very- and Ultra-High Fre-

quencies —A. G. Kandoian and R. A. Felsen-
held. (Elec. Commun. (London), vol. 24, pp. 
267-268; June, 1947.) Summary of I.R.E. Con-
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vention paper. The following new designs of 
power load are described (a) transmission-line: 
a coaxial line with 'circulating water used as a 
dielectric and cooling agent; (b) radiator-type: 
an aerial or radiator enclosed in a tank of wa-
ter; (c) resonant-cavity type: a X/4 coaxial 
resonant circuit of low Q. 

621.314.65:621.396.71  560 
The Application of High-Voltage Steel-

Tank Mercury-Arc Rectifiers to Broadcast 
Transmitters —P. A. T. Bevan. (Jour. I.E.E. 
(London), part II, vol. 94, pp. 299-300; August, 
1947.) Discussion on 206 of 1946. 

621.314.65:621.396.71  561 
High-Voltage  Steel-Tank  Mercury-Arc 

Rectifier Equipments for Radio Transmitters — 
J. C. Read. (Jour. I.E.E., (London), part II, 
vol. 94, pp. 299-300; August, 1947.) Discussion 
on 205 of 1946. 

621.316.54+621.318.5  562 
Glass-Sealed Switches and Relays—C. G. 

McCormick. (Bell Lab. Rec., vol. 25, pp. 342-
345; September, 1947.) The dry-reed and mer-
cury-contact types of switch are discussed and 
performance figures given. They are desgined 
to withstand extreme climates. 

621.316.722  563 
Optimum Parameter for Gas Tube Voltage 

Regulators — W. R. Berg. (Electronics, vol. 20, 
pp. 136, 138; October, 1947.) Determination of 
values of the circuit constants for maximum 
regulation for gas-tube voltage regulators with 
linear current versus voltage characteristic. 

621.396.68:621.316.722.1  564 
The Stabilization of Power Supplies in Ra-

dio Technique —J. Moline. (Radio Franc., pp. 
16-19; September, 1947.) Discussion of various 
regulation systems of the variable series or 
shunt impedance type, with practical examples. 

621.396.69  565 
The Reconstruction of Leafield Long Wave 

Radio Masts —J. P. Harding and J. F. Har-
mon. (P.O. Elec. Eng. Jour., vol. 40, parts 1 
and 2, pp. 1-7 and 63-68; April and July, 1947.) 
The considerations which led to the decision 
to reconstruct in reinforced concrete the ten 
305-foot tubular steel masts at Leafield radio 
station are discussed and the design problems 
which this entailed are considered. An account 
is given of the organization and constructional 
methods employed on site. 

TELEVISION AND 
PHOTOTELEGRAPHY 

621.3961.3971(47)  566 
Broadcasting and Television Methods in 

the Soviet Republics —Huth. (See 535.) 

621.397.3  567 
Finch Facsimile-in-Color Process —(Tele-

Tech, vol. 6, p. 29; September, 1947.) The pic-
ture to be transmitted in color is scanned with 
red, blue, yellow, and white light. At the re-
ceiver, the picture is dotted on a linear raster 
by red, blue, yellow, and black pencils mounted 
in a turret rotating in synchronism with the 
scanner. A solenoid-operated device presses the 
correctly colored pencil against the paper at the 
correct moment. Picture definition is 100 lines 
per inch and the speed of reproduction 4 square 
inches per minute (one-half-inch travel of 8-
inch roll). See also Electronics, vol. 20, pp. 104-
105; October, 1947.) 

621.397.3  568 
Colorimetry in Television — W. H. Cherry. 

(RCA Rev., vol. 8, pp. 427-459; September, 
1947.) Calorimetrically exact reproduction of 
color in simultaneous television is now possible. 
The basic concepts and relations of trichromat-
ic colorimetry are developed. See also 3297 of 
1947 and 572 below. 

621.397.5  569 
American Television—M. Lorach. (TeLev. 

Franc., pp. 2-6, 2-5, 8, 6-10, 6-8, and 8-11, 18; 
June-October, 1947.) A general description of 
the principal features of the various systems, 
with some details of aerials, cable and radio 
links, relay stations, special transmitting tubes, 
service areas, etc. To be continued. 

621.397.5: 535.37: 621.385.832  570 
Application of I.C.I. Color System to De-

velopment of All-Sulfide White Television 
Screen —A. E. Hardy. (RCA Rev., vol. 8, pp. 
554-563; September, 1947.) Full paper; sum-
mary noted in 4051 of January. 

621.397.5:621.396.65  571 
Television Radio Links —(Eleariciax, vol. 

138, p. 1769; June 27, 1947.) Some details of 
the equipment installed on Danbury Hill, near 
Chelmsford, for relaying the television trans-
missions from Alexandra Palace, 31 and one-
half miles away, to Great Bromley, near Col-
chester, 24 miles beyond Danbury Hill. For an-
other account see Electronic Eng. (London), 
vol. 19, p. 240; August, 1947.) 

621.397.6  572 
An Experimental Simultaneous Color-Tele-

vision System —R. D. Kell, G. C. Szlikai, R. C. 
Ballard, and A. C. Schroeder, K. R. Wendt, 
and G. L. Fredendall. (Puoc. I.R.E., vol. 35, 
pp. 861-875; September, 1947.) The paper de-
scribes a system in which the three primary 
color pictures are transmitted simultaneously. 
The standard scanning speeds are used so that 
a monochrome picture can be received on pres-
ent receivers. 
Pickup equipments for both films and live 

subjects are described. The film is scanned by 
means of a flying-spot kinescope. The transmit-
ted light is divided into the three primary col-
ors by dichroic mirrors and the three light 
beams are converted into video signals by mul-
tiplier photo cells. The live-subject equipment 
is similar in principle, the light reflected from 
the subject being picked up by a bank of red-, 
green- and blue-filtered photo cells. The devel-
opment of the kinescope, the video amplifiers, 
correction circuits, and the construction of the 
equipment are described. 
For the transmission of the three video sig-

nals a subcarrier system is used, the red sub-
carrier frequency being 8.25 Mc. and the blue 
6.25 Mc. The sound is inserted between the 
green and the blue channels on a 4.5-Mc. sub-
carrier. The reproduction system consists of a 
three-gun kinescope which produces three sepa-
rate images on different areas of the tube face. 
The images are filtered to produce the three col-
ors and combined by a system of mirrors and a 
lens to form a registered color image. Details 
of the kinescope and the associated circuits are 
given. 

621.397.6  573 
Magnetic Deflection of Kinescopes —K. 

Schlesinger. (Puoc. I.R.E., vol. 35, pp. 813-
821; August, 1947.) The energy of the deflect-
ing field is calculated for various deflecting an-
gles and beam voltages. The efficiency of sweep 
generators, having the preferred positive rate of 
change of anode current, is discussed. Tran-
sients during the retrace and their elimination 
are considered; a special damping method by 
secondary emission within the output tube is 
described. Some basic forms of sweep distortion 
are discussed and means for their correction are 
indicated. Finally, a sweep circuit of improved 
efficiency is described. Flyback energy is recti-
fied and the resulting d.c. power added to the 
anode power supply. See also 3220 of 1946 
(Sziklai), 272 of 1947 (Cocking) and back ref-
erences, and 3305 of 1947 (Friend). 

621.397.6:621.385.832  574 
Magnetic-Deflection Circuits for Cathode-

Ray Tubes-0. H. Schade. (RCA Rev., vol. 8, 
pp. 506-538; September, 1947.) In principle, an 
ideal cyclic system for deflecting an electron 
beam requires only wattless power. A practical 
system may be based on the fact that the inher-
ent capacitance associated with a deflecting 
circuit will form a tuned circuit with the de-
flecting coil. This will rapidly reverse the field 
in the deflecting coil when the energizing po-
tential is removed. An electronic switch can be 
used to control this potential. The graphical 
reprseentation of the circuit resistance as a 
load line in the anode characteristics of electron 
tubes functioning as an electronic switch, fur-
nishes an accurate means of obtaining operat-
ing conditions and specifications for the design 
of practical tubes and circuits. 

"A substantial fraction of the circulating 
power in certain deflecting systems can be re-
covered as d.c. power output from the circuit 
and, by the use of specific transformation ra-
tios, may be recirculated through the system." 

621.397.61  575 
Power Stage of a Television Transmitter— 

M. R. Labadie. (Tiler. Franc., pp. 10-12 and 
12-15; June and July, 1947.) A general treat-
ment of the inverse amplifier with cathode ex-
citation, and discussion of neutrodyning, modu-
lation, anode circuit, choice of tubes and re-
sults obtained with the Eiffel Tower transmit-
ter. 

621.397.62  576 
RCA Television Receiver, "Popular" Type — 

(Radio Franc., pp. 23-25; September, 1947.) A 
short general description, with detailed circuit 
diagram. 

621.397.62  577 
A Modern High-Quality Television Re-

ceiver for the Home Constructor —W. I. Flach 
and N. H. Bentley. (Eledronic Eng. (London), 
vol. 19, pp. 320-321; October, 1947.) Photo-
graphs and a few details of a receiver which is 
fully described in a booklet entitled "A Modern 
Home-Built Televisor," published by Elec-
tronic Eng. 

621.397.62. 535.88  578 
Optical Design of Philco Television Projec-

tion Receiver —W. F. Bradley and E. Traub. 
(Tele-Tech, vol. 6, pp. 36-40, 105; September, 
1947.) Supplementing preliminary details noted 
in 2963 of 1947. For analysis of wide aperture 
optics see also 3587 of 1945 (Epstein and Ma-
loff). 

621.397.62:621.396.828  579 
Interference with Television Broadcasting 

— G. Grammer. (QST, vol. 31, pp. 24-30; Sep-
tember, 1947.) Amateur interference with tele-
vision is principally, though not entirely, a 
question of transmitter harmonics. The various 
circuits of television receivers are discussed 
with a view to finding out what frequencies are 
likely to cause interference. Details are given of 
experiments carried out by the Central Jersey 
Radio Club to trace the causes of individual 
cases of interference and, if possible, to find 
remedies. See also 254 of February (Seybold). 

621.397.62: 621.396.828  580 
Electrical Interference Suppression in Tele-

vision Receivers —W. I. Flach. (Electronic Eng. 
(London), vol. 19, pp. 326-327; October, 1947.) 
Tests on a receiver near a main road showed 
that frequently the sound was completely 
swamped, while about hall the picture was ob-
literated. Considerable improvement was ef-
fected, for sound, by the use of diode limiters 
similar to those used in Pye post-war and in 
Murphy receivers. Video interference was re-
duced by limiting to the peak-white level. Suit-
able circuits are given. 

621.397.645:621.397.62  581 
Wide-Band Amplification, by Wobbulation 
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of the Carrier Wave, in the uOntra” Receiver — 
(Radio Franc., pp. 21-22; September, 1947.) 
The values of R and C for the oscillator of the 
frequency changer are so chosen that the tube 
functions as a blocked oscillator. In addition, 
the capacitance of the tuned circuit is reduced 
to a minimum, so that the circuit is practically 
tuned by the tube input capacitance. Under 
these conditions a sawtooth wobbulation of the 
frequency is automatically obtained; it is thus 
possible to use i.f. tuned circuits of high imped-
ance, of the order of 20,000 ohms for circuits 
tuned to 15 Mc. The "Ontra" video receiver 
uses only three tubes, an ECH3 as oscillator 
and frequency changer, a high-slope i.f. tube 
and an EBL1 as detector and video amplifier. 

621.397.7  582 
Plan for a Television Station—N. Q. Law-

rence. (Electronic Eng. (London), vol. 19, pp. 
322-324; October, 1947.) A survey of the gen-
eral requirements for flexible and smooth work-
ing, with a description of a model of a station 
in which five studios, of different sizes, are con-
veniently arranged round a central control 
tower. Use of the basement for artists' accom-
modation, with direct access to each studio, 
permits free movement of performers and op-
erational staff. Audiences are restricted to the 
first floor. 

621.397.828: 621.396.1  583 
Engineering Problems Involved in TV Inter-

ference —Francis. (See 538.) 

621.397.5  584 
Television Techniques [Book ReviewI — 

H. Bettinger. Harper Bros., New York, 1947, 
237 pp., $5.00. (Electronics, vol. 20, pp. 260-
261; October, 1947.) "Based on the production 
experience at W RGB, Schenectady.... Pic-
torial composition and continuity, visual and 
audio techniques, television script writing, pro-
ducing, and directing are covered in the text." 

TRANSMISSION 

621.391.63:621.325.53  585 
The Concentrated-Arc Lamp in a Light-

Beam Communication System —W. D. Buck-
ingham, C. R. Deibert, and R. V. Morgen-
stern. (Elec. Eng., vol. 66, pp. 975-979; Oc-
tober, 1947.) For another account see 3691 of 
1947 (Buckingham and Deibert). 

621.396.61  586 
The Practice of Frequency Modulation — 

R. Gosmand. (Tiliv. Franc., pp. 14-16; Sep-
tember 1947.) Description with detailed circuit 
diagrams, of a transmitter with stabilized fre-
quency and either a.m. or f.m. 

621.396.61.029.56/.58  587 
2, 6 and 10 (meters] with Crystal Control — 

J. Millen. (QST, vol. 31, pp. 66-70; September, 
1947.) Circuit and operational details of a 10-
meter transmitter with an input of about 100 
watts. Operation on 6 meters makes use of a 
second crystal. For 2-meter operation, a fre-
quency tripler circuit is used with the 6-meter 
oscillator. 

621.396.61.029.58  588 
Medium Power —Living-Room Style —L. T. 

Waggoner. (QST, vol. 31, pp. 37-46; Sep-
tem ber, 1947.) Circuit and constructional details 
of a 350-watt transmitter for c.w. or telephony, 
housed in a metal cabinet 36 and three quarter 
inchesX 21 and one half inches X15 inches. 
Circuits are conventional and 1250 volt and 
600-volt power supplies are included. 

621.396.61.029.58  589 
Revamping the 150-B for 14-Mc Opera-

tion —J. M. Murray. (QST, vol. .31, pp. 22-23; 
120; September, 1947.) Details of alterations 
required to increase the maximum frequency 
from 12 to 14 Mc. 

621.396.61.029.62  590 
25 Watts H.F. on 60 Mc. —L. Liot. (Tiles. 

Franc., Supplement glectronigue, pp. 1-4 and 
10-12; June and July 1947.) A transmitter 
using X/4 resonant bifilar lines for grid and 
anode tuning in the oscillator, the tube for 
which is a QQE 04/20. The modulation and 
feed circuits and aerial coupling are described 
in detail. 

621.396.61.029.62  591 
F.M. Broadcast Transmitters using Pha-

sitron Modulation—L. 0. Krause. (F M and 
Telev., vol. 7, pp. 31-36, 54; June, 1947.) 
Design and circuit details for a series of com-
mercial power amplifiers which may be com-
bined to give outputs of 1, 3, 10, 25, and 50 kw. 
in the frequency band 88 to 100 Mc. The basic 
250-watt f.m. exciter was described in 277 
of 1947 and the theory of operation of the 
phasitron tube was given in 1405 and 2767 of 
1946. 

621.396.61.029.62  592 
KSBR's  50-kw  [100.5-Mc.]  High-Band 

F-M  Transmitter—R.  L.  Norton,  B.  0. 
Ballou, and R. H. Chamberlin. (Electronics, 
vol. 20, pp. 80-84; October, 1947.) Detailed 
description with drawings, photographs, and a 
block diagram. Special tank circuits and a new 
multiunit  thoriated-filament  triode,  Type 
3X12500A3, are used. 

621.396.61.029.62:621.396.931  593 
A One Kilowatt V.H.F. Frequency Modu-

lated Transmitter —J. B. L. Foot. (Jour. Brie. 
I.R.E., vol. 7, pp. 195-203; September, 1947. 
Discussion, pp. 203-204.) For high fidelity 
broadcasting. 

621.396.61.029.64+538.569.4  594 
On the Emission of Microwaves and Their 

Absorption in the Air —V. L. Ginsburg. (Bull. 
Acad. Sci. (U.R.S.S.), sir. plus., vol. 11, no. 2, 
pp. 165-182; 1947. In Russian, with English 
summary.) An analysis of certain new methods 
of generating waves with wavelength <1 
centimeter with particular reference to emis-
sion by a relativistic electron and by an electron 
moving near a dielectric. 

621.396.611.33:621.396.671  595 
The Matching Ranges of Transmitters — 

P. Mourmant. (Radio Franc., pp.  12-15; 
September, 1947.) A discussion of the problem 
of matching a transmitter to an aerial by means 
of an interposed device. It is shown that in 
general matching devices must include at least 
two variable elements. When only two variable 
elements A and B are included, there are 
normally two pairs of values of A and B which 
satisfy the matching condition. To increase the 
matching range, it is often desirable to use more 
than two variable elements. See also 1958 of 
1947 (Glazer and Familier). 

621.396.615.17  596 
A 5-k W Pulse Generator —L. Liot. (Tiliv. 

Franc., no. 29, Supplement glectronigue, pp. 
33-35; September, 1947.) Uses an EE50 for the 
pulse circuit, an EL6 for the amplifier and an 
807 for the modulator. An oscillator using two 
955 tubes and fed from this modulator gives a 
peak h.f. power of about 300 watts at a fre-
quency of 375 Mc. 

621.396.619.13: 518.61  597 
Computation of the Solutions of (1+2ecos-

2s)/+By = 0; Frequency Modulation Func-
tions—McLachlan. (See 461.) 

621.396.645:621.396.61  598 
Characteristics of the Quadriline Amplifier 

—J. R. Day and M. H. Jennings. (F M relay., 
vol. 7, pp. 43-46; August, 1947.) A push-pull-
parallel arrangement of four 4 to 1000 ampere 
internal anode tetrodes, using 4-wire balanced 
transmission lines as input and output circuits. 

These circuits are open at one end and closed 
at the other by short-circuits between adjacent 
line elements. The symmetry of the arrange-
ment makes the external field very small, so 
that operation is substantially independent of 
surrounding screens and little useful power is 
lost by radiation or external dissipation. 

VACUUM TUBES AND 
THERMIONICS 

621.314.67  599 
The Rating of Small- and Medium-Power 

Thermionic Rectifiers —H. T. Ramsay. (Jour. 
I.R.E.  (London)  part III, vol.  94, pp. 
260-274; July, 1947.) It is suggested that the 
rating of such rectifiers could be improved by 
specifying recommended values of the ratio of 
the source to the load resistance (Ra/Ro), and 
the product of the load resistance and the ad-
mittance of the input capacitor (,,CR0). This 
specification ensures that full-load operation is 
always accompanied by a particular set of 
waveforms. Tables are given from which the 
full-load performance of a tube may be evalu-
ated from its basic properties. Fractional-load 
conditions are investigated, and performance 
curves indicating the best use of the tube at a 
particular fraction of its maximum output are 
deduced. 

621.38.3.5  600 
Electromotive Force and Internal Resist-

ance of Blocking Layer Photo Elements —A. E. 
Sandstrom. (Ark. Mat. Astr. Fys., vol. 34, 
part 2, section B, 7 pp.; September 25, 1947. In 
English.) The equivalent network of such ele-
ments is assumed to contain an e.m.f. E of in-
ternal resistance Re, shunted by the barrier-
layer resistance Rs', while an external resist-
ance R. represents that of the electrodes and 
semiconductor. Typical experimental values 
for 14, W and 14 are given and it is shown that 
E is always higher than the potential difference 
between the electrodes for zero current. 

621.385: 518.5  601 
Tube Failures in ENIAC —F. R. Michael. 

(Electronics, vol. 20, pp. 116-119; October, 
1947.) Analysis of the causes of 644 tube fail-
ures occurring in the 18,800-tube ENIAC 
(158 of February) during one year of operation. 
The five major causes of failure were found to 
be (a) open heater wire, (b) damaged oxide-
cathode coating, (c) internal leads and sup-
ports dangerously close, (d) open electrode 
spot welds, and (e) burned-open shorts. Each 
is discussed with photographic examples. Ex-
periments showed no difference in the rate of 
failure between tubes to which full heater volt-
age was applied at once and those receiving a 
gradual application of voltage. These results 
could be used to improve the odds against 
tube tailure in industrial service. 

621.385.029.63/.64  602 
Kinetic Theory of the Exchange of Energy 

between an Electron Beam and an Electro-
magnetic Wave —A. Doehler and W. Kleen. 
(Ann. Radioilec., vol. 2, pp. 232-242; July, 
1947.) The alternating electron current result-
ing from the interaction of the electron beam 
and the electric vector of the traveling wave is 
first determined. From consideration of the 
tiansfer of energy, three waves are found to 
exist, traveling in the same direction as the 
electron beam; the amplitude of one wave is 
strongly amplified, and this wave predominates 
after traversing a sufficiently great path. The 
power gain is calculated in a homogeneous 
waveguide with and without attenuation. Dis-
cussion of the particular cases of a plane or 
cylindrical waveguide partially filled with a 
dielectric shows that the kinetic theory and 
the deductions from it are consistent with 
Maxwell's equations. 
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621.385.1  603 
The Valves to be used in the [French] Re-

ceivers of Tomorrow —G. Giniaux. (TT.S.F. 
Pour Tous, vol. 23, pp. 177-179; September, 
1947.) Future French tubes should embody 
recent improvements in construction intro-
duced both in France and in other countries. 
The advantages of the all-glass technique and 
"Rimlock" base are discussed briefly. 

621.385.1: 621.317.79: 621.396.822  604 
Measurement of Valve Background Noise 

—Chamagne and Guyot. (See 489.) 

621.385.1:621.396.694.012.8+621.392  605 
Circuits and Valves in Electronics —Char-

bonnier and Royer. (See 359.) 

621.385.1.032.216  606 
Oxide Cathodes. The Effect of the Coating-

Core Interface on Conductivity and Emission — 
D. A. Wright. (Proc. Roy. Soc. A, vol. 190, pp. 
394-417; August 12, 1947.) A potential barrier 
occurring at the interface between oxide and 
metal leads to a rectifier action restricting the 
flow of electrons from metal to coating. In a 
well-activated coating this restriction deter-
mines the thermionic emission that can be 
drawn from it and accounts for the rapid decay 
of emission immediately after the application 
of anode voltage. 

621.385.1.032.216: 535.215.9  607 
Effect of Light on the Behaviour of Oxide 

Cathodes —J. Debiesse and R. Champeix. 
(Compt. Rend. Acad. Sci. (Paris), vol. 225, 
pp. 404-405; September 1, 1947.) The electron 
current between the cathode and a surrounding 
anode is found to increase appreciably when the 
cathode is illuminated, through a hole in the 
anode, by light from a Hg arc or a 150-watt 
lamp. The sensitivity as a photoelectric device, 
for the tubes used, was at a maximum for 
anode voltages of +30 to +50 volts and 
cathode temperatures from 850°K to 900°K. 

621.385.4  608 
Experimental  Audio  Output  Tetrode — 

W. S. Brian. (Electronics, vol. 20, pp. 121-123; 
August 1947.) A tetrode in which the first grid 
is connected by a resistor to the 250-volt sup-
ply and acts as a space-charge grid, while the 
second grid is used as the control electrode. 
Harmonic distortion is less than with a beam 
tetrode. 

621.385.832: [537.291+538.691  609 
Electron Beam Deflection: Part 1—Small-

Angle Deflection Theory —R. G. E. Hutter. 
(Jour. App. Phys., vol. 18, pp. 740-758; 
August, 1947.) The "path" and "iconal" mathe-
matical methods for studying the effects of 
electric and/or magnetic fields on electron 
beams are discussed. 
"These methods are then applied to de-

scribe the action of balanced two-dimensional 
electric deflection fields on electron beams. It 
is shown that both methods yield essentially 
the same results. Expressions are derived de-
scribing the magnitude of deflection and the 
distortions of an electron beam. 

"Only the 'path' method is used in a similar 
investigation  of  magnetic-type  deflection 
fields." A summary of part of this paper and 
of part 2 (to be published later) was noted in 
3346 of 1947. 

621.396.615.141.2  610 
On the Effect of an External Electromag-

netic Field on a Split Anode Magnetron —S. 
Va. Braude. (Zh. tekh. Fig., vol. 13, nos. 7/8, 
pp. 431-449, 1943. In Russian.) A magnetron 
with a static characteristic represented ap-
proximately by a polynomial of the 5th degree 

is considered. Formulas are derived determining 
the oscillations for various conditions and also 
the amplification factors for weak and strong 
signals. 

621.396.615.142.2  611 
Reflex Oscillators —J. R. Pierce and W. G. 

Shepherd. (Bell. Sys. Tech. Jour., vol. 26, pp. 
460-681; July, 1947.) A comprehensive ac-
count. A broad theoretical discussion is given 
first; reflex oscillators vary so widely in con-
struction that theoretical results form a better 
basis for generalization about their properties 
than experimental results. Mathematical cal-
culations are relegated to a series of appendices. 
Many factors, such as multiple transits of 
electrons, different drift times for different 
electron paths and space charge in the repeller 
region, are not ordinarily taken into account 
although they can be quite impertant. It would 
not be difficult to fit a large body of data to a 
theory, correct or incorrect, which takes into 
account all observed effects. The theory given 
must be regarded only as a guide to the cap-
abilities of these oscillators and to their design 
rather than as an accurate, quantitative tool. 
The following oscillators developed at the Bell 
Telephone Laboratory are then discussed: (a) 
beating oscillators, (b) the 707, which has an 
external resonator, (c) the 723, which has an 
integral cavity, (d) the 2K29, designed to 
eliminate hysteresis, (e) the 2K25, a broad-
band oscillator, (f) the 2K45, thermally tuned, 
(g) the 2K50, with waveguide output, (h) the 
1464, a millimeter-range oscillator, and (i) the 
2K23 and 2K54, for pulsed applications. 

621.396.615.142.2  612 
On the Effects of Space Charge in Velocity-

Modulation Valves with Drift Bunching—R. 
Warnecke, P. Guenard, and C. Fauve. (Ann. 
Radioilec., vol. 2, pp. 224-231; July, 1947.) 
A discussion of the two-cavity klystron, used 
as an amplifier with high output and medium 
gain. Certain assumptions are made concerning 
the dimensions of the drift tube, the constitu-
tion of the electron beam, the magnetic locus-
ing and the modulation of the initial velocity, 
and an approximate formula is derived for the 
fundamental component of the electron current 
in the two cases where the beam is (a) infinitely 
wide and (b) of limited cross section. 

621.396.615.142.2  613 
Facts about Slystrons -0. P. Ferrell. (CQ, 

vol. 2, pp. 16-17. 63; July, 1946.) Discussion of 
the theory of their operation, and their use for 
super-high-frequency amateur radio. 

621.396.645.029.64  614 
On the Theory of U.H.F. Amplifiers —Si-

forov. (See 379.) 

621.396.694  615 
Simplified Extrapolation Method of Obtain-

ing the Saturation Curves of Transmitting 
Valves —R. Suart. (Radio Franc.,: pp. 21-24; 
July, 1947.) 

621.396.615.142.2  616 
Klystron Tubes [Book Reviewl —A. E. 

Harrison. McGraw-Hill, New York, 1947. 271 
pp., $3.50. (Electronics, vol. 20, p. 258; Sep-
tember, 1947.) The general behavior, including 
the functions of cavities and electron beams, is 
explained for various types of klystron. Meth-
ods of modulation and measurement are also 
described. 

MISCELLANEOUS 

06.064 London: 621.396  617 
The Olympia Show —( Wireless World, vol. 

53, pp. 362-386; October, 1947.) An illustrated 

stand-to-stand guide to the National Radio 
Exhibition, Olympia, London, October, 1947. 
See also Electronic Eng. (London,) vol. 19, 
pp. 306-319; October, 1947; Eke. Times, vol. 
112, pp. 383-388; October 2, 1947; Wireless 
Eng., vol. 24, pp. 333-342; November, 1947. 

06.064 London: [621.396.621 +621.396.69  618 
Radio  Exhibition  [Olympia,  London] — 

Miller. (See 524.) 

06.064 Manchester:621.38/.39  619 
Manchester Electronics Exhibition—(Elet-

Ironic Eng. (London) vol. 19, pp. 296-297; 
October, 1947.) Brief descriptions of a few of 
the exhibits. 

5+61(054)  620 
Research: A Journal of Science and Its 

Applications —A new monthly journal whose 
first number appeared in October, 1947, pub-
lished by Butterworths Scientific Publications 
Ltd, 4-6 Bell Yard, Temple Bar. London 
W.C. 2 The annual subscription is 45s. ($10 in 
U.S.A.). One of the aims will be to fill the gap 
uncovered by journals of learned societies, 
technical journals, and popular journals, so 
that the technical specialist may get a general 
idea of what is going on in other fields. It also 
has the object of helping the pure scientist to 
bridge the enormous gap between invention 
and production. 

53 Langevin  621 
The Scientific Work of Professor Paul 

Langevin—M. R. Lucas. (Onde Elec., vol. 27, 
pp. 357-358; August-September, 1947.) A 
short account of Langevin's contributions to 
the kinetic theory of gases, the theory of dia-
magnetism and of paramagnetism, the theory 
of relativity, and the practical applications of 
supersonics. 

539.17  622 
Nucleonics—A new monthly journal with 

this title has been published since September, 
1947; Atomic Engineering and Atomic Power 
are incorporated in it. The editorial and circu-
lation offices are at 330 West 42nd St., New 
York 18; the subscription rate in the United 
States is $15 per annum. 

621.316.98/.99  623 
H. F. Testing of Lightning-Conductor 

Earths —V. Fritsch. (Elektrokch. wed Masch-
inenb., vol. 64, pp. 142-148; September-
October, 1947.) 

621.38(42)+621.38(73)  624 
Current Overseas Technical Developments 

—J. N. Briton. (Pkoc. I.R.E. (Australia,) vol. 
8, pp. 10-14; August, 1947. Discussion, pp. 
14-15.) A survey of recent technical and com-
mercial progress made in Britain and America, 
with special reference to the development of 
extended frequency range disk recording, 
monochromatic and color television and v.h.f. 
f.m. broadcasting systems. 

621.396.69:384  625 
Future Trend in Radio Component Design 

— G. A. T. Burdett. (Tech. Bull. Radio Com-
ponent Mfrs' Fed., vol. I, pp. 2-5; September, 
1947.) A high standard of technical reliability 
is now possible at a competitive price provided 
that sufficient quantities are run off at one time. 
The technical implications of this fact are dis-
cussed. 

621.396.712  626 
Guide to Broadcasting Stations [Book 

Review] -11iffe and Sons, London, 3rd edn., 64 
pp., Is. (Wireless Eng., vol. 24, p. 344; Novem-
ber, 1947.) 



HOW TO PULL SIGNALS \ 
OUT OF A SAVAGE ETHER 

Roaring into action on fighting PT 
boats, Premax Monet antennas de-
fied salt spray, weather, and whip-
ping wind. 

Premax Monel Antennas are built 
in multiple sections of tough, cold-
drawn Monel tubing, telescoped 
one inside the other. Above illus-
tration shows antenna in fully tele-
scoped position. 

oriel 
NICKEL 

13111111 

Are antennas one of your headaches? Maybe the story of 
how the antenna problem was solved aboard PT boats will be 
of some help to you. 

PT antennas had to fight corrosive salt air and water. They 
needed strength and stiffness to withstand whipping winds 
and plunging boats. They had to function in arctic cold and 
tropic heat. 

An answer was worked out for the Navy by Premax Prod-
ucts Division of Chisholm Ryder Co., Inc., Niagara Falls, N.Y. 
It consisted of telescoping tubular antennas, made of sections 
of seamless tubing furnished by the Superior Tube Co., Nor-
ristown, Pa. 

The metal that met the combination of conditions ? —Monel.* 
To quote Premax engineers: 

"Mond has been found to be the most practical 
material for radio antennas. Sudden shocks 
do not affect its toughness. .. its fatigue strength 
exceeds the limits of mild steel or all brasses 
and bronzes. 

'Rigid tests by both Government and private 
agencies have shown Monel antennas to be depend-
able and satisfactory under all conditions." 

Do you have an electrical problem that can be solved by the 
combination of properties obtainable in Monel... or the 
other INco Nickel Alloys? 

All are strong, tough, and corrosion resistant. In addition, 
each has special properties needed for special jobs. Write us 
describing your problem. Our technical assistance is yours 
whenever you ask for it. 

THE INTERNATI ONAL NICKEL CO MPANY, INC. 
67 Wall Street, New York 5, N.Y. 

OF SERVICE 

•••• U• 

MONEL *• '1("• MONEL • "5 " MONEL • "R " MONEL • "KR " MONEL ALLOYS   INCONEL* • NICKEL • '1. " NICKEL • Z̀ " NICKEL •rt,.  r3t. orr. 
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INDEPENDENCE 
wer Trouble... 

from  To at INDEPENDENCE, MO. 

serve its midwest 

USES A TRUSCON 

SELF-SUPPORTING 

TO WER 187 FT. HIGH 

The scientific design, quality 

materials and skilled workmanship 

that were put into KIMO's 

Truscon Radio Tower enable it to 

audience with maximum efficiency. 

Truscon experience encompasses every modern radio 

tower need. There are hundreds of Truscon Radio 

Towers in America and foreign lands, and each tower 

exactly meets specific requirements. The knowledge 

gained from such a wide diversity of installations 

assures you highly competent engineering service. 

Truscon Radio Towers are available in guyed or 

self-supporting types, either tapered or uniform cross 

section, for AM or FM broadcasting. Experienced Truscon 

radio tower engineers will be glad to help solve 

your radio tower problems of today and tomorrow. 

Manufacturers of a Complete 

Line of Self-Supporting Radio 
TRUSCON STEEL COMPANY Tow•rs . . . Uniform Cross-

YOUNGSTO WN 1, OHIO  Section Guyed Radio Towers 

Subsidiary of Republic Steel Corporation  ... Copper Mesh Ground Screen 

Steel Building Products. 

ATLANTA SECTION 

'Pulse DME in the Air Navigation Program,' 
by H. I. Metz, Civil Aeronautics Administration; 
December 19, 1947. 

BUFFALO-NIAGARA 

'A Universal Auto Radio Receiver Featuring 
a New Type of Automatic Station Selection.' by 
V. H. Wiley, Colonial Radio Corporation; Decem-
ber 17, 1947. 

CHICAGO SECTION 

'New Developments in Electronic Air Naviga-
tion and Traffic Control,' by E. A. Post, United 
Air Lines, Inc.; November 21. 1947. 

'Omnidirectional Range Multifrequency Navi-
gation Receiver,' by E. W. Sheridan, Bendix Radio 
Division; November 21, 1947. 

'Signal Communication for Supreme Head-
quarters Allied Expeditionary Forces.' by P. J. 
Moore, Signal Corps Reserve; December 19, 1947. 

CLEVELAND 

'Intermodulation Effects.' by H. C. Williams, 
Ohio Bell Telephone Company; December 11, 19475 

CONNECTICUT VALLEY 

'The Application of Capacitors for Power 
Factor Correction." by J. S. Williams, Westinghouse 
Electric Corporation; January 13, 1948. 

DALLAS-FORT W ORTH 

'Navy Airborne Radar Equipment,' by H. E. 
McDaniel, United States Navy; December 18. 1947. 

'The Megacycle Meter,' by J. B. Mintner, 
Measurements Corporation; December 29, 1947. 

DAYTON 

'Dielectric and Induction Heating.' by H. 
Toner, Westingthouse Electric Company; January 
6, 1948. 

Lotttsvitza 

'Operation of The Institute of Radio En-
gineers,' by W. R. G. Baker, 1947 President. The 
Institute of Radio Engineers; January 9, 1948. 

Mowrgitat. 

'Design of Broadcast Antenna Tuning and 
Phasing Equipment,' by E. Farmer. Canadian 
Marconi Company; January 14, 1948. 

NE W YORI4 , 

'Industrial Application of Mill-Power Ultra-
Sonics,' by S. Y. White, Consulting Engineer; 
January 7. 1948. 

PHILADELPHIA 

'Reproduction of Sound,' by H. F. Olson, 
RCA Laboratories; January 8. 1948. 

PITTSBURGH 

'Traveling Wave Tubes." by J. R. Pierce, 
Bell Telephone Laboratories; October 13, 1947. 

'Recent Developments in Television Trans-
mitter Equipment,' by L. Mauntner, Allen B. 
DuMont Company; November 10, 1947. 

'Electronic Heat,' by H. Toner and M. Mon-
tague, Westinghouse Electric Corporation; Decem-
ber 8, 1947. 

'Electronic Computers," by J. W. Mauchly, 
Eckert-Mauchly Computer Corporation; January 
12, 1948. 

PRINCETON 

'Pulse Code Modulation,' by L. A. Meacham, 
Bell Telephone Laboratories; December 11, 1947. 

'Communications Theory,' by W. G. Tuller, 
Melpar, Inc.; January 8, 1948. 

(Continued on page 3M) 
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Select a CRYSTAL UNIT as easily 

as you would a vacuum tube! 

10 standard crystal types— between 

1.2 and 50,000 KCI I 

THE new Western Electric standardized line of quartz crystals 
will eliminate many of your circuit design problems. This new 
line consists of ten crystal types—listed in the table at the 
right —for operation within specific frequency ranges. Each 
of these ten crystal types consists of a number of separately 
coded crystal units which are designed to operate, with 
nominal tolerances, within specific temperature limits. 

Whether you're concerned with frequency standards, mobile 
radio, point-to-point radio systems, commercial airline com-
munications, AM or FM broadcasting, police, ship-to-shore 
systems, military communications or radar, you'll find that 
the job of selecting the proper Western Electric crystal unit 
is as simple as that of choosing a standard vacuum tube. 

Western Electric 
-QUALITY COUNTS — 
Distributors: In the U. S. A.-- Graybor 
Electric Company. 
In Canada and Newfoundland - Northern 
Electric Company, Ltd. 

TYPE  FREQUENCY 
20J . . • • 1.2 to /0 ke 

21N . • • 16 to 100 ke 21E . • • 90 to 300 ke 

2213 . • • 200 to 500 ke 
22C . • • 300 to 1,000 ke 
24A . • • 2,000 to 10,000 ke 
22A . • • 3,950 to 10,000 ice 
2413 . . • 4,000 to 15,000 ke 
228 . • • 5,000•to 15,000 ke 
23A . • • 15,000 to 50,000 ke 

Gray bar Electric Company 
420 Lexington Avenue, New York 17, N. Y.  P-31 
Gentlemen: 

Please send me Bulletin T-2471 on Western 
Electric's new line of quarts crystals. 

For complete data on Western Electric crystals — 
designed by Bell Telephone Laboratories — send 
the coupon below. 

Name   

Company   

Street Address   

City  Zone  State 
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A DYNAMO 
AMONG 

DYNAMIC MICROPHONES 

Here is the microphone in its class— 
a high-output moving-coil dynamic 
that was designed to outperform... 
outsmart . . . outlast even higher 
priced microphones. The "Sono-
dyne" features a multi-impedance 
switch for low, medium, or high 
impedance-plus a high output of 52 
db below 1 volt per dyne per sq. cm. 
It has a wide range frequency re-
sponse (up to 10,000 c. p. s.) and 
semi-directional pickup. Mounted 
on swivel at rear, can be pointed 
90° for non-directional pickup. 

The "Sonodyne" is ideal for all 
general purpose use, including pub-
lic address, communications, record-
ing, and similar applications. 

Shure Paulus Anodise 

SHURE 
MODEL "51" 

‘t e 

Multi-Impedance 

Switch for 

LO W, M EDI U M, 

or HI G H 

Impedance 

HIGH OUTPUT 
(-52 db) 

WIDE RANGE 
FREQUENCY 
RESPONSE 

(up to 10,000 c. p. s.) 

CODE: RU M O N 

LIST PRICE . . . $37.50 

SHURE BROTHERS, INC. 
Microphones & Acoustic Devices 

225  W . HURON  ST., CHICAGO  10,  ILL.  •  CABLE  ADDRESS: SHURENIICRO 

(Continued from page 34A) 

ROCHESTER 

"The Future of Radio and Television in 

Rochester," by R. H. Manson, Stromberg-Carlson 
Company; December 9, 1947. 

'Christmas, Today and Yesterday," by E. M. 

Poteat, Colgate-Rochester Divinity School; De-

cember 17, 1947. 
'Behind the Instrument Dial," by L. F. 

Parachini, Weston Electrical Instrument Corpora-
tion; January 8, 1948. 

SAN DIEGO 

'Some Propagation Factors at Television and 

F. M. Frequencies,' by L. G. Trolese, United States 
Navy Electronics Laboratory; December 2, 1947. 

"Multivibrator Uses and Designs," by D. J. 
Green, Consolidated-Vultee Aircraft Corporation; 

January 6, 1948. 
Election of Officers; January 6, 1948. 

SEATTLE 

'Problems in Radio Telemetering," by H. A. 

Price, Boeing Aircraft Company; December 29. 
1947. 

Election of Officers; December 29, 1947. 

W ASHINGTON 

'Microwave Repeater Research," by K. G. 
Jansky, Bell Telephone Laboratories, Inc.; January 

12, 1948. 
W ILLIAMSPORT 

'Applications and Techniques of Printed Cir-

cuits and Miniature Electronics,' by C. Brunetti, 
National Bureau of Standards; January IS, 1948. 

SUBSECTIONS 

FORT W AYNE 

"Short-Time Motor Coast Measurements." by 
E. G. Downie, General Electric Company; Novem-

ber 24, 1947. 
'The Technique of Radio Noise Suppression," 

by S. A. Zimmerman, General Electric Company; 

November 24, 1947. 

NORTHERN NEW JERSEY 

'New Developments in the Traveling- Wave 
Tube.' by J. R. Pierce, Bell Telephone Labora-
tories; October 8, 1947. 

'Television Field Strength Measurements in 
the New York Area, and Problems of Television 

Shared-Channel Interferences between Cities,' by 
T. T. Goldsmith, Allen B. Du Mont Laboratories; 
December 10, 1947. 

STUDENT 

BRANCH 

MEETINGS 

UNIVERSITY OF ALBERTA, I.R.E. BRANCH 

'Magnetic Recording,' by J. H. Scrimgeour, 

Student; January 14, 1948. 

UNIVERSITY OF ARKANSAS, I.R.E. BRANCH 

'Possibilities for Use of Electronic Control 
Devices in the Rice Industry," by C. G. Leonard, 

University of Arkansas; January 7, 1948. 

(Continued on page 38A) 
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ARNOLD 
PERMANENT 

MAGNETS 

.06/ilaye; 

se '44 11464/E O 
a idnEaltafie6T/C44 

You would find it hard to set a requirement on 
Arnold magnets that is not already exceeded in 
our regular production procedure. 
All Arnold products are made on a basis of 

100% quality-control at every step of manufacture. 
These rigidly maintained standards cover all physi-
cal, magnetic and metallurgical characteristics. . . 
you can place complete confidence in the uniform-
ity and dependability of Arnold Permanent Mag-
nets, and their resultant performance in your 
assemblies. 

Remember, too, that Arnold's service covers 
all types of permanent magnet materials, any size 
or shape of unit, and any field of application. Our 
engineers are at your command—write us direct 
or ask any Allegheny Ludlum representative. 

W A D 1090 

THE A R N OL D ENGINEERING CO MPANY 

Subsidiary of 

ALLEGHENY LUDLUM STEEL CORPORATION 

147 East Ontario Street, Chicagc 11, Illinois 

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

PROCEEDINGS OF THE I.R.E.  March, 1943 



DES' GN  ENGINEERS 

NO MULTI PLI ER STAGES NEEDED 

FOR CRYSTAL CONTROL DIRECTLY 

AT FREQUENCI ES UP TO 100 C. 

SPECI FY BLILEY FOR ACCURACY, 

ABI TY , QUALITY, AND AD-

VANCE DESI GN. 

3 
ci 

or' 

EFtiteg 
CIZYSTALS 

BLILEY ELECTRIC CO MPA NY  UNI ON STATI ON BUIL DIN G  • ERI E, PENN SYLVANIA 

STUDENT 

BRANCH 

MEETINGS 

(Continued from page 36A) 

'Applications of Electronics to Agriculture,' 
by P. H. Matisheck, University of Arkansas, Janu-

ary 21. 1948. 

CARNEGIE INSTITUTE OF TECHNOLOGY, I.R.E.-
A.I.E.E. 

'Telephone Systems," by L. R; Pakkensen„ 
D. C. Brewer and F. J. Rau, Students Dceember 3, 
1947. 

'Phototubes.' by E. H. Fritz and W. W. Cal-
loway, Students; December 3, 1947. 

'Electrical Engineering as a Public Servant,' 
by R. E. Rodger, G. F. Nielsen. and J. F. Rentz, 
Students; December 3, 1947. 

'Individual Topics, by J. Lucas. R. Ketterer. 

and C. Jacoby, Students; December 10, 1947. 
"E.E. —A Public Servant,' by W. W. Ege, 

R. Crago, and W. Douglass. Students; December 10, 
1947. 

'CI T. Automatic Telephone,' by J. Neenan. 
R. Langkamp. and R. Musgrave, Students; Decem-
ber 10. 1947. 

'Geiger Counters.' by R. J. Heh, C. W. Dut-

fett, and E. Brazon, Students; December 17, 1947. 
'Individual Topics,' by E. R. Hornbake, H. L. 

Brenton, and R. N. Frantz, Students; December 17, 
1947. 

'Transportation —EE Point of View,' by H. I. 
Sherman, F. R. Lee, J. B. Ramsey, and F. L. 
Pirkheim, Students; December 17. 1947. 

'Individual Topics," by C. F. Freund, C. D. 
Pollis. E. K. Weiss, and E. P. Worgs, Students; 
January 7, 1948. 

'Insulation.' by W. G. Gribble, J. H. Cronin, 

and S. W. Hunt, Students; January 7, 1948. 
'Insulation,' by H. K. George, V. A. Gibe]. 

E. L. Johnson, and W. C. Tice, Students; January 
7, 1948. 

'Cathode-Ray Tubes,' by J. McCauslin, D. F. 
Paull, and W. J. Keefer, Students; January 14, 1948. 

'Railway Traffic Control," by H. Birnkrant, 
J. Augustine, and J. Barclay, Students; January 14„ 
1948. 

'Medical Applications of Electrical Engineer 
ing,' by J. Faigen, F. Dickson, and J. Kostyo, 
Students; January 14, 1948. 

UNIVERSITY OF M ICHIGAN, I.R.E.-A.I.E.E. 

'Stroboscopes and High Speed Photography,' 
by K. Adams, General Radio Company; January 
13, 1948. 

NORTH CAROLINA STATE COLLEGE, I.R.E. 

Election of representatives to the North Caro-
line State College Engineer's Council; January 15. 
1948, 

NORTHWESTERN UNIVERSITY OF TECHNOLOGICAL 

INSTITUTE, I.R.E.-A.I.E.E. 

Business meeting; January 15. 1948. 

W AYNE UNIVERSITY, 

'Television." by L. Spragg, Radio Station 
W. W.I; January 13, 1948. 

W ORCESTER POLYTECHNIC INSTITUTE, I.R.E.-
A.I.E.E. 

'Electrical Problems in the Early Days of 
Power Distribution,' by G. Hardy, Retired En-
gineer of the Worcester Electric Light and Power 
Company; January 6, 1948. 
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For Ultrasonic Ranges 

ADC 
TRANSFORMERS 

This ADC Transformer is 
custom-built to couple the 
output of an amplifier (30 
watts) to a transducer. Im-
pedance Ratio is 2500 ohms 
(4-2A3) to 500/700/1000/ 

5 1500/2000 ohms. Trans-
formers have been designed 
at ADC to operate up to 3 mc 
with useful band width in 
excess of 1:1000. 

For Audible Ranges 

This transformer has no unusual electrical properties, but it 
was designed for e ctreme dependability. It is an output from 
pp 6V6 to line, fo• voice range only (1 db-150 to 4000 

cps). It was ordered from ADC simply because the equipment 
manufacturer required unfailing performance. 

For Subsonic Ranges 
(such as geo-physical work) 

This transformer operates 
from pp plates 1:20,000 
ohms) to pp grids (320,-
000 ohms) down 'o 2 cps. 
Secondary inductance is 
over 60,000 henrit s. It also 
has tertiary low impedance 
winding. Hermetically 
sealed-10 cubic inches. 
ADC has designed and 

made many low ftequency 
transformers—some to 
operate from frequencies 
as low as 0.1 cps. 

Fill Super Specifications 

From Subsonic to Ultrasonic 

Whenever your equipment requires the unusual in 
transformers, ADC has the ingenuity, skill and capa-
city to produce them. If your problem requires ... 

• reliable performance  • hermetic sealing (for 

• extreme compactness  severe service conditions — 
• unusual frequency ranges  commercial or Army-Navy) 

... it will pay you to submit your specifications to 
ADC for reasonable prices, quality products and 
prompt delivery. 

All ADC transformers have 
built-in reliability ... a fea-
ture especially necessary for 
radio broadcasting, commu-
nications, wire recording, 
telemetering equipment, etc. 
A slightly higher original 
cost is more than offset by 
the dependability and quality 
of ADC design and manu-
facture. 

HERE are several charts showing characteristics 
of unusual transformers developed by ADC 
engineers. Many transformers have a wide range 
of requirements shown in the ADC Transformer 
Catalog. If you do not have your copy— WRITE 
TODAY FOR CATALOG NUMBER 46-5 

Send us your special specifications for 
prompt and able transformer service. 
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VHF COMMUNICATION AND 
LF NAVIGATION SYSTEMS 

meet every operational need 

7 

A.R.C. Type 12 System 
with "The Magic of VHF" 

Aircraft Radio Corporation has engineered a 
series of Communication and Navigation 
Systems to cover operational requirements for 
the 3 or 4 place executive-type aircraft. 

THE A.R.C. TYPE 11A meets basic needs by 
providing for VHF Transmission, LF Range 
Reception and Rotatable Loop Navigation. 

THE A.R.C. TYPE 17 is a 2-way VHF equip-
ment, including a tunable VHF Receiver and 
a 5-channel, crystal controlled VHF Trans-
mitter. 

THE A.R.C. TYPE 12 illustrated combines the 

advantages of the Type 11A and the Type 
17, offering 2-way VHF, together with LF 
Range Reception and Rotatable Loop Navi-
gation. 

•  •  • 

All units of these systems have been Type. 
Certificated by the CAA for use by sched-
uled air carriers. Standards of design and 
manufacture are the highest. For the finest 
in radio equipment, specify A.R.C. 

DEPENCIAISUI ElEcIRONIC  EQUIPMENT SINCE  1924 

2-WAY VHF ) 

ROTATABLE LOOP OPERATION 

IF RANGE RECEPTION 

CONSULT THESE A.R.C. 

AUTHORIZED DISTRIBUTORS 

Remmert-Wemer, Inc. 
St. Louis, Missouri 

Buffalo Aeronautical Corp. 
Buffalo, New York 

Southwest Airmotive Corp. 

Dallas, Texas 

Atlantic Aviation Corp. 
Teterboro, New Jersey 

National Electronics Lab., Inc. 
Alexandria, Virginia 

Baker-Eberle Aviation Corp. 

Detroit, Michigan 

Aeronautical Electronics, Inc. 
Raleigh, North Carolina 

Pacific Airmotive Corp. 
Burbank, California 

Skymotive Sales, Inc. 
Park Ridge, Illinois 

Dayton Airadio, Inc. 
Yandalia, Ohio 

Roscoe Turner Aero Corp. 

Indianapolis, Indiana 

Pionrad International Ltd. 

New York, New York 
(Foreign except Canada) 

The following transfers and admissions 

were approved on February 3, 1948, to be 

effective as of March 1, 1948: 

Transfer to Senior Member 
Albersheim. W. J., Bell Telephone Laboratories, 

Inc., Deal, N. J. 
Caldwell, P. G., General Electric Co., Electronic 

Park, Syracuse, N. Y. 
Clark, D. E., 2501 N. Keeler Ave., Chicago, Ill. 
Dempster. B.. 2008 West Seventh St., Los Angeles, 

Calif. 
Fano, R. M., Massachusetts Institute of Technol-

ogy, Cambridge, Mass. 
Fisher. F. J., 1 Richard Rd., Port Washington, L. 

N. Y. 
Grundmann, G. L., 16 Oriental Ave., Westmont, 

N. J. 
Guillemin, E. A., Massachusetts Institute of Tech-

nology, Cambridge, Mass. 

Hachemeister, C. A., 85 Livingston St., Brooklyn, 
N. Y. 

Hodson, W. G.. 524 Hampton Rd., Burbank, Calif. 
Johnson, E. O., 285 Merion Ave., Haddonfield, N.J. 
Kilheffer, L. D., 804 Buckingham Rd., Dayton, 

Ohio 
Koch, W. R., Victor Division 5-3, RCA Labora-

tories. Camden. N. J. 
Mautner, R. S., 201 West 16 St., New York, N. Y. 

Morgan, M. G., Thayer School of Engineering, 
Dartmouth College, Hanover, N. H. 

Palmateer, R. E., Sylvan Heights, Emporium, Pa. 
Sanborn, J. W., 15 Morris St., Merchantville, N. J. 
Schultz, M. A., 635 Cascade Rd., Pittsburgh, Pa. 
Skrivseth, A. G., 203 Rogers Dr., Fenwick Park. 

Falls Church. Va. 
Tanner, R. H., 292 Charles St., Belleville, Ont., 

Canada 
Taylor, H. A., RCA Communications, Inc., River-

head, L. I., N. Y. 
Wicks, D. S.. 3895 Rodman S., Washington, D. C. 

Admission to Senior Member 

lady, F. C.. 3131 Westover Dr., SE., Washington, 
D. C. 

Kennedy, T. R., Jr., 601 West 112 St., New York. 
N. Y. 

Meyer, R. B. 4702 Brandywine St., N. W., Wash-
ington, D. C. 

Shaw, V. G., Electric! Engineering Department, 
Carnegie Institute of Technology. Pitt-
burgh Pa. 

Word, J. A., 238 Washington Ave., Chatham, N. J. 

Transfer to Member Grade 

Being, J. K., 435 Kenilworth Ave., Toledo, Ohio 
Broersma, C. B.. c/o Radio-Holland, 562 Keizers-

gracht, Amsterdam C, Netherlands 
Hicken, J., 40 Andrews Ave., Binghamton, N. Y. 

Karlson, A. T., Severen Heights, Severna Park, Md. 
Kidd, W. E., 585 Turner Ave.. Glen Ellyn, III. 
Kopecky, G. F., 304 E. 77 St., New York, N. Y. 
Maron, M., Room 303, YMCA, Passaic, N.J. 
Peach, S. E., Baldwyn, Miss. 
Robinson, A. J.. Jr., 226 VV S St., Emporium. Pa. 

Senn. G. F., 81 Garden Rd., Red Bank. N. J. 
Shaw, R. G., 1406 Benton Way, Los Angeles, Calif. 
Taylor, G. 0., 5244 Arrow Rd.. Cincinnati, Ohio 
Ward, J. F., London House, Guilford St., W. C. 1, 

London, England 
Williams, G. T., Box 440, Sect. 69, Anchorage, Alas-

ka 

(Continued on page 42A) 
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WHY APE CORNISH WIRE PRODUCTS SPECIFIED BY THIS LARGE RADIO MANUFACTURER? 

Btcause their 

ENGINEERING DEPARTMENT  

values their f  performance and 

ability to meet the most exacting 

demands of insula•ion resistance and 

voltage breakdown .. 

courtesy ECKSTEIN RADIO c7: 1 LLEVISION (O.) 

Because their 

PRODUCTION DEPARTMENT  

discovered after thorough testing 
that they possess the essential quo'. 

;ties which permit easy pushback or 

mechanical stripping.  . . 

Because their 

PURCHASING DEPARTMENT  

knows these quality products, backed 
by dependable service, are always 

priced as low as such good wires 

con be made and sold.... 

made by engineers for engineers 

605 North Michigan Avenue, 

Chicago 11 

1237 Public Ledger Bldg., 

Philadelphia 6 
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TYPEI".NEEDL 

of New "LT" Series Cartridges. 
PRECIOUS METAL TIP 

wtth Electro-Formed 

Employed with All Three Models 
THE DESIGN of this modern, replaceable, carefully 

engineered stainless steel needle provides a high order 

of vertical, as well as lateral compliance, with resulting 

clarity and quiet of phonograph reproduction. Sufficiently 

large for easy handling, the "T" Needle is inserted in 
cartridge chuck with the same ease as "old fashioned" 

needles, and is held fast or released by manipulation of 

standard set screw. 

Model "LT2-M" 
Stamped Steel 
Wgt. 20 Grams 

Model "LT1-M" 
Die Cut 
Housing 
Nat. 28 
Grams 

Model "LT3-N" 
Stamped 
Aluminum 
Nat. 11 Grams 

BECAUSE of Low Needle Talk, Low Needle Pressure, 
and Low Price, Astatic's new "LT" Series Cartridges 

are particularly desirable for new installations in all types 

of automatic record changers and manually operated 

phonographs.  Now available with stamped steel and 

aluminum as well as die cast housings, "LT" Cartridges 
may now be selected in the proper weight to provide 

optimum needle pressure and pickup inertia characteristics 

with various types of arms.  Output voltage, 1.00 volt 

average at 1,000 c.p.s. Cutoff frequency, 4,000 c.p.s. 

Special Literature Available 

De luxe, "QT" Se-
ries (Quiet Talk) Crys-
tal Cartridge.  Employs 
matched,  replaceable  "Q" 
Needle with sapphire or precious 
metal tip. 

, 

(Continued from page 40A) 

Admission to Member Grade 

Arnett, H. D., 18 Danbury St., S. W., Washington, 
D. C. 

Bose, L., 34 Allenby Rd.. Calcutta 20, India 
Bryant, V. D., 22 High St., Franklin, Ohio 
Burke. J. F., 33-17-201 St., Bayside, L. I., N. Y. 
Capelli, M. P., 12, Cambridge Dr., Potters Bar, 

Middx., England 
Carlander, A., Ymsenvagen 10, Enskede, Sweden 

Carson, R. E., R.F.D., Maple Lane, N. Syracuse, 
N. Y. 

Castilla, A., Calle Evaristo S. Miguel 20, Madrid, 
Spain 

Clute, D. G., 520 Forret Blvd., Dayton, Ohio 
Cramer, R. E.. Jr., 500 Jessamine Ave., West Col-

lingswood, N. J. 
Eland, R. C. A., 847 E. Chelten Ave., Philadelphia, 

Pa. 
Frey, H. B., Jr., 163 Wade Lane. Oak Ridge, Tenn. 
Green, M., North- West Telephone Company, 1955 

Wylie St.. Vancouver, B. C. 
Hope, R. S., Thom & Smith Pty. Ltd., 919-929 

Botany Rd.. Mascot, N. S. W. 
Houghton, E. G.. Headquarters Fifteenth Air 

Force, A3C M, Colorado Springs, Colo. 
Kelleher, K. S.. 825 Church St., Alexandria, Va. 
King, E. F., 3171 Federal Ave.. Los Angeles, Calif. 
Simler, L. L., 1711 Wait St., Seattle, Wash. 
Stovall, J. R., Jr., 500 N. 12 St., Philadelphia, Pa. 
Sullivan, E. F., 105 Harrison St., Oak Park, Ill. 
Warchol, E. J., 1442 E. 29 St., Tacoma, Wash. 
Webb, E. L. R., Electrical Engineering & Radio 

Division, National Research Council, Sus-
sex St., Ottawa, Ont., Canada 

The following admissions to Associate 
were approved on February 3, 1948, to be 
effective as of March 1, 1948: 

Abernathy, H. D., 4927 Byers, Ft. Worth 7, Tex. 
Albert, S. L., 1655 N. Cherokee St., Hollywood 28, 

Calif. 

Aldridge, K. S., Casilla No. 2562, Santiago, Chile, 
S. A. 

Anderson, M. E., 1906 Grismer Ave., Burbank, 
Calif. 

Anderson, R. H., 1400 N. State Pkwy., Chicago 10, 

Augenblick, H. A., Jr.. 67 S. Munn Ave., East 
Orange, N.J. 

Austin, F. H., 62-34 -60 Ave., Maspeth, L. I., N. Y. 
Aveni, G., 1966 S. Normandie Ave.. Los Angeles 7, 

Calif. 
Bailey, H. R., 52 Fernwood Ave.. Dayton 5, Ohio. 
Bates, A. G., c/o Radio Station KFAB, Omaha, 

Neb. 

Bauman, J. P., 1207 Boynton Ave., New York 59 
N. Y. 

Bird, D. VV., 620 E. Bridge St., Blackwell, Okla. 
Blankenship, W. B., 2708 Ave. V. Lubbock, Tex. 

Boellhoff. L. E., Box 32, Montandon, Pa. 
Brennan, R. F., 200 E. 38 St., New York 16, N. V. 
Bricker. L., 2926 W. 24 St., Brooklyn 24, N. Y. 
Brougher, R. M., 2912 Robinhood, Houston S. Tex. 
Casen, J. G., 109-01 -72 Rd.. Forest Hills, L. I., 

N. Y. 

Castle, J. L., 218, Ash-Grove, Heston, Middx., 
England 

Christiansen, T. A., 1929 Morse Ave., Chicago 26, 

Coffin, B. E.. Jr., 734 N. 20 St., Philadelphia 30. Pa. 

Cooper. P. L., Jr., 980 Thomas Rd.. Beaumont, Tex. 
Cordella, D. P.. 3605 Arthur Ave., Brookfield. III. 
Coyne, J. M., Jr., 44291 N. Kedzie Ave.. Chicago, 

Crawford, A. L.. 1931 N. Tibbs Ave., Indianapolis 
22, Ind. 

(Continued on page 44A) 
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DIRECT DRIVE IS BEST FOR YOU 

IT GIVES YOU 

+ perfect total speed 
4. complete absence of adjustments 
4. low mechanical noise 
+ fast starting 
+ minimum maintenance 
4. greatest dependability 
+ longest life 

THE PRESTO 8D-G RECORDER is the choice 
of top studios everywhere. This rugged, de-

pendable unit is precision-made for heavy duty. 
Two separate motors are utilized, one for 33 13 
and one for 78 rpm, employing a dual worm and 
gear drive direct to center of turntable. You can 
change speed by switching from one motor to 
the other even while in operation with perfect 
safety. The mechanical speed shift, frequently a 
source of trouble with single motor drives, is 
completely eliminated. 

One permanent feed screw incorporates seven 
cutting pitches for both inside-out and outside-in. 

Write today for full specifications and price 
quotations. 

IT PROTECTS YOU FROM 

speed worries 
time spent on adjustments 

goo time spent on repairs, replacements 
interruptions due to breakdowns 
loss of programs 

Exclusive direct drive 
feature of 8D-G 
utilizes two 
separate motors. 

RECORDING CORPORATION 

242 West 55th Street, New York 19, N. Y. 

WORLD'S LARGEST MA NUFACTURER OF INSTANTANEOUS SOUND RECORDING EQUIP MENT & DISCS 
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RF CAPACITOMETER 

Glinitst ifjtlECIRK 
U•4111.11ifie 
MI =4 

TYPE  YCL-1 

For Quick, 
Accurate Measurement 

of Capacitance 

and Inductance 

P
ERMITTIN G measurements directly at radio  
frequency of a wide range of capacitance and 

inductance, the YCL-1 is a most valuable equip-
ment for production, research and industrial 

laboratories. 
Simple in design and self-contained, it can be 

operated by non-technical personnel. The YCL-1 
is a compact and efficient unit which provides 
accuracy without the use of bridges usually em-
ployed for these measurements. 
To improve stability of operation, the internal 

measurement circuits are operated from a built-in 
electronically regulated power supply. 
This General Electric Capacitometer is suitable 

for portable use, or it may be removed from the 
cabinet and mounted in a standard nineteen (19) 

inch relay rack. 

CAPACITANCE:  0 to 20,000 micromicrofarads 

ACCURACY: + 1 micromicrofarad or 
0.1 %, whichever is larger 

INDUCTANCE:  0 to 10,000 microhenries 

ACCURACY:  + 1 microhenry or 0.1 % 
whichever is larger 

For complete information on the YCL-1 Capaci-
tometer and other precision equipments write: 
General Electric Company, Ekctronscs Department, 
Electronics Park, Syracuse, New York. 

GENERAL  ELECTRIC 

(Continued from page 42A) 

Dathe, L. C., 502 Burlington Ave., Bradley Beach. 
N. J. 

Dantine, W. A., 1211 San Pasqua', Pasadena 5, 
Calif. 

David, E. E., Jr., 607C, Graduate House, Massa-
chusetts Institute of Technology, Cam-
bridge 39, Mass. 

Dooley, L., 1940 E. Tremont Ave., New York 62, 
N. Y. 

Drechsel, R. E., 205 W. Willow, Prospect Hts.. Ill. 

Everson, C. T., 321 -22 St. N.E., Cedar Rapids, 
Iowa 

Fanning, G. B., 527 Aberdeen Ave.. Dayton 9, Ohio 

Fink, E. A., 5603 Arlington St., Philadelphia 31, Pa. 
Fischer, R. E., 4424 N. Clifton Ave., Chicago, Ill. 

Foster, W. E., Hazeltine Electronics Corp., 58-25 

Little Neck Pkwy., Little Neck, L. I., 
N. Y. 

Friedman, I. B., 5114 S. Kimbark Ave., Chicago 15 

Fritsch, P. C., 5814 Third Pl., N M., Washington 
11, D. C. 

Goldstein, B. M., 1820 Bryant Ave., New York 60, 
N. Y. 

Grant, R. L., 1048 N. Front St., Sunbury, Pa. 
Hamilton, D. H., Jr., 1320 Fairmont St., N. W., 

Washington 9, D C. 
Hatzakortzian, H. T., 424 E. 174 St.. New York 57. 

N. Y. 

Heald, E. T., 1313 Third Ave.. S. W.. Cedar Rapids, 
Iowa 

Henley, E. J., 4208 Ivy St., East Chicago, Ind. 

Hiller, F. L., 1288 French Ave., Lakewood, Ohio 
Horniman, N. L., 528 Seventh St., Honolulu 57, 

T. H. 
Hostetler, W. E., 5 Winthrop Ter., East Orange, 

N. J. 
Hoyt, W. A., R.F.D. 3, Angola, Ind. 
Huckaby, J. H., 67 Waverly Ave., Dayton 5, Ohlo 
Hymen, C., 686 McDonough St., BrooklynsN. Y. 
Ingram, C., 4746 S. Indiana, Chicago 15, III. 
Johnson. M. P., 502 Newland Ave., Jamestown. 

N. Y. 
Jorgensen, B.. 365 Midland Ave.. Syracuse 4, N. Y. 

Kaufmann, W. S., 432 Haddon Ave., Camden, N. J. 
Kellerman. R. B., Castle Creek Rd.. Castle Creek, 

N. Y. 
Keys, D. D., 4 Monroe, Denver 6, Colo. 
Langan, J. E.. 985 Amsterdam Ave., New York 25, 

N. Y. 
Laymance, T. D., 1117 Elgin St., Houston 4, Tex. 
Leferson, J., 41 Weedhill Ave., Springdale, Conn. 

Lord, D. L., 107 N. Inglewood Ave., Inglewood. 
Calif. 

Luecke, M. W., 2113 A West Galena St., Milwaukee 
5, Wis. 

Martin, L. H., N. Z. Broadcasting Unit, 2 NZEF 
(JAPAN) B.C.O.F., do APO 301, Japan 

McBeath, H. M., Jr., 302 Palm St., Abilene, Tex. 

McCracken. L. G., Jr., Ordnance Research Labora-
tory. State College, Pa. 

McCusker, R. W., 15 Walker Ave., Pikesville 8, Md. 
McKay, G. C.. Jr., 602 Reid St., Houston 9, Tex, 
Mead, F. S., 4420 Lily Ponds Dr., N.E., Washing-

ton 19, D. C. 

Mercado, C. R., Box 156. Barceloneta. Puerto Rico 
Merchant, V. V., 25-27 Clinton St., Brooklyn 2, 

N. Y. 
Midcalf, W. A., 6217i -11 Ave., Los Angeles 43, 

Calif. 
Miller, C. E., Box 516, Route 7, Mt. Clemens, Mich. 
Miller, L. C., 232 E. 81 St., New York 28, N. Y. 
Mitchell, J. L., 2802 LaBranch, Apt. 1, Houston 4, 

Tex. 

Moiseve. C. J., 3707 Hope St., Huntington Park. 
Calif. 

Mass, J. W., 1836 W. Maypole Ave., Chicago 12,111. 
Noil, P. L., Route 10, Green Haven, North Kansas 

City, Mo. 

(Continued on page 46A) 
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FOR A SINGLE  ELECTRON TUBE  PROJECT OR 

A CO MPLETE SERVICE . . . NATIONAL UNION 

RESEARCH LABORATORIES ARE AVAILABLE TO YOU 

The idea that electronics may be the solution to 
your problem to create a better product or a 
more efficient process —is only the start. Mak-
ing the idea work by developing practical, up-
to-the-minute applications is where the task 
really :Degins. 
Here, the highly specialized experience, inge-
nuity and resourcefulness of National Union 
Electronic Research is organized to give you 

the answer —fast. How extensive or limited 
your research requirements may be is no prob-
lem. National Union has the top-flight scien-
tists, the costly laboratory equipment and 
specialized materials to take all or any part of 
the assignment. 
We would like to discuss electronic research 
with you —without obligation, of course. Write 
or phone us —today. 

NATIONAL UNION RESEARCH DIVISION 
National Union Radio Corporation, 352 Scotland Road Orange, New Jersey 
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A  -t4 •t need„, 
IN EQUIPMENT DESIGN 

The placement of variable elements on a circuit diagram 
presents no problem. You just draw the conventional symbol 
for the particular element where you want it. 

But in designing the actual equipment it's a different story. 
The elements must be placed for optimum electrical effi-
ciency and easy assembly and wiring—their controls, for 
operating convenience and harmonious panel arrangement. 

Fortunately, there's a simple way to meet all these require-
ments—use S.S.White flexible shafts as connecting links 
between the elements and their controls. From the 
sketch above you can appreciate that with this arrange-
ment you can place both the elements and the controls 
anywhere you want them. S.S.White offers shafts engi-
neered just for this service. They're as easy, smooth and 
sensitive in operation as a direct connection. 

GET DETAILS IN THIS FLEXIBLE SHAFT HANDBOOK 
260 pages of facts and technical data about flexible 
shafts and how to apply them. Copy sent free if you 
write for it on your business letterhead and mention 
your position. 

THE S. S. WHITE DENTAL MFG. co. 5.1'. WHITEINDUSTRIAL DIV1S1011 

DEPT. G 10 EAST 4051, ST.. NEW TORK 54. N. V. 
1,1x,151 SN•IT1  •  aSs ail SN•11 M ots  •  •11CIAPI •CC1140 .111 

DOA N CDI NNO AND CIIINDN.16 10 0 "  •  SINC1•161 01I NITA 555* 05 

M O M* 11111111COS  •  DIAStes W ICLAI DIS  •  C ONDI/WI R A M O 1•04.0.1011 

Ogee oi AfterecaO .44,4,4 Tadao:teal Eaterfradee 

Membership 
(Continued from page 44A) 

Nelinson, S.. 206 Bowers St., Jersey City 7, N. J. 
Nelson, E. A., 2104 Jefferson Ave.. St. Paul 5, Minn. 
Nelson, H. G., 219 N. Yale, Vermilion, S. Dak. 
Nelson, J. L., 7402 Bay Pkwy., Brooklyn. N. Y. 
Osterberg, E. K., 2151 E. 96 St., Chicago 17, Ill. 
Panian, R. M., 31 Gebhart St., Dayton 10, Ohio 
Parker, W. L., 3906 -50, Des Moines 10, Iowa 

Pattison, J. W., Josephine, St. Wingham, Ont., 
Canada 

Pettingill, S. A., 1809 G St. N. W., Apt. 108, Wash-
ington, D. C. 

Ramamoorti, K. V., 10, Edward Elliott Rd., Myla-
pore, Madras. India 

Reed, J.. 88 Hillcrest Rd.. Belmont 78, Mass. 
Reinheimer, H. J., Jr., 45 Haight Ave., Pough-

keepsie, N. Y. 
Rew, T. G., 222 Shotwell Park. Syracuse 6, N. Y. 
Ritter, G., Aeroporto Federal, Porto Alegre, Rio 

Grande Do Sul, Brasil 
Rotenberg, A. B., 10750 Barman Ave., Culver .City, 

Calif. 
Schwartz, M. J.. 302 Fifth St., Angola. Ind. 
Sharp, H., Box 960, Denver 1, Colo. 
Shirley, R. C., 604 Harper Ave., Jenkintown, Pa. 
Shook, W. A.. 6708 -39 S. W.. Seattle 6, Wash. 
Silverman, H. M., 33 Crawford St., Roxbury 21. 

Mass. 
Siegel, R. J., Jr., 6345 Dante Ave., Chicago 37,rIll. 

Sreekantan, B. V. P., Sadvaidyasala Branch, Chick. 
pet, Bangalore, Mysor State, India 

Steeb. E. C., Jr., 15 Groveland Ave., Buffalo 14. 
N. Y. 

Stormer, W. J., 1223 F St., N.E., Washington 2, 
D. C. 

Stotler, D. E., 7034 Quince, Houston 17, Tex. 
Sudia, A. T., 113 Shaw St., Garfield, N. J. 
Trapp, J. A., Electrical Engineering Department, 

Iowa State College, Ames, Iowa 
Uphoff, R. L., 812 Park Ave., Plainfield. N.J. 
Veit, F., 78-08 -75 St., Brooklyn 27, N. Y. 
Vile% F. L., Box 1005, Route 5, Vancouver, Wash. 
Volk, N., 32 E. Hill St., Baltimore 30. Md. 
Walker, C. E., 165 Fountain Ave., Glendale, Ohio 
Walkup. J. F., 7742 Westover Rd., Overland Park, 

Kan. 
Ward, W. P., 1881 Cornelia St., Ridgewood, Brook-

lyn 27, N. Y. 
Weagel, K. D., 30 N. Ogden Ave., Chicago 7, Ill. 
Webster, W. M., 22 E. Stanworth Dr., Princeton, 

N. J. 
Weeks, A. D., 818 N. Second St., Alhambra, Calif. 
White, L. B., 4803 Arvilla Lane, Houston, Tex. 
Whittier, M. L., 43-G. Jones Dr., Bremerton. Wash. 
Willhite, G. B., 834 Arlington St., Houston 7, Tex. 
Woodbrey. C. S., 18 Ridge Rd., Farmingdale, L. I.. 

N. Y. 
Woody, F., 4340 Kenmore, Apt. 22. Chicago 13. Ill. 

ERRATUM 
The following membership was errone-
ously listed and should read as follows: 
Admission to Senior Member, effective as of Febru-
ary 1, 1948, Umpleby, K. F.. Research Department-
Bendix Radio Corporation, Baltimore. Md. 

News—New Products 
(Continued from Page 26A) 

New Terminal Block 

A new feed-through terminal block 
which meets the need for subpanel and 
chassis construction with combination 
screw and soldered terminals has been de-
veloped by the Curtis Development and 
Manufacturing Co., 1 North Crawford 
Ave., Chicago 24, III., which has its factory 
at Milwaukee 10, Wis. This new type of 
feed-through terminal block has ample 
clearance and leakage distances for use in 
circuits carrying up to 300 volts at 20 
amperes. 

(Continued on page 48.4) 
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INSTANTLY • . . ACCURATELY. • 

coyab 
Used effectively in industrial laboratories for 

checking the speed of rotating objects and for cali-

brating or checking tachometers, measuring natural 

frequencies, and calibrating oscillators, impulse 

generators and similar equipment. With the 

Stroboconn, you can speed up the job with full 

assurance of accurate results. 

A Notable Achievement 

in Sonic Research 

The Stroboconn is essentially a logarithmic frequency 

meter of the Stroboscopic type, having an accuracy 

of frequency determination of 0.05%, in the 

continuous range of 32 to 4070 cycles per second. 

Ultra-sonic frequencies may be reduced to Stroboconn 

range by use of a frequency divider. The logarithmic 

scale is particularly advantageous in measuring 

ratios of two frequencies, with or without 

regard to the actual frequencies involved: 

In use, the quantity to be measured is converted into 

an audio signal, amplified and fed to a discharge 

tube that produces flashes of light at the audio rate 

involved. A dial reading indicates the frequency of 

the input signal. Send for free folder and further 

information concerning the Stroboconn's adapta-

bility to your particular problem. 

i moomit 

VISUALLY 

PR O VE D  PE R F O R M A N C E 

Among Stroboconn users are Harvard University, 

Bell Aircraft Corp., and Hamilton Standard Propel-
lers. During the War, this instrument was used as a 

standard for checking equipment in the Army Air 

Forces Power Plant Laboratory, at Wright Field. 

*  *  * 

Sead  7tee 7oldeit 
Gives more complete information about operation 

and application of this amazing precision 

instrument. No obligation. 

CONN BAND INSTRUMENT DIVISION 
C. G. CONN LTD., DEPT 313 

ELKHART, INDIANA 

1-410■011111'‘ 
PROCEEDINGS OF THE I.R.E.  March, 1948 



with  TAP CHANGER? 
TRANSFORMERS 

DO YOU NEED 

Instead of spending time and money to develop 

your own special method of voltage adjustment, 

make use of these Ac me Electric engineered trans-

former  designs  with  time - proven,  top-changing 

features. 

These general physical designs can be 

engineered to exactly the electrical char-

acteristics required for your product — 

using standard parts. Economy de mon-

strated before your eyes. 

Mounting type 121, provided 

with tap-changing panel with 

windings to provide any con-

nections needed. Available in 

ratings from 35 to 2500 VA. 

Mounting type 141, with windings 

enclosed in  end bells.  Primary tap 

changer on front indicating ratings. 

Available  in  ratings  fro m  35  to 

500 VA. 

Mounting type 150, lead holes 
on bottom or side of half shell. 

Primary tap changer on top. 
Available in ratings fro m 35 

to 500 VA. 

For further information write 

for Bulletin 168. 

• 

ACME ELECTRIC CORPORATION 
44 W ATER ST.  CUBA, N. Y. 

• 

tr 

T R A N S F O R M  E R S 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

(Ciiritimred from page 46,4) 

New F.M. Monitor 
The new f.m. monitor, manufactured 

by General Radio Co., 275 Massachusetts 
Ave., Cambridge 39, Mass., is designed for 
monitoring f.m. broadcast and television 
audio transmitters. It provides a continu-
ous indication of center frequency; a meter 
indication of percentage modulation, posi-
tive, negative, or peak-to-peak; and a 
lamp indication of peaks in excess of a pre-
determined percentage. 

The stability of center-frequency indi-
cation is comparable with that obtained on 
a.m. monitors in the standard broadcast 
band, so that no calibration checks need 
to be made during the operating day, and 
hence a remote indicator can be used at the 
transmitter engineer's desk. 
The Monitor uses a counter-type dis-

criminator which not only permits the use 
of a low intermediate frequency, with a 
resulting high degree of stability, but also 
because of its inherent linearity keeps dis-
tortion at a minimum. Two audio output 
systems are provided, one for measuring 
distortion and noise with the Type 1932-A 
Distortion and Noise Meter, and the other 
for audio monitoring. Inherent distortion 
is less than 0.2 per cent and distortions as 
low as 0.5 per cent can be measured ac-
curately, according to the manufacturer. 
The noise level is at least 75 db below 100 
per cent modulation. 
The panel is 19 by 26 inches, and the 

depth behind the panel is 13t inches over-
all. The instrument weighs 88 pounds. 

(Continued on page 65A) 

We will be grateful if you will 
mention PROCEEDINGS of the 
I.R.E. when writing to our adver-
tisers. 
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e new 

em.114.re  2.4.4.wire 

LOOK TO RAVII4E0$ 

FOR ALL V M A NEEDS 

'Transmitters, Speech Input Equip-

ment, Antenna, Antenna Network, 

'Tower, reaue 
F ncy and Modulotion 

Monitors, V oltage Stabilizers,Tran-

scription P'oyers  Pick 
and  ups, Re-

corders, Microphones, Speakers, 
ol  Coble, Repla  

Relays, Coaxi  

ce-

ment Tubes. 

OA • FM • IV 

1 

9 11  W I N " 
Tops everything for 

HIGHEST GAIN. 2.15 for 1 0 ' 6", single section* com-

pared with nearest competitive gain of 1.5 for 13 ' 

section. 

LO WEST COST. Less than anything approaching its 

performance and features. 

EASY TO INSTALL. Shipped pre-tuned to your fre-

quency — no field adjustments — only one, simple, 

co-ax feed connection. 

PERFECT RADIATION. New "waveguide" radiation 

principle for perfect circular radiation — horizontal 

polarization. 

NO ICING PROBLEM. Feed elements completely 

enclosed by weather-proof radome — no de-icing 

equipment needed. 

FULL PO WER. A single section will handle 1 OKW — 

available in single, double and four-section assemblies. 

NO OBSOLESCENCE. Add new sections for increased 

gain. 

LO W WIND LOADING. Simple, open, self-sup-

porting structure — no protruding elements — offers 

lowest wind resistance. 

PLUS MANY OTHER IMPORTANT FEATURES 

The new Raytheon Type RFW Antenna is your idea ... 

built to answer countless requests for a better, less ex-

pensive, trouble-free FM antenna. It's available now! 

Get the whole story from your Raytheon representative 

today. 

R̀F W — A (88 — 97 MC.) — single section 11' C. 

RF W — 8 (97 — 108 MC.) — single section 10' 6". 

CCMMERCIAL PRODUCTS DIVISION 

W ALTHA M 54, M ASSACHUSETTS 
liiJustr al and Commercial E ectronic Equipment, Broadcast Equipment, Tubes and Accessories 

sosi ON, MASSA NUS .IT1S 
Ch is F. Braunecx 
11 24 Boylston :itieet 
KE. 6-1364 

CHATTANOOGA- -MIN USES 
W. B. Taylor 
Signal Mountain 
a-2487 

CHICAGO, 6, ILLINOIS 
Warren :oz}ern, Ben Fainter 
COZZENS & FARMER, 
222 Wei- Adorns Streei 
Ran. 7457 

DALLAS 8, TEXAS 
Howoucl D. Crissey 
414 E Ist 10m Street 
Yale 1-1504 

LOS ANGELES 13, California 
Emile J. Rome 
1255 South Flower Street 
Rich. 7-2358 

NE W YORK 17, NE W YORK 
Henry J. Geist 
60 East 42nd Street 
Mu. 2-7440 

SEATTLE, WASHINGTON 
Adrian VanSanten 
135 Harvard North 
Minot 3537 

WASHINGTON 4, D. C. 
Raytheon Manufacturing Co. 
739 Munsey Building 
Republic 5897 

EXPORT SALES — Raytheon Monufacts ring Company, International Division, 60 East 42nd Street, New York 17, N. Y., Mu. 2-7440 



ELECTRONIC 

ENGINEERS 

WANTED 

Engineers experienced in the de-
velopment and design of electronic 
equipment. 

Present staff of more than 100 en-
gineers being increased. Opportu-
nity for advancement with long-
established and growing company. 
Laboratories and plant situated in 
pleasant, open surroundings on 
Long Island within half hour of 
New York City. 

Write details of education and ex-
perience (all inquiries confiden-
tial) to 

Director of Engineering Personnel 

HAZELTINE 

ELECTRONICS 

CORPORATION 

Little Neck, L.I., N.Y. 

WANTED 
PHYSICISTS 
ENGINEERS 
Engineering laboratory of precision 

instrument manufacturer has interest-

ing opportunities for graduate engi-

neers with research, design and/or 

development •xperience on radio com-

munications systems, •lectronic II me-

chanical aeronautical navigation In-

struments and ultra-high frequency d 

microwave technique. 

WRITE FULL DETAILS 

TO 

EMPLOYMENT SECTION 

SPERRY 
GYROSCOPE 

COMPANY, INC. 

Marcus Ave. & Lakeville Rd. 
Lake Seccess. Li. 

Engineers Electronic 
Senior and Junior, outstanding opportunity, small growing 
company. Forward complete resumes giving education, ex-
perience and salary requirements to 

Box 509 
The Institute of Radio Engineers 

I East 79th St., New York 21, N.Y. 

ENGLISH-SPEAKING ENGINEERS 
wanted by Radio Corporation of America 
• Experienced electronic engineers required for design and development 
work in radio, radar, television and allied electronic fields. Positions for 
both electrical and mechanical engineers, in Philadelphia area and else-
where. 

We do not wish to deplete the staffs of established foreign laboratories, 
but shall welcome inquiries from qualified engineers who are about to 
reside in the United States. 

Write to Chief Engineer, Radio Corporation of America, RCA Victor 
Division, Camden, New Jersey, U.S.A. 

The following positions of interest to 
I.R.E. members have been reported as 
open. Apply in writing, addressing reply 
to company mentioned or to Box No. ... 

The Institute reserves the right to refuse any 
announcement without giving a reason for 
the refusal. 

PROCEEDINGS of the I.R.E. 
I East 79th St., New York 21, N.Y. 

ENGINEERS 
Microwave engineers wanted. Labora-

tory experience essential (Industry or 
Government). Communications for video. 
Permanent. Salary relatively high. You 
are invited to visit our modern plant and 
talk to our engineers, or write us your 
job history and education. Motorola, Inc., 
4545 W. Augusta Blvd., Chicago 51, Il-
linois, Att: Mr. E. Dyke. 

SCIENTISTS AND ENGINEERS 
Wanted for research and advanced de-

velopment work in the fields of micro-
waves, radar circuits, gyroscope systems, 
servomechanisms and general electronics. 
Scientific or engineering degrees required. 
Salary commensurate with experience and 
ability. Inquiries should be directed to 
Manager, Engineering Personnel, Bell 
Aircraft Corporation, Buffalo 5, N.Y. 

ENGINEERS AND PHYSICISTS 
Several openings available in radar and 

in medium and ultra high frequency de-
sign work. Positions are in the Engineer-
ing Department of a progressive middle 
western manufacturer. Physicists will find 
unusual opportunities in the Research De-
partment. A degree from a recognized en-
gineering college is essential as well as 
good industrial experience. Address reply 
to Collins Radio Company, Cedar Rapids, 
Iowa. 

ELECTRICAL ENGINEERS AND 
PHYSICISTS 

An expanding program of teaching and 
research has created opportunities as in-
structor, assistant professor and associate 
professor level in a large mid-eastern col-
lege. Your inquiries are invited. Box 500. 

SALES ENGINEER 
Manufacturer's representative wants as-

sistant to cover Connecticut territory. 
Must have sales experience and knowledge 
of electronic components. Salary, expense 
allowance and commission. Please furnish 
complete background information. Box 
501. 

MECHANICAL ENGINEER 
Mechanical engineer to prepare techni-

cal manuscripts covering certain opera-
tions of the Los Alamos Laboratory. Ap-
plicant must have a B.S. degree in me-
chanical engineering and considerable ex-
perience in engineering and technical writ-
ing. Interested persons may write directly 
to Employment Director, P.O. Box 1663, 
Los Alamos, New Mexico. 

(Corstimsed ens page 54A) 
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47  w pm/ 
ov  Rather use Du Mont Tubes in 

your cathode-ray oscillography because, 

aaidhAr,e:5-
ik Only Du Mont makes ALL types of tubes and all types of 
Ir screens to serve the needs of ALL users—scientific, industrial, 
educational. 

Regardless of what your oscillographic requirements call for, 
Du Mont has the right tube with the right screen. Tubes for high-
accelerating potentials; multiple-gun tubes; tubes for low-acceler-
ating or medium-accelerating potentials — all are included in 
Du Mont listings. And with each type there's a choice of screens 
for short, medium or long persistence; for photographic record-
ing; for visual observation; for high-speed transients; for recur-
rent phenomena at any speed. 

Definitely, for every oscillographic application there's one best 
tube to use — and only Du Mont provides that adequate choice. 
Why improvise? 

As the outstanding specialist in this highly specialized technol-
ogy, Du Mont maintains the highest standards of quality, pre-
cision design, and dependable craftsmanship. 

DU MONT IS  
C ALLEN D. DU M ONT LABORAT ORIES, INC 

DU MONT CATHODE-RAY TUBES AVAILABLE 

3API-A  3JP11  5JP1-A  5LP11-A 

3AP11-A  5BP1-A  5JP2-A  SRP2-A 

3GP1-A  5BP11-A  5JP7A  5RP11-A 

3GP11-A  SCP1-A  5JP11-A  5SP1 

3JP1  5CP2-A  5LPI A  5SP2 

3JP2  5CP7-A  5LP2-A  5SP7 

3JP7  5CP11-A  5LP7A  5SP11 

DU MONT SCREENS AVAILABLE 

Pl:  Medium-persistence green. High visual efficiency. 

For general purpose applications. 

P2: Long-persistence blue-green fluorescence and 
yellow-green persistence. Long persistence at 

high writing rates. Short interval excitation. 

PS: Extremely short-persistence blue for photographic 

recording on high speed moving film. 

P7: Blue fluorescence and yellow phosphorescence. 

Long persistence at slow and intermediate writing 
rates. 

PIT: Short-persistence blue. For recording high writ-
ing rates. 

5 YOUR BEST BUYI 

tZe7a.'wevis eletmwer:of b-7-4-eit;feew.‘ 
ALLEN B DuMONT LABORATORIES, INC., PASSAIC, NE W JERSEY • CABLE ADDRESS: ALBEEDU, PASSAIC, N. J., U. S. A. 

"frxt- "•41,E, 
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The most complete line of high quality resistors isiot enough. 
IRC considers sincere service—cooperative deve  ment work, 
unbiased recommendations, on time deliveri  $enuine help 
in emergencies and friendly follow thru als vital in meeting 
advancing demands of industry. 

The Best Resistors 
Are Not Enough • 

ENKE 
IS VITAL 

The RESISTOR ANALYSIS COUN  is a natural develop-
ment of this concept. Sponsored  RC, and established to 
provide experienced technical aidon your resistor problems— 
electrical and mechanical. Woriggig together on your specific 
requirements, confidential aniksis may disclose ways to cut 
assembly costs' eliminate !expensive "specials" or improve 
performance. You may obtain this counsel by sending available 
data on your resistor  blem to the RAC at — Ir. rna tional 
Resistance Company, 01 N. Broad St., Philadtlpf: ia 8, Pa. 

Resistor Analysis Council 
A new IRC industry service. Composed of IRC electrical and 
mechanical engineers plus production specialists, the RAC — 
Resiror Analysis Council operates as consultant to engineers 
ond designers. Provides confidential analysis of resistor 
requirements—helps solve electrical, mechanical and cost 
considerations. RAC's industry knowledge is sufficiently brood 
that secommendations need not be confined to IRC products. 
Consult the Resistor Analysis Council on your present or 
cut crpated resistor problems. 

On Time Deliveries 
Purchasing Agents and material control executives rely upon 
tRC's "on time" deliveries. They know that regardless of a 
product's high quality, assembly line problems are a natural 
consequence when delivery schedules aren't met. IRC delivers 
"on tine —also maintains factory stock piles of most popular 
resistpr types and ranges assuring you of real assistance 
in emergencies. 

Complete Line. 
Only IRC produces such a wide range of resistor types. All 
your requirements can be readily supplied frcm one source. 
Manufacturing all types, IRcs recommendation on the proper 
resistor for your product istnb .ased. For over two decades 
IRC has concentrated its engineering and manufacturing 
•alent exclusively on resishrs. You benefit by this accumu-
lated experience when yoi :.pecify IRC. Technical Data 
3ulletins are available or .each IRC resistor type. 

-14r1011.1Z_ 
,   
531A ri l 

11 
Industrial Service Service Plan 

Providing speedy "round•the corner" deliveries on your small 
order requirements, IRC's distributor network maintains well. 
stocked shelves of all standard items. No time lost when you 
need experimental or maintenance quantities in a hurry. 
When time means money you profit by competent service 
from the IRC distributor in your area —write for his name 
and address. 

INTERNATIONAL IIEVI IYANCE COMPANY 

IN CANADA: INTERNATIONAL RESISTANCE COMPANY, LTD., TORONTO, LICENSEE 

Power P. $41C•ft • Precisions • Insulated Composition Resistors • Low Wattage Wire Wounds • Rheostats • Controls • Voltmeter Multipliers • V•eltog• Dividers • MF one High Voltoge Resistors 

52A 
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111' SMALLER, LIGHTER 

-B "BA TTERY 
for more compact 
portables/ 

SPECIFICATIONS: 

Voltage: 
"A"-9, upped at Th. 

5"-90. 

Size: 
x 2 23/32" x 4 5/16". 

Net weight 
4 lb.. 15 me. 

The No. 753 "Eveready" combination "A-B" 90-volt 
battery pack provides plenty of power for the more 

compact "pick-up" portable radios. It will last longer 

than any other "A-B" pack of comparable size. 

This longer life is the result of the exclusive flat-

cell principle found only in "Eveready" batteries. 

It will pay you, in designing your new portables, 

to take advantage of this powerful, lighter-weight, 

smaller "Eveready" battery pack. For more details, 

consult National Carbon Company, Inc. 

EVEREADY 
TRA DE- MA RKS 

MINI-MAX 
RADI O  BATTE RIES 

Will outlast any 
other battery pack 
of its size ! 

• Ordinary battery (left) is made of round cells and wasted 
space! "Eveready" battery (right) is made of flat cellz—no 
space between them wasted by air, pitch, or cardboard! 

The registered trade-marks "Eveready" and "Mini-Max ' 
distinguish products of 

NATIONAL CARBON CO MPANY, INC. 

30 EAST 42nd STREET, NE W YORK 17, N. Y. 

Unit of Union Carbide and Carbon Corporation 

PROCEEDINGS OP THE I.R.E. March, 1948 



Positions in APPLIED RESEARCH   
INSTRU MENT DESIGN   
ELECTRONIC DEVELOPMENT  

are available to Physicists and EE's with Bachelor, Master or 

Ph.D. degrees. Assignments are in radar, transmitters, receivers, 

antennas, electronic instruments, and field intensity measure-

ments. 

Scientists now on our staff are interested not only in developing 

new devices, but also in exploring fully the principles behind 

them. These men, experts in their fields, have helped evolve an 

organization conducive to success in both undertakings. 

Employment at this Laboratory provides: 

Opportunity for professional advancement. 

Optional insurance and pension plans. 

Advantageous location for personal living, with ready access 

to engineering school graduate work. 

Recreational programs. 

Visit us at the Commodore Hotel during the IRE convention; or 

phone Garden City 6880; or write to: PERSONNEL DEPARTMENT, 

ne 4.J. 1,̀̀,f/iRef T E z e'frif 
160 OLD COUNTRY ROAD • MINEOLA, N.Y. 

ENGINEERS . . . We have immediate openings for electrical 

and mechanical engineers experienced in the design, de% el-

opment, and research of the following: 

TRANSMITTERS 

RECEIVERS 

RADAR 
MOBILE COMMUNICATIONS EQUIPMENT 

ALLIED ELECTRONIC FIELDS 

SCIENTIFIC INSTRUMENTS 

TUBES 

RECORDING INSTRUMENTS 

TELEVISION 

AVIATION EQUIPMENT 

Address detailed replies to National Recruiting Division, RCA Victor, Camden 4, N. J. 

Lit RADIO CORPORATION of A MERICA 

(Continued ft om page 50:12 

ACOUSTICAL ENGINEER 

Acoustical engineer wanted with ex-
perience in microphone or pickup design. 
Must know mechanical and acoustical 
circuits. Write details of experience and 
education to Engineering Department, 
Electro-Voice, Inc., Buchanan, Michigan. 

ENGINEERS 

(1) Mid-western manufacturer has open-
ing for electronic engineer with back-
ground in electronic circuit design 
and instrumentation. Experience with 
pulse technique, servo-systems or 
telemetering procedures is desirable. 
Unlimited opportunity in a specialized 
field. Submit complete resume and 
salary desired. 
Electrical designer with drafting ex-
perience and knowledge of mechani-
cal layout. Experience in design of 
automatic test equipment desirable. 
State salary expected. 
Electro-mechanical draftsman. Must 
know symbols and be able to make 
composite layouts of electrical sub-
assemblies.  State  salary  desired. 
Write Box 502. 

(2) 

(3) 

(Continued on page 56A) 

LOS ALAMOS 

SCIENTIFIC 

LABORATORY 
Has present need for physi-
cists of Ph.D. grade with re-
search and development ex-
perience in various phases of 
nuclear physics, electronics, 
optics, and physical chem-
istry. Both field and labora-
tory experimentation involved, 
depending on interests and 
capabilities. Also included is 
design and development of 
special laboratory electronic, 
mechanical and optical ap-
paratus. Interviews at project 
expense can be arranged for 
qualified applicants. 

Write direct to Employment 
Director, P.O. Box 1663, Los 
Alamos, New Mexico for fur-
ther particulars, giving brief 
resume of education and ex-
perience. 

:.;-• A 
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P R O F ES SI O N A L  P E R F O R M A N C E —that keeps  the original  sound allveZ 

—on vi turntable free of ribration 

The pounding of hooves may be sweet music to the ears of 
a race jockey. But to a disc jockey—whose program's success 
depends upon the undistorted high fidelity of his transcrip-
tions—any extraneous mechanical noise leaves his listeners 
at the starting post. They just won't ride with him! 

Fairchild engineers have succeeded in eliminating the last bit of extraneous 
mechanical noise -- in the newly redesigned :Unit 524 Transcription Turntable. 
Turntable noise, rumble and vibration are non-existent because of the unique 
method of mounting the drive — at the bottom of the cabinet . . . the use of a 
specially designed rubber coupling to connect the drive and synchronous motor 
which are spring-mounted and precision-aligned in a single heavy casting ... the 
use of sound-stopping mechanical filters on the hollow drive shaft to reduce the 
transmission of vibration from the drive mechanism to the turntable ... and the 
use of a heavy, webbed cast aluminum turntable mount at the top of the cabinet. 

In addition to freedom from rumble, Fairchild offers you a wider frequency 
range and lower distortion content with its Unit 542 Lateral Dynamic Pickup, 
with a stylus mounting that allows the tip to follow the minute indentations en-
graved in the groove from 30 to 10,000 cycles and beyond, with a minimum of 
distortion. Want more details about sound equipment that really keeps the origi-
nal sound alive? Address: 88-06 Van Wyck Boulevard, Jamaica 1, New York. 

CAMERA 

AND INSTRUMENT CORPORATION 

Transeription Turntables 

Studio ileeorders 

M agnetie t'utterheads 

Portable Reeorders 

Lateral Dyna mie Pickups 

Unitized A mplifiers 

0. 1  SOUN  Q  ,MENT 
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Chance of a 
Lifetime 
for 
Electronics Engineers 
Physicists 
Mathematicians 
nOES your present job offer you full, unlimited op-
portunity to go ahead NO W? If not, here's your 

chance to move ahead. We have a number of excellent 

positions for men who want to demonstrate their 

ability and build a real future. Our research projects 

include — jet propulsion, guided missiles, superson-

ics, electronics, materials and alloys, military planes 

and commercial transports. Our central location, 

excellent facilities, good working conditions and 

past record are nationally recognized. Here is your 

chance to build a lifetime career with a company 

holding more than $100,000,000 in orders. 

Write now, outlining your experience and your 

plans. Professional Employment Section, The Glenn 

L. Martin Company, Baltimore 3, Maryland. 

Men are especially needed to do original work in the 

following fields: 

R. F. Components, Wave Guides, etc. 

Pulse Techniques, Precision Timing, Indicator Cir-

cuitry, I. F. Amplifiers, AFC, etc. 

Microwave Antennae 

Servos and Computers 

'Continued from page 54A) 

ELECTRONIC ENGINEERS 

Opportunity for experienced electronic 
engineers in established and expanding 
development company. We design and pro-
duce electronic controls and computor 
equipment. Contact Electronic Associates, 
Inc., Long Branch, New Jersey. Tele-
phone: L.B. 6-1100. Att.: Mr. Arthur L. 
Adamson. 

DEVELOPMENT ENGINEER 

Development engineer needed to design 
and develop electronic instruments for re-
search work. Excellent opportunity for a 
man with a degree and practical expe-
rience in test equipment construction. 
Write, giving full details of education and 
experience to Personnel Office, University 
of Chicago, 956 E. 58 Street, Chicago 37, 
Illinois. 

INSTRUCTOR 

Southwestern church-related Univer-
sity. Man with Master's degree and teach-
ing experience to teach radio theory and 
electronics. Salary range: $3,000-$3,300 for 
9 months depending upon experience. Box 
505. 

(Continued on page 58A) 

PHYSICISTS 

and 

ELECTRONIC ENGINEERS 

Needed for 

RESEARCH AND DEVELOP-

MENT LABORATORY 

Interesting opportunities for 

qualified 

GRADUATE ENGINEERS 

with 

ELECTRONIC RESEARCH, 

DESIGN 

and/or 

development experience. 

Please furnish complete resume 
of education, experience and 
salary expected. 

Personnel Manager 

BENDIX RADIO DIVISION 

BENDIX AVIATION 

CORPORATION 

Baltimore 4, Maryland 

56A 
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THE  FI N ES T  C O R E D  SOL D E R  IN  THE  W O RL D 

CONTAINING 
NON-CORROSIVE F LUX 

111EIFISPII 14 

11114111:11EIE 4.1  

COILICIIIIIE 
uvricoela SOLDE RS LT D. 

ELLS E R  H O U S E 
AL BE M A RLE ST 

ON DISPLAY 
AT THE 

IRE SHOW 

4.-3101 .11••••••••• 

41.1. 0 •I-.1.11 . • ',01, • • W M 

O RSO N 
• 

SOI REE • 
S L O 

coma 

..•••••" 

a 

Our claim is a simple one.  We believe that Ersin Multicore is the finest cored solder in the world.  If you 

a:e nct already farrtiLar with our produc:, we believe it can be of spec.al assistance to you in your soldering 

processes whethe: yca are manufacturir.g 10,000 radio receivers or repairing one • Ersin Multicore is solder 

in the form of a wire containing 3 cores cf non-corrosive Ersin Flux • You get a guarantee of flux continuity. 

The Multicore construction gives you extra-rapid melting.  Combined .with a super active Ersin Flux—Exclusive 

with Multicore —you enjoy a speedy and consistently high standarc of precision soldering • Available :n 5 

alloys and 9 gauges.  Please write for detailed technical information and samples. 

Address U.S.A. and Canadiar 
inquiries .o: 

British Industries Cora. 
315 Broadway, New York 7, N.,. 
Cables: Britind, New York 

ERSIN MULTICORE 
Regarding other territories: 
MULTICORE SOLDERS LTD. 
Mellier House, Albemarle St., 

London, WI, England 
Cables: Dustickon, Piccy, Londcn. 



Simple New 5 .0 4, 411- Couplings 

Maintain Constant 51.5 Ohm Impedance 

ANDRE W 
4. .ezitiveleC OAXIAL 

TRANS MISSION LINE 
FOR FM-TV 

Offe:ing the dual advantage of easy, solderless assembly 

and a constant impedance of 51.5 ohms, this new ANDRE W 

FM-T./ line is available in four diameters. Each line fully 

meet. official RMA standards. It also is recommended for 

AM iistallations of 5 Kw or over. 

Fabri:ated in twenty foot lengths with brass connector 

Bang as silver brazed to the ends, sections are easily bolted 

toget ler. A circular synthetic rubber "0 - gasket effec-

tively seals the line. Flux corrosion and pressure leaks are 

avoided. A bullet-shaped device positively connects inner 

condi ctors. 

Close tolerances are maintained on characteristic im-

peda•ce in both line and fittings, assuring an essentially 

"flat - transmission line system. 

Mechanically and electrically better than previous types, 

this new line has steatite insulators of exceptionally low 

loss f3ctor. Both inner and outer conductors of all four 

sizes are of copper having very high conductivity. 

Flanged 45 and 90 degree elbow sections, and a complete 

line cr accessories and fittings available. 

Better be safe, than sorry. Avoid costly post-installation 

line changes. Get complete technical data, and engineer-

ing ac vice, from ANDRE W now, 

ATTE N U ATI O N 
CU R VE 

stows total loss plus 10 % cheating 
fcctor to allow for resistance of joints 
and deterioration with time. 

Four diameters available: 6t/e" -
3 AI" — 1 Ye and 7/i". 

C O R P O R A TI O N 

3 6 3 EAST  7 Sch  ST R EET  •  C HI C A G C  19 

Pioneer Specialists in the Manufacture of a Complete Line of Antenna Equipment 

(Continued from page 56A) 

ELECTRONICS ENGINEER 

Electronics engineer for carrier tele-
phone work by a St. Louis manufacturer 
of public utility equipment. Several posi-
tions open. Box 506. 

SENIOR ENGINEER 

Fine opportunity with a large midwest-
ern radio corporation. Must have a mini-
mum of three years' experience in loud-
speaker design and materials used in 
manufacturing. College education in elec-
tronics or equivalent. In replying state age, 
education, experience and salary require-
ments. Box 507. 

ENGINEERS 

Technical college in northern New York 
is adding several staff members to the De-
partment of Electrical Engineering. Men 
with some experience in research or de-
sign and development in communications 
—electronics or physics are preferred. 
Salary and rank will be commensurate 
with training and experience. Box 508. 

ELECTRONICS ENGINEER 

Graduate electronics engineer, expe-
rienced in the application of electronic 
controls on air born equipment. Some pro-
duction and development experience is 
essential. In reply, give training, expe-
rience and other pertinent facts. Box 510. 

*  * *  * 

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. mem-
bers 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. 

ENGINEER 

M.S.E.E. in 1947. Single. Age 28. Two 
years' electronic work in the Navy. Two 
years' teaching. B.S.E.E. in 1942. Prefer 
development or research. Box 133W. 

(Continued on page 60A) 
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This WESTON I "1:1)3EL * S e n s i t r o l Relay 

7. 0.11111  SENSITIVE • • . 

• provides positive control on 2 microa mperes 

• handles up to SO millia mperes at 120 volts AC or DC 

• resists extre me shock and vibration 

Here is a sensitive relay whose unique 

characteristics stir the .magination 

suggesting to design engineers vast pos-

sibilities for new product development, 

and for simplification and improvement 

of existing products. To assist in their 
proper application, consult our repre-

sentatives, or write ... WESTON Elec-
trical Instrument Corporation, 589 Fre-

linghuysen Ave., Newark 5, New Jersey. 

•SENSITROL—A registered trade•mark designating the contact-
making instruments and relays, as manufactured exclusively by 
the Weston Electrical Instrument Corporation. 

WESTON a rSoomi 

Sol-moid reset type (illustrated 

directly above) or manual roost 

typos available. 

ALBANY • ATLANTA • IBSEN • BUFFALO • CUILITTE • MCCAIN • CINCINNATI • CURIUM'S • OALUS • DENVER • DETROIT • JACKSONVILLE • RNOXVIU.E • LITTLE KOCK  LOS ANGELES MERIDEN MINNEAPOLIS NEWARK 

NEW MEANS • NEW TIM • PRILAIIIMRA • Flialli • FITTSBIRON • 105055111 • SAN FRANCISCO • SEATTLE • ST. LOUIS • STUCISI • IN CANADA, NORTHERN ELECTRIC CO., Ur, POWERLITE DEVICES. LTD 
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AND THE SECRET IS SCINFLEX' • 

he finest ELECTRICAL CONNECTORS 

High W O WS [opacity 

Low voltage drop 

SCINFLEX 
ONE-PIECE 
INSERT 

High  dielectric 
strength ...High arc 
resistance. 

Bendix-Scintilla* Electrical Connectors are precision-built to 
render peak efficiency day-in and day-out even under difficult 
operating conditions. The use of "Scinflex" dielectric material, 
a new Bendix-Scintilla development of outstanding stability, 
makes them vibration-proof, moisture-proof, pressure-tight, 
and increases flashover and creepage distances. In temperature 
extremes, from —67° F. to +300° F., performance is remark-
able. Dielectric strength is never less than 300 volts per mil. 

The contacts, made of the finest materials, carry maximum 
currents with the lowest voltage drop known to the industry. 
Bendix-Scintilla Connectors have fewer parts than any other 
connector on the market—an exclusive feature that means 
lower maintenance cost and better performance. 

*REG. U.S. PAT. OFF. 

Write our Sales Department for detailed information. 

• Moisture-proof, Pressure-tight • Radio Quiet • Single-piece Inserts 
• Vibration-proof • Light Weight • High Arc Resistance • 
Easy Assembly and Di aa  bly • Less parts than any other C  tor 

Available in all Standard A.N. Contact Configurations 

SCINTILLA MAGNETO 
AiDNEY, N. Y. 

OF ,, Ora 

Positions Wanted  

(Continued from page 58A) 

ADMINISTRATIVE ENGINEER 

Relieve top level engineering personnel 
of technical-administrative duties; 5 years 
responsible experience National Bureau 
of Standards; project coordination and 
planning; new systems development; prep-
aration of technical reports, engineering 
specifications; electronics procurement; 
technical representative for outside con-
tacts. Age 27. Intelligent, initiative, ability 
to secure cooperation of others. Box 
134W. 

ENGINEER 

B.E.E. New York University, 1944. 
Age 24. Single. Ex-communications offi-
cer. Desires work as executive's assistant 
or sales engineering in the radio-electron-
ics field. Interesting work and opportunity 
for advancement primary importance. Box 
135 W. 

JUNIOR ENGINEER 

B.S.E.E. Carnegie Tech. in September 
1947. Age 22. Single. 2 years' Navy elec-
tronics experience. Desires position in 
electronics research design or develop-
ment. Box 139W. 

JUNIOR ENGINEER 

Graduate of RCA Institutes. Age 27. 
Married. Desires work in radio, electron-
ics, television production or development 
anywhere in U. S. 3 years' radio work in 
Army. Box 140 W. 

SALES ENGINEER 

Sales Engineer: Broadcast engineer, 
past three years as Chief Engineer of local 
station. Interested in entering sales field 
as an engineer with an established manu-
facturer of broadcast equipment. Family 
man. 28 years old; prefer southwest ter-
ritory. Box 144W. 

ELECTRICAL ENGINEER 

Electrical Engineer. Age 27. Single. 
B.E.E. 1949. 5 years' experience in testing, 
development, drafting and maintenance of 
electrical equipment. Wants New York 
sales position with electrical or electronic 
equipment manufacturer. Sales training 
must be part of long range program. Write 
Box 145 W. 

ELECTRICAL ENGINEER 

B.E.E. 1943 C.C.N.Y., M.S. 1948 Co-
lumbia University. Age 27. Married. Six 
years' experience on electronic research, 
product engineering and instructing in-
cluding one year AAF service. Available 
June 1948. Prefer Omaha, Neb. or New 
York. Box 146 W. 

JUNIOR ENGINEER 

School: RCA Institutes Inc., N.Y.C. 
1948 Ex-Petty Officer Telegraphis (Royal 
Canadian Navy). Married. No children. 
Experience: Radio assembly. Operation, 
maintenance and installation of receivers, 
transmitters (LF, UHF), radar, RDF 
(LF, VHF), loran. Interested in engi-
neering and sales. Box 147 W. 

(Continued on page 62A) 
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SIMPSON ELECTRICAL LABORATORY 
MODEL 1005 

ELECTRICAL LA 80 RATORy 

SIZE: 

33 1/2 "x 17"x 9" 

All the functions of over 60 separate 

instruments combined in one unit! 

Here is a complete test unit for use by radio, electronic, and 
electrical technicians in laboratories, shops, or service depart-
ments. It is adaptable to the testing of all electrical appliances, 
small motors, circuits, radio sets, etc. It consists of six individual 
41/2 " rectangular instruments, indirectly illuminated, each with 
a complete set of ranges. 

In addition to the wide variety of A.C. and D.C. voltage and 
current ranges, a multi-range ohmmeter and a single phase 
wattmeter have been incorporated. Also, to meet the need for 
extreme sensitivity required in testing circuits where only a 
small amount of current is available, an instrument is provided 
with a sensitivity of 50 microamperes, providing 20,000 ohms 
per volt on all D.C. voltage ranges. The Electrical Laboratory 
incorporates a rectifier type instrument for measuring A.C. volt-
age with a resistance of 1,000 ohms per volt on all ranges. This 
latter instrument also has in combination a complete coverage 
of DB ranges, from minus 10 to plus 54 for volume indications. 

This beautiful instrument is Simpson-engineered and Simpson-
built throughout for lifetime service. 

Dealer's Net Price, complete with Leads and Break-in Plug, $218 00 

SI M P S O N  EL E C T RI C  C O M P A N Y 

5200-5218 West Kinzie Street, Chicago 44, Illinois 

In Canada, Bach-Simpson Ltd., London, Ont. 

0  Ask your jobber 

I MI N I11 .111/ M  E 

,00 MA 

25 MA 

S 

k., 

Atee• 

Oso 

250 adA 

10 00 Mla, 

AMrs 

RANGES OF MODEL 1005 

Meter No. 1 
(D.C. Milliam-
meter and 
Ammeter) 

0-1  MA. D.C. 
0-5  MA. D.C. 
0-10 MA. D.C. 
0-25 MA. D.C. 
0-50 MA. D.C. 
0-100 MA. D.C. 
0-250 MA. D.C. 
0-500 MA. D.C. 
0-1000 MA. D.C. 
0-2.5 Amps. D.C. 
0-5  Amps. D.C. 
0-10 Amps. D.C. 
0-25 Amps. D.C. 

Meter No. 2 
D.C. Micro-

ammeter and 
Voltmeter) 

0-2.5  Volts D.C. 
0-5  Volts D.C. 
0.10  Volts D.C. 
0-50  Volts D.C. 
0-100 Volts D.C. 
0-250 Volts D.C. 
0-500 Volts D.C. 
0-1000 Volts D.C. 
0-5000 Volts D.C. 
20,000 ohms 
per volt 

0-50 Microamps 
0-100 Microomps 
0-250 Microamps 
0-500 Microamps 

Meter No.3 
(Ohmmeter) 

0-500 Ohms  (5 ohms center) 
0-5000 Ohms  (50 ohms center) 
0-50,000 Ohms (500 ohms center) 
0-500,000 Ohms (5,000 ohms center) 
0-5 Megohms  (50,000 ohms center) 
0-50 Megohms  (500,000 ohms center) 

Meter No. 4 
Wattmeter) 

0-300 Watts A.C. 
0-600 Watts A.C. 
0.1500 Watts A.C. 
0-3000 Watts A.C. 

Meter No. S 
(A.C. Volt-

meter, Output 
and DB T eter) 
0.5  Volts A.C. 
0-10  Volts A.C. 
0-25  Volts A.C. 
0-50  Volts A.C. 
0-100 Volts A.C. 
0-250 Volts A.C. 
0-500 Volts A.C. 
0-1000 Volts A.C. 
0-5000 Volts A.C. 
Rectifier type 
1000 Ohms 
per volt 
DB Ranges 
—1010 +54 

Output Ranges 
some as volts 
except 5000 
Volt Range 

Meter No. 6 
(A.C. Milliam-
meter and 
Ammeter) 

0-5  MA. A.C. 
0-25  MA. A.C. 
0-100 MA. A.C. 
0-250 MA. A.C. 
0-1000 MA. A.C. 
0-2.5 Amps. A.C. 
0-5 Amps. A.C. 
0-10 Amps. A.C. 
0-25 Amps. A.C. 
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AMPHENOL TUBE MOUNTS, STAND-OFF 
INSULATORS AND FEED-THRU BUSHINGS 

For installing metal 
industrial electron tubes 
on non-insulated surfaces 

Amphenol tube mounts and stand-off insulators efficiently mount 
Thyratron 173, and similar metal industrial electron tubes, on non-
insulated surfaces. Secure mounting and highest quality insulation 
are assured. 
The use of steatite dielectric guarantees excellent heat resisting 

qualities, low-loss and high mechanical strength. Surface creepage 
distances of 2" safely accommodate high voltages. Exposed portions 
of stand-offs are glazed to facilitate cleaning in dusty industrial 
plants. 
Types with steatite feed-thru bushings allow wiring back of the 

supporting panel. Additionally, these insulators serve as tie points. 
or feed-thru insulators, for tube element connections, or for passage 
of high voltage circuits through panels or compartment walls. Com-
plete electrical, mechanical and pricing data immediately available 
on request. Write for it today. 

THESE FEATURES ASSURE TOP PERFORMANCE 
• Mounts in small panel area 
• Adequate clearance between tube and panel 
permits cooling by convection 

• Wing nut connections simplify assembly and 
wiring maintenance 

• Steatite dielectric 

Ampbenol tube mounts and stand-off insulators are designed for use 
with the following metal tubes: GL-414, FG-172, FG-280, FG-190, 

FG-166, ELC16J, EL60B, ELI6F. 

AMERICAN PHENOLIC CORPORATION 
1830 S. 54th AVE., CHICAGO 50, ILLINOIS 

COAXIAL CABLES AND CONNECTORS • INDUSTRIAL CONNECTORS, FITTINGS AND 

CONDUIT • ANTENNAS • RADIO COMPONENTS • PLASTICS FOR ELECTRONICS 

Positions Wanted  

(Continued from page 60A) 

ELECTRICAL ENGINEER 

B.E.E., R.P.I. (Communications). Age 
26. Married. 1 child. Two years' Navy 
maintenance of radio and radar equipment. 
One year Civil Service testing VHF-
UHF transreceivers. Current develop-
ment of signal generators. Desires posi-
tion as sales engineer. Box 148W. 

ADMINISTRATIVE ENGINEER 

Registered electrical engineer (N.Y.) 
FCC licensed. Eight years' experience in 
engineering, production, construction and 
administration; with power, communica-
tions and aircraft organizations. Harvard 
Business School graduate. Navy radar 
trained veteran. West coast preferred. 
Box 149W. 

ELECTRICAL ENGINEER 

B.S.E.E. Columbia, June 1948. Age 29. 
Married. 21/2 years Naval radar; 1 year 
Naval Research Lab.; PA years' instructor 
in theory and shop practice; 5 years' ex-
perience in production planning and co-
ordinator-metal and woodworking manu-
facturing. Tau Beta Pi. Desires position 
in design, development or production any-
where in the U. S. Box 150W. 

ENGINEER 

B.S.E.E. M.I.T., February 1943. Com-
pleting graduate work for E.E. degree 
(minor in Business Administration) Stan-
ford, June 1948. Age 27. Married. One 
child. 31/2 years' experience Naval ship-
board and airborne electronics including 
assignments with N.R.L. and Airborne 
Coordinating Group (BuAero). Amateur 
Radio 10 years. Research or development. 
Box 151 W. 

ENGINEERING PHYSICIST 

Army telephone central two years' test 
experience; graduate studies in higher 
math, physics, electronics; two credits re-
main to B.S. in engineering physics, Le-
high University, June, 1948; presently 
employed, seeking test research opportu-
nity. Box 152W. 
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THE F. ottest ham performance ever at this price . .  That's the verdict of a -nateurs who have 
had a chance to try Hallicrafters new Model SX-43. 

This ne., member of the Hallicrafters line offers continuous coverage frorr. 540 kilocycles to 

5.5 magacecles and has an additional band from 88 to 108 megacycles. AM reception is pro-

videc on all bands, except band 6, CW on the four lower bands and FM on frequencies above 

44 megacycles. In the band of 44 to 55 Mc., wide band FM or narrow band AM just right for 

narrcw bcnd FM reception is provided. 

One stcge of high gain tuned RF and a type 7F8 dual triode converter assute an exceptionally 

gpod sigr al-to-noise ratio. Image ratio on the AM channel on band 5 (44 to 55 Mc.) is excellent 

a; the receiver is used as a double superheterodyne. The new Hallicrafters dual IF transformers 

p-ovice a 455 kilocycle IF channel for operating frequencies below 44 megacycles and a 10.7 

megacycle IF channel for the VHF bands. Two IF stages are used on the four ower bands and a 

third stage s added above 44 megacycles. Switching of IF frequencies is automatic. The separate 

e ectrical oandspread dial is calibrated for the amateur 3.5, 7, 14, and 28 megacycle bands. 

Every inportant feature for excellent communications receiver performance is included. 

BUILDERS OF 

cAitode/SX.43 

16950 
1 

an' 

FEATURES FOUND IN NO OTHER RECEIVER AT THIS PRICE 

• ALL ESSENTIAL AMATEUR FREQUENCIES 
FROM 540 kc to 108 MC 

• 
• 

- FM - CW RECEPTION 

NI BAND OF 44 TO 55 MC: WIDE BAND 
'M OR NARROW BAND AM ... JUST RIGHT 
OR NARRO W BAND FM RECEPTION 

• CRYSTAL FILTER AND EXPANDING IF CHAN-
NEL PROVIDE 4 VARIATIONS OF SELECTIV-
IRV ON LOWER BANDS 

• SERIES TYPE NOISE LIMITER 

AVIATION RADIOTELEPHONE 

• TEMPERATURE COMPENSATION FOR FREE-
DOM FROM DRIFT 

• PERMEABILITY ADJUSTED "MICROSET" IN-
DUCTANCES IN THE RF CIRCUITS 

• SEPARATE RF AND AF GAIN CONTROLS 

• EXCEPTIONALLY GOOD SIGNAL-TO-NOISE 
RATIO 

• SEPARATE ELECTRICAL BANDSPREAD CALI-
BRATED FOR THE AMATEUR 3.5, 7, 14 AND 
28 Mc BANDS 

hallicrafters RADIO 
THE HALLICRAFTER! CO., MANUFACTURERS OF RADIO 

AND ELECTR ONIC  EQUIP MENT. CHICAGO 16, U. S. A. 
eI.  Rep lelor•s on Canada 
Ro ws  Ma ps,.  loonoted,  Toronto Montrool 
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At Station WBRC, 
Birmingham, Alabama 

for more than 

20,000 HOURS! 
FEDERAL'S F-891R AM broadcast tubes have estab-

lished an outstanding service record at Station 
WBRC —for Mr. G. P. Hamann, chief engineer, reports 
that "these tubes all have a life in excess of 20,000 
hours"! That's well over three years of actual operation 
—and it's meant substantial savings in tube replace-
ment costs. 
In major AM stations from coast to coast, Federal 

broadcast tubes have won the confidence of engineers 
and operators —by consistently setting the standards 
of performance, tube life, and operating economy. The 
F-891R modulator tube, and the corresponding F-892R 
power amplifier, are two forced-air-cooled triodes which 
have proved extremely satisfactory for small and 
medium-sized AM broadcast stations. Water-cooled 
types of equivalent rating, the F-891 and F-892, are 
also available. 
If you want top performance like this, specify Fed-

eral broadcast tubes. For their long life and perma-
nence of characteristics is the cumulative result of 
more than 38 years of research and manufacturing 
experience —continual pioneering in new ways to build 
better tubes. For complete technical data on these AM 
tubes, write to Federal today —Dept. K737. 

F-891R 
Forced-air-cooled 

F-891 
Water-cooled 

Federal Telephone and Radio Corporation 
KEEPING FEDERAL. YEARS  ...is IT&T's world -wide 
research and engineering organization, of which the federal 
Telecommunication Laboratories, Nutley, N. J., is o unit. 

100 KINGSLAND ROAD, CLIFTON, NE W JERSEY 

In Canada:  Federal Electric Marn.farturing Company, Ltd., Montreal, P. O. 

Export Distributors —International Standard El•crric Corp. 67 [Stead St., N.Y. 
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NEW AND 
IMPROVED 
TYPE "P" PLUG 

On December 1st, 1947, Cannon Elec-
tric announced the completion of a 
new Type "P" to replace the P-CG-11 
and P-CG-12 straight cord plugs. At 
the same time, list prices on all "P" 
fittings were revised, mostly up, a 
few down. 

NEW 

CLAMPCABLE 

ZINC 

NIRV 

ETIEL 
-  BARREL 

If 4 

NEW TYPE 
PUSSES BUSHINO 

PARTIAL 

EXPLODED VIEW 

NEW SPRING 
ON LATCH LOOt 

INSIST 
AND BARREL 

The new -11S and -12S plugs replace 
both the old -11, -12 and former -11S, 
and -12S. Features of the new fittings 
are shown by arrows on the view 
above. The shell is lightweight steel 
with an integral clamp of zinc. The 
zinc clamp is superior to the remov-
able clamp and prevents twisting of 
leads. The rubber bushing adds in-
sulating factors within the solderpot 
cavity and acts as a cable relief on 
the P2, and P3. The latch is stronger 
and better than on the old design. 

For  co mplete  infor mation. 
write for Special Bulletin No. 
PCG-1, and any other catalog 
material which you may re-
quire.  Please use your co m-
pany stationery when writing 
Address Dept. C-377.  1 SINCE 1915 

M[3110Gli 
LIIEVAR 
.Le40,0izayaey 

CANNON 
ELECTRIC 

3209 HUMBOLDT ST., LOS ANGELES 31, CALIF. 

IN CANADA & BRITISH EMPIRE: 
CANNON ELECTRIC CO., LTD., TORONTO 13, ONT. 

W ORLD EXPORT (Excepting British Empire): 
FRAZAR& HANSEN, 301 CLAY ST., SAN FRANCISCO 

News—New Products I NOW at your Jobber's 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

(Continued from page 484) 

Portable Amplifier 
A new portable public-address ampli-

fier engineered to provide quality conson-
ant with the highest-priced microphones 
and loudspeaker systems has been brought 
out by Altec Lansing Corporation, 250 W. 
57 St., New York 19, N. Y. The new ampli-
fier is catalogued as Model A-324. 

The A-324 is rated at 15 watts with 
a guaranteed full-power output within 1 
db from 35 to 12,000 cycles. Its over-all 
frequency response is flat within 1 db 
from 20 to 20,000 cycles. 
Several unique features are claimed for 

the new amplifier. Four inputs are pro-
vided: two of the inputs provide 95 db gain 
for low-impedance microphones with indi-
vidual volume controls on each input for 
mixing purposes. 
The transformer in the high-gain low-

impedance microphone input circuits has 
90 db shielding to guard against hum and 
noise pickup. 
Two other high-impedance inputs pro-

vide 72 db gain for radio or phonograph 
pickup or high-impedance microphones; 
they are coupled to a dual-type volume 
control which allows fading smoothly from 
one input to the other. 
Another feature is a continuously vari-

able bass control which, at the low end, 
is coupled to a switch to cut in special 
equalization to correct the boomy repro-
duction. A continuously variable treble 
attenuator is also provided. 

New Enterprise 
A new company, International Recti-

fier, Corp., announces the opening of a 
plant at 6809 Victoria Ave., Los Angeles, 
Calif. The new firm is equipped for re-
search and manufacture in the field of 
colorimetric equipment, photoelectric cells, 
and selenium rectifiers. 

Handsomely bound in RED and GOLD 

All data and basic knowledge in 
radio and electronics 
digested into 12 sections . . . 
in a complete, quick to find, 
easy to read, handbook form. 

Plan every operation in radio and electronics with the 
Radio Data Book. This new radio bible will be your 
lifelong tool ,  you will use It every day, on the board, 
at the bench. In the field! Use it for engineering, con-
struction, trouble-shooting and testing. The RADIO DATA 
BOOK will be your invaluable aid In design, experiment 
and in layout. It will help make your production better. 
faster and easier. In any and every operation in radio 
and electronics, you will use the RADIO DATA BOOK! 
The RADIO 1)ATA BOOK Is a work of complete 

authority, prepared by engineers with many years of 
practical experience. They have been assisted by the 
Boland & Royce staff of editors skilled in preparing 
electronics manuals for the U. S. Signal Corps for many 
Years. These own have worked for several years gathering 
material for this hook .  . all the knowledge of radio 
principles and operation . . . all the statistics  . . all 
the newest developments in electronics ... every possible 
angle and detail  Eighteen months were spent digesting 
this material Into the most concise, the clearest, and the 
most readable form. The result in this Invaluable manual 
. . . The RADIO DATA BOOK. Whether you use this 
book for general reference, for scientific Instruction, or for 
'duration, one thing lit certain—the practioal help, the 
daily usefulness you will derive from It wM prove to be 
worth many, many times its astonishingly low Price! 
Advanced Sale . . first printing. Only 10.000 avail-

able. . . . To make sure to get your RADIO DATA 
BOOK, mall your order NO W, 

12 sections . . . 1000 papas . .. Completely Illustrated 
Section I. THE 150 BASIC CIRCUITS IN RADIO. 
Section 2, COMPLETE TEST EQUIPMENT DATA. 
Section 3. TESTING. MEASURING AND ALIGNMENT. 
Section 4, ALL ABOUT ANTENNAS. 
Section 5. SOUND SYSTEMS. 
Section 6. RECORDING 
Section 7. COMPLETE TUBE MANUAL. 
Section S. CHARTS. GRAPHS AND CURVES. 
Section IL CODES. SYMBOLS AND STANDARDS. 
Section 10. 50 TESTED CIRCUITS DESIGNED FOR 

OPTIMUM PERFORMANCE. 
Section  II. DICTIONARY  OF  RADIO  AND  ELEC-

TRONIC TERMS. 
Section  12. RADIO BOOK BIBLIOGRAPHY. 

12 complete books In one only  $5. 001 
Less than 42c per book! 

MAIL THIS COUPON TO YOUR JOBBER 
TODAY OR DIRECT TO:  IRE-3 

BOLAND & BOYCE INC., PUBLISHERS 
460 BLOOMFIELD AVE., MONTCLAIR 4, N. J. 

Please send me a copy of THE RADIO DATA BOOK 
Enclosed Is $5.00. 

NAME   

ADDRESS   

CITY   ZONE   

STATE    

BOLAND & BOYCE INC., PUBLISHERS 
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Protect Your Tube Testy:11 
Investment with the NEW 

Precision Series 101 2. 

ij  Elec t rots um re ' 
lube 

Truly 
free-point 

Unparalleled  and  highest 
practical order of obsoles-  • hg. Pending 

U. S. Patent Office 
cence insurance —thru use of 
the precision 12 element, free-point Master 

Lever Selector System. 

• Testing a tube for just one selected character-
istic does not necessarily reveal its overall per-
formance capabilities. Electronic tube circuits 
look for more than just Mutual Conductance or 
other single factor. In the Precision Master 
Electronic Tube Test Circuit, the tube under 
test is subjected to appropriately phased and se-
lected individual element potentials and is 
electro-dynamically swept over a complete Path 
of Operation on a sinusoidal time base. Encom-
passing a wide range of plate family character-
istic curves, this complete Path of Operation is 
automatically integrated by the indicator meter 
in the positive, direct and non-confusing terms 
of Replace- Weak-Good. 

Model 10-12P; in sloping, portable 
hardwood case with tool compartment 
and hinged removable cover ....$86.15 
Alto available in counter and rack-panel 

Compare These Features 

THE NEW SERIES 10-12 TUBE MASTER 
• Facilities to 12 element prongs. 
• Filament voltages from .75 to 117 volts. 

• Tests the new Nova! 9 pins; 5 and 7 pin acorns; 
double capped H.F. amplifiers; low power trans-
mitting tubes; single-ended F.M. and T.V. am-
plifiers, etc. 

• ISOLATES EACH TUBE ELEMENT 
REGARDLESS OF MULTIPLE PIN POSITION. 

• DUAL "special-purpose" short check sensitivity. 
• Battery Tests under dynamic load conditions. 

• Built-in brass-geared roller chart. 
• 41/2  Full Vision Meter. 

• Panel Extractor Fuse Post. 

ASK TO SEE the  new  "Precision"  Master 
Electronamic Test Instruments on display at all 
leading radio parts and equipment distributors. 
Write for Precision 1948 catalog describing the 
Electronamic tube performance testing circuit. 

PRECISI ON 
APPARATUS  CO.,  Inc. 

92-27 Horace Harding Blvd. 

Elmhurst 12, N. Y. 

Export Division: 458 Broadway, N. Y. C., U.S.A. 
Cables: NORHANEX 

News —New Products Longer life in service... 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

(Continued (rout page 65A) 

Model S-5 Frequency Meter 

Browning Laboratories, Inc., Winches-
ter, Mass., announces the Model S-5 Fre-
quency Meter for the accurate checking of 
transmitters operating between 30 and 
500 Mc. A crystal standard in a tempera-
ture-controlled oven is employed with a 
long-time accuracy of 0.001%. The elec-
tron-coupled interpolation oscillator is as-
sembled on an aluminum plate for 
mechanical stability and is temperature-
compensated for minimum  frequency 
drift. The meter is hand-calibrated for 
one, two, or three frequency bands in the 
range from 30 to 500 Mc. with an over-all 
accuracy of 0.0025%. High mixer sensitiv-
ity permits use of the instrument without 
the need of direct connection to the trans-
mitter. A panel-mounted telescoping an-
tenna is employed as a pickup means. The 
heavy steel cabinet which is provided may 
be removed and the instrument used in a 
relay rack with associated equipment. It 
measures 81 inches high, by 19 inches wide, 
by 9 inches deep, and weighs 35 pounds. 

Recent Catalog 

• • • On crystals, Bulletin 36 containing a 
complete listing of all types of crystals cur-
rently manufactured by Bliley Electric 
Co., Erie, Pa., for all types of commercial 
applications. This catalog does not con-
tain crystals designed specifically for ama-
teur application, as these units are de-
scribed in Bulletin 35. 

• • • On Audigage, a portable instrument 
designed to measure the thickness of a 
wide variety of materials, by Branson In-
struments Inc., Joe's Hill Rd., Danbur, 
Conn. 

• • • On capacitors for electronic and serv-
ice-replacement applications, a 24-page 
illustrated catalog, by Cornell-Dubilier 
Electric Corp., So. Plainfield, N. J. Ask for 
Catalog No. 200. 

(Continued on page 68A) 

higher dielectric strength 

Smith Hi-Density 
Kraft Condenser Papers 

These condenser papers have an 
average density at least 10c,"0 higher 
than normal condenser papers — 
a guaranteed minimum density of 
1.05. 

This gives 101,, more insulation 
per sheet with no increase in thick-
ness. The corresponding increasP 
in dielectric strength permits engi-
neers to design a capacitor to oper-
ate at higher voltages with the 
same thickness of insulation. 

Smith Hi-Density Kraft Con-
denser Papers show a sizable in-
crease in life characteristics over 
normal condenser papers. 

Laboratory tests prove Smith 
Hi-Density Kraft Condenser Papers 
to be distinctly superior under ac-
ceerated life conditions, particu-
larly under D.C. voltage. 

Tests also prove A.C. capacitors 
can be designed with increased 
breakdown voltage—therefore 
higher dielectric strength—without 
affecting the power factor. 

Smith Hi-Density Kraft Con-
denser Papers cost no more than 
other condenser papers. For com-
plete data, write Smith Paper, Inc., 
Lee, Massachusetts. 

Be sure to pick up samples of 

Smith  Hi-Density Condenser 

Papers at the Smith I. R. E. 

Convention Booth, 

No. 264 -2nd floor. 

S mit h 
ESTABLISHED 1835 

pa p e r 
-Cairenater alfzed. 
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For precise, positive linkage 

between instrumentation and control 

INDUCTION GENERATOR: when 
fed from AC source produces 
voltage proportional to speed 
of rotation. Used in circuits as 
velocity control component. 

PERMANENT MAGNET  GENERATOR. de-
signed as AC potential source. Produces 
sinusoidal wave form with harmonic 
content under 2%. 

MOTOR DRIVEN INDUCTION GENERATOR: 
powered by 2-phase, low-inertia induc-
tion motor. Used as fast reversing servo 
motor where maximum stall torques of 
less than 7 oz. in. are required. 

TELETOROUE UNIT — below left: 
a precision-built, non-motoring, 
self synchronous unit for remote 
indication. Accurate to ± 1 degree. 

CIRCUTROL UNIT: 
Useful as a resolver,  ) 
phase shifter, rotat-
able and control transform-
er or phase indicator. 

INDUCTION GENERATOR. type 
designed particularly tor use 
where low residual voltage is 
required. 

INDUCTION MOTOR: Low inertia, 
two-phase squirrel cage unit for 
use as precision servo motor. 

KOLLSMAN OFFERS A LINE OF SPECIAL PURPOSE AC UNITS 

To meet the varying needs of the electronics engineer in linking instrumentation up to control, Kollsman offers a group of 

units with sufficiently varied functions to solve a wide range of control problems. In nearly every case, units are available 

for operation at various voltages and frequencies to fit widely diversified electronic control and remote indication applications. 

These Kollsman units are the outgrowth of long development in aircraft instrumentation and control and — more recently — 

Kollsman's considerable work in this field for naval and military applications. They are light in weight, compact, and highly 

precise, so that engineers working with exact quantities will find them reliable to a high degree. Complete data on any or all 

of these units may be had upon request. Kollsman Instrument Division, Square D Company, 80-08 45th Avenue, Elmhurst, N. Y. 

KOLLSMAN AIRCRAFT INSTRUMENTS 
PRODUCT OF 

SOURRE n COMPANY 
ELMHURST, NEW YORK  GLENDALE, CALIFORNIA 
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A WELL KNOWN NAME IN RADIO FOR OVER A QUARTER OF A CENTURY 

2645 N. MAPLE W OOD AVENUE • CABLE: GENE MOTOR 

PILOT LIGHT 
ASSEMBLIES 

PIN SERIES  Designed for 
NE-51 Neon Lamp 

Features 

• THE MULTI-VUE CAP 
• BUILT-IN RESISTOR 
• 110 or 220 VOLTS 
• EXTREME RUGGEDNESS 
• VERY LOW CURRENT 
Write for descriptive booklet 

The DIAL LIGHT CO. of AMERICA 
FOREMOST MANUFACTURER OF PILOT LIGHTS 

900  BR O AD W AY,  NE W  YOR K  3,  N. Y. 
Telephone—Spring 7-1300 

See us at Booth 255 at the IRE Show, New York City, March 22-25 

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 66A) 

Recent Catalogs 
• • • On the reduction of precipitation 
static in aircraft radio, an 8-page booklet 
published by Dayton Aircraft Products, 
Inc., 342 Xenia Ave., Dayton, Ohio, manu-
facturers of shielded antenna fittings for 
commercial aircraft and for the U. S. Air 
Force. 

• • • On synchronous timing motors and 
timing devices, a I6-page illustrated cata-
log by the Haydon Manufacturing Co., 
Inc. The catalog is divided into sections 
for each of nine different motor series and 
for the various types of timing devices, 
such as repeat-cycle and reset timers, 
time-delay relays, interval timers, etc. 
Copies may be obtained by writing F. B. 
Hamlin, Haydon Mfg. Co., Inc., East Elm 
St., Torrington, Conn. 

• • • On a new signal generator, a 4-page 
illustrated technical bulletin issued by 
Premier Crystal Laboratories, Inc., 53-63 
Park Row, New York 7, N. Y., giving 
details and specifications of the new Model 
117 Crystal-Controlled High-Frequency 
Mini-Signal Generator. 

(Continued on Page ,0A) 

ANOTHER Iteai BROWNING DEVICE 

SWEEP CALIBRATOR 
MODEL GL-22 

Prelaid timing marker oscillator 

for standard oscilloscopes and 

synchroscopes. Variable ampli-

tude markers. Markers available 

at 0.1 to 100 microseconds. 

Frequency meters. WWV standard 
frequency calibrator Oscilloscope. 
Power supply and square wave 
modulator Capacitance Relay. FM. 
AM Tuners. FM Tuner. 

WRITE TO 

DEPT. C FOR 

CATALOG 

KNOW THE ENTIRE 

BROWNING LINE 
ENGINEERED for ENGINEERS 

BROWNING LABORATORIES, INC 
WINCHESTER MASS 
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3or the Matt who takes Pride iff kis work 

READ MORE RANGES • MORE ACCURATELY* MORE EASILY 

CAUTION ON HIGH VOLTS 

MODEL 625 NA  V-ft• MA.A 

fl-MA A  OUT 
10AMP  ACV OCV 

00 
5000V 

25OV N  1 \ f 00"100MA 
I  0V"'"I1/4 Jr  a tean7r". \  1,\ i / ,  ...1000MA  PUT 

, 
SO Vwe.,  ,  srevvlOMA 

OHMS 
ADJ 

The new Model 625-NA, with 39 ranges and many 
added features, is the widest range tester of its type. Note 
the long mirror scale on the large 6" meter for easier, 
more accurate reading. Resistance ranges to 40 meg-
ohms give you all the ranges needed for general servic-
ing, plus Television and FM. And with 10,000 ohms per 
volt A. C. you can check many audio and high imped-
ance circuits where a Vacuum Tube Volt meter is ordi-
narily required. A proven super-service instrument for 
laboratory, field maintenance and radio repair. 

Write for complete technical information on Dept. H38 

12 D. C. Voltage Ranges on 4.4" scale. 
Mirrored for Accuracy. Special 
multipliers for permanent ac-
curacy. 

6 A. C. Voltage Ranges on 4" Scale. 
Mirrored for Accuracy. Special 
multipliers for permanent ac-
curacy. 

6 D. C. Current Ranges on 4.4" 
Scale. Mirrored for Accuracy. 
Wire wound shunts for perma-
nent accuracy. 

3 Resistance Ranges on 5" scale. 
Mirrored for Accuracy. Special 
multipliers for per manent 
accuracy. 

6 Decibel Ranges on 3.33" scale. 
Mirrored for Accuracy. Special 
multipliers for per manent 
accuracy. 

MODEL 
625-NA 

Dealer Net Price $450° 

RANGES 

D. C. VOLTS: 0-1.25-5-25-125-500-2500, at 
20,000 Ohms Volt 
0-2.5-10-50-250-1000-5000, at 10,000 Ohms, Volt 
A. C. VOLTS: 0-2.5-10-50-250-1000-5000, at 
10,000 Ohms 'Volt 
D. C. MICROAMPERES: 0-50, at 250 Millivolts 
D. C. MILLIAMPERES: 0-1-10-100-1000, at 250 
Millivolts 
D. C. AMPERES: 0-10, at 250 Millivolts 
OHMS: 0-2000-200,000 (12-1200 at center scale) 
MEGOHMS: 0-40 (240,000 ohms at center scale) 
DECIBELS: —30 +3 +15, +29, +43, +55, +69 
(Reference level "0" DB at 1.73 V. on 500 ohm line) 
OUTPUT VOLTS: 0-2.5-10-50-250-1000.5000, 
at 10,000 Ohms/ Volt 

TRIPLETT ELECTRICAL INSTRUMENT CO.  • BLUFFTON, OHIO 
In Canada: Tnpiett Instruments of Canada, Georgetown, Ontario 
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TWIN Power Supply 
Electronically 

Regulated for 

Precise 

Measurements 

Two independent sources of 
continLously variable D.C. 
are cornbined in this one 
convenient unit. Its double 
utility ,7takes it a most use-
ful ins+rument for laboratory and test station work. Three 
power .anges are instantly selected with a rotary switch: 

175-350 V. at 0-60 Ma., terminated and con-
trolled independently, may be used to sup-
ply 2 separate requirements. 

0-175 V. at 0-60 Ma. for single supply. 
175-350 V. at 0-120 Ma. for single supply. 

In addition, a convenient 6.3 V.A.C. filament source is pro-
vided. The normally floating system is properly terminated for 
external grounding when desired. Adequately protected 
against overloads. 

• 

• 

Output voltage variation less 
than 1% with change from 
0 to full load. 

Output voltage variation less 
than 1 V. with change from 
705 to 125 A.C. Line Volt-
age. 

• Output ripple and noise less 
than .025 V. 

Twin Power Supply Model 210 
Complete $130.00 

Dimensions: 16" X 8" X 8"  Shipping Wt. 35 lbs. 
(Other types for your special requirements) 

Visit Our Booth No. 286 at the I.R.E. National Convention 

FURST ELECTRONICS 
North Avenue at Halsted St., Chicago 22, Illinois 

KENYON For over 20 years, the 
KENYON "K" has been a 
sign of transformer reli-

ability. Ever since the cat's-whisker, crystal-set 
days, KENYON has pioneered high quality trans-
formers. Skillful engineering, progressive design 
and sound construction have resulted in depend-
able, conservatively-rated transformers with an 
enviable record for minimum field rejections. Cut 
engineering and replacement costs. Improve prod-
ucts. Insure repeat'business. Specify KENYON! 

Consult 
KENYON 
about your 
transformer 
problems. 

.• 10 • -4° 

See us at 

the I.R.E. 
show. 

.001111 JP. it 4. 

746006., 

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 68A) 

Recent Catalogs 
• • • A new edition of the RCA Receiving 
Tube Manual, designated as Technical 
Series RC-15, is now being distributed, 
according to an announcement by Radio 
Corporation of America, RCA Victor Di-
vision, Tube Department, Harrison, N. J. 
This is the first edition of the manual since 
1939. In addition to greatly expanded 
coverage in its regular sections, the RC-15 
presents many new features. 

• • • On type "B" high-voltage resistors, 
a new catalog sheet, which presents en-
gineering data, issued by Resistance Prod-
ucts Co., Division of Electronic Manufac-
turing Co., 714 Race St., Harrisburg, Pa. 

• • • On Flexible Waveguide Assemblies, 
an illustrated bulletin issued by Techni-
craft Laboratories, Inc., 237 East Aurora 
St., Waterbury, Conn. Technicraft manu-
factures a complete line of rectangular 
flexible waveguide assemblies for use in the 
microwave spectrum. Three basic types are 
described in the bulletin: Type L, Inter-
locked Construction; Type S, Seamless 
Construction; and Type V, Vertebra Con-
struction. Write to the manufacturer for 
Bulletin F-1. 

(Continued on page 72A) 

TEMPERATURE TRANSDUCER 

from —65 c to +150 c 

Latest type Giannini Temperature 
Transducer combines excellent 
range, large outputs and high 
accuracy. Available in resist-. 
ances up to 20,000 ohms, the 
new type 4911 Temperature 
Transducer has a linearity of 

P1., an accuracy of P1., and 
a sensitivity of 1. C. 

The instrument consists of o 
bi-metallic element that rotates 
a standard Giannini Microtorque 
Potentiometer for electrical out-
puts. This instrument is one of 
thirty basic Giannini 
developments in the tee-
metering field. 

Write let 
complete 

tongl  ' 
dead, 

lanninL„„, 

KENYON TRANSFORMER CO., Inc •, 40 BARRY STREET 
IL• NEW YORK 59 N.Y. 

70A 

REACTION POWER PLANTS • AUTOMATIC FLIGHT EQUIPMENT 

7115 WEST COLORADO STREET • PASADENA I CALIFORNIA 
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There's a Beckman el 
(Trade Mark of the HELIcal PPOTentiometer) of 

to simplify YOUR Potentiometer—Rheostat Problems! 

MODEL B-Case diameter-3.3"; 
Number of turns-15;  Slide wire 
length-140 "; Rotation-5400'; 

Power rating-10 watts; Resistance 

ratings-50 tc 200,000 ohms. 

HELIPOT'S Wide-Range, High-Precision Control 
Advantages Available in Many Sizes of Units 

Helipot —the original helical potentiometer— 
has proved so popular in modern-

izing and simplifying the control of electronic cir-
cuits, that man, types and sizes of Helipots have 
been developed to meet various potentiometer-rheo-
stat problems. Typical production Helipot units 
include the following... 

MODEL A-Case diameter-1.8"; 
Number of turns-10; Slide wire 

length-4 0/2";  Rotation-3600'; 

Power rating-5 watts; Resistance 
ratings-10 to 50,000 ohms. 

WIDE CHOICE OF DESIGN FEATURES 

Not only are HeliPots available in a wide 
range of sizes and ratings, but also can be 
supplied with various design features to 

meet individual requirements . • • 

WAvailabte with special length shafts, flatted shafts, screw-

, Can be supplied with shaft extensions at each end to permit driver slots, etc. 

coupling to indicating instruments or other devices. 
ItMay be provided in ganged assemblies of two or three 
units, al operating from a common shaft. 
,Available with linearity tolerances of 0.1 %-and even less. 
Models A & B can be modified to include additional taps 

at virtually any point on windings. 
...ond many other special features. 

Investigate the many important advantages to be gained by 
using the Helipot in your electronic control applications. 

Write outlining your problem! 

' 

MODEL C-Case diameter-1.8"; 
Number of turns-3; Slide wire 

length-13.5"; Rotation-1080'; 
Power rating-3 watts; Resistance 
ratings-5 to 15,000 ohms. 

SPECIAL MODELS 

In addition to the above standard Helipot units, special models 

in production include... 

MODEL D —Similar to Model B. above, but longer and with greater 

length of slide wire. Case diameter -3.3"g Number of turns--25; 

Slide  wire  length.-434";  Rotation -90043 °g Power  rating -15 

watts; Resistance r•tings 100 to 300,000 ohms. 

MODEL E— Similar to Model B, but longer and with greater length 
of slide wire than Model D. Case diameter -3.3"; Number of turns 

— 30; Slide wire length —s373"; Rotation -14,500 e; Power rating 

.-20 watts; Resistance ratings 150 to 500,000 ohm,. 

Send for HELIPOT Literature! 

THE lielipot CORP ORATI ON 
1011 Mission Street 

South Pasadena 6, California 

See the HELIPOT at the IRE Show, Booth 243. Also the new DUODIAL —the revolutionary multi-turn indicating knob dial! 
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Presenting AP-1 ! ! 
Sonic Spectrum Analyzor 

A New Panoramic Instrument 

for 

analysis 

of 

Complex 

Audio 

Waveforms 

4••••.E.1 

• 

• 

rrtt." 

Now it is possible to get, in a matter of seconds, a pictorial presen-
tation of frequency distribution versus amplitude of the compo-
nents in a complex audio wave. Slow tedious point by point checks 
are eliminated. 

Applications 
• Intermodulation Measurements 

• Harmonic Analysis 

• Noise Investigations 

• Acoustic Studies 

• Vibration Analysis 

• Material Testing 

See AP-1 in our Booth 71 at the I.R.E. Show 

WRITE NOW for advance information 

CORP 
ANOHAM1 
RADIO [ 
92 Gold St  Cable Address 

New York 7, N.Y.  PANORAMIC, NEW YORK 
Exclusive Canadian Representative: Canadian Marconi, Ltd. 

ATEA' POSTED ON 
ELECTRON IMES 

Use this convenient coupon 
for obtaining the RCA tube 
reference data you need. 

/  RCA, Commercial Engineering, 
Section CW52, Harrison N.J. 

Send me the RCA publications checked below. I 
am enclosing $   to cover cost of the books 
for which there is a charge. 
Name   
Address   

City  Zone  State   

D Quick-Reference Chart, Miniature Tubes (Free). 111] 
El HB-3 Tube Handbook ($10.00)*. (111 
RC-I5 Receiving Tube Manual (35 cents). [C1 

Receiving Tubes for AM, FM, and Television Broad-
cast (10 cents). (DI 

El Radiotron Designers Handbook ($1.25). [I] 
El Quick Selection Guide, Non-Receiving Types (Fr..). (I 
J Power and Gas Tubes for Radio and Industry (10 cents). [G] 
Phototubes, Cathode-Ray and Special Types (10cents). [HI 

El RCA Preferred Types List (Free). [1] 
El Headliners for Hams (Free). ill 

*Price applies to U. S. and possessions only. 
rem. DEPARrmarms 

RADIO CORPORATION of A MERICA 
N AIII•15 041  S  I 

"Z. 

- 

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 70A) 

Recent Catalogs 

• • • On resistors, rheostats, and relays 
for amateur use, a new catalog, No. D-30, 
published by Ward Leonard Electric Co., 
Mount Vernon, N. Y. A copy of the new 
catalog may be obtained by writing to 
Radio and Electronic Distributor Division, 
Ward Leonard Electric Company, 53 W. 
Jackson Blvd., Chicago 4, Ill. 

Interesting Abstract 

• • • Several new illustrated bulletins de-
scribing various models of the Original-
Odhner calculating machines have recently 
been issued by Ivan Sorvall, Inc., 210 
Fifth Ave., New York 10, N. Y., the sole 
U. S. distributor for these machines. These 
portable, hand-operated calculators will be 
of interest to the engineer as they feature 
a back-transfer device to speed up calcula-
tions, when series of multiplications and 
divisions are involved. 

(Continued on page 80A) 

ANOTHER Z eat BROWNING DEVICE 
,....•••••••••• 

CAPACITANCE RELAY 
MODEL DD-20 

Super-sensitive "brain" for 

alarm, safety, or signal systems. 

Operates alarm circuit on ca-

pacitance  changes  of 0.25 

mmfd. 

Frequency meters. WWV standard 

frequency calibrator Oscilloscope. 

Power supply and square wave 

modulator Capacitance Relay. FM-

AM Tuners. FM Tuner. 

WRITE TO 

DEPT. C FOR 

CATALOG 

KNOW THE ENTIRE 

BROWNING LINE 
ENGINEERED for ENGINEERS 

ItOWNING LABORATORIES, INC 
WINCHESTER, MASS 
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DO YOU KNO W 

W HAT THIS 

SYMBOL 

MEANS 

POWERSTAT 3PF 1126 

It stands for a three-wire system, with the third wire grounded. It means added personal 
safety and insurance against shock from "hot" circuits. 

A third wire grounded in a three-wire, single phase system is becoming a requirement in 
more and more communities . . . and POWERSTAT variable transformers are prepared 
for this transition. Standard models are available . . . wired for a three-wire, single phase 
system with one wire grounded. 

Safety and versatility —two important features of The Superior Electric Company's depend-
able voltage control equipment has resulted in wide acceptance of these quality units 
for use in laboratory and industry. 

POWERSTAT variable transformers are easily adapted to 
fit individual specifications.  Let the experience of The 
Superior Electric Company's voltage control engineers assist 
in solving your specific problem. Request Bulletin 547 for 
complete voltage control engineering data. 

The schematic drawing shows a typical single phase, 
three-wire POWERSTAT variable transformer with the 
third wire grounded. 

Write The Superior Electric Co., 803 Meadow St., Bristol, Conn. 

THE SUPERIOR ELECTRIC 
BRISTOL,  CONNECTICUT 

Powerstat Variable Transformers • Voltbox A C Power Supply • Stabiline Voltage Regulators. 
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TWO OUTSTANDING  PRODUCTS 
WORTHY OF YOUR ATTENTION 

1. Z-ANGLE METER 

2. 

for direct measurement of IMPEDANCE in ohms and 
PHASE ANGLE in degrees over entire AUDIO 
frequency range. 

PRECISION VARIABLE 
RESISTORS 

TYPE RVL-3 (illustrated) for the experimental labo-
ratory . . . direct reading to within ± I% of total 
resistance. 

TYPE RV-3 A precision component for laboratory 
equipment, bridges, computers, etc. Tapered and 
tapped wirings, ganged assemblies and special re-
sistance values can be supplied. 

SEND TODAY 

FOR THESE 

INFORMATION 

BULLETINS: 

DESCRIBED IN THESE BULLETINS. 

ASK FOR BULLETIN SET 308. 

See our Exhibit at the I.R.E. Convention March 22-25, Booth R. 

ENGINEERING REPRESENTATIVE 
HOLLYWOOD: 623 Guaranty Building, Hollywood 28, California. Phone: H011ywood 

t--n  Find TECHNOLOGY INSTRUMENT CORP. 
U LI 1058 MAIN ST., WALTHAM 54, MASSACHUSETTS 

, sok varrvIsagsaaarar4 

Precious Metals 
in Industry 

A marked increase in service life and 

performance of brush contacts is made 

possible by using minute quantities of 

an appropriate precious metal alloy for 

the actual contact. The photograph above 

shows brush arms and contacts used in 

a variety of typical applications. Note 

the small amount of precious metal 

needed to assure superior service. 

Ney also offers industrial users a 

wide range of precious metal alloys for 

many specialized applications as well as 

gold solders and fine resistance wires 

(bare or enameled). Details on request. 

Write or phone (HARTFORD 2-4271) our Research Department 

THE J. M. NEY COMPANY 171 ELM STREET • HARTFORD 1, CONN. 

SPECIALISTS IN PRECIOUS METAL METALLURGY SINCE 1812 

Antennas 
Whip anti 

Heavy Duty 

Types . . For 

Ifobile Units 

Premax Whip-Type Antennas for 

mobile installations are available in 

specially designed tubular beryllium 

copper-monel, stainless steel and 

solid steel, in lengths from 72" up. 

All types are very sturdy and re-

silient and will withstand shocks 

ordinarily encountered in police, fire, 

forestry and other municipal and 

government services. 

Where an Antenna of greater height 

is necessary, Premax can supply 

telescoping adjustable Antennas in 

monel, aluminum or steel with col-

lapsed length of 44" extending to 

35'. 

Mountings include all accepted ve-

hicle types from the simple bumper 

mounting to those for high heavy-

duty installations. 

If your radio jobber cannot supply you, 
write direct. 

Division Chisholm-Ryder Co., Inc., 

4811 Highland Ave.,  Niagara Falls, N.Y. 
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WIRES and CABLES 

When you list the qualities most desirable in a supplier 

of wires and cables :cr your electronic equipment, you 

wil find that Lenz most nearly answers your description 

of a dependable source. 

Fi-st, this company has the engineering background 

ard experience, the knowledge of your requirements 

in wires and cables -.hat are needed to help draft your 

specifications. 

Second, it has the facilities to produce these wires and 

LENZ ELECTRIC MANUFACTURING CO. • 

OF ELECTRONIC EQUIPMENT 

cables in volume exactly to specifications, economic-

ally and promptly. 

Third, it is a reliable organization with aver 40 years 

background of dependable service to the communica-

tions industry. 

Make Lenz your principal source for wires end cables. 

A Lenz wire engineer will gladly consult with you re-

garding your special requirements. Correspondence is 

invited. 

IN  B U SI N E S S  SI N C E  19 0 4 " 

1751 No. Western Avenue, Chicago 47, Illinois 
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RADAR 

AIRCRAFT Thumdeatkils" 
MICROWAVE PLUMBING 

10 CENTIMETER 

Sand Load (Dummy Antenna) wave 
guide section with cooling fins. at/P. 
23" high  $28.00 
10 cm. dipole and reflector, with Lena 
"N"  fitting   $1.75 
10 cm. McNally milt, type NO. 
Ea.   $3.00 
Crystal mixer. "S" band. Complete 
with type "N" fitting and 1N22 
crystal  $3.85 
10 cm. wavegulde. 5'9" choke to 
cover. Per section  312.00 
Per set of 4 sections  545.00 

Pick-up loop with adjustable tuning 
section.  used  in duplexer cavity 
  $1.50 

Waveguide to flexible coax coupler (110 18/U). with 
flange. Gold plated. App. 10"  high (as shown) 
  517.50 
Rigid coax directional coupler CU90/AP, 20 db. drop. 
Has short right angle. about 8"    $5.50 
Flexible coax connector. 1/2 " rigid coax to %" rigid 
coax. Rigid coax slotted section. CU-60/AP   55.00 
Stub-supported rigid coax, sold plated. 5' lengths. 
Per length  $5.00 
7,1s" coax, rotary joint  $8.00 
Magnetron mooting to "A" rigid coax  $4.00 
1/2 " coax, rt, angle bend. 15" L. OA  $2.00 
10 cm. Horn. rectangular-to-square-to-circular RF 
assembly ending in horn, radiating circularly polar-
ized beam. Waveguide Input. Complete with flange 
  $35.00 

3 CENTIMETER 
Therrnistor mount in waveguide with tunable ter-
minations   $8.00 
Tuner/attenuator, W.E. guide, gold plated  $3.75 
TR/ATR section with wavemeter iris flange - 54.00 
CO/APS-3, straight wavegulde section, 10" choke to 
cover  $1.75 
Illeht angle elbow, 51/2 " choke to cover. 21/2 " radius. 
E plane  $4.50 
yr plane  $5.50 

Twist, 90 deg.. 6" choke to cover  $5.00 
Waveguide sections 21/2 ' long, silver plated, with choke 
flange  $4.50 
Waveguide. 90 deg. bend. E plane, le" long  14.00 
Wayeaulde. 90 deg. bend. E plane with 20 db. direr.-
(tonal coupler  $4.75 
Rotary joint, choke to choke  $6.00 
Rotary joint, choke to choke, with deck mounting $6.00 
Fl-curve waveruide. 8" long cover to choke  $2.50 
Duplexer section using 1B24  $10.00 
3 cm. wavemeter: transmission type with square 
flanges (also available In absorbtion type with cir-
cular flanges)   5)5.00 
3 cm. etabilizer cavity, tunable transmission type. 
Model 1551 (TFX 110A)  $20.00 
3 cm. wavegulde, 11/2 " I 1/2 " ID. 1/16" wall. 
Per ft.  $1.25 
Chnke flanges, circular, solid brass  $  55 
"T" section (TR-ATR) 71/2 " choke to choke. sentare 
flanges   $3.50 
Bend. 180 deg. 21/2 " radius each curve, 12" cover to 
rover, with pressurizing nipple  $3.00 
Directional coupler CO 124/APS-15A on 16" section 
rover to cover. 15 deg., bend  $5.00 
Feedback dipole with 90 deg. twist, 71/2 " long OS 
  $3.50 
TR cavity for 721-A tube  52.50 

1.23 CENTIMETER 
Wave Guide Section 1" cover to cover  $2.00 
T Section choke to cover  $4.30 
Mitred Elbow cover to cover  $11.00 
Mitred Elbow and "8" sections choke to cover s3.50 
Flexible Section 1" long choke to choke  $3.00 
"IC" band mixer section  $10.00 
Waveguide directional coupler  $25.00 

Coax Cable  Amphenol Low-Loss 
RG9/1:7  51  ohm  diver  Series Connectors 
coated, Min. 50 ft. length  83-1 R. Female  270 
per ft.  .071/2  83-1AP Rt. Angle -270 

12 AND 24 VOLT FILA-
MENT TRANSFORMERS 
(All Primaries 110 V. 

60 Cycles) 
5517: Output: 12 • (a, 10 
amp. or 24 volts (-4, 
M PS  $2.73 

62817: Output: 24 volts (a. 
3 amp. Size: 8" x 31/2 " 
x 3". Aa shown  $1.50 

SPECIALS 
10 Cm. RF Package. Consists of: BO Xmts-reoeiver. 
using 2327 magnetron oscillator, 250 K W peak in-
put 707-B receiver-mixer  $150.00 

Modulator-motor-alternator unit for above  $75.00 
Receiver rectifier power unit for above   $25.00 
Rotating antenna using dipole feed and parabolic 
reflector. New, Lees Hood   $75.00 
Used   845.00 

RT39AP015 Transmitter-receiver.  Lighthouse tube 
oscillator, .5 K W. App. 2700 Mc. operation With 
lighthouse and TR tubes  $110.04) 

30 MC, RECEIVF.R STRIP. 2 mc. bandwidth, 20 db 
gain per stage. 120 db. overall gain  $25.00 

ROTARY INVERTER 
PE 218. Input: 25-28 v.d c. R 92 amp. Output: 115 
volts. 1500 volt-amps, 380-500 cycle. Leland Elec-
tric. New  $15.00 

PULSE EQUIPMENT 
APQ-13  Pulse  modulator. 
Contains multivibrator. ampli-
fier. rectifier, air and oil sec-
tions. Designed for 400 cycle 
operation.  W.E.  tD151756. 
Contains  following  tubes: 
1-3E29,  1-6A137,  1-8016. 
1-705-A  $49.00 
G.E.  PULSE  NETWORK, 
K25E5-1-350-50P2T,  25 KY. 
5 sections,  "E"  circuit,  1 
microsecond pulse length. 350 
PPS.  50  ohms  impedance 
  $45.00 
G.E.  PULSE  NETWORK. 
t6E3-5-2000-50P2T, BEV. "E" circuit, 3 sections, .5 
microsecond. 2000 PPS. 50 ohms impedance ..$6.50 

PULSE TRANSFORMERS 
11I-Volt input transformer, W.E. IID-166173, Im-
pedance ratio 50 ohms to 900 ohms. Freq. range: 
10 ko to 2 me. 2 sections parallel connected, potted 
in oil  $12.00 
W.E. KS 9800 Input transformer. Winding ratio be-
tween terminals 3-5 and 1-2 is 1.1:1, and between 
terminals 6-7 and 1-2 is 2:1, Frequency range: 380-
520 C.D.s. FelTnanoY core  $2.00 

GE it K 2731 
Repetition Rate: 635 PPS. Frt. Imp: 50 Ohms. Sec. 
Imp: 450 Ohms, Pulse Width: 1 Microsee. Fri. Input: 
9.5 KY PK, Sec. Output: 28 KV PK. Peak Output: 
800 K W Millar 275 amps.  $19.50 
Type G.E. K2450A Will receive 13KV. 4 micro-second 
pulse on mi., secondary delivers 14KV Peak power 
out 100K W GE  515.00 
Hi Volt input pulse Transformer W.E.  D169271 
  $9.95 
Pulse Input, line to magnetron. CLE. K2748A $12.00 
Utah Pulse or Blocking Oscillator Transformer Freq 
limits 790-910 cy-8 windings turns ratio 1:1:1 Dimen-
sions 1 15/16 x 11/2 " 19/32  $1.50 

AMATEUR 

INDUSTRIAL 

K-2731 

MICROWAVE TUBES  (Magnetrons) 
TUBE  FREQ.  RANGE  PK. PWR. OUT. PRICE 
2331  2620-2860 mc.  285 K W.  $10.00 
2J21A  9345-9405 me.  50 K W.  $25.00 
(725-A) 

2.122  3267-3333 me.  265 K W.  $15.00 
2.126  2992-3019 mc.  275 K W.  $15.00 
2.127  2965-2992 me.  275 KW.  $15.00 
2.132  2760-2820 mc.  285 K. W.  $15.00 
23311 Pkg. 3249-3263 me.  5 K W.  $25.00 
2.155 Pkg. 9345-9405 mc.  50 K W.  $25.00 
3331  24.000 me.  35 KW,  517.50 
W.E. 700A 680-710 mc.  100 K W.  $35.00 
W.E. 720BY  2800 mc.  1000 K W.  $25.00 

MAGNETS 
For 2321 (725-A), 2322, 2.726, 2327, 2331. 2.132. and 
3331  Fitch, 58.00 
4950 Gauss, eV' bet, pole faces. 1/2 " pole diem. $8.00 
1500 Gauss. 11/2 " bet, pole faces, 11/2 " pole diem. 
  $8.00 
100C Gauss, electromagnet. adjustable 21/2 " to I" bet. 
pole fares. 21/4 " note diem.  $12.00 
2100 Gauss. 11/2 " bet, pole faces, 1/2 " pole face 
diem.   $4.00 
KLYSTRON SOCKETS FOR 723 A. B. and similar 
types  2 for $1.00 

MICROWAVE ANTENNA 
EQUIPMENT 

AS 125/APR Cone type 
receiving  antenna.  1000 
to 3200 megacycles (as 
shown) New  $4.50 
APS-4  8 cm.  antenna. 
Complete.  141/2 " dish. Cutler 
feed dipole directional coupler, 
all  standard  1"  x 4),"  wavegulde.  Drise 
motor and gear mechanism for horizontal and 
vertical scan. New  $65.00 
AN/TPS-3.  Parabolic dish reflector soon's 
10' diam. Extremely lightweight construction 
New, in 3 carrying cases  $49.0.1 
Relay  system  parabolic  reflectors.  approx. 
range: 2000 to 6000 me. Dimensions: 41/2 ' x 
3'. New  $85.00 
TDY "Jam" radar rotating antenna. 10 cm. 
30 deg. beam. 115 v.a.c drive. Ntw ..5100.00 
140-600 me, cone type antenna, complete with 
25' sectional steel mast, guys, cables, carrying 
case. etc. New  $49.50 
RO-13 ANTENNA. 24"  dish with Psstback 
dipole. 360 deg, rotation, comi.st. with drive 
motor and selsyn. 
New    •.$75.00 
Used  $45.01) 

THERMISTORS ($.95 ea.) VARISTORS ($.95 ea.) 
Western Electric  Western Electric 
D-167332 (Bead)  D-167176 
D-170396 (Bead)  D-170225 
D-163392 (Button)  D-162356 
D168391  D-171121. 

RADAR SETS 
S09-10CM. SURFACE SEARCH 4, 20 and 80 mile 
ranges Raytheon. 250 K W peak pow.-  Input to 
2.127 magnetron. Complete get Inclulnig:  spare 
parts, tubes, wave guides and fittings. Send for 
price and add 1. info. 

S013•10ENTICAL  TO  809,  Complete  set.  used, 
Consists of: transmitter and receiver. PPI scope 
modulator. motel alternator. rectifier, power unit 
and new rotating antenna  $375.00 

SN RADAR-GE. low power. 5 and 2n miles ranges. 
Uses (11,464 as pulsed oscillator. 5" "A" scope. 
"S" band. Extremely compact, ideal for demon-
stration and laboratory work. 115V 60 Cy. operation. 
Used. Excel, cond.  $600.00 

All merchandise guaranteed. Mail orders promptly filled. All prices, F.O.B. New York City. 
Send Money Order or Check. Shipping charges sent C.O.D. 

CO M MUNICATIONS EQUIP MENT CO. 
13I.R Liberty St., New York City 7, N.Y.  (Mr. Rosen)  Digby 9-4124 

APR-4 TUNING UNITS 
In shock-mounted cases. Calibration  lab. 
oratory  quality construction.  Ideal  for  use as 
converters to 30MC I.F. strip or receiver input, 
by supplying 6.3e 60 cycles and 280v. DC. Photo 
on request. 

TN-I8/APR-4, 300-1000 MC, $37.50 
TN-I9/APR-4, 975-2200 MC, $32.50 
F.O.B. SAN FRANCISCO, CALIF. 

T-85/APT-5 TRANSMITTER 
Rated 10 -40 Watts CW RF from 300-1625 MC, 
58 Watts at 500 MC with modified cavity feed-
back assembly. Precision Cathode. Plate and Load-
ing controls. The blower•cooled 3C22 oscillator is 
amplitude noise-modulated (bandwidth flat from 
50KC to 3 MC) by 2-8298 tubes driven by a 6160 
and 2-6AC7's In cascade from a 93I-A phototube 
noise source. A 6AG7 provides modulator excitation 
failure protection. The modulation system Is easily 
adapted for audio. All filaments are supplied from 
I I5v 60 cycles: 940v 140 MA DC is required for the 
oscillator, 350v 500 MA for the modulators. Price. 
$50.00. F.O.B. Dayton, Ohio. 
All above equipment is new and perfect, with all 
tubes and crystals, in hermetically sealed over-
seas packing. 

OFFERS INVITED 
for purchase of the following stocks, whole or in 
part: 
1,400 C-92/APN Loran Ant. Coupler 
2,000 Grid Shield Caps (/Metal Tubes) 
600 AN-I47 A 180MC Ground-Plane Ant. 

11,000 Plug-In Antenna Coll /SCR-536 
400 Ant. Tuning Assemblies /SCR-269 
100 Spare Parts Kits /TS-I ARR-I 

1.000 Dual 3AG Fuse Mounting Blocks 
1,500 Dual 5AG Fuse Mounting Blocks 
100 I-65D L-R Dynamometer indicator 
500 5SOG 400CY I I5V Synchro 
150 FT-293-A Mounting /BC-733 (RC-103) 
100 MT-28/ARN-5 Motg/BC-948 (ARN-5) 
100 C RV-10081 M ntg/ARB Receiver 
100 RE-1/ARR•I Relay Unit 

107.000 F-I25 Cinch Battery Socket (5 PIO 
1,200 AN/APN-I Altitude Limit Sw Assy 
300 SP-IS-21 Sperti SPOT Vacuum Switch 
1,500 Heinemann 5 Amo Circuit Breakers 

2 RA-60 I5KV 500MA Power Supplies 
6 AN/APR-4 Receivers (used) 
6 SP-IM Speed and Course Computers 

100 C-I Autopilot Amplifiers (used) 
100 MX-548 APM-58 Crystal Mixers 
6 AN/APA-I0 Pan-Oscilloscopes 

100 150A 50MV Weston Shunts (mounted) 
400 Luminous Paint Kits (white) 
I Lot. ARN•7 Spare Parts, Gov't cost 
over $200.000. Details on request. 

All material new unless otherwise Indicated. Send 
us your address for our mailing list. 

ENGINEERING ASSOCIATES 
Far Hills Branch, Box 26, Dayton 9, Ohio 

inch 
first in facsimile 
for broadcasting and point-
to-point communication! 
FINCH TELECOMMUNICATIONS 

IN C ORP OR ATE D 

SALES OFFICE 

10 EAST 40th STREET, NEW YORK 
FACTORIES  PASSAIC  N J 
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TUBES! TUBES! TUBES! 
Thousands of Tubes 

ALL BRAND NEW - STANDARD BRANDS 

Minimum Order $5.00  Quantity Prices on Request 

IF YOU DON'T SEE WHAT YOU WANT LET US KNOW YOUR REQUIREMENTS 

TYPE  PRICE  TYPE  PRICE  TYPE  PRICE  TYPE PRICE  TYPE  PRICE  TYPE PRICE  TYPE  PRICE 

1 A3  .98  5U4  .44  6Q5G  .98  I2X3  .98  85  95  16 .89  829A/B 1.65 

IA5  .49  5V4G  .98  607  .89  I4A7 1.10  100TS  3.00  830B  25..25  88°020  5.95 

IA7GT  1.10  5W4  .98  6R7  .98  1487  1.89  832A  2.95 
1 B24  2.49  SY3  .60  6SA7  .90  I4H7  1.10  1 I7L7 1.25  1 1 7Z3  .89  833A  2.25  8025 .89 

1 B38  4.50  5Y4G  .59  6SC7  .85  1417  1.10  836  .49 .79  I4R7  1.25  1 1 7Z6GT  34.50  9001 

IG4  .98  5Z3  .89  6S F5 .79  ISE  1.10  12IA  2.65  837  1.15  9002 .49 
IGS  .44  SZ4  .89  6SG7  4.50  838  2.50  9003 .49 

:8399  2233DD64  .98  841 
IG6  .98  6A6  .75  6SH7  1.50  2058  3.75  9004 .98 
IH4G  .98  6AC7  .99  65.17GT  .49  211 3.00  845  .69  9005 .49 

I L4  .89  6AGS  .89  65 K7  .79  24G  .98  215A 7.50  860  3.75  9006 .79 

1R4/ 1294  .29  6AG7  .89  25A6GT .69  25L6GT  .69  217C 
12.95  861  3.00  EE50 6.95 

174  .58  6AK5  .99  6S L7 
.69  6SN7GT .89  25Z5  .75  250TH 

2.49  866A  50.00  H F100 1.25 .75  304TL 
I 1-15  .99  6A L5 .89  25Z6  6.25  872A  .75  HY75 1.25 .99  6SQ7  .75  307A 
1N5GT  .10  6A05  .98  6SR7 :9785  2,08D7  .89  874  1.95  HY615 1.25 
1 L N 5  .92  6AT6  .98  316 1.39  884  1.95  OZ4 .79 
1 R5  .10  6A U6  38  6SS7 .89  6U5 :9899  3342L7  .75  371A 

3.00  923  .75  R K60 3.50 
!SS  .10  684  1.29  6V6GT  .78  3718   4.50  154  :4499  TR2K072 

1.95 
.49  TZ40 .89 6Y6G  1.50  394A 2A3  .39  6B6G  19.95  955  2.95 

.75  V7OD .98 35 L6GT  .98  417A 6.90 2C22  .69  6B8  .99  6X4  1.25  956 
.49  VR78 .64 6X5  .75  446A 2C26A  .75  6C4  .89 35Y4  1.10  450TH  12.95  957 

.49  VR90  .75 2C34  .98  6C5  .51  7AE7 
:7695 3355ZW34 7.50  958A .49  VR 105  .75 2C40  2.60  6C6  ..75  787  .69  703A .99  705A  .75 

2C44  1.75  6C21  12.95  7C4  .50  35Z5  .69  71 3A  1.85  959 1.65  991  50  50 .69 
2D21  .75  6D4  .89  7C5  .89  36  1.10  7I5B  •.39  Vz2R215 1.95 
2E22  1.50  6D6  .75  7F7  .25  37  ,69  7I7A  4.95  1005 .39  902  2.95 

2E25  3.95  6F4  1.35  7 L7GT :6399 3398/44  .89  721A  .69  1006 1.95 

.51  10Y 2E30  2.25  6F5  .59  723A/13  3.95  1613 1.95 
2132  20.00  6F6  .79  I2A6  :8109 4451 .69  72SA  5.50  1614  .85  2AP 1 1.95 

2133  20.00  6F6G  .80  I2AH7 
.10  46  .64  800  12.50  1616  1.75  3AP 1 

1.89 

21851  4.95  6F7  .98  12AT6 
.89  47  .65  80IA  2.25  1619  1.39  3Bpi 

2.49 

1.. . .49799885 5535ACBE I PPPP4111 

2X2  .69  6F8  1.10  12 BA6  .90  802/RK25  1.10  1622 

.49  5CP I  1.49 
3A4  .49  6G6  1.10  12 BE6  .89  SOBS  .89  803  1.49  1624 4.95 

3B7  .98  6H6  .49  1 2C8  .89  50 L6GT .44  70L7  .75  804  8.95  1625 6.75  1626  3.95 

3 B22  4.95  614  1.50  1 2H6  .89  805  4.50 
.98  6.15  .69  71A 3824  .49  1215  .69  807  3.75  1629 1..5499  75: PP;  2.95 
.89  6.16  1.25  75 3D6/ 1299  .49  1 2K8  .69  808  1.25  1631 14.95 

3E29  2.95  6.17  .89  12SA7GT  .99  75T .89  76  2.39  809  2.95  1641/RK60 1.3259 

304  1.10  6K6  .49  12SG7  .75 1 810  .90 

1.50  1851  7D P4 
7 E P4 

.58  61(7  .89  77  1 3Q5GT  .59  12SH7  .75  811  5.95  2050 
.49  17.95 

.43  6K8  .79  78  .75  812  19.40 50.00 3S4  1.25  12517  1.95  2051 
3.95  7GP4 

4C35  7.95  6L6  .69  79  1.10  812H  3.15  5514 .39 1.25  12SK7 .53  813  9AP4 6.90  7193 4.95  29.95 
4E27/2578  4.95  6L6G  1.20  12SL7  1.10  80 .79  82  .98  814  10BP4 

4492:5200 

5R4GY  1.15  6L7  .98  125N7GT  5.95  8001 4.39  8005  3.25  10FP4 

514  1.25  6N7  .89  12SQ7GT  .99  83V  .89  815 .75  826  121 P4 
605  .98  12SR7  .79  84  2.25  8011 

1.75  8012  24..9955 2105AApP44  110.00 
270.00 

Make NIAGARA your headquarters for your electronic and communication supplies and equipment 

-thousands of items in stock-too numerous to list-we have a large industrial dept. Let us know 

your requirements-be sure you and your company are cn our mailing list-write today. 

20% Deposit 

With Orders 

Unless Rated 

NIAGARA RADIO SUPPLY CORP. 
160 GREENWICH STREET  NEW YORK 6, N.Y. 
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e,/,3•Awee RELAYS 
ARE USED IN 

Western Electric 
PO WER  LI NE 

CARRIER  TELEP H O NE SYSTE M 

16 .24.06.47 

Common Carrier Terminal Chassis 

Subscriber Coupling Unit 

Subscriber Terminal Equipment 

---t —t 
1 
- 

--ditie•v-Af e  

N 

The Western Electric MI Power 
Line Carrier Telephone System per-
mits telephone service in thousands 
of  farm  houses  having  electric 
power service but no telephone wire 
line connections. It will help raise 
living standards in many rural areas. 
Sigma Relays are used for three 

functions in this equipment, two of 
which are unusually exacting. By 
careful cooperative study of each 
application Sigma was able to work 
out solutions using highly refined 
but none the less conventional sen-
sitive relays of standard Sigma de-
sign — available at comparatively 
low cost. 

From vending machines to V. 
Bombs  specialized  relay  design 
plus facility at solving problems 
involving circuit, relay and func-
tion enable Sigma to render valu-
able service. 

SIG MA RELAY TYPES 
A.C. - D.C. - POLAR 

SENSITIVE - PRECISION - KEYING 
SINGLE OR MULTIPLE CIRCUIT 

From 64 to $25.00 each! 

Sigma Instruments, INC. 
C_ Zeind- d e RELAYS 
94 CEYLON ST  BOSTON 21, MASS 

PARABOLIC 
ANTENNAS 

FOR 

• FM and AM Studio-to-Transmitter Link 
• Television and Facsimile Relay Work 
• Multi-channel Point-to-Point Relay 
• R  ch and Development Laboratories 

The Workshop can supply parabolic an-
tennas rn a wide range of types, sizes and 
focal lengths, plus a complete production and 
engineering service on this type of antenna. 
Workshop test equipment and measure-

ments for the determination of antenna 
characteristics is outstanding in the industry. 
These facilities, coupled with the wartime 
experience of its engineers on high frequency 
antennas, assure exceptional performance. 

PARABOLAS — Precision-formed aluminum re-
flectors. Can be supplied separately, if desired. 

MOUNTINGS — Various types of aluminum 
reinforced mountings can be supplied with 
all antennas. 

R. F. COMPONENTS — Precisions machined and 
heavily silver plated. Critical elements pro-
tected by low-loss plastic radome. 

PATTERN AND IMPEDANCE DATA — A series of 
elaborate measurements of both pattern and 
impedance are made to adjust the settings for 
optimum performance. Pattern and imped-
ance data is supplied with each antenna. 

POLARIZATION - Either vertical or horizontal 
polarization can be obtained easily by a 
simple adjustment at the rear of the reflector. 

SPECIAL ANTENNAS — Parabolas can be per-
forated to eliminate wind resistance or sec-
tioned to produce a specified antenna pattern. 

OTHER ANTENNAS — FM and television re-
ceiving antennas. A complete line of amateur 
antenna equipment. 

Prices on Rocmost 

The Workshop invites your inquiry on any 
type of high frequency antenna problem — 
no obligation. Write, or phone 
Boston, BIGelow 333o. 

The WORKSHOP ASSOCIATES, Inc. 

66 NEEDHAM STREET 

Newton Highlands, Massachusetts 
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cFREQUENCY MODULATED GENERA  

MODEL 78FM 

86 -108 MC 
Also Available For 

Other Frequency Ranges 

MANUFACTURERS OF 
Standard Signal GonaratorS 

Pulls GonMatorS 
fM Signal Gonmators 
Squats Wave Generators 
Vacuum Tube Voltmeters 
Unf Radio Noise a Field 
Strength Meters 

Capacity BridgoS 
Mogohm Meters 

Phase Sequence Indicators 
Television and f M Test 

Equipment 

1 to 100,000 
MICROVOLTS 
Variable Output 

With Negligible Carrier Leakage 

MODULATION: 400 cycle internal audio 
oscillator. Deviation directly calibrated: 0 
to 30 kc. and 0 to 300 kc. Can be modu-
lated from external audio source. 
Audio fidelity is flat within 2 db from dc to 
15,000 cycles. Distortion less than 1% at 
75 kc. deviation. 

The Model 78FM 
when used with 
Measurements 
Model M-275 
Converter pro-
vides output in the 
IF ranges of 4.5, 
10.7 and 21.7 mc. 

Circular 
on Roque st 

MEASUREMENTS  CORPORATION 
BOONTON  0  NE W JERSEY 

CEA LEADERS IN THE DEVELOPMENT 
OF ELECTRONIC INSTRUMENTS 

Announcing THE EDL 
WIDE  RANGE OSCILLOSCOPE 

PERMITS DIRECT OBSERVATION OF 

COMPOSITE VIDEO SIGNAL 

Emboeying many recent developments is the 
new EDL, Model 75, wide range oscilloscope. 

Vertical amplifier response is +2 DB from 10 

cycles to 5 MC—permitting study of television 
signals and all waveforms with high harmonic 
contents. 

An extremely desirable feature of this versa-
tile instrument is a self contained voltage cali-
brator with an accuracy of +5%. Test probe has 
shielded cable to eliminate stray pickup. 

FEATURES 
Vertical Amplifier: 

Response— +2 DB 10 cycles to 5 MC 
Sensitivity—Direct—.1  volts RMS  per 
inch 

Sensitivity With Probe—I.0 volts RMS 
per in:h 

Model 75 

Horizontal Amplifier: 
Response— +2 DB 10 cycles to 200 kc 
Sensitivity—.5 volts RMS per inch 

Sweep Frequency—I0 cycles to 60 kc. 

WRITE FOR FURTHER DETAILS 

ED L Oirii e wi e.it - 2655 W. 19t  ST. 
MFR .D.  BY  CHICAGO 8, ILL. 

ELECTR ONIC  DEVELOPMENT  LAB ORATORY 

Otia't1 
0\‘‘' • 

because.. 
It's  electrically  and  mechanically 

RIGHT! Ground shaft fits snugly in 

bushing. No wiggle, no wobble, no 

trouble. 

Time-proven STABILIZED element. Ac-

curate initial resistance values that stay 

put over long service life. 

Extreme immunity to humidity, temper-

ature, wear, age. Self-lubricated re-

sistance element. Special alloy contact. 

Dual-finger,  ball-point contact arm. 

Positive contact. Minimized noise level. 

Write for proof . . . 
Engineering Bulletin 112—details, specifica-

tions, drawings—sent on request. Let us 
quote on your needs. 

ewroo 
CLAROSTAT MFG. CO., Inc. 285-1 N.6th St., Brooklyn, N.Y. 

In Canada: CANADIAN MARCONI CO., Ltd 
Montreal.  P.O..  and  branches 
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Now! Invaluable 
reference material on 

101 
FREQUENCIES 
Research data 

on: 

— Antennas 

—Direction 
Finding 
Systems 

— Generation of 
Continuous 
Wave Power 

—Reception of 
Signals 

- 
VERY HIGH-FRE 

  TECHNIOU 

rt . IP A 

R A M O  111$40 . 04 sac 
N orwoo d li elgreemi 

r••••• 

▪  dimiir L••••••••• 

• 
....l.••••••• •••.• •••••••••••• 

•••.. . ••• ••••• •••••••••.••••••• 

• Now you can have access to a great accumu-
lation of valuable research data on radio tech-
niques at very high frequency. This two-volume 
set presents a comprehensive treatment of an-
tennas, direction finding systems, generation of 
continuous wave power and reception of signals, 
at frequencies above about 100 megacycles. Par-
ticular reference is made to conditions permitting 
broad band or tunable operation. Much of the 
emphasis is on continuous wave lengths. The 
volumes deal chiefly with broad band modulation 
and amplification, wide frequency range, and 
simplicity of tuning. 

VERY HIGH 
FREQUENCY 
TECHNIQUES 

Compiled by the Staff of the RADIO RESEARCH LAB-
ORATORY.  Harvard  University.  Developed  under 
sponsorship of the Office of Scientific Research and 

Development 

Under the Direction of 
Herbert J. Reich. Editor  Arthur Dome 
Louts S. McDowell, Asst. Editor William G. Dow 
Andrew Alford  John D. Kraus 
Andrew It, Buss  Joseph N. Pettit 
John F. Byrne  Edwin A. Yunker 

Two volumes, not sold separately. 
1100 pages, well Illustrated, $14.00 the set 

These  two  volumes 
provide  engineers. 
Physicists  and  re-
searchers with access 
to the important tech-
niques developed dur-
ing the war at the 
Radio Research Lab-
oratory at Harvard. 
at frequencies above 
100  megacycles—en-
able  them  to  save 
considerable time and 
effort in the solution 
of problems in this 
field.  Hundreds  of 
careful  diagrams. 
charts, graphs, draw-
ings and circuit dia-
grams are Included. 

Here are some of the 
subjects presented 

• broad-band antennas 
• Impedance  matching: trans-
formers and baluns 

• cone and cylinder antennas 
• principles of direction finding 
• triode and pentode ultrahlgh• 
frequency oscillators 

• coaxial-line power amplifiers 
and oscillator, 

• power output coupling meth-
ods 

• the resnatron 
• principles of magnetron 
operation, 

• externally tuned magnetron 
oscillators 

• design of transmission-line 
filters 

• tuners for microwave receivers 
• detectors and mixers 
• reflex klystron oscillators 

10 DAYS' FREE EXAMINATION 
McGraw-11111 Book Co., 330 W. 42nd St., N.Y. It, 

Send me Radio Research Lab. —Very High Fre-
quency Techniques for 10 days' examination on 
approval. In 10 days I will send $14.00. plus few 
cents postage, or return books postpaid. (Postage 
paid on cash orders.) 

Name   

Address   

City and State   

Company   

Position  IRE-3-48 
(For Canadian price, write McGraw-Hill Co. of 
Canada, Ltd., 12 Richmond Street K. Toronto 1) 

Your Most Complete Source of Supply for 

RADIO and ELECTRONIC 
EQUIPMENT • COMPONENTS '• ACCESSORIES 

TRCWE IDOUe 
SrOCA's 

oaf 

vai V-  Is  r 

•   
• 1 0: 

- 

P RT INED 

NE W YORK 
Offices& Worehouse 
242 W SS, Sr. N C I 

onew 
No matter what your need — whether Tubes, Components, Test 
Equipment, Receivers, Transmitters, or Public Address, you can 
save time and SAVE MONEY by shopping "Newark" first! As 
one of the largest distributors of radio and electronic com-
ponents in America, we've got what you want — IN STOCK! 

You'll like dealing with "Newark" because — 

• Our tremendous stocks of standard brand merchandise 
always on hand insure speedy shipment of your order. 

• Our highly specialized and competent personnel will 
know what you're talking about. 

• Our Special Order Department performs miracles in 
getting those hard-to-End items that nobody else has! 

• Two centrally located warehouses — New York and 
Chicago — at your service! 

MAIL AND PHONE ORDERS S 
FILLED PROMPTLY  P4. 4, Cieic4e.fti SettAice 

AS NEAR AS YOUR PHONE! 

in NE W YORK 
Phone: Cl. 6-4060 

in CHICAGO 

Phone: STAte 2950 

/ CHI CAGO1 
313 W Mad.son Si 
Ch.rano 6 III 

ki Lf tse York City Stores 11 5 17 W 45th Sr 8. 212 Fulton St 

NE WS —NE WIPRO DUCTS 

The manufacturers have invited PROCEEDINGS readers to write for literature and further technical 

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

(Ci ntinued front page 72A) 

Voltage Regulator Tube 

The Tube Department, Radio Corp. of 
America, Harrison, N. J., has announced 
production of the OB2 voltage regulator 
tube, which, like the 0A2, is a miniature 
cold-cathode glow-discharge tube. 
The OB2 regulates at approximately 

108 volts over a current range of 5 to 30 
ma., whereas the 0A2 regulates at approxi-
mately 150 volts. These two types permit 
equipment designers to provide regulated 
B and C voltages in compact equipment 
where space heretofore precluded use of the 
larger voltage-regulator tubes. 

New Folded Dipole 
A folded dipole designed for use as a 

receiving or transmitting antenna in the 
85- to 150-Mc, range is being introduced by 
the Communications Equipment Division 
of Heintz and Kaufman, Ltd., 50 Drumm 
St., San Francisco, Calif. 
This dipole can be accurately tuned to 

any frequency within this range; hence it 
is adaptable for f.m. reception, aviation 
service, the amateur two-meter band, and 
mobile services in the vicinity of 150 Mc. 
For 85 Mc. operation the dipole is extended 
to 65 inches; at 148 Mc., its over-all length 
is reduced to 37 inches. 

Geiger-Mueller Counter 
Tubes 

The illustration shows the redesigned 
beta, gamma and X-ray counter tubes now 
being produced by Amperez Electronic 
Corp., 25 Washington St., Brooklyn 1, 
N. Y. 
The manufacturer has long supplied 

these tubes as laboratory devices to supply 
the special needs of research physicists. 
Now, they are redesigned for standardized 
production. 
Brochures describing the many counter 

tubes now in regular production are avail-
able upon request directed to the manu-
facturer. 

(Continued on page 824) 
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PROFESSIONAL CARDS 

W. J. BRO WN 
Electronic & Radio Engineering Cr/mulleins 

Electronic  Industrial  Applications,  Corn-
mercial and Broadcasting Transmitter and 
Receiver Design, Test Equipment, etc. 
23 years experience in electronic 

development 

P.O. Box 5106, Cleveland, Ohio 
Telephone, Superior 1241 
Office, 912 Park Building 

ED WARD J. CONTENT 
Acoustical Consultant 

Functional Studio Design 
FM - Television - AM 

Audio Systems Engineering 

Roxbury Road  Stamford 3-7459 
Stamford, Conn. 

DAVID C. KALBFELL, Ph.D. 
Engineer — Physicist 

Complete laboratory facilities 
Industrial instrumentation and control 
Broadcast engineering and measurements 
1076 Morena Boulevard  Jackson 1739 

San Diego 10, California 

PATENTS 

Electronics—Electricity 
Mechanics—Chemistry—Metallurgy 

I. JORDAN KUNIK 
Registered Patent Attorney 

75-1 Pearl Street  Hartford 3, Connecticut 

FAirmount 5105  EXpress 7766 

FRANK MASSA 
Electro-Acoustic Consultant 

3393 Del!wood Road  Mg Carnegie Avenue 
CLEVELAND, OHIO 

EUGENE MITTELMANN, EE., Ph.D. 
r onsuiSing &tensor & Physicist 
W W1 FREQUENCY HEATING 
INDUSTRIAL ELECTRONICS 
APPLIED PHYSICS & 
MATHEMATICS 

549 W. Washington Blvd. Chicago 6, III. 
Phone: State 8021 

IRVING RUBIN 
Physicist 

Radio Interference and noise meters. Inter-
ference suppression methods for ignition sys-
tems and electrical devices. Laboratory facili-
ties. 
P.O. Box 153, Shrewsbury, New Jersey 

Telephone: REDBANK 6-4247 

ARTHUR J. SANIAL 
Consulting Engineer 

Loudspeaker  Design;  Development; 
Processes.  High (Duality  Audio Systems. 
Announcing Systems. Test and Measuring 

Equipment Design. 
168-14 32 Ave.  Flushing. N.Y. 

FLushing 9-3374 

kecc p.titNq  RO J  °It  

R AI; 0 Li C  kltle 

r" CO'-  s̀widiAGri 

fo 

w ' 

wo o, pAAG 

plus efficient qualityntprerfrmcrnce 

The new, RMC Hyper-Mag Speaker represents an outstanding 
advance in the art of Speaker design and development. The center 
dome with its parabolic projector, and the special magnet design 
provides a high quality, efficient unit for FM and wired music 
installations. The result of many years' research and skillful engi-
neering, the RMC Hyper-Mag Speaker offers a linearity of response 
from 98 to beyond 8500 cycles and an extremely low distortion. 
Naturally, RMC quality and fine workmanship are plus advantages. 

Sold through local jobber.  Write for Speaker Bulletin HS51 

Export: Rocke International Corporation, 13 East 40th Street, New York 16, New York 

RADIO-MUSIC CORPORATION 
PO RT CHESTE R  •  NE W YO R K 

RH-9 

RYST4fSReeves-Hoffman Crystal Units 

are produced under rigidly controlled 
manufacturing conditions. Low humidity, 
close temperature control, and dust free 
air assure precision and dependable per-
formance of each unit. 

Individual Testing of each unit as-
sures uniformity of production. All units of 
a type must produce the same test results. 

Pre-Aging of All Crystal Units 
and etching to frequency assures not only 
extreme accuracy but prevents any future 
frequency drift due to aging. 

RH-12  For Complete Information write 
for catalog RHC-1. 

RH-713 

RH-53 

/  H 

REEVES-HOFFMAN 
C O R P O R A TI O N 

SALES OFFICE: 215 EAST 91 STREET, NE W YORK 28, N 

PLANT  321 CHERRY STREET, CARLISLE, PA. 
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  News—New Products 

TERMINAL 
EQUIPMENT 

by 

McElroy 

TYPE RAPC 

TYPE ADK 

FOR HIGH SPEED 

RECORDING 

and 

TRANSMITTING 

McElroy Manufacturing Corporation announces an entirely new 
line of high speed recording and transmitting terminal equip-
ment. For the first time, McElroy makes available a mechanical 
Wheatstone keying head capable of continuous operation at 
500 words per minute, and a compact undulator tape recorder 

which is tested at speeds up to 1500 words per minute, and 
capable of recording high speed Morse, teletype or other intel-

ligence where a fast accurate pulse mechanism is required. 

• 

Illustrated are the new ADK and RAPC units. The ADK keys 

Wheatstone tape at any variable speed up to 500 words per 
minute and provides polar, voltage, relay, or tone output. The 

RAPC pulse type recorder will accept contact, tone, voltage and 
frequency shift input and record such inputs at speeds up to 

1500 words per minute. 
• 

The heart of this equipment is the new McElroy variable speed 
drive, used in the units described above and in the new high 

speed tape pullers. Set arbitrarily at 60 words per minute, a 
Strobotac will reveal no variation in speed with any reasonable 

load. 
• 

See this new equipment at our booth at the I. R. E. Show, and 

let our engineers convince you of the new ease in operating 
possible with the new McElroy equipment. 

McELROY MANUFACTURING CORP. 
Made at.. Telegraphers Lodge, Littleton, Mass. 

SOLE DISTRIBUTOR 

The Technical Materiel Corporation 

453 West 47th Street  New York 19, N.Y. 

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

(Continued from page 80.1) 

Interesting Abstracts 
• • • Expansion of Industrial Television, 
Inc., formerly of 36 Franklin Ave., Nutley, 
N. J., was indicated by recent announce-
ments that the company has signed a long-
term lease for a two-story building at 359 
Lexington Ave., Clifton, N. J. and that a 
sales office is being opened at 354 Fourth 
Ave., New York, N. Y. Industrial Tele-
vision specializes in the manufacture of 
large-screen, direct-view Teleceivers. 

• • •Leeds & Northrup Company, Stenton 
Ave., Philadelphia, Pa., manufacturers of 
electrical measuring instruments, auto-
matic controls, and other equipment, have 
announced the purchase of a two-story-
and-basement building at 34 East Logan 
St., one block from its main plant. 

" The Minnesota Electronics Corp., 
Oppenheim Bldg., Sixth & Minnesota Sts., 
St. Paul 1, Minn., makers of the Goodell 
line of radio-phonographs, announce a new 
Dynamic Noise Suppressor Amplifier un-
der a license agreement with Hermon 
Hosmer Scott, inventor of the dynamic 
noise suppressor. 

• • • A comprehensive expansion program 
for stepping up the production of television 
picture tubes at the Lancaster, Pa., plant 
of the Radio Corporation of America, was 
announced by L. W. Teegarden, vice presi-
dent in charge of the RCA Tube Depart-
ment. At present the plant is turning out 
tubes for both the transmission and recep-
tion of television as well as power and other 
special types of tubes. 

• • • The Wire Recording Corporation of 
America, 1331 Halsey St., Brooklyn, N. Y., 
recently incorporated, has taken over the 
assets and manufacturing facilities of the 
St. George Recording Equipment Co. of 
New York City. J. J. Sullivan, president 
of the newly formed corporation, an-
nounces completion of plans to manufac-
ture the Wireway Wire Recorder. 

(Continued on page 85A) 

NOTICE 
Information for our News and New 

Products section is warmly welcomed. 
News releases should be addressed to 
Mrs. Harriet P. Watkins, I.R.E. In-
dustry Research Division, 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 engi-
neers. 
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WIP 

WOLLASECN PROCESS WIRE 

drawn 3s small as .000010"; 

Made to your specifications f9r. 

diameter ard resistance . . . 

WRITE far list of products. 

1.(-ql,1/11.L12.  0 1;11. CO 

4,4 CULL̀ t-t.,  %C U. 

tlh L  /  It o 

LP!. 

COSMALITE 
FORMS FOR 

•  • 

1110 
RECEIVERS 

These spirally laminated paper base, Phenolic Tubes are delivered already 
punched and notched to meet the exact requirements of the customer. 
Ask also about .. . 

COSMALITE for coil forms in all standard broadcast receiving sets. 

SLF COSMALITE for Permeability Tuners. 
Spirally wound kraft and fish paper Coil Forms and Condenser Tubes. 

There is a definite saving to you in specifying and using Cosmalite. 

See our Exhibit 4220 
at the I.R.E. 

Radio Engineering Show 
*Trade Mark Registered 

' ,1111 

7LCILEVELAND CONTAINERa 
6201 BARBERTON AVE.  CLEVELAND 2, OHIO 

• All-Fibre Cans Combination Metal and Paper Cans 
• Spirally Wound Tubes and Cores for all Purposes 
• Plastic and Combination Paper and Plastic Items 

PAODCSTION PLANTS also at P ymooth. Misc. Oiderture N  III, Detroit, Nish. lame:Wei II. P. 
PtISIICS DMISION II Plymouth  Odgenshort  I • IIIRASIvE DIVISION II Cleveland Ohm • N I' SALES 
OFFICE . _ 1116 Broadway. ADM 213 • IN CANADA — The Cleveland Container Canada Ltd. Prescott, Want 

ONE OF A SERIES 

FREEDOM OF 

MOVEMENT 

LARGE  CLEARANCES  between  core, 

moving coil, and magnet pole pieces are 

provided for as added protection against 

sticky movements. All ranges AC and DC 

available in 21/2", 31/2". 41/2", rectangular 

or round case styles and are fully guaran-

teed for one year against defects in work-

manship or material. Refer inquiries to 

Dept. 138. 

7 , INSTRU MENT COMPANY 
BURLINGTON, IOWA 
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You are Cordially Invited 
to Visit the 

TELEVISION INDUSTRIES CO. 
Booths 335 and 336 

I. R. 

National Wholesale 

at the 

E. SHOW 
IN NE W YORK 

Distributors for 

BAUSCH & LOMB Projection Lens 
Wholesale Distributors for 

DUMONT INPUTUNER 

TE.1.EVISION 
/   .421. INDUSTRIES Co. 540 BUSH WICK AVE. 

BROOKLYN 6, N. Y. 

AMPERITE 
MICROPHONES 

The ultimate in microphone quality, 
the new Amperite Velocity has proven 
in actual practice to give the highest 
type of reproduction in Broadcasting, 
Recording, and Public Address. 

The major disadvantage of pre-war velocities 
has been elintinated —namely "boominess" on 
close talking. 
• Shout right into the new Amperite Velocity —or stand 
2 feet ascay--the quality of reproduction is always ex-
cellent. 

• Harmonic distortion  is less  than  1%.  (Note:  best 
studio diaphragm mike is 500 % higher.) 

• Practically no angle discrimi-
nation . . . 120 ° front and 
bark.  (Best studio diaphragm 
microphones . .  discrimina-
tion 800 % higher.) 

• One Amperite Velocity Micro-
phone will pick up an entire 
sy mphony orchestra. 

STUDIO VELOCITY,  finest in 
quality;  ideal for  Broadcasting 
and Recording. 
Models R8OH-R8OL.. List $80.00 
There is an Amperite Microphone 

for every requirement. 

WRITE  FOR  ILLUSTRATED  4-
PAGE  FOLDER  giving  full  in-

formation and prices. 
P.G. Dynamic 

Models PGH. PGL 
List $32.00 

Address inquiry 
attention Dept. 

I.R.E. 

Amperite 
Velocity Microphones 
for Public Address 
Models RBHG, RBLG 

List $42.00 

"Kontak" Mikes 
Model SKH, list $12.00 
Model KKH, list $18.00 

AMPERITE COmpany _ 
561 BROAD WAY  NL W YORK 

In Canada: 
Atlas Radio Corp. 
560 King St. W. 
Toronto, Ont. 

Attention 

Associate 

Members! 

Many Associate Members can 

qualify for higher membership 

grades and should certainly do 

so. Members are urged to keep 

membership grades up in pace 

with their present development. 

An Associate over 24 years of 

age who is occupied as a radio 

engineer or scientist, and is in 

this active practice three years 

may qualify for Member Grade. 

An Associate who has taught 

college radio or allied subjects 

for three years may qualify. 

Some may possibly qualify for 

Senior Grade. But transfers can 

be made only upon your appli-

cation. For fuller details request 

transfer  application-form  in 

writing or by using the coupon 

below. 

Coupon 

Institute of Radio Engineers 
East 79th St., 

New York 21, N.Y. 3-48 

Please send me the Transfer 
Application Membership-Form. 

Name   

Address   

Place   

State   

Present Grade   
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News—New Products 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

(Continued from page 824) 

Midget Wire-Wound 
Resistors 

Handy,  inexpensive,  ceramic-cased 
midget wire-wound resistors for tight 
spots and for facilitating point-to-point 
wiring, known as Greenohm Juniors, are 
announced by Clarostat Mfg. Co., Inc., 
130 Clinton St., Brooklyn, N. Y. These 
resistors take the place of more cumber-
some and costly bracket-mounted units, 
especially where space is at a premium. 
This "junior" version of the well-known 

Greenohm power resistors features a wire 
winding on a fiber-glass core, with axial 
bare pigtail leads clinched to the ends, 
placed in a steatite tube and thoroughly 
filled and sealed with cold-setting inorganic 
cement. Since there is no organic material 
in this resistor, it will not blister, crack, or 
change shape. 

V1VB BETTER ELECTRONIC EQUIPMENT 
earl STANDARDIZED 

READY-
TO-USE 
CABINETS 

ALL 
P. A. 
NEEDS 
Par-Metal 
Equipment 
is preferred by 
Service Men, 
Amateurs, and 
Manufacturers 
because they're 
adaptable, easy-
to-assemble, eco-
nomical. Beautifully 
designed, ruggedly  \ 
constructed by spe-  f 
cialists. Famous for 
quality and economy. 

Write for Catalog. 

CHASSIS 

PANELS 

RACKS 

PAR- METAL 
PRODUCTS CORPORATI ON 
32-62-49th ST., LONG ISLAND CITY 3, N.Y 

Export Debt.: Rocke International Corp. 
13 East 40 Street, New York 16 

See us •t the 1.R.E. Show In Booth 212 

fReQUENCY 
5HIFT 
TELEGRAPH 

4civaiteedi deA4:94t a*tci 

FREQUENCY SHIFT —the most ad-
vanced technique for telegraphic 
communication systems. ERCO is a 
pioneer in the field of FST. ERCO 
equipment in daily use theoughout 
the world has proven its depend-
ability. 
An outstanding development is 

the new, all crystal controlled 250-T 
exciter. New highs in stability have 
been achieved and all forms of 
spurious output frequencies elim-
inated. Instant selection of three 
operating channels, each preset to 
its individual carrier frequency and 
Mark-Space shift requirement, is 
available. 
Receiver converter 216-S is used 

with the 87-R receiver and its out-
put functions will drive a teletype 
printer, tape recorder or tone os-
cillator. This combination can be 
implemented on diversity or non-
diversity telegraph circuits. 

In addition to above, we manufacture 
a complete line of tone converters, trans-
mitters, VHF channeling equipment and 
other apparatus for high speed telegraph 
communication.  Write for literature. 

• 

Typical of their adaptability, standard Erco units 
were combined into this packaged receiving sta-
tion which provides multi,hannel dual diversity 

of high speed radio type FST signals. reception 

TYPE 87-R RECEIVER 
The 87-R is specifically designed for the recep-
tion of high speed FST signals where a high 
degree of stability, sersitivity and selectivity is 
required older continuous operating conditions. 

TYPE 250-T EXCITER 
The 250-1 all crystal controlled exciter is de-
signed to key a radio telegraph transmitter by 
the frequency shift method and replaces the 
existing oscillator in the transmitter. 

ERC O  RADI O  LAB ORATORIES 
GARDEN CITY, NE W YORK 
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OSCILLOSYNCHROSCOPE 
MODEL OL-15A 

Versatile laboratory instrument 

designed for observing phenom-

ena requiring extended range 

amplifiers and a wide variety of 

time bases. 

Frequency meters. W WV standard 

frequency calibrator Oscilloscope. 

Power supply and square wave 

modulator Capacitance Relay. FM. 

AM Tuners. FM Tuner. 
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RCA Laboratories' "Chamber of Silence proving ground of tonal quality ,n radio and ttIcti.sion instruments. 

You walk into an eerie room. The 

door swings shut and you're wrapped 
in a silence so complete that it's 
an effort to listen. Sound in this 
vault-like cavern is reduced to the 
minimum of hearing. 

But even silence has a sound of its 
own. Faintly you hear a subdued hiss; 
sometimes a soft hum. Scientists have 
suggested this may be the "noise" of 
molecules hitting the eardrums. Others 
wonder if it is caused by the coursing 
of the body's bloodstream. 

On the walls, ceiling, beneath the open, 
grated floor of this RCA sound laboratory, 

Ever hear SILENCE ? 

hangs enough heavy rug padding to cover 
250 average living rooms. Sound is smoth-
ered in its folds—echoes and distortion are 
wiped out. 

When acoustic scientists at RCA 
Laboratories want to study the actual 
voice of an instrument, they take it to 
this room. What they hear then is the 
instrument itself—and only the instru-
ment. They get a true measure of per-
formance. 

Information gained here is part of 
such advances as: The "Golden Throat" 
tone system found only in RCA Victor 
radios and Victrola radio-phonographs 
... superb sound systems for television 

... the true-to-life quality of RCA 
Victor records ... high-fidelity micro-
phones, clear voices for motion pic-
tures, public address systems, and 
interoffice communications. 

Research at RCA Laboratories moves 
along many paths. Advanced scientific 
thinking is part of any product bearing 
the names RCA, or RCA Victor. 

When in Radio City, New York, be 
sure to see the radio, television and 
electronic wonders on display at RCA 
Exhibition Hall, 36 West 49th Street. 
Free admission. Radio Corporation of 
America, RCA Building, Radio City, 
N.Y.20. 

R A DI O C O R P O RA TI O N of A M E RI CA 
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PHOTO FLASH PO WER SUPPLY 
Here is another Thordarson FI R S T .. . a typical example of 
Thordarson engineering skill that has helped established 
leadership in the field. This circuit features: 

• A.C. Line or Portable Battery 
Operation 

• Charging Time —10 to 15 Seconds 

• A. C. Line Battery Recharge Feature 

• Light Compact Low Drain Power 
Transformer 

• Power Supply Output — 2250 V. D.C. 
• Storage Condenser Delivers 75 Watt-
Sec. Energy Element 

• Adaptable Trigger Circuits for 2 or 
3 Tubes 

• Cold Cathode Rectifiers Employed in a 
Voltage Doubling Circuit 

OUR ENGINEERING STAFF IS AVAILABLE TO 
SOLVE YOUR PROBLEMS FOR YOU UPON REQUEST 
Whatever your position in the field of electronics Thordarson can serve 
you better. Our large variety of stock types fill almost every need. For 
extraordinary conditions, send us your problems and our engineering staff 
will come up with the right answers. 

The New Thordarson 
Catalog Is Now Avail-
able, Send For Your 
Copy Today. 

Be sure to visit Thordarson 

1. LOW VOLTAGE - LOW CURRENT 

2. LOW VOLTAGE - HIGH CURRENT 

3. HIGH VOLTAGE - HIGH CURRENT 

4. HIGH VOLTAGE - LOW CURREN1 

WHERE QUALITY IS A NECESSITY... 

Thordarson has the answers to many electrical 
problems that daily confront industry. With a 
background of over 25,000 active specifications 
in their files, built up over 53 years of leadership 
in the field, Thordarson supplies the leaders 
with their large variety of stock types of trans-
formers as well as the hundreds of special types 
built to customer specifications or resulting from 
recommendations of our own engineers upon 
studying the various requirements submitted to 
them by industry. 

With this background, you know that your 
Thorarthon equipment, purchased from stocks of 
a jobber or directly under special specifications, 
is of top-notch quality — sure to deliver un-
matched performance. If you require the best, 
there is lo unit either too large — or too small 
that Thordarson can't deliver. 

ItiORDARSON 
Manufacturing Quality Electrical Equipment Since 1895 

500 WEST HURON  CHICAGO 10, ILLINOIS 
A Division of Maguire Industries 

Export — Scheel International Inc. 

and Radiart at booth 298 at the I.R.E. Show, March 22-25. 

PROCEEDINGS OF THE I.R.E.  March, 1948 



You may build the best 
kind on the market — 

local radio interference—you ,g 
sledding against today's keen comriiiition. 
Your customers are demanding radio 
noise-free performance in the electrical 
equipment they buy. 

The answer, of course, is to equip your 
products with C-D Quietones. Why 
Quietones? First, because-they're the best-
engineered noise filters — second, because 
they guard your product's reputation by 

pr  

IS M ORE SALEABLE WITH 

• 

Reg. U.S. Pat. Off. 

giving long trouble-free service — third, 
because they're designed and built to meet 
manufacturers' specific needs — efficiently 
and economically. 

Speed up sales — build prestige — boost 
profits with C-D Quietones. Your inqui-
ries are invited. Cornell-Dubilier Electric 
Corporation, Dept. M-3, South Plainfield, 

New Jersey. Other large plants in New 
Bedford, Brookline and Worcester, Mass., 
and Providence, Rhode Island. 

Make Your Product More Saleable 

with C-D Quietone Radio Noisr. Filters 
and Spark Suppressors 

MICA  •  DYKANOL  •  PAPER  •  ELECTR OLYTIC 



for A-F DISTORTION and 

NOISE MEASUREMENTS 

... in Sound on Film and Disc Recordings 

. .. in Production Tests on Radio Transmitters & Receivers 

FROM necessity, because of war production, the 
pre-war very popular Type 732-B Distortion & 
Noise Meter was dropped from the G-R line. It is 
now in production again to meet an insistent de-
mand for a meter to supplement the new Type 
1932-A which is designed primarily for broadcast 
and communication applications. 
The Type 732-B is equipped with a 400-cycle 

high-pass L-C filter so that harmonic content 
measurements of a 400-cycle signal can be made 
rapidly. Because of the width of the pass band, 
unsteady signals, "wows" and other irregularities 
do not affect the accuracy of measurement. 
The ease with which accurate measurements can 

be made over the distortion range of 0.25 to 30% 
and noise range of 30 to 70 db below 100% modula-
tion, make it very valuable in these types of pro-
duction testing: 

ON RADIO TRANSMITTERS 
•  Signal-to-noise ratio 

power 

•  Distortion vs  r-f levels 
frequency 

I percentage modulation 

• A-F response 

• Noise vs carrier level 

•  Hum modulation 

•  Hum level 

ON RADIO RECEIVERS 

•  Distortion & noise vs ci-f output 

• Whistle output at 2nd and 3rd harmonic of if. 

• Two-signal cross-talk 

The broad pass band characteristic of this meter 
is particulary useful when making distortion 
measurements on sound on film or on disc recordings 
where the fundamental frequency is not constant. 
The Type 732-P1 Range Extension Filter is 

available as an auxiliary unit so that measurements 
at additional frequencies of 50, 100, 1000, 5000 and 
7500 cycles can be made. 

TYPE 732-B DISTORTION and NOISE METER  . . .  $374.00 

For either 0.5 to 8 Mc or 3 to 60 Mc carrier range, specify which) 

TYPE 732-P1 RANGE EXTENSION FILTER    $209.00 

WE HAVE A FEW IN STOCK. ORDER NOW FOR PROMPT SHIPMENT 

GENERAL RADIO COMPANY Cambridge 39, 
Massachusetts 

90 West St., New York 6  920 S. Michigan Ave., Chicago S  9S0 N. Highland Ave., Los Angeles 38 


